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Abstract. The aim was to investigate how to take into account the occurrence of the response
shift effect according to the linear mixed model for repeated measures (LMMRM), the time
to health-related quality of life score deterioration (TTD) and the longitudinal partial credit
model (LPCM). Three analyses were conducted per method on data from a study on early
breast cancer patients: 1) using the then-test score as the reference, 2) on prospective
measures and 3) proposing an alternative method using prospective measures. The
LMMRM was the most impacted method by the occurrence of the RS effect. Alternative
methods investigated seemed to reduce the bias for LMMRM, increase the bias for LPCM
and not have any impact on TTD. Further analyses are still needed to confirm these first
results on both real data and simulations.

Keywords: Health-related quality of life, oncology, longitudinal analysis, Response shift,
then-test method.

1. INTRODUCTION

Health-Related Quality of Life (HRQoL) is a key endpoint in oncology clinical
trials aiming to ensure the clinical benefit for the patient when assessing new
treatments or therapeutic strategies (Osoba, 2011). However, results of HRQoL are
still underutilized in clinical practice to change the patient’s standard of care,
mainly due to the complexity of HRQoL concept and its analysis. In fact, HRQoL
is a subjective and dynamic concept depending on the patient’s adaptation to the
disease and reflected by the occurrence of a response shift effect. This effect can be
defined as “a change in the meaning of one’s self-evaluation of a target construct
as a result of: (a) a change in the respondent’s internal standards of measurement
(i.e. scale recalibration); (b) a change in the respondent’s values (i.e. the importance
of component domains constituting the target construct, [reprioritization]) or (c) a
redefinition of the target construct (i.e. reconceptualization)” (Sprangers and
Schwartz, 1999). To illustrate these three components of response shift, you can
consider a woman who is diagnosed for breast cancer. We ask this woman to rate
her fatigue level on a 0 to 100 scale where 100 reflects the highest level of fatigue
imaginable. At the time of diagnosis, the patient reports a fatigue level of 80/100.
After beginning her treatment consisting of a surgery followed by a chemotherapy,
we ask again to this patient to assess her fatigue level. She rates her fatigue level to
50/100. This is an illustration of the recalibration effect. The reprioritization
component can be illustrated by a change in the importance of some domains as
regard to HRQoL. For example, this woman can attach importance to her physical
activity doing a lot of sports before her cancer was diagnosis. After her cancer was
declared and her treatment began, she gives less importance to her physical well-
being. Conversely, she gets close to her family and friends and thus her social well-
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being becomes more importance as regard to her HRQoL. This is an example of the
reprioritization. Finally, the reconceptualization is a most conceptual component of
the response shift effect. It can be illustrated by a person who engages in spiritual
practice after the cancer diagnosis (Park et al., 1990). Response shift effect can bias
the longitudinal analysis if it is not adequately taken into account. Particularly, a
differential impact of the occurrence of the response shift effect between two
treatment arms can bias the conclusion of some randomized clinical trials by over
or underestimating the treatment effect.

Several statistical and methodological approaches have been proposed to
identify its occurrence (Guilleux et al., 2015; Korfage et al., 2007; Oort et al., 2005;
Schwartz and Sprangers, 1999). The then-test method is often considered as a gold
standard to assess the recalibration component of the response shift effect. It
consists to introduce in the study design a retrospective measurement of HRQoL
level (Schwartz and Sprangers, 1999). The test involves asking patients post
treatment to provide their current levels (post-test) but also their pre-test levels in
retrospect (then-test). This method is based on the assumption that patients rate
their HRQoL post-test and pre-test levels with the same criteria, since the assessments
occur at the same time point. The recalibration component of response shift should
thus be taken into account when comparing post-test and then-test scores. Comparing
the mean of the pre-test and then-test scores explores recalibration component of
response shift.

Structural equations modeling (MacCallum and Austin, 2000) have also been
proposed to take into account all the three components of response shift (i.e.
recalibration, reprioritization and reconceptualization) but are mainly applied on
the MOS SF-36 generic questionnaire (Oort, 2005; Oort et al., 2005). Finally, item
response theory (IRT) models (De Ayala, 2013) have also been proposed to take into
account both recalibration and reprioritization component of the response shift
effect, using the then-test method (Anota et al., 2014b) or the structural equations
modeling (Guilleux et al., 2015) as a gold standard to assess the response shift
effect, but research is still ongoing on these models.

At this time, few studies have been done on the way to deal with the occurrence
of this effect in longitudinal analysis. Some first studies were done on the time to
deterioration approach: first depending on the then-test method (Hamidou et al.,
2014) and then by choosing an alternative HRQoL score as the reference such as
the best previous score (Anota et al., 2013). In this way, it is essential to explore
several methods to take into account the response shift effect according to the main
statistical methods used for the longitudinal analysis of HRQoL in oncology. Some
convergent results could then ensure the validity of the methodology, i.e. to produce
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some robust results not bias by the response shift effect.
The objective of this paper was to explore several methods to take into account

the occurrence of the recalibration component of the response shift effect according
to three statistical methods for the longitudinal analysis: the linear mixed model for
repeated measures (LMMRM) (Cnaan et al., 1997; Fairclough, 2010), the time to
HRQoL score deterioration (TTD) (Bonnetain et al., 2010) and the longitudinal
partial credit model (LPCM) based on the IRT approach (Bacci, 2008). All these
methods were applied on data from a multicenter prospective cohort study on early
breast cancer patients where the then-test method was used as a standard to identify
recalibration (Dabakuyo et al., 2013).

2. METHODS

2.1 PATIENTS AND ELIGIBILITY CRITERIA

A prospective, multicenter, randomized cohort study was performed in four French
centers. All women initially hospitalized between February 2006 and February
2008 for diagnosis or treatment of primary or suspected breast cancer were eligible
for inclusion. Women with cancer other than breast cancer, already undergoing
breast cancer treatment, or with a previous history of cancer were excluded. Written
informed consent was obtained from every participant and the protocol was
approved by Ethics committee. The complete design of this study was extensively
described elsewhere (Dabakuyo et al., 2013).

2.2 HEALTH-RELATED QUALITY OF LIFE ASSESSMENT

HRQoL was evaluated using the European Organization of Research and Treatment
of Cancer (EORTC) QLQ-C30 cancer specific questionnaire (Aaronson et al.,
1993) and its breast cancer module QLQ-BR23 (Sprangers et al., 1996) at four time
points: at diagnosis (T1), at the end of the initial hospitalization (T2), at three (T3)
and six months (T4) after the first hospitalization. Moreover, the then-test method
was used as a gold standard to assess the recalibration component of the response
shift effect. Then, at each follow-up, patients also had to fill out retrospective
questionnaires (for both QLQ-C30 and BR23 questionnaires):
• At T2 and at T3, patients had to reassess their baseline HRQoL level

• At T4, patients had to reassess their HRQoL level at three months (T3).

The 30-item QLQ-C30 questionnaire measures five functional scales (physical,
role, emotional, cognitive and social functioning), global health status (GHS),
financial difficulties and eight symptom scales (fatigue, nausea and vomiting, pain,
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dyspnea, insomnia, appetite loss, constipation, diarrhea) (Aaronson et al., 1993).
Each item is constructed on a 4-point Likert scale (“Not at all”/”Quite a

Bit”/”Somewhat”/”Very Much”) coded 0 to 3 except the two last items
assessing GHS which are on a 0-6 scale.

The 23-item QLQ-BR23 module contains 23 items assessing four functional
scales (body image, sexual functioning, sexual enjoyment, future perspectives) and
four symptom scales (systemic therapy side effects (STSE), breast symptoms, arm
symptoms, upset by hair loss) specific to breast cancer (Sprangers et al., 1996).
Each item is constructed on a 4-point Likert scale (“Not at all”/”Quite a Bit”/
”Somewhat”/”Very Much”) coded 0 to 3.

Scores for each dimension were calculated if at least half of the items were
answered according to the recommendations of the EORTC Scoring Manual
(Fayers et al., 1999). These scores vary from 0 (worst) to 100 (best) for the
functional dimensions and GHS, and from 0 (best) to 100 (worst) for the symptom
dimensions.

2.3 STATISTICAL ANALYSIS

2.3.1  DESCRIPTIVE ANALYSIS AND STUDY POPULATION

Baseline variables were described using means and standard deviations (SD) for
continuous variables and percentages for qualitative variables. The number of
HRQoL questionnaires completed at each measurement time was reported.

A descriptive analysis of the percentage of item responses according to
surgery (mastectomy vs. no mastectomy) was performed at each measurement
time.

All included patients with a confirmed breast cancer and with at least one
available baseline score and the retrospective measure performed post-surgery
were included in the longitudinal analysis, according to the modified intent to treat
principle (Fisher et al., 1990).

Missing data profile was already studied and extensively described elsewhere
(Anota et al., 2014b).

Five HRQoL dimensions were selected for the analyses based on:
• The number of items

• The number of response categories per item

• The potential impact of the response shift effect on these HRQoL dimensions
based on the literature.

In fact, a previous simulation study aiming to compare these three statistical
approaches (LMMRM, LPCM and TTD) for the longitudinal HRQoL analysis
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showed that the number of items and response categories per item influence the
statistical power of the test of a treatment by time interaction (Anota et al., 2014a).
Moreover, several studies highlighted that the response shift effect may affect the
fatigue assessment of patients (Visser et al., 2000), particularly in breast cancer
patients (Andrykowski et al., 2009). Hinz et al. showed that the response shift effect
has an important impact on the global health status dimension of the EORTC QLQ-
C30 questionnaire (Hinz et al., 2012). A previous study also highlighted the
occurrence of a recalibration effect on the future perspective dimension of the QLQ-
BR23 in breast cancer patients (Dabakuyo et al., 2013).

According to these criteria, we chose to retain global health status (2 items
with 7 response categories), fatigue (3 items with 4 response categories), pain (2
items with 4 response categories), body image (4 items with 4 response categories)
and future perspective (1 item with 4 response categories) dimensions.

We also expected an impact of response shift effect on both pain and body
image dimensions.

A 5-point change/difference in HRQoL score was considered as the minimal
clinically important difference (MCID) (Osoba et al., 1998). All p-values < 0.05
were considered as statistical significant. No adjustment on multiple tests was done.

2.3.2 DETECTION OF THE RESPONSE SHIFT EFFECT OCCURRENCE USING
THE THEN-TEST METHOD

For each score, the mean difference (MD) between the then-test score obtained at
T2 and the baseline score was calculated and described as mean (SD). The existence
of a significant recalibration was tested with a Wilcoxon non-parametric test. The
effect size was calculated in order to assess the magnitude of the recalibration
component of the response shift effect and was defined as the mean change score
between the then-test and the corresponding pre-test dividing by the SD of patients
at the prospective measurement time.

2.3.3 LONGITUDINAL ANALYSIS

Three statistical methods for the longitudinal analysis were explored and we
interested on the impact of response shift effect to detect a surgery effect (mastectomy
versus no mastectomy) on each HRQoL score. We focused on this surgery effect
because we assumed that a response shift effect could differentially impact patients
according to their surgery (mastectomy or not). Thus, according to the methods
explored, we analyzed the effect of response shift effect on the determination of the
time effect, surgery effect and treatment by time interaction effect. For each
statistical method, three analyses were done:
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• The first analysis was made considering the retrospective measure of baseline
HRQoL level realized post-surgery as the reference (gold standard to take into
account the recalibration component of the response shift effect)

• The second analysis was made on prospective measures (crude analysis)

• And finally, one alternative method was proposed based only on the prospective
measures to take into account the occurrence of the recalibration component of
the response shift effect in conjunction with the statistical method for the
longitudinal analysis. The objective is to explore alternative method to take into
account the response shift effect without the then-test method

LMMRM: A linear mixed model for repeated measure (LMMRM) was applied on
HRQoL scores integrating the four measurement times. Three fixed effects were
introduced in the model: a surgery effect (mastectomy versus no mastectomy), a
time effect and an interaction between time and surgery. Moreover, some random
effects on patient (individual deviance from average intercept) and time (individual
deviance from average time effect) were also added to the model. Several structures
of the variance-covariance matrix were tested (unstructured, first order autoregressive,
heterogeneous first order autoregressive, compound symmetry and heterogeneous
compound symmetry). The choice of the best structure was made according to the
Akaike Information Criteria (Akaike, 1998).

The model considered can be written as follows:

Y (t)
n = c+λ ×an + γ × t +ν ×an × t +u0,n +u1,n × t + ε(t)

n

(u0,n,u1,n)∼ N
((

0

0

)
,Σ
)

and ε(t)
n ∼ N(0,σ2) independent where:

• Y (t)
n is the score of the patient n at time t,

• c is a constant,

• an is the surgery status of patient n (equal to 0 if no mastectomy was realized

or 1 if a mastectomy was done),

• λ is a fixed surgery effect,
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• γ is a fixed time effect,

• ν is a fixed interaction effect between treatment arm and time,

• u0,n is a random intercept on patient n,

• u1,n are random slopes for time,

• Σ is the covariance matrix of random effects (u0,n,u1,n)

• ε(t)
n is the residual of patient n at time t

• σ2 is the residual variance.

Estimation of the parameters was done using a maximum likelihood method
based on the Newton-Raphson algorithm.

For this statistical model, the alternative method proposed to take into account
the occurrence of the response shift effect was to adjust on the prospective score
obtained post-surgery.

Moreover, if the surgery effect was not significant in each of the three
analyses, all analyses were repeated without the surgery effect.

We reported estimate, standard error (SE) and p-value of Wald test for each
effect. For each analysis, a positive (respectively negative) estimated value of the
regression coefficients means:
• for surgery effect: patients with a mastectomy presented a higher score

(respectively lower score) on average than other patients whatever the
measurement time;

• regarding time effect: GHS, functional or symptomatic level increase (or
decrease) over time;

• regarding interaction effect:patients with a mastectomy presented an increase of
(a decrease of) GHS, functional or symptomatic level over time as compared to
other patients.

LPCM: A longitudinal partial credit model (LPCM) was applied on items of each
HRQoL dimension integrating the four measurement times and integrating the
same effects as in the LMMRM. This model was completely described in previous
publication (Anota et al., 2014a).

The model considered can be written as follows:
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Moreover, if the surgery effect was not significant in each of the three
analyses, all analyses were repeated without the surgery effect.

We reported estimate, SE and p-value of Wald test for each effect. For each
analysis, a positive (respectively negative) estimate means that:
• Patients with a mastectomy chose higher response categories for items as

compared to other patients regarding mastectomy effect;

• Patients chose higher response categories over time for time effect;

•  Patients with a mastectomy chose higher response categories over time as
compared to patients with no mastectomy for interaction effect.

High response categories reflect a high GHS level, a low functional level and
a high symptomatic level, except for sexual functional and sexual enjoyment for

P
(

Xn, j,t = k|θ (t)
n ,δ j,i, ...,δ j,m j

)
=

exp(kθ (t)
n −∑k

i=1 δ j,i)

∑m j
h=1 exp(hθ (t)

n −∑h
i=1 δ j,i)

θ (t)
n = λ ×an + γ × t +ν ×an × t +u0,n +u1,n × t

(u0,n,u1,n) N
((

0

0

)
,Σ
)

where:

• Xn, j,t is the answer of the patient n to the item j at time t,

• θ (t)
n is the latent trait of the patient n at time t,

• δ j,i, ...,δ j,m j are item difficulty parameters for item j with m j + 1 possible

responses for the item.

The alternative method explored to take into account the occurrence of the

recalibration component of the response shift effect only using prospective mea-

sures was to consider a change π j,i in each item response category parameter at

T2 which remained constant for following measurement times; thus δ j,i+π j,i was

the new item difficulty parameter for item j and response category i since T2.

If the p-value associated with trend parameters π j,i was significant, then a

significant recalibration was highlighted.
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which a high response category means a high sexual level. Thus, interpretation of
estimates for LMMRM and IRT are opposite for functional scales (except for sexual
scales): for example, regarding time effect, a positive estimate corresponds to an
improvement of the functional level over time while it means a deterioration of the
functional scale for IRT (higher response categories over time).

TTD: The time to HRQoL score deterioration (TTD) approach belongs to timeto-
event models and requires a definition of the event, i.e. the deterioration. Events can
be defined according to the chosen reference score, MCID, missing scores,
including all-cause death or not. In that study, we defined TTD as the time from
inclusion in the study to the first deterioration with a 5-point MCID as compared
to the reference score (Hamidou et al., 2011). This definition is recommended for
adjuvant setting (Anota et al., 2013).

Since a high score corresponds to a high level of functioning on a functional
scale, but corresponds to a strong presence of symptoms for a symptomatic scale,
“deterioration” was defined as a decrease on the functional scale or GHS, and as an
increase on the symptomatic scale.

Intermittent missing data were ignored, considering that the patient’s HRQoL
level remained unchanged since the last available HRQoL assessment.

The alternative method proposed to take into account the occurrence of the
response shift effect was to consider the best previous score as the reference score.

The TTD curves were estimated according to the Kaplan-Meier method and
described using median with 95% confidence interval (95%CI). The TTD curves
were compared according to the surgery type (mastectomy versus no mastectomy)
using the log-rank test. Univariate Cox regression model was performed to estimate
Hazard Ratio (HR) with 95%CI (Sasieni, 2005).

For each statistical method, results of each analysis will be compared to those
obtained for the reference analysis using the then-test method in terms of p-value
and direction of the effect.

All analyses were done on R software (version 3.2.1) (Team, 2014) using
QoLR package and SAS software (version 9.4, SAS Institute Inc, Cary, NC).

3. RESULTS

3.1. POPULATION

Between February 2006 and February 2008, 381 patients were included in the four
participating centers. Mean age was 58.4 (SD = 11) years. Three hundred and thirty-
seven (88.5%) patients had confirmed breast cancer and thus were retained in this
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Figure 1: Flowchart of the number of questionnaires received at each measurement time

present study. Figure 1 flowchart represents the number of HRQoL questionnaires
(prospective and retrospective) completed at each measurement time.

The number and percentage of response category per item at each measurement
time according to surgery is given in Table 1.



20 Anota A., Cottone F., Barbieri A., Bascoul-Mollevi C., Efficace F., Bonnetain F.
Ta

bl
e

1:
N

um
be

r
an

d
pe

rc
en

ta
ge

of
re

sp
on

se
ca

te
go

ry
pe

r
ite

m
at

ea
ch

m
ea

su
re

m
en

tt
im

e
ac

co
rd

in
g

to
su

rg
er

y

Ti
m

e
1

Ti
m

e
1

re
tr

os
pe

ct
iv

e
Ti

m
e

2
Ti

m
e

3
Ti

m
e

4

no
m

as
te

ct
om

y
m

as
te

ct
om

y
m

is
si

ng
no

m
as

te
ct

om
y

m
as

te
ct

om
y

m
is

si
ng

no
m

as
te

ct
om

y
m

as
te

ct
om

y
m

is
si

ng
no

m
as

te
ct

om
y

m
as

te
ct

om
y

m
is

si
ng

no
m

as
te

ct
om

y
m

as
te

ct
om

y
m

is
si

ng

P
ai

n

Q
9 1

7
4

(6
1
.2

)
1
3
4

(6
4
.5

)
4

(5
0
.0

)
7
2

(5
9
.5

)
1
2
4

(5
9
.6

)
3

(3
7
.5

)
4
6

(3
8
.1

)
7
8

(3
7
.5

)
1

(1
2
.5

)
5
7

(4
7
.1

)
6
7

(3
2
.2

)
2

(2
5
.0

)
4
2

(3
4
.7

)
6
7

(3
2
.2

)
3

(3
7
.5

)

2
2

7
(2

2
.3

)
4
5

(2
1
.6

)
3

(3
7
.5

)
2
6

(2
1
.5

)
4
0

(1
9
.2

)
3

(3
7
.5

)
4
9

(4
0
.5

)
7
6

(3
6
.5

)
4

(5
0
.0

)
3
8

(3
1
.4

)
8
6

(4
1
.4

)
4

(5
0
.0

)
4
9

(4
0
.5

)
6
9

(3
3
.2

)
0

3
7

(5
.8

)
7

(3
.4

)
1

(1
2
.5

)
1
1

(9
.1

)
7

(3
.4

)
1

(1
2
.5

)
1
8

(1
4
.9

)
1
7

(8
.2

)
1

(1
2
.5

)
1
2

(9
.9

)
2
6

(1
2
.5

)
0

1
6

(1
3
.2

)
3
0

(1
4
.4

)
0

4
5

(4
.1

)
3

(1
.4

)
0

2
(1

.7
)

8
(3

.9
)

0
4

(3
.3

)
6

(2
.9

)
1

(1
2
.5

)
5

(4
.1

)
3

(1
.4

)
0

3
(2

.5
)

4
(1

4
.4

)
0

m
is

si
n
g

8
(6

.6
)

1
9

(9
.1

)
0

1
0

(8
.3

)
2
9

(1
3
.9

)
1

(1
2
.5

)
4

(3
.3

)
3
1

(1
4
.9

)
1

(1
2
.5

)
9

(7
.4

)
2
6

(1
2
.5

)
2

(2
5
.0

)
1
1

(9
.0

1
)

3
8

(1
8
.3

)
5

(6
2
.5

)

Q
1
9

1
7

6
(6

2
.8

)
1
5
0

(7
2
.1

)
5

(6
2
.5

)
7
7

(6
3
.6

)
1
3
3

(6
3
.9

)
6

(7
5
.0

)
4
7

(3
8
.8

)
9
7

(4
6
.6

)
2

(2
5
.0

)
6
3

(5
2
.1

)
8
5

(4
0
.9

)
3

(3
7
.5

)
5
9

(4
8
.8

)
8
6

(4
1
.4

)
2

(2
5
.0

)

2
2

7
(2

2
.3

)
3
3

(1
5
.9

)
3

(3
7
.5

)
2
1

(1
7
.4

)
2
5

(1
2
.0

)
0

4
2

(3
4
.7

)
5
3

(2
5
.5

)
3

(3
7
.5

)
2
7

(2
2
.3

)
6
3

(3
0
.3

)
3

(3
7
.5

)
3
0

(2
4
.8

)
5
4

(2
6
.0

)
1

(1
2
.5

)

3
3

(2
.5

)
5

(2
.4

)
0

8
(6

.6
)

1
3

(6
.3

)
1

(1
2
.5

)
1
8

(1
4
.9

)
1
9

(9
.1

)
1

(1
2
.5

)
1
3

(1
0
.7

)
2
3

(3
0
.3

)
0

1
8

(1
4
.9

)
2
4

(1
1
.5

)
0

4
4

(3
.3

)
3

(1
.4

)
0

3
(2

.5
)

3
(1

.4
)

0
5

(4
.1

)
5

(2
.4

)
1

(1
2
.5

)
8

(6
.6

)
2
3

(1
1
.1

)
0

4
(3

.3
)

6
(2

.9
)

0

m
is

si
n
g

1
1

(9
.1

)
1
7

(8
.2

)
0

1
2

(9
.9

)
3
4

(1
6
.4

)
1

(1
2
.5

)
9

(7
.4

)
3
4

(1
6
.5

)
1

(1
2
.5

)
1
0

(8
.3

)
1
1

(5
.3

)
2

(2
5
.0

)
1
0

(8
.3

)
3
8

(1
8
.3

)
5

(6
2
.5

)

F
at

ig
u
e

Q
1
0

1
5

1
(4

2
.2

)
9
3

(4
4
.7

)
5

(6
2
.5

)
5
6

(4
6
.3

)
9
1

(4
3
.8

)
4

(5
0
.0

)
2
5

(2
0
.7

)
4
9

(2
3
.6

)
1

(1
2
.5

)
1
9

(1
5
.7

)
2
7

(1
3
.0

)
1

(1
2
.5

)
2
2

(1
8
.2

)
3
9

(1
8
.8

)
1

(1
2
.5

)

2
4

5
(3

7
.2

)
7
2

(3
4
.6

)
3

(3
7
.5

)
3
6

(2
9
.8

)
6
4

(3
0
.8

)
1

(1
2
.5

)
5
6

(4
6
.3

)
8
8

(4
2
.3

)
3

(3
7
.5

)
6
0

(4
9
.6

)
9
1

(4
3
.8

)
3

(3
7
.5

)
5
6

(4
6
.3

)
8
4

(4
0
.4

)
2

(2
5
.0

)

3
8

(6
.6

)
1
5

(7
.2

)
0

1
2

(9
.9

)
1
7

(8
.2

)
2

(2
5
.0

)
2
2

(1
8
.2

)
3
1

(1
4
.9

)
2

(2
5
.0

)
1
9

(1
5
.7

)
4
2

(2
0
.2

)
1

(1
2
.5

)
2
2

(1
8
.2

)
3
9

(1
8
.8

)
0

4
4

(3
.3

)
7

(3
.4

)
0

4
(3

.3
)

6
(2

.9
)

0
1
1

(9
.1

)
9

(4
.3

)
1

(1
2
.5

)
1
2

(9
.9

)
2
0

(9
.6

)
0

9
(7

.4
)

1
0

(4
.8

)
0

m
is

si
n
g

1
3

(1
0
.7

)
2
1

(1
0
.1

)
0

1
3

(1
0
.7

)
3
0

(1
4
.4

)
1

(1
2
.5

)
7

(5
.8

)
3
1

(1
4
.9

)
1

(1
2
.5

)
1
1

(9
.1

)
2
8

(1
3
.5

)
3

(3
7
.5

)
1
2

(9
.9

)
3
6

(1
7
.3

)
5

(6
2
.5

)

Q
1
2

1
6

3
(5

2
.1

)
1
0
3

(4
9
.5

)
5

(6
2
.5

)
6
3

(5
2
.1

)
1
0
3

(4
9
.5

)
4

(5
0
.0

)
3
5

(2
8
.9

)
7
0

(3
3
.7

)
2

(2
5
.0

)
3
5

(2
8
.9

)
4
6

(2
2
.1

)
1

(1
2
.5

)
3
8

(3
1
.4

)
6
6

(3
1
.7

)
2

(2
5
.0

)

2
3

8
(3

1
.4

)
6
9

(3
3
.2

)
3

(3
7
.5

)
2
9

(2
4
.0

)
6
0

(2
8
.9

)
3

(3
7
.5

)
5
8

(4
7
.9

)
8
4

(4
0
.4

)
5

(6
2
.5

)
5
2

(4
3
.0

)
8
2

(3
9
.4

)
5

(6
2
.5

)
5
1

(4
2
.2

)
7
1

(3
4
.1

)
1

(1
2
.5

)

3
7

(5
.8

)
1
1

(5
.3

)
0

1
4

(1
1
.6

)
1
0

(4
.8

)
0

1
7

(1
4
.1

)
1
5

(7
.2

)
0

2
0

(1
6
.5

)
3
9

(1
8
.8

)
0

1
1

(9
.1

)
2
5

(1
2
.0

)
0

4
3

(2
.5

)
6

(2
.9

)
0

2
(1

.7
)

6
(2

.9
)

0
5

(4
.1

)
8

(3
.9

)
0

5
(4

.1
)

1
5

(7
.2

)
0

9
(7

.4
)

1
0

(4
.8

)
0

m
is

si
n
g

1
0

(8
.3

)
1
9

(9
.1

)
0

1
3

(1
0
.7

)
2
9

(1
3
.9

)
1

(1
2
.5

)
6

(5
.0

)
3
1

(1
4
.9

)
1

(1
2
.5

)
9

(7
.4

)
2
6

(1
2
.5

)
2

(2
5
.0

)
1
2

(9
.9

)
3
6

(1
7
.3

)
5

(6
2
.5

)

Q
1
8

1
4

0
(3

3
.1

)
7
3

(3
5
.1

)
0

4
2

(3
4
.7

)
8
0

(3
8
.5

)
3

(3
7
.5

)
1
9

(1
5
.7

)
5
0

(2
4
.0

)
1

(1
2
.5

)
1
7

(1
4
.1

)
2
5

(1
2
.0

)
1

(1
2
.5

)
1
9

(1
5
.7

)
3
6

(1
7
.3

)
1

(1
2
.5

)

2
5

1
(4

2
.2

)
9
5

(4
5
.7

)
7

(8
7
.5

)
4
9

(4
0
.5

)
7
4

(3
5
.6

)
3

(3
7
.5

)
6
4

(5
2
.9

)
9
5

(4
5
.7

)
1

(1
2
.5

)
5
7

(4
7
.1

)
8
5

(4
0
.9

)
4

(5
0
.0

)
6
0

(4
9
.6

)
9
0

(4
3
.3

)
2

(2
5
.0

)

3
1

6
(1

3
.2

)
1
6

(7
.7

)
1

(1
2
.5

)
1
7

(1
4
.1

)
1
4

(6
.7

)
1

(1
2
.5

)
2
4

(1
9
.8

)
2
9

(1
3
.9

)
4

(5
0
.0

)
2
5

(2
0
.7

)
5
3

(2
5
.5

)
1

(1
2
.5

)
2
5

(2
0
.7

)
3
3

(1
5
.9

)
0

4
5

(4
.1

)
7

(3
.4

)
0

3
(2

.5
)

8
(3

.9
)

0
9

(7
.4

)
5

(2
.4

)
2

(2
5
.0

)
1
4

(1
1
.6

)
1
5

(7
.2

)
0

6
(5

.0
)

1
0

(4
.8

)
0

m
is

si
n
g

9
(7

.4
)

1
7

(8
.2

)
0

1
0

(8
.3

)
3
2

(1
5
.4

)
1

(1
2
.5

)
5

(4
.1

)
2
9

(1
3
.9

)
0

8
(6

.6
)

3
0

(1
4
.4

)
2

(2
5
.0

)
1
1

(9
.1

)
3
9

(1
8
.8

)
5

(6
2
.5

)



Longitudinal analysis of the health-related quality of life in oncology… 21

T
im

e
1

T
im

e
1

re
tr

os
pe

ct
iv

e
T

im
e

2
T

im
e

3
T

im
e

4

no
m

as
te

ct
om

y
m

as
te

ct
om

y
m

is
si

ng
no

m
as

te
ct

om
y

m
as

te
ct

om
y

m
is

si
ng

no
m

as
te

ct
om

y
m

as
te

ct
om

y
m

is
si

ng
no

m
as

te
ct

om
y

m
as

te
ct

om
y

m
is

si
ng

no
m

as
te

ct
om

y
m

as
te

ct
om

y
m

is
si

ng

G
H

S

Q
2
9

1
3

(2
.5

)
0

0
0

1
(0

.5
)

0
1

(0
.8

)
2

(1
.0

)
0

1
(0

.8
)

0
0

1
(0

.8
)

0
0

2
0

3
(1

.4
)

1
(1

2
.5

)
4

(3
.3

)
3

(1
.4

)
0

3
(2

.5
)

2
(1

.0
)

0
5

(4
.1

)
5

(2
.4

)
0

1
(0

.8
)

2
(1

.0
)

0

3
1

0
(8

.3
)

1
0

(4
.8

)
1

(1
2
.5

)
1
4

(1
1
.6

)
1
0

(4
.8

)
1

(1
2
.5

)
1
5

(1
2
.4

)
1
7

(8
.2

)
1

(1
2
.5

)
1
5

(1
2
.4

)
3
0

(1
4
.4

)
1

(1
2
.5

)
1
0

(8
.3

)
1
6

(7
.7

)
0

4
1

9
(1

5
.7

)
4
5

(2
1
.6

)
1

(1
2
.5

)
1
9

(1
5
.7

)
4
1

(1
9
.7

)
0

3
4

(2
8
.1

)
5
1

(2
4
.5

)
0

2
7

(2
2
.3

)
4
7

(2
2
.6

)
0

2
5

(2
0
.7

)
3
7

(1
7
.8

)
0

5
3

2
(2

6
.5

)
4
7

(2
2
.6

)
3

(3
7
.5

)
3
0

(2
4
.8

)
4
5

(2
1
.6

)
3

(3
7
.5

)
3
0

(2
4
.8

)
5
1

(2
4
.5

)
4

(5
0
.0

)
3
5

(2
8
.9

)
6
3

(3
0
.3

)
3

(3
7
.5

)
4
1

(3
3
.9

)
5
9

(2
8
.4

)
1

(1
2
.5

)

6
3

6
(2

9
.8

)
5
7

(2
7
.4

)
2

(2
5
.0

)
3
2

(2
6
.5

)
5
6

(2
1
.6

)
3

(3
7
.5

)
2
7

(2
2
.3

)
4
4

(2
1
.2

)
2

(2
5
.0

)
2
1

(1
7
.4

)
2
7

(1
3
.0

)
2

(2
5
.0

)
2
5

(2
0
.7

)
4
2

(2
0
.2

)
2

(2
5
.0

)

7
1

2
(9

.9
)

2
8

(1
3
.5

)
0

1
1

(9
.1

)
2
2

(1
0
.6

)
0

5
(4

.1
)

1
1

(5
.3

)
0

8
(6

.6
)

8
(3

.9
)

0
8

(6
.6

)
1
6

(7
.7

)
0

m
is

si
n
g

9
(7

.4
)

1
8

(8
.7

)
0

1
1

(9
.1

)
3
0

(1
4
.4

)
1

(1
2
.5

)
6

(5
.0

)
3
0

(1
4
.4

)
1

(1
2
.5

)
9

(7
.4

)
2
8

(1
3
.5

)
2

(2
5
.0

)
1
0

(8
.3

)
3
6

(1
7
.3

)
5

(6
2
.5

)

Q
3
0

1
2

(1
.7

)
2

(1
.0

)
0

0
0

0
0

1
(0

.5
)

0
1

(0
.8

)
0

0
0

0
0

2
2

(1
.7

)
4

(1
.9

)
1

(1
2
.5

)
3

(2
.5

)
6

(2
.9

)
0

7
(5

.8
)

7
(3

.4
)

0
6

(5
.0

)
9

(4
.3

)
0

3
(2

.5
)

4
(1

.9
)

0

3
1

1
(9

.1
)

1
2

(5
.8

)
2

(2
5
.0

)
1
3

(1
0
.7

)
8

(3
.9

)
1

(1
2
.5

)
1
1

(9
.1

)
1
9

(9
.1

)
1

(1
2
.5

)
1
0

(8
.3

)
2
8

(1
3
.5

)
1

(1
2
.5

)
8

(6
.6

)
1
5

(7
.2

)
0

4
1

3
(1

0
.7

)
3
5

(1
6
.8

)
1

(1
2
.5

)
2
0

(1
0
.7

)
4
3

(2
0
.7

)
1

(1
2
.5

)
2
9

(2
4
.0

)
4
9

(2
3
.6

)
0

3
0

(2
4
.8

)
4
5

(2
1
.6

)
0

2
5

(2
0
.7

)
3
5

(1
6
.8

)
0

5
3

2
(2

6
.5

)
5
3

(2
5
.5

)
2

(2
5
.0

)
3
1

(2
5
.6

)
4
2

(2
0
.2

)
2

(2
5
.0

)
3
2

(2
6
.5

)
4
7

(2
2
.6

)
4

(5
0
.0

)
3
6

(2
9
.8

)
5
9

(2
8
.4

)
3

(3
7
.5

)
3
9

(3
2
.3

)
5
5

(2
6
.4

)
2

(2
5
.0

)

6
3

9
(3

2
.2

)
5
1

(2
4
.5

)
2

(2
5
.0

)
2
8

(2
3
.1

)
5
7

(2
7
.4

)
2

(2
5
.0

)
2
7

(2
2
.3

)
4
5

(2
1
.6

)
2

(2
5
.0

)
2
2

(1
8
.2

)
3
0

(1
4
.4

)
2

(2
5
.0

)
2
7

(2
2
.3

)
4
4

(2
1
.2

)
1

(1
2
.5

)

7
1

0
(8

.3
)

3
2

(1
5
.4

)
0

1
4

(1
1
.6

)
2
0

(9
.6

)
1

(1
2
.5

)
7

(5
.8

)
1
1

(5
.3

)
0

8
(6

.6
)

9
(4

.3
)

0
9

(7
.4

)
1
9

(9
.1

)
0

m
is

si
n
g

9
(7

.4
)

1
9

(9
.1

)
0

1
2

(9
.9

)
3
2

(1
5
.4

)
1

(1
2
.5

)
8

(6
.6

)
2
9

(1
3
.9

)
1

(1
2
.5

)
8

(6
.6

)
2
8

(1
3
.5

)
2

(2
5
.0

)
1
0

(8
.3

)
3
6

(1
7
.3

)
5

(6
2
.5

)

B
I1

Q
9 1

9
1

(7
5
.2

)
1
4
0

(6
7
.3

)
3

(3
7
.5

)
8
2

(6
7
.8

)
1
3
7

(6
5
.9

)
4

(5
0
.0

)
6
3

(5
2
.1

)
1
1
3

(5
4
.3

)
4

(5
0
.0

)
4
9

(4
0
.5

)
8
5

(4
0
.9

)
2

(2
5
.0

)
4
7

(3
8
.9

)
9
4

(4
5
.2

)
0

2
1

4
(1

1
.6

)
3
1

(1
4
.9

)
2

(2
5
.0

)
2
0

(1
6
.5

)
2
7

(1
3
.0

)
1

(1
2
.5

)
3
0

(2
4
.8

)
4
0

(1
9
.2

)
3

(3
7
.5

)
3
4

(2
8
.1

)
5
1

(2
4
.5

)
2

(2
5
.0

)
3
3

(2
7
.3

)
4
5

(2
1
.6

)
3

(3
7
.5

)

3
5

(4
.1

)
5

(2
.4

)
1

(1
2
.5

)
2

(1
.7

)
6

(2
.9

)
1

(1
2
.5

)
1
2

(9
.9

)
1
2

(5
.8

)
0

1
0

(8
.3

)
2
5

(1
2
.0

)
1

(1
2
.5

)
1
5

(1
2
.4

)
2
3

(1
1
.1

)
0

4
0

1
(0

.5
)

0
1

(0
.8

)
0

0
5

(4
.1

)
5

(2
.4

)
0

1
6

(1
3
.2

)
1
6

(7
.7

)
0

1
6

(1
3
.2

)
8

(3
.9

)
0

m
is

si
n
g

1
1

(9
.1

)
3
1

(1
4
.9

)
2

(2
5
.0

)
1
6

(1
3
.2

)
3
8

(1
8
.3

)
2

(2
5
.0

)
1
1

(9
.1

)
3
8

(1
8
.3

)
1

(1
2
.5

)
1
2

(9
.9

)
3
1

(1
4
.9

)
3

(3
7
.5

)
1
0

(8
.3

)
3
8

(1
8
.3

)
5

(6
2
.5

)
1

B
o
d
y

im
ag

e

T
ab

le
 1

: 
co

nt
in

ue
d



22 Anota A., Cottone F., Barbieri A., Bascoul-Mollevi C., Efficace F., Bonnetain F.

Ti
m

e
1

Ti
m

e
1

re
tr

os
pe

ct
iv

e
Ti

m
e

2
Ti

m
e

3
Ti

m
e

4

no
m

as
te

ct
om

y
m

as
te

ct
om

y
m

is
si

ng
no

m
as

te
ct

om
y

m
as

te
ct

om
y

m
is

si
ng

no
m

as
te

ct
om

y
m

as
te

ct
om

y
m

is
si

ng
no

m
as

te
ct

om
y

m
as

te
ct

om
y

m
is

si
ng

no
m

as
te

ct
om

y
m

as
te

ct
om

y
m

is
si

ng

Q
1
0

1
9

3
(7

6
.9

)
1
4
2

(6
8
.3

)
3

(3
7
.5

)
8
6

(7
1
.1

)
1
3
7

(6
5
.9

)
3

(3
7
.5

)
6
9

(5
7
.0

)
1
1
5

(5
5
.3

)
3

(3
7
.5

)
5
2

(4
3
.0

)
9
2

(4
4
.2

)
1

(1
2
.5

)
5
0

(4
1
.3

)
9
5

(4
5
.7

)
0

2
1

1
(9

.1
)

2
5

(1
2
.0

)
2

(2
5
.0

)
1
6

(1
3
.2

)
2
5

(1
2
.0

)
2

(2
5
.0

)
2
9

(2
4
.0

)
3
6

(1
7
.3

)
3

(3
7
.5

)
3
1

(2
5
.6

)
5
1

(2
4
.5

)
5

(6
2
.5

)
3
0

(2
4
.8

)
4
2

(2
0
.2

)
3

(3
7
.5

)

3
5

(4
.1

)
9

(4
.3

)
1

(1
2
.5

)
1

(0
.8

)
7

(3
.4

)
1

(1
2
.5

)
7

(5
.8

)
1
5

(7
.2

)
0

1
2

(9
.9

)
2
2

(1
0
.6

)
0

1
4

(1
1
.6

)
2
2

(1
0
.6

)
0

4
1

(0
.8

)
1

(0
.5

)
0

1
(0

.8
)

0
0

8
(6

.6
)

3
(1

.4
)

0
1
7

(1
4
.1

)
1
5

(7
.2

)
0

1
6

(1
3
.2

)
1
1

(5
.3

)
0

m
is

si
n
g

1
1

(9
.1

)
3
1

(1
4
.9

)
2

(2
5
.0

)
1
7

(1
4
.1

)
3
9

(1
8
.8

)
2

(2
5
.0

)
8

(6
.6

)
3
9

(1
8
.8

)
2

(2
5
.0

)
9

(7
.4

)
2
8

(1
3
.5

)
2

(2
5
.0

)
1
1

(9
.1

)
3
8

(1
8
.3

)
5

(6
2
.5

)

Q
1
1

1
8

4
(6

9
.4

)
1
3
7

(6
5
.9

)
4

(5
0
.0

)
7
6

(6
2
.8

)
1
2
5

(6
0
.1

)
4

(5
0
.0

)
5
4

(4
4
.6

)
1
0
9

(5
2
.4

)
3

(3
7
.5

)
4
6

(3
8
.0

)
9
9

(4
7
.6

)
3

(3
7
.5

)
4
7

(3
8
.8

)
9
7

(4
6
.6

)
1

(1
2
.5

)

2
1

9
(1

5
.7

)
2
7

(1
3
.0

)
0

2
0

(1
6
.5

)
3
0

(1
4
.4

)
1

(1
2
.5

)
3
5

(2
8
.9

)
4
0

(1
9
.2

)
1

(1
2
.5

)
3
0

(2
4
.8

)
4
8

(2
3
.1

)
0

3
0

(2
4
.8

)
4
7

(2
2
.6

)
1

(1
2
.5

)

3
2

(1
.7

)
9

(1
3
.0

)
1

(1
2
.5

)
5

(4
.1

)
1
1

(5
.3

)
0

1
1

(9
.1

)
1
7

(8
.2

)
2

(2
5
.0

)
1
8

(1
4
.9

)
2
3

(1
1
.1

)
1

(1
2
.5

)
1
6

(1
3
.2

)
1
8

(8
.7

)
1

(1
2
.5

)

4
3

(2
.5

)
5

(2
.4

)
1

(1
2
.5

)
3

(2
.5

)
5

(2
.4

)
1

(1
2
.5

)
1
0

(8
.3

)
5

(2
.4

)
1

(1
2
.5

)
1
8

(1
4
.9

)
1
3

(6
.3

)
2

(2
5
.0

)
1
7

(1
4
.1

)
8

(3
.9

)
0

m
is

si
n
g

1
3

(1
0
.7

)
3
0

(1
4
.4

)
2

(2
5
.0

)
1
7

(1
4
.1

)
3
7

(1
7
.8

)
2

(2
5
.0

)
1
1

(9
.1

)
3
7

(1
7
.8

)
1

(1
2
.5

)
9

(7
.4

)
2
5

(1
2
.0

)
2

(2
5
.0

)
1
1

(9
.1

)
3
8

(1
8
.3

)
5

(6
2
.5

)

Q
1
2

1
8

3
(6

8
.6

)
1
2
6

(6
0
.6

)
4

(5
0
.0

)
8
0

(6
6
.1

)
1
2
1

(5
8
.2

)
4

(5
0
.0

)
5
5

(4
5
.5

)
1
0
5

(5
0
.5

)
3

(3
7
.5

)
3
7

(3
0
.6

)
9
4

(4
5
.2

)
3

(3
7
.5

)
3
5

(2
8
.9

)
9
0

(4
3
.3

)
1

(1
2
.5

)

2
1

7
(1

4
.1

)
3
4

(1
6
.4

)
0

1
8

(1
4
.9

)
2
6

(1
2
.5

)
1

(1
2
.5

)
3
0

(2
4
.8

)
4
3

(2
0
.7

)
1

(1
2
.5

)
3
7

(3
0
.6

)
4
9

(2
3
.6

)
0

3
5

(2
8
.9

)
4
8

(2
3
.1

)
1

(1
2
.5

)

3
2

(1
.7

)
1
2

(5
.6

)
1

(1
2
.5

)
2

(1
.7

)
1
4

(6
.7

)
0

1
0

(8
.3

)
1
3

(6
.3

)
1

(1
2
.5

)
1
6

(1
3
.2

)
1
6

(7
.7

)
2

(2
5
.0

)
2
2

(1
8
.2

)
2
0

(9
.6

)
1

(1
2
.5

)

4
2

(1
.7

)
4

(1
.9

)
1

(1
2
.5

)
3

(2
.5

)
5

(2
.4

)
1

(1
2
.5

)
9

(7
.4

)
8

(3
.9

)
1

(1
2
.5

)
1
9

(1
5
.7

)
2
0

(9
.6

)
1

(1
2
.5

)
1
7

(1
4
.1

)
1
2

(5
.8

)
0

m
is

si
n
g

1
7

(1
4
.1

)
3
2

(1
5
.4

)
2

(2
5
.0

)
1
8

(1
4
.9

)
4
2

(2
0
.2

)
2

(2
5
.0

)
1
7

(1
4
.1

)
3
9

(1
8
.8

)
2

(2
5
.0

)
1
2

(9
.9

)
2
9

(1
3
.9

)
2

(2
5
.0

)
1
2

(9
.9

)
3
8

(1
8
.3

)
5

(6
2
.5

)

F
P

1

Q
1
3

1
1

0
(8

.3
)

1
9

(9
.1

)
1

(1
2
.5

)
2
8

(2
3
.1

)
2
6

(1
2
.5

)
2

(2
5
.0

)
1
0

(8
.3

)
2
9

(1
4
.0

)
0

2
3

(1
9
.0

)
3
6

(1
7
.3

)
1

(1
2
.5

)
2
1

(1
7
.4

)
4
3

(2
0
.7

)
0

2
5

1
(4

2
.2

)
7
3

(3
5
.1

)
1

(1
2
.5

)
3
8

(3
1
.4

)
8
1

(3
8
.9

)
1

(1
2
.5

)
5
7

(4
7
.1

)
8
2

(3
9
.4

)
2

(2
5
.0

)
4
5

(3
7
.2

)
7
5

(3
6
.1

)
1

(1
2
.5

)
4
6

(3
8
.0

)
8
0

(3
8
.5

)
1

(1
2
.5

)

3
2

2
(1

8
.2

)
5
8

(2
7
.9

)
0

2
8

(2
3
.1

)
3
5

(1
6
.8

)
2

(2
5
.0

)
2
9

(2
4
.0

)
4
1

(1
9
.7

)
2

(2
5
.0

)
2
2

(1
8
.2

)
4
5

(2
1
.6

)
3

(3
7
.5

)
3
0

(2
4
.8

)
3
1

(1
4
.9

)
0

4
2

4
(1

9
.8

)
3
2

(1
5
.4

)
4

(5
0
.0

)
1
5

(1
2
.4

)
2
9

(1
3
.9

)
2

(2
5
.0

)
1
9

(1
5
.7

)
2
4

(1
1
.5

)
3

(3
7
.5

)
2
3

(1
9
.0

)
2
6

(1
2
.5

)
1

(1
2
.5

)
1
5

(1
2
.4

)
2
1

(1
0
.1

)
2

(2
5
.0

)

m
is

si
n
g

1
4

(1
1
.6

)
2
6

(1
2
.5

)
2

(2
5
.0

)
1
2

(9
.9

)
3
7

(1
7
.8

)
1

(1
2
.5

)
6

(5
.0

)
3
2

(1
5
.4

)
1

(1
2
.5

)
8

(6
.6

)
2
6

(1
2
.5

)
2

(2
5
.0

)
9

(7
.4

)
3
3

(1
5
.9

)
5

(6
2
.5

)
1

F
u
tu

re
p
er

sp
ec

ti
v
es

T
ab

le
 1

: 
co

nt
in

ue
d



Longitudinal analysis of the health-related quality of life in oncology… 23

3.3 LONGITUDINAL ANALYSIS

3.3.1 LMMRM

All results obtained for the LMMRM analyses are summarized in Table 3.

3.2  DETECTION OF THE RESPONSE SHIFT EFFECT

After surgery (Table 2), the recalibration effect was statistically significant for both
fatigue (p-value=0.03) and future perspective dimensions (p-value < 0.01) but only
clinically significant for future perspectives (MD = 7.4).

Post-surgery

then-test

minus

baseline score

Baseline

HRQoL

Post-surgery

HRQoL

Post-surgery

then-test

Scores N mean (SD) N mean (SD) N mean (SD) mean (SD) P effect size

GHS 280 69.1 (19.6) 274 63.1 (20.0) 280 68.3 (20.0) -0.8 (16.7) 0.55 -0.04

Fatigue 278 22.8 (23.2) 270 32.4 (24.1) 278 21.4 (23.6) -1.5 (18.2) 0.03 -0.06

Pain 285 13.3 (21.6) 281 25.6 (25.1) 285 13.9 (23.0) 0.5 (19.0) 0.90 0.02

Body image 262 90.8 (16.8) 251 81.7 (24.7) 262 90.0 (17.5) -0.8 (11.9) 0.67 -0.05

Future perspectives 261 48.0 (30.7) 251 53.7 (29.6) 261 55.4 (31.9) 7.4 (30.6) <0.01 0.24

Table 2: Recalibration component of response shift effect assessed with the then-test method
after surgery among patients with a confirmed breast cancer and with both baseline

score and then-test score post-surgery

Using the then-test obtained post-surgery as the reference measure (reference
analysis):

then-test post-surgery
as the reference

measure

prospective measures adjusting on the score
obtained post-surgery

Dimension N Effect Estimate SE P Estimate SE P Estimate SE P

GHS 273 time -1.06 0.58 0.07 -1.28 0.55 0.02 -1.30 0.55 0.02

interaction 0.44 0.78 0.58 0.25 0.76 0.75 0.42 0.72 0.56

Fatigue 271 time 5.24 0.71 <0.01 4.72 0.71 <0.01 5.21 0.72 <0.01

interaction -0.63 1.03 0.54 -0.54 1.03 0.60 -1.61 0.98 0.10

Pain 278 surgery 4.28 2.74 0.12 5.46 2.55 0.03 1.70 1.77 0.34

time 4.55 0.69 <0.01 4.93 0.65 <0.01 4.73 0.66 <0.01

interaction -1.87 1.11 0.09 -2.43 1.04 0.02 -2.18 1.05 0.04

Body image 257 time -4.15 0.80 <0.01 -4.24 0.82 <0.01 -5.13 0.84 <0.01

interaction -4.42 1.23 <0.01 -4.80 1.26 <0.01 -2.73 1.15 0.02

FP 256 time 2.59 0.93 <0.01 4.75 0.84 <0.01 4.53 0.84 <0.01

interaction -2.07 1.29 0.11 -1.85 1.23 0.14 -0.69 1.11 0.54

SE: standard Error GHS: Global Health Status; A heterogeneous first order autoregressive structure for the
covariance matrix was retained for each analysis and each score except for nausea and vomiting for which an
unstructured structure was retained based on the AIC criteria. Results which are not consistent with those obtained
using the then-test method are highlighted in grey in the Table

Table 3: Results of the linear mixed model for repeated measure taking into account the
recalibration component of the response shift effect
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• a significant time effect was highlighted for fatigue (estimate = 5.24), pain
(estimate = 4.55), body image (estimate = -4.15) and future perspective
(estimate = 2.59) dimensions (p-values < 0.01) and

• a significant interaction between time and surgery was only highlighted for body
image dimension (estimate = -4.43; p-value < 0.01). Results obtained using the
prospective measures (crude analysis) were consistent to these results using the
then-test method except that:

• a significant surgery effect (mastectomy vs. no mastectomy) was highlighted for
pain dimension (estimate = 5.46, p-value = 0.03) while this effect was not
significant in the reference analysis (estimate = 4.28, p-value = 0.11);

• a significant time effect was highlighted for GHS (estimate = -1.28, p-value =
0.02) while this trend was not significant in the reference analysis (estimate =
-1.06, p-value = 0.07) and

• a significant interaction effect between pain and time was highlighted (estimate
= -2.43, p-value = 0.02) while this effect was not significant in the reference
analysis (estimate = -1.87, p-value = 0.09).

Regarding the results obtained adjusting on the score obtained post-surgery
(alternative method to take into account the RS effect), the same divergence was
observed as compared to the results obtained with the then-test method except that
the surgery effect of pain was not statistically significant (estimate = 1.70, p-value
= 0.34).

3.3.2 LPCM

Results of the LPCM analyses are presented in Table 4 for fixed effects and in Table
5 for item difficulty parameters and trends.

then-test post-surgery
as the reference

measure

prospective measures adjusting on the score
obtained post-surgery

Dimension N Effect Estimate SE P Estimate SE P Estimate SE P

GHS 273 time -0.16 0.06 0.09 -0.15 0.07 0.04 0.18 0.07 0.01

interaction 0.04 0.08 0.63 0.06 0.09 0.52 0.04 0.09 0.66

Fatigue 271 time 0.49 0.07 <0.01 0.49 0.07 <0.01 0.11 0.09 0.20

interaction -0.03 0.09 0.73 -0.04 0.10 0.73 -0.03 0.11 0.75

Pain 278 mastectomy 0.48 0.29 0.10 0.57 0.26 0.03 0.64 0.28 0.03

time 0.48 0.07 <0.01 0.46 0.07 <0.01 0.09 0.08 0.31

interaction -0.21 0.10 0.04 -0.25 0.09 <0.01 -0.29 0.11 <0.01

Body image 257 time 0.42 0.09 <0.01 0.34 0.09 <0.01 -0.02 0.11 0.83

interaction 0.40 0.12 <0.01 0.46 0.12 <0.01 0.50 0.13 <0.01

Future perspectives 256 time -0.25 0.09 <0.01 -0.43 0.08 <0.01 -0.37 0.11 <0.01

interaction 0.19 0.12 0.11 0.16 0.11 0.13 0.16 0.11 0.13

SE: standard Error GHS: Global Health Status; Results which are not consistent with those obtained using the then-test method are

highlighted in grey in the Table

Table 4: Results of the linear partial credit model taking into account the recalibration
component of the response shift effect
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Using the then-test obtained post-surgery as the reference measure (reference
analysis):
• a significant time effect was highlighted for fatigue (estimate = 0.49), pain (estimate

= 0.48), body image (estimate = 0.42) and future perspectives (estimate = -0.25)
dimensions (p-value <0.01);

• a significant interaction between time and surgery was highlighted for both pain
(estimate = -0.21; p-value = 0.04) and body image dimensions (estimate = 0.40, p-
value <0.01). Results obtained using the prospective measures (crude analysis)
were consistent to these results using the then-test method except that:

• a significant surgery effect was highlighted for pain dimension (estimate = 0.57; p-
value = 0.03) while this effect was not significant in the reference analysis (estimate
= 0.48; p-value = 0.10) and

• a significant time effect was highlighted for GHS (estimate = -0.15; pvalue = 0.04)
while this effect was not significant in the reference analysis (estimate = -0.16; p-
value = 0.09).

Regarding the results obtained by re-estimating item difficulty parameter at time
T2 for each response category (alternative method to take into account the RS effect),
the same divergences were observed as compared to the results obtained with the then-
test method. Moreover, the time effects for fatigue (estimate= 0.15; p-value = 0.20), pain
(estimate = 0.09; p-value = 0.31) and body image (estimate = -0.02; p-value = 0.83)
dimensions were not detected with a corresponding p-value >0.05.

3.3.3 TTD

All results obtained for the TTD analyses according to each reference score are
summarized in Table 6.

Using the then-test obtained post-surgery as the reference measure (reference
analysis), patients with a mastectomy tended to present a shorter TTD deterioration
for 3/5 selected dimensions with a HR (mastectomy vs. no mastectomy) >1.
Patients who undergone a mastectomy presented a significantly shorter TTD of
body image (HR = 1.56 (95%CI 1.16; 2.11)) and future perspectives dimensions
(HR = 1.52 (95%CI 1.00; 2.31)).

Considering the baseline score as the reference score (crude analysis),
patients with a mastectomy tended to present a shorter deterioration for 2/5 selected
dimensions with a HR > 1. Only the body image effect highlighted in the reference
analysis remained significant using the baseline score as the reference with a HR
= 1.84 (95%CI 1.36; 2.47) and p-value < 0.01. Considering the best previous score
as the reference score (alternative method to take into account the response shift
effect), patients with a mastectomy tended to present a shorter deterioration for all
selected dimensions with a HR > 1. Using this reference score, and as for the crude
analysis, only the body image effect highlighted in the reference analysis remained
significant using the baseline score as the reference with a HR = 1.93 (95%CI 1.44;
2.59) and p-value < 0.01.
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Figure 2: Kaplan-Meier survival curve of the time to global health status deterioration
according to each reference score and surgery

TTD curves are given in Figure 2 to Figure 6.
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Figure 3: Kaplan-Meier survival curve of the time to fatigue deterioration according to each
reference score and surgery
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Figure 4: Kaplan-Meier survival curve of the time to pain deterioration according to each
reference score and surgery
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Figure 5: Kaplan-Meier survival curve of the time to body image deterioration according to
each reference score and surgery
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Figure 6: Kaplan-Meier survival curve of the time to future perspectives deterioration
according to each reference score and surgery
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4. DISCUSSION

This study was the first one exploring several methods to take into account the
occurrence of the response shift effect in conjunction with three longitudinal
analysis models using the then-test method as the gold standard.

It is important to apply several statistical methods for a longitudinal analysis
since no recommendations have been proposed to analyze HRQoL data in
oncology. Thus, some consistent results obtained between these methods allow to
validate observed trends. In particular, regarding the reference analysis using the
then-test method, both mixed models (LMMRM and IRT) showed convergent
results for all HRQoL dimensions (same significant effects, same direction for
estimate regarding HRQoL level) except that a significant interaction between
time and surgery was highlighted for pain dimension in the IRT model (estimate
= -0.21; p-value = 0.04) while the corresponding effect was not significant in the
LMMRM (estimate = -1.87; p-value = 0.09) even if in the same direction
(indicating a decrease of pain level over time for patients who undergone a surgery
as compared to other patients). Results obtained by TTD cannot be directly
compared to mixed models since they are not focused on same effects. In fact, TTD
is a time-to-event model focused on the event “deterioration”. It can highlight a
longer or a shorter time to deterioration for patients who undergone a mastectomy
as compared to other patients. In this way, TTD approach can complement results
obtained using mixed models. Using this approach, a shorter TTD of body image
(HR = 1.56 (%CI 1.16; 2.11)) and future perspectives (HR = 1.52 (95%CI 1.00;
2.31)) was highlighted for patients who had a mastectomy as compared to other
patients.

For each longitudinal analysis method, the comparison between the crude
analysis and the reference analysis allowed to highlight the impact of the occurrence
of the recalibration component of the response shift effect on the longitudinal
analysis. The LMMRM seems to be the statistical method the most impacted by
the occurrence of a response shift effect with three divergent results as compared
to the reference analysis. The impact of the response shift effect was also important
on the TTD method. In fact, among both dimensions for which the presence of a
mastectomy was significantly associated with a shorter time to deterioration using
the then-test method, only the impact on body image remained significant in the
crude analysis. Finally, the impact of the response shift effect seems to be more
moderate on the LPCM with two divergent results as compared to the reference
analysis among all parameters estimated: a mastectomy effect wrongly detected
for pain as well as a significant time effect for GHS.

For each longitudinal analysis model, one statistical method was explored in
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order to take into account the occurrence of the recalibration component of the
response shift effect based on prospective measures only. Regarding the LMMRM,
the analysis performed by adjusting on the score obtained post-surgery seems to
reduce the bias due to the occurrence of the response shift effect but not with an
optimal efficacy, since some discrepancies with the reference analysis were still
observed. Regarding the TTD approach, the use of the best previous score as the
reference score seems not to reduce the bias due to the occurrence of the response
shift by only detecting the mastectomy effect body image dimension (HR = 1.93
(95%CI 1.44; 2.59), p-value < 0.01), not on future perspectives (HR = 1.10 (95%CI
0.76; 1.59), p-value = 0.59). Finally, the method explored in conjunction with the
IRT model appears to increase the bias due to the occurrence of the response shift
effect as compared to the crude analysis since all discrepancies highlighted in the
crude analysis as compared to the reference analysis were still present and two
additional time effects were not correctly highlighted with a p-value > 0.05.

All these conclusions are based on the assumption that the then-test method
is the gold standard to capture the recalibration component of the response shift
effect. However, the then-test method is increasingly questioned (Schwartz and
Rapkin, 2012; Schwartz and Sprangers, 2010; Visser et al., 2005), mainly because
it can induce a recall bias (Sprangers et al., 1999). Moreover, we only considered
in the present paper the then-test performed at the post-surgery time window. The
occurrence of a recalibration was also highlighted at three and six months and
published in another paper (Anota et al., 2014b). In IRT models, this longitudinal
occurrence of a response shift effect could be taken into account by re-estimating
the trend of item difficulty parameter at each follow-up. Another study already
investigated the ability of the IRT models to characterize the occurrence of the
recalibration component of the response shift effect by varying item difficulty
parameters (Guilleux et al., 2015). However, the main studies regarding IRT were
realized on simulation studies while real data are required to validate such
methodology. Moreover, it is also necessary to compare the results to a gold
standard such as the then-test method.

The choice of these three statistical methods for the longitudinal analysis was
based on the most frequently used to analyze longitudinal HRQoL data in oncology
(for both LMMRM and TTD approaches) or the a priori most appropriate method
(for IRT models). However, one limitation of the LMMRM is that it required the
normally distribution of the score, which is not respected for the HRQoL scores of
the EORTC questionnaire. Studies using such model to analyze longitudinal
HRQoL data also generally do not check this hypothesis. The IRT model is more
adapted to this kind of data which raised from questionnaire. In fact, they are based
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on items themselves and not on the observed score and they have some interesting
properties such as the independence of the sample considered. However, some
strong properties should be respected in order to apply such Rasch-family model
(De Ayala, 2013), namely: the unidimensionality of the scale, the monotonicity of
the latent trait and the local independence of the items. Studies using longitudinal
IRT models generally do not check these assumptions which require to be respected
at each measurement time. Another disadvantage of the IRT model is that a long
time is required for the model to converge. This time is also increased when trend
parameters for items difficulty were added to the model. One advantage of the TTD
approach is that it allows to integrate the MCID into the definition of the
deterioration, and then results are clinically meaningful. Conversely, it seems
difficult at this time to integrate the MCID in the interpretation of the results of the
IRT models. Regarding the LMMRM, it could be possible to interpret the results
as regards to the MCID at the group level. Then, some research is still needed in
order to produce some clinically meaningful results with some results easy to
understand for the clinician.

Regarding the ability of these statistical methods to take into account the
occurrence of the response shift, further research is also still needed. Methods
investigated in this paper have to be applied on other data from clinical trials as well
as on a simulation study in order to determine their ability to adequately take into
account the occurrence of the response shift effect. Moreover, it would be interesting
to propose a multidimensional analysis taking into account all the dimensions. This
multidimensional analysis could thus explore the reprioritization component of the
response shift effect.

To conclude, adjusting on the score obtained post-surgery seems to be a
promising approach to use in conjunction to the LMMRM in order to reduce the bias
due to the occurrence of the response shift effect. Regarding IRT models, both
methods investigated in this paper did not provide satisfying results. Moreover,
these models required a long time to converge and research is still needed for these
models. Finally, the best previous score seemed to be a good alternative to take into
account the occurrence of the response shift using the TTD approach but did not
seem to reduce the bias due to the occurrence of the response shift effect.
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