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Abstract. Theaimwastoinvestigate howtotakeinto account theoccurrenceof theresponse
shift effect according to thelinear mixed model for repeated measures (LMMRM), thetime
tohealth-related quality of lifescoredeterioration (TTD) and thelongitudinal 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
treatmentsor therapeutic strategies (Osoba, 2011). However, resultsof HRQoL are
still underutilized in clinical practice to change the patient’s standard of care,
mainly due to the complexity of HRQoL concept and itsanalysis. In fact, HRQoL
is a subjective and dynamic concept depending on the patient’s adaptation to the
disease and reflected by the occurrence of aresponse shift effect. Thiseffect can be
defined as “a change in the meaning of one's self-evaluation of atarget construct
asaresult of: (a) achangein the respondent’sinternal standards of measurement
(i.e. scalerecalibration); (b) achangeintherespondent’sval ues(i.e. theimportance
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 awoman who is diagnosed for breast cancer. We ask this woman to rate
her fatigue level on a0 to 100 scale where 100 reflects the highest level of fatigue
imaginable. At the time of diagnosis, the patient reports afatigue level of 80/100.
After beginning her treatment consisting of asurgery followed by achemotherapy,
we ask again to this patient to assess her fatigue level. Sherates her fatiguelevel 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 exampl e, thiswoman can attach importance to her physical
activity doing alot of sportsbefore her cancer was diagnosis. After her cancer was
declared and her treatment began, she gives lessimportance to her physical well-
being. Conversely, shegetscloseto her family and friendsand thus her social well-
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being becomesmoreimportanceasregard to her HRQoL . Thisisan exampleof the
reprioritization. Finally, thereconceptuali zationisamost conceptual component of
the response shift effect. It can beillustrated by a person who engagesin spiritual
practiceafter the cancer diagnosis(Park et al., 1990). Response shift effect canbias
the longitudinal analysisif 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 itsoccurrence (Guilleux et a ., 2015; Korfageet a ., 2007; Oort et al ., 2005;
Schwartz and Sprangers, 1999). The then-test method is often considered asagold
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 levelsin
retrospect (then-test). This method is based on the assumption that patients rate
their HRQoL post-test and pre-test level swiththesamecriteria, sincetheassessments
occur at the sametime point. Therecalibration component of response shift should
thusbetakeninto account when comparing post-test andthen-test scores. Comparing
the mean of the pre-test and then-test scores explores recalibration component of
response shift.

Structural equationsmodeling (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 a ., 2005). Finaly, item
responsetheory (IRT) models(DeAyal a, 2013) have al so been proposedtotakeinto
account both recalibration and reprioritization component of the response shift
effect, using the then-test method (Anotaet a., 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.

Atthistime, few studieshavebeen doneontheway to deal withtheoccurrence
of thiseffect in longitudinal analysis. Somefirst 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 a., 2013). In thisway, it is essential to explore
several methodsto takeinto account the response shift effect according to themain
statistical methodsused for thelongitudinal analysisof HRQoL in oncology. Some
convergent resultscould then ensurethevalidity of themethodol ogy, i.e. to produce
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some robust results not bias by the response shift effect.

Theobjectiveof thispaper wasto expl ore several methodsto takeinto account
theoccurrenceof therecalibration component of theresponse shift effect according
tothreestatistical methodsfor thelongitudinal analysis: thelinear mixed model for
repeated measures (LMMRM) (Cnaan et al., 1997; Fairclough, 2010), thetimeto
HRQoL score deterioration (TTD) (Bonnetain et a., 2010) and the longitudinal
partial credit model (LPCM) based on the IRT approach (Bacci, 2008). All these
methodswere applied on datafrom amulticenter prospective cohort study on early
breast cancer patientswherethethen-test method was used asastandard to identify
recalibration (Dabakuyo et al., 2013).

2. METHODS

2.1 PATIENTSAND ELIGIBILITY CRITERIA

A prospective, multicenter, randomized cohort study wasperformedinfour French
centers. All women initialy hospitalized between February 2006 and February
2008 for diagnosisor treatment of primary or suspected breast cancer wereeligible
for inclusion. Women with cancer other than breast cancer, aready undergoing
breast cancer treatment, or with aprevioushistory of cancer wereexcluded. 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 waseval uated using the European Organi zati on of Researchand Treatment
of Cancer (EORTC) QLQ-C30 cancer specific questionnaire (Aaronson et al.,
1993) and itsbreast cancer module QL Q-BR23 (Sprangerset al., 1996) at four time
points: at diagnosis (T,), at the end of theinitial hospitalization (T,), at three (T )
and six months (T ) 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):
* AtT,andat T, patients had to reassess their baseline HRQoL level
* AtT,, patients had to reassess their HRQoL level at three months (T ).
The30-item QL Q-C30questionnairemeasuresfivefunctional scales(physical,
role, emotional, cognitive and social functioning), global health status (GHS),
financial difficultiesand eight symptom scal es (fatigue, nauseaand 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 al”/” 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 QL Q-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 a., 1996).
Each item is constructed on a 4-point Likert scale (“Not at al”/”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 dimensionsand GHS, and from O (best) to 100 (worst) for the symptom
dimensions.

2.3 STATISTICAL ANALYSIS

2.3.1 DESCRIPTIVE ANALYSISAND 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
wereincluded inthelongitudinal analysis, according to the modified intent to treat
principle (Fisher et al., 1990).

Missing dataprofilewasalready studied and extensively described el sewhere
(Anotaet al., 2014b).

Five HRQoL dimensions were selected for the analyses based on:

* The number of items

e The number of response categories per item

e 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 thetest of atreatment by timeinteraction (Anotaet al., 2014a).
Moreover, several studies highlighted that the response shift effect may affect the
fatigue assessment of patients (Visser et a., 2000), particularly in breast cancer
patients (Andrykowski et al., 2009). Hinz et a. showed that the response shift effect
hasanimportant impact ontheglobal health statusdimension of the EORTC QL Q-
C30 questionnaire (Hinz et a., 2012). A previous study also highlighted the
occurrenceof arecalibration effect onthefuture perspectivedimension of the QL Q-
BR23in breast cancer patients (Dabakuyo et a., 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
itemswith 4 response categories), body image (4 itemswith 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/differencein HRQoL score was considered asthe minimal
clinically important difference (MCID) (Osoba et al., 1998). All p-values < 0.05
wereconsidered asstati stical significant. No adjustment on multipletestswasdone.

2.3.2 DETECTIONOFTHERESPONSE SHIFT EFFECT OCCURRENCE USING
THE THEN-TEST METHOD

For each score, the mean difference (MD) between the then-test score obtained at
T2 andthebaselinescorewascal cul ated and described asmean (SD). Theexistence
of asignificant recalibration was tested with aWilcoxon 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 thethen-test and the corresponding pre-test dividing by the SD of patients
at the prospective measurement time.

2.3.3LONGITUDINAL ANALYSIS

Three statistical methods for the longitudinal analysis were explored and we
interested ontheimpact of responseshift eff ect to detect asurgery effect (mastectomy
versus no mastectomy) on each HRQoL score. We focused on this surgery effect
becausewe assumed that aresponse shift effect could differentially impact patients
according to their surgery (mastectomy or not). Thus, according to the methods
explored, weanayzed 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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e Thefirst analysis was made considering the retrospective measure of baseline
HRQoL level realized post-surgery asthe reference (gold standard to take into
account the recalibration component of the response shift effect)

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

» Andfinally, onealternative 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 objectiveisto exploreaternative method to takeinto
account the response shift effect without the then-test method

LMMRM: A linear mixed model for repeated measure (LMMRM) wasapplied 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

effectson patient (individual deviancefrom averageintercept) andtime(individual
deviancefrom averagetimeeffect) wereal so added tothemodel . Several structures
of thevariance-covariancematrix weretested (unstructured, first order autoregressive,
heterogeneousfirst 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 = A xa,+yxt+Vxa, xt+ug,+u, xt+e

0
(MO,m”Ln) ~N <<0> 72>
)

and &, ~ N(0,6?) independent where:

o Yn(t) is the score of the patient » at time ¢,
e ¢ is a constant,

* a, is the surgery status of patient n (equal to O if no mastectomy was realized
or 1 if a mastectomy was done),

A is a fixed surgery effect,
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* 7is a fixed time effect,

* v is a fixed interaction effect between treatment arm and time,
* ug, is a random intercept on patient n,

* uy, are random slopes for time,

* Y is the covariance matrix of random effects (uq ,, 1 »)

(1)

* g,  is the residual of patient n at time ¢

» o2 is the residual variance.

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

For thisstatistical model, thealternativemethod proposed to takeinto 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;

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

e regarding interaction effect: patientswith amastectomy presented anincrease of
(adecrease of) GHS, functional or symptomatic level over time as compared to
other patients.

LPCM: A longitudinal partial credit model (LPCM) was applied onitemsof each

HRQoL dimension integrating the four measurement times and integrating the

same effectsasinthe LMMRM. Thismodel was completely described in previous

publication (Anotaet al., 2014a).

The model considered can be written as follows:
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_ exp(k6 —Y5 8,
Yo exp(h6y) — ¥, &)

P (ij,r = k63,8, . 8,-7m,~)

0) = A X @+ yXt+Vxa,xt+ug,+up,xt

where:

* X, 1s the answer of the patient n to the item j at time 7,

J G,St) is the latent trait of the patient n at time ¢,

* Oy, 0jm; are item difficulty parameters for item j with m; + 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 7;; in each item response category parameter at
T, which remained constant for following measurement times; thus §; ; + 7;; was
the new item difficulty parameter for item j and response category i since T».

If the p-value associated with trend parameters 7;; was significant, then a
significant recalibration was highlighted.

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:
e 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;
e Patients with a mastectomy chose higher response categories over time as
compared to patients with no mastectomy for interaction effect.
High response categoriesreflect ahigh GHSlevel, alow functional level and
a high symptomatic level, except for sexual functional and sexual enjoyment for
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which a high response category means a high sexual level. Thus, interpretation of
estimatesfor LMMRM and |RT areoppositefor functional scales(except for sexual
scales): for example, regarding time effect, a positive estimate corresponds to an
improvement of thefunctional level over timewhileit meansadeterioration of the
functional scale for IRT (higher response categories over time).

TTD: Thetimeto HRQoL score deterioration (TTD) approach belongsto timeto-
event model sand requiresadefinition of theevent, i.e. thedeterioration. Eventscan
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 (Anotaet al., 2013).

Since a high score corresponds to ahigh level of functioning on afunctional
scale, but corresponds to a strong presence of symptoms for a symptomatic scale,
“deterioration” was defined asadecrease onthefunctional scaleor GHS, and asan
increase on the symptomatic scale.

I ntermittent missing datawereignored, considering that the patient’sHRQoL
level remained unchanged since the last available HRQoL assessment.

The aternative method proposed to take into account the occurrence of the
response shift effect wasto consider the best previous score asthe reference score.

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

For each statistical method, resultsof each analysiswill 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 Ingtitute Inc, Cary, NC).

3. RESULTS

3.1. POPULATION

Between February 2006 and February 2008, 381 patientswereincluded inthefour
participating centers. Mean agewas’58.4 (SD = 11) years. Threehundred and thirty-
seven (88.5%) patients had confirmed breast cancer and thus wereretained in this
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present study. Figure 1 flowchart represents the number of HRQoL questionnaires
(prospective and retrospective) completed at each measurement time.

Thenumber and percentageof responsecategory per itemat each measurement
time according to surgery isgivenin Table 1.

381 included patients

o 44 Mot confirmed breast cancer

337 patients with a confirmed breast cancer

Then-test i l L Post-test

Baseline | l

QLA-C30: N =317 (94.1%)
QLA-BRZIN =311 (92.3%)

L Post surgery v

Reassessment baseline HRQoL level: éLQ_C:}U: M =311 (92.3%)
QLQ-C30: N =302 (89.6%) QLQ-BR23: N =310 (92.0%)
QLQ-BR23: N =300 (89.0%)

L 4 3 months ¥

3
Reassessment baseline HRQoL level: éLQ_C:}U; M= 304 (90.2%)
QLQ-C30: N =304 (90.2%) QLQ-BR23: N= 304 {90.2%)
QLQ-BR23: N =300 (89.0%)

¥ 6 months v

Reassessment 3-months HRQoL level: QLQ-C30: M =290 (86.1%)
QLQ-C30: N =284 (84.3%) QLQ-BR23: N =230 (86.1%)
QLQ-BR23: N =283 (84.0%)

Figure 1: Flowchart of the number of questionnairesreceived at each measurement time
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3.2 DETECTION OF THE RESPONSE SHIFT EFFECT

After surgery (Table 2), therecalibration 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).

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
scor e and then-test score post-surgery

Post-surgery

Baseline Post-surgery Post-surgery then-test
HRQoL HRQoL then-test minus

baseline score

Scores N mean (SD) N mean (SD) N mean (SD) mean (SD) P effect size
GHS 280 69.1(19.6) 274 63.1(20.00 280  68.3(20.0) -0.8 (16.7) 0.55 -0.04
Fatigue 278  22.8(23.2) 270 324(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

3.3LONGITUDINAL ANALYSIS

3.3.1LMMRM
All results obtained for the LMMRM analyses are summarized in Table 3.

Table 3: Results of the linear mixed model for repeated measur e taking into account the
recalibration component of the response shift effect

then-test post-surgery prospective measures adjusting on the score
as the reference obtained post-surgery
measure
Dimension N Effect Estimate SE P Estimate SE ) 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 0.42 072 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 1.03 054 -0.54 1.03  0.60 -1.61 098 0.10

Pain 278  surgery 4.28 274 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 -4.42 123 <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 -1.85 123 0.14 -0.69 .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 structurewasretai ned based onthe Al C criteria. Resultswhich arenot consistent with those obtained
using the then-test method are highlighted in grey in the Table

Using thethen-test obtai ned post-surgery asthe reference measure (reference
analysis):
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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

asignificantinteraction betweentimeand surgery wasonly highlighted for body
imagedimension (estimate = -4.43; p-value< 0.01). Results obtained using the
prospective measures (crude analysis) were consistent to these resultsusing the
then-test method except that:

asignificant surgery effect (mastectomy vs. no mastectomy) washighlightedfor
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);
asignificant 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

asignificant i nteraction effect between pain and timewas 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).

3.3.2LPCM

Resultsof the LPCM analysesare presented in Table4 for fixed effectsand in Table
5 for item difficulty parameters and trends.

Table 4: Results of thelinear partial credit model taking into account therecalibration
component of the response shift effect

then-test post-surgery prospective measures adjusting on the score
as the reference obtained post-surgery
measure
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 0.09 052 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 0.11 075

Pain 278 mastectomy 0.48 0.29 0.10 0.57 026 0.03 0.64 028  0.03
time 0.48 0.07 <0.01 0.46 0.07 <0.01 0.09 0.08 031
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
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Using thethen-test obtai ned post-surgery asthereference measure (reference
anaysis):

» asdgnificanttimeeffect washighlighted 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);

e asdgnificant 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:

» aggnificant surgery effect was highlighted for pain dimension (estimate=0.57; p-
vaue=0.03) whilethiseffect wasnot significantinthereferenceanalysis(estimate
= 0.48; p-vaue = 0.10) and

» aggnificant timeeffect was highlighted for GHS (estimate=-0.15; pvalue=0.04)
while this effect was not significant in the reference analysis (estimate = -0.16; p-
vaue=0.09).

Regarding theresultsobtained by re-estimating item difficulty parameter at time

T2 for each response category (aternative method to take into account the RS effect),

thesamedivergenceswere observed ascompared to the results obtai ned with thethen-

test method. M oreover, thetimeeffectsfor fatigue(estimate=0.15; p-value=0.20), pain

(estimate = 0.09; p-value = 0.31) and body image (estimate = -0.02; p-vaue = 0.83)

dimensions were not detected with a corresponding p-value >0.05.

333TTD

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

Using thethen-test obtai ned post-surgery asthereference measure (reference
analysis), patientswith amastectomy tended to present ashorter 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),
patientswith amastectomy tended to present ashorter deteriorationfor 2/5 selected
dimensionswithaHR > 1. Only the body image effect highlighted in thereference
analysis remained significant using the baseline score as the reference with aHR
=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), patientswith amastectomy tended to present ashorter deterioration for all
selected dimensionswithaHR > 1. Using thisreference score, and asfor the crude
analysis, only the body image effect highlighted in the reference analysisremained
significant using the baseline score asthereferencewithaHR = 1.93 (95%CI 1.44;
2.59) and p-value < 0.01.
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TTD curvesare given in Figure 2 to Figure 6.
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Figure 2: Kaplan-Meier survival curve of thetimeto global health status deterioration
according to each reference score and surgery
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Figure5: Kaplan-Meier survival curve of thetimeto body image deterioration according to
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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.

Itisimportant to apply several statistical methodsfor alongitudinal analysis
since no recommendations have been proposed to anayze HRQoL data in
oncology. Thus, some consi stent results obtai ned 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 adecrease of painlevel over timefor patientswho undergoneasurgery
as compared to other patients). Results obtained by TTD cannot be directly
compared to mixed model ssincethey arenot focused on sameeffects. Infact, TTD
is atime-to-event model focused on the event “ deterioration”. It can highlight a
longer or ashorter timeto deterioration for patientswho undergone amastectomy
as compared to other patients. Inthisway, TTD approach can complement results
obtained using mixed models. Using this approach, ashorter 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
analysisandthereferenceanalysisallowedto highlight theimpact of theoccurrence
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 aresponse shift effect with three divergent results as compared
tothereferenceanalysis. Theimpact of theresponse shift effect wasal soimportant
on the TTD method. In fact, among both dimensions for which the presence of a
mastectomy wassignificantly associated with ashorter timeto deterioration using
the then-test method, only the impact on body image remained significant in the
crude analysis. Finaly, the impact of the response shift effect seemsto 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 analysismodel, one statistical method wasexploredin
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order to take into account the occurrence of the recalibration component of the
response shift effect based on prospective measuresonly. RegardingtheLMMRM,
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 appearsto increase the bias due to the occurrence of the response shift
effect as compared to the crude analysis since al 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 a ., 2005), mainly because
it can induce arecall bias (Sprangerset a., 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 (Anotaet al., 2014b). In IRT models, thislongitudinal
occurrence of aresponse 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 a., 2015). However, the main studiesregarding 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.

Thechoiceof thesethree statistical methodsfor thelongitudinal analysiswas
based onthe most frequently used to anal yzelongitudinal HRQoL datain oncology
(for both LMMRM and TTD approaches) or the apriori most appropriate method
(for IRT models). However, one limitation of the LMMRM isthat 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 aso generally do not check this hypothesis. The IRT model is more
adapted to thiskind of datawhich raised from questionnaire. Infact, they are based
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on items themsel ves 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
(DeAya a, 2013), namely: the unidimensionality of the scale, the monotonicity of
the latent trait and the local independence of the items. Studies using longitudinal
IRT modelsgenerally do not check these assumptionswhichrequireto berespected
at each measurement time. Another disadvantage of the IRT model is that along
timeisrequired for the model to converge. Thistimeisalso increased when trend
parametersfor itemsdifficulty were added to themodel . Oneadvantage of the TTD
approach is that it alows to integrate the MCID into the definition of the
deterioration, and then results are clinically meaningful. Conversely, it seems
difficult at thistimeto integrate the MCID in theinterpretation 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 thispaper haveto beapplied on other datafromclinical trialsaswell
ason asimulation study in order to determine their ability to adequately take into
account theoccurrenceof theresponseshift effect. Moreover, itwould beinteresting
to proposeamultidimensional analysistaking into account all thedimensions. This
multidimensional analysiscould thusexplorethereprioritization component of the
response shift effect.

To conclude, adjusting on the score obtained post-surgery seems to be a
promising approachtouseinconjunctiontotheLMMRM inorder toreducethebias
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 model srequired along timeto converge and research is still needed for these
models. Finally, the best previous score seemed to be agood alternative to takeinto
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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