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OUTLINE
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• Some definitions

• Issue #1: regression toward the mean

• Issue #2: focus on subgroups

• Issue #3: misinterpretation of P-values

• Issue #4: reliance on historical data

• Issue #5: targeting accelerated approval

• Conclusions
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EARLY AND LATE PHASES OF DEVELOPMENT
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• Early
• Phase 1 trials, whether or not first-in-human
• Phase 1 trials with expansion cohorts, phase 1/2 trials
• Single-arm phase 2 trials
• Randomized phase 2 trials with no comparative intent

• Late
• Randomized phase 2 trials with comparative intent
• Phase 2/3 trials
• Phase 3 trials

Theoret et al, Clin Cancer Res 2015;21:4545-51.
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FAILURE IN THE TRANSITION

5
Grignolo et al, Applied Clinical Trials 2016; 25(8):36-42; 
Arrowsmith et al, Nat Rev Drug Discov 2013;12:569.
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TYPICAL CULPRTIS

6Grignolo et al, Applied Clinical Trials 2016; 25(8):36-42. 
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ISSUE #1: REGRESSION TOWARD THE MEAN
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When mid-parents are taller than average, their children tend to 
be shorter than they; when mid-parents are shorter than average, 
their children tend to be taller than they.

Galton, J Anthropological Institute of Great Britain and Ireland 1886;15:246-63; 
Senn, Significance, September 2011;126.
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ISSUE #1 IN DRUG DEVELOPMENT
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• Only “positive” phase 2 trials lead to phase 3 trials
• But treatment effects in phase 3 trials are expected to be 

smaller, on average, than in the preceding phase 2 trials

Zia et al, J Clin Oncol 2005;23:6982-91; Liang et al, Eur J Cancer 2019;121:19-28.

ORR ~ 10%

ratio of HRs = 0.74
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ISSUE #1: WHAT TO DO?
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• Acknowledge the fact
• Consider the P-value (see Issue #3)
• “Discount” results from early phases

• Informally
• Formally

• For example, correcting for the 
“exaggeration ratio” (R), the ratio of the 
observed to the true treatment effect

• R can be estimated using the observed  
treatment effect and its standard error 
(their ratio is a z-value) and a database of 
trial results, e.g., the Cochrane Database 
of Systematic Reviews or a more targeted 
database if available

van Zwet et al, Significance, December 2021;16-21; Kirby et al, Pharm Stat 2012;11:373e85;
https://vanzwet.shinyapps.io/shrinkrct/

P  0.05
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ISSUE #2: FOCUS ON SUBGROUPS
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• Subgroup analyses are potentially misleading, but inevitable
• They are plagued by “increased” type I and type II errors
• Even interaction tests can mislead, in absence of strong biologic 

plausibility
• Don’t forget, one might conclude from ISIS-2 that aspirin 

doesn’t work in libras and geminis!

With k independent subgroups and no difference in treatments, the 
probability of at least one significant subgroup is 1-(1-α)k

Thus, if α=0.05, k=5, Prob=1-(1-0.05)5=0.27

Lancet 1988;2:349-60.
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ISSUE #2: WHAT TO DO?
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• Resist temptation as much as possible

• Use some guiding rules

• Remember issue #1 and its “what to do?”

Oxman and Guyatt Ann Intern Med 1992; 116:78-84.

1. Magnitude of difference

2. Statistical significance

3. Pre-existing hypothesis

4. Number of hypotheses

5. Internal consistency

6. External consistency

7. Biologic plausibility
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ISSUES #1 AND #2: WHAT TO DO?

12Hurwitz et al, JCO 2015;33:4039-47.
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ISSUES #1 AND #2: WHAT TO DO?

13https://vanzwet.shinyapps.io/shrinkrct/
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ISSUES #1 AND #2: WHAT TO DO?

14Hurwitz et al, Invest New Drugs 2018;36:683-95.
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ISSUE #3: MISINTERPRETATION OF P-VALUES
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• The P-value is the probability of observing a treatment effect at 
least as extreme as the one observed if there were no true 
treatment effect (i.e., if the null hypothesis is true)

• The P-value is not 
• A measure of the magnitude of the treatment effect
• The probability that the null hypothesis is true

• Thus, the P-value is not sufficient to quantify the probability 
that the next trial will be positive

Wasserstein and Lazar, Am Stat 2016;70:129–133.

Pr (Data | H0)

Pr (H0 | Data)
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ISSUE #3: WHAT TO DO?
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• Educate yourself on (frequentist) statistics
• Consider a Bayesian framework for early decisions

• Pr (Data | H0) Pr (HA | Data)    and     Pr (H0 | Data)

• Pr (HA | Data) / Pr (H0 | Data) is the likelihood ratio or Bayes 
factor

Ruberg, Clin Pharm Ther 2001;109:1489-98.

P-value Posterior probability of HA      Posterior probability of H0
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P-VALUES VS BAYES FACTOR

17Benjamin and Berger, Am Stat 2019;73(Suppl 1):186-91.

Maximum Bayes factor
P-value

Upper bound of Pr (HA | Data)

The odds in favor of HA relative to H0 are ≈ 2.5:1 for a P-value of 

0.05 and not the seemingly intuitively 19:1 

A P-value <0.005 yields the strength of evidence we often believe

we are seeking
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ISSUE #4: RELIANCE ON HISTORICAL DATA
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• Several issues combine to make historical data unreliable
• Selection bias
• Stage migration
• Biomarker-defined subsets or uncertainty from other sources

Coart and Saad, Exp Rev Precision Med Drug Dev 2021;6:271-80.
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ISSUE #4: WHAT TO DO?
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Randomize!

Coart and Saad, Exp Rev Precision Med Drug Dev 2021;6:271-80.
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RANDOMIZATION, EVEN ‘NON-COMPARATIVE’

20Coart and Saad, Exp Rev Precision Med Drug Dev 2021;6:271-80.
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ISSUE #5: TARGETING ACCELERATED APPROVAL
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https://www.fda.gov/media/86377/download; Fashoyin-Aje et al, N Engl J Med 2022;387:1439-42; 
GlobalData, Pharma Intelligence Centre (cited in 
https://www.clinicaltrialsarena.com/comment/oncology-fda-approvals/)

• One of the four expedited programs by the FDA
• Corresponds roughly to Conditional Marketing Authorization by EMA
• Approval based on an effect on a surrogate endpoint or an intermediate 

clinical endpoint that is reasonably likely to predict a drug’s clinical 
benefit

• The sponsor should ordinarily discuss the possibility of accelerated 
approval with the review division during development, supporting, 
for example, the use of the planned endpoint as a basis for approval 
and discussing the confirmatory trials, which should usually be 
already underway at the time of approval

• Oncology drugs account for 66% of all FDA accelerated 
approvals

• About 85% in the past decade
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AA: RELATIVE FREQUENCY AND ENDPOINTS

22Zhou J, et al. J Natl Cancer Inst 2019;111:449-458; Beaver et al, JAMA Oncol 2018;4:849-56.
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ISSUE #5: WHAT TO DO?

23https://www.fda.gov/media/166431/download.
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CONCLUSIONS
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• Issue #1: “Discount” your early positive results

• Issue #2: Resist temptation, except if results are really
compelling

• Issue #3: Consider a Bayesian mindset

• Issue #4: Randomize

• Issue #5: Be realistic and consult with agencies early on
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THANK YOU !
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