
European
www.ejconline.com

European Journal of Cancer 41 (2005) 280–287

Journal of

Cancer
Analysis and interpretation of health-related quality-of-life data
from clinical trials: basic approach of The National Cancer

Institute of Canada Clinical Trials Group

David Osoba a,*, Andrea Bezjak b, Michael Brundage c, Benny Zee d, Dongsheng Tu e,
Joseph Pater e, for the Quality of Life Committee of the NCIC CTG

a QOL Consulting, 4939 Edendale Court, West Vancouver, Canada BC V7W 3H7
b Radiation Oncology, Princess Margaret Hospital, University of Toronto, Toronto, Ont., Canada

c Radiation Oncology, Queen�s University, Kingston, Ont., Canada
d Chinese University of Hong Kong, Shatin, Hong Kong, China; Former Senior Statistician, NCIC CTG, Kingston, Ont., Canada

e NCIC CTG, Queen�s University, Kingston, Ont., Canada

Received 8 June 2004; received in revised form 18 October 2004; accepted 19 October 2004

Available online 19 November 2004
Abstract

Clinicians are being confronted with increasing amounts of health-related quality of life (HRQOL) data. Thus, there is a need for

a greater understanding of the analysis and interpretation of HRQOL so that the data can be reported in an appropriate manner.

The approach of the Clinical Trials Group of the National Cancer Institute of Canada emphasises the clinical meaning of the results,

while avoiding complex statistical modelling. It consists of four steps: calculating the questionnaire completion rates, calculating the

baseline scores, determining the individual change in scores over time for the domains specified in the trial hypothesis, and culmi-

nates in determining the proportions of patients who have reported clinically meaningful changes in scores since baseline. A ratio-

nale supporting each step is given. This approach is presented as a simple and practical aid to the analysis, interpretation and

reporting of HRQOL results.

� 2004 Elsevier Ltd. All rights reserved.
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1. Introduction

Many publications have addressed methods for col-

lection, analysis and interpretation of health-related

quality of life (HRQOL) data [1–9]. While these are use-

ful to researchers and clinical trials investigators devoted

to HRQOL research, some methods are published in
journals or books that are not easily accessed by clini-

cians, or present statistical methods that are difficult

for physicians to use.
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There have been criticisms of the adequacy of the

reporting of published HRQOL results, but some of

these may be premature in that they are based primarily

on older studies [10–12]. Recent publications seem to

show an improvement in the quality of the data and

its analysis [13,14]. Nevertheless, the criticism has served

to highlight the need to collect, analyse and interpret
HRQOL data in a robust and scientifically sound man-

ner, and to present the results in ways that are clinically

meaningful.

These observations indicate that it is appropriate, at

this time, to suggest a simple and succinct, scientifically

sound and clinically oriented approach for reporting

HRQOL findings. The Clinical Trials Group (CTG) of
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the National Cancer Institute of Canada (NCIC) has

developed an analysis approach, detailed below, during

17 years of experience in conducting HRQOL research.

The approach consists of four steps that culminate in a

determination of the proportions of patients that

achieve a response in prespecified HRQOL domains. It
is a simple and useful framework for analysis and inter-

pretation that is intended for clinicians who wish to

understand better HRQOL results.
2. Preparing for the analysis of HRQOL data

The quality of the results of the analysis of HRQOL
assessments can be only as good as the quality of the

data that is collected. A number of authors have sug-

gested strategies to ensure the quality of collected

HRQOL data, and we refer the reader to these discus-

sions and reviews [1,2,6,8,9,15,16].
3. Patients and methods

3.1. The analysis steps

As a preliminary step in the analysis, the scoring pro-

cedures provided with the questionnaire being used

should be followed when preparing the data. In addi-

tion, a description of the demographic characteristics

of the patients in the trial should be provided and the
balance of these characteristics between treatment arms

ascertained.

The following steps are intended as a general guide-

line and may not apply to all situations. The first three

steps are intended to provide the data that is required

to carry out the fourth step, which is the considered to

be the ultimate goal of the analysis. The steps are first

described briefly below and then the rationale for each
step is discussed in the next section.

3.2. Step 1 – calculating completion rates

Calculate completion rates as follows for each treat-

ment assignment group:

(a) number of patients completing the baseline (pre-
treatment) assessment over the total number of eli-

gible patients entered,

(b) number of patients completing the assessments at

designated time points (windows) while on the

study over the total number entered (the ‘‘intent-

to-treat’’ population),

(c) number of patients completing assessments at des-

ignated time points over the total number complet-
ing the assessment at baseline (the ‘‘efficacy’’

population),
(d) number of patients completing assessments at des-

ignated time points over the total number of

patients still on study and expected to complete at

each time point (the ‘‘number expected’’

population),

(e) proportion of questionnaires completed outside the
designated time windows,

(f) proportion of domains and items completed within

questionnaires at baseline and designated time

points.

3.3. Step 2 – comparing baseline scores between groups

Calculate the mean or median baseline scores for

each of the HRQOL components (domains and single

items) within the questionnaire for each of the treatment

groups, as follows:

(a) number of patients providing responses,

(b) mean (or median, if more appropriate) score and

standard deviation (or inter-quartile range) for each
HRQOL component,

(c) determine if there is an apparent difference between

the mean or median scores between the treatment

groups according to preset criteria.

3.4. Step 3 – comparing the change scores between- and

within-treatment groups

Determine the change-from-baseline scores within the

chosen time window at each specific time for each

HRQOL component of interest that was specified in

the hypothesis, as follows:

(a) subtract the baseline score for each individual from

his/her score at each designated time point while on
study,

(b) calculate the means for the differences (the mean

change score) ± the standard error (SE) at each des-

ignated time point,

(c) test for statistically significant differences in the

mean change scores between treatment groups

according to preset criteria, and

(d) test for statistically significant differences between
baseline scores and scores from subsequent desig-

nated time points within each treatment group.

3.5. Step 4 – determining the proportions of patients with

improved, stable and worsened scores

Decide, a priori, the magnitude of change (cut-off
point) that will be considered to be a clinically meaning-

ful change in HRQOL scores and the duration that this
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change will need to persist in order to consider the

HRQOL response as being ‘‘improved’’, ‘‘worsened’’

and ‘‘stable’’. Calculate the proportions of patients with

clinically meaningful change, as follows:

(a) determine the numbers of patients who reported the
preset magnitude of change in scores (‘‘improved’’,

‘‘worsened’’, or neither, i.e., ‘‘stable’’ response) for

each domain during the study period in each treat-

ment arm,

(b) calculate the proportions of patients who report

improvement or worsening in each intent-to-treat

group,

(c) calculate the median (or mean) duration of
improvement in the improved group and, similarly,

the duration of stable HRQOL status in the stable

group, and

(d) test for statistically significant differences between

the three categories of responses.
4. Results

4.1. Rationale and explanatory notes for the analysis steps

4.1.1. Step 1 – calculating completion rates

Collecting HRQOL assessments at baseline, i.e., just

before the beginning of an intervention or treatment is

important for a determination of the balance between
treatment groups at baseline. Any significant imbalance

must be adjusted for in the subsequent analysis. In lon-

gitudinal studies, when HRQOL will be measured at

multiple time points, the baseline assessment scores will

serve as a comparison for within-group changes in

HRQOL scores over time. In addition, baseline scores

can be used for between-trial and between-disease com-

parisons. Baseline assessments should be carried out as
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Fig. 1. Proportions of health-related quality of life (HRQOL) questionnair

proportions show a marked attrition of questionnaires over time with only 27

remained high at >95% for all but month 6 of the study. (Adapted from Sa
close to the beginning of the intervention as is reason-

ably possible to minimise any possible changes in

HRQOL scores between the assessment and the

intervention.

(a) Ideally, the number of patients completing the base-
line assessment should be identical to the number of

patients enrolled in the trial. Missing data at base-

line will result in a loss of information about the

possible efficacy of therapy, even if all the subse-

quent completions are available. The reasons for

failure to collect all the baseline data should be

specified in detail.

(b) The rates of completed questionnaires at specified
‘‘time windows’’ allows a calculation of the propor-

tions of enrolled patients for whom data exist at

time points along the trial and will show the rate

of dropout from the study over time. These num-

bers will also serve as the numerator for (d), below.

(c) The proportions of patients with baseline data that

complete on-study assessments will be the same as

those in (b) above, if all patients completed
HRQOL assessments at baseline. When the number

completing at baseline is less than the number

enrolled in the trial, the interpretation of the

HRQOL analysis is subject to limited generalisa-

tion beyond the participating patients.

(d) The proportions of patients who complete ques-

tionnaires over the number expected to complete

the questionnaires at each designated time point
will distinguish between failure to obtain completed

questionnaires despite patients still remaining on

study, and failure because patients are no longer

on study due to disease progression or death.

Low completion rates and dissimilar proportions

in each treatment arm will jeopardise the interpreta-

tion of the study and its generalisability. Fig. 1 illus-

trates the overall completion rates over time with
ompletions

ceived/Expected

Baseline
Month 1
Month 2
Month 3
Month 4
Month 5
Month 6
Month 9

es completed at baseline and during the study. The received/baseline

% completion by month 9. However, the received/expected proportions

dura A and colleagues in [17].)
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respect to the number of baseline completions (left

side of graph) and the number expected to be com-

pleted (right side of graph) in a randomised clinical

trial of two forms of chemotherapy [17]. The num-

ber of completions received over the number of

baseline completions drops off rapidly over time,
but the patients still alive during the study are com-

pleting questionnaires at a high rate. Thus, there is

very little randomly missing data.

(e) Reporting the number of assessments that did not

fall within specified time windows may explain

why there are fewer than the expected number of

assessments that are subjected to analysis. These

assessments should not be analysed together with
those that fall within the windows, except in growth

curve analyses [7].

(f) The proportion of competed domains and items

within questionnaires should be noted for each of

the components above, except for (e).

Completion of all the components of Step 1 allows

the monitoring of completion rates at the level of the
institution, the patient, and the questionnaire while on

treatment and during follow-up after treatment [7,17].

This complete data-set has rarely been presented in re-

ports from clinical trials [18]. Yet, it is important for

the critical interpretation of the reported results of

HRQOL analyses.

4.1.2. Step 2 – comparing baseline scores between groups

The calculations in this step are straightforward and

provide the foundation to which scores at subsequent

time points will be compared. Mean or median baseline

scores for the domains/items of interest that vary signif-

icantly between treatment groups suggest that they are

dissimilar and will lead to potential difficulties in the

interpretation of the results.
Mean Global QOL Scores

Time 1 - P=0.002

60

65

70

75

80

85

Interferon

Fig. 2. Mean global quality of life (QOL) scores increase over time, but basel

were for the interferon group. The data illustrate a possible survivor effect for
4.1.3. Step 3 – comparing the change scores between- and

within-treatment groups

The comparison of the mean scores for each treat-

ment group are commonly reported and are appropri-

ate when there is almost no attrition in patients on

study. However, when there has been significant attri-
tion in the data over time, comparing group mean

scores at each time point with the group mean scores

of all the patients at baseline can lead to spurious re-

sults because of a ‘‘survivor effect’’. Fig. 2 is a com-

parison of group mean scores over time in a clinical

trial [19]. Less than half of the patients completing

questionnaires at baseline were still available at time

3. Global QOL scores improved over time in both
treatment groups, but it is unknown whether this

was the result of a true treatment effect or of a survi-

vor effect.

One solution is to limit the analysis of the HRQOL

changes to those patients who provide data both at

baseline and at the subsequent time point of interest.

Doing so will eliminate spurious increases in group

mean scores due to bias in the subset of patients who
are able to complete data at both times (for example,

if patients with lower scores are more likely to drop

out). However, the solution is not ideal, since the limita-

tion of the analysis of mean scores to this patient subset

raises issues of the generalisability of results to the treat-

ment group overall. Our preference is to calculate

change scores for individual patients and to address

missing data as we discuss below.
The main purpose of Step 3 is to provide change

scores for individual patients that are necessary for the

final analysis in Step 4. However, it is worth reporting

the change scores so that an estimate of the magnitude

of change in each domain can be made (for example,

see Fig. 3) [20]. The magnitude of change can be tested

for statistical significance.
 Over Time

 Time 2 - P=0.05

Levamisole

Baseline
time 1
time 2
time 3

ine scores for the patients treated with levamisole were higher than they

both treatment groups. (Adapted from Osoba D and colleagues in [19].)
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Fig. 3. Mean change in fatigue and physical functioning scores from baseline showing statistically significantly different scores between the

cyclophosphamide, doxorubicin, vincristine/etoposide, cisplatin (CAV/EP) and cyclophosphamide, vincristine, cisplatin, etoposide (CODE) arms of

a study in patients with small-cell lung cancer. (Adapted from Murray N and colleagues in [20].)
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4.1.4. Step 4 – determining the proportions of patients

with improved, stable and worsened scores

The determination of how much change constitutes a

clinically meaningful difference in HRQOL scores is the

subject of intense study. Some have relied primarily on

statistical procedures, e.g., testing for the null hypothesis

and effect size. Others are based on the properties of the
measurement tool, e.g., standard error of the measure-

ment, or the use of either external anchors or global rat-

ings of change. Details of these approaches can be found

elsewhere [5,21–25].

It is interesting to note that these different ap-

proaches, using different HRQOL measures in a variety

of diseases (including several kinds of cancer), have gi-

ven rise to similar answers. A change of from 5% to
10% (or in general, 0.5 of a standard deviation) of the

scale breadth is perceptible to patients as a meaningful

change [26–29]. It has also been designated as a clinically

meaningful change by a panel of physicians with respect

to two questionnaires, The Chronic Respiratory Disease

Questionnaire and the Medical Outcomes Study Short

Form 36 [30].
Some studies have used cut-off points as low as 5%

[31]. However, 10% of the scale breadth appears to be

a more reasonable number to use as a cut-off point when

classifying patients into ‘‘improved’’, ‘‘stable’’ and

‘‘worsened’’ HRQOL categories. The 10% cut-off point

is less likely to include scores that are ‘‘false positives’’

than is a lower cut-off point. Nevertheless, a justification
should be given for the chosen cut-off point(s), whether

the cut-off point is the same for ‘‘improved’’ and ‘‘wors-

ened’’ scores, and how long the change must last. Clini-

cians should attempt to give examples of the clinical

implications of the chosen cut-off point since this would

be helpful in understanding the meaning of the change,

e.g., how much more are patients whose physical func-

tioning improved by 10% able to do, or what does a
10% change in pain scores mean to the amount of anal-

gesia that patients require.

It should be noted that in some questionnaires, the

nature of the construction and scoring of some do-

mains/symptoms is not readily amenable to using a

10% cut-off point for calculating the proportions of pa-

tients with improvement or worsening. For example, if a
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domain consists of only two items or a symptom of only

one item, both with a four-category response option,

then a change of one category will equal either a 17%

or 33% change, respectively. This magnitude is well

above the cut-off point value of 10% and may represent

an underestimate of the proportions of patients experi-
encing the change. Methods for dealing with this situa-

tion have been suggested in [31].

(a) To be classified as ‘‘improved’’, the scores must

improve above baseline by the cut-off point value

for a specified period of time or a specified number

of assessments during the study [32]. Scores that

decline below baseline by the cut-off point value
and never recover are classified as ‘‘worsened’’.

Scores that are neither ‘‘improved’’ nor ‘‘worsened’’

are classified as ‘‘stable’’ HRQOL [21].

(b) Using the above criteria, the calculation of the num-

ber of patients in each category is straightforward.

(c) Assessing the duration of improvement provides

additional informative data on the relative efficacy

of the treatments being studied [32]. The end of
the improvement period is reached when the scores

fall to, or below, baseline values after having satis-

fied the preset criteria for improvement. A similar

calculation assessing time to deterioration could

include all patients whether or not they improved

at some point in the trial.

(d) The proportions of patients in each category can be

compared statistically for differences between the
treatment arms using standard statistical methods.

The result of a clinical trial illustrating the propor-

tions of patients with varying proportions of

responses is presented in Fig. 4. Although the group

receiving treatment A consistently showed a larger

proportion of patients with a P10% improvement

in each domain and symptom, only the fatigue

and domains were improved statistically signifi-
cantly more frequently (P < 0.05 after a Bonferroni

correction). There was no difference in the propor-

tions of patients showing worsened scores in the

two treatment groups [21].
5. Discussion

Our approach to the analysis of HRQOL data from

phase III clinical trials is relatively simple and clinically

intuitive, and, therefore, appealing. Our preferred anal-

ysis consists of a step-by-step approach to determining

the quality and completeness of the data, and calculat-

ing the proportion of patients with clinically meaningful

differences (i.e., the proportions with improved, stable,
and deteriorated scores) at specified time points in the

trajectory of their treatment or follow-up.
In the analysis of group mean scores, we have pre-

ferred not to impute missing data but, at times, have

used growth curve analysis because it incorporates all

the data available for patients over the desired time

intervals [7,20]. Others have assessed the use of imputa-

tion methods [33]. One study of several statistical meth-
ods suggests that an approach based on the linear mixed

model may be a powerful method, but the assumptions

underlying it need further testing before it can be fully

accepted [34]. A simple approach is to ignore missing

data if the proportion is small. It is uncertain if this ap-

proach is inferior to growth curves and imputation

methods, and these methods need to be tested by direct

comparison using data from the same trial. In the mean-
time, we suggest that a combination of distribution-

based and anchor-based methods may be the preferred

approach to analysis of data from clinical trials

[5,6,8,22,25,26].

One of the main areas of continuing study has been

how to deal with missing data, whether missing at ran-

dom or not [4]. The choice of appropriate statistical

modelling methods and imputation methods for dealing
with missing data are beyond the scope of this paper.

They are dealt with in detail in standard statistical text-

books [16], as well as in recent books and articles

[4,6,8,33]. One advantage of our approach of calculating

the ‘‘response’’ proportions is that one can include the

proportion of patients for whom no data is available,

thus providing an ‘‘intent-to-treat’’ approach by includ-

ing all randomised patients.
Within-group comparisons over time are carried out

less frequently than are comparisons between treatment

groups. The value of within-group comparisons during

treatment is to determine if the treatment has been asso-

ciated with improvement (or deterioration) of HRQOL

scores compared with the pre-treatment status. This al-

lows the assessment of whether a treatment appears to

be of value on its own. It is a valuable approach, partic-
ularly in phase II non-randomised trials [35], but also in

phase III studies [21,36].

While we believe that our approach is relatively sim-

ple and useful, new approaches will undoubtedly be nec-

essary as the measurement of HRQOL evolves. For

example, the use of item–response-theory-based assess-

ment [37,38] will probably require a reassessment of

what constitutes clinically or subjectively meaningful
change in clinical trials. Other methods may be more

appropriate for studying population health (e.g., util-

ity-based measures) or changes in the health of individ-

uals in day-to-day clinical practice.

A weakness of our approach is that it may not satisfy

some of the premises that underlie complex statistical

modelling approaches, e.g., the effects of non-random

dropout. However, a strength of our approach i.e., the
reporting of the proportion of patients who report

HRQOL benefit, is that it provides an answer that is
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readily meaningful to clinicians and, as a result, is more

likely to influence clinical decision-making. Neverthe-

less, it should be stressed that HRQOL data should

not be used as the sole basis for clinical decision-making.

As is generally true in most of clinical medicine, a num-
ber of tools (e.g., the history, the physical examination,

and various diagnostic and laboratory tests) are all inte-

grated to derive the most likely diagnosis and to come to

a decision about optimal therapy and follow-up after

treatment. HRQOL data should be viewed as another

useful tool in this armamentarium.
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