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N ~ 20 to 40 pts

N ~ 30 to 120 pts

N ~ 300  to 2000 pts



This lecture:  Phase III trials

- Phase III trials provide a definitive assessment of how 
effective one treatment is compared to the standard 
treatment.

- Most rigorous and extensive clinical investigation of a new 
therapy.

Only ~3-11% of oncology compounds end 
up being successful during phase I, II and III  
             Wong and Siah (2019) Biostatistics
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Not all drugs are a success story

• What can we learn from a negative trial to inform future trials 
/hypotheses?

• Did we have sufficient power and reliable data (rigorous) to answer the 
questions:
– Why did the drug/combination fail?

• Wrong schedule /dose?
• Too small sample size?
• Did we choose the wrong patient population?
• Is there efficacy in some subpopulation?
• Was our historical control or estimate off?



RCT Phase III trials

-  In cancer (and in medicine generally), randomized controlled trial (RCT) 
is the most common design  

-Objective is to directly compare two or more treatments
-Randomization eliminates selection bias and balances the arms with 
respect to known and unknown confounders
-Usually double-blinded

-These are large, multicenter trials, can be lengthy,  and costly

             **Essential for licensing of new drugs, FDA approval**
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Elements of a Phase III trial

-What is the hypothesis?
-Compare two or more treatments for:

-Superiority
-Equivalence
-Noninferiority

-What is the primary endpoint(s)?
-In cancer trials, common endpoints include

-Overall survival (OS)
-Progression-free survival (PFS)
-Others could include RR, QoL

-How about  interim analyses?

-What are the secondary endpoints?
-Quality of life, safety, test other ‘subhypotheses’, generate new 
hypotheses
-Subset analyses?



At the conclusion of a RCT

-P-value comparing two or more treatment groups in 
terms of OS/PFS

-Hazard ratio estimate with confidence interval

-Median OS/PFS or x-year OS/PFS with confidence 
interval

-Analysis of secondary endpoints, correlative and 
subset studies
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Elements of a Phase III trial
-Should the trial have stratified randomization?

-Randomization ensures balance in known and unknown 
patient attributes
-Stratified randomization ensures balance for patient 
characteristics known to be related with the primary 
endpoint

Stratified randomization reduces 
imbalance in prognostic factors 
between arms



Elements of a Phase III trial

-Blinding
-Double-blinding (patient nor investigator knows 
treatment assignment) reduces bias in the final analysis.

-Used to prevent influence of placebo effect or observer 
bias on the final analysis

-An external group (eg DSMB) will regularly monitor the 
trial for toxicity and benefit.



- Analyses are usually conducted using the Intent-to-
Treat (ITT) principle: all patients should be analyzed 
in the groups they were originally randomized to, 
irrespective of the treatment they actually received

-Can define per-protocol analysis as needed: 
includes only patients fully compliant with the 
clinical trial protocol

- Cross-overs:  With the PFS endpoint, patients who 
progress are often allowed to go on to the other arm 
or on to other treatments.  Analysis can be tricky to 
interpret ( e.g. OS)

Other Topics
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Concepts

- Null hypothesis
- assertion that one wants to reject, e.g. no effect

- Alternative hypothesis
- hypothesis one wants to prove, e.g.  trt has an effect

- α-level or Type I error
-False positive probability (usually set at 5%)

- Power=1-Type II error
-Probability of seeing a true positive given that the alternative 
hypothesis is true. 
- Type II error: false negative probability
-For phase III studies, power is often set at 80 to 90%
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Choice of endpoint

- Overall survival or progression-free survival are 
common endpoints in Phase III cancer trials

-OS is the preferred endpoint for many reasons, but 
in some diseases not feasible to use. 

- Time-to-event endpoints
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Example:  Breast Cancer Endpoints

STEEP system, Hudis et al JCO 2007
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Time-to-event endpoints
Censoring

-Need to account for censoring
-Patient does not experience event of interest by end of study
-Patient is lost to followup (withdrew consent, moved)

   -> Commonly, we know a patient has lived longer than a 
certain number of days, but not how much longer

    -> Less information than if someone experiences the 
event of interest, but it is still information that you want to 
use in the analysis
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Right-Censoring
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Note:  Where you censor matters  
https://www.mdpi.com/2504-
4990/1/3/58/htm



Time-to-Event Endpoints
Median Survival

- Use life-table methods (most commonly used: Kaplan-
Meier method) to estimate probabilities of survival at 
each timepoint following the start of treatment.

-This takes into account censoring
-Censoring is assumed noninformative: censoring time is 
independent of the survival time; for example, drop outs 
should be unrelated to the endpoint of interest

-Median survival:  time at which the survival probability 
first drops below 50%.
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KEYNOTE-045: pembrolizumab vs 
chemotherapy in recurrent advanced 

urothelial cancer



Superiority Equivalence Non-Inferiority
detect a difference 
btwn treatments

confirm absence of 
meaningful difference, 
δ, btwn treatments

new trtm is no less 
effective than an 
existing trtm by some 
specific amount, δ

X = Y
No difference

-δ ≥ (X - Y )  
or   

(X - Y ) ≥ δ
Not equivalent

(X - Y) ≥ δ 
Y inferior to X

X < Y  
or 

X > Y
There is difference

-δ < (X - Y) < δ          
Equivalent

(X - Y ) <  δ
Y non-inferior to X

Usually 2-sided Usually 2-sided 1-sided

Null

Alternative

Purpose 

X = Effect of Treatment X (standard)    Y = Effect of Treatment Y (experimental)

Overview of Common Hypotheses
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https://www.ncbi.nlm.nih.gov/core/lw/2.0/html/tileshop_pmc/tileshop_pmc_inline.h
tml?title=Click%20on%20image%20to%20zoom&p=PMC3&id=3019319_11606_2
010_1513_Fig1_HTML.jpg



-1:1 randomization common 

-Power (80%), type I error (5%), clinically meaningful difference, 
accrual per unit of time, committed length of followup, expected 
number of events are all interconnected in these sample size 
calculations.

- Can get more complicated if we know and can expect certain 
patterns of dropout.
                               

Superiority
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Superiority—Effect Sizes

- What is the sample size required to detect a difference in 5-year 
survival from 75% to 80% in a 1:1 two-arm randomized trial? 

- Corresponds to a hazard ratio of  .78
- Corresponds to change in median survival from 12 to 15 yrs
- Sample size for 80% power:  1030 pts, 490 events, 18 yrs

-What is the sample size required to detect a difference in 5-year 
survival from 75% to 85% in a 1:1 two-arm randomized trial? 

- Corresponds to a hazard ratio of  .57
- Corresponds to change in median survival from 12 to 21 yrs
- Sample size for 80% power:  405 pts, 102 events, 9 years

             ->  smaller differences require larger sample sizes
                               26



Superiority—Low vs High Risk

- There will be more censoring when studying a low risk 
population than when studying a high risk population over a 
similar followup time period.

-Suppose we are looking for a 50% increase in median survival.  
Assume it takes three years to accrue patients with one year of 
followup

-If median survival is 9 months:  n=315
-If median survival is 5 years:      n=1050
-If median survival is 8 years:      n=1575

             ->  Longer survival means fewer events.  This provides less 
information and requires more patients.

                               27



Equivalence
-Designed to confirm the absence of a meaningful difference, δ, 
between treatments

- Why?  New treatment may be less expensive, or have less 
toxicity.  

-Generally requires large sample sizes.  Difficult to determine 
what δ should be.

 How do we define the margin, δ, for equivalence?
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Noninferiority
- Can be thought of as a 1-sided equivalence trial   

- Increasingly being used, requires smaller sample sizes compared 
to equivalence trials

- Designed to show that new treatment is no less effective than an 
existing treatment by some specific amount, δ 

-Very difficult to design.  Need a very good estimate of δ
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Choice of δ
- Most critical step in designing equivalence/non-inferiority studies

- A small δ determines a narrower equivalence region, and makes it more 
difficult to establish equivalence/noninferiority. 

- δ not only determines the result of the test, but also gives scientific 
credibility to a study: how well the equivalence margin can be  justified in 
terms of relevant evidence and sound clinical considerations?

-Choose δ based on the margin of superiority of the current therapy 
against the placebo (estimated from previous studies)

- In noninferiority testing: set δ to a fraction, f, of the lower limit of a 
confidence interval of the difference between the current therapy and 
the placebo 

-The smaller f, the more difficult to establish equivalence/noninferiority 30



Interim Looks

-  Interim looks at the data can be incorporated into the 
design

- Stop for futility
- Stop for early efficacy
- Stop for either early efficacy or futility

- These looks (single or multiple) are usually incorporated 
into the study design by controlling the overall type I error, 
must be done apriori 
- Has an effect on the trial design parameters, particularly 
the type 1 error.
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Multiple Endpoints

- Example:  PFS and OS

- Need to control Type I error for multiplicity
- Eg  Bonferroni Adjustments
- Eg  Gatekeeping procedures or hierarchical testing: two families of 

outcome variables, e.g., primary variables (gatekeeper) and secondary 
variables. The gatekeeper family is tested without an adjustment for 
the other family, and the second family is examined only if the 
gatekeeper has been successfully passed;

https://www.fda.gov/downloads/drugs/guidancecomplianceregulatoryinformati
on/guidances/ucm536750.pdf
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Innovations

• Integrated Phase II/III design
– Phase II portion uses PFS (or some other molecular/imaging 

intermediate variable) as endpoint
–  If p-value testing difference in PFS is above a threshold after a 

pre-defined number of patients, accrual will terminate. 
–  Otherwise, accrual continues to final sample size and a test 

comparing OS is conducted (Hunsberger, Zhao, Simon) 
– Advantages: when appropriate, it can result in smaller sample 

size, time and resources savings, and shorter study duration
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Integrated Phase II/III design
– Appropriate when 
  a rapidly obtained Phase II endpoint, correlated with the primary 

endpoint in the Phase III component, is available; 
 positive Phase II results are sufficient motivation for the launch of the 

Phase III component, and other needs such as budgetary support, 
patient accrual, and drug distribution are in place. 

– Inappropriate when: 
  insufficient evidence to warrant the implementation of Phase III 

component after the positive Phase II results
 a Phase II endpoint that requires a lengthy period of time to 

observe failures with the Phase III endpoint observed soon after 
the Phase II endpoint, and thus, little savings in patient numbers 
or duration of study would be observed

  insufficient resources to implement a Phase III trial after 
positive Phase II results 34



Innovations
• Using genomic predictive biomarkers in Phase III 

design
– Use validated predictive marker

• Enrichment design:    Include only those patients with 
the marker 

• Stratification design:  Include patients with and without 
marker, randomization is stratified so that both arms are 
balanced

• Group sequential designs
• Other adaptive designs 

– FDA guidance: 
https://www.fda.gov/downloads/drugs/guidances/ucm201790.pdf
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Basket, umbrella, platform trials
Woodcock J, and LaVange L 2017 NEJM



Cunanan et al JCO 
2017
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What is I-SPY?

The I-SPY series of trials are changing the way new treatments are developed for breast 
cancer, helping make available new, better and more personalized treatments, faster. 

At the heart of the I-SPY program is the ground-breaking I-SPY 2 platform trial for 
neoadjuvant treatment of locally advanced breast cancer.

  

1400
patients enrolled

  

16
agents completed

evaluation since 2010

  

3
agents received

accelerated approval



• I-SPY 2 breaks from the traditional randomized 
clinical trial model, employing an 'adaptive' 
model designed to increase trial efficiency by 
minimizing the number of participants and 
time required to evaluate an experimental 
agent.

39

How I-SPY 2 Works
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• New participant classified into one of 10 
molecular subtypes

• Adaptive randomization; gives greater 
weight to arms that have been 
successful in the participant's tumor 
subtype

• Predictive probabilities of the agent in 
the various subtypes are updated in real 
time based on the participant's tumor 
subtype, outcome and treatment 
received

• If pre-determined level of efficacy 
reached: declared a success 
(“graduates”). If not, then stopped 
for futility. At any point new agents can 
enter the trial through a protocol 
amendment.

• The participant's serial MRI measures, 
outcome and tumor subtype are used to 
update the prior probabilities of the 
randomization engine -- over time this 
refines the targeting of subsequent 
participants.
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• Lung-MAP is designed to quickly and efficiently test new 
treatments for advanced non-small cell lung cancer

• Lung-MAP is the first precision medicine trial in lung cancer 
supported by NCI and is the first major NCI trial to test multiple 
treatments, simultaneously, under one “umbrella” design 

• Patients who enroll in Lung-MAP get a state-of-the-art genomic 
profile to determine the genomic alterations, or mutations, 
which may drive the growth of their cancer. Based on those 
results, patients are matched to a treatment being tested on 
Lung-MAP. If there isn’t a genomic “match,” patients have an 
option of receiving immunotherapy treatments used in the trial.

• Launched in 2014, Lung-MAP has registered nearly 2,000 
patients, and some have received new treatments that have 
extended or improved their lives. 

Innovations: Lung-MAP, Umbrella
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A therapy found to be effective in phase II will move directly into the 
phase III registration setting, incorporating the patients from phase II.
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Final Remarks

• Gan et al (JNCI 2012) report that 62% of Phase III 
trials do not achieve statistical significance
– Need more realistic estimates of hypothesized difference 
– More interim analyses
– Adaptive trials
– Better biological characterization of patients (biomarkers)

• As efficacy gains become smaller, toxicity becomes 
more important.  Incorporating these events into the 
conduct and interpretation of Phase II and III trial 
results important (Amiri-Kordestani, Fojo JNCI 2012)
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Concepts
What is a p-value?

- p-value:  the probability that an observed result is due to 
chance alone if the null hypothesis is true.  

- If p-value is less than the α-level (typically 0.05) chosen prior 
to the study, then the null hypothesis is rejected.
- Commonly misinterpreted as the probability that the null 

hypothesis is true (can never accept the null)
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Concepts
What is a confidence interval?

- confidence interval:  95% confident that the interval 
from lower to upper actually contains the true population 
value. 

-  A narrow confidence interval implies high precision
- A wide interval implies poor precision
- The degree of confidence is typically set at 90% or 95%
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A Note on Hazard Ratios

-  Hazard:  risk of experiencing the event of interest at any time point

-  Hazard ratio (HR):  ratio of the hazard in one treatment group divided 
by the hazard in the second treatment group.

-  An HR of 1 means that the risk of experiencing the event is similar for 
both treatment groups.  

-If the confidence interval for the HR crosses 1, no difference in 
hazards was observed.

-  Calculating the HR is appropriate when the hazards are proportional 
(e.g. two curves that do not cross).  
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