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Summary The health status of 69 survivors of high-risk acute lymphoblastic leukaemia (ALL) is assessed
using a multi-attribute classification system. Seven attributes are included: sensation, mobility, emotion,
cognition, self-care, pain and fertility. Three to five levels of functioning are defined for each attribute.
Comprehensive health states are described as a specific combination of seven attribute levels. The system
captures combinations of sequelae. The system provides a compact but comprehensive tool for long term
follow up of survivors of childhood cancer. The results underscore the cognitive and emotional burdens of
morbidity affecting survivors of high-risk ALL.

Over the past 50 years survival rates for most childhood
cancers have increased dramatically. Acute lymphoblastic
leukaemia (ALL), the most common form of cancer in chil-
dren, provides a striking example of such progress. As late as
the 1940s survival from this disease was rare. Today survival
rates approaching 90% are experienced by patients at low
(‘standard’) risk of relapse as judged at the time of diagnosis.
Even ‘high risk’ patients can expect survival rates of approx-
imately 70% (Gaynon, 1990; Barr er al., 1992).

These successes have shifted attention to two important
issues: the morbidity burden during the process of treatment,
and the long term effects of the disease and its treatment on
the health status and health-related quality of life of sur-
vivors. The long-term effects are the focus of this paper.

An extensive literature has arisen on the medical costs of
cure and the late effects of treatment (Blatt & Bleyer, 1989;
Chessells et al., 1981; Green et al., 1991; Lansky et al., 1987;
Levine & Hersh, 1982; Links & Stockwell, 1985; Maguire et
al., 1987, Meadows et al., 1981, 1980; Mostow et al., 1991;
Nesbit et al., 1979; O’Malley et al., 1979; Pastore et al., 1987;
Wheeler et al., 1988; Whitt et al., 1984). This literature has
identified a wide variety of sequelae of ALL.

Nevertheless it has remained difficult to obtain a com-
prehensive assessment of the overall burden of morbidity.
Reports in the late effects literature on the incidence of
particular sequelae typically provide little or no information
on what other, if any, sequelae the patients also experience.
While the late effects literature provides considerable guid-
ance on the frequency of particular categories of sequelae,
such as emotional problems or cognitive deficits, it remains
difficult to obtain information on the severity of such out-
comes.

In response to the incomplete nature of the information
available in the literature, we propose the use of a compre-
hensive and generalizable system within which to classify
both the type and severity of sequelae. Further, this paper
presents results obtained from the application of that system
to describe the comprehensive health status at long-term
follow up of 69 survivors of high-risk ALL who were treated
at the Hospitals for Sick Children, London, England.
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Methods

The development of the multi-attribute system for classifying
the health status of survivors is described in detail elsewhere
(Feeny et al., 1992) and so will be described here only briefly.
The system was designed to include both the important
components or attributes of health status and important
sequelae identified in the late effects literature. The underly-
ing concept of health status chosen was comprehensive and
included the dimensions identified in previous research as the
most important. The final list of attributes included: physical
function and mobility, cognition, sensation (hearing, speech
and vision), pain, self care and emotion (Cadman et al., 1984;
Cadman et al.,, 1986; Cadman & Goldsmith, 1986; Rosen-
baum et al., 1990). Fertility was added as an attribute
because of well documented problems of sub-fertility and
infertility following treatment for numerous forms of child-
hood cancer, including ALL.

The multi-attribute system provides a means to classify the
health status of a person at a point in time in terms of
her/his ability to function on each of a set of attributes or
dimensions of health status. The ability to function is des-
cribed by levels that vary from poor to good or normal. The
system used here to assess health status of survivors of
childhood cancer is a major extension of systems developed
by Torrance and colleagues to evaluate outcomes for very
low birthweight infants (Torrance et al., 1982; Boyle et al.,
1983; Boyle & Torrance, 1984) and by Cadman and col-
leagues to assess health status in handicapped children (Cad-
man et al., 1984; Cadman et al., 1986; Cadman & Goldsmith,
1986). In each of these earlier studies, investigators needed a
tool with which to describe the diverse severity of single
sequelac and the relevant combinations of sequelae assoc-
iated with very low birthweight and its treatment or prob-
lems found among handicapped children. The diversity of
sequelae and potential for multiple sequelae are also charac-
teristics of patients at long-term follow up for the treatment
of childhood cancer.

The system is presented in Table 1. It is based on func-
tional capacity rather than performance. The system docu-
ments the extent to which deficits in health status for each
attribute inhibit or prohibit normal functioning rather than
the level at which an individual chooses to function, as would
be reflected in a measure of performance. An example of a
situation in which this distinction is important is a cog-
nitively normal child who does poorly at school because he
chooses to focus on play instead of homework.

The levels for each attribute are meant to be interpreted as
developmentally appropriate for the age of the subject.
Deficits in capability are, in general, defined by the reliance
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Table I The multi-attribute health status classification system

Attribute Level Description
Sensation 1 Able to see, hear and speak normally for age
2 Requires equipment to see or hear or speak
3 Sees, hears, or speaks with limitations even
with equipment
4 Blind, deaf, or mute
Mobility Able to walk, bend, lift, jump and run
normally for age
2 Walks, bends, lifts, jumps, or runs with some
limitations but does not require help
3 Requires mechanical equipment (such as
canes, crutches, braces, or wheelchair) to
walk or get around independently
4 Requires the help of another person to walk
or get around and requires mechanical
equipment as well
5 Unable to control or use arms and legs
Emotion 1 Generally happy and free from worry
Occasionally fretful, angry, irritable, anxious,
depressed, or suffering night terrors
3 Often fretful, angry, irritable, anxious,
depressed, or suffering night terrors
4 Almost always fretful, angry, irritable,
anxious, depressed
5 Extremely fretful, angry, irritable or depressed
usually requiring hospitalisation or
psychiatric institutional care
Cognition 1 Learns and remembers school work normally
for age
2 Learns and remembers school work more
slowly than classmates as judged by parents
and/or teachers
3 Learns and remembers very slowly and
usually requires special educational assistance
4 Unable to learn and remember
Self-care 1 Eats, bathes, dresses and uses the toilet
normally for age
2 Eats, bathes, dresses, or uses the toilet
independently with difficulty
3 Requires mechanical equipment to eat, bathe,
dress, or use the toilet independently
4 Requires the help of another person to eat,
bathe, dress, or use the toilet
Pain 1 Free of pain and discomfort
2 Occasional pain. Discomfort relieved by
non-prescription drugs or self-control activity
without disruption of normal activities
3 Frequent pain. Discomfort relieved by oral
medicines with occasional disruption of
normal activities
4 Frequent pain. Frequent disruption of normal
activities. Discomfort requires prescription
narcotics for relief
5 Severe pain. Pain not relieved by drugs and
constantly disrupts normal activities
Fertility 1 Ability to have children with a fertile spouse

2 Difficulty in having children with a fertile
spouse
3 Unable to have children with a fertile spouse

Source: Feeny et al., 1992, p. 924.

on mechanical devices or the assistance of another person.
The range among levels for emotion and for pain were made
broad to capture fully severe problems resulting from the
disease and its treatment. The fertility attribute was included
to represent sub-fertility and infertility. It does not include
sexual function or intimacy, which would be captured instead
by the emotional attribute.

The health status of a person at a particular point in time
may be described by a seven element vector (x,, X,, X3, X4, Xs,
Xs, X7), in which x; describes the level (1 to 3, 1to 4, or 1 to
5) for attribute i. Mathematically, there are 24,000 unique
combinations of levels of the seven attributes. Thus, the
system is capable of representing 24,000 unique health states.

A number of these possibilities are, of course, of no bio-
logical or clinical relevance.

The multi-attribute system was designed and pilot tested
by investigators at McMaster University and the University
of Toronto. Colleagues at the Hospitals for Sick Children
(HSC) in London had independently compiled records on the
long-term follow up of their patients with ALL. This con-
sisted of regular assessment of growth and development (and
fertility when possible), intellectual function, schooling and
employment, and a record of emotional or behavioural
difficulties. There was also full assessment of residual clinical
problems related to treatment or the disease itself, and the
occurrence of second neoplasms (Wheeler er al., 1988).

On the basis of a brief written description of the multi-
attribute system and its use, the system was used at HSC (by
AL) retrospectively to classify the health status of the entire
cohort of survivors of high-risk ALL available for long-term
follow up. Patients with high-risk ALL (#n = 69) met one or
more of the following criteria at diagnosis: (1) 0-2 or >8
years of age; (2) initial white blood count >20,000 per
cumm (20 x 10°1-!); (3) disease of T-cell phenotype; (4)
Philadelphia chromosome positivity; (5) presence of a media-
stinal mass; (6) central nervous system involvement. Patients
had been treated in the period from 1970 through 1979. Age
at diagnosis ranged from 0.5 years to 14 years (mean = 5.96).
Age at assessment ranged from 8 to 25 years. The duration
of the period between diagnosis and assessment ranged from
6 to 15 years (mean = 9.33). Thirty patients were female and
38 were male (information on gender was missing from the
records in one case). High-risk ALL patients were chosen
because of the presumption that they would suffer greater
burdens of morbidity than standard risk ALL patients and
because of the requirements of the larger evaluative study of
treatments for childhood cancer out of which this study
arose. Treatment protocols consisted of regimens devised by
the Medical Research Council of the United Kingdom
(UKALL I-VI) comprising a three drug remission induction
phase and 2 or 3 years of standard maintenance therapy
(Chessells er al., 1981). Some protocols also contained a
consolidation period. Central nervous system treatment for
the prevention of meningeal leukaemia consisted of 2400 cGy
cranial irradiation and regular intrathecal methotrexate. A
few patients also received spinal irradiation.

It is important to compare the distribution of health states
of the survivors of high-risk ALL to population norms.
Precise estimates of population health for Great Britain
classified within the multi-attribute system presented in Table
I are not available. Results from the 1985 and 1988 surveys
on the prevalence of disability among children conducted by
the Office of Population Censuses and Surveys (OPCS) in
Great Britain (Bone & Meltzer, 1989) do, however, provide
some comparative information. The OPCS survey included
an initial postal survey to identify disabled persons; a sample
of the disabled were then interviewed to obtain more detailed
information. Unfortunately the categories and definitions
used in the OPCS survey are not identical with the multi-
attribute system used to classify survivors of ALL. In partic-
ular only persons with disabilities severe enough to have a
significant effect on the person’s ability to carry out normal
everyday activities were classified as disabled in the OPCS
survey. The threshold level of severity used in the data for
the ALL survivors was much lower.

Fortunately results from the 1991 Canadian General Social
Survey (CGSS) provide a more useful standard for com-
parison. The CGSS included questions designed to classify
health status according to a more recently developed eight
attribute system that is very similar to the seven attribute
system described in Table 1. The CGSS was administered to
a national population-based sample. The survey had a com-
plex design and was conducted by Statistics Canada in 1991
(Statistics Canada, 1992). Results are available for 11,567
returns. The returns for the youngest subjects in the survey,
persons 15-19 years of age (n=662), were used as the
comparison group for the ALL survivors. Statistical
significance of differences in observed frequencies were assessed
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using chi-square tests for independence between ALL survivors
and children in the Canadian general population.

Results

The multi-attribute system was readily applied to the
classification of the health status of the patients in London.
The relative ease with which the system was applied by a
‘novice’, who had not participated in any way in the develop-
ment of the system, is an important and favourable test of
the usefulness of the system.

At present, fertility status is known for only 11 of the 69
patients (16%). Of those eleven, three have normal fertility
and eight are infertile. Because of the small sample size with
respect to assessment of fertility, the report on results will
focus on the other six attributes.

In Table II, data on the frequencies of the number of
attributes affected are reported. Twenty-nine patients (42%)
had no deficits on any of the six attributes (excluding un-
known fertility). These 29 were assessed as having had nor-
mal health on the basis of information contained in clinical
records. Twenty-two (32%) had a deficit on one attribute.
Eighteen (26%) had deficits on two or more of the six
attributes.
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Data on the frequencies of levels within each attribute are
reported in Table III. For sensation (or audio-visual func-
tion), mobility, self care and pain most patients enjoy normal
functional capacity while a few suffer deficits of varying
severity. For cognition, however, 23 of the 69 (33%) were
classified as level 2 — learning and remembering more slowly
than classmates. For emotion, there was an even wider range
in levels, although the number of persons with less than
normal function was lower (19 or 28%).

Twenty-five distinct health states were used to describe the
health status of the 69 patients (Table IV). The data in Table

Table I Frequencies of attributes affected

Number of patients
reported (%)

0 29 (42.0)
1 2 (319)
2 12 (17.4)
3
4

Number of attributes
affected

4 (58)
2 (29

Total 69 (100.0)

Note: Because fertility is in most cases unknown, it is excluded
from the enumeration of the number of attributes affected.

Table III Frequencies (%) of levels within attributes

Attribute Attribute

level Sens Mob Emot Cog S-C Pain Fert

1 64 (92.8) 65 (94.2) 50 (72.6) 42 (61.0) 69 (100.0) 66 (95.7) 3 (4.3)

2 2 29 3 43) 6 (8.7 23 (333) 00) 3 (43) 0 (0.0

2-3 0 00) 0 (0 2 (29 0 (00 0 (00 0 (00 0 (0.0

3 2 29 1 (15 4 (58 3 (43 0 (00 0 (0.00 8 (11.6)

3-4 0 00O O0 (0 1 (14 1 (14 0 (00 0 (0.0) NA

4 1 (14 0 (00) 5 (720 0 (00) 0 (00 0 (00) NA

Unknown 0 (00) 0 (0.0) 1 (14 0 (00 0 (00) 0 (0.0) 58 (84.1)

Total 69 (100.0) 69 (100.0) 69 (100.0) 69 (100.0) 69 (100.0) 69 (100.0) 69 (100.0)
Note:  Sens = sensation, Mob = mobility, Emot =emotion, Cog = cognition,

S-C = self-care, Fert = fertility and NA = not applicable.

Table IV Frequencies of health states reported

Health states defined by attribute levels

Frequency (%) of
health

Sens Mob Emot Cog S-C Pain Fert States
1 1 1 1 1 1 Unknown 28 (40.6)
1 1 1 2 1 1 Unknown 12 (17.4)
1 1 2 1 1 1 Unknown 3 43)
1 1 1 1 1 1 1 1 (1.4)
1 1 1 1 1 1 3 2 (3.0
- 1 1 1 2 1 1 3 2 (3.0
1 1 4 1 1 1 Unknown 2 (3.0
1 1 3 2 1 1 Unknown 2 3.0
2 1 1 1 1 1 3 1 (1.9
2 1 1 2 1 1 3 1 (1.4
3 1 2 1 1 1 Unknown 1 (1.4)
3 2 2-3 3 1 1 Unknown 1 (1.9
4 3 Unknown 3 1 1 Unknown 1 (14)
1 2 1 1 1 1 Unknown 1 (14)
1 2 1 1 1 2 Unknown 1 (149
1 1 2-3 2 1 1 Unknown 1 (1.4)
1 1 2 1 1 1 1 1 (1.9
1 1 2 2 1 1 3 1 (1.4
1 1 3 3 1 1 Unknown 1 (14)
1 1 3-4 2 1 1 Unknown 1 (14)
1 1 3 2 1 2 Unknown 1 (1.4
1 1 4 1 1 2 3 1 (1.9
1 1 4 2 1 1 Unknown 1 (14
1 1 4 3-4 1 1 Unknown 1 (14
1 1 1 2 1 1 1 1 (1.4
Total 69 (99.6)

299.6 shoul.d be 100.0 (difference due to rounding errors). Note: Sens = sensation, Mob = mobility,
Emot = emotion, Cog = cognition, S-C = self-care and Fert = fertility. Fertility is unknown in 58 cases

and known in 11 cases.
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IV also point to the frequency with which cognitive and
emotional deficits coincide. Ten of the 69 patients (14%) had
deficits on both of these attributes.

The results for the 69 survivors of high-risk ALL can be
compared to results from the Great Britain OPCS survey. It
is important to recognise, however, that the definitions of the
attributes and in particular the threshold levels of severity
necessary to be classifed as disabled differ between the two
data sets. Nonetheless it would appear that the ALL sur-
vivors suffer a much greater burden of morbidity than the
general population in Great Britain. While 7% of the ALL
survivors (Table III) have reduced sensation, 1.9% of child-
ren in Great Britain suffer from disabilities in seeing, hearing,
or communication (data are for children 0—15 years of age;
see Bone & Meltzer, 1989, p.25). Similarly while 28% of
ALL survivors have deficits in the emotion attribute, 2.1% of
British children have disabilities in behaviour. Finally while
39% of ALL survivors have deficits in cognition, 0.9% of
British children have disabilities in intellectual functioning.

The results for the 69 survivors of high-risk ALL are
compared to results from a sample of the Canadian general
populationtin Table V. In terms of the number of persons
with deficits on no, one and two or more attributes, the
distributions appear to be quite similar. The nature of the
deficits, however, differ. In the sample of the children in the
Canadian population 28% had some form of reduced sensory
function, mainly the use of corrective lenses for vision. For
the ALL group, only 7% had reduced sensory function. The
difference between the proportions with reduced sensory
function in the two groups is statistically significant (P =
0.0002). For emotion 21% had a deficit in the Canadian
population sample and 28% in the ALL group. This
difference is not statistically significant (P>0.10). (The
power to detect a difference of 7% or greater was, however,
only 22%.) For cognition the proportions affected were 24
and 39% for CGSS and ALL respectively. This difference is
statistically significant (P = 0.006).

Discussion

The multi-attribute system provides a comprehensive assess-
ment of the health status of the 69 ALL patients. The results
demonstrate the importance of identifying and assessing mul-
tiple sequelae. Even omitting fertility (because insufficient
time has elapsed for adequate assessment), approximately
one fourth of the patients had multiple sequelae. The impor-
tance of emotional and cognitive sequelae and their coin-
cidence are also underscored. The apparent high incidence of
cognitive deficits may reflect the use of cranial irradiation.

Relative to population norms for Great Britain, ALL sur-
vivors clearly suffer from a greater burden of morbidity.
However, the proportion of high-risk ALL survivors who
enjoy normal health is similar to the proportion found in the
Canadian general population. Even though the proportions
who enjoy normal health are similar, the deficits suffered by
ALL survivors apparently involve different and less readily

Table V. Comparison of health status of high-risk ALL survivors to
Canadian population norms

Per cent affected

Number of attributres (1) (2)
affected ALL Population®
o° 42 45

1® 32 31

2 or more® 26 24
Per cent with deficit in selected attributes

Reduced sensation 7 28
Reduced emotion 28 21
Reduced cognition 39 24

*Data from Statistics Canada, General Social Survey, 1991. There
were 11,567 records in the entire sample with 662 respondents ages
15-19. ®Excluding unknown fertility.

ameliorated deficits than those found in the general popula-
tion. For example, reduced cognitive ability is not readily
ameliorated but reduced visual capacity is often readily
ameliorated through the use of corrective lenses.

There are, however, important differences in the methods
used to collect data on the health status of the ALL survivors
and the general public in Great Britain and in Canada. Data
on the ALL survivors were extracted retrospectively from
prospective clinical records. Health status was determined by
a clinician as a proxy respondent for the patients. In con-
trast, health status classification in the OPCS was based on
postal surveys and interviews (with parents answering on the
behalf of their disabled children) while the CGSS was based
on self-report data collected via telephone interviews. The
evidence on the validity of proxy respondents for collecting
data on health status is mixed (Cartwright, 1957; Clarridge &
Massagli, 1989; Herjanic & Reich, 1982; Kupst et al., 1984;
Kupst & Schulman, 1988; Lansky et al., 1987; Magaziner et
al., 1988; O’Malley et al., 1979; Rotham et al, 1991). In
general, proxy respondents are likely to be reliable for readily
observable, or relatively serious conditions or events, but less
reliable for subjective phenomena. In addition, there is a
tendency for proxy respondents who are not highly familiar
with a patient to understate health problems as compared to
self report by patients themselves. Thus it is likely that proxy
responses based on clinical assessment would under estimate
relatively minor deficits in sensation (for example the use of
corrective lenses) in comparison to self-report by the general
population. If biases reported in the literature are operative
here, the comparison of prevalence rates for deficits in sensa-
tion, cognition and emotion between ALL survivors and
Canadian population norms in Table V probably understates
the differences between the two groups and the relatively
higher burden of morbidity for the ALL survivors. Given
that the ALL survivors appear to experience higher burdens
in the emotion and cognition attributes and that the biases
inherent in these methods would tend to understate rather
than overstate that difference, the results may be interpreted
as indicative of a truly higher burden of morbidity. This
interpretation is corroborated in the comparison of the ALL
survivors to population norms in Great Britain. Nonetheless
although the high-risk ALL survivors do appear to experi-
ence a relatively high burden of morbidity, that relative
burden may be less than has been previously believed.

Although the system is comprehensive, it is not exhaustive.
The system omits a number of characteristics which are
important components in clinical assessments required for
appropriate patient management. For instance, there is no
way to report organ toxicity using the system, except as
toxicity affects the functioning of the patient in terms of the
seven attributes. Thus, while data on organ toxicity may
provide important prognostic information, the system only
recognises a change in health status when the toxicity has a
manifest effect on the functioning of the patient.

The issue of endocrine pathology is a case in point. The
assessor of the HSC records (AL) felt that the system provi-
ded inadequate means with which to record growth hormone
deficiency. Many patients with ALL experience a temporary
reduction in growth velocity (Griffin & Wadsworth, 1980;
Clayton et al., 1988) while some suffer frank growth hor-
mone deficiency. The multi-attribute system has no mechan-
ism with which to record directly the endocrine morbidity. If
delayed growth or permanent short stature occur, however,
and if these effects cause an emotional problem (or the short
stature is so severe that it affects mobility or self-care func-
tion), the impact of the endocrine pathology would then be
captured within the system through its effect on emotion (or
mobility, or self care). If emotional or physical mobility or
self-care problems are not manifest, however, the endocrine
morbidity would not be captured within the system.

Similarly, the system does not include a separate compon-
ent for prognosis. Therefore clinicians would still find it
important to obtain other types of information in assessing
health status and prognosis for a patient.

The multi-attribute system measures the health status of an
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individual at a point in time. Changes in health status may
be assessed by serial applications. Ideally one would use the
multi-attribute system for serial prospective assessment of
patients by classifying their health status before diagnosis (if
records permit), at diagnosis, during treatment, and after
therapy has been completed. In order to use the system
prospectively, it will be necessary to develop clinical proto-
cols to obtain reliable and valid information for each att-
ribute. The accumulation of additional evidence of reliability
and validity is needed as well. Because the number of long-
term survivors seen at even tertiary care centres is small,
there is an important role for multi-centre collaboration in
these studies.

Even though the retrospective use of the system is less than
ideal, the results reported here demonstrate that it is possible
and useful to characterise the health status of patients within
the multi-attribute framework. The disadvantages of retro-
spective use of the system include the fact that the clinical
records system was not designed to capture functional status
information for each of the attributes. Long-term follow up
clinics may focus on major sequelae, leaving more minor
deficits unrecorded. Prospective use is more likely to provide
for detailed, reliable and comprehensive assessment of health
status. Nonetheless, the retrospective use of the system
reported here has been encouraging.

An additional advantage of the multi-attribute health sta-
tus classification system is that it may be linked to health
status index scores that quantify health-related quality of life.
Using the multi-attribute utility function approach, a mathe-
matical function can provide a measure of preference, a
utility score, for each of the possible health states in the
multi-attribute system (Torrance et al., 1982; Boyle et al.,
1983; Boyle & Torrance, 1984). Thus it is possible both to
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