
In addition to the project I discussed at the first Senior Fellows meeting, there are two projects that I 
have started and would appreciate feedback.  

 

1. Are pharmaceutical companies exploiting a loophole in Orphan Drug Act?  
2. Your Hip or Your Life: Is there a tradeoff between innovation and risk? 



Are pharmaceutical companies exploiting a loophole in Orphan Drug Act? 

 

Several Members of Congress have touted The Fairness in Orphan Drug Exclusivity Act, passed by the 
House of Representatives in May,1 as a bill that “closes a loophole in the [Orphan Drug Act (ODA)].”2 
According to Rep. Madeleine Dean, the bill’s primary author, the legislation would, among other things, 
“boost competition in the marketplace[] and drive down the cost of new medicines.”3 Frank Pallone, Jr. 
and Anna G. Eshoo, Energy and Commerce Committee Chairman and Health Subcommittee Chairwoman 
respectively, stated that that the bill will “clos[e] a loophole that has been used to unfairly block generic 
drugs from coming to market.”4 However, it is unknown to what extent, if at all, generic drugs have 
been delayed or deterred from the marketplace by the regulatory process created by the ODA.  In this 
article, we start to explore this allegation using publicly available records of small-molecule approved 
orphan drugs.   

The ODA has provided for the granting of a special status, commonly referred to as “orphan 
designation” or “orphan status,” that qualifies sponsors of a drug for certain benefits from the federal 
government.5 ODA is often credited by researchers and policymakers alike for increasing the number of 
approved drugs for the treatment of rare diseases.6 Since 1983, the U.S. Food and Drug Administration 
(FDA) has awarded over two thousand designations and approved hundreds of orphan designated 
drugs.7  

A drug may receive initial marketing approval from the FDA with or without an orphan designation. A 
drug that already has marketing approval without an orphan designation may subsequently receive 
marketing approval for an orphan designation (hereafter referred to as “orphan drug approval”). 
Moreover, a drug may receive marketing approval for multiple orphan designations.  

Generally, new drugs that receive marketing approval are granted distinct exclusivities in the 
marketplace.8 In the case of small-molecule drugs (hereafter simply referred to as “drugs”), competition 
from a generic version of a new drug is typically delayed until certain patents covering the new drug 
expire, are declared invalid, or until there is mutual agreement of the patentee and the generic 
manufacturer.9 Upon marketing approval, an orphan drug is awarded seven years of exclusivity 
(referred to as orphan drug exclusivity or ODE) from “the same drug […] for the same use or indication” 
unless the subsequent drug is “clinically superior to all previously approved same drugs for the same use 
or indication.”10 Consequently, ODE has the potential to delay generic competition if it extends the new 
drug’s exclusivity beyond the generic’s entry but-for the orphan drug approval.  

For the purposes of our analysis, we limit the data to drugs that received marketing approval for at least 
one orphan designation between 1990 and September 2021. Moreover, since a drug may receive 
multiple marketing approvals for distinct orphan designations, our analysis focuses on the first orphan 
approved designation. Our analysis is based on a dataset downloaded from an FDA searchable database 
on orphan drug approvals.11 The dataset includes, among other things, information on a drug’s orphan 
designation date, marketing approval date, orphan designation status (limited to 
“Designated/Approved” for our purposes), and orphan designation. We cross-referenced the list of 
orphan drugs against the FDA’s publications commonly referred to as the Orange Book and the Purple 
Book,12 which list all FDA-approved small-molecule drugs and FDA-licensed large-molecule drugs, to 
determine an orphan drug’s molecule size.1314 



Analysis 
First, we find that the number of drugs receiving initial orphan drug approvals has increased steadily 
over time. Figure 1 shows that fewer than five initial orphan drug approvals occurred each year between 
1995 and 2000, but 25–35 new orphan drug approvals have occurred each year since 2017.  

Figure 1. Initial orphan drug approvals by year 

 
Notes: [1] Excludes 1 drug with orphan drug approval before 1995. [2] Based on year of initial orphan drug approval. 

Since each new orphan drug approval is accompanied by seven years of ODE, the number of orphan 
drugs with ODE at a given time has similarly increased, as shown in Figure 2. Indeed, as of September 
2021, at least 170 orphan drugs maintain ODE (all drugs approved since 2014). The relevance of this 
analysis is underscored by the growth of orphan drugs’ prevalence over time.  



Figure 2. Cumulative ODE 

 
Notes: [1] Excludes 1 drug with orphan drug approval before 1995. [2] Based on year of initial orphan drug approval. [3] ODE 
estimated as 7 years from initial orphan drug approval. Some orphan drugs may obtain additional marketing approvals for orphan 
designations which would increase their time with ODE.  

However, among drugs receiving initial orphan drug approval, not all receive marketing approval for an 
orphan designation simultaneously with initial marketing approval. Drugs may receive marketing 
approval for an orphan designation after initial marketing approval (post-NDA orphan drug approval). 
Figure 3 shows initial orphan drug approvals from Figure 1, now separated by whether the first (and only 
in some cases) orphan drug approval was granted on the same day as initial marketing approval or later. 
In 2019, a sizable share (21%) of all initial orphan drug approvals were granted to drugs that had already 
received marketing approval. Across all years, 87% of initial orphan drug approvals were granted on the 
same day as initial marketing approval.  



Figure 3. Initial orphan drug approvals coinciding with initial marketing approval 

 
Notes: [1] Excludes 1 drug with orphan drug approval before 1995. [2] Based on year of initial orphan drug approval. [3] 
“Simultaneous” approvals received initial orphan drug approval on same day as initial marketing approval.  

Within post-NDA orphan drug approvals, there is some variance in the time between initial marketing 
approval and initial orphan drug approval. Some initial orphan drug approvals may be granted soon after 
initial marketing approval (e.g., within the same year), while others may be approved substantially later. 
Figure 4 shows how the timing of these post-NDA initial orphan drug approvals has changed over time. 
Earlier post-NDA orphan drug approvals predominately received initial orphan drug approval three and 
six years after initial marketing approval.  

However, beginning in 2010, many post-NDA initial orphan drug approvals occurred sooner, within three 
years of initial marketing approval. There has also been an increase in initial orphan drug approvals for 
much older drugs since 2006 —in most years 2010–2021, half or more of initial orphan drug approvals 
have been for drugs whose initial marketing approval occurred six-or-more years prior. The share of 
post-NDA initial orphan drug approvals corresponding to the three-to-six year window is now small, 
despite that time difference being more typical in earlier years.  



Figure 4. Time to initial orphan drug approval after initial marketing approval 

 
Notes: [1] Excludes 1 drug with orphan drug approval before 1995, and drugs which received initial orphan drug approval on same 
day as initial FDA marketing approval. [2] Based on year of initial orphan drug approval.  

One complicating factor related to ODE is that it may or may not overlap with other forms of exclusivity. 
For example, when a drug that has a new chemical entity (i.e., the active moiety has not been previously 
approved by the FDA under section 505(b)) is approved by the FDA, the application is referred to as a 
“Type 1” submission (hereafter referred to as “Type 1 drugs”), and the drug is entitled to five years of 
New Chemical Exclusivity (NCE) in which the FDA is barred “from accepting an ANDA or 505(b)(2) 
application for a drug containing the same active moiety,” regardless of whether the drug also receives 
ODE.15 If a Type 1 drug receives initial orphan drug approval on the same day as initial marketing 
approval, the NCE and ODE for the drug will overlap for the first five years, with two additional years of 
ODE to follow. However, drugs that have a delay between their initial approval and initial orphan drug 
approval can receive as much as 12 years of various forms of exclusivity (five from NCE, and an 
additional seven from ODE).  

In Figure 5, we show the total years of NCE and ODE (i.e., exclusivity) for Type 1 drugs that received at 
least one orphan drug approval. Each dot represents one or more Type 1 drugs that also received 
orphan drug approval, and they are plotted based on the drug’s initial marketing approval year. The blue 
box shows the initial five years of NCE from the drug’s initial approval as a Type 1 drug, and the blue 
bars show the seven years of ODE from the drug’s approval for an orphan designation. For example, in 
1999, one or more drugs received initial marketing approval and initial orphan drug approval in the 
same year. The 1999 bar extends only two years beyond the blue box, showing a total of seven years of 
exclusivity for that year’s orphan drug(s).  

This chart highlights the potential for extended exclusivity for drugs whose initial orphan drug approval 
occurs after initial marketing approval. For example, Figure 5 shows that one or more Type 1 drugs that 
received initial marketing approval in 1996, had NCE until 2001. However, at least one drug received 
initial orphan drug approval in 2001, granting ODE until 2008. For Type 1 drugs with an initial orphan 
drug approval just shy of completing the NCE, the total length of exclusivity comes quite close to the 



maximum 12 consecutive years. In our analysis, five distinct Type 1 drugs received initial orphan drug 
approval between three and five years after initial marketing approval.  

Figure 5. Years of NCE and ODE by year of initial marketing approval for Type 1 drugs 

 
Notes: [1] Excludes 3 drugs with initial FDA marketing approval before 1995. [2] Blue box represents initial 5 years of NCE after initial 
marketing approval for Type 1 drugs. Blue bars represent 7 years of ODE after initial orphan drug approval. [3] Based on year of 
initial marketing approval. [4] Some drugs may obtain additional orphan drug approvals which would increase the time with ODE. [5] 
Limited to Type 1 drugs.  

If pharmaceutical companies were both intent and successful in leveraging ODE to prolong exclusivity, 
we would expect to see high numbers of initial orphan drug approvals on or around the time that NCE 
ends for Type 1 drugs, but the five examples mentioned above are the only cases between 1995 and 
2021 where this occurs. For the vast majority of Type 1 drugs in this time (190 of 216), initial orphan 
drug approval coincides with the drug’s initial marketing approval, giving the drug only two additional 
years of orphan exclusivity relative to NCE.  

Conclusions 
Overall, recent trends suggest that more and more drugs are pursuing marketing approvals for orphan 
designations. We found that initial orphan drug approvals are not systematically leveraged to extend 
drugs’ exclusivity—on the contrary, the vast majority of initial orphan drug approvals are granted on the 
same day as a drug’s initial marketing approval. This early start to orphan drug approval means that ODE 
is likely to overlap with other forms of exclusivity. We examine the specific case of Type 1 drugs and did 
not find evidence that pharmaceutical companies were both intent and successful in leveraging ODE to 
prolong exclusivity. For the vast majority of Type 1 drugs that we examined (190 of 216), initial orphan 
drug approval coincides with the drug’s initial marketing approval, giving the drug only two additional 
years of orphan exclusivity relative to NCE, just one type of exclusivity available to new drugs. 

We also recognize that some drugs pursue multiple orphan designations, which could potentially 
prevent generic entry longer than our analysis would suggest. While we hope to explore that inquiry 
with further research, these findings are encouraging in that they suggest initial orphan drug approvals 
are often granted at the time of initial marketing approval, if not commonly soon after, and are not 
pursued later solely to deter generic entry as some may allege.  
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Your Hip or Your Life: Is there a tradeoff between innovation and risk? 

Omar Robles, Ph.D. and Anders Olsen, M.D. 

Suppose you have the perfect cup of coffee. Taste it. Now add just a granule of sugar. Can you taste the 
difference? Probably not. Repeating this exercise is unlikely to cause a perceivable difference in how the 
coffee tastes. Applying the transitive law1 in mathematics tells us that if each tasting is effectively the 
same as the last, then the first cup of coffee must also be effectively the same as one that follows 
thousands of additional granules of sugar. Common sense, however, tells us that this is not true. At 
some point there will be a noticeable difference between tastings. While the transitive law is 
appropriate for numbers because they are constant, it is not necessarily appropriate in non-numerical 
settings. This analogy parallels an often-stated concern with the medical device approval pathway in the 
U.S., known as Premarket Notification 510(k), that has permitted hundreds of thousands of medical
devices to reach the U.S. marketplace for several decades.

Devices cleared under Premarket Notification 510(k), often referred to as PMN or 510(k),2 must 
“demonstrate that the device to be marketed is as safe and effective, that is, substantially equivalent,3 
to a legally marketed device (section 513(i)(1)(A) FD&C Act).”4 A legally marketed device on which 
equivalence is drawn is referred to as a predicate device and defined by the U.S. Food and Drug 
Administration (FDA) as a device that:5 

• was legally marketed prior to May 28, 1976 (referred to as a “preamendments device”);6

• has been reclassified from Class III to Class II or I;
• has been found substantially equivalent through the 510(k) pathway; or
• was granted marketing authorization via the De Novo classification process under section

513(f)(2) of the FD&C Act. The De Novo classification process provides a pathway for which
general controls or general and special controls provide a reasonable assurance of safety and
effectiveness, but for which there is no legally marketed predicate device.7

1 For more information on the transitive law of mathematics see “Transitive law,” Encyclopaedia Britannica, 
available at https://www.britannica.com/topic/logical-relation.  

2 “Overview of Device Regulation,” FDA, available at https://www.fda.gov/medical-devices/device-advice-
comprehensive-regulatory-assistance/overview-device-regulation. 

3 For more information on what constitutes “substantial equivalence,” refer to “Premarket Notification 510(k): 
What is Substantial Equivalence,” FDA, available at https://www.fda.gov/medical-devices/premarket-
submissions/premarket-notification-510k#se.  

4 “Premarket Notification 510(k),” FDA, available at https://www.fda.gov/medical-devices/premarket-
submissions/premarket-notification-510k. 

5 “Premarket Notification 510(k),” FDA, available at https://www.fda.gov/medical-devices/premarket-
submissions/premarket-notification-510k.  

6 Preamendment devices must have not significantly changed or been modified since May 28, 1976 and for 
which a regulation requiring Premarket Approval (PMA) has not been published by the FDA. “Premarket 
Notification 510(k),” FDA, available at https://www.fda.gov/medical-devices/premarket-
submissions/premarket-notification-510k. 

7 “De Novo Classification Process (Evaluation of Automatic Class III Designation): Guidance for Industry and 
Food and Drug Administration Staff,” U.S. Food and Drug Administration. October 30, 2017, p. 3, available at 
https://www.fda.gov/media/72674/download. 



A common criticism of the 510(k) pathway is that it can create so-called approval chains of devices that 
reach the marketplace without recent clinical testing. For example, critics in the Netflix Original 
documentary, “The Bleeding Edge,” contended that current medical devices have become much more 
complex but testing requirements have not evolved along with them. Dr. David Kessler, current Chief 
Science Officer of Covid-19 Response Team and former FDA commissioner,8 states in the documentary 
that “[the 510(k)] provision, which was meant as an exception, in essence [is] a loophole” for most 
devices.9  

The 510(k) process can potentially foster innovation since manufacturers can make incremental 
improvements to products without needing to perform costly and timely clinical trials with each 
iterative version of a medical device. However, just as the saying goes that a chain is only as strong as its 
weakest link, a faulty medical device in a predicate chain has the potential to create dire and widespread 
ramifications on devices down the chain.  

This article will shed some light on this topic by analyzing a uniquely assembled dataset that combines 
publicly available datasets of devices cleared under the 510(k) pathway from 1976 to 2020,10 an 
additional dataset that identifies the predicate devices for cleared devices when available, and a third 
dataset on device recalls. The dataset on predicate devices was constructed using tens of thousands of 
documents from a searchable FDA database of devices cleared under the 510(k) pathway and scouring 
the documents for identifying predicate information using a computer algorithm.11  

We will use machine learning and other tools to explore whether the 510(k) process has resulted in a 
tradeoff that favors innovation over risk. While we are still exploring appropriate models we are 
consider the following: 

• Do “innovative” devices (e.g., a device that combines elements of multiple predicate devices) 
carry more risk (e.g., more likely to be recalled); and 

• Are devices built on “higher risk” predicate chains (e.g., multitude of recalled predicates) more 
likely to be recalled.  

Predicate Chain 

As an example of a predicate chain, suppose the following predicate chain for fictional hip replacement 
device K8: 

 
8  “Biden Names Kessler Chief Science Officer for Covid Response,” Wall Street Journal, January 15, 2021, 

available at https://www.wsj.com/articles/biden-names-kessler-chief-science-officer-for-covid-response-
11610717005. 

9  “What the Netflix Documentary ‘Bleeding Edge’ Gets Right About the Dangers of Medical Devices in America,” 
Time USA, LLC, July 27, 2018, available at https://time.com/5346330/what-the-netflix-documentary-bleeding-
edge-gets-right-about-the-dangers-of-medical-devices-in-america/. 

10  “Downloadable 510(k) Files,” FDA, available at https://www.fda.gov/medical-devices/510k-
clearances/downloadable-510k-files; “Download Product Code Classification Files,” FDA, available at 
https://www.fda.gov/medical-devices/classify-your-medical-device/download-product-code-classification-
files.  

11  In most instances, the identifying predicate information was the predicate’s 510(k) number. However in some 
instances the predicate’s name was the only identifying information available. In these latter instances, the 
same FDA database was used to search for the 510(k) numbers using the predicate’s name. 



 

In this fictional example, device K8 claimed substantial equivalence to devices K7 and K5. In turn, device 
K7 claimed substantial equivalence to devices K4 and K1 while device K5 claimed substantial equivalence 
to device K3.  

Although the dataset includes information on over 157,000 devices cleared under the 510(k) pathway 
between 1976 and 2020, for the sake of both clarity and brevity, the analysis will center on recently 
cleared orthopedic devices for the following reasons:  

• A starting point that is both recent and specific to a single year maximizes the propensity for 
accurate predicate information while also keeping the analysis in the context of devices recently 
cleared for the marketplace;    

• More orthopedic devices were cleared between 1976 and 2020 than any other specialty with 
the exception of cardiovascular devices; 

• Documents were more commonly available for orthopedic device records than any other 
specialty in all but two years so the dataset will be more complete; and 

• It is expected by many that demand for orthopedic devices will remain strong for the 
foreseeable future due to an increasing elderly population. 

The Depth of the Orthopedic Predicate Chain 

Let’s start with an analysis of the orthopedic predicate chain with the 532 orthopedic devices cleared 
under the 510(k) pathway in 2020 (hereafter referred to as the Terminal Devices) and map the predicate 
chain for each of the 532 devices. The Terminal Devices claimed substantial equivalence to over 1,800 
predicate devices (hereafter referred to as the First-Order Predicates). In turn, these First-Order 
Predicates claimed substantial equivalence to over 6,100 predicate devices (hereafter referred to as the 
Second-Order Predicates). In a third iteration, these Second-Order Predicates claimed substantial 
equivalence to over 17,000 predicate devices (hereafter referred to as the Third-Order Predicates).  



 

While this analysis can be taken further (e.g., Fourth-Order Predicates), the above figure suffices to 
show that the number of devices in predicate chains can grow substantially when devices commonly 
have more than one predicate, as illustrated with orthopedic devices cleared in 2020.  

The analysis thus far illustrates the magnitude of the predicate chain when the chain of each Terminal 
Device is examined separately. However, it is also enlightening to analyze the predicate chain for the 
Terminal Devices, not individually, but as a group. Multiple devices can claim substantial equivalence to 
the same predicate device. When examining the predicate chain as a group, one can identify the 
number of unique predicate devices at each link in the group’s predicate chain rather than the 
aggregated number of predicates which may be present in multiple Terminal Device chains. For 
example, suppose the following predicate chains for fictional devices K8 and K9: 

 

The two Terminal Devices (K8 and K9), as a group, claimed substantial equivalence to three unique First-
Order Predicates (K7, K5, K6). In turn, these First-Order Predicates claimed substantial equivalence to 
four unique Second-Order Predicates (K4, K1, K3, K2). By contrast, when the predicate chains for the two 
Terminal Devices (K8 and K9) are examined individually, the overlap in the predicate chains leads to a 
higher number of First-Order and Second-Order Predicates.  

Examination of the orthopedic predicate chain as a group reveals the potential for overlap in the 
predicate chains of Terminal Devices. The Terminal Devices claimed substantial equivalence to over 
1,400 unique First-Order Predicates. In turn, the First-Order Predicates claimed substantial equivalence 



to over 2,700 unique Second-Order Predicates. Lastly, the Second-Order Predicates claimed substantial 
equivalence to over 3,400 unique Third-Order Predicates. A comparison of the number of unique 
predicates to the number of total predicates at each link in the chain reveals that there may be a 
substantial amount of overlap in the predicate chains of individual Terminal Devices. For example, there 
were over 17,000 Third-Order Predicates but these amounted to just over 3,400 unique devices. This 
suggests that, on average, a Third-Order device was used as the basis for substantial equivalence on 
approximately 5 instances.  

This result raises several questions regarding the interconnectedness of medical devices and may further 
the concerns of critics of the 510(k) pathway. For example, suppose there is a device sans clinical testing 
that is of particular concern to these critics. If the device at issue is a predicate to multiple devices along 
the same predicate chain (i.e., shows up multiple times in the same predicate chain), critics of the 510(k) 
pathway may also have concern for additional devices in the chain, including the Terminal Device at the 
end of the chain. Alternatively, if the alarming device is a predicate to multiple devices across several 
predicate chains, critics may have concern for a wider set of devices.  
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