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Health-related quality of life HRQL and for each of the single attributes. Males reported better overall HRQL and less

Population-based study morbidity with respect to dexterity, emotion and pain than females. Survivors diagnosed

Cancer registry when they were 10-14 years of age had better overall HRQL and less morbidity with

respect to emotion, cognition and pain than younger persons. Long-term survivors of
central nervous system (CNS) tumours, retinoblastoma and bone tumours had greater
impairment of overall HRQL, vision, ambulation, dexterity, cognition and pain than sur-
vivors of other forms of cancer.
Conclusion: Many survivors of childhood cancer in Piedmont had fairly good overall HRQL.
Greater probability of impaired HRQL was seen for females, survivors of CNS tumours, retino-
blastoma and bone tumours, and persons diagnosed before 10 years of age.

© 2007 Elsevier Ltd. All rights reserved.

1. Introduction after congenital malformations and accidents.! The effective-

ness of therapy for cancer increased 5-year survival rates
Among children aged 1-14 years in high-income countries, from 40% in 1970 to 75% in 1990, so that a large majority of
malignant tumours are the most frequent cause of death, childhood cancer patients are cured and reach a full-blown
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adult life. In industrialised societies, one out of every 1000
persons aged 20-29 years is a survivor of malignant disease
in childhood or adolescence.'*

These survivors often have to cope with long-term ef-
fects of their earlier disease and its therapy, which may oc-
cur many years after cure. These adverse sequelae include
neurocognitive, sensory, endocrinological and growth dys-
functions, impaired fertility and second malignancies.>®
The prevalence and severity of sequelae can differ by a
number of variables, including gender, original cancer type,
age at diagnosis and length of follow-up. Thus, female sur-
vivors have a higher incidence of impairment than males,
and long-term survivors of brain tumours have the worst
health status of all.”™®

The concept of ‘cure’ in oncology has evolved from simple
eradication of cancer to a more complex vision of ‘restoration
of health’,’® in which ‘health’ is not limited to physical as-
pects but also includes other features, grouped into the con-
cept of ‘quality of life’. Health status is a component of the
multi-dimensional concept of quality of life, which includes
psychological adjustment and social life goals (educational le-
vel, employment and inter-personal relationships).®** Health-
related quality of life (HRQL) is a narrower construct, which
focuses on the capacity for living afforded by health status.™
The present study describes the HRQL, measured by the
Health Utilities Index Mark III (HUI3), in a large cohort of sur-
vivors of cancer in childhood in Piedmont, north-western
Italy, where the population-based Childhood Cancer Registry
(CCRP) has been active since 1967. In the study design, infor-
mation was collected from each survivor and from his or her
general practitioner within the National Health Service, and
the self-assessments were analysed. To the best of our knowl-
edge, this is the first study of this size on this topic carried out
in Europe.

2. Patients and methods

2.1. Study population

The CCRP was established 40 years ago; the procedures and
criteria for inclusion in the CCRP database and follow-up
and coding of cancer types have been reported elsewhere.'?
From the CCRP files, 1119 survivors aged over 15 years at last
follow-up in 2000, and who survived for at least 5 years, were
identified. We excluded 114 persons who had emigrated
(n =3), died (19), were untraceable (43), had no referring gen-
eral practitioner (21) or had an untraceable general practi-
tioner (28). The HUI questionnaire was mailed to the
remaining 1005 persons during 2003. Details on question-
naires dispatch have been reported elsewhere.?

2.2.  Health Utilities Index questionnaire

The Health Utilities Index is a family of instruments for mea-
suring health status and HRQL: it is a comprehensive, generic,
preference-based system that provides validated, reproduc-
ible, reliable measures.** The usefulness of preference-based
measures of HRQL and the superiority of HUI over other
instruments of this type have been reported in detail .»* It
consists of two complementary systems, HUI2 and HUI3,

which provide utility scores for overall HRQL and numerous
single attributes of health. It has been used in several studies
of childhood cancer survivors'®~*° as well as in studies of chil-
dren with other chronic illnesses.?’ HUI questionnaires are
available for self or interviewer administration and in self or
proxy report formats.

The HUI3 system classifies the health status of each per-
son with respect to eight attributes (vision, hearing, speech,
ambulation, dexterity, emotion, cognition and pain). The re-
sponses to the questionnaires are converted by coding algo-
rithms into attribute levels, which range from 1 (attribute
not impaired) to 5 - for speech, emotion and pain - or 6 -
for vision, hearing, ambulation, dexterity and cognition —
(maximum level of impairment). The attribute levels provide
the single-attribute utility scores, estimated on a scale rang-
ing from 0.00 (worst level) to 1.00 (best level or no impair-
ment). The attribute levels are categorical variables,
whereas the utility scores are ordinal variables. The multi-
attribute utility score for the measure of overall HRQL, rang-
ing from 0.00 (death) to 1.00 (perfect health), is derived from
a combination of the eight single-attribute scores by a multi-
plicative function.?>?*? Negative scores for HRQL have been
interpreted as health states worse than death.'*? In previous
studies, differences of 0.03 in overall HRQL score and 0.05 in
single-attribute utility score were considered to be clinically
important.??

2.3.  Statistical analyses

Descriptive analyses were performed of the single-attribute
utility scores and the overall HRQL utility score for each per-
son. Values of the 25th centile were used instead of the med-
ian because the majority of survivors reported high values for
each attribute (the median for almost all attributes was equal
to 1.00).

The relevance of score differences was estimated as prev-
alence odds ratios (PORs) and 95% confidence intervals (Cls)
by multivariate logistic regression; i.e. PORs for having an
overall HRQL score in the lowest quartile and PORs for having
an impairment of any degree (score <1.00) in each of the
eight single-attribute utility scores. Impairment was esti-
mated by considering as a single category persons with any
value lower than 1.00, given the high values reported for each
attribute.

Both of these PORs were estimated initially by a univariate
logistic regression model for gender, age at diagnosis, era of
diagnosis, cancer type (as defined by the International Classi-
fication of Childhood Cancer®), treatment modalities re-
ceived or not (chemotherapy, surgery, radiotherapy), age at
entry into the study and marital status. PORs were then esti-
mated in a multivariate model taking into account only vari-
ables that were significantly different in the univariate model:
gender, tumours type and age at diagnosis. All the estimated
PORs were adjusted for all variables included in the multivar-
iate model. The reference categories were female gender, leu-
kaemia survivors and persons in whom cancer was diagnosed
before they were 5 years of age. In order to minimise the stan-
dard error for cancer type PORs, the most numerous cancer
type group (leukaemia group) was selected as reference
category.
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Vision Hearing Speech Ambulation Dexterity Emotion Cognition Pain

Overall

Sample

Cancer type

HRQL

size

1.00 (0.0-1.0)  1.00 (0.0-1.0)  1.00 (0.2-1.0)
1.00 (0.7-1.0)

0.95 (0.9-1.0)

0.85 (-0.2-1.0)
0.88 (0.1-1.0)
0.85 (-0.2-1)

187

Leukaemia

1.00 (0.9-1.0)  0.91 (0. 3-1.0)

1.00 (0.8-1.0)

1.00 (0.0-1.0)

0.95 (0.9-1.0)

46

Non-Hodgkin lymphoma

Hodgkin disease

1.00 (0.5-1.0)  0.91 (0.3-1.0)

1.00 (0.7-1.0)

1.00 (0.0-1.0)
1.00 (0.0-1.0)

1.00 (0.5-1.0)

0.95 (0.4-1.0)
0.95 (0.0-1.0)

49
133

1.00 (0.0-1.0) 1.00 (0.0-1.0)  0.91 (0.0-1.0)

1.00 (0.0-1.0)

0.73 (-0.3-1)

Central nervous

system tumours

Neuroblastoma

1.00 (0.6-1.0)  1.00 (1.0-1.0)  1.00 (0.7-1.0)  1.00 (0.0-1.0) 1.00 (1.0-1.0)  0.91 (0.0-1.0)
1.00 (0.9-1.0)

0.95 (0.0-1.0)

0.75 (0.1-1.0)

35

0.91 (0.7-1.0)

1.00 (0.7-1.0) 1.0 (1.0-1.0)

1.00 (1.0-1.0)

0.51 (0.1-1.0)

19
42

Retinoblastoma

0.95(0.9-1.0)  1.00 (1.0-1.0)  1.00 (0.8-1.0)  1.00 (0.8-1.0) 1.00 (0.9-1.0)  0.91 (0.7-1.0)

0.85 (0.3-1.0)

Wilms tumour
Bone tumours

1.00 (1.0-1.0)  1.00 (0.8-1.0)  0.67 (0. 7-1.0)  1.00 (0.8-1.0)  0.91 (0.3-1.0)

0.95 (0.4-1.0)

0.75 (-0.1-1.0)
0.85 (-0.3-1.0)
0.83 (0.1-1.0)

31
42

1.00 (L.0-1.0)  0.94 (0.0-1.0)  0.97 (0.2-1.0) 1.00 (1.0-1.0)  0.91 (0.0-1.0)
1.00 (0.9-1.0)

1.00 (0.9-1.0)
0.95 (0.6-1.0)

Soft tissue sarcomas
Gonadal tumours

1.00 (0.7-1.0)

0.91 (0.0-1.0)

1.00 (0.8-1.0) 1.0 (0.8-1.0)

1.00 (1.0-1.0)

20
40

0.95(0.9-1.0)  1.00 (1.0-1.0)  1.00 (0.8-1.0)  1.00 (1.0-1.0) 1.00 (0.9-1.0)  0.91 (0.3-1.0)

0.88 (0.1-1.0)

All other tumours

the lowest probability of being in the lowest quartile
(p < 0.0005) and this has been seen also for persons in whom
cancer was diagnosed when they were aged 10-14 years
(p < 0.05). Survivors of CNS tumours, retinoblastoma and bone
tumours had significantly higher probabilities than survivors
of leukaemia of being in the lowest quartile (p < 0.0003,
p <0.001 and p < 0.005, respectively). Survivors of Hodgkin dis-
ease and of non-Hodgkin lymphoma had similar scores for
overall HRQL.

In Table 4 are reported gender, age, age at diagnosis, year
of diagnosis, therapies received and the list of the impaired
single-attribute (score lower than 0.50) for the 11 survivors
who obtained an overall HRQL score lower than or equal to
0.00.

The PORs for sensory attributes (vision and speech) are re-
ported in Table 5, those for motor attributes (ambulation and
dexterity) in Table 6 and those for emotion, cognition and
pain in Table 7. For simplicity, morbidity burden was mea-
sured as ‘any impairment’. While this may suppress the
demonstrable sensitivity of HUIL,'*?? it affords the clarity of
clinical face validity as follows. Long-term survivors of both
CNS tumours and retinoblastoma had poorer vision than
the other groups, and compromised motor function was evi-
dent in survivors of CNS tumours (ambulation and dexterity)
and survivors of bone tumours (ambulation). Emotional
impairment and pain were less prevalent among male than
female survivors. Persons in whom cancer had been diag-
nosed when they were aged 10-14 years had lower probabili-
ties of having speech impairments, emotional or cognitive
morbidity or pain than survivors who had received their diag-
nosis at an earlier age. The comparison of cancer types
showed worse cognition and pain in CNS tumours survivors.
Pain was also prevalent in survivors of retinoblastoma and
bone tumours.

The effect of era of diagnosis in each analysis gave non-
statistically significant results (not shown).

4, Discussion

Most of the long-term childhood cancer survivors in this
study had high scores for both overall HRQL and each health
attribute assessed. This outcome confirms the results of stud-
ies of case series in Austria, Israel and the USA of adolescents
and young adults who had survived a malignant disease, even
when compared with healthy controls.?® It has been sug-
gested that the experience and the critical pathway for recov-
ery induce former childhood cancer patients to perceive their
present life as particularly valuable, so that the potential
impairments due to the cancer or its treatment have a lower
impact on their perceived HRQL.?

Only gender, cancer type and age at diagnosis had statisti-
cally significant impacts on HRQL. No effect was seen of era of
diagnosis as a proxy for differences in therapeutic strategies.
Our finding that male survivors had a higher probability of
having a good overall HRQL and less morbidity in dexterity,
emotion and pain than females confirms previous findings
that women had poorer physical functioning,®’ a greater bur-
den of morbidity with respect to emotional and psychological
functioning and a greater tendency to express a negative view
of their HRQL.®*?” Female gender was reported as a negative
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Table 3 - Prevalence odds ratios (PORs) adjusted for all variables in the table and 95% confidence intervals (CIs) for being in

the lowest quartile for overall HRQL by survivors’ characteristics

Characteristic Sample size % in lowest quartile PORs (95% Cls)
Gender
Female 295 31.2 1.00
Male 349 19.8 0.51 (0.35-0.74)
Age at diagnosis (years)
0-4 185 28.1 1.00
5-9 200 27.5 0.94 (0.56-1.57)
10-14 259 20.8 0.59 (0.34-1.01)
Cancer type
Leukaemia 187 20.9 1.00
Non-Hodgkin lymphoma 46 15.2 0.86 (0.35-2.11)
Hodgkin disease 49 14.3 0.86 (0.35-2.13)
Central nervous system tumours 133 36.8 2.48 (1.47-4.18)
Neuroblastoma 35 25.7 1.23 (0.51-2.96)
Retinoblastoma 19 57.9 5.29 (1.89-14.82)
Wilms tumour 42 16.7 0.67 (0.27-1.65)
Bone tumours 31 41.9 3.21 (1.39-7.44)
Soft tissue sarcomas 42 23.8 1.21 (0.54-2.71)
Gonadal tumours 20 20.0 0.94 (0.29-3.04)
All other tumours 40 12.5 0.60 (0.22-1.65)

Table 4 - Characteristics of 11 survivors with overall HRQL score less than 0.00

Pts Overall Tumour Gender Age Age at Year Therapy Impaired single attribute
HRQL type (years) diagnosis of received
score (years) diagnosis

1 -0.22 Leukaemia ¥ 23 1 1982 CT +RT speech/ambulation/dexterity/cognition/pain

2 -0.16 HD F 35 13 1982 CT+RT+S  vision/hearing/dexterity/cognition/pain

3 -0.01 CNS F 26 5 1983 RT +S vision/hearing/ambulation

4 -0.26 CNS M 29 9 1984 S vision/ambulation/emotion/cognition

5 -0.06 CNS F 36 12 1980 CT+RT+S  hearing/emotion

6 -0.04 CNS F 23 6 1987 RT+S hearing/ambulation/cognition

7 -0.30 CNS F 24 12 1992 S vision/speech/ambulation/dexterity/cognition

8 -0.10 Bone F 44 8 1968 NA vision/ emotion/cognition/pain

9 -0.27 STS F 25 14 1993 CT+RT+S  emotion/cognition/pain

10 -0.18 STS F 42 7 1969 NA emotion/pain

11 -0.02 Gonadic F 33 14 1985 S emotion/pain

S: surgery, CT: chemotherapy, RT: radiotherapy, NA: not available.

predictor for somatic distress and depression in lymphoma
survivors.”® Some authors consider this difference between
male and female subjects to be an effect of the female pro-
pensity to discuss problems more than men,?® as observed
in healthy populations.*°

In the analysis of HRQL of cancer survivors by diagnostic
group, the only consistent differences were observed among
the survivors of CNS tumours, who had a high probability of
impairment in almost all attributes of health and in overall
HRQL when compared with leukaemia survivors, the refer-
ence category. These results are in line with others, in which
CNS tumours survivors had the poorest health status with re-
gard to multiple attributes® and a poorer HRQL due to in-
creased risks for neurocognitive, behavioral and social
impairment.3%32

Overall HRQL was also greatly impaired in survivors of ret-
inoblastoma and bone tumours due to the poor vision and
ambulation, respectively. In our study, the overall utility
scores of survivors of Hodgkin disease and non-Hodgkin lym-

phomas were similar, in contrast to a report that the function-
ing of the former is as poor as that of CNS tumour survivors.'®

To further confirm the greater impairment of female and
CNS tumours survivors it could be observed that these are
the most represented category in the group of survivors that
reported an overall HRQL score lower than 0.00, that is consid-
ered a health status ‘worse than death’.**?!

A positive effect of older age at diagnosis was observed for
both overall HRQL and for almost all HRQL attributes. The
well-defined and peculiar age incidence peak (e.g. leukaemia
3 years?) and the different age distribution for selected tu-
mours types could be a confounder for this association. Nev-
ertheless, the positive effect of older age at diagnosis seen on
overall HRQL and speech, emotion, cognition and pain attri-
butes, in comparison with persons diagnosed at early age, is
better explained with the dramatic effect of anti-neoplastic
therapy, especially irradiation, on younger children.

A limitation of our study is the possibility of response-
related selection bias on HRQL, although the results of the
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Table 5 - Prevalence odds ratios (PORs) adjusted for all variables in the table and 95% confidence intervals (CIs) for

reporting an impairment in vision or speech of any degree (score < 1.00) by survivors’ characteristics

Characteristic Sample Vision Speech
siz€ % reporting PORs % reporting PORs
impairment (95% Cls) impairment (95% Cls)
Gender
Female 295 38.3 1.00 8.1 1.00
Male 349 30.9 0.74 (0.53-1.04) 8.3 1.01 (0.56-1.79)
Age at diagnosis (years)
0-4 185 25.4 1.00 11.3 1.00
5-9 200 35.5 1.61 (0.98-2.63) 8.0 0.55 (0.26-1.16)
10-14 259 39.8 1.96 (1.19-3.22) 6.2 0.41 (0.19-0.90)
Cancer type
Leukaemia 187 321 1.00 8.0 1.00
Non-Hodgkin lymphoma 46 30.4 0.80 (0.39-1.63) 6.5 1.02 (0.27-3.78)
Hodgkin disease 49 30.6 0.77 (0.38-1.57) 4.0 0.66 (0.14-3.10)
Central nervoussystem tumours 133 46.6 1.57 (0.98-2.52) 12.0 1.95 (0.90-4.23)
Neuroblastoma 35 171 0.56 (0.21-1.45) 8.6 0.79 (0.21-3.00)
Retinoblastoma 19 47.4 2.83 (1.04-7.70) 15.8 1.45 (0.36-5.79)
Wilms tumour 42 28.6 1.01 (0.47-2.16) 2.4 0.22 (0.03-1.72)
Bone tumours 31 45.2 1.32 (0.59-2.92) 6.4 1.10 (0.23-5.27)
Soft tissue sarcomas 42 21.4 0.52 (0.23-1.16) 9.5 1.33 (0.41-4.29)
Gonadal tumours 20 35.0 0.89 (0.33-2.40) 5.0 0.74 (0.09-6.01)
All other tumours 40 30.0 0.74 (0.35-1.58) 7.5 1.16 (0.31-4.30)

Table 6 — Prevalence odds ratios (PORs) adjusted for all variables in the table and 95% confidence intervals (Cls) for

reporting an impairment in ambulation or dexterity of any degree (score < 1.00) by survivors’ characteristics

Characteristic Sample Ambulation Dexterity
size % reporting PORs % reporting PORs
impairment (95% Cls) impairment (95% Cls)
Gender
Female 295 8.5 1.00 7.1 1.00
Male 349 54 0.72 (0.37-1.39) 2.8 0.37 (0.17-0.82)
Age at diagnosis (years)
0-4 185 5.4 1.00 4.3 1.00
5-9 200 5.5 0.70 (0.26-1.89) 7.0 1.14 (0.43-3.05)
10-14 259 8.9 0.86 (0.33-2.21) 35 0.45 (0.15-1.36)
Cancer type
Leukaemia 187 3.7 1.00 3.7 1.00
Non-Hodgkin lymphoma 46 2.2 0.62 (0.07-5.25) 2.2 0.82 (0.09-7.01)
Hodgkin disease 49 6.1 1.77 (0.42-7.46) 4.0 1.88 (0.35-9.99)
Central nervous system tumours 133 9.8 2.89 (1.09-7.68) 9.8 3.18 (1.19-8.49)
Neuroblastoma 35 8.6 2.18 (0.51-9.38) 0.0 -
Retinoblastoma 19 0.0 - 5.3 1.55 (0.17-14.55)
Wilms tumour 42 24 0.59 (0.07-5.04) 438 1.11 (0.22-5.69)
Bone tumours 31 419 18.17 (6.03-54.73) 6.4 2.23 (0.41-12.10)
Soft tissue sarcomas 42 4.8 1.29 (0.26-6.50) 0.0 -
Gonadal tumours 20 5.0 1.28 (0.15-11.24) 10.0 3.04 (0.56-16.50)
All other tumours 40 0.0 - 2.5 0.81 (0.09-6.94)

analyses of non-response in our study’® do not show any
significant association for tumour type, sex or age at diag-
nosis. This aspect will be addressed in more detail in an
extension of the study to general practitioners. Previous
studies on the quality of life of survivors of childhood can-
cer omitted to report their evaluation of non-response.®”
Another limitation of the present study is the lack of exter-
nal controls (population norms); however, we consider that
the internal comparisons presented in this paper provide an

original insight into the HRQL of former childhood cancer
patients in Europe.

In conclusion, long-term survivors of cancer in childhood
in this large Italian cohort appear to have a good overall
HRQL, although females, CNS tumour survivors and persons
in whom cancer was diagnosed when they were under 10
years of age are at greater risk of impairment in health status
and HRQL. This work should be useful in identifying survivors
who need more substantial care in long-term follow-up.
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Table 7 - Prevalence odds ratios (PORs) adjusted for all variables in the table and 95% confidence intervals (CIs) for

reporting an impairment of any degree (score < 1.00) for the emotion, cognition and pain attributes by survivors’
characteristics

Characteristic Sample Emotion Cognition Pain
size % reporting PORs % reporting PORs % reporting PORs
impairment (95% Cls) impairment (95% Cls) impairment (95% Cls)
Gender
Female 295 52.9 1.00 22.7 1.00 48.1 1.00
Male 349 42.7 0.59 (0.42-0.81) 19.5 0.79 (0.53-1.16) 35.8 0.51 (0.35-0.74)
Age at diagnosis (years)
04 185 54.0 1.00 24.9 1.00 42.1 1.00
5-9 200 54.0 1.05 (0.67-1.63) 23.0 0.78 (0.46-1.31) 42.0 0.94 (0.56-1.57)
10-14 259 37.4 0.52 (0.33-0.82) 16.6 0.55 (0.32-0.96) 40.5 0.59 (0.34-1.01)
Cancer type
Leukaemia 187 47.1 1.00 214 1.00 43.3 1.00
Non-Hodgkin lymphoma 46 37.0 0.84 (0.42-1.67) 17.4 0.93 (0.40-2.20) 36.7 0.86 (0.35-2.11)
Hodgkin disease 49 49.0 1.55 (0.80-3.02) 12.2 0.66 (0.25-1.69) 38.8 0.86 (0.35-2.13)
Central nervous 133 51.1 1.33 (0.83-2.12) 31.6 1.92 (1.14-3.25) 35.3 2.48 (1.47-4.18)
system tumours
Neuroblastoma 35 60.0 1.60 (0.74-3.46) 20.0 0.78 (0.31-1.98) 45.7 1.23 (0.51-2.96)
Retinoblastoma 19 63.1 1.82 (0.66-5.02) 26.3 1.09 (0.36-3.33) 57.9 5.29 (1.89-14.82)
Wilms tumour 42 47.7 0.88 (0.44-1.76) 19.0 0.74 (0.31-1.76) 45.2 0.67 (0.27-1.65)
Bone tumours 31 32.3 0.66 (0.28-1.52) 9.7 0.48 (0.13-1.68) 38.7 3.21 (1.39-7.44)
Soft tissue sarcomas 42 59.5 1.76 (0.88-3.54) 21.4 1.05 (0.46-2.39) 45.2 1.21 (0.54-2.71)
Gonadal tumours 20 35.0 0.63 (0.24-1.68) 10.0 0.45 (0.10-2.02) 45.0 0.94 (0.29-3.04)
All other tumours 40 325 0.63 (0.30-1.31) 12,5 0.60 (0.22-1.65) 42.5 0.60 (0.22-1.65)
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