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* As a professor, I get
academic credit by giving
presentations like this

I recently presented a version of this talk at the meeting on Hot Topics
in Neonatology in Washington DC in 2022
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Missing Outcome Data in Recent
Perinatal and Neonatal Clinical Trials
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How prevalent is problem of missing data in perinatal
and neonatal trials?

d We searched Medline (via PubMed) for RCTs that enrolled
newborns or their birthing parents, reported outcomes n the
children

d Trials published between January 1, 2020, and December 31, 2022.

O Sources:

v High-impact general medical journals: Lancet, NEJTM, JAMA,
BMJ
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v’ Pediatric specialty journals: JAMA Pediatrics, Pediatrics,
Lancet Child and Adolescent Health.

Setting the stage

dWe are talking about missing outcome data in

a trial
v'Part or all outcome data for some patients

v'These are not missing by design
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dWe are NOT talking about missing
demographic or prognostic data

dThis assumes that we have information on
some or all baseline characteristics
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TABLE 1 Practice of Handiing Missing Primary Outcome Data in 77 Perinatal and Neonatal RCTs Published Between 2020 and 2022 in 7 High-Profile

Pediatric and General Journals

Practice of Handling Missing

Total Number of RCTs (N = 77),

RCTs in Pediatric Journals

RCTs in General Journals

Outcome Data No. (%) (N = 35), No. (%0) (N = 42), No. (%) P

Not reporting missing data in 9(12) 7 (20) 2 (5) 07°
the results

Primary approach for intervention effect estimates

Completecase analysis 61 (79 23 (68) 38 (91 <01°

Best-case scenario 1(1) 0 1 (2)

Unclear 15 (200 12 (34) 3 (M)

Sensitivity analysis performed for intervention effect estimates

Yes 38 (49) 10 {29) 28 (67) < 01"

No 38 (51) 25 (71) 14 (33)

Imputation methods used in 38 RCTs with sensitivity analysis®

Single imputation” 15 (40) 2 (20) 13 (46) 28°

Multiple imputation 22 {58) 4 (40) 18 (64) 27°

Inverse probability weighting 3(8) 2 (20) 1 (4) 187
method

Model-based imputation® 2 (5) 0 2 (7) -

Unclear 3 (8) 2 (20) 1 (4) 18%

Sensitivity anaiysis yields different results from primary approach

Yes 1(3) 0 1 (4) 74°

No 31 (81) 8 (80) 23 (82)

Unclear 6 (16) 2 (20) 4 (14)

JAMA Pediatrics, Pediatrics. and Lancet Child and Adolescent Health, Lancet New England Jowmnal of Medicine, Journal of the Amencan Madical Association, and Brgish Medcal

Journal —, Nno cCOMparison was made

“ RCTs do not add up to 38 because some trals used >1 imputation method

" The following single imputation methods were used: Worst/best-case scenario (11 RCTs. 73%), mean/mode imputation (3 RCTs; 20%), and last observation carried forward (1

RCT; %)

“ The following model-based imputation methods were used Linear mixed-effects model and pattern-mixture model {1 RCT or S0% for each method)

® Calculated from Fisher's exact test
* Calculated from »~ test




What did we find?

dIncluded 87 eligible perinatal and neonatal RCTs

177/87 (89%) trials had missing primary outcome
data

61 (79%) used a complete-case analysis as their
primary approach

research.stjoes.ca



138 (49%) trial reports included some sensitivity
analysis using a variety of imputation methods
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OThere is high prevalence of missing data in
recent perinatal and neonatal trials

OThe handling of missing primary outcome data
has been largely inadequate in recent perinatal
and neonatal trials
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Unfortunately, perinatal and
neonatal area is not the only
clinical area challenged by
these deficiencies
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This talk was about imputation of
missing data in trials: What you need
to know about what imputation is, why it

is necessary, what the current

practice looks like, what the best

research.stjoes.ca



methods to impute are, what it cannot
do, and how to prevent the need for it
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What is imputation
of missing data?
What does imputation mean?
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"The practice of filling in missing
data with plausible values.”

(Schafer JL. Multiple imputation: a primer. Stat Methods Med Res 1999;8:3—15)
In general, imputation methods fall under 4 main categories

[ Single imputation methods: replacing missing data with single plausible value
v Mean/median imputation
v’ Last observation carried forward/backward
v" Worst/best case scenario

. v' Prediction of missing data
The
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d  Multiple imputation methods: replacing missing data with multiple plausible values

[ Model-based imputation methods
v’ Likelihood based methods
v" Mixture models
v" Monte Carlo Markov Chain (MCMC)
v EM algorithm
v" AL methods
O Weighting methods
v' Inverse probability weighting

research.stjoes.ca




Complete Case Analysis

Time 1: no missing data Time 2: with missing data
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Analysis Result Using Complete
Cases
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Time 1: no missing data
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Analysis based on imputed
dataset




Adhoc: Single Imputation Analysis
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Time 1: no missing data Time 2: with missing data
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Multiple Imputation Analysis
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The steps for model-based imputation

1. Use ML (maximum likelihood) to estimate
parameters based on complete data

2. Use ML to impute missing data based on
estimated parameters in Step 1

3. Re-do step 1 based on imputed dataset
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4. Repeat Steps 1-3 until no changes in
parameter estimates
Inverse Probability Weighting Method

 Inverse probability weighting in conjunction with regression
modeling
[ Also commonly referred to as

v weighted complete-case analysis
v’ inverse probability of participation/attrition weighting
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[ The IPW is based on the assumption that individual information
that can predict the probability of inclusion (non-missingness)
are available

[ The procedure is done in the following steps:

1. Calculate the probability of non-missing information PS(X)
using a logistic regression model—the response is the
nonmissingness and the covariates are its possible
predictors.

2. The weight of each subject is given by the inverse of the
predicted probability (ie. weight = 1/PS(X) )
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3. Then the analysis is performed using a weighted regression
model

Inverse PSW Method

¥ Probability score PS(X) = 0.10

IPW= 1 =10
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0.10

® 290 299 200
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IPW is used to inflate the
weight for participants who
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are under-represented due to
missing data from similar
participants
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dThere are several methods for dealing with
missing data
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dAIl can be classified under 4 classes: single,
multiple, model-based imputation and weighting
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Why do we need imputation
for missing data?

In general, missing data create many problems including
[ Increase the risk of bias

[ Decrease statistical power
[ Reduce the representativeness of the sample
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1 Negatively impact the
vapplicability of results
v'reliability of results

viinterpretability of results

v'validity of the statistical methods (at least in
trials)
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So, imputation for missing
data is a viable solution to
these problems!
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In practice, evaluation of
the quality or certainty

evidence from published
study reports require that




we assess the risk of bias in

the evidence
The Cochrane Risk of Bias Tool
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2 (RoB 2) and the ROBINS-1
for assessment of risk in
observational studies tool partly




require evaluation of the risk of
bias due to missing data
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1. bias arising from the randomization process:

THE COCHRANE
COLLABORATION®

The
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2. bias due to deviations from intended interventions;
3. bias due to missing outcome data;

4. bias in measurement of the outcome; and
5. bias in selection of the reported result.
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RESEARCH METHODS AND REPORTING

CrossMark
O v wpldiy

OPENACEESS ROBINS-I: a tool for assessing risk of bias in non-randomised
studies of interventions

Jonathan AC Sterne,' Miguel A Hernén,? Barnaby C Reeves,’ Jelena Savovi¢,'* Nancy D Berkman,’
Meera Viswanathan,? David Henry,” Douglas G Altman,® Mohammed T Ansari,? Isabelle Boutron,'®
James R Carpenter,'! An-Wen Chan,'? Rachel Churchill,’ Jonathan | Deeks,'“ Asbjgrn Hrébjartsson,'>
Jamie Kirkham,'® Peter J{ini,”” Yoon K Loke,'® Theresa D Pigott,"® Craig R Ramsay,?’ Deborah Regidor,”
Hannah R Rothstein,?? Lakhbir Sandhu,?’ Pasqualina L Santaguida,? Holger ) Schiinemann,?
Beverly Shea, |an Shrier, Peter Tugwell,® Lucy Turner, Jeffrey C Valentine,*® Hugh Waddington,?'
Elizabeth Waters,?? George A Wells,?3 Penny F Whiting,3* Julian PT Higgins®

Cite this as: BMJ 2016;355:14919

http://dx.doi.org/10.1136/bm|.i4919 research.stjoes.ca
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Table 1| Bias domains included in ROBINS-I

The
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of Si
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Domain
Pre-Intervention

Bias dueto
confounding

Bias in selection of
participants into the
study

At intervention

Bias in classification of
Interventions

Post-Intervention
Bias due 1o devistions
from intended
interventions

Bias due to missing

data

Beas in measurement of
outcomes

Bias in selection of the
reported result

Explanation

Risk of bias assessment is mainly distinct from assessments of randomised trials

Baseline confounding occurs when one or more prognostic variables (factors that predict the outcome of interest) also predicts the intervention
received at baseline

ROBINS-I can also address time-varying confounding, which occurs when individuals switch between the interventions being compared and when
post-baseline prognostic factors afect the intervention received after baseline

When exclusion of some eligible participants, or the initial follow-up time of some participants, or some outcome events is related to both
intervention and outcome, there will be an association between interventions and outcome even if the effects of the interventions are identical

This form of selection bias is distinct from confounding—A specific example is bias due to the inclusion of prevalent users, rather than new users, of
an ierventon

Risk of bias assessment is mainly distinct from assessments of randomised trials

Bias introduced by either differential or non-diferential misclassification of intervention status

Non-differential misclassification is unrelated to the outcome and will usually bias the estimated effect of intervention towards the null

Differential misclassification occurs when misclassification of intervention status is related to the cutcome or the risk of the cutcome, and is likely to
lead to bias

Risk of bias assessment has substantial overlap with assessments of randomised trials

Blas that arises when there are systematic differences between experimental intervention and comparator groups in the care provided, which
represent & deviation from the intended intervention(s)
Assessment of bias in this domain will depend on the type of effect of interest {either the effect of assignment to intervention or the effect of starting

Bias that arises when later follow-up is missing for individuals initially included and followed {such as differential loss to follow-up that is affected by
prognostic factors): bias due to exclusion of individuals with missing information about intervention status or other variables such as confounders

Bias introduced by either differential or non-differential errors in measurement of outcome data. Such bias can anise when oulcome assessors are
aware of intervention status, if different methods are used to assess outcomes in different intervention groups, or if measurement errors are related
to intervention status or effects

Selective reporting of results in a way that depends on the findings and prevents the estimate from being included in a meta-analysis (or other
synthesis)
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Therefore, it is required in the
overall evaluation of the

certainty of evidence through
GRADE
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GRADE|

Centre | McMaster University

As a result...
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Reporting guidelines for
study protocols
recommend description




of how missing data will
be handled




RESEARCH METHODS AND REPORTING

SPIRIT 2013 explanation and elaboration:
guidance for protocols of clinical trials

An-Wen Chan,' Jennifer M Tetzlaff? Peter C Ggtzsche,” Douglas G Altman,”
Howard Mann,” Jesse A Berlin,® Kay Dickersin,” Asbjgrn Hrébjartsson,’
Kenneth F Schulz,” Wendy R Parulekar,” Karmela KrleZa-Jeric,

Andreas Laupacis,” David Moher?™
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Guideline

Item

SPIRIT
(BMJ. 2013;346:€7586.)

20c Definition of analysis population relating to
protocol non-adherence (eg, as randomised
analysis), and any statistical methods to handle
missing data (eg, multiple imputation)

SPIRIT-PRO
(JAMA.
2018;319(5):483494)

20c State how missing data will be described and
outline the methods for handling missing items or
entire assessments (eg, approach to imputation and
sensitivity analyses).
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SPIRIT-AI
(BMJ 2020;370:m3210)

20c Definition of analysis population relating to
protocol non-adherence (eg, as randomised
analysis), and any statistical methods to handle
missing data (eg, multiple imputation)

SPENT 2019
(BMJ 2020;368:m122)

20c Statistical methods to handle missing data (eg,
imputation). In addition for series: Definition of
analysis population relating to protocol nonadherence
(eg, as-randomised analysis).

The SAP guideline for RCTs recommends it
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JAMA | Spedal Communication  JAMA 2017.318(23)-2337-2343. dot-10300V/jama 201718556

Guidelines for the Content of Statistical Analysis Plans
in Clinical Trials

Carrol Gamble, PhD; Ashma Krishan, BSc; Deborah Stocken, PhD; Steff Lewis, PhD; Edmund Juszczak, MSc:
Caroline Doré, BSc; Paula R. Williamson, PhD; Douglas G. Altman, DSc: Alan Montgomery, PhD: Pilar Lim, PhD;
Jesse Berlin, Sc; Staphen Senn, PhD; Simon Day, PhD: Yolanda Barbachano, PhD; Elizabeth Lodar, MD, MPH

Item 28: Missing Data
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Reporting and assumptions/statistical methods to handle missing data
(eg, multiple imputation)
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Statement and its extensions
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CONSORT 2025 statement: updated guideline for reporting
randomised trials
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Well desgned and peaperty execined randommned trials are comiderad the most reliable evidence on the denefits of -

heslthcare mterventions. Hewever, these is overnhelming evidence that the quality of reporting is net optimal. The
CONSORT (Comsoliduted Standurds of Reporting Trials) statement was designed 1o improve the quality of reporting
ard peovides & misimnum set of ilems 1o be inchaded i 2 seport of & adeaised trisd CONSORT was fust published
i 199, then updated in 2001 sad 2010, Here, we poesent the updated CONSORT 2025 staterment, which alms to
account for secent methodologhal advancements and feedback from end users. We conducied 3 soping review of the
Bresature and developed 3 projectapecific database of empinial aad theoretical evidence related 0 CONSORT, 1o
groerae & list of poterrtial Changes 1o the dheckiint. The St was enriched with recommendations provided by the lead
suhons of exsting CONSORT extensions (Harms, Oulcemes, Noopharmacelogicl Treatment). other relied
repecting guidelines (T1DieR) snd recommendations from other sources feg. pervenal communications). The st of
potential changes o the checklist wan sssessed in 2 large, internationul, oaline, theve-rosad Delphi survey lnvolving
117 participasts and discassed a8 2 two-day online expert commsus meeting of 40 mvited isternational experts. We
ove made substantive changes 4o the CONSORT checklint. We added seven new checklint ems, revised three ems
deleted one e and (megrated several ltems from key CONSORT extemsions. We also restructesed the CONSORT
heckint, with & new section on open soence. The CONSORT 2025 staternet consists of 2 10iem checkist of
eoential ems that should be induded when seporsing the results of 2 nadomised tial and 2 diagram for
documenting the flow of participants through the trisd To Lciltste implementation of CONSORT 2025, we huve also
developed an expanded version of the CONSORT 2005 chechlist, with bulliet potots eliciting critical elements of each
#em. Authors, editoes, reviewers. and other potential wiers should use CONSORT 2015 when writing snd evaluating
massscripty of randomised trials 1o eonure that trial repoets see clesr and transparent
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Number  CONSORT 2026 checklist item description

{Continued from peevious page)
Sequence generation 17a
17h
Alocation concealrment 18
mechanism
implementation 19
8linding 202
200
Statistical methods 21a
21b

Who generated the random allocation sequence and the method
used

Type of randomsation and details of any restriction (eg.
stratification, blocking and block size)

Mechanism used to implement the random allocation sequence
(eq, central computed/telephone; sequentially numbered
opaque, sealed containers), describing any steps 1o conceal the
sequence untd interventions were .nvand

Whether the personnel who enrolled and those who assigned
participants 1o the interventions had access to the random
allocation sequence

Who was blinded after assignment to lnterventions {eg
participants, care providers, outcome assessors, data analysts)
I blinded, how blinding was achieved and descrption of the
similarity of interventions

Statistical methods used to compare groups for pesmary and
secondary outcomes, including harmms

Defnition of who & induded in u\ﬂ.uu’;m (eg. & randomived

sernitivity analyses ), datinguisheng prn;-tu‘rd from post hoc
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B SPIRIT

Enhancing the transparency and reporting
of randomised trials: update of the SPIRIT
2013 and CONSORT 2010 Statements

Virtual consensus meeting « 1% - 2" March 2023
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Update on CONSORT 2025 FYI

O New CONSORT 2025 Update
v BMJ: www.bmj.com/content/389/bmj-2024-081123
v Lancet: www.thelancet.com/journals/lancet/article/PITIS0140-6736(25)00672-5/abstract
v’ JAMA: https://jamanetwork.com/ journals/jama/fullarticle/2832868
v Nature Medicine: www.nature.com/articles/s41591-025-03635-5
v PLoS Medicine: https://journals.plos.org/plosmedicine/article?id=10.1371/journal.pmed.1004587

O New CONSORT 2025 E&E
v' BMJ E&E: https://www.bmj.com/content/389/bmj-2024-081124
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http://www.bmj.com/content/389/bmj-2024-081123
http://www.bmj.com/content/389/bmj-2024-081123
http://www.bmj.com/content/389/bmj-2024-081123
http://www.thelancet.com/journals/lancet/article/PIIS0140-6736(25)00672-5/abstract
http://www.thelancet.com/journals/lancet/article/PIIS0140-6736(25)00672-5/abstract
http://www.thelancet.com/journals/lancet/article/PIIS0140-6736(25)00672-5/abstract
https://jamanetwork.com/journals/jama/fullarticle/2832868
http://www.nature.com/articles/s41591-025-03635-5
http://www.nature.com/articles/s41591-025-03635-5
http://www.nature.com/articles/s41591-025-03635-5
https://journals.plos.org/plosmedicine/article?id=10.1371/journal.pmed.1004587
https://www.bmj.com/content/389/bmj-2024-081124
https://www.bmj.com/content/389/bmj-2024-081124
https://www.bmj.com/content/389/bmj-2024-081124

0 BMJ has also published several editorials highlighting the importance of
CONSORT (and Doug Altman's legacy and pivotal role) and reporting guidelines

more generally:

v' https://www.bmj.com/content/389/bmj.r734
v' https://www.bmj.com/content/389/bmj.r718 v https://www.bmj.com/content/389/bmj.r494

0 New CONSORT/SPIRIT 2025 Website

v" www.consort-spirit.org

Update on SPIRIT 2025 FYI

d New SPIRIT 2025 Update
v BMJ: https://doi.org/10.1136/bmj-2024-081477
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https://www.bmj.com/content/389/bmj.r734
https://www.bmj.com/content/389/bmj.r718
https://www.bmj.com/content/389/bmj.r494
https://www.bmj.com/content/389/bmj.r494
http://www.consort-spirit.org/
http://www.consort-spirit.org/
https://doi.org/10.1136/bmj-2024-081477
https://doi.org/10.1136/bmj-2024-081477
https://doi.org/10.1136/bmj-2024-081477

v JAMA: https://doi.org/10.1001/jama.2025.4486

v Lancet: https://doi.org/10.1016/50140-6736(25)00770-6

v' PLOS Med: https://doi.org/10.1371/journal.pmed.1004589

v" Nature Med: https://doi.org/10.1038/s41591-025-03668-w
O New SPIRIT 2025 E&E

v BMJ E&E: https://doi.org/10.1136/bmj-2024-081660

0 New CONSORT/SPIRIT 2025 Website

v' www.consort-spirit.org
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https://doi.org/10.1001/jama.2025.4486
https://doi.org/10.1016/S0140-6736(25)00770-6
https://doi.org/10.1016/S0140-6736(25)00770-6
https://doi.org/10.1371/journal.pmed.1004589
https://doi.org/10.1038/s41591-025-03668-w
https://doi.org/10.1038/s41591-025-03668-w
https://doi.org/10.1038/s41591-025-03668-w
https://doi.org/10.1136/bmj-2024-081660
https://doi.org/10.1136/bmj-2024-081660
https://doi.org/10.1136/bmj-2024-081660
http://www.consort-spirit.org/
http://www.consort-spirit.org/
http://www.consort-spirit.org/

But, it is expected that if
planned in the SAP or
protocol, then the results




on handling of missing data
will be reported
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Regulatory agencies
have provided guidance
on how address it in




regulatory studies




ED

The Prevention and Treatment of Missing Data
in Clinical Trials: An FDA Perspective on the
Importance of Dealing With It

RT O'Neill' and R Temple?

O

EUROPEAN MEDICINES AGENCY

Guideline on Missing Data in Confirmatory Clinical Trials




September 1998
CPMP/ICH/363/96

ICH Topic E 9
Statistical Principles for Clinical Trials

Step §

NOTE FOR GUIDANCE ON
STATISTICAL PRINCIPLES FOR CLINICAL TRIALS
(CPMP/ICH/363/96)

TRANSMISSION TO CPMP February 1997

RELEASE FOR CONSULTATION February 1997

COMMENTS REQUESTED BEFORE June 1997

FINAL APPROVAL BY CPMP March 1998 .
ch.stjoes.ca

DATE FOR COMING INTO OPERATION September 1998




Other major
methodology groups
have set standards of




how to deal with it
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What is the current
practice?
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Unfortunately,
the practice is




not good!

Many reviews show that the practice is far from optimal.

research.stjoes.ca



B m hlon o o Moo AOgy 1 12%e

2 L Appropriate ~mNu.nI methods Were INMOQUE Fememm scemebcmmbcomren saars P

ILSNHR e \hNLr Nﬂdﬂmllld CroSsover m Medical Research Mothodology
A systematic survey o . VBT ppr—"

participant data for conti Are missing data ad ] Nt Yowre iomedcemmel com 71 2

Vigog Zoarg ™ v D Fied  cluster randomised 4|

Jojoy Zhoa'™ bt D e} ChaS misedy, - A review of the reporting and handling of
l.u .-u"( Logws ‘X;hu’l review am SUIdd'ne Purme Cinil Tk [t b4 H * 4 e
N o Vo e e o] CEIIITEYEIEY missing data in cohort studies with repeated

Alow arvesor-Labey

ol of P loath ad Prvntor Mok

o e ] Handling mis{ assessment of exposure measures

I Claire L Coleman® and Sanéra Bidridge”

And the latest reviews show that nothing has changed
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e
FLSEVIER

ORIGINAL ARTICLE

Missing data were poorly reported and handled in randomized controlled
trials with repeatedly measured continuous outcomes: a cross-sectional
survey

Yuanjin Zhang Ouanrn L

Yunxiang Huanyg
» Peiging Yan', Yuning Wang

Min Yang
Xin Sun

Yubong Jin
. Ling Li

Yan Ren

Minghong Yoo » Guowel Ly,

Kang Zou

Sk CE——— - i = — BMC Medical Research
) Journal of T e Methodology
g:ﬂ (— -+ Chinical

Epidemiology W - ——_—
~

The reporting and handling of missing
data in longitudinal studies of older adults
is suboptimal: a methodological survey

of geriatric journals

o

O The practice is variable
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The least optimal methods are frequently used

The most appropriate methods are infrequently
used

Regardless of whether or not the design is a
randomized or non-randomized, the handling of
missing data in longitudinal studies is inadequate
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What are the best
imputation methods?

It depends!




On What?

The choice of methods
depends on the




assumptions about the
pattern of missingness




Different patterns of Missing completely at random (MCAR)

missing data * The likelihood of missing data is unrelated to any
observed or unobserved variables.

Missing at random (MAR)

e The likelihood of missing data is related to
observed variables but not to unobserved
variables

Not missing at random (NMAR)

The ¢ The likelihood of missing data depends on the

research.stjoes.ca




Madison Zhang
Former PhD HRM Student

Y L -y u"'

ELSEVIER

A systematic survey of the methods literature on the reporting quality and
optimal methods of handling participants with missing outcome data for
continuous outcomes in randomized controlled trials
Yuqing Zhang™", Akram Alyass’, Thuva Vanniyasingam®, Behnam Sadeghirad™,

Ivin D. Florez™, Sathish Chandra Pichika®, Scan Alexander Kennedy”, Ulviya Abdulkarimova’,
Yuan Zhang', Tzvia lljon', Gian Paolo Morgano’, Luis E. Colunga Lozano’,

Fazila Abu Bakar Aloweni”, Luciane C. Lopes™, Juan José Yepes-Nufiez™', Yutong Fei',
Li Wang', Lara A. Kahale™, David Meyre™”, Elic A. AKI”, Lehana Thabanc”, Gordon H. Guyatt™
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Consider using multiple imputation or mixed model
methods—they have been shown were superior to other
methods in ferms of overall performance and bias,

Avoid LOCF approach

Perform sensitivity analysis to assess robustness
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deviation from the truth (ie. Specified effect value

What is performance based on?

mean square error (MSE), which incorporates both bias and

variability of the effect
STATISTICS IN MEDKINE Pl T

Sutie, Mol Y0 ATNANG ' InterScience’
Pubisded onlise 11 Asget 06 i Wiky beerScence Ty

(v mkercience wiky.com DOC 10100e 373 : the proportion of times that the obtained confidence interval
contains the true specified effect value

the proportion of simulation samples in
which the null hypothesis of no effect is rejected at the nominal, usually
5 per cent, significance level, when the null hypothesis is false

The design of simulation studies in medical statistics

Andrea Buston"**', Dosgls G. Ahtman', Ptrck Rovston'~ and Roger L. Hodder'

Comer Rewrch DR/NS Cone for St i M, i, LK the proportion of p-values from testing the
Xamcrr Reseach UK Clical T Ui, Csiersty of Biominghn, Bvminrhm, 1K null hypothesis of no difference on each simulated sample that are less

AT Clind Tris Ui, Lo LK than the nominal 5 per cent significance level, when the null hypothesis
'l'k,\mm of Proary Camr ond Gewenad Practice, Usmoensay of Rormsepbom, Bormnphon, (A is true

1- Tvpe Il error rate



Important
Please note that ignoring missing
data is essentially another way

of handling missing data which
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assumes that they are missing
completely at random

-~
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The choice of method is dependent on
assumptions on pattern of missingness

In general,
v' single imputation methods such LOCF, mean

imputation, worst/best case scenarios, don't
perform well

v" MI or model-based imputation methods
perform better
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What imputation cannot do

Imputed data cannot...

be used as replacement for better design
and conduct of trials o prevent missing
datal

research.stjoes.ca



Jtell why data were missing

Jtell whether or not the imputed value is
True

be used as clinical decisions for individual

patients with missing datal
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I tell colleagues that the

best approach to missing
data is to PREVENT IT!




Published in final edited form as:
Ann Intern Med. 2011 January 18; 154(2): 113-117. doi:10.1059/0003-4819-154-2-201101180-00010.
Addressing Missing Data in Clinical Trials

Thomas R. Fleming, PhD
University of Washington, Seattle, Washington

Tom Fleming
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"The preferred and often only satisfactory approach to
addressing missing data is to prevent it”

Strategies for preventing attrition

(DeMauro SE. Does Attrition Still Matter And How Can It Be Reduced? Hot Topics in Neonatology. Washington DC, 2022)

research.stjoes.ca



v" Engage families in the design of your
study

v Employ peer navigators to support
study participants

v" Help families travel or travel to the
family/school

v" Have flexible hours and scheduling

v" Provide childcare for siblings

v" Develop and use remote/virtual

assessments

v" Make the assessments relevant (ie
patient centered)
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v' Keep in touch, remind them that their
contributions are valued

There is

Sara B. DeMauro, MD, MSCE, is an Associate
Professor of Pediatrics at the University of
Pennsylvania Perelman School of Medicine

some hope that
decentralizing clinical
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trials will also reduce the
likelihood of missing datal

My advice: Use practical commonsense measures

Work with mentors who are Invest in hiring qualified research staff
experienced in running trials or (research coordinator)
Communicate with and educate patients
Collaborate with a biostatistician about the trial/study and importance of

i let ta for st integrit
or methodologist complete data for study integrity

research.stjoes.ca



n""v‘»" &
o
-v""_
)) 5‘“ o ¢
pc‘“ Sy
))\r“i‘*\ﬁ\
L
‘)N

XX

Set targets for missing data and Plan sensitivity analyses to assess

devise strategies if not Allocate the impact of missingness on key
meburces to effective data findings using best methods

collection, and following up depending on the nature of
patients for . missingness

Follow proper
reporting guidance on
what and how to report

Design a simple, easy-

toimplement protocol with
objectives in mind, with lots of
flexibility to minimize attrition
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There is another rare, but
generally unrecognized
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problem that can lead to
missing data in trials

Patients requesting withdrawal of their already collected
data at the time when they withdraw from a study
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Comremporary Qinical Trials 32 (2011) 318-322

Contents lists available at ScienceDirect

Contemporary Clinical Trials

journal homepage: www.elsevier.com/locate/conclintrial h .

Editorial letter

Data withdrawal in randomized controlled trials: Defining the problem and
proposing solutions
A commentary

Chenglin Ye %€, Lora Giangregorio®, Anne Holbrook <%, Eleanor Pullenayegum <,
Charlie H. Goldsmith *¢*, Lehana Thabane *<&*

* Department of Mathematics and Statistics. McMaster University, Hamilton, Ontario, Canada

* Department of Kinesiology. University of Waterica, Waterioo, Omtario, Canada

“ Division of Clhirdcal Pharmacolagy & Thergpeurics, Department of Medicine, McMaster University, Canada
“ Deparement of Qlindcal Epidemiology and Biostatistics, McMaster University, Hamilton, Ontario, Canada

* Bostatistics Unir, St Joseph's Healthcare Hamilton, Hamilton, Ontaria, Canada

' The Centre for Evaluatnon of Medicines, St Joseph's Healthcare Hamikon, Hamdlron, Ontario. Canada

* Populanion Health Research Institure, Hamdron Healkth Saences, Hamiton, Ontano, Conada
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Data withdrawal is addressed in Chapter 3: Consent Process: Article 3.7B:
"Participants in such research must have the opportunity to refuse consent and
request the withdrawal of their data and/or human biological materials whenever
nossible, practicable and appropriate (Article 3.1)."
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Tri-Council Policy Statement

Ethical Conduct
for Research
Involving Humans

TCPS2 2018

Canadian Institutes of Health Research
Nawural Sciences and Engineering Research Council of Canada
Social Sciences and Humanities Research Council

I+l
Jol S Sovumenen Canada

research.stjoes.ca




However, ...

"REBs must also consider whether the option to withdraw
data is appropriate. In some types of research, permitting
the withdrawal of data and/or human biological materials
could skew the results of the research, invalidating the
study and denying potential benefits to society. The
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invalidation of study findings may also demonstrate a lack of
respect for the contributions made by other participants”

What are the frequently
asked questions
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about missing data?

d How small a % of missing data to make it ignorable?
v' It depends!
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v On size of study, reasons for missing, pattern of missingness
O How large a % of missing to make it worthless to
impute?

v Evidence suggests that even upto 90% of missing outcome

data is worth imputing

O What if T have missing demographic or prognostic information
instead of outcome data? Will the same methods work?
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v' This is unresolved

v No reason to suspect that the methods won't work

Qd For large trials, is it really worth worrying about missing
data?

v' Yes, it's worth planning for regardless of the size of a study
0 I don't like to work with "fake” data in my study?

research.stjoes.ca



v You are essentially assuming data are missing completely at
random

v This has been shown to be a biased strategy dCan I do
posthoc imputation analysis?

v' Yes, but not ideal!

v' It is best to plan for this as part of your design protocol

OWhat software can I use to perform imputation?

research.stjoes.ca



v Most statistical software have MI algorithms

UdWhat if I don't know how to do MI imputation?
v Get help

v’ Best to collaborate with a biostatistician from start

(] Can I assess the MAR assumption?

v’ This MAR assumption is not verifiable, because it assumes that missing data are
dependent on missing data—which you don't have.
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(] What about comparing the baseline characteristics of those with and without
missing data to assess the MAR assumption?

v The comparability of baseline characteristics won't tell you anything about the
comparability of missing and available outcomes

v’ So, this is not a viable option for assessing MAR assumption d What about missing
data on secondary and tertiary outcomes?

v The same issues apply to all outcomes regardless of whether they are primary,
secondary or tertiary

(] Is there anything else I can consider?
v Yes, consider using time-to-event as an outcome
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v’ Missing outcomes are censored at the last observation, and therefore corresponding
patients are still included in the analysis without the need to impute

(] What about patients who died, and therefore are missing secondary outcomes after
dying?
v’ Such outcome data are considered missing by design, and therefore not imputed

research.stjoes.ca



What are the available
resources for dealing
with missing data?




YALE JOURNAL OF BIOLOGY AND MEDICINE 86 (2013), pp.343-358.
Copyright © 2013.

FOCUS: RESEARCH AND CLINICAL ETHICS

Strategies for Dealing with Missing Data in
Clinical Trials: From Design to Analysis

James D. Dziura®®’, Lori A. Post?, Qing Zhao”¢, Zhixuan Fu”¢, and
Peter Peduzzi®¢




The NEW ENGLAND JOURNAL of MEDICINE

SPECIAL REPORT

The Prevention and Treatment of Missing Data in Clinical Trials

Roderick J. Little, Ph.D., Ralph D'Agostino, Ph.D., Michael L. Cohen, Ph.D., Kay Dickersin, Ph.D.,
Scott S. Emerson, M.D., Ph.D., John T. Farrar, M.D., Ph.D., Constantine Frangakis, Ph.D.,
Joseph W. Hogan, Sc.D., Geert Molenberghs, Ph.D., Susan A. Murphy, Ph.D.,

James D. Neaton, Ph.D., Andrea Rotnitzky, Ph.D., Daniel Scharfstein, Sc.D.,
Weichung J. Shih, Ph.D., Jay P. Siegel, M.D., and Hal Stern, Ph.D.
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Review

Missing Data in Clinical Research: A Tutorial on Multiple

Imputation

Peter C. Austin, PhD,"™ lan R. White, PhD,’ Douglas S. Lee, MD PhD, " and

Stef van Buuren, PhD™

[

Q

CMAJ ANALYSIS

Randomized trials with missing outcome data:
how to analyze and what to report

Rolf H.H. Groenwold MD PhD, Karel G.M, Moons PhD, Jan P. Vandenbroucke MD PhD

T he gold-standard study dessgn 1o evalu- comes were handiad in the analysis, and portcs- Coapeting @toroe: oo
at¢ the effects of medical eatment pants with misseng ostcomes are Dypscally omit- ctutvd
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trestment groeps s a random process, and base Case intention - to-aread analysis.” s

line differences in prognostic factoes are doe 10
chance, Consoguently, at Bascline, both groups
arc expested 1o be statistically compasable with

An example of bias due to missing
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") Journal of
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ORIGINAL ARTICLE

Framework for the treatment and reporting of missing data in
observational studies: The Treatment And Reporting of Missing data in
Observational Studies framework

Katherine J. Lee™"”", Kate M. Tilling", Rosie P. Comish’, Roderick J.A. Little",
Melanie L. Bell", Els Goetghebeur', Joseph W. Hogan",
James R. Carpenter’, on behalf of the STRATOS initiative
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“This framework seeks to support researchers in thinking systematically about
missing data and transparently reporting the potential effect on the study
results, therefore increasing the confidence in and reproducibility of research
findings”.
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Missing Outcome Data in Recent
Perinatal and Neonatal Clinical Trials
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There are many textbooks on the topic
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GEERT MOLENBERGHS MICHAEL G, KENWARD

Missing Data

in Clinical Studies

The Prevention and Treatment of
Missing Data in Clinical Tnals

WWILEY

Applied Missing Data
Analysis in the
Health Sciences

Missing Dato Analysis
in Practice

Trivedor ¢ Raghunethan
WiLey
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A Gentle Introduction
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Please share your
favorite resources for

everyone to learn from




O Think about the possibility of missing data during the
design and use approaches to minimize or prevent it
v Build this into the protocol
v Build some sensitivity analysis into the protocol to

assess robustness
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Imputation can increase the efficiency and validity of the

analyses

Note that not all imputation methods work the same way—

some are more efficient and less biased than others

For most trials, ignoring missing data is not a viable

option
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So, what if I have some missing data or
patients in my clinical trial: what's the
big deal, and wouldn’t imputation solve

the problem?
v Big deal because of the implications on inference

v’ Best option is to prevent missing data
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v Imputation is not a panacea, but can help as 2" best
option

v Imputation should not be used as substitute for good
design and planning
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