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AGENDA 

INDEXES • Why do we need Imputation 

 

• Status of Imputation in 

Clinical Trials 

 

• Type of Imputation in 

Clinical Trials 

 

• A Real Example 
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TOKYO, JAPAN 

WHY DO WE NEED 

IMPUTATION 
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ICH E9: STATISTICAL PRINCIPLES FOR CLINICAL TRIALS 

• Missing values represent a potential source of bias in a clinical trial. 

Hence, every efforts should be undertaken to fulfill all the 

requirements of the protocol concerning the collection and 

management of data.  

 

• In reality, however, there will almost always be some missing data ... 

Unfortunately, no universally applicable methods of handling 

missing values can be recommended. An investigation should be 

made concerning the sensitivity of the results of analysis to the 

method of handling missing values... 
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ICH E9: STATISTICAL PRINCIPLES FOR CLINICAL TRIALS 

• Missingness is unavoidable in virtually all clinical trials, no matter 

how well designed. 

 

– Treatment dropout 

 

– Analysis dropout 
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BERLIN, GERMANY 

STATUS OF IMPUTATION  

IN CLINICAL TRIALS 
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STATUS OF IMPUTATION 

IN CLINICAL TRIALS 

Reference: Powney M, Williamson P, Kirkham J, 

Kolamunnage-Dona R. A review of the handling 

of missing longitudinal outcome data in clinical 

trials. Trials. 2014;15(1):1–19. 

STATUS  OF MISSING 

DATA HANDLING IN 

100 ARTICLES FROM 

TOP JOURNALS 

9 

3 

31 

7 

18 

14 

4 

14 

No missing data

Had missing data, but no description at all

Complete case analysis

Exclusion based on customized rules

Mixed models

Simple impuataion

Multiple imputation

Other non-imputation-based methods
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BERLIN, GERMANY 

TYPE OF IMPUTATION 

IN CLINICAL TRIALS 
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TYPE OF IMPUTATION IN CLINICAL TRIALS 

• Simple/Single Imputation 

• Multiple Imputation 

 

• Proc MI 

• Statistical analysis (Proc MIXED, Proc LOGISTIC etc.) 

• Proc MIANALYZE 
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BOSTON, MASSACHUSETTS 

A REAL EXAMPLE: 

APPLICATION OF IMPUTATION 



© 2017 PAREXEL INTERNATIONAL CORP.   /   CONFIDENTIAL  11 

STUDY DESIGN 

• Indication: Rheumatoid 

Arthritis 

• Endpoint: ACR20 (American 

College of Rheumatology 20% 

response criteria) response 

rate at week 24 

• Design: 60 weeks after 

Randomization, consisting of 

52 weeks of active treatment 

and 8 weeks of safety follow-

up 
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STUDY DESIGN 

• Endpoint:  

• Demonstrate equivalence in 

ACR20 response between 

Treatment group and Control 

group at week 24.  

• 95% CI of difference of 

proportions of subjects 

achieving ACR20 response 

is entirely contained within  

 [-15%, 15%] 
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REAL EXAMPLE: APPLICATION OF IMPUTATION 

• Origin of Missing Data 

 Early discontinuation 

 Definition of Endpoint 

  1) >=20% improvement from baseline in  

    TJC & SJC 

  2) >=20% improvement from baseline at least in 3 of the following 5 criteria 

    a. SPA score  

    b. SGA score 

    c. PGA score 

    d. HAQ score 

    e. CRP level 

  if SJC or TJC is missing, or 3 or more of the above mentioned 5 criteria are 

missing, ACR20 will be treated as missing. 
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STATUS OF MISSING DATA 
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REAL EXAMPLE: APPLICATION OF IMPUTATION 

How to impute missing data? 

 

• Multiple imputation (Pattern Mixuture) 

–Missing-at-random (MAR) 

–Missing-not-at-random (MNAR) 
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REAL EXAMPLE: APPLICATION OF IMPUTATION 

How to impute missing data? 

 

MAR 

 Flag the missing values out 

 

 Impute the non-monotone missing values with partial imputation to get monotone missing 

pattern 

 

 Impute missing values with partial imputation to get monotone missing pattern 
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REAL EXAMPLE: APPLICATION OF IMPUTATION 

How to impute missing data? 

 

MNAR 

• Delta-adjusted for pattern 

If imputation represents improvement, then reduce this improvement by 30% 

If imputation represents worsening, then increase this worsen by 30% 

If imputation  represents zero change, then force categorical or ordinal components to 

worsening by 1 point (min unit of change) 
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REAL EXAMPLE: APPLICATION OF IMPUTATION 

Sample SAS code & Datasets 

 

Prepare dataset for multiple imputation 

 

• Proc transpose, add flag for missing data points 

 

One row per subject, per visit, per parameter 

 

 

One row per subject 
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REAL EXAMPLE: APPLICATION OF IMPUTATION 

Transpose data for MI 
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REAL EXAMPLE: APPLICATION OF IMPUTATION 
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REAL EXAMPLE: APPLICATION OF IMPUTATION 

Impute the non-monotone missing values with partial imputation to get monotone missing 

pattern 
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REAL EXAMPLE: APPLICATION OF IMPUTATION 

Impute the non-monotone missing values with partial imputation to get monotone missing 

pattern 
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REAL EXAMPLE: APPLICATION OF IMPUTATION 

SAS Output 
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REAL EXAMPLE: APPLICATION OF IMPUTATION 
SAS Output 
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REAL EXAMPLE: APPLICATION OF IMPUTATION 

Impute missing values with monotone missing data 
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REAL EXAMPLE: APPLICATION OF IMPUTATION 

SAS Output 
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REAL EXAMPLE: APPLICATION OF IMPUTATION 

SAS Output 
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REAL EXAMPLE: APPLICATION OF IMPUTATION 

SAS Output 
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REAL EXAMPLE: APPLICATION OF IMPUTATION 

Delta adjustment 

 If imputation represents improvement, then reduce this improvement 

by 30% 

 

 If imputation represents worsening, then increase this worsen by 30% 

 

 If imputation  represents zero change, then force categorical or 

ordinal components to worsening by 1 point (min unit of change) 
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REAL EXAMPLE: APPLICATION OF IMPUTATION 

SAS code 

 



© 2017 PAREXEL INTERNATIONAL CORP.   /   CONFIDENTIAL  31 

REAL EXAMPLE: APPLICATION OF IMPUTATION 

Apply statistical analysis model to the imputed dataset, get 

statistical estimates by _imputation_ 
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REAL EXAMPLE: APPLICATION OF IMPUTATION 

Use PROC MIANALYZE to extract statistical inference 
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REAL EXAMPLE: APPLICATION OF IMPUTATION 

SAS Output 
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REAL EXAMPLE: APPLICATION OF IMPUTATION 

Result 
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REAL EXAMPLE: APPLICATION OF IMPUTATION 

Conclusion 

 In analysis with no imputation and a pattern mixture analysis, the 

adjusted treatment differences in ACR20 response rate were 

contained within the pre-defined equivalence margins of [-15%, 15%].  

 

 The equivalence of Treatment group and Control group in terms of 

ACR20 was shown in the FAS and the robustness of the primary 

efficacy analysis was further supported. 
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TAIPEI, TAIWAN 

Q&A 
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THANK YOU 
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