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ABSTRACT

BACKGROUND: Sunitinib and pazopanib are among the most prescribed tar-
geted therapies for the systemic management of advanced renal cell carci-
noma (RCC), but published cost comparisons between the 2 agents are few 
and limited by methodological and population differences. Also, sunitinib 
is administered on a 4-week on/2-week off cycle, and pazopanib is taken 
continuously. Thus, appropriate use and cost comparisons between the 2 
drugs require methodological approaches to account for these differences. 
One way to accomplish this is to substitute expected for observed days 
supply. Recognizing the effects of nonrepresentative days supply values is 
important for assessing real-world treatment patterns and costs. 

OBJECTIVES: To (a) characterize demographic and clinical characteristics 
among patients with RCC newly initiating sunitinib or pazopanib, using a 
large administrative claims dataset; (b) characterize treatment patterns, 
persistence, and costs for each treatment group; and (c) assess the effect 
on treatment patterns and costs for sunitinib by substituting 42 days for 
prescriptions with 28- or 30-day supplies to account for sunitinib’s 4-week 
on/2-week off dosing schedule.

METHODS: This was a retrospective cohort study using health care claims 
data from the Truven MarketScan Research Databases, which include 
enrollment information and medical and pharmacy claims. Baseline patient 
demographic and clinical characteristics and treatment patterns (continu-
ation, discontinuation, switching, or interruption; days supply; and persis-
tence) were compared. Health care costs were calculated as mean daily 
index medication costs and as total, medical, and medication (all-cause 
and RCC-related) costs over the 12 months post-index period. Inclusion cri-
teria were continuous health plan enrollment between 6 months pre-index 
and 12 months post-index; no RCC medications 6 months pre-index; ≥ 2 
RCC diagnoses within ±180 days of index; and age ≥ 20 years. For demo-
graphic and clinical characteristics, treatment patterns, and costs, means 
(± standard deviations) for continuous data and relative frequencies for 
categorical data were reported. Chi-square tests or Student t-tests were 
used to evaluate differences other than costs. A generalized linear model 
with gamma distribution and log link was used for evaluating costs, con-
trolling for patient demographic and pre-index clinical characteristics, per-
sistence days, and index medication. All statistical tests were 2-tailed with 
significance set at P < 0.05 for all comparisons except for interactions with 
significance set at P < 0.10. The effects of substituting 42 days supply for 
sunitinib prescription records with 28 or 30 days supply were determined.

RESULTS: In total, 609 (15.1% of the sunitinib overall sample) sunitinib 
patients and 183 (8.3% of the pazopanib overall sample) pazopanib 
patients were included. Demographic and clinical characteristics were 
similar for each treatment cohort. The persistence periods and number 
of prescriptions filled were also similar. Without substitution, significant 
differences were observed between treatment groups in patterns of index 
medication use (overall P = 0.0409), with fewer patients taking sunitinib 
continuing treatment than patients taking pazopanib. However, with sub-
stitution, treatment patterns differed significantly (overall P = 0.0026), 

RESEARCH

but with more sunitinib patients than pazopanib patients continuing treat-
ment. Without substitution, unadjusted daily mean index medication costs 
were significantly different for sunitinib ($216) versus pazopanib ($177, 
P < 0.0001). Substitution of sunitinib days supply eliminated the significant 
differences in daily index medication costs between treatment groups. The 
1-year RCC-related and all-cause medication, medical, and total unadjusted 
costs were not significantly different between treatment groups, and 
substitution had no effect on these costs. After adjustment for possible 
confounding factors, these cost results were similar to those found with 
unadjusted analyses. 

CONCLUSIONS: In this study, patients with RCC who were initiating suni-
tinib and pazopanib had similar demographic and clinical characteristics 
and drug persistence patterns. The effect of substituting days supply val-
ues was demonstrated as an approach to considering differences in dosing 
cycles. Substitution significantly reduced sunitinib mean daily index medi-
cation costs and eliminated or reversed the direction of significant differ-
ences in costs between drugs during the persistence period. No significant 
differences were observed in unadjusted or adjusted 1-year costs.
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•	Sunitinib and pazopanib are commonly used as first-line treat-
ment for advanced renal cell carcinoma (RCC).

•	Persistence with self-administered oral oncology medications is 
vital to the success of treatment. 

•	Assessment of persistence (duration of therapy) and related costs 
of sunitinib requires consideration of the 4-week on/2-week off 
dosing schedule. 

What is already known about this subject

•	The majority of prescription records contains days supply values 
that do not accurately reflect the recommended dosing schedule 
for sunitinib.

•	Substitution of days supply to account for the recommended suni-
tinib dosing schedule eliminated the difference between groups 
in the proportion of patients continuing index treatment and in  
the mean daily index medication cost that resulted from using 
observed days supply.

•	Total all-cause and RCC-related costs did not differ between 
index drug treatment groups over 1 year of follow-up.

What this study adds
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Renal cell carcinoma (RCC) accounts for 2%-3% of all 
malignancies diagnosed in adults and approximately 
85% of kidney cancers.1 Approximately 62,700 new 

cases and 14,240 deaths due to kidney cancer are estimated to 
occur in 2016.1 A substantial proportion (15%-40%) of cases 
are diagnosed in late stages or will develop distant metasta-
ses,1-4 and estimates of 5-year relative survival are only 8%-12% 
for late-stage metastatic cases.1,5 Sunitinib and pazopanib are 
among the most prescribed targeted treatments for RCC,6,7 and 
pazopanib was found to be noninferior to sunitinib in a ran-
domized clinical trial.8 However, compliance with therapy is 
critical to treatment success, and safety, adverse events, quality 
of life, and costs are factors that may affect compliance with 
treatment in real-world practice. Recent studies employing 
health care claims data reported similar persistence and com-
pliance patterns between these agents.9,10 

In addition to adverse events,11 treatment costs are known to 
affect patient adherence to self-administered oncologic medica-
tion and are of increasing importance to U.S. payers and oncol-
ogy professional organizations.12 In choosing between effica-
cious drugs, costs may influence treatment preference for payers 
and patients. Yet, cost comparisons between the commonly 
used RCC first-line drugs sunitinib and pazopanib in real-world 
populations are few, and methodological differences limit inter-
pretation across studies. Hansen et al. (2015) suggested that 
costs were lower for pazopanib-treated patients than for patients 
treated with sunitinib; however, the cohorts were not compared 
within the context of real-world treatment, but rather in the 
context of patients participating in a clinical trial, which does 
not provide an accurate profile of costs incurred in routine clini-
cal practice.13 Racsa et al. (2015) presented differences between 
patients newly treated with sunitinib and pazopanib, suggesting 
higher annual costs for sunitinib, yet differences did not persist 
with adjusted models and were only statistically significant 
for nonadherent patients, perhaps because of the inclusion of 
patients previously treated for RCC.10

A preliminary analysis of sunitinib prescription records 
revealed that the majority (75%) of records had 28 or 30 days 
supplies indicated, although 42 days is the accurate supply for 
1 prescription, given the recommended dosing schedule of 4 
weeks on therapy followed by 2 weeks off. Objectives of the 
current study were to (a) characterize demographic and clini-
cal characteristics among treatment-naïve patients with RCC 
newly initiating sunitinib or pazopanib from a large admin-
istrative claims dataset; (b) characterize treatment patterns, 
persistence, and costs associated with each treatment group; 
and (c) assess the effect on treatment patterns and costs for 
sunitinib by substituting 42 days for prescriptions that have 28 
or 30 days supplies to account for sunitinib’s dosing schedule. 
Also examined were differences in costs by patient age (< 65 vs. 
≥ 65 years) to serve as a possible proxy for commercial versus 
Medicare-insured status.

■■  Methods
Data Source
This study used data from the Truven Health MarketScan 
Research Database, which provides enrollment data, paid med-
ical claims for inpatient and outpatient utilization, and phar-
macy claims for over 170 million U.S. patients. Truven Health 
databases comprise the health care characteristics of covered 
populations and providers, including employer-sponsored 
commercial plans as well as Medicare-supplemental employer-
sponsored plans (both Medicare- and employer-paid portions). 
This study used HIPAA-compliant, de-identified data, as speci-
fied in US 45 CFR 46 and was thus exempt from review and 
approval by an institutional review board.

Study Design and Sample
This was a retrospective cohort study using health care claims 
data to characterize demographic and clinical characteristics, 
treatment patterns, mean daily medication costs and 12-month 
follow-up costs for treatment-naïve patients with RCC who were 
initiating treatment with sunitinib or pazopanib. The sample 
included patients with at least 2 International Classifications 
of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) 
diagnosis codes (189.0) for RCC and at least 1 prescription fill 
for sunitinib or pazopanib (see Appendix A for National Drug 
Code numbers and Healthcare Common Procedure Coding 
System codes, available in online article) between October 1, 
2009, and September 30, 2013, with the first fill date defining 
the index date. 

Inclusion Criteria. Patients were required to have continuous 
health plan enrollment from 6 months before to 12 months 
after the index date; have no RCC medications for 6 months 
before the index date; have 2 RCC diagnosis codes at least 7 
days apart within ±180 days of the index date; and be aged ≥ 20 
years in the year of the index prescription fill.

Exclusion Criteria. Patients were excluded if they had suni-
tinib and pazopanib prescription fills on the same index 
date; days supply < 28 for sunitinib or days supply < 30 for 
pazopanib (a priori definition); and prescription records with 
nonpositive days supply.

Measures and Data Captured
Patient Characteristics. Pre-index (baseline) demographic 
characteristics included age, gender, geographic region of 
residence (by U.S. Census divisions Northeast, North Central, 
South, and West) and continuous health plan enrollment (days) 
pre-index and post-index. Pre-index (baseline) clinical charac-
teristics included the following:
•	 Deyo Charlson Comorbidity Index (CCI) score and number 

and percentage (n %) of patients with each CCI comorbid-
ity in 6 months pre-index period (Appendix B, available in 
online article).14
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•	 Days from the earliest RCC diagnosis to the index date (back 
to January 2008).

•	 Six-month pre-index RCC-related (records with ICD-9-CM 
189.0) and all-cause inpatient admissions, number and per-
centage of patients with an admission and per-patient mean 
(± standard deviation [SD]) number of admissions.

•	 Metastases (ICD-9-CM codes 196.xx-199.xx): Percentage 
of patients during 6 months pre-index and January 1, 
2008-September 30, 2013.

Post-index Persistence. The persistence period consisted of 
the number of days from the start of the index medication to 
the end date of the last prescription’s days supply or the day 
before the start of a non-index RCC medication prescription 
within the allowed gap (30 days; Figure 1). The following 
treatment continuation definitions were applied, and patients 
were categorized as having continued, switched, interrupted, 
or discontinued their therapy. These patterns were defined as 
follows:
•	 Continued: Patients did not switch or discontinue index 

medication (i.e., there was no > 30-day gap for index medi-
cation during 12-month follow-up).

•	 Early Switch: Patients switched to a nonindex medication 
while in possession of index medication (before run-out of 
last prescription’s days supply). There was at least 1 > 30-day 
gap for index medication during follow-up and at least 1 
nonindex RCC medication within the 30-day gap.

•	 Delayed Switch: Patients switched to a nonindex medication 
after completion of the last index medication prescription’s 
days supply. There was at least 1 > 30-day gap for index 
medication and at least 1 nonindex RCC medication > 30 
days after the last index prescription’s days supply before 
reinitiation of index medication or end of follow-up.

•	 Interrupted: Patients’ treatments were halted but reinitiated 
with index medication. That is, there was reinitiation of the 
index medication after the last index prescription’s days 
supply plus at least 30 days, with no nonindex RCC medica-
tions before reinitiation.

•	 Discontinued: Patients ceased treatment with index medica-
tion, with no switch to nonindex RCC medications from last 
index prescription through follow-up and no reinitiation of 
index medication from last index prescription’s days supply 
plus at least 30 days through the end of follow-up.

FIGURE 1 Treatment Pattern Classification

Continued

Early Switch

Delayed Switch

Interrupted

Discontinnued

30-day gap End of 1-year follow-up

Index RCC Medication-Sunitinib or Pazonanib (Line = Days Supply)

Nonindex RCC Medication (Line = Days Supply)

Persistence Time

RCC = renal cell carcinoma.
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The RCC medications included sunitinib, pazopanib, temsi-
rolimus, axitinib, everolimus, interferon alfa-2B recombinant, 
bevacizumab, sorafenib, aldesleukin, and interferon alfa-2a 
(Appendix A).

Costs. Costs were categorized into the following 3 groups:

Index medication costs: Mean daily index medication cost during 
the persistence period was determined using persistence days 
as the denominator. 

1-year RCC-related costs: Payer-paid costs were determined over 
the 12-month follow-up for RCC medical (diagnosis-related), 
RCC medication, and total RCC-related (medical and medica-

tion) costs. RCC-related medical costs were based on inpatient 
and outpatient visits with an ICD-9-CM code of 189.0. Costs 
related to RCC medication included administrations and pre-
scriptions for sunitinib, pazopanib, aldesleukin, axitinib, beva-
cizumab, everolimus, interferon α-2a, sorafenib, interferon α-2B 
recombinant, and temsirolimus. 

1-year all-cause costs: All-cause medical (inpatient + outpatient), 
all-cause medication, and all-cause total (medical and medica-
tion) costs were determined over the 12 months post-index. 
Any health care cost, regardless of diagnosis or type of medica-
tion, was included.

FIGURE 2 Sample Selection and Attrition Flowchart

All patients enrolled for some time
October 1, 2009-September 30, 2013 in Truven dataset

N = 101,913,577 (100%)

Total with any sunitinib and/or pazopanib Rx 
during October 1, 2009-September 30, 2013

N = 5,721 (0.6%)

Total aged 20+ years in the year of index sunitinib or pazopanib prescription
N = 5,666 (0.6%)

Total with continuous enrollment from 6 months pre-index  
to 12 months post-index

N = 1,647 (0.2%)

Total without any RCC treatment medications during 6 months pre-index
N = 1,178 (0.1%)

Total with 2+ RCC diagnoses at least 7 days apart  
within ±180 days of the index date 

N = 828 (0.1%)

Total excluding patients with both sunitinib or pazopanib  
Rx on the same index date

N = 828 (0.1%)

Total excluding patients with days supply < 28 for index sunitinib  
Rx and days supply < 30 for index pazopanib Rx

N = 792 (0.1%)
With sunitinib Rx

N = 609 (15.1%)
With pazopanib Rx

N = 183 (8.3%)

RCC = renal cell carcinoma; Rx = prescription.
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Statistical Analysis
Demographic and pre-index clinical characteristics, treatment 
patterns, and costs between treatment groups were compared 
using means [± SD] for continuous variables and relative fre-
quencies (n, %) for categorical data. 

The current starting dose schedule recommendation for 
sunitinib is 50 mg orally every day for 4 weeks followed by 
2 weeks off therapy (i.e., a 42-day supply). The days supply 
value in the prescription record is integral to calculations of 
persistence, yet the majority of records in a preliminary analy-
sis had 28 or 30 days supply, which does not account for the 2 
weeks off therapy. Thus, we evaluated the effect of substituting 
42 days for sunitinib prescription records with 28 or 30 days 
supply on calculations of mean days supply, treatment patterns 
including persistence, and costs. To serve as a possible proxy 
for commercial versus Medicare-insured status, differences in 
costs were evaluated for patients aged < 65 years versus patients 
aged ≥ 65 years.

Chi-square tests were used to test for differences in cat-
egorical variables, and Student t-tests were used for continuous 
variables other than costs. A multivariable regression model 
was used to examine differences in costs between sunitinib and 

pazopanib. Since health care costs are typically non-normally 
distributed, a generalized linear model with a gamma distri-
bution and log link was used for evaluating costs (dependent 
variable), controlling for patient demographics and pre-index 
characteristics, persistence days, and index medication (as 
predictor variables). All statistical tests were 2-tailed with 
significance set at P < 0.05, except for treatment group by age 
interactions where significance was set at P < 0.10.

■■  Results
Description of Study Sample
Following application of inclusion/exclusion criteria, 609 
patients initiating treatment with sunitinib and 183 patients 
initiating treatment with pazopanib were identified as the 
study sample (Figure 2). Of these, 382 (65%) sunitinib patients 
and 115 (63%) pazopanib patients were aged < 65 years (data 
not shown).

No significant differences in mean age, gender, geographic 
region, pre-index inpatient admissions, or metastatic diagno-
sis were observed between sunitinib or pazopanib treatment 
groups (Table 1). Mean [SD] pre-index plan enrollment was 
significantly shorter for patients in the sunitinib group than 

Characteristic
Sunitinib 

n = 609
Pazopanib 

n = 183 P Value

Age, mean [SD] 	 62.61	 [10.38] 	 61.93	 [11.27] 0.443
Age group, n (%)

18-34 	 2	 (0.33) 	 2	 (1.09) 0.252
35-44 	 22	 (3.61) 	 6	 (3.28)
45-54 	 93	 (15.27) 	 38	 (20.77)
55-64 	 265	 (43.51) 	 69	 (37.70)
65+ 	 227	 (37.27) 	 68	 (37.16)

Gender, n (%)
Male 	 443	 (72.74) 	 138	 (75.41) 0.474
Female 	 166	 (27.26) 	 45	 (24.59)

Geographic region, n (%)
Northeast 	 87	 (14.29) 	 22	 (12.02) 0.832
North Central 	 162	 (26.60) 	 52	 (28.42)
South 	 220	 (36.12) 	 68	 (37.16)
West 	 132	 (21.67) 	 40	 (21.86)
Unknown 	 8	 (1.31) 	 1	 (0.55)

Continuous enrollment days (pre-index), mean [SD] 	 856.67	 [399.48] 	 962.21	 [436.43] 0.002a

CCI score, mean [SD] 	 7.98	 [2.90) 	 8.11	 [2.80] 0.604
Metastatic diagnoses during 6 months pre-index, n (%) 	 495	 (81.28) 	 151	 (82.51) 0.706

Metastatic diagnosis from January 1, 2008 through September 30, 2013 	 578	 (94.91) 	 179	 (97.81) 0.094
Days from earliest pre-index RCC diagnosis, January 1, 2008, to index date, mean [SD] 	 372.57	 [397.26] 	 490.75	 [435.17] < 0.001a

Number of all-cause inpatient admissions, during 6 months pre-index, n (%) 	 322	 (52.87) 	 90	 (49.18) 0.381
Per patient mean [SD] 	 0.72	 [0.82] 	 0.86	 [1.23] 0.145

Inpatient admissions with any RCC diagnosis, during 6 months pre-index, n (%) 	 264	 (43.35) 	 73	 (39.89) 0.407
Per patient mean [SD] 	 0.55	 [0.73] 	 0.64	 [1.04] 0.228

aP < 0.05.
CCI = Charlson Comorbidity Index; RCC = renal cell carcinoma; SD = standard deviation.

TABLE 1 Demographic and Clinical Characteristics 
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for patients in the pazopanib group (857 vs. 962 days, respec-
tively; P = 0.002). Of note, the length of time between the earli-
est pre-index RCC diagnosis (back to January 1, 2008) and 
the index date was also shorter for sunitinib (373 days) than 
pazopanib (491 days; P = 0.001). 

Mean CCI scores were similar, as was the proportion of patients 
with specific CCI conditions (Appendix A), with the exception 
of chronic pulmonary disease, which was more prevalent in 
the sunitinib group (16.4%) than the pazopanib group (8.74%, 
P = 0.010). All characteristics were similar between patients aged 
< 65 years versus patients aged ≥ 65 years (data not shown).

Medication Use Patterns
Using days supply as observed in the prescription records, the 
persistence period was shorter for sunitinib (177 days) than 
pazopanib (194 days), although the difference was not statisti-
cally significant (Table 2). Significant differences in the number 
of index medication prescriptions (4.53 vs. 5.81, P < 0.001) and 
total days supply (145 vs. 183, P < 0.001) during the persis-
tence period were observed between sunitinib and pazopanib 
groups, respectively. The number of unique RCC medications 
was not significantly different. 

Using the observed days supply, there were significant dif-
ferences between treatment groups in continuation of the index 
medication (overall P = 0.041) with fewer patients in the suni-
tinib group continuing treatment than in the pazopanib group. 
These patterns were similar between patients aged < 65 years 
versus patients aged ≥ 65 years (data not shown). 

Accounting for sunitinib dosing schedule through substitu-
tion of days supply had an effect on medication use patterns. 
Although the mean persistence period did not differ signifi-
cantly between groups with substitution, the mean days supply 
reversed direction from being significantly lower with sunitinib 
(144.8 days vs. 182.5 days for pazopanib, P < 0.001) to trending 
higher (201.6 days with sunitinib vs. 182.5 days for pazopanib, 
P = 0.065) with substitution. Treatment patterns also changed 
with substitution for the numbers of patients who contin-
ued with therapy and those whose therapy was interrupted. 
Without substitution, a significant difference was observed 
in patients who continued sunitinib versus pazopanib (22.5% 
vs. 30.6%, respectively, P = 0.025); with substitution the dif-
ference became nonsignificant (33.0% vs. 30.6%, respectively, 
P = 0.543). However, substitution had a larger effect with regard 
to interrupted therapy, with significantly fewer sunitinib 
patients having interrupted therapy (28.4% of sunitinib vs. 
26.2% of pazopanib without substitution, P = 0.565; 15.4% vs. 
26.2%, respectively, P = 0.001, with substitution).

RCC-Related and All-Cause Costs
As shown in Table 3, unadjusted 1-year total RCC-related and 
all-cause total costs were not significantly different between 
treatment groups. Because these costs are not specific to the 
persistence period, substitution had no effect. All cost compo-
nents were similar by age group, with the exception of all-cause 
medical cost, which was significantly higher in the sunitinib 
group in patients aged ≥ 65 years ($46,859.42 and $32,321.80, 
respectively, P = 0.010).

Sunitinib 
n = 609

Pazopanib 
n = 183 P Value

Persistence period, mean [SD] days 	 176.61	 [125.20] 	 194.28	 [129.84] 0.097
Substituted 	 209.46	 [126.17] 	 194.28	 [129.84] 0.157

Total index medication days supply during persistence period, mean [SD] 	 144.78	 [102.05] 	 182.50	 [123.82] < 0.001b

Substituted 	 201.59	 [122.16] 	 182.50	 [123.82] 0.065
Number of index medication prescriptions filled during persistence period, mean [SD] 	 4.53	 [3.16] 	 5.81	 [4.06] < 0.001b

Substituted 	 5.14	 [3.48] 	 5.81	 [4.06] 0.007b

Number of unique RCC medications during persistence period, mean [SD] 	 1.01	 [0.08] 	 1.02	 [0.15] 0.178
Substituted 	 1.02	 [0.16] 	 1.02	 [0.15] 0.932

Pattern of index medication use, overall, n (%) 0.041b

Substituted 0.0023
Continue 	 137	 (22.50) 	 56	 (30.60) 0.025b

Substituted 	 201	 (33.0) 	 56	 (30.60) 0.543
Discontinue 	 113	 (18.56) 	 21	 (11.48) 0.025b

Substituted 	 117	 (19.2) 	 21	 (11.48) 0.016b

Switched 	 186	 (30.54) 	 58	 (31.69)  0.767
Substituted 	 197	 (32.3) 	 58	 (31.69) 0.868

Interrupted therapy 	 173	 (28.41) 	 48	 (26.23)  0.565
Substituted 	 94	 (15.4) 	 48	 (26.23) < 0.001b

aSubstitution of 42-day supply for prescriptions with 28- or 30-day supply.
bP < 0.05.
RCC = renal cell carcinoma; SD = standard deviation.

TABLE 2 Medication Treatment Patterns Using Observed and Substituted Days Supplya
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■■  Discussion 
Accurate understanding of treatment persistence and costs in a 
real-world setting is an important contributor to decision mak-
ing regarding the first-line treatment of RCC. Existing literature 
describing cost differences between sunitinib and pazopanib 
include a study applying costs to a clinical trial population 
and a real-world study of pazopanib and sunitinib in first or 
later lines of therapy for RCC.10,13 Using health care claims, we 
compared patient characteristics and medication use patterns 
between treatment-naïve RCC patients initiating sunitinib and 
pazopanib as first-line therapy. This study contributes unique 
health care cost information and demonstrates the effect of 
using substitution of days supply to address the difference in 
dosing schedules of these 2 drugs. There are few studies com-
paring first-line RCC targeted treatment groups, but we high-
light key similarities and differences with this study.

Demographic and Pre-index Clinical Characteristics
Mean age, the predominance of males, and geographic dis-
tribution of patients were similar between treatment groups 
and comparable to national statistics and previous studies of 
various targeted RCC treatments using health care claims.7,9,13,15 
Similar to our results, the results of the only other real-world 
study comparing sunitinib and pazopanib treatment pat-
terns using CCI scores found a similar extent of comorbidity 

The unadjusted mean daily index medication costs using 
observed days supply was significantly different in the < 65 age 
group ($219.22 sunitinib and $172.88 pazopanib, P < 0.001) 
and nonsignificant in the ≥ 65 age group ($209.24 sunitinib 
and $183.17 pazopanib, P = 0.055). Substitution of days sup-
ply for sunitinib resulted in lower mean daily medication 
cost for this agent, eliminating the difference compared with 
pazopanib in patients aged < 65 years ($182.59 sunitinib and 
$172.88 pazopanib, P = 0.400) or aged ≥ 65 years ($171.58 suni-
tinib and $183.17 pazopanib, P = 0.320; Table 3).

After adjusting for possible confounding factors (Figure 3), 
we found similar results as with unadjusted costs; however, 
treatment group comparisons within age groups were not dif-
ferent (aged < 65 years P = 0.340, aged ≥ 65 years P = 0.110). 
Similar findings with substitution were observed (data not 
shown). Similar to unadjusted cost results, substituting days 
supply affected the mean daily adjusted index medication costs 
by eliminating the significant differences between treatment 
groups. After substitution, the mean [SD] daily costs were simi-
lar between comparators: $178.49 [51.89] for sunitinib versus 
176.65 [48.93] for pazopanib (P = 0.669). The adjusted 1-year 
RCC-related and all-cause costs were not significantly different 
between index medication treatment groups, and substitution 
had no effect on these costs. 

Sunitinib 
Mean [SD]

Pazopanib 
Mean [SD] P Value

Average daily cost for index medication during persistence period
Aged < 65 years 	 182.59	 [52.33] 	 172.78	 [52.53] 0.079
Aged ≥ 65 years 	 171.58	 [50.50] 	 183.17	 [41.70] 0.086

RCC diagnosis cost in 12 months post-index
Aged < 65 years 	 37,465.39	[115,596.71] 	 31,530.71	 [39,019.37] 0.189
Aged ≥ 65 years 	 17,126.76	 [24,026.93] 	 13,292.10	 [16,697.30] 0.126

RCC medicationb cost in 12 months post-index
Aged < 65 years 	 59,884.14	 [27,250.96] 	 54,790.31	 [29,787.99] 0.388
Aged ≥ 65 years 	 46,333.61	 [27,635.49] 	 49,215.15	 [26,962.09] 0.586

RCC-related total cost (RCC diagnosis cost + RCC medication cost) in 12 months post-index
Aged < 65 years 	 97,349.53	[116,782.36] 	 86,321.03	 [48,606.30] 0.072
Aged ≥ 65 years 	 63,460.37	 [35,258.34] 	 62,507.25	 [32,143.48] 0.862

All-cause medical cost (IP + OP) in 12 months post-index
Aged < 65 years 	 69,987.68	[170,408.04] 	 67,499.81	 [69,852.38] 0.754
Aged ≥ 65 years 	 46,859.42	 [62,186.99] 	 32,321.80	 [35,269.38] 0.010

All-cause medication cost (Rx) in 12 months post-index
Aged < 65 years 	 61,134.88	 [28,641.89] 	 55,561.92	 [31,591.63] 0.357
Aged ≥ 65 years 	 46,812.58	 [28,369.01] 	 52,398.83	 [29,156.07] 0.293

All-cause total cost (IP + OP + Rx) in 12 months post-index
Aged < 65 years 	 131,122.56	 [168,767.89] 	 123,061.73	 [73,631.26] 0.344
Aged ≥ 65 years 	 93,672.00	 [64,833.49] 	 84,720.63	 [44,705.62] 0.238

aAll amounts are in U.S. dollars.
bRCC-related medication costs include index and nonindex medications and included administration costs for RCC medications.
IP = inpatient; OP = outpatient; RCC = renal cell carcinoma; Rx = prescription; SD = standard deviation. 

TABLE 3 Unadjusted Health Care Costsa
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FIGURE 3 Adjusted RCC-Related and All-Cause Costs

A. Adjusted RCC-Related Costs

B. Adjusted All-Cause Costs 
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Note: All treatment group by age group interaction, P > 0.10.
aRCC-related medication costs include index and nonindex medications.
RCC = renal cell carcinoma.

aTreatment group by age group interaction, P = 0.0617.
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between treatment groups.9 In the current study, a significantly 
longer time from RCC diagnosis to index date and longer pre-
index enrollment period for pazopanib patients than sunitinib 
patients was observed, although reasons for these differences 
are not clear. It is possible that the baseline health of patients 
or physician experience influenced the choice of index treat-
ment. Because pazopanib was approved for advanced RCC late 
in 2009, physicians may have been more inclined to prescribe 
sunitinib as first-line treatment in the early years of the study 
period. This might also explain the larger proportion of suni-
tinib patients in the study overall. 

Treatment Patterns
Increasing use of oral oncology agents provides convenience 
advantages over clinic-delivered treatments, but it has been 
reported that persistence to self-administered drugs may be 
problematic.15,16 A few retrospective studies have assessed 
persistence to tyrosine kinase inhibitors in RCC, but compari-
sons are hampered by dissimilar measures and methodology. 
Important factors that must be considered when comparing 
treatment patterns and costs over time are similarities or dif-
ferences in dosing schedules. The problem of drug exposure 
misclassification with inaccurate pharmacist-recorded days 
supply has been described, and correction of days supply by 
substitution has been used in disease states where noncontinu-
ous daily drug dosing occurs.18,19 Packaging of sunitinib as 28 
count and U.S. health plan dispensing requirements likely 
contribute to pharmacist entry of 28 count or 30 count in the 
days supply field of the prescription record. 

For the current study, the need to accommodate for non-
continuous daily dosing through correction of days supply by 
substitution was informed through preliminary analysis. This 
analysis revealed that most sunitinib prescriptions had days 
supply values of 28 or 30, both less than the dosing cycle of 
42 days, but prescription date intervals were consistent with a 
dosing cycle of 42 days. The effect of substitution was evident 
through changes in persistence results and consequent con-
clusions regarding differences between treatment groups that 
involve this measure. In their studies comparing treatment 
patterns between sunitinib and pazopanib, DaCosta Byfield 
et al. (2015) adjusted for sunitinib’s dosing schedule using 
different methods, and Racsa et al. used substitution methods 
similar to the current study.9,10 Despite different methods and 
patient selection criteria, both studies yielded similar conclu-
sions as the current study, that is, no significant differences 
in persistence between treatment groups. Taken together, all 
studies further emphasize that consideration of dosing sched-
ule is needed when comparing sunitinib to other first-line RCC 
treatments.

Health Care Costs
The final objective of this study was to compare mean daily 
index medication costs and all-cause and RCC-related health 
care costs during the 12-month follow-up period. It was 
hypothesized that substitution would affect cost calculations 
because days supply affects calculations of the persistence 
period and, as a result, costs calculated over the persistence 
period. Without substitution, sunitinib had a significantly 
higher average daily medication cost, but substitution elimi-
nated the difference. No significant differences were observed 
between treatment groups stratified by the age 65 threshold in 
adjusted daily costs, RCC-related costs, or all-cause 12-month 
costs. Before adjustment for demographic and clinical charac-
teristics, all-cause medical costs were significantly higher in 
the sunitinib group in patients aged ≥ 65 years but were not 
different after adjustment. 

Few studies have examined health care costs associated 
with RCC treatment. Geynisman et al. (2015) reported similar 
first-year, first-line oral drug costs for patients aged < 65 years.7 
The authors reported an average across all drugs based on data 
from 2004-2010, but the results are comparable to the 1-year 
post-index RCC medication costs for sunitinib and pazopanib 
observed in the current study. Racsa et al. reported higher total 
health care costs than in the current study (with no significant 
differences between treatment groups) and also found that 
adjusted pharmacy costs for sunitinib and pazopanib patients 
were not significantly different, including index and non-index 
RCC medications.10 However, the magnitude of cost results 
are not comparable to the current study because of the much 
shorter treatment duration in the Racsa et al. study and because 
that study’s sample had more Medicare patients, whereas the 
current study had more commercial patients.10 Our examina-
tion by age group was intended to serve as a possible proxy 
for commercial versus Medicare insured status. Gross covered 
payments for both treatment groups were higher in patients 
aged < 65 years compared with those patients aged ≥ 65 years, 
but no significant differences were observed between treatment 
groups for either age group.

Any economic comparison must have accurate cost data as 
its foundation, and so far, real-world studies using actual costs 
are lacking. To date, only 2 studies have directly compared 
health care costs between patients receiving sunitinib and 
pazopanib.10,13 Hansen et al. used a clinical trial population 
and applied wholesale acquisition drug costs to treatment and 
assigned price weights from insurance data to select adverse 
events rather than study patients from routine clinical practice 
and the actual costs associated with their care.13 The authors’ 
conclusion that overall costs were greater for patients treated 
with sunitinib was based solely on differences observed in drug 
costs, and it is important to note that the reference dates for 
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drug costs used were from different time points: preceding a 
price increase for pazopanib and following a price increase for 
sunitinib. Racsa et al. observed no difference in overall annual 
costs between the 2 treatment groups but did observe signifi-
cantly higher annual costs in nonadherent sunitinib patients 
compared with nonadherent pazopanib patients.10 This differ-
ence may be explained by unreported factors and/or patient 
selection, since patients previously treated for RCC were 
included, and there was a significantly higher rate of previous 
treatment in the pazopanib group.10 Comparisons of cost in the 
published literature are few, and understanding the methodolo-
gies employed, results observed, and conclusions made is criti-
cal. Accurate data are vital in cost studies, as well as patient, 
physician, and payer considerations regarding treatment. 

Limitations
Possible limitations to this study should be considered in the 
interpretation of the findings, in part because health care 
claims data were not created specifically for research purposes. 
Claims may contain errors in coding or may be incomplete. 
The presence of prescription fill claims cannot be considered 
to represent proper self-administration or adherence or include 
any drugs obtained outside of the pharmacies filing the claims, 
such as physician samples, or patients’ participation in a clini-
cal trial. Nevertheless, there is no reason to believe these limi-
tations would be present to differing degrees in patients taking 
sunitinib versus pazopanib. This study also did not assess 
survival or adverse events, which might influence persistence 
results. Also, this study’s results are not necessarily generaliz-
able to patients who are not enrolled in similar health plans as 
those in this study, since the characteristics and gross covered 
payments may differ among different insured samples.

■■  Conclusions 
This analysis of persistence and actual costs represents the 
experience of real-world clinical practice of first-line treatment 
of RCC with sunitinib and pazopanib. Accounting for suni-
tinib’s unique dosing cycle for persistence and cost calculations 
is critical when comparing first-line RCC targeted treatments. 
The substitution of sunitinib days supply corrected for the 
values not reflecting actual patient experience. Calculations 
affected by this measure include daily index medication costs. 
There were no significant differences in persistence and simi-
lar RCC-related and all-cause costs over the 12-month period 
following the initiation of sunitinib or pazopanib as first-line 
therapy for RCC. The results of this study support selection of 
initial systemic treatment for RCC based on patients’ individual 
clinical factors and physician experience in using these agents. 
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NDC Numbers Brand Name Generic Name HCPS/CPT Codes 

00008-1179-01, 00008-1179-05 Torisel Temsirolimus J9330, C9239
00069-0145-01, 00069-0151-11 Inlyta Axitinib N/A
00069-0550-38, 00069-0770-38, 00069-0980-38, 69055030, 
69055038, 69077030, 69077038, 69098030, 69098038,  
54569598200, 54569598300, 54868557300 

Sutent Sunitinib malate N/A

00078-0566-51, 00078-0566-61, 00078-0567-51, 00078-0567-61, 
00078-0594-51, 00078-0594-61, 00078-0620-51, 00078-0620-61

Afinitor Everolimus J7527, J8561

00085-0571-02, 00085-1133-01 Intron A Interferon alfa-2B, recombinant J9214 
CPT 100282

00173-0804-09 Votrient Pazopanib HCL N/A
50242-0061-01 Avastin Bevacizumab C9214, C9257, J9035, 

Q2024, S0116
50419-0488-58 Nexavar Sorafenib tosylate N/A
65483-0116-07 Proleukin Aldesleukin J9015
4201109, 4201607, 4201209, 4200909, 4201507, 4201509, 4201609, 
4198701, 4201709, 4201707, 4690033, 4201009, 4200709, 4199309, 
4201509, 4200909, 4201109, 4199309, 4201609, 4201507, 4201009, 
4200709, 4201209, 4201707, 4201607, 4198701, 4690033, 4201709

Roferon-A Interferon Alfa-2a J9213

CPT = Current Procedural Terminology; HCPCS = Healthcare Common Procedure Coding System; N/A = not available; NDC = National Drug Code.

APPENDIX A NDC Numbers and HCPS/CPT Codes for RCC Medications

Comorbid Condition, n (%)
Sunitinib 

n = 609
Pazopanib 

n = 183 P Value

Any comorbid condition 	 607	 (99.7) 	 182	 (99.5) 0.674
Myocardial infarction 	 21	 (3.4) 	 9	 (4.9) 0.361
Congestive heart failure 	 23	 (3.8) 	 13	 (7.1) 0.058
Peripheral vascular disease 	 21	 (3.4) 	 8	 (4.4) 0.560
Cerebrovascular disease 	 47	 (7.7) 	 12	 (6.6) 0.600
Dementia 	 3	 (0.5) 	 0	 (0.0) 0.342
Chronic pulmonary disease 	 100	 (16.4) 	 16	 (8.7) 0.010
Rheumatologic disease 	 7	 (1.1) 	 2	 (1.1) 0.950
Peptic ulcer disease 	 8	 (1.3) 	 2	 (1.1) 0.815
Mild liver disease 	 4	 (0.7) 	 2	 (1.1) 0.551
Diabetes 	 162	 (26.6) 	 40	 (21.9) 0.197
Diabetes with chronic complications 	 25	 (4.1) 	 11	 (6.0) 0.278
Hemiplegia or paraplegia 	 3	 (0.5) 	 2	 (1.1) 0.369
Renal disease 	 112	 (18.4) 	 42	 (23.0) 0.172
Malignancy 	 599	 (98.4) 	 182	 (99.5) 0.267
Moderate or severe liver disease 	 4	 (0.7) 	 0	 (0.0) 0.272
Metastatic solid tumor 	 495	 (81.3) 	 151	 (82.5) 0.706
AIDS 	 1	 (0.2) 	 0	 (0.0) 0.583

APPENDIX B Charlson Comorbidity Index Conditions Identified
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