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QUESTION ASKED: What were the patterns and pre-
dictors of oral anticancer agent (OAA) use among a
diverse population of patients with metastatic renal cell
carcinoma (mRCC)?

SUMMARY ANSWER: Initiation of novel OAAs remained
low over this study period—roughly one-in-three pa-
tients with mRCC received any OAA, with no real in-
crease observed over time. Patient-level characteristics,
including older age, higher comorbidity burden, and
higher frailty, were each inversely associated with OAA
use. These results may indicate more conservative,
clinically appropriate judgment in avoiding OAAs given
competing non-oncologic risks (i.e., considering OAA
risk-benefit tradeoffs), or may reflect patient or provider
preferences against using OAAswith increasing age and
medical complexity.

WHAT WE DID: Using novel, North Carolina cancer
registry–linked multipayer claims data, we employed
log-Poisson model–estimated unadjusted and ad-
justed risk ratios for associations between patient
characteristics and OAA use.

WHAT WE FOUND: OAA use in the 12 months after
mRCC diagnosis was 37%. Older patients and those
who had higher comorbidity burden and greater frailty
were less likely to initiate OAAs.

BIAS, CONFOUNDING FACTOR(S): A few study limitations
should be noted. First, patients in our data were di-
agnosed and received care in North Carolina, a large,
socioeconomically, and racially diverse state, which
may not be reflective of care patterns elsewhere.
Second, our claims-derived definition of metastasis is
limited to registry-reported data and observed clinical
encounters for which a claim was processed, both of
which may be incomplete. Third, our analyses are

limited to those patients who had continuous insur-
ance enrollment during the study period, which might
have excluded individuals who lost insurance during
this period, never had insurance, had a different in-
surance provider, or did not have prescription drug
coverage. Finally, because our study period ended in
2016, more recent OAA uptake may be different.

REAL-LIFE IMPLICATIONS: Three main conclusions can
be drawn from this study; first, real-world health care
delivery in the context of mRCC evidence is difficult
because mRCC is diagnosed in much older and sicker
populations in the real world than what is represented
in clinical trials (where patients are often age 55-65
years). Given this disconnect, providers may be hes-
itant to prescribe OAAs for older, frailer, and sicker
patients, which likely contributes to overall underuse of
OAAs in our study. Nevertheless, providers should
continue to evaluate on a per-patient basis whether
OAAs may have potential benefits, particularly among
those groups that might not have been well-
represented in clinical trials. Second, better under-
standing of physician and patient decision making
around OAA use in mRCC requires different data and
methods than registry-linked claims data provide.
Opportunities exist to gather this information through
patient-provider interaction observations and collect-
ing provider data on decision making using real-world
vignettes. Third, future research should seek to clarify
on a population level with greater precision in which
populations OAAs have clear benefits (including
among older people with comorbidity) and to develop
interventions to promote and support OAA initiation
and adherence among those populations where it is
appropriate to do so.
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abstract

PURPOSE Availability of targeted oral anticancer agents (OAAs) has transformed care for patients with metastatic
renal cell carcinoma (mRCC). Our objective was to identify patterns and predictors of OAA use within 12 months
after mRCC was detected to understand real-world adoption of OAAs.

METHODS We used a novel, North Carolina cancer registry–linked multipayer claims data resource to examine
patterns of use of five oral therapies among patients with mRCC diagnosed in 2006-2015, with claims through
2016. Patients were required to have 12 months of continuous enrollment before metastatic index date. Log-
Poisson models estimated unadjusted and adjusted risk ratios (RRs) for associations between patient char-
acteristics and OAA use. In sensitivity analyses, we used a competing risk framework to estimate adjusted risk
differences in OAA use.

RESULTSOur population-based study of 713 patients demonstrated low (37%) OAA use during the first year after
metastatic index date among both publicly and privately insured patients, with shifting patterns of use consistent
with regulatory approvals over time. Compared with patients age 18-49 years, patients age 70-74 years were half
likely to use OAAs (95% confidence limit [CL], 0.34 to 0.78) and patients age 801 years were 71% less likely to
use OAAs (95% CL, 0.17 to 0.50). Patients with two comorbidities (RR, 0.73; 95% CL, 0.55 to 0.98) and those
with 31 comorbidities (RR, 0.68; 95% CL, 0.50 to 0.91) were less likely to receive OAA than those without
comorbidities. Patients with higher frailty also had lower OAA utilization (RR, 0.67; 95% CL, 0.52 to 0.85).

CONCLUSION These findings suggest a need to better understand the system-level and provider-level drivers of
OAA underuse, as well as OAA adherence and associated survival.

JCO Oncol Pract 17:e1895-e1904. © 2021 by American Society of Clinical Oncology

INTRODUCTION

Renal cell carcinoma (RCC) is the ninth most common
malignancy diagnosed in the United States,1 with an
estimated 73,750 new cases diagnosed and 14,830
deaths in 2020.2 RCC outcomes in the United States
have improved over the past 40 years, in large part due
to increased imaging and incidental detection and
targeted and immune-activating therapeutics that
extend survival. The 5-year survival increased from
approximately 50% in 1977 to approximately 75% in
2015, with survival strongly associated with stage at
diagnosis.1,3,4 Those diagnosed with stage IV
disease—representing approximately one third of all
incident RCC cases—experience a median 5-year
survival of , 15%. In addition to those diagnosed
with incident metastatic disease (ie, synchronous
metastases), another 20%-50% of all patients develop

metastatic disease after having been originally diag-
nosed with locoregional disease (ie, metachronous
metastases).1 Like many other cancers in the United
States, age and Black race are associated with poorer
survival from RCC, the latter of which is believed to be
caused by differences in socioeconomic status, ac-
cess to care, structural racism, and poorer health
status, rather than biologic factors.1,5

Because deaths from RCC and from all causes are
strongly associated with measures of poorer health,
such as smoking, obesity, and hypertension,1 it is
important to understand the extent to which rapidly
emerging new therapies are used among patients with
RCC and complex health care needs. It is also im-
portant to understand how these therapies diffuse
across, and can improve outcomes within, real-world
populations. Real-world populations include age
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groups and racial groups not well-represented in clinical
trials, such as people older than age 65 years and Black
patients, as well as those who are medically complex or are
insured by different payers whose benefit plan designs may
promote or inhibit clinical trial participation and real-world
use of expensive therapies.6-8 Multipayer claims data linked
to cancer registries can enable real-world studies by pro-
viding both health care service utilization information and
cancer-specific clinical information.9

In particular, metastatic RCC (mRCC) represents an op-
portunity to investigate these questions fully about patterns
and predictors of oral anticancer agent (OAA) use in real-
world populations, given that the introduction of new,
targeted OAAs to the mRCC landscape has transformed the
way that care is delivered among those with advanced
disease.4,10,11 The availability of these new, targeted OAAs
has the potential to substantially alter the disease course
and improve survival outcomes—but only if those therapies
are accessible to and being used by patients with mRCC,
particularly among younger, racially and ethnically diverse,
and medically complex patients. Therefore, our objective
was to identify patterns and predictors of use of an ap-
proved OAA (sorafenib, sunitinib, pazopanib, everolimus,
and axitinib) within the 12 months after mRCC detection in
a diverse cohort.

METHODS

Study Population

We conducted a retrospective cohort study of patients with
a diagnosis of mRCC between 2006 and 2015. The data
were obtained from the University of North Carolina Line-
berger Comprehensive Cancer Center’s Cancer Information
Population Health Resource (CIPHR), which links state
cancer registry data to private health insurance plans,
Medicare andMedicaid fee-for-service claims data in North
Carolina.9 CIPHR includes data on patient demographics
and area-level contextual characteristics, tumor charac-
teristics, prescription drugs and emergency, and inpatient
and outpatient services.

To summarize our cohort eligibility criteria, we selected
patients who were diagnosed with American Joint Com-
mittee on Cancer 6th edition clinical stage I-IV RCC using
International Classification of Diseases (ICD) for Oncology,
Third edition codes C641, C642, and C649. Stage IV pa-
tients were included if they had a claims code for RCC
within 2 months of the diagnosis date recorded in the
registry. Stage I-III patients were included if they had claims
for a secondary malignant neoplasm (using ICD-9-CM
codes 198.XX and ICD-10-CM codes C641, C642, and
C649) on two separate days at any time after their initial
RCC diagnosis in the cancer registry. The study’s index
mRCC diagnosis date was defined as the date of diagnosis
for stage IV patients and the date of the first of the two
separate claims for stage I-III patients.

Because our intent was to examine OAA use after the
metastatic index date, patients were excluded if their RCC
diagnosis was identified from death certificate or autopsy, if
tumor histology was classified as a sarcoma, medullo-
blastoma, leiomyosarcoma, or malignant rhabdoid tumor,
or if they had a diagnosis of additional primary malignancies
at sites other than the kidney during the 12 months before
their metastatic index date. Patients were further excluded
if they were younger than age 18 years at the time of their
metastatic index date or if they did not have 12 months of
continuous insurance enrollment before the index date.
Moreover, they were required to have 12 months of con-
tinuous enrollment, including prescription drug coverage,
following their metastatic index date, with the exception of
death; patients who died within the 12 month postindex
period contributed person-time up to the date of death.
Observations with missing or incomplete residential data at
the time of RCC diagnosis were excluded. This study was
approved by the Duke University Health System Institu-
tional Review Board (#Pro00101962).

Dependent Variable

The study’s primary outcome of OAA initiation was an OAA
prescription drug fill within the 12 months following the
metastatic index date from patient prescription drug files,
pharmacy claims, and Medicare Part D claims, identified
by searching through brand names, generic names, and
National Drug Codes for sorafenib, sunitinib, pazopanib,
everolimus, axitinib, cabozantinib, and lenvatinib, noting
the US Food and Drug Administration (FDA) approval date
for this indication for each OAA.

Independent Variables

Patient-level characteristics in our analyses included sex
(male and female), age (18-49, 50-64, 65-69, 70-74, 75-
79, and 801 years), race or ethnicity (non-Hispanic White,
non-Hispanic Black, and Others), patient location (rural
and nonrural—defined from the registry on the basis of the
revised 2010 Rural Urban Commuting Area code cate-
gorizations for census tracts12), insurance provider (any
Medicaid, private, and Medicare only), and clinical cancer
characteristics, all assessed at or near the metastatic index
date. In addition, the number and types of comorbid
conditions and frailty were examined in the 12 months
beforemetastatic index date, given that comorbidity burden
and medical frailty are conceptually distinct medical
complexity constructs. We defined comorbidities using
claims on the basis of conditions included in the Charlson
Comorbidity Index, identified during the 12 months before
the metastatic index date.13 Frailty was measured from
claims as a predicted probability of frailty using the Faurot
algorithm for predicting dependency in daily living activi-
ties.14 Additional clinical covariates included histology
(clear cell and others), stage at initial diagnosis, year of
metastatic diagnosis, and radical or partial nephrectomy in
the claims during the 12 months before metastatic

e1896 © 2021 by American Society of Clinical Oncology Volume 17, Issue 12

Wheeler et al



diagnosis (yes and no). Finally, we included two census
tract-level socioeconomic variables for area-level education
and poverty: percentage with bachelor’s degree and per-
centage living below the poverty level, using 5-year esti-
mates from the 2008-2012 American Community Survey.

Statistical Analysis

Categorical variable distributions were compared by OAA
utilization using x2 and Fisher’s exact tests. Continuous
variables were presented using medians and interquartile
ranges and were compared using the Mann-Whitney U-
test. We estimated the proportion of patients and yearly
trends in OAA initiation for (1) any OAA and (2) across
individual OAAs (eg, sunitinib, pazopanib, sorafenib, and
everolimus/axitinib) using Cochrane-Armitage trend tests.
Everolimus and axitinib were combined because of small
sample sizes.

We used log-Poisson models15 to estimate unadjusted and
adjusted risk ratios (RRs) and 95% confidence limits (CLs) for
associations between patient characteristics and utilization of
OAAs within 12 months following metastatic diagnosis.
Multicollinearity was assessed using a variance inflation factor
threshold of 5. As a sensitivity analysis, we conducted a time-
to-event analysis using Fine and Gray’s model where death
was considered a competing event to the time to initiate OAAs.
We estimated adjusted risk differences and corresponding
95% CLs at 12 months after the metastatic index date from
the cumulative incidence function (data not shown). All an-
alyses were conducted using SAS v9.4 (Cary, NC).

RESULTS

Analytic Sample

Our analytic sample included 713 patients (Table 1). The
median age at metastatic diagnosis was 69 years. The
sample was predominantly male (65%), non-Hispanic
White (75%), nonrural (62%), and Medicare-insured at
diagnosis (60%). The most common comorbid conditions
present were hypertension (81%) and diabetes (41%).
More than half (58%) of the sample was stage IV at di-
agnosis, and a majority did not have a nephrectomy in the
12 months before metastasis (79%).

During the study period, 37% of patients used OAAs.
Patient utilization of any OAA varied across years, with no
consistent trend over time (Cochran-Armitage trend test
P value 5 .79), despite an increase in FDA-approved
medications during the study period (Fig 1). Utilization
ranged from 28% in 2011 to 45% in 2012. Utilization of
sunitinib and sorafenib gradually declined over time to
approximately 15% and , 5%, respectively, by 2015. By
contrast, since its FDA approval, pazopanib utilization in-
creased from 1% in 2009 to 25% in 2015.

Associations With OAA Utilization

In adjusted models (Table 2), older age, higher number of
comorbid conditions, frailty, and being stage I at initial

diagnosis (v stage IV) were associated with decreased OAA
utilization (Table 2). Specifically, compared with the
youngest age category (age 18-49 years), patients age 70-
74 years were half likely to use OAAs (95% CL, 0.34 to
0.78) and patients age 80 years and above were 71% less
likely to use OAAs (95% CL, 0.17 to 0.50). Patients with two
comorbidities (RR, 0.73; 95% CL, 0.55 to 0.98) and those
with three or more comorbidities (RR, 0.68; 95% CL, 0.50
to 0.91) were less likely to receive OAA than those who had
no comorbidities. Patients with higher-than-median prob-
ability of frailty also had lower OAA utilization (RR, 0.67;
95% CL, 0.52 to 0.85). Patients initially diagnosed as stage
I were less likely than those diagnosed at stage IV to use
OAAs (RR, 0.62; 95% CL, 0.44 to 0.86). Other patient-level
characteristics, such as sex, race or ethnicity, rurality, and
insurance type, were not significant predictors of OAA use.

Figure 2 presents our sensitivity analysis as differences, by
age, frailty, and comorbidity, in cumulative incidence
functions using a competing risk time-to-event framework.
We observed a trend of increasing differences in cumu-
lative incidence functions across older age categories, up to
approximately 90 days postmetastatic detection, after
which the difference stabilizes (Figs 2A-2C). Adjusted
models indicate that the risk difference in OAA initiation
was 14-52 percentage points lower for age groups ranging
from 50-64, 64-69, 70-74, 75-79, and age 801 years,
compared with those of age 18-49 years (data not shown).
Similarly, the difference in the initiation of OAA use between
more frail and less frail patients increased over time, up to
90 days after metastatic diagnosis, after which the differ-
ence stabilizes (Fig 2D), with OAA initiation 19 percentage
points lower among more frail patients (data not shown).
Finally, with regard to comorbidities, within the first 50 days
of metastatic diagnosis, patients with three or more
comorbidities were more likely to use OAAs than patients
with no comorbidities, but after 50 days, the trend reverses
(Fig 2E). At 12 months, however, the initiation of OAAs for
people with three or more comorbidities was 14 percentage
points lower, relative to those with no comorbidities (data
not shown).

DISCUSSION

Our data, drawn from a novel statewide, multipayer cohort
of patients with mRCC over a ten-year period, illuminate
real-world patterns and predictors of use of new, targeted
OAAs in an era of rapid expansion of FDA approvals for and
proliferation of these drugs. Given that overall RCCmortality
has decreased significantly as a result of the introduction of
these drugs,4,11 but that mortality disparities remain, it is
critical to understand whether novel OAAs available to treat
mRCC are, in fact, being equally received by diverse
populations. Our findings illustrate three key takeaways: (1)
Initiation of novel OAAs remained low over this study
period—roughly one-in-three patients with mRCC received
any OAA, with no real increase observed over time. (2)
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TABLE 1. Study Cohort Characteristics

Patient Characteristics

Total (N 5 713) No OAA (n 5 451) OAA (n 5 262)

P cNo. (%)a No. (%)b No. (%)b

Age at diagnosis, years

Median (IQR) 69 (60-76) 70.6 (63-78) 67 (57-74) < .0001

18-49 50 (7.0) 21 (42.0) 29 (58.0) < .0001

50-64 189 (26.5) 109 (57.7) 80 (42.3)

65-69 133 (18.7) 79 (59.4) 54 (40.6)

70-74 128 (18.0) 89 (69.5) 39 (30.5)

75-79 108 (15.2) 64 (59.3) 44 (40.7)

801 105 (14.7) 89 (84.8) 16 (15.2)

Sex

Female 250 (35.1) 166 (66.4) 84 (33.6) .20

Male 463 (64.9) 285 (61.6) 178 (38.4)

Race or ethnicity

Non-Hispanic White 538 (74.5) 337 (62.6) 201 (37.4) .82

Non-Hispanic Black 139 (19.5) 91 (65.5) 48 (34.5)

Othersd 36 (5.1) 23 (63. 9) 13 (36.1)

Patient locatione

Nonrural 445 (62.4) 280 (62.9) 165 (37.1) .81

Rural 268 (37.6) 171 (63.8) 97 (36.2)

Insurance at diagnosisf

Private 137 (19.2) 68 (49.6) 69 (50.4) .006

Any Medicaid 145 (20.3) 91 (62.8) 54 (37.2)

Medicare only 431 (60.5) 292 (67.8) 139 (32.3)

Comorbid conditions

Myocardial infarction 72 (10.1) 56 (77.8) 16 (22.2) .007

Congestive heart failure 136 (19.1) 107 (78.7) 29 (21.3) < .0001

Peripheral vascular disease 127 (17.8) 92 (72.4) 35 (27.6) .02

Hypertension 575 (80.7) 375 (65.2) 200 (34.8) .03

Dementia 24 (3.4) 18 (75.0) * .22

Cerebrovascular disease 127 (17.8) 88 (69.3) 39 (30.7) .12

Chronic pulmonary disease 231 (32.4) 168 (72.7) 63 (27.3) .0003

Rheumatologic disease 31 (4.4) 27 (87.1) * .005

Peptic ulcer disease 21 (3.0) 13 (61.9) * .90

Mild liver disease 140 (19.6) 83 (59.3) 57 (40.7) .28

Diabetes (mild to moderate) 293 (41.1) 194 (66.2) 99 (33.8) .17

Hemiplegia or paraplegia 29 (4.1) 18 (62.1) * .89

Diabetes with complication 84 (11.8) 63 (75.0) 21 (25.0) .02

End-stage renal disease 82 (11.5) 57 (69.5) 25 (30.5) .21

Moderate or severe liver disease 12 (1.7) * * .55

AIDS * * * .30

Percent of poverty,g median (IQR) 17.4 (10.7-24.1) 16.9 (10.4-23.4) 18.3 (11.4-24.5) .20

Percent of , bachelor degree,g median (IQR) 83.1 (70.5-88.5) 83.1 (70.2-88.4) 82.85 (70.5-89.0) .72

(continued on following page)
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Patient-level characteristics, including older age, higher
comorbidity burden, higher frailty, and stage I, at initial
diagnosis were each inversely associated with OAA use,
which may represent more conservative and clinically
appropriate judgment in treating patients with either in-
creased competing nononcologic risks with skewed OAA
risk-benefit tradeoffs or patient preferences or provider
biases against using targeted therapies with older patients.
(3) Patient-level characteristics that may reflect disparities
in treatment access, including sex, race or ethnicity, ru-
rality, insurance type, and area-level socioeconomic status,
were not associated with OAA use in adjusted analyses;
although this is reassuring, it must be confirmed in other
studies, given that these groups historically have faced
worse RCC outcomes.

Our finding that only 37% of patients with mRCC used
OAAs during this time period is similar to a national study of
Medicare enrollees, which found that 32% of patients with
mRCC received OAA during the same time period. In both
studies, sunitinib and pazopanib accounted for the majority
of OAA use.16 Given that our cohort included younger
patients insured by payers other than Medicare, we would
have expected to see a slight increase in the overall pro-
portion of patients using OAAs in our multigenerational,

multipayer cohort. Other studies from commercial claims
data indicate similarly shifting patterns of use of various
OAAs in mRCC, with sunitinib and pazopanib among the
most commonly used agents and patient age and
comorbidities being major drivers of treatment choice.17

Importantly, the burden of comorbidity in our population
was high, and the observed trends in OAA use by
comorbidity count may reflect clinically appropriate prac-
tice consistent with clinical contraindications to OAA
treatment, severity of comorbid illness, and patients’ ability
to access and tolerate therapy.

Although omission of OAAs may be clinically appropriate
among the oldest, sickest, andmost frail patients, given that
clinical trials and corresponding guidelines less often ad-
dress these groups’ needs,18,19 foregoing OAAs in two of
three patients with mRCC, including two of five 18-49 year
old patients, may suggest a missed opportunity to extend
survival. Because some evidence suggests that combina-
tions of OAAs may be beneficial for mRCC,20 it is critical to
improve monotherapy access and ensure adherence
among healthy patients, to realize the potential full benefits
of combination approaches. Fortunately, evidence from
commercial and Medicare Advantage members suggests
that adherence to oral therapies among patients with mRCC

TABLE 1. Study Cohort Characteristics (continued)

Patient Characteristics

Total (N 5 713) No OAA (n 5 451) OAA (n 5 262)

P cNo. (%)a No. (%)b No. (%)b

Histologyh

Clear cell 649 (91.0) 410 (64.1) 239 (35.9) .89

Others 64 (9.0) 41 (63.2) 23 (36.8)

Nephrectomy in 12 months prior

No 564 (79.1) 354 (62.8) 210 (37.2) .60

Yes 149 (20.9) 97 (65.1) 52 (34.9)

Stage at initial diagnosis

I 129 (18.1) 100 (77.5) 29 (22.5) .0007

II 46 (6.5) 22 (47.8) 24 (52.2)

III 127 (17.8) 78 (61.4) 49 (38.6)

IV 411 (57.6) 251 (61.1) 160 (38.9)

Frailty,i median (IQR) 0.05 (0.03-0.13) 0.06 (0.03-0.15) 0.04 (0.02-0.08) < .0001

Abbreviations: IQR, interquartile range; OAA, oral anticancer agent.
aColumn percentage of the total sample.
bRow percentages for initiation of OAA across patient characteristics.
cP values calculated from chi-square tests for categorical variables and Mann-Whitney U-tests for medians. Bolded P values represent statistically

significant differences at P , 0.05.
d‘Other’ patient race or ethnicity comprised non-Hispanic American Indian (n5 13), non-Hispanic Others (n5 2), Hispanic White (n5 8), Hispanic others

(n 5 2), unknown ethnicity White (n 5 9), and unknown ethnicity Black (n 5 2).
ePatient location defined on the basis of revised 2010 Rural Urban Commuting Area code categorizations on the basis of census tract.
fPatients categorized as private insurance except for those who were also on Medicaid at the time of metastatic diagnosis.
gSocioeconomic variables are at the census tract-level from the 2008-2012 American Community Survey 5-year estimates.
hClear cell histology defined as 831X.
iPredicted probability of frailty is based on the Faurot algorithm for the 12 months before metastatic index date.
*Cell value is #11 and is suppressed to protect patients’ confidentiality.
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is high,21,22 but evidence is needed from less-advantaged
patients as well.

These results point to several future research and practice
opportunities: (1) Real-world health care delivery in the
context of mRCC evidence is difficult because mRCC is
diagnosed in much older and sicker populations in the real
world than what is represented in clinical trials. Given this
disconnect, providers may be hesitant to prescribe OAAs
for older, frailer, and sicker patients, which likely contrib-
utes to overall underuse of OAAs. Nevertheless, providers
should continue to evaluate on a per-patient basis whether
OAAsmay have potential benefits, particularly among those
groups that may not have been well-represented in trials.
(2) Additional research is needed to understand how
physicians and patients make decisions about OAA use
when patients are older, have multiple comorbidities, and/
or are frail. Better understanding of physician and patient
decision making around OAA use in mRCC requires dif-
ferent data and methods than registry-linked claims data
provide. Opportunities exist to gather this information
through patient-provider interaction observations and col-
lecting provider data on decision making using real-world
vignettes. (3) Future research should seek to clarify on a
population level with greater precision in which populations
OAAs have clear benefits (including among older people
with comorbidity) and to develop interventions to promote
and support OAA initiation and adherence among those
populations.

Although our study did not uncover racial or ethnic, rural, or
insurance-related disparities in OAA access, significantly
lower OAA use among older patients may reflect social and
structural vulnerabilities that warrant attention. Lack of
social support, inability to access care, and inability to pay
out-of-pocket expenses associated with OAAs, including
bothmedical and nonmedical expenses, may be significant
barriers to using OAAs among older patients. The economic
burden of mRCC is significant,23 increasingly so in the OAA
era, and other studies have previously demonstrated that
cost is a major barrier to accessing RCC OAAs.11 For ex-
ample, one study comparing Medicare beneficiaries with
very low cost sharing for their initial oral prescription
(, $6.60 US dollars) via low-income subsidy with those
without a low-income subsidy (with initial oral prescription
costs . $2,800 US dollars) found significantly delayed or
reduced use of targeted OAAs with higher out-of-pocket
cost.11

As with all retrospective studies of secondary registry-linked
claims databases, our study has several limitations to
consider. First, our CIPHR data represent patients with
mRCC from multiple payers; however, these patients were
diagnosed and received care in North Carolina, a large,
socioeconomically, and racially diverse state, which may
not be reflective of care patterns elsewhere. Second, our
claims-derived definition of metastasis is limited to registry-
reported data and observed clinical encounters for which a
claim was processed, both of which may be incomplete.
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FDA approval dates noted. FDA, US Food and Drug Administration; OAA, oral anticancer agent; RCC, renal
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Third, our analyses are limited to those patients who had
continuous insurance enrollment during the study period,
which might have excluded individuals who lost insurance
during this period, never had insurance, had a different

insurance provider, or did not have prescription drug
coverage. Furthermore, because our study period ended in
2016, more recent OAA uptake may be different. Never-
theless, our study represents one of the largest and most

TABLE 2. RRs for OAA Utilization Within 12 Months of Metastatic RCC Diagnosis
Patient Characteristics Unadjusted RR (95% CL) P Adjusted RR (95% CL) P

Age at diagnosis, years

18-49 Ref — Ref —

50-64 0.73 (0.55 to 0.97) .03 0.69 (0.51 to 0.93) .01

65-69 0.70 (0.51 to 0.96) .03 0.68 (0.46 to 0.99) .04

70-74 0.53 (0.37 to 0.75) .0003 0.51 (0.34 to 0.78) .002

75-79 0.70 (0.51 to 0.97) .03 0.75 (0.51 to 1.10) .14

801 0.26 (0.16 to 0.44) < .0001 0.29 (0.17 to 0.50) < .0001

Sex

Female Ref — Ref —

Male 0.87 (0.71 to 1.08) .21 1.01 (0.82 to 1.24) .91

Race or ethnicity

Non-Hispanic White Ref — Ref —

Non-Hispanic Black 0.92 (0.72 to 1.19) .54 0.85 (0.65 to 1.12) .25

Others 0.97 (0.62 to 1.51) .88 0.83 (0.53 to 1.29) .41

Patient location

Nonrural Ref — Ref —

Rural 1.02 (0.84 to 1.25) .81 0.96 (0.79 to 1.17) .70

Insurance at diagnosis

Private Ref — Ref —

Any Medicaid 0.74 (0.57 to 0.97) .03 1.19 (0.85 to 1.68) .31

Medicare only 0.64 (0.52 to 0.79) < .0001 0.97 (0.71 to 1.33) .85

No. of comorbid conditions

0 Ref — Ref —

1 0.85 (0.67 to 1.07) .17 0.88 (0.69 to 1.12) .29

2 0.68 (0.51 to 0.90) .008 0.73 (0.55 to 0.98) .03

31 0.56 (0.43 to 0.74) < .001 0.68 (0.50 to 0.91) .01

Frailty 0.64 (0.52 to 0.78) < .0001 0.67 (0.52 to 0.85) .001

Histology

Clear cell Ref — Ref —

Others 0.98 (0.69 to 1.37) .89 0.88 (0.64 to 1.21) .43

Had nephrectomy in 12 months prior (v none) 0.94 (0.73 to 1.20) .60 0.83 (0.63 to 1.09) .17

Stage at diagnosis

IV Ref — Ref —

I 0.58 (0.41 to 0.81) .002 0.62 (0.44 to 0.86) .004

II 1.34 (0.99 to 1.81) .06 1.46 (1.07 to 2.00) .02

III 0.99 (0.77 to 1.27) .94 1.01 (0.78 to 1.32) .94

Percent of poverty 1.14 (0.93 to 1.41) .22 1.31 (1.05 to 1.65) .02

Percent of , bachelor degree 1.12 (0.90 to 1.38) .31 1.07 (0.86 to 1.33) .54

NOTE. Bolded estimates have P values , .05. Models also included diagnosis year. Frailty were categorized as above versus below median (referent
category). Percent of poverty and percent of BA were categorized as highest quartile versus lowest three quartiles (referent category).
Abbreviations: CL, confidence limits; OAA, oral anticancer agent; RCC, renal cell carcinoma; ref, reference; RR, risk ratio.
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comprehensive real-world evaluations of OAA use in the
mRCC setting, given its multipayer structure and 10-year
analytic window, presenting a unique opportunity to ex-
amine trends in OAA use among these patients. Impor-
tantly, this study sets the historical OAA use rates as the
first-line therapeutic landscape in mRCC changed in 2017,
and future studies on OAA use in combination with im-
munotherapeutics will be enlightening to evaluate fluctu-
ating delivery of effective first-line therapies in mRCC.

In conclusion, our population-based study demonstrated
low (37%) OAA use among publicly and privately insured

patients with mRCC, with substantial variation in OAA
initiation, by age, comorbidities, and frailty, but not sex,
race, rurality, type of insurance, or area socioeconomic
status. These data underscore the importance of clarifying,
with greater precision, the benefits of OAAs in real-world
populations and distinguishing clinically appropriate from
potentially poor-quality care. Additional studies should also
seek to understand in more depth the system-level and
provider-level drivers of OAA initiation and adherence and
to develop interventions to support OAA use where
appropriate.
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