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“Quality of life is a state of complete physical, mental and social well-being,
and not merely the absence of disease and infirmity.” WHO

To my family
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ABSTRACT
The aim of the study was to observe quality of life (QoL), psychosocial wellness
(study I), changes in telomere regulation (study II) and cancer risk (study III)
among young adults with a history of pediatric solid organ transplantation (SOT).
In study I, 29 males who received their first kidney transplant (KTx) during
childhood or adolescence were included. The study had two different control groups:
the first group included survivors of childhood acute lymphatic leukemia (ALL) and
the second young males without any chronic disease during childhood. All study
subjects completed questionnaires measuring QoL (RAND-36) and depressive
symptoms (BDI-21). End-stage kidney disease (ESKD) and transplantation had
influence on physical health, which was seen as impaired physical subscales of QoL,
decreased vitality and general health. The KTx recipients’ mean score in the
depression inventory was significantly higher than that of controls, but none of the
KTx recipients had severe depressive symptoms. Surprisingly, QoL, but also
educational and employment aspects, were lower after pediatric SOT than after
childhood ALL. When compared to healthy controls, the KTx recipients had
significantly less relationships and offspring.
Study II also had three different study cohorts. The first group included 20 males
with a history of pediatric kidney transplantation while the second group included
survivors of childhood neuroblastoma (NBL) and the third included previously
healthy young males. Clinical data and blood samples were collected from study
subjects. Genomic DNA and RNA were extracted and leukocyte telomere length and
gene expression levels of telomere binding proteins were measured. The shortest
telomeres were found among the NBL survivors. KTx recipients’ telomere length was
reduced compared to healthy controls, but not significantly so. Interestingly, the gene
expression levels of telomere binding proteins were highest among the KTx
recipients. A statistically significant difference compared to other groups was found
in telomerase components TRF2, RPA1 and tumor suppressor gene P16. KTx
recipients’ telomeres are shorter than those of healthy controls but gene expression
levels are increased, which shows capacity of repair accelerated attrition.
Solid organ transplant (SOT) recipients’ risk for malignancies is reportedly increased,
caused mainly by prolonged exposure to immunosuppressive medication and
viremias. In study III, the risk of post-transplantation malignancies after pediatric
SOT was evaluated using national registries. All pediatric kidney, liver and heart
transplant recipients who were transplanted in Finland after 1982 and were over 18
years at the time of the study were identified from the Digital and Population Data
Services Agency registry. Each SOT recipient had three to five hometown, year of birth
and gender matched controls. All cancer cases were searched from the Finnish Cancer
Registry. This study confirmed earlier findings suggesting that post-transplant
lymphoproliferative disorder (PTLD) is the main cancer type after pediatric SOT.
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Mortality is very high and the course of PTLD is aggressive. Compared to the peers
representing general population, the risk of non-PTLD cancers was three-fold higher
after childhood SOT.
In the future, the challenge in the care of pediatric SOT recipients is to improve
recipients’ QoL and psychosocial skills and decrease the harmful effects of
immunosuppressive medication, which are clearly important risk factors for physical
unwellness and malignancies.
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TIIVISTELMÄ
Tämän tutkimuksen tarkoitus oli selvittää elämänlaatua, psykososiaalista
hyvinvointia (osatyö I), telomeerien pituutta ja telomeerien säätelyä (osatyö II)
sekä syöpäriskiä (osatyö III) nuorilla aikuisilla, joille oli tehty elinsiirto lapsuudessa.
Osatyössä I oli yhteensä 29 miestä, jotka olivat saaneet munuaissiirron lapsuus-tai
nuoruusikäisenä. Tutkimuksessa oli kaksi vertailukohorttia: ensimmäinen koostui
lapsena akuutin lymfaattisen leukemian sairastaneista miehistä ja toinen ryhmä
nuorista miehistä, joilla ei ollut tiedossa olevaa pitkäaikaissairautta. Kaikki
tutkimuspotilaat täyttivät kyselylomakkeet, jotka koskivat elämänlaatua (RAND-36)
ja depressio-oireita (BDI-21). Loppuvaiheen munuaistoiminnalla sekä elinsiirrolla oli
vaikutusta elämänlaatukyselyn fyysisiin osa-alueisiin, vähentyneeseen energisyyteen
ja yleiseen terveyden kokemukseen. Munuaissiirtopotilailla oli keskimääräistä
korkeammat pisteet depressiokyselyssä verrokkiryhmiin verrattuna, mutta kellään ei
ilmennyt vaikean depression oireita. Yllättävää oli, että munuaissiirron saaneilla niin
elämänlaatu, koulutustaso kuin työllistyminenkin olivat heikompia kuin lapsuusiän
leukemian sairastaneilla. Munuaissiirron saaneilla oli myös merkittävästi vähemmän
parisuhteita ja biologisia lapsia terveisiin verrokkeihin verrattuna.
Osatyössä II oli myöskin kolme eri tutkimuskohorttia. Ensimmäinen ryhmä käsitti
20 miestä, jotka olivat lapsena saaneet munuaissiirron, mutta olivat tutkimushetkellä
täysi-ikäisiä. Toisen ryhmän muodostivat lapsena neuroblastooman sairastaneet
nuoret miehet, ja kolmannen terveet verrokit. Kliininen tutkimus ja
laboratoriokokeet olivat suoritettu aiemman tutkimuksen puitteissa. Valkosoluista
eristettiin DNA ja RNA, määritettiin telomeerien pituus sekä telomeraasin
aktiivisuus. Neuroblastooman sairastaneiden miesten telomeerit olivat lyhyempiä
muihin ryhmiin verrattuna. Munuaissiirron saaneiden miesten telomeerit olivat
lyhyempiä kuin terveillä verrokeilla, mutta ero ei ollut tilastollisesti merkitsevä.
Mielenkiintoinen löydös oli telomeraasin komponenttien TRF2, RPA1 sekä
tuumorisuppressiogeenin p16 merkittävästi suurempi aktiivisuus munuaissiirron
saaneilla. Munuaissiirron saaneiden telomeerit olivat lyhyempiä kuin terveillä
verrokeilla, mutta telomeraasin aktiivisuus vaikutti olevan suurentunut, pyrkien
korjaamaan telomeerin kulumista.
Elinsiirron saaneiden syöpäriski on merkittävästi lisääntynyt liittyen
hyljinnänestolääkitykseen ja viremioihin. Kolmannessa osatyössä selvitimme
kansallisista rekistereistä lapsena elinsiirron saaneiden syöpäsairastavuutta. Kaikki
Suomessa vuoden 1982 jälkeen munuais-, maksa- tai sydämensiirron lapsena saaneet
täysi-ikäiset selvitettiin Digi- ja väestötietorekisteristä. Yhtä tutkimushenkilöä
kohden
määritettiin
kolmesta
viiteen
kotipaikka-,
syntymävuosija
sukupuolivakioitua väestöverrokkia. Tiedot syöpäsairaudet selvitettiin Syöpärekisteristä. Tutkimus vahvisti aiempien tutkimusten löydöksen, että elinsiirron
saaneilla oli suurin riski sairastua elinsiirron jälkeiseen lymfoproliferatiiviseen
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sairauteen (PTLD). Kuolleisuus lymfoomaan oli suuri ja taudin luonne huomattavan
aggressiivinen. Elinsiirron saaneiden syöpäriski, PTLD poisluettuna, oli kolme kertaa
suurempi kuin väestöverrokeilla.
Tulevaisuuden haasteita ovat elinsiirron saaneiden lasten elämänlaadun ja
psykososiaalisten taitojen lisääminen sekä immunosuppressiivisen lääkityksen
haittojen vähentäminen, millä on vaikutusta sekä fyysiseen hyvinvointiin, että
syöpäriskiin.
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1 INTRODUCTION
Solid organ transplantation (SOT) is the only life-saving treatment of end-stage liver
and heart failure and curative treatment for chronic kidney failure. Pediatric kidney
transplantations have been performed in Finland since 1982 and in the Children’s
Hospital since 1986. Pediatric liver transplantations began to be performed in
Finland in 1987 and heart transplantations for children in 1991. More than 500 solid
organ transplantations have been performed since then in Finland and all
transplantations have been centralized to Helsinki University Children’s Hospital.
During the last decades, graft survival has improved 1-4 and attention has begun to be
paid to the general health, quality of life and social aspects after pediatric solid organ
transplantation.
In Finland, kidney transplant (KTx) recipients are younger compared to other
countries due to the high prevalence of congenital nephrosis of Finnish type (CNF).
During the first year of life, the CNF patients are mostly hospitalized, getting regular
albumin infusions. Treatment of end-state kidney disease (ESKD) is supportive,
consisting of medication, special diet, and often, limitation of fluid intake to prevent
hypervolemia. Dialysis is started if other supportive treatment is insufficient. After
SOT, recipients live their childhood with scheduled timetables, taking medicines,
having regular visits to outpatient clinic, and also spending varying periods of time in
the hospital.
Transplantation recipients visit their local hospital (central or university hospital)
every week the first one to two months after transplantation; during the first posttransplant year, these visits gradually decrease, the average time interval being six to
eight weeks. Every control visit includes physical examination, weight, height, blood
pressure and laboratory tests. Heart transplant recipients visit a pediatric cardiology
consult every three months. Follow-up visits to Helsinki University Hospital are
scheduled three, six, twelve and eighteen months after transplantation, and after that,
annually.
At least once a year, recipients and their families meet a social worker, psychiatric
nurse or psychologist and dentist. Dietician and physiotherapist are consulted if
needed. Neuropsychological investigations are made for all recipients at age five years
to clarify special needs or need for support during pre-school and elementary school.
The second time a neuropsychological evaluation is made is during the last part of
elementary education to support the recipients choose further studies after
comprehensive school.
In Finland, preschool lasts one or two years, followed by elementary school for an
additional nine years. After elementary school, it is possible continue to college or to
vocational studies. During longer hospital stays is possible to get learning support
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from a hospital teacher. The purpose is to ensure that schoolwork can go on after
discharge from hospital and after that, in the child’s own school.
After the age of 19-20 years, SOT recipients are followed by an adult nephrologist,
cardiologist or gastroenterologist. The moment of transition is scheduled individually
depending on physical and mental development. The current state of studies and
other life are also important factors to consider during the transition. All adolescents
are invited to a CAMP weekend which prepares the youngsters for the transition.
The aim of this study was to investigate how solid transplant recipients manage their
adult life after pediatric solid organ transplantation.
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2 REVIEW OF THE LITERATURE
2.1 PEDIATRIC SOLID ORGAN TRANSPLANTATION
2.1.1

Figure 1

KIDNEY TRANSPLANTATION

Kidney transplant. Illustration modified based on orginal by Roach et al. (2017) 5.

Kidney transplantation is the only curative treatment for end-stage renal disease
(ESKD). The first successful kidney transplantation was performed in 1954 by Joseph
Murray 6 between identical twins, and the first pediatric kidney transplantation was
done in 1967 7. Major causes for transplantation are congenital anomalies of the
kidney and urinary tract 8,9 and glomerulonephritis 4,5,10. The Finnish pediatric kidney
transplant population is special caused by high prevalence of Finnish type congenital
nephrosis (CNF). CNF is caused by a mutation in the NPHS1 gene which encodes
nephrin 11. Nephrin is an adhesion molecule and it is localized in the glomerulus slit
diaphragm. Total absence of nephrin causes massive proteinuria during the first
months of life. The only available treatment is nephrectomy and kidney
transplantation, typically during the first year of life 11,12. For this reason, Finnish
pediatric kidney recipients are younger at time of transplantation compared to
recipients in other countries 13,14 and they are exposed to immunosuppressive
treatment at a younger age and for a longer time.
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Preparations for kidney transplantation are started at ESKD stage IV-V 15 when
glomerular filtration rate is 20mL/min/1.73m 2 or less. If needed, renal replacement
therapy (RRT) is started before transplantation, but pre-emptive transplantation
without dialysis is also possible. All transplant candidates undergo extensive physical
examinations and a comprehensive vaccination protocol before transplantation.
Contraindications for transplantation are active infection or malignancy, active
autoimmune disease, uncontrolled hypertension or progressive brain disorder 9. A
multidisciplinary team evaluates all candidates and makes the final decision.
Kidney transplantation is possible from a living donor 16 or deceased donor. The rate
of living donation varies in different countries between 12 and 65% 1,10,17-19. In Finland,
the law on organ donation changed on 1 March 2019; the new law allows living
donations also from close partners, not only from parents or adult siblings 20.
Tissue typing and ABO compatibility are determining factors of the kidney
transplantation. Tissue typing, which means HLA (human leukocyte antigen)
matching, is important for graft survival after transplantation. High HLA mismatch
increases the risk for development of donor-specific antibodies (DSA), which can
cause humoral rejection 21 and sensitization of the recipients. Good HLA matching,
short cold ischemia time and young donor age 22,23 have influence on better graft
survival 1,19,24-26 and especially in pediatric population it is crucial to attempt to
maintain good graft function for as long as possible. Previously, only ABO-compatible
kidney transplantations were done in Finland, but during the last decade, the results
of living ABO-incompatible (ABOi) transplantations have been encouraging 27,28 and
the number of ABOi transplantations has increased. This allows broadening of the
donation pool and decreases waiting time on the transplant list.
During the last decades, graft function has improved significantly 1,4. Graft survival
after first post-transplantation year is 89-97% and 5-year survival is 79-88% 1,4,18,29.
Patient survival after kidney transplantation is 99% after the first year and 95-97%
after five years 1,4,10,18,29. As a result of excellent patient survival growing numbers of
pediatric solid organ transplant recipients are reaching adult life.

2.1.2

LIVER TRANSPLANTATION

The first human liver transplantation (LTx) and the first pediatric liver
transplantation was performed in 1963 for a 3-year-old girl with biliary atresia 30.
Despite the transplantation being unsuccessful, it marked the start of a liver
transplantation program. The first Nordic liver transplantation was performed in
1982 in Finland 31 and the first pediatric liver transplantation was done in 1987 in
Helsinki.
The main indications for liver transplantation can be divided into five categories; 1)
extrahepatic cholestasis, 2) intrahepatic cholestasis, 3) metabolic disorders, 4) acute
liver failure, and 5) others, including liver malignancies and cystic fibrosis 32,33. The
most common cause leading to liver transplantation is biliary atresia. The second
most common causes are metabolic diseases followed by acute liver failure and
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malignancies 34,35. LTx recipients are mostly under school age during the
transplantation and nearly one third undergo liver transplantation during the first
year of life 34.
Pre-transplant evaluation and contraindications for transplantation are for the most
part the same as for kidney transplantation 35. Hepatoblastoma with metastases is not
an absolute contraindication for liver transplantation 32,36 but careful evaluation is
needed before the transplantation decision.
A liver transplant can be from a living donor or deceased donor. Surgical technique
allows transplanting also part of the liver instead of the whole liver, using either liver
resection or split liver 32,34. Liver resection allows reduced liver size, which is needed
in the case of a small-sized recipient. Most liver transplantations are ABO-compatible
34 but HLA matching is not required.

Figure 2

Liver transplant and graft types. Picture modified based on illustration by the
www.clevelandclinic.org.
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Post-transplantation graft survival has been around 73-89% after the first year and
67-93% five years after transplantation 3,37,38. First-year patient survival after
pediatric liver transplantation has been 86-97% and 5-year survival 80-96%
3,32,34,35,37,38. Most short-term complications are associated with rejection, vascular or
biliary complications 32,34,35. Long-term complications are not only related to graft
function but also to burden of infections, malignancies, cardiovascular diseases,
chronic renal failure as medical complication and diminished quality of life 32,35.

2.1.3

HEART TRANSPLANTATION

The first experiments with heart transplantations (HTx) were made in dogs 39 and the
first interhuman transplantation was performed in Cape Town, South Africa, in 1967
40. Only three days later, the first heart transplantation in a child was done in New
York, US 41. Although both recipients died shortly after the transplantation, the first
steps towards curative treatment for end-stage heart disease had been taken. In
Finland, heart transplantations were started in 1985 in adults and in 1991 in children.
The indication for heart transplantation is end-stage cardiac disease with maximum
medical or other support therapies 42. The main reason for infant heart
transplantation is severe heart failure caused by congenital heart disease, and in older
children, cardiomyopathy 43-46. Other causes are myocardial damage caused by
inflammation, genetic, autoimmune, toxic or metabolic disorders 47. In some cases,
mechanical circulatory support is a bridge to transplantation. The most commonly
used device is ventricular assist device (VAD) 42,43.

Figure 3

Diagnosis leading to heart transplantation in the different age groups.
Modified based on Rossano et al. (2017) 43.
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The selection of suitable heart transplant is based on ABO compatibility, but size
match between the donor and recipient is also an important factor. A donor- recipient
weight ratio of 1.0 to < 1.5 is considered preferable 43. Infant recipients need pediatric
donors for successful transplantation and in these cases, the waiting time can be long.
During the last decade, oversize grafts have begun to be used, and the results are
comparable with earlier heart transplantations 48. Also ABOi heart transplantations
have been performed successfully among this patient group.
The main purpose of pre-transplant evaluation is to exclude active infections,
malignancies or other organ failures, which have to be taken into account at
transplantation. It is necessary to evaluate anatomical and neurological aspects and
exclude progressive systemic diseases 42.
Survival after pediatric heart transplantation is better among infant recipients versus
adolescence recipients 44,49. The International Society for Heart and Lung
Transplantation’s (ISHLT) International Thoracic Organ Transplant Registry data
showed that cause of transplantation and age at time of transplantation have major
influence on recipients’ survival 44. Cardiomyopathy as a diagnosis leading to HTx had
superior outcome compared to other diagnoses. In addition, younger transplant
recipients had better outcome after heart transplantation compared to older age
groups 49.
In a previous study, long-term survival among the Finnish pediatric heart
transplantation cohort during the first year was 90% and after five years, 68% 50. Graft
failure, infections, multiorgan failure, cerebro-vascular or pulmonology
complications are the main reasons leading to death during the first year after
transplantation. Later complications are related to vasculopathies or malignancies 51.

2.1.4

IMMUNOSUPRESSIVE AGENTS – IN GENERAL

The immunosuppressive regime after transplantation is principally the same after all
types of solid organ transplantations. Post-transplant immunosuppression consists
of steroids, calcineurin inhibitors and anti-metabolite agents 32. After liver
transplantation, also mono or dual therapy has been used 34 and steroids are
withdrawn earlier.
The goal of immunosuppressive therapy is to prevent rejection, but on the other hand,
avoidance of side effects is essential. Immunosuppression after transplantation has
changed during the last decades 9 as awareness of late adverse effects has increased
and new immunosuppressive agents have become available.
The first calcineurin inhibitor (CNI), cyclosporine (CsA), has in most cases been
replaced by tacrolimus 18,52. CNIs block phosphatase activity and inactivate Tlymphocytes 53. Typical side effects of CsA are hypertrichosis and gingival
hypertrophia, but also nephrotoxicity. Tacrolimus lacks the first two adverse effects
but it is nephrotoxic and the risk for inducing diabetes is higher than in CsA 54.
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CNIs may have also neurological side effects; negative impact on cognitive function
and even structural changes in brain tissue have been found 55.
Two anti-metabolites, azathioprine and mycophenolate mofetil (MMF), have been
used as the immunosuppressive regimen in combination with CNI inhibitors and
steroids. Azathioprine inhibits purine nucleotide synthesis and blocks cell
proliferation 53. Recently, studies have shown MMF to be superior to azathioprine in
the prevention of acute rejection episodes 56 and in the last few years, MMF has
increasingly replaced azathioprine 18,57. The most common adverse effects are
gastrointestinal (diarrhea, nausea), hematological (leuko-neutropenia), infections
and malignancies 58.
Glucocorticosteroids are part of the immunosuppressive regimen at least during
the first post-transplant year 57. The immunosuppressive action of corticosteroids is
not completely known, but the humoral effect is based on decreased expression of
interleukines and cytokines. The cellular pathway reduces T lymphocyte proliferation
53. Glucocorticoid side effects (growth restriction, cataract, obesity, hypertension,
dyslipidemia) are well known and unfavorable, especially during childhood 59. To
diminish the adverse effects of corticosteroids, doses are reduced and in some centers,
even discontinued in the first post-transplant years.
Novel immunosuppressive agents are mammalian target of rapamycin
inhibitors (mTOR) 60 which allow using lower therapeutic levels of calcineurin
inhibitors and thus diminish nephrotoxicity and the risk of viremias. The
immunosuppressive action is based on binding and inhibiting kinase, an enzyme
needed for cell cycle progression 53. Adverse effects are connected to blocking of
mTOR-inhibiting pathways. The most common side-effects are insulin resistance,
leading to diabetes, glomerular dysfunction, hyperlipidemia and cytopenias 61.
A new field of treatment is genotype-guided dosing of immunosuppressive medicines
62. Especially, evaluation of cytochrome CYP3A5 genotype helps to individualize
treatment and diminish side effects 63.
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2.2 QUALITY OF LIFE
In 1946, WHO defined quality of life (QoL) as follows: “a state of complete physical,
mental and social well-being, and not merely the absence of disease and infirmity”
64. This means that chronic disease should not be a barrier to a good and valuable life,
and this should always be kept in mind when evaluating and treating solid organ
transplant recipients.
There have been many definitions of QoL and health-related quality of life (HRQoL)
65 which are somewhat confusing, making it difficult to evaluate and compare
research works. A more precise definition of HRQoL states that it is quality of life
which is related to health and includes physical, emotional and social aspects.
Evaluation of QoL or HRQoL, especially in patients with chronic diseases or history
of extensive therapies such as transplantation, is crucial in order to find out aspects
that need more attention. Using QoL questionnaires makes it possible to compare
different study groups and evaluate not only status of the disease, but also the general
health and psycho-social wellness of the subject. Transplant recipients’ QoL is
composed not only of graft function, but also of general health and psycho-social wellbeing (Figure 4). QoL questionnaires mainly evaluate the subject’s estimation of
general health and psychosocial well-being.

Figure 4

Components of quality of life.
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There are two main types of questionnaires to measure QoL;
1) Generic QoL questionnaires are generally used in patients with different disease
conditions. They do not include disease specific aspects but are used to evaluate
general health and psycosocial wellness. The most commonly used questionnaires
are RAND 36, EuroQOL 5D (EQ5D) and Short form 15 (SF-15) 66,67.
2) Targeted QoL questionnaires include disease spesific elements like symptoms
which are typical/specific for the disease or treatment toxicity 67. Spesific
questionnaires for SOT recipients are scarce. Some instruments have been designed
for liver and kidney transplant recipients like Liver Disease Quality of Life
(LDQOL) and End-state renal disease symptom checklist-transplant
module (ESRDSCL-TM) 67,68.
Pediatric Quality of Life Inventory Generic Core Scale (PedsQL), Child
Health Questionnaire (CHQ), Child Health Questionnaire (CHQ) and Short
form 36 (SF-36) are the most commonly used generic tools for pediatric population
69,70. CHQ and PedsQL have different questionnaires for children and their parents.
Children’s QoL can be evaluated directly by using children’s questionnaire tool, but
some parent proxy QoL instruments have been made. Questionnaires for parents are
mostly used to evaluate QoL of small children, but also to compare scoring by children
and parents. Questionnaires for caregivers have also been used for patients’ QoL
evaluation 71.
PedsQL also has a separate questionnaire to evaluate especially transplant recipients
72. This tool includes questions on medication’s effect on QoL, but also on social,
physical and mental aspects.

2.2.1

QOL AFTER KTX

QoL studies among adult KTx recipients with history of pediatric solid organ
transplantation are scarce.
Evaluations of QoL of children and adolescents with RRT or KTx show varying results.
QoL has been scored from good 73 to significantly lower than in controls 8,74. The
variable QoL results probably depend on whether QoL is reported by patients
themselves or parents. Children and adolescents have good adaptation and positive
attitude to existing circumstances and report higher scores than parents who report
more problems in their children’s lives 75,76. Comparison with other severe childhood
diseases has revealed that QoL is significantly lower after pediatric KTx than after
diagnosis of other chronic conditions 77. Emotional, self-esteem and social subscales
are scored lower than in controls 74,77.
In the recent study by Adamczuk 78 life activity, disease acceptance and QoL were
evaluated during renal replacement therapy and after KTx among young adults.
Satisfaction with life was significantly lower in the RRT/ KTx group than in the
control group. Young age at time of kidney disease diagnosis, multiple transplants,
poor economical situation or comorbidities had significant negative correlation to
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QoL and emotional well-being 79. A Dutch study with follow-up of 30 years after RRT
showed that only physical subscales were diminished whereas mental health scores
were normal compared to controls 80. Most of the study subjects had received KTx.
Employment, having offspring and good economical status diminished the risk for
lower QoL.
A study from Norway showed that physical activity had a positive effect not only on
cardiorespiratory health but also on HRQoL and mental healthy after pediatric
KTx 81.

2.2.2

QOL AFTER LTX

LTx recipients under 18 years old scored lower on subscales of psychosocial, social
and school functioning than the normal population, but physical and emotional
components were comparable 82.
In previous studies among adults who had undergone LTx during childhood, physical
components of QoL scores were lower than in the general population 83-85. In
addition, the social functioning score in the SF-36 questionnaire was lower when
compared to general US population 85. In a Finnish study, general health was
impaired, but still 64% of the childhood LTx recipients felt that they had excellent
health 84.
After childhood LTx, physical condition and general health are more decreased than
social or emotional components. A significant finding is that higher QoL has been
associated with higher educational and employment level and fewer visits to
hospital 83.

2.2.3

QOL AFTER HTX

In HTx recipients aged under 18 years, QoL was significantly lower in all subscales
when compared to healthy controls, both by self report and parent proxy. Physical,
psychosocial and social functioning were significantly decreased compared to
children with a history of curative cardiac surgery, but comparable to cardiac patients
with non-curative surgery 86. Chronic disease causes long hospital stays and impaired
physical condition, both of which makes it difficult to keep up with social
relationships and school work.
Surprisingly, previous studies among adults with a history of childhood HTx have
shown that HTx recipients scored their QoL at the same level as general population
87-89.
In a recent study from Italy comparing adult HTx recipients, one cohort was
transplanted in adulthoods and the other at under 18 years of age. Recipients with
transplantation during childhood had higher QoL in all dimensions. The difference
was statistically significant in physical functioning, role limitations due to physical,
health problems, bodily pain and general health 90. In general, adult HTx recipients
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after childhood Tx have good physical and social functioning and have valuable and
satisfactory lives.
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2.3 EDUCATION AND SOCIAL INTERACTION
2.3.1

EDUCATION AND EMPLOYMENT AFTER SOLID
ORGAN TRANSPLANTATION

In most of the previous studies, educational level after pediatric KTx was significantly
lower or comparable with that of general population. A total of 8% of the study
subjects had only comprehensive education after pediatric RRT or KTx 91. Secondary
grade education (general or vocational training) was completed by 20-50% and 14%
had finished university studies after childhood ESKD 80,91,92. In a Polish study,
education level after pediatric RRT with or without KTx was comparable with that of
general population. Most study subjects had secondary education (64%) 78.
Employment rate after pediatric KTx varies between 47 and 62% 78,80,91 (Table 1). In a
small Italian study, only 30% of the KTx recipients were part-time or full-time
employed 79. Among younger study populations, some subjects are still studying,
which decreases the number of those with full-time employment.
LTx recipients’ educational level was lower compared to healthy controls. Most
pediatric LTx recipients have low or middle educational level and only few have
graduated from university 93,94. In the Finnish study, 17% of young adults with a
history of pediatric LTx had only compulsory education 84. Employment rate varied:
38-100 % of pediatric LTx recipients worked full-time or part-time. In case-control
studies, unemployment rate has been higher among LTx recipients than among
controls, which may be due to lower educational level, but also to the age of the study
subjects 83-85,95. Unemployment rate is remarkably higher among adults after pediatric
LTx than among recipients of LTx in adulthood (50% vs. 28%) 85.
After pediatric HTx, a total of 16-100% graduated from high school, most recipients
studied after high school (68%), and 7-26% achieved a bachelor degree 88,89,96. Half
(47-58%) of the pediatric HTx recipients were employed and 11% were unable to work
88,96. HTx recipients with development delay were excluded from these studies.
In the Finish general population, secondary grade is completed by 56% of and
university grade by 13% of all age groups. A total of four percent of young adults (2039 years) had only elementary education 97.

2.3.2

RELATIONSHIPS AND OFFSPRING

Study subject’s age has influence on the number of marital relationships and
offspring. In a Dutch study, at the age of 40, 67% of childhood RRT survivors were
married and 32% had children 80. Among young adults with a history of pediatric KTx,
only 3-18% had a family and 10-12% had children 78,79,91.
In the studies of pediatric LTx recipients, 23-42% of young adults were married or
living in partnership 85,93,98. Half of HTx recipients over 30 years old had a partner 88
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while in the younger HTx cohort (mean age 25 years), only 9% were in a relationship.
A total of 70% of young adults lived with their parents or family member 89.
According to Statistics Finland, the proportion of Finns who were married at the age
of 23 and 30 years was 20% and 60%, respectively,99 and 39% of their families
included at least one child 100.

Table 1

Main studies of socioecomical situation after pediatric solid organ transplantation.
NA, not available, n= number of study subjects, y= years

Number of study
subjects

Study
population
(age at time of
study)

Tjaden et al. 2014 80

KTx recipients

n= 89

(mean 41y)

Mellerio et al. 2014 91

KTx recipients

n= 374

(median 27y)

Study

Adamczuk et al. 2019

78

n= 45

KTx recipients
and RRT
patients

Graduated
from high
school (%)

Employed
(%)

Married or
relationship
(%)

Biological
children (%)

NA

62

67

32

56

54

31

12

82

47

18

10

92

42

28

NA

78

62

22

NA

NA

51

23

NA

100

33

22

NA

90

47

50

NA

87

49

8

NA

(mean 27y)
Duffy et al. 2010 85

LTx recipients

n= 38

(mean 23y)

Mohammad et al. 2012 83

LTx recipients

n= 37

(mean 23y)

Lind et al. 2015 93

LTx recipients

n= 39

(mean 23y)

Petroski et al. 2009

89

HTx recipients

n= 23

(mean 25y)

Hollander et al. 2015 88

HTx recipienst

n= 20

(median 31y)

Grady et al. 2018
n= 88

96

HTx recipients
(mean 21y)

26

2.4 TELOMERES
History of telomeres began nine decades ago, when two Nobel Prize winners,
Hermann Muller and Barbara McClintock, studied chromosomes and found out that
broken ends of chromosomes never fuse. Muller and McClintock also suspected that
the ends of chromosomes are protected somehow. In the 1970s James Watson and
Alexey Olovnikov both recognized that chromosomes couldn’t replicate their ends. A
couple years later Elisabeth Blackburn discovered that telomerase replenish the
telomere 101.
As we know now the ends of eukaryotic chromosomes are called telomeres and their
function is to protect the chromosomes from deterioration. Telomeres consist of
multiple copies of short nucleotide repeats. Human, and all vertebrates telomeric
DNA consist of sequence nucleotides (TTAGGG). At the end of telomere is a looped
structure called T-loop. T-loop is associated to specialised proteins which compose
shelterin complex 102. These proteins stabilise T-loop and regulate length of telomere.
Part of these proteins are also associated with other shelterin proteins and regulate
their function 102.
Telomere length is regulated by telomerases, which replenish shortened telomeres
and sustain replicative potential. Telomerase is a ribonucleoprotein complex which
regulates telomere length by synthesizing telomeric deoxyribonucleic acid (DNA) 103.

Figure 5

Structure of telomere. Illustration modified based on Blackburn et. al. (2015)

27

104

Review of the literature

Studies have showed that telomeres are shortening during aging 105-107. Different
disease conditions, such as cardiovascular diseases 108-110 and type II diabetes 107,111,
have been shown to accelerate leukocyte telomere shortening. Telomere attribution
is a multifactorial process, and reducing of telomere length is associated to
environmental and lifestyle aspects like oxidative stress, smoking and over-weight 112114.
In some studies short telomeres have been associated with frailty phenotype 115, but
in the previous study among NBL survivors was not found association 116. Chronic
kidney failure and uremia causes susceptibility to cardiovascular events, decreases
muscular mass, and leads to low-grade inflammation process. All these accelerate
aging, finally causing frailty 117. Previous studies have shown that patients with
chronic kidney disease and hemodialysis have shorter telomeres and their telomerase
activity is increased more than among healthy controls 118-120.
Also transplantation and immunosuppressive medication accelerate telomere
attribution, and SOT recipients’ risk for premature aging and frailty is increased 120.
ATG, which was previously regularly used as induction therapy, and anti-metabolite
MMF accelerate telomere shortening after KTx 120-122. Mostly used
immunosuppressant agents, CNIs, decreased telomere length more than rapamycin
among healthy study subjects 123. The study by Meijers et al. showed that kidney
transplant recipients have increased risk for premature aging during dialysis, but also
after transplantation, and these changes are not reversible 124.
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2.5 MALIGNANCIES AFTER TRANSPLANTATION
Risk for malignancies is increased after solid organ transplantation 125-127. After
transplantation, cancer risk is two 127,128 to six times 129 higher than that of general
population.
The most common type of post-transplant cancer is post-transplant
lymphoproliferative disease (PTLD) and the second common is nonmelanoma skin
cancer (NMSC) 127,130 (Table 2). The risk for PTLD is highest during the first years
after SOT 131,132, but aging increases the risk for NMSC 127,133,134. The incidence of solid
tumors is lower after pediatric SOT when compared to lymphomas. A study in
pediatric KTx recipients showed that the most common solid tumor among pediatric
KTx recipients is renal cell carcinoma 135. Solid tumors are frequently located in the
native kidneys, for example in patients with autosomal dominant polycystic kidney
disease (ADPKD). In the study by Åberg et al. 136, predominant solid tumors after LTx
were colorectal and hepatocellular carcinomas.
Cancer risk depends on many factors, the transplanted organ being one of them. The
highest risk for post-transplanted malignancies is among lung 127,137 and intestinal
transplant recipients 138. Rejection episodes are frequent after small intestine and
lung transplantation and they are causing higher exposure to immunosuppressive
treatment. A large registry study showed that over one fourth of the lung and heart
transplant recipients developed cancer within 15 years’ follow-up time 139.
After SOT, the risk for infection-related cancer is also increased 128. Ebstein Barr-virus
(EBV) infection may lead to long-lasting viremia and increased risk for PTLD and
nasopharyngeal cancers 128. Kaposi sarcoma is caused by human herpesvirus 8 (HHV
8) 137.
The results of studies of immunosuppressive agents’ role in cancer risk are
controversial 130. A study among HTx recipients compared the cancer risk in patients
on sirolimus and CsA treatment. In the sirolimus treatment group, the incidence of
de novo malignancies was lower and after switching from CsA-based
immunosuppression to sirolimus, cancer risk was decreased 140. The everolimus
treatment group also had better survival after post-transplant cancer 141. LTx
recipients on tacrolimus treatment had significantly lower risk for solid organ tumors
compared to CsA-based treatment 142. Exposure to high therapeutical levels of CNIs
increases risk for malignancies 143,144.
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The risk factors for de novo malignancy after SOT are
1) use of two or more immunosuppressive agents 139
2) older age of the recipient 127,128,130,133,136,137,140,145
3) male gender 127,128,137,139,145
4) deceased donor 146
5) pre-transplant cancer 145,147,148
6) sun exposure 149
The incidence of breast and prostate cancers has been lower after SOT than in the
general population 128. A large registry study from Australia and New Zealand showed
that SOT recipients’ cancer risk increased during aging and was comparable to that
of general population 25-30 years older 133. NMSC occurred at a median of 17 years
after transplantation. PTLD was an exception; the median post-transplant time at
appearance of PTLD was relatively short, seven years.
In a Dutch study, 23% of the pediatric KTx recipients had at least one cancer and
mortality to cancer was 13% 150.
Malignancy is one of the most common causes of death after SOT 151,152 and cancercaused mortality is as much as 25% higher in SOT recipients than in the general
population 153,154. In the pediatric SOT population, the highest mortality is connected
to PTLD 155 and the overall mortality from hematological disorders is higher than
mortality from solid tumors or skin cancers 142.
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Table 2

Malignancies after pediatric solid organ transplantation.
*- LTx recipients 0-30 years old, **- mean, NA- not available

Study

Study
population

Number of
recipients with
cancer of all
study subjects
(%)

Median
follow-up
time
(years)

Main cancer
diagnosis, number
of all cancers (%)

Cancer
mortality;
number of
all cancer
cases (%)

Koukourgianni
et al. 2010 154

KTx recipients

16/219 (7)

10.4

PTLD 10/16 (63)

4/16 (25)

Ploos van
Amstel et al.
2015 150

KTx recipients

54/231 (23)

25.3
(post tx)

Francis et al.
2017 133

KTx recipients

289/1734 (17)

13.4

Serrano et al.
2017 125

KTx recipients

136/882 (15)

19.6

NMSC 39/54 (72)
PTLD 6/54 (11)

12/54 (22)

NMSC 196/289 (68)
PTLD 40/289 (14)

NA

Skin cancer 72/136 (53)
PTLD 47/136 (35)

30/136 (22)

PTLD 7/13 (54)
Karakoyun et
al. 2018 156

LTx recipients

13/206 (6)

NA

Kaposi sarcoma 2/13
(15)

2/13 (15)

NHL 14/37 (38)
colorectal ca 4/37 (11)

Åberg et al.
2018* 136

LTx recipients

37/923 (4)

8.5**

Gajarski et al.
2011 157

HTx recipients

122/2374 (5)

3.0

Endén et al.
2020 158

KTx, LTx, HTx
recipients

18/233 (8)

18.0

Simard et al.
2011 159

KTx, LTx, HTx,
lung, multiorgan,
pancreas,
intestine

24/536 (4)

Yanik et al.
2017 160

KTx, LTx, HTx,
lung, multiorgan,
intestine, other

392 /17958 (2)

4.0

Hodgkin lymphoma
30/329 (9)

NA

Kitchlu et al.
2018 161

KTx, LTx, HTx,
lung, multiorgan,
intestine

84/951 (9%)

NA

PTLD 65 (77%)

NA

hepatocellular ca 4/37
(11)

PTLD 114/122 (93)

NA

NA

PTLD 14/18 (78)
Skin cancer 2/18 (11)

7/18 (40)

NHL 13/24 (54)
9.5

Renal cell ca 3/24 (13)

NA

Vulva/vagina 3/24 (13)

NHL 279/329 (85)
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2.5.1

PTLD

The most common malignancy after pediatric solid organ transplantation is PTLD.
The incidence of PTLD varies depending on transplant population; 1-4% in KTx, 316% in LTx, 5-12% in HTx, and 15-17% in intestinal transplant recipients 133,162-171.
Majority of all cancer cases (77-97%) after pediatric SOT are PTLDs, depending on
the study population 128,133,138,147,157,161,167.
PTLD is divided into early and late onset types depending on the time between Tx and
PTLD diagnosis. No definition has been established, but most studies use the
definition of early onset PTLD if the diagnosis is made during the first year after
transplantation. Late onset PTLD is diagnosed more than a year after SOT 172-174. Some
studies define early onset PTLD as appearance during up to two post transplant years
after Tx and late onset as appearance two or more years after Tx 170,175,176.
Because early and late onset diseases have distinct pathological and clinical
characteristics, the division into two types of PTLD is relevant. Risk for early onset
PTLD is higher among young patients 170,173,175,177 and in EBV or CMV seronegative
recipients 175. Immunosuppressive treatment based on tacrolimus 162 and
mycophenolate have been recognized as risk factors for early onset PTLD 173.
Increased immunosuppression due to rejection or other reason increases the
probability of EBV viremia and further increases the risk for both early and late onset
PTLD 170,177,178. Non-Hispanic white race and older age at the time of Tx are risk factors
for late onset PTLD 175.
PTLD has been classified by WHO into four main categories: 1) early lesions,
including plasmacytic hyperplasia, infectious mononucleosis and florid follicular
hyperplasia, 2) polymorphic, 3) monomorphic, diving B- and T-cell neoplasm and 4)
classical Hodgkin lymphoma 179. Histology of early onset PTLD is mostly
polymorphic, diffuse large B-cell or other B-cell lymphoma 173.
Pediatric SOT population’s risk for PTLD is increased compared to adult SOT
recipients 147,159,168. After pediatric transplantation, PTLD occurred earlier than other
post-transplant malignancies 159.
General risk factors for PTLD after pediatric SOT are
1) high EBV viral load 140,180 or primary EBV infection after tx 168,181
2) lung or multiorgan transplantation 132
3) young age at the time of transplantation 171,175
The most frequent anatomical sites of PTLD are gastrointestinal tract 131,147,162,164,178,
lymph nodes and tonsils 132,182. Early lesions are found predominantly in the graft or
at extranodal location 173.
Among SOT recipients, the 1- and 5-year survival after PTLD diagnosis has been 8890% and 70-90%, respectively 131,173. The survival of intestinal transplant recipients
with PTLD is poor when compared to other SOT recipients, one-year survival being
57% and five-year survival only 39% 169. In the study by L’Huillier et al. 132 the survival

32

were better in the case of tonsillar/adenoidal tumors than in other anatomical sites.
In a recent study, the long-term survival after PTLD was comparable between early
and late onset cases 173.

2.5.2

SKIN CANCERS

Skin cancers are divided into two categories: melanoma and nonmelanoma skin
cancers. The most common types of nonmelanoma skin cancers (NMSC) are
squamous cell carcinoma, basal cell carcinoma and actinic keratosis 183.
Also in the pediatric Tx-population, NMSC is a common post-transplant malignancy
and the risk increases with time 184. A recent review by Howard et al. 185 compiled the
risk factors for skin cancers after Tx. Cumulative doses and multiple
immunosuppressive medications increased the risk for NMSC 184,186. Pre-transplant
immunosuppressive medication or cytostatic treatment were also remarkable risk
factors.
Azathioprine is one of the immunosuppressive medicines which have been associated
with higher risk for NMSC 187. A recent study among HTx recipients showed that the
risk for NMSC and other post-Tx malignancies decreased after switching from CsA to
sirolimus 140,188. In a meta-analysis among adult nonrenal transplant recipients, the
risk for secondary NMSC but not for primary NMSC was reduced with mTOR
inhibitor based immunsuppressive treatment 189.
Age over 50 years at time of transplantation, male sex and pre-transplant NMSC are
risk factors for post-transplant NMSC 185,187. Heart and lung Tx recipients also have
higher risk for NMSC 190
UV radiation is know to increase the risk for skin cancers among SOT recipients 149,185.
The prevalence of NMSC is increased especially in the regions where exposure to
sunlight is higher 133. Skin type is one predisposing factor for malignancies. Highly
sensitive, easily burning skin type (Fitzpatrick type 1) and Caucasian ethnicity
predispose to NMSC 185,186,188. It is highly recommended to avoid straight sunlight and
to use UV filters and sun-protective clothing to reduce exposure for UV radiation after
SOT 191.
Compared to NMSC, melanoma is an uncommon skin malignancy, but the incidence
of melanoma after SOT is increasing 192. The risk factors for melanoma are mainly the
same as for NMSC: older age, male sex and white race 193. In the large registry study
sirolimus or CsA therapy and living donor increased the melanoma risk among kidney
transplant recipient 193.
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2.5.3

OTHERS

Solid tumors are more common among adult SOT recipients than among pediatric
recipients 142. After pediatric transplantation, the incidence of solid malignancies is 431 times higher than in the general population. The most common forms of nonhematological cancers are renal, liver, genitourethral, head or neck cancers and
sarcomas 160,161.
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3 AIMS OF THE STUDY
The aims of this study was:
1) To study the social-economical status of young males who had kidney
transplantation during childhood but were adults at the time of study,
2) To assess quality of life after pediatric KTx and compare it with that of healthy
volunteers and childhood acute lymphatic leukemia survivors,
3) To analyze telomere length and telomerase function after pediatric KTx,
4) To evaluate cancer risk among pediatric solid organ transplantation recipients
and control population.
Graft survival has improved during the last decades and the importance of posttransplant social well-being, education and employment status has increased. It is
not enough that the graft survives; survival of the recipient is even more important.
As WHO described, QoL consists of many different aspects and all of them are
important to achieve valuable and happy life after solid organ transplantation.
In the present study, different components of QoL were examined: social aspects,
which include relationships and reproduction; economical aspects, such education
and employment; and also parts of general health after transplantation, like telomere
length and morbidity and mortality to malignancies.
The study is a summary of overall well-being and health after pediatric solid organ
transplantation.
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4 PATIENTS AND METHODS
4.1 PATIENTS
4.1.1

KIDNEY TRANSPLANT MALES (I-II)

This study was a continuation to a previous study about long-term survival, fertility,
and sexual health among young males with a history of pediatric Ktx 194. All male
pediatric or adolescence kidney transplant recipients who were transplanted between
August 1983 and September 2011 in the Helsinki University Hospital were identified
from the transplant database. Inclusion criteria were age over 18 years at the moment
of the study and post-transplant time over five years.
A total of 79 males fulfilled the inclusion criteria. Seventeen transplant recipients
were excluded because of significant co-morbidities; three subjects had mental
retardation, 11 had significant psychosocial problems, two had tetraplegia, and one a
history of lung transplantation.
Sixty-two males were contacted and a total of 30 responded to the invitation. All but
one of these completed the questionnaires and were included in the study. Median
age in the KTx group was 27.1 (range 19.0-41.8) years and median age at time of
kidney transplantation was 8.6 (range 1.5-18.1) years (Table 3).
Study I had two different age-matched control groups. The first control group
consisted of survivors of childhood acute lymphatic leukemia (ALL). These 52 males
were part of a larger study on male acute lymphoblastic leukemia survivors that
assessed reproduction, bone health, and overall wellbeing in adulthood 195. Median
age at the time of the study was 28.5 (range 25.0-38.0) years and at time of ALL
diagnosis 4.5 (range 0.0-15.0) years.
The other control group included 56 male subjects, median age 30.0 (range 24.036.0) years. These controls were recruited from occupational health service in the
Helsinki municipal area and Helsinki University. These males were previously
healthy and had no history of malignancies. All were employed at the time of study.
Statistically significant differences between the KTx recipients and controls health
were found in height and weight measures (170.5 vs. 180.0 cm, p<0.001, 72.6 vs.
82.5kg, p<0.001, respectively). In addition, ALL survivors were significantly taller
than the KTx recipients (176.0 cm, p=0.001). BMI did not differ between the study
groups.
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Table 3

Characteristics of study I KTx recipients. Data presented as median (IQR).

KTx
Age at time of study, years (IQR)

27.1 (23.7–31.8)

Height, cm (IQR)

170.5 (165.3–174.2)

Weight, kg (IQR)

72.6 (62.3–83.3)

Body mass index, kg/m2 (IQR)

24.2 (22.2–27.4)

Age at first dialysis, years (IQR)

7.5 (1.9–13.5)

First transplant, number (%)

19 (66)

P-creatinine, μmol/L (IQR)

168 (132–261)

Blood pressure, mmHg (IQR)

134/80 (127-146/75-89)

eGFR, mL/min/1.73m2 (IQR)

51.7 (29.8–59.5)

In study II (Table 4), the first control group consisted of eight males who had a history
of childhood neuroblastoma (NBL). They had participated in a previous study on
adult and adolescence survivors after childhood NBL 116,196. The second control group
consisted of nine healthy controls without a history of severe pediatric diseases. These
controls were recruited among medical students and adolescent children of hospital
employees. All study subjects and controls were males.
Plasma creatinine was measured from 22 male kidney recipients and recent
laboratory tests of the remaining seven transplant recipients were collected from the
Finnish Registry for Kidney Disease.
Leukocyte telomere length and gene expression level of telomere binding proteins
were analyzed from 23 kidney transplant recipients, eight NBL survivors, and nine
healthy controls. Three kidney recipients were excluded from the study; one patient’s
clinical characteristics were missing, one analysis was unsuccessful, and one study
subject lost his kidney function during the study.
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Table 4

Clinical characteristics of the kidney transplant (KTx) patients, neuroblastoma (NBL)
survivors, and healthy controls in study II. Data is presented as median. a p-value
between the KTx patients and the NBL survivors. b p-value between the KTx
patients and the controls. NA, not applicable. Statistically significant values bolded.
* One study subject’s P-creatinine value was incorrect in the original article.

KTx (n=20)

NBL (n=8)

Controls (n=9)

p-valuea

p-valueb

Age at time of study, years (IQR)

28.1 (25.0–31.8)

24.1 (17.3–27.6)

21.2 (17.5–25.2)

0.063

0.010

Follow-up time, years (IQR)

18.3 (15.9–23.4)

21.4 (14.8–25.5)

NA

0.469

Height, cm (IQR)

170.1 (165.8–173.1)

160.4 (152.8–173.4)

181.1 (176.4–187.5)

0.079

0.002

Body mass index, kg/m2 (IQR)

24.3 (20.0–27.4)

20.8 (15.9–26.3)

22.3 (21.9–25.3)

0.304

0.501

Plasma creatinine, μmol/L (IQR)

154.0 (125.3-225.6)*

68.5 (63.3–77.0)

83.0 (71.0–93.5)

<0.001

<0.001

hsCRP, mg/L (IQR)

0.9 (0.4–1.8)

2.61 (0.9–6.7)

0.3 (0.3–1.2)

0.061

0.251

HbA1C (%) (IQR)

5.1 (4.9-5.5)

5.1 (4.9-5.2)

5.1 (4.9-5.3)

0.666

0.760
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4.1.2

KIDNEY, LIVER AND HEART TRANSPLANT RECIPIENTS (III)

In study III, all pediatric KTx, LTx and HTx recipients who were transplanted at the
Helsinki University Hospital between January 1, 1982 and December 31, 2015 were
identified from the transplantation database. Inclusion criteria were age under 16
years during the transplantation and age over 18 years at the last follow-up date,
December 31, 2015. Transplant recipients who had died during childhood but would
have been over 18 years at last follow-up date were included in the study.
A total of 233 Tx recipients fulfilled the inclusion criteria and were included in the
study (Table 5). In the transplant cohort there were 137 kidney, 53 liver and 43 heart
transplant recipients. Two third (n=139, 60%) were males and the median age at time
of transplantation was 7.9 (0.4-15.9) years. Median age at time of study was 27.8
(18.3-44.0) years for those who were alive. A total of 173 (74%) transplant recipients
were alive at the last follow-up date (December 31, 2015). Main diagnosis of the study
subjects have been presented in the Graphic 1.

Table 5

Clinical characteristics of the kidney (KTx), liver (LTx), and heart transplant (HTx)
recipients. Pa = Ktx vs. LTx, pb= LTx vs. HTx, pc= KTx vs. HTx. Data presented as
median and statistically significant values are bolded.

KTx
n=137

LTx
n=53

HTx
n=43

pa-value

pb-value

pc-value

Age at time of study
(alive), (range)

26.3
(22.7–29.7)

25.7
(23.2–29.8)

24.4
(20.3–35.6)

0.949

0.563

0.657

Post-Tx time
(range)

20.0
(0.7–30.0)

15.0
(0.4–27.0)

13.0
(0.3–25.0)

0.009

0.524

<0.001

Males, n
(%)

92
(67.2)

25
(47.2)

22
(51.2)

0.013

0.838

0.070

Age at time of Tx,
(range)

7.9
(1.1–15.9)

4.9
(0.4–15.9)

10.3
(1.0–15.9)

0.023

0.005

0.081

Malignancy, n
(%)

14
(10.2)

2
(3.8)

2
(4.7)

0.243

0.831

0.365

Alive, n
(%)

117
(85.4)

30
(56.6)

26
(60.5)

<0.001

0.835

0.001

Age of cancer
diagnosis, (range)

18.7
(4.1–25.6)

18.6
(3.3–33.9)

17.3
(12.2–22.3)

0.533

0.667

0.933

Time from Tx to cancer
diagnosis, (range)

13.3
(6.9–23.6)

10.7
(1.8–19.7)

7.9
(4.7–11.1)

0.933

0.667

0.417
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LTx recipients

KTx recipients
12%
35%
18%

CAKUT

42%

15%

GNF
Others

23%

Metabolic
disease
Acute hepatic
failure

Cystic disease

12%

Biliary atresia

13%

CNF

30%

Others

HTx recipients

21%

Other congenital
anomalies

51%
28%

Graphic 1

HLHS

Cardiomyopathia

Diagnoses in the study groups. CNF- Finnish type congenital nephrosis.
CAKUT- congenital anomalies of kidney and urinary tract, GNF- glomerulonephritis,
HLHS- hypoplastic left heart syndrome.

The year of birth, gender and hometown matched controls were identified from the
Digital and Population Data Services Agency registry. A total of 1,157 controls were
searched; 691 (60%) were males and median age at time of study was 26.4 (18.1-44.1)
years. Two control subjects had died (0.2%).
Immunosuppression after pediatric solid organ transplantation consists of induction
therapy in the operation room and continues after the operation with triple
medication. At the beginning of the transplantation program in Finland, antithymocyte globulin (ATG) was used as induction therapy for all solid organ recipients.
After 2000, basiliximab has been used as induction therapy for all kidney and liver
transplant recipients and only heart transplant recipients receive ATG.
The most commonly used combination is calcineurin inhibitor (tacrolimus or
cyclosporine A), azathioprine or mycophenolic acid and methylprednisolone. After
KTx or LTx, the most frequently used combination has been CsA, azathioprine and
methylprednisolone. HTx recipients primarily received CsA, azathioprine and
methylprednisolone until the year 2010; after that, most of the HTx recipients have
been on a combination of tacrolimus with mycophenolic acid and
methylprednisolone. The first three to six months after solid organ transplantation
methylprednisolone has been used daily and after that, switched to alternate-day
dosing.
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4.2 METHODS
4.2.1

QUESTIONNARIES (I)

The RAND-36 is a self-report generic questionnaire which has been developed to
measure health related quality of life (HRQoL). The questionnaire subscales are
physical functioning, bodily pain, role of limitations due to physical health problems,
role of limitations due to personal or emotional problems, emotional well-being,
social functioning, energy/fatigue, and general health perception 197. The
questionnaire consists of 36 simple questions and each dimension is scored between
0 and 100. Each subscale is composed of 2-10 questions and mean is computed by
question scores. A higher score indicates better QoL.
The Beck Depression Inventory (BDI-21) is self-administered questionnaire to detect
depressive symptoms 198. A Finnish version of the BDI-21 was used in this study. The
BDI-21 consists of 21 items. Each item includes four statements that have a numerical
value from 0 to 3. Total score ranges from 0 to 63. Scores between 10 and 18 indicate
mild disturbance, while severe depression is suspected with scores over 30.

4.2.2

TELOMERE LENGTH ANALYSIS AND RNA EXTRACTION (II)

Telomere analysis was performed in the Karolinska Institute, Sweden, by Mi Hou,
PhD. Genomic DNA and RNA were extracted from frozen peripheral blood and
measured by real-time PCR assay 199.

4.2.3

NATIONAL HEALTH REGISTERIES

The Digital and Population Data Services Agency (previous name: Population
Registry Center) is a database which includes basic information about Finnish
citizens and foreign citizen residing in Finland. The data include name, personal
identity code, date of birth and death, address, citizenship, native language and family
relations.
The Finnish Institute for Health and Welfare (THL) is an independent expert
agency which produces social welfare and health statistics. THL has many registries
which include data of diseases, treatments and services. In the current study, data
were obtained from the Finnish Cancer Registry, which maintains the national
registry of THL. In Finland, health care organizations have an obligation to report all
cancer diagnoses to the Finnish Cancer Registry.
The Causes of Death Registry is one of the data collections produced by Statistics
Finland. Time of death, age, diagnosis and type of death are collected from death
certificates and archived in the registry.
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4.2.4

STATISTICAL METHODS

SPSS statistic 22 and 24 (SPSS Inc., Chicago, IL, USA) and R version 3.4.4 were used
for data analysis. Kruskal-Wallis test was used to compare more than two subject
groups and Mann-Whitney U-test for continuous variables. Pearson chi-squared test
and Fisher’s exact test were used for categorical variables. Spearmans’s rank
correlation coefficient was used to assess correlation. The survival analyses were
carried out with Cox proportional hazard models and the PH assumption was
evaluated with Scoenfelt residuals. Cumulative survival was evaluated with KaplanMaier estimator.
P-values less than 0.5 were considered statistically significant and all tests were twotailed.

4.2.5

ETHICAL CONSIDERATIONS

The Research Ethics Committee of Helsinki University Hospital, the Finnish Institute
for Health and Welfare and the Office of the Data Protection Ombudsman approved
the study protocol.
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5 RESULTS
5.1 QUALITY OF LIFE
A total of 29 KTx recipients, 52 childhood acute lymphatic leukemia (ALL) survivors
and 56 healthy controls filled in the RAND-36 and BDI-21 questionnaires. QoL and
depressive symptoms were evaluated based on these results.

RAND-36
100
90
80
70
60
50
40
30
20
10
0

PF

RP

RE

VT

KTx

Graphic 2

MH

ALL

SF

BP

GH

Controls

RAND-36 categories in the study groups. PF- physical functioning, RP- physical
limitations, RE- emotional limitations, VT- vitality, MH- mental health, SF- social
functioning, BP- bodily pain, GH-general health

Graphic 2 shows the RAND-36 subscales in different study groups. In general, KTx
recipients had the lowest scores in all RAND-36 subscales, except in the role of
limitations due to personal or emotional problems. ALL survivors scored lower on
limitations caused by physical health problems than the KTx recipients. The status of
mental health scores was the same among KTx recipients and ALL survivors.
Compared to healthy controls, KTx recipients had significantly declined mental
health scores (KTx vs. controls p=0.009). Scores measuring role limitations due to
physical health problems were statistically significantly lower in the KTx group than
among the healthy controls (p=0.026). Also vitality (energy/fatigue) and mental
health scores were significantly lower in the KTX group than in the controls
(p=0.008, p=0.009). Scores of social functioning were lower among KTx recipients,
but the difference to ALL survivors or healthy controls was not statistically significant.
Remarkably, both general health and increased bodily pain were diminished among
KTx recipients when compared to ALL survivors and healthy controls. KTx recipients’
mean score of bodily pain was 72 and ALL recipients’ 84 (p=0.043). Healthy controls’
mean score of pain was 86 and the difference to KTx recipients’ score was statistically
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significant (p= 0.031). General health score was 52.8 in the KTx group, 72.6 in ALL,
and 81.0 in healthy controls (p<0.001).
According to these results, pediatric KTx recipients have lower QoL than survivors of
childhood malignancy or healthy controls. The experience of own general health was
scored very low among the KTx recipients, being only about half of the highest score.
Correlation between clinical characteristics and RAND-36 subscales was observed in
the KTx group (Table 6). Age at time of study had a negative correlation with RAND36 subscales, but the correlation was not statistically significant. Age at start of
dialysis had negative correlation with physical functioning and general health;
correlations with other subscales were positive, but statistical significance was not
achieved.

Table 6

RAND-36 subscales correlation with kidney function and transplantation.
Significant p-value bolded.

RAND-36 subscale

Dialysis
duration

Age at first
KTx

Number of
KTx

GFR

Physical functioning

-0.293
(0.123)

-0.034
(0.861)

-0.436
(0.180)

0.394
(0.063)

Role/physical

-0.357
(0.062)

0.069
(0.728)

-0.380
(0.046)

0.319
(0.148)

Role/emotional

-0.420
(0.026)

0.147
(0.454)

-0.421
(0.026)

-0.074
(0.745)

Vitality

-0.132
(0.495)

0.116
(0.548)

-0.203
(0.292)

0.504
(0.014)

Mental health

-0.194
(0.312)

-0.002
(0.992)

-0.383
(0.040)

0.022
(0.920)

Social functioning

-0.244
(0.202)

0.053
(0.786)

-0.369
(0.049)

0.287
(0.184)

Bodily pain

-0.398
(0.033)

0.102
(0.598)

-0.278
(0.144)

0.422
(0.045)

General health

-0.076
(0.694)

-0.067
(0.730)

-0.222
(0.247)

0.433
(0.039)
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Duration of dialysis had a negative correlation with all subscales. Long time on
dialysis had a statistically significant negative correlation with physical health
problems that caused limitations. Also bodily pain was significantly increased during
long-lasting dialysis treatment. Multiple transplantations had a major negative
influence on QoL. Both physical and mental health was significantly decreased and
also social functioning was impaired. Decreased kidney function and low GFR had a
statistically significant correlation with vitality and bodily pain. Impaired kidney
function, long time on dialysis and re-transplantations are the main factors
decreasing kidney transplant recipients’ QoL.
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5.2 BDI-BECK DEPRESSION INVENTORY
The BDI questionnaire was used to investigate signs of depression. The mean BDI
among Ktx recipients was 3.9 (4.3 SD), which was statistically significantly higher
than among ALL survivors (2.4 (3.9 SD), p=0.006) or healthy controls (1.8 (4.7 SD),
p < 0.001) (Graphic 3). Variation of standard deviation was large in all groups.

Graphic 3

Mean BDI scores in the different study groups.

In all, three (10%) of the KTx recipients had BDI scores ≥ 10. The highest score among
KTx recipients was 14, showing that all recipients had only mild depressive
symptoms. Among ALL survivors, four (8%) had scores between 10-18 and in the
control group, there was one subject (2%) with scores between 10-18 and one (2%)
with scores between 19 and 29, indicating moderate depressive symptoms.
KTx recipients’ mean score of depressive symptoms was higher than among ALL
survivors or controls, but none of the KTx recipients had serious symptoms, contrary
to the healthy controls.
Correlation between KTx recipients’ BDI scores and RAND-36 was analyzed. High
BDI scores had a negative effect on QoL. There was a statistically significant negative
correlation with vitality (r -0.714, p<0.001), mental health ( r -0.368, p=0.049), social
functioning ( r -0.591, p=0.001) and general health (r -0.402, p=0.031). Depression
or depressive symptoms have a remarkably negative effect on QoL. KTx recipients’
clinical characteristics, kidney function or transplantations had no influence on BDI.
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5.3 EDUCATION, EMPLOYMENT AND SOCIAL LIFE
Data about educational level, employment status, relationship and biological children
were collected from the study subjects. One Ktx recipient (4%), a total of seven ALL
survivors (14%) and ten controls (18%) achieved the highest educational level,
minimum 17 years. Majority of the KTx recipients (62%) had upper secondary or
vocational education, 12 years in all. The finding was comparable with ALL survivors
(69%), but most of the healthy controls (41%) achieved lower tertiary education (15
years). Only comprehensive education was found to be more common among the KTx
recipients than among the controls (17% vs. 5%, p=0.006).
At time of the study, all study subjects were young adults. Employment rate was
comparable between KTx recipients and ALL survivors (76% vs. 90%, p= 0.105).
Because healthy controls were recruited from the occupational health service the
employment rate was 100%. In 2014, the unemployment rate among adolescents (1524 years) was 21% in Finland. In the present study, 24% of KTx recipients and 10%
ALL survivors were unemployed at the time of study. The number of retired persons
is not available.
Most (80%) of the healthy, young males were married or cohabiting at the time of
study. Half (50%) of the ALL survivors and 41% of KTx recipients were in a
relationship, which was statistically lower when compared to the healthy controls (p
< 0.001).
Three (10%) KTx recipients had at least one biological child. The proportion of
patients with children was significantly lower than among controls (43%, p=0.002)
and even lower than among ALL survivors (21%, p=0.217); however, the difference
did not reach statistical significance.
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5.4 LEUKOCYTE TELOMERE LENGTH
Leukocyte telomere length was analyzed in 20 KTx recipients, eight NBL survivors,
and nine healthy controls.

Graphic 4

Median telomere length in the study groups.

Graphic 4 shows median length of telomeres in all study groups. NBL survivors had
the shortest telomeres; median length was 0.38 AU, (interquartile range (IOR) 0.47
AU). KTx recipients’ median telomere length was 0.53 AU (IQR 0.21 AU). Compared
to NBL survivors, the difference was not statistically significant (p=0.119). Healthy
controls had significantly longer telomeres than NBL survivors (median 0.64 AU, IQR
0.48 AU, p=0.015), but the difference to KTx recipients did not reach statistical
significance.
Correlation with clinical parameters was studied by pooling all study subjects (n=37)
in one group. Correlations were calculated with age at time of study (r=0.039,
p=0.826), age at time of diagnosis (r=0.306, p=0.114), body height (r=0.273),
p=0.103), body mass index (BMI) (r=-0.032, p=0.853), systolic blood pressure
(BP) (r=-0.038, 0.829), diastolic BP (r=-0.159, p=0.369), plasma creatinine
(r=0.153, p=0.367), high sensitive C-reactive protein (hsCRP) (r=-0.264,
p=0.114) and eGFR (r=-.150, p= 0.390). BMI, BP, hsCRP and eGRF had a negative
correlation with telomere length, but none of these correlations were statistically
significant.
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KTx recipients’ age at time of study, start of dialysis or transplantation had no
significant correlation with telomere length (Table 7). Duration of RRT, retransplants or kidney function had no effect on telomeres, either.

Table 7

The correlation between key clinical parameters and telomere length in the kidney
transplant recipients.

r

p

Age at time of study

0.421

0.064

Age at time of first dialysis

0.253

0.283

Dialysis age

0.263

0.262

Duration of dialysis

-0.130

0.585

Tx age

0.288

0.219

Time after Tx

0.165

0.486

Number of Tx

-0.041

0.829

Plasma creatinine

0.253

0.283

eGFR

-0.334

0.150
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5.5 TELOMERE BINDING PROTEINS
Gene expression levels of telomere-binding proteins were measured from eight KTx
recipients, eight NBL survivors, and nine controls. The exceptions to these numbers
are indicated in Table 8.

Median of 2''-CT telomerase components of kidney transplant recipients (KTx),
neuroblastoma survivors (NBL) and healthy controls. SD- standard deviation. PA
difference between KTx and NBL, PB KTx vs. control. Significant p-values bolded. †
n=6, * n=7, ‡n=9

Table 8

KTX

NBL

CONTROL

TRF1

0.01056

0.00065

0.000036

(SD)

(0.0168)

(0.0612)*

(0.0167)

TRF2

0.02344

0.00008

0.000099

(SD)

(0.0449)‡

(0.0191)*

(0.0003)

TPP1

0.15570

0.04319

0.020035

(SD)

(2.7275)

(0.1806)

(0.9187)

TIN2

0.00653

0.00002

0.000010

(SD)

(0.0389)‡

(0.0241)

(0.0076)

POT1

1.16942

0.22649

0.025177

(SD)

(2.0609)

(1.0254)

(0.1302)

RPA1

1.92338

0.00052

0.004057

(SD)

(5.6010)†

(0.3891)†

(0.0380)

PA

PB

0.463

0.050

0.091

0.006

0.574

0.574

0.321

0.114

0.878

0.382

0.041

0.029

Tumor suppressor gene (P16) level was significantly higher among KTx recipients
than controls (0.1312 vs. 0.0004, p=0.021), while NBL survivors’ P16 level was even
lower (0.00009), but the difference to KTx survivors (p=0.055) or controls (p=0.779)
was not statistically significant.
Telomerase (hTERT) level among KTx recipients was 0.0590, among NBL survivors
0.0027 and among controls, 0.0007. Differences between the study groups did not
reach statistical significance; KTx recipients vs. NBL survivors, p=0.121, KTx
recipients vs. controls, p=0.050.
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Spearman’s rank correlation coefficient was used to assess correlations between the
clinical characteristics and gene expression levels. Age of study subject had a positive
correlation with all gene expression levels, but there was a statistically significant
correlation with TRF2 (r=0.435, p=0.034) and P16 (r=0.495, p=0.014). Body height,
weight and BSA did not have a statistically significant correlation with gene
expression levels. Plasma creatinine (P-Cr) level and hsCRP had a statistically
significant positive correlation with TRF2 (r=0.496, p=0.014, r=0.527, p=0.008).
eGFR had a statistically significant negative correlation (r=-0.492, p=0.015) with
TRF2. Impaired kidney function increased the gene expression levels. HbA1c
correlation with gene expression levels did not achieve statistical significance. HsCRP
had a significant positive correlation with TRF2 and TIN2.
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5.6 MALIGNANCIES AFTER PEDIATRIC SOLID ORGAN
TRANSPLANTATION
Cancer morbidity and mortality after pediatric kidney, liver and heart transplantation
was evaluated based on the Cancer Registry data. Cancer incidence among SOT
recipients was compared to population-based controls. A total of eighteen transplant
recipients had been diagnosed with malignancy after pediatric SOT (Graphic 5) and
eight of controls had malignancy. One liver transplant recipient and one control
subject had two different cancers. The LTx recipient had small B-cell lymphoma at
the age of three years and 23 years later he was diagnosed with large B-cell lymphoma.
The control subject had a Hodgkin lymphoma at age 13 years; ten years later, basal
cell carcinoma was diagnosed.
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Graphic 5

Age and post-Tx time, at the time of cancer diagnosis.
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The most common cancer among transplant recipients was PTLD, with 14 cases in all.
The predominant histological diagnosis was large B-cell lymphoma (n=9, 64%). In
nine cases, EBER in situ hybridization (ISH) was performed and in four cases, EBER
ISH was positive at the time of PTLD diagnosis. EBV viral load at the time of PTLD
diagnosis was available from half of the cases. In three cases, the number of EBV
copies was <500 copies/mL and in four cases, 8,400-225,200 copies/mL. Among
PTLD patients, mean age at time of transplantation was 4.2 (range 1.1-12.6) years and
at time of diagnosis, 18.9 (11.3-25.6) years. Nine (64%) of the PTLD patients were
males. Median time between transplantation and cancer diagnosis was 12.9 (4.7-23.6)
years. A total of eight of PTLD patients died; six (75%) deaths were caused by cancer.
Other diagnosed cancers after transplantation were small B-cell lymphoma,
teratocarcinoma in the testis, and two skin cancers: squamous cell carcinoma and
basal cell carcinoma. Age at time of cancer diagnosis was comparable to the PTLD
patients, the median age being 17.3 (3.3-33.9) years. Tx recipients with non-PTLD
cancer tended to be older at the time of transplantation, with median age of 9.7 (1.514.3) years, but the difference was not statistically significant when compared to the
PTLD group (p=0.382). Median time between transplantation and cancer diagnosis
was 7.9 (1.8-19.7) years. Only one patient (25%) died from non-PTLD cancer.
Tx recipients’ cancer risk was nearly 15-fold higher than that of controls (HR 14.7;
95% CI 6.4–33.9). The risk for cancer was increased after kidney transplantation (HR
27.7; 95% CI 8.0-96.6). Among LTx and HTx recipients, the risk for malignancy was
lower (HR 5.6, 95% CI 0.9–33.6; and HR 6.4, 95% CI 0.9–45.9, respectively). Risk
for non-PTLD was three-fold higher among SOT recipients than in the control
subjects (HR 3.4; 95% CI 1.0-11.4).
In the multivariate analysis, type of transplanted organ (liver HR 0.50 (95% CI
0.11–2.24), heart HR 0.63 (95% CI 0.14-2.87)), age at time of transplantation
(5–9.99 years HR 0.94 (95% CI 0.25–3.55), t 10 years HR 0.83 (95% CI 0.27–2.55)),
transplantation era (1994–2003 HR 1.27 (95% CI 0.46–3.49), 2004–2015 HR
1.56 (95% CI 0.16–15.9)) or gender (female HR 0.92 (95% CI 0.35–2.42)) did not
influence the cancer risk.

5.6.1

MALIGNANCIES AFTER KTX

Over three fourths (85%) of KTx recipients were alive at the end of study. Fourteen
(10%) of the KTx recipients were diagnosed with cancer during the follow-up. All
cancers were late onset malignancies; median time between transplantation and
cancer diagnosis was 13.3 (range 6.9-23.6) years. The most common type of cancer
was PTLD (n=12). Median age at time of transplantation was 3.2 (1.1-12.6) years and
age at time of cancer diagnosis 18.9 (11.3-25.6) years. Most of the PTLD cases were
diagnosed during adulthood; only four recipients (33%) were under 18 years old at
time of cancer diagnosis. Seven of the PTLD patients were males (58%) and six (50%)
had died. All but one of the deaths were caused by cancer.
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Other diagnosed malignancies were teratocarcinoma in the testis at the age of 19
years, and one 16-year-old KTx recipient had NMSC (squamous skin cancer).

5.6.2

MALIGNANCIES AFTER LTX

Cancer after pediatric liver transplantation was rare in this study. Only two (4%) posttransplant cancer cases were found among the LTx recipients. Just over half of the
LTx recipients were alive at last follow-up date, which means that mortality for other
causes after LTx was relatively high. One male LTx recipient had intrathoracic small
B-cell lymphoma at the age of 3 years, 1.8 years after transplantation. The other
diagnosed cancer case was basal cell carcinoma in the eyelid at the age of 34 years,
19.7 years after the liver transplantation.

5.6.3

MALIGNANCIES AFTER HTX

Two recipients (5%) with a history of pediatric HTx had post-transplant malignancy;
both cases were PTLD. The first case was NHL at the age of 13 years, 4.7 years after
the heart transplantation. The other PTLD case was a large B-cell lymphoma, 11 years
after the HTx. The HTx recipient was 22 years old at the time of the diagnosis and the
lymphoma was located in the small intestine. Both recipients died about one and half
year after cancer diagnosis and at least one of these deaths was caused by cancer. It is
remarkable that 26/43 (60%) of the heart transplant recipients were alive at the end
of the study.

5.6.4

MALIGNANCIES IN THE CONTROL POPULATION

Cancer incidence was significantly lower in the control group when compared to the
Tx recipients (18 vs. 8, p<0.001). All in all, 0.7% of the controls were diagnosed with
cancer during the follow-up period. Only two of the control subjects had died (o.2%),
the mortality rate was also significantly lower than among Tx recipients (p<0.001).
Median age at time of cancer diagnosis was 26 years (range 13-29) years. Compared
to the Tx recipients with cancer diagnosis (median age 19 years, range 3-34), the
difference was not statistically significant (P=0.13). The characteristics of the
malignancies are shown in Table 9.
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Table 9

Cancer diagnoses in the control population.

DIAGNOSIS

AGE

GENDER

LOCATION

HODGKIN LYMPHOMA

13.0

male

lymph nodes, head/neck

SEMINOMA

28.8

male

testis

MIXED ADENONEUROENDOCRINE
CARCINOMA

24.8

male

appendix

FOLLICULAR ADENOMA

29.3

female

thyroid gland

MUCINOUS CYSTIC TUMOR

17.9

female

ovary

TERATOCARCINOMA

27.7

male

testis

INTRADUCTAL CARCINOMA

28.2

female

breast

OSTEOSARCOMA

16.9

female

lower limb
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6 DISCUSSION
6.1 QOL AND DEPRESSIVE SYMPTOMS AMONG
ADULT MALES WITH A HISTORY OF PEDIATRIC
KIDNEY TRANSPLANTATION (I)
Previous studies have shown that children with kidney transplant have decreased QoL
when compared to healthy controls or controls with severe childhood disease 8,72,77.
QoL after pediatric KTx has been impaired on both children’s self-reports and proxy
reports. Studies in young adults with a history of pediatric ESKD are scarce. The
results of the present study are similar as in a previous Norwegian study evaluating
QoL during childhood; QoL after pediatric KTx was significantly lower than among
ALL survivors or healthy controls 77. The subscales in general health and bodily pain
were most impaired. A similar finding was see in a previous study about QoL by
Tjaden et al. 200. In the present study comparing KTx recipients and healthy controls,
the KTx recipients had significantly lower vitality and physical health. Mental health
was also impaired, which is opposite to the findings among older KTx recipients 80.
Study subjects with decreased kidney function had a significantly more feeling of pain
and less vitality. As is known, uremia causes physical unwellness and decreased QoL
201. In a previous study, 5- to 18-year-old children receiving HD treatment scored
lower on QoL than their peers who received KTx 76.
In the current study, low general health and vitality scores were connected to
depressive symptoms and higher BDI. Impaired social function and mental health
also had a negative correlation with BDI. In the study by Diseth et al. 78, multiple
transplantations had a negative effect on emotional well-being, a finding that was
confirmed in the present study; both physical and emotional health were significantly
decreased and also social functioning and mental health were impaired in the case of
re-transplantation.
A total of ten percent of the KTx recipients had depressive symptoms in this study,
which is less than in the clinical screening among adult Ktx recipients, where over
22% had significant signs of depression 202. In a previous study kidney function had
no influence on BDI. In the study by Kogon et al. pediatric KTx recipients had more
depressive symptoms than patients on dialysis or pre-ESKD 203 and in the study
among pediatric RRT and KTx recipients, kidney function had no effect on BDI 204.
Depressive symptoms are associated with social aspects and decreased QoL rather
than graft function. An important observation is also that depressive symptoms have
a negative influence on compliance, and harmful health behavior, such as smoking,
increases with mental health problems 75. Despite the fact that KTx recipients had
only mild depressive symptoms and evaluated their QoL as only moderately impaired,
screening and support is important and has impact not only on QoL, but also on social
relationships and adherence.
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6.2 SOCIO-ECONOMICAL STATUS AFTER PEDIATRIC
KIDNEY TRANSPLANTATION (I)
In this cohort study in adult males with a history of pediatric kidney transplantation,
education level, employment and number of social relationships was lower in
comparison to healthy controls. Only primary education had a significantly higher
proportion among KTx recipients than controls. These result are in accordance with
a recent study by Adamczuk et al. among childhood ESKD patients, where 18% had
primary education and 64% secondary education 78.
Intelligence and neuropsychological capability have influence on educational level. In
the recent study by Francis et al., up to 50% of children with ESKD, RRT or KTx selfreported decreased cognition 13. In addition, the study by Lee et al. showed that long
pre-transplant period had a negative effect on intelligence 205. KTx recipients have
many physical risk factors for impaired cognitive function, but their possibilities to
attend normal school work are also diminished. Chronic disease causes long hospital
stays and regular outpatient visits disturb normal school work. The study by Lewis et
al. compared young adults with a history of either pediatric KTx or transplantation
during adult age. Educational level and employment rate were both lower among
adults with a history of pediatric KTx 206. Pediatric KTx recipients are at increased
risk of low educational level and consequently, their risk for unemployment is higher
than general.
Employment not only allows economical independency but is also factor for valuable
life 207. Unemployment has been related to fatigue and mental health problems in the
KTx population 208. In the present study, 76% of the KTx recipients were employed or
studying at the time of study. The number was higher than in the previous studies and
comparable to general employment rate among young adults in Finland.
It is crucially important to support SOT recipients to achieve an adequate education
level and to get possibilities for employment.
In the present study, KTx recipients had less relationships compared to ALL survivors
or healthy controls. Most of the KTx recipients (59%) were single, while 80% of the
healthy controls were married or cohabiting. According to a French study, a total of
27% of male Ktx recipients were living with a partner. The age of the study subjects
was comparable with the present study 91. In an Italian study, 29% of the younger KTx
recipients, at age of 23 years, were in a relationship 79. It is likely that age and cultural
factors have influence on relationships and cohabiting. In the study by Tjaden et al.,
67% of childhood RRT survivors were married or in a relationship at the age of 40
years 91. The number was still significantly lower than in the general population.
Chronic disease, surgical operations, long hospitalizations and medications may have
negative influence on body image, self-confidence and mental health 209. In addition,
Tx recipients have reportedly decreased social functioning after transplantation 206.
All these factors disturb normal social life.
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In this study, every tenth male had a biological child, which is comparable to an earlier
study among young adults with a history of pediatric RRT 91, but significantly lower
than among the general population. One main factor is poor quality of semen 194 which
affects the fertility of young males after pediatric transplantation and which has been
recognized during the last decade. Poor physical and mental conditions influence
family plans. In addition, difficulties with social relationships can be reflected in
reproduction and number of offspring.

6.3 TELOMERES AFTER PEDIATRIC KIDNEY
TRANSPLANTATION (II)
The present study confirmed the finding from earlier studies that chronic kidney
disease and kidney transplantation accelerate telomere attribution 120,124. All KTx
subjects had a history of CKD and in this study population, also dialysis. No
correlations were found between clinical characteristics of the study population and
telomere length. The small number of KTx recipients may have influenced the
correlation analysis and statistical significance was not achieved.
The other factor affecting telomeres after transplantation is immunosuppressive
medication 121,210,211. ATG was used as induction therapy for KTx recipients until 2000;
most of the KTx recipients in this study probably received ATG. CsA was the most
commonly used calcineurin inhibitor after KTx during the last decade. Both of these
medications have a negative effect on telomere length 121,123. None of the KTx
recipients were on mTOR inhibitor, which in the study by Chebel et al. did not affect
straight telomere length but reduced DNA damage and rescued shelterin expression
211. Unfortunately, the exact medical history of the KTx recipients was not known and
the effect of treatment on telomere length could not be analyzed.
In this study, the KTx population had higher gene expression levels of TRF2, RPA1
than other study groups. p16 levels were also significantly higher than in controls,
which is supported by the results of Li et al. 212. This finding suggests that even if
telomere length is reduced, shelterin gene expression is activated to decelerate
telomere shortening.
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6.4 CANCER RISK AFTER PEDIATRIC SOLID ORGAN
TRANSPLANTATION (III)
In the present study kidney, liver and heart transplant recipients’ risk for all de novo
malignancies was nearly 15-fold higher than in controls, whereas in the earlier
studies, the risk has been two to six times higher 125,127,128. In this study the follow-up
time was long, up to 20 years, which might have contributed to the higher cancer
incidence.
Surprisingly, the KTx recipients’ cancer cases were overrepresented: 10% of the KTx
recipients had a cancer diagnosis during the follow-up time. This number is
comparable with earlier studies from France and USA, where 7-15% of Ktx recipients
had post-transplant malignancy 125,213. In our KTx cohort the risk for cancer was
higher (27-fold) than in controls. In the previous study from Netherland, the risk for
de novo tumors was 17-fold higher after pediatric KTx when compared to general
population 150. The absolute number of cancer cases was higher in the Dutch study: a
total of 23% of KTx recipients were diagnosed with post-transplant malignancy
during the 30-year follow-up time.
Mortality to other complications than cancer was significantly higher after liver and
heart transplant, which can be one reason for the lower cancer incidence among LTx
and HTx recipients. In addition, the majority of the study subjects were KTx
recipients.
As in the earlier studies, the most common histological diagnosis in this study was
PTLD. All PTLD cases were late onset and most were diagnosed over the age of 18
years. The median time after Tx was 13 years. The time between Tx and PTLD
diagnosis was longer than in a large study from the USA, where two peaks of PTLD
appearance were found: during the first year and the fifth year after Tx 128. After Tx,
EBV copies have been monitored at least every other month and in the case of high
virus load, immunosuppressive medication has been reduced. Active follow-up and
reduced immunosuppression may have contributed to prevent early PTLD cases. The
immunosuppressive regimen has been based on CsA, whereas a previous study
among pediatric solid organ transplant recipients found that tacrolimus and MMF
increase the risk for burden of early onset PTLD 173.
Two (11%) NMSC cases were diagnosed in the Tx population. The number was lower
than in the earlier studies, where 53-72% post-transplant malignancies among KTx
recipients have been reported to be skin cancers 125,133,150. Exposure to ultraviolet
radiation is lower in the Nordic countries and Tx recipients are well educated to avoid
straight sunlight, which reduces the risk for NMSC.
Post-transplant malignancies are the leading cause of deaths after SOT and cancerrelated mortality is higher than in the general population 134,214. In the present study,
the number of cancer-related deaths was higher than in previous studies (40% vs. 1525% 154,156). PTLD was the predominant type of cancer and it is known that mortality
to PTLD is higher than to solid tumors or NMSC 214. In addition, the study population
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included children and young adults whose risk to develop PTLD is higher than in the
older population 215. It is a cause for concern that the time between cancer diagnosis
and death was remarkably short, only 0.7 years, reflecting the aggressive nature of
post-transplant lymphoma. Early diagnosis is a challenge in the future.

6.5 STRENGTHS AND LIMITATIONS OF THE
STUDY (I-III)
Studies I-II were limited by the small sample size. The small study cohorts may have
influenced the statistical analysis and probably precluded statistically differences
between groups in some analyses.
Another limitation in this study was lack of information about parents’ educational
level, employment and family income. A previous study showed that these facts have
influence on QoL 13 and most likely also on the educational level of offspring.
A methodological weakness in study II was the method to measure telomere length.
In the present study, the quantitative polymerase chain reaction (q-PCR) method was
used to determine telomere length. Q-PCR has been shown to be a relatively
inaccurate method in the case of measuring both extremely short and long telomeres
216. However, the same method was used for all study subjects and comparing these
groups was relevant.
A strength of all the studies was that all study subjects have been treated and followed
up at one center (Helsinki University Hospital) and we had comprehensive records of
patients history.
A strength of studies I-II was the inclusion of two different control groups: healthy
controls and controls with survivors of severe childhood disease. Comparison with
another patient group with chronic condition is more valuable than comparing with
healthy controls only.
The major strength of the present study is that in study III we had a total of four
different study groups; recipients after pediatric kidney, liver and heart
transplantation, and population-based controls. The treatment and follow-up after
SOT was organized by one center, which reduced the influence of different
therapeutic strategies.
One strength is also that in Finland, it is obligatory by law to report all cancer
diagnoses to the Cancer Register. Because of this, the coverage of cancer diagnosis is
nearly 100%.
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6.6 IMPLICATIONS FOR CLINICAL PRACTICE
Survival after pediatric SOT has improved during the last decades. Most solid organ
transplant recipients reach adult age and become part of society. It is necessary to pay
increasing attention to the quality of life of these patients. Encouragement and
assistance is needed during their studies and student counseling is mandatory. It is
important to improve social skills at any age during childhood and youth. Social cooperation is needed not only for school or work, but it is also crucial for relationships.
To diminish both short- and long-term side effects, immunosuppressive medication
must be individually tailored 217. Side effects have a negative effect on QoL and they
decrease compliance, which exposes to rejection and graft failure. In addition,
immunosuppressive medication increases risk for malignancies and probably causes
telomere shortening and frailty.
Structural follow-up from childhood to adult age must be planned for all transplant
recipients.

6.7 CHALLENGES FOR FUTURE RESEACH
Fertility after transplantation and the health of offspring are themes for future
research. Elements of cancer risk also need more evaluation. A question for the future
is whether we can find any genetic basis for PTLD and how we could reduce recipients’
risk after transplantation. Evaluating and treating co-morbidities after
transplantation is needed to decrease the risk of preterm death.
Little is known about the effect of immunosuppressive medication on telomeres and
telomerase. The premature aging caused by treatment calls for further research.
Reducing shortening of telomeres might have a positive effect on general health and
even QoL.
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7 CONCLUSION
The main conclusions are:
Study I: Young adults with a history of pediatric kidney transplantation scored their
QoL lower compared to survivors of childhood severe disease or healthy controls.
Physical and mental components were the most impaired. Kidney transplant
recipients mostly have less education than controls, but in the present study the
unemployment rate was comparable with the general Finnish population and was
lower than in the earlier studies.
Study II: Telomeres attribution is accelerated after pediatric kidney transplantation
compared to healthy controls. Increased telomerase activation is remarkable,
showing that despite telomere shortening, capacity to repair still exists.
Study III: A total of eight percent of solid organ transplant recipients and 0.7% of
controls had a cancer diagnosis during the follow-up time. SOT recipients’ risk was
nearly 15-fold higher and mortality was increased compared to controls. In the
present study, number of malignancies was higher after KTx than after liver or heart
transplantation. The high rate of PTLD and early diagnosis are challenges for future
research.
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