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Essays on the regulation of the U.S. Pharmaceutical Industry 

 

Abstract: 
Regulatory policy for pharmaceuticals seeks to balance high quality evidence generation with 

access. The papers in this dissertation interrogate this balance by focusing specifically on the 

U.S. Food and Drug Administration’s Accelerated Approval pathway and the Biosimilar 

designation.  

 

Chapter 1 provides an overview of the quality and timeliness of confirmatory trials for 

indications approved using the accelerated approval pathway. The accelerated approval pathway 

allows drugs to be approved using surrogate endpoints thereby allowing products to reach 

patients faster with the stipulation that clinical benefit is verified after approval. An increasing 

number of drugs have been approved using this pathway. However, the recent approval of 

Aduhelm (aducanumab) for Alzheimer’s disease and reports of delays in confirmatory trial 

completion have led to immense public scrutiny of the FDA’s management of this pathway. 

Using data on accelerated approvals from 2002-2021, I establish several facts about the 

performance of the program. I find that indications receive, on average, 4 years to complete 

confirmatory trials and deviation from this mean is relatively rare. 60.2% of confirmatory trials 

are delayed and 35% of indications which have been converted to traditional approval, have been 

converted based on surrogate endpoints not clinical endpoints. Taking timeliness and endpoints 

together, I find that only 24.1% of indications show an effect on a clinical outcome without 
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delay. My results provide some evidence that these outcomes may be driven by a lack of FDA 

experience as newer diseases are approved through this pathway.  

 

Chapter 2 simulates the impact of several proposed policies aimed at reforming the accelerated 

approval pathway. These include policies that aim to make changes to processes leading up to 

accelerated approval such as ensuring that confirmatory trial protocols are submitted and 

confirmatory trials are started prior to approval, as well as policies focused on the post-approval 

period such as accelerated withdrawal within 5 years, accelerated withdrawal in case 

confirmatory trials are delayed, and other similar modifications to the FDA accelerated approval 

process. Using indications approved using this pathway between 2002 and 2021, I find that 23% 

to 30% of indications are in the scope of policies that aim at making changes to the pre-approval 

processes and 32% to 60% of indications would be withdrawn if the post-approval policies were 

enacted. 

 

Chapter 3 (joint with Anita Wagner and Huseyin Naci) studies the relationship between pre-

approval confirmatory trial initiation and timely completion of confirmatory trials. Our results 

show that pre-approval trial initiation is associated with higher 3-, 5- and in-time completion 

rates though the latter is not a statistically significant association. The relationship between pre-

approval trial initiation and faster completion of confirmatory trials is also maintained within key 

subgroups: orphan indications, post-FDASIA approvals and non-cancer indications. 

 

Chapter 4 (joint with Anita Wagner and Huseyin Naci) studies the impact of negative 

confirmatory trials on use of drugs for indications approved using the FDA’s accelerated 
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approval pathway. The accelerated approval pathway allows drugs to be approved on the basis of 

a surrogate endpoint with the stipulation that clinical benefit is verified by confirmatory trials 

conducted post-approval. In some cases, these confirmatory trials have failed to confirm benefit. 

We use an event-study framework to study the impact of these confirmatory trials for 15 

injectable oncology drug-indications on prescription volumes. Our results suggest that there is, 

on average, a 2.5-4.0% decline in usage per month after the results of the trial are made public 

and this result is maintained when focusing specifically on new initiations. We also document 

some limited heterogeneity in response across drugs. These results show that information about 

these negative confirmatory trials is taken up by prescribers even before a formal approval or 

withdrawal by the FDA providing evidence of the important role of other sources of information 

in this process.  

 

Chapter 5 focuses on the Biologic Price and Innovation Act (BPCIA) of 2010 which aimed to 

increase competition in the biologics market by allowing an abbreviated pathway for the entry of 

biosimilar molecules. However, the promise of the pathway in delivering savings from biosimilar 

competition has been hampered by the low take-up of these molecules. One explanation for the 

low take-up is that physicians and patients are uncertain about the efficacy of these molecules as 

compared to the originators. This doubt is especially acute for cases where patients are already 

using the originator molecule with success. The FDA’s regulatory standards for patients being 

switched across molecule types explicitly discriminate between interchangeable molecules, 

which have shown similar efficacy, and biosimilars where this evidence has not been evaluated. 

This paper focuses specifically on the predictors and consequences of switching. For a set of 7 

biologics that have biosimilars approved under the BPCIA, I use data from commercially insured 
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and Medicare Advantage populations to provide a descriptive overview of the prevalence of 

switching behavior and the characteristics of patients that are being switched from originators to 

biosimilars and vice versa. I find that switching is relatively uncommon which is in line with 

limited incentives to switch patients. I also find that patients who are switching are different on 

many demographic characteristics from the full population of biologic users: a greater number of 

switching patients have fewer comorbidities, less likely to be on Medicare Advantage and more 

likely to be seen in outpatient settings than their non-switching counterparts. Finally, I study the 

trajectories of patients switching to biosimilars and find that a significant share continues to use 

the biosimilar over extended periods of time suggesting high levels of patient satisfaction after 

switching. This highlights a need for greater patient and provider education about biosimilars and 

their clinical effectiveness and a revaluation of FDA standards and communication regarding 

interchangeability and biosimilarity.   
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Chapter 1: Timing and Quality of Confirmatory Trials for Drugs 

Approved Using the Accelerated Approval Pathway: Trends and 

Predictors 

1.1 Introduction 

The accelerated approval of Aduhelm (aducanumab) for Alzheimer’s disease in 2021 reignited 

debates about the motives of the US Food and Drug Administration. Members of the FDA’s 

Peripheral and Central Nervous System Advisory Committee, three of whom resigned in the 

aftermath of the approval,1 had voted 10-1 against the approval citing concerns about the trial 

design and lack of evidence of efficacy.2 The FDA chose to ignore the recommendation of the 

committee and approved aducanumab using the accelerated approval pathway. This, despite 

committing earlier that the amyloid plaques would not be used as surrogates given limited 

evidence of their validity.3,4 Furthermore, the FDA gave Biogen, Aduhelm’s manufacturer, 9 

years to complete the confirmatory trials. An investigation by STAT news into the approval 

exposed several meetings between the FDA and Biogen executives where FDA officials 

themselves suggested the use of the accelerated approval pathway.5 This expose led to such an 

outcry that there was an OIG investigation into the pathway and a congressional inquiry into the 

Aduhelm approval specifically. The report of the inquiry, recently released, suggests the 

approval was “rife with irregularities”.6 

 

Was the Aduhelm case a rare occurrence meant to expedite development in an area without any 

therapeutic development or is it an emblematic case for how the FDA’s accelerated approval 
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pathway is used by influential firms to approve drugs with limited evidence of efficacy? This 

paper’s focus on accelerated approval is driven by recent discussions that the pathway is used to 

advance industry’s goals by approving drugs of uncertain benefit and then allowing them to be 

on the market even if they produce low quality, delayed or no confirmatory evidence. 

 

Accelerated approvals are a regulatory tool available to the FDA to “facilitate and expedite 

development and review of new drugs to address unmet medical need in the treatment of a 

serious or life-threatening condition”7. Instead of showing an improved clinical endpoint of 

interest, drugs approved using this pathway show an impact on a surrogate outcome “that is 

reasonably likely to predict clinical benefit”8 such as progression free survival in lieu of overall 

survival. Using surrogate endpoints truncates the development timelines of these drugs resulting 

in longer effective market exclusivities.9Accelerated approval designations are accompanied by 

post marketing commitments which require pharmaceutical firms to conduct trials that confirm 

the effect that the accelerated approval was granted on. The FDA explains this requirement as 

“[clinical trials that] verify the clinical benefit must be conducted promptly to facilitate 

determination, as soon as possible, of whether clinical benefit has been verified.” Recently, an 

increasing number of drugs have received approvals for indications based on surrogate endpoints 

highlighting the increasing relevance of this policy tool 10  but only a limited number have had 

confirmatory trials.11  

 

A small literature has documented weaknesses in the regulation of this pathway. For example, 

Naci and colleagues focus on indications approved between 2009 and 2013 to show that 

confirmatory trials are often small and poorly designed12. Similarly, Gyawali and colleagues use 
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data on accelerated approvals for cancer indications approved from 1992 to 2017 to show that in 

66% of cases, surrogate endpoints are used as the primary endpoints for confirmatory trials 

despite the fact that these trials are intended to verify clinical benefit 11. Other work has 

documented delays in starting confirmatory trials13 and in completion of confirmatory trials 

although the study only uses a snapshot of time to define which trials were delayed14.  

 

This paper aims to provide an overview of approvals granted through this pathway that is more 

expansive than previous work. I focus on the universe of accelerated approvals from 2002 to 

2021 and curate data from a variety of sources to be able to provide a comment on the 

performance of the pathway both in terms of timeliness and quality of confirmatory trials. I then 

use my dataset to study whether poor quality trials are predicted by different disease, firm and 

regulatory characteristics and assess how the observed relationships lines up with several 

theories that have been advanced to explain the relatively poor performance of the pathway. 

Section 2 provides some background on the regulatory context of accelerated approvals. Section 

3 discusses the data and methods employed. Section 4 presents descriptive results and provides a 

discussion of how the observed correlations might fit into different theories about the 

management of the accelerated approval pathway. Section 5 concludes.  

1.2 Institutional Context 

The FDA drug approval process relies on the examination of benefits and risks associated with 

each approval and an assessment of available therapies for a target condition. In order to approve 

drugs that treat unmet medical needs faster, the FDA has a separate approval pathway known as 

the accelerated approval pathway which allows approvals that show an impact on surrogate 

endpoints which are reasonably likely to predict clinical benefit but “may not be as robust as the 
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standard endpoint used for [traditional/regular] approval”.A The use of this pathway has greatly 

increased especially in more recent years as Figure 1 below shows: 

 

 

 

Figure 1.1: All indications approved from 1992-2021. Source: FDA 

 

This pathway has been in effect since 1992 and has led to number of innovative and effective 

drugs. For example, antiretroviral drugs that treat HIV/AIDS entered the market through this 

pathway and have had paradigm-changing impacts on the treatment of the disease. In 2012, the 

Food and Drug Administration Safety Innovations Act (FDASIA) codified this pathway into law. 

The FDA requires that the studies that “demonstrate a drug’s effect on a surrogate or 

intermediate clinical endpoint must be “adequate and well controlled” as required by the FD&C 

 
A https://www.fda.gov/drugs/development-approval-process-drugs 

0
10

20
30

40
N

um
be

r o
f I

nd
ic

at
io

ns

1990 2000 2010 2020
Year of Accelerated Approval

All indications approved Indications Confirmed
Indications Withdrawn

All Accelerated Approval Indications



 5 

Act.”B An important distinction to highlight here is that surrogate endpoints that have been 

validated are also used for traditional approvals. An example is the use of forced expiratory 

volume in 1 second for drugs approved for asthma. The bar is much lower for accelerated 

approvals where much more limited evidence might exist for the predictive power of the 

surrogate endpoint.  

 

Confirmatory trials are essential to confirm the benefit of these drugs. The FDA requires that 

confirmatory trials are conducted which “verify and describe” the drug’s benefits. However, 

there is no clear guidance from the FDA about how quickly these commitments need to be met 

or any guidance regarding the design of the confirmatory trials. Similarly, there is no clear 

guidance on processes for ensuring withdrawal of drugs if they are unable to complete 

confirmatory trials.  

 

The pathway necessarily introduces more risk into the calculation of efficacy (in service of 

earlier access). This means that withdrawals when a drug proves to be inefficacious are not 

necessarily a sign of failure. They key lies in the actual establishment of evidence of benefit and 

quick action in the case of negative information or delays. An example of a case where the FDA 

took prompt action was the approval of Avastin for breast cancer. Avastin was first approved in 

2004 for colon cancer. Over time, it received several other indications including one for lung 

cancer. In 2008, its indication for breast cancer was approved based on reduction in tumor 

volume – a surrogate marker. At that time, Genentech was tasked with completing confirmatory 

 
B https://www.fda.gov/patients/fast-track-breakthrough-therapy-accelerated-approval-priority-
review/accelerated-approval 
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trials to verify impact on overall survival.C Genentech performed two confirmatory trials which 

failed to support the 5.5 month improvement in progression free survival seen in the pivotal 

study. There were also reports of high levels of adverse reactions suggesting that using Avastin 

for breast cancer may have adverse impacts on overall survival. Genentech requested a hearing 

to argue in favor of retaining the indication while more studies were conducted but the FDA’s 

Oncologic Drugs Advisory Committee voted unanimously in favor of withdrawal15,16. As a 

result, the indication was rescinded and there has been a documented reduction in usage by 

physicians.D18,19  

 

The FDA has broad discretion in how it regulates the AA pathway. While the statute suggests 

that the pathway is for products with “unmet medical need”, there is significant leeway in how 

that can be defined. Secondly, the FDA can decide whether a surrogate endpoint is acceptable. 

Given that this is especially an area where there is little information, regulator discretion is a 

significant determinant. Thirdly, the FDA can approve the drug at different points in the 

evidence development pathway of a product. This is often reflected in how much time the FDA 

gives a manufacturer to complete their confirmatory studies. For example, some drugs may 

already be in the middle of their Phase 3 trials at the time of AA and need only complete the 

phase 3 studies to transition to traditional approval. Others may only have completed small 

single-arm studies showing some patient response to the drug and may need to conduct multiple 

 
C See Appendix B Exhibit A for the text of the confirmatory trial requirement. 

D although the National Comprehensive Cancer Network (NCCN) still lists Avastin as a therapy for breast cancer17.  
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phase 3/4 studies to confirm benefit. The FDA can also exercise discretion in cases where 

confirmatory trials are delayed but it has yet to punish any firms for delaying confirmatory trials.  

 

Finally, the FDA also has discretion in what it considers to be enough evidence to transition a 

drug to traditional approval. Many drugs are converted to traditional approval based on favorable 

data on other surrogate endpoints and no evidence of benefit on overall survival.11 In these cases, 

the indications remain on-label despite a lack of verification of true benefit. Recently, 

withdrawals of two ovarian cancer drugs highlight the dangers of this strategy. These drugs 

(rucaparib and olaparib) were approved for the treatment of late-stage ovarian cancer using the 

accelerated approval pathway but converted to traditional approval based on progression free 

survival gains in a different indication (a maintenance indication which is generally for patients 

who are earlier in the course of the disease and generally healthier).20  

 

1.3 Empirical Strategy 

Criticism of the FDA’s management of the accelerated approval pathway has hinged on 

highlighting key examples where the performance of this pathway is particularly deteriorated. 

However, a clear documentation of the prevalence of those issues remains missing. This 

motivates the first exercise in this paper where I use a dataset that covers the universe of 

accelerated approvals from 2002 to 2021 to shed light on the health of the pathway.  

 

I define three primary outcomes that allow us to understand the key avenues through which the 

accelerated approval pathway’s performance may be compromised. These outcomes are 

developed from a review of the criticism of this pathway. For the first outcome, I focus on the 
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time given by the FDA to pharmaceutical firms to complete confirmatory trials. If firms perfectly 

complied with these commitments, this would be the time sanctioned by the FDA where a drug 

can continue to be marketed for an indication without having shown benefit. In the case of 

Aduhelm, this duration was 9 years after approval and led to significant criticism.3 The second 

outcome I measure is whether there were delays in the completion of confirmatory trials. Delays 

have been highlighted by various stakeholders including being addressed by an OIG report.14 

However, the report only calculated what share of unconverted accelerated approvals at the time 

of the report’s writing were delayed. I take a different approach and study what share of 

approvals have been delayed from their original agreed-upon date even if they are now complete. 

The third outcome I focus on is whether the FDA uses a clinical endpoint as the endpoint on 

which an effect must be demonstrated for an indication to be converted to traditional approval. 

There has been some criticism of the degradation of evidence required for conversion to 

traditional approval.11 In fact, the recent withdrawals of ovarian cancer drugs demonstrate the 

perils of not requiring overall survival benefits to be the condition for conversion to traditional 

approval.20E For each of these outcomes, I provide measures of prevalence in aggregate and over 

time.  

 

Following this exercise, I seek to answer the question of why issues persist in the pathway. There 

are primarily three explanations that have been advanced to explain the issues in the accelerated 

approval pathway – although they have not been systematically studied. The first is the structure 

of the FDA’s accelerated approval pathway itself. The statute and the history of this pathway 

 
E Another possible outcome could be the quality of the surrogate which was an issue with the Aduhelm approval. 
However, a significant share of the approvals through this pathway are for cancer drugs where the same surrogate 
endpoints are repeatedly used which is why I expect the quality of the surrogate to be a less prevalent issue. 
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show that this pathway was created for cases where there is high medical need and a desire on 

the part of a benevolent social planner to allow fast access to drugs that have some probability of 

being beneficial. This would essentially mean that there is a gradient of access and evidence 

within the drugs approved by the accelerated approval pathway. If we find that delays or lack of 

OS benefit is concentrated in orphan indications or indications where there are no therapeutic 

alternatives, this is reflective of the FDA being more flexible with diseases that fall in these 

special categories. 

 

The second explanation is that this behavior is in line with the FDA “learning” to regulate a 

space where there is uncertainty – for example cases where a disease area is being regulated 

through this pathway for the first time. We see some evidence of this with the fact that the 

particularly high-profile and troubling cases of Aduhelm and Makena have both been first in 

their disease area with significant confusion around the strength of the surrogate endpoint as well 

as around adequately designing a confirmatory trial. In such a case, we would be likely to see 

better outcomes as the FDA gains experience in a disease area.  

 

The third explanation is regulatory capture whether that be to firms or patient advocacy 

organizations. However, studying the impact of regulatory capture requires some assumptions on 

how it may be happening. In this paper, I focus on continued contact of pharmaceutical firms 

with the FDA and the financial dependence of the FDA on pharmaceutical firms. This measure is 

driven by the recent Aduhelm inquiry which discusses regular contact between the FDA and 

representatives of Biogen. As the inquiry reveals, poor tracking of meetings between the FDA 

and Biogen make a direct measure of contact difficult to attain.6 Consequently, I rely on a proxy 
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for this contact and dependence on pharmaceutical firms. The structure of the user fees as 

legislated by the Prescription Drug User Fee Acts (PDUFAs) leads to a significant portion of the 

FDA’s budget being derived from fees by pharmaceutical firms for the evaluation of their 

applications. Prior research has argued that such a dependence may give these firms undue 

influence over the FDA.2122 In addition, there is substantial contact, encouraged by the PDUFAs, 

between the FDA and the firms after an application has been submitted. Such contact may create 

familiarity between officials and firm employees which may lead to capture. I measure this 

contact by considering the number of applications submitted by a pharmaceutical firm within the 

year that the drug is granted accelerated approval. Another way in which regulatory capture may 

be happening is via patient advocacy organizations. Carpenter23 shows that patient advocacy 

organizations exert significant influence with the FDA. A theory of regulatory capture would 

suggest that we see lower quality approvals for prominent firms or where diseases have 

prominent advocacy organizations.  

 

One approach could be to do simple correlations between each of the variables that align with 

each theory and check whether the degree of correlation and the sign of correlation are in line 

with what would be expected.  However simple correlations are likely to be biased because the 

underlying disease characteristics may differ across the variables of interest. To mitigate this 

issue, I control for a rich set of disease characteristics: whether the indication is for a 

hematologic malignancy, a metastatic solid cancer (which have shorter clinical trial lengths), a 

non-metastatic solid cancer, or an HIV indication These dummy variables are meant to capture 

underlying disease specific processes which may relate to time required for conducting clinical 

trials or propensity for delays. While a richer set of controls may be preferable, I am constrained 
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by the number of disease specific variables I can control for given the relatively small sample 

size. Additionally, I control for linear time trends to further reduce the risk of omitted variable 

bias.  

 

I use number of applications submitted within the year and the presence of patient advocacy 

organizations to measure two channels through which regulatory capture may be operating.  

I repeat this exercise to study whether outcomes differ for certain high-need drugs. I check for 

whether there are any other therapeutic alternatives or whether the drug is an orphan drug. If 

outcomes are worse for these sets of drugs that may be a signal that the FDA is laxer when the 

medical need for a product is high which would be in line with the goal of the pathway. Finally, I 

study FDA specific factors such as FDA experience. If quality improves as FDA experience 

improves, that may be indicative that the FDA is learning to regulate a therapeutic area better 

over repeated interaction. To tie these analyses together, I create a single outcome that combines 

timeliness and quality and then use the same regression models to study overall associations with 

each of my variables of interest.  

 

Even so, these regressions are merely to test whether strong associations exist and to provide the 

basis for future work focused on causality. 

 

Data 

I use data from a variety of sources to define outcome variables that capture the key elements of 

quality and timeliness of confirmatory trials as well as characteristics of drugs, indications and 

firms associated with each approval.  
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List of accelerated approval indications: 

The baseline dataset for this analysis is the list of all indications approved by the FDA as of 

December 2021. The analysis for this paper focuses on applications submitted after September 

2002. This restriction is done for several reasons. Firstly, much of the analysis in this paper relies 

on FDA records for approval letters. These records are generally unavailable for early years. 

Secondly, the pathway was used less frequently in previous years with many of the early 

approved indications being for HIV unlike now when a majority of the indications are for cancer.  

 

The restricted list contains a record of 221 indications. Of these indications, 127 (57%) are for 

original applications i.e. this is the first indication approved for the drug whereas the remaining 

94 (43%) are for supplementary applications. 40% of all indications relate to drugs that are 

biologics. There are 133 unique proprietary products with 70 unique applicants (manufacturers) 

associated with the highest number of applications filed by Merck (35) followed by Novartis (26) 

and Bristol Myers Squibb (15). Review times have a mean of 7.9 months and a median time of 6 

months. 

 

The dataset also captures the approved indication for each accelerated approval. Since the time to 

completion may be dependent on the nature of the disease, I hand-code several variables to 

codify major disease category. I code each indication as falling under the broad categories of 

hematological malignancies (lymphomas and leukemias), metastatic solid cancer, non-metastatic 

solid cancers, HIV and other.  

 



 13 

I also use the list of accelerated approvals to capture the experience of the FDA with accelerated 

approval process. I generate a variable that captures a running count of applications within a type 

of indicationF that have been approved by the FDA using the accelerated approval pathway.  

 

FDA approval letters 

Each application (new or supplemental) is accompanied by a letter from the FDA. In the case of 

accelerated approvals, these letters contain a record of what has been agreed upon by the 

manufacturer to satisfy the accelerated approval requirement. There is substantial variation in the 

level of information that these letters capture. Some of that variation is a function of when in the 

drug’s life cycle the requirement was drafted. For example, sometimes accelerated approval is 

granted even before a draft protocol has been submitted in which case the agreement tends to be 

vague. For Aduhelm, the letter states that “In order to verify the clinical benefit of aducanumab, 

conduct a randomized, controlled trial to evaluate the efficacy of aducanumab-avwa compared to 

an appropriate control for the treatment of Alzheimer’s disease. The trial should be of sufficient 

duration to observe changes on an acceptable endpoint in the patient population enrolled in the 

trial.”G Biogen was given 10 years to complete the trial. In other cases, there is more detailed 

information. For example, the approval letter for the breast cancer indication for Avastin lists the 

control group, blinding status and even study names since the trial was already underway at the 

time that the accelerated approval was granted.  

 

 
F defined at the disease-stage level for example, early-stage breast cancer and metastatic breast 
cancer are considered different types of indications 
G For full text, see Appendix B Exhibit B 
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I have completion dates for all but 11 applications in our sample. 6 of these applications refer to 

Levaquin for anthrax. Given that patients cannot be ethically exposed to the bacteria, 

confirmatory requirements for these drugs have often taken the form of a requirement to 

“cooperate with US-based public health agencies in evaluating data.”  Given that such 

requirements are by their nature, very different from other confirmatory studies, I remove these 

from our analysis sample. Furthermore, letters for Blincyto Supplement 18 and Darzalex Faspro 

Supplement 2 are not available on the FDA website. I also have no dates for Femara supplement 

11 or Keytruda supplement 34. In the case of the former, the approval letter asks for yearly 

updates and in the case of the latter, the application was approved prior to the submission of a 

draft protocol which is likely why checkpoints are mentioned without an estimated timeline. 

Similarly, for Gleevec supplement 16 there is a date for an interim report provided but the date 

for the final report is not indicated in the contract. This is also the case for Luveris which 

provides a date for the confirmatory trial to start but does not provide completion information. 

Consequently, these are dropped from my sample. 

 

I count an indication as having a delayed confirmatory trial if it has neither been withdrawn nor 

converted to traditional approval 6 months after the deadline set by the FDA. 

 

Drug labels and Review packets 

I use drug review packets to code whether any other therapeutic alternatives exist. In each review 

packet, the FDA provides a section discussing current treatments for the disease. I code drug-

indications where there are no approved therapeutic alternatives as specifically high medical 

need. Only 20 of 209 indications satisfy this criterion. 
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To extract information on the endpoints collected for completed confirmatory trials, I use labels 

and approval packets available on drugs@FDA when an application is converted to traditional 

approval. In case there are multiple confirmatory trials, I collect information on all endpoints 

used. There is significant variation in the types of endpoints used and in line with earlier 

literature, I document several cases where applications were converted to traditional approval by 

only showing an effect on a surrogate outcome. I allow a very flexible definition of clinical 

benefit to capture variation in clinical context. For example, in addition to overall survival , 

deaths, and reduction in disability, I also consider disease free survival (used for early breast 

cancer patients), and cytogenetic response (for chronic myeloid leukemia).  

 

Of the 87 indications that were converted to traditional approval, 47 trials measure some clinical 

endpoint of interest.  

 

Drugs@FDA 

Drugs@FDA contains a record of all applications and associated supplemental applications 

associated with drug applications since 1939. I use this data to construct firm-level and firm-year 

measures of FDA contact and financial dependence. I restrict the data to only data on new drug 

applications and associated supplementary applications which involve vetting of clinical data by 

the FDA. I restrict to supplements that denote an additional indication or some evaluation of 

clinical data since those supplements are associated with fees. Supplements with small labeling 

changes are excluded from the analysis.  
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I standardize sponsor names and then create manufacturer and manufacturer-year dataset that 

captures the number of NDAs and supplements. The graph below captures the distribution of 

new drug applications (including biologic license applications) corresponding to each 

manufacturer from 1992-2021 overall and at the application-year level. As can be seen, there is 

significant variation in both these measures. Applications per year have a mean of 2.4 

applications and applications from 1992-2021 have a mean of 9.9 applications.  

 

 

Figure 1.2: Applications per firm per year and total applications per firm from 1992-2021. 

Source: FDA 
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Kaiser Health News Patient Advocacy Organizations 

Patient advocacy organizations are not only associated with increasing awareness among the 

public about these diseases but increasingly are associated with lobbying efforts. In fact these 

organizations and activists played a key role in the formation of the accelerated approval 

pathway 24. In several cases, when the FDA has sought to withdraw an indication after a negative 

confirmatory trial or in cases where the manufacturer has not completed the trial, patient 

advocacy organizations have vocally supported retaining the indications25. Thus, their role in 

shaping this pathway remains central. I use Kaiser Health News’ list of patient advocacy 

organizations (PAOs) to map PAOs to indications. The data lists the name of the patient 

advocacy organization and its mission statement. I use the mission statement to create a 

crosswalk between diseases and affiliated patient advocacy organizations. This list was curated 

in 2015 although many of the organizations were in existence for many years before 2015. While 

an imperfect proxy, I create an indicator for whether a disease has any affiliated patient advocacy 

organizations. 

 

FDA orphan designation database 

I use FDA’s orphan drug designation database to extract whether an indication is an orphan 

indication.  

 

Summary statistics 

Below are some key summary statistics for our sample. 
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On average, each indication is given 48.2 months to complete confirmatory trials. Of 102 

indications for which we have confirmatory trial endpoints, 64.7% measure overall survival and 

60.2% are delayed. 

 

Most of our sample is comprised of cancer related indications with a majority being for 

indications that qualify as orphan indications and about a little less than half of the cancer 

indications being for metastatic cancers. Most of the drug applications in our sample are new 

drug applications. On average the FDA has about 4 applications within a condition. Conditions 

that are more frequently observed using this pathway are HIV and metastatic non-small cell lung 

cancer. 

 

Table 1.1: Summary Statistics: Dependent Variables 

 (1) (2) (3) (4) (5) 
VARIABLES N mean sd min max 
Outcome variables      
Time given by the FDA to complete 
confirmatory trials (months) 

209 48.23 31.05 1 168 

Delay 108 0.602 0.492 0 1 
Confirmatory trials measure clinical 
endpoints 

102 0.647 0.480 0 1 

Confirmatory trials measure clinical 
endpoints and are completed without delay 

108 0.241 0.430 0 1 

Firm/Influence characteristics      
Applications submitted between 2002 and 
2021  

209 142.7 123.9 1 353 

Applications submitted within year of AA 209 9.029 9.322 1 32 
Any patient advocacy organization 209 0.761 0.428 0 1 
Disease characteristics      
Cancer 209 0.799 0.402 0 1 
HIV 209 0.0335 0.180 0 1 
Solid metastatic cancer 209 0.316 0.466 0 1 
Solid non-metastatic cancer 209 0.172 0.379 0 1 
Hematological malignancy 209 0.311 0.464 0 1 
FDA related variables      
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High medical need 209 0.0957 0.295 0 1 
Orphan 209 0.632 0.484 0 1 
FDA experience 209 4.589 5.879 1 31 
Supplementary application 209 0.397 0.490 0 1 

 

1.4 Results 

Below I present the distributions of and trends for each of our outcome variables. 

a) Variation in time given for completion of confirmatory trials 

After the approval of Aduhelm, there was a prominent concern that the FDA gives accelerated 

approval drugs too much time to show benefit thereby exposing patients to drugs with uncertain 

benefit for long periods of time. This certainly seemed true in the case of Aduhelm which was 

given 9 years. However, this does not seem to be a widespread phenomenon. Below, I plot a 

distribution of the time given by the FDA to complete confirmatory trials for all applications 

approved from 2002-2021. 
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Figure 1.3: Time from date of approval to estimated completion date; Source: FDA Approval 
letters 
 

The indications are given about 48.4 months on average and only about 12% are given more than 

7 years. The 29 indications that do receive greater than 7 years cover cancers and non-cancer 

indications. Notably though both Makena and Aduhelm which have been particularly 

problematic cases for the accelerated approval pathway did receive more than 7 years to 

complete confirmatory trials. Regression analysis suggests that firm influence is negatively 

correlated with time given even after controlling for disease fixed effects and adding in several 

controls. In models with disease fixed effects, patient advocacy organizations are associated with 

an additional 5.8 months given to complete confirmatory trial. Orphan indications and 

indications with no therapeutic alternatives are also associated with more months for approval 

across regressions although the estimates lose statistical significance in the full model. Finally, 
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FDA experience is consistently associated with reduction in months given for completion of 

confirmatory trials. This provides some evidence of all 3 theories at play although if regulatory 

capture is at play, it is linked to patient advocacy organizations and not to firm characteristics. 

 

Table 1.2: Outcome variable: Time given for completion of confirmatory trials  

  (1) (2) (3) (4) (5) (6) (7) 
VARIABLES        
                
Applications 
submitted within year 
of AA -0.624*** -0.525**     -0.490** 

 (0.183) (0.207)     (0.203) 
Patient Advocacy 
Organization -1.506 6.210     5.789 

 (5.130) (5.439)     (5.199) 
Orphan   14.84*** 8.410*   6.491 

   (3.900) (4.591)   (4.579) 
No other therapeutic 
alternative   18.39** 14.85*   7.822 

   (7.466) (8.158)   (7.885) 
FDA experience     -1.769*** -2.058*** -2.055*** 

     (0.196) (0.484) (0.470) 
Constant 55.01*** -23.82 37.10*** 525.2 56.35*** -482.3 -490.1 

 (5.098) (815.8) (2.624) (816.1) (2.684) (822.3) (847.9) 
        

Observations 209 209 209 209 209 209 209 
R-squared 0.036 0.126 0.079 0.126 0.112 0.150 0.192 
Linear time trend NO YES NO YES NO YES YES 
Disease fixed effects NO YES NO YES NO YES YES 
Robust standard errors in 
parentheses       
*** p<0.01, ** p<0.05, * p<0.1       

 

b) Delays in completion of confirmatory trials 

I rely on dates set by the FDA and the manufacturer at the time of approval and consider a trial to 

have been delayed if the accelerated approval is not converted or withdrawn after 6 months of 

the date provided. In this way, this measure is inclusive of dangling approvals where the trials 

have shown lack of benefit, but no action is taken by the FDA.  
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The results with delays show relatively similar rates of delay across disease types with some 

reduction in delays over time. 

 

Figure 1.4: Completion within time given. Source: Author’s calculations 

Indications that delay are different from indications that do not delay on several different 

characteristics. Firm influence is negatively related to delays but patient advocacy organizations 

are positively related although both estimates are statistically insignificant. Orphan indications 

are positively related but indications without therapeutic alternatives are negatively related to 

delays but these estimates are also statistically insignificant. Finally, FDA experience is 

negatively related to delays. These regressions also suggest that there may be benefits associated 

with FDA experience and find limited support for the regulatory capture hypothesis. 
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Table 1.3: Outcome variable: Delay 

  (1) (2) (3) (4) (5) (6) (7) 
VARIABLES        
                
Applications 
submitted within year 
of AA -0.0274 -0.0227     -0.0255 

 (0.0367) (0.0430)     (0.0424) 
Patient Advocacy 
Organization -0.400 0.691     0.788 

 (0.489) (0.748)     (0.853) 
Orphan   0.213 0.649   0.614 

   (0.404) (0.505)   (0.524) 
No other therapeutic 
alternative   0.318 0.0425   -0.585 

   (0.711) (0.929)   (0.901) 
FDA experience     -0.0390 -0.165* -0.188** 

     (0.0306) (0.0888) (0.0912) 
Constant 0.919* 233.5** 0.258 273.8*** 0.609** 197.7** 216.0* 

 (0.485) (99.15) (0.317) (106.0) (0.247) (99.35) (110.4) 
        

Observations 108 108 108 108 108 108 108 
Linear time trend NO YES NO YES NO YES YES 
Disease fixed effects NO YES NO YES NO YES YES 
Robust standard errors in 
parentheses       
*** p<0.01, ** p<0.05, * p<0.1       

 

 

c) Use of clinical endpoints for conversion to traditional approval 

Finally, I consider the share of indications that measure a clinical endpoint of interest instead of 

another surrogate measure. Here, I count withdrawals as having measured a clinical endpoint of 

interest since we can rule out survival benefits for indications that have been withdrawn. More 

than half of all converted indications are converted on the basis of some clinical endpoint of 

interest which is higher than shares highlighted by earlier research. This may be because our 

definition of clinical endpoint is looser than what has been used by previous literature. 



 24 

 

Figure 1.5: Clinical benefit shown if converted to traditional approval Source: Author’s 
calculations 
 

 

Results from the regression model suggest a negative relationship between bigger firms and the 

use of clinical endpoints although the estimates are not statistically significant. Surprisingly, 

patient advocacy organizations have a positive relationship with the use of clinical endpoints 

with a fairly large magnitude but the estimate loses statistical significance when considering 

disease fixed effects and the full model. For other variables of interest as well, the coefficients 

are not statistically significant. FDA experience is positively associated with the use of clinical 

endpoints.  
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Table 1.4: Outcome variable: Clinical benefit shown 

  (1) (2) (3) (4) (5) (6) (7) 
VARIABLES        
                
Applications 
submitted within year 
of AA -0.0521 -0.0408     -0.0483 

 (0.0362) (0.0400)     (0.0435) 
Patient Advocacy 
Organization 1.775*** 1.255     1.135 

 (0.508) (0.770)     (0.799) 
        

Orphan   -1.238*** -0.650   -0.761 
   (0.449) (0.517)   (0.510) 

No other therapeutic 
alternative   0.401 1.527   1.456 

   (1.301) (1.658)   (1.684) 
FDA experience     0.0873** 0.0199 0.0322 

     (0.0366) (0.0863) (0.0954) 
Constant -0.312 83.50 1.305*** 73.62 0.204 110.9 61.93 

 (0.497) (99.09) (0.360) (99.55) (0.263) (102.0) (111.6) 
        

Observations 102 95 102 95 102 95 95 
Linear time trend NO YES NO YES NO YES YES 
Disease fixed effects NO YES NO YES NO YES YES 
Robust standard errors in 
parentheses       
*** p<0.01, ** p<0.05, * p<0.1       

 

 

The results above point to several issues with the management of the pathway mostly driven by 

delays in completion of confirmatory trials. I create a joint metric that captures both timeliness 

and quality of trial and show low levels of that joint variables over time as well. The headline 

number of this chart is that only 25% of indications show a clinical benefit within the time 

agreed upon between the manufacturer and the FDA.  
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Figure 1.6: Clinical benefit shown within time agreed upon at time of accelerated approval. 
Source: Author’s calculations 
 

 

Patient advocacy organizations and highly influential firms are consistently negatively related to 

timely and high quality confirmatory trials, the association is not statistically significant. Orphan 

indications are consistently negatively related to timely and high quality confirmatory trials 

which may suggest that the FDA is more lenient with these indications. The most consistent 

predictor of quality is FDA experience. This is particularly driven by FDA experience reducing 

delays. This is in line with anecdotal evidence. For example, one of the issues with Makena and 

Aduhelm was that the FDA had not previously approved drugs for these therapeutic areas. At 

that time, it was difficult to both anticipate the types of challenges that may face these trials but 

also more fundamentally in defining the characteristics of a confirmatory trial
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1.5 Conclusion 

This pathway remains an important approval pathway for bringing novel drug-indications to the 

market for conditions where immense patient need exists. However recent events have 

highlighted various weaknesses of the pathway. My analysis also presents a concerning picture. I 

highlight two primary facts. Firstly, confirmatory trials are delayed for a significant share of 

indications and secondly that the bar for conversion to traditional approval is lower than what is 

encoded in the statute. 

 

In the ways that I encode the delay variable, delays could be driven both by firms delaying the 

confirmatory trials and the FDA delaying to take action on inefficacious drugs but analysis of so-

called dangling accelerated approvals26 suggests that this is a minority of the total delays I 

observe. Consequently, either the delays we observe are driven by firms exerting low influence 

to complete these confirmatory trials since they are not punished for not following through with 

their commitments or these delays are reflective of the FDA underestimating the time required to 

complete these trials. Since delays become less likely as the FDA gains experience and we do 

not observe more time being granted as the FDA gains experience, the latter is unlikely to be the 

correct explanation for the delays. Furthermore, prior research also documents very limited 

upside (in so far as prices are concerned) of completing confirmatory trials27 which rationalizes 

why firms are not energetically pursuing these confirmatory trials.  

 

My results also suggest a positive role for FDA learning in combatting these issues. A quick 

review of the Aduhelm approval letter underscores the difficulty of regulating in a space where 
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limited information exists. At the time that drug is approved, it is unclear what a suitable 

endpoint would be and how long the confirmatory trial would take. While this is concerning in 

the short run, since we are likely to see an increasing number of new diseases especially 

neurodegenerative diseases getting approved through this pathway, this could mean that the 

performance of the pathway would improve over time. FDA learning could be expedited if more 

detailed and transparent information is available to the public about the tradeoffs the FDA 

considered in each decision.  

 

Several policy levers have been discussed to reform this pathway. For example, requiring 

confirmatory trials to be underway at the time of approval seems likely to increase timely 

confirmatory trials.13 Synergies exist across proposals and some proposals would likely be 

ineffective or even counter-productive without others. For example, while accelerated 

withdrawal may be useful for weeding out products that are ineffective, the processes outlined 

for how this will be put into action are key for determining usefulness of this legislation. If 

accelerated withdrawal is to be accompanied by lengthy arbitration processes involving public 

hearings and time for public comment, it may not be helpful in reducing the time that ineffective 

products are on the market. Safeguards for drug manufacturers in these cases push the burden of 

proving lack of efficacy on the FDA as opposed to retaining the burden of providing effective 

drugs on the manufacturer. Similarly, regular updates by manufacturers will likely not have 

much of an effect if not accompanied by definite penalties for delays. It is to note that proposals 

have generally not addressed the quality of endpoints used for confirmatory trials. As my results 

show, that is an important dimension which needs to be regulated better.  
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Finally, regulatory solutions are an important part of the puzzle but may not be enough to reduce 

spending on and utilization of drugs for indications where efficacy is not confirmed. Many of 

these drugs are approved for multiple indications and so indication-specific withdrawals may still 

mean that the drug remains on the market and providers continue to prescribe the drug. While the 

FDA could still exert some influence by requiring clearer labelling for accelerated approvals and 

the evidence used to support the indication, more effort to educate payers and providers would be 

needed to reduce usage.
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Chapter 2: The Scope of Policy Changes to the Accelerated Approval 
Pathway: An evaluation of several policy proposals 
 

2.1 Introduction 

The accelerated approval pathway allows drugs to be approved on the basis of a surrogate 

endpoint which is reasonably likely to predict clinical benefit with the stipulation that clinical 

benefit is verified by confirmatory trials conducted post-approval. At the time of approval, the 

manufacturers and the FDA agree to a completion time for that confirmatory trial but 

confirmatory trials are often delayed and slow to complete11. As a result, several policy proposals 

have been put forward, most recently in discussions regarding the User Fee Act of 2022 to 

improve the workings of this pathway2829. These policy proposals have included: ensuring that 

confirmatory trial protocols are submitted prior to approval, confirmatory trials are started prior 

to approval, accelerated withdrawal within 5 years, accelerated withdrawal in case confirmatory 

trials are delayed, and other similar modifications to the FDA AA process. However, the 

potential impact of different proposals remains poorly understood. In this letter, we characterize 

which indications would have been delayed/withdrawn if 6 of the different proposed policies had 

been applied to AA approvals from September 2002- December 2021, assuming no other 

changes in the system. 

 

2.2 Methods 

I use an FDA database that captures all accelerated approvals granted by the FDA from 

September 2002- December 2021 including information about the indication, the date of 

accelerated approval and the present status of the approval (indication confirmed/withdrawn/not 

yet converted). I extract information from approval letters for each indication available on the 
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drugs@FDA website which capture details of the agreement between the manufacturer and the 

FDA about the post-approval confirmatory trial. Of 221 drug-indications approved over this 

period, I am missing approval letters/dates of completion for 5 indications which are dropped 

from analysis. I also drop all approvals for anthrax poisoning since the post-approval 

commitment for those indications is not a confirmatory clinical trial but rather a commitment to 

work with public health authorities. While there is variety in the level of available information in 

these contracts, they provide an estimated time of completion for all trials as well as information 

about the stage of the confirmatory trial when the approval was granted. 

 

For each of our 6 policies, I evaluate the number and share of indications that would fall under 

the scope of each policy. I then compare those numbers to the actual number of withdrawals in 

the effective sample and calculate how many of these withdrawals would have fallen under the 

scope of the policy. For each policy, I use the cohort of indications that would be exposed 

completely to the policy to ensure that my estimates are not biased. For example, to study the 

impact of withdrawal after 5 years, I use indications that I observe at least 5 years after approval. 

Similarly, to study the impacts of delay, I use the cohort of drugs that I observe for 6 months or 1 

year after the completion date agreed upon with the FDA. 

 

2.3 Results 

Table 1 Panel A shows the scope of the pre-approval policies. I find that 30% and 23% of 

indications are in scope of the policies that require confirmatory trial initiation and submission of 

completed protocols pre-approval respectively. Only a relatively small share of these indications 

is actually withdrawn.  



 33 

 

Table 1 Panel B shows the scope of the post-approval policies. Our results show that accelerated 

withdrawal in case a confirmatory trial is not completed 6 months after agreed upon date would 

lead to the withdrawal of about 60% of drug-indications (calculated over the effective sample 

number given in column (1)) which is significantly higher than the share impacted by accelerated 

withdrawal after 1 year of delay (40%) or accelerated withdrawal after 5 years on the market 

without completion of confirmatory trial (38.2%). These are all significantly higher than the 

number of actual withdrawals (7%-12%) and do not cover all the indications that were actually 

withdrawn. 

Table 2.1: Share of indications in scope 

 1 2 3 4 5 6 
Policy Number of 

indications 
assessed 

Number in 
scope  

Share in 
scope (%) 

Number 
actually 
withdrawn 

Share 
actually 
withdrawn 
(%) 

Number of 
applications 
in scope 
that were 
withdrawn 

Panel A       
Pre-approval policies 
Confirmatory 
trial started 
pre-approval 209 62 29.67 15 7.18 5 
Submitting 
completed 
protocols 209 49 23.44 15 7.18 3 
       
Panel B       
Post-approval policies 
Accelerated 
withdrawal 
after 5 years 89 34 38.2 7 7.87 3 
Accelerated 
withdrawal 
after 6 
months of 
delay 108 65 60.19 13 12.04 9 
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Accelerated 
withdrawal 
after 1 year 
of delay 99 40 40.4 11 11.11 7 
Accelerated 
withdrawal 
after 6 
months of 
delay AND 5 
years post-
approval 83 27 32.53 7 8.43 3 

 

2.4 Discussion 

Our results show significant variation in scope of different policies although all policies impact a 

greater share and different set of indications than actual withdrawals. It is to note that in creating 

more stringent time-dependent guidelines for confirmatory trials, there may be incentives for 

even poorer quality confirmatory trials which is an especially important concern given 

significant documented issues regarding the quality of confirmatory trials12. Furthermore, 

completely removing the discretion of the FDA by instating policies like accelerated withdrawal 

after 5 years may disproportionately impact diseases whose clinical trials take longer to complete 

but giving too much leeway may hamper FDA’s ability to enforce timelines. Fixed-term policies 

may also more disproportionately impact neurologic diseases which are beginning to be 

approved in greater numbers through the AA pathway. Finally, for any of these policies, there 

needs to be a robust mechanism that enables enforcement. For example, mechanisms for 

accelerated withdrawal should be simple and retain the onus of proof of benefit on manufacturers 

as opposed to pushing the burden on the FDA to prove lack of benefit.



 35 

Chapter 3: Association between pre-approval initiation and post-
approval completion of confirmatory trials in the FDA accelerated 
approval pathway 
 

3.1 Introduction: 

The accelerated approval (AA) pathway of the US Food and Drug Administration (FDA) allows 

drugs to be approved if they demonstrate an effect on a surrogate endpoint, with the stipulation 

that clinical benefit is verified in confirmatory trials conducted post-approval. Confirmatory 

trials are slow to complete and often delayed.14 This has led to calls for reforming the AA 

pathway. One of the proposed reforms, supported by the FDA, is requiring the initiation of 

confirmatory trials prior to AA.30 Senior FDA officials have identified an association between 

pre-approval confirmatory trial initiation and faster completion of confirmatory trials for the 

subset of oncology indications that have ultimately verified benefit or been withdrawn.31 We 

sought to extend the FDA analysis by also considering non-oncology indications and additional 

outcomes; 3- and 5-year confirmatory trial completion rates and delays to target timelines.  

 

3.2 Methods 

Using FDA records, we identified all drug indications granted AA between September 2002 and 

December 2021. For each indication, we extracted information about post-approval confirmatory 

trial requirements and target completion dates from approval letters available on Drugs@FDA. 

We then linked confirmatory trial requirements to corresponding information available on 

clinicaltrials.gov using a similar matching algorithm as previous studies.12  
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We first analyzed rates of 3- and 5-year conversion to regular approval or withdrawal of AA 

indications and rates of conversion and withdrawal within the timeline agreed upon between the 

manufacturer and the FDA at time of approval. We restricted the sample to indications with 

initial approval dates before 2019, before 2017, and those with target completion dates before 

July 2021, respectively. We then plotted Kaplan-Meier curves for subsets of AA indications to 

examine whether the association between pre-approval trial initiation and faster conversion to 

regular approval or withdrawal varied between cancer and non-cancer indications, and between 

orphan and non-orphan indications. We also compared trial completion for indications approved 

before and after the passage of 2012 FDA Safety and Innovation Act.  

 

This study used publicly available data and was classified as exempt by the Harvard Pilgrim 

Health Care Institutional Review Board. 

 

3.3 Results 

Among 209 AA indications in our sample, those that had confirmatory trials started pre-approval 

(n=154, 74%) had higher rates of 3-year conversion to regular approval or withdrawal (39.2% vs 

13.3%), 5-year conversion or withdrawal (76.2% vs 26.9%) and confirmatory trial completion 

within target timelines (43.6% vs 23.8%) than those that did not have confirmatory trials started 

pre-AA. (Figure 1) 

 

The association between pre-approval initiation and post-approval completion of confirmatory 

trials was also observed in key indication subgroups (cancer vs. non-cancer; orphan vs. non-

orphan) and before and after the 2012 FDA Safety and Innovation Act. (Figure 2) 
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3.4 Discussion 

Between 2002 and 2021, AA drug indications that had confirmatory trials started pre-approval 

had faster conversion to regular approval or withdrawal than those that did not. Confirmatory 

trials initiated before FDA approval would have a higher likelihood of recruiting adequate 

numbers of participants who would post-AA rightfully question enrolling in a trial testing the 

efficacy of an already-approved drug. Requiring pre-approval initiation of confirmatory trials 

would therefore avert delays due to patient accrual. Such a requirement may also allow the FDA 

to influence the design of confirmatory trials, ensuring that confirmatory trials have greater 

internal and external validity. Our results have limitations. First, despite a rigorous matching 

strategy, we may have missed some confirmatory trials due to limitations of publicly available 

information. Second, we relied on conversion to full approval, which may not be based on 

evidence of clinical benefit.32 Our results suggest that reforming the AA pathway by ensuring 

confirmatory trials are started pre-approval is likely to result in more timely confirmatory trials 

although it may marginally delay launch. 
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Figure 3.1 Completion rates by pre-approval initiation status of confirmatory trials 
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Figure 3.2 Confirmatory trial completion (indication approval conversion/withdrawal) rate 

differences by trial initiation and drug indication type 
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Chapter 4: The Impact of Negative Confirmatory Trials on Prescription 
Volumes for Indications Approved using the FDA’s Accelerated 
Approval Pathway 
 

4.1 Introduction 

The US Food and Drug Administration (FDA) is increasingly using a life cycle model of 

regulation33 which relies on post marketing commitments and requirements to generate safety 

and efficacy information after approval instead of focusing all examination effort prior to market 

entry of a molecule. While this model has the benefit of reducing pre-approval timelines 

especially for drugs where high medical need exists, it introduces another problem: requiring that 

the new information that is generated is quickly taken up by regulators and passed on to 

providers so that their prescribing decisions make use of the most up-to-date information.  

 

The process of information dissemination in the post marketing period is complicated by the 

complex nature of the channels through which efficacy and safety information is disseminated to 

providers and patients (for example, through formal changes to labeling,34 FDA announcements, 

conference presentations35, key opinion leaders,36 press releases and marketing materials by 

pharmaceutical firms) and the political economy of post-marketing regulatory decisions. These 

issues are particularly exacerbated in cases where the new information provides a negative signal 

about the safety and efficacy of drugs. 

 

The withdrawal proceedings for hydroxyprogesterone caproate’s indication for the prevention of 

pre-term birth exemplify the issues with this process. The drug was approved in 2011 on the 

basis of a single study which had several statistical problems37 but given the public health 
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importance pre-term birth and lack of treatment options for the condition, the FDA granted it 

accelerated approval. The confirmatory trial was supposed to be completed by 2016 but was 

completed 3 years later in 2019 and showed no evidence of clinical benefit. An advisory 

committee vote was sought with nine members voting to withdraw the drug and seven members 

voting to allow the drug to remain on the market and conduct an additional confirmatory trial.38 

When the FDA sought to withdraw hydroxyprogesterone caproate’s indication as a result of this 

vote, Covis Pharma, the drug’s manufacturer, requested a public hearing. The hearing was finally 

conducted in October 2022 with a 14-1 vote to withdraw hydroxyprogesterone caproate.39 The 

manufacturer has only recently decided to pull the drug from the market.  

 

However, even though the drug will only be withdrawn now, each of the events in the drug’s 

regulatory history provided information that could be taken up by providers. A study of usage of 

hydroxyprogesterone caproate finds declines after the confirmatory study is published and the 

advisory committee meeting votes.40 This highlights the important role of information 

dissemination outside of the FDA’s formal role of withdrawing indications in response to 

negative information from confirmatory trials.  

 

This paper seeks to study whether the informal channels of information dissemination such as 

press releases or conference presentations can be viable tool in reducing prescriptions for drugs 

that are proven to be ineffective.  

 

To do so, we study a set of oncology drugs where post-marketing studies failed to confirm 

clinical benefit. These drugs were approved by the FDA through the accelerated approval 
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pathway by showing an effect on a surrogate endpoint often in small, single arm trials. At the 

time of the approval, the manufacturing firms committed to conducting post-marketing 

confirmatory trials to verify clinical benefit, but the agreed-upon trials failed to show benefit. We 

study whether the new information generated through the trials impacted prescribing decisions.  

 

This work contributes to a growing literature on the impact of new information on the use of 

pharmaceuticals. A significant share of this literature has focused on the evolution of response to 

safety signals. For example, studies on the impact of black box warnings for antidepressants 

found significant declines in the use of these drugs likely to the detriment of patients who may 

have benefitted from these drugs41,42. The literature on the impact of new efficacy information is 

much more limited. Berger, Chandra and Garthwaithe (2021)34 find increases in prescription 

volume following the approval of new indications and McKibbin (2020)35  finds an increase in 

usage for indications where new trials find evidence of efficacy even when the indication is not 

on-label.  

 

However, negative confirmatory trials are different from the above studies in several ways. 

Firstly, they differ from the first set of studies since they offer a signal about efficacy and not 

safety. Secondly, this signal is generated after the drug has already been on the market for many 

years with the assumption that the drug-indication is FDA approved and hence effective for the 

indication under study. These drugs remain on the market even after the negative information is 

made public or even when the indication itself is withdrawn (if the drugs have other indications) 

increasing the relevance of understanding how information is flowing through the medical 
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ecosystem. This is especially important in light of evidence of high take up of these drugs for 

these indications43 and documented difficulties in de-adoption from other contexts44. 

 

The paper proceeds as follows. The next section discusses the context of the accelerated approval 

pathway in general and oncology in particular. Section 3 presents an overview of the methods 

and the data used to study responses to negative information and section 4 provides results. 

Section 5 concludes.  

 

4.2 Context 

FDA Accelerated Approval Pathway 

To approve drugs that treat unmet medical needs faster, the FDA has a separate approval 

pathway known as the accelerated approval pathway which allows approvals based on showing 

an impact on a surrogate endpoint. The surrogate endpoint need only be “reasonably likely” to 

predict clinical benefit and generally limited evidence exists linking the surrogate endpoint to the 

clinical endpoint of interest.45 In many cases, the accelerated approval is granted on the basis of 

small, single arm trials.32,46,47 

 

In exchange for expedited access to the market, manufacturers commit to conducting post-

marketing studies to confirm benefit. The FDA requires that confirmatory trials are conducted 

which “verify and describe” the drug’s benefits. These studies may either already be under way 

at time of approval or may have to be initiated after approval.13 There is no clear guidance on the 

specifics of confirmatory trials and these trials are often delayed.14 
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While the law gives FDA the discretion to withdraw indications if they fail to verify benefit, the 

process is lengthy and provides manufacturers the opportunity to request justifications and public 

hearings which may be cumbersome to organize. FDA officials such as Center for Drug 

Evaluation and Research Director Dr. Patrizia Cavazzoni have underscored how the withdrawal 

process is “anything but expedited” and “can take up to 2 years and require lots of resources and 

lots of administrative burden.”28  

 

Oncology specific characteristics:  

This paper focuses specifically on oncology indications. This restriction is done for several 

reasons. Firstly, while the accelerated approval pathway was introduced in 1992 in response to 

the criticism around delays in approving therapeutics for HIV/AIDS, it has now increasingly 

used for oncology indications. Over 50% of all recent oncology indications have been approved 

using this pathway48 and over 80% of indications approved using the pathway are oncology 

indications.  

 

Secondly, cancer drugs account for a significant and growing share of spending. Recent 

estimates suggest that median oncology drug spending per beneficiary under Medicare Part B 

rose from $9325 to $18761 from 2016 to 2020.49  

 

Thirdly, there are unique characteristics of cancer care that make it an especially interesting 

context to study the flow of new information. Cancer care is a particularly dynamic field with 

many new molecules and indications approved by the FDA ever year. In addition to formal 

channels of approval, off-label use is rampant in oncology. Estimates suggest that between 21%-



 45 

39% of prescriptions in oncology are for off-label uses.35,36,50–52 Adoption of new evidence in 

oncology is driven by an extensive information infrastructure. This includes marketing by 

pharmaceutical firms and while these firms are not allowed to promote or advertise for off-label 

uses, they can distribute scientific material on new trials.53 Furthermore, conference 

presentations35, publications and host of compendia are sources of information dissemination. 

The scientific compendia are particularly interesting since they provide prescription guidelines 

which are independent of FDA approval status.17 These guidelines are often the basis for payer 

policies.18 Finally, many oncology drugs have multiple indications and remain on the market 

even when one or more indications are withdrawn. This reduces the ability of the FDA to reduce 

prescriptions through withdrawal of indications and highlights the importance of other 

information channels in disseminating negative information and in establishing the credibility of 

the new information.  

4.3 Methods 

Previous research has focused on limited case studies of how prescription patterns responded to 

negative efficacy information. Notable in this strand are studies on hydroxyprogesterone 

caproate for preterm birth40 and bevacizumab for breast cancer.18 This study expands the sample 

to all injectable oncology drugs approved using the accelerated approval pathway that have 

failed to verify benefit. We study whether on average, negative information generated through 

confirmatory trials has changed prescribing patterns.   

 

To answer this question, we assemble a dataset of events for each of the indications in our 

sample. We note the earliest date that negative information is made public for each indication. 

We then use a commercial claims dataset to isolate indication specific usage over time and link it 
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to the timeline of events constructed earlier. We use an event study framework to study the 

impact of information from negative confirmatory trials. We then focus on individual case 

studies to highlight heterogeneity in the response to this information and discuss possible causes.  

We discuss the data and the methods in more detail below. 

 

Data 

We primarily assemble two datasets. 

1) Database of information events: 

Gyawali, Rome and Kesselheim (2021) report cases of 16 indications for injectable oncology 

drugs which were approved using the accelerated approval pathway and failed to verify clinical 

benefit.17  Failure is defined here as the inability to meet the defined threshold for statistical 

significance for the predefined primary endpoint. These are the basis of the analysis in this paper. 

 

We use information available from Gyawali, Rome and Kesselheim (2021) and cross check the 

provided dates with information in the publication’s sections of clinicaltrials.gov or other data 

available through google searches. In some cases, the negative information is made public 

formally such as through an ODAC meeting or through company press releases or publications. 

This search aims to ensure that we isolate the first event of the negative information generation 

which may, in some cases, be even before the confirmatory trial has been fully completed.  

 

Of the 16 injectable drugs in Gyawali, Rome and Kesselheim (2021), only tositumomab did not 

complete the confirmatory trial and voluntarily withdrew the indication likely due to declining 
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sales.54 This indication is dropped from the rest of the analysis given the lack of a lag between 

negative information and the withdrawal of not only the indication, but the drug itself.  

 

Ten of the 15 remaining indications were part of the industry wide evaluation of the accelerated 

approval program for oncology drugs initiated by the FDA’s Oncology Center of Excellence and 

Office of Oncologic Disease in 2021.55 At the time of this reevaluation, four indications were 

voluntarily withdrawn: nivolumab for small cell lung cancer, durvalumab for treatment of 

urothelial cancer (second line), pembrolizumab for small cell lung cancer and atezolizumab for 

urothelial cancer (second line). The remaining six were discussed in a meeting of the oncologic 

drug advisory committee which voted to withdraw only two of the indications: nivolumab for 

hepatocellular cancer and pembrolizumab for gastric cancer. For the remaining indications, the 

ODAC voted to maintain the indication. 

 

By the third quarter of 2021, 3 of 15 indications were converted to traditional approval and 10 

were withdrawn. 2 indications remain as accelerated approval indications.  

 

As the table below shows, there is significant variation in the duration between accelerated 

approval and the generation of this negative information. The shortest is a two-month lag 

between the approval of nivolumab for small cell lung cancer versus 125 months between the 

approval of gemtuzumab for AML and the generation of information about its lack of efficacy. 

There is also considerable variation between the negative confirmatory trial and a 

withdrawal/conversion decision. For example, for bevacizumab for glioblastoma, the trial 

information is made public while the indication is granted traditional approval through company 
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press releases. In other cases, such as atezolizumab for second line treatment of urothelial cancer, 

it has taken 47 months for withdrawal.  

 

 N mean sd min max 
Time between accelerated 
approval and negative 
confirmatory trial (months) 

15 34.07 35.17 2 125 

Time from AA to FDA 
withdrawal decision (months) 

10 50 32.77 21 138 

Time from AA to approval 
(months) 

3 68.33 30.02 51 103 

Time from negative confirmatory 
trial to withdrawal (months) 

10 16.80 12.93 2 47 

Time from negative confirmatory 
trial to FDA traditional approval 
(months) 

3 17 18.68 0 37 

Table 4.1: Summary statistics on the timeline of evidence generation for the 15 indications in our 

sample.  

 

2) Data on usage of indications: 

To study usage of each indication, we use Optum Clinformatics data with claims from a large US 

insurer covering commercial and Medicare Advantage patients. Medical and pharmaceutical 

claims are available for patients from 2007 to the third quarter of 2021.  

 

The drugs in our sample are injectable drugs and we rely on medical claims to extract all claims 

for each drug in our sample. Since each regulatory event or information shock is indication 

specific, we create algorithms to allow us to identify which claims for each drug are for the 

particular indication we are studying. For some indications, these algorithms are simple. For 

example, for bevacizumab for breast cancer or glioblastoma, the indications under study are the 

only indications for bevacizumab for the particular type of cancer. In these cases, I rely on using 
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associated ICD-9 and ICD-10 diagnosis codes to identify usage for these indications. In other 

cases, such as for small cell lung cancer, the ICD codes are not specific enough to differentiate 

usage for small cell lung cancer from non-small cell lung cancer. In those cases, I adapt 

algorithm from other contexts which use prior small cell lung cancer specific therapies to 

identify usage for small cell lung cancer. Similarly, in cases where first line and second line uses 

are identified (such as the case of atezolizumab for urothelial cancer) I extract information on 

prior therapies to differentiate between uses. A detailed description of algorithms for each 

indication is provided in Appendix A.  

 

I sum the number of unique dispensing at the month level. Furthermore, to mitigate concerns 

about changes in prevalence of different indications, I use the claims data to create counts of 

total patients with each relevant diagnosis within a month. I restrict the analysis to the first three 

positions on a claim (a rule often used to isolate primary diagnoses) and count the prevalence of 

unique patients with the diagnoses of interest each month. 

 

 N mean sd min max 
Number of total patients with diagnosis 371 9,642 13,643 961 58,465 
Number of total patients with diagnosis in 
the month of the negative confirmatory 
trial 

15 9,623 13,980 1,083 52,225 

Number of claims for relevant drug-
indication use 

371 118.2 154.0 0 788 

Number of claims for relevant drug-
indication use in the month of the negative 
confirmatory trial 

15 135.6 173.2 0 633 

Number of claims for indications per 1000 
patients with relevant diagnosis  

371 24.15 32.55 0 147.6 

Number of claims for indications per 1000 
patients in the month of the negative 
confirmatory trial 

15 27.38 35.42 0 137.9 

Table 4.2: Summary statistics based on claims data within 1 year of negative information event.  
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Statistical analysis:  

We are interested in assessing whether there is any volume response when the negative results of 

a confirmatory trial are made public. We flexibly allow for various avenues for this information 

to become public including ODAC meetings or publications or press releases if they are the first 

public announcement associated with the confirmatory trial. If there is no volume response to a 

negative confirmatory trial (the null hypothesis), we can conclude that on average, the 

information generated by these trials is not used by prescribers which would present a failure of 

the regulatory infrastructure.   

 

The estimated model uses an event study approach. We use drug-indication fixed effects and 

year fixed effects. We also include in the model, a variable for how long each drug-indication 

has been on the market which captures growth in demand for each drug-indication over time. 

The drug-indication fixed effects capture time invariant beliefs about drug efficacy. The event 

date is the month in which the information was released. I calculate effects for twelve months 

before and after the event.  

!"#$%&	()*	(#+$),+&	-$+ℎ	*)")/#,+	0$#1,2&$&!"#

=	4$ + 6 7 ∗ 1(+ − +%&%'# = ")
()%

()*+
+ =+$%)	&$,>)	#((*2/#"!"# 	+ ?!" + 7#

+	@!"# 

 

To interpret the post-negative confirmatory trial estimates as causal, we need three main 

assumptions. The first assumption is that the release of the information is not strategic i.e. 
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pharmaceutical firms are not releasing/allowing information to be released when use is declining 

for other reasons. Several contextual reasons provide evidence that information is not being 

strategically released. Firstly, we are very flexible in when we count negative information as 

having been released and some of the first events are outside of the firm’s direct control such as 

FDA announcements based on data submitted to the FDA. Secondly, while there are cases where 

drug companies have suppressed negative research findings56, it is much harder to suppress 

information related to confirmatory trials given the close scrutiny of the FDA and the 

requirement to keep the FDA apprised of the status of the confirmatory trials. 

 

The second assumption is that there is no other information being released at the same time as 

the negative confirmatory trial. To cement this, we define indications to be as specific as possible 

to reduce the likelihood of other information biasing our result. For example, for nivolumab for 

melanoma, the accelerated approval covers BRAF V600 mutation-positive unresectable or 

metastatic melanoma as well as the use of nivolumab with ipilimumab for unresectable or 

metastatic melanoma. Since we cannot observe mutation status and there is a traditional approval 

for nivolumab for BRAF V-600 wild type metastatic melanoma, we define the sample to only be 

restricted to cases where nivolumab was administered with ipilimumab for melanoma. In case 

information is released about efficacy for other indications, our narrowly defined samples should 

not be impacted by this other news. I also check whether any therapeutics are entering the market 

at the same time as the confirmatory trial information is released. 

 

The third assumption is that the information is a surprise to physicians otherwise the information 

would already have been absorbed by the prescribers and be reflected in their prescribing 
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decisions as a null finding in our event study. These trials often run for many years and have 

delays in recruitment as well as other challenges which make it so that the end of the trial when 

this new information is released is not predictable. These dates differ from the dates decided 

between the FDA and the manufacturer at the time of the approval which highlight the difficulty 

of predicting when this information will be released. Furthermore, negative confirmatory trials 

are special cases where the information itself is unexpected since the widely held expectation is 

that these drugs are in fact efficacious.  

 

Since the data that we have are limited, we also estimate a simple regression model which 

estimates linear relationships before and after the negative confirmatory trial. I use claims per 

patients with a relevant diagnosis as my outcome of interest although results for other outcomes 

of interest (such as log claims or claims) are also present in the appendix.  These regressions 

allow for a patient to have multiple claims within a month which is likely given that many of 

these drugs are given at regular intervals within a month. The model I estimate is provided 

below: 
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The coefficients of interest are 4, and 4- which allow us to estimate if there is a distinct break in 

the trend at the time that the information is released and if the trend is altered after the 
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information is released. Given that information is likely to diffuse somewhat slowly, we 

hypothesize that much of the effect of the information will be reflected in differing trends as 

opposed to declines at the time the information is released. Time since approval allows us to 

model variation in take up arising from variation in time that the indication has been on the label. 

In addition, we control for year and drug-indication fixed effects. 

 

We estimate this model using data 12 months before and after the negative confirmatory trial or 

the end of the data period, whichever comes first. Standard errors are clustered at the drug-

indication level. As a robustness check, since some of our data covers the COVID-19 pandemic 

which saw steep declines in usage of medical services due to lockdowns and other similar 

policies, we also estimate our regressions by removing the months January to April 2020 from 

our data to prevent declines caused by the pandemic to drive our results.  

 

An additional concern with this analysis is that for a small share of indications, the period under 

study may include the time after withdrawal or approval which may bias the estimates. To 

separately estimate the impact of those events, I modify the regression equation above to include 

the following: 
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Note that the coefficients for withdrawal and conversion should not be taken to have a causal 

interpretation since most withdrawals are voluntary withdrawals. If there are declines in usage 

after the negative information is made public, it may be in the interest of the pharmaceutical firm 

to withdraw the indication instead of petitioning to retain the indication.  

 

Following this exercise, we specifically estimate simple regression models for each of the drugs 

in our sample separately to understand the type of heterogeneity. These simple results allow us to 

identify cases where drugs do not follow the aggregate pattern. We use case studies to identify 

context-specific characteristics which may be important predictors of the volume response.  

 

4.4 Results 

Event study analysis: 

Estimation from an event study analysis shows a decline after the negative confirmatory trial but 

the results in general are noisy. In the year before the confirmatory trial, the coefficients are 

generally trending upwards or staying constant. After the negative confirmatory trial, there is a 

decline in the number of claims per patients. At the far-right end, one year from the negative 
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confirmatory trial shows a 7.5 claims per 1000 patients decline relative to the month of the 

negative confirmatory trial. The figure below shows results from a specification which clusters 

errors at the drug-indication level.  

 

Coefficients for later months are statistically significantly different from 0 when only using 

heteroskedasticity robust errors (results available in Appendix G). These results are also 

maintained if all observations after the FDA converts an indication to traditional approval or 

withdraws an indication are dropped from the analysis (results available in Appendix E).  

Figure 4.1: Outcome variable is claims per 1000 patients. The figure reports coefficients from a 

regression which estimates fixed effects for each month relative to the month the negative trial 
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results are released. Other controls include year fixed effects, time since accelerated approval 

and drug-indication fixed effects. Standard errors are clustered at the drug-indication level.  

 

The results from the aggregate model estimate a decline of about 0.7-1.1 claims per 1000 for 

every month after the negative confirmatory trial information is made public (coefficient for Post 

negative confirmatory trial * Time since negative confirmatory trial in Table 2 below). This 

is about a 2.5-4.0% decline in usage off a baseline of 27 claims per 1000 patients (table 1). The 

negative sign and its statistical significance are retained across specifications. (Analysis for new 

patients is presented in Appendix E) 
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However, the results above may mask significant heterogeneity, so I estimate simple regressions 

for each of the drugs separately using a 12-month window around the time the negative 

confirmatory trial results are made public to isolate cases where a positive or flat pre-trend and a 

negative post-trend is not observed.  

 

As can be seen from the analysis below (Table 3), there is some variation in responses to 

negative information. Some of the cases such as bevacizumab for breast cancer and nivolumab 

for melanoma have strong negative declines (both in the intercept and the slope) after negative 

confirmatory trial information is released. They are interesting cases because in the case of 

nivolumab for melanoma, the indication was eventually converted to traditional approval.  Then 

I focus on a case where the response to negative confirmatory trials has not been strongly 

negative:  pembrolizumab for gastric cancer.  

 



 59 



 60 

Placebo tests: 

As a placebo test, I run the regressions using the date agreed upon between the FDA and the 

manufacturer at the time of the approval. Since this date is known, if the negative results 

observed are being driven by predictable events, we would be concerned that we are not picking 

up the effects of a true “shock” or that the information that providers are responding to is the 

information available on the original agreed upon date.  I do not find any statistically significant 

relationships and estimates from regressions that use year fixed effects are negative but much 

smaller.  

 

Table 4.5: Outcome variable: Claims per 1000 patients 

 VARIABLES (1) (2) (3) (4) 
          
Post placebo event -1.873 -2.550 -1.944 -2.658 

 (1.151) (1.822) (1.263) (1.990) 
Post placebo event * 
Time since placebo 
event 0.156 -0.0991 0.160 -0.141 

 (0.371) (0.299) (0.393) (0.310) 
Constant 23.04*** 25.42*** 23.06*** 26.40*** 

 (1.190) (2.866) (1.224) (3.099) 
     

Observations 355 355 337 337 
R-squared 0.972 0.977 0.974 0.979 
Year fixed effects NO YES NO YES 

Sample 

within 1 year of 
negative 

confirmatory trial 

within 1 year of 
negative 

confirmatory trial 

within 1 year of 
negative 

confirmatory trial 
not including 

2020q1 

within 1 year of 
negative 

confirmatory trial 
not including 

2020q1 
Robust standard errors in parentheses    
*** p<0.01, ** p<0.05, * p<0.1    

Other controls include time since approval, a linear time trend for time relative to placebo event 
and drug indication fixed effects. 
 

Case studies: 
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a) Bevacizumab for breast cancer 

Bevacizumab was approved for colon cancer in 2004. Over time, it received several other 

indications including one for lung cancer. It received accelerated approval based on tumor 

shrinkage for HER2 negative breast cancer in February 2008. At that time, Genentech was tasked 

with completing confirmatory trials to verify impact on overall survival. However, early results 

from two confirmatory trials (AVADO and RIBBON-1) failed to support the 5.5 month 

improvement in progression free survival seen in the pivotal study.  There were also reports of 

high levels of adverse reactions suggesting that using bevacizumab for breast cancer may have 

adverse impacts on overall survival. The FDA moved to withdraw the indication and called a 

meeting of the Oncologic Drug Advisory Committee in July 2010 which voted 9-1 to withdraw 

the indication.15,16 This meeting was called before the results of the confirmatory trial were 

published (clinical trials published in European Journal of cancer on 07/2011 and Journal of 

Clinical Oncology on 04/2011 respectively) highlighting the crucial role of the FDA in 

dissemination of this information through the medical ecosystem.  

 

The FDA withdrew the indication in November 2011 and there has been a documented reduction 

in usage by physicians (Figure below).H18,19 This is the only example of withdrawal by the FDA. 

In all other cases of withdrawals, the drug companies have voluntarily withdrawn the indication.  

The graph below captures the number of claims in our sample associated with a bevacizumab 

dispensing linked to a breast cancer diagnosis (top panel). Given that the underlying sample of 

patients may be changing as more Medicare Advantage patients, who are much older, enter the 

 
H although the National Comprehensive Cancer Network (NCCN) still lists Avastin as a therapy 
for breast cancer17.  
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sample, I divide the number of claims by unique number of patients with a breast cancer 

diagnosis in the first 3 positions on any claim within the month (bottom panel).  

 

Figure 4.2: Claims for bevacizumab for breast cancer 

My results show a sharp decline after the negative confirmatory trial result is made public 

through an ODAC meeting. Although the indication is formally withdrawn around the end of 

2011, much of the decline in usage has happened prior to the formal withdrawal. This is evidence 

that information on efficacy is communicated to prescribers even before formal withdrawal of 

the indication. However, note that this case was particularly well publicized and some signals 

around safety were also taken into consideration which may help explain the rapid decline in 

usage.  
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b) Nivolumab for melanoma: 

A similar trend is observed for the melanoma indication for nivolumab. This indication is 

approved in December 2014 based on response rate. The confirmatory trial Checkmate-037 

failed to find either of an overall survival or progression free survival benefit. The volume of 

claims shows a flattening of demand after the negative confirmatory trial. This case is interesting 

because while it seems that the negative information reduces growth in usage of this drug for this 

indication, suggesting that the signal was credible, the FDA accepted results from other trials and 

converted the indication to traditional approval in 2019.17I 

 

After the indication is granted traditional approval, usage does observably increase which is to be 

expected if the label change is seen as measure of the quality of evidence of efficacy.  

 

 
I The other trial covered a more expansive population and followed patients for  a 5-year 
period. There had been concerns that the initial trial had failed to meet its endpoint due 
dropout before treatment and crossover into the control arm.57 
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Figure 4.3: Claims for nivolumab for melanoma 

 

 

c)  Pembrolizumab for gastric cancer 

Pembrolizumab indication for gastric cancer was approved in September 2017 on the basis of 

overall response rate and durability of response58. In June 2019, results from KEYNOTE 062 

failed to find evidence of overall survival benefit59.  
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Figure 4.3: Claims for pembrolizumab for gastric cancer 

 

In the simple regressions, we do not find much effect of this trial on prescriptions. This may have 

been because the results were less well publicized. They were only discussed in a press release 

by the company which highlighted that the drug was non-inferior to standard chemotherapy 

(although the primary endpoint aimed to establish superiority to standard chemotherapy which 

the drug failed to reach).  

 

Later, this indication was highlighted by the FDA as one of ten indications not having met their 

primary endpoints and recommended for withdrawal. However, the manufacturer did not 

withdraw the indication and it was discussed at the April 2021 ODAC meeting. At the meeting, 



 66 

ODAC voted to withdraw the indication. In July, the company did agree to withdraw the 

indication but stated that the withdrawal would be initiated in 6 months (which is beyond the 

time we can study).60  We do observe a decline around the ODAC meeting when these 10 

indications received significant media attention.  

 

4.5 Limitations of the analysis 

This analysis has several limitations. Firstly, our algorithms for identifying indication specific 

usage may have type-1 and type-2 errors. For example, we may miss prior therapies used by a 

patient if they are a new enrollee. Similarly, we may count all patients with a particular cancer as 

using the drug on-label if no other on-label indication for the cancer exists, but the cancer 

subtype or line of cancer may differ from what is exactly on label. Secondly, we do not observe 

all types of information shocks after the approval. While we can conclude that prescribing 

declined after the negative information came to light, we cannot comment on what avenues of 

information transfer were most useful. Thirdly, we do not account for other factors which may 

alter demand. For example, if other therapeutics enter the market or are withdrawn from the 

market, it may change demand for the products we study. However, it is unlikely that these 

market events will be correlated with the timing of the negative confirmatory trial, but they may 

bias the drug-level regression analyses.  

 

4.6 Discussion 

The results of this paper indicate that there is a decline after the negative confirmatory trial even 

before the FDA takes formal action suggesting that there are pathways through which this 

negative information is being meaningfully incorporated into prescriber decisions. However, my 
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results also indicate that this decline is not universal in that there are cases where use of the 

molecule has continued at the same rate as before the negative confirmatory trial. Furthermore, 

even in cases where we do see declines, some usage remains after many months of the new 

information surfacing.  

 

The drugs that we study are expensive drugs61 and have serious side effects associated with 

treatment. Given that we do not have access to detailed data on the provider and patient decision 

making, we cannot rule out the possibility that these prescriptions continued because providers 

did not know that these drugs had not been proven to be efficacious. If this information is not 

readily available and widely used, this presents a regulatory failure. The FDA could leverage 

other channels to get this information to more providers for example using their social media 

presence where they often publicize new approvals. Furthermore, the FDA could convene 

advisory committee meetings and public hearings to aid in information transfer to the community 

of patients and providers. The FDA convened an advisory committee meeting when pushing for 

the withdrawal of the preterm drug, hydroxyprogesterone caproate. A study on usage of 

hydroxyprogesterone caproate and its generic counterpart found declines in usage after the 

advisory committee meeting voted to withdraw the drug.40 We find similar patterns after the 

ODAC meetings for some of the drugs in our sample.   

 

Furthermore, while the results suggest that there is a reduction in usage even before the FDA 

takes formal action, it is still concerning that there is a substantial lag between when the negative 

information becomes available and when the FDA acts. While some of it may be because of slow 

withdrawal procedures, there is a substantial lag between negative information and the FDA even 
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initiating withdrawal. And in some cases, the FDA chose to convert the approvals to traditional 

approvals despite this negative information. Lowering of regulatory standards in these cases may 

incentivize poor trial design and compliance with accelerated approval requirements.62  

 

Finally, there may be an opportunity to leverage other mechanisms to curtail use of drugs for 

these indications. Even if these indications are withdrawn, the prevalence of off-label prescribing 

may make it so that these drugs continue to be prescribed for these indications since these drugs 

remain on the market for other approved indications. Payers could use stringent prior 

authorization or payment incentives to incentivize prescribers to use this new information in their 

prescribing decisions.  
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 Chapter 5: Switching from Originators to Biosimilars: Early Experience 
from Privately Insured Individuals 2012-2021 
 

5.1 Introduction 

Biologics are increasingly used as treatments for a multitude of diseases. Spending on these 

molecules is a significant and rising share of total pharmaceutical spending in the US (estimates 

suggest the US spent 145 billion on biologics in 201869). Unlike chemically synthesized small 

molecules which have a definite structure, biologic molecules are structurally complex and 

usually not fully characterized70. Consequently, the regulation and market dynamics of biologic 

molecules have differed from those of small molecule drugs. 

The Hatch Waxman Act of 1984 laid out an abbreviated pathway for generic counterparts of 

small molecule drugs but the abbreviated pathway did not apply to biologics given the 

complexity of their chemical structure.J The Biologic Price and Innovation Act (BPCIA) of 2010 

filled that legislative gap by creating an abbreviated pathway for biologic products that are either 

highly similar (biosimilar) or interchangeable with the reference product (originator).K  

While the goal of the BPCIA was to promote robust competition in the biologic market resulting 

in large savings for patients and payers, it has fallen short. The CBO calculated that BPCIA 

would reduce spending on biologics by $25 billion within 10 years of implementation. However, 

realized savings have been much lower than those numbers suggest. Some of the shortfall is 

attributable to pre-marketing hurdles such as manufacturing difficulties and efforts to extend 

 
J Some biologics were approved and regulated under the 505c2 pathway.  
K Interchangeable biosimilars and regular biosimilars are both types of follow-on biologics.71 For 
ease of terminology, we use interchangeable molecules to refer to biosimilar interchangeables 
and biosimilar to refer to regular biosimilars. Both these designations were created under the 
BPCIA.72  
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market exclusivity using tactics to extend patent protections. 73 but, once available on the market, 

the adoption of biosimilars has also been below expectation.74 Generic small molecule drugs 

capture about 75-90% of the market within one year of entry, 75 but estimates for market 

captured by biosimilars range from 5-20% of the market one year after entry.76  

One of the reasons often discussed for the low adoption is the way the FDA treats biosimilars 

versus small molecule generics. The FDA offers two designations for follow-on biologics: 

biosimilarity when a product is “highly similar to and has no clinically meaningful differences 

from an existing FDA-approved reference product”. And interchangeability (or interchangeable 

biosimilars) which in addition to satisfying the condition for biosimilars mentioned earlier also 

shows that “the risk in terms of safety and reduced efficacy of switching back and forth between 

an interchangeable product and a reference product [has] been evaluated.”77 

Biosimilars cannot be substituted at the point of service and must be specifically prescribed by 

the physician for them to be provided to a patient7879. Since biosimilars do not have to show 

efficacy for switchers (a key distinction between the interchangeable and biosimilar designation), 

transitioning current users of the originator molecules to biosimilars has been particularly 

challenging.80 Most commercial payers have refrained from creating policies that seek to 

transition current users.81 There is also hesitation at the provider level where the biosimilar 

designation is viewed with skepticism.82, 83,84,85 

Prior research shows that biosimilars are generally priced lower76 which is why increasing 

adoption of these biosimilars is key to reducing spending on average86 and can be done in two 

ways. The first is by incentivizing usage of biosimilars for patients who are new to the therapy 

and have had no recent experience with the originator. The second is by switching patients who 

are already taking the originator to the biosimilar.  
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This paper focuses on the latter approach. This population is of particular interest for several 

reasons. First, for biologics where a significant share of usage is long-term, such as Remicade, 

which is often prescribed for chronic conditions such as ulcerative colitis, Crohn’s disease, and 

rheumatoid arthritis, switching current users will be the main lever through which biosimilar 

volume is increased (see results from simulations in Appendix Section I). Second, understanding 

the experience of these patients is a key input into benefit design for payers. There is a small but 

growing literature that has sought to study switching between reference products and biosimilars 

and found limited to no differences in efficacy87,88,89,90. However, the use of those studies is 

limited by their small sample sizes. Payers balance concerns around cost, patient satisfaction, and 

patient well-being. If the patients being switched from originators to biosimilars are continuing 

to use the biosimilar after multiple doses, we can infer that patient health and satisfaction are not 

being compromised by switching. So, biosimilar usage should be promoted if there are cost 

savings associated with this switch. Third, understanding the experience of this population 

provides evidence on whether the frictions introduced through the regulatory distinction between 

interchangeable products and biosimilars are inefficient. This is especially relevant as regulation 

seeks to reform this pathway and the interchangeability requirements.    

For a set of 7 biologics that have biosimilars approved under the BPCIAL, I first provide a 

descriptive overview of switching behavior by studying the prevalence of switching behavior and 

the characteristics of patients that are being switched over. I find that switching is relatively 

uncommon which is in line with limited incentives to switch patients. I also find that patients 

who are switching are different on many demographic characteristics. The difference in 

 
L There are 9 products that have biosimilars approved under BPCIA by January 2022. Of these, 
the 2 I do not include in my analysis are insulin products.  
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composition is important to situate the results. Since the data that I have are observational, one 

concern with extrapolation to the population at large is that the patients who are switching are 

not randomly selected. I find that a greater number of switching patients have fewer 

comorbidities, are less likely to be on Medicare Advantage and more likely to be seen in 

outpatient settings than their non-switching counterparts. Finally, I study the trajectories of 

patients switching to biosimilars and find that a significant share continues to use the biosimilar 

over extended periods of time.   

5.2 Background and Context 

There are several differences between the regulatory treatment of small molecule drugs and 

biologics. While both are regulated under the Federal Food, Drug and Cosmetic Act of 1938 

which requires pharmaceutical firms to provide data on safety and efficacy pre-approval, most 

biological products are also licensed under section 351 of the Public Health Service (PHS) Act.M 

The PHS Act specifically emphasizes the “the importance of appropriate manufacturing control 

for the product” and that any changes in the “manufacturing process, equipment or facilities may 

require additional clinical studies.”70 This is a reflection of the difference in complexity of the 

manufacturing processes for biologics and small molecules. 

The processes for abbreviated approval of generics of small molecule drugs were codified under 

the Hatch Waxman Act of 1984. This landmark legislation gave FDA the authority to approve 

generic small molecule drugs based on pharmacologic similarity and bioequivalence without the 

need for additional clinical trials. This legislation has been credited with the expansion of the 

 
M Biologics drugs were first regulated when Congress passed the Biologics Act of 1902 after 
incidents of contamination of diptheria antitoxin and smallpox vaccine resulted in the death of 
children. At this time, non-biological drugs were not regulated. Six years after the passage of 
the FDC Act, Congress revised the Biologics Act of 1902 as section 351 of the Public Health 
Service Act which required licensure of the establishment manufacturing the biologic.91 
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generic industry and with subsequent savings attained through high penetration of the market by 

generics.92,93 

However, given the complexity of biologic molecules, they did not fall into the purview of this 

law. The Biological Price Competition and Innovation Act of 2009 (approved in 2010) was the 

major legislation that aimed to fill this gap.94 Among other provisions, this law created an 

abbreviated pathway for the approval of follow-on biologic products. The BPCIA allowed 

follow-on products to demonstrate biosimilarity based on “data from analytical studies 

(structural and functional tests), [and] animal studies (toxicity tests)” 95 thereby reducing the 

costs of development. The BPCIA also created two designations for biologic follow-on products: 

interchangeable products and biosimilars. An interchangeable biologic is the perfect analog to 

the generic version of a drug in the small molecule market and FDA defines it as a product that 

“is expected to produce the same clinical results as the reference product in any given patient” 

and explicitly states that “for products administered to a patient more than once, the risk in terms 

of safety and reduced efficacy of switching back and forth between an interchangeable product 

and a reference products have been evaluated”78. This contrasts with how a biosimilar is defined 

as being “highly similar to and [having] no clinically meaningful difference from an existing 

FDA-approved reference product” but without any mention of switching. Given the relative 

dearth of trials and studies that shed light on switching behavior, many payers have been slow to 

or have not released any policies that default patients to a biosimilar if they are already using the 

originator molecule.81 

FDA regulatory standards and the discourse around biosimilars (often by manufacturers of 

originator molecules96) have also led to hesitation and confusion in the physician communities. 

Prominent physician societies such as the American Society of Clinical Oncology (ASCO) have 
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weighed in. A 2013 statement from ASCO states that “clinical trials to demonstrate sufficiently 

similar safety, efficacy and immunogenicity in biosimilars would be necessary in most, if not all, 

cases.”97 Another statement from 2018 highlights how “inconsistent use and a lack of 

understanding of the terminology, evolving regulatory guidance, and questions about how 

biosimilars may be prescribed and dispensed, have contributed to an uncertain environment for 

all stakeholders.”98 A study by NORC also documents high levels of hesitation and limited 

knowledge about the requirements for biosimilar approval.82 This has trickled down to patients99 

who are also concerned when payers require or recommend switching to biosimilars.  

Incentives for biosimilar usage: 

Generics for small molecule drugs are often substituted at point of dispensation and payment 

incentives are usually aligned with substitution towards the generic.N The incentives for 

biologics are more complicated. Since the biologics that are the focus of this study are 

predominantly dispensed through the medical benefit, I specifically discuss incentives for drugs 

dispensed under that benefit. 

Because substitution at the point of dispensation is not allowed for biosimilars, the ultimate 

decision whether to prescribe a biosimilar or the originator molecule lies with the prescribing 

physician. For commercial payers specificallyO, there are two main types of strategies that payers 

 
N Traditional Medicare pays the same amount for generic and brand name versions of small 
molecule drugs. 
O Biosimilars and originators have different J-codes, which form the basis of payment. Before 
the passage of the Inflation Reduction Act, there was no direct incentive in the payment 
structure of Traditional Medicare to promote use of biosimilars. Each J-code was assigned its 
own Average Sales Price (ASP) which is calculated as the average of all sales of a drug net of any 
price concessions, chargebacks, and rebates other than those obtained through the Medicaid 
drug rebate program. Traditional Medicare paid ASP +6% of the originator molecule. The 
ASP+6% was standardized to remove any incentive to dispense the generally more expensive 
biologic molecule. The Inflation Reduction Act increases payment for biosimilars by adding 8% 
of the Average Sales Price of the originator to the payment of the biosimilar. The originator 
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can use to incentivize biosimilar usage: prior authorization and changes in patient payment. Prior 

authorization policies promoting biosimilar usage require that patients satisfy a fairly strict set of 

criteria if they are to be prescribed the originator. For example, payers may need proof that 

patients were switched to the biosimilar and the therapy was ineffective or that the physician is 

able to explain why switching to a biosimilar would be particularly detrimental to the patient. For 

the second, patients may be required to pay higher copays when using the originator molecule.  

In the data that I use for this project, most biologics did not have any prior authorization policies 

in place for patients who were already using the originator molecule. Only two prior 

authorization policies were implemented which would impact continuing users (most prior 

authorization policies implemented during the period of study impact new users).  

The first prior authorization policy was for patients currently using Remicade and had the 

intended effect of increasing biosimilar usage. The graph below only considers patients that had 

a prior dispensing for Remicade within the previous 9 weeksP to limit to the population affected 

by these policies. The solid black line in the graph below (Figure 1) captures the first prior 

authorization policy change which retained Remicade as a preferred biologic and the black 

dotted line captures the date of the second prior authorization policy which made Inflectra and 

Avsola the preferred biologics. (Results separately by Medicare Advantage and Commercial 

Enrollees are provided in Appendix B)   

 
molecule only receives 6% of the Average Sales Price.100 However, the new regulations were 
not in effect during the period of study. 
P The dosage schedule for Remicade involves doses after 6-8 weeks. The 9-week restriction 
ensures that patients that have discontinued and then restarted the therapy are not considered 
since they may be classified as new to the therapy and hence not in the purview of this policy 
change. 
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Figure 5.1: Dispensings for Remicade and its biosimilars from time of market entry of Inflectra 

to 2021q3 

The second policy in place was for Epogen but only applied to non-dialysis uses of Epogen 

which are rarer. A very significant share of epogen use is for chronic kidney disease which 

would not be affected by this policy and may explain why the impact of prior authorization 

policies is muted. The graph below only considers patients that had a prior dispensing for 

Epogen within the previous 2 weeksQ to limit to the population affected by these policies.  

 

 
Q The dosage schedule for Epogen involves doses every week. The 2-week restriction ensures 
that patients that have discontinued and then restarted the therapy are not considered since 
they may be classified as new to the therapy and hence not in the purview of this policy change. 
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Figure 5.2: Dispensings for Epogen and its biosimilar from time of market entry of Retacrit to 

2021q3 

In all other cases, there were no policies in place to institute switching behavior i.e. if patients 

were already taking a drug, they were not affected by payer policies focused on increasing 

biosimilar usage. 

The second set of incentives that payers can use are changes to the out-of-pocket payments that 

patients make to providers. In so far as providers take patient cost into consideration, higher 

copays and coinsurance for originator biologics could move providers to switch their patients to 

preferred biosimilars. For the data that I use, there is little to no difference in quarterly patient 

payments for originator biologics and preferred biosimilars (appendix C). 

Other incentives for biosimilar usage include provider-manufacturer contracts which we do not 

observe and other idiosyncratic patient and provider preferences.  
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5.3 Empirical implementation: 

Empirical strategy: 

The empirical strategy of this paper hinges on identifying users of the biologics in the data and 

following these patients over time to identify if they switched from an originator or a biosimilar 

and what their care trajectory was afterwards. This requires data on patient usage over time such 

as that captured in claims databases that follow members over considerable periods of time and 

provide information on medical and demographic characteristics of patients.  

The analysis is divided into two parts. The first part is the substitution analysis where I study a) 

trends in switching from originator to biosimilar over time and b) characteristics of the switching 

population to describe the types of patients that are being switched in my sample. The share and 

characteristics of these patients over time are an important input to understanding the landscape 

of biosimilar adoption. If switching is rare, especially for biologics used longer term for chronic 

conditions, there will likely be less biosimilar penetration over time. Another reason for studying 

the composition of these switchers is to understand the generalizability of any analysis using 

these individuals to make deductions about the patient experience after a switch. Since patients 

are not switched at random, results of any patient trajectory analysis would only be generalizable 

to similar patient populations. 

The second part of the analysis is the switchback analysis. In this analysis, I study the evolution 

of patient treatments after they make their first observed switch from an originator to a biosimilar 

and vice versa. The analysis hinges on the assumption that if patients are satisfied by the switch, 

they will continue to take the biosimilar in subsequent time periods. Studying use of the 

biosimilar after the initial switch provides initial clues about whether patients can be switched to 

biosimilars without adverse consequences to patient health or satisfaction. In this analysis, I also 
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study covariates of longer adherence after switch to provide additional insights into which 

patients are continuing to use biosimilars after switching. 

Data:  

I use data from a large national insurer spanning the years 2012-2021 for claims relating to 7 

originator biologics – Avastin, Remicade, Herceptin, Neupogen, Neulasta, Rituxan, Epogen—

and their biosimilars. The data is nationally representative and includes a variety of large and 

small employers as well as MA plans. The data includes about 21-27 million commercial 

enrollees with medical coverage and about 3-8 million Medicare Advantage enrollees with 

medical coverage in a given calendar year.  

The data is available at the claim level i.e. there is a record of medical procedures and injectable 

drug dispensing reimbursed by the insurer for patients enrolled in the insurer’s plans. I observe 

patient diagnoses, patient payment, and some limited provider and plan characteristics for each 

claim. While the data is deidentified, each patient is given a unique alpha-numeric code that 

allows patients to be followed over time. For each patient in the sample, I also observe a limited 

set of demographic characteristics and the time span during which they were covered by the 

insurer.  

I subset all the claims to claims specifically related to originators and biosimilars in my sample. 

This is done by identifying claims for each originator and biosimilar in the medical claims files 

using procedure codes (J-codes) and NDC codes.R For each molecule, I focus on the time from 

the market entry of the first biosimilar up to the 3rd quarter of 2021 to capture claims.  

 
R Each biologic has a unique J-code in the data. Generally, NDC codes are poorly populated, so 
much of the identification uses J-codes.  
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I aggregate the dataset to be unique at the patient-drug-day level. While in most cases, the data is 

already unique at this level, varying dosages or requirements of patients sometimes translate into 

multiple claims being filed for the same drug for the same patient within a day. In those rare 

cases, I aggregate all listed patient diagnoses into one observation. Each observation refers to a 

single dispensation of the drug since the molecules in my sample are injectables and require 

administration by a trained medical professional.  

I code each observation as belonging to one of three categories: new, continuing, or unclassified. 

This is done by first classifying sequences of biologic use into distinct therapies depending on 

observed periods of time between successive use. A therapy is defined as a sequence of 

dispensings for a biologic where each dispensing is within the recommended number of days of 

the previous use, as directed within the “Dosage and Administration” section of the label of each 

drug. For Neupogen and Epogen this period is 2 weeks since they require weekly use. For 

Avastin, Herceptin and Neulasta, I use a 4-week period. For Remicade, I use a 9-week period 

and for Rituxan, I use a 25-week period. The division of claims into distinct therapies allows us 

to distinguish between switches and new initiations.  

The first claim in any therapy is either an initiation or is left unclassified. It is unclassified if a 

patient is not insured by the plans in my dataset for a sufficient amount of time prior to the 

dispensing. This pre-dispensing insurance requirement ensures that we only flag patients who are 

actually new to a therapy and not those patients who may be using the same drug but were 

enrolled in a plan whose data is not available to me. Patients are required to be enrolled for 2 

weeks prior to the first therapy of Epogen and Neupogen, 4 weeks prior to the first therapy for 

Avastin, Herceptin and Neulasta, 9 weeks prior to the first therapy for Remicade and 25 weeks 

prior to their first Rituxan therapy if they are to be classified as new patients upon the first claim. 
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I classify a dispensing as a continuing dispensing if they are preceded by any dispensings within 

the therapy episode.  

Using the algorithm above, most of the observations are either coded as new or continuing with 

very few remaining unclassified. This is especially important since unclassified observations 

cannot be used in our analysis. The number of dispensings by category and molecule are 

provided below: 

 total continuing new unclassified 
Avastin 775,093 143,360 622,382 9,351 
Epogen 799,338 532,604 264,135 2,599 

Herceptin 134,561 108,167 25,231 1,163 
Neulasta 314,864 189,548 122,266 3,050 

Neupogen 576,383 412,960 162,297 1,396 
Remicade 564,428 463,710 86,426 14,292 
Rituxan 110,851 81,508 25,448 3,895 

Table 5.1: Dispensings from 1st quarter of biosimilar entry to 2021q3 and their associated 

classification. 

The table above also provides a glimpse into what share of dispensings are new for each 

biologic. Switching is likely to be less important in cases where a lot of the prescriptions are new 

and more important where a significant share is continuing. Using data from the quarter before 

biosimilar entry, I find that 80.8% of Avastin dispensings, 40.2% of Neulasta dispensings, 38.7% 

of Epogen dispensings, 28.1% of Neupogen dispensings, 23.8% of Rituxan dispensings, 17.4% 

of Herceptin dispensings, and 15.8% of Remicade dispensings are new.  

The focus of this paper is specifically on continuing patients. Table 2 captures dispensings for 

each originator and its biosimilars as well as the number of distinct therapies (defined as a period 

of use without gaps between consecutive doses that exceed the drug-specific time thresholds 

explained earlier).  
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The greatest number of dispensings are available for Epogen and its biosimilar, Retacrit, and the 

lowest number of dispensings are available for Rituxan and its biosimilars. The greatest number 

of therapies (continuous strings of dispensings) are available for Neupogen and its biosimilars 

followed by Remicade and its biosimilars. Any therapies that only involved one observed 

dispensing have been dropped since there would be no continuing dispensings. The data in the 

table below shows that after a first dispensation, the median number of doses for Avastin users is 

1 and for Herceptin, Remicade and Rituxan, the median patient takes 3 doses after a first 

observed dose. Number of continuing doses tends to have a right tail where the mean is always 

higher than the median.  

drug 

Number of 
continuing 
dispensings 

Number of 
distinct therapies 

Median 
number of 
continuing 
dispensings 
per therapy 

Mean number 
of continuing 
dispensings 
per therapy 

Avastin & Biosimilars 143,360 54,634 1                 2.62 
Epogen & Biosimilars 532,604 53,394 2 9.97 
Herceptin & Biosimilars 108,167 19,717 3 5.49 
Neulasta & Biosimilars 189,548 66,636 2 2.84 
Neupogen & Biosimilars 412,690 98,319 2 4.20 
Remicade & Biosimilars 463,710 79,884 3 5.80 
Rituxan & Biosimilars 81,508 25,737 3 3.17 
Table 5.2: Dispensings and Therapies from 1st quarter of biosimilar entry to 2021q3. 

Below are the dispensing and therapy-level summary statistics for key characteristics. The key 

difference between these statistics is that therapy level analysis weights all therapies of varying 

durations (and consequently different number of dispensings) equally.  

 Dispensing level Therapy level 
 mean sd min max mean Sd min max 
Share on label 0.702 0.457 0 1 0.564 0.496 0 1 
Share female 0.513 0.500 0 1 0.527 0.499 0 1 
Share Medicare 0.556 0.497 0 1 0.523 0.499 0 1 
Elixhauser 
Comorbidity Count 

4.486 3.292 0 21 4.272 3.104 0 21 
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Office 0.426 0.494 0 1 0.516 0.500 0 1 
Table 5.3: Characteristics at the dispensing and therapy level from 1st quarter of biosimilar entry 

to 2021q3. 

 

Substitution analysis 

I first conduct a quarter-level substitution analysis to understand trends in switching behavior 

from quarter of first biosimilar entry to the 3rd quarter of 2021. I identify a dispensing as a switch 

if a patient is prescribed a biosimilar when the previous dispensing within the therapy was for the 

originator molecule or vice versa. These switches are classified separately as switches from 

originator to biosimilar and biosimilar to originator. For each quarter, I sum the number of these 

dispensings to tabulate frequency of switching.   

Number of switches from biosimilar to originator and originator to biosimilar provide a relative 

sense of which type of switching is more common but do not provide a sense of how prevalent 

switching itself is. To understand the propensity to switch to a biosimilar from an originator, I 

normalize those dispensings by the number of continuing dispensings for the originator 

population since only those dispensings can “switch” to a biosimilar. I do the converse for 

switches to originator molecules and add a trend line to capture all switches as a share of all 

continuing dispensings. Given the relatively limited incentives for switching, I expect switching 

to be a rare phenomenon although increasing familiarity with biosimilars over time may lead to 

increased switching over time. We can test whether these expectations hold by visual inspection 

of the graphs.  

I use logistic regression to provide correlations between patient and provider characteristics and 

the propensity to switch. The outcome variable is whether a therapy includes a switch and the 

patient and provider characteristics are aggregated to the therapy level. If providers are 
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concerned that switching may have potentially detrimental health consequences, we may see 

more switching for younger and healthier patients. Similarly, if switching is primarily driven by 

providers, we may find that service location is a stronger predictor of switching.  

Switchback analysis 

The next part of the analysis is the switchback analysis where the key question is whether 

patients who switched from an originator to a biosimilar continue to use the biosimilar over the 

course of their therapy or switch back to the originator and vice versa.  

Since these drugs are injectable drugs, the service date is the true date when the patient took each 

dose of the biologic. The associated dates can be used to create a sequence of originator and 

biosimilar use for each patient over time. Through studies of the sequence, I can ascertain how 

often and how long till patients revert to the originator after a switch. However, a complication 

with a simple analysis of these sequences is that the data are censored at different points. Patients 

may drop out of a plan or patients may complete a course of therapy or change therapies.  

To account for this censoring, I use different survival analysis techniques. The first technique is 

plotting Kaplan Meier Survival curves. Since we are only interested in what happens to patient 

use after an initial switch, I restrict the analysis to therapies where we observe at least one switch 

within the therapy. That first observed switch is the index date from which the analysis is 

initiated. We count any reversion to originator (or biosimilar in case of a biosimilar to originator 

first switch) as the failure event after which the rest of the patient trajectory is censored. In cases 

where a failure event is not observed, the last observed dose is the point where the data for that 

therapy is censored. This construction prevents discontinuation of therapy or patients leaving the 

plan from being interpreted as periods without switchbacks. I also measure duration in terms of 

doses since there is significant variation in the duration between doses across biologics. 
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Kaplan-Meier Curves are built on the assumption that censoring itself is uninformative and not 

linked to propensity to switch-back. While we cannot directly test this assumption, I do provide 

some analysis of censoring behavior. In the data, I can observe whether patients are leaving at 

the time of (or soon after) the last observed dose. We can assume that those who are still insured 

but not taking subsequent doses have ended therapy (or moved to a different therapy). Plan exits 

may be related to propensity to switchback. For example, if plans have created barriers to 

switching back through prior authorization policies (only true in our dataset for Remicade), 

patients could leave the plan to move to a plan where they could more easily receive the 

originator. Consequently, if the share of plan exits accounts for a larger share of the censored 

population, our Kaplan Meier curves may be biased. However, if a larger share of patients are 

censored because they end the therapy, that censoring is unlikely to be related to the propensity 

to switchback.  

The Kaplan Meier Curves capture the share of the therapies where a reversion is observed over 

time. I plot these curves separately for each drug. I censor the data at 5 doses to prevent results 

from being driven by a very small share of the population who are observed with very long 

sequences of use. Five doses are likely to be enough exposure for patients to realize harm or 

dissatisfaction and revert to the molecule they were originally using. I also draw these curves 

separately for each drug and differentiate between patients who switched from the originator to 

the biosimilar and patients who switched from the biosimilar to the originator. In these curves, I 

also record the number of observations assessed at each dose point to demonstrate the degree of 

censoring.  

K-M curves only allow the observation of behavior over time but do not allow for a cleaner 

interrogation of a host of patient characteristics that may be driving differences in behavior. To 
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study how patient characteristics are associated with switchback rates, I use a Cox Proportional 

Hazards regression model. This technique is also useful for censored data but is semi-parametric 

in that it assumes that the differences across groups of covariates are proportional. I study 

whether the drug was used for an on-label indication, and whether the patient was enrolled in 

Medicare Advantage. Since these are all binary variables, I use dummy variables to represent 

them. The last set of variables that I create for this analysis is based on Elixhauser comorbidities. 

I divided patients into 4 categories: one or fewer comorbidities, 2-3 comorbidities, 4-6 

comorbidities and more than 6 comorbidities. Before these variables can be used in a Cox 

proportional hazard model, it is customary to test both whether the trends within these categories 

are parallel (for example whether commercial and Medicare Advantage patients have parallel 

survival curves) and whether they have a significant impact (as measured by chi squared tests). 

The results of those are present in the appendix but I find the assumptions to be generally 

reasonable. The results of this analysis show whether switchback rates are lower or higher for 

different groups which has implications for generalizability of these results. 

5.4 Results 

Substitution analysis: 

The aim of the substitution analysis is to get a sense of how prevalent switching is. As a first step 

to understanding prevalence, I identify, for each molecule separately, the number of patients who 

have been prescribed the molecule and whether the patients are, during any course of therapy, 

observed switching within a course of therapy. I divide the latter by the former to get a 

magnitude for patients who switch as a share of patients who are exposed to the molecule.  
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Over the periods that the biosimilars have been on the market, the most significant share of 

switchers is for Remicade and Herceptin which show about 15% and 12% of patients using the 

molecule for more than 1 dose have ever been switched.S 

 

Figure 5.3: Share of patients switching during the period under study 

For the next part of the analysis, I focus on aggregate switching over time. Trends over time 

provide two types of insights. The first question the analysis answers is whether there is variation 

in how prevalent switching is over time. While aggregate results at the patient level provided a 

kind of upper bound for this question, they did not shed light on whether more patients are 

switched over time or whether a constant share of patients are being switched or whether 

switching is declining. The second type of question this analysis answers is how the number of 

switches is linked to the underlying shares of originator and biosimilar usage. For example, if 

there is an increasing share of the market that is being captured by the biosimilar, there may be 

declines in switches to biosimilars since there would be much fewer patients taking the originator 

 
S Since patients may be switching between originators and biosimilars as well as between 
biosimilars, I also count the number of instances of each type of switch to show their relative 
frequency by drug. As Figure B in the appendix shows switching from originator to biosimilar is 
the more common type of switch and very limited switching exists between biosimilars.  For this 
analysis, I do not consider switching between biosimilars given its rarity.   
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molecule who could switch to the biosimilar in the first place. This distinction becomes 

especially important since baseline penetration of biosimilars varies across molecules. 

My analysis focuses on switches allowing for a patient to have multiple switches within a 

therapy. My results show significant heterogeneity in the scope and patterns of switching. I 

present 5 cases in the main text of the paper to demonstrate the variation in trends. Figures 6a-6e 

present the results of this exercise. 

The first drug I focus on is Remicade in figure 4a. The left panel of the graph shows very limited 

switching with about 100 switching dispensings every quarter. This number jumps to greater 

than 2000 switching dispensings per quarter starting year of 2021 with a significant majority of 

these switches being cases where patients are switched from the originator to the biosimilar. 

Inflectra is the main biosimilar in this space with 5 times as many switches to it than the next 

most popular biosimilar, Avsola. While we allow multiple switches in the sample, the mean 

number of switches for patients who have a switch observed is one, suggesting that the switching 

numbers are not driven by patients switching back and forth between the originator and the 

biosimilar. In the right panel, the numbers are normalized by dispensings that could have been 

switched. We see that overall (when considering all Remicade dispensings), the share of 

switching dispensings is very low before 2021. There is a peak observed in shares of biosimilar 

dispensings switching to biologic at the start of the period of analysis which is likely a reflection 

of the low number of dispensings for biosimilars and hence a smaller population that can switch. 

Starting 2021, we see significant numbers and share of dispensings switching to the biosimilar. 

The trends that we see are likely the result of a clear prior authorization policy which prioritized 

the biosimilars in the first quarter of 2021.  
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Figure 5.4a: Number of switching dispensings over time for Remicade (left panel); Share of 

switching dispensings over time (right panel) 

Avastin and Herceptin have similar trends and I discuss the case of Herceptin in some detail in 

Figure 4b (graphs for Avastin are present in the appendix). In the left panel, there is evidence of 

some switching. Over the period of observation, switching to originator from biosimilar is much 

rarer with fewer than a 100 such dispensings over the period of study. Switching from originator 

to biosimilar is more common although we see the highest number of such dispensings in 

2019q4 with about 400 switching dispensings which declines to about 50 dispensings in 

2021q3.T When these numbers are considered as shares, the shares are still low with 5% of 

dispensings switching for most of the period (the peaks in shares of biosimilar users switching to 

biologics at the start of the period of analysis are driven by low numbers of biosimilar users). 

 
T These numbers are not driven by multiple switches within a patient. The mean number of 
switches for any patient switching is 1.03 for Avastin, 1.01 for Herceptin and 1.005 for Rituxan. 
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Switching to biosimilar from the originator molecule remains a near constant share despite 

declines in numbers likely because the number of originator dispensings (the denominator) is 

declining. Both Avastin and Herceptin have a dominant biosimilar Mvasi and Kanjinti, 

respectively. This figure is representative of the case where switching remains limited in both 

numbers and shares with declines in switching reflective of growing market share of biosimilars 

for new users.   

 

Figure 4b: Number of switching dispensings over time for Herceptin (left panel); Share of 

switching dispensings over time (right panel) 

In the left panel, there is evidence of some switching with considerably more switching to 

biosimilars from originators. Rituxan has two main biosimilars, Ruxience and Truxima, which 

see an equal number of switchers over time. Over the period of observation, switching to 

originator from biosimilar is much rarer with fewer than a 100 such dispensings over the period 

of study. Switching from originator to biosimilar is more common although we see the highest 
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number of such dispensings in 2020q4 with about 400 switching dispensings which declines to 

about 200 dispensings in 2021q3.U When these numbers are considered as shares, the shares are 

still low with less than 7% of dispensings switching for most of the period (the peaks in shares of 

biosimilar users switching to biologics at the start of the period of analysis are driven by low 

numbers of biosimilar users). This figure is representative of the case where switching remains 

limited in both numbers and shares with declines in switching reflective of growing market share 

of biosimilars for new users.   

 

 

Figure 4c: Number of switching dispensings over time for Rituxan (left panel); Share of 

switching dispensings over time (right panel) 

 
U These numbers are not driven by multiple switches within a patient. The mean number of 
switches for any patient switching is 1.03 for Avastin, 1.01 for Herceptin and 1.005 for Rituxan. 
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The last two cases that I discuss are Epogen and Neulasta. In both cases, barring peaks and 

troughs right at the start of the period post-biosimilar entry, the number of switching dispensings 

and their share remains constant. For Neulasta (Figure 4d), about 250 dispensings (left graph) 

which is about 6% of all continuing dispensings (right graph) are switched in each period. 

Fulphila and Udenyca are the two main biosimilars in this market. 

 

 

Figure 4d: Number of switching dispensings over time for Neulasta and biosimilars (left panel); 

Share of switching dispensings over time (right panel) 

Similarly, for Epogen (Figure 4e) about 200 dispensings (left graph) which are less than 2% 

(right graph) of all continuing dispensings are switched in each period.  
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Figure 4e: Number of switching dispensings over time for Epogen and biosimilars (left panel); 

Share of switching dispensings over time (right panel) 

The results above are in line with what we expect. Except for Remicade after the prior 

authorization policy instated in 2021, there were few incentives for switching to biosimilars. 

Consequently, switching and switchers are rare. In the next part of the analysis, I aim to answer 

whether the switchers are also distinct in terms of other demographic characteristics. 

I provide results of a logistic regression that seeks to provide intuition on what the probability of 

switching is given a host of patient and provider characteristics. Since there may be substantial 

heterogeneity across drugs, I also provide drug-specific results.  

 

  (1) (2) (3) (4) (5) (6) (7) (8) 
VARIABLES All Avastin Epogen Neupogen Neulasta Remicade Herceptin Rituxan 
                  
Medicare -0.499*** -0.113* -0.353*** -0.455*** 0.172*** -0.643*** 0.109* -0.228*** 

 (0.0167) (0.0606) (0.0674) (0.0401) (0.0476) (0.0424) (0.0625) (0.0492) 
Female -0.0287* 0.164*** -0.0498 -0.00718 -0.128*** -0.104*** 0.769*** 0.192*** 

 (0.0156) (0.0585) (0.0551) (0.0388) (0.0448) (0.0260) (0.0907) (0.0482) 
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Elixhauser 
comorbidity count -0.0592*** -0.0534*** 0.0355*** 0.0452*** 0.0246*** -0.0666*** -0.0497*** 0.0151* 

 (0.00301) (0.0141) (0.00890) (0.00700) (0.00794) (0.00851) (0.0141) (0.00814) 
On label 0.335*** 3.451*** -0.591*** -0.0244 0.292*** 0.0745** -0.181 0.130 

 (0.0161) (0.128) (0.0684) (0.0387) (0.0505) (0.0358) (0.138) (0.107) 
Seen in office 
setting vs 
outpatient hospital -0.186*** 0.0900 -0.108* -0.328*** -0.342*** 0.0178 0.206*** 0.125*** 

 (0.0153) (0.0618) (0.0563) (0.0369) (0.0471) (0.0258) (0.0586) (0.0470) 
Constant -2.719*** -6.127*** -3.028*** -3.355*** -3.520*** -2.224*** -3.070*** -2.610*** 

 (0.0205) (0.146) (0.105) (0.0544) (0.0599) (0.0410) (0.167) (0.0580) 
         

Observations 398,321 54,634 53,394 98,319 66,636 79,884 19,717 25,737 
Robust standard errors in parentheses       
*** p<0.01, ** p<0.05, * p<0.1        

 

Table 5.4: Results from a logistic regression with switching as the outcome variable. Each 

observation corresponds to a therapy. 

The results above show that on aggregate (analyzing all molecules together), switchers are less 

likely to be Medicare Advantage patients, have fewer comorbidities and more likely to be 

prescribed the medicine on-label and in an outpatient hospital. 

However, these results mask significant drug-level heterogeneity. For Neulasta and Herceptin, 

switchers are more likely to be MA patients. For Epogen, Neupogen, Neulasta and Rituxan, 

patients have a higher count of Elixhauser comorbidities if they are switchers whereas the 

opposite is true for other biologics. The results are more split for on-label versus off-label usage 

with higher shares of switchers with on-label usage for Avastin (a result likely driven by the off-

label usage being primarily for ophthalmology where biosimilars have not been accepted 

widely), Neulasta and Remicade.  

Understanding characteristics of those who are observed switching allows us to both understand 

the mechanisms behind these switches but also to understand the limits of the generalizability of 

our analysis.  
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Switchback analysis: 

Next, I focus on whether and how long patients take to switch back to the originator if they 

switched to a biosimilar or vice versa. After restricting to therapies where at least one dose is 

observed after an initial switch, the number of such therapies (and percentage of total therapies 

for each molecule) are as follows: 928 (1.7%) therapies for Avastin, 891 (1.7%) therapies for 

Epogen, 1,062 (5.4%) therapies for Herceptin, 1,381 (2.1%) therapies for Neulasta, 1,924 (2.0%) 

therapies for Neupogen, 5,319 (6.7%) therapies for Remicade and 1,484 (5.8%) therapies for 

Rituxan.  

Since censoring is a concern with this analysis, I tabulate shares of therapies where the last date 

is censored because the patients have exited the plans before their next dose was due. I find that 

only 2.4% of Avastin therapies, 5.5% of Epogen therapies, 2.0% of Herceptin therapies, 6.7% of 

Neulasta therapies, 9.7% of Neupogen therapies, 2.8% of Remicade therapies and 2.5% of 

Rituxan therapies were censored because patients dropped out of the sample.  

For each drug, I show number of doses to first “switch-back” (for both switches from biosimilar 

to originator and originator to biosimilar) using a Kaplan Meier survival curve. Each line 

represents the share of therapies with switchbacks over time. Cases where reversion is faster (or 

more prevalent) will be steeper (or higher). The graphs provide several different insights. Firstly, 

there is a significant amount of variation in how many patients switch-back. On one end there is 

Neupogen showing nearly 50% of switchers switching back within 5 doses whereas for Rituxan, 

Herceptin, Avastin and Remicade a significantly lower share (<13%) switch back within 5 doses.  
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Figure 5.5: Kaplan Meier Curves for share of therapies switching back by biologic 

At the drug level, another type of heterogeneity to interrogate is whether there is difference in 

switch back behavior if the switch is from biosimilar to originator or vice versa. To study this 

difference, I plot KM survival curves, for each drug, separately for each type of switch. The 

graph below, for Remicade, shows the line representing those that switch to a biosimilar (blue 

line) is lower than the line representing those that switch from a biosimilar to an originator (red 

line). This shows that patients are less likely to switch back if they switch from an originator to a 

biosimilar as opposed to those switching from biosimilar to originator. 

 

Figure 5.6a: Kaplan Meier Curves for share of Remicade therapies switching back by type of 

switch  
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From a policy perspective, switchers from originator to biosimilars are the more relevant group. 

This pattern is observed for all drugs except Neulasta where the opposite is true (This analysis is 

presented for other drugs in the appendix.), which may be because providers may stock Neulasta, 

driving up its utilization and reducing chances to switch patients. 

 

 

Figure 5.6b: Kaplan Meier Curves for share of Neulasta therapies switching back by type of 

switch  

Covariate analysis: 

The relationship between individual patient characteristics and the propensity to switchback can 

be studied through Cox Proportional Hazard models. The model assumes that each covariate 

shifts the survival curves proportionally which is an assumption I verify by plotting survival 

curves for each covariate in the appendix (the plots are available in Appendix F).  

The Cox Proportional Hazards model uses the same data setup as for the KM survival analysis 

above and looks at both types of switches (from biosimilar to originator and originator to 

biosimilar). The estimation provides a hazard ratio for each variable in the model. If a hazard 

ratio is greater than one that indicates that the characteristic is associated with higher switchback 

rates. For each model, I use all the variables discussed in the methods section.  
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Understanding which patients have higher switchback rates is an important input into identifying 

patient groups for which mandatory switching to biosimilars would produce particularly negative 

effects. It is also important when generalizing results. For example, if most non-switchers are 

young and younger people have lower switchback rates, we expect mandatory switching policies 

to result in fewer switchbacks than if most non-switchers were older people.   

I estimate the model separately for each drug since earlier analysis had revealed significant 

heterogeneity which will make the interpretation of hazard ratios difficult. Each regression 

model has all the patient variables discussed in the methods section. (I also produce the same 

table using continuous time instead of doses which produces generally similar results. It is 

available in Appendix G.) 

Having a greater number of comorbidities is associated with higher rates of switching back for 

Remicade. Medicare Advantage patients are less likely to switch back for all drugs, although the 

result for Remicade is not statistically significant. Patients who are seen in office settings are less 

likely to switch back for Avastin and Remicade.  The coefficients for Elixhauser comorbidities 

are more mixed and are generally non-significant. All coefficients for on-label usage are all 

statistically not significant. 

 

 

 

  (1) (2) (3) (4) (5) (6) (7) 
VARIABLES Avastin Remicade Epogen Herceptin Rituxan Neulasta Neupogen 
                
Elixhauser Comorbidity Count >1 & <=3 1.213 1.139 0.861 1.075 0.884 0.900 1.426* 

 (0.421) (0.115) (0.397) (0.293) (0.256) (0.294) (0.277) 
Elixhauser Comorbidity Count >3 & <=6 0.724 1.247* 1.328 0.681 0.814 1.044 1.428* 

 (0.261) (0.160) (0.538) (0.200) (0.231) (0.327) (0.268) 
Elixhauser Comorbidity Count >6 1.186 1.368 1.658 0.962 1.067 0.926 1.432* 

 (0.464) (0.315) (0.661) (0.328) (0.317) (0.295) (0.274) 
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Medicare 0.576*** 0.965 0.715** 0.643** 0.724** 0.793** 0.567*** 
 (0.109) (0.0820) (0.0938) (0.121) (0.119) (0.0935) (0.0442) 

Switched in office setting  
vs. outpatient hospital 0.360** 0.790** 1.047 1.198 0.778 1.038 1.238*** 

 (0.152) (0.0833) (0.174) (0.702) (0.284) (0.118) (0.0956) 
On label usage 1.213 1.139 0.861 1.075 0.884 0.900 1.426* 

 (0.421) (0.115) (0.397) (0.293) (0.256) (0.294) (0.277) 
        

Observations 929 5,322 896 1,060 1,482 1,386 1,924 
Se form in parentheses       
*** p<0.01, ** p<0.05, * p<0.1       

Table 5.5:  Results from a Cox proportional hazards model using any switch-back as the outcome 

variable. 

 

5.5 Limitations 

There are several limitations of this analysis. Firstly, for many molecules, I only observe a few 

quarters of post-biosimilar entry data. As evidence shows, there is increasing comfort with 

biosimilars that may change how they are used over time.74 Secondly, we define continuing 

patients using just the previous claim. This would mean that I miss some patients who are new to 

the insurance plan but have switched manufacturers. Thirdly, I do not observe all the variables a 

physician may be able to observe about a patient thereby preventing a causal interpretation of the 

results from the trajectory analysis. While there is no clear evidence to suggest that physicians 

have sophisticated methods to select patients for switching, I cannot rule out the possibility that 

the group of observed switchers is more likely to be satisfied with the switch. Finally, the reasons 

for switching back or not switching back are not known. While the analysis assumes that if 

patients are not switching back, they are satisfied with the switch, there may be other reasons 

such as inertia that prevent switching back even if the patient is not wholly satisfied with the 

switch.  
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5.6 Discussion 

The costs and benefits of FDA regulation have been hotly debated. While much of the literature 

has focused on sweeping policy reforms such as the 1962 amendments101, the prescription drug 

user fee acts22 or the accelerated COVID vaccine program102 a more subtle way in which the 

FDA acts is by designating products into different categories. For example, a study finds that the 

FDA giving a drug a breakthrough designation may signal higher quality to physicians103 or as 

the example studied in this paper, the biosimilar designation, which creates a distinction between 

generics of small molecule drugs and biosimilars of large molecule drugs. This labeling 

emphasizes the fact that these drugs are not identical creating uncertainty regarding the value of 

these drugs71. While the confines of this paper do not allow a comment on whether the low 

adoption can be solely or mainly attributed to this designation, this paper does provide some 

more evidence to suggest that the designation may overemphasize differences between originator 

and biosimilar molecules. 

Switching to biosimilars could be an important source of increasing biosimilar use. The 

biosimilar designation explicitly highlights lack of evidence about switching which is why the 

evidence presented in this analysis could be particularly important in filling that knowledge gap. 

While the patients being switched are not random which makes it so that our survival curves 

cannot be causally interpreted, it does provide evidence that patients in this sample could be 

successfully switched without resulting in them needing to switch back. Small RCTs are also 

coming to similar conclusions89 suggesting the need for reevaluation of the biosimilar 

designation.  

In the meantime, payers are faced with the decision of whether to create policies that strongly 

prefer biosimilars which may not only directly reduce costs but may also incentivize originator 
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molecules to reduce prices to remain competitive. What can they learn from the analysis in this 

paper? Firstly, I cover a set of new literature that is increasingly concluding that patients can be 

safely switched to biosimilars. Secondly, the results of analysis in this paper which uses data on 

large US commercial and Medicare Advantage populations also point to the same conclusion. In 

response to this evidence and the potential for costs savings, payers could create policies that 

have greater flexibility. They could, for example, institute a switching policy for all users but 

reduce barriers to switching back.  
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Appendix A: Chapter 1 
Comparison of means for indications that confirm OS benefit without delay and indications that 
do not satisfy this criterion: 

 

Mean for 
indications 
that 
confirm 
OS benefit 
without 
delay 

Mean for 
indications 
not 
confirming 
OS benefit 
without 
delay p-value 

Firm/Influence characteristics    
Applications submitted between 2002 and 
2021  164.44 152.42 0.6757 
Applications submitted within year of AA 7.05 6.88 0.8947 
Any patient advocacy organization 0.74 0.85 0.2858 
Disease characteristics    
Cancer 0.76 0.85 0.3404 
HIV 0.05 0.12 0.2333 
Solid metastatic cancer 0.28 0.35 0.5273 
Solid non-metastatic cancer 0.09 0.15 0.319 
hematological malignancy 0.39 0.35 0.6898 
FDA related variables    
High medical need 0.09 0.08 0.8933 
orphan 0.66 0.46 0.0738 
FDA experience 4.13 7.46 0.0268 
supplementary 0.37 0.31 0.5925 
trial started 0.77 0.92 0.0837 

 

 

  



 115 

Exhibit A: Approval letter for breast cancer indication for Avastin.  

 

Source: FDA 

 

Exhibit B: Approval letter for Aduhelm  

 

 

Source: Letter from the FDA at the time of the approval of Aduhelm 
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Appendix B: Chapter 2 
 
Impacts of pre-approval policies: 

 Orphan 
indication
s assessed 

Orphan 
indication
s in scope 

Share of 
orphan 
indication
s in scope 
(%) 

Orphan 
indication
s 
withdraw
n 

Orphan 
indication
s 
withdraw
n that are 
within 
scope 

Breakthroug
h indications 
assessed 

Breakthroug
h indications 
in scope 

Share of 
breakthroug
h indications 
in scope (%) 

Breakthroug
h indications 
withdrawn 

Breakthroug
h indications 
withdrawn 
that are 
within scope 

Confirmator
y trial 
started pre-
approval 132 45 34.09 7 2 63 13 20.63 3 0 
Submitting 
completed 
protocols 132 38 28.79 7 3 63 12 19.05 3 3 

 

 Cancer 
indications 
assessed 

Cancer 
indications 
in scope 

Share of 
Cancer 
indications 
in scope 
(%) 

Cancer 
indications 
withdrawn 

Cancer 
indications 
withdrawn 
that are 
within 
scope 

HIV 
indications 
assessed 

HIV 
indications 
in scope 

Share of 
HIV 
indications 
in scope 
(%) 

HIV 
indications 
withdrawn 

HIV 
indications 
withdrawn 
that are 
within 
scope 

Confirmatory 
trial started 
pre-approval 167 46 27.54 14 4 7 0 0 0 0 
Submitting 
completed 
protocols 167 34 20.36 14 2 7 0 0 0 0 
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Impacts of post-approval policies: 

 Orphan 
indicati
ons 
assessed 

Orphan 
indicatio
ns in 
scope 

Share of 
orphan 
indication
s in scope 
(%) 

Orpha
n 
indicat
ions 
withdr
awn 

Orphan 
indication
s 
withdrawn 
that are 
within 
scope 

Breakthroug
h indications 
assessed 

Breakthroug
h indications 
in scope 

Share of 
breakthroug
h indications 
in scope (%) 

Breakthrough 
indications 
withdrawn 

Breakthrou
gh 
indications 
withdrawn 
that are 
within 
scope 

Accelerated 
withdrawal after 
5 years 55 25 45.45 2 3 15 2 13.33 2 3 
Accelerated 
withdrawal after 
6 months of 
delay 66 41 62.12 5 9 19 4 21.05 3 9 
Accelerated 
withdrawal after 
1 year of delay 61 28 45.9 4 7 17 3 17.65 3 7 
Accelerated 
withdrawal after 
6 months of 
delay AND 5 
years post-
approval 49 18 36.73 2 3 13 1 7.69 2 3 

 

 Cancer 
indications 
assessed 

Cancer 
indications 
in scope 

Share of 
Cancer 
indications 
in scope 
(%) 

Cancer 
indications 
withdrawn 

Cancer 
indications 
withdrawn 
that are 
within 
scope 

HIV 
indications 
assessed 

HIV 
indications 
in scope 

Share of 
HIV 
indications 
in scope 
(%) 

HIV 
indications 
withdrawn 

HIV 
indications 
withdrawn 
that are 
within 
scope 

Accelerated 
withdrawal 
after 5 
years 65 21 32.31 7 3 7 0 0 0 0 
Accelerated 
withdrawal 84 47 55.95 13 9 7 4 57.14 0 0 
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after 6 
months of 
delay 
Accelerated 
withdrawal 
after 1 year 
of delay 77 31 40.26 11 7 7 2 28.57 0 0 
Accelerated 
withdrawal 
after 6 
months of 
delay AND 
5 years 
post-
approval 62 17 27.42 7 3 7 0 0 0 0 
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Appendix C: Chapter 4 
 

Appendix A 

Bevacizumab for breast cancer: 
Metastatic breast cancer, with 
paclitaxel for treatment of patients 
who have not received chemotherapy 
for metastatic HER2-negative breast 
cancer.  
 

I use ICD-9 code of 174 and ICD-10 code of C50 to 
identify patients who are using bevacizumab for breast 
cancer.  
There are no other indications for breast cancer 
approved for bevacizumab. 

Bevacizumab for glioblastoma: 
Glioblastoma, as a single agent for 
patients with progressive disease 
following prior therapy.  
 

I use ICD-9 code of 191 and ICD-10 code of C71 to 
identify patients who are using bevacizumab for 
glioblastoma.  
There are no other indications for glioblastoma 
approved for glioblastoma. 

Pembrolizumab for SCLC: 
patients with metastatic small cell 
lung cancer with progression after 
platinum-based chemotherapy and at 
least one other line of therapy 

I use a multi-step process to identify patients who are 
using pembrolizumab for small cell lung cancer. First, 
I ensure that the specific claim for pembrolizumab is 
associated a lung cancer diagnosis (ICD-9: 162 and 
ICD 10: C34). Then, I only select claims where 
patients have a history of the following small cell lung 
cancer treatments: cisplatin + etoposide, cisplatin + 
irinotecan, carboplatin + etoposide, topotecan, 
cyclophosphamide + doxorubicin + vincristine, 
carboplatin+ irinotecan, temozolomide, ifosfamide, 
and bendamustine. In cases where multiple drugs are 
part of the regimen such as the case of carboplatin and 
irinotecan, I only count a patient as taking the 
combination, if there are claims for these two drugs 
within the same month.  
There are no other indications for pembrolizumab for 
small cell lung cancer 

Pembrolizumab for Hepatocellular 
carcinoma: 
for the treatment of patients with 
HCC who have been previously 
treated with sorafenib 

I use a multi-step process to identify patients who are 
using pembrolizumab for hepatocellular carcinoma. 
First, I ensure that the specific claim for 
pembrolizumab is associated a hepatocellular 
carcinoma diagnosis (ICD-9: 1550 and ICD 10: 
C220). Then, I only select claims where patients have 
a history of sorafenib use prior to the claim in 
question. 
There are no other indications for pembrolizumab for 
hepatocellular carcinoma. 
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Pembrolizumab for Gastric Cancer: 
or the treatment of patients with 
recurrent locally advanced or 
metastatic gastric or gastroesophageal 
junction adenocarcinoma whose 
tumors express PD-L1 [Combined 
Positive Score (CPS) ≥1] as 
determined by an FDA-approved test, 
with disease progression on or after 2 
or more prior lines of therapy 
including fluoropyrimidine- and 
platinum-containing chemotherapy 
and if appropriate, HER2/neu-
targeted therapy 

I use a multi-step process to identify patients who are 
using pembrolizumab for gastric. First, I ensure that 
the specific claim for pembrolizumab is associated a 
gastric cancer diagnosis (ICD-9: 151 and ICD 10: 
C16). Then, I only select claims where patients have a 
history of platinum chemotherapy use (carboplatin, 
cisplatin or oxaliplatin) and have used either 
fluorouracil or capecitabine. 
There are no other indications for pembrolizumab for 
gastric cancer. 

Pembrolizumab for urothelial cancer: 
for the treatment of patients with 
locally advanced or metastatic 
urothelial carcinoma who are not 
eligible for cisplatin-containing 
chemotherapy and whose tumors 
express PD-L1 [Combined Positive 
Score (CPS) ≥10] as determined by 
an FDA-approved test, or in patients 
who are not eligible for any 
platinum-containing chemotherapy 
regardless of PD-L1 status 

First, I ensure that the specific claim for 
pembrolizumab is associated a urothelial cancer 
diagnosis (ICD-9: 188 and ICD 10: C67). Then, I only 
select claims where patients have no history of 
platinum chemotherapy use (carboplatin, cisplatin or 
oxaliplatin). 
There is another indication for urothelial cancer for 
patients who have disease progression during or 
following platinum-containing chemotherapy or 
within 12 months of neoadjuvant or adjuvant 
treatment with platinum-containing chemotherapy 

Atezolizumab for breast cancer: 
in combination with paclitaxel 
protein-bound for the treatment of 
adult patients with unresectable 
locally advanced or metastatic TNBC 
whose tumors express PD-L1 (PD-L1 
stained tumor-infiltrating immune 
cells [IC] of any intensity covering ≥ 
1% of the tumor area), as determined 
by an FDA approved test 

I use ICD-9 code of 174 and ICD-10 code of C50 to 
identify patients who are using atezolizumab for 
breast cancer.  
There are no other indications for breast cancer 
approved for atezolizumab. 

Atezolizumab for urothelial cancer 1st 
line: To treat adult patients with 
locally advanced or metastatic 
urothelial carcinoma who are not 
eligible for cisplatin-containing 
chemotherapy and whose tumors 
express PD-L1 or are not eligible for 
any platinum containing 
chemotherapy, regardless of PD-L1 
status 

First, I ensure that the specific claim for 
pembrolizumab is associated a urothelial cancer 
diagnosis (ICD-9: 188 and ICD 10: C67). Then, I only 
select claims where patients have no history of 
platinum chemotherapy use (carboplatin, cisplatin or 
oxaliplatin). 
There is another indication for urothelial cancer for 
patients below. 
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Atezolizumab for urothelial cancer 
2nd line: To treat adult patients with 
locally advanced or metastatic 
urothelial carcinoma who have 
disease progression during or after 
any platinum-containing 
chemotherapy, or within 12 months 
after receiving neoadjuvant or 
adjuvant chemotherapy 
 

First, I ensure that the specific claim for 
pembrolizumab is associated a urothelial cancer 
diagnosis (ICD-9: 188 and ICD 10: C67). Then, I only 
select claims where patients have a history of platinum 
chemotherapy use (carboplatin, cisplatin or 
oxaliplatin). 
There is another indication for urothelial cancer for 
patients above. 

Nivolumab for SCLC: 
patients with metastatic small cell 
lung cancer with progression after 
platinum-based chemotherapy and at 
least one other line of therapy 

I use a multi-step process to identify patients who are 
using nivolumab for small cell lung cancer. First, I 
ensure that the specific claim for nivolumab is 
associated a lung cancer diagnosis (ICD-9: 162 and 
ICD 10: C34). Then, I only select claims where 
patients have a history of the following small cell lung 
cancer treatments: cisplatin + etoposide, cisplatin + 
irinotecan, carboplatin + etoposide, topotecan, 
cyclophosphamide + doxorubicin + vincristine, 
carboplatin+ irinotecan, temozolomide, ifosfamide, 
and bendamustine. In cases where multiple drugs are 
part of the regimen such as the case of carboplatin and 
irinotecan, I only count a patient as taking the 
combination, if there are claims for these two drugs 
within the same month.  
There are no other indications for nivolumab for small 
cell lung cancer. 

Nivolumab for hepatocellular 
carcinoma: To treat patients with 
hepatocellular carcinoma who were 
previously treated with sorafenib 
 

I use a multi-step process to identify patients who are 
using nivolumab for hepatocellular carcinoma. First, I 
ensure that the specific claim for pembrolizumab is 
associated a hepatocellular carcinoma diagnosis (ICD-
9: 1550 and ICD 10: C220). Then, I only select claims 
where patients have a history of sorafenib use prior to 
the claim in question and no ipilimumab use within 
the month. 
There are no other indications for nivolumab for 
hepatocellular carcinoma. 

Nivolumab for melanoma I restrict claims to nivolumab claims which are 
associated with a a diagnosis of melanoma (ICD-9: 
172 and ICD 10: C43). Since there are other 
indications for nivolumab for melanoma, I restrict this 
analysis to claims for nivolumab that use ipilimumab 
within the same month. 
The other indications only include nivolumab as a 
single agent. There is an additional accelerated 
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approval indication for nivolumab for melanoma as a 
single agent but it is not possible to differentiate that 
from the traditional approval for nivolumab since it 
differs by type of melanoma not cleanly identified in 
ICD codes. 

Durvalumab for urothelial carcinoma: 
To treat adult patients with locally 
advanced or metastatic urothelial 
carcinoma who have disease 
progression during or after platinum 
containing chemotherapy or within 
12 months after receiving 
neoadjuvant or adjuvant treatment 
with platinum containing 
chemotherapy 
 

First, I ensure that the specific claim for durvalumab is 
associated a urothelial cancer diagnosis (ICD-9: 188 
and ICD 10: C67). Then, I only select claims where 
patients have a history of platinum chemotherapy use 
(carboplatin, cisplatin or oxaliplatin). 

Olaratumab for sarcoma I use ICD-9 code of 174 and ICD-10 code of C499 to 
identify patients who are using olaratumab for 
sarcoma.  
 

Gemtuzumab for AML I use ICD-9 code of 174 and ICD-10 code of C50 to 
identify patients who are using gemtuzumab for acute 
myeloid leukemia.  
There are no other indications for AML approved for 
gemtuzumab during the period under study. There is 
an additional AML indication approved in 2017 but 
that time period is beyond the scope of the study. 

  



 124 

Appendix B: Dates of Events 

Drug: Indication Event Date (Further details) 
Avastin: HER2 
Negative Breast 
Cancer 

Approval 2/2008 

 Negative clinical trial 
result 

AVADO and RIBBON-1 were ongoing but ODAC 
meeting on  07/2010 (clinical trials published in 
European Journal of cancer on 07/2011 and Journal 
of Clinical Oncology on 04/2011 respectively) 

 Revoked 11/2011 
   
Avastin: glioblastoma Approval 5/2009 
 Negative clinical trial 

result 
12/2017 

 Converted 12/2017 
   
Pembrolizumab: Small 
cell Lung cancer 

Approval 06/2019 

 
 

Negative clinical trial 
result 

01/2020 

 Withdrawal 03/2021 
   
Pembrolizumab: 
Hepatocellular 

Approval 11/2018 

ICD 9: 162 
ICD 10: C220 

Negative clinical trial 
result 

KEYNOTE-240 has primary completion date 
1/2019 although in 09/2021 positive results from 
KEYNOTE-394 

 Discussed during ODAC 
meeting 

04/2021 ODAC voted to maintain indication 

 Withdrawal - 
   
Pembrolizumab: 
Gastro-oesophageal 

Approval 9/2017 

ICD 9: 
ICD 10 : C16 

Negative clinical trial 
result 

06/2019 negative results from KEYNOTE-062 

 Discussed during ODAC 
meeting 

04/2021 ODAC voted to withdraw indication 

   
Pembrolizumab: 
urothelial 

Approval 5/2017 

 Negative clinical trial 
result 

06/2020 results of KEYNOTE-361 released 

 Discussed during ODAC 
meeting 

04/2021 ODAC voted to maintain indication 



 125 

 Converted to traditional 
approval 

8/2021 

   
Atezolizumab: triple 
negative breast cancer 

Approval 03/2019 

 Negative clinical trial 
result 

09/2020 Impassion 131 results discussed 

 Discussed during ODAC 
meeting 

04/2021 ODAC voted to maintain indication 

 Withdrawal 10/2021 
   
Atezolizumab: 
urothelial first line 

Approval 04/2017 

 Negative clinical trial 
result 

09/2019 IMVigor 130 trials results 

 Discussed during ODAC 
meeting 

04/2021 ODAC voted to maintain indication 

 Withdrawal 04/2021 
   
Atezolizumab: 
urothelial second line 

Approval 05/2016 

 Negative clinical trial 
result 

04/2017 

 withdrawal 03/2021 
   
Nivolumab: Small cell 
lung cancer 

Approval 08/18 

 Negative clinical trial 
result 

10/2018 (Checkmate 451) and 08/2018 (Checkmate 
331) 

 Withdrawal 12/2020 
   
Nivolumab: 
Hepatocellular 

Approval 09/2017 

 Negative clinical trial 
result 

06/2020 Checkmate 459 

 Discussed during ODAC 
meeting 

04/2021 ODAC voted to withdraw indication 

 Withdrawal 07/2021 
   
Nivolumab: melanoma Approval 12/2014 
 Negative clinical trial 

result 
02/2016 primary completion date for Checkmate-
037 

 Converted to traditional 
approval 

03/2019 
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Durvalumab: 
urothelial 

Approval 05/2017 

 Negative clinical trial 
result 

11/2020  phase 3 DANUBE trial 

 Withdrawal 02/2021 
   
Olaratumab: Sarcoma Approval 10/16 
 Negative clinical trial 

result 
12/2018 primary completion date of ANNOUNCE 
trial; Results posted 12/2019 

 Withdrawal (application) 02/2020 
   
Gemtuzumab: AML Approval 05/2000 
 Negative clinical trial 

result 
10/2010 discussions with FDA 

 Withdrawal 11/2011 
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Appendix C: Prevalence of different types of cancers over time in the data 

Breast cancer: 

Note that there is a steep decline in diagnoses due to the COVID-19 pandemic. This is not an 

issue for our bevacizumab analysis since the events of interest for bevacizumab end in 2011. 

However, it is an issue for the atezolizumab analysis.  

 

 

Glioblastoma: 

Note that there is a steep decline in diagnoses due to the COVID-19 pandemic. This is not an 

issue for our bevacizumab analysis since the events of interest for bevacizumab end in 2018. 
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Small Cell Lung Cancer:  

The COVID-20 dip is problematic for our estimation of pembrolizumab given that the negative 

confirmatory trial results are made public in Jan 2020 but not so for nivolumab which has 

negative confirmatory trial results released in 2018.  
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 132 

Appendix D: Other examples: 

a) Pembrolizumab for hepatocellular carcinoma 

Pembrolizumab was given accelerated approval for hepatocellular carcinoma in November 2018 

based on overall response rate and durability of response. A confirmatory study, KEYNOTE-240 

did not meet overall survival or progression free survival endpoints by January 2019 leading to 

this indication being shortlisted by the FDA as one of ten indications that had failed to show 

overall survival benefit. Merck, the manufacturer of the decision, contested withdrawal and the 

drug was discussed at the April 2021 Oncologic Drug Advisory Committee.61 

ODAC voted to maintain the indication since another trial, KEYNOTE-394, conducted in Asian 

populations (the record lists China, Hong Kong, Taiwan and Malaysia as locations)V was 

ongoing which could confirm benefit. Results from KEYNOTE-394 revealed in September show 

significant improvement in overall survival and progression free survival.63 

The results below show strong declines after the negative confirmatory trial result was discussed 

at an ASCO meeting in early 2019.64  The decline continues through the ODAC meeting. 

Whether there is a revival in usage after the results of KEYNOTE-394 are made available is not 

possible to see given that our data ends before that time. The indication has not been converted to 

traditional approvalW but has also not been withdrawn. 

 

 

 
V https://www.clinicaltrials.gov/ct2/show/NCT03062358 
W By January 2023.  
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b) Nivolumab for small cell lung cancer 

Another such case is the case for the small cell lung cancer indication for nivolumab. This 

indication was approved in August 2018 on the basis of response rate. There were two 

confirmatory trials (CHECKMATE 451 and CHECKMATE 331) both of which failed to find 

evidence of any overall survival benefit. One of the trials showed a benefit in terms of 

progression free survival and the other showed worse progression free survival. When this 

indication was identified by the FDA as having failed to meet its endpoints, the manufacturer 

agreed to withdraw the indication in December 2020.17 
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My results show a strong decline after the results of the confirmatory trials suggesting that this 

negative information was taken up by providers fairly quickly. The decline after the trials may 

have led to the manufacturer readily withdrawing the indication given the already limited sales. 

Note that small cell lung cancer has also a much lower prevalence than non-small cell lung 

cancer making this indication less likely to be an important source or revenue for the 

manufacturer further reducing incentives to fight the withdrawal.  

 

 

c) Atezolizumab for breast cancer 

The triple negative breast cancer indication for atezolizumab provides another case where the 

evidence is somewhat mixed. The indication was approved in March of 2019. However the 

results of the confirmatory trial, IMPASSION 131, failed to find evidence of overall survival or 
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progression free survival benefit.65 The indication was referred to ODAC where the members of 

the committee voted to maintain the indication. They argued that while the overall survival 

benefit was not statistically significant, a positive point estimate was meaningful in the clinical 

setting.66 

However, as the results below show, volume of usage declined after the negative results and did 

not recover after the ODAC meeting despite the positive news from ODAC. Eventually, the 

indication was withdrawn in October 2021 but our dataset ends right before that time point, so 

we cannot study how the withdrawal impacted usage. 

 

 

 

d) Gemtuzumab for AML 
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Gemtuzumab was approved for acute myeloid leukemia in 2000. Given poor preliminary results 

from its confirmatory trial, it began to have discussions with the FDA in 2010 and withdrew the 

indication in 2011. While the estimates show a positive post period trend, that is because over 

time the use of gemtuzumab for this indication was declining till it hit zero and could no decline 

any further. 

 

e) Bevacizumab for glioblastoma 

Bevacizumab’s indication for progressive glioblastoma was approved in May 2009 based on 

improved response rate in a phase 2 trial.67 A phase 3  confirmatory trial showed no 

improvements in overall survival or quality of life. There was improvement in the secondary 

endpoint of progression free survival but an increase in the rate of serious adverse events. The 
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results were published in November 2017 in the New England Journal of Medicine.68 Despite 

some opposition, this indication was converted to traditional approval in December 2017.32 

The figure below shows how usage evolved after the negative confirmatory trial and the 

subsequent transition to traditional approval. Both in terms of claims and claims per patient, 

there is a slight negative trend prior to the results being available which generally stabilizes.  

 

In this specific case, even though the approval is converted to traditional approval, we observe a 

decline in the number of prescriptions although the trend before and after the information is not 

statistically significantly different from each other. In the case of glioblastoma, limited 
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alternative treatments for glioblastoma may have a role to play in the granting of traditional 

approval and the resulting limited impact of the negative confirmatory trial.  

 

Appendix E: Event studies 
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Appendix F: Other outcome variables 

  (1) (2) (3) (4) (5) (6) 
VARIABLES claims claims claims claims claims claims 
              
Post negative 
confirmatory trial -6.388 -7.015 -6.303 -9.257 -9.629 -10.13 

 (12.14) (18.28) (12.40) (14.16) (20.39) (20.80) 
Post negative 
confirmatory trial * 
Time since negative 
confirmatory trial -3.830** 

-
5.026*** -4.361** -4.241** 

-
5.281*** 

-
5.694*** 

 (1.523) (1.505) (1.764) (1.633) (1.459) (1.469) 

Post withdrawal   
-

18.62***   
-

76.70*** 
   (6.200)   (24.67) 

Post withdrawal * 
Time since negative 
confirmatory trial   3.959   4.862*** 

   (2.284)   (1.321) 
Post traditional 
approval   13.99   -3.126 

   (16.03)   (10.77) 
Post traditional 
approval * Time 
since negative 
confirmatory trial   5.195**   6.099*** 

   (2.284)   (1.321) 
Constant 107.0*** 46.94 109.0*** 62.10*** 54.13 63.03 

 (9.242) (37.65) (10.61) (10.74) (39.53) (41.72) 
       

Observations 373 373 373 352 352 352 
R-squared 0.862 0.914 0.864 0.861 0.915 0.916 
Robust standard errors in 
parentheses      
*** p<0.01, ** p<0.05, * p<0.1      

 

Other controls include time since approval, a linear time trend for time relative to negative 

confirmatory trial, and drug indication fixed effects. 
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  (1) (2) (3) (4) (5) (6) 
VARIABLE
S 

Log(Claims+
1) 

Log(Claims+
1) 

Log(Claims+
1) 

Log(Claims+
1) 

Log(Claims+
1) 

Log(Claims+
1) 

              
Post negative 
confirmatory 
trial -0.0581 -0.0893 -0.0341 -0.0752 -0.105 -0.0963 

 (0.0601) (0.124) (0.0624) (0.0647) (0.127) (0.139) 
Post negative 
confirmatory 
trial * Time 
since 
negative 
confirmatory 
trial -0.0760** -0.0816** -0.0825** -0.0830** -0.0889** -0.0943** 

 (0.0345) (0.0335) (0.0345) (0.0353) (0.0342) (0.0339) 
Post 
withdrawal   -2.983***   -3.350*** 

   (0.109)   (0.321) 
Post 
withdrawal * 
Time since 
negative 
confirmatory 
trial   0.327***   0.338*** 

   (0.0193)   (0.0306) 
Post 
traditional 
approval   -0.158   -0.0470 

   (0.153)   (0.335) 
Post 
traditional 
approval * 
Time since 
negative 
confirmatory 
trial   0.0457**   0.0570* 

   (0.0193)   (0.0306) 
Constant 4.798*** 3.685*** 4.808*** 4.159*** 3.775*** 3.797*** 

 (0.116) (0.280) (0.113) (0.120) (0.308) (0.312) 
       

Observations 373 373 373 352 352 352 
R-squared 0.906 0.948 0.908 0.904 0.947 0.948 
Robust standard errors in 
parentheses      
*** p<0.01, ** p<0.05, * 
p<0.1      

 

Other controls include time since approval, a linear time trend for time relative to negative 

confirmatory trial, and drug indication fixed effects. 
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Appendix G: New patients only 

 N mean sd min max 
Number of total patients with diagnosis 373 9,637 13,604 961 58,465 
Number of total patients with diagnosis in 
the month of the negative confirmatory 
trial 

15 9,426 13,979 1,083 52,225 

Number of claims for relevant drug-
indication use 

373 14.32 17.49 0 97 

Number of claims for relevant drug-
indication use in the month of the negative 
confirmatory trial 

15 17.93 18.54 0 62 

Number of claims for indications per 1000 
patients with relevant diagnosis  

373 3.189 4.351 0 25.56 

Number of claims for indications per 1000 
patients in the month of the negative 
confirmatory trial 

15 4.100 4.960 0 15.83 
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Appendix D: Chapter 5 
Appendix A: Switching over time 

 

Figure A: The share of continuing patients over all patients at the drug-quarter level. A patient is 

considered a continuing patient if all prescriptions within the quarter are part of therapy initiated 

in the previous quarter/quarters. 
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Figure B: Number of claims for different types of switches for each molecule from time of 

market entry of first biosimilar to 2021q3 

 

Appendix B : Remicade: Usage of Originator and Biosimilars by Insurance Type 

 

 

Dispensings for Remicade and its biosimilars from time of market entry of Inflectra to 2021q3 

by insurance type: top graph: Medicare Advantage; bottom graph: Commercial Only 
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Appendix C: Patient payments for originators and biosimilars in sample

 

 

Average quarterly patient payment for Avastin and its biosimilars from time of market entry of 

first biosimilar to 2021q3 by insurance type: top graph: Commercial Only; bottom graph: 

Medicare Advantage 



 148 

 

 

Average quarterly patient payment for Herceptin and its biosimilars from time of market entry of 

first biosimilar to 2021q3 by insurance type: top graph: Commercial Only; bottom graph: 

Medicare Advantage 
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Average quarterly patient payment for Rituxan and its biosimilars from time of market entry of 

first biosimilar to 2021q3 by insurance type: top graph: Commercial Only; bottom graph: 

Medicare Advantage 
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Average quarterly patient payment for Neulasta and its biosimilars from time of market entry of 

first biosimilar to 2021q3 by insurance type: top graph: Commercial Only; bottom graph: 

Medicare Advantage 
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Average quarterly patient payment for Neupogen and its biosimilars from time of market entry of 

first biosimilar to 2021q3 by insurance type: top graph: Commercial Only; bottom graph: 

Medicare Advantage 
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Average quarterly patient payment for Epogen and its biosimilar from time of market entry of 

first biosimilar to 2021q3 by insurance type: top graph: Commercial Only; bottom graph: 

Medicare Advantage 
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Average quarterly patient payment for Remicade and its biosimilars from time of market entry of 

first biosimilar to 2021q3 by insurance type: top graph: Commercial Only; bottom graph: 

Medicare Advantage 
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Appendix D: Substitution analysis 

Number of switching claims over time (left panel); Share of switching claims over time (right 

panel) 

 

Figure A: Number of switching claims over time for Avastin (left panel); Share of switching 

claims over time (right panel) 

 

 

Figure B: Number of switching claims over time for Neupogen (left panel); Share of switching 

claims over time (right panel) 
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Characteristics of patients who do not switch within the course of a therapy and those that do. P-

values from 2-sided t-tests provided. 

Avastin: 

 Non-switcher 
mean 

Non-
switcher Switcher mean Switcher P-value 

Medicare 0.687115 53387 0.521088 1247 p<0.001 
Female 0.498698 53387 0.540497 1247 p=0.004 

Elixhauser 
Comorbidity 

Count 3.226111 53387 3.595511 1247 p<0.001 
On label 0.371099 53387 0.943267 1247 p<0.001 

Office 0.713424 53387 0.44782 1247 p<0.001 
 

Epogen: 

 Non-switcher 
mean 

Non-
switcher Switcher mean 

Switche
r P-value 

Medicare 0.838626 52000 0.791248 1394 p<0.001 
White 0.38563 530727 0.508258 1877 p<0.001 

Female 0.438519 52000 0.422525 1394 p=0.23 
Elixhauser 

Comorbidit
y Count 6.93078 52000 7.116447 1394 p=0.02 
On label 0.854767 52000 0.785675 1394 p<0.001 

Office 0.423152 52000 0.409645 1394 p=0.31 
 

Neupogen: 

 Non-
switcher 

mean 
Non-

switcher 
Switcher 

mean Switcher P-value 
Medicare 0.550384 95514 0.454676 2805 p<0.001 

Female 0.553186 95514 0.548663 2805 p=0.63 
Elixhauser 

Comorbidity 
Count 5.147284 95514 5.395991 2805 p<0.001 

On label 0.585961 95514 0.555784 2805 p<0.001 
Office 0.541586 95514 0.460841 2805 p<0.001 
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Neulasta: 

 Non-
switcher 

mean 
Non-

switcher 
Switcher 

mean Switcher P-value 
Medicare 0.511712 64515 0.568293 2121 p<0.001 

Female 0.538851 64515 0.498821 2121 p<0.001 
Elixhauser 

Comorbidity 
Count 5.177478 64515 5.484115 2121 p<0.001 

On label 0.236709 64515 0.275549 2121 p<0.001 
Office 0.407359 64515 0.337419 2121 p<0.001 

 

Remicade: 

 Non-
switcher 

mean 
Non-

switcher 
Switcher 

mean Switcher P-value 
Medicare 0.204709 73187 0.10551 6697 p<0.001 

Female 0.522975 73187 0.477527 6697 p<0.001 
Elixhauser 

Comorbidity 
Count 1.539623 73187 1.190139 6697 p<0.001 

On label 0.806183 73187 0.840115 6697 p<0.001 
Office 0.566794 73187 0.572554 6697 p=0.35 

 

Herceptin: 

 Non-
switcher 

mean 
Non-

switcher 
Switcher 

mean Switcher P-value 
Medicare 0.407476 18415 0.412561 1302 p=0.72 

Female 0.788759 18415 0.889401 1302 p<0.001 
Elixhauser 

Comorbidity 
Count 3.816194 18415 3.57548 1302 p<0.001 

On label 0.95544 18415 0.953708 1302 p=0.76 
Office 0.376665 18415 0.425997 1302 p<0.001 

 

Rituxan 
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 Non-
switcher 

mean 
Non-

switcher 
Switcher 

mean Switcher P-value 
Medicare 0.567212 23812 0.515434 1925 p<0.001 

Female 0.452377 23812 0.501299 1925 p<0.001 
Elixhauser 

Comorbidity 
Count 4.157311 23812 4.151203 1925 p=0.93 

On label 0.04916 23812 0.05189 1925 p=0.59 
Office 0.442323 23812 0.474464 1925 p=0.006 

 

 

 

Appendix E: Survival analysis 

Kaplan Meier Curves for share of therapies switching back by type of switch  
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Appendix F: Tests of Cox Proportional Hazards Assumptions 

Figure A: Survival curve by whether the patient switched from originator to biosimilar or vice 

versa 

 

Figure B: Survival curve by whether the biologic was used for on-label versus off-label 

indication 
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Figure C: Survival curve by whether the biologic was prescribed in an office vs non-office 

setting 
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Figure D: Survival curve by whether the biologic was used by a patient on Medicare Advantage 

or commercial insurance 

 

 

 

 

 

Figure E: Survival curve by the number of comorbidities recorded for the patient. 
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Appendix G: Cox proportional hazards model with continuous time 

  (1) (2) (3) (4) (5) (6) (7) 
VARIABLES Avastin Remicade Epogen Herceptin Rituxan Neulasta Neupogen 
                
Elixhauser 
Comorbidity 
>1 & <=3 1.107 1.163 0.769 0.858 0.763 1.019 1.318 

 (0.367) (0.115) (0.337) (0.217) (0.221) (0.333) (0.240) 
Elixhauser 
Comorbidity 
>3 & <=6 0.613 1.297** 1.310 0.589** 0.714 1.119 1.393* 

 (0.212) (0.162) (0.498) (0.158) (0.201) (0.351) (0.244) 
Elixhauser 
Comorbidity 
>6 1.145 1.454* 1.414 0.728 1.087 0.929 1.412* 

 (0.422) (0.323) (0.528) (0.234) (0.318) (0.296) (0.253) 
Medicare 0.568*** 0.947 0.633*** 0.628*** 0.725* 0.749** 0.526*** 

 (0.104) (0.0790) (0.0808) (0.113) (0.119) (0.0883) (0.0399) 
Switched in 
office setting 0.276*** 0.720*** 1.106 1.341 0.996 1.016 1.086 

 (0.108) (0.0740) (0.176) (0.785) (0.328) (0.116) (0.0824) 
On label usage        

 929 5,322 896 1,060 1,482 1,386 1,931 
 1.107 1.163 0.769 0.858 0.763 1.019 1.318 

Observations (0.367) (0.115) (0.337) (0.217) (0.221) (0.333) (0.240) 
Se form in parentheses       
*** p<0.01, ** p<0.05, * 
p<0.1       
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Appendix H: Adherence 

Another way to measure satisfaction with a switch is to measure whether adherence remains the 

same after an individual has switched. My earlier measure of adherence divided uses into 

therapies based on difference in duration between doses. This measure would, by design, 

understate any differences in adherence by considering doses that have a significant duration 

between them to be different therapies. Consequently, I design a new measure. In this measure, if 

a patient is continuously enrolled and doses are not more than 365 days apart, they are 

considered part of one therapy.  

As my earlier analysis shows, switchers and non-switchers actually vary significantly on 

different characteristics and so comparing adherence across switchers and non-switchers is likely 

to be a biased exercise. Instead, I restrict the sample to only switchers and then study adherence, 

defined as mean time between doses, before and after a switch. Furthermore, since we may be 

concerned that the originator has been on the market longer which may bias the results, I restrict 

the exercise to only the doses right before and after the switch and measure difference in 

adherence for those groups. 

 

Days between doses 

 Before Switch After Switch   
Average 

number of 
days 

N 
Average 
number 
of days 

N p-value 

avastin 26.86987 2021 26.38348 2107 0.548425 
neupogen 13.01955 3785 13.87656 4172 0.277961 
neulasta 28.29835 2125 27.05238 2673 0.158556 
epogen 30.37162 4179 26.99163 4420 p<0.001 
herceptin 24.0213 1643 24.18792 1772 0.766543 
rituxan 54.25895 2599 43.73895 2375 p<0.001 
remicade 52.67476 8483 50.57175 7652 p<0.001 
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For avastin, neupogen, Neulasta and Herceptin, there are no statistically significant differences in 

the mean number of days between switches. As a measure of adherence, this suggests switching 

over does not induce delays in receiving future care. For Epogen, Rituxan and Remicade, there 

are statistically significant differences between doses but they suggest that the time between 

doses actually reduces after the switch suggesting improvement in adherence. 
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Appendix I: 

Results from simulations that test different policies relative to observed rate of biosimilar use 

within 1 year of market entry are outlined in the Table below. Column (1) tabulates the share of 

the originator in the first year after biosimilar entry. Note that this is much lower than national 

estimates for many of these drugs but that is not relevant for the purposes of this simulation 

exercise which is only meant to be demonstrative. Biosimilar use in the dataset does catch up to 

national levels over time.   In column (2), I simulate the case where all new users take a 

biosimilar and then continue to use the biosimilar for the rest of their therapy duration. This 

decreases originator’s share substantially. For example, Avastin’s share falls to 4.4% of all use in 

such a case but originators where there is a large share of existing (continuing) users like Rituxan 

and Remicade, originator share remains at 31.7% and 56.8% respectively. Conversely, in column 

3, I simulate the effects of a policy where all continuing users are switched to the biosimilar. As 

can be seen, this makes a much smaller difference in share for drugs like Avastin but 

substantially reduces originator use for Remicade. In the 4th column, I prohibit any switching. 

This continues to result in high levels of originator use and the resultant lack of biosimilar 

penetration in this market within the first year.  

For drugs like Avastin, the biosimilar rate can be increased substantially by switching new users 

but this policy is less effective for Rituxan and Remicade where switching all users to 

biosimilars decreases the rate of originator use more substantially. 

 

Share of originator dispensings/all dispensings 
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Current 1 year 
originator share 

(%) 
(1) 

Policy where all 
new users take 

biosimilar 
(2) 

Policy where all 
continuing users 
are switched to a 

biosimilar 
(3) 

Policy where no 
switching is allowed 

(4) 

avastin 94.97 4.4 79.8 95.8 
neupogen 94.15 7.2 26.4 94.7 
neulasta 93.43 9.78 37.8 93.9 
epogen 92.4 13.5 36.3 93.2 
herceptin 72.3 26.9 13.3 77.9 
rituxan 87.3 31.7 22.8 90.1 
remicade 99.47 56.8 18.1 99.7 

 

 


