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Abstract

Background: Health-Related Quality of Life (HRQoL) is an important endpoint in oncology clinical trials aiming to
investigate the clinical benefit of new therapeutic strategies for the patient. However, the longitudinal analysis of
HRQoL remains complex and unstandardized. There is clearly a need to propose accessible statistical methods and
meaningful results for clinicians. The objective of this study was to compare three strategies for longitudinal
analyses of HRQoL data in oncology clinical trials through a simulation study.

Methods: The methods proposed were: the score and mixed model (SM); a survival analysis approach based on
the time to HRQoL score deterioration (TTD); and the longitudinal partial credit model (LPCM). Simulations
compared the methods in terms of type I error and statistical power of the test of an interaction effect between
treatment arm and time. Several simulation scenarios were explored based on the EORTC HRQoL questionnaires
and varying the number of patients (100, 200 or 300), items (1, 2 or 4) and response categories per item (4 or 7).
Five or 10 measurement times were considered, with correlations ranging from low to high between each
measure. The impact of informative missing data on these methods was also studied to reflect the reality of most
clinical trials.

Results: With complete data, the type I error rate was close to the expected value (5%) for all methods, while the
SM method was the most powerful method, followed by LPCM. The power of TTD is low for single-item dimensions,
because only four possible values exist for the score. When the number of items increases, the power of the SM
approach remained stable, those of the TTD method increases while the power of LPCM remained stable. With
10 measurement times, the LPCM was less efficient. With informative missing data, the statistical power of SM
and TTD tended to decrease, while that of LPCM tended to increase.

Conclusions: To conclude, the SM model was the most powerful model, irrespective of the scenario considered,
and the presence or not of missing data. The TTD method should be avoided for single-item dimensions of the
EORTC questionnaire. While the LPCM model was more adapted to this kind of data, it was less efficient than the
SM model. These results warrant validation through comparisons on real data.
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Background
Health-Related Quality of Life (HRQoL) is an important
endpoint in oncology clinical trials aiming to investigate
the clinical benefit of new therapeutic strategies for the
patient and health care system [1]. However, the longitu-
dinal analysis of HRQoL remains complex and unstan-
dardized. To date, no recommendations have been made
on how to analyze longitudinal HRQoL data in oncology,
which is a key issue to facilitate comparison of results
between trials. Moreover, there is a clear need to propose
accessible statistical methods and meaningful results for
clinicians.
HRQoL is a subjective endpoint that is not directly ob-

servable, and it is therefore considered as a latent trait.
Patients’ HRQoL level is generally estimated by adminis-
tering validated questionnaires given to the patients at
different time points for a longitudinal approach.
In oncology clinical trials, one of the most widely used

questionnaires is the European Organization for Research
and Treatment of Cancer (EORTC) Quality of Life
Questionnaire (QLQ-C30), which is a validated, self-
administered questionnaire specific to cancer [2]. The
QLQ-C30 is a multidimensional questionnaire that
makes it possible to evaluate several HRQoL domains
(functional and symptomatic) specific to cancer. Each di-
mension is evaluated through one or more polytomous
items. A score is estimated for each dimension according
to specific scoring guidelines [3]. HRQoL questionnaires
are administered to the patients several times, depending
on the therapeutic setting: generally, at baseline (before
randomization), during treatment (e.g. at each chemother-
apy cycle), at the end of the study and/or repeatedly dur-
ing the follow-up until tumor progression or death. The
objective is to analyze the course of the patient HRQoL
over time. Given this longitudinal assessment, data are
often missing, particularly in the advanced or metastatic
settings [4].
Three types of missing data exist according to Little and

Rubin’s classification [5]. If the missing data are not
dependent on either past or present observed variables
(such as HRQoL level), then they are considered as miss-
ing completely at random (MCAR). For example, a patient
can forget to complete an item or a questionnaire at one
measurement time. Missing data are missing at random
(MAR) if they are not dependent on the present HRQoL
level, but can be explained by a previously observed vari-
able (previously observed HRQoL level or other clinical or
socio-demographic characteristic of the patient). For ex-
ample, the age of a patient may explain their reluctance to
answer a particular question. Finally, missing data are
missing not at random (MNAR) if they are dependent on
the present, unobserved HRQoL level. For example, if the
patient did not complete a questionnaire due to his/her al-
tered health status, it can reflect a deterioration of his/her
HRQoL level. MCAR and MAR missing data are non-
informative and thus may not induce a bias in the analysis.
In contrast, the MNAR profile corresponds to informative
data and can bias the results if it is not adequately taken
into account in the longitudinal analysis method. In oncol-
ogy clinical trials and especially in advanced cancers, miss-
ing data are most often MNAR [6].
Missing data can be intermittent or monotone. Inter-

mittent missing items correspond to patients who fail
to complete one or more items in a given questionnaire
[7]. Entire forms may also be missing if the patient cannot
fill out the HRQoL questionnaire at a given measurement
time (intermittent missing form) [8]. In both these cases,
the patient will complete another questionnaire and re-
mains present in the study, since other HRQoL data are
available for that patient after the occurrence of this
intermittent missing data. Conversely, when a patient
drops out of the study prematurely, generally due to a
deterioration of health state or death, this corresponds
to monotone missing data [9]. In this case, no further
data are available after the patient drops out. The risk of
this situation is that only patients with the highest
HRQoL level be will analyzed. The impact of missing
data in longitudinal analysis has often been explored in
previous studies [10].
The longitudinal analysis of HRQoL data is generally

performed according to the Classical Test Theory (CTT).
In the CTT, the score constructed from the item answers
is considered as a good representation of the “true”
HRQoL level. Therefore, longitudinal analysis is based on
this score, considering that it is a semi-quantitative meas-
ure, even if only one item is used to construct the score.
Item Response Theory (IRT) is another approach, in
which items play a key role [11]. IRT models link the item
responses to the latent trait by a probabilistic model, gen-
erally with a logistic link. An important class of IRT
models is the Rasch-family models [12].
Some previous simulation studies have compared CTT

and IRT approaches for the longitudinal analyses of
patient-reported outcomes such as HRQoL [13-16].
These studies highlighted the similar performance of
both approaches in the context of complete data [13]
and in the presence of monotone missing data [14]. In
the presence of informative intermittent missing data,
the Rasch-family models seem to be more efficient than
CTT and, in particular, provide high statistical power
[15]. However, all these studies were performed on di-
chotomous items and restricted to three measurement
times. Dichotomous items are rarely used in HRQoL
questionnaires. The EORTC HRQoL questionnaires,
like most other HRQoL questionnaires, are built on a
Likert scale with polytomous items. Moreover, in oncol-
ogy clinical trials, more than three measurement times
are generally planned. Therefore, there exists a pressing
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need to compare these two approaches in the context of
polytomous items with more than three measurement
times. These previous simulation studies also focused
on the effects of time or treatment arm [13-16]. In ran-
domized clinical trials, HRQoL level is supposed to be
equal in both treatment arms at baseline. To detect a dif-
ferent effect, we investigate whether there is a significant
difference between arms in HRQoL over time, using an
interaction parameter between treatment arm and time.
While the interaction between time and treatment has
often been explored on real data in oncology clinical trials
[17], it has never been investigated in longitudinal HRQoL
simulations, to the best of our knowledge.
In previous studies, the CTT-based approach evaluated

was the score and mixed model (SM). This method is the
most widely used for longitudinal analyses. However, in
oncology clinical trials, a time to event approach, i.e. the
so-called time to HRQoL score deterioration (TTD) has
come to be used extensively [18-21]. This method has the
advantage of producing meaningful results for clinicians
as compared to IRT models, and more generally, mixed
models. No study to date has compared TTD to SM and
IRT models.
In this context, the objective of this study was to com-

pare, through a simulation study, three statistical methods
for analyzing longitudinal HRQoL data in oncology clin-
ical trials, namely:

– two CTT-based approaches, namely the SM model
and the TTD approach;

– and a longitudinal IRT model for polytomous items
called the Longitudinal Partial Credit Model
(LPCM).

Simulations compared the methods in terms of type I
error rate and statistical power of the test for an inter-
action effect between treatment arm and time. To reflect
the reality of most clinical trials, the impact of inform-
ative missing data on these methods was also studied,
with the implementation of both intermittent and mono-
tone missing data, depending on the patients’ HRQoL
level (MNAR profile).
Methods
Longitudinal analysis models for health-related quality
of life
Score and mixed model
In CTT, the observed score is considered to be closed
to the real HRQoL level, i.e. the relationship between
the observed score and the “true” score is linear.
The SM model, based on the CTT approach, involves

applying a linear mixed model to the observed HRQoL
scores computed at each measurement time.
We considered a model with two fixed effects: an inter-
action effect between the treatment arm and time (difference
in HRQoL changes between both treatments); and a time
effect (course of HRQoL over time). Moreover, we added
a random effect on patient (individual deviance from
average intercept) and time (individual deviance from
average time effect) with an unstructured covariance
matrix. The formula of the model considered is given in
Additional file 1. Random effects models give unbiased re-
sults in case of MAR. For MNAR, pattern mixture models
can be used [22].
Parameters were estimated using the Maximum Likeli-

hood method, which is based on the Newton–Raphson al-
gorithm. The model was implemented using SAS software
version 9.3 (SAS Institute Inc., Cary, NC, USA) with
PROC MIXED.

Time to health-related quality of life score deterioration
The TTD approach is also based on the observed score
and relies on the definition of the minimal clinically
important difference (MCID) in order to be effective
from a clinical point of view. Several definitions of
TTD have been proposed according to the therapeutic
situation and cancer site. Events can be defined accord-
ing to the chosen reference score, MCID, missing
scores, including all-cause death or not. Given the multi-
plicity of possible definitions of TTD, a standardization
of the longitudinal analysis of HRQoL data in oncology
according to the TTD approach has been proposed
[23]. Accordingly, four main definitions have been
retained in the present paper, in conformity with these
recommendations.
The most intuitive definition of the TTD is the time

from inclusion-randomization in the study to a first de-
terioration of at least one MCID unit as compared to
baseline score [24]. Patients with no deterioration before
their drop-out are censored at the time of the last HRQoL
assessment.
The observed deterioration can be definitive or not. In

the palliative setting, it is more relevant to study the
time until definitive HRQoL score deterioration (TUDD).
TUDD reflects the deterioration of the patient’s health
status (which is stable over time) and represents an ab-
sorbing state. TUDD has been defined as the time from
inclusion-randomization in the study to a first deterior-
ation of at least one MCID unit as compared to the
baseline score, with no further improvement of more
than one MCID unit as compared to baseline, or if the
patient drops out after deterioration, resulting in miss-
ing data [18].
In the published definitions, the reference score is

the baseline score. However, other scores can be chosen
as a reference, such as the best previous score. Indeed, the
baseline score is not necessarily the reference score for the
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patient in the case of a change in the patient’s internal
standard, illustrating one component of a response shift
effect [23,25,26]. Therefore, both options were retained in
order to study their impact on this approach.
Regarding the EORTC HRQoL questionnaires, a 5-point

deterioration in HRQoL scores is generally considered as
the MCID [27]. The MCID was thus fixed at 5 points.
Table 1 summarizes the four definitions of TTD/TUDD

retained in our study.
Furthermore, a high score corresponds to a high level

of functioning on a functional scale, but corresponds to
strong presence of symptoms for a symptomatic scale.
Therefore, “deterioration” was defined as a decrease on
the functional scale or global health status dimension,
and as an increase on the symptomatic scale.
In the basic TTD/TUDD approach, intermittent missing

data were ignored, and we considered that the patient’s
HRQoL level remained unchanged since the last available
HRQoL assessment.
The TTD and TUDD estimations were calculated using

the Kaplan-Meier method [28].
These definitions of TTD and TUDD were implemented

using SAS software.
Longitudinal mixed partial credit model
An important family of IRT models is the Rasch-family
models. Despite the interesting properties of these models,
such as specific objectivity, they are still rarely applied for
the longitudinal analysis of HRQoL data. To date, few in-
vestigations are ongoing using this technique in clinical
oncology [29,30].
The Partial Credit Model (PCM) is a Rasch-family

model adapted to polytomous items [31]. The PCM
models the probability that one individual n will choose
the response category k among the mj possible responses
for the item j (i.e. generalized linear mixed model with a
multinomial logit link function) given the latent trait θn
Table 1 Summary of the definitions of time to quality of
life score deterioration approach retained for the
simulation study

MCID 5-point Reference score Deterioration

TTD≥ 5-points Baseline Not definitive

TUDD≥ 5-points with no further
improvement 5 points as compared
to reference score

Baseline Definitive

TTD≥ 5-points Best previous score Not definitive

TUDD≥ 5-points with no further
improvement 5 points as compared
to reference score and

Best previous score Definitive

MCID: Minimal Clinically Important Difference.
TTD: Time To Deterioration.
TUDD: Time Until Definitive Deterioration.
and the category difficulty parameters δj;1;…; δj;mj for the
item j (see Additional file 1 for the formula).
As with all Rasch-family models, the PCM relies on

three fundamental assumptions, namely unidimensionality
of the latent trait, monotonicity and local independence of
the items conditionally to the latent trait.
In this study, a longitudinal extension of the PCM to

mixed-effect regression models was used and called the
Longitudinal PCM (LPCM).
Regarding this model, we considered a model with

two fixed effects; namely an interaction between treat-
ment and time; and a time effect. Moreover, we added
a random effect on patient and time with an unstruc-
tured covariance matrix (see Additional file 1 for the
formula).
This model was implemented using SAS software, using

PROC NLMIXED.
Simulation algorithm
Complete data
The complete datasets were simulated in two steps.
The first step corresponded to the simulation of the la-

tent trait θn (θ1, θ2, θ3, θ4, θ5)′ for 5 measurement times,
for example, and for n = 1,…, N patients. This simulation
was performed for each treatment arm (0/1) with N/2 pa-
tients per arm. The latent trait followed a multivariate
normal distribution N5 (μ

0, Σ) with mean μ0 = (μ1, μ2, μ3,
μ4, μ5)′ for the control arm (0) and first-order autoregres-

sive covariance matrix
X

¼ σ2

1 ρ ρ2 ρ3 ρ4

ρ 1 ρ ρ2 ρ3

ρ2 ρ 1 ρ ρ2

ρ3 ρ2 ρ 1 ρ
ρ4 ρ3 ρ2 ρ 1

0
BBBB@

1
CCCCA
.

In the first-order autoregressive matrix, the correlation be-
tween HRQoL measures was assumed to decrease over
time [13-15]. We fixed σ2 = 1. For the experimental arm (1),
the latent trait was assumed to follow a multivariate normal
distribution N5 (μ

1, Σ) with mean μ1 = μ0 +Δ and with the
same covariance matrix. Δ represented the treatment arm
effect. In case of no treatment arm effect, Δ =0, otherwise
Δ ≠ 0.
The second step of the complete dataset simulation

corresponded to the determination of the item an-
swers. The patients’ responses to the items were ob-
tained with a LPCM in order to respect the three
assumptions of the Rasch-family models [32]. Category
difficulty parameters were fixed to estimated standard
normal-distribution quantiles and were similar for all
items.
Several simulations scenarios were explored based on

the EORTC HRQoL questionnaires [2] and with varia-
tions in the number of patients (100, 200 or 300), items
(1, 2 or 4) and response categories per item (4 or 7).
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The value of the category difficulty parameters were as
follows:

– δ1 = −0.7; δ2 = 0 and δ3 = 0.7 for items with 4
response categories,

– δ1 = −1; δ2 = −0.6; δ3 = −0.2; δ4 = 0.2; δ5 = 0.6 and δ6
= 1 for items with 7 response categories.

The simulations were performed with 4 or 7 response
categories per item in order to reflect the construction
of the EORTC HRQoL questionnaires [2]. Simulations
with 7 response categories per item were only performed
with 2 items to illustrate the Global Health Status di-
mension of the QLQ-C30 questionnaire and only with
200 patients.
At each measurement time, a score was then computed

for each patient according to the recommendations of the
EORTC HRQoL questionnaires for a symptomatic scale
or Global Health Status scale [3]. The score Yn of the n-th
patient for a dimension composed of I items is then equal

to 1
I

X
i
Xi

� �
−1

� �
� 100

r , with r as the difference between

the highest and the lowest possible response to the items.
Five or 10 measurement times were considered with a

weak (0.4), moderate (0.7) or strong (0.9) correlation be-
tween each measure. Each scenario was simulated with a
time effect equal to:

– μ0 = (-0.4 -0.2 0 0.2 0.4) for 5 measurement times, and
– μ0 = (-0.4 -0.3 -0.2 -0.1 0 0.1 0.2 0.3 0.4 0.5) for 10

measurement times.

As the mean of the latent trait increased over time,
we considered that the score observed corresponded
to a symptomatic scale. In this way, in the TTD ap-
proach, the deterioration was observed when the score
increased.
Each scenario was performed with a treatment arm effect

(Δ ≠ 0) or not (Δ =0). Different treatment arm effects were
tested and we retained the following effects:

– Δ1 = 0 for the first measurement time t = 1,
– Δt = 0.4, ∀ t > 1.

Generation of missing data
Simulations were then repeated with missing data gener-
ated from the complete datasets.
Only simulation of an MNAR profile was performed,

i.e. whereby patients with lower HRQoL levels were
more likely to present missing data [33]. The complete
algorithm for generating missing data is presented in
Additional file 2. In order to reflect the reality of most
clinical trials, both intermittent and monotone missing
data were simulated.
For datasets with 5 measurement times:

– intermittent missing data were simulated on the
second and third times

– and monotone missing data on the fourth and fifth
times.

For datasets with 10 measurement times:

– intermittent missing data were simulated from the
second to the sixth measure

– and monotone missing data from the seventh to the
tenth measure.

In both cases, no missing data were generated at baseline.
Two types of intermittent missing data were considered:

intermittent missing forms and intermittent missing
items. Regarding intermittent missing forms, simula-
tion of missing data was performed at each measure-
ment time: if patient i presents missing data at time t,
then all items of the dimension are missing for that pa-
tient at time t. For CTT-based methods (SM and TTD),
simple imputation of missing items was performed by
using the mean of the answered items, provided at least
half of the items were answered by the patient, in ac-
cordance with the recommendation of the EORTC
HRQoL questionnaires (personal mean score) to esti-
mate the score.
Analyses were first conducted with both intermittent

missing forms and drop-out, and then with intermittent
missing items and drop-out. Analyses were conducted
with a proportion π(t) of missing data at each measure-
ment time t equal to 10%, 20% or 30%.
Criteria for comparing the statistical methods
The type I error rate was estimated under the null hypoth-
esis H0 of the absence of a treatment arm effect (Δ =0). It
was calculated as the proportion of rejection of H0 under
the null hypothesis.
The statistical power of the test of an interaction effect

between treatment arm and time was estimated under
the alternative hypothesis H1 of the presence of a treat-
ment arm effect (Δ1 = 0; Δt = 0.4, ∀ t > 1). It was calculated
as the proportion of rejection of H0 under the alternative
hypothesis H1. The Wald and log-rank tests were used re-
spectively for mixed models and survival analyses based
on the TTD to test the rejection of the null hypothesis.
Each scenario was simulated 500 times in order to have
accurate estimations of the type I error rate and statistical
power.
In order to clarify all the scenarios investigated, the pa-

rameters and their corresponding values are summarized
in Table 2.



Table 2 Summary of the parameters used in the
simulation study and the corresponding values

Parameters Values

Number of time points 5 or 10

Time effect Linear: μ0 =−0.4 and μend=−0.4

Arm effect Δ = 0 for T≥ T0 or Δ = 0 at T0;
Δ = 0.4 for T > T0

Correlation between HRQoL
measures

0.4; 0.7; 0.9

Number of Patients 100; 200; 300

Items 1; 2; 4

Response Categories per item 4; 7 (only for 2 items, 200 patients)

Percentage of missing data
at each follow-up

0; 10%; 20%; 30%
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Results
Complete data
With complete data, the type I error rate was close to
the expected value (5%) for all methods (Table 3). The
SM method was the most powerful method, irrespective
of the parameter values in each scenario (Table 4). The
statistical power of the TTD/TUDD approach was low,
especially for single-item dimensions. The statistical
power of the LPCM was intermediate, falling between
that of the SM and that of the TTD/TUDD approach.
For example, with N = 300 patients, I = 1 item, ρ = 0.4
and 5 measures, the power of the SM method, TTD vs
baseline (“TTD baseline”) and LPCM was around 93%,
22% and 92% respectively. When the number of items
increased, the statistical power of the SM approach
remained stable, those of TTD/TUDD approach in-
creased while the power of the LPCM remained stable.
For 10 measurement times, the LPCM method was less
powerful than for 5 measurement times. For example,
when N = 300 patients, I = 4 items, ρ = 0.7 and with 5
measurement times, the power of the LPCM method
was around 79%, while that of the SM method was
around 96%. With 10 measurement times and the same
value for all other parameters, the power of the LPCM
method decreased to 52% while that of the SM method
was around 99%. The power of the SM method and the
TTD/TUDD approaches increased for items with 7 re-
sponse categories as compared to those with 4 response
categories, while the power of LPCM decreased slightly.
When the correlation between measures increased, the
power of the SM method tended to decrease overall,
while that of the TTD/TUDD approach tended to in-
crease (although the power values remained low) and
the power of LPCM tended to decrease.

Incomplete data
With intermittent missing forms and drop-out, the type
I error rate was close to the expected value (5%) for all
methods, whatever the proportion of missing data (Table 5
and Table A1 in Additional file 3). The statistical power of
the test for an interaction between treatment arm and
time (Table 6 and Table A2 in Additional file 3) decreased
for the SM method and TTD/TUDD approaches, except
for TUDD as compared to the best previous score
(“TUDD best”). With 30% missing data as compared to
complete case data, 5 measurement times, N = 200 pa-
tients, I = 4 items, ρ = 0.7, statistical power decreased from
81% to 76% for SM method, from 55% to 40% for “TTD
baseline”, from 39.4% to 28.4% for “TTD best” and from
46% to 39% for “TUDD baseline”.
Regarding TUDD, as compared to the best previous

score (“TUDD best”), statistical power generally increased.
With 30% missing data as compared to complete case
data, with 5 measurement times, N = 300 patients, I = 4
items, ρ = 0.7, the statistical power increased from 30% to
36% for TUDD as compared to the best previous score.
Regarding the LPCM method, the statistical power de-

creased or remained stable with 5 measurement times,
whereas it generally increased for 10 measurement times.
With 10 measurement times, N = 300 patients, I = 4 items,
ρ = 0.9, the statistical power of LPCM method increased
from 53% with complete data to 77% with 30% missing
data.
With intermittent missing items and drop-out, results

were close to those with intermittent missing forms and
drop out. The type I error rate still remained stable and
close to the expected value (5%) for all methods, what-
ever the proportion of missing data generated (see Table
A3 in Additional file 3). The statistical power of the test
of interaction between treatment arm and time (see
Table A4 in Additional file 3) slightly decreased for the
SM method and TTD/TUDD approaches, except for
TUDD as compared to the best previous score (“TUDD
best”), and regardless of the number of measurement
times, items, response categories per item ore correla-
tions between HRQoL measures. This trend was gener-
ally more pronounced than for intermittent missing
forms and drop out. With 30% missing data, 5 measure-
ment times, N = 200 patients, I = 4 items, ρ = 0.7, the
statistical power decreased from 81% to 72% for the SM
method, from 55% to 28% for “TTD baseline”, from 39%
to 20% for “TTD best” and from 46% to 28% for “TUDD
baseline”.
The statistical power of the LPCM method increased

with intermittent missing data. This trend was generally
more pronounced than for intermittent missing forms
and drop out. With 10 measurement times, N = 300 pa-
tients, I = 4 items, ρ = 0.9, the statistical power of the
LPCM method increased from 53% with complete data
to 78% with 30% missing data.
Figure 1 shows the statistical power for all methods

with complete data, intermittent missing forms and drop



Table 3 Type I error rate of the test of interaction between treatment arm and time, for simulations with complete
data

N I J ρ 5 measures 10 measures

SM TTD
baseline

TTD
best

TUDD
baseline

TUDD
best

LPCM SM TTD
baseline

TTD
best

TUDD
baseline

TUDD
best

LPCM

100 1 4 0.4 0.056 0.076 0.062 0.062 0.068 0.068 0.042 0.058 0.046 0.070 0.060 0.100

0.7 0.048 0.028 0.058 0.052 0.060 0.048 0.032 0.050 0.066 0.042 0.040 0.044

0.9 0.062 0.032 0.040 0.056 0.048 0.064 0.044 0.066 0.054 0.056 0.076 0.046

2 4 0.4 0.062 0.058 0.048 0.056 0.064 0.056 0.054 0.046 0.042 0.046 0.060 0.050

0.7 0.048 0.064 0.064 0.056 0.062 0.048 0.048 0.058 0.048 0.052 0.064 0.044

0.9 0.054 0.054 0.054 0.050 0.044 0.066 0.040 0.066 0.058 0.056 0.056 0.036

4 4 0.4 0.080 0.062 0.070 0.064 0.072 0.070 0.052 0.048 0.060 0.070 0.064 0.046

0.7 0.078 0.040 0.048 0.052 0.068 0.072 0.048 0.060 0.060 0.050 0.064 0.052

0.9 0.078 0.046 0.046 0.056 0.060 0.070 0.042 0.048 0.056 0.068 0.048 0.046

200 1 4 0.4 0.038 0.050 0.046 0.046 0.040 0.054 0.068 0.052 0.048 0.072 0.050 0.138

0.7 0.056 0.064 0.042 0.054 0.062 0.054 0.054 0.052 0.064 0.054 0.054 0.058

0.9 0.040 0.034 0.052 0.058 0.048 0.034 0.034 0.038 0.036 0.042 0.042 0.046

2 4 0.4 0.046 0.060 0.048 0.046 0.042 0.046 0.044 0.064 0.064 0.068 0.054 0.048

0.7 0.054 0.072 0.072 0.074 0.060 0.054 0.032 0.054 0.050 0.048 0.044 0.046

0.9 0.068 0.054 0.060 0.046 0.046 0.066 0.040 0.044 0.058 0.058 0.044 0.042

7 0.4 0.040 0.036 0.046 0.034 0.046 0.040 0.050 0.056 0.040 0.062 0.054 0.054

0.7 0.044 0.046 0.050 0.056 0.056 0.040 0.038 0.066 0.058 0.056 0.054 0.042

0.9 0.062 0.046 0.052 0.054 0.042 0.056 0.042 0.058 0.040 0.060 0.054 0.040

4 4 0.4 0.042 0.056 0.050 0.052 0.060 0.036 0.048 0.032 0.056 0.052 0.046 0.042

0.7 0.044 0.050 0.060 0.052 0.052 0.052 0.038 0.052 0.058 0.058 0.066 0.056

0.9 0.054 0.042 0.050 0.052 0.042 0.050 0.030 0.054 0.048 0.064 0.054 0.042

300 1 4 0.4 0.046 0.054 0.064 0.052 0.072 0.058 0.050 0.052 0.046 0.050 0.058 0.108

0.7 0.076 0.058 0.066 0.068 0.066 0.074 0.034 0.042 0.044 0.054 0.054 0.046

0.9 0.038 0.050 0.040 0.050 0.052 0.034 0.034 0.058 0.072 0.074 0.076 0.036

2 4 0.4 0.046 0.072 0.058 0.082 0.058 0.054 0.034 0.056 0.054 0.072 0.054 0.062

0.7 0.044 0.058 0.046 0.044 0.052 0.046 0.040 0.054 0.050 0.052 0.058 0.038

0.9 0.052 0.060 0.064 0.050 0.046 0.054 0.050 0.064 0.062 0.038 0.050 0.044

4 4 0.4 0.040 0.062 0.068 0.042 0.044 0.064 0.038 0.042 0.060 0.048 0.062 0.040

0.7 0.050 0.054 0.062 0.054 0.050 0.060 0.044 0.050 0.060 0.048 0.056 0.048

0.9 0.044 0.066 0.062 0.044 0.052 0.038 0.036 0.044 0.048 0.028 0.044 0.048

The methods compared are the Score and Mixed Model (SM), Longitudinal Partial Credit Model (LPCM), Time to HRQoL score deterioration as compared to the
baseline score (TTD baseline) or the best previous score (TTD best) and time until definitive deterioration of the HRQoL score as compared to the baseline score
(TUDD baseline) or the best previous score (TUDD best) for different values of sample size (N), items (I), response category per item (J) and correlations between
HRQoL measures (ρ).
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out, and intermittent missing items and drop-out, for N
=200 patients, moderate correlation (ρ = 0.7) and 20%
missing data. The statistical power of the SM method and
TTD/TUDD approach remained stable or decreased for
incomplete data as compared to complete data, for I = 2
or 4 items, whatever the number of measurement times,
and particularly with intermittent missing item and drop-
out. For the same parameter values, the statistical power
of the LPCM method increased for incomplete data as
compared to complete data. For I = 1 item and 5 measure-
ment times, the statistical power of all methods remained
stable. For 10 measurement times, the statistical power
decreased in the presence of intermittent missing data for
the SM approach, whereas it increased for the TTD/
TUDD and LPCM approaches. Finally, this figure con-
firms that the SM method is the most powerful method,
regardless of the scenario considered and the presence or
not of missing data.



Table 4 Power of the test of interaction between treatment arm and time, for simulations with complete data

N I J ρ 5 measurement times 10 measurement times

SM TTD
baseline

TTD
best

TUDD
baseline

TUDD
best

LPCM SM TTD
baseline

TTD
best

TUDD
baseline

TUDD
best

LPCM

100 1 4 0.4 0.518 0.118 0.102 0.130 0.100 0.472 0.784 0.134 0.132 0.120 0.058 0.654

0.7 0.418 0.148 0.104 0.156 0.126 0.388 0.578 0.114 0.110 0.118 0.082 0.484

0.9 0.404 0.148 0.124 0.174 0.142 0.380 0.414 0.124 0.126 0.130 0.084 0.352

2 4 0.4 0.590 0.182 0.146 0.218 0.138 0.528 0.874 0.172 0.158 0.192 0.080 0.726

0.7 0.488 0.214 0.162 0.208 0.162 0.432 0.628 0.188 0.180 0.192 0.096 0.354

0.9 0.414 0.226 0.150 0.216 0.134 0.394 0.466 0.206 0.164 0.210 0.096 0.290

4 4 0.4 0.680 0.260 0.168 0.204 0.128 0.412 0.916 0.236 0.190 0.246 0.090 0.396

0.7 0.550 0.290 0.214 0.246 0.148 0.394 0.664 0.282 0.228 0.258 0.116 0.214

0.9 0.496 0.394 0.290 0.364 0.210 0.428 0.428 0.400 0.284 0.314 0.150 0.228

200 1 4 0.4 0.812 0.212 0.162 0.240 0.142 0.778 0.970 0.140 0.168 0.182 0.060 0.858

0.7 0.644 0.208 0.168 0.204 0.148 0.622 0.872 0.170 0.184 0.216 0.066 0.798

0.9 0.644 0.234 0.176 0.256 0.160 0.612 0.670 0.194 0.152 0.204 0.082 0.572

2 4 0.4 0.894 0.296 0.232 0.304 0.148 0.830 0.992 0.272 0.246 0.328 0.116 0.952

0.7 0.760 0.350 0.262 0.344 0.214 0.678 0.934 0.326 0.242 0.334 0.114 0.618

0.9 0.720 0.416 0.324 0.440 0.276 0.710 0.726 0.398 0.316 0.400 0.156 0.494

7 0.4 0.936 0.346 0.270 0.328 0.214 0.832 0.999 0.362 0.324 0.366 0.096 0.900

0.7 0.826 0.468 0.392 0.458 0.284 0.678 0.926 0.444 0.358 0.360 0.124 0.458

0.9 0.810 0.580 0.442 0.614 0.400 0.788 0.726 0.600 0.506 0.536 0.218 0.458

4 4 0.4 0.954 0.402 0.292 0.364 0.156 0.722 0.996 0.370 0.288 0.366 0.118 0.672

0.7 0.812 0.552 0.394 0.456 0.236 0.606 0.934 0.484 0.362 0.380 0.142 0.368

0.9 0.796 0.678 0.518 0.632 0.388 0.760 0.728 0.608 0.510 0.494 0.196 0.374

300 1 4 0.4 0.928 0.218 0.180 0.274 0.160 0.916 0.998 0.202 0.236 0.234 0.062 0.920

0.7 0.842 0.274 0.234 0.282 0.162 0.842 0.974 0.232 0.220 0.242 0.082 0.920

0.9 0.820 0.338 0.248 0.386 0.234 0.796 0.856 0.244 0.236 0.300 0.108 0.772

2 4 0.4 0.980 0.410 0.336 0.446 0.232 0.948 0.998 0.390 0.342 0.424 0.092 0.988

0.7 0.918 0.494 0.366 0.514 0.304 0.858 0.984 0.500 0.378 0.462 0.124 0.788

0.9 0.902 0.560 0.418 0.594 0.366 0.886 0.902 0.508 0.388 0.476 0.154 0.670

4 4 0.4 0.990 0.578 0.416 0.510 0.242 0.856 0.998 0.560 0.398 0.486 0.172 0.822

0.7 0.956 0.636 0.488 0.564 0.302 0.792 0.990 0.678 0.526 0.582 0.194 0.516

0.9 0.966 0.820 0.678 0.790 0.484 0.916 0.912 0.834 0.650 0.708 0.300 0.530

The methods compared are the Score and Mixed Model (SM), Longitudinal Partial Credit Model (LPCM), Time to HRQoL score deterioration as compared to the
baseline score (TTD baseline) or the best previous score (TTD best) and time until definitive deterioration of the HRQoL score as compared to the baseline score
(TUDD baseline) or the best previous score (TUDD best) for different values of sample size (N), items (I), response category per item (J) and correlations between
HRQoL measures (ρ).
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Discussion
In order for HRQoL to be recognized as a major endpoint
in oncology clinical trials to qualify for the patient the
clinical benefit of a new therapeutic strategy, guidelines
for longitudinal analyses are required. Three main methods
can be proposed to analyze longitudinal HRQoL data,
namely the SM method; a time-to-event approach based
on the TTD; and the LPCM approach. This study is the
first to compare these techniques for longitudinal analysis
of HRQoL data, with polytomous items and more than
three measurement times. Moreover, our simulation study
is the first to address the interaction effect between treat-
ment arm and time in the context of longitudinal HRQoL
data, which corresponds to the conditions of randomized
clinical trials with no group effect at baseline. Finally, both
intermittent and monotone missing data depending on
patients’ HRQoL level (MNAR profile) were studied,
thereby approaching the actual conditions of clinical trials.
The results obtained on complete data show that the

type I error rate was close to the expected value (5%) for
all methods. Moreover, the SM model was the most
powerful method to highlight an interaction between



Table 5 Type I error of the test of interaction between treatment arm and time, for datasets simulated with intermittent
missing forms and monotone missing data

5 measures 10 measures

N I J ρ π SM TTD
baseline

TTD
best

TUDD
baseline

TUDD
best

LPCM SM TTD
baseline

TTD
best

TUDD
baseline

TUDD
best

LPCM

100 1 4 0.7 0.10 0.068 0.052 0.058 0.058 0.056 0.064 0.052 0.068 0.058 0.066 0.044 0.060

0.20 0.068 0.042 0.048 0.060 0.078 0.060 0.054 0.048 0.036 0.078 0.050 0.056

0.30 0.074 0.054 0.050 0.074 0.068 0.064 0.062 0.060 0.050 0.056 0.054 0.056

2 4 0.7 0.10 0.068 0.052 0.058 0.050 0.050 0.058 0.038 0.048 0.040 0.040 0.052 0.048

0.20 0.070 0.050 0.054 0.060 0.066 0.068 0.052 0.060 0.060 0.056 0.060 0.052

0.30 0.072 0.058 0.062 0.066 0.076 0.070 0.068 0.068 0.056 0.056 0.054 0.052

4 4 0.7 0.10 0.076 0.036 0.048 0.068 0.062 0.078 0.046 0.054 0.072 0.048 0.048 0.048

0.20 0.074 0.036 0.052 0.066 0.068 0.080 0.076 0.054 0.044 0.070 0.052 0.052

0.30 0.058 0.058 0.066 0.066 0.054 0.050 0.070 0.058 0.056 0.058 0.046 0.074

200 1 4 0.7 0.10 0.058 0.042 0.038 0.054 0.052 0.058 0.042 0.066 0.058 0.068 0.068 0.056

0.20 0.076 0.050 0.056 0.046 0.042 0.062 0.052 0.042 0.034 0.052 0.054 0.052

0.30 0.048 0.052 0.064 0.062 0.046 0.046 0.064 0.058 0.038 0.050 0.044 0.066

2 4 0.7 0.10 0.046 0.044 0.048 0.038 0.046 0.042 0.044 0.054 0.046 0.052 0.058 0.058

0.20 0.050 0.056 0.068 0.062 0.058 0.044 0.052 0.054 0.036 0.062 0.044 0.058

0.30 0.062 0.048 0.040 0.066 0.072 0.060 0.038 0.044 0.038 0.038 0.040 0.044

7 0.7 0.10 0.044 0.056 0.054 0.056 0.044 0.050 0.036 0.052 0.062 0.050 0.048 0.044

0.20 0.058 0.056 0.044 0.070 0.056 0.046 0.046 0.058 0.068 0.054 0.048 0.058

0.30 0.072 0.058 0.060 0.060 0.076 0.062 0.034 0.074 0.058 0.062 0.066 0.046

4 4 0.7 0.10 0.040 0.040 0.056 0.042 0.044 0.052 0.042 0.056 0.062 0.054 0.056 0.052

0.20 0.040 0.052 0.052 0.064 0.058 0.054 0.050 0.060 0.036 0.050 0.056 0.062

0.30 0.054 0.054 0.054 0.056 0.064 0.052 0.042 0.046 0.056 0.044 0.052 0.054

300 1 4 0.7 0.10 0.032 0.054 0.048 0.046 0.038 0.034 0.040 0.066 0.070 0.080 0.060 0.038

0.20 0.042 0.072 0.058 0.056 0.044 0.044 0.042 0.054 0.046 0.060 0.038 0.050

0.30 0.046 0.050 0.048 0.048 0.046 0.042 0.046 0.052 0.044 0.064 0.052 0.040

2 4 0.7 0.10 0.038 0.044 0.042 0.048 0.040 0.042 0.040 0.042 0.050 0.048 0.048 0.046

0.20 0.052 0.048 0.056 0.042 0.048 0.054 0.044 0.062 0.056 0.044 0.044 0.048

0.30 0.036 0.052 0.050 0.046 0.044 0.048 0.034 0.036 0.050 0.054 0.064 0.034

4 4 0.7 0.10 0.034 0.054 0.044 0.048 0.048 0.038 0.034 0.056 0.048 0.044 0.056 0.038

0.20 0.038 0.054 0.056 0.064 0.054 0.036 0.034 0.042 0.036 0.048 0.050 0.040

0.30 0.038 0.036 0.038 0.050 0.046 0.040 0.044 0.048 0.038 0.052 0.060 0.05

The methods compared are Score and Mixed Model (SM), longitudinal Partial Credit Model (LPCM), Time to HRQoL score deterioration as compared to the
baseline score (TTD baseline) or the best previous score (TTD best) and time until definitive deterioration of the HRQoL score as compared to the baseline score
(TUDD baseline) or the best previous score (TUDD best) for different values of sample size (N), items (I), response categories per item (J), correlations between
HRQoL measures (ρ) and proportion of missing data (π).
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treatment arm and time. The statistical power of the
TTD/TUDD approach, (whatever the definition of de-
terioration considered), was very low for single-item di-
mensions, even with a large sample size. This can be
explained by the fact that only four possible values exist
for the score. Indeed, we suggest that such an approach
be avoided for single-item dimensions, meaning that 6
of the 15 dimensions of the QLQ-C30 questionnaire are
concerned by this caveat. The statistical power of the
LPCM was close to those of the SM model for 5
measurement times, but decreased for scenarios with 10
measurement times. The statistical power of the differ-
ent methods compared was also influenced by the level
of correlation between HRQoL measures (ρ parameter).
When the correlation increased, the statistical power of
the SM and LPCM methods generally decreased,
whereas those of the TTD/TUDD approach increased,
regardless of the value of the other parameters. The cor-
relation between HRQoL measures was strong if the pa-
tient’s HRQoL level at one time could accurately predict



Table 6 Power of the test of interaction between treatment arm and time, for datasets simulated with intermittent
missing forms and monotone missing data

5 measures 10 measures

N I J ρ π SM TTD
baseline

TTD
best

TUDD
baseline

TUDD
best

LPCM SM TTD
baseline

TTD
best

TUDD
baseline

TUDD
best

LPCM

100 1 4 0.7 0.10 0.396 0.124 0.100 0.140 0.102 0.366 0.568 0.118 0.130 0.108 0.094 0.502

0.20 0.358 0.098 0.088 0.134 0.104 0.336 0.534 0.100 0.094 0.128 0.058 0.478

0.30 0.342 0.126 0.092 0.120 0.088 0.318 0.490 0.134 0.098 0.146 0.094 0.430

2 4 0.7 0.10 0.474 0.224 0.168 0.208 0.144 0.414 0.596 0.170 0.150 0.182 0.054 0.380

0.20 0.446 0.206 0.164 0.192 0.136 0.402 0.560 0.182 0.136 0.200 0.086 0.400

0.30 0.404 0.160 0.142 0.162 0.132 0.370 0.506 0.148 0.126 0.192 0.094 0.376

4 4 0.7 0.10 0.520 0.266 0.214 0.252 0.172 0.380 0.652 0.264 0.210 0.220 0.124 0.258

0.20 0.514 0.256 0.190 0.248 0.164 0.406 0.626 0.274 0.188 0.262 0.132 0.286

0.30 0.462 0.232 0.174 0.224 0.160 0.344 0.580 0.216 0.164 0.210 0.116 0.306

200 1 4 0.7 0.10 0.652 0.208 0.160 0.202 0.162 0.630 0.838 0.146 0.168 0.174 0.076 0.774

0.20 0.644 0.206 0.178 0.218 0.162 0.626 0.810 0.212 0.190 0.216 0.114 0.740

0.30 0.634 0.222 0.136 0.208 0.146 0.616 0.764 0.156 0.142 0.202 0.108 0.716

2 4 0.7 0.10 0.754 0.318 0.236 0.332 0.186 0.690 0.902 0.316 0.244 0.280 0.082 0.650

0.20 0.748 0.346 0.226 0.378 0.218 0.692 0.850 0.352 0.274 0.322 0.116 0.632

0.30 0.682 0.280 0.212 0.320 0.212 0.644 0.818 0.282 0.204 0.292 0.146 0.678

7 0.7 0.10 0.816 0.452 0.348 0.456 0.294 0.72 0.92 0.472 0.338 0.412 0.124 0.478

0.20 0.784 0.448 0.328 0.416 0.278 0.666 0.924 0.424 0.308 0.408 0.154 0.554

0.30 0.786 0.394 0.254 0.404 0.260 0.71 0.862 0.438 0.29 0.374 0.170 0.616

4 4 0.7 0.10 0.812 0.470 0.334 0.412 0.248 0.652 0.910 0.462 0.366 0.392 0.156 0.434

0.20 0.816 0.468 0.316 0.402 0.216 0.686 0.890 0.442 0.314 0.386 0.174 0.482

0.30 0.762 0.396 0.284 0.390 0.266 0.652 0.862 0.422 0.266 0.412 0.164 0.522

300 1 4 0.7 0.10 0.842 0.320 0.254 0.336 0.212 0.822 0.956 0.202 0.226 0.252 0.114 0.910

0.20 0.820 0.286 0.224 0.294 0.196 0.800 0.926 0.236 0.208 0.284 0.138 0.888

0.30 0.756 0.266 0.214 0.278 0.198 0.736 0.910 0.276 0.192 0.290 0.144 0.886

2 4 0.7 0.10 0.914 0.458 0.322 0.454 0.284 0.858 0.980 0.432 0.328 0.436 0.114 0.802

0.20 0.890 0.400 0.278 0.434 0.260 0.858 0.964 0.416 0.274 0.418 0.166 0.836

0.30 0.862 0.416 0.302 0.442 0.262 0.818 0.944 0.450 0.268 0.432 0.196 0.830

4 4 0.7 0.10 0.964 0.660 0.456 0.618 0.324 0.846 0.992 0.636 0.480 0.538 0.200 0.596

0.20 0.932 0.626 0.430 0.580 0.338 0.834 0.980 0.606 0.400 0.560 0.236 0.646

0.30 0.934 0.574 0.386 0.572 0.364 0.856 0.972 0.598 0.376 0.562 0.246 0.724

The methods compared are the Score and Mixed Model (SM), longitudinal Partial Credit Model (LPCM), Time to HRQoL score deterioration as compared to the
baseline score (TTD baseline) or the best previous score (TTD best) and time until definitive deterioration of the HRQoL score as compared to the baseline score
(TUDD baseline) or the best previous score (TUDD best) for different values of sample size (N), items (I), response categories per item (J), correlations between
HRQoL measures (ρ) and proportion of missing data (π).

Anota et al. Health and Quality of Life Outcomes  (2014) 12:192 Page 10 of 15
his/her level at the next time point. This could reflect
closely spaced measures, i.e. some intensive HRQoL
measures, as for clinical trials where there is rapid
change in the patient’s health status. Conversely, a weak
correlation between HRQoL measures could correspond
to more distant measures, reflecting a cohort study
design.
With intermittent missing data (missing items or miss-

ing forms) and drop-out, the type I error rate remained
closed to the expected value for all statistical methods,
whatever the proportion of missing data and the sce-
nario considered. The statistical power generally de-
creased for the SM and TTD/TUDD approaches, except
for TUDD as compared to the best previous score. For
this definition, the statistical power generally increased
or remained stable with the simulation of missing data.
This could be explained by the simulation of missing
data depending on HRQoL level, i.e. patients with a low
HRQoL level were more likely to present missing data.
Indeed, an improvement of HRQoL level was more likely
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Figure 1 (See legend on next page.)
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Figure 1 Power of the test of interaction between treatment arm and time for complete datasets (CD), datasets with intermittent
missing forms and monotone missing data (IMF), and datasets with intermittent missing items and monotone missing data (IMI). The
methods compared are the Score and Mixed Model (SM), longitudinal Partial Credit Model (LPCM), Time to HRQoL score deterioration as compared to
the baseline score (TTD baseline) or the best previous score (TTD best) and time until definitive deterioration of the HRQoL score as compared to the
baseline score (TUDD baseline) or the best previous score (TUDD best) for different values of sample size (N), items (I), correlations between HRQoL
measure (ρ) and the proportion of missing data, which was fixed at π = 0.20.
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to be observed (no missing data) than a deterioration,
and this improvement would represent the new refer-
ence score for “TUDD best”. Thus, a small deterioration
of at least 5 points compared to this new reference score
was not considered as a deterioration as compared to
the baseline score. Finally, this deterioration was more
likely to be followed by monotone missing data, involv-
ing a definitive deterioration as compared to the best
previous score.
The same trends were observed for all methods re-

garding statistical power, whatever the type of missing
data considered (intermittent missing items or missing
forms). However, the statistical power decreased more
for the SM and TTD/TUDD approaches in the presence
of intermittent missing items than when there were
intermittent missing forms. For analyses with intermit-
tent missing items, the score could be estimated if at
least 50% of the items had been answered, and on the
assumption that missing items are not informative of the
patient’s HRQoL level. This could result in an overesti-
mation or underestimation of the patient’s HRQoL level,
which could induce a bias in the longitudinal analysis.
As highlighted in other studies [14,15], these results

emphasize the limitations of the personal mean score
imputation method, despite the fact that it is the most
commonly used technique for computing scores. Indeed,
it should be avoided, particularly when the proportion of
missing data is high. Regarding the LPCM method, the
statistical power increased more in the presence of inter-
mittent missing items than when there were intermittent
missing forms. This is due to the specific objectivity
property of Rasch-family models, which can highly ac-
curately estimate the latent trait (i.e. HRQoL), even with
few items answered [12]. This is because a minimum in-
formation is provided (at least one item is answered),
whereas with missing forms, no information is available
for IRT models. Moreover, it seems that the LPCM is
more powerful with few measurement time points, since
the LPCM has greater power with 5 than with 10 meas-
urement times. Thus, when missing data were generated,
the statistical power of LPCM increased.
Previous studies comparing score-based approaches

with a Rasch-based approach have highlighted the similar
performance of the SM and longitudinal Rasch models in
case of complete data [13] and in the presence of mono-
tone missing data [14]. These studies also showed that
Rasch-family models seem to be more efficient than SM
models in the presence of informative intermittent miss-
ing data [15]. In our study, we also highlight that the stat-
istical power of the IRT models was less affected by the
presence of missing data than those of the SM method.
However, contrary to previous published studies, the SM
method was generally more powerful in our study than
the IRT model for both complete and incomplete data
with informative missing data, and particularly with 10
measurement times. The good results of the SM model
could be explained by a bias from fixed effect estimations,
since there are several data characteristics that the SM
model does not take into account, such as the ceiling and
floor effects, or asymmetric data [34,35]. It is also import-
ant to note that the SM method generally required the
normality of the score studied, which cannot be respected
for single-item scales of the QLQ-C30 questionnaire with
only 4 possible values for the scores. These discrepancies
with the literature may also be partly due to the number
of measurement times considered. The IRT models seem
to be less powerful when the number of measurement
times is high. Moreover, in previous studies, researchers
chose to proceed in two steps to construct the longitu-
dinal IRT model, namely estimation of the item parame-
ters and HRQoL latent trait for each person at each time
in a first step, and then modeling of the link between the
latent trait and the time using a linear mixed model. Our
design integrated at least five measures, thereby reflecting
a longitudinal design, similar to that used in clinical trials.
Moreover, polytomous items were used in our research,
whereas dichotomous items were used in previous studies.
Finally, we investigated the interaction between treatment
arm and time in our study, whereas previous studies ana-
lyzed only the time effect [13-15] or the group effect [16].
It therefore appears crucial to pursue research in this area
to test the ability of these models in the context of polyto-
mous items.
In our study, both linear and non-linear mixed models

and time to event analysis were compared. The time
to event (i.e. “survival”) approach based on the time to
HRQoL score deterioration is relevant in the event of
a quicker alteration of patients’ HRQoL in one treat-
ment arm as compared to the other, and if this differ-
ence is maintained over time (risk proportionality).
Therefore, the absence of an arm effect at baseline is
coherent.
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Our results correspond to a particular situation - nearly
ideal but theoretical - considering that items were derived
from an IRT model and that the corresponding symptom-
atic scale followed a multivariate normal distribution with
an auto-regressive covariance matrix. It is necessary to
simulate the data using an IRT model in order to guaran-
tee that the fundamental assumptions of the model are
respected, as recommended by Holland et al. [32]. Since
the parameters of the IRT model are re-estimated, it can-
not necessarily bias the results in favor of the IRT model.
Nevertheless, it corresponds to an ideal situation that does
not reflect real data when the HRQoL questionnaire does
not respect an IRT model. Therefore, additional work is in
progress to compare these methods on real data collected
from several clinical trials with various therapeutic
settings, cancer sites and designs. This comparison is
mandatory for the validation of the results obtained in the
present simulation study.
Each data set is different, and routinely using same

statistical analyses must be prevented in order to retain
an open and critical view. However, standardization of
longitudinal analysis of HRQoL data in oncology clinical
trials is essential in order to allow proper comparison of
results between trials. For example, two recent phase III
clinical trials investigating the impact of adding bevaci-
zumab to standard therapy in newly diagnosed glioblast-
oma, applied two different approaches (SM and TUDD)
to analyze longitudinal HRQoL data. The results are di-
vergent and compromise conclusions about the clinical
value of adding bevacizumab, since overall survival was
not improved [36,37]. To date, results from HRQoL stud-
ies have not been salient enough to lead to changes in
clinical practice. It is also necessary to provide decision-
makers with results that are clinical meaningful and easy
to understand [38]. In this context, the TTD/TUDD ap-
proach is attractive for clinicians, because it is based on
Kaplan–Meier survival curves and hazard ratios to qualify
effect size, as with other well-known and important time-
to-event outcomes in oncology (e.g. overall survival or
progression-free survival). However, this approach should
be used with caution in light of our results. Moreover, as
already shown for progression-free survival [39], the time
interval between assessments of HRQoL could influence
the Kaplan Meier estimation, thus resulting in an overesti-
mation of TUDD. Since the true time when HRQoL dete-
riorates may be unknown, dedicated statistic approaches
dealing with interval assessment may be proposed. It also
seems essential to properly study the profile of missing
data in advance, so as to propose a suitable method of
score imputation in case of intermittent missing items
with an MNAR profile. Some methods have to be devel-
oped for use in conjunction with the TTD, such as pattern
mixture models for SM model [40], in order to take into
account missing data with an MNAR profile. Survival
analysis, such as the time to HRQoL score deterioration,
only gives unbiased results when censoring is independent
of the event. In oncology clinical trials, patients who have
a very low HRQoL level are more likely to drop out, and
thus the censure could be dependent on the event deteri-
oration. In this case, sensitivity analysis should be per-
formed considering patients who dropped out before the
planned end of the study as an event.
All-cause death is usually taken into account as an event,

particularly in an advanced setting [18]. However, death
was not integrated into our simulation algorithm, which
may explain in part the low statistical power of the TTD
approach. Moreover, one advantage of this method com-
pared to the mixed models is its adaptability to different
therapeutic settings (adjuvant or advanced settings) with
consideration of a transient or definitive deterioration, and
with or without integration of death as an event.
In conclusion, the SM model was clearly the most ef-

fective method, although the nature of the raw data in the
questionnaire means that the application of SM models in
this context remains open to criticism. The TTD/TUDD
approach, which is often used in the longitudinal analysis
of HRQoL in oncology, should be used with caution on
single-item dimensions of the EORTC questionnaires. Fi-
nally, while the LPCM was more adapted to this type of
data, it was ultimately difficult to implement and less effi-
cient than the SM model.

Additional files

Additional file 1: Formulae of the Score and Mixed Model and
Longitudinal Partial Credit model.

Additional file 2: Generation of missing data.

Additional file 3: Complementary results obtained with
intermittent missing items and monotone missing data.

Abbreviations
CTT: Classical test theory; EORTC: European Organization for Research and
Treatment of Cancer; HRQoL: Health-related quality of life; IRT: Item response
theory; LPCM: Longitudinal partial credit model; MAR: Missing at random;
MCAR: Missing completely at random; MCID: Minimal clinically important
difference; MNAR: Missing not at random; PCM: Partial credit model;
SM: Score and mixed model; TTD: Time to deterioration; TUDD: Time until
definitive deterioration.

Competing interests
The authors declare that they have no competing interests.

Authors’ contributions
AA designed the study, performed the statistical analyses and interpretation
and written the manuscript, AB, MS, interpreted the data and drafted the
manuscript, SGB design the study, FB, CBM designed the study, managed
the statistical analyses, interpreted the data and review the draft. All authors
read and approved the final manuscript.

Acknowledgements
This study was supported by a grant from the French Public Health Research
Institute (http://IRESP.net) under the 2012 call for projects as part of the
2009-2013 Cancer Plan.

http://www.hqlo.com/content/supplementary/s12955-014-0192-2-s1.docx
http://www.hqlo.com/content/supplementary/s12955-014-0192-2-s2.docx
http://www.hqlo.com/content/supplementary/s12955-014-0192-2-s3.doc
http://iresp.net/


Anota et al. Health and Quality of Life Outcomes  (2014) 12:192 Page 14 of 15
We also thank Dr Julie Courraud for her editorial assistance and Fiona
Ecarnot for correcting the manuscript.

Author details
1Quality of Life in Oncology National Platform, Besançon, France.
2Methodological and Quality of Life in Oncology Unit, EA 3181, University
Hospital of Besançon, Besançon, France. 3Biostatistic unit, Institut régional du
Cancer de Montpellier (ICM) - Val d’Aurelle, Montpellier, France. 4Institut de
Mathématiques et de Modélisation de Montpellier, University of Montpellier
2, Montpellier, France. 5INSERM, Clinical and EpidemiologicalResearch Unit
(CIC-EC 7) – CTD INCa, Institut Bergonié, Bordeaux, France. 6INSERM CIC-EC7
Axe Cancer, Université de Bordeaux, Bordeaux, France.

Received: 28 August 2014 Accepted: 12 December 2014
References
1. Osoba D: Health-related quality of life and cancer clinical trials. Ther Adv

Med Oncol 2011, 3:57–71.
2. Aaronson NK, Ahmedzai S, Bergman B, Bullinger M, Cull A, Duez NJ, Filiberti A,

Flechtner H, Fleishman SB, de Haes JC, Kaasa S, Klee M, Osoba D, Ravasi D,
Robe PB, Schraub S, Sneeuw K, Sullivan M, Takeda F: The European
Organization for Research and Treatment of Cancer QLQ-C30: a quality-
of-life instrument for use in international clinical trials in oncology.
J Natl Cancer Inst 1993, 85:365–376.

3. Fayers PM, Aaronson NK, Bjordal K, Groenvold M, Curran D, AobotEQoLG. B: EORTC
QLQ-C30 Scoring Manual (3rd edition). Brussels: EORTC 2001 ed2001. 2001.

4. Fairclough DL: Design and Analysis of Quality of Life Studies in Clinical Trials.
Chapman & Hall/CRC press; 2010.

5. Little RJ, Rubin DB: Statistical Analysis with Missing Data. New York: John
Wiley & Sons; 1987.

6. Troxel AB, Fairclough DL, Curran D, Hahn EA: Statistical analysis of
quality of life with missing data in cancer clinical trials. Stat Med
1998, 17:653–666.

7. Fayers PM, Curran D, Machin D: Incomplete quality of life data in
randomized trials: missing items. Stat Med 1998, 17:679–696.

8. Curran D, Molenberghs G, Fayers PM, Machin D: Incomplete quality of life
data in randomized trials: missing forms. Stat Med 1998, 17:697–709.

9. Diggle P, Kenward MG: Informative drop-out in longitudinal data analysis.
Applied statistics 1994, 43:49-93

10. Post WJ, Buijs C, Stolk RP, de Vries EG, le Cessie S: The analysis of longitudinal
quality of life measures with informative drop-out: a pattern mixture
approach. Qual Life Res 2010, 19:137–148.

11. De Ayala RJ: The Theory and Practice of Item Response Theory. New York:
Guilford Press; 2009.

12. Fischer GH, Molenaar IW: Rasch Models: Foundations, Recent Developments,
and Applications. Springer; 1995

13. Blanchin M, Hardouin JB, Le Neel T, Kubis G, Blanchard C, Mirallie E, Sebille V:
Comparison of CTT and Rasch-based approaches for the analysis of
longitudinal patient reported outcomes. Stat Med 2011, 30:825–838.

14. Blanchin M, Hardouin J-B, Le Neel T, Kubis G, Sebille V: Analysis of longitudinal
patient-reported outcomes with informative and non-informative dropout:
comparison of CTT and Rasch-based methods. Int J Appl Math Stat [Internet]
2011, 24:I-11.

15. de Bock E, Hardouin JB, Blanchin M, Le Neel T, Kubis G, Bonnaud-Antignac A,
Dantan E, Sebille V: Rasch-family models are more valuable than score-based
approaches for analysing longitudinal patient-reported outcomes with
missing data. Stat Methods Med Res 2013.

16. de Bock E, Hardouin JB, Blanchin M, Le Neel T, Kubis G, Sebille V:
Assessment of score- and Rasch-based methods for group comparison
of longitudinal patient-reported outcomes with intermittent missing
data (informative and non-informative). Qual Life Res 2014, 24:19–29.

17. Stockler MR, Hilpert F, Friedlander M, King MT, Wenzel L, Lee CK, Joly F,
de Gregorio N, Arranz JA, Mirza MR, Sorio R, Freudensprung U, Sneller V, Hales
G, Pujade-Lauraine E: Patient-reported outcome results from the open-label
phase III AURELIA trial evaluating bevacizumab-containing therapy for
platinum-resistant ovarian cancer. J Clin Oncol 2014, 32:1309–1316.

18. Bonnetain F, Dahan L, Maillard E, Ychou M, Mitry E, Hammel P, Legoux JL,
Rougier P, Bedenne L, Seitz JF: Time until definitive quality of life score
deterioration as a means of longitudinal analysis for treatment trials in
patients with metastatic pancreatic adenocarcinoma. Eur J Cancer 2010,
46:2753–2762.

19. Burris HA 3rd, Lebrun F, Rugo HS, Beck JT, Piccart M, Neven P, Baselga J,
Petrakova K, Hortobagyi GN, Komorowski A, Chouinard E, Young R, Gnant M,
Pritchard KI, Bennett L, Ricci JF, Bauly H, Taran T, Sahmoud T, Noguchi S:
Health-related quality of life of patients with advanced breast cancer
treated with everolimus plus exemestane versus placebo plus exemestane
in the phase 3, randomized, controlled, BOLERO-2 trial. Cancer 2013,
119:1908–1915.

20. Gourgou-Bourgade S, Bascoul-Mollevi C, Desseigne F, Ychou M, Bouche O,
Guimbaud R, Becouarn Y, Adenis A, Raoul JL, Boige V, Berille J, Conroy T:
Impact of FOLFIRINOX compared with gemcitabine on quality of life in
patients with metastatic pancreatic cancer: results from the PRODIGE
4/ACCORD 11 randomized trial. J Clin Oncol 2013, 31:23–29.

21. Kabbinavar FF, Wallace JF, Holmgren E, Yi J, Cella D, Yost KJ, Hurwitz
HI: Health-related quality of life impact of bevacizumab when
combined with irinotecan, 5-fluorouracil, and leucovorin or
5-fluorouracil and leucovorin for metastatic colorectal cancer.
Oncologist 2008, 13:1021–1029.

22. Little RJ, Wang Y: Pattern-mixture models for multivariate incomplete
data with covariates. Biometrics 1996, 52:98–111.

23. Anota A, Hamidou Z, Paget-Bailly S, Chibaudel B, Bascoul-Mollevi C,
Auquier P, Westeel V, Fiteni F, Borg C, Bonnetain F: Time to
health-related quality of life score deterioration as a modality of
longitudinal analysis for health-related quality of life studies in
oncology: do we need RECIST for quality of life to achieve
standardization? Quality of Life Research 2013, 24:5–18.

24. Hamidou Z, Dabakuyo TS, Mercier M, Fraisse J, Causeret S, Tixier H, Padeano
MM, Loustalot C, Cuisenier J, Sauzedde JM, Smail M, Combier JP, Chevillote
P, Rosburger C, Arveux P, Bonnetain F: Time to deterioration in quality of
life score as a modality of longitudinal analysis in patients with breast
cancer. Oncologist 2011, 16:1458–1468.

25. Schwartz CE, Sprangers MA: Methodological approaches for assessing
response shift in longitudinal health-related quality-of-life research.
Soc Sci Med 1999, 48:1531–1548.

26. Hamidou Z, Dabakuyo-Yonli TS, Guillemin F, Conroy T, Velten M, Jolly D,
Causeret S, Graesslin O, Gauthier M, Mercier M, Bonnetain F: Impact of
response shift on time to deterioration in quality of life scores in breast
cancer patients. PLoS One 2014, 9:e96848.

27. Osoba D, Rodrigues G, Myles J, Zee B, Pater J: Interpreting the significance
of changes in health-related quality-of-life scores. J Clin Oncol 1998,
16:139–144.

28. Goel MK, Khanna P, Kishore J: Understanding survival analysis: Kaplan-Meier
estimate. Int J Ayurveda Res 2010, 1:274–278.

29. Douglas JA: Item response models for longitudinal quality of life data in
clinical trials. Stat Med 1999, 18:2917–2931.

30. Glas CA, Geerlings H, van de Laar MA, Taal E: Analysis of longitudinal
randomized clinical trials using item response models. Contemp Clin Trials
2009, 30:158–170.

31. Masters GN: A Rasch model for partial credit scoring. Psychometrika 1982,
47:149–174.

32. Holland PW, Hoskens M: Classical test theory as a first-order item response
theory: application to true-score prediction from a possibly nonparallel test.
Psychometrika 2003, 68:123–149.

33. Sijtsma K, Hemker BT: A taxonomy of IRT models for ordering
persons and items using simple sum scores. J Educ Behav Stat 2000,
25:391–415.

34. Hedeker D: Multilevel models for ordinal and nominal variables.
In Handbook of Multilevel Analysis. Springer; 2008: 237-274

35. Hedeker D, Gibbons RD: Longitudinal Data Analysis. John Wiley &
Sons; 2006

36. Gilbert MR, Dignam JJ, Armstrong TS, Wefel JS, Blumenthal DT, Vogelbaum
MA, Colman H, Chakravarti A, Pugh S, Won M, Jeraj R, Brown PD, Jaeckle KA,
Schiff D, Stieber VW, Brachman DG, Werner-Wasik M, Tremont-Lukats IW,
Sulman EP, Aldape KD, Curran WJ, Mehta MP: A randomized trial of
bevacizumab for newly diagnosed glioblastoma. N Engl J Med 2014,
370:699–708.

37. Chinot OL, Wick W, Mason W, Henriksson R, Saran F, Nishikawa R,
Carpentier AF, Hoang-Xuan K, Kavan P, Cernea D, Brandes AA, Hilton M,
Abrey L, Cloughesy T: Bevacizumab plus radiotherapy-temozolomide
for newly diagnosed glioblastoma. N Engl J Med 2014, 370:709–722.



Anota et al. Health and Quality of Life Outcomes  (2014) 12:192 Page 15 of 15
38. Cocks K, King MT, Velikova G, de Castro G Jr, Martyn St-James M, Fayers PM,
Brown JM: Evidence-based guidelines for interpreting change scores for
the European Organisation for the Research and Treatment of Cancer
Quality of Life Questionnaire Core 30. Eur J Cancer 2012, 48:1713–1721.

39. Panageas KS, Ben-Porat L, Dickler MN, Chapman PB, Schrag D: When you look
matters: the effect of assessment schedule on progression-free survival.
J Natl Cancer Inst 2007, 99:428–432.

40. Pauler DK, McCoy S, Moinpour C: Pattern mixture models for longitudinal
quality of life studies in advanced stage disease. Stat Med 2003, 22:795–809.
Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit


	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Longitudinal analysis models for health-related quality of life
	Score and mixed model
	Time to health-related quality of life score deterioration
	Longitudinal mixed partial credit model

	Simulation algorithm
	Complete data
	Generation of missing data
	Criteria for comparing the statistical methods


	Results
	Complete data
	Incomplete data

	Discussion
	Additional files
	Abbreviations
	Competing interests
	Authors’ contributions
	Acknowledgements
	Author details
	References

