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OutlineOutline

�� Some backgroundSome background

�� Describing the problem of missing data in clinical tri als Describing the problem of missing data in clinical tri als 
from a regulatory perspectivefrom a regulatory perspective

�� There are many context specific aspects to missing da taThere are many context specific aspects to missing da ta

�� Solutions involve statistical and clinical collabor ationSolutions involve statistical and clinical collabor ation

�� A clinical trial design issue and conduct issue A clinical trial design issue and conduct issue -- not just not just 
analysisanalysis

�� FDA’s initiative with the National Academy of ScienceFDA’s initiative with the National Academy of Science



Some background and historySome background and history

�� A long standing issue in clinical trials, and especi ally in A long standing issue in clinical trials, and especi ally in 
regulatory submissions that contain clinical trials intended regulatory submissions that contain clinical trials intended 
to support efficacy and safety and marketing approvalto support efficacy and safety and marketing approval

�� ICH E9 addresses it briefly but no analysis adviceICH E9 addresses it briefly but no analysis advice

�� FDA’s critical path initiative identified this as a to pic in theFDA’s critical path initiative identified this as a to pic in the
streamlining of clinical trials and streamlining of clinical trials and PhRMAPhRMA , in negotiating , in negotiating 
the PDUFA 4 agreement, wanted FDA to bring consensus t o the PDUFA 4 agreement, wanted FDA to bring consensus t o 
this topic (FDAAA)this topic (FDAAA)

�� The U.S. National Academy of Science’s  Committee on  The U.S. National Academy of Science’s  Committee on  
Statistics , in the past, expressed an interest in h elping FDA Statistics , in the past, expressed an interest in h elping FDA 
with this issue and they are in the process of writing  a reportwith this issue and they are in the process of writing  a report





IssuesIssues

�� The regulatory setting, for confirmatory studies, p laces The regulatory setting, for confirmatory studies, p laces 
emphasis on preemphasis on pre --specification of objectives, hypotheses, specification of objectives, hypotheses, 
and analyses and analyses 

�� How to specify in the protocol the How to specify in the protocol the primary strategyprimary strategy for for 
dealing with missing data dealing with missing data -- if you presume that it will be if you presume that it will be 
informative but don’t know the patterns yetinformative but don’t know the patterns yet

�� Considerable literature on the matter, unclear as t o which Considerable literature on the matter, unclear as t o which 
direction to take,  could be considerable computati onal direction to take,  could be considerable computati onal 
efforts for little gain efforts for little gain -- how to checkhow to check

�� How do you decide, what do you document, how do you  How do you decide, what do you document, how do you  
convince othersconvince others



The Problem for Clinical Trials:The Problem for Clinical Trials:

Why do subjects stay in clinical trials, why do the y Why do subjects stay in clinical trials, why do the y 
withdraw from assigned therapy, when do they withdr aw, withdraw from assigned therapy, when do they withdr aw, 

is it informative, and what bias is introduced ?is it informative, and what bias is introduced ?

�� Efficacy (lack of or benefit from)Efficacy (lack of or benefit from)

�� Safety (toxicity, tolerability, neither)Safety (toxicity, tolerability, neither)

�� BothBoth

�� Aggravation of the trialAggravation of the trial

�� When do they leave therapy in the trial (short dura tion, long When do they leave therapy in the trial (short dura tion, long 
duration, acute and chronic therapy)duration, acute and chronic therapy)

�� Symptomatic relief vs. unperceived benefitSymptomatic relief vs. unperceived benefit



What is the problem withWhat is the problem with
missing data in clinical trials ?missing data in clinical trials ?

�� Missing data is potentially an outcome by itselfMissing data is potentially an outcome by itself

�� Why ? Why ? -- it is a surrogate for patient preference, it is a surrogate for patient preference, 
acceptability with therapy, and it is potentially acceptability with therapy, and it is potentially 
unpredictiveunpredictive of where  the subject would be in the of where  the subject would be in the 
future (where no observations are taken or availabl e)future (where no observations are taken or availabl e)

�� Monotone missing data, the ‘dropout mechanism’ Monotone missing data, the ‘dropout mechanism’ 
is almost always informativeis almost always informative

�� Lack of prior attention to collection of informatio n Lack of prior attention to collection of informatio n 
at point of study treatment withdrawal inhibits at point of study treatment withdrawal inhibits 
methods to condition on what was observedmethods to condition on what was observed



Three major areasThree major areas

�� Repeated measures outcome study designs where Repeated measures outcome study designs where 
some information is obtained at some visitssome information is obtained at some visits

�� Time to event trials , where intermediate Time to event trials , where intermediate 
(surrogate) and clinical endpoint (death) are (surrogate) and clinical endpoint (death) are 
evaluated with survival analysis methods  evaluated with survival analysis methods  

�� Baseline covariates , classifiers (genomic marker) Baseline covariates , classifiers (genomic marker) 
or disease status may not have been determined or disease status may not have been determined 
yet randomization took place yet randomization took place 



The clinical concern should be The clinical concern should be 
aligned with the statistical approachaligned with the statistical approach



The medical concern is about  a The medical concern is about  a 
statistical method that is not dealing statistical method that is not dealing 

with the clinical questionwith the clinical question

The method of imputing missing data due to early The method of imputing missing data due to early 
discontinuations can substantially impact the efficacy discontinuations can substantially impact the efficacy 
results of a clinical trial of an analgesic.results of a clinical trial of an analgesic.

Imputing a good score for a bad outcome can result Imputing a good score for a bad outcome can result 
in the appearance of efficacy for an intolerable dose.in the appearance of efficacy for an intolerable dose.



Partial credit for some exposure Partial credit for some exposure 
time for which visits were made time for which visits were made 

-- when should it be givenwhen should it be given

�� Blood pressure,Blood pressure,

�� PainPain

�� DepressionDepression

�� Time to event : early exposure, then Time to event : early exposure, then 
toxicity, can’t stay on it, and by that time toxicity, can’t stay on it, and by that time 
you have lost the window of time to you have lost the window of time to 
impact any early benefit or established a impact any early benefit or established a 
resistance that is not reversibleresistance that is not reversible



Shape of response time patternShape of response time pattern
Efficacy and ToxicityEfficacy and Toxicity

�� If toxicity is time dependent, and If toxicity is time dependent, and 
withdrawal due to side effects increases withdrawal due to side effects increases 
with time, this censors the efficacy with time, this censors the efficacy 
outcome whose time dependency may outcome whose time dependency may 
follow  a different pattern and itself censor follow  a different pattern and itself censor 
safety outcomessafety outcomes

�� BivariateBivariate outcome (Efficacy (t), Safety(t))outcome (Efficacy (t), Safety(t))



Four situations (E,S) at time TFour situations (E,S) at time T

E S(T)  Patient perceives effective response AND no  toxicity    E S(T)  Patient perceives effective response AND no  toxicity    
occursoccurs

EE SS(T) Patient perceives effective response AND experi ences (T) Patient perceives effective response AND experi ences 
toxicitytoxicity

�� may or may not leave depending upon tolerance may or may not leave depending upon tolerance 
and preferencesand preferences

EE S(T)  Patient perceives No effective response AND n o toxicity S(T)  Patient perceives No effective response AND n o toxicity 
occursoccurs

EE S(T)  Patient perceives No effective response AND e xperiences S(T)  Patient perceives No effective response AND e xperiences 
toxicitytoxicity

�� may or may not leave but is MORE likely to leave may or may not leave but is MORE likely to leave 
than patient above who perceives effective than patient above who perceives effective 
responseresponse
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Available methods for estimating the Available methods for estimating the 
means of the missing data distributionsmeans of the missing data distributions

�� Mixed model maximum likelihood (MMW)Mixed model maximum likelihood (MMW)

�� Maximum likelihood (ML)Maximum likelihood (ML)

�� Pattern Pattern --mixture model to factor likelihood for mixture model to factor likelihood for 
incomplete dataincomplete data

�� Missing data models need to be specified to use Missing data models need to be specified to use 
this approachthis approach

�� Fixed Fixed --value imputation (FVI)value imputation (FVI)

�� The variance estimates can be too large or too small The variance estimates can be too large or too small 
depending upon which imputation strategy is chosendepending upon which imputation strategy is chosen



Another area:Another area:
Missing endpoint data Missing endpoint data 

in time to event , survival type trialsin time to event , survival type trials

�� Superiority and “show a difference trials”Superiority and “show a difference trials”

�� NonNon --inferiority trials and effect size margin setting for NIinferiority trials and effect size margin setting for NI

�� Clinical endpoints and surrogate endpointsClinical endpoints and surrogate endpoints

�� Near term (surrogate) endpoint observed,  long term Near term (surrogate) endpoint observed,  long term 
clinical endpoint is censored because patient is lo st to clinical endpoint is censored because patient is lo st to 
followupfollowup

�� MissingnessMissingness rate for rate for followupfollowup at 1 year or 2 years can at 1 year or 2 years can 
dominate the clinical endpoint event rate, when cli nical dominate the clinical endpoint event rate, when cli nical 
event is not observedevent is not observed

�� Any model for imputation is very tenuous Any model for imputation is very tenuous -- exampleexample



Surrogate marker (sputum culture) and TB Surrogate marker (sputum culture) and TB 
Slides taken from talks by Thomas Fleming and Karen  HigginsSlides taken from talks by Thomas Fleming and Karen  Higgins

�� Impact of missing outcome data on estimating Impact of missing outcome data on estimating 
effect sizes and noneffect sizes and non --inferiority margins for NI inferiority margins for NI 
trials that cannot use placebotrials that cannot use placebo

�� Impact of missing data on the ability to validate Impact of missing data on the ability to validate 
surrogate markers and to evaluate effect of surrogate markers and to evaluate effect of 
treatment on marker and clinical outcometreatment on marker and clinical outcome

�� Goal: to shorten exposure duration from 6 months Goal: to shorten exposure duration from 6 months 
to 4 months; to substitute one drug for another to to 4 months; to substitute one drug for another to 
obtain a better safety profileobtain a better safety profile



Surrogate Endpoint:
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Ex 1: Missing dataEx 1: Missing data
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Ex. 3: Missing dataEx. 3: Missing data
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Missing dataMissing data

�� NI margins are all based on exclusion of missing NI margins are all based on exclusion of missing 
data data 

�� NI studiesNI studies

�� Typically ITT primary (randomization)Typically ITT primary (randomization)

�� Missing data is failure, but alternative methods us ed as wellMissing data is failure, but alternative methods us ed as well

�� Methods for reducing missing data should be discuss ed in Methods for reducing missing data should be discuss ed in 
the protocolthe protocol

�� Diagnostics: Closely compare across treatment arms the rates Diagnostics: Closely compare across treatment arms the rates 
of missing data and patient characteristic of subje cts with of missing data and patient characteristic of subje cts with 
missing datamissing data



In In RCT’sRCT’s of TB, the clinical events rates at of TB, the clinical events rates at 
two years are about 5% (low) , loss to two years are about 5% (low) , loss to 

followupfollowup is high is high -- about 4 to 5 times as highabout 4 to 5 times as high

�� No information on the surrogate No information on the surrogate -- sputum sputum 
conversion, lack of relapse within 6 monthsconversion, lack of relapse within 6 months

�� No information on the clinical endpoint at two No information on the clinical endpoint at two 
years: survival years: survival reinfectionreinfection , relapse, relapse

�� No information on either the surrogate or the No information on either the surrogate or the 
clinical endpointsclinical endpoints

�� No models can predict or impute missing outcome No models can predict or impute missing outcome 
information information -- informativenessinformativeness can be considered can be considered 
in several waysin several ways



Another area:Another area:
Missing data on baseline classifiers Missing data on baseline classifiers 

�� The personalized medicine perspectiveThe personalized medicine perspective

�� Missing (or not collected) preMissing (or not collected) pre --treatment baseline classifier treatment baseline classifier 
status that may be of interest for characterizing diff erential status that may be of interest for characterizing diff erential 
treatment response : treatment response : ieie genomic profile, biomarkers based genomic profile, biomarkers based 
on DNA sampleson DNA samples

�� Convenience subsets of subjects with known marker sta tus Convenience subsets of subjects with known marker sta tus 
in a clinical trial are used to predict differential tre atment in a clinical trial are used to predict differential tre atment 
response in oncology trials response in oncology trials -- potential bias in estimates of potential bias in estimates of 
effect in biomarker positive and negative groups who a re in effect in biomarker positive and negative groups who a re in 
the subset. What amount or type of the subset. What amount or type of missingnessmissingness is tolerableis tolerable

�� KRAS, EGFR statusKRAS, EGFR status



An exampleAn example

Some experience with Some experience with 
evaluation of one class of evaluation of one class of 

studies and several methods for studies and several methods for 
repeated measures designsrepeated measures designs





Two  Null Hypothesis Scenarios

Two Alternative Hypothesis Scenarios



Conclusion:

The simulation studies demonstrate that LOCF 
analysis can lead to substantial biases in
estimators of treatment effects and can greatly 
inflate Type I error rates of the statistical tests , 
whereas MMRM analysis on the available data leads 
to estimators with comparatively small bias, and 
controls Type I error rates at a nominal level
in the presence of missing completely at random 
(MCAR) or missing at random (MAR) and some 
possibility of missing not at random (MNAR) data



FDA requested the NAS Committee on Statistics FDA requested the NAS Committee on Statistics 
to hold a public meeting and write a  report for us  to hold a public meeting and write a  report for us  

-- As Background, we briefed them on:As Background, we briefed them on:

�� The range of missing data  situations in clinical t rials and thoThe range of missing data  situations in clinical t rials and tho se se 
aspects of patient or study conduct leading to missi ng data aspects of patient or study conduct leading to missi ng data 
reflective of study outcomesreflective of study outcomes

�� The relevance of the clinical context of the measureme nts to theThe relevance of the clinical context of the measureme nts to the
clinical outcome or event of interest and then to the  type of clinical outcome or event of interest and then to the  type of 
missing data issue it ismissing data issue it is

�� Being cognizant of situations that may benefit from c urrent Being cognizant of situations that may benefit from c urrent 
methods and where the gaps may be and where future work methods and where the gaps may be and where future work 
needs to be focusedneeds to be focused

�� Helping us frame the issues so that a guidance could  eventually Helping us frame the issues so that a guidance could  eventually 
be written by FDAbe written by FDA

�� Help us characterize the circumstances where we can do  betterHelp us characterize the circumstances where we can do  better



The near term needThe near term need

�� Use of last observation carried forward (LOCF) Use of last observation carried forward (LOCF) 
and its variationsand its variations

�� Under what situations, if any, is it as good as Under what situations, if any, is it as good as 
more sophisticated approachesmore sophisticated approaches

�� Study design changes (and data collection Study design changes (and data collection 
changes) needed for implementationchanges) needed for implementation

�� Sensitivity analysis Sensitivity analysis -- what is appropriate what is appropriate -- concern concern 
that it should not be worse case scenarios that it should not be worse case scenarios -- advice advice 
on focusing what is neededon focusing what is needed



We could use advice onWe could use advice on

�� The Intent to treat philosophy The Intent to treat philosophy -- when it cannot or when it cannot or 
is not being followedis not being followed

�� Diagnostics for the range of situations we have Diagnostics for the range of situations we have 
describeddescribed

�� Proposals for use of all the data in clinical trial s Proposals for use of all the data in clinical trial s 
(not just baseline and last final observation)(not just baseline and last final observation)

�� Issues with study design, conduct vs analysisIssues with study design, conduct vs analysis

�� The modern clinical trial  The modern clinical trial  -- what should change , if what should change , if 
anythinganything



A clinical concern with missing A clinical concern with missing 
data methodsdata methods

�� The two most common reasons for early The two most common reasons for early 
discontinuations are nonrandom events that are discontinuations are nonrandom events that are 
related to treatment group assignmentrelated to treatment group assignment

�� Lack of efficacyLack of efficacy

�� Intolerable adverse eventsIntolerable adverse events

�� More patients on active treatment More patients on active treatment d/od/o due to AEs due to AEs 

�� More patients on placebo More patients on placebo d/od/o due to lack of efficacydue to lack of efficacy



LOCFLOCF

�� Last observation carried forward (LOCF) has Last observation carried forward (LOCF) has 
been a common method of imputing missing been a common method of imputing missing 
data for data for d/od/o

�� In active group, In active group, d/od/o due to AEs often due to AEs often 
carry forward a good score carry forward a good score 

�� In placebo group, In placebo group, d/od/o due to lack of due to lack of 
efficacy generally carry forward a poor efficacy generally carry forward a poor 
scorescore



Three Questions for missing Three Questions for missing 
outcomesoutcomes

1.1. What is meant by a  primary endpoint What is meant by a  primary endpoint 
and is it really primary?and is it really primary?

2.2. Does it exist to be estimated?Does it exist to be estimated?

3.3. Is missingness an outcome?Is missingness an outcome?



Concluding remarksConcluding remarks

�� There are  many aspects to missing data in clinical t rials There are  many aspects to missing data in clinical t rials -- we we 
are most concerned about informative missing data are most concerned about informative missing data 
(outcomes and important classifiers) and whether (outcomes and important classifiers) and whether 
missingnessmissingness is an endpoint itself or if an outcome exists to is an endpoint itself or if an outcome exists to 
estimateestimate

�� The statistical approach should be aligned with the clinical The statistical approach should be aligned with the clinical 
context and questionscontext and questions

�� Consensus is needed to improve design and analysis o f Consensus is needed to improve design and analysis o f 
RCT’sRCT’s

�� We are looking forward to the work and conclusions of th e We are looking forward to the work and conclusions of th e 
National Committee on StatisticsNational Committee on Statistics



Back up slidesBack up slides









Analgesic AAnalgesic A

Clinical trial to support efficacy:Clinical trial to support efficacy:

�� Patients with pain due to OA, taper off prior Patients with pain due to OA, taper off prior 
analgesicsanalgesics

�� Randomized to one of 3 doses or placeboRandomized to one of 3 doses or placebo

�� No rescue permittedNo rescue permitted

�� Primary efficacy Primary efficacy –– change from baseline in mean change from baseline in mean 
pain intensity (0pain intensity (0--10 scale) at 12 weeks 10 scale) at 12 weeks 



Analgesic AAnalgesic A
Drop outs:Drop outs:

Analgesic group Analgesic group –– 40% completed study (highest 40% completed study (highest 
dose)dose)

5% 5% d/od/o due to LOEdue to LOE

45% 45% d/od/o due to AEsdue to AEs

Placebo group Placebo group –– 70% completed70% completed

15% 15% d/od/o due to LOEdue to LOE

10% 10% d/od/o due to AEsdue to AEs



Analgesic AAnalgesic A

1.51.51.91.9
Outcome with Outcome with 
BOCFBOCF

1.51.533
Outcome with Outcome with 
LOCFLOCF

Placebo groupPlacebo groupAnalgesic groupAnalgesic group

Mean change Mean change 
from baselinefrom baseline



Effectiveness and EfficacyEffectiveness and Efficacy

�� Imputing failure estimates effectiveness, Imputing failure estimates effectiveness, 
but …but …

�� MAR techniques do not estimate efficacyMAR techniques do not estimate efficacy

�� confound efficacy with selection confound efficacy with selection 
effectseffects

�� efficacy requires causal modelingefficacy requires causal modeling


