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QUALITY OF LIFE

QoL 
Concept

Not directly 
measurable

Latent Trait

Subjective

Dynamic

Multidimensional
(physical, psychological and social domains, as well as the 
symptoms associated with the disease and treatment)

(their definition changes over time)

(everyone has their own definition)

Use of questionnaires (eg: EORTC QLQ-C30)
Measures reported by the subjects themselves (PROs)
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QUALITY OF LIFE (EORTC QLQ-C30)

QoL

Fatigue

Pain

Dyspnea

Diarrhea
Global 
Health 
Status

Emotional

Item 10

Item 12

Item 18

Item 9

Item 19

Item 19

Item 17

Cognitive

Social

Role

Physical

Item 1

Item 2

Item 3

Item 4

Item 5

Item 25

Item 26

Item 29 Item 30

Item 27

Item 20

Item 7

Item 6

Item 21

Item 22

Item 23

Item 24

Functions Symptoms

Health Domains
(Latent trait)

Access to latent 
traits from item 

responses



DATA

� Structure Data (eg: pain symptom)

� Item responses
• Ordinal Categorical Data

� Scale analysis
• Multiple response (Uni or multi-items)

� Repeated measures
• Patients complete questionnaires over time
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Pain
Item 9

Item 19

���������

During the past week :
(Pain Symptom)

Not 
at all

A 
little

Quite 
a Bit

Very 
Much

9.     Have you had pain? 1 2 3 4

19. Did pain interfere with your daily activities? 1 2 3 4

������, �������������, �������
��	���, ��	����

Patient 

Longitudinal Aspect 

Dependence between the data 
from a same patient



ASSESSMENT OF QOL 

� Assessment QoL
� Independent analyses of QoL scales

• Latent trait: continuous variable
• Take into account data structure

• Longitudinal analysis

• Assess some factors which can influence the response items
• Treatment, center, age, etc…

� Why use mixed models ?
� Fixed effect interest

• Assess the impact of the explanatory variables

� Random effect interest 
• Separate the total variability (random effect + error)

� Two theories 
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CLASSICAL TEST THEORY (CTT)
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� EORTC scoring procedure 
� For each scale, one score

• Score (S) = Item response mean

� Hypothesis 

���� � 12∑ �����,��3 � 100
���� � 1 � 15∑ �����,…,�3 � 100 0 100�.

Poor Good

CTT supposed � close to real score of QoL  
�� �  � ! "�

QoL



CLASSICAL TEST THEORY (CTT)
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� Advantages
� Take into account of repeated 

measured
� Assess the explanatory variable 

influence
� Longitudinal analysis
� Easy to fit

� Drawbacks
� Score is not really continuous
� Bias: 

� ordinal data is asymetric
� Biased estimates (not take into 

account the ceiling and floor 
effects of the ordinal outcome)

� Prediction 

� Use of linear mixed model Fixed part Random part

Specific part to the individual 
Common part to all people



ITEM RESPONSE THEORY (IRT)
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Item 
Responses

Probabilistic Model

Latent trait: real 
value of QoL

� IRT models distinguish item parameters and individual parameters 
� The latent trait

� Represents the individual part of model
� Represents the QoL concept
� Specific to individual and QoL scale
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� Advantage
� Idem CTT + raw data
� Persons and items on the same 
continuum
� Several levels of interpretation

• Scales, items, categories

� Drawback: transversal models
� Rasch model for dichotomous data 
� Partial Credit Model (PCM) for 

polytomous data

���� � ��, ��� where   ���=1,…,4



� PCM belongs to the Rasch model family
� Modeling of response probability 

� Where:
• # � 1,… ,$% (responses categories)

• ��% : response variable of patient 
 at item &
• '%( : difficulty parameter of item & associated to categories c and c � 1

('%� � 0�
� *� The latent trait or the individual part of model

� Approach for longitudinal analysis
� Bacci (2008): latent trait changes over time
� Extended  the PCM to longitudinal analysis

Pr ��% � # *� , ' � exp #*� � ∑ '%(0(��∑ exp 1*� � ∑ '%(2(��342��

PARTIAL CREDIT MODEL (PCM)
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� LPCM for longitudinal analysis

� Where:
• t index of different visits
• *�	: latent trait of patient i at visit 7

� Linear decomposition of latent trait
• Assess explanatory variable influence over time
• Take into account variability with random effects 

(repeated measure or clusters)

� LPCM is a generalized linear mixed model for 
ordinal data
� Baseline categories logit model
� Adjacent categories logit model

Pr ��	�%� � # *�	, ' � exp #*�	 � ∑ '%(0(��∑ exp 1*�	 � ∑ '%(2(��342��

PCM LONGITUDINAL (LPCM)
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Specific part to 
the individual 


Common part 
to all people



� LPCM as GLMM : link function
� Let consider:

� Baseline categories logit link:
• Logically for nominal data
• Kind of stereotype model 
(Anderson, 1984) used for ordinal 
data

� Adjacent categories logit link:
• For ordinal data

PCM LONGITUDINAL (LPCM)
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� From IRT view
� Incertitude parameters

• Latent trait value where the patient had the same chance to respond 
category 8 as the category 8 � 1

� From GLMM view
� Intercept of model for each category

ITEM PARAMETERS (LPCM)
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'%(

� 		'%�� 		'%:� 		'%;
Example : *� � '%:

*� <= �� � 2 � <= �� � 3



� STATA Software
� gllamm and gllapred

� SAS Software 
� mixed procedure for LMM
� nlmixed procedure for GLMM

• Writing of the Model

� R Software
� An equivalent ?

• GLMMmcmc package ?

SOFTWARE
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* Essai NCT00112658

PRODIGE 4 / ACCORD 11*

� Phase 3 trial in first-line 
metastatic pancreatic cancer
� Gemcitabine vs Folfirinox

� Main Article (NEJM, 2011)
� Folfirinox superiority in 

overall survival

� Detailed study of QoL (JCO, 
2013)
� Longitudinal analysis based 

on a survival model
• Time until definitive 

deterioration of QoL score
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MIXED MODEL BUILDING
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>� � ?1	
@	ABC@
=
DB>	E=$0	B71F=G
HF																
: Random effects

� Model effects
� Fixed part

• Treatment arm
• Changes over time

� Random part
• Take into account data variability

� CTT

� IRT

� Interpretation
� The same for both approach

IJ�	7=FE7$FD7	F@@F87	E7	KEHFC
DF				J�	H7EDLE=L	M=BNO	HCBOF																			J� ! J:	F>OF=
$FD7EC	M=BNO	HCBOF

: Time



FUNCTIONAL SCALES RESULTS
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� Global Health Status
� Trend of QoL perception

• No difference at baseline
• Their changing perception is the same for both groups 

� Trend to increase (no significant)
17

RESULT ILLUSTRATION WITH IRT APPROACH

Visits (Days)

Estimation oP	Q
Tr

ai
t l

at
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t *

Very poor

Excellent



SYMPTOM SCALE RESULTS
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� Pain symptom
� Trend of QoL perception

• No different effect at baseline
• Pain perception diminishes significantly over time for both groups

� Experimental group slope is significantly more important than the other 
group 19

RESULT ILLUSTRATION WITH IRT APPROACH

Visits (Days)

Estimation oP	Q
Tr

ai
t l

at
en

t *

Not at all

Very much
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� Diarrhea Symptom
� Trend of QoL perception

• Different effect following treatment arm
� The diarrhea symptom perception is higher in experimental arm 
� The latent trait didn’t vary over time

RESULT ILLUSTRATION WITH IRT APPROACH
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ProbabilityVisits

Estimation oP	Q

Tr
ai

t l
at

en
t *

ICC
Item 17

1 : Not at all

4 : Very much



DETAILED STUDY OF QOL
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� Use survival model
� Treatment effect

• Difference in the occurrence of events 
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CONCLUSIONS

� ACCORD 11

� Same impact of both treatments on the QoL
• Exception: pain symptom
• Difference at baseline: Diarrhea symptom

� The QoL perception varies over time for several scales
• Treatment effect
• Disease effect
• Response Shift

� Model mixed results are similar
� Difference between mixed models and  survival models

• Not same interpretation
• Complementary methods
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� Methodology view (IRT)

� Advantages
• Adapt to data (repeated measures, multiple response, ordinal data)
• Assess different factors (explanatory variables)
• Interpretation for several level (scale, item and categories)

� Drawbacks 
• Model implementation
• Little used in oncology
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� Model Behavior relative to random effects
� Simulation with SAS

• Model choice through BIC, AIC
• Problem in the results
• LPCM detects a random effect when there is none

� Alternative approach: Schall Linearization (1991)
• Estimate a GLMM
• Consider a pseudo linear model

� Study other model 
� Cumulative model (GLMM)

• Adapt the graded Response Model to data (IRT)

� Take into account missing data (EM)

PERSPECTIVES
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