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Learning objectives

After this CTU lecture you understand

- Why a target trial emulation might be helpful/necessary

- The core elements and steps of a target trial emulation

- Selection bias and immortal time bias as important bias 
examples when analyzing observational data



Lecture overview

- Why emulation?

- Principles of causal inference from observational studies

- Key elements of a target trial emulation



Why emulation?

- Randomized controlled trials (RCTs) gold standard for 
assessing effectiveness of health care interventions

- RCTs might not be performed (ethically, resources) or not 
timely (we still wait on their results)

- RCTs might be restricted to a ”narrow” study population, for 
example, when excluding older patients



Example: Colorectal cancer (CRC) screening

- CRC is one of the most common cancer types

- Colonoscopy or fecal occult blood testing (FOB) widely used 
screening tools

- Results from RCT on FOB exist, but no results (yet) from 
RCTs on colonoscopy



Example: Colonoscopy RCTs

https://clinicaltrials.gov/ct2/show/NCT01239082

https://clinicaltrials.gov/ct2/show/NCT00883792



- Lower costs than RCTs
- Often broader range of information, variables and patients
- More «real-world evidence»
- For research purposes or non-research purposes
- Routinely collected (insurance claims data, eMedical records, 

registry data)

❗BUT: Biases affect treatment comparisons (among others, 
confounding, see ROBINS-I doi: 10.1136/bmj.i4919)

Observational studies



Which questions are causal?
Do you need a RCT to answer it?

How many colonoscopies were performed 
over the last 8 years?

Does colonoscopy screening reduce 8-year 
mortality of colorectal cancer?

What is the probability of death (due to colorectal 
cancer) comparing patients who received colonoscopy 
screening vs no screening?



Counterfactual outcomes

Actually never observed

Patient A received no screening:
Death within 8 years

Patient A, if she would have received 
screening: Alive



Population causal effects

Knowledge of individual counterfactuals would allow to estimate population 
causal effects!



Randomized controlled trials

Counterfactual outcomes are exchangeable
Estimation of causal estimand possible

Randomize

Screening No screening



Observational studies

Counterfactual outcomes are in general NOT exchangeable

Confounders

Screening No screening



“Tools” from causal inference

Counterfactual outcomes are conditional exchangeable 
under certain (strong) assumptions* (no free lunch) and

analysis techniques*

❗We can answer causal questions using observational data too.

* Not discussed in this lecture.



Which questions are causal?

How many colonoscopies were performed over 
the last 8 years? Description

Does screening colonoscopy reduce 8-year 
colorectal cancer mortality? Causal – What if…

What is the chance of death (due to colorectal cancer) 
comparing patients who received colonoscopy screening vs 
no screening? Prediction/Modelling



How can we answer our causal question? 
Target trial!

Does screening colonoscopy reduce the 
8-year risk of CRC mortality?



Target trial

- A target trial defines the core elements of a planned
randomized experiment to answer our causal question

- Study aim, eligibility criteria, treatment strategies, treatment 
assignment, causal contrasts (please compare with 
CONSORT checklist)

- Does screening colonoscopy reduce the 8-year risk of CRC 
mortality?



Target trial: How can we answer our causal 
question?

García-Albéniz, Hsu, Hernán: The value of explicitly emulating a target trial when using real world evidence: an application 
to colorectal cancer screening. Eur J Epidemiol. 2017 Jun;32(6):495-500. doi: 10.1007/s10654-017-0287-2



Target trial emulation: If RCT is not possible

A target trial from observational data emulates a (pragmatic) 
RCT in a structured way:
➡ Similar principles as in RCTs (eligibility criteria, treatment 
strategies, causal contrasts, …)
➡ Minimizes certain biases (selection bias, immortal time bias, 
…)

❗Does NOT convert an observational study into a RCT: 
Limitations of observational data (for example, confounding) 
remain.



Target trial: How can we answer our causal 
question?

doi: 10.1007/s10654-017-0287-2



Colonoscopy observational data

- Insurance claims data or regulatory data often collects relevant 
information about treatment procedures

- In Switzerland: Inpatient and outpatient hospital data, health 
insurance data (Helsana, …), …

- In US: Medicare (health insurance program for persons older 
65 years or disabled persons), …



Colonoscopy observational data

ID AGE OTHER PATIENT CHAR. TREAT_DATE TREATMENT

1 68 09.04.2018 39.0015 (TARMED: Grundkonsultation Radiologie)

1 68 …

1 70 01.02.2020 00.0060 (TARMED: Besuch, erste 5 Min.)

1 70 10.02.2020 00.0060 (TARMED: Besuch, erste 5 Min.)

1 70 10.02.2020 19.1010 (TARMED: Koloskopie, vollständig)

1 70 17.02.2020 Krebsdiagnose

1 70 15.03.2020 45.74 (CHOP: Resektion des Colon)

1 70 10.04.2020 39.6280 (TARMED: Grundelement Chemotherapie)

1 70 … …

Fictive data



Treatment

ID AGE OTHER PATIENT CHAR. TREAT_DATE TREATMENT

1 68 09.04.2018 39.0015 (TARMED: Grundkonsultation Radiologie)

1 68 …

1 70 01.02.2020 00.0060 (TARMED: Besuch, erste 5 Min.)

1 70 10.02.2020 00.0060 (TARMED: Besuch, erste 5 Min.)

1 70 10.02.2020 19.1010 (TARMED: Koloskopie, vollständig)

1 70 17.02.2020 Krebsdiagnose

1 70 15.03.2020 45.74 (CHOP: Resektion des Colon)

1 70 10.04.2020 39.6280 (TARMED: Grundelement Chemotherapie)

1 70 … …

Fictive data



Eligibility

ID AGE OTHER PATIENT CHAR. TREAT_DATE TREATMENT

1 68 09.04.2018 39.0015 (TARMED: Grundkonsultation Radiologie)

1 68 …

1 70 01.02.2020 00.0060 (TARMED: Besuch, erste 5 Min.)

1 70 10.02.2020 00.0060 (TARMED: Besuch, erste 5 Min.)

1 70 10.02.2020 19.1010 (TARMED: Koloskopie, vollständig)

1 70 17.02.2020 Krebsdiagnose

1 70 15.03.2020 45.74 (CHOP: Resektion des Colon)

1 70 10.04.2020 39.6280 (TARMED: Grundelement Chemotherapie)

1 70 … …

Fictive data

No previous CRC

No previous diagnostic 
or surveillance 
colonscopy in the past 
5 years

Age<70 years



Steps for a target trial emulation

1) Define (causal) research question: “What is the target trial?” ✅
2) Define target trial with protocol ✅
3) Check data validity/quality/availability 🔜
4) Define time zero 🔜
5) Define analysis strategies 🕒
6) Benchmark, if possible 🕒

Hernán, Robins: Using Big Data to Emulate a Target Trial When a Randomized Trial Is Not Available. Am J 
Epidemiol, 2016 Apr 15;183(8):758-64. doi: 10.1093/aje/kwv254



Data availability/validity/quality of 
observational studies

- Important information might be missing (for example, 
diagnosis information) or requires linkage of data (for 
example, mortality): Check carefully what you need and if it’s 
available!

- Quality of exposure and outcomes in observational data 
(especially non-research) likely less good as in RCTs and 
requires in-depth validation

- “Just because an analysis can be done does not mean it 
should be done”, Weiss NS doi: 10.1097/EDE.0b013e318210aca5



Time zero 🕛

- Definition of time zero (baseline) in observational data is non-
trivial, compared to RCTs

- If treatment assignment is not aligned with time zero and 
eligibility biases might arise (for example, selection bias and 
immortal time bias)



Time zero: Simple RCT

- Treatment regime: Randomize “at least 3 aspirin” vs no aspirin

Time zero

Treatment assignment aligned due to 
randomisation: Outcomes directly 
observed after T0

A



Time zero: Immortal time bias

- Treatment regime: “At least 3 aspirins” vs no aspirin

Eligibility and T0

A: Time period until “3 aspirins” is reached
Treatment assignment happens after T0! 
Individuals are immortal

10.1016/j.jclinepi.2016.04.014

https://doi.org/10.1016/j.jclinepi.2016.04.014


Time zero: Selection bias

- Treatment regime: “At least 3 aspirins” vs no aspirin

Eligibility

Treatment assigned before T0 and E
Time zero: Selection of individuals 
who remain under follow-up and 
fulfilling posttreatment criteria

10.1016/j.jclinepi.2016.04.014

https://doi.org/10.1016/j.jclinepi.2016.04.014




More examples

Cardiology

COVID-19 Vaccination

Antibiotics



Which questions are causal?
Do you need a RCT to answer it?

How many colonoscopies were performed over the last 
8 years? Description -> Observational data

Does screening colonoscopy reduce 8-year colorectal 
cancer mortality? Causal -> RCT/Observational data

What is the chance of death (due to colorectal cancer) comparing patients 
who received colonoscopy screening vs no screening?
Prediction/Modelling -> Observational data



Take home messages

- Observational data can be used to emulate a target trial and to 
answer causal questions

- A target trial emulation uses similar principles as RCTs, but 
requires a careful accounting of biases

- A target trial emulation does not convert an observational 
study into a RCT



Thank you for your attention!

Causal effects are not binary signals that are either detected or 
undetected; 

causal effects are numerical quantities that need to be estimated. 
Hernán MA, doi: 10.1016/j.clinepi.2021.08.028
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