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Abstract

Background: Recent advances in childhood cancer treatment and increased survival rates
have led to a growing number of adolescents and young adults (AYAs) who are survivors of
childhood cancer (CCSs). This study aimed to examine health status, health-related quality
of life (HRQoL), and social outcomes in AYA CCSs. Methods: Sixty-two AYAs who were
CCSs (treated within the same tertiary Pediatric Hematology–Oncology Department in Crete,
Greece) were enrolled in the study. Self-reported HRQoL was assessed using the Short-Form
Health Survey (SF-36). Sixty-five never-ill peers constituted the control group. Results: CCSs
reach adolescence and young adulthood without significant deviations in HRQoL from their
healthy peers. The presence and severity of late effects were significantly correlated with
lower scores in physical health. The cancer type seems to play a pivotal role: Langerhans cell
histiocytosis survivors displayed significantly lower scores in mental health, and brain tumor
survivors scored substantially lower scores in physical functioning. Acute lymphoblastic
leukemia survivors reported the highest scores in mental health. Age at diagnosis of neopla-
sia was negatively correlated with physical functioning. No significant sex differences were
identified. Adherence to multiple healthy lifestyle behaviors (regular exercise, abstaining
from alcohol consumption and smoking, and using sun protection) and active employment
were correlated with significantly higher scores in mental health. Conclusions: Appropriate
therapy and regular follow-up after treatment have led to improved clinical and social
outcomes, as assessed by CCSs. More efforts are needed to increase awareness of avoiding
harmful behaviors that raise the risk of late effects in this specific group.

Keywords: childhood cancer survivors; adolescents and young adults; quality of life; late
effects; social outcomes

1. Introduction
Following the advancements in childhood cancer treatment and survival rates, adoles-

cents and young adults (AYAs) who are childhood cancer survivors (CCS) are a growing
population who face distinctive challenges from pediatric and older survivors; hence, it is
crucial to monitor the encountered issues with proper Patient Reported Outcome Measures
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(PROMs) [1]. Adolescence and young adulthood (referring to individuals aged between
15 and 39 years old) are critical periods in which several developmental, psychological,
social, and physiological changes supervene with an expected endpoint: the transition
toward independence. Inevitably, a cancer diagnosis interrupts normal development and
personal growth, and in combination with the toxicities seen with cancer treatment, AYAs
with cancer are negatively affected in multiple aspects of their physical, psychological, and
social well-being [2,3]. The Childhood Cancer Survivor Study found that changes in child-
hood cancer therapy, such as reduced rates of cranial radiotherapy for acute lymphoblastic
leukemia (ALL), abdominal radiotherapy for Wilms’ tumor (WT), chest radiotherapy for
Hodgkin’s lymphoma (HL), and anthracycline exposure, resulted in significantly lower late
mortality [4]. The same study reviewed health-related quality of life (HRQoL) and identified
risk factors for psychological distress and poor HRQoL: female sex, lower educational level,
unmarried status, annual household income (<USD 20,000), unemployment, lack of health
insurance, presence of a significant medical condition, and treatment with cranial radiation
and/or surgery [5]. A relevant report from the St. Jude Lifetime Cohort suggested that the
association between healthy lifestyle factors (physical activity, healthy diet, maintaining
an average weight, and abstaining from alcohol and tobacco) and HRQoL is cumulative,
underlining the importance of adhering to multiple healthy lifestyle behaviors to improve
poor HRQoL scores among long-term CCSs [6].

Long-term follow-up schedules are considered a prerequisite in CCSs to assess late
effects and overall functioning in the years following childhood cancer. AYAs that are CCSs
may report very good overall functioning in physical and general psychosocial domains
(even equivalent to their peers who have not been ill), but plentiful generation-specific chal-
lenges exist. Psychological, social, and physical effects refer to AYAs’ complex physical and
psychosocial development and to a range of lifestyle changes (such as higher education, em-
ployment, moving to their own home, romantic relationships, and parenting) together with
transition challenges (anxiety about relapse, returning to school or work, and living with late
effects or disability) [7]. PROMs facilitate patient participation in healthcare, enabling early
issue identification, particularly in AYAs with developing autonomy. Evidence supports that
PROMs enhance clinical management by improving communication, symptom monitoring,
toxicity detection, and emotional well-being [1,8–11].

This study investigated the health status, HRQoL, and social outcomes in AYAs CCSs
compared to healthy controls. This is the second study on AYAs CCSs of Greek descent
in the literature (15 years ago), and the same HRQoL tools were used in the context of
reproducibility [12]. The selection of the SF-36 was grounded in its extensive validation
within CCSs, enabling meaningful comparisons with international literature. Although
emerging PROMs such as EORTC QLQ-AYA, FACT-G, and PROMIS are gaining popularity
in AYA survivorship research, the literature highlights significant heterogeneity and a
deficiency in age-specific validation [1,13–16]. Despite the generic nature of the SF-36, it
remains one of the most robust and widely used PROMs in this field, enabling meaningful
cross-cohort comparisons and longitudinal assessments of survivorship outcomes. Our
study, therefore, provides updated, region-specific data that complement recent European
initiatives to harmonize outcome reporting in AYA survivors and address the relative
scarcity of evidence from Mediterranean populations.

2. Materials and Methods
2.1. Study Design and Participants

The sample included 72 disease-free and off-treatment adolescents and young adults
who had been diagnosed with childhood cancer in the Department of Pediatric Hematology–
Oncology of the University Hospital of Heraklion, one of the six tertiary reference centers
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in Greece, providing services to children from Crete and the surrounding islands (with
an estimated population of 650,000 inhabitants) for the last 35 years. They all met the
following inclusion criteria: (a) diagnosis of cancer before the age of 18 years; (b) at least
five years since diagnosis; (c) 2 years since completion of therapy; (d) age > 15 years at the
time of the study; and (e) sufficient command of the Greek language. After obtaining the
appropriate informed consent, the CCSs were given an anonymous questionnaire and asked
to return it by mail within a month. Of the 72 invited CCSs, 62 consented to participation
(86% response rate). The patient’s clinical records were reviewed to obtain some cancer-
related variables, including the diagnosis, birth date, age at diagnosis, time since diagnosis,
treatment variables, and late effects observed during the survey. Thus, CCS data combined
both HRQoL self-reports and information from clinical records. The treatment of CCSs has
been contingent on international protocols, while the intensity of treatment was defined
as: (a) mild (e.g., only surgical resection or chemotherapy for a period of <6 months),
(b) moderate (e.g., leukemia protocols low–medium risk), and (c) severe (e.g., aggressive
treatment protocols of acute leukemia risk or hematopoietic stem cell transplantation) per
previous reports [17]. Late effects have been defined according to the Common Terminology
Criteria for Adverse Events v4.0 (CTCAEv4), which was initially developed by the National
Cancer Institute [18]. For statistical analysis purposes, late effects were classified as mild
(Grade 1), moderate (Grade 2), and severe (Grades 3 and 4).

After receiving the appropriate information and instructions, the questionnaires were
also given to individuals from the participants’ broader environment who agreed to take
part in the study’s control group. Eligible participants were individuals aged 15 to 35 years
who reported no illnesses (acute or chronic) or disabilities. To prevent bias caused by close
relationships with the CCSs, control group participants could be acquaintances but not
family members or friends of the CCSs. A total of 65 subjects (57% response rate) completed
anonymous questionnaires, all of whom were Greek nationals and formed the control
group. For the control group, all data were self-reported without verification from medical
records, and we acknowledge this as a limitation.

The study received approval from the Ethics Committee of the University Hospital of
Heraklion and was carried out in line with the principles of the Declaration of Helsinki.
Written informed consent was obtained from all participants. Parents or legal guardians
of individuals aged 15 to 18 years were required to complete the appropriate form with
their children.

2.2. SF-36

Self-reported HRQoL was assessed utilizing the SF-36 questionnaire (IQOLA SF-36
Greek standard version 1.0) [19]. The SF-36 is a generic self-report measure that offers a
quick, comprehensive, and effective way of evaluating the quality of life of a person older
than 14 years old. It contains 36 items that measure eight dimensions (subscales) of health
status. In specific, the aspects that SF-36 assesses are the following: (i) physical functioning
(PF) which assesses if health issues limit physical activities; (ii) role limitations caused by
physical health problems (RP); (iii) role limitations caused by emotional health problems
(RE); (iv) social functioning (SF) which assesses if physical or emotional problems interfere
social activities; (v) mental health (MH) which assesses signs of depression, anxiety etc.,
(vi) energy–vitality (EV); (vii) bodily pain (BP); (viii) general health perception (GH) which
explores the respondent’s estimation of their health. All subscales are scored on a 0 to 100
percentage scale, with a higher score indicating a higher level of health. In addition, from
these eight subscales can be derived two summary scales: the Mental Component Summary
Scale (MCS) and the Physical Component Summary Scale (PCS) [20]. The SF-36 Health
Survey is one of the most frequently used tools (PROMs) and has been utilized by the most
extensive studies on CCSs [1,5,21].
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The SF-36 was accompanied by a specially designed questionnaire, which included
questions on the participants’ education level (and that of their parents), marital and relation-
ship status, living with family, occupational and self-rated financial status, health insurance,
behavioral risk factors (alcohol consumption, tobacco use, substance abuse, and sun protec-
tion), and physical exercise. HRQoL scores were compared between the two groups and
correlated with clinical and socio-demographic variables.

2.3. Data Collection and Analysis

All the data were gathered and categorized, and frequency counts were tabulated.
Statistical analysis was performed using the IBM SPSS Statistics version 29.0.1.0 (IBM Corp.,
Armonk, NY, USA). The algorithm SF-36 Recode-Score PCS MCS.SPS (Greek standard
version 1.0) was used for the assessment of the scales [19]. An a priori power analysis was
conducted using G*Power 3.1.9.2 (Heinrich-Heine-Universität, Düsseldorf, Germany). A
sample size of 62 CCSs and 65 healthy controls was sufficient to detect an odds ratio of 2.0
with 97.4% power at a two-tailed α = 0.05. This sample size also provides 80% power to
detect a medium effect size (Cohen’s d = 0.50) in continuous outcome comparisons such as
HRQoL scores. No missing value for any scale of the sample population was noted.

3. Results
3.1. Sample Characteristics

The study sample consisted of 62 CCSs and 65 individuals in the control group. Table 1
presents the sample socioeconomic, demographic, and health behavior traits by group
and the respective two-sided Fisher’s Exact Test results. The only parameters that differed
significantly between groups were the parental educational level (higher in the control group)
and residing in a village (more common among CCSs). These variables were adjusted for
each significant correlation found in this study. At the time of the survey, the mean age of
CCSs was 21.9 (SD 4.7), while the mean age in the control group was 21.2 (SD 4.9) years
old. The clinical characteristics of the CCS group are described in Table 2. The prevalence of
neoplasia history follows the epidemiologic traits of childhood cancer worldwide, implying
the representation of all significant childhood cancer types [22].

Table 1. Sociodemographic characteristics and health behaviors of the participants.

CCSs
n (%)

Control Group
n (%) p

Age group (years)

0.374
15–17 10 (16.1) 16 (24.6)
18–24 35 (56.5) 29 (44.6)
25–35 17 (27.4) 20 (30.8)
Sex

0.155Female 31 (50) 41 (63.1)
Male 31 (50) 24 (36.9)

Education

0.876
University or Higher Technological Institution 28 (45.2) 27 (41.5)

Vocational School or High School 28 (45.1) 30 (46.2)
Secondary School or Primary School 6 (9.7) 8 (12.3)

Paternal education

<0.001
University or Higher Technological Institution 10 (16.1) 22 (33.8)

Vocational School or High School 18 (29) 31 (47.7)
Secondary School or Primary School 34 (54.8) 12 (18.5)
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Table 1. Cont.

CCSs
n (%)

Control Group
n (%) p

Maternal education

0.007
University or Higher Technological Institution 12 (19.4) 22 (33.8)

Vocational School or High School 23 (37.1) 31 (47.7)
Secondary School or Primary School 27 (43.5) 12 (18.5)

Current job and/or studies

0.248
Regular/casual work 19 (30.6) 11 (16.9)

Studies 27 (43.5) 38 (58.5)
Studies and work 4 (6.5) 5 (7.7)

No work or studies 12 (19.4) 11 (16.9)
Place of living

0.011
Village 15 (24.2) 4 (6.2)

Small town 7 (11.3) 6 (9.2)
City 40 (64.5) 55 (84.6)

Relationship status
0.843Married or partnered 18 (29) 17 (26.2)

Single 44 (71) 48 (73.8)
Living with family

0.129Yes 45 (72.6) 55 (84.6)
No 17 (27.4) 10 (15.4)

Self-rated financial status

0.665
Poor 3 (4.8) 1 (1.5)

Ordinary 42 (67.7) 45 (69.2)
Good 17 (27.4) 19 (29.2)

Health insurance
0.675Public or private 59 (95.2) 63 (96.9)

Uninsured 3 (4.8) 2 (3.1)
Physical exercise

0.245Yes (≥once a week) 40 (64.5) 49 (75.4)
Never or scarcely 22 (35.5) 16 (24.6)

Smoking
1.000Yes 13 (21) 14 (21.5)

No 49 (79) 51 (78.5)
Alcohol consumption

0.642Yes 12 (19.4) 10 (15.4)
No 50 (80.6) 55 (84.6)

Sun protection

0.497
Never 5 (8.1) 6 (9.2)

Sometimes 35 (56.5) 30 (46.2)
Always 22 (35.5) 29 (44.6)

Table 2. Clinical characteristics of the CCS group.

Mean Age at Diagnosis ± SD (Years) 8.7 ± 5.1

Median age at the time of study (years) 21 (range: 15–30.9)
Median time since diagnosis (years) 14.7 (range: 3.4–26.6)

N (%)
Neoplasia

Acute Lymphoblastic Leukemia 28 (45.2)
Acute Myeloid Leukemia 4 (6.5)
Non-Hodgkin Lymphoma 3 (4.8)

Hodgkin Lymphoma 8 (12.9)
CNS tumor 4 (6.5)
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Table 2. Cont.

Mean Age at Diagnosis ± SD (Years) 8.7 ± 5.1

Wilms’ Tumor 3 (4.8)
Neuroblastoma 4 (6.5)

Germ Cell Tumors 4 (6.5)
Osteosarcoma 1 (1.6)

Langerhans Cell Histiocytosis 3 (4.8)
Intensity of treatment

Mild 16 (25.8)
Moderate 20 (32.3)

Severe 26 (41.9)
Adverse events

Grade 1 50 (80.6)
Grade 2 7 (11.3)

Grade 3 or 4 5 (8.1)
Relapse

No 59 (95.2)
Yes 3 (4.8)

Transplantation
No 54 (87.1)
Yes 8 (12.9)

3.2. Internal Consistency and Reliability of Scales

Cronbach’s alpha internal consistency reliability coefficients ranged between 0.79
(social functioning; energy–vitality) and 0.82 (physical functioning, role limitations, phys-
ical component summary scale), satisfying in all cases the accepted criterion of 0.70 for
comparisons between groups (Table 3). The correlations between scales ranged from 0.14 to
0.79 and were always less than their reliability coefficient, satisfying the primary criterion
and confirming that each scale measures a distinct concept [20,23].

Table 3. Reliability coefficients and inter-scale correlations.

PF RP BP GH EV SF RE MH PCS MCS

PF 0.82
RP 0.37 0.82
BP 0.28 0.41 0.80
GH 0.39 0.28 0.42 0.81
EV 0.46 0.25 0.52 0.49 0.79
SF 0.39 0.31 0.46 0.42 0.56 0.79
RE 0.29 0.45 0.31 0.34 0.37 0.50 0.81

MH 0.24 0.14 0.39 0.30 0.65 0.58 0.44 0.80
PCS 0.51 0.63 0.51 0.55 0.25 0.10 0.07 −0.14 0.82
MCS 0.20 0.17 0.30 0.27 0.61 0.68 0.76 0.79 −0.21 0.80

Cronbach’s a coefficients are presented in the diagonal.

3.3. SF-36 Scores

Table 4 presents the mean scores of each subscale and summary scale for both groups.
No significant differences were found between CCSs and controls (Mann-Whitney U Test).
Effect sizes (Cohen’s d) indicated small differences across most subscales (|d| ≤ 0.21).
Physical Functioning showed a small–to–moderate difference favoring controls (d = 0.38),
although this did not reach statistical significance. Nevertheless, further data analysis
revealed significant differences in SF-36 subscale scores among CCSs.
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Table 4. Comparison of the subscales’ scores and the summary scales between the CCS and the control
group.

CCSs
Mean (SD)

Control Group
Mean (SD) p

Physical Functioning (PF) 87.8 (19.4) 93.5 (9.4) 0.113
Role Limitations caused by Physical Health Problems (RP) 87.5 (26.3) 82.7 (27.9) 0.22

Bodily Pain (BP) 84.2 (22.6) 80 (23.6) 0.249
General Health Perception (GH) 71.3 (22.5) 75.2 (14.2) 0.757

Energy–Vitality (EV) 73.2 (17.6) 70.9 (20.8) 0.437
Social Functioning (SF) 81 (20.2) 80.2 (21.5) 0.899

Role Limitations caused by Emotional Health Problems (RE) 74.2 (33.3) 73.3 (34) 0.966
Mental Health (MH) 70.6 (18.9) 71.8 (19.9) 0.931

Physical Component Summary (PCS) 53.4 (8.3) 53.8 (5.8) 0.597
Mental Component Summary (MCS) 48.1 (10.3) 47.7 (11.2) 0.963

3.3.1. Physical Functioning

• Survivors of central nervous system (CNS) tumors had the lowest scores (60; SD = 24.4)
among CCSs, a statistically significant difference (p = 0.031) compared with ALL, the
most prevalent type of childhood cancer (88; SD = 22.7).

• Scores of CCSs were negatively associated with the severity of late effects (p < 0.001),
with significantly lower scores in survivors who experienced severe adverse events
(50; SD = 23.2).

3.3.2. Role Limitations Caused by Physical Health Problems

The scores of the severity of late effects differed significantly between groups (p = 0.008),
with CCSs experiencing only mild adverse events scoring much higher (91.5; SD = 21.8) than
those with non-mild adverse events.

3.3.3. General Health Perception

The scores significantly differed between late effects classes (p = 0.049). CCSs who
underwent mild adverse events reported significantly higher scores (74.6; SD = 21.4) than
those who experienced moderate and severe adverse events (57.5; SD = 22.6; p = 0.017).

3.3.4. Social Functioning

The cancer type was significantly associated with the scores in this subscale (p = 0.018).
Survivors of Langerhans Cell Histiocytosis (LCH) were found with the lowest scores
(50; SD = 25), and they differed significantly from survivors of ALL, non-Hodgkin lym-
phoma (NHL), and WT, who displayed higher mean scores (82.6 to 100; p = 0.007, p = 0.026,
and p = 0.026, respectively).

3.3.5. Mental Health

LCH survivors had the lowest scores (50.7; SD = 20.1), significantly lower than ALL
survivors (72.1 with SD = 13.1; p = 0.015).

3.3.6. Physical Component Summary

A significant score variation was recorded among the severity classes of late effects
(p < 0.001). CCSs who encountered mild adverse events reported significantly higher
scores (55.4; SD = 6.2) than those who experienced moderate and severe adverse events
(45.4; SD = 11.2; p < 0.001).
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3.3.7. Mental Component Summary

LCH survivors displayed the lowest mean score (36.8; SD = 12), and they differed
significantly from ALL and WT survivors, who displayed mean scores ranging between
48.1 and 57.7 (p = 0.047 and p = 0.044, respectively).

Age at the time of the study and sex have not been associated with any of the studied
parameters. Neither a history of relapsed disease nor intense treatment was associated
with lower scores in any of the subscales. Of note, age at diagnosis of neoplasia was
negatively correlated with Physical Functioning among CCSs (rS = −0.25; p = 0.05). Analysis
of variance in the scores of all participants identified significant differences regarding:
(i) occupational status and SF and MH (p = 0.011, and p = 0.024, respectively), (ii) maternal
educational level and EV, RE, and MCS (p = 0.01, p = 0.028, and p = 0.011, respectively),
(iii) paternal education and BP (p = 0.009), (iv) residence in a village and EV (p = 0.008),
(v) physical exercise and EV (p = 0.043), (vi) smoking and GH (p = 0.026), and (vii) alcohol
consumption and PF (p = 0.049). Further analysis of variance with tests of between-subjects
effects replicated seven of the associations above, as demonstrated in Table 5.

Table 5. Significant between-subjects effects in subscale scores.

CCS
Mean (SD)

Control Group
Mean (SD) p

Social Functioning and Occupational Status
Work 86.8 (17.4) 87.5 (14.8)

0.011
Studies 75.5 (22.6) 84.9 (15.7)

Work and studies 84.4 (12) 70 (25.9)
No work or studies 83.3 (19.5) 61.4 (31.4)

Mental Health and Occupational Status
Work 73.7 (18.1) 78.2 (15.7)

0.024
Studies 69.3 (20.3) 77.4 (12.6)

Work and studies 75 (18.9) 66.4 (17.8)
No work or studies 67 (18.1) 48.7 (28.3)

Energy–Vitality and Maternal Education
University or Technological Institution 77.1 (16) 61.1 (18.9)

0.01High/Vocational School 71.7 (18.9) 72.3 (20)
Illiterate/Primary/Secondary School 72.8 (17.6) 85.4 (17.6)

Role Limitations by Emotional Health Problems and Maternal Education
University or Technological Institution 86.1 (26.4) 63.6 (35.5)

0.028High/Vocational School 76.8 (32.5) 74.2 (34.1)
Illiterate/Primary/Secondary School 66.7 (35.8) 88.9 (25.9)

Mental Component Summary and Maternal Education
University or Technological Institution 50.7 (6.7) 42.9 (11.6)

0.011High/Vocational School 48.3 (11.6) 48.2 (10.7)
Illiterate/Primary/Secondary School 46.8 (10.6) 55.1 (7.3)

Energy–Vitality and Residence
City 74.4 (16.7) 69 (19.6)

0.008Small Town 78.6 (17.5) 70.8 (27.8)
Village 67.7 (19.8) 97.5 (5)

Physical Functioning and Alcohol
Yes 92.9 (10.1) 87 (17.7)

0.049No 86.6 (20.9) 94.7 (6.6)

Regarding CCSs, additional notable findings include higher RP and EV scores among
participants who reported attending the gym (p = 0.032 and p = 0.033, respectively). Unem-
ployment among controls was linked to lower physical functioning scores (p = 0.036). Over-
all, sun protection was significantly more common among female participants (p = 0.012),
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while alcohol consumption was more prevalent among males (p = 0.004). Notably, alcohol
consumption rates were significantly lower among participants who still live with their
parents (p = 0.021) and among singles (p = 0.003). Smoking was significantly more frequent
among older participants (p = 0.027; Z = −2.213) and those who identified as being in a
relationship (p < 0.001; OR 5.00 with 95% CI: 2.03–12.34).

4. Discussion
CCSs seem to reach adolescence and young adulthood without significant deviations

in HRQoL from their never-ill peers (Table 4). Conversely, reports are suggesting that young
adult CCSs may score better than the healthy standard population in physical health [24,25].
In terms of long-term survivorship, the time since the diagnosis (>10 years) does not
seem to play a pivotal role in HRQoL among CCSs. However, lower scores for short-
term survivorship are reasonably anticipated [26]. In our sample, a significant but weak
association between low age at cancer diagnosis and higher Physical Functioning scores
was calculated. Regarding sex differences, females are expected to report worse health
than males (especially MCS), but this finding was not replicated by our results [5,6,19]. The
education level of the participants was not associated with any of the subscales of SF-36,
but higher maternal education has been linked with higher scores in EV, RE, and MCS
for CCSs and relatively lower scores for the control group. Self-rated financial status and
health insurance did not seem to have a meaningful effect on measured outcomes in this
study. Contrarily, occupational status significantly affected SF and MH in this study, with
active employment linked with higher scores. The CCSs had similar rates of committing to
long-term relationships and living away from their families with their peers. Even though
residing in a village was not equally distributed among the participants, living in small
and large settlements seems to have a considerable effect on EV.

The prevalence of healthy lifestyle behaviors was comparable between CCSs and
healthy controls. Decreased prevalence of alcohol consumption and tobacco use among
Greek adolescents of the general population has been recorded in previous studies [27,28].
The association of smoking with GH was not replicated by significant between-subjects
effects, while a weak association of alcohol use with PF was calculated. Regular physical
exercise and use of sunscreen were not correlated with subscales’ scores, and they did not
differ between CCSs and controls. Notably, cumulative healthy habits (regular exercise,
no substance abuse, and use of sun protection) were correlated with MH, MCS, RE, and
SF (p = 0.003, p < 0.001, p = 0.017, and p = 0.032, respectively). Similar results have been
recently published for the adherence to multiple healthy lifestyle factors and HRQoL –
based on the American Cancer Society’s Nutrition and Physical Activity Guidelines for
Cancer Survivors [6].

A key finding of the current study is the significant impact of experiencing adverse
events and late effects on the scores of the CCS group. The presence of these impediments
was significantly correlated with lower PF, RP, GH, and PCS scores, and this effect was
dependent on the severity of late effects. The importance of late effects in CCSs was
reflected in low PF and GH in several studies in the field [29]. Their diversity and limited
number prevent definitive links between specific late effects and any of the studied scores.
Another pertinent finding was that the cancer type itself was associated with scores in SF-36.
Survivors of brain tumors had the lowest PF. This result is in agreement with a previous
report on CCSs, which concluded that having had CNS or bone cancer is independently
associated with poorer HRQoL in the physical dimensions [30]. There is only one more
study in the literature to report SF-36 scores in LCH survivors, who are traditionally
treated within Pediatric Hematology–Oncology departments. LCH survivors displayed
significantly lower scores in SF, MH, and MCS. Prior studies reported lower overall health
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scores in SF-36 among LCH survivors, whose chronic and relapsing disease course, with
frequent skeletal morbidity, may partly explain this result [31,32].

Unlike the Scandinavian and Central European countries, studies on AYAs CCSs from
the Mediterranean and Balkan regions are lacking. Only two studies from these geographic
regions reported SF-36 results, but they concern the parents of AYAs CCSs [33,34]. A study
from Italy reported good overall HRQoL using the Health Utilities Index Mark III (HUI3)
questionnaire in AYAs CCSs. In the latter study, a greater probability of impaired HRQoL
was identified for females, survivors of CNS tumors, retinoblastoma, and bone tumors, and
persons diagnosed before ten years of age [35].

This is the second study in the literature that refers to Greek CCSs. The first study
on Greek CCSs was conducted in Greece’s capital and published in 2009. The results of
that study were parity with the current study, suggesting that the level of care for children
with cancer in Greece is comparable between the capital and remote regions [12]. Two
differences with the previous study were identified: (i) No differences in Bodily Pain were
detected in our sample, and (ii) No positive correlation between age at diagnosis and
RP, RE, and EV scores in CCSs was noted. Contrary to the latter findings, which imply
that long-term difficulties in functional ability may be more prominent in CCSs diagnosed
during infancy or early childhood, the current study (along with others) supports the theory
that low age at cancer diagnosis might link with restored scores in Physical Functioning
after > 10 years—even though the risk for late effects increases [5,36]. An explanation for
this inconsistency could be the improvement in preventive measures and the provision for
lower treatment-related toxicities during the last decade.

Transplanted patients are expected to display worse Physical Component Summary
scores, while psychological factors such as resilience and depression play key roles in
these patients [37,38]. Transplanted patients in our study showed no significant differences
compared to other CCSs; however, their small sample size (n = 8) does not warrant safe
conclusions. Nevertheless, the experience of worse late effects is a well-established risk
factor for low HRQoL according to seven relevant SF-36 studies [39].

This study’s strengths include a high response rate among the CCS group and a repre-
sentative sample of CCSs. In addition, completed questionnaires were mailed back to the
Department, making the responses more homogeneous and objective, and refraining from
entering the hospital setting, which may have provoked some reactions due to unpleasant
memories. This study has several limitations. Control group data were exclusively self-
reported, while CCSs benefited from validation against clinical records. Subgroup sample
sizes, particularly for LCH survivors and transplanted patients, were small, limiting the
strength of conclusions. The cross-sectional design precludes causal inference, and some
participants were relatively early survivors; longitudinal follow-up is required to capture
changes over time. Moreover, the CCS group consisted of 45% ALL survivors, which im-
plies an expectation of a reasonably good HRQoL post-treatment [40]. Differences in the
CCS groups (diagnosis or follow-up interval) and the control group for comparisons (sib-
lings, healthy peers, or the general population) can result in conflicting results, precluding
reproducibility [41].

This study’s findings have significant implications for clinical practice and policy-
making. Healthcare professionals should assess and longitudinally monitor the HRQoL
of AYAs, especially when transitioning from pediatric to adult healthcare systems. Poli-
cymakers and support organizations should prioritize awareness campaigns to increase
knowledge of support resources (resuming studies or work, financial aid, and social wel-
fare programs) and improve access to healthcare for AYAs (including fertility issues and
genetic counseling).
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5. Conclusions
HRQoL in CCSs may differ only slightly from that of their siblings and the general

population, but these differences can become more pronounced when considering specific
cancer types and late effects, especially when different control groups are used. Addition-
ally, HRQoL may depend on the time since diagnosis. The current study found significantly
lower HRQoL scores among CCSs with late effects other than mild, as well as among
LCH and brain tumor survivors. In contrast, we found higher scores in participants who
follow healthy lifestyle behaviors. Occupational status and resilience factors also appear
to play key roles in HRQoL. For clinicians, the take-home message is the importance of
risk-based, long-term follow-up tailored to treatment exposures, proactive screening for
psychosocial difficulties, and the encouragement of healthy lifestyle behaviors that can
mitigate late effects. Future studies should follow survivors longitudinally, include multi-
center Mediterranean and Balkan cohorts, and integrate AYA-specific PROMs to capture
the evolving needs of this population. Results from the PanCareLIFE study, which recruited
over 10,000 CCSs, are highly anticipated to shed light on differences among European
countries using the SF-36 tool [42].
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BP Bodily pain
CCS Childhood Cancer Survivors
CNS Central Nervous System
CTCAE Common Terminology Criteria for Adverse Events
EV Energy–Vitality
GH General health perception
HL Hodgkin’s Lymphoma
HRQoL Health-Related Quality of Life
LCH Langerhans Cell Histiocytosis
MCS Mental Component Summary Scale
MH Mental health
NHL Non-Hodgkin Lymphoma
PCS Physical Component Summary Scale
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PF Physical functioning
PROM Patient Reported Outcome Measures
RE Role limitations caused by emotional health problems
RP Role limitations caused by physical health problems
SD Standard deviation
SF Social functioning
SF-36 36-Item Short-Form Health Survey
WT Wilms’ Tumor
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