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Outline

• Introduction of Estimands 

• Case Study: a Ph2 study of nipocalimab in RA
 St at ist ical analyses using t he est imand framework 

 Impact  of Dose Deviat ions (ICE) on PD Effect : PKPD Simulat ion Result s

• Key Take Home Messages 
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ICH E9(R1) Addendum – Estimands in Clinical Trials

• Final ICH E9(R1) Addendum on “Estimands and Sensitivity Analysis in Clinical Trials” released in Nov 
2019: https://database.ich.org/sites/default/files/E9 -R1_Step4_Guideline_2019_1203.pdf

• Increasing Pharma-regulatory interactions and requests seen on this topic

https://database.ich.org/sites/default/files/E9-R1_Step4_Guideline_2019_1203.pdf
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Trial planning framework
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For each stakeholder: 
different estimands 
for different clinical 
questions of interest

Sensitivity analysis

Sensitivity Estimate(s) 

Sensitivity Estimator(s) 

Main Estimator

Main Estimate

Statistical method

Numerical result

How to 
estimate

What to 
estimate

Clinical question 
of interest

Trial 
Objective

Estimand

Design
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Clinical Question - The Five attributes of an estimand

Example of a clinical quest ion of int erest  from Major Depressive Disorder (MDD)

What  is t he 
mean t reat ment  difference
in
change in depression severit y at  Week 8  

t hat  can be expect ed under t he assignment  t o 
eit her drug X vs placebo

if pat ient s would cont inue t reat ment  as assigned 
up t o Week 8 , wit hout  discont inuing t reat ment  or 
init iat ing ot her ant idepressant  medicat ions

       in
 adult s and elderly part icipant s wit h MDD?

population-level summary measure
 
variable

study interventions: treatment  of interest  vs alternative  
treatment

ICEs and corresponding strategies

population 

Bell, J , Hamilt on, A, Sailer, O, Voss, F. The det ailed clinical object ives approach t o designing clinical t rials and choosing 
est imands. Pharmaceutical Statistics . 20 21
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What is considered an Intercurrent Event (ICE)?

• Each identified ICE needs to be addressed by a strategy.
• The chosen strategies need not be the same for all ICEs.

Events that  occur after  treatment  initiation  and either preclude observation of  the variable or affect  
its  interpretation .

Akacha et al., “Estimands—What they are and why they are important for pharmacometricians ” 
CPT Pharmacometrics Syst. Pharmacol. 20 21;10 :279–282
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ICE Handling Strategies Depend on Question of Interest 

STRATEGY DESCRIPTION: How is the ICE addressed?

Treatment 
Policy

In general, as part of the treatment specification or effect regardless 
of ICE
− NA when values of t he variable do not  exist  aft er t he ICE (e.g. 

aft er deat h)
− More generally accept able t o support  regulat ory decision making

Hypot het ical Hypot het ical scenario around t he ICE
− Consider meaningful scenarios

Principal 
St rat um

As part  of t he population
− Target  populat ion is a subset  det ermined by t he ICE occurrence

Composit e 
(Variable)

As part  of t he variable
− The ICE it self is meaningful and is t hus reflect ed in t he value t hat  

will be assigned t o t he variable (e.g., a non-responder st at us)

While-on-
Treat ment

As part  of t he variable
− Int erest  is on t he response t o t reat ment  prior t o occurrence of 

t he ICE
− Variable is defined such t hat  it  is independent  or incorporat es t he 

pat ient  specific t reat ment  durat ion (e.g., slope/ rat e, AUC); 
summary measure cannot  be defined for a fixed t ime period

EXAMPLE: Consider the ICE of treatment 
discontinuation in a placebo -controlled 
trial

Effect  of assigning Drug X vs. Placebo, 
regardless of t reat ment  discont inuat ion

Effect  of Drug X vs. Placebo had all 
pat ient s remain on t reat ment  (wit hout  
discont inuing t reat ment )

Effect  of Drug X vs. Placebo in pat ient s 
who would remain on t reat ment  if 
prescribed Drug X

Effect  of Drug X vs. Placebo, where 
pat ient s who discont inue t reat ment  are 
considered t reat ment  failures

Effect  Drug X vs. Placebo while pat ient s 
remain on t reat ment

Akacha et  al., “Estimands—What they are and why they are important for pharmacometricians ” 
CPT Pharmacometrics Syst. Pharmacol. 20 21;10 :279–282



Case Study: Nipocalimab RA 
Ph2a Monotherapy
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Nipocalimab Lowers IgG and ACPA Primarily Through FCRN Binding
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IgG  = Immunoglobulin G
FcRn = neonatal Fc receptor
ACPA = Anti-Citrullinated Peptide Antibody

Adopted  from  Taylor et  al., “Efficacy and Safet y of Nipocalimab in Pat ient s wit h Moderat e t o Severe Act ive Rheumat oid Art hrit is (RA): The 
Mult icent er, Randomized, Double-blinded, Placebo-cont rolled Phase 2a IRIS-RA St udy”  Arthritis  Rheumatol. 20 23;75



RA Phase 2a Study Design (ARA2001)
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ARA2001 Study Has High Occurrence of ICE 
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+ =

Nipocalimab IV 
N=33

Placebo IV
N=20

𝓡𝓡
Randomization

Data impacted by 
ICE/Missed doseRandomization

7  Nipo Discontinuations due to Adverse Event
      6 Missed a Dose

7 PBO Discontinuations due to Adverse Event
     1 Missed a Dose

Treatment 
Effect ??

Week 4 Week 8 Week 12Week 0

IgG Reduction
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Key Question: Is There a TRUE Discrepancy Between Previous Model Predictions 
vs Observed Data?

Observed minimal median % IgG reduct ion was 54 %, 
which was much smaller t han t he previous PKPD 
predict ed IgG reduct ion of 64 %

 IgG dat a was collect ed for subject s who 
discont inued t reat ment  or missed dose(s) up t o 
Week 12

o Pat ient s did not  adhere t o pre-defined 
prot ocol dosing  IgG values being highly 
variable and dilut ed 

 First  st ep t o explore t he apparent  discrepancy
Sensitivity analyses

1. Exclude observat ions/ dat a point s direct ly 
impact ed 

2. Per prot ocol analysis (excluding all pat ient s 
who eit her missed dose or had  ICEs)

Conclusion  
• Excluding t reat ment  discont inuat ion or missed dose 

observat ion aligns wit h model predict ion

% minimal median 
IgG reduction

Model predict ion 64 %

Observed 54 %

Sensit ivit y # 1 61%

Sensit ivit y # 2 62%

However, can we prospectively predict a 
more realistic treatment effect, based on 
established PKPD models?



Statistical Analysis of IgG Lowering 
Using Est imand Framework
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Standard IgG analysis 

• IgG is considered as safet y paramet er 

• Observed dat a is t ypically present ed 

On Treatment

Off  Treatment

On Treatment

Observed
Out come 

M

St andard out put  𝓡𝓡

Week 0

Missed at  least  one 
dose but  cont inued t reat ment

Int ercurrent  event / t reat ment  
Discont inuat ion 

ICE

M
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CPP

STAT

• Handling “IgG” analysis in 
presence of int ercurrent  
event s and missed dose(s) by 
per prot ocol analysis? ?  
(pot ent ial bias)

• Need t o consider t he quest ion 
of int erest  under t he 
Est imand Framework

15

What is an appropriate analysis?

PM

• Typically, all t he observed dat a is 
used t o develop and validat e 
PKPD models. However, PKPD 
simulat ions generally consider 
10 0 % compliance in dosing 

• Need t o consider realist ic dosing 
scenarios t o address impact  of 
ICE on t reat ment  effect  
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Question of Interest Under Estimand Framework 
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What is the expected effect in RA patients on % IgG reduction at Week 12 of Nipocalimab 15 mg/kg IV Q2W …

in the stratum of patients who, if 

assigned to Nipo

would fully adhere to treatment (i.e., 

without missing a dose or discontinuing 

treatment) up to Week 10

regardless of treatment 

discontinuation/ missing a dose

if taken as directed 

 i.e as if patients would not have 

discontinued treatment or missed any 

dose) up to Week 10

Hypothetical Principal Stratum Treatment Policy
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Treatment Effect Estimation

Conclusion: Results of the analyses aligned with different ICE  strategies

• Principal Stratum (PS) sample size averaged over 10,000 imputed datasets
• Baseline covariates in model based imputation: (Age, Sex, Baseline MTX use, Baseline Oral Corticosteriod  use) 
• Data points are LS mean and 95% CI at week 12

%  Minimal mean 
IgG reduction

Observed 4 5%

Sensit ivit y # 1 53%

Sensit ivit y # 2 55%

Model: Mixed-Effect  Model Repeat ed Measure 

-55.34 -66.93 -43.75 

-46.15 -55.91 -36.39Treatment 
Policy

Per Protocol

Hypothetical

PS

-52.84 -62.97 -42.71 

-54.44 -66 -43.08 

Act ive: 32/33
Cont rol: 20 /20

Act ive: 26 /33
Cont rol: 13 /20

Act ive: 20 /33  (Average)
Cont rol: 13 /20  (Average)

Sample Size*

Act ive: 20 /33
Cont rol: 12/20



Impact of ICE on IgG lowering: PKPD 
Simulat ion Result s
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PK-RO-IgG Model Was Constructed Using All Available PK/PD data

• As a first step, a PK-RO model was built using all the available PK data  from the treatment arms in healthy volunteers (HV) and RA 
patient population. No subject data was excluded in the PK model building process unless pre-specified in the analysis plan

• Once a PK-RO model was built and visually checked for performance, a PK-RO-IgG model as described in the schematic was 
developed using all available IgG data  from the placebo and treatment arms in HV and RA patient population. Model was visually 
checked for performance

• Final PK-RO-IgG model is then used for performing simulations in virtual population with different doses and dosing regimens 
(assuming 100% compliance) to aid dose selection process for future studies

Zhou et al., “TMDD Pharmacokinetic and Pharmacodynamic Modeling of the Anti -FcRn Monoclonal Antibody Nipocalimab 
Administered to Healthy Subjects ”.  13th American Conference on Pharmacometrics, Colorado, USA (Nov, 2022)



How Can We Assess Impact of ICE on IgG Lowering Through PKPD Simulations?
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Individual Post-hoc PKPD 
parameters (accounting BSV 

and RUV)

Scenario 1:
Complete 

(Per Protocol Dosing)
6 Planned Doses/Subject
Dose: 15 mg/kg IV Q2W

Scenario 2:
Missed/Partial Dosing

(ARA2001 Dosing records resampled 
1000 times)

Dose: 15 mg/kg IV Q2W

Simulate 
1000 

Subjects

Sampling:
Pre-dose IgG Sampled every 2 

Weeks Until Week 12

Summarize and plot minimal 
%IgG reduction timecourse

Note: BSV=Between Subject Variability; RUV= Residual Unexplained Variability 
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For Scenario 1, the Question of Interest is Related to Hypothetical Strategy 
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What  is the 

Treatment  effect

on 

Percent IgG Reduction at Week 12

of  

Nipocalimab 15 mg/kg IV q2w

If taken as directed ( i.e as if patients would not  have discontinued 
treatment, modify their standard therapy or initiate  any other 
treatment)

in

Patients with moderate  to severe active RA, who have an  inadequate 
response to anti -TNFα despit e st andard t herapy

Populat ion-level summary measure

Variable

St udy int ervent ion 

Intercurrent  Events (ICEs) ignored  in 
Hypothetical  Strategy

Populat ion 

What  is t he expect ed effect  in RA pat ient s on minimal %IgG reduct ion at  Week 12 of Nipocalimab 15  mg/kg IV 
q2w, if t aken as direct ed for t he ent ire 10  weeks t reat ment ?
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Sustained IgG Reduction is Seen With Complete Dosing Over the Study Duration (15 mg/kg)

62.6%60.4%58.1%0% 62.4%61.9% 62.5%



How Can We Assess Impact of ICE on IgG Lowering Through PKPD Simulations?
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Individual Post-hoc PKPD 
parameters (accounting BSV 

and RUV)

Scenario 1:
Complete 

(Per Protocol Dosing)
6 Planned Doses/Subject
Dose: 15 mg/kg IV Q2W

Scenario 2:
Missed/Partial Dosing

(ARA2001 Dosing records resampled 
1000 times)

Dose: 15 mg/kg IV Q2W

Simulate 
1000 

Subjects

Sampling:
Pre-dose IgG Sampled every 2 

Weeks Until Week 12

Summarize and plot minimal 
%IgG reduction timecourse

Note: BSV=Between Subject Variability; RUV= Residual Unexplained Variability 



For Scenario 2, the Question of Interest is Related to Treatment Policy Strategy

What is the expected effect in RA patients on minimal %IgG reduction at Week 12 of Nipocalimab 15 mg/kg IV q2w, 
regardless of treatment discontinuation/missing a dose?

What is the 

Treatment  effect

on 

Percent IgG Reduction at Week 12

of  

Nipocalimab 15 mg/kg  IV q2w

Regardless of  treatment  deviations (i.e if  some patients  would 
have discontinued treatment  or missed their  doses)

in

Patients  with  moderate  to  severe active RA, who have an  
inadequate response to  anti-TNFα despit e st andard t herapy 

Populat ion-level summary measure

Variable

St udy int ervent ion 

Intercurrent  Events  (ICEs)

Populat ion 
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Simulated IgG Reduction Is in Alignment with Observed Data from ARA2001 Study (15 mg/kg)

55%60.8%53.3%0% 55.4%61.6% 58.1%



Putting It All Together…
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Five ICE Strategies Revisited: How Are They Related to 
PKPD Simulations?
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STRATEGY DESCRIPTION: How is the ICE addressed?

Hypothetical

A set t ing is envisaged in which the ICE would not occur : t he value of 
t he variable t o reflect  t he clinical quest ion of
int erest  is t he value t hat  t he variable would have t aken in t he 
hypot het ical scenario defined.

While-on-
Treat ment

For t his st rat egy, t he response t o t reat ment  before t he occurrence of 
t he ICE is of int erest . This st rat egy hence modifies t he variable.

Principal 
Stratum

The t arget  populat ion is t he subpopulat ion (“principal st rat um”) in 
which the ICE would not occur .

Composit e 
Variable

An ICE is considered in it self t o be informat ive about  t he pat ient 's 
out come and incorporat ed int o t he definit ion of t he
variable, usually as an unfavorable out come. The newly defined 
variable is t hen a composit e of efficacy and t he
occurrence of t he ICE.

Treatment 
Policy

Occurrence of an ICE is considered irrelevant  in defining t he 
t reat ment  effect  of int erest : the value for the variable of
interest is used regardless of whet her t he ICE occurs.



Estimands for Pharmacometricians
• Understanding estimands should be of interest to anyone performing treatment effect estimation, 

including pharmacometricians.

• Although ICH E9(R1) was primarily written with statistical analysis tradition in mind, the principles 
outlines in ICH E9(R1) apply more broadly and are relevant whenever a treatment effect is to be 
estimated.

• ICH E9(R1) introduces a common language that pharmacometricians can use in collaboration with 
statisticians, clinicians, and other drug development stakeholders.

05.05.2011TITLE |  Copy 28

Akacha et al., “Estimands—What they are and why they are important for pharmacometricians ” 
CPT Pharmacometrics Syst. Pharmacol. 20 21;10 :279–282



Now We Can Understand Each Other Much Better…
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CPP STAT PM

Although our PKPD models are 
built upon all available data, 
different simulation approaches 
considering different estimands 
can help answer different clinically 
relevant questions

Although we always try to report 
observed safety data as is, for 
key biomarkers to confirm 
whether the drug works, 
alternative ICE strategies can be 
helpful under the estimand 
framework



If you have more questions, please contact:
J afar Sadik Shaik 
jshaik6@it s.jnj.com

Thank you



An est imand is a precise descript ion of t he t reat ment  effect  reflect ing t he clinical quest ion posed by a 
given clinical t rial object ive. 

What are The Five Attributes of an Estimand?

31

Who to study
Endpoint for an 

individual
Mean difference, proportion 

difference,  hazard ratio

Might include active drug / placebo, 
background medication, rescue 

medication
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