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in cancer patients was actively discussed [1–7]. HRQOL
is generally recognized as a subjective, multidimen-
sional construct [1,3,6,8–10] that should at minimum
include physical, functional, mental (or emotional), and
social well-being [11]. These variables have been mea-
sured using validated cancer-specific instruments for the
assessment of HRQOL, such as the European Organi-
zation for the Research and Treatment of Cancer
(EORTC) core questionnaire QLQ-C30 [2] and the
Functional Assessment of Cancer Therapy Scale Gen-
eral (FACT-G) [12]. Subsequently, HRQOL has been
investigated in a longitudinal fashion in clinical trials of
cancer therapies using such questionnaires as important
supplementary endpoints to traditional endpoints such
as survival, tumor response, and toxicity. For patients
with advanced-stage disease, such as advanced or recur-
rent stomach cancer, it is important to evaluate the
influence of aggressive chemotherapy on HRQOL be-
cause of concerns about patients’ tolerance to therapy
[13]. It may also be important to assess the HRQOL of
patients receiving postoperative adjuvant therapy be-
cause such treatment often continues for years. When
several treatments produce only minimal differences in
disease control and survival, the impact of the toxicity
and treatment schedule on the individual patient’s per-
ceived well-being is a criterion that should influence the
selected treatment for a particular patient. As stated
above, HRQOL is an important endpoint in clinical
trials of cancer treatments.

An editorial in the Journal of Clinical Oncology in
2002 [14] raised the issue that “There are a number of
studies that have been published in the Journal in recent
years that show significant changes in specific symptoms
or toxicity but no significant changes in quality-of-life
measurements.” In addition, the editorial strongly en-

Abstract
This review contains a practical guide as well as a number of
design and analytical methods for conducting health-related
quality of life assessments in clinical trials for gastric cancer
treatment. Although we address issues specific to the assess-
ment of gastric cancer, many are applicable to clinical trials for
different cancer types.
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Introduction

Unlike evaluation of treatments for other common solid
tumors, such as lung, colon, or breast cancers, evaluat-
ing the therapeutic efficacy of gastric cancer treatments
cannot be achieved by measuring the response rate of
measurable disease. More than a third of gastric cancer
patients have nonmeasurable disease, such as ascites,
lymphangitis carcinomatosa, and miliary liver metasta-
sis. These diseases cannot be evaluated by the ordinary
response criteria used for solid tumors. For gastric can-
cer patients with no measurable disease, evaluation cri-
teria, such as health-related quality of life (HRQOL),
could be a critical modality for the assessment of gastric
cancer. To this end, the evaluation of HRQOL should
be of principal importance when estimating disease pro-
gression and evaluating treatment options for gastric
cancer.

In the late 1980s and early 1990s, the definition of
HRQOL and the methodology for assessing HRQOL
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couraged research of what they term the “next” step:
the translation of QOL measurement into clinical prac-
tice to improve patient care. What does “next” mean?
To understand the trends in HRQOL evaluation, one
must know the history of HRQOL research. Thus, the
current review discusses the history and current status
of HRQOL assessment in clinical trials of cancer treat-
ments by providing readers with several examples, as
well as the basic knowledge and methods of HRQOL
assessment. This should allow readers to comprehend
the problems particular to HRQOL assessment and
may lead to a breakthrough in the issues addressed in
the editorial.

This article is organized as follows. The next section
describes the definitions of HRQOL, followed by a
summary of the instruments that measure HRQOL and
new concepts in HRQOL assessment in gastric cancer.
We then summarize the data analysis of HRQOL and
provide an example of HRQOL assessment in a ran-
domized clinical trial in gastric cancer patients. We con-
clude with a general discussion of the subject.

Definitions of HRQOL

What is the definition of HRQOL? As already stated,
HRQOL can be represented as a multidimensional con-
struct of domains. This is based on the broad definition
of health described by the World Health Organization
(WHO): “Health is the state of complete physical, men-
tal, and social well-being and not merely the absence of
disease or infirmity” [15]. Although the specific termi-
nology and conceptual formulations differ among inves-
tigators, the focus is on the patient’s perception. In
day-to-day research, the term HRQOL indicates a
patient-centered approach but ranges from one extreme
of self-administered questionnaires completed by pa-
tients to the other extreme in which symptoms such as
pain or daily activities are assessed by physicians or
nurses. The EORTC QLQ-C30 and the FACT-G are
well-known generic questionnaires based on multidi-
mensional constructs. The EORTC QLQ-C30 consists
of five functional subscales (physical, role, cognitive,
emotional, social), nine symptom subscales (fatigue,
pain, nausea and vomiting, constipation, diarrhea,
sleep, dyspnea, appetite, financial), and a global QOL
scale. The FACT-G is comprised of four subscales:
physical, functional, social, and emotional well-being.
Some clinical investigators may be uncomfortable deal-
ing with the mental (or emotional) and social domains.
One example of the symptom-based assessment per-
formed by physicians is the Clinical Benefit Response
(CBR), a value created to evaluate advanced pancreatic
cancer [16–18] that is composed of pain assessment and
Karnofsky performance status [19]. The intermediate

course of action between the extremes is a disease-
specific module focusing on symptoms or the problems
and discomfort patients experience (or both). Gastric
cancer-specific modules have been developed and are
available for assessment.

Measurement instruments for HRQOL

Questionnaires

Kaptein et al. [20] conducted literature searches of
MEDLINE from 1966 to 2004 using the Mesh headings
“gastric cancer,” “quality of life,” “gastric cancer,” and
“psychology” to find empirical studies and measure(s)
used to assess HRQOL and other issues. In the 26 stud-
ies returned, a large variety of QOL instruments were
reported. Homemade questionnaires and question-
naires that merely assess performance status were used
frequently. Questionnaires designed specifically for
gastric cancer were seldom applied. An additional
literature search of Ichushi-WEB, one of the largest
literature search engines in Japan, produced 119 origi-
nal hits. This search revealed that 8 of the 119 studies
assessed the HRQOL of patients using a QOL ques-
tionnaire and that almost all of the questionnaires were
homemade.

During the 10 years since the development of the
generic QOL questionnaires, including the EORTC
QLQ-C30 and the FACT-G, gastric cancer-specific
modules have been developed, including the EORTC
QLQ-STO22 [21–23] and the FACT-Ga [24]. The
EORTC QLQ-STO22 module contains 22 items re-
garding dysphagia, eating restrictions, pain, reflux,
anxiety, dry mouth, body image, and hair loss. The
FACT-Ga consists of 16 items including weight loss,
appetite loss, fatigue, dysphagia, pain, vomiting, eating
restrictions, and body image. We expected that many
clinical trials of gastric cancer treatments that started
after the development of the modules would employ
one of the two instruments to assess HRQOL specific
to gastric cancer patients. The EORTC and the FACT
questionnaires are available at www.eortc.be/home/qol/
and www.facit.org/, respectively. Those questionnaires
have been translated into many languages; for example,
the Japanese versions of the EORTC QLQ-C30 and
the FACT-G were generated using a standardized,
forward-backward translation protocol [25,26]. Al-
though translation of the EORTC QLQ-STO22 and the
FACT-Ga into Japanese has been completed [27], their
final validation studies are currently ongoing.

Composite endpoint

The measurement of clinical benefits was introduced to
examine treatments for pancreatic cancer [16–18]. The
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clinical benefit is a composite assessment of the typical
debilitating symptoms of pancreatic cancer. The param-
eters included were pain intensity, Karnofsky perfor-
mance status, and loss in body weight. In reference to
this, Sakamoto et al. [28] proposed a novel design that
focused on the typical features seen in patients with
ascites-forming advanced gastric cancer by using a com-
posite endpoint termed Clinical Benefit Response —
Gastric Cancer (Fig. 1). Ascites fluid (assessed by the
frequency of abdominal paracentesis, abdominal girth,
and diuretic consumption) and functional impairment
(assessed by ECOG performance status, or PS) com-
prise the measures of this endpoint. Each patient is
classified as positive, stable, or negative for each of the
two measures. With regard to ascites fluid, “positive”

indicates a decrease in the frequency of abdominal
paracentesis, abdominal girth, or diuretic consumption.
If an increase in either of the parameters is observed,
the ascites fluid measure is considered negative. The
functional impairment measure is determined on the
basis of three categories — improvement, no change,
and deterioration — describing the ECOG PS. To
achieve a response in terms of the overall clinical ben-
efit rating, patients must be rated “positive” for at least
one of the two measures (ascites fluid or functional
impairment) without being rated “negative” for the
other. Otherwise, patients are classified as “nonrespon-
sive” for the overall rating.

Assessment schedule

Whether using a self-administered questionnaire or a
composite endpoint, HRQOL should be investigated
in a longitudinal fashion in a clinical trial. This raises
the question of when measurements are undertaken.
Before launching a trial, the timing and frequency of
HRQOL administrations must be determined. These
assessment schedules are not unique to various types of
cancer or anticancer treatments, whereas baseline ad-
ministration, before randomization or the initiation of
treatment, is mandatory in all trials. For example, in a
clinical trial for chemotherapy in advanced-stage can-
cer, measurements are needed at least before, during,
and after treatment. Acute therapy toxicity that occurs
within 1–2 weeks following drug administration signifi-
cantly deteriorates a patient’s HRQOL [29]. Thus, mea-
surements are usually taken just before the next course
of treatment to avoid the temporal influence of acute
toxicity on a patient’s HRQOL and to evaluate the
entire effect of a treatment and its effect on disease
progression [30–32]. Taking into account the substantial
burden on patients that filling in questionnaires entails,
it may be sufficient to administer HRQOL assessments
every two treatment courses.

The next question is the duration that measurements
are taken. Although it is common to conduct HRQOL
assessments until 1 month after the completion of che-
motherapy, one must account for any possible influence
of second-line therapies, such as chemotherapy or ra-
diotherapy, when analyzing the data. If the effects of
cumulative neurotoxicity on a patient’s HRQOL are of
interest (e.g., that of taxanes), HRQOL assessment may
require continuation over at least four courses of treat-
ment. In contrast, HRQOL assessment of patients with
postoperative breast cancer who have relatively good
prognoses should continue much longer. In a clinical
trial of postoperative adjuvant therapy, the follow-up
duration is usually at least a year, so it is practical to
administer HRQOL assessments every 3–6 months
until the completion of treatment.

Ascites fluid

PS

Diuretic 
consumption

Frequency of 
abdominal 

paracentesis
Abdominal 

girth

Non-responder 
Increase in ascites fluid

Stable
No change

Responder 
Decrease in ascites fluid

Non-responder 
deterioration in PS

Stable
no change

Responder 
improvement in PS

Ascites fluidB

A

PS Stable

Stable

Stable

Stable+

+

–

–
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Fig. 1. A Assessment of “Clinical Benefit Response —
Gastric Cancer.” Ascites fluid is assessed by the frequency of
abdominal paracentesis, abdominal girth, and diuretic con-
sumption. Functional impairment is assessed by the ECOG
performance status (PS). B Composite endpoint comprised of
ascites fluid and functional impairment. Patients are consid-
ered responders if they are rated positive for at least one of
the two measures and not rated negative for the other
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Data analysis

As mentioned above, HRQOL assessments are usually
conducted at multiple time points before, during, and
after treatment with the goal of characterizing a
patient’s HRQOL in a longitudinal fashion. Thus, sta-
tistical techniques designed for longitudinal data should
used to analyze HRQOL data. In the following sections,
we summarize examples of such methods (Table 1) and
discuss the issue of missing data, which is a fundamental
difficulty in HRQOL methodology [33–36].

Descriptive statistics

As a first step, it is important to summarize fluctuations
in observed HRQOL data graphically. The appropriate
use of graphics can quickly and clearly summarize
complex data and simultaneously emphasize the high
degree of variability in HRQOL data. Graphical tech-
niques can highlight changes in HRQOL that would be
considered clinically significant and make it apparent to
readers which changes are unimportant even if statisti-
cally significant. For multidomain HRQOL data, it is
useful to show mean HRQOL scores with a 95%
confidence interval (approximately two times the stan-
dard error) at each time point according to treatment
group. It may be suitable to compute changes in the
HRQOL score from the baseline and express the mean
scores in the same way. Binary data, such as the clinical
benefit response (responder/nonresponder), require
tabulation. In addition to summarizing the proportion
of responders, presenting the data of each component
— such as changes in PS and the consumption of anal-
getics or diuretics — may provide a deeper interpreta-
tion of treatment effects. In any case, compliance with
HRQOL assessment at each time point should include
the number of patients who completed the question-
naires or the number of patients from whom the re-
quired data were observed.

Multiple univariate analyses

The most commonly used statistical technique is prob-
ably univariate analysis at each time point using statisti-
cal tests, including Student’s t-test and Wilcoxon rank
sum tests. This approach is easy to implement and a
useful way to explore data, displaying P values for
descriptive purposes. However, if a large number of
comparisons are required, this approach may lead to
difficulty in the interpretation of results and result in
confusion. From a statistical perspective, such multiple
comparisons can also inflate the type I error. Although
one strategy for dealing with multiple testing is to use a
procedure of multiple comparisons (e.g., the Bonferroni
correction), the statistical power to detect differences
between the effects of treatments on HRQOL unavoid-
ably decreases. A more practical strategy may be to
specify a limited number of time points for comparison
during the design stage of the study. This requires a
deeper discussion about which points are clinically ap-
propriate for comparison.

Analysis of longitudinal data

An analytical approach to analyze repeat measures all
at one time and not analyze data at each time point, is
available for HRQOL data. These procedures include
general linear modeling [37–39] and the generalized es-
timation equation (GEE) [39,40]. Although these meth-
ods require greater knowledge of and experience with
statistics, they have several potential advantages, in-
cluding (1) larger statistical power and (2) the ability to
examine the differences between long-term trends in
multiple treatment groups. Readers should refer to text-
books where specific statistical methods are explained
using real examples [38,39]. For continuous variables,
such as the domain scores of a QOL questionnaire, a
linear general model has recently gained popularity
owing to developments in statistical methods and soft-
ware. Analysts must choose what type of correlation
matrix can best handle serial correlations between data

Table 1. Methods of analyses used for longitudinal QOL data

Method Advantages Disadvantages

Multiple univariate analysis Simple implementation Inflation of alpha error due to
t-test; Wilcoxon rank sum test, Useful for exploratory analyses multiple testing
etc. at each time point Difficulty in interpretation

of results
Longitudinal data analysis Greater statistical power compared to More advanced statistical

General linear model multiple univariate analysis skills required
Generalized estimation equation Secular trends can be examined

Summary measures Simple implementation Arbitrary selection of measures
AUC, slope, etc. Easy to interpret results

QOL, quality of life; AUC, area under the curve
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measured repeatedly over multiple time points. Next, a
linear model that includes explanatory variables such as
treatment groups, time points, and their interaction ef-
fects is fitted to the data. If a response variable is longi-
tudinal data but not continuous — for example, clinical
benefit response data with a binary response of 0 or 1 —
the GEE method is commonly used. A serial correla-
tion matrix should also be chosen when using GEE.
When using either method, missing data is a critical
issue, and both methods require assumptions about
missing data to guarantee unbiased comparisons. The
issue of missing data is discussed below.

Summary measures

An alternative approach to multiple univariate analyses
and longitudinal data analysis is the use of summary
measures. Examples include slope over time, the
change from baseline to the last measurement, the
maximum or minimum value, the area under the curve
(AUC), and the time to a peak or to a prespecified
value. The choice of measure depends on the disease
and available treatments. Nevertheless, one may be
able to select a summary measure by considering sev-
eral possible patterns of HRQOL changes over time.
For example, if HRQOL scores change steadily over
time, showing constant improvement or deterioration,
a slope may be the best choice. If the HRQOL of a
patient temporarily improves or deteriorates but then
returns to its original status, AUC or maximum or mini-
mum values may be suitable to examine the effects of
treatments. A third pattern may be that all patients’
HRQOL values improve to complete health, which de-
pends on curing the disease in each patient. In such a
case, the time to a peak or a prespecified value may be
an appropriate endpoint for the clinical trial. Clinicians
may be familiar with all of the above summary mea-
sures, which are easy to interpret. Moreover, summary
measures do not increase the multiplicity problem due
to multiple statistical testing. Even when using these
summary measures, however, missing data can lead to
biased estimates of comparison. For example, when us-
ing an AUC measure, it is obvious that comparisons will
be invalid if the time periods between HRQOL assess-
ments differ among patients owing to missing data or
dropouts.

Missing data

In clinical trials, the data collection schedule is fully
described in detail in the study protocol. Perfect data
collection is not achievable in real trials, however, as
some data are always missing. In the case of CBR as-
sessment, it is necessary to observe data for all compo-
nents of CBR in order to compute the CBR of a patient.

The questionnaire-based HRQOL assessment can be
faced with missing data for many reasons, such as lost
questionnaires or the deteriorating health of patients
[33–36]. In any case, missing data, at minimum, leads to
the following two problems [34]. The first is the loss of
statistical power due to the reduced number of data
points. This problem can be addressed by increasing
the planned sample size for the trial. The second is a
nonresponse bias that potentially occurs due to system-
atic differences between the observed and unobserved
data. Particularly in studies of patients with advanced-
stage disease, the amount of missing HRQOL data
increases over the course of treatment owing to deterio-
ration of patients’ health and sometimes patient death
[41–47].

To understand missing data issues, it is helpful to
make important distinctions between missing data pro-
cesses [35,45,48]. A missing data process is said to be
missing completely at random (MCAR) if data are miss-
ing for reasons unrelated to the study treatments or
patients’ illnesses (e.g., avoidable causes such as
administrative or logistical issues). In such a case, all the
statistical methods described above provide unbiased
comparisons. The “missingness” is considered to be
missing at random (MAR) if, conditional on the ob-
served data, the missingness is independent of the unob-
served measurements. In this case, a general linear
model can be used for data analysis. If data are missing
for a reason that would affect the unobserved (and po-
tentially observable) data values, such as deteriorating
health, they are missing not at random (MNAR). If the
missing data are MNAR, analyzing only the observed
data would generate serious bias. Thus, specific statisti-
cal approaches are required to overcome the problems
of MNAR, and numerous statistical approaches have
been proposed [42,44,45,49,50].

Data imputation is an attractive approach for the
analysis of incomplete data due to its flexibility in
handling the incomplete-data problem [30,34,47,49].
Although simple imputation methods that substitute a
single reasonable value, such as the mean score of the
observed data, for a missing measurement have been
traditionally used, they have a major weakness: under-
estimation of the variance. Rubin’s multiple imputation
[31,34] solves this problem while retaining many of the
advantages of single imputation [32,34,51–53]. This
approach combines m (>1) completed data sets that
are generated by imputing unobserved data m times
through an imputation model to “properly” take into
account the uncertainty inherent to the imputed values
[31,51]. The imputation model, which incorporates rel-
evant variables that not only predict dropout but also
correlate with outcomes (i.e., HRQOL), is an effective
way to achieve approximate comparability between re-
spondents and nonrespondents for unobserved missing
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HRQOL data that are MNAR [54]. Simes et al. [47]
and Morita et al. [30] proposed incorporating auxiliary
HRQOL information — such as physician-assessed
health status — for exactly that purpose.

As an alternative, pattern mixture models have been
previously employed to address the problem of MNAR
by partitioning patients into several strata (patterns)
based on measures of deteriorating health, such as dis-
ease progression and duration of survival [49,54]. Esti-
mates to compare treatment groups are obtained by
calculating weighted averages of the estimates obtained
within each of the subgroups. Weighting is assigned
according to the proportion of patients divided into
each subgroup.

As mentioned above, missing data is a common prob-
lem in QOL studies that leads to analytical problems.
The best strategy for minimizing the problem of missing
data is to prevent it [43,45,47]. The best efforts (better
staff training and more support of clinical research coor-
dinators) should be made to improve data collection by
reducing uncollected questionnaires due to administra-
tive errors. In addition, data collection can be improved
by organizing a QOL data center and taking measures
to motivate patients to fill in questionnaires. However,
missing data, especially data loss associated with dete-
riorating health of patients, is unavoidable in the con-
text of advanced stage disease.

Given the numerous potential methods of analysis,
how do we choose between strategies? No gold stan-
dard has been established, and it is difficult in practice
to choose the “best” approach. We recommend carrying
out a sensitivity-type analysis to examine the effects of
each analytical method; in other words, investigate the
robustness of the conclusions obtained from each alter-
native analysis [44].

Example of HRQOL assessment in a clinical trial

A reference example for this section is that of Bouche
et al. [55] published in 2004. They assessed HRQOL
in patients with previously untreated metastatic gastric
cancer in a randomized phase II clinical trial. Three
chemotherapeutic treatments were compared: leucov-
orin (LV) 200mg/m2 (2-h infusion) followed by fluorou-
racil (FU) 400 mg/m2 (bolus) and FU 600mg/m2

(22-hour continuous infusion) on days 1 and 2 every 14
days (LV5FU2; arm A); LV5FU2 plus cisplatin 50mg/
m2 (1-h infusion) on day 1 or 2 (arm B); and LV5FU2
plus irinotecan 180 mg/m2 (2-h infusion) on day 1 (arm
C). Treatment was continued for at least four courses
or until disease progression, unacceptable toxicity, or
patient refusal. HRQOL was assessed as a secondary
endpoint. The primary endpoint was the overall re-
sponse rate, and the other secondary endpoints were

progression-free survival, overall survival, safety, and
the duration of hospitalization.

HRQOL assessment was carried out using the
EORTC QLQ-C30 before randomization and every 2
months thereafter. The observed data were analyzed in
the following manner. Summary statistics, including
the mean, standard deviation, median, and range, were
computed for each subscale of the QLQ-C30 at baseline
and at each 2-month time point. The longitudinal
change in scores was graphically presented along with
the missing data information. In addition, the longitudi-
nal changes during the first three follow-up assessments
were compared among the treatment groups using a
general linear model analysis.

A total of 134 patients were enrolled in the study
between January 1999 and October 2001. Arms A, B,
and C included 45, 44, and 45 patients, respectively, of
whom 37, 33, and 38 patients completed the question-
naires at baseline. HRQOL data at the third evaluation
were observed in 22 (41%), 21 (38%), and 29 (48%)
patients in arms A, B, and C, respectively. Thereafter,
the number of patients who completed the question-
naire at follow-up was fewer than 10 in each arm of the
study.

Longitudinal analysis revealed higher HRQOL
scores in arm C than in arms A and B for all functional
subscales and nearly all symptom scales, but the differ-
ences were not statistically significant. The secular trend
in global QOL was roughly equivalent among arms and
increased from the baseline over time.

Although the participation of patients in HRQOL
assessments was low in all arms, no specific statistical
method was employed to deal with the missing data
issues. The authors did discuss the missing data issue
and noted the following related limitations of the study.
The reduction in the availability of HRQOL data, espe-
cially after the third follow-up, could have biased the
analyses of the longitudinal HRQOL. Because patients
with shorter survival times or progression (or both) had
poor compliance with completing the HRQOL assess-
ments and probably poor HRQOL, the mean scores
may be overestimated, especially at the later follow-ups.

Conclusion

This article has discussed the design and analytical
methods for HRQOL assessment during cancer clinical
trials. Although several disease-specific modules
require development, the instruments for generic
HRQOL assessments are roughly satisfactory. There
are at least two issues, however, that have not yet been
fully resolved. The first is the statistical issue of how to
handle missing HRQOL, a problem that occurs because
of, for example, deterioration of patient health or pro-
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gression of the disease. The second issue is the clinical
issue regarding how to interpret HRQOL data gener-
ated during clinical trials and how to utilize HRQOL
evaluations when making decisions about individual
patient care [56]. When these issues are solved,
HRQOL will be widely accepted as a truly useful end-
point for clinical trials. The future challenge is to incor-
porate QOL measures into decisions regarding patient
care in the clinic.
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