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Disclaimer: this project was conduted during a postdoctoral 
fellowship at the Division of Pharmacoepidemiology and 

Pharmacoeconomics (DOPE), Brigham and Women’s 
Hospital and Harvard Medical School, Boston. 

It is not a project conducted at the University of Basel. 



Outline
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• ULTRA 2 trial

• Replication of ULTRA 2 in RWD

• Emulating the study population 

• Emulating the comparator group

• Emulating the trial endpoint

• Emulating dosing schedule



Supplemental indications

• RWE may play an increasing role in regulatory decisions of 
supplemental indications

• Of all pivotal RCTs that led to FDA-approval of a supplemental 
indications (2005-2014)

• 70% used clinical endpoints
• Functional status 
• Pathology results
• Changes in clinical scores
• Tumor response

• 50% were placebo controlled
• Placebo is not administered in routine care
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ULTRA 2

• Ulcerative colitis Long-Term Remission and Maintenance with Adalimumab 2

• Adalimumab (Humira®, TNF-alpha inhibitor): FDA-approval of supplemental 
indication for moderate-severe ulcerative colitis (UC) in adults in Sept 2012

• Sub-cutaneous injection every 2 weeks, self-applied by patient

• Previous indications: Crohn’s disease (1999), rheumatoid arthritis (2002), 
psoriasis and psoriatic arthritis (2003), ankylosing spondylitis (2006)

GASTROENTEROLOGY 2012;142:257–265
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Ulcerative Colitis treatment (2003-2012)

•Infliximab (Remicade®) 
• TNF-alpha inhibitor
• Indication for UC 1999
• I.v. infusion 
• Every 2 months (outpatient clinic)

•Adalimumab (Humira®):
• Subcutanous injection (by patient)
• Every 2 weeks
• Strong expectation of efficacy in UC
• Survey: 70% of gastroenterologists 

prescribed adalimumab off-label for 
UC in 2010

https://www.medscape.org/viewarticle/541494_4
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494 adalimumab-naive  patients with moderate-severe UC 

• Confirmed by biopsy or endoscopy 

• MAYO score (6-12)

GASTROENTEROLOGY 2012;142:257–265

ULTRA 2: Inclusion criteria 
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ULTRA-2: Baseline covariates

GASTROENTEROLOGY 2012;142:257–265
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Supplementary Figure 1. Patient flow. OL, open-label; eow, every other week. aSites were noncompliant with good clinical practices 
and protocol requirements.
William J. Sandborn,  Gert van Assche,  Walter Reinisch,  Jean–Frederic Colombel,  Geert D'Haens,  Douglas C. Wolf,  Martina 
Kron,  Mary Beth Tighe,  Andreas Lazar,  Roopal B. Thakkar

Gastroenterology, Volume 142, Issue 2, 2012, 257–265.e3http://dx.doi.org/10.1053/j.gastro.2011.10.032

ULTRA 2: eaerly escape design
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ITT analysis: all switchers / early escapers imputet as treatment 
failures 



ULTRA 2: co-primary endpoints

Co-primary endpoints: clinical remission
(MAYO-score ≤2 points)

GASTROENTEROLOGY 2012;142:257–265

P<0.05 P<0.05
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ULTRA 2 not eligible for DUPLICATE

ULTRA 2

Clinical Pharmacology and Therapeutics. 2020 Apr;107(4):817-826.
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Study objectives

To replicate ULTRA 2 findings on the effectiveness of adalimumab 
in patients with ulcerative colitis (UC) using healthcare database 
analyses 

What can we learn from an empirical example trying to duplicate
an RCT that is not amenable to exact emulation using RWD??

• Clinical endpoint not captured
• Placebo comparator is difficult to replicate 
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First Rx for 
Adalimumab

Follow-up period

180 days

• Continuous enrollment
• Age ≥ 18 years
• ≥1 UC diagnosis
• No Dx for Crohn’s

365 days

1 Jan 2003 31 Aug 2012
Publication ULTRA 2

Emulating the study population

New user cohort study
• Data source: Truven Marketscan accessed via AetionTM

• US commercial insurance program
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Required to be on croticosteroids (5-100mg pred / day)
at cohort entry

Not captured

Not excluded due to sample size – sensitivity analysis

Colitis subtypes not captured

Primary non-response to infliximab and results of lab 
tests not recorded



Emulating the comparator group

Placebo ≠ Non-use

Treatment equipoise = comparable UC severity
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Emulating the trial endpoint
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Corticosteroid discontinuation

Corticosteroid 50% dose reduction

ULTRA 2



Days [1, Censor]

Covariate Assessment Window, CAW
(Baseline covariates)

Days [-180, -1]

Cohort Entry Date
First prescription of ADA

Day 0

Exclusion Assessment Window (EAW)
Malignant Cancer,  Hepatitis, Toxic 

Megacolon, Colectomy etc
Days [0, 0]

Time

Required  to be on croticosteroids (5-100mg 
pred / day)

Days [-180, -1]

Follow up Window
Days [1, Censord]

1 Jan 2003 31 Aug 2012

CAW
(BL covar)

Days [-30, -1]
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365 days

• As treated (cont. refills / claims)
• 60-day grace period

• Dosage not considered



Emulating dosing schedule

• Approx 75% excess in CS 
discontinuation comparing 
adalimumab to placebo
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Adalimumab vs. non-use ULTRA 2



Open label 4-year FUP
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Emulating dosing schedule

22

Adalimumab vs. infliximab

2 prior Network Meta-Analyses 
infliximab vs. adalimumab

• Remission at 8 weeks:
• HR 0.42 (95% CI 0.17-0.97)
• HR 0.48 (0.08-3.13) 

• Remission at week 52 was 
comparable

1) JCC 2014; 8: 571-581. & 2) AP&T 2014; 39: 660-671.  



Primary analysis
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Tracer outcomes? 

Can we validate our study population by reproducing any known 
tracer endpoints?

• Safety signal?
• Too rare: serious infections, malignancies, congestive heart 

failure
• Not captured: GI symptoms, injection site reactions, tiredness 

weakness
• Secondary endpoints of ULTRA 2?

• Not captured: partial remission, MAYO subscores etc.
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Summary and conclusions

• Non-user comparison did not replicate ULTRA 2 at 8 weeks of 
follow-up. 

• Active comparator revealed ‘non-inferiority’ of adalimumab vs. 
infliximab over 52 weeks.

• RWE can provide valid results to complement RCTs if the study 
design adheres to principles of RWE methods. 

• Active comparators

• Treatment equipoise / comparability

• Guidelines for RWE studies for regulatory decision making 
need to be tailored to the strengths and limitations of database 
analyses.
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Limitations & Discussion

• Several deviations from ULTRA 2 design
• Different clinical questions (non-inferiority)

• Differences in inclusion / exclusion criteria

• Surrogacy of endpoints could not be validated

• Generalizability?: restricted to TNF-naive patients on current
CS therapy

• This study was tailored to mimic ULTRA-2
• Design of a hypothesis testing study in the absence of ULTRA-2 may have

differed
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Thank you for your attention
Questions? Comments? 

Thank you to my co-authors: Sebastian Schneeweiss, Rishi J Desai, 
Jessica M. Franklin, Robert J. Glynn, and Emma Payne



Choice of the analytical model

Choice of analytical model matters!

• Marginal treatment effect: RCT, PS-matching, PS fine-strat
• Not comparable to:

• Conditional treatment effect: multivariable models
• Residual confounding? 
• Model misspecification (linearity assumption)?



Within subgroups of prior TNFi use
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