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Recent review…
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Goals for today

• Clarify what we often mean by “interim analysis” and “interim 
monitoring”

• Provide an overview of common types of interim analyses

• Present example studies that involved interim analysis methods

• Illustrate potential successes and challenges in implementing these 
methods

Inspired by “Guidance on interim analysis methods in clinical trials” by Ciolino, 
Kaizer, and Bonner (Journal of Clinical and Translational Science; 2023) 
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Interim Monitoring vs. Analysis

• For purposes of our discussion…
• Interim monitoring:

- Processes and systems important for study conduct and reporting
- Data integrity and general cleanliness = primary focus
- There is almost always an ethical/safety component when we talk 

about human subjects’ research

These terms are often confused + there are a lot of variations of 
meaning even within each overarching topic
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Interim Monitoring vs. Analysis

• For purposes of our discussion…

• Interim analysis: 
- Referring to statistical tools used to guide study design modifications 

(most often revolving around recruitment targets) – “go/no-go”, 
stopping bounds, adding arms, removing arms, sample size re-
estimation, etc. 

- Need not involve a formal hypothesis test (often does, not always!)

These terms are often confused + there are a lot of variations of 
meaning even within each overarching topic
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Reasoning for interim monitoring + analyses

Interim monitoring
Ensuring trial conduct according to 
protocol, efficiently and ethically
• Consent verification
• Data quality checks
• Process measures – screening rates, 

dropout rates, adherence, etc. 
• Safety and major event reporting – 

adverse events, deviations, etc. 

Findings on interim monitoring help 
drive study conduct decisions.

Interim analysis
Ensuring the study is set up for 
success (it addresses the research 
question + is equipped to address the 
research question) with an adequate 
risk-benefit profile
• Making efficient use of participant 

time, data, and general resources
• Continual assessment of safety 

signals 

Findings on interim analysis help 
drive study design considerations.
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Diving deeper into interim analysis

• The term “interim analysis” in clinical trials has multiple meanings. 

• In general, interim analyses help guide decisions on overall clinical trial 
modifications, specifically those pertaining to the study sample size or 
recruitment targets.

• We often encounter a lot of confusion and misunderstanding when it 
comes to interim analysis…



Some common misconceptions

•jody.ciolino@northwestern.edu •8

“But I don’t want to spend 
any of my alpha early on, 

especially for a small 
study.”

“Won’t an interim analysis 
raise red flags and be met 
with more scrutiny when 

we go to publish?”

“I don’t like using these 
statistical rules to dictate trial 

decisions because we won’t be 
able to keep going even if we 
think there is reason to finish 

the study if we cross some 
threshold.”

“We can’t do an interim 
analysis if this is the first study 
to explore this intervention in 

this population.”

“Don’t we have to do an 
interim analysis?”

“We crossed our 
threshold, and it is 

significant…we have to 
stop.”



Shedding some light on the general topic

1. Efficacy

2. Futility

3. Safety 

4. Sample Size Re-Estimation

…the next set of slides give high-level take home points for each type…

We “bucket” interim analysis methods into 4 main areas
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Explanation Justification for Use
Efficacy

Futility 

Safety

Sample size 
re-estimation

Table 1. Summary of Interim Analysis Types
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Explanation Justification for Use
Efficacy • Early termination of a trial that is 

showing promising results
• Control of type I error through group 

sequential methods or alpha spending 
functions

• Usually for longer, larger studies and 
later phases of research

• Ethical imperative for a promising 
treatment to reach the entire target 
clinical population

Futility 

Safety

Sample size 
re-estimation

Table 1. Summary of Interim Analysis Types
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Explanation Justification for Use
Efficacy

Futility • Early termination of a trial that is not 
likely to achieve the intended objective 
(e.g., little chance of finding a 
“significant” treatment effect at the end 
of the study)

• Employed through group sequential 
methods, error spending functions, 
conditional power, or predictive power 

• Reduces costs, resources, and 
patient burden for a trial with a low 
probability of “success”

• Usually for mid-late phase studies
• Helpful in the context of recruitment 

and retention challenges

Safety

Sample size 
re-estimation

Table 1. Summary of Interim Analysis Types



•13

Explanation Justification for Use
Efficacy

Futility 

Safety • Early termination (or pausing) of a trial 
for safety concerns 

• Should be coupled with efficacy analyses 
to evaluate the benefit-to-risk ratio

• Incorporated across all phases of 
research

• Particularly important for vulnerable 
populations and high-risk 
interventions with more “serious” 
outcomes (e.g., death)

Sample size 
re-estimation

Table 1. Summary of Interim Analysis Types
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Explanation Justification for Use
Efficacy

Futility 

Safety

Sample size 
re-estimation

• Reassessment of the sample size 
required to ensure adequate power 
using updated information from interim 
trial data

• Can be blinded or unblinded
• May not necessarily spend alpha

• Allows for interim look at 
assumptions (standard deviations, 
event rates, correlations, etc.)

• May be particularly useful for mid-
late phase studies

Table 1. Summary of Interim Analysis Types
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Explanation Justification for Use
Efficacy • Early termination of a trial that is 

showing promising results
• Control of type I error through group 

sequential methods or alpha spending 
functions

• Usually for longer, larger studies and 
later phases of research

• Ethical imperative for a promising 
treatment to reach the entire target 
clinical population

Futility • Early termination of a trial that is not 
likely to achieve the intended objective 
(e.g., little chance of finding a 
“significant” treatment effect at the end 
of the study)

• Employed through group sequential 
methods, error spending functions, 
conditional power, or predictive power 

• Reduces costs, resources, and 
patient burden for a trial with a low 
probability of “success”

• Usually for mid-late phase studies
• Helpful in the context of recruitment 

and retention challenges

Safety • Early termination (or pausing) of a trial 
for safety concerns 

• Should be coupled with efficacy analyses 
to evaluate the benefit-to-risk ratio

• Incorporated across all phases of 
research

• Particularly important for vulnerable 
populations and high-risk 
interventions with more “serious” 
outcomes (e.g., death)

Sample size 
re-estimation

• Reassessment of the sample size 
required to ensure adequate power 
using updated information from interim 
trial data

• Can be blinded or unblinded
• May not necessarily spend alpha

• Allows for interim look at 
assumptions (standard deviations, 
event rates, correlations, etc.)

• May be particularly useful for mid-
late phase studies

Table 1. Summary of Interim Analysis Types



Efficacy
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Interim analysis for efficacy

• Involves a statistical hypothesis test evaluating one arm over another.

• If there is a “large enough” signal early on in the study, it may be ethically 
imperative and most efficient to stop the study early.

• Threshold for sufficient evidence is subject to debate and topic of statistical 
research and literature. 

• We cannot simply use a “statistically significant” finding to guide this 
decision…
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Interim analysis for efficacy

• Recall: type I error = probability of finding a significant 
result [usually p<0.05] when in fact we should not, as 
there is no effect.

• The more times we “look” at the data (i.e., conduct 
statistical tests), the more likely we are to find a 
significant result (i.e., make a type I error).

•18



Interim analysis for efficacy
Type I error illustration for hypothetical null effect trial
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• Consider a hypothetical, two-arm clinical trial
• Binary outcome = “success” of intervention
• Plan to conduct a statistical test at the 5% level of significance

• We can simulate no underlying difference between the two study arms 
• Assume p(success) = 0.30 across arms
• N=355 planned per arm
• Simulate under null (H0)
• IF we conduct a statistical test and find p<0.05, we are making a type I error

• There are countless ways the test statistic could “behave” over the course the 
study, but consider one hypothetical scenario…

Presenter Notes
Presentation Notes
Figure 1 Caption: The data presented show a simulated, hypothetical two-arm clinical trial using a binary outcome, “success” of intervention. In the simulated example, there is no underlying difference in population proportions of successes across study arms, each set at a probability of success of 0.30. After randomly sampling observations from the two study arms, we conduct interim analyses for efficacy sequentially, at the shown information fractions. The starred data points indicate a statistical test result below the two-sided 0.05 level of significance. If we were to naively use the 0.05 threshold alone to make a decision to stop the trial based on an early efficacy signal, we would run the risk of incorrectly stopping at 20% of the way through the study, based on fairly unstable test statistics. The illustration at the transition between 142 (40%) to 143 (almost 41%; **included for illustrative purposes) participants per arm shows how easy it may be early on to move from an “insignificant” to “significant” finding with much less information than the overall sample would provide. With 143 participants, a difference on 16 participants (29 vs. 45) experiencing a success across study arms corresponds to an 11% difference in proportions and a p-value of 0.042. Without protections on controlling type I error rate in a trial like this, we run the risk of incorrectly stopping the trial for early efficacy. At the end of the trial, the same 16-participant difference across arms results in an estimated 4.5% difference in proportions and an insignificant p-value of 0.212. We note this is just one of infinite possible example hypothetical trials. 



Interim analysis for efficacy
Type I error illustration for hypothetical null effect trial
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Presenter Notes
Presentation Notes
Figure 1 Caption: The data presented show a simulated, hypothetical two-arm clinical trial using a binary outcome, “success” of intervention. In the simulated example, there is no underlying difference in population proportions of successes across study arms, each set at a probability of success of 0.30. After randomly sampling observations from the two study arms, we conduct interim analyses for efficacy sequentially, at the shown information fractions. The starred data points indicate a statistical test result below the two-sided 0.05 level of significance. If we were to naively use the 0.05 threshold alone to make a decision to stop the trial based on an early efficacy signal, we would run the risk of incorrectly stopping at 20% of the way through the study, based on fairly unstable test statistics. The illustration at the transition between 142 (40%) to 143 (almost 41%; **included for illustrative purposes) participants per arm shows how easy it may be early on to move from an “insignificant” to “significant” finding with much less information than the overall sample would provide. With 143 participants, a difference on 16 participants (29 vs. 45) experiencing a success across study arms corresponds to an 11% difference in proportions and a p-value of 0.042. Without protections on controlling type I error rate in a trial like this, we run the risk of incorrectly stopping the trial for early efficacy. At the end of the trial, the same 16-participant difference across arms results in an estimated 4.5% difference in proportions and an insignificant p-value of 0.212. We note this is just one of infinite possible example hypothetical trials. 



Illustration of test statistic behavior with increasingly 
large sample sizes

Presenter Notes
Presentation Notes
This is essentially the “law of large numbers” + it also shows the behavior like a Brownian Motion – much of methodology on interim statistical monitoring (Lan / DeMets) relies on the Brownian Motion assumption of these test statistics.



Interim analysis for efficacy

• Recall: type I error = probability of finding a significant 
result [usually p<0.05] when in fact we should not as 
there is no effect.

• The more times we “look” at the data (i.e., conduct 
statistical tests), the more likely we are to find a 
significant result (type I error).

• Utilize methodology to control type I error with 
repeated looks at the data.

• These methods help us decide whether the results at an 
interim analysis are “significant enough” to warrant 
early stopping.

•22



Interim analysis for efficacy
Common methods for controlling type I error
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• Another two-arm hypothetical trial 
• 4 interim looks + 1 final analysis
• Typical “group sequential” stopping bounds look like this…

Presenter Notes
Presentation Notes
Figure 2 Caption: The plot provides a visual depiction of the three most well-known group sequential stopping bounds—Pocock, Peto, and O’Brien-Fleming—for a hypothetical clinical trial involving five total analyses: four interim analyses or looks and one final analysis, each equally spaced apart from one another. The faint dotted horizontal line provides a reference point for the typical two-sided p<0.05 statistically significant result without any adjustment for multiple tests. Each method requires a more extreme result than the typical p<0.05 for an investigative team and DSMB to contemplate stopping for overwhelming efficacy. As illustrated: (a) the Pocock bounds have a constant approximate two-sided p<0.016 threshold for all five analyses; (b) the Peto bounds have a stringent p<0.001 threshold for the first four interim looks and p<0.05 at the final look; and (c) the O’Brien-Fleming has very stringent thresholds early on, but the final analysis threshold is near the typical p<0.05 at approximately p<0.04.



Interim analysis for efficacy
Common methods for controlling type I error

•24

• Pocock bounds have a constant threshold (p<0.016) for all 5 analyses
• Peto bounds have a stringent (p<0.001) threshold for the first 4, then uses p<0.05 at 

the end
• O’Brien-Fleming (perhaps most common) – stringent thresholds early on, and 

increasingly less stringent as time goes on; final analysis uses p<0.04

Presenter Notes
Presentation Notes
Figure 2 Caption: The plot provides a visual depiction of the three most well-known group sequential stopping bounds—Pocock, Peto, and O’Brien-Fleming—for a hypothetical clinical trial involving five total analyses: four interim analyses or looks and one final analysis, each equally spaced apart from one another. The faint dotted horizontal line provides a reference point for the typical two-sided p<0.05 statistically significant result without any adjustment for multiple tests. Each method requires a more extreme result than the typical p<0.05 for an investigative team and DSMB to contemplate stopping for overwhelming efficacy. As illustrated: (a) the Pocock bounds have a constant approximate two-sided p<0.016 threshold for all five analyses; (b) the Peto bounds have a stringent p<0.001 threshold for the first four interim looks and p<0.05 at the final look; and (c) the O’Brien-Fleming has very stringent thresholds early on, but the final analysis threshold is near the typical p<0.05 at approximately p<0.04.



Interim analysis for efficacy

• Note: “alpha spending functions” incorporate these ideas but allow 
for more flexibility. 

• Can accommodate different ways of “spending” type I error (differing 
weights), and the timing of analyses needed not be evenly spaced.

• Sometimes these terms “group sequential” and “alpha spending” are 
used interchangeably since they are so closely linked.
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Alpha Spending Functions Background

• Relies on information fraction (roughly how far we are through the trial, 
statistically), for example…
- Current n relative to overall N
- Current number of events relative to overall expected events

• An alpha spending function is a monotone function relating the information 
fraction t* to an alpha level α(t*)
- t* goes from 0 to 1
- α(t*) goes from 0 to α (the overall Type I error rate you hope to preserve 

for the study)
- Alpha spending function can take on different forms, as long as it meets the 

above criteria
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Visuals of Alpha Spending
Cook TD, DeMets DL. Introduction to statistical methods for clinical trials. 
CRC Press; 2007 Nov 19.
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Visuals of Alpha Spending + Corresponding Equations
Cook TD, DeMets DL. Introduction to statistical methods for clinical trials. 
CRC Press; 2007 Nov 19.
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Thrombectomy for Stroke in the Public Health Care 
System of Brazil 

• Randomized stroke patients to standard-of-care 
(SOC) or SOC + mechanical thrombectomy. 

• Target N = 690 participants.

• Proposed interim analysis using information from 
90-day follow-up.

• Primary outcome = modified Rankin scale 
(measure of disability) at 90 days.

Martins SO, Mont’Alverne F, Rebello LC, et al. Thrombectomy for stroke in the public health care system of 
Brazil. New England Journal of Medicine. 2020;382(24):2316-2326

•29

Presenter Notes
Presentation Notes
Primary outcome: modified Rankin scale (measure of disability) at 90 days



Thrombectomy for Stroke in the Public Health Care 
System of Brazil 

• Results at first interim analysis (N=174): 
- OR = 2.24 (1.30, 3.88) p-value = 0.004, in favor 

of thrombectomy 

• Data and Safety Monitoring Board (DSMB) 
recommended early stopping. 

• At time of early termination, N=221 had been 
randomized and were included in final analyses
- OR = 2.28 (1.41, 3.69) p-value = 0.001

Martins SO, Mont’Alverne F, Rebello LC, et al. Thrombectomy for stroke in the public health care system of 
Brazil. New England Journal of Medicine. 2020;382(24):2316-2326

•30



Interim Analysis for Efficacy: Implications

• Controlling type I error in any trial is important.
• Things get more complicated if we plan to incorporate interim analyses for 

efficacy.
• Group sequential methods and alpha spending functions allow researchers a 

tool to maintain control over type I error. 

• In the example trial, investigators were able to address their research question 
with fewer participants than planned  more efficient use of participant time 
and study resources(!)
- This is the heart of the reasoning behind these analyses.
- Caveat – intervention being studied should be in later stages (e.g., phase III 

clinical trial) of development; must consider the big picture.
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Futility
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Futility Analyses

• Stopping a trial for futility suggests that 
observing a statistically significant result 
at the end of the study is unlikely.

• This can increase efficiencies with 
respect to cost, resources, and 
participant burden.

• There are similar methods to the group 
sequential methods for futility (or error 
spending functions).

•33

Kite S, Wilkinson S. Beyond futility: to what extent is the concept of futility 
useful in clinical decision-making about CPR? Lancet Oncol. 2002 
Oct;3(10):638-42. doi: 10.1016/s1470-2045(02)00878-1. PMID: 12372726.



Beta spending function
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One-sided test with efficacy and futility stopping bounds

25%    50%     75%                               100%
Information Fraction



The Stroke and Hyperglycemia Insulin Network Effort 
(SHINE)

• Randomized trial to evaluate efficacy of intensive 
glucose control during ischemic stroke (N=1400.)

• Non-binding futility thresholds using error spending 
function approach. 

• 4th interim analysis (N=1151), trial was stopped for 
futility.

• Final results: no significant difference in proportion 
with 90-day favorable outcome between groups 
(20.5% vs. 21.6%).

Johnston KC, Bruno A, Pauls Q, et al. Intensive vs Standard Treatment of Hyperglycemia and Functional Outcome in 
Patients With Acute Ischemic Stroke: The SHINE Randomized Clinical Trial. JAMA. 2019;322(4):326-335. 
doi:10.1001/jama.2019.9346
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Interim 
Analysis 

Sample Size

P-value 
Futility 

Threshold

500 0.949

700 0.896

900 0.652

1100 0.293

Presenter Notes
Presentation Notes
Randomized to intensive glucose control arm. vs. standard of care armPrimary outcome – binary indicator “favorable outcome” at 90-day follow-upTrial also incorporated thresholds for efficacy 



Conditional Power

• Probably a bit more common are conditional power or predictive power 
approaches…

• In general: power = probability(reject null | some assumption with respect 
to true underlying effect)

• Conditional power = probability(reject null | data observed up to this point 
in the trial and assumption with respect to effect)

•36

True 

Null is True 
(No Difference)

Null is not True
(Difference)

Test
Reject Null Type I Error Power

Fail to Reject Null Confidence Type II Error



Conditional Power

• Based on...
- Information fraction (how far we are through the trial)
- Current test statistic – from interim analysis
- Assumption of effect at end of trial

• Current trend
• H1 (from beginning of trial)
• H0 or null effect

- If this calculated conditional power is low (usually below 20%, 15%, 10%), 
then we might consider stopping a study

• Example using Conditional Power in a non-conventional sense later through 
QUARTET USA trial.
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Conditional Power – How it’s calculated

• Let t = trial information fraction (as before) 
- roughly the fraction of total N that you have at given point
- Range = 0 to 1

• Z(t) = value of test statistic at information fraction t
• B(t) = “B-value” coined by Lan et al. = (√t)Z(t)

- Follows a Brownian Motion process
- Stochastic literature
- Random process, with predefined properties  allows us to make 

inferences based on Brownian Motion properties
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Conditional Power – How it’s calculated

• Θ = E{Z(1)} = E{B(1)} = Expected value of test statistic at end of trial
• Θ also known as drift parameter
• Some properties:

- E{B(t)} = θt
- E{Z(t)} = θ√t
- For s≤t, Cov{B(s),B(t)} = s
- For s≤t, Cov{Z(s),Z(t)} = √(s/t)

• Note: we can plot B(t) vs. t to determine whether observed trend is 
better/worse than expected  slope of this line = θ

•39



Conditional Power – How it’s calculated

• CP = probability(statistically significant result at end of trial | current trend 
and assumption about drift parameter)

• CP = p{B(1)>Z1-α/2 | B(t) = b}
• B(1) = Z(1) = B(t) + {B(1) – B(t)}
• E{B(1) – B(t)} = θ – θt = θ(1-t)
• Var{B(1) – B(t)} = V{B(1)} + V{B(t)} – 2Cov{B(1),B(t)}

= 1 + t – 2t
= 1-t

• Let B(t) = b  B(1) = b + {B(1)-B(t)}
• Therefore, B(1)|B(t)=b ~ N(b + θ(1-t), 1-t)

•40



Conditional Power – How it’s calculated

• B(1)|B(t)=b ~ N(b + θ(1-t), 1-t)

• CP = p{B(1)> Z1-α/2 | B(t) = b}
 = 1-p{B(1)≤ Z1-α/2 | B(t) = b}

 =1− 𝝓𝝓 𝒁𝒁𝟏𝟏−𝜶𝜶/𝟐𝟐−[𝒃𝒃+𝜽𝜽 𝟏𝟏−𝒕𝒕 ]
𝟏𝟏−𝒕𝒕

• Notes for the three typical calculations: 
- Under H0: θ = 0
- Under H1: θ =Z1-α/2 + Z1-β

- Under current trend, use �̂�𝜃 = b/t

•41



Predictive Power

• Bayesian alternative to conditional power 
• Likelihood of demonstrating treatment efficacy at the end of the study
• Estimated by…

- Updating prior assumptions with observed data
- Average conditional power over this distribution

• Avoids having to assume a specific treatment effect (as in the 
conditional power approach) 

•42



Futility Analysis: Implications

• Incorporating a futility assessment can increase efficiency of the trial, 
allowing trials that are unlikely to meet their objectives to stop early 
ultimately reducing costs, preserving resources, and limiting patient burden.

• Particularly in large clinical trials or vulnerable patient populations, an interim 
futility assessment may be essential to prevent patients from being 
unnecessarily randomized to ineffective treatments.

• Despite common misconceptions, an interim analysis incorporating a futility 
assessment alone does not inflate the type I error.

• It can, however, have implications on type II error, reducing the overall power 
of the study by stopping early.
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Stopping a study early

• Potential to pose challenges in interpretations – smaller than expected sample 
size decreases precision around treatment effect estimates.

• Subgroup analyses and analyses examining heterogeneity of intervention 
effects will inevitably suffer (they are typically underpowered already).

For efficacy or futility

•44



Safety

jody.ciolino@northwestern.edu 45



Interim analysis for safety

• Note: all clinical studies (regardless of phase) should incorporate 
safety monitoring. 

• It is impossible to foresee all potential safety issues ahead of time, 
and safety analyses are seldom adequately powered.

• Unanticipated safety issues should merit consideration for early 
stopping; for example,  
- Serious and unanticipated events or event rates
- Events that are related and unexpected.
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Interim analysis for safety

• Discussion on formal interim safety analyses should consider the 
benefit-to-risk assessment: i.e., it should be paired with an interim 
efficacy analysis. 

• Context is key in this assessment…. For example, a cardiovascular 
secondary prevention trial to prevent subsequent myocardial 
infarction may have the expectation of some myocardial infarction 
events, whereas it may be extremely concerning to observe the 
same events in a behavioral intervention in a generally healthy 
population.

•47

Benefit

Risk



The EARLY Trial – will skip for presentation 

• Randomized phase 2b/3 trial assessing effects of atabecestat in preclinical 
Alzheimer’s disease 
- 3 arms (2 doses of active intervention + placebo)
- Double-blind
- Primary outcome: change from baseline in cognitive composite score

• Plan: 
- N=1650 across 143 sites
- Interim analysis for futility
- NO formal interim efficacy analyses

Sperling R, Henley D, Aisen PS, et al. Findings of efficacy, safety, and biomarker outcomes of atabecestat in 
preclinical Alzheimer disease: a truncated randomized phase 2b/3 clinical trial. JAMA neurology. 
2021;78(3):293-301

•48

Randomize
N=1650

Active dose 1

Active dose 2

Placebo
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N=1650

0%

100%

N=557
33%

• Safety concerns
• Serious elevation in liver 

enzymes
• Unexpected
• Related to dosage

The EARLY Trial - will skip for presentation 

Benefit

Risk

The study terminated early due to 
unacceptable safety profile

Safety and tolerability monitored throughout study
Treatment-emergent adverse events
Vital signs
Serial MRIs
Clinical laboratory results 



Interim analysis for safety: Implications

• Monitoring safety outcomes and adverse events is crucial for maintaining 
study integrity and protecting study participants. 

• Decision to stop a trial early for safety concerns should generally be made in 
the context of the benefit-to-risk ratio
- No “one size fits all” approach to assessing benefit-to-risk ratio 

Remember: Context is key in this assessment…. For example, a cardiovascular 
secondary prevention trial to prevent subsequent myocardial infarction may 
have the expectation of some myocardial infarction events, whereas it may be 
extremely concerning to observe the same events in a behavioral intervention in 
a generally healthy population.

will skip for presentation 
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Interim analysis for safety: Implications

• Safety monitoring may raise concerns about multiple “looks” at the 
data 
- When coupled with efficacy analysis, incorporate conservative 

alpha-spending approach

• Safety concerns may warrant a temporary pause to further assess 
causality – consider whether to pause vs. completely terminate the 
study.

•51
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Sample Size Re-estimation
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Sample size re-estimation

• Designed to modify the 
planned sample size based on 
the accumulating data. 

• Accounts for uncertainty 
when conducting power 
calculations during the initial 
planning of the study.
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Sample size re-estimation

• Designed to modify the 
planned sample size based on 
the accumulating data. 

• Accounts for uncertainty 
when conducting power 
calculations during the initial 
planning of the study.
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Sample size re-estimation

• Approaches facilitate a revised sample size calculation using 
information for the ongoing assessment of event rates, the 
estimation of nuisance parameters (e.g., the variance of a continuous 
outcome), or the effect size expected.

• Re-estimating a sample size at an interim stage can increase the 
likelihood of a successful trial, but may result in a substantial increase 
in the needed sample size if the initial sample size assumptions were 
very different from what is observed.
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Sample size re-estimation (unblinded; incorporating 
effect)
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Observed test statistic at 
interim analysis

Sample size 
needed to 
maintain 
adequate 

power

Interim analysis at 
50% information 



Sample size re-estimation
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Larger variance 
than anticipated

Sample size 
needed to 
maintain 
adequate 

power

Interim analysis at 
50% information 



Sample size re-estimation
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Smaller difference in 

means than anticipated

Sample size 
needed to 
maintain 
adequate 

power

Interim analysis at 
50% information 



Sample size re-estimation

• Two categories: blinded or unblinded

• Blinded: used to revise estimation of nuisance parameters (e.g., variance) 
– often uses pooled estimates

• Unblinded: based on comparative interim results; ideal when uncertainty 
about estimates of effect size and nuisance parameters – allows for 
capturing an effect that may still be clinically meaningful, but differs from 
original assumption.
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Example: Sample Size Re-estimation Plan 

• Rosuvastatin Efficacy and Safety for Cirrhosis in the United States: A Double-
Blind Randomized Placebo-Controlled Phase 2 Study

• clinicaltrials.gov ID: NCT05832229

• Primary Objective: To evaluate the safety and efficacy of rosuvastatin 10-
20mg compared to placebo in patients with compensated cirrhosis in 
modifying disease progression as measured by liver stiffness. 

• Primary Outcome: Mean liver stiffness (kPa) as measured by vibration 
controlled transient elastography (VCTE) at week 96.

The Liver Cirrhosis Network (LCN) “RESCU” Trial
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Background – about the LCN

• The Liver Cirrhosis Network (LCN) was formed in Fall of 2021. 
• Goals: of designing and implementing two studies across 10 clinical 

centers: 
− a prospective, longitudinal cohort study of patients with cirrhosis to 

study disease progression, and 
− a double-blind, randomized, placebo-controlled trial to evaluate statin 

therapy in patients with cirrhosis for both safety and efficacy.
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10 clinical centers + a Scientific and Data Coordinating Center (SDCC; 
Northwestern) + Biorepository (Northwestern)
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Structure: 10 U01 awardees + 1 U24 awardee (SDCC; 
NU)
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3 institutes from NIH involved



The LCN RESCU Study

• The first several years of the LCN: developing infrastructure, policies, procedures, 
agreeing on common protocol(s), launching the first of the 2 studies.

• A LOT of debate, time energy, resources are going into the LCN RESCU study 
- Original plan was an adaptive phase IIb/III study
- Original considerations to expand / extend follow-up to increase power and 

ability to detect meaningful differences across study arms in key clinical 
endpoint(s): decompensation

- Problem: median time-to-decompensation is estimated at about 10-12 years 
among patients with cirrhosis  sample size estimates are infeasible with the 
anticipated yearly event rate on this outcome. 

- Solution: use a different outcome as a surrogate of sorts for decompensation: 
VCTE.

1 of 2 major studies as part of the LCN; nearly ready to launch
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RESCU – Sample Size Considerations

66

Assuming:
• 11 kPa standard deviation
• 2-sided 5% type I error rate
• We would like to be powered to detect a mean 5 kPa difference across arms
• 80% power

We would need an analytic sample size of 162 study participants (81 participants per arm
Assuming 20% loss to follow-up prior to providing data at the specified primary time 

point of interest, we plan to enroll a total of 204 study participants (102 per study 
arm) into the study drug initiation phase of the study, after lead-in. 

To account for dropout during the lead-in period, we plan to consent (into lead-in) 256 
study participants. 



Sample Size Re-Estimation for RESCU

• The SDCC suggested a blinded sample size re-estimation based on the 
nuisance parameter. 

• The Data and Safety Monitoring Board (DSMB) agreed, and they suggested 
blinded sample size re-estimation after about 1/3 of participants have been 
followed for 1 year. 

•  Current interim analysis plan (under review at the moment)….

SO. MANY. ASSUMPTIONS.
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Text taken from the Statistical Analysis Plan (SAP) 

• After one-third of target number of participants for analyses (N = 162 ÷ 3 = 54 
participants) have been followed through Week 48, we plan for a blinded interim 
sample size re-estimation. 

• The primary justification: initial uncertainty around the parameter assumptions in 
sample size calculations. 

• Assumed standard deviation of 11kPa, and the sample size calculations do not account 
for the multiple observations per study participant (not enough published data on 
behavior of the liver stiffness measure over time and its serial correlations). 

• Sample size re-estimation will allow for improved estimates on variance of stiffness 
within the population and further allow for initial estimates of correlation structure of 
this variable over time within a participant. 
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Text taken from the SAP
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Recognizing that the primary time point of interest is the Week 96 stiffness rather 
than the Week 48 interest, the estimates for variance and correlation used in the 
interim analysis planned will be subject to bias and may exhibit more or less 
variability compared to the true parameter values at Week 96. For this reason, we 
plan to provide a range of sample size re-estimations under varying assumptions 
to inform plans to update the study enrollment targets. 



Sample size re-estimation: Implications

• Goal to prevent underpowered studies

• Be careful as this may have impact on type I error without using appropriate 
methods to control.

• What if re-estimated sample size is not feasible?

• What if re-estimated sample size is based on an observed effect that is no 
longer clinically meaningful? 

• Care should be taken in how results from interim re-estimation are reported 
for ongoing studies -> may be possible to back-calculate the effect size! 
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Tying it all together
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Explanation Justification for Use
Efficacy • Early termination of a trial that is 

showing promising results
• Control of type I error through group 

sequential methods or alpha spending 
functions

• Usually for longer, larger studies and 
later phases of research

• Ethical imperative for a promising 
treatment to reach the entire target 
clinical population

Futility • Early termination of a trial that is not 
likely to achieve the intended objective 
(e.g., little chance of finding a 
“significant” treatment effect at the end 
of the study)

• Employed through group sequential 
methods, error spending functions, 
conditional power, or predictive power 

• Reduces costs, resources, and 
patient burden for a trial with a low 
probability of “success”

• Usually for mid-late phase studies
• Helpful in the context of recruitment 

and retention challenges

Safety • Early termination (or pausing) of a trial 
for safety concerns 

• Should be coupled with efficacy analyses 
to evaluate the benefit-to-risk ratio

• Incorporated across all phases of 
research

• Particularly important for vulnerable 
populations and high-risk 
interventions with more “serious” 
outcomes (e.g., death)

Sample size 
re-estimation

• Reassessment of the sample size 
required to ensure adequate power 
using updated information from interim 
trial data

• Can be blinded or unblinded
• May not necessarily spend alpha

• Allows for interim look at 
assumptions (standard deviations, 
event rates, correlations, etc.)

• May be particularly useful for mid-
late phase studies

Table 1. Summary of Interim Analysis Types



Considerations for Interim Analyses

• Pre-specify as much as possible

• Describe anticipated timing, proposed methodology, pre-specified rules to 
guide decisions

• Timing of analysis can be flexible 

• Often specified when some proportion of participants is enrolled and meet a 
particular study milestone (e.g., 50% of participants completed 6-week follow-
up)

• Balance between maximal information (later interim analysis) vs. ensuring 
adequate time to make any modifications and reducing potential risk to 
participants as much as possible
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Considerations for interim analysis

• Think about potential logistical implications…if an interim sample size re-estimation is 
proposed, are there adequate resources to support an increase in sample size if 
indicated? 

• Evaluation of interim analysis results should not be interpreted in isolation, but rather in 
the context of other internal study factors and external contemporaneous issues. 

• Any interim analysis results and statistical tools are intended to serve as guidelines.

• Transparency in disseminating trial results when interim analyses were conducted is also 
critical.
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Tying it all together

• Interim monitoring of data quality and integrity ≠ interim analysis to guide study 
design modifications.

• Both require coordination and pre-specification of protocol and procedural elements 
to the extent possible.

• Monitoring does not have implications for type I error issues; interim analyses can, 
but it is not always the case.

• Remember that there is no “one size fits all” + recommendations should be made 
with a big picture view.
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If time allows…
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QUARTET USA

• Efficacy and Safety of a Quadruple Ultra-low-dose Treatment for Hypertension 
(QUARTET USA)

• Clinicaltrials.gov: NCT03640312 

• Goals: to investigate, in a double-blind randomized controlled trial, whether 
initiating treatment with ultra-low-dose quadruple-combination therapy 
(“LDQT”) will lower office blood pressure more effectively, and with fewer side 
effects, compared to initiating standard dose monotherapy in patients with 
hypertension.

QUARTET USA (inspired by QUARTET – original study in Australia)
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Study Participants

• https://www.achn.net/ 

Patients within Access Community Health Network
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Outcomes

Primary Outcome
Automated office systolic blood pressure (SBP) at 12 weeks, and analyses 
will compare this change across arms for primary outcome analyses, 
adjusting for baseline.

Secondary Outcomes
a. Automated office diastolic blood pressure (DBP) at six and 12 weeks. 
b. Proportion of patients with hypertension control (SBP < 130 mmHg and 

DBP <80 mmHg) at six and 12 weeks.
c. Proportion of patients requiring step-up treatment.
d. Proportion of patients with adverse event-free hypertension control 

(SBP < 130 mmHg and DBP < 80 mmHg). 
e. Medication Adherence (pill counts, participant-report).
f. Health-related Quality of Life: PROMIS Global Health.
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Sample Size Calculations – Original 

A total of 365 participants will be randomized (1:1 allocation). We anticipate an analytic sample 
size of 292 based on 365 participants at randomization and a 20% dropout rate by the 12-
week follow-up time point. We base sample size and power calculations conservatively on an 
independent two-sample t-test. The analysis methods, ANCOVA, will increase precision on 
intervention effect when controlling for relevant baseline covariates, thereby providing 
additional power of detecting intervention effect. 

For primary outcome analyses, an independent two-sample t-test provides 80% power to 
detect a 5 mmHg difference in SBP between the intervention and comparator arms assuming 
a two-sided 5% level of significance and a 15 mmHg standard deviation in outcome. This 
estimate is based on a 2017 Cochrane systematic review update evaluating the effects of fixed-
dose combination therapy and systematic review on quarter dose combination therapy, and a 
pilot trial of quarter-dose combination therapy [3]. We assume baseline SBP has a moderate 
correlation with follow-up SBP (r≈0.50-0.6); under this assumption, sample size calculations 
based on ANCOVA has the potential to allow for over 90% power under the same assumptions 
for remaining parameters.

From SAP version 1.0
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Eligibility criteria update

2nd site QUARTET (AUS) results + 
updated sample size 
calculations
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Updates and challenges

• (understandably) Pressures from funder re: enrollment numbers: continued difficulty 
in justification for funds for study that is underperforming on recruitment
- Suggested interim analysis  
- Worked with DSMB to develop an interim analysis plan
- Updated sample size requirements 

• All of these things carried logistical, operational challenges + required protocol 
amendments (and all the things that go along with those)
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Interim Analysis

• We were in continued discussion with the funder and the DSMB
- Suggested interim analysis  
- Worked with DSMB to develop an interim analysis plan
- Updated sample size requirements 

• We conducted an unplanned interim conditional power analysis 

• At the same time, we updated the analytic plan to a Linear Mixed Model 
(LMM), using the six-week time point in analyses as well 
- Originally, it was going to be a simpler ANCOVA model – looking at Week 12, 

controlling for baseline
- QUARTET (AUS) results also came out at this time – their analytic strategy 

used an LMM 
- Thus, to make most use of our data AND to align with QUARTET (AUS), we 

performed an interim analysis using this new analytic strategy

Enrollment was slower than we would have hoped
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Interim Analysis
In collaboration with the DSMB chair and DSMB statistician
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In the calculation for conditional power (CP), we take this test statistic value and evaluate what 
power may be if: 
1. From here to the end of the study, there is no trend (Null assumption).
2. From here to the end of the study, this current trend continues (Current trend assumption). 
3. From here to the end of the study, the originally hypothesized trend (80% power, 5mmHg 

difference, etc.) were to hold (alternative trend assumption).

We allow the assumed information fraction to vary according to different projected recruitment 
numbers.



Interim Analysis
Recall – our initial sample size called for analytic sample size = 292 (planned to 
recruit N=364 total!)
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Total N Scenario CP Estimate
71 Null 0.29
71 Alternative 0.89
71 Current Trend 0.88
77 Null 0.27
77 Alternative 0.90
77 Current Trend 0.90
84 Null 0.25
84 Alternative 0.90
84 Current Trend 0.92
92 Null 0.23
92 Alternative 0.91
92 Current Trend 0.94



Interim Analysis

The initial sample size calculations called for a total of 365 participants to be 
randomized (1:1 allocation). We anticipated an analytic sample size of 292 based on 
365 participants at randomization and a 20% dropout rate by the 12-week follow-up 
time point. We originally based sample size and power calculations conservatively on 
an independent two-sample t-test. 

“Based on results of interim analyses…we updated our recruitment target to 87 
participants (1:1 allocation). The analytic sample size of 77 is anticipated based on 87 
participants at randomization and a conservatively estimated 12% dropout rate by 
the 12-week follow-up time point based on 8% dropout rate observed through 
September 2021.” 

Our NEW sample size justification
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Interim Analysis

“…we conducted an interim conditional power analysis, taking into consideration 
information from both the QUARTET USA trial data as of August 2021 and further the 
QUARTET (Australia) results. These interim analyses, incorporating information to 
date, suggested that a sample size of at least 77, and a 12% dropout rate, would 
provide over 90% conditional power based on a sample of 87 randomized 
participants.”

Note: understandably, the huge difference between original (N=364) and the final 
(N=87) recruitment targets required A LOT of very careful, detailed but vague 
justification

Our NEW sample size justification
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Baldridge, A. S., Huffman, M. D., Lazar, D., Abbas, H., Flowers, F. M., Quintana, A., ... & Ciolino, J. D. (2022). Efficacy 
and safety of a quadruple ultra-low-dose treatment for hypertension (QUARTET USA): Rationale and design for a 
randomized controlled trial. American heart journal, 254, 183-193.
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The decision on stopping the study

• Recruitment continued to be slow
• We ultimately ran out of time as we had agreed to halt the study by 

May 2022, regardless of recruitment numbers
• Now, we are in the process of analyzing the writing up study results 

- Primary results manuscript
- clinicaltrials.gov updates pending
- Qualitative analysis pending
- We will be pooling our data with the Australia study data as well 

(they had over 600 study participants)

…came in collaboration with the funder and DSMB…
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Thank you for your attention today + 
please feel free to reach out with 
comments/questions!

jody.ciolino@northwestern.edu  
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