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Case Study

A RCT of an Antibody to Endotoxin

in the Treatment of Gram Negative Sepsis

2



2024 SISCER Module 3: RCT with Time to Event Endpoints
Lecture 23: Case Study: Gram Negative Sepsis
:

July, 2024

(c) Scott S. Emerson, M.D., Ph.D. 2

3

Statistical Design

• Steps
– Defining the probability model

• Defining the comparison group, primary endpoint, analysis model
– Defining the statistical hypotheses

• Null, alternative
– Defining the statistical criteria for evidence

• Type I error, power
– Determining the sample size

• At each analysis, and maximal sample size
– Evaluating the operating characteristics
– Planning for monitoring

• Updating stopping boundaries according to actual conditions
– Plans for analysis and reporting results

• Inference adjusted for sequential sampling plan
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Chosen Endpoint / Study Structure

• Primary endpoint: 28 day all cause mortality

• Comparison group
– Randomized, double blind, placebo controlled
– 1:1 randomization

• Hypotheses
– Treatment effect of 7% absolute increase in mortality

• On placebo: 30% 28 day mortality
• On antibody: 23% 28 day mortality

• Burden of proof: Registrational trial
– Type I error: one-sided 0.025
– Statistical power: high
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Creating a RCT Design : Model

• seqDesign (
prob.model = “proportions”,  (vs several others)

arms = 2,                    (default)

ratio = 1,                   (default)

variance = “alternative”,    (default vs “null”,”intermediate”, number)

(many others)
)
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Creating a RCT Design : Hypotheses

• seqDesign (
null.hypothesis = 0.30,
alt.hypothesis = 0.23,         (vs unspecified)

variance = “alternative”,      (vs “null”,”intermediate” or number)

(many others)
)
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Creating a RCT Design : Fixed Sample

• seqDesign (
nbr.analyses = 1,              (default)

test.type = “less”,            (vs “greater”,”two.sided”)
size = 0.025,                  (default)

(many others)
)
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Creating a RCT Design : Statistical Task

• seqDesign (
alt.hypothesis = 0.23,         (vs unspecified)

power = “calculate”,           (vs a number, say, 0.90)
sample.size = 1700,            (vs unspecified)

(many others)
)
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Creating a RCT Design : Output

• seqDesign (
display.scale = “X”,             (default vs any boundary scale)

(many others)
)
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Creating a RCT Design : GUI via Rcmdr (soon)
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Evaluation of Fixed Sample Designs

• Clinical trial design is most often iterative
– Specify an initial design
– Evaluate operating characteristics
– Modify the design
– Iterate
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Fixed Sample Operating Characteristics

• Level of Significance (often pre-specified)

• Sample size requirements
– Scientific / regulatory credibility; Feasibility

• Power Curve
– Under null (type I error); design alternative

• Decision Boundary
– Clinical significance

• Frequentist / Bayesian inference on the Boundary
– Clinical significance of hypotheses discriminated
– Sensitivity to Bayesian priors
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Evaluation in RCTdesign

• Printing
– Design: changeSeqScale (x, scale)
– Operating characteristics: seqOC (x, theta, power) 
– Inference at boundary: seqInference (x, theta, power)
– Everything: seqEvaluate (x, theta, power)

• Plotting
– plot (x); seqPlotBoundary (x)
– seqPlotASN (x)
– seqPlotPower (x)
– seqPlotStopProb (x)
– seqPlotInference (x)
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RCTdesign: Creation of Design
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RCTdesign: evalGST
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Alternative Fixed Sample Designs

• Alternative sample sizes

• Sensitivity to assumptions about variability
– Comparison of means, geometric means

• Need to estimate variability of observations
– Comparison of proportions, odds, rates

• Need to estimate event rate
– Comparison of hazards

• Need to estimate number of subjects and time required to 
observe required number of events
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What if Lower Event Rate?
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What if Lower Event Rate?
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Group Sequential Stopping Rules

19
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Stopping Rules

• Basic Strategy
– Find stopping boundaries at each analysis such that desired 

operating characteristics (e.g., type I and type II statistical errors) are 
attained

• Issues
– Conditions under which the trial might be stopped early
– When to perform analyses
– Test statistic to use
– Relative position of boundaries at successive analyses
– Desired operating characteristics
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Boundary Scales

• Stopping boundaries can be defined on a wide variety of scales 
– Sum of observations
– Point estimate of treatment effect
– Normalized (Z) statistic
– Fixed sample P value
– Error spending function
– Conditional probability
– Predictive probability
– Bayesian posterior probability
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Creating a RCT Design : Sequential

• seqDesign (
nbr.analyses = 4,              (default is 1)

sample.size = (1:4)/4*1700,    (default spacing)

design.family = “X”,           (default)

early.stopping = “both”,       (default vs “null”, “alternative”)

P = c(1,1),                    (default corresponds to OBF)

A = c(0,0),                    (default)

R = c(0,0),                    (default)

minimum.constraint = ,         (default)

maximum.constraint = ,         (default)

exact.constraint = ,           (default)

(many others)
)

22



2024 SISCER Module 3: RCT with Time to Event Endpoints
Lecture 23: Case Study: Gram Negative Sepsis
:

July, 2024

(c) Scott S. Emerson, M.D., Ph.D. 12

23

Evaluation of Designs

• Process of choosing a trial design

– Define candidate design
– Evaluate operating characteristics
– Modify design
– Iterate
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Evaluation of Designs: Fixed Sample

• Operating characteristics for fixed sample studies 

– Level of Significance (often pre-specified)
– Sample size requirements
– Power Curve
– Decision Boundary
– Frequentist inference on the Boundary
– Bayesian posterior probabilities
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Evaluation of Designs: Sequential

• Additional operating characteristics for group sequential studies 

– Probability distribution for sample size
– Stopping probabilities
– Boundaries at each analysis
– Frequentist inference at each analysis

• Point estimates: Bias adjusted, Median unbiased, MLE, UMVUE
• CI: LR, MLE, stagewise orderings for GSD; BMP for adaptive
• P values: LR, MLE, stagewise orderings for GSD; BMP for 

adaptive
– Bayesian inference at each analysis

• Conjugate normal priors
– Futility measures at each analysis

• Conditional power for arbitrary hypotheses
• Predictive power for arbitrary conjugate normal priors
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O’Brien-Fleming Symmetric
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O’Brien-Fleming Efficacy with Futility
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Plotting Stopping Boundaries

• plot() or seqPlotBoundary()
– Arbitrary number of designs
– By default, include fixed design with same power as first specified 

design

• Axes
– Y-axis: Critical values for stopping on arbitrary boundary scale

• MLE scale as default
– X-axis: Statistical information

• Sample size (number of events for hazards probability models)

• Display of boundaries
– Vertical lines are true stopping regions
– Critical values connected to allow better visualization of boundary 

shape
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Display of Boundaries

• plot(obf, fut)
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Plotting Power Functions

• seqPlotPower()
– Arbitrary number of designs
– By default, include fixed design with same maximal sample size as 

first specified design

• Axes
– Y-axis: Power or difference in power from reference design
– X-axis: Treatment effect (θ)

• Interpretation based on probability model
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Display of Power Curves

• seqPlotPower(obf, fut)

31

32

Display of Power Curves (Reference)

• seqPlotPower(obf, fut, reference= T)
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Plotting Sample Size Distribution

• seqPlotASN()
– Arbitrary number of designs
– Average sample N (ASN) and arbitrary quantiles

• Default is 75th percentile
– By default, include fixed design with same power as first specified 

design

• Axes
– Y-axis: Statistical Information (average or quantile)
– X-axis: Treatment effect (θ)

• Interpretation based on probability model
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Display of ASN Curves

• seqPlotASN(obf, fut)
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Plotting Stopping Probabities

• seqPlotStopProb()
– Arbitrary number of designs

• By default, separate plots for each design
• Different designs may have different sample sizes

– Essentially plots of error spending functions for each alternative

• Axes
– Y-axis: Cumulative stopping probability
– X-axis: Treatment effect (θ)

• Interpretation based on probability model
– Contours labeled by analysis number

• May not correspond to same sample size
– Color coding by decision corresponding to stopping rule

35

36

Display of Stopping Probabilities
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Specification of Designs

Error Spending Functions
Where am I going?

The default family in RCTdesign is the Unified Family that 
includes a wide variety of previously described families.

RCTdesign also includes a number of designs defined on the 
error spending scale.

It is generally unimportant which scale is used for definition of a 
stopping rule, so long as they are fully evaluated

In my experience, people do not understand the scientific impact of 
particular error spending functions very well

37
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Error Spent at Each Analysis

• seqOC() returns stopping probabilities at each analysis

• When called under the null hypothesis, this is the error spent at 
each analysis

38
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Error Spending Functions in RCTdesign

• No matter how a design is specified, RCTdesign returns the error 
spending function
– “error.spend” component of a seqDesign object has the cumulative 

proportion of error spent

– The efficacy boundary is the type 1 error spending function
– The futility boundary is the type 2 error spending function for the 

alternative used to define that boundary
• (Need to fully understand the stopping boundaries)

39
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Error Spending Families in RCTdesign

• seqDesign() argument design.family allows specification of error 
spending families
– design.family=“E” uses Kim & DeMets power family
– design.family=“Hwang” uses Hwang, Shih, & DeCani family
– Includes others, as well as completely arbitrary

• Authors have described approximate correspondences to OBF 
and Pocock boundaries within unified family
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“O’Brien-Fleming” Design in Power Family

• I use P=-3.25 to approximate an OBF design
– Others use P=-3
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Comparison of Designs

• Overlay of O’Brien-Fleming design and approximation based on 
power family error spending function
– plot(obf, obfE)
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Error Spending Functions

• My view: Poorly understood even by the researchers who 
advocate them

• There is no such thing as THE Pocock or O’Brien-Fleming error 
spending function
– Depends on type I or type II error
– Depends on number of analyses
– Depends on spacing of analyses

43
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OBF, Pocock Error Spending
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Error Spent by Alternative

OBF Error Spending Functions by Theta
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Pocock Error Spending Functions by Theta
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Stochastic Curtailment

• Stopping boundaries chosen based on predicting future data

• Probability of crossing final boundary
– Frequentist: Conditional Power

• A Bayesian prior with all mass on a single hypothesis
– Bayesian: Predictive Power

• Users are typically poor at guessing good thresholds
– More on this later
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Spectrum of Boundary Shapes

• All of the rules depicted have the same type I error and power to 
detect the design alternative
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Efficiency / Unconditional Power

• Tradeoffs between early stopping and loss of power

Boundaries                      Loss of Power             Avg Sample Size 
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Time to Event Endpoints

Estimating Subject Accrual
Where am I going?

In time to event analyses, statistical information is roughly 
proportional to the number of events.

Additional consideration must be given to accrual of subjects.

49
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Delayed Measurement of Outcome

• Longitudinal studies
– Measurement might be 6 months – 2 years after randomization
– Interim analyses on variable lengths of follow-up

• Use of partial data can improve efficiency (Kittelson, et al.)

• Time to event studies
– Statistical information proportional to number of events
– Calendar time requirements depend on number accrued and length 

of follow-up

• In either case: Interim analyses may occur after accrual 
completed

• Group ethics of identifying beneficial treatments faster
• Savings in calendar time costs, rather than per patient costs
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Time to Event Endpoints

• RCTdesign allows specification of the “hazard” probability model 
for time to event data
– Logrank statistic
– Estimates of hazard ratio using Cox model

• “Sample size” computations return number of events primarily

• Additional accrual models are used to estimate
– Number of subjects to accrue
– Calendar time of interim analyses
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Case Study: Stopping Rule

• Design of RCT to test a new drug for NSCLC
– One-sided type 1 error: 0.025 for null of HR=1.0
– Power: 90% to detect HR= 0.77
– Four interim analyses with OBF efficacy, intermediate futility
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Case Study: Accrual (months)

• tte <- update(tte, accrualTime= 36, studyTime= 48, 
eventQuantiles= 36)

53
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Case Study: Accrual Plots

• seqPlotPHNSubjects(tte)

54
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Case Study: Accrual Plots

• seqPlotPHNSubjects(tte)
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Implementation for Monitoring
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Flexible Determination of Boundaries

• When implementing stopping rules, must be able to 
accommodate changes

• Previously described methods for implementing stopping rules
– (Adhere exactly to monitoring plan)
– (Approximations based on design parameters: Emerson and 

Fleming, 1989)
– Christmas tree approximation for triangular tests: Whitehead and 

Stratton, 1983
– Error spending functions: Lan and DeMets, 1983; Pampallona, 

Tsiatis, and Kim, 1995
– Constrained boundaries in unified design family: Emerson, 2000; 

Burington and Emerson, 2003
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First Monitoring Analysis: Re-estimate N
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First Monitoring Analysis

59
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Second Monitoring Analysis
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Second Monitoring Analysis

61
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Additional Resources

• www.RCTdesign.org
– SS Emerson, DL Gillen, JM Kittelson, GP Levin, SC Emerson

• Software
– Documentation
– Tutorials
– Extensions (Bayesian evaluation; adaptive design evaluation)

• Learning
– Short courses
– Research talks
– Case studies

• Methodology
– Technical reports on a variety of RCT-related topics
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http://www.rctdesign.org/

