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CHMP Guidline: General Message

► All approaches to handle missing data rely on untestable 

assumptions no universally applicable method. 

► Adopt a conservative approach, i.e. „not biased in favour of the 

experimental treatment‟.
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Roles of Statisticians in Clinical Trials
(among others)
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Study Design

► Reduce  the amount of missing data through well planned and 

conducted trials.

► Consider missing data patterns from similar studies when 

planning a new study.

► Strengthen data-collection after treatment discontinuation.
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Statistical Analysis  

► Generally:  

 Analysis should be based on ITT principle.

 Include retrieved dropouts into analysis.

 Perform sensitivity analysis to address possibilty of MNAR.

► Primary Analysis: 

 Single imputation techniques may be adequate as primary analyses. 

 Model-based methods under MAR may be not acceptable. (Note: This may not reflect 

current practice.)
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Protocol and Analysis Plan  

► Pre-specify the selected methods for primary and sensitivity 

analyses in protocols and analysis plans.

► Justify the appropriatness of the selected methods with regard 

to their underlying assumptions and expected missing data 

patterns.
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Analyze Data and Report Results  

► Conduct pre-specified analyses and update strategy, i.e. 

perform post hoc sensitivity analyses, if unexpected missing 

data patterns are found in the data. 

► Report missing data patterns and reasons for discontinuation.
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NAS Report

In addtion to CHMP Report (among others) :

► Assumptions must be transparent and accessible to clinicans.

► Importance of defining an adequate/ feasible estimand is 

stressed.

In contrast to the CHMP Report:

► In many cases, the primary analysis can be based on MAR.

► «The panel believes that in nearly all cases, there are better 

alternatives to LOCF and BOCF, which are based on more 

realistic assumptions and hence result in more reliable 

inferences about treatment effects.»
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Missing Data at Novartis 

► Challenges due to missing data are clearly not new

► Long history of „established‟ methods, which are endorsed by 

clinical teams and medical guidelines (e.g. for diabetes trials). 

► Common denominator: 

 easy to communicate and implement 

 were accepted in previous submissions.

► Caveat: some established methods are no longer acceptable, 

e.g. LOCF.

Current practice needs to be changed, 

which takes time and effort.
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Challenges in Establishing New Practice 

► Missing data problems are very heterogenuous 

► Methods need to account for different 

 Indications (e.g. use of rescue medication common or uncommon)

 Outcome Measures (continuous, discrete, survival)

 Missing data rates and patterns (2% vs. 30%; imbalances; monotonicity)

European Statistical Meeting: Advances in the Treatment of Missing Data -- November 18, 2011 -- M. Akacha 14

Alzheimer’s Disease  vs. Kidney Transplant  

Endpoint Continuous score data 

(e.g. ADAS- Cog scale) 

Binary composite 

endpoint

Drop-out Rate 20% - 30% 2% - 5%

Rescue Medication /

Treatment Switches

No use of rescue 

medication 

Event-driven use of 

immunosuppressants; 

switch to standard of 

care



Reactions to the Challenge

Many industry statisticians are insecure with regard to adequate 

handling of partially observed data due to:

 Lack of guidance as to which estimand (population, outcome, 

observation times) to use;

 Lack of guidance as to when and how specific methods should be 

used;

 Lack of consistency between health authority comments ;

 Lack of knowledge about principled methods;

 Lack of software implementations; 

 Lack of time. 

Currently, no standardized way of „handling missing data‟ 

issues within the company. 
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What we do to meet guidances

► Protocols have mandatory sections on:                   

 «Handling of missing values/ censoring/ discontinuations»   

 «Supportive Analyses», where sensitivity analyses regarding missing data, model and 

distributional assumptions are specified.

► Reasons for discontinuations are reported.

► Increasing number of protocols foresee the collection of 

„retrieved dropout‟ data.

► Exploratory analysis of missing data patterns are sometimes 

performed 

► Kaplan-Meier plot of time to discontinuation 

► For longitudinal data, spaghettis plot for a) outcome by time and reason of 

discontinuation or b) outcome by time and dropout time. 
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Statistical Analyses

Primary Analysis: 

► Encouraged and increased use of likelihood-based methods that 

yield valid inference under  MAR

 For example MMRM, negative binomial with time-in-study as offset, MI

► Use of established methods such as LOCF in some indications

 Medical guidelines for diabetes and weight management studies still 

support the use of such methods.

Sensitivity Analysis: 

► Approaches to investigate departures from MAR, e.g. use of PMMs

► Use of retrieved dropouts, e.g. to inform imputation model 

► Use of various imputation strategies, e.g. discontinuation = failure
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Comments by Health Authorities

General Principles: 

► Justify the suitability of analyses

► Perform and pre-specify sensitivity analyses 

► Use methods with clear interpretation

Methods:

► General trend away from LOCF, towards likelihood based analyses

► For binary data: worst-case imputation

► Retrieved dropout approach encouraged 
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Case Study 

Phase III study to evaluate the efficacy and safety for a drug in the 
treatment of osteoporosis in postmenopausal women.

Primary Objective:  Compare two treatments for the prevention of          
new vertebral fractures over a certain period of time.

Concerns: 

 High drop-out rate due to elder and fragile patient population;

 Imbalances in drop-out rates between experimental and control arm 
are expected due to tolerability concerns.

Primary Analysis: Logistic regression adjusting for covariates
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Missing Data

 Possible cases

22 | Presentation Title | Presenter Name | Date | Subject | Business Use Only

1) Completed: no fracture

2) Completed: fracture

3) Discontinued: no fracture

Missing information

4) Discontinued: fracture

?????????????????

????????????????

5) Discontinued with last

assessment available: 

no fracture

6) Discontinued with last

assessment available: fracture

 Retrieval efforts



Handling of Missing Data 

Primary Analysis: Use of retrieved outcomes + LOCF for unretrieved 
patients

Sensitivity Analyses: 

► Multiple Imputation under MAR (no use of retrieved information)

► „ITT-Multiple Imputation‟, where imputation model is based on 
retrieved information.

► Pattern-Mixture Models: Different fracture probabilities for completers 
and non-completeres are assumed, taking into account reasons and 
time of discontinuation. (no use of retrieved information)

► LOCF (no use of retrieved information)
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CHMP Comments

Primary Analysis: LOCF for unretrieved patients is „not considered 

reasonable‟. 

Recommendation: Use „ITT-MI‟ or worst case imputation: no 

fracture in control arm but fracture in experimental arm.

Sensitivity Analyses: 

► PMM: Investigate the „experimental follows control after drop-out‟ +  
„no fracture in control arm after drop-out‟ assumption.

► Use clinical fracture as surrogate for vertebral fracture 

► Analyze impact of missing data: Assume „no fracture in control arm 
after drop-out‟ + „percentage p in experimental arm had fracture‟. 
Vary p to extent that significance is lost and discuss plausibility.  
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FDA Comment

LOCF approach supported by other sensitivity analyses is 
acceptable.
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Remaining Challenges (among others)

► Which estimand should we use?

► Is ITT really always of interest and appropriate?

► How to adequately adjust the sample size?

► Is the MAR assumption for primary analysis generally acceptable?

► What is the best way to handle rescue medication and retrieved 

dropouts? 

► To what extent should sensitivity analyses be performed for 

secondary endpoints? 

► What is currently done / required for safety endpoints?

► Should we not also focus on missing data issues in earlier phases? 
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Conclusions

► Missing data challenges have long history and are very 

heterogenous

► Guidance documents provide some useful help, but more 

guidance towards the use of new methods is needed 

► General trend away from LOCF, but other single imputation 

techniques remain popular (in particular for binary endpoints)

► Medical guidelines need to be updated to incorporate 

principled methods

► Need to spend more research efforts on designs and 

estimands that reduce the amount of missing data
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Closing Remark

Bradley Efron (1998): “There could not be worse 

experimental animals on earth than human beings; they 

complain, they go on vacations, they take things they are 

not supposed to take, they lead incredibly complicated lives, 

and, sometimes, they do not take their medicine.”

... and they drop out of studies.

Thank you for your attention!
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