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Cancer is the second most common cause of death in the United States after 

heart disease.  Novel immunotherapy agents such as nivolumab and pembrolizumab 

have become an essential, albeit extremely expensive, component of oncology care 

since their first approvals in melanoma in 2014 and lung cancer in 2015.  However, 

little is known about differences between immunotherapy clinical trial participants 

and the real-world patient population, or about the drivers of provider utilization of 

these agents.   

The first objective of this dissertation used the SEER-Medicare linked 

database with claims data from 2014-2016 to conduct two aims analyzing potential 

disparities between Medicare beneficiaries on active treatment for melanoma and 

lung cancer and Medicare clinical trial participants.  Aim one compared the 



 

 

characteristics of Medicare patients on active cancer treatment to Medicare patients 

on active cancer treatment clinical trials.  Aim two compared Medicare patients 

receiving the novel immunotherapy agents nivolumab or pembrolizumab to Medicare 

patients participating in trials of these two immunotherapy agents.  Because of the 

demographic differences in the melanoma and lung cancer patient populations, these 

aims were analyzed separately in melanoma and lung cancer. As hypothesized, 

patients in clinical trials were significantly younger and had fewer comorbid 

conditions than patients undergoing active cancer treatment not in clinical trials.  

Underrepresentation of non-White and female patients in clinical trials was 

hypothesized, but these results were less consistent.   

The second objective used Medicare Open Payments data from 2016 and 

Medicare provider utilization data from 2017 to analyze 1) if industry payments 

promoting nivolumab or pembrolizumab were positively associated with whether a 

provider was a high utilizer of the agent, and 2) among these high utilizers, if industry 

payments were positively associated with greater utilization amounts.  The 

hypothesized results, that industry payments were associated with greater likelihood 

of high utilization and more utilization among high utilizers, were seen in some of the 

analyses but not consistently throughout the study.  Through unique analyses of 

recent datasets, this dissertation advances our understanding of potential disparities in 

clinical trial representativeness and the generally positive relationship between 

promotional payments and provider utilization of immunotherapy agents in the 

Medicare cancer patient population. 
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Chapter 1: Introduction and Theoretical Framework 

Introduction 

Cancer is an important disease area for public health research in the United 

States.  Cancer is the second most common cause of death, after heart disease, and 

more than 5,200 new cancer diagnoses are expected daily, for a total of nearly 1.9 

million new cases in 2021.1  Advances in cancer treatment have the potential to 

significantly improve outcomes for many people.  A recent analysis found that more 

than 10,000 lung cancer deaths were averted between 2014 and 2016 due to improved 

treatments, including immunotherapies.2 

Novel immunotherapy agents have become an essential, albeit extremely 

expensive, component of oncology care in recent years.  In the United States, the first 

Food and Drug Administration (FDA) approvals of PD-1 checkpoint inhibitors 

pembrolizumab and nivolumab came in 2014 in melanoma and in 2015 in non-small 

cell lung cancer.  These checkpoint inhibitors differ from most antineoplastic 

therapies in two key ways:  instead of targeting the tumor cells, they directly target 

the immune system, and instead of trying to boost immune system activity, they block 

checkpoints where tumor cells can act to slow down or stop the immune system.3   

The initial pembrolizumab and nivolumab approvals were based on promising 

early findings in small, individual trials, which were confirmed in later trials.  

However, little is known about differences between immunotherapy clinical trial 

participants and the real-world immunotherapy patient population or the drivers of 

real-world immunotherapy utilization.  This information is essential to prioritizing 
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additional research evaluating the efficacy of immunotherapy agents in realistic 

patient populations, as well as assessing whether current utilization is appropriate. 

Evidence regarding utilization of these agents is also limited because the related 

claims are so recent.  In the United States, Medicare-eligible patients represent the 

majority of cancer patients,4 and Medicare claims data and related physician 

utilization data for these years are just now becoming available.  The studies included 

in this dissertation take advantage of these newly released Medicare datasets to 

produce related papers providing an innovative, essential, and timely analysis of 

novel immunotherapy agents from a health services research perspective.   

Theoretical Frameworks  

Sketris Framework for Factors Affecting Prescribing 

When considering the drivers of physician utilization of novel immunotherapy 

agents, this analysis builds on the framework described by Sketris et al. in a 2007 

report prepared for the Health Council of Canada.5  The Sketris framework was 

intended to guide evaluation of interventions to optimize prescribing.  However, it is 

also useful as a framework for understanding individual prescribing decisions in drug 

utilization research.6  

In this framework, factors are broadly broken down into four main categories:  

prescriber factors, patient factors, drug factors, and other environmental factors.5  

Prescriber factors include both individual prescriber characteristics and the 

characteristics of the organization the provider practices within.  Patient factors 

similarly include both individual patient characteristics and the support systems 

surrounding the patient.  Drug factors include the scientific evidence in support of 
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the drug, as well as other characteristics of the drug such as its available dosage forms 

and the pharmacodynamics and pharmacokinetics.   

The other potential environmental factors are broad and diverse.  As described 

by Sketris et al., they can include the professional societies that put out practice 

guidelines; regulatory bodies that determine drug approvals and physician licensing; 

private sectors such as the drug industry, insurers, and employers; governments 

that set policies and determine health care financing; media and other information 

sources; other health service delivery organizations such as hospitals; the volunteer 

health sector that includes advocates and research funders; academia in its research 

and education roles; and society’s values and preferences.   

Diffusion of Innovation Theory and Drug Utilization Research   

This work ties the Sketris framework to elements from the diffusion of 

innovation theory.  The theoretical framework for diffusion of innovation theory was 

formalized in Dr. Everett Rogers’ 1962 book, Diffusion of Innovations, which has 

since been revised and updated in multiple editions.7  The theory includes four main 

elements:  1) an idea, or innovation; 2) the channels through which the idea is 

communicated; 3) the time period over which diffusion of the idea takes place; and 4) 

the individuals within the social system that the idea is spreading in.  Not all ideas are 

equal:  several characteristics of the innovation contribute to its diffusion.  These 

include the perceived relative advantage of the new innovation compared to the 

status quo; the compatibility of the innovation with the values and needs of the 

individuals who may adopt it; the perceived complexity of the innovation to 

understand and use; the degree to which the innovation can be tried out without 
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committing to it fully (i.e., its trialability); and the observability of the effects of the 

innovation in friends and colleagues.7  Innovations that have greater perceived 

relative advantage, high compatibility, low complexity, greater trialability and greater 

observability will spread more rapidly than innovations that do not.   

Diffusion of innovation theory has a long and complicated history in public 

health dissemination and implementation research and practice.8 One of the seminal 

works in early diffusion of innovation research by Coleman and colleagues explored 

diffusion of a new drug among physicians.9,10  This early social network analysis 

found that more closely interconnected physicians were more likely to begin using the 

new drug sooner.  However, a reanalysis of the original dataset by Van den Bulte and 

Lilien found that the “social contagion” effect on uptake of the new drug could 

instead be explained by marketing effects; that is, the contagion effect was no longer 

significant when drug advertising was controlled for.11   

As these examples show, diffusion of innovation theory can be difficult to 

apply appropriately.  However, within the context of drug utilization, each of the 

innovation characteristics identified by Rogers could clearly contribute to diffusion of 

a new agent by providers.7  Agents with a significant relative advantage in terms of 

overall survival, disease response, or side effects would likely be adopted rapidly.  

When the relative advantage is less clear, issues such as compatibility of providing 

the agent within the existing medical system and the complexity of providing the 

agent will likely play a bigger role.  Observability is likely important when dealing 

with a new class of agents with less certain side effect management.  By observing 

their colleagues using these agents and by treating patients who may have already 
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received these agents from others, providers can become more comfortable with their 

ability to successfully utilize the agents and become more familiar with the relative 

advantages of the agents.  Finally, trialability is likely more relevant to the adoption 

of medical devices that may require a significant investment but could still be a factor 

in drug utilization – particularly with drugs that may have “free samples” available 

that could be shared with patients considering their utilization.  However, relative 

trialability seems less relevant in the context of oncology since the standard across 

diseases typically involves starting with a therapy but being willing to change 

depending on response and adverse events.   

Diffusion of Innovation Research in Oncology 

Researchers have utilized diffusion of innovation theory to analyze the uptake 

of agents by oncologists.  Unger et al. used data from the National Cancer Institute 

(NCI) Surveillance, Epidemiology, and End Results (SEER) cancer registry program 

linkage with Medicare claims data from 1995 to 2008 to explore the uptake of 

docetaxel among prostate cancer patients by demographic and socioeconomic 

characteristics after docetaxel was found to improve survival in castration-resistant 

prostate cancer and received FDA approval in 2004.12  This analysis found that 

adoption of docetaxel was significantly slower for patients who were older, black, or 

lower income.  Interestingly, eighty percent of the adoption of docetaxel took place 

before the 2004 approval.  Instead, adoption coincided with the adoption of docetaxel 

in other disease areas where approvals came in the 1990s.   

A study of gemcitabine adoption in pancreatic cancer, which also used SEER-

Medicare data, found that the odds of receiving gemcitabine dropped with each older 
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age group and that patients with higher socioeconomic status were significantly more 

likely to receive gemcitabine.13  However, a more recent analysis of another 

chemotherapeutic agent, bevacizumab, in a random sample of 20% of Medicare 

beneficiaries receiving chemotherapy for cancer, found minimal differences in 

adoption by patient demographic characteristics.14   

A non-drug analysis in oncology by Pollack et al. examined the adoption of 

unproven imaging modalities, magnetic resonance imaging (MRI) and positron 

emission tomography (PET), in breast cancer.15  This study used SEER-Medicare 

data to focus on the social contagion of the non-evidence-based MRI/PET imaging.  

The researchers found that peer use of MRI and PET imaging was significantly 

associated with provider utilization of these imaging modalities.  However, this study 

and others focused on social contagion in medicine do not describe whether 

marketing effects were controlled for, perhaps because of the lack of data previously 

available to assess marketing.16-19 

Application of Frameworks to FDA Expedited Review 

The expedited regulatory review pathways described earlier are of interest 

when considering drivers of physician utilization of agents for at least two key 

reasons.  First, being granted an expedited review through one or more of these 

pathways may be used as an indicator of the potential value of an agent.  The 

breakthrough designation granted for pembrolizumab in advanced melanoma in 2013 

was one of the first times the designation had been used.  Although the FDA does not 

report these designations, Merck issued a press release publicizing the decision.20  It 

was then widely reported in trade publications.21-23  (In reviewing these documents, it 
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is important to note that at the time of breakthrough designation, the generic name for 

pembrolizumab was lambrolizumab; its name was changed before its initial 

approval.)  Bristol-Myers Squibb similarly issued a press release describing the 

regulatory milestones achieved for nivolumab, including its breakthrough designation 

in melanoma, which came after receipt of breakthrough designation in lung cancer.24  

The release received coverage in the oncology press.25   

As these examples show, FDA decisions to grant expedited review pathways 

give companies an opportunity to promote their product before an approval decision 

has been made.  Information about an FDA decision to grant expedited review of an 

agent contributes to physician decisions about drug utilization through at least three 

of the influencing organizations described in the Sketris framework.  These include 

regulatory bodies in the form of the FDA decision, the drug industry in the form of 

their marketing of the decision, and the media in the form of their coverage of the 

decision.   

A second reason expedited review pathways are of interest focuses more on 

the accelerated approval pathway.  As discussed earlier, this pathway is the only form 

of expedited review that actually alters the requirements for an initial approval of an 

agent, and it is often granted in conjunction with other expedited review mechanisms.  

Because accelerated approval allows an initial approval decision to be made based on 

surrogate endpoints, rather than on endpoints that are directly clinically meaningful, 

there is less certainty of clinical benefit for agents that have received only accelerated 

approval and have not yet converted to full approval.26  This most clearly ties into the 

drug factors in the Sketris framework, in that there is less scientific evidence 
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supporting utilization of the agent than would be expected if the agent had full 

approval.  However, the accelerated approval is still an approval granted by a 

regulatory body making the agent more generally accessible through standard 

insurer reimbursement policies.   

Adapted Framework 

This dissertation has adapted the Sketris framework to emphasize the factors 

most applicable to this study of uptake of immunotherapy agents in the United States 

Medicare population and to tie the key factors in the framework to the relevant 

characteristics from diffusion of innovation theory.  This adapted framework, shown 

in Figure 1, guided the analysis but is not comprehensively tested as part of this 

dissertation.  The framework includes both prescriber and patient factors from 

Sketris et al.  The patient factors element is linked to the innovation characteristic of 

compatibility from diffusion of innovation theory. This is linked to the research 

representativeness in clinical trials, because compatibility is more uncertain if the 

patient was not represented in the research population.  Drug factors are linked to the 

innovation characteristic of relative advantage, in the form of perceived efficacy and 

side effects of the agents.   

The adapted framework does not include professional societies.  National 

practice guidelines may not be updated as rapidly as agents are approved.  More 

importantly, for the purposes of study agent uptake within a single country – the 

United States – and within a single group of providers – oncologists – practice 

guidelines are arguably less likely to be useful in analyzing individual-level 

utilization decisions since they are occurring at the same time for all providers within 
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the country.  In the United States, the National Comprehensive Cancer Network 

(NCCN) offers widely accepted practice guidelines that are regularly reviewed and 

updated by a panel of experts.  Requests for changes are publicly documented, 

including the source of the request, discussion by the panel, and ultimate panel vote.27  

Similarly, the adapted framework does not include regulatory bodies, since the FDA 

decisions apply across the United States, or government, since most health care 

legislation affecting the Medicare population is at the national level.  Media, society, 

Figure 1. Framework of Factors Contributing to Drug Utilization Decision, 
Adapted from Sketris et al. and Rogers 
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and volunteer health sector factors are also not included because their effects are 

expected to largely be national.   

From the private sector, the adapted framework includes the drug industry, 

which is the focus of Chapter 4 of this dissertation.  In the United States, drug 

industry marketing to physicians is a key potential driver of utilization.  Thus, this 

element is tied to the communication channels component of diffusion of innovation 

theory.  Insurers and employers are not included because the population of interest for 

this analysis is Medicare patients.  Other health service delivery organizations could 

potentially be of interest but are not included because preliminary analysis indicates 

pembrolizumab and nivolumab are overwhelmingly given in provider office settings.    
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Chapter 2: Background and Literature Review 

This literature review begins by describing the emergence of immunotherapy 

agents in oncology and the significance of their utilization in the current health care 

system.  Next, it describes the origins of the modern clinical research system in the 

United States.  This lays the groundwork for understanding key regulatory and ethical 

concerns in the approvals and utilization of novel immunotherapy agents.  Finally, 

key historical events and research around disparities in clinical research participation 

are described.  

Immunotherapy in Oncology 

The Nobel Prize for Medicine was awarded on October 1, 2018 to two 

researchers who identified key immunotherapy targets.28  The prize was jointly 

awarded to James Allison from MD Anderson Cancer Center and Tashuku Honju 

from Kyoto University for their individual work identifying two immunotherapy 

targets that have led to approved agents in oncology.  As the prize highlights, 

immunotherapies in oncology have been in development for decades:  the work being 

recognized was largely done in the 1990s.  However, it set the stage for key clinical 

advances that are still now being recognized.  The American Society of Clinical 

Oncology (ASCO) named immunotherapy the cancer “Advance of the Year” in both 

their 2016 and 2017 Annual Reports on Progress Against Cancer.29,30  In 2016, ASCO 

president Julie Vose introduced the report by saying, “No recent advance has been 

more transformative than the rise of immunotherapy.”29  For 2018, ASCO highlighted 

a particularly type of immunotherapy – adoptive cell immunotherapy – as the advance 

of the year.31   
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Regulatory Approvals of Immunotherapy Agents in Melanoma 

The first FDA approval of the modern class of immunotherapy checkpoint 

inhibitors was ipilimumab (brand name Yervoy) in March 2011 in advanced 

melanoma.32 A single clinical trial was submitted to the FDA in support of the new 

drug application.  The trial was called MDX010-20.  The study was a three-arm trial, 

with patients randomized (3:1:1) to ipilimumab plus an experimental vaccine, 

ipilimumab plus a vaccine placebo, or a placebo plus an experimental vaccine.  

Patients were enrolled between 2004 and 2008; the study was completed in 2009.  

Because this trial was designed as a three-arm study intended to show the benefit of 

the combination, the analytic plan focused on the combination.  The ipilimumab-

vaccine combination arm had a significantly greater overall survival than the vaccine 

alone arm.  The ipilimumab alone arm also had higher overall survival, leading the 

FDA to approve ipilimumab alone.   

However, ipilimumab was quickly surpassed by newer immunotherapy 

checkpoint inhibitors targeting the programmed cell death receptor 1 (PD-1) or the 

programmed death-ligand 1 (PD-L1).  These checkpoint inhibitors, including 

pembrolizumab (brand name Keytruda) and nivolumab (brand name Opdivo), 

demonstrated greater activity and lower toxicity than ipilimumab in the first 

publications of results from phase three studies.33,34  In a three-arm trial of nivolumab 

in advanced melanoma, 945 patients were randomized (1:1:1) to nivolumab, 

nivolumab and ipilimumab, or ipilimumab.34  Nivolumab alone had significantly 

longer progression-free survival in melanoma at 6.9 months than ipilimumab alone at 

2.9 months.  Treatment-related adverse events led to discontinuation of treatment in 
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just 7.7% of patients receiving nivolumab alone compared to 14.8% of patients 

receiving just ipilimumab.  Similarly, in a three-arm trial of pembrolizumab in 

advanced melanoma, 834 patients were randomized (1:1:1) to pembrolizumab every 

two weeks, pembrolizumab every three weeks, or ipilimumab every three weeks.33  

Patients in both of the pembrolizumab arms had similarly higher rates of progression-

free-survival at six months and overall survival at 12 months than patients in the 

ipilimumab arm, as well as lower rates of high-grade treatment-related adverse 

events.   

The first approvals for pembrolizumab and nivolumab both came in 2014 in 

melanoma.35,36  Merck’s pembrolizumab was granted approval under the FDA’s 

accelerated approval pathway on September 4, 2014.37  The approved indication was 

for patients with metastatic or unresectable melanoma whose melanoma progressed 

after receiving ipilimumab and, if the melanoma had a mutation in the BRAF V600 

gene, a BRAF inhibiting agent.  The pembrolizumab application was granted 

breakthrough therapy designation.36  The pembrolizumab accelerated approval was 

based on a cohort of 173 patients enrolled within a large expansion study.  These 

patients had a response rate of 24%, exceeding the pre-specified criteria of 10%.  

Toxicities were evaluated in a larger pool of melanoma patients who had received 

pembrolizumab.  The most significant adverse events were autoimmune disorders, 

including pneumonitis and colitis.  The FDA found that, although the response rate 

was objectively small, it was still significantly better than the standard treatment in 

melanoma at the time.  This served as the basis for the accelerated approval decision.   
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Bristol-Myers Squibb’s nivolumab was similarly approved under the 

accelerated approval pathway on December 22, 2014 for the same melanoma 

indication.37  Nivolumab had also been granted a breakthrough therapy designation.38  

The nivolumab accelerated approval was based on an interim analysis of a subset of 

trial patients from a single arm of a study.  In the interim analysis, 120 patients 

receiving nivolumab had an overall response rate of 31.7%, exceeding the pre-

specified minimum response rate of less than 15%, which was approximately the 

expected response rate for standard of care treatment.  The trial in which these 

patients were enrolled was actually a randomized (2:1) trial comparing nivolumab to 

chemotherapy, but at the time of the FDA review, the only comparative data 

examined was safety data.  Key adverse events noted were autoimmune toxicities.  

Overall, the FDA’s risk-benefit assessment recommended accelerated approval given 

the increased efficacy compared to standard treatment and the tolerable toxicities 

reported.   

Regulatory Approvals of Immunotherapy Agents in Lung Cancer 

Pembrolizumab and nivolumab each also gained approvals in non-small cell 

lung cancer (NSCLC) in 2015.39,40  Nivolumab was granted regular approval on 

March 4, 2015 for an indication in “metastatic squamous non-small cell lung cancer 

with progression on or after platinum-based chemotherapy.”  The nivolumab 

application was originally submitted seeking accelerated approval based on a 

randomized phase three trial of 272 patients with a surrogate endpoint of overall 

response rate.41  However, approval was not granted until there was an interim 

analysis of a clinical endpoint, overall survival, which supported the regular approval.  
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Pembrolizumab was granted accelerated approval on October 2, 2015 for an 

indication in “patients with metastatic NSCLC whose tumors express PD-L1 as 

determined by an FDA-approved test and who have disease progression on or after 

platinum-containing chemotherapy.”40  This accelerated approval was based on a 

study with a surrogate endpoint of overall response rate. 

Utilization of Expedited Regulatory Review Programs 

In these and later reviews and approvals, novel immunotherapy agents utilized 

a range of expedited review programs available through the FDA to facilitate review 

of promising agents.  These expedited review programs include the accelerated 

approval pathway, fast track designation, priority review designation, and most 

recently, breakthrough therapy designation.42  According to the FDA’s guidance on 

the expedited review programs, agents must be intended to treat a “serious condition” 

to qualify for any of these four programs.43  The FDA defines a serious condition as a 

condition, disease, or illness that has significant, persistent morbidity or is life-

threatening.  Other requirements vary across the four programs, including whether the 

agent meets an unmet medical need, the type of preliminary data available, and the 

type of research proposed for the initial FDA approval.   

Of the four programs, accelerated approval and breakthrough therapy 

designation have arguably been the most significant in oncology.  Priority review 

moves up the FDA review deadline from 10 months to six months for agents 

addressing serious conditions that could significantly improve safety or efficacy.43  

Most oncology agents are intended to treat serious conditions and are in development 

only in the hopes that they would improve on current safety or efficacy, so this 
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mechanism should be broadly used.  Fast track designation focuses on improving 

communication between the FDA and industry for agents addressing serious 

conditions with the potential to fill an unmet medical need.  However, there are not 

associated deadlines; all features of the fast track designation are included in the 

breakthrough therapy designation.   

Accelerated approval is the only expedited review program that is an 

alternative approval pathway rather than an effort to speed the overall review 

process.43  For accelerated approval, unlike regular approval, an application can rely 

on so-called surrogate or intermediate research endpoints that are likely to predict the 

actual clinical benefit.  As part of the accelerated approval, a company is required to 

carry out confirmatory trials to verify the clinical benefit assumed based on surrogate 

or intermediate endpoints.  If that benefit is not seen, approval can be withdrawn.   

The accelerated approval pathway was first codified in 1992 and the FDA 

recently published a review of the first 25 years of utilization of accelerated approval 

in oncology and malignant hematology.44  As of May 31, 2017, 64 agents had 

received accelerated approval in 93 indications in oncology and malignant 

hematology.  The most frequently used intermediate or surrogate endpoints were 

response rates, with a small number of indications relying on endpoints such as 

progression-free survival.  Importantly, 72% of the accelerated approvals relied on 

single-arm trials rather than the gold standard of a randomized controlled trial.  It is 

this utilization of earlier-phase trials that has made it possible for accelerated approval 

to lead to expedited approvals of new agents.   
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Breakthrough therapy designation was a designation developed by the FDA 

when implementing the FDA Safety and Innovation Act of 2012 (FDASIA) as a 

supplement to the existing programs.42  Thus, we do not have as much evidence of 

how breakthrough therapy designation has been used in oncology.  Through 2017, the 

FDA approved 46 agents across disease areas that had been granted breakthrough 

therapy designation; of these, 25 were in cancer.45  All 46 agents had been given 

priority review designation, 24 had been given fast track designation, and 18 received 

accelerated approval.  Based on an analysis in the Journal of the American Medical 

Association (JAMA), most if not all of the 25 cancer approvals were based on a 

single pivotal efficacy trial.  Of the 25 cancer approvals, 10 relied on one or more 

trials with randomization and a comparator group, while 15 relied only on single arm 

trials.   

Uptake of Immunotherapy Agents in Clinical Practice 

Since the initial FDA approvals, there has been significant uptake of 

nivolumab and pembrolizumab throughout the United States.  This was most 

strikingly demonstrated by a retrospective analysis of patients with melanoma, lung 

cancer, and renal cancer whose medical data was abstracted by the Flatiron Health 

Network.46  The Flatiron electronic health record database includes data from 233 

oncology practices with a generally demographically representative patient 

population for the three cancers studied.  This analysis included 3,089 patients 

eligible for an anti-PD-1 immunotherapy agents.  Although the cohorts of patients 

immediately eligible were small, the analysis found that within 4 months of FDA 

approval in each disease area, more than 60% of eligible patients in each disease area 
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had received immunotherapy treatment.  These real-world patients were significantly 

more likely to be older than the patients in the key clinical trials.   

Rise of Randomized Controlled Trials in Clinical Research 

Although medical research has taken place across generations, clinical 

research as we know it began only in the 1960s and 1970s.  The early Food, Drug, 

and Insecticide Administration had limited scope, and its regulation of drugs was 

primarily focused on regulating blatantly false marketing claims made on elixir 

labels.  Its scope was expanded after a tragic accident in 1937, when an elixir 

manufacturer sold sulfa antibiotics dissolved in poisonous antifreeze.  Because there 

was no requirement that drugs be tested for safety or efficacy, more than 100 people 

died before FDA employees seized the remaining elixir.47  The resulting Federal 

Food, Drug, and Cosmetic Act (FD&C Act), passed in 1938, required that drugs be 

proven safe, but there were still no requirements for proof of efficacy.48 

It took another tragedy to prompt the next major change.  The sedative 

thalidomide was already approved in Europe for morning sickness, so the application 

to the FDA was expected to go through quickly when it was received in 1960.49  

However, medical reviewer Frances Kelsey had questions about some of the safety 

data, prompting an escalating back-and-forth between the drug manufacturer and the 

FDA.  Before that was resolved, reports from around the world of the devastating 

teratogenic effects of thalidomide made it clear that the drug was not safe.  The 

Kefauver-Harris amendments to the FD&C Act included specific provisions to reduce 

the chances of a disastrous drug like thalidomide being approved in the U.S. and were 

unanimously passed in 1962.50 
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While public attention was focused on the treatment of thalidomide, the 

Kefauver-Harris amendments also materially increased the scope of the FDA by 

requiring “substantial evidence” of both safety and effectiveness for new drug 

applications, where “the term ‘substantial evidence’ means evidence consisting of 

adequate and well-controlled investigations, including clinical investigations, by 

experts qualified by scientific training and experience to evaluate the effectiveness of 

the drug involved.”51  This legislative language has generally been interpreted by the 

FDA to mean that, with some exceptions, at least two “adequate and well-controlled” 

studies are required to convincingly prove effectiveness and provide sufficient 

information for its review of the risk-benefit balance for a given drug’s safety and 

efficacy.52  Before this time, medical research was being conducted in a much less 

regulated and systematic way.  Thus, the 1962 FD&C Act amendments marked the 

beginning of our current age of clinical research, with a focus on well-documented 

randomized trials.  

Disparities in Clinical Research Participation 

Within the context of a well-controlled clinical research system, disparities in 

clinical research participation can translate to disparities in medical advances.  This 

section briefly describes pivotal ethical failures in clinical research.  Then, it explores 

how those failures contribute to ongoing research disparities.  The section concludes 

by emphasizing the importance of representation in clinical research and describing 

our current understanding of disparities in research participation.   
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Ethics and Ethical Failures in Clinical Research 

The Kefauver-Harris amendments also required for the first time that research 

participants in the U.S. be asked for informed consent.51  Research sponsors were 

required to ensure that all investigators would “inform any human beings to whom 

such drugs, or any controls used in connection therewith, are being administered, or 

their representatives, that such drugs are being used for investigational purposes and 

will obtain the consent of such human beings or their representatives.”  The issue of 

informed consent for research had been highlighted following recognition of the 

atrocities performed in the name of science during World War II; first, in the 1948 

Nuremberg Code, and then again in the World Medical Association’s Declaration of 

Helsinki in 1964.53 

The infamous Tuskegee Syphilis Study failed to meet any standard of 

informed consent.  In this study, conducted between 1932 and 1972, hundreds of 

black men with syphilis were told they were being treated but were actually blocked 

from receiving treatment.54  The study continued denying men treatment despite 

penicillin being widely accepted as the preferred treatment of syphilis in 1945.  The 

Tuskegee Syphilis Study, and others like it, have contributed to a significant legacy of 

distrust of medicine and particularly medical research among Black communities.55,56  

This distrust was visible in the burst of research in human immunodeficiency 

virus (HIV) and acquired immunodeficiency syndrome (AIDS) that took place 

relatively soon after the emergence of a more systematic clinical research system.  

One article by Thomas and Quinn noted the impact of Tuskegee on HIV and AIDS 

education programs in Black communities, tracking rumors, which were picked up by 
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the news media, that AIDS was an intentional genocide being inflicted on the Black 

population.57  This paper was also one of the first documenting the lasting effects of 

Tuskegee in public health, and urged greater recognition and discussion of the distrust 

arising from Tuskegee – particularly so that it would not impede future research 

participation.  Unfortunately, disparities in clinical research participation, and 

particularly in cancer clinical trials, have been documented as an ongoing issue.58,59 

Importance of Representation in Clinical Research 

Representation in clinical trials is important for several reasons.  First, if 

representative participants are not included in clinical trials, the safety and efficacy 

results may not be generalizable to the wider population.60  For reasons not fully 

understood, certain drugs work better or have more severe side effects in some patient 

sub-populations than in others.  This is widely recognized in cardiovascular disease, 

where a focus on studying white men obscured understanding of heart disease in 

women for decades.61,62  Cardiovascular research also provides evidence of the 

importance of racial diversity in clinical trials: some agents have different risk-benefit 

profiles for Black and White populations.63   

Second, clinical trial results that are most applicable to White populations may 

further compound existing health disparities.64  Thus, research has the potential to 

widen the disparities gap without careful attention to representativeness in clinical 

trial participation.  And third, all aspects of research should be conducted in 

accordance with the principles of the Belmont Report, which calls for equity and 

social justice in clinical trials participation.65  
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Although ethical failures and patient distrust play a significant role, other 

factors also contribute to lack of representation in clinical trials.66  One often-

highlighted factor in cancer trials has been eligibility criteria.67  Other elements 

include provider bias and false perceptions and access to care.68  A systematic review 

grouped barriers in three categories:  lack of awareness of trials due to factors such as 

low health literacy and limited culturally competent educational resources; lack of 

opportunity to participate due to factors such as eligibility criteria, provider attitudes, 

or costs; and lack of acceptance of the offer to participate due to factors such as 

distrust or fear.69  However, an analysis found that people of color are not less willing 

to participate in trials when offered the opportunity.70 

Clinical Research Disparities and the Covid-19 Pandemic 

Concerns about clinical research disparities came to a head during the Covid-

19 pandemic.  Clinicians and researchers quickly identified disparities in Covid-19 

incidence and outcomes in the United States, particularly in African American, Black, 

and Latinx populations.71  Without time to analyze whether these disparities were 

primarily driven by social determinants of health or if genetic or biologic factors may 

have contributed, it was especially important to ensure that patients enrolled in 

Covid-19 prevention and treatment trials represented the populations most affected by 

the disease, but initial trials still underrepresented non-White populations.72  This led 

to an increased emphasis on engaging diverse communities for Covid-19 research, 

including the creation of the Community Engagement Alliance (CEAL) Against 

COVID-19 Disparities by the National Institutes of Health.73   
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Relatively low enrollment of non-White participants on the Moderna Covid-

19 vaccine trial led the company to slow trial enrollment and refocus efforts on 

engaging people of color.74  Pfizer added an additional 14,000 participants to its 

original vaccine trial cohort of 30,000 in an effort to increase participant diversity and 

open enrollment to adolescents and individuals with comorbid infections such as 

HIV.75  Concerns about adequate representation in these trials may have added to 

mistrust of the Covid-19 vaccine among people of color.  This mistrust, along with 

significant disadvantages in health care access, has contributed to disparities in the 

early distribution of these vaccines, further exacerbating health disparities.76 

Covid-19 also disproportionately affects older adults.77  Greater age is 

associated with greater risk of severe disease, hospitalization, and death.78  

Unfortunately, enrollment of older adults in Covid-19 vaccine trials was variable.  

Just 12% of participants in the main trial of the one-shot AstraZeneca vaccine were 

over age 55, and these participants had less follow-up data.  The European Medicines 

Agency (EMA) which is the equivalent of the FDA in the European Union, approved 

the AstraZeneca vaccine for all ages.79  However, the lack of trial data in older adults 

led many European countries, including France, Norway, and Germany, to 

recommend the use of the AstraZeneca vaccine only in people under 65, while Italy 

and Spain recommended use only in those under 55 until more efficacy data in older 

adults were available.80 

Disparities in Cancer Clinical Research Participation 

Most analyses of the demographics of cancer clinical trial participants have 

focused on race, ethnicity, and age.  In an early analysis conducted by Tejeda et al., 
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there were significant disparities in enrollment in NCI’s group clinical trials by age, 

with only 1.5% of patients age 50 or older enrolling on trials, compared to 4% of 

patients ages 20 to 49.81  Several studies have since confirmed the challenge of 

enrolling older patients.58,82,83  An analysis of nearly 60,000 patients enrolled on NCI 

group trials from 1997 to 2000 found that only 32% of participants were aged 65 or 

older, compared to 61% of the incident population.84  Enrollment appears to become a 

greater challenge with greater age.  An FDA analysis of cancer patients enrolled on 

trials for new drug approvals between 1995 and 2002 found that just 20% of the 

enrolled patients were 70 years or older, and 9% were 75 years or older, while these 

groups represented 46% and 31% of the United States cancer patient population.85  

These and similar findings led ASCO to issue a statement in 2015 that called for 

improving the evidence base for treating older cancer patients, in large part by 

increasing accrual among this population.86 

The early Tejeda study differed from studies in the 2000s in its finding that 

participation rates for African-Americans, Hispanics, and Whites were generally 

proportionate to their cancer incidence.81  In contrast, Murthy et al. found a lower 

enrollment fraction for Hispanic and African American patients than for White 

patients in NCI group prostate, lung, colorectal, and breast cancer trials between 2000 

and 2002.58  Similar disparities for Black patients were found in analyses of trial 

participation in California and Maryland.83,87  However, some more recent analyses 

have found less evidence of racial and ethnic disparities in NCI trials.88 

There are a number of possible explanations for the persistence of disparities 

in cancer clinical trial participation.  One analysis of 4,509 clinical trial screening and 
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accrual records at 29 sites that were funded by the NCI through the National Cancer 

Institute’s Community Cancer Centers Program (NCCCP) did not find differences in 

rates of clinical trial enrollment or refusal by race or ethnicity who were eligible for 

and offered a trial.89  However, there were differences in comorbid conditions that 

may be associated with trial eligibility: greater odds of comorbid conditions were 

associated with being non-Hispanic Black, being male, and older age.   

Analyses of clinical trial participation rates and disparities typically focus on 

NCI trials because industry participation rates are rarely publicly accessible.  

However, the Drug Trial Snapshots initiative launched by the FDA in 2015 is making 

more information available about subgroups of trial participants for newly approved 

drugs.90  These are largely industry trials, allowing for a greater understanding of 

participation in this subset of trials.  One important limitation to the Drug Trial 

Snapshots is that snapshots are provided only for newly approved molecular entities.  

Approvals of supplemental indications for agents that have already been approved in 

at least one setting are not summarized, which means no snapshots are available for 

nivolumab or pembrolizumab supplemental indications.  However, the snapshots 

provide an interesting overview.  

The FDA published a five-year summary report of the Drug Trials Snapshots 

program in November 2020.91  This report summarized the snapshots provided from 

2015 to 2019, including new drugs for both oncology indications and non-oncology 

indications.  The report spanned 231 snapshots that provided data on 292,766 clinical 

trial participants, of whom only 35% were enrolled in the United States.  Within 

oncology, the geographic breakdown over the five-year period was less than 30%.  
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The total racial distribution of clinical trial participants was also reported for 

participants enrolled in the United States as opposed to the rest of the world.  While 

7% of all participants were Black or African American, just 2% of participants 

enrolled outside of the United States were Black or African American, compared to 

16% of participants enrolled in the United States.  This information was not reported 

by therapeutic area, so the breakdown for oncology is not known.   

The eight novel approvals for lung cancer and melanoma indications from 

2017 through 2020 are shown in Table 1 below.  It is clear from the information 

available for these approvals that trial demographics varied across the drugs to some 

degree.  However, African American patients generally participated at a lower rate 

than we might expect from the population demographics, with participation rates of 

1% or lower in all but one of the eight approvals.  Participation by Asian patients was 

higher than might be expected for many of the approvals, reaching as high as 77% for 

Vizimpro.  All but two of the drugs were approved based on trials with the majority 

of participants coming outside of the United States.    
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Table 1. Patient Demographics for FDA Novel Oncology Drug Approvals in Lung Cancer and Melanoma, 2017-2020 

Year Brand 
Name Indication 

From 
United 
States 

Women White Asian 
Black & 
African 

American 
Hispanic Age 65 & 

Older 

2017 Alunbrig 
ALK-positive metastatic 

non-small cell lung cancer 
(NSCLC) 

NR 57% 67% 31% 1% 6% 23% 

2018 Braftovi 
Unresectable/metastatic 
melanoma with BRAF 

V600E or V600K mutation 
9% 41% 91% 3% 0% 9% 29% 

2018 Lorbrena ALK-positive metastatic 
NSCLC 34% 58% 49% 37% 1% NR 18% 

2018 Vizimpro EGFR-positive metastatic 
NSCLC 0% 60% 23% 77% <1% 0% 40% 

2019 Rozlytrek 
ROS1-positive metastatic 
NSCLC and solid tumors 
with NTRK gene fusion 

51% 55% 66% 23% 5% 3% 25% 

2020 Gavreto RET fusion-positive 
metastatic NSCLC 26% 52% 50% 41% 0% 4% 37% 

2020 Tabrecta 
MET exon 14 skipping 

mutation-positive 
metastatic NSCLC 

10% 41% 74% 24% 1% 7% 57% 

2020 Zepzelca Metastatic small cell lung 
cancer 10% 40% 75% 1% 1% NR 35% 

Table adapted from the 2017-2020 Drug Trials Snapshots Summary Reports92-95 
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Chapter 3:  Representativeness of Cancer Clinical Trial 

Participants 

Background 

Melanoma and lung cancer received the first FDA approvals in 

immunotherapy, but the patient populations are very different.  In the 2020 release of 

data by the United States Cancer Statistics Working Group for 5-year limited duration 

prevalence estimates, 99.1% of the approximately 331,000 melanoma patients 

estimated to be alive in 2017 after a diagnosis of melanoma between 2012 and 2016 

were White, and only 0.4% were Black.4  In lung cancer, the approximately 385,000 

patients alive in 2017 after diagnoses in the previous five years were 85.9% White 

and 10.2% Black.  The prevalent melanoma patient population was estimated to 

included more male patients than female patients (57.2% male vs. 42.8% female), 

while the lung cancer patient population was the reverse (46.7% male vs. 53.3% 

female).  Finally, an estimated 38.9% of the prevalent melanoma patient population 

was age 70 or older, compared to 53.3% of the lung cancer patient population.  These 

numbers are estimates based on a broad patient population, and are valuable when 

considering the general characteristics of patients in a disease area.   

Although nivolumab and pembrolizumab have not had FDA Snapshots, some 

demographic data are available within the publicly posted FDA review documents for 

the initial approvals.  For pembrolizumab’s initial melanoma approval, patients 

enrolled in the key efficacy study were more likely to be male (61%), under age 65 

(64%), enrolled in the United States (76%), and White (97%).96  For nivolumab’s 
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initial melanoma approval, the 120 patients receiving nivolumab in the key efficacy 

study were similarly more likely to be male (65%), under age 65 (68%), and White 

(98%), with 43% of these patients enrolled from the United States.97  When compared 

to the 2017 prevalence estimates, participants in these pivotal melanoma trials appear 

somewhat more likely to be male and younger than the broader United States 

melanoma patient population, but the participation by White patients was similar to 

the estimated prevalent patient population.     

Reviews for the pembrolizumab lung cancer supplemental approval were not 

publicly posted.  However, for nivolumab, reviews for the initial lung cancer approval 

were posted.  In the randomized phase three trial for this approval, enrolled patients 

were more likely to be male (76.5%) and White (92.6%); the mean and median age 

was 63.41  Unlike in melanoma, the key lung cancer trials significantly 

overrepresented male patients and White patients than might be expected given the 

prevalence estimates, while also underrepresenting older patients.   

Initial evaluations of potential disparities in efficacy of immunotherapy agents 

across demographic characteristics have been limited.  An early meta-analysis of the 

comparative effectiveness of immunotherapy agents in younger and older patients in 

clinical trials found consistent survival benefits in both groups but did not include 

patients over the age of 70.98  A retrospective analysis of adverse events and 

outcomes of patients treated with immunotherapy agents at two academic medical 

centers found similar safety and efficacy across age groups; this analysis consisted of 

254 patients, with 18.5% aged 75 or older.99   
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An analysis of the characteristics of real-world metastatic lung cancer patients 

receiving immunotherapy in the clinic found that the median age was 69, with more 

than 27% of real-world patients aged 75 or over.100  This was a much older population 

than was represented in the clinical trials.  Although this analysis also considered 

other elements of demographic representativeness, the data source was not nationally 

representative, so it was difficult to draw conclusions about potential differences 

between the race and ethnicity of the real-world and clinical trial populations.   

The initial approvals of the immunotherapy agents were in limited indications, 

with additional disease areas being added as clinical trials proved positive over time. 

As an example of this iterative process, key changes in the nivolumab approved 

indications are shown in Table 2, using the approved label language available in the 

labels posted on the Drugs@FDA website.101  This table provides a brief explanation 

for 17 key indication changes that were made to the nivolumab label between the 

initial approval in December 2014 and the end of 2020, including the addition of new 

disease areas and changes to the scope of the initial approvals in melanoma and lung 

cancer.   

Some indication changes were omitted from this table.  These were primarily 

changes that involved adding approval for nivolumab to be used as a single agent or 

in combination with ipilimumab.  Ipilimumab is an earlier-generation immunotherapy 

agent that is also manufactured by Bristol-Myers Squibb, the company that holds 

nivolumab.   
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Table 2. Key Nivolumab Label Indication Changes and Additions, 2014-2020. 

Date Key Indication Language Added or 
Changed 

Explanation 

12/22/2014 Initial approval:  “patients with 
unresectable or metastatic melanoma 
and disease progression following 
ipilimumab and, if BRAF V600 
mutation positive, a BRAF inhibitor” 

Approved in metastatic / 
unresectable melanoma as a 2nd or 
3rd line therapy after use of 
ipilimumab and, if applicable, a 
BRAF inhibitor 

9/30/2015 “Unresectable or metastatic 
melanoma in combination with 
ipilimumab in patients with BRAF 
V600 wild-type 
Melanoma” 

Added approval as a 1st line 
combination therapy in metastatic / 
unresectable melanoma patients 
who do not have a BRAF V600 
mutation 

9/30/2015 and 
10/09/2015 

“Metastatic non-small cell lung 
cancer in patients with progression on 
or after platinum-based chemotherapy. 
Patients with EGFR or ALK genomic 
tumor aberrations should have disease 
progression on FDA-approved therapy 
for these aberrations prior to receiving 
OPDIVO” 

The initial 9/30/2015 label adding 
approval for metastatic lung cancer 
patients to the nivolumab label was 
revised 10/9/2015.  The initial 
label said the agent was indicated 
in metastatic non-small cell lung 
cancer as a 2nd line agent after 
progression with platinum-based 
chemotherapy.  The revision added 
that nivolumab should be a 3rd line 
agent after approved therapies for 
any EGFR or ALK mutations, if 
applicable.   

11/23/2015 “Advanced renal cell carcinoma in 
patients who have received prior 
antiangiogenic therapy” 

Added approval in advanced 
kidney cancer patients as a 2nd line 
therapy 

5/17/2016 “Classical Hodgkin lymphoma that 
has relapsed or progressed after 
autologous hematopoietic stem cell 
transplantation (HSCT) and post-
transplantation brentuximab vedotin.” 

Added approval in Hodgkin 
lymphoma after stem cell 
transplant and post-transplant 
treatment 

11/10/2016 “Recurrent or metastatic squamous 
cell carcinoma of the head and neck 
with disease progression on or after a 
platinum-based therapy” 

Added approval in metastatic / 
recurrent head and neck cancer as 
a 2nd line therapy after platinum-
based chemotherapy 

2/2/2017 “Locally advanced or metastatic 
urothelial carcinoma who:  

- have disease progression 
during or following platinum-
containing chemotherapy  

- have disease progression 
within 12 months of 
neoadjuvant or adjuvant 
treatment with platinum-
containing chemotherapy” 

Added approval in locally 
advanced or metastatic bladder 
cancer as a 2nd line therapy after 
platinum-based chemotherapy 
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7/31/2017 “adult and pediatric (12 years and 
older) patients with microsatellite 
instability-high (MSI-H) or mismatch 
repair deficient (dMMR) metastatic 
colorectal cancer that has progressed 
following treatment with a 
fluoropyrimidine, oxaliplatin, and 
irinotecan.” 

Added approval in colorectal 
cancer with certain mutations 
(MSI-H or dMMR) as a 2nd line 
therapy; the standard 1st line 
therapies combine 
fluoropyrimidine, oxaliplatin, and 
irinotecan 

9/22/2017 “patients with hepatocellular 
carcinoma who have been previously 
treated with sorafenib” 

Added approval in liver cancer as 
a 2nd line therapy after sorafenib 

12/20/2017 “patients with melanoma with lymph 
node involvement or metastatic 
disease who have undergone complete 
resection, in the adjuvant setting” 

Added approval in resectable 
melanoma as a 1st line therapy 

4/16/2018 “patients with intermediate or poor 
risk, previously untreated advanced 
renal cell carcinoma, in combination 
with ipilimumab” 

Added approval in higher risk 
advanced renal cell patients as a 1st 
line combination therapy 

8/1/2018 “patients with metastatic small cell 
lung cancer with progression after 
platinum-based chemotherapy and at 
least one other line of therapy” 

Added approval in small cell lung 
cancer as a 3rd line therapy after 
platinum-based chemotherapy and 
another therapy 

5/15/2020 “adult patients with metastatic non-
small cell lung cancer expressing 
PD-L1(≥1%) as determined by an 
FDA-approved test, with no EGFR or 
ALK genomic tumor aberrations, as 
first-line treatment in combination 
with ipilimumab” 

Added approval in PD-L1 positive 
metastatic non-small cell lung 
cancer patients as a 1st line 
combination therapy, as long as 
patient does not have other 
actionable mutations (EGFR or 
ALK) 

5/26/2020 “adult patients with metastatic or 
recurrent non-small cell lung cancer 
with no EGFR or ALK genomic 
tumor aberrations as first-line 
treatment, in combination with 
ipilimumab and 2 cycles of platinum-
doublet chemotherapy” 

Added approval in metastatic non-
small cell lung cancer patients 
regardless of PD-L1 positive status 
as a 1st line combination therapy, 
where the combination must 
include ipilimumab and platinum-
based chemotherapy, and the 
patient does not have other 
actionable mutations   

6/10/2020 “patients with unresectable advanced, 
recurrent or metastatic esophageal 
squamous cell carcinoma after prior 
fluoropyrimidine- and platinum-based 
chemotherapy” 

Added approval in unresectable 
advanced / recurrent / metastatic 
esophageal cancer as a 2nd line 
therapy 

10/2/2020 “adult patients with unresectable 
malignant pleural mesothelioma, as 
first-line treatment in combination 
with ipilimumab” 

Added approval in unresectable 
mesothelioma as a 1st line 
combination therapy 

12/29/2020  Bristol Myers Squibb voluntarily 
withdrew the indication for small 
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cell lung cancer after confirmatory 
studies intended to allow the 
accelerated approval to be 
converted to regular approval did 
not meet the required endpoints. 

 
As Table 2 shows, nivolumab was only approved in melanoma, non-small 

cell lung cancer, and kidney cancer through 2015, but added approvals in five other 

disease areas in 2016 and 2017.  Many of these were accelerated approvals, where the 

company had post-marketing requirements to confirm clinical benefit before full 

approval of the indication could be granted.  Indications were expanded in several 

disease areas in 2018, including adding approval as a first line therapy instead of just 

a second line therapy in certain renal cell carcinoma patients and adding approvals for 

small cell lung cancer instead of just the more common non-small cell lung cancer.   

Accelerated approval of nivolumab in small cell lung cancer was granted in 

2018, representing the first approval in small cell lung cancer in nearly two 

decades.102  However, the confirmatory studies of nivolumab in small cell lung cancer 

did not meet their specified endpoints.  Bristol Myers Squibb (rebranded in 2020 to 

remove the hyphen from the company name) voluntarily withdrew the indication for 

nivolumab in small cell lung cancer in December 2020 during a broader industry-

wide review of accelerated approvals granted by the FDA.  Merck had received a 

similar accelerated approval for pembrolizumab in small cell lung cancer in 2019 and 

announced that it was voluntarily withdrawing the indication in March 2021.103 

The specific language used for the approvals shown in Table 2 depends on the 

treatment options available in a given disease area.  In most disease areas, nivolumab 

has been approved for advanced or metastatic patients as a second- or third-line 

treatment option, after one or two other approved therapies have not worked.  This 
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means that, for the majority of patients in these disease areas who do not have 

advanced or metastatic cancer, nivolumab is not an FDA-approved treatment.  These 

patients may, however, still be able to receive nivolumab for their cancer treatment as 

an off-label treatment.   

One study of off-label utilization of cancer chemotherapy agents analyzed a 

billing dataset used by 122 oncology practices across 35 states between 2004 and 

2009 that included regularly-updated entries for cancer diagnosis, stage, and line of 

treatment.104  In this analysis, 30% of chemotherapy utilization was outside of the 

FDA-approved indications.  When this off-label use was further broken down, 14% 

was in a setting supported by cancer treatment clinical guidelines, while 10% was in a 

cancer type that had an FDA-approval for some stage or line of therapy but was not 

supported by clinical guidelines.   

Off-label use may not be inappropriate care; there may be evidence of benefit 

from a treatment, particularly in a rare cancer, that a company does not believe is 

sufficient to support an application to the FDA to change the approved indication.105 

However, off-label use may also indicate an extension of the expected risks and 

benefits from the approved cancer setting to an as-yet-unapproved setting in which 

the risk-benefit balance may be different.  One example of this is the oncology agent 

bevacizumab, which was proven effective in metastatic colorectal cancer and, 

immediately after approval in the metastatic setting, began to be used by some 

oncologists in earlier-stage colorectal cancer patients.106  Bevacizumab later failed to 

show efficacy in clinical trials in earlier-stage settings.105   
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Because of this type of off-label use, without regularly updated information 

about the cancer stage and treatment history, it is difficult to identify whether patients 

receiving a recently-approved agent are receiving it on-label or off-label.  As a result, 

following the 2014 approvals for nivolumab and pembrolizumab in metastatic or 

unresectable melanoma and then the added approvals shortly thereafter in 2015 in 

metastatic lung cancer, a variety of cancer patients may have been treated with these 

agents.  This includes patients for whom the agents were FDA-approved because they 

had the required advanced disease and prior treatments, as well as patients who might 

have been receiving the agents off-label.  The off-label use could include patients 

with advanced disease who had not already progressed on prior treatments, and 

instead may have been using the agents in an unapproved first-line setting.  Off-label 

use could also include patients with earlier-stage disease.   

This is not to say that the off-label use is expected to be overly extensive in 

these immunotherapy agents; oncologists are still making the decision they believe is 

best for the patient based on available information and in addition to the regulatory 

approvals are constrained by what off-label situations insurance payers may be 

willing to cover.105  However, it does complicate our understanding of what patients 

may have been receiving treatments as a standard therapy outside of a clinical trial at 

a given time.  At the same time, there were also clinical trials being conducted to 

evaluate the risk-benefit profile of the agents in these earlier stage, earlier line patient 

populations.  For instance, an NCI-funded phase 3 trial of pembrolizumab in resected 

stage III-IV melanoma opened to enrollment in October 2015.107   
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Specific Aims 

This study analyzed the demographic characteristics, including race, ethnicity, 

sex, age, and number of comorbidities, between directly comparable groups of lung 

cancer and melanoma clinical trial participants and non-participants using SEER-

Medicare claims data.  The study evaluated two aims.  Aim one compared the 

demographics of Medicare patients within the disease area who are also clinical trial 

participants (comparison group) with the characteristics of Medicare patients within 

the disease area who are receiving cancer treatment but not participating in a clinical 

trial (control group).  Aim two compared the Medicare clinical trial participants in 

immunotherapy trials (comparison group) with Medicare patients being prescribed 

novel immunotherapy agents outside of a trial (control group).  Due to the 

demographic differences in the patient populations and the expectation that disparities 

in representation may differ by disease group, lung cancer and melanoma patients 

were analyzed separately for each of the two aims. 

Hypotheses 

For both aims one and two, clinical trial participants were hypothesized to 

include a significantly greater proportion of White non-Hispanic patients and male 

patients than the broader patient population.  Clinical trial participants were 

hypothesized to have a lower mean age and to have fewer comorbid conditions than 

the broader patient population. 



 

37 

Methods 

Data Sources 

This study primarily relied on Medicare claims data from the NCI’s 

Surveillance, Epidemiology, and End Results (SEER)-Medicare linked database.108  

All analyses complied with the Centers for Medicare and Medicaid Services (CMS) 

cell size suppression policy.  This policy stipulates that any counts with a value of one 

to 10 cannot be reported directly or be derivable from the reported results.  This 

includes counts of patients or services.  The primary SEER-Medicare dataset was 

supplemented with information from ClinicalTrials.gov, the clinical trials registry 

managed by the National Library of Medicine.109   

This study was submitted to the University of Maryland Institutional Review 

Board (IRB).  Because the study used existing data with no identifiable private 

information, it was deemed not human subjects research and thus exempt from IRB 

review.  However, the SEER-Medicare data do contain geographic county 

information and service dates, and as such are considered a “limited data set” under 

the Health Insurance Portability and Accountability Act (HIPAA).  To comply with 

the data use requirements for the SEER-Medicare data, the data were housed within 

the University of Maryland’s enterprise storage and backup environment, the 

Networked Storage Service (NSS), which is a Network Attached Storage (NAS) 

service utilizing Dell/EMC Isilon storage arrays.  The NSS is housed in secure data 

centers.  The secure data were configured to allow access only by approved 

individuals who had signed the SEER-Medicare data use agreement.   
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The SEER Program is conducted by the NCI and collects information about cancer 

diagnoses occurring in geographic areas that cover approximately 35% of the United 

States population.110  As the only comprehensive, population-based cancer registry in the 

United States, SEER data contribute significantly to cancer statistics that are produced in 

the U.S., as well as academic research conducted in cancer.111-113  The SEER registry was 

linked to Medicare data for the first time in 1991, and the SEER-Medicare linked database 

continues to be updated regularly.108  This study uses data from the SEER-Medicare 

database that were released in 2018. 

Obtaining SEER-Medicare data requires submission of a detailed proposal.  

Upon proposal approval, the SEER-Medicare contractor extracts the requested files 

necessary for completion of the approved project.  All data requests are driven by the 

selection of a pool of patients based on year of diagnosis, which is the point at which 

patients enter the SEER registry.  Because this study did not restrict the population 

based on year of diagnosis, a broad set of diagnosis years was requested.  Claims 

from 2012 to 2016 were requested for this study.  To include claims data for patients 

most likely to be treated for advanced lung cancer or advanced melanoma during this 

time period, data for patients diagnosed from 2002 to 2015 were requested, starting 

with diagnoses up to ten years before the claims data.  As a result, the data also 

included claims for many people no longer in active treatment.   

Several steps were taken to identify the population and data of interest in the 

claims data.  The general approach is shown in Figure 2 and described in more detail in 

the following pages.  Briefly, patients were first limited to those with a claim coded with 

the disease code of interest, either lung cancer or melanoma, that occurred between 2014 
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and 2016.  This limited set was used to select the clinical trials group, which consisted of 

patients with a disease-coded claim that was also coded with the clinical trial number for 

either an active cancer treatment trial in the disease area (aim one) or a trial using 

nivolumab or pembrolizumab as an intervention (aim two).  From the remaining patients, 

the active treatment group was selected based on the presence of either a disease-coded 

claim for an active cancer treatment (aim one) or for nivolumab or pembrolizumab (aim 

two). 

As Figure 2 shows, first, in each disease area, claims were filtered on each of 

the possible diagnosis code fields so that the dataset only included claims with a 

diagnosis code under the International Classification of Diseases (ICD) classifications 

for the relevant disease.  Given the claim years included in the analysis, both ICD-9 

and ICD-10 codes were used.  For lung cancer, the included diagnosis codes were 

162.x for ICD-9 and C34.x for ICD-10.  For melanoma, the included diagnosis codes 

were 172.x for ICD-9 and C43.x for ICD-10.   

This dataset, filtered by diagnosis code, was used to identify potential clinical 

trial participants to serve as the control groups in aims one and two of this study.  

This broader diagnosis code dataset was used instead of the dataset limited to claims 

for active treatment because patients receiving active therapy on a cancer clinical trial 

may not be billed for the active therapy received on that trial.  For this clinical trials 

subset, patients were identified based on the diagnosis code, code modifiers, and the 

clinical trial number code associated with their claims in accordance with the CMS 

requirements for reporting of claims related to clinical trial participation.114   
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Figure 2. Flow Charts Showing the Selection of the Comparison Groups for 
Objective One Aim One (Figure A) and Aim Two (Figure B) 

 

For outpatient clinical trial claims, CMS requires that providers use ID-9 

diagnosis code V70.7 or ICD-10 diagnosis code Z00.6 as the primary or secondary 

code.  CMS requires utilization of the Healthcare Common Procedure Coding System 

(HCPCS) when billing claims to Medicare.  As of January 2008, CMS has required 

that providers use the HCPCS modifier code Q0 for any claims that contain an 

investigational item or service and HCPCS modifier code Q1 for any claims for 

routine care provided as part of a covered clinical trial.  Finally, providers could opt 

to include the 8-digit clinical trial number registered in ClinicalTrials.gov beginning 

in April 2008, and that became a requirement starting in January 2014.   

This study sought to use claims data starting in 2012 by filtering on a 

combination of diagnosis code, HCPCS modifier code, and clinical trial number to 
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identify clinical trial participants.  If any of the four HCPCS code modifiers 

associated with a claim was coded as “Q1” or “Q0”, if a diagnosis code of V70.7 or 

Z00.6 was entered as the first or second diagnosis code, or if a clinical trial number 

was coded for the claim, the patient was identified as a potential clinical trial 

participant.  An initial evaluation identified a high proportion of claims from 2012 

and 2013, before reporting the clinical trial number was required, in which patients 

were identified as potential clinical trial participants based on the diagnosis code 

and/or HCPCS code modifier but no clinical trials number was used.  This initial 

evaluation also found that the reported clinical trials numbers included non-cancer 

treatment trials.  Because this study sought to compare patients receiving active 

cancer treatment to similar patients receiving active cancer treatment through a 

clinical trial, the final analysis was limited to claims data for 2014-2016 for which a 

clinical trials number was reported.   

For all reported clinical trials numbers, the clinical trial records from 

ClinicalTrials.gov were individually reviewed and coded based on the trial details.  

Trials were included for the purposes of this analysis if they were registered in 

ClinicalTrials.gov as interventional trials.  For the lung cancer analysis, the eligible 

population for the trial had to include lung cancer patients.  For the melanoma 

analysis, the eligible population had to include melanoma patients.  The eligible 

population was determined based on the eligible conditions listed in 

ClinicalTrials.gov.  Trials with broad eligible conditions, such as “cancer,” “advanced 

solid tumors,” or “neoplasms” were assumed to be open to lung cancer or melanoma 

patients.  Trials such as supportive care studies were excluded because their primary 
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objective was not evaluating an anti-cancer treatment.  Ultimately, patients were 

included in the clinical trials group for the aim one analysis only if they had at least 

one claim coded with the clinical trial number for an active cancer treatment trial in 

that disease area. 

This subset of clinical trials participants was then filtered further to identify 

the patients to include in the clinical trials group for aim two.  Patients were included 

in the aim two clinical trials group if they had at least one claim coded with the 

clinical trial number for an active cancer treatment trial in the given disease area for 

which nivolumab or pembrolizumab was listed as an intervention.  The intervention 

terms used to identify the relevant trials included the drug generic names, nivolumab 

and pembrolizumab, as well as the other names used throughout agent development.  

For nivolumab, these were BMS-936558 and ONO-4538.  For pembrolizumab, these 

were lambrolizumab and MK-3475.   

The broader claims dataset, filtered solely by diagnosis code, was also used to 

select the active treatment group for aim one of this study.  Among the claims coded 

with a lung cancer or melanoma diagnosis code, claims were further filtered to 

include only selected HCPCS codes corresponding with active cancer treatment.  

Several codes were used to filter both disease areas: “Radiation Oncology Treatment” 

codes ranging from 77261-77799; “Chemotherapy Administration and Other Highly 

Complex Drug or Highly Complex Biologic Agent Administration” codes ranging 

from 96401-96549; and the CMS J9000-J9999 codes for chemotherapy drugs.  In 

lung cancer, “Excision / Resection Procedures on the Lungs and Pleura” codes 

ranging from 32310-32405 and the “Stereotactic Radiation Therapy Procedures on 
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the Lungs and Pleura” code 32701 were added to the more general cancer treatment 

codes.  In melanoma, “Excision-Malignant Lesions Procedures on the Skin” codes 

ranging from 11600-11646 were added to the more general cancer treatment codes.   

The aim one control group included patients in the disease area who were not 

included in the aim one clinical trials group and who had disease-coded claims for 

any of the active cancer treatment HCPCS codes identified above for that disease 

area.  This dataset was further filtered for the aim two active treatment group.  The 

aim two active treatment group included patients who were not in the 

nivolumab/pembrolizumab clinical trials group and had a claim in the disease area for 

either the nivolumab HCPCS code, J9299, or the pembrolizumab HCPCS code, 

J9271.   

Throughout this study, dates were assessed as of the first claim date for an 

applicable claim.  For aim one, for patients in the active treatment code group, this 

was the earliest date associated with a claim for an active cancer treatment that was 

coded with the cancer diagnosis code.  For patients in the clinical trials group for aim 

one, this was the earliest date associated with a claim coded with an included clinical 

trials number that was also coded with the cancer diagnosis code.  For aim two, this 

was the earliest date associated with either a claim for nivolumab or pembrolizumab 

or associated with a clinical trial containing one of those agents.  The dataset also 

included date of birth information, which was used to calculate patient ages.  The 

SEER-Medicare data contains only month and year of birth, so the day of the month 

was set as 1 for all patients.   
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 Measures 

The analyses were run separately for the two disease areas, lung cancer and 

melanoma.  There were two aims analyzed in each disease area.  For the first aim, the 

dependent variable was the binary variable indicating whether a patient had claims 

data indicating that they were a clinical trial participant or not.  The second aim was 

restricted to patients who either had claims indicating that they received the 

immunotherapy agents as standard of care or in a clinical trial, and the dependent 

variable was whether they were a clinical trial participant or not.   

In both aims, the independent variables were patient demographic 

information.  Race, ethnicity, and sex were binary independent variables.  The SEER 

data for race, ethnicity and sex were used.  In lung cancer, patients were included if 

their demographic information indicated that their race was White, Black, or 

Asian/Pacific Islander.  Due to the small number of patients identified as American 

Indian/Alaska Native, these patients were excluded from the analysis.  In lung cancer, 

race and ethnicity were coded as White non-Hispanic, Black non-Hispanic, 

Asian/Pacific Islander non-Hispanic, or Hispanic.  In melanoma, due to the small 

number of non-White patients, race and ethnicity were further grouped.  For aim one 

in melanoma, race and ethnicity were grouped as White non-Hispanic, non-White 

non-Hispanic, or Hispanic.  For aim two in melanoma, race and ethnicity were 

grouped as White non-Hispanic or non-White and/or Hispanic.  In both disease areas, 

sex was coded as male or female. 

Age and patient comorbidity were continuous independent variables.  Age 

was calculated as the difference between the first claim date for a patient and their 
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date of birth.  Patient comorbidity was a continuous variable calculated as a count of 

how many relevant comorbid condition flags were present for the patient during the 

year of the first applicable claim.  Up to 14 key chronic conditions tracked by the 

CMS Chronic Conditions Warehouse were counted: Alzheimer’s, acute myocardial 

infarction, atrial fibrillation, chronic kidney disease, chronic obstructive pulmonary 

disease, congestive heart failure, diabetes, hip or pelvic fracture, ischemic heart 

disease, depression, rheumatoid arthritis, stroke or transient ischemic attack, and 

acquired hypothyroidism.   

Analysis 

Relationships between the dependent variable and the independent variables 

were assessed through chi-square tests of independence for binary variables and t-

tests for continuous variables.  Due to the number of statistical tests being performed, 

the Holm-Bonferroni method was used to correct for multiple comparisons.115,116  In 

lung cancer, six variables were compared:  race (Black non-Hispanic), race 

(Asian/Pacific Islander non-Hispanic), sex, ethnicity, age, and comorbidity.  The 

Holm-Bonferroni corrected p-value used to assess the significance of the first 

hypothesis in lung cancer was α / n = (0.05)/6 = 0.0083.  In melanoma, five variables 

were compared:  race (White non-Hispanic), sex, ethnicity, age, and comorbidity.  

The Holm-Bonferroni corrected p-value used to assess the significance of the first 

hypothesis in in melanoma was α / n = (0.05)/5 = 0.01.  For each successive 

hypothesis h, the p-value used was α / (n -h + 1) 

To supplement the individual comparisons, a regression model was used.  The 

number of patients coded as being in a clinical trial was expected to be very small 
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compared to the number of patients being treated overall, with many factors outside 

of the available independent variables contributing to whether a patient was a clinical 

trial participant or not.  As a result, the regression model has important limitations 

and was not the primary analysis; instead, it helped to assess the robustness of the 

findings from the individual tests.  Because the dependent variables were binary, a 

logistic regression model was used with coefficients interpreted in terms of odds 

ratios.  In lung cancer, the model was: 

binaryClinicalTrialParticipantLung = β0 + β1*BlackNH + β2*AsianPINH + 

+ β3*Hispanic + β4*sex + β5*age + β6*comorbidity + ε 

In melanoma, the model was: 

binaryClinicalTrialParticipantMelanoma = β0 + β1*WhiteNH + 

β2*Hispanic + β3*sex + β4*age + β5*comorbidity + ε 

Data were cleaned and processed using SAS software, version 9.4 for 

Windows.117  SEER-Medicare data files were read in using the SEER-Medicare SAS 

Input Statements.118  Statistical analyses were performed using R statistical software 

version 3.5.1.119 

Results in Lung Cancer 

The claims data for patients with a lung cancer diagnosis in the SEER registry 

between 2002 and 2015 included 161,803 patients who had a claim coded under a 

lung cancer diagnosis in the claims entered between 2012 and 2016.  The dataset 

included a total of 4,292 patients with a lung cancer claim that was coded in a way 

that indicated clinical trial participation.  Across the included claims years there were 

significant changes in the quality of clinical trials reporting, as is shown in Table 3.  
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Among lung cancer patients whose first clinical trials-coded claim was in 2012, 

95.8% of patients had no valid clinical trials number associated with any clinical 

trials-coded claim.  This dropped to 81.2% for patients whose first clinical trials claim 

was in 2013.  Between 2014 and 2016, no more than 17.4% of patients with a clinical 

trials-coded claim had no valid clinical trials number associated with a claim.  Based 

on this trend in the quality of clinical trials number reporting, all lung cancer analyses 

were limited to claims from 2014 through 2016. 

Table 3. Lung Cancer Clinical Trials Patients by First Year of Clinical Trials-Coded 
Claim and Coding of Clinical Trials Numbers 

First Year With 
Clinical Trials 

Claim for Patient 

No Valid Clinical Trials 
Number was Entered 

for Patient 

Valid Clinical Trials 
Number was Entered for 
Patient on At Least One 

Claim Total 
n % n % # 

2012 1,306 95.7% 58 4.3% 1,364 
2013 641 81.2% 148 18.8% 789 
2014 134 17.4% 637 82.6% 771 
2015 72 9.6% 679 90.4% 751 
2016 96 15.6% 521 84.4% 617 

Grand Total 2,249 52.4% 2,043 47.6% 4,292 
 

There were 107,560 patients with a lung cancer diagnosis between 2002 and 

2015 in the SEER registry and at least one claim coded under a lung cancer diagnosis 

between 2014 and 2016.  The dataset included 1,641 clinical trial participant patients 

with at least one clinical trial number for an active cancer treatment trial open to lung 

cancer patients.  Of these patients, 17 were removed due to incomplete or unusable 

demographic data, leaving 1,624 patients in the aim one clinical trials group. 

Among all 107,560 patients with lung cancer claims between 2014 and 2016, 

35,457 had at least one claim for an active treatment code.  However, this included 
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889 patients who were also in the clinical trials group.  The clinical trials patients 

were removed from the active treatment group, leaving 34,568 patients with claims 

data indicating they were undergoing active cancer treatment.  A total of 491 patients 

were removed due to incomplete or unusable demographic data, leaving 34,077 

patients in the aim one active treatment group.   

Of the 1,624 lung cancer patients in the aim one clinical trials group, 1,152 

were in a trial that did not include nivolumab or pembrolizumab as an intervention.  

The aim two clinical trials group included the remaining 472 who had a valid clinical 

trial number for a trial that included nivolumab or pembrolizumab.  Among the active 

cancer treatment patients not in this nivolumab/pembrolizumab clinical trials group, 

there were 1,728 patients who had a claim for the agent nivolumab or pembrolizumab 

associated with a lung cancer diagnostic code.  Of these, 25 patients were removed 

due to incomplete or unusable demographic data.  The aim two control group 

included the remaining 1,703 patients with immunotherapy agent claims who were 

not in a clinical trial for these agents.  The demographic characteristics of the 35,701 

total patients included in the aim one clinical trials and active treatment groups and 

the 2,175 total patients included in the aim two clinical trials and active treatment 

groups are shown in Table 4. 

Table 4. Demographic Characteristics of Lung Cancer Patients In Analysis 

 Aim One Lung Cancer 
Patient Characteristics 

(n=35,701) 

Aim Two Lung Cancer 
Patient Characteristics 

(n=2,175) 
 n (%) n (%) 
Sex   

Male 17,640 (49.4%) 1,095 (50.3% 
Female 18,061 (50.6%) 1,080 (49.7%) 

Race and Ethnicity   
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 Aim One Lung Cancer 
Patient Characteristics 

(n=35,701) 

Aim Two Lung Cancer 
Patient Characteristics 

(n=2,175) 
Asian/Pacific Islander 
Non-Hispanic   

Yes 1,997 (5.6%) 172 (7.9%) 
No 33,704 (94.4%) 2,003 (92.1%) 

Black Non-Hispanic   
Yes 3,166 (8.9%) 128 (5.9%) 
No 32,535 (91.1%) 2,047 (94.1%) 

White Non-Hispanic   
Yes 28,967 (81.1%) 1,759 (80.9%) 
No 6,734 (18.9%) 416 (19.1%) 

Hispanic   
Yes 1,571 (4.4%) 116 (5.3%) 
No 34,130 (95.6%) 2,059 (94.7%) 

   
 Average (sd) Average (sd) 

Age at first claim date 73.5 (8.2) 73.2 (7.8) 
Comorbidity Count  4.5 (2.5) 4.3 (2.5) 

 

 For aim one, Table 5 shows the demographic characteristics and independent 

tests for significant differences between the 1,624 lung cancer clinical trial 

participants and 34,077 non-clinical trial participants for aim one.  In this broad 

population of Medicare beneficiaries with lung cancer, clinical trial participants were 

significantly more likely than non-clinical trial participants to be female (53.6% vs. 

50.4%, p=0.0149) or Asian/Pacific Islander non-Hispanic (13.0% vs. 5.2%, 

p<0.0001).  Clinical trial participants were significantly less likely to be Black non-

Hispanic (5.2% vs. 9.0%, p<0.0001) or White non-Hispanic (76.5% vs. 81.4%, 

p<0.0001).  Clinical trial participants were significantly younger (average age = 70.7 

vs. 73.7, p<0.0001) and had significantly fewer comorbidities (3.0 vs. 4.6, p<0.0001).  

There was not a significant difference by ethnicity (5.2% vs. 4.4%, p=0.1064). 
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Table 5. Demographic Characteristics of Lung Cancer Patients Who Are and Are Not 
Clinical Trial Participants 

 Aim One 
Clinical Trial 
Participants 

(n=1,624) 

Aim One Non-
Clinical Trial 

Patients  
(n=34,077) 

Aim One 
Chi-Squared 
or T-Test P-

Value 
 n (%) n (%)  
Sex    

Male 754 (46.4%) 16,886 (49.6%) 0.0149* 
Female 870 (53.6%) 17,191 (50.4%)  

Race and Ethnicity    
Asian/Pacific Islander  
Non-Hispanic    

Yes 211 (13.0%) 1,786 (5.2%) <0.0001* 
No 1,413 (87.0%) 32,291 (94.8%)  

Black Non-Hispanic    
Yes 85 (5.2%) 3,081 (9.0%) <0.0001* 
No 1,539 (94.8%) 30,996 (91.0%)  

White Non-Hispanic    
Yes 1,243 (76.5%) 27,724 (81.4%) <0.0001* 
No 381 (23.5%) 6,353 (18.6%)  

Hispanic    
Yes 85 (5.2%) 1,486 (4.4%) 0.1064 
No 1,539 (94.8%) 32,591 (95.6%)  

    
 Average (sd) Average (sd)  

Age at first claim date 70.7 (7.8) 73.7 (8.2) <0.0001* 
Comorbidity Count  3.0 (2.3) 4.6 (2.5) <0.0001* 
 
*Results were statistically significant per the Holm-Bonferroni corrected p-value. 

  

For aim two, Table 6 shows the differences in demographic characteristics of 

lung cancer nivolumab or pembrolizumab clinical trial participants and non-clinical 

trial patients who received nivolumab or pembrolizumab.  In this narrower population 

of Medicare beneficiaries with lung cancer who either participated in a trial of 

nivolumab or pembrolizumab or received at least one of these agents as part of 

standard of care, clinical trial participants were significantly younger (average age = 

70.9 vs. 73.8, p<0.001) and had significantly fewer comorbidities (3.1 vs. 4.6, 
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p<0.0001).  In these data, there was not a statistically significant difference between 

the two groups by sex (49.8% female versus 49.6%, p=0.9894).  There were no 

significant differences by race or ethnicity (Asian/Pacific Islander non-Hispanic: 

7.4% vs. 8.0%, p=0.7249; Black non-Hispanic: 4.2% vs. 6.3%, p=0.1077; White non-

Hispanic: 83.3% vs. 80.2%, p=0.1541; Hispanic: 5.1% vs. 5.4%, p=0.8761).   

Table 6. Demographic Characteristics of Lung Cancer Patients Who Are 
Immunotherapy Clinical Trial Participants or Received Immunotherapy Outside of a 
Clinical Trial 

 Aim Two 
Clinical Trial 
Participants 

(n=472) 

Aim Two Non-
Clinical Trial 

Patients  
(n=1,703) 

Aim Two 
Chi-Squared 
or T-Test P-

Value 
 n (%) n (%)  
Sex    

Male 237 (50.2%) 858 (50.4%) 0.9894 
Female 235 (49.8%) 845 (49.6%)  

    
Race and Ethnicity    

Asian/Pacific Islander  
Non-Hispanic   

 

Yes 35 (7.4%) 137 (8.0%) 0.7249 
No 437 (92.6%) 1,566 (92.0%)  

Black Non-Hispanic    
Yes 20 (4.2%) 108 (6.3%) 0.1077 
No 452 (95.8%) 1,595 (93.7%)  

White Non-Hispanic    
Yes 393 (83.3%) 1,366 (80.2%) 0.1541 
No 79 (16.7%) 337 (19.8%)  

Hispanic    
Yes 24 (5.1%) 92 (5.4%) 0.8761 
No 448 (94.9%) 1,611 (94.6%)  

    
 Average (sd) Average (sd)  

Age at first claim date 70.9 (7.9) 73.8 (7.6) <0.0001* 
Comorbidity Count  3.1 (2.3) 4.6 (2.5) <0.0001* 
 
*Results were statistically significant per the Holm-Bonferroni corrected p-value. 
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Table 7 provides the odds ratios and 95% confidence intervals for the aim one 

logistic regression assessing the association between lung cancer patient 

demographics and clinical trial participation.  Lung cancer patients had increased 

odds of participating in a clinical trial if they were female (OR=1.152, p=0.006, 95% 

CI 1.041-1.275) compared to if they were male.  For the combined variable of race 

and ethnicity, compared to a White non-Hispanic reference group, patients had 

increased odds of participating in a clinical trial if they were Asian/Pacific Islander 

(OR=2.135, p<0.001, 95% CI 1.822-2.501).  Compared to the White non-Hispanic 

reference, patients had decreased odds of participating in a clinical trial if they were 

Black (OR=0.566, p<0.001, 95% CI 0.452-0.710).  Patients had decreased odds of 

participating in a clinical trial with greater age (OR=0.974, p<0.001, 95% CI 0.967-

0.980) and with greater number of chronic conditions (OR=0.784, p<0.001, 95% CI 

0.766-0.803).  Ethnicity was not significant (Hispanic OR=1.172, p=0.174, 95% CI 

0.932-1.474). 

Table 7. Logistic Regression Results for Likelihood of Lung Cancer Patients to Be 
Clinical Trial Participants 

Patient Characteristic 
Aim One 

Odds Ratio 

Aim One 95% 
Confidence 

Interval 
Aim One 
P-Value 

    
Sex    

Male (Ref) 1   
Female 1.152** (1.041, 1.275) 0.006 

Race and Ethnicity    
White Non-Hispanic (Ref) 1   
Asian/Pacific Islander Non-Hispanic 2.135*** (1.822, 2.501) <0.001 
Black Non-Hispanic 0.566*** (0.452, 0.710) <0.001 
Hispanic 1.172 (0.932, 1.474) 0.174 

    
Age at first claim date 0.974*** (0.967, 0.980) <0.001 
Comorbidity Count  0.784*** (0.766, 0.803) <0.001 
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Observations 35,701   
Akaike Information Criterion 12,387   
    
Note:  *p<0.05; **p<0.01; ***p<0.001 

 

Table 8 provides the odds ratios and 95% confidence intervals for the aim two 

logistic regression assessing the association between lung cancer patient 

demographics and clinical trial participation.  Lung cancer patients had decreased 

odds of participating in a trial that included nivolumab or pembrolizumab with greater 

age (OR=0.974, p<0.001, 95% CI 0.960-0.989) and with greater number of comorbid 

conditions (OR=0.783, p<0.001, 95% CI 0.745-0.823).  Compared to the White non-

Hispanic reference, patients had decreased odds of participating in a clinical trial if 

they were Black (OR=0.548, p<0.05, 95% CI 0.329-0.913).  There was no significant 

association by sex (female OR=0.943, p=0.587, 95% CI 0.762-1.166) or for patients 

who were Hispanic (OR=0.793, p=0.346, 95% CI 0.489-1.284) or Asian/Pacific 

Islander (OR=0.693, p=0.077, 95% CI 0.462-1.041).   

Table 8. Logistic Regression Results for Likelihood of Lung Cancer Patients 
Receiving Immunotherapy to Be Immunotherapy Clinical Trial Participants 

Patient Characteristic 
Aim Two 

Odds Ratio 

Aim Two 95% 
Confidence 

Interval 
Aim Two 
P-Value 

    
Sex    

Male (Ref) 1   
Female 0.943 (0.762, 1.166) 0.587 

Race and Ethnicity    
White Non-Hispanic (Ref) 1   
Asian/Pacific Islander Non-Hispanic 0.693 (0.462, 1.041) 0.077 
Black Non-Hispanic 0.548* (0.329, 0.913) 0.021 
Hispanic 0.793 (0.489, 1.284) 0.346 

    
Age at first claim date 0.974*** (0.960, 0.989) <0.001 
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Patient Characteristic 
Aim Two 

Odds Ratio 

Aim Two 95% 
Confidence 

Interval 
Aim Two 
P-Value 

Comorbidity Count  0.783*** (0.745, 0.823) <0.001 
    
Observations 2,175   
Akaike Information Criterion 2,127   
    
Note:  *p<0.05; **p<0.01; ***p<0.001 

 

Results in Melanoma 

The claims data for patients with a melanoma diagnosis in the SEER registry 

between 2002 and 2015 included 76,619 patients who had a claim coded under a 

melanoma diagnosis between 2012 and 2016.  The dataset included a total of 1,010 

patients with a melanoma claim that was coded in a way that indicated clinical trial 

participation.  As Table 9 shows, the quality of reporting for the clinical trials number 

improved dramatically between 2012 and 2016.  Among patients whose initial 

clinical trials-coded claim was in 2012, only 17.2% of patients had at least one claim 

coded with a valid clinical trials number.  This increased to 48.5% for patients with 

an initial clinical trials code in 2013, and then 85.3% in 2014.  Based on this trend, 

these analyses were limited to claims from 2014 through 2016.   

Table 9. Melanoma Cancer Clinical Trials Patients by First Year of Clinical Trials-
Coded Claim and Coding of Clinical Trials Numbers 

First Year With 
Clinical Trials 

Claim for Patient 

No Valid Clinical Trials 
Number was Entered 

for Patient 

Valid Clinical Trials 
Number was Entered for 
Patient on At Least One 

Claim Total 
n % n % # 

2012 173 82.8% 36 17.2% 209 
2013 86 51.5% 81 48.5% 167 
2014 30 14.7% 174 85.3% 204 
2015 13 6.2% 196 93.8% 209 
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First Year With 
Clinical Trials 

Claim for Patient 

No Valid Clinical Trials 
Number was Entered 

for Patient 

Valid Clinical Trials 
Number was Entered for 
Patient on At Least One 

Claim Total 
n % n % # 

2016 23 10.4% 198 89.6% 221 
Grand Total 325 32.2% 685 67.8% 1,010 

 

There were 52,312 patients with at least one claim coded under a melanoma 

diagnosis between 2014 and 2016.  This included 553 patients with at least one claim 

coded with a clinical trial number for an active cancer treatment trial open to 

melanoma patients.  A total of 6 patients were removed due to incomplete or unusable 

demographic data, leaving 547 patients in the clinical trials group for aim one.    

When the data for the 52,312 patients with any melanoma claim were further 

filtered by cancer treatment HCPCS codes, the data included 22,657 patients.  This 

included 218 patients removed because they were in the clinical trials group, leaving 

22,439 potential active cancer treatment patients.  A total of 1,662 patients were 

removed due to incomplete or unusable demographic data, leaving 20,777 patients in 

the active treatment group for aim one.   

Of the 547 melanoma clinical trial participants from aim one, 263 were in a 

trial that did not include nivolumab or pembrolizumab.  The aim two clinical trials 

group included the remaining 284 who had a valid clinical trial number for a trial that 

included nivolumab or pembrolizumab.  Among the melanoma patients in the dataset 

who did not have a claim coded for a nivolumab or pembrolizumab clinical trial, 

there were 471 patients who had a claim for the agent nivolumab or pembrolizumab 

associated with a melanoma diagnostic code.  Of these, 8 patients were removed due 

to incomplete demographic data.  The aim two active treatment group included the 
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remaining 463 patients with immunotherapy agent claims who were not in a clinical 

trial for these agents.  The demographic characteristics of the 21,324 total patients 

included in the aim one clinical trials and active treatment groups and the 747 total 

patients included in the clinical trials and active treatment groups are shown in Table 

10.   

In an attempt to maximize the ability to analyze different associations for 

different demographic groups while complying with the CMS cell suppression policy, 

different groupings for race and ethnicity are used for aims one and two in melanoma.  

The larger aim one analysis includes groups for White non-Hispanic patients, non-

White non-Hispanic patients, and Hispanic patients.  The more narrow aim two 

analysis compares White non-Hispanic patients to patients who are non-White and/or 

Hispanic.  The latter group includes just 42 of the 747 patients in the aim two 

melanoma analysis, and when further divided into groups of clinical trial participants 

and non-participants, this is the smallest allowable subset.   

Table 10. Demographic Characteristics of Melanoma Patients In Analysis 

 Aim One Melanoma 
Patient 

Characteristics 
(n=21,324) 

Aim Two Melanoma 
Patient Characteristics 

(n=747) 
 n (%) n (%) 
Sex   

Male 14,022 (65.8%) 533 (71.4%) 
Female 7,302 (34.2%) 214 (28.6%) 

Aim One Race and Ethnicity   
White Non-Hispanic   

Yes 20,828 (97.7%) - 
No 496 (2.3%) - 

Non-White Non-Hispanic   
Yes 159 (0.7%) - 
No 21,165 (99.3%) - 

Hispanic   
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 Aim One Melanoma 
Patient 

Characteristics 
(n=21,324) 

Aim Two Melanoma 
Patient Characteristics 

(n=747) 
Yes 337 (1.6%) - 
No 20,987 (98.4%) - 

   
Aim Two Race and Ethnicity   

White Non-Hispanic - 705 (94.4%) 
Non-White and/or Hispanic - 42 (5.6%) 
   
 Average (sd) Average (sd) 

Age at first claim date 75.9 (8.6) 73.5 (9.9) 
Comorbidity Count  3.2 (2.4) 3.5 (2.5) 
  

 

 Table 11 shows the differences in demographic characteristics of melanoma 

clinical trial participants and non-clinical trial participants for aim one.  In this broad 

population of Medicare beneficiaries with melanoma, clinical trial participants were 

significantly more likely than non-clinical trial participants to be male (72.6% vs. 

65.6%, p=0.0008) and non-White and non-Hispanic (2.4% vs. 0.7%, p<0.0001), and 

significantly less likely to be White non-Hispanic (95.6% vs. 97.7%, p=0.0020).  

Clinical trial participants were significantly younger (average age = 71.3 vs. 76.0, 

p<0.0001) and had significantly fewer comorbidities (2.3 vs. 3.2, p<0.0001).  

Hispanic ethnicity was not significant (2.0% vs. 1.6%, p=0.5193). 

Table 11. Demographic Characteristics of Melanoma Patients Who Are and Are Not 
Clinical Trial Participants 

 Aim One 
Clinical Trial 
Participants 

(n=547) 

Aim One Non-
Clinical Trial 

Patients  
(n=20,777) 

Aim One 
Chi-Squared 
or T-Test P-

Value 
 n (%) n (%)  
Sex    

Male 397 (72.6%) 13,625 (65.6%) 0.0008* 
Female 150 (27.4%) 7,152 (34.4%)  
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 Aim One 
Clinical Trial 
Participants 

(n=547) 

Aim One Non-
Clinical Trial 

Patients  
(n=20,777) 

Aim One 
Chi-Squared 
or T-Test P-

Value 
Race and Ethnicity    

White Non-Hispanic    
Yes 523 (95.6%) 20,305 (97.7%) 0.0020* 
No 24 (4.4%) 472 (2.3%)  

Non-White Non-Hispanic    
Yes 13 (2.4%) 146 (0.7%) <0.0001* 
No 534 (97.6%) 20,631 (99.3%)  

Hispanic    
Yes 11 (2.0%) 326 (1.6%) 0.5193 
No 536 (98.0%) 20,451 (98.4%)  

    
 Average (sd) Average (sd)  

Age at first claim date 71.3 (8.5) 76.0 (8.6) <0.0001* 
Comorbidity Count  2.4 (2.2) 3.2 (2.4) <0.0001* 
 
*Results were statistically significant per the Holm-Bonferroni corrected p-value. 

 

Table 12 shows the differences in demographic characteristics of melanoma 

nivolumab or pembrolizumab clinical trial participants and non-clinical trial patients 

who received nivolumab or pembrolizumab.  In this narrower population of Medicare 

beneficiaries with melanoma who either participated in a trial of nivolumab or 

pembrolizumab or received at least one of these agents as part of standard of care, 

clinical trial participants were significantly younger (average age = 71.0 vs. 75.1, 

p<0.0001) and had significantly fewer comorbidities (2.4 vs. 4.2, p<0.0001).  In these 

data, there was not a statistically significant difference between the two groups by sex 

(male: 73.2% vs. 70.2%, p=0.4178) or by the combined variable for race and ethnicity 

(White non-Hispanic: 95.1% vs. 94.0%, p=0.6310). 
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Table 12. Demographic Characteristics of Melanoma Patients Who Are 
Immunotherapy Clinical Trial Participants or Received Immunotherapy Outside of a 
Clinical Trial 

 Aim Two 
Clinical Trial 
Participants 

(n=284) 

Aim Two Non-
Clinical Trial 

Patients  
(n=463) 

Aim Two 
Chi-Squared 
or T-Test P-

Value 
 n (%) n (%)  
Sex    

Male 208 (73.2%) 325 (70.2%) 0.4178 
Female 76 (26.8%) 138 (29.8%)  

Race & Ethnicity    
White Non-Hispanic 270 (95.1%) 435 (94.0%) 0.6310 
Non-White and/or Hispanic 14 (4.9%) 28 (6.0%)  
    
 Average (sd) Average (sd)  

Age at first claim date 71.0 (8.9) 75.1 (10.2) <0.0001* 
Comorbidity Count  2.4 (2.1) 4.2 (2.5) <0.0001* 
 
*Results were statistically significant per the Holm-Bonferroni corrected p-value. 

 

For aim one, Table 13 provides the odds ratios and 95% confidence intervals 

for the logistic regression assessing the association between melanoma patient 

demographics and clinical trial participation.  Melanoma patients who were female 

had decreased odds of participating in a clinical trial compared to patients who were 

male (OR=0.673, p<0.001, 95% CI 0.555-0.815).  Patients had increased odds of 

participating in a clinical trial if they were not White and non-Hispanic (OR=3.353, 

p<0.001, 95% CI 1.872-6.004).  Patients had decreased odds of participating in a 

clinical trial with greater age (OR=0.949, p<0.001, 95% CI 0.940-0.958) and with 

greater number of chronic conditions (OR=0.922, p<0.001, 95% CI 0.883-0.961). 

There was no significant association for patients who were Hispanic (OR=1.258, 

p=0.465, 95% CI 0.679-2.332).  
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Table 13. Logistic Regression Results for Likelihood of Melanoma Patients to Be 
Clinical Trial Participants 

Patient Characteristic 
Aim One 

Odds Ratio 

Aim One 95% 
Confidence 

Interval 
Aim One 
P-Value 

    
Sex    

Male (Ref) 1   
Female 0.673*** (0.555, 0.815) <0.001 

Race    
White non-Hispanic (Ref.) 1   
Non-White non-Hispanic 3.353*** (1.872, 6.004) <0.001 
Hispanic 1.258 0.679, 2.332) 0.465 

    
Age at first claim date 0.949*** (0.940, 0.958) <0.001 
Comorbidity Count  0.922*** (0.883, 0.961) <0.001 
    
Observations 21,324   
Akaike Information Criterion 4,905   
    
Note:  *p<0.05; **p<0.01; ***p<0.001 

 

Table 14 provides the odds ratios and 95% confidence intervals for the aim 

two logistic regression assessing the association between melanoma patient 

demographics and clinical trial participation.  Melanoma patients had decreased odds 

of participating in a trial that included nivolumab or pembrolizumab with greater 

number of comorbid conditions (OR=0.724, p<0.001, 95% CI 0.669-0.785).  There 

was no significant association by age (OR=0.989, p=0.242, 95% CI 0.972-1.007), sex 

(female OR=0.865, p=0.426, 95% CI 0.605-1.236), or race and ethnicity (non-White 

and/or Hispanic OR=1.059, p=0.876, 95% CI 0.513-2.187).   
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Table 14. Logistic Regression Results for Likelihood of Melanoma Patients 
Receiving Immunotherapy to Be Immunotherapy Clinical Trial Participants 

Patient Characteristic 
Aim Two 

Odds Ratio 

Aim Two 95% 
Confidence 

Interval 
Aim Two 
P-Value 

    
Sex    

Male (Ref) 1   
Female 0.865 (0.605, 1.236) 0.426 

Race    
White non-Hispanic (Ref.)  1   
Non White and/or Hispanic 1.059 (0.513, 2.187) 0.876 

    
Age at first claim date 0.989 (0.972, 1.007) 0.242 
Comorbidity Count  0.724*** (0.669, 0.785) <0.001 
    
Observations 747   
Akaike Information Criterion 898   
    
Note:  *p<0.05; **p<0.01; ***p<0.001 

 

Discussion 

Potential disparities in clinical research participation are an important concern 

in public health and medical research, but our understanding of these disparities has 

been hampered by a lack of good comparison groups.  The demographics of the 

patient population that is eligible for a clinical trial might be very different than the 

demographics of the overall population, or even of the incident disease population.  

This study sought to contribute to the field by comparing the demographics of clinical 

trial participants with equivalent comparison groups.  A total of four comparisons 

were conducted.  Two comparisons were each conducted in both lung cancer and 

melanoma patient populations:  the broad group of patients in active treatment were 

compared to patients on active cancer treatment trials (aim one), and a more narrow 
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group of patients receiving nivolumab or pembrolizumab as an active treatment were 

compared to patients receiving those agents on trials (aim two).   

As hypothesized, clinical trial patients were younger and had fewer 

comorbidities in each of the four analyses.  These disparities were statistically 

significant in all of the individual comparison chi-square tests and in all but one of the 

regressions. The difference in average age ranged from two to three years in lung 

cancer to four to five years in melanoma.  Representation of older adults in cancer 

clinical trials has been a persistent concern.  The biology of some cancers may change 

with age and thus the treatment outcomes may differ in older patients; older, more 

frail patients may not be as able to tolerate rigorous cancer treatments with significant 

side effects; and without evidence from older populations, clinicians may provide 

different treatment to even non-frail older adults.120  This analysis shows that, even 

within the older Medicare population, older adults are less likely to participate in 

cancer trials.  This issue may be linked with the similar finding on comorbidities.  

Assessments of multiple comorbidities vary, but consistently find increasing 

comorbid conditions with greater age.121,122  Comorbid conditions may limit the 

availability of trials for a patient depending on the trial eligibility criteria.  Recent 

efforts in the cancer community have led to consensus modernized eligibility criteria 

which may make trials accessible to a broader population, but in some cases, strict 

eligibility criteria are necessary to ensure patient safety.67,123 

The results were less consistent for sex, race, and ethnicity.  The hypothesized 

results for race were not seen for the aim one analyses:  White non-Hispanic patients 

were significantly less likely to be clinical trial participants.  In the aim two analyses, 
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a slightly greater proportion of White non-Hispanic patients were in the clinical trials 

group than in the active treatment group, but these results were not significant.  As 

expected based on the results for White non-Hispanic patients, in each of the aim one 

analyses, at least one other group had greater clinical trial representation.  In the lung 

cancer aim one analysis, Asian/Pacific Islander patients were significantly more 

likely to be clinical trial participants, and in melanoma, non-White non-Hispanic 

patients were.  In the larger aim one lung cancer analysis, Black patients were 

significantly less likely to be clinical trial participants.  Again unlike what was 

hypothesized, clinical trial participants were significantly more likely to be female 

than male in the aim one lung cancer analysis, but were more likely to be male than 

female in the aim one melanoma analysis.  The comparisons by sex were not 

significant for the aim two analyses.   

Limitations 

This analysis has important limitations.  It is based on an analysis of Medicare 

claims data that relies on the accuracy of the claim coding.  As this analysis found, 

fields such as clinical trials number are not always accurately coded.  For instance, for 

the aim one analysis in lung cancer, 15.6% of patients identified as potential clinical 

trial participants based on the diagnosis code or HCPCS modifier in their 2016 claims 

data did not have any claims coded with a valid clinical trials number, even though 

entry of this number was required by CMS starting in 2014.  As a result, some clinical 

trial participants were likely not included in the clinical trials group and may have 

instead been in the active treatment group.   
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Despite the broad disease areas including claims across three years, in three of 

the four analyses included in this study, the clinical trials group had fewer than 600 

patients.  Demographic subgroups were, of course, even smaller.  These small 

numbers mean that some demographic differences between the clinical trials group 

and the active treatment group may not have been statistically significant but cannot 

prove the absence of a disparity.   

Similarly, due to the CMS restriction on releasing information about patient 

counts less than 11, it was not possible to produce more granular analyses by race or 

ethnicity, particularly in melanoma.  Although these counts may have been too small 

to include in statistical analyses such as chi square tests, the descriptive information 

would have been helpful to share with the community.  Semi-arbitrary groupings of 

race and ethnicity may disguise important differences.  This can be seen in the aim 

one lung cancer analysis.  Asian/Pacific Islander patients had greater rates of clinical 

trial participation, while Black patients had lower rates.  When these groups were 

initially combined for this analysis, it appeared that non-White patients had overall 

greater representation in clinical trials; however, this was entirely due to the higher 

rates in the Asian/Pacific Islander population.   

Because this analysis was designed to evaluate the associations between 

demographic characteristics and clinical trial participation, it does not support 

conclusions about any potential causal relationships.  Additionally, there are 

important limitations on the generalizability of the study findings.  Because the 

analysis was limited to patients covered by Medicare, the results may not be 

applicable to younger populations that do not have guaranteed insurance coverage.  
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Finally, due to the limitations of the data available in Medicare claims, this analysis 

was not able to compare disease characteristics between the trial group and the active 

treatment group.  Despite the efforts made to ensure equivalent groups, there may still 

have been differences in the cancer staging between these two populations.   

Conclusions 

This study lays the groundwork for future research using the SEER-Medicare 

database to better understand potential disparities in clinical trial participation.  The 

focus of this analysis was lung cancer and melanoma patient populations because 

these disease groups were the first to see FDA approvals for the novel 

immunotherapy agents nivolumab and pembrolizumab.  Expanding this analysis to 

other, more common cancer types with greater representation in the SEER registry 

may produce even more robust findings and allow more granular analyses by race and 

ethnicity.  Additionally, the new SEER-Medicare 2020 linkage will provide more 

claims years after the CMS requirement to report clinical trial number was instituted 

in 2014.  These additional years of data may make it possible to conduct analyses of 

demographic subgroups in more disease areas.  

Even in rarer disease areas in which the clinical trials comparison group 

would be too small to allow meaningful analyses, there is great value in providing 

demographic information about cancer patient groups in active treatment.  As this 

study has discussed, it is difficult to meaningfully evaluate whether enrollment to a 

clinical trial was sufficiently representative because we do not have good comparison 

groups.  Any demographic information to better inform this comparison is likely to be 

better than what we currently have.  More importantly, this information can allow 
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researchers to better prospectively identify the patient population they should be 

trying to enroll.  Potential disparities in clinical trial participation can be addressed 

only if researchers can calculate their planned enrollment by demographic group 

based on the true disease population, track their progress as the study accrues, and 

take corrective actions to improve outreach and accessibility of the trial as necessary.   
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Chapter 4:  Industry Payments and Provider Utilization of 

Immunotherapy Agents 

Background 

A recent JAMA Special Communication on the topic of medical marketing 

provided a comprehensive overview of the different forms this marketing can take 

and the changing investments made by the pharmaceutical industry over two 

decades.124  It is important to note that medical marketing is not seen as universally 

negative.  One study in the 1970s highlighted concerns about dissemination of new 

information such as important clinical trial results, suggesting that journals and 

continuing medical education requirements may not be enough.125  More recent 

research has continued to find insufficient dissemination of knowledge about medical 

innovation, although specialists were more likely than general practitioners to be 

aware of key advances.126  Pharmaceutical industry promotion has been seen as an 

effective way to increase awareness of agents, but also a potential contributor to 

overuse.127,128 

Pharmaceutical payments to physicians in the form of food, gifts, or other 

compensation are a key component of medical marketing in the United States, 

totaling nearly one billion dollars in 2016.124  Until recently, most research 

investigating the relationship between pharmaceutical payments and provider 

utilization was based on aggregate data.129  Limited physician-level data were 

available to allow for more detailed analyses.  One recently-published study by Datta 

et al. (2017) is an exception, using data from 1997 to 1999 for nearly 150,000 

physicians to analyze the effects of promotions for a specific Herpes agent, 
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famciclovir, on its utilization and the utilization of other agents in the same class.130  

Unfortunately, this analysis has several limitations:  it required compiling market 

research data from various sources with potentially questionable comparability, and it 

included promotional efforts only for famciclovir, not the other available agents.  

Perhaps most importantly, it considered a relatively small portion of potential 

promotional efforts and did not assign them a monetary value.  Instead, the 

independent variables representing industry promotion were number of visits by sales 

representatives and number of free drug samples received.  The authors found that, in 

this case, there was a significant relationship between promotions and utilization, but 

the relationship was smaller than what was predicted by aggregate studies.  They 

argue that this suggests selection bias likely drives most of the observed relationship.   

Endogeneity is a concern in this literature, but researchers have largely left the 

potential targeting of physicians by pharmaceutical companies as a key limitation to 

their work.  Efforts to control for endogeneity have not been taken up by the field.  

For instance, a 2014 analysis combined data from two ProPublica datasets:  an opt-in 

database of industry payments to physicians and a database of physician-level 

Medicare Part D reimbursements.131  To attempt to control for industry selection, the 

authors used geographic distance from the physician office to the industry firm 

headquarters as an instrumental variable.  They found that there was still a significant 

relationship between industry payments and physician prescribing.  However, it is 

unclear whether this instrument was valid and it has not been used by others.  This 

analysis was focused on payments data from 2009 to 2011.  The geographic 

instrumental variable assumed a relationship between distance from headquarters and 
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likelihood of sales representatives to travel for medical detailing, but international 

pharmaceutical companies such as AstraZeneca, Merck, and Pfizer are likely to have 

sales teams based out of multiple regions.  Other geographical factors may also 

contribute to marketing decisions; an analysis by Alpert et al. described recently 

unsealed marketing documents from Purdue Pharma that showed how the company 

did not invest as much OxyContin marketing in states with greater opioid 

regulations.132   

In 2010, the U.S. Congress responded to longstanding concerns regarding the 

effect of pharmaceutical industry promotions on physician practice133-135 by passing 

the Physician Payments Sunshine Act as part of the Patient Protection and Affordable 

Care Act.136  The Sunshine Act mandated that as of August 2013, CMS collect and 

report information on payments from industry manufacturers to physicians.137  These 

data have been made publicly available through the CMS Open Payment program.138   

The initial publication of the 2013 Open Payments program data in September 

2014139 came shortly after CMS made Medicare provider utilization data publicly 

available for the first time in April 2014.140  Researchers have begun to analyze 

relationships between pharmaceutical industry payments in the Open Payments 

datasets and pharmaceutical use information in the Medicare Provider Utilization and 

Payment Data datasets, finding that industry payments across physician specialties 

and regions are associated with greater Medicare Part D prescribing costs.141-144   

Despite the new availability of high-quality data, research has still been 

limited.  One key barrier to researchers is that linking provider information between 

the two datasets is hampered by the fact that the Open Payments dataset is statutorily 



 

70 

prohibited from publishing the National Provider Identifier (NPI)145 which serves as 

the primary provider identifier in the utilization datasets.  As a result, physician 

records must instead be matched on characteristics such as name and address.  One of 

the first high-profile analyses of the Open Payments data, conducted by Tringale et al. 

and published in JAMA in 2017, focused simply on describing the characteristics of 

physicians reported to have received industry payments without connecting utilization 

data.146 

Analyses thus far have also remained focused on better examining either the 

overall association between payments and utilization or the association seen in a 

specific sub-field.  One field that has seen relatively high levels of research interest is 

opioid prescribing.  Hadland and colleagues have published a series of increasingly 

specific analyses in this area, starting with a 2017 publication in the American Journal 

of Public Health, examining just the Open Payments data, which found that more than 

8% of U.S. physicians received an opioid-related payment.147  They went on to 

combine the Open Payments and Part D utilization datasets, finding that physicians 

receiving opioid-related payments were more likely to prescribe opioids and that 

higher payments were associated with greater utilization.148  The authors note as an 

important limitation that reverse causality is possible and that their results establish 

association, not causation.  Finally, an analysis just published in 2019 linked Open 

Payments data to county-level opioid overdose mortality data and found that 

mortality significantly increased with higher promotional payments.149 

Other researchers have confirmed the findings by Hadland and colleagues on 

opioid-related payments.  Zezza et al. combined the Open Payments and Part D data 
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from 2013 to 2015 and analyzed separate cohorts of physicians.150  They created a 

matched comparison group, based on state, specialty, and baseline opioid 

reimbursement levels, that did not receive any opioid payments, and conducted a 

difference-in-difference regression analysis.  Like Hadland et al., they found that 

payments were associated with greater utilization.  More recently, Nguyen et al. used 

two models to analyze Open Payments and Part D data from 2014 to 2016.151  First, 

they used a regression model where the independent variable was a binary indication 

of whether the physician had received any opioid-related payments; then, they 

performed a similar regression solely among physicians who had received payments 

to assess the effect of payment amount on utilization.  The authors found that any 

receipt of payment was associated with greater utilization and higher payments were 

associated with higher utilization.   

A 2020 systematic review by Mitchell et al. extracted the results of 36 studies 

with 101 total analyses between pharmaceutical payments and utilization.152  At least 

one positive association was found in every study, and 89 of the 101 analyses found a 

positive association between payment and greater prescribing.  The authors further 

note that no studies found an inverse association.  Five of the included studies were in 

oncology, including two led by the lead author of the systematic review. 

A review of trends in payments to medical oncologists practicing from 2014 

to 2019, over the first five full years of Open Payments reporting, found that the 

number of oncologists receiving a payment declined by 15.1% from 2014 to 2019, 

and the payment amounts for those receiving less than $10,000 also declined.153  

However, payment amounts increased among those receiving greater amounts.  This 
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review suggests that pharmaceutical industry promotional practices for oncology are 

changing, perhaps due to the new reporting requirements.   

Generally in oncology, researchers have found a more mixed relationship 

between industry payments and oncology utilization of Part D agents.  Bandari and 

colleagues used 2014 Open Payments and Part D utilization data to examine the 

separate associations between payments and utilization of two agents indicated for 

metastatic castration-resistant prostate cancer.154  They found that there were many 

more payment recipients than there were prescribers, although more than half of 

prescribers received a payment.  Ultimately, they did not see an association between 

payments and utilization for either agent.   

Similarly, a 2018 publication by Mitchell et al. used 2013 and 2014 Open 

Payments and Part D utilization data to examine the associations between payments 

related to two sets of targeted oncology agents and their utilization.155  Each set 

included three brand-name agents approved for the treatment of the same targeted 

disease setting, one in metastatic renal cell cancer and one in chronic myeloid 

leukemia.  The authors found that receiving payments related to one of the six drugs 

was significantly associated with greater utilization for three of the drugs; for one of 

the drugs, imatinib, payments were associated with less utilization.  Imatinib was 

nearing patent expiration, and the authors hypothesized that the company may have 

been discussing imatinib but also more heavily promoting another drug in their 

portfolio that would remain under patent. It is unclear why this was not reported as a 

finding of an inverse association in Mitchell et al.’s recent systematic review.152 
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One key gap in the research to date is that the analyses have primarily focused 

on utilization in the Part D Prescriber dataset, excluding the provider-administered 

prescription drug utilization that is covered by Medicare Part B and captured in the 

Physician and Other Supplier dataset.  Medicare Part B utilization of cancer drugs 

made up 42.1% of Medicare spending for Part B drugs in 2014 and totaled 7.8 billion 

dollars,156 representing more than five percent of the $143 billion in total Medicare 

prescription drug spending.157  Increasing costs of cancer drugs are an area of 

significant concern, but Medicare’s ability to control spending on cancer drugs is 

limited, particularly for drugs covered by Part B.158  A demonstration project 

proposed in 2016, the Medicare Part B Drug Payment Model, would have sought to 

assess the impact of changes in reimbursement strategies on Part B drug utilization,159 

and would potentially have a significant impact on oncologists.160  However, the 

project was opposed by oncology professional organizations,161 and it was officially 

withdrawn in 2017.162  More information is needed to assess potential drivers of 

Medicare Part B drug spending among oncologists, which could include industry 

payments.   

One analysis of industry payments and Part B utilization, which examined 

industry payments to ophthalmologists related to anti-vascular endothelial growth 

factor (VEGF) injections and the related Part B prescribing, found a significant 

association between numbers of industry payments received and use of industry-

marketed anti-VEGF injections.163  Additionally, researchers have not focused on 

payments and utilization associated with the release of new agents.  No literature was 
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found analyzing relationships between payments data and utilization of 

immunotherapy agents. 

Specific Aims 

This study used Medicare utilization and Open Payments data to complete two 

aims evaluating the potential association between receipt of industry promotional 

payments and utilization of nivolumab and pembrolizumab.  Because the data for the 

two agents could not be meaningfully merged, separate analyses were conducted for 

nivolumab and pembrolizumab. Aim one analyzed the association between receipt of 

any industry payment and whether providers are high utilizers of novel 

immunotherapy agents, first in a selected pool of providers likely to treat melanoma 

and lung cancer patients, and then among all oncology providers.  Aim two evaluated 

the association between amount of industry payment received and amount of 

immunotherapy agent utilization among high utilizers of the agent.   

Hypotheses 

For aim one, in both the pool of lung and/or melanoma oncologists and in the 

larger group of all oncologists, the presence of any industry payment was 

hypothesized to correlate with increased likelihood of using the promoted agent in 11 

or more beneficiaries.  For aim two, the amount and number of industry payments 

were hypothesized to correlate with utilization of the promoted agent in a larger 

percentage of the provider’s beneficiaries.   
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Methods 

Data Sources: Utilization Data 

Data from the Medicare Provider Utilization and Payment: Physician and 

Other Supplier Public Use File (PUF) for calendar years 2015 through 2018 and CMS 

Open Payments dataset for calendar years 2015 through 2017 was used to conduct 

this analysis.164,165  Information from the Medicare Provider Utilization and Payment: 

Part D Prescriber PUF informed data selection.166  Each of these datasets is publicly 

available and prepared by CMS.  Because the data used are publicly available, this 

study was deemed not human subjects research by the University of Maryland IRB 

and thus exempt from IRB review. 

Both the PUF and Open Payments data sets include information about 

provider specialty.  To limit the analysis to oncologists, data were extracted for 

physicians with an oncology specialty, including medical oncology, gynecologic 

oncology, surgical oncology, radiation oncology, or hematology and oncology.  

Additional summary information for providers was used from the Medicare Physician 

and Other Supplier Aggregate Dataset for the particular utilization year.  This dataset 

includes variables describing overall characteristics of the beneficiaries seen by the 

provider. 

The Physician and Other Supplier PUF dataset contains aggregated 

information on Medicare claims and payments by provider and medical procedure.  

Providers are identified by National Provider Identifier (NPI) as well as name and 

address.  Procedures are classified by HCPCS code and include utilization of Part B 

drugs (e.g., drugs administered by a provider rather than dispensed by prescription).  
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The Part B dataset covers non-institutional Part B claims for Medicare fee-for-service 

beneficiaries.  The Part D Prescriber PUF dataset contains aggregated information on 

Medicare prescription drug claims by prescriber and agent.164  The Part D dataset 

covers prescription drugs prescribed and paid for under the Medicare Part D 

Prescription Drug Program.166  Approximately two-thirds of Medicare beneficiaries 

are enrolled in the Part D program.  In accordance with the CMS cell size suppression 

policy, aggregated claims records in all public datasets are omitted if they are based 

on counts of fewer than 11 Medicare beneficiaries.167   

Aim one was conducted in two separate populations.  First, to assess whether 

any pharmaceutical payment was associated with high utilization of the agent, which 

was defined as utilization in 11 or more beneficiaries, the provider population was 

restricted to a subset of providers of interest representing the pool of providers who 

might be expected to utilize nivolumab and/or pembrolizumab in their treatment of 

melanoma and lung cancer patients.  The aim one analyses were also conducted in the 

broader population of all identified oncologists who had any CMS utilization records 

for the year.   

For the narrower pool analysis, the physician population from the PUF dataset 

was restricted to oncologists who had utilization records for 13 selected agents 

between 2015 and 2018 that were FDA approved only for melanoma or lung cancer 

during the given year.  Approved indications for each year were found by reviewing 

the approved drug labels for 2015 to 2018 as posted in the Drugs@FDA database.101  

Although providers may have used these agents off-label in other disease areas, this 
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filter served as a best approximation to limit the initial analysis to a pool of providers 

likely treating melanoma and/or lung cancer. 

The identified agents and their FDA-approved indications are shown in Table 

15.  For the analysis, provider utilization of these 13 agents and inclusion in the 

analysis pool was determined by presence of a record for the provider’s utilization of 

the agent in the Part D prescriber or Part B Physicians and Other Supplier PUFs.  

Three of the 13 agents were approved for additional oncology indications in 2018:  

dabrafenib and trametinib were approved in thyroid cancer, while ipilimumab was 

approved in renal cell cancer.  Utilization of these three agents was only based on 

records from 2015 to 2017, when the agents were approved only in melanoma.  In the 

tables, the 2018 provider and beneficiary numbers for these three agents are shaded 

and italicized to indicate that they were not included.   

Table 15. Agents Approved for Melanoma and Lung Cancer with No Other FDA 
Oncology Approvals Through 2017/2018. 

Agent Indication(s) 

Afatinib Lung – EGFR inhibitor 

Alectinib Lung – ALK inhibitor 

Ceritinib  Lung – ALK inhibitor 

Cobimetinib  Melanoma – MEK inhibitor 

Crizotinib  Lung – ALK inhibitor 

Gefitinib  Lung – EGFR inhibitor 

Osimertinib Lung – EGFR inhibitor 

Pemetrexed Lung and mesothelioma – metabolic inhibitor 

Vemurafenib  Melanoma – BRAF inhibitor 

Vinorelbine Lung – vinca alkaloid 

Dabrafenib Melanoma – BRAF inhibitor (2018: added lung and thyroid) 

Ipilimumab  Melanoma – CTLA-4 inhibitor (2018: added renal) 

Trametinib Melanoma – MEK inhibitor (2018: added thyroid) 
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In addition to identifying the pool of providers for the aim one analysis, the 

Part B Physician and Other Supplier PUF dataset was also the source of provider-

level records for utilization of the immunotherapy agents.  Records were filtered by 

the HCPCS codes, J9299 for nivolumab and J9271 for pembrolizumab, for services 

between 2016 and 2018.  Because the 2018 provider-level records were more robust, 

this analysis focused on whether payments made in 2017 were associated with 2018 

utilization. 

Data Sources: Payments Data 

The Open Payments dataset includes records of payments made by drug and 

device companies to physicians and teaching hospitals.  Companies report payments 

or in-kind payments to physicians such as speaking and consulting fees, research, 

educational materials, food and drink, and travel.  If a payment was related to a 

specific drug, that drug is identified.  As many as five drugs can be associated with an 

individual payment.  Each payment is classified as either research or non-research.  

Payments are reported annually by CMS for each calendar year.  This analysis solely 

includes non-research payments to physicians with a specialty type of oncology when 

the payment was associated with one of the approved IO agents: pembrolizumab 

(Keytruda) or nivolumab (Opdivo).  

Data Sources: Matching Utilization and Payments Data 

The NPI is used by CMS to collect and aggregate payment data, but 

regulations prohibit NPIs from being included in the Open Payments data released to 

the public.  As a result, providers are identified only by name, address, and a unique 

Open Payments identifier.  To create a link between the Physician and Other Supplier 



 

79 

PUF NPI and the Open Payments identifier, a series of steps were followed.  This 

process used all available years for the Physician and Other Supplier PUF to create a 

dataset of physicians identified for any year with a specialty in oncology.  The 

available Open Payments data includes a single Physician Profile Supplement file 

with information about physicians across all years who received at least one 

published payment.  This supplement file has taxonomy fields to capture up to five 

specialties for each physician.  The supplement file was filtered to create a dataset 

including all physicians with an oncology specialty code listed in any of the 

taxonomy fields.  Both datasets were cleaned to reduce inconsistencies in punctuation 

and abbreviations. 

The unique identifier in each dataset was used to generate records of 

individual physicians and identify cases of identical first and last names.  For 

physicians with names that had a single match between the two datasets, the NPIs 

were mapped to Open Payments identifiers based on this match.  In cases of duplicate 

names, where names were not enough to generate an accurate match, names and 

addresses were examined individually and matched.  Finally, unmatched names were 

manually compared based on a combination of name and address information to 

identify matches where data discrepancies meant that the information in the two 

datasets was not identical.  In a preliminary study linking these datasets for an 

analysis of granulocyte colony stimulating factor utilization by oncologists, fewer 

than five percent of individuals who prescribed these agents in the PUF dataset did 

not match to the Open Payments dataset.   
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Measures 

The analyses were run separately for the two immunotherapy agents, 

nivolumab and pembrolizumab.  Two models were used for each agent, 

corresponding to the two aims.  For the first model, for aim one, the dependent 

variable was the binary variable indicating whether a given provider was a high 

utilizer of the immunotherapy agent in 2018.  The second model, for aim two, was 

restricted to high utilizers and the dependent variable was a continuous variable for 

percentage of the provider’s total beneficiaries who were administered the 

immunotherapy agent in 2018.   

In the first model, the primary independent variable was a binary variable 

indicating whether the provider received any pharmaceutical industry payments 

associated with the immunotherapy agent of interest in 2017.  The model was first run 

just in the pool of oncologists identified as likely providers for melanoma and/or lung 

cancer patients.  Then, when the model was run in the broader population of all 

oncologists with CMS records for that year, an additional independent variable was 

added for whether the oncologist was identified in the pool or not.   

For the second model, the primary independent variable was the amount of 

pharmaceutical industry payments for the immunotherapy agent of interest in 2017.  

For payments that were associated with more than one agent, the payment amount 

was adjusted by dividing the total amount by the number of associated agents.  

Although the number of payments was also available as a potential independent 

variable, the number of payments was highly collinear with the amount of the 

payments.  The amount of payments was chosen as the primary independent variable 
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because it was expected to better capture the relationship between the payments and 

agent utilization.  The number of payments was expected to potentially be more of a 

proxy for the number of communications or contacts between the pharmaceutical 

company and the provider.   

Additional independent variables controlled for in the models included 

characteristics of the Medicare beneficiaries served by each provider.  These 

beneficiary characteristics are made available with the PUF data and include average 

beneficiary age, average beneficiary Hierarchical Condition Category (HCC) risk 

score, and total number of unique Medicare beneficiaries given services by a 

provider, which is an indicator of practice volume.  HCC scores are used by Medicare 

to estimate the risk of higher than expected costs for a given patient for health plan 

payment purposes and allow basic comparisons of the health of two patient 

populations.168  All preceding independent variables were continuous variables.  The 

sole binary variable was provider gender. 

Analysis 

All statistical analyses were performed using R statistical software version 

4.0.3.169  Independent associations between the dependent variables and the 

independent variables were assessed through chi-square tests of independence for 

binary variables and t-tests for continuous variables.  Multivariate regressions were 

the primary focus of the analysis.  After each regression model was run, potential 

outliers were identified using Bonferroni outlier tests to identify observations for 

which the studentized residual was statistically different than those of other 

observations.  This was done using the outlier.test function in the car package in R 
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developed by John Fox.170  The identified observations were examined individually to 

evaluate if there were extreme values for any of the variables, and, if warranted, the 

outliers were removed.   

For aim one, in the analyses of the pool of providers and the broader group of 

all oncologists, the dependent variable for the model was the binary variable for 

whether the provider was a high utilizer of the agent and the primary independent 

variable was the receipt of any associated payment.  The independent relationship 

between these two variables was assessed using chi-squared tests of independence.  A 

logistic regression model was used as the primary analysis approach to assess the 

relationship when controlling for appropriate covariates.  Covariates were interpreted 

in terms of odds ratios.  In the regression model for the broad analysis, an additional 

covariate was added based on whether the provider was identified for inclusion in the 

pool analysis based on utilization of other lung cancer and/or melanoma therapies.  

This logistic regression model was used:   

binaryHighUtilizerAgent = β0 + β1*binaryAnyIOPayment + 

β2*providerGender  + [β3* pool +] β4* numUniqueBenes + 

β5* beneAverageAge + β6*beneAverageHCC + ε 

For aim two, in the analysis of high utilizers of the immunotherapy agent, the 

dependent variable was a continuous variable for the percentage of beneficiaries with 

utilization of the immunotherapy agent and the primary independent variable was the 

adjusted amount of the associated payment.  The relationship between these two 

continuous variables was not always linear.  For linear relationships, a Pearson 
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correlation test was run to assess the independent relationship.  For non-linear 

relationships, a generalized additive model using just the two variables was run.   

Similarly, due to the non-linear relationships uniformly seen for adjusted 

amount of payment and the total number of unique beneficiaries, a generalized 

additive model (GAM) was used for the aim two regression.171,172  The model was run 

in R using the mgcv package designed by Simon Wood, which is based on using 

penalized regression splines to balance minimizing the mean squared error while 

penalizing models that are overfitted and thus become overly wiggly.173,174  For this 

model, the binary covariates for provider gender and whether the provider was 

identified as part of the aim one pool were added without smooth terms.  The 

continuous covariates – adjusted amount of payment, number of unique beneficiaries, 

beneficiary average age, and beneficiary average HCC score – were added to the 

initial model with smooth terms.  If the model results indicated that the relationship 

for a continuous variable was linear, the smooth term was removed for that variable 

and the model re-run. The initial model was:  

pctIOBeneficiaries = β0 + β1*providerGender + β2*pool + 

f1(adjAmtIOPayments ) + f2(numUniqueBenes) + f3(beneAverageAge ) + 

f4(beneAverageHCC ) + ε 

Results for Data Filtering and Matching 

Utilization Data 

Table 16 gives an overview of the number of providers in the Part B and Part 

D PUF dataset by year.  Between 2015 and 2018, there were a total of 1,811,023 

distinct providers with services reported in either the Part B dataset, the Part D 
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dataset, or both.  In addition to the overall number of providers, the table shows the 

number of providers who reported an oncology specialty in that given year.  When all 

of the oncology providers from 2015 to 2018 were combined, there were 21,603 

unique oncology providers.   

Table 16. Number of Providers in Part B and Part D Utilization Datasets by Year. 

 2015 2016 2017 2018 All Years 
Total Number of Providers 

Part B 1,019,442 1,053,958 1,088,687 1,121,462 1,299,609 
Part D 1,102,253 1,131,550 1,162,898 1,204,935 1,394,595 
Total Distinct in 
Either Part B or D  1,442,065 1,482,851 1,525,686 1,579,507 1,811,023 

Number of Providers with Oncology Specialty in That Year 
Part B  17,196 17,609 18,090 18,278 20,628 
Part D  17,318 17,682 18,066 18,158 20,938 
Total Distinct in 
Either Part B or D  18,054 18,473 18,963 19,128 21,603 

 

Table 17 shows the number of provider-level records available in each year in 

the Part B and Part D datasets.  There is a unique provider-level record for each 

service type that the provider performed for 11 or more Medicare beneficiaries in a 

given year.  The table includes the number of service records overall and for the 

identified list of 21,603 oncologists.   

Table 17. Number of Services in Part B and Part D Utilization Datasets by Year. 

 2015 2016 2017 2018 
Total Number of Provider-Level Service Descriptions 

Part B 9,497,892 9,714,897 9,847,444 9,961,866 
Part D 24,524,894 24,964,300 25,209,130 25,311,600 

Total Number of Provider-Level Service Descriptions for Oncologists 
Part B  319,970 327,268 325,221 321,770 
Part D  253,653 259,210 260,492 259,385 
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The Part B PUF records were filtered to identify the provider-level records for 

utilization of the immunotherapy agents.  Table 18 shows the number of provider-

level records for utilization of each of these agents by year, as well as the national 

numbers for the actual number of providers utilizing each agent.  As this shows, the 

Part B provider-level PUF for 2018 included records for 17.3% of the 4,482 providers 

who utilized nivolumab and 14.7% of the 4,370 providers who utilized 

pembrolizumab.  The remaining 82.7% of nivolumab utilizers and 85.4% of 

pembrolizumab utilizers did not have provider-level service records for the agent, 

likely because the records were suppressed because they included counts of 10 or 

fewer patients.   

Table 18. Number of Providers with Nivolumab or Pembrolizumab Services in the 
Provider-Level PUF and Nationally, By Year. 

 Number of Part B Providers With 
Provider-Level Records in PUF 

Number of Part B Providers 
According to National Numbers 

Agent (HCPCS code) 2016 2017 2018 2016 2017 2018 

Nivolumab (J9299) 546 649 777 4,385 4,528 4,482 

Pembrolizumab (J9271) 27 181 641 2,139 3,821 4,370 

 

Service records for the 21,603 unique oncologists in the PUF data were 

analyzed to determine usage of the 13 agents that were identified in Table 15.  This 

usage determined the subset of providers who were considered likely to treat lung 

cancer and/or melanoma patients, and thus would make up the pool of providers for 

the aim one analysis of agent utilization.  There were 356 unique providers with high 

utilization of these agents who were identified for inclusion in the pool from the Part 
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B records and 2,028 unique providers identified for inclusion in the pool from the 

Part D records.  There was an overlap of 222 providers included in both the Part B 

and Part D records, so the final pool of providers for the first aim one analysis 

included up to 2,250 unique oncologists.  Of these 2,250 potential pool oncologists, 

2,146 had Part B utilization records and demographic information for 2018.  Thus, the 

aim one pool analysis included 2,146 providers.  Table 19 provides key 

characteristics for the 2,146 providers in the aim one pool and the 19,159 providers in 

the aim one broad analysis. 

Table 19. Characteristics of Providers in Pool and Broad Analysis Groups for 
Utilization and Payments Analysis 

 Pool Analysis 
Provider 

Characteristics 
(n=2,146) 

Broad Analysis 
Provider 

Characteristics 
(n=19,159) 

 n (%) n (%) 
Provider Gender   

Male 1,624 (75.7%) 12,912 (67.4%) 
Female 522 (24.3%) 6,247 (32.6%) 
   

Nivolumab – Presence of Payment and 
High Utilization   

Received a Nivolumab-Associated 
Payment in 2017 1,034 (48.2%) 4,635 (24.2%) 

High Utilizer of Nivolumab in 2018 362 (16.9%) 777 (4.1%) 
   
Pembrolizumab – Presence of Payment 
and High Utilization   

Received a Pembrolizumab-Associated 
Payment in 2017 1,045 (48.7%) 4,498 (23.5%) 

High Utilizer of Pembrolizumab in 2018 321 (15.0%) 641 (3.3%) 
   

Receipt of Associated Payment(s) Across 
Both Agents   
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 Pool Analysis 
Provider 

Characteristics 
(n=2,146) 

Broad Analysis 
Provider 

Characteristics 
(n=19,159) 

Received Both a Nivolumab-Associated 
and a Pembrolizumab-Associated 
Payment in 2017 

821 (38.3%) 3,227 (16.8%) 

Did Not Receive Either a Nivolumab-
Associated Payment or a 
Pembrolizumab-Associated Payment in 
2017 

888 (41.4%) 13,253 (69.2%) 

High Utilization Across Both Agents   
High Utilizer of Both Nivolumab and 
Pembrolizumab in 2018 231 (10.8%) 403 (2.1%) 

Not a High Utilizer of Either Nivolumab 
or Pembrolizumab in 2018 1,694 (78.9%) 18,144 (94.7%) 

   
Averages Average (sd) Average (sd) 

Total Number of Unique Beneficiaries 511.4 (404.4) 301.4 (337.8) 
Beneficiary Average Age 73.2 (2.2) 72.3 (2.8) 
Beneficiary Average HCC 2.2 (0.4) 2.0 (0.5) 

   
Nivolumab-Associated Payments   

If nivolumab-associated payment was 
received, adjusted amount of payment $2,242.5 (12,234.6) $1,207.7 (8,977.6) 

If payment was received, number of 
payments 7.7 (8.7) 6.0 (7.2) 

   
High Utilization of Nivolumab   

If provider was a high utilizer of 
nivolumab, number of beneficiaries in 
which nivolumab was utilized 

18.2 (6.9) 16.8 (5.9) 

If provider was a high utilizer of 
nivolumab, percentage of beneficiaries 
in which nivolumab was utilized 

1.99% (1.06) 2.11% (1.32) 

   
Pembrolizumab-Associated Payments   

If pembrolizumab-associated payment 
was received, adjusted amount of 
payment 

$1,118.4 (6,337.3) $629.2 (4,951.2) 

If payment was received, number of 
payments 6.1 (6.3) 4.9 (5.7) 
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 Pool Analysis 
Provider 

Characteristics 
(n=2,146) 

Broad Analysis 
Provider 

Characteristics 
(n=19,159) 

   
High Utilization of Pembrolizumab   

If provider was a high utilizer of 
pembrolizumab, number of 
beneficiaries in which pembrolizumab 
was utilized 

16.7 (5.5) 15.6 (4.7) 

If provider was a high utilizer of 
pembrolizumab, proportion of 
beneficiaries in which pembrolizumab 
was utilized 

1.98% (1.34) 2.23% (1.54) 

 

Payments Data 

The 2017 Open Payments dataset included a total of 632,201 providers with 

11,239,733 payments.  When the dataset was limited to oncologists, there were 

18,307 providers with 527,579 payments totaling over $128 million.  These 

oncologists had an average of 28.8 (sd=28.8) payments for an average of $7,013 

(sd=31,167).  In this group, 3,499 (19%) had just one payment, and 7,616 (41.6%) 

had fewer than five payments. 

Food and beverage made up the overwhelming majority of the number of 

payments (n=435,477, 82.5%) but represented just 8.3% of the total payment amounts 

($10,589,060).  The greatest payment amounts were in the categories of 

compensation for services other than consulting, which made up 39.0% of the total 

paid (n=17,141, $50,118,179), and in consulting fees, which were 31.8% (n=13,338, 

$40,853,734).  The 100 oncologists with the greatest summed payment amounts, 

representing just 0.5% of the providers, received 24% of the total payment amount.   
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Matched Provider Utilization and Payments Data 

There were 21,603 unique providers in the PUF data with an oncologist 

specialty in at least one of the years considered.  In the Open Payments Physician 

Profile Supplement file, which includes information about all providers who ever 

received a payment, there were 27,407 unique providers with an oncologist specialty.  

A total of 18,335 providers were matched between the two datasets, for a match rate 

of 84.9% of the PUF providers.  The remaining 3,268 (15.1%) of PUF providers were 

assumed to have no match because they did not receive any payments.  The 9,072 

Open Payments providers with no match were assumed to have not provided services 

through Medicare between 2015 and 2018 and thus not be included in the PUF.   

Results for Nivolumab 

Nivolumab Aim One Pool Analyses 

Of the 2,146 providers in the aim one pool, one significant outlier was 

identified during nivolumab regression modeling.  This provider had 3,584 total 

unique beneficiaries, compared to the next highest value of 3,259.  This outlier was 

removed, leaving 2,145 providers in the pool. For these providers, 362 (16.9%) were 

high utilizers of nivolumab, while 1,783 (83.1%) had no record of nivolumab 

utilization.  Table 20 provides the characteristics of the providers in the pool, 

grouped by whether the provider was a high utilizer or not.  The table includes 

whether each characteristic was significantly independently associated with whether a 

provider is a high utilizer.  High utilizers of nivolumab were more likely than 

providers who were not high utilizers to have received a nivolumab-associated 

payment in the preceding year (63.5% vs. 45.1%, p<0.0001), be male (82.9% vs. 
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74.3%, p=0.0006), and have more unique beneficiaries (average 1,051 vs. 400, 

p<0.0001).  Differences between the groups by beneficiary average age (73.8 vs. 

73.1, p<0.0001) and average HCC score (2.10 vs. 2.18, p<0.0001) were also 

statistically significant.   

Table 20. Demographic Characteristics of Identified Pool of Providers Who Were 
and Were Not High Utilizers of Nivolumab, 2018 

 
High Utilizer 
of Nivolumab 

(n=361) 

Not a High 
Utilizer of 
Nivolumab 
(n=1,783) 

Chi-
Squared or 
T-Test P-

Value 
 n (%) n (%)  
Received a Nivolumab-Associated 
Payment in 2017    

Yes 230 (63.5%) 803 (45.0%) <0.0001*** 
No 132 (36.5%) 980 (55.0%)  

Provider Gender    
Male 300 (82.9%) 1,324 (74.3%) 0.0006*** 
Female 62 (17.1%) 459 (25.7%)  
    
 Average (sd) Average (sd)  

Total Number of Unique 
Beneficiaries 1,050.6 (461.6) 400.2 (277.4) <0.0001*** 

Beneficiary Average Age 73.8 (1.3) 73.1 (2.3) <0.0001*** 
Beneficiary Average HCC 2.10 (0.23) 2.18 (0.39) <0.0001*** 
Note:  *p<0.05; **p<0.01; ***p<0.001 

 

Table 21 provides the odds ratios and 95% confidence intervals for the 

logistic regression assessing the association between high utilization of nivolumab 

and other provider characteristics within the identified provider pool.  In the 

regression model, the only significant association with high utilization of nivolumab 

was the provider’s total number of unique beneficiaries.  Additional unique 

beneficiaries served were associated with significantly increased odds of the high 
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nivolumab utilization (OR=1.005, p<0.001, 95% CI 1.004-1.005).  There were no 

significant associations by receipt of nivolumab-associated payment (OR 1.142, 

p=0.396, 95% CI 0.841-1.551), provider gender (female OR 0.840, p=0.382, 95% CI 

0.569-1.241), beneficiary average age (OR 0.945, p=0.212, 95% CI 0.864-1.033), or 

beneficiary average HCC (OR 1.504, p=0.114, 95% CI 0.907-2.494).   

Table 21. Logistic Regression Results for Likelihood of Providers To Be High 
Utilizers of Nivolumab, 2018 

Characteristic Odds Ratio 
95% 

Confidence 
Interval 

P-Value 

    
Received a Nivolumab-Associated 
Payment in 2017 

   

No (Ref.) 1   
Yes 1.142 (0.841, 1.551) 0.396 

Provider Gender    
Male (Ref.) 1   
Female 0.840 (0.569, 1.241) 0.382 

    
Total Number of Unique 
Beneficiaries 1.005*** (1.004, 1.005) <0.001 

Beneficiary Average Age 0.945 (0.864, 1.033) 0.212 
Beneficiary Average HCC 1.504 (0.907, 2.494) 0.114 
    
Observations 2,145   
Akaike Information Criterion 1,197   
    
Note:  *p<0.05; **p<0.01; ***p<0.001 

 

Nivolumab Aim One Broad Analyses 

The broad analysis included 19,159 providers with an oncology specialty 

during the identified years and demographic data and records for the 2018 utilization 
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PUF.  There were five significant outliers removed with greater than 5,000 total 

unique beneficiaries, leaving 19,154 records included in the analysis.  Of these, 776 

(4.1%) were high utilizers of nivolumab.  Table 22 shows the characteristics of this 

broad group of providers by whether or not there were high utilizers of nivolumab in 

2018, as well as the results of the independent test of significance between the 

characteristic and high utilization of nivolumab.  The independent tests were 

significant for each included characteristic.  High utilizers were significantly more 

likely to have received a nivolumab-associated payment in 2017 (54.3% vs. 22.9%, 

p<0.001), to be male (80.2% vs. 66.8%, p<0.001), to have been identified for 

inclusion in the aim one pool based on prescribing other lung cancer and/or 

melanoma therapies (46.6% vs. 9.7%, p<0.001), to have beneficiaries with a greater 

average age (73.6 years vs. 72.3 years, p<0.001), to have beneficiaries with a greater 

average HCC (2.111 vs. 2.043, p<0.001), and to have more total unique beneficiaries 

(average of 934.1 vs. 272.3, p<0.001).   

Table 22. Demographic Characteristics of Broad Group of Providers Who Were and 
Were Not High Utilizers of Nivolumab, 2018 

 
High Utilizer 
of Nivolumab 

(n=776) 

Not a High 
Utilizer of 
Nivolumab 
(n=18,378) 

Chi-
Squared 
or T-Test 
P-Value 

 n (%) n (%)  
Received a Nivolumab-Associated 
Payment in 2017    

Yes 421 (54.3%) 4,213 (22.9%) <0.001*** 
No 355 (45.7%) 14,165 (77.1%)  

Provider Gender    
Male 622 (80.2%) 12,285 (66.8%) <0.001*** 
Female 154 (19.8%) 6,093 (33.2%)  

In Aim One Pool    
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High Utilizer 
of Nivolumab 

(n=776) 

Not a High 
Utilizer of 
Nivolumab 
(n=18,378) 

Chi-
Squared 
or T-Test 
P-Value 

Yes 362 (46.6%) 1,784 (9.7%) <0.001*** 
No 414 (53.4%) 16,594 (90.3%)  
    
 Average (sd) Average (sd)  

Total Number of Unique 
Beneficiaries 934.1 (425.6) 272.3 (251.1) <0.001*** 

Beneficiary Average Age 73.6 (1.5) 72.3 (2.8) <0.001*** 
Beneficiary Average HCC 2.111 (0.242) 2.043 (0.558) <0.001*** 
Note:  *p<0.05; **p<0.01; ***p<0.001 

 

Table 23 provides the odds ratios and 95% confidence intervals for the 

logistic regression assessing the association between high nivolumab utilization and 

other provider characteristics in this broader group of oncologists.  In this group, each 

of the covariates was significant.  Receipt of a nivolumab-associated payment in 2017 

was associated with greater likelihood of high utilization of nivolumab (OR 1.58, 

p<0.001, 95% CI 1.32-1.89), as was being in the aim one pool (OR 3.25, p<0.001, 

95% CI 2.72-3.90), while female provider gender was associated with lower 

likelihood (OR 0.77, p=0.015, 95% CI 0.62-0.95).  Additional unique beneficiaries 

(OR 1.004, p<0.001, 95% CI 1.003-1.004), higher average beneficiary age (OR 1.05, 

p=0.028, 95% CI 1.01-1.10), and higher average beneficiary HCC (OR 1.67, 

p<0.001, 95% CI 1.37-2.03) were all significantly associated with greater likelihood 

of high utilization in this model. 
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Table 23. Logistic Regression Results for Likelihood of Broad Group of Providers to 
Be High Utilizers of Nivolumab, 2018 

Characteristic Odds Ratio 
95% 

Confidence 
Interval 

P-Value 

    
Received a Nivolumab-Associated 
Payment in 2017 

   

No (Ref.) 1   
Yes 1.58*** (1.32, 1.89) <0.001 

Provider Gender    
Male (Ref.) 1   
Female 0.77* (0.62, 0.95) 0.015 

In Aim One Pool    
No (Ref.) 1   
Yes 3.25*** (2.72, 3.90) <0.001 

    
Total Number of Unique 
Beneficiaries 1.004*** (1.003, 1.004) <0.001 

Beneficiary Average Age 1.05* (1.01, 1.10) 0.028 
Beneficiary Average HCC 1.67*** (1.37, 2.03) <0.001 
    
Observations 19,154   
Akaike Information Criterion 4,277   
    
Note:  *p<0.05; **p<0.01; ***p<0.001 

 

Nivolumab Aim Two Analyses 

The aim two analysis was limited to high utilizers of nivolumab and the 

dependent variable was the percentage of the provider’s total beneficiaries who had 

utilized nivolumab.  Among the 777 providers who were high utilizers of nivolumab 

in 2018, six providers who utilized nivolumab in more than 7.3% of their 

beneficiaries and one provider with 5,170 unique beneficiaries were removed as 

outliers, leaving 770 providers for the aim two analysis.  These 770 providers had 
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utilized nivolumab in an average of 2.03% of their total beneficiaries (sd 0.95).  The 

percentage utilization ranged from 0.39% to 7.14%, with 408 (53.0%) having 

utilization in between 1% and 2% of their beneficiaries.  A total of 416 (54.0%) of the 

770 had received a nivolumab-associated payment.  The average adjusted payment 

amount for those who received a payment was $2,474.82.  However, this distribution 

was right-skewed:  33.9% of those who received a payment had an adjusted payment 

amount of less than $50, and 52.9% had an amount less than $100.  In an independent 

test of association, among the high utilizers of nivolumab included for this analysis, 

providers who had received any nivolumab-associated payment in 2017 had a 

significantly higher percentage utilization of nivolumab (2.14% vs. 1.95%, p=0.006).    

The GAM to evaluate the association between total adjusted nivolumab-

associated payment received and percentage utilization of nivolumab found a 

significant relationship (p<0.001). This can be seen in Figure 3.  There was an 

increase in utilization seen for payments up to $15,000 to $25,000.  Above that, the 

utilization percentage was similar with greater payment amounts.   
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Figure 3. Smoothed Fit With 95% Confidence Bounds for the Percent of Nivolumab 
Utilization in 2018 and Total Adjusted Nivolumab-Associated Payment in 2017. 

 

Table 24 shows the results of the aim two regression, which also used a 

GAM. The binary variables for whether the provider was in the aim one pool and the 

provider gender were included in the model as parametric terms.  The continuous 

variables for beneficiary average age and beneficiary average HCC score had linear 

relationships when they were run with smooth terms in the initial model, so for the 

final model these variables were also included as parametric terms.  The total adjusted 

nivolumab-associated payment and total unique beneficiaries were included with 

smooth functions.   

Adjusted nivolumab-associated payment amount, number of unique 

beneficiaries, average beneficiary age, and average beneficiary HCC were all 

significantly associated with utilization of nivolumab in a higher percentage of 

beneficiaries, while provider gender was not significant (p=0.45).  Controlling for the 
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other covariates, a one year increase in average beneficiary age was associated with a 

decrease in nivolumab utilization of 0.05% (p=0.002), while a 0.1 unit increase in 

average beneficiary HCC was associated with an increase in nivolumab utilization of 

0.033% (p<0.001).  Controlling for the other covariates, providers in the aim one pool 

had 0.17% greater nivolumab utilization than providers not in the pool (p<0.001).  

The total regression model accounted for 62.5% of the variance in utilization of 

nivolumab in this provider group. 

Table 24. GAM Regression Results for Percentage of Beneficiaries Utilizing 
Nivolumab, 2018 

Parametric Terms Parametric 
Coefficient 

Standard 
Error p-Value 

Beneficiary Average Age -0.05** 0.02 0.002 
Beneficiary Average HCC 0.33*** 0.10 <0.001 

    
Provider Gender    

Male Ref. 
Female -0.04 0.05 0.45 

In Aim One Pool    
No Ref. 
Yes 0.17*** 0.05 <0.001 
    

Non-Parametric Terms Effective Degrees of Freedom p-Value 
Adjusted Nivolumab-Associated 
Payment in 2017  3.9*** <0.001 

Number of Unique Beneficiaries 9.0*** <0.001 
 

Note:  *p<0.05; **p<0.01; ***p<0.001 
 

Adjusted R-squared:  0.62 
Deviance explained:  62.5% 
Observations:  770 
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The functional forms for the non-linear relationships between percent 

utilization and two covariates, total adjusted payment and total unique beneficiaries, 

are shown in Figure 4 and Figure 5.  Among the majority of providers with smaller 

payment amounts less than approximately $25,000, there was an increase in percent 

utilization with greater payment amounts.  Greater payments were not associated with 

continuing increases in percent utilization for higher payment amounts (edf=3.9, 

p<0.001).  The percent utilization declined significantly with increasing total unique 

beneficiaries up to approximately 600 and then remained fairly constant (edf=9.0, 

p<0.001). 

 

 

 

 

Figure 4. Smoothed Fit with 95% Confidence Bounds Modelling the Total Adjusted 
Nivolumab Payment, 2017, and Percent of Nivolumab Utilization, 2018 
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Results for Pembrolizumab 

Pembrolizumab Aim One Pool Analyses 

For the analysis of pembrolizumab in the selected provider pool, one outlier 

with 3,584 total unique beneficiaries was removed from the 2,146 providers in the 

aim one pool.  The next highest number of beneficiaries among these providers was 

3,259.  This left 2,145 providers whose pembrolizumab usage was analyzed for aim 

one.  Within this pool, 321 (15.0%) were high utilizers of pembrolizumab, compared 

to 1,824 (85.0%) who were not high utilizers.   

The demographic information for this group is shown in Table 25.  In this 

selected provider pool, providers who were high utilizers of pembrolizumab were 

significantly more likely to have received a pembrolizumab-associated payment in 

2017 (60.4% vs. 46.6%, p<0.0001) and be male (82.6% vs. 74.5%, p=0.0024).  

Figure 5. Smoothed Fit with 95% Confidence Bounds Modelling the Total 
Unique Beneficiaries and Percent of Nivolumab Utilization, 2018 
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Greater likelihood of being a high utilizer was significantly associated with more 

unique beneficiaries (average 1,023.4 vs. 419.6, p<0.0001), as well greater 

beneficiary average age (73.8 vs. 73.1, p<0.0001), and lower beneficiary average 

HCC (2.11 vs. 2.18, p<0.0001).  

Table 25. Demographic Characteristics of Providers in Pool Who Were and Were 
Not High Utilizers of Pembrolizumab, 2018 

 
High Utilizer of 
Pembrolizumab 

(n=321) 

Not a High 
Utilizer of 

Pembrolizumab 
(n=1,824) 

Chi-
Squared 
or T-Test 
P-Value 

 n (%) n (%)  
Received a Pembrolizumab-
Associated Payment in 2017    

Yes 194 (60.4%) 850 (46.6%) <0.0001* 
No 127 (39.6%) 974 (53.4%)  

Provider Gender    
Male 265 (82.6%) 1359 (74.5%) 0.0024* 
Female 56 (17.4%) 465 (25.5%)  
    
 Average (sd) Average (sd)  

Total Number of Unique 
Beneficiaries 1,023.4 (465.7) 419.6 (307.6) <0.0001* 

Beneficiary Average Age 73.8 (1.5) 73.1 (2.3) <0.0001* 
Beneficiary Average HCC 2.11 (0.22) 2.18 (0.39) <0.0001* 
 
*Results were statistically significant. 

 

Table 26 shows the odds ratios and 95% confidence intervals for the logistic 

regression in this pool of providers.  A greater number of unique beneficiaries was 

significantly associated with being a high utilizer of pembrolizumab in this 

population (OR=1.004, p<0.001, 95% CI 1.003-1.004).  Greater beneficiary average 

HCC also had a positive significant association with high utilization (OR=1.72, 
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p=0.027, 95% CI 1.06-2.77).  The other associations, including receipt of a 

pembrolizumab-associated payment (OR 0.95, p=0.74, 95% CI 0.71-1.28), female 

provider gender (OR 0.86, p=0.42, 95% CI 0.59-1.25), and greater beneficiary 

average age (OR 1.03, p=0.56, 95% CI 0.94-1.12) were not significant. 

Table 26. Logistic Regression Results for Likelihood of Providers in Pool to Be a 
High Utilizer of Pembrolizumab, 2018 

Characteristic Odds Ratio 
95% 

Confidence 
Interval 

P-Value 

    
Received a Pembrolizumab-
Associated Payment in 2017 

   

No (Ref.) 1   
Yes 0.95 (0.71, 1.28) 0.74 

Provider Gender    
Male (Ref.) 1   
Female 0.86 (0.59, 1.25) 0.42 

    
Total Number of Unique 
Beneficiaries 1.004*** (1.003, 1.004) <0.001 

Beneficiary Average Age 1.03 (0.94, 1.12) 0.56 
Beneficiary Average HCC 1.72* (1.06, 2.77) 0.027 
    
Observations 2,145   
Akaike Information Criterion 1,271.29   
    
Note:  *p<0.05; **p<0.01; ***p<0.001 

 

Pembrolizumab Aim One Broad Analyses 

Of the 19,159 oncologists with records available for the broad analysis, three 

were identified as outliers with more than 5,000 unique beneficiaries.  An additional 

two providers had 20,837 beneficiaries and 5,710 unique beneficiaries.  These five 
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providers were removed, leaving 19,154 providers for the analysis.  In this broad 

provider group, 639 (3.3%) were high utilizers of pembrolizumab, while 18,515 

(96.7%) were not.   

Table 27 provides the demographic information for the broad analysis group 

for aim one.  Providers who were high utilizers of pembrolizumab in 2018 were 

significantly more likely to have received a pembrolizumab-associated payment in 

2017 (51.8% vs. 22.5%, p<0.001), be male (78.6% vs. 67.0%, p<0.001), be in the aim 

one pool of providers (50.2% vs. 9.9%, p<0.001), and have more unique beneficiaries 

on average (901.8 vs. 278.3, p<0.001).  Greater beneficiary average age (73.5 vs. 

72.3, p<0.001) and greater beneficiary average HCC (2.14 vs. 2.04, p<0.001) were 

also significantly associated with being a high utilizer. 

Table 27. Demographic Characteristics of Broad Group of Providers Who Were and 
Were Not High Utilizers of Pembrolizumab, 2018 

Characteristic 
High Utilizer of 
Pembrolizumab 

(n=639) 

Not a High 
Utilizer of 

Pembrolizumab 
(n=18,515) 

Chi-
Squared 
or T-Test 
P-Value 

 n (%) n (%)  
Received a Pembrolizumab-
Associated Payment in 2017    

Yes 331 (51.8%) 4,164 (22.5%) <0.001*** 
No 308 (48.2%) 14,351 (77.5%)  

Provider Gender    
Male 502 (78.6%) 12,405 (67.0%) <0.001*** 
Female 137 (21.4%) 6,110 (33.0%)  

In Aim One Pool    
Yes 321 (50.2%) 1,825 (9.9%) <0.001*** 
No 318 (49.8%) 16,690 (90.1%)  
    
 Average (sd) Average (sd)  
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Characteristic 
High Utilizer of 
Pembrolizumab 

(n=639) 

Not a High 
Utilizer of 

Pembrolizumab 
(n=18,515) 

Chi-
Squared 
or T-Test 
P-Value 

Total Number of Unique 
Beneficiaries 901.8 (455.9) 278.3 (260.1) <0.001*** 

Beneficiary Average Age 73.5 (1.6) 72.3 (2.8) <0.001*** 
Beneficiary Average HCC 2.14 (0.25) 2.04 (0.56) <0.001*** 
Note:  *p<0.05; **p<0.01; ***p<0.001 

 

 The results for the logistic regression in this broad group are shown in Table 

28.  In this broad provider population, each of the covariates except provider gender 

was significant.  Greater likelihood of being a high utilizer of pembrolizumab was 

associated with receipt of pembrolizumab-associated payment in 2017 (OR 1.46, 

p<0.001, 95% CI 1.21-1.76), being in the aim one pool (OR 4.17, p<0.001, 95% CI 

3.46-5.06), and greater number of unique beneficiaries (OR 1.003, p<0.001, 95% CI 

1.003-1.003).  Similarly, greater beneficiary average age (OR 1.06, p=0.013, 95% CI 

1.01-1.11) and greater beneficiary average HCC (OR 1.90, p<0.001, 95% CI 1.56-

2.31) were also associated with greater likelihood of being a high utilizer.   

Table 28. Logistic Regression Results for Likelihood of Broad Group of Providers to 
be High Utilizers of Pembrolizumab, 2018 

Characteristic Odds Ratio 
95% 

Confidence 
Interval 

P-Value 

    
Received a Pembrolizumab-
Associated Payment in 2017 

   

No (Ref.) 1   
Yes 1.46*** (1.21,1.76) <0.001 

Provider Gender    
Male (Ref.) 1   
Female 0.88 (0.71, 1.10) 0.258 
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Characteristic Odds Ratio 
95% 

Confidence 
Interval 

P-Value 

In Aim One Pool    
No (Ref.) 1   
Yes 4.17*** (3.46, 5.06) <0.001 

    
Total Number of Unique 
Beneficiaries 1.003*** (1.003, 1.003) <0.001 

Beneficiary Average Age 1.06** (1.01, 1.11) 0.013 
Beneficiary Average HCC 1.90*** (1.56, 2.31) <0.001 
    
Observations 19,154   
Akaike Information Criterion 3,954   
    
Note:  *p<0.05; **p<0.01; ***p<0.001 

 

Pembrolizumab Aim Two Analyses 

Of the 641 high utilizers of pembrolizumab, five were identified as outliers in 

the initial regression model.  This included four providers with a utilization rate 

higher than 9% and one provider with 20,837 unique beneficiaries.  This left 636 high 

utilization providers included in this analysis.  In this group, 331 (52.0%) had 

received a pembrolizumab-associated payment in 2017, and 305 (48.0%) had not.  

The average adjusted payment amount among those who received a payment was 

$1,064, with 150 (45.3%) receiving adjusted payments less than $50 and 212 (64.0%) 

receiving adjusted payments less than $100.  On average, providers in this group 

utilized pembrolizumab in 2.18% (sd 1.36) of their beneficiaries.  The percentage 

utilization ranged from 0.34% to 8.37%, with 307 (48.3%) having utilization in 

between one and two percent of their beneficiaries.   
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Providers who had received a pembrolizumab-associated payment had a 

significantly lower mean percentage of utilization among their beneficiaries than 

providers who had not received a payment (1.89%, sd 1.1 vs. 2.50%, sd 1.6, 

p<0.001).  There was a linear relationship between the amount of pembrolizumab-

associated payment and percentage utilization of pembrolizumab, so a Pearson 

correlation test was run.  The variables were significantly correlated, with a 

correlation coefficient of 0.19 (p<0.001).   

Table 29 shows the results of the regression for aim two, which used a GAM 

due to the non-linear relationship seen for total unique beneficiaries.  The binary 

variables for provider gender and whether the provider was in the aim one pool were 

included as parametric terms.  The adjusted pembrolizumab-associated payment 

amount and the beneficiary average HCC had linear relationships in the initial GAM 

so they were included as parametric terms in the final model.  Total number of unique 

beneficiaries and beneficiary average age were included with smooth functions. 

Three of the covariates were not significant in this model:  adjusted 

pembrolizumab-associated payment (p=0.092), provider gender (p=0.304), and 

beneficiary average age (p=0.337).  Controlling for the other covariates, a 0.1 unit 

increase in average beneficiary HCC was associated with an increase in 

pembrolizumab utilization of 0.04%, which was significant (p<0.001), but extremely 

small.  Providers in the aim one pool had 0.179% greater pembrolizumab utilization 

than providers not in the pool (p<0.001).  The functional form for the significant non-

linear relationship between percent utilization and total unique beneficiaries is shown 

in Figure 6.  As this figure shows, there was a strong decrease in percent utilization 
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with increasing number of total beneficiaries up to approximately 1,000 total 

beneficiaries, and the relationship then remained fairly constant (edf=10.35, 

p<0.001).  The total regression model accounted for 81.5% of the variance in 

utilization of pembrolizumab in this provider group. 

Table 29. GAM Regression Results for Percentage of Beneficiaries Using 
Pembrolizumab, 2018 

Parametric Terms Parametric 
Coefficient 

Standard 
Error p-Value 

Adjusted Pembrolizumab-
Associated Payment in 2017  -0.000008 0.000005 0.092 

Beneficiary Average HCC 0.441*** 0.108 <0.001 
    

Provider Gender    
Male Ref. 
Female 0.061 0.060 0.304 

Pool    
No Ref. 
Yes 0.179*** 0.050 <0.001 
    

Non-Parametric Terms Effective Degrees of Freedom p-Value 
Number of Unique Beneficiaries 10.35*** <0.001 
Beneficiary Average Age 2.10 0.337 

 

Note:  *p<0.05; **p<0.01; ***p<0.001 
 

Adjusted R-squared:  0.81 
Deviance explained:  81.5% 
Observations:  636 
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Figure 6. Smoothed Fit with 95% Confidence Bounds Modelling the Percent of 
Pembrolizumab Utilization and Total Unique Beneficiaries, 2018 

 

Discussion 

This study sought to examine the effect of one aspect of industry promotion of 

novel immunotherapy agents by analyzing the potential association between 

promotional payments made by pharmaceutical companies to providers and provider 

utilization of the promoted agents.  The hypothesized results, that any receipt of any 

industry payment in promotion of an immunotherapy agent was associated with 

greater likelihood of being a high utilizer of the agent and that greater payment 

amounts were associated with greater utilization, were not consistently borne out.  

When evaluated as an independent association, there was a consistently significant 

relationship between receipt of payment and high utilization, and between amount of 

payment and amount of utilization.  However, particularly in the analysis of the pool 

of oncologists selected based on their utilization records indicating treatment of lung 

cancer and melanoma patients, receipt of payment was not significantly associated 
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with high utilization when controlling for the other covariates in some of the 

regression models.  In the pembrolizumab analysis, the amount of associated payment 

received was not significantly associated with the percent utilization of 

pembrolizumab. 

This study focused on the potential association between payments and 

utilization among high utilizers of the immunotherapy agents, which was a decision 

driven in part by the available data.  The CMS public use files do not include 

provider-level data for services with a patient count of 10 or fewer.  However, using 

this as a cut-off point for high utilization of the agent seems reasonable when 

comparing the proportion of services carried out by the high utilizers and the non-

high utilizers based on the national data.  At a national level, the CMS data shows that 

there were 4,482 providers who utilized nivolumab through 27,939 unique 

beneficiary interactions and 4,370 who utilized pembrolizumab through 25,072 

unique interactions with Medicare beneficiaries in 2018.  The 777 high utilizing 

providers of nivolumab made up 17% of the total providers, but provided 47% of the 

unique beneficiary interactions.  Similarly, the 641 high utilizing providers of 

pembrolizumab were 15% of the total providers and provided 40% of the unique 

beneficiary interactions.  The providers included in this analysis represent a 

significant proportion of the utilization of these agents. 

Despite these caveats when linking the Open Payments and CMS PUF 

datasets, the data are still likely to be of use in agents with broader applicability.  For 

instance, in earlier work, these files produced meaningful results in an analysis of 

supportive care drugs used across disease areas in oncology.  Active oncology agents 
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used in broader patient populations could also be analyzable.  Future researchers can 

assess whether these data may be appropriate for their research question by 

comparing the number of providers for a given drug or service in the national 

summary to the number of provider-level records for that drug or service.   

Limitations 

This analysis had important limitations.  Most significantly, as discussed 

above, the results are primarily applicable to high utilizers of agents rather than 

providers who may utilize a wider variety of agents across their patient population 

without having high utilization of the particular agents.  The regression models may 

not have included key variables that were not available within these datasets.  Finally, 

these retrospective analyses of observational data can only identify associations that 

may be worth future study to explore potential causal relationships. 

Conclusions 

This study contributes to the growing body of research supporting a positive 

association between pharmaceutical industry promotional payments and high provider 

utilization of the promoted novel immunotherapy agents.  While the findings in this 

study were not consistently significant across all of the included analyses, the study is 

in line with others in the area that found either positive or mixed positive and null 

results.152  The significance of this study is in extending previous research to analyze 

recently approved agents with a novel mechanism of action.  Additionally, the 

application of the generalized additive model to the non-linear relationships identified 

between payment amounts and utilization in this study is a promising methodology 

for future study in additional agents and disease areas.  
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Chapter 5:  Conclusion 

Summary of the Results 

Novel immunotherapy agents, including nivolumab and pembrolizumab, have 

been the focus of extensive clinical research in oncology, but real-world research has 

been limited due to lack of available data.  Relatively little has been known about 

differences between immunotherapy clinical trial participants and the broader patient 

population receiving these agents as standard of care, or about the drivers of provider 

utilization of immunotherapy agents.  Medicare-eligible individuals represent a 

significant proportion of cancer patients and, as such, are an important population in 

which to study these agents.  

This dissertation sought to fill these research gaps through several innovative 

analyses.  The first objective used SEER-Medicare claims data between 2014 and 

2016 to compare the demographics of Medicare clinical trial participants with the 

demographics of Medicare patients receiving standard cancer care.  Aim one of this 

objective was a broad comparison evaluating differences between Medicare patients 

with claims data for any active cancer treatment and Medicare patients with claims 

for active cancer treatment clinical trials.  Aim two was a narrower comparison 

looking at Medicare patients with claims for nivolumab or pembrolizumab received 

as standard cancer care and Medicare patients with claims for nivolumab or 

pembrolizumab clinical trials.  These two aims were evaluated separately in lung 

cancer and melanoma patient populations.  As hypothesized, these analyses 

consistently found that patients in clinical trials were significantly younger and had 

fewer comorbid conditions than the broader patient population.  Findings were less 
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consistent for disparities by race, ethnicity, and sex.  In the lung cancer broader aim 

one analysis, Black patients were significantly less likely to be clinical trial 

participants, while Asian/Pacific Islanders were significantly more likely to be in a 

clinical trial.  For the melanoma aim one analysis, non-White non-Hispanic patients 

were more likely to be clinical trial participants, but due to small numbers, it was not 

possible to analyze this group with more granular groupings.  Female patients were 

more likely to be in a clinical trial in the lung cancer aim one analysis, while male 

patients were more likely to be clinical trial participants in the melanoma aim one 

analysis. 

The second objective of this dissertation analyzed, for both nivolumab and 

pembrolizumab, the association between industry payments to promote nivolumab or 

pembrolizumab and high provider utilization of the agent using data from the 

Medicare Provider Utilization and Payment: Physician and Other Supplier Public Use 

File and the Medicare Open Payments datasets.  Aim one evaluated this potential 

association in two groups: first, a selected pool of oncologists identified as likely to 

treat lung cancer and melanoma patients based on their use of other agents, and 

second, the broad pool of oncologists in the utilization dataset.  Aim two was 

restricted to providers with high utilization for nivolumab or pembrolizumab, and 

evaluated the association between the amount of the industry payment and the amount 

of utilization.  The hypothesized results – that industry payments would be associated 

with greater likelihood of utilization and that more industry payments would be 

associated with greater utilization amounts – were consistently seen in independent 
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tests of association, but were not significant when controlling for the covariates in 

some of the regression models.   

Limitations 

Both objectives in this dissertation were retrospective analyses of existing 

datasets, and could only assess potential associations, not causation.  The datasets did 

not include measurements of all of the variables likely to affect the dependent 

variables of interest.  Additionally, both objectives used data focused on Medicare 

beneficiaries and the results may not be generalizable to non-Medicare populations.  

For objective one, the analyses depend on the accuracy and completeness of the 

Medicare claims coding.  For objective two, the results are primarily applicable to 

providers with high agent utilization. 

Conclusions and Directions for Future Research 

The studies described in this dissertation represent a significant contribution to 

our understanding of clinical trial representativeness, real-world utilization of 

immunotherapy agents, and potential relationships between industry payments and 

provider utilization of these agents.  In the first objective, this dissertation showed 

that non-White patients were not uniformly underrepresented in cancer clinical trials, 

despite what some previous literature had suggested.  Additional research is needed to 

identify disease areas in which particular populations are truly underrepresented so 

that additional efforts and resources to improve enrollment diversity can be focused 

where they are most needed.  Particular attention may need to be paid to enrollment 

of older populations, who were consistently underrepresented in trials according to 

these analyses.   
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In this second objective, this dissertation contributed to the growing body of 

research into the association between industry promotions and provider utilization.  

The results aligned with other research, which has found generally positive and 

occasionally null relationships between payments and utilization, but extended our 

understanding of the role of pharmaceutical promotion of novel immunotherapy 

agents.  As these agents are approved in broader disease settings and additional years 

of payment and utilization data are available, the generalized additive model used 

here may be built upon by future researchers to examine time series relationships 

among a broader group of providers.  



 

114 

Bibliography 

1. Siegel RL, Miller KD, Fuchs HE, Jemal A. Cancer Statistics, 2021. Cancer. 
2021;71(1):7-33. 

2. Howlader N, Forjaz G, Mooradian MJ, et al. The Effect of Advances in Lung-
Cancer Treatment on Population Mortality. N Engl J Med. 2020;383(7):640-
649. 

3. Sharma P, Allison JP. The future of immune checkpoint therapy. Science. 
2015;348(6230):56-61. 

4. U.S. Cancer Statistics Working Group from the U.S. Department of Health 
and Human Services Centers for Disease Control and Prevention and National 
Cancer Institute. U.S. Cancer Statistics Data Visualizations Tool, based on 
2019 submission data (1999-2017). 
https://gis.cdc.gov/Cancer/USCS/DataViz.html. 

5. Sketris IS, Ingram EL, Lummis H. Optimal prescribing and medication use in 
Canada: challenges and opportunities. Citeseer; 2007. 

6. Elseviers M, Andersen M, Benko R, et al. Drug utilization research: Methods 
and applications. John Wiley & Sons; 2016. 

7. Rogers EM. Diffusion of innovations. 4th ed. ed. New York, NY: The Free 
Press; 1995. 

8. Green LW, Ottoson JM, Garcia C, Hiatt RA. Diffusion theory and knowledge 
dissemination, utilization, and integration in public health. Annu Rev Public 
Health. 2009;30:151-174. 

9. Coleman J, Katz E, Menzel H. The diffusion of an innovation among 
physicians. Sociometry. 1957;20(4):253-270. 

10. Coleman JS, Katz E, Menzel H. Medical innovation: A diffusion study. 
Bobbs-Merrill Co; 1966. 

11. Van den Bulte C, Lilien GL. Medical innovation revisited: Social contagion 
versus marketing effort. American Journal of Sociology. 2001;106(5):1409-
1435. 

12. Unger JM, Hershman DL, Martin D, et al. The diffusion of docetaxel in 
patients with metastatic prostate cancer. J Natl Cancer Inst. 2015;107(2). 

13. Oberstein PE, Hershman DL, Khanna LG, Chabot JA, Insel BJ, Neugut AI. 
Uptake and patterns of use of gemcitabine for metastatic pancreatic cancer: a 
population-based study. Cancer Invest. 2013;31(5):316-322. 



 

115 

14. Keating NL, Huskamp HA, Schrag D, et al. Diffusion of Bevacizumab Across 
Oncology Practices: An Observational Study. Med Care. 2018;56(1):69-77. 

15. Pollack CE, Soulos PR, Herrin J, et al. The Impact of Social Contagion on 
Physician Adoption of Advanced Imaging Tests in Breast Cancer. J Natl 
Cancer Inst. 2017;109(8). 

16. Pollack CE, Soulos PR, Gross CP. Physician's peer exposure and the adoption 
of a new cancer treatment modality. Cancer. 2015;121(16):2799-2807. 

17. Pollack CE, Weissman G, Bekelman J, Liao K, Armstrong K. Physician social 
networks and variation in prostate cancer treatment in three cities. Health Serv 
Res. 2012;47(1 Pt 2):380-403. 

18. Donohue JM, Guclu H, Gellad WF, et al. Influence of peer networks on 
physician adoption of new drugs. PLoS ONE. 2018;13(10):e0204826. 

19. Tannenbaum SS, Soulos PR, Herrin J, et al. Surgeon peer network 
characteristics and adoption of new imaging techniques in breast cancer: A 
study of perioperative MRI. Cancer Med. 2018;7(12):5901-5909. 

20. Merck. Merck Announces Breakthrough Therapy Designation for 
Lambrolizumab an Investigational Antibody Therapy for Advanced 
Melanoma.  https://www.mrknewsroom.com/press-release/research-and-
development-news/merck-announces-breakthrough-therapy-designation-
lambrol. 

21. Leach B. PD-1 Targeted Antibody Lambrolizumab Receives FDA 
Breakthrough Designation.  https://www.onclive.com/web-exclusives/pd-1-
targeted-antibody-lambrolizumab-receives-fda-breakthrough-designation. 

22. HemOnc Today. FDA grants 'breakthrough' designation for lambrolizumab.  
https://www.healio.com/hematology-oncology/melanoma-skin-
cancer/news/print/hemonc-today/%7B71387b40-fe09-4a5c-9c82-
32afb04596e7%7D/fda-grants-breakthrough-designation-for-lambrolizumab. 

23. The ASCO Post. Breakthrough Therapy Designation for Lambrolizumab for 
the Treatment of Advanced Melanoma.  http://www.ascopost.com/issues/may-
15-2013/breakthrough-therapy-designation-for-lambrolizumab-for-the-
treatment-of-advanced-melanoma/. 

24. Bristol-Myers Squibb. Bristol-Myers Squibb Announces Multiple Regulatory 
Milestones for Opdivo (nivolumab) in the U.S. and European Union.  
https://news.bms.com/news/details/2014/Bristol-Myers-Squibb-Announces-
Multiple-Regulatory-Milestones-for-Opdivo-nivolumab-in-the-US-and-
European-Union/default.aspx. 

https://www.mrknewsroom.com/press-release/research-and-development-news/merck-announces-breakthrough-therapy-designation-lambrol
https://www.mrknewsroom.com/press-release/research-and-development-news/merck-announces-breakthrough-therapy-designation-lambrol
https://www.mrknewsroom.com/press-release/research-and-development-news/merck-announces-breakthrough-therapy-designation-lambrol
https://www.onclive.com/web-exclusives/pd-1-targeted-antibody-lambrolizumab-receives-fda-breakthrough-designation
https://www.onclive.com/web-exclusives/pd-1-targeted-antibody-lambrolizumab-receives-fda-breakthrough-designation
https://www.healio.com/hematology-oncology/melanoma-skin-cancer/news/print/hemonc-today/%7B71387b40-fe09-4a5c-9c82-32afb04596e7%7D/fda-grants-breakthrough-designation-for-lambrolizumab
https://www.healio.com/hematology-oncology/melanoma-skin-cancer/news/print/hemonc-today/%7B71387b40-fe09-4a5c-9c82-32afb04596e7%7D/fda-grants-breakthrough-designation-for-lambrolizumab
https://www.healio.com/hematology-oncology/melanoma-skin-cancer/news/print/hemonc-today/%7B71387b40-fe09-4a5c-9c82-32afb04596e7%7D/fda-grants-breakthrough-designation-for-lambrolizumab
http://www.ascopost.com/issues/may-15-2013/breakthrough-therapy-designation-for-lambrolizumab-for-the-treatment-of-advanced-melanoma/
http://www.ascopost.com/issues/may-15-2013/breakthrough-therapy-designation-for-lambrolizumab-for-the-treatment-of-advanced-melanoma/
http://www.ascopost.com/issues/may-15-2013/breakthrough-therapy-designation-for-lambrolizumab-for-the-treatment-of-advanced-melanoma/
https://news.bms.com/news/details/2014/Bristol-Myers-Squibb-Announces-Multiple-Regulatory-Milestones-for-Opdivo-nivolumab-in-the-US-and-European-Union/default.aspx
https://news.bms.com/news/details/2014/Bristol-Myers-Squibb-Announces-Multiple-Regulatory-Milestones-for-Opdivo-nivolumab-in-the-US-and-European-Union/default.aspx
https://news.bms.com/news/details/2014/Bristol-Myers-Squibb-Announces-Multiple-Regulatory-Milestones-for-Opdivo-nivolumab-in-the-US-and-European-Union/default.aspx


 

116 

25. Inman S. FDA grants priority review to nivolumab in melanoma.  
https://www.onclive.com/web-exclusives/fda-grants-priority-review-to-
nivolumab-in-melanoma. 

26. Jena AB, Zhang J, Lakdawalla DN. The Trade-off Between Speed and Safety 
in Drug Approvals. JAMA Oncol. 2017;3(11):1465-1466. 

27. National Comprehensive Cancer Network. Transparency: Process and 
Recommendations.  https://www.nccn.org/disclosures/transparency.aspx. 

28. The Nobel Assembly at Karolinska Institutet. The Nobel Assembly at 
Karolinska Institutet has today decided to award the 2018 Nobel Prize in 
Physiology or Medicine jointly to James P. Allison and Tasuku Honjo for 
their discovery of cancer therapy by inhibition of negative immune regulation.  
https://www.nobelprize.org/prizes/medicine/2018/press-release/. 

29. Dizon DS, Krilov L, Cohen E, et al. Clinical Cancer Advances 2016: Annual 
Report on Progress Against Cancer From the American Society of Clinical 
Oncology. J Clin Oncol. 2016;34(9):987-1011. 

30. Burstein HJ, Krilov L, Aragon-Ching JB, et al. Clinical Cancer Advances 
2017: Annual Report on Progress Against Cancer From the American Society 
of Clinical Oncology. J Clin Oncol. 2017;35(12):1341-1367. 

31. Heymach J, Krilov L, Alberg A, et al. Clinical Cancer Advances 2018: 
Annual Report on Progress Against Cancer From the American Society of 
Clinical Oncology. J Clin Oncol. 2018;36(10):1020-1044. 

32. Food and Drug Administration. Application number 125377Orig1s000 
Summary Review (Yervoy). 2011; 
https://www.accessdata.fda.gov/drugsatfda_docs/nda/2011/125377Orig1s000
SumR.pdf. 

33. Robert C, Schachter J, Long GV, et al. Pembrolizumab versus Ipilimumab in 
Advanced Melanoma. N Engl J Med. 2015;372(26):2521-2532. 

34. Larkin J, Chiarion-Sileni V, Gonzalez R, et al. Combined Nivolumab and 
Ipilimumab or Monotherapy in Untreated Melanoma. N Engl J Med. 
2015;373(1):23-34. 

35. Food and Drug Administration. Application Number: 125554Orig1s000 
Summary Review (Opdivo). 2014; 
https://www.accessdata.fda.gov/drugsatfda_docs/nda/2014/125554Orig1s000
SumR.pdf. 

36. Food and Drug Administration. Application Number: 125514Orig1s000 
Summary Review (Keytruda). 2014; 

https://www.onclive.com/web-exclusives/fda-grants-priority-review-to-nivolumab-in-melanoma
https://www.onclive.com/web-exclusives/fda-grants-priority-review-to-nivolumab-in-melanoma
https://www.nccn.org/disclosures/transparency.aspx
https://www.nobelprize.org/prizes/medicine/2018/press-release/
https://www.accessdata.fda.gov/drugsatfda_docs/nda/2011/125377Orig1s000SumR.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/nda/2011/125377Orig1s000SumR.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/nda/2014/125554Orig1s000SumR.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/nda/2014/125554Orig1s000SumR.pdf


 

117 

https://www.accessdata.fda.gov/drugsatfda_docs/nda/2014/125514Orig1s000
SumR.pdf. 

37. Food and Drug Administration. BLA 125514/0 - BLA Accelerated Approval 
Letter (Keytruda). 2014; 
https://www.accessdata.fda.gov/drugsatfda_docs/appletter/2014/125514Orig1
s000ltr.pdf. 

38. Food and Drug Administration. Application Number: 125554Orig1s000 Cross 
Disciplinary Team Leader Review (Opdivo). 2014; 
https://www.accessdata.fda.gov/drugsatfda_docs/nda/2014/125554Orig1s000
CrossR.pdf. 

39. Food and Drug Administration. Application Number: 125527Orig1s000 
Summary Review (Opdivo). 2015; 
https://www.accessdata.fda.gov/drugsatfda_docs/nda/2015/125527Orig1s000
SumR.pdf. 

40. Food and Drug Administration. Label for BLA 125514 - 10/02/2015 - 
SUPPL-5 - Efficacy-New Indication (Keytruda). 2015; 
https://www.accessdata.fda.gov/drugsatfda_docs/label/2015/125514s005lbl.pd
f. 

41. Food and Drug Administration. Application Number: 125527Orig1s000 
Medical Review (Opdivo). 2015; 
https://www.accessdata.fda.gov/drugsatfda_docs/nda/2015/125527Orig1s000
MedR.pdf. 

42. Sherman RE, Li J, Shapley S, Robb M, Woodcock J. Expediting drug 
development--the FDA's new "breakthrough therapy" designation. N Engl J 
Med. 2013;369(20):1877-1880. 

43. Food and Drug Administration. Guidance for Industry: Expedited Programs 
for Serious Conditions – Drugs and Biologics In: Center for Drug Evaluation 
and Research (CDER) and Center for Biologics Evaluation and Research 
(CBER), ed2014. 

44. Beaver JA, Howie LJ, Pelosof L, et al. A 25-Year Experience of US Food and 
Drug Administration Accelerated Approval of Malignant Hematology and 
Oncology Drugs and Biologics: A Review. JAMA Oncol. 2018;4(6):849-856. 

45. Puthumana J, Wallach JD, Ross JS. Clinical Trial Evidence Supporting FDA 
Approval of Drugs Granted Breakthrough Therapy Designation. JAMA. 
2018;320(3):301-303. 

46. O'Connor JM, Fessele KL, Steiner J, et al. Speed of Adoption of Immune 
Checkpoint Inhibitors of Programmed Cell Death 1 Protein and Comparison 

https://www.accessdata.fda.gov/drugsatfda_docs/nda/2014/125514Orig1s000SumR.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/nda/2014/125514Orig1s000SumR.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/appletter/2014/125514Orig1s000ltr.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/appletter/2014/125514Orig1s000ltr.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/nda/2014/125554Orig1s000CrossR.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/nda/2014/125554Orig1s000CrossR.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/nda/2015/125527Orig1s000SumR.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/nda/2015/125527Orig1s000SumR.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2015/125514s005lbl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2015/125514s005lbl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/nda/2015/125527Orig1s000MedR.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/nda/2015/125527Orig1s000MedR.pdf


 

118 

of Patient Ages in Clinical Practice vs Pivotal Clinical Trials. JAMA Oncol. 
2018;4(8):e180798. 

47. Ballentine. Taste of raspberries, taste of death: the 1937 elixir sulfanilamide 
incident. In. FDA Consumer Magazine1981. 

48. Food and Drug Administration. Significant dates in U.S. food and drug law 
history.  
https://www.fda.gov/aboutfda/whatwedo/history/milestones/ucm128305.htm, 
2018. 

49. Mcfadden R. Frances Oldham Kelsey, who saved U.S. babies from 
thalidomide, dies at 101. The New York Times. August 7, 2015, 2015. 

50. FDA's Consumer Updates. Kefauver-Harris Amendments revolutionized drug 
developments. 2012; 
https://www.fda.gov/ForConsumers/ConsumerUpdates/ucm322856.htm. 

51. Drug Amendments of 1962. In: Congress US, ed. Public Law 87-781, 76 
STAT 7801962. 

52. Food and Drug Administration. Guidance for industry: providing clinical 
evidence of effectiveness for human drugs and biological products. In:1998. 

53. Williams JR. The Declaration of Helsinki and public health. Bull World 
Health Organ. 2008;86(8):650-652. 

54. Centers for Disease Control and Prevention. The Tuskegee Timeline.  
https://www.cdc.gov/tuskegee/timeline.htm, 2018. 

55. Gamble VN. A legacy of distrust: African Americans and medical research. 
Am J Prev Med. 1993;9(6 Suppl):35-38. 

56. Gamble VN. Under the shadow of Tuskegee: African Americans and health 
care. Am J Public Health. 1997;87(11):1773-1778. 

57. Thomas SB, Quinn SC. The Tuskegee Syphilis Study, 1932 to 1972: 
implications for HIV education and AIDS risk education programs in the 
black community. Am J Public Health. 1991;81(11):1498-1505. 

58. Murthy VH, Krumholz HM, Gross CP. Participation in cancer clinical trials: 
race-, sex-, and age-based disparities. JAMA. 2004;291(22):2720-2726. 

59. Sateren WB, Trimble EL, Abrams J, et al. How sociodemographics, presence 
of oncology specialists, and hospital cancer programs affect accrual to cancer 
treatment trials. J Clin Oncol. 2002;20(8):2109-2117. 

https://www.fda.gov/aboutfda/whatwedo/history/milestones/ucm128305.htm
https://www.fda.gov/ForConsumers/ConsumerUpdates/ucm322856.htm
https://www.cdc.gov/tuskegee/timeline.htm


 

119 

60. Ramamoorthy A, Pacanowski MA, Bull J, Zhang L. Racial/ethnic differences 
in drug disposition and response: review of recently approved drugs. Clin 
Pharmacol Ther. 2015;97(3):263-273. 

61. Heiat A, Gross CP, Krumholz HM. Representation of the elderly, women, and 
minorities in heart failure clinical trials. Arch Intern Med. 2002;162(15):1682-
1688. 

62. Steingart RM, Packer M, Hamm P, et al. Sex differences in the management 
of coronary artery disease. Survival and Ventricular Enlargement 
Investigators. N Engl J Med. 1991;325(4):226-230. 

63. Taylor AL, Ziesche S, Yancy C, et al. Combination of isosorbide dinitrate and 
hydralazine in blacks with heart failure. N Engl J Med. 2004;351(20):2049-
2057. 

64. Chen MS, Jr., Lara PN, Dang JH, Paterniti DA, Kelly K. Twenty years post-
NIH Revitalization Act: enhancing minority participation in clinical trials 
(EMPaCT): laying the groundwork for improving minority clinical trial 
accrual: renewing the case for enhancing minority participation in cancer 
clinical trials. Cancer. 2014;120 Suppl 7:1091-1096. 

65. Department of Health and Human Services. The Belmont Report. In:1979. 

66. Hussain-Gambles M, Atkin K, Leese B. Why ethnic minority groups are 
under-represented in clinical trials: a review of the literature. Health Soc Care 
Community. 2004;12(5):382-388. 

67. Mishkin G, Arnaldez F, Ivy SP. Drivers of Clinical Trial Participation - 
Demographics, Disparities, and Eligibility Criteria. JAMA Oncol. 2019. 

68. Fisher JA, Kalbaugh CA. Challenging assumptions about minority 
participation in US clinical research. Am J Public Health. 2011;101(12):2217-
2222. 

69. Ford JG, Howerton MW, Lai GY, et al. Barriers to recruiting 
underrepresented populations to cancer clinical trials: a systematic review. 
Cancer. 2008;112(2):228-242. 

70. Wendler D, Kington R, Madans J, et al. Are racial and ethnic minorities less 
willing to participate in health research? PLoS Med. 2006;3(2):e19. 

71. Webb Hooper M, Nápoles AM, Pérez-Stable EJ. COVID-19 and 
Racial/Ethnic Disparities. JAMA. 2020;323(24):2466-2467. 

72. Chastain DB, Osae SP, Henao-Martínez AF, Franco-Paredes C, Chastain JS, 
Young HN. Racial Disproportionality in Covid Clinical Trials. N Engl J Med. 
2020;383(9):e59. 



 

120 

73. National Institutes of Health. Community Engagement Alliance (CEAL) 
Against COVID-19 Disparities. 2020; https://covid19community.nih.gov/. 

74. Steenhuysen J. Exclusive: Moderna vaccine trial contractors fail to enroll 
enough minorities, prompting slowdown. Reuters. 10/6/2020. 

75. Pfizer. Pfizer and BioNTech propose expansion of pivotal COVID-19 vaccine 
trial. 2020; https://www.pfizer.com/news/press-release/press-release-
detail/pfizer-and-biontech-propose-expansion-pivotal-covid-19. 

76. Recht H, Weber L. Black Americans Are Getting Vaccinated at Lower Rates 
Than White Americans. 2021; https://khn.org/news/article/black-americans-
are-getting-vaccinated-at-lower-rates-than-white-americans/. 

77. Shahid Z, Kalayanamitra R, McClafferty B, et al. COVID-19 and Older 
Adults: What We Know. J Am Geriatr Soc. 2020;68(5):926-929. 

78. Centers for Disease Control and Prevention. People at Increased Risk: Older 
Adults. 2020; https://www.cdc.gov/coronavirus/2019-ncov/need-extra-
precautions/older-adults.html. 

79. Jordans F, Cheng M. EU regulator authorizes AstraZeneca vaccine for all 
adults. AP. 1/28/2021. 

80. Buntz B. Several EU nations recommend older adults avoid AstraZeneca 
COVID-19 vaccine 2021; Drug Discovery & Development 
https://www.drugdiscoverytrends.com/several-eu-nations-recommend-older-
adults-avoid-astrazeneca-covid-19-vaccine/. 

81. Tejeda HA, Green SB, Trimble EL, et al. Representation of African-
Americans, Hispanics, and whites in National Cancer Institute cancer 
treatment trials. J Natl Cancer Inst. 1996;88(12):812-816. 

82. Denicoff AM, McCaskill-Stevens W, Grubbs SS, et al. The National Cancer 
Institute-American Society of Clinical Oncology Cancer Trial Accrual 
Symposium: summary and recommendations. J Oncol Pract. 2013;9(6):267-
276. 

83. Al-Refaie WB, Vickers SM, Zhong W, Parsons H, Rothenberger D, 
Habermann EB. Cancer trials versus the real world in the United States. Ann 
Surg. 2011;254(3):438-442; discussion 442-433. 

84. Lewis JH, Kilgore ML, Goldman DP, et al. Participation of patients 65 years 
of age or older in cancer clinical trials. J Clin Oncol. 2003;21(7):1383-1389. 

85. Talarico L, Chen G, Pazdur R. Enrollment of elderly patients in clinical trials 
for cancer drug registration: a 7-year experience by the US Food and Drug 
Administration. J Clin Oncol. 2004;22(22):4626-4631. 

https://covid19community.nih.gov/
https://www.pfizer.com/news/press-release/press-release-detail/pfizer-and-biontech-propose-expansion-pivotal-covid-19
https://www.pfizer.com/news/press-release/press-release-detail/pfizer-and-biontech-propose-expansion-pivotal-covid-19
https://khn.org/news/article/black-americans-are-getting-vaccinated-at-lower-rates-than-white-americans/
https://khn.org/news/article/black-americans-are-getting-vaccinated-at-lower-rates-than-white-americans/
https://www.cdc.gov/coronavirus/2019-ncov/need-extra-precautions/older-adults.html
https://www.cdc.gov/coronavirus/2019-ncov/need-extra-precautions/older-adults.html


 

121 

86. Hurria A, Levit LA, Dale W, et al. Improving the Evidence Base for Treating 
Older Adults With Cancer: American Society of Clinical Oncology Statement. 
J Clin Oncol. 2015;33(32):3826-3833. 

87. Baquet CR, Ellison GL, Mishra SI. Analysis of Maryland cancer patient 
participation in national cancer institute-supported cancer treatment clinical 
trials. J Clin Oncol. 2008;26(20):3380-3386. 

88. Mishkin G, Temkin S, Denicoff A, et al. Analysis of potential disparities by 
race, ethnicity, and age in adult accruals to NCI National Clinical Trials 
Network (NCTN) breast, lung, prostate, and colorectal trials. J Clin Oncol. 
2017;35(15_suppl):e18072-e18072. 

89. Langford AT, Resnicow K, Dimond EP, et al. Racial/ethnic differences in 
clinical trial enrollment, refusal rates, ineligibility, and reasons for decline 
among patients at sites in the National Cancer Institute's Community Cancer 
Centers Program. Cancer. 2014;120(6):877-884. 

90. Food and Drug Administration. Drug trials snapshots. 2015; 
https://www.fda.gov/Drugs/InformationOnDrugs/ucm412998.htm. 

91. Food and Drug Administration. 2015-2019 Drug Trials Snapshots Summary 
Report: Five-Year Summary and Anlysis of Clinical Trial Participation and 
Demographics. 2020; https://www.fda.gov/media/143592/download. 

92. Food and Drug Administration. 2017 Drug Trials Snapshots Summary Report. 
2018; 
https://www.fda.gov/downloads/Drugs/InformationOnDrugs/UCM603141.pdf 

93. Food and Drug Administration. 2018 Drug Trials Snapshots Summary Report. 
2019; https://www.fda.gov/media/120253/download. 

94. Food and Drug Administration. 2019 Drug Trials Snapshots Summary Report. 
2020; https://www.fda.gov/media/135337/download. 

95. Food and Drug Administration. 2020 Drug Trials Snapshots Summary Report. 
2021; https://www.fda.gov/media/120253/download. 

96. Food and Drug Administration. Application Number: 125514Orig1s000 
Medical Review (Keytruda). 2014; 
https://www.accessdata.fda.gov/drugsatfda_docs/nda/2014/125514Orig1s000
MedR.pdf. 

97. Food and Drug Administration. Application Number: 125554Orig1s000 
Medical Review (Opdivo). 2014; 
https://www.accessdata.fda.gov/drugsatfda_docs/nda/2014/125554Orig1s000
MedR.pdf. 

https://www.fda.gov/Drugs/InformationOnDrugs/ucm412998.htm
https://www.fda.gov/media/143592/download
https://www.fda.gov/downloads/Drugs/InformationOnDrugs/UCM603141.pdf
https://www.fda.gov/media/120253/download
https://www.fda.gov/media/135337/download
https://www.fda.gov/media/120253/download
https://www.accessdata.fda.gov/drugsatfda_docs/nda/2014/125514Orig1s000MedR.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/nda/2014/125514Orig1s000MedR.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/nda/2014/125554Orig1s000MedR.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/nda/2014/125554Orig1s000MedR.pdf


 

122 

98. Nishijima TF, Muss HB, Shachar SS, Moschos SJ. Comparison of efficacy of 
immune checkpoint inhibitors (ICIs) between younger and older patients: A 
systematic review and meta-analysis. Cancer Treat Rev. 2016;45:30-37. 

99. Betof AS, Nipp RD, Giobbie-Hurder A, et al. Impact of Age on Outcomes 
with Immunotherapy for Patients with Melanoma. Oncologist. 
2017;22(8):963-971. 

100. Khozin S, Abernethy AP, Nussbaum NC, et al. Characteristics of Real-World 
Metastatic Non-Small Cell Lung Cancer Patients Treated with Nivolumab and 
Pembrolizumab During the Year Following Approval. Oncologist. 
2018;23(3):328-336. 

101. Drugs@FDA: FDA-Approved Drugs. 
https://www.accessdata.fda.gov/scripts/cder/daf/. 

102. Bristol Myers Squibb. Bristol Myers Squibb Statement on Opdivo 
(nivolumab) Small Cell Lung Cancer U.S. Indication. 2020; 
https://news.bms.com/news/details/2020/Bristol-Myers-Squibb-Statement-on-
Opdivo-nivolumab-Small-Cell-Lung-Cancer-US-Indication/default.aspx. 

103. Merck. Merck Provides Update on KEYTRUDA® (pembrolizumab) 
Indication in Metastatic Small Cell Lung Cancer in the US. 2021; 
https://www.merck.com/news/merck-provides-update-on-keytruda-
pembrolizumab-indication-in-metastatic-small-cell-lung-cancer-in-the-us/. 

104. Conti RM, Bernstein AC, Villaflor VM, Schilsky RL, Rosenthal MB, Bach 
PB. Prevalence of Off-Label Use and Spending in 2010 Among Patent-
Protected Chemotherapies in a Population-Based Cohort of Medical 
Oncologists. J Clin Oncol. 2013;31(9):1134-1139. 

105. Krzyzanowska MK. Off-Label Use of Cancer Drugs: A Benchmark Is 
Established. J Clin Oncol. 2013;31(9):1125-1127. 

106. Neugut AI, Becker DJ, Insel BJ, Hershman DL. Uptake of oxaliplatin and 
bevacizumab for treatment of node-positive and metastatic colon cancer. J 
Oncol Pract. 2012;8(3):156-163. 

107. NCT02506153: High-Dose Recombinant Interferon Alfa-2B or 
Pembrolizumab in Treating Patients With Stage III-IV High Risk Melanoma 
That Has Been Removed by Surgery.  
https://clinicaltrials.gov/ct2/show/nCT02506153. 

108. Enewold L, Parsons H, Zhao L, et al. Updated Overview of the SEER-
Medicare Data: Enhanced Content and Applications. J Natl Cancer Inst 
Monogr. 2020;2020(55):3-13. 

https://www.accessdata.fda.gov/scripts/cder/daf/
https://news.bms.com/news/details/2020/Bristol-Myers-Squibb-Statement-on-Opdivo-nivolumab-Small-Cell-Lung-Cancer-US-Indication/default.aspx
https://news.bms.com/news/details/2020/Bristol-Myers-Squibb-Statement-on-Opdivo-nivolumab-Small-Cell-Lung-Cancer-US-Indication/default.aspx
https://www.merck.com/news/merck-provides-update-on-keytruda-pembrolizumab-indication-in-metastatic-small-cell-lung-cancer-in-the-us/
https://www.merck.com/news/merck-provides-update-on-keytruda-pembrolizumab-indication-in-metastatic-small-cell-lung-cancer-in-the-us/
https://clinicaltrials.gov/ct2/show/nCT02506153


 

123 

109. Zarin DA, Tse T, Williams RJ, Carr S. Trial Reporting in ClinicalTrials.gov - 
The Final Rule. N Engl J Med. 2016;375(20):1998-2004. 

110. National Cancer Institute. Overview of the SEER Program. 2021; 
https://seer.cancer.gov/about/overview.html. 

111. Siegel RL, Miller KD, Jemal A. Cancer statistics, 2020. Cancer. 
2020;70(1):7-30. 

112. Centers for Disease Control and Prevention. Surveillance, Epidemiology, and 
End Results (SEER) Program. 2020; 
https://www.cdc.gov/cancer/uscs/technical_notes/contributors/seer.htm. 

113. Park HS, Lloyd S, Decker RH, Wilson LD, Yu JB. Overview of the 
Surveillance, Epidemiology, and End Results database: evolution, data 
variables, and quality assurance. Curr Probl Cancer. 2012;36(4):183-190. 

114. Centers for Medicare & Medicaid Services. CMS Manual System, Pub 100-04 
Medicare Claims Processing, Transmittal 2955: Mandatory Reporting of an 8-
Digit Clinical Trial Number on Claims. 2014; 
https://www.cms.gov/Regulations-and-
Guidance/Guidance/Transmittals/downloads/R2955CP.pdf. 

115. Holm S. A simple sequentially rejective multiple test procedure. Scand Stat 
Theory Appl. 1979:65-70. 

116. Aickin M, Gensler H. Adjusting for multiple testing when reporting research 
results: the Bonferroni vs Holm methods. Am J Public Health. 
1996;86(5):726-728. 

117. SAS [computer program]. Cary, NC, USA: SAS Institute Inc.; 2012. 

118. National Cancer Institute. SEER-Medicare: Previous Linkages Information. 
2020; 
https://healthcaredelivery.cancer.gov/seermedicare/medicare/linkages.html. 

119. R: A Language and Environment for Statistical Computing [computer 
program]. Version 3.5.1. Vienna, Austria: R Foundation for Statistical 
Computing; 2018. 

120. Hurria A, Dale W, Mooney M, et al. Designing therapeutic clinical trials for 
older and frail adults with cancer: U13 conference recommendations. J Clin 
Oncol. 2014;32(24):2587-2594. 

121. Marengoni A, Angleman S, Melis R, et al. Aging with multimorbidity: a 
systematic review of the literature. Ageing Res Rev. 2011;10(4):430-439. 

https://seer.cancer.gov/about/overview.html
https://www.cdc.gov/cancer/uscs/technical_notes/contributors/seer.htm
https://www.cms.gov/Regulations-and-Guidance/Guidance/Transmittals/downloads/R2955CP.pdf
https://www.cms.gov/Regulations-and-Guidance/Guidance/Transmittals/downloads/R2955CP.pdf
https://healthcaredelivery.cancer.gov/seermedicare/medicare/linkages.html


 

124 

122. Calderón-Larrañaga A, Vetrano DL, Onder G, et al. Assessing and Measuring 
Chronic Multimorbidity in the Older Population: A Proposal for Its 
Operationalization. J Gerontol A Biol Sci Med Sci. 2017;72(10):1417-1423. 

123. Kim ES, Bruinooge SS, Roberts S, et al. Broadening Eligibility Criteria to 
Make Clinical Trials More Representative: American Society of Clinical 
Oncology and Friends of Cancer Research Joint Research Statement. J Clin 
Oncol. 2017;35(33):3737-3744. 

124. Schwartz LM, Woloshin S. Medical Marketing in the United States, 1997-
2016. JAMA. 2019;321(1):80-96. 

125. Stross JK, Harlan WR. The dissemination of new medical information. JAMA. 
1979;241(24):2622-2624. 

126. Ayanian JZ, Hauptman PJ, Guadagnoli E, Antman EM, Pashos CL, McNeil 
BJ. Knowledge and practices of generalist and specialist physicians regarding 
drug therapy for acute myocardial infarction. N Engl J Med. 
1994;331(17):1136-1142. 

127. Avorn J, Chen M, Hartley R. Scientific versus commercial sources of 
influence on the prescribing behavior of physicians. Am J Med. 1982;73(1):4-
8. 

128. Soumerai SB, Avorn J. Efficacy and cost-containment in hospital 
pharmacotherapy: state of the art and future directions. Milbank Mem Fund Q 
Health Soc. 1984;62(3):447-474. 

129. Kremer STM, Bijmolt THA, Leeflang PSH, Wieringa JE. Generalizations on 
the effectiveness of pharmaceutical promotional expenditures. Int. J. Res. 
Mark. 2008;25(4):234-246. 

130. Datta A, Dave D. Effects of Physician-directed Pharmaceutical Promotion on 
Prescription Behaviors: Longitudinal Evidence. Health Econ. 2017;26(4):450-
468. 

131. Engelberg J, Parsons CA, Tefft N. Financial conflicts of interest in medicine. 
SSRN 2297094. 2014. 

132. Alpert AE, Evans WN, Lieber EMJ, Powell D. Origins of the Opioid Crisis 
and Its Enduring Impacts. National Bureau of Economic Research Working 
Paper Series. 2019. 

133. Wazana A. Physicians and the pharmaceutical industry: is a gift ever just a 
gift? JAMA. 2000;283(3):373-380. 



 

125 

134. Spurling GK, Mansfield PR, Montgomery BD, et al. Information from 
pharmaceutical companies and the quality, quantity, and cost of physicians' 
prescribing: a systematic review. PLoS Med. 2010;7(10):e1000352. 

135. Institute of Medicine Committee on Conflict of Interest in Medical Research 
E, Practice. Conflict of Interest in Medical Research, Education, and Practice. 
In: Lo B, Field MJ, eds. Conflict of Interest in Medical Research, Education, 
and Practice. Washington (DC): National Academies Press (US)  Copyright 
© 2009, National Academy of Sciences.; 2009. 

136. Medicare, Medicaid, Children's Health Insurance Programs; transparency 
reports and reporting of physician ownership or investment interests. Final 
rule. In: Centers for Medicare & Medicaid Services (CMS) H, ed. Fed Regist. 
Vol 78. 2013/03/13 ed2013:9457-9528. 

137. Agrawal S, Brennan N, Budetti P. The Sunshine Act--effects on physicians. N 
Engl J Med. 2013;368(22):2054-2057. 

138. Centers for Medicare & Medicaid Services. Open Payments Public Use Files: 
Methodology Overview & Data Dictionary. 2020; 
https://www.cms.gov/OpenPayments/Downloads/OpenPaymentsDataDictiona
ry.pdf. 

139. Agrawal S, Brown D. The Physician Payments Sunshine Act--Two Years of 
the Open Payments Program. N Engl J Med. 2016;374(10):906-909. 

140. Brennan N, Conway PH, Tavenner M. The Medicare physician-data release--
context and rationale. N Engl J Med. 2014;371(2):99-101. 

141. Perlis RH, Perlis CS. Physician Payments from Industry Are Associated with 
Greater Medicare Part D Prescribing Costs. PLoS ONE. 2016;11(5):e0155474. 

142. Fleischman W, Agrawal S, King M, et al. Association between payments from 
manufacturers of pharmaceuticals to physicians and regional prescribing: 
cross sectional ecological study. BMJ. 2016;354:i4189. 

143. DeJong C, Aguilar T, Tseng CW, Lin GA, Boscardin WJ, Dudley RA. 
Pharmaceutical Industry-Sponsored Meals and Physician Prescribing Patterns 
for Medicare Beneficiaries. JAMA Intern Med. 2016;176(8):1114-1122. 

144. Brunt CS. Physician characteristics, industry transfers, and pharmaceutical 
prescribing: Empirical evidence from medicare and the physician payment 
sunshine act. Health Serv Res. 2018. 

145. Transparency Reports and Reporting of Physician Ownership or Investment 
Interests. In. Vol Sec. 1128G. [42 U.S.C. 1320a-7h]2010. 



 

126 

146. Tringale KR, Marshall D, Mackey TK, Connor M, Murphy JD, Hattangadi-
Gluth JA. Types and Distribution of Payments From Industry to Physicians in 
2015. JAMA. 2017;317(17):1774-1784. 

147. Hadland SE, Krieger MS, Marshall BDL. Industry Payments to Physicians for 
Opioid Products, 2013-2015. Am J Public Health. 2017;107(9):1493-1495. 

148. Hadland SE, Cerda M, Li Y, Krieger MS, Marshall BDL. Association of 
Pharmaceutical Industry Marketing of Opioid Products to Physicians With 
Subsequent Opioid Prescribing. JAMA Intern Med. 2018;178(6):861-863. 

149. Hadland SE, Rivera-Aguirre A, Marshall BDL, Cerda M. Association of 
Pharmaceutical Industry Marketing of Opioid Products With Mortality From 
Opioid-Related Overdoses. JAMA Netw Open. 2019;2(1):e186007. 

150. Zezza MA, Bachhuber MA. Payments from drug companies to physicians are 
associated with higher volume and more expensive opioid analgesic 
prescribing. PLoS ONE. 2018;13(12):e0209383. 

151. Nguyen TD, Bradford WD, Simon KI. Pharmaceutical payments to physicians 
may increase prescribing for opioids. Addiction. 2019. 

152. Mitchell AP, Trivedi NU, Gennarelli RL, et al. Are Financial Payments From 
the Pharmaceutical Industry Associated With Physician Prescribing? : A 
Systematic Review. Ann Intern Med. 2020. 

153. Tarras ES, Marshall DC, Rosenzweig K, Korenstein D, Chimonas S. Trends 
in Industry Payments to Medical Oncologists in the United States Since the 
Inception of the Open Payments Program, 2014 to 2019. JAMA Oncol. 2020. 

154. Bandari J, Ayyash OM, Turner RM, 2nd, Jacobs BL, Davies BJ. The lack of a 
relationship between physician payments from drug manufacturers and 
Medicare claims for abiraterone and enzalutamide. Cancer. 
2017;123(22):4356-4362. 

155. Mitchell AP, Winn AN, Dusetzina SB. Pharmaceutical Industry Payments and 
Oncologists' Selection of Targeted Cancer Therapies in Medicare 
Beneficiaries. JAMA Intern Med. 2018;178(6):854-856. 

156. Sheingold SM-B E, Nguyen N, Yabroff KR. ASPE Issue Brief: Medicare Part 
B Drugs: Pricing and Incentives. 2016; 
https://aspe.hhs.gov/system/files/pdf/187581/PartBDrug.pdf. 

157. Center for Medicare and Medicaid Services. Fact Sheet: Medicare Drug 
Spending Dashboard. 2015; https://www.cms.gov/newsroom/fact-
sheets/medicare-drug-spending-dashboard. 

https://aspe.hhs.gov/system/files/pdf/187581/PartBDrug.pdf
https://www.cms.gov/newsroom/fact-sheets/medicare-drug-spending-dashboard
https://www.cms.gov/newsroom/fact-sheets/medicare-drug-spending-dashboard


 

127 

158. Bach PB. Limits on Medicare's ability to control rising spending on cancer 
drugs. N Engl J Med. 2009;360(6):626-633. 

159. Centers for Medicare & Medicaid Services. 81 FR 13229 - Medicare Program; 
Part B Drug Payment Model. In. Vol 81. Federal Register2016:13229-13261. 

160. Schrag D. Reimbursing Wisely? CMS's Trial of Medicare Part B Drug 
Payment Reform. N Engl J Med. 2016;374(22):2101-2105. 

161. Ogle K. ASCO, COA to Congress: Part B Drug Model Is Bad Medicine. 
Clinical Oncology News 2016; https://www.clinicaloncology.com/Current-
Practice/Article/09-16/ASCO-COA-to-Congress-Part-B-Drug-Model-Is-Bad-
Medicine/37974. 

162. Centers for Medicare & Medicaid Services. 82 FR 46182 - Medicare Program; 
Part B Drug Payment Model; Withdrawal. In. Vol 82. Federal Register2017. 

163. Taylor SC, Huecker JB, Gordon MO, Vollman DE, Apte RS. Physician-
Industry Interactions and Anti-Vascular Endothelial Growth Factor Use 
Among US Ophthalmologists. JAMA Ophthalmol. 2016;134(8):897-903. 

164. Centers for Medicare & Medicaid Services. Medicare Provider Utilization and 
Payment Data: Physician and Other Supplier. 2020; 
https://www.cms.gov/Research-Statistics-Data-and-Systems/Statistics-Trends-
and-Reports/Medicare-Provider-Charge-Data/Physician-and-Other-Supplier. 

165. Centers for Medicare & Medicaid Services. Open Payments. 2020; 
https://www.cms.gov/OpenPayments. 

166. Centers for Medicare & Medicaid Services. Medicare Provider Utilization and 
Payment Data: Part D Prescriber. 2020; https://www.cms.gov/Research-
Statistics-Data-and-Systems/Statistics-Trends-and-Reports/Medicare-
Provider-Charge-Data/Part-D-Prescriber. 

167. CMS Research Data Assistance Center. CMS Cell Size Suppression Policy. 
2017; https://www.resdac.org/articles/cms-cell-size-suppression-policy. 

168. Centers for Medicare & Medicaid Services. Report to Congress: Risk 
Adjustment in Medicare Advantage. 2018; 
https://www.cms.gov/Medicare/Health-
Plans/MedicareAdvtgSpecRateStats/Downloads/RTC-Dec2018.pdf. 

169. R: A Language and Environment for Statistical Computing [computer 
program]. Version 4.0.3. Vienna, Austria: R Foundation for Statistical 
Computing; 2020. 

170. Fox J, Weisberg S. An R Companion to Applied Regression. 3rd ed: Sage; 
2019. 

https://www.clinicaloncology.com/Current-Practice/Article/09-16/ASCO-COA-to-Congress-Part-B-Drug-Model-Is-Bad-Medicine/37974
https://www.clinicaloncology.com/Current-Practice/Article/09-16/ASCO-COA-to-Congress-Part-B-Drug-Model-Is-Bad-Medicine/37974
https://www.clinicaloncology.com/Current-Practice/Article/09-16/ASCO-COA-to-Congress-Part-B-Drug-Model-Is-Bad-Medicine/37974
https://www.cms.gov/Research-Statistics-Data-and-Systems/Statistics-Trends-and-Reports/Medicare-Provider-Charge-Data/Physician-and-Other-Supplier
https://www.cms.gov/Research-Statistics-Data-and-Systems/Statistics-Trends-and-Reports/Medicare-Provider-Charge-Data/Physician-and-Other-Supplier
https://www.cms.gov/OpenPayments
https://www.cms.gov/Research-Statistics-Data-and-Systems/Statistics-Trends-and-Reports/Medicare-Provider-Charge-Data/Part-D-Prescriber
https://www.cms.gov/Research-Statistics-Data-and-Systems/Statistics-Trends-and-Reports/Medicare-Provider-Charge-Data/Part-D-Prescriber
https://www.cms.gov/Research-Statistics-Data-and-Systems/Statistics-Trends-and-Reports/Medicare-Provider-Charge-Data/Part-D-Prescriber
https://www.resdac.org/articles/cms-cell-size-suppression-policy
https://www.cms.gov/Medicare/Health-Plans/MedicareAdvtgSpecRateStats/Downloads/RTC-Dec2018.pdf
https://www.cms.gov/Medicare/Health-Plans/MedicareAdvtgSpecRateStats/Downloads/RTC-Dec2018.pdf


 

128 

171. Hastie T, Tibshirani R. Generalized Additive Models. Statistical Science. 
1986;1(3):297-310. 

172. Hastie T, Tibshirani R. Generalized additive models for medical research. Stat 
Methods Med Res. 1995;4(3):187-196. 

173. Wood SN. Generalized Additive Models: An Introduction with R. 2nd ed: 
Chapman and Hall/CRC; 2019. 

174. Wood SN. Inference and computation with generalized additive models and 
their extensions. TEST. 2020;29(2):307-339. 

 


	Acknowledgements
	Table of Contents
	List of Tables
	List of Figures
	List of Abbreviations
	Chapter 1: Introduction and Theoretical Framework
	Introduction
	Theoretical Frameworks
	Sketris Framework for Factors Affecting Prescribing
	Diffusion of Innovation Theory and Drug Utilization Research
	Diffusion of Innovation Research in Oncology
	Application of Frameworks to FDA Expedited Review
	Adapted Framework


	Chapter 2: Background and Literature Review
	Immunotherapy in Oncology
	Regulatory Approvals of Immunotherapy Agents in Melanoma
	Regulatory Approvals of Immunotherapy Agents in Lung Cancer
	Utilization of Expedited Regulatory Review Programs
	Uptake of Immunotherapy Agents in Clinical Practice

	Rise of Randomized Controlled Trials in Clinical Research
	Disparities in Clinical Research Participation
	Ethics and Ethical Failures in Clinical Research
	Importance of Representation in Clinical Research
	Clinical Research Disparities and the Covid-19 Pandemic
	Disparities in Cancer Clinical Research Participation


	Chapter 3:  Representativeness of Cancer Clinical Trial Participants
	Background
	Specific Aims
	Hypotheses
	Methods
	Data Sources
	Measures
	Analysis

	Results in Lung Cancer
	Results in Melanoma
	Discussion
	Limitations
	Conclusions


	Chapter 4:  Industry Payments and Provider Utilization of Immunotherapy Agents
	Background
	Specific Aims
	Hypotheses
	Methods
	Data Sources: Utilization Data
	Data Sources: Payments Data
	Data Sources: Matching Utilization and Payments Data
	Measures

	Analysis
	Results for Data Filtering and Matching
	Utilization Data
	Payments Data
	Matched Provider Utilization and Payments Data

	Results for Nivolumab
	Nivolumab Aim One Pool Analyses
	Nivolumab Aim One Broad Analyses
	Nivolumab Aim Two Analyses

	Results for Pembrolizumab
	Pembrolizumab Aim One Pool Analyses
	Pembrolizumab Aim One Broad Analyses
	Pembrolizumab Aim Two Analyses

	Discussion
	Limitations
	Conclusions


	Chapter 5:  Conclusion
	Summary of the Results
	Limitations
	Conclusions and Directions for Future Research

	Bibliography

