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Introduction 

As the regulatory agency responsible for administrating laws regarding drug development, 

the U.S. Food and Drug Administration (FDA) establishes precedents for what is considered to be 

adequate for marketing approval through its process of regulatory actions. Currently, the standard 

for approval is based on the principle of ‘substantial evidence', which for a drug product means  

“…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”1. 

Prior to the 1960’s, there was no efficacy requirement for marketing of drugs under the Food Drug 

and Cosmetic Act (FDCA).  However, with the national focus on the thalidomide tragedy, 

the Kefauver-Harris Amendment of 1962 was passed, authorizing the FDA to require drug 

companies to demonstrate efficacy through clinical investigations.  While this amendment was 

meant to ensure that only effective drugs entered the market, one academic in the field of law and 

economics has asserted that drug development notably declined and clinical development seemed 

to become a lengthier process.2 

 

One of the first amendments to the FDCA to address the burden of the development 

process was the Hatch-Waxman Act of 1984, or Patent Restoration Act.  This Act included the 

provision for the legal basis of approval, 505(b)(2), that allows for referencing materials not owned 

by the applicant, potentially expediting clinical development3.  In the 1988 Subpart E regulation (21 

C.F.R. part 312) and in the 1992 Subpart H regulation (21 C.F.R. part 312), the “accelerated 

approval” regulations4, allowed the Agency to demonstrate greater flexibility in clinical 

development through the use of surrogate endpoints that could reasonably predict a clinical 

benefit. This pathway is most reasonably used in conditions where the measure of clinical benefit 

would cause great delay in the marketing of a potentially effective therapeutic.  In 1997, based in 

part on pressure for drugs to combat AIDS, the FDA Modernization Act included a single 

paragraph in Section 115(a)  that allowed for the use of a single trial plus confirmatory evidence5.  

Shortly after, in 1998, the ‘Effectiveness Guidance’ was published, which provided 

recommendations about what should be submitted in the NDA application6. Recently, with the 
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increasing pace of development of new types of drugs, particularly those meant to treat rare 

diseases, it has become increasingly important to define the optimal plan that adequately 

evaluates efficacy to the FDA. 

 

 Dr. Carl Peck, former Director of the FDA’s Center for Drug Evaluation and Research, noted in a 

2002 report of a public workshop on confirmatory evidence that “…there appears to be general 

uncertainty among both regulators and manufacturers over what constitutes sufficient 

"confirmatory evidence" to support a drug development program based on one phase 3 clinical 

study”7.  While the amendments to the FDCA have provided new and potentially more efficient 

pathways for development, this abundance of routes to approval and increased flexibility from 

review divisions exercising regulatory prerogatives may create confusion about what the Agency 

will require.  Additionally, because of the complexity of publicly available information on prior 

approvals, sponsors may be unaware of when the FDA will exercise flexibility in their 

reviews.  Because of these possible sources of confusion, it is conceivable that drug companies 

may be spending excessive time and resources on drug development programs, resources that 

could be used to develop new drug entities to help more patients. An example of this may be from 

the efforts of Upsher-Smith to develop a controlled-release formulation of topiramate. The 

applicant provided two adequate and well controlled trials for approval of a controlled release form 

of topiramate but was informed after submission that the approval could have been based on 

simply performing a bioequivalence trial.  As stated in the Summary Review of the application, 

“…pharmacokinetic data/analyses were found to be sufficient to support approval of Qudexy XR, 

and the clinical study was not required for approval”8. Conversely, situations could arise where 

companies do not provide enough evidence to the FDA, potentially exposing them to a non-

approval action, preventing life-saving drugs from reaching the market as efficiently as possible. 

Such inefficiency on the part of sponsors will also result in unproductive use of regulator time and 

resources. 

 

By combining the relevant information gathered from regulatory precedents of drugs 

recently approved, there is the potential to inform sponsors and regulators about the typical body 

of substantial evidence that has been adequate for approval. We abstracted 346 applications, 

which were primarily, but not exclusively, chosen from more recent years.  Because of the 

selection of cases, analysis of trends was not deemed to be feasible, however the results of our 

study are sufficiently generalizable to provide information about the types of evidence typically 
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required for approval by the FDA.  Our descriptive and inferential analysis of the regulatory 

strategies will help provide a clearer picture of what has been required in terms of substantial 

evidence for clinical development in order to gain approval, allowing companies to better tailor 

clinical programs to the requirements of the FDA, ultimately benefitting patients. 

 

Methods 

Data Collection  

           Data was extracted by a trained reviewer from publicly available review packages from 

the Drugs@FDA website (https://www.accessdata.fda.gov/scripts/cder/daf/#apphist;) and entered 

into an EXCEL database.  346 New Drug Applications (NDA) reviewed from drugs approved by the 

FDA between 2008 to 2017 were used in this study (Table 1).  

 

TABLE 1. KEY ANALYSIS VARIABLES 

Demographics  PDUFA Cycle of NDA Submission 
 PDUFA Cycle of NDA Approval 
       PDUFA Cycle dates used for the analysis are as follows: 
  -PDUFA Cycle 1: October 1st, 1992 to September 30th, 1997 
  -PDUFA Cycle 2: October 1st, 1997 to September 30th 2002 
  -PDUFA Cycle 3: October 1st, 2002 to September 30th, 2007 
  -PDUFA Cycle 4: October 1st, 2007 to September 30th, 2012 
  -PDUFA Cycle 5: October 1st, 2012 to September 30th, 2017 
  -PDUFA Cycle 6: October 1st, 2017 to Current 
 ATC2 Molecular Class 
 Was program conducted under an IND? 
 Was an End of Phase 2 meeting conducted? 

Basis of Approval  Basis of Approval 
 Rationale for >2 Clinical Trials 
 Priority Review 
 Accelerated Approval 
 Types of Confirmatory Evidence 
 Referenced Materials 
 Scientific Bridge 

Abbreviations: ATC2 Classification, therapeutic area of the drug effect, was based on World Health 
Organization Anatomical Therapeutic Chemical Classification system; IND, Investigational New 
Drug; PDUFA, Prescription Drug User Fee,  
 
The entirety of the collection of review documents was used, but particular emphasis was placed 

on the summary review, the statistical review, and labeling. The database was reviewed and, when 

necessary, edited by the supervising researcher. Bases of approval was grouped into the following 

categories: 
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 Two Clinical Trials 

 Multiple Clinical Trials – >  2 trials 

 Single Trial with Confirmatory Evidence – Cases where the summary review and label 

stated that the evidence for efficacy was from one trial plus additional evidence such as 

from the literature or additional, supportive, studies 

 Single Trial – Cases where the summary review and labeling asserted that the basis of 

efficacy was one adequate and well-designed trial 

 Zero trials or no new clinical trial evidence – Cases typically based on bioequivalence 

studies or literature evidence, often referencing prior FDA findings of safety and efficacy. 

While trials may have been conducted in the referenced programs, the NDA did not contain 

new clinical trials 

 
Descriptive statistics were generated to describe the distribution of application by the key 

variables in Table 1.  Statistical analyses were conducted using JMP version 13 software (SAS 

Institute, Cary, NC).  The p values generated in these analyses are considered nominal, as the 

testing is not controlled for inflation of alpha.   

 

Results  

Database Characteristics 

346 cases were abstracted in this period of the study; the demographic characteristics of 

cases are demonstrated in Table 2.  The ATC2 class is considered analogous to the therapeutic 

area; using this system, the greatest number of  cases were classified as Antineoplastic drugs, 42 

(12%) cases and antivirals, 20 (6%) cases.  Eighty-nine (26%) programs had Priority Review 

Designation and 20 (6%) cases were approved through the Accelerated Approval program. Most 

cases, 216 (91%) were from development programs with an IND.  148 (43%) of the analyzed 

cases had a development program with an End of Phase 2 Meeting. 
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TABLE 2. CHARACTERISTICS OF DEVELOPMENT PROGRAMS* 
                                                                N (%) 

Number of Cases                                                                  346              
PDUFA Cycle 

Cycle of Submission 
     Cycle 2    
     Cycle 3 (2000-04) 
     Cycle 4 (2004-08) 
     Cycle 5 (2008-12) 
Cycle of Approval  
    Cycle 4 
    Cycle 5 

 
 
5 (1%) 
24 (6.9%) 
76 (22%) 
237(68%) 
 
70 (20%) 
276 (80%) 

Molecular Class  

ATC2 (Therapeutic) Class 
    Antivirals for Systemic Use (J05) 
    Antineoplastic Agents (L01) 
    Analgesics (N02) 
    Psychoanaleptics (N06) 
    Ophthalmologicals (S01) 
    Drugs used in Diabetes (A10) 
    All other Therapeutic Products (V03) 
    Antibacterials (J01) 
    All other classes 

 
20 (6%) 
42 (12%) 
18 (5%) 
15 (4%) 
16 (5%) 
11 (3%) 
14 (4%) 
13 (4%) 
197 (57%) 

Regulatory Outcomes 
Expedited Programs    
   Review status 
     Standard 
     Priority 

 
 
 
257 (74%) 
89 (26%) 

IND 
     Yes 

 
316 (91%) 

End of Phase 2 Meeting 
     Yes 
     No 
   Accelerated Approval 
      Yes 

 
148 (43%) 
197 (57%) 
 
20 (6%) 

* only variables having >1% shown 
Abbreviations; N, Number of NDA programs; PDUFA, Prescription Drug User Fee; IND, 
Investigational New Drug 
 

Basis of Approval 

148 (43%) cases were approved based on a development program with no new clinical 

trials and 76 (22%) were approved based on a submission with two trials (Table 3A-C).  Fifty-eight 

cases (17%) were approved based on a single clinical trial and 34 (10%) cases were approved 

based on a single trial plus confirmatory evidence.  The fewest cases, 30 (7%), were approved on 

the submission of three or more clinical trials.  
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 Of the 34 cases having confirmatory evidence, 30 (88%) of those cases cited additional 

studies as the form of confirmatory evidence and 4 (12%) cases cited literature as the form of 

confirmatory evidence.  

We were interested in how applicants referenced data and what scientific bridge was used.  

Analysis for this question was limited to 505(b)(2) applications, which by definition, required a 

reference. In this population of cases1, 120 (811%) described a reference to the Agency’s prior 

finding of safety and efficacy, whereas references to the literature constituted only 23 (15%) of 

cases.  Scientific bridges between the applicant’s drug and the referenced drug consisted of 

bioequivalence studies (89 (60%)), biowaivers (34 (23%)), or determinations that the CMC 

properties were sufficiently similar (9(6%)). 

 

Correlates of Basis of Approval 

Drug Class 

 Table 3A shows the distribution for the different bases of approval and the therapeutic 

(ATC2) class for classes with greater than 10 cases in our database.  

 

TABLE 3A. ASSOCIATION BETWEEN ATC2 CLASS AND BASIS OF APPROVAL 
 N No New 

trials (%) 
Single 
trial (%) 

Single trial 
plus 
confirmatory 
evidence 
(%) 

Two trials 
(%) 

>2 Trials 
(%) 

 346 148 (43%) 58 (17%) 34 (10%) 76 (22%) 30 (7%)

Antivirals (J05) 
Antineoplastic (L01) 
Analgesics (N02) 
Psychoanaleptics (N06) 
Ophthalmologicals (S01) 

20  
42  
18  
15  
16 

6 (30%)  
6 (14%)  
12 (67%) 
0 (0%) 
8 (50%) 

2 (10%)  
2 (5%) 
4 (22%) 
2 (13%) 
3 (19%) 

4 (20%) 
10 (24%) 
1 (6%) 
10(67%) 
0 (0%) 

3 (15%) 
18(43%) 
1 (6%) 
2 (13%) 
3 (19%) 

5 (25%)
6 (14%)
0 (0%) 
1 (7%) 
2 (13%)

Drugs used in Diabetes (A10) 
All other Therapeutic Products 
(V03) 
Antibacterials (J01) 

11 
14 
 
13 

3 (27%) 
10 (71%) 
 
7 (54%) 

2 (18%) 
1 (7%) 
 
0 (0%) 

1 (9%) 
0 (0%) 
 
0 (0%) 

1 (10%) 
2 (14%) 
 
5 (39%) 

4 (36%)
1 (7%) 
 
1 (8%) 

Abbreviations; N, Number of NDA programs, ATC1, Anatomical Therapeutic Chemical 
Classification system (ATC) 1st Level, ATC2, Anatomical Therapeutic Chemical Classification 
system (ATC) 2nd Level 
 

While the standard for substantial evidence is typically two trials, there are examples of 

applications where greater than two clinical trials are submitted. These are most commonly found 

in the Antiviral and Diabetes therapeutic areas because some of these applications contain 
                                                 
1 Cases may have used more than one reference or form of scientific bridge 
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labeling for multiple populations, e.g., patients also taking insulin, or other diabetic therapies. 

Cases where no new clinical trials are submitted occurs most commonly where previously 

marketed, unapproved drugs (NDA class 7; 83%) or reformulations (NDA class 5; 62%) are 

prevalent, such as analgesic, ophthalmological, and antibacterial drugs. 

 

Expedited Programs 

The distribution of expedited programs among programs with different bases of approval is 

demonstrated in Table 3B.  Eighty-nine cases received Priority Review Designation.  Of those, 25 

(28%) cases were approved on the basis of a single clinical trial and 25 (28%) cases were 

approved on the basis of two trials.  257 cases received Standard Review Designation, and about 

half, 136 (53%) cases, were approved on the basis of no new clinical trials.  

 

Twenty (6%) cases were approved with the Accelerated Approval pathway (Table 3B). Of those, 9 

(45%) cases were approved on the basis of a single clinical trial, and 5 (25%) cases were 

approved on the basis of a single clinical trial plus confirmatory evidence.  Both Accelerated 

Approvals that were approved based on no new clinical trials are reformulations of iron chelator 

therapies serving as ‘antidotes’. 

 

TABLE 3B. ASSOCIATION BETWEEN EXPEDITED PROGRAMS AND BASIS OF APPROVAL 
 N No New 

trials        
(%) 

Single trial 
(%) 

Single trial 
plus 
confirmatory 
evidence (%)

Two trials 
(%) 

> Two 
Trials (%)

 346 148 (43%) 58 (17%) 34 (10%) 76 (22%) 30 (7%) 

Review status 
     Standard 
     Priority 
 
Accelerated 
Approval 
     Yes 

 
257  
89  
 
 
 
20 

 136 (53%) 
 12 (14%) 

 
  
2 (10%)* 

 
20 (8%)^ 
14 (16%) 
 
 
 
5 (25%)^ 

 
48 (19%)^ 
25 (28%) 
 
 
 
3 (15%) 

 
20 (8%) 
10 (11%) 
 
 
 
1 (5%) 

 
33 (13%)*
25 (28%) 
 
 
 
9 (45%)* 

Symbols: P-values based on Chi-square analysis: ^ = between 0.05 and 0.01, inclusive;  = 
between 0.01 and 0.001;  = <0.001 

 
 

Regulatory Elements 

Table 3C demonstrates the relationship between various regulatory events associated with 

development programs and basis of approval.  Most, 316 (91%) cases, were conducted with an 

IND.  Of those cases, 120 (38%) were approved with the basis of no new clinical trials, and 75 
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(24%) cases were approved with two clinical trials.  Of the 30 cases that were approved without an 

IND, most, 28 (93%) cases, were approved on the basis of no new clinical trials. Table 3C also 

shows the distribution of programs having an End of Phase 2 meeting and the basis of approval.  

148 (43%) cases were approved with a development program that included an End of Phase 2 

meeting.  Fifty-two (35%) of those cases with an End of Phase 2 meeting were approved on the 

basis of having two clinical trials. 197 (57%) cases were approved without having an End of Phase 

2 meeting, 126 (64%) of which were approved on the basis of no new clinical trials.    

 
TABLE 3C. ASSOCIATION BETWEEN DEVELOPMENT PROGRAM AND BASIS OF APPROVAL 

Development programs refer to having an IND and having an End of Phase 2 meeting  
Abbreviations: N, Number of NDA programs, IND, Investigational New Drug 
Symbols: P-values based on Chi-square analysis: ^ = between 0.05 and 0.01, inclusive;  = 
between 0.01 and 0.001;  = <0.001 
 

First Cycle Actions 

The distribution of the different bases of approval based on the first cycle approval action is 

demonstrated in Table 3D. While the percentages of first cycle approvals are similar between the 

different basis of approvals, the highest percentage was noted in the cases where the basis was a 

single trial plus confirmatory evidence and the lowest in programs not contributing new clinical trial 

evidence in their NDA submission.  

 

TABLE 3D. ASSOCIATION BETWEEN FIRST CYCLE SUMMARY ACTION AND BASIS OF 
APPROVAL 

 N No New 
trials (%) 

Single trial 
(%) 

Single trial 
plus 
confirmatory 
evidence 
(%) 

Two trials 
(%) 

Three or 
more trials 
(%) 

First Cycle Action 
    Approval 
    Non-approval 

 
261 (75%) 
85 (25%) 

 
100 (68%) 
48 (32.4%)

 
46 (79%) 
12 (21%) 

 
31 (91%) 
3 (9%) 

 
62 (82%) 
14 (18%) 

 
22 (73%) 
8 (26.7%)

 N No New 
trials (%) 

Single trial 
(%) 

Single trial plus 
confirmatory 
evidence (%) 

Two trials 
(%) 

Three or 
more trials 
(%) 

                  N 346 148 (43%) 58 (17%) 34 (10%) 76 (22%) 30 (7%) 
IND 
     Yes 
     No 

 
316 
30 

 
120 (38%) 
28 (93%) 

 
58(18%) 
0 (0%) 

 
34(11%) ^ 
0 (0%) 

 
75(24%) 
1 (3%) 

 
29(9%) 
1 (3%) 

End of Phase 2 
Meeting 
     Yes 
     No 

 
 
148  
197  

 
 
  21 (14%) 
126 (64%) 

 
 
32 (22%)^ 
26 (13%)  

 
 
23 (15%) 
11 (6%) 

 
 
52 (35%) 
24 (12%) 

 
 
20 (14%)
10 (5%) 
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Discussion 

Since the 1960’s, Congress has enacted legislation and the FDA has put out several 

guidances to establish what may be considered substantial evidence for drug approval.  While the 

current standard is two clinical trials, amendments to the FDCA since the 1970’s have made it 

challenging to define what is required to have adequate substantial evidence.  As recently stated 

by FDA Commissioner Scott Gottleib, the FDA is undertaking an initiative “to identify how decisions 

are made across different functions, the scientific precedents we establish in the course of our 

review process, and the knowledge we develop [...] to bring[ing] more consistency to decision 

making across different disease and product areas.  These changes [...] will make our review 

process more efficient, modern and scientifically rigorous”9. Understanding prior decisions and 

precedents in order to expedite review times as well as increase transparency and flexibility, while 

keeping the quality of drugs approved high, is an issue that the FDA is attempting to address, and 

this analysis supports that undertaking.  Our work demonstrates that the FDA has used the 

legislations since Kefauver Harris to improve the regulatory flexibility, increase efficiency of both 

development and review, and focus on the greatest unmet needs. 

 

Basis of Approval 

 Regulatory flexibility by the Agency is apparent when examining the overall basis of 

approval for this dataset.  The Agency has approved drugs based on no new clinical trials, a single 

clinical trial, and a single trial plus confirmatory evidence.  Only 22% of approvals were based on 

the current standard, two clinical trials, compared to the 77% that were approved on the basis of 

less than two clinical trials in our dataset.  In cases where more than 2 trials were used, these were 

often for either multiple populations or multiple indications within one submission, reflecting 

regulatory efficiency.  This concept is outlined in the Effectiveness Guidance, which states that 

“…in most drug development situations, the need to find an appropriate dose, to study patients of 

greater and lesser complexity or severity of disease, to compare the drug to other therapy, to study 

an adequate number of patients for safety purposes, and to otherwise know what needs to be 

known about a drug before it is marketed will result in more than one adequate and well-controlled 

study upon which to base an effectiveness determination”4.   

 

The concept of what may be allowed as confirmatory evidence has not been well defined or 

described. By allowing additional studies or literature, which was not at the level of an adequate 
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and well-controlled trial to contribute to the body of evidence, the FDA demonstrates flexibility in 

drug approval.  Even though the Agency has shown flexibility in allowing for references, a rigorous 

scientific bridge such as a bioequivalence study must still be shown, keeping the quality of drug 

approvals high.   

 

Correlates of Basis of Approval 

 We analyzed correlates of the basis of approval to determine which development attributes 

were associated with different development strategies.  Interestingly, none of the ATC2 therapeutic 

groups had more than 50% of approvals based on two trials. The V03 class, All other Therapeutic 

Products, had the highest percentage of approvals not requiring additional clinical trials. All 10 of 

these approvals were for antidotes, such as naloxone, iron chelator therapies, or sodium 

thiosulfate, reflecting the Agency’s focus on approving therapeutics for unmet needs with the 

greatest efficiency.  

 

Our analysis of the data on expedited programs reflects the Agency’s efficient use of development 

resources. Greater than 50% of applications reviewed with a Standard Review designation, did not 

require new clinical trials. These NDAs are often for reformulations or new dosage forms where 

referencing of prior agency findings or conducting bioequivalence studies are sufficient. Similarly, 

End-of-Phase 2 meetings are least common for applications relying on no new clinical trials, 

reflecting regulatory efficiency of the resource of time.  

 

Limitations and Future Directions 

Our study has several limitations.  Our database was primarily comprised of data extracted 

from NDA approvals between October 1st 2007 and September 30th, 2017 without an even number 

of cases reviewed from each PDUFA cycle. This made analysis of trends difficult.  However, we 

plan to complete the analysis of these studies to gain a more complete picture of FDA trends 

related to the evidentiary basis of drug approval.  Moving forward, all cases from 1996 to 2018 

should be analyzed and various data points should be extracted, in order to create a more 

complete picture, as well as to more evenly spread the years of submission and approval.   

 

We chose to only analyze NDAs, and not include BLAs (Biologic License Application).  The 

legal basis of approval for BLAs is different between the two pathways, making it difficult to group 

NDAs and BLAS together.  For example, BLAs do not have an equivalent to the 505(b)(2), while 
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that is something that has been defined and is frequently used for NDAs.  It would be interesting to 

evaluate the differences in the evidentiary basis of approval for Biologics compared to our results.   

 

With respect to the scenario of conducting a single trial for approval, this is a 

heterogeneous group.  This scenario could apply to cases where, for example, there is a rare 

disease and one adequate and well-controlled trial is performed according to the descriptions in 

the Effectiveness guidance.  A single trial may also be appropriate in cases where you are 

referencing a prior approval of safety and efficacy, such as a new dosage form.  As we include 

more cases, we will look into what would make more precise groupings possible. 

 

Finally, inclusion of additional expedited review programs such as the Orphan Drug 

Designation and Breakthrough Designation would allow for a more complete analysis of our data.   

 

 

Conclusions 

 This analysis has shown that the Agency demonstrates flexibility and efficiency with respect 

to the evidence required to demonstrate efficacy.  This flexibility has been exercised in various 

situations, such as through the Accelerated Approval pathway and Priority Review Designation, 

where the drugs are serving a rare disease or a disease with a high unmet need.  This flexibility 

has also been demonstrated in a drug where effectiveness has already been established, by 

allowing reference of the drug effect from the literature or previous clinical trials.  There has also 

been a legislative and regulatory focus on fulfilling unmet needs in the market that not only 

expedite the approval of these drugs, but also allocate resources to the review process.  
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