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BACKGROUND
Substantial Evidence



Background 
• Statutes are laws enacted by Congress

• Examples: 1938 Food Drug and Cosmetic Act and 1962 Kefauver-
Harris Amendment 

• Regulations are binding interpretations of law
• Example: CFR Title 21, Vol 5, Part 314, defining adequate and 

well-controlled studies

• Guidance documents are non-binding descriptions of FDA’s 
current thinking
• Example: FDA Guidance to Industry Clinical Evidence of 

Effectiveness
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Substantial Evidence
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• Substantial evidence was defined in the 1962 Amendment to the FD&C Act, 
section 505(d) as:

“evidence consisting of adequate and well-controlled investigations, including clinical 
investigations, by experts qualified by scientific training and experience to evaluate the 
effectiveness of the drug involved, on the basis of which it could fairly and responsibly be 
concluded by such experts that the drug will have the effect it purports or is represented 
to have under the conditions of use prescribed, recommended, or suggested in the 
labeling or proposed labeling thereof.”

• Traditional interpretation – 2 confirmatory (phase 3) trials with p-value<0.025 
(one-sided) are required

• Estimation is important – “effect it purports…to have”



Evidence of Effectiveness

• Published in 1998
• Quantity and quality of 

evidence
• Independent substantiation
• Single-study submissions



BIG DATA
Data Science and Predictive Analytics



Big Data Definitions

• From the Dictionary:

“Extremely large data sets that may be analyzed computationally to reveal 
patterns, trends, and associations, especially relating to human behavior and 
interactions.”

• From Wikipedia:

“Big data is a field that treats of ways to analyze, systematically extract information 
from, or otherwise deal with data sets that are too large or complex to be dealt with 
by traditional data-processing application software.”

• Encompasses data capture, storage, analysis, visualization, search, sharing, 
updating, and protecting privacy



Big Data Challenges

• Dimensions
• 3-D: volume, variety, velocity*

• 5-D: add veracity and value**

• Old problem (e.g., 20 years ago): too few rows, too many columns high false 
discovery rate

• New problem: fast-growing numbers of data sources with varying levels of data 
quality

• New sources: mobile devices (health apps), health care transactions (claims data), 
software logs, etc.

*Laney (2001); Marr (2014)



Predictive Analytics
• Predictive analytics encompasses a variety of statistical techniques from data 

mining, predictive modeling, and machine learning that analyze current and 
historical facts to make predictions about future or otherwise unknown events 
(Wikipedia)

• Capitalizes not just on the size of big data but on the correlations within the 
datasets to detect patterns or make predictions

• Example: Risk-based monitoring in clinical research
• CluePoints – powerful statistical tool to identify anomalous data using operational and 

clinical data sources

• Example: Biomarker-defined precision medicine
• Understanding disease mechanisms at work in an individual patient to tailor therapy to 

that patient
• Monitoring patient responses to further tailor treatment
• Data: -omics, physiological, clinical, patient reports



Big Data and Drug Regulation

• Healthcare data are a source for safety investigations (e.g., FDA’s Sentinel 
Initiative)

• Industry and patient advocacy groups interested in their use to support efficacy

• Oncology drug development influential in two areas:
• Use of external control data to support drug approval based on single-arm trials
• Interest in off-label use of marketed cancer therapies to expand indications

• Cardiovascular, diabetes, and other diseases influential as well:
• Large simple trials to better focus data collection when sample sizes are large
• Pragmatic trials to leverage data, systems, and populations 
• Trial designs that incorporate large amounts of data from wearable devices, biosensors



Big Data and Drug Regulation

• Concept of Real-World Evidence (RWE) entered the regulatory vocabulary*

• Real-World Data (RWD)  -- data arising from patient interactions as part of routine 
care, as opposed to data collected during a study
• EHRs, administrative claims, social media, smart devices

• Real-World Evidence (RWE) – defined by data source and degree of pragmatism in 
study design
• Study designs can include large simple trials, pragmatic trials, observational studies 

(prospective or retrospective)

• Real-world study design aspects: more generalizable populations, clinical 
settings/environment, and methods of outcome ascertainment

*Jarow, Woodcock, LaVange (JAMA 2017); Sherman, et al. (NEJM, 2017)



“… “Expert FDA staff with expertise in statistics, data science, meta-analysis, clinical outcomes research, and other 
areas will develop the framework and methodologies for evaluating the use of real world evidence

“…Give priority to provisions 
that present the greatest 
opportunity for FDA to foster 
innovation and integrate 
advances in biological sciences, 
engineering, information 
technology, and, to most directly 
improve the Agency’s product 
review tools and processes.” 



CDRH Guidance Issued July 2016
• Addresses quality of data source
• Potential uses, e.g.:

• Bayesian priors
• External controls
• Biomarker validation
• Expanding device label for

new indications
• Post-approval mandated studies





INNOVATIVE TRIAL 
DESIGNS



Innovation



Innovative Trial Designs and FDA 

• Adaptive Design Guidance for Industry

• PDUFA VI and 21st Century Cures Act 

• Precision medicine and master protocols

• Global agreement on use of non-standard trial designs and data sources – ICH E6 
renovation and E8 revision
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Revised Guidance Issued Sep. 29, 2018

• Replaced degree-of-understanding bins with 
clear principles for any design to be considered

• Opens door (or a few windows) for innovation
• Clarifies expectations around designs requiring 

simulations for operating characteristics (e.g., for 
Bayesian adaptive designs)



PDUFA VI and 21st Century Cures

• FDA PDUFA VI proposals led by Office of Biostatistics:
• Complex Innovative Designs – pilot program  
• Analysis data standards

• Led by other offices but with substantial involvement from Office of Biostatistics
• Patient-focused drug development
• Real-world evidence

• 21st Century Cures Act -- additional guidance needed to address
• How sponsors may obtain feedback on technical issues related to modeling and 

simulation prior 
• The types of information from simulations that should be submitted for FDA review
• Recommended analysis methodologies



CID Public Workshop 
Held March 20, 2018



CID Pilot Program Announced
Aug. 29, 2018



Precision Medicine at FDA
• Precision medicine is getting the right product to the right patient (and in case of a 

drug or biologic) at the right dose

• Key challenge is to identify targeted subgroups at the right stage

• FDA statisticians have long been involved:
• Diagnostic device evaluation (CDRH)
• Enrichment study designs (CBER and CDER)
• Biomarker validation and qualification (CDER)

• As medicines (or their targets) become more precise, traditional clinical trials become 
more difficult to conduct and/or less efficient

• Collaborations such as master protocols are of increasing interest, as a result
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Master Protocols

• Multiple diseases, multiple patient subgroups (biomarker-defined), and/or 
multiple therapies studied under one, over-arching protocol

• FDA’s advocacy has had an influence
• Support of programs like I-SPY 2, Lung MAP, PREVAIL II, ADAPT, DIAN-TU
• Path for patient advocacy groups to become involved, often driving collaborations

• Two areas of innovation
• Infrastructure – central systems, processing, governance, data sharing
• Novel designs – Sharing control patients, Bayesian adaptations, hierarchical Bayes 

modeling, multi-stage crossovers, innovative analysis models
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FDA Guidance Issued Sep. 29, 2018

• Process oriented
• Scientific considerations receive less attention
• Oncology specific
• Not led by Office of Biostatistics





GLOBAL STRATEGIES
ICH Renovations



ICH

29www.ich.org



• FDA Reflection paper on E6, E8
• Proposal to

• Revise E8 (R1)
• Renovate E6

• Office of Biostatistics:
• Co-authored reflection paper
• Leading E8 revision



ICH E8 General Considerations for Clinical Trials

• 1999 guideline describes:
• Phases of drug development, features of trial design, protection of subject safety

• Step 2 draft document complete; posted for public comment soon
• Introduces quality by design (QbD) approach; critical to quality factors managed 

proportionate to risk
• Expands types of trial designs beyond RCTs
• Expands data sources to include real-world data

• Public stakeholders meeting planned for the fall



P-VALUES AND BEYOND





P-Values
• FDA in a unique situation (with less of a p-value problem or at least a different 

one)
• Pre-specification by sponsor, and agreement with agency, on primary analyses 

(endpoints, methods)
• Multiplicity adjustments with emphasis on Type I error control (within a trial, not 

across trials or within programs)

• Other factors also considered, e.g., clinical benefit vs patient risk (i.e., p<0.025 
necessary but not sufficient)

• But…CDER’s mission is to protect and promote, so worry about Type II error as 
well
• Concern with availability of safe and effective drugs in areas of unmet need/hard to 

study populations



Summary

• Level of evidence when data sources exist before the study begins – can pre-
specification of analyses help?

• Level of evidence with novel trial designs – can results generated outside the usual 
null hypothesis testing framework (e.g., from fully Bayesian trials) provide 
confirmatory evidence?

• Level of evidence when intercurrent events (missing data, rescue meds, other 
post-randomization events) impact results – can causal inference help?



THANK YOU!
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