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Abstract

Objectives

Changes in treatment choice of therapy and size of treated population that can lead to
under- or overestimate of payer’s budget are less likely to be reassured after reimbursement
adoption of a new drug. The aim of this study was to evaluate the effects of febuxostat intro-
duction and the modifications in its insurance coverage on the utilization and expenditure of
urate-lowering therapy (ULT).

Methods

Electronic medical records for adults patients prescribed any ULT during 2010-2015 was
derived from the largest medical organization in Taiwan. Aggregated estimates of ULT use
and costs were assessed per 3-month and per patient per month (PPPM). Factors associ-
ated with total ULT expenditure were assessed using a time series design with factored
Autoregressive Integrated Moving Average (ARIMA) models.

Results

ULT prevalent users increased 34.1% from 2010 to 2015 and a 123% increase in total ULT
expenditure. Numbers on allopurinol and sulfinpyrazone both declined 31%, and on benz-
bromarone and febuxostat gradually increased to 38.21% and 22.89% of all users in 2015.
Insurance payments PPPM ($4.44 to $9.22) and total monthly ULT cost ($32,946 to $
85,732) growth more than doubled in 6 years, trend changes generated mostly by individu-
als switching to febuxostat.
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eGFR, estimated glomerular filtration rate; HLA,
human leukocyte antigen; NHI, national health
insurance; PPPM, per patient per month; SCARs,
severe cutaneous adverse reactions; SUA, serum
uric acid; ULT, urate-lowering therapy; US, United
States (US); XOl, xanthine-oxidase inhibitors.

Conclusions

ULT use moved to favor benzbromarone and febuxostat; greater expensive uptake for
febuxostat led to a rapid rise in ULT cost. Marginal values of increasing access to febuxostat
for asymptomatic hyperuricemia should be focus on future studies to facilitate drug prices
negotiation and ensure appropriate ULT use.

Introduction

The global prevalence of gout and hyperuricemia have been increasing, in part due to the
growing availability of high caloric foods and the rising prevalence of comorbidities that
increase risk of hyperuricemia, such as hypertension, obesity, metabolic syndrome, and
chronic kidney disease (CKD) [1]. Gout is associated with a substantial economic burden: the
annual direct costs of new cases of acute gout in the United States (US) may be as high as US$
27 million [2]. Individuals who experience attacks of gout also exhibit greater absenteeism,
which may lead to reduced productivity and an impaired health-related quality of life [3,4].
These observations highlight the need for an efficient strategy for the management of hyper-
uricemia in the healthcare system.

Treatment with urate-lowering therapy (ULT) to lower serum uric acid (SUA) is recom-
mended for patients with symptomatic gout, joint damage, and/or severe hyperuricemia [5-
7], but there is a lack of direct evidence to support the treatment of asymptomatic patients
[8]. There have been recent advances in the treatment of hyperuricemia: febuxostat, a new
xanthine-oxidase inhibitors (XOI), became available worldwide in 2009 and was found to
be significantly more effective in lowering uric acid levels than allopurinol in trial settings
[9,10]. Although allopurinol (XOI) is generally well tolerated and effective in most individu-
als, its utilization has gradually declined due to associations with severe cutaneous adverse
reactions (SCARs) in those with specific genetic markers (human leukocyte antigen [HLA]-
B*58:01) and the risk of SCARs increased among individuals with impaired kidney function
[11].

In 2011, the national health insurance (NHI) program in Taiwan covered febuxostat as
second line therapy for patients who failed to respond or could not tolerate the first-line regi-
men of allopurinol and uricosuric agents. On 01 March, 2014, the NHI policy on prescrip-
tion drugs was modified to cover the use of febuxostat as first-line therapy for patients with
moderate CKD (estimated glomerular filtration rate [eGFR] <45 ml/min/1.73 m? or serum
creatinine >1.5 mg/dL) [12]; this was further expanded to those diagnosed with uric acid
nephrolithiasis on 01 August, 2016 [13]. The reimbursed daily price of febuxostat (80 mg/
table/day, US$ 0.75) under the Taiwan NHI program in 2016 was two to eight times higher
than allopurinol (100 mg/table, 300mg/day, US$ 0.14), and uricosuric agents: benzbromar-
one (50 mg/tab, 100mg/day, US$ 0.09) and sulfinpyrazone (100mg/tab, 300 mg/day, US$
0.37) [14].

The effects on healthcare spending of changes in insurance coverage of innovative prescrip-
tion drugs have previously been described in different disease populations [15,16], yet the
aggregate demand for prescriptions associated with coverage expansions and therapeutic sub-
stitutions in management of hyperuricemia and gout are not well understood. We conducted
a cross-sectional study to evaluate how the adoption of febuxostat and the modifications in its
insurance coverage have affected trend changes in the ULT use and expenditure in a large Tai-
wan medical organization.
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Methods
Study design and patient population

This was a cross-sectional study using electronic medical records from Chang-Gung Memorial
Hospital (CGMH), the largest medical center in Taiwan. CGMH provides approximately 10—
12% of healthcare services of the Taiwan NHI program. The CGMH database contains diagnos-
tic, prescription, and laboratory test results from both in- and outpatient settings. Individuals
>18 years of age who had been prescribed at least one ULT, including febuxostat, allopurinol,
benzbromarone, probenecid, or sulfinpyrazone, between 01 January 2010 and 31 December
2015 were identified. This study was approved by the Institutional Review Board of CGMH and
the Ethics Committee of CGMH, Taiyuan, Taiwan (approval number 201600110B0). All data
were anonymized to protect participant confidentiality.

Patterns of utilization

The primary unit of analysis was person-ULT prescription, referred to as individual ULT users
during the study period. For a single patient encounter, drug mentions are duplicated by the
number of different ULT is prescribed. The proportion of ULT users was calculated from the
number using each urate-lowering agent divided by the total number of individuals using ULT
in each 3-month interval (quarter). An individual was considered to be using a ULT if they
had been prescribed the drug for >7 days in each quarter. Those who received therapy for <7
days were excluded because they were thought likely to have been prescribed the drug at an
acute stage, or were less likely to use it long-term. To assess the effects of expansion of febuxo-
stat insurance coverage on patterns of ULT use, febuxostat users were categorized as either a
switcher or a new user. Febuxostat switchers were those who have been treated with allopurinol
or any uricosuric agents. A new user was an individual who had newly initiated febuxostat and
had not previously been prescribed a ULT. Patient’s age at the ULT prescribed and sex were
analyzed. The physician’s specialty for each ULT prescriptions was assessed to explore the cor-
relation between febuxostat adoption and specialty in the study setting.

Calculation of expenditures

Trends in ULT expenditure were measured for all ULT users and for individual patients with
individual ULT use per month. ULT expenditure per month and per 3-month were calculated
by dividing the sum of ULT costs by the total number of months participants were prescribed
with a ULT. For individual patients, ULT cost per patient per month (PPPM) was calculated
by summing paid for any ULT divided by month of exposure. All cost estimates were normal-
ized to September 2016 US dollars using the amount paid by the Taiwan NIH program. The
exchange rate for 1 US dollar was 31.5 TWD in September, 2016.

The amount paid for each ULT per tablet was retrieved from the reimbursed products file
on the National Health Insurance Administration webpage, [14] which reports the time of cov-
erage and amounts paid by the prescription billing code. To account for the variation in reim-
bursed price over time, the national annual average cost per unit was calculated based on the
products with the same strength and same dosage form that were reimbursed in the same
period of time (S1 Table).

Statistical analysis

Cochran-Armitage tests were performed to examine for statistical significance in trends of
each and all ULT uses over the study period. Observed incidence and prevalence and demo-
graphic changes can be used in a simulation model to predict future overall healthcare costs
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and the financial impacts in the target population [15]. Time series modeling techniques for
forecasting the future value, describing the pattern of change in a variable, and assessing the
impacts of event have been increasing used in drug utilization research [16,17]. The impacts of
febuxostat introduction to the study setting from 01 April, 2013 (intervention 1) and expan-
sions of febuxostat insurance coverage from 01 March, 2014 (intervention 2) on longitudinal
trends in total all ULT expenditure (including febuxostat and its alternatives) were assessed
using the autoregressive integrated moving average (ARIMA) model to adjust for seasonality
and autocorrelation in the serial correlation. Due to the linear time-independent hypothesis
model is usually not suitable to examine the trend changes in drug utilization throughout a
period of time, prior studies have suggested that segmented regression analysis is preferable to
assess the longitudinal impact of an event [16]. Attacks of gout have been noticed to be sea-
sonal [18], so ARIMA regression model was employed to account for possible seasonality bias
and assess intervention effects on the trend changes in ULT expenditure.

Briefly the independent variables in the statistical model were fitted first, followed by the
ARIMA modeling identification process to the residuals [19]. The factored ARIMA (p, q)
model with intercept was used in this study, where parameters p (autoregressive part) and q
(moving average part) were non-negative integers (range from 0 to 12) in the model and a
maximum likelihood method was used to assess the effect of the interventions on total ULT
expenditure. The autocorrelation, partial autocorrelation, and inverse autocorrelation correla-
tion plots were assessed for model parameter selection and appropriateness. We used the esti-
mated rates generated by the Factored ARIMA Model Specification window for the change in
total ULT expenditure [20]. In the time series intervention analysis, the slope coefficient mea-
sures the relative change in the dependent variable (total ULT expenditure) for a given abso-
lute change in the value of the explanatory variable (as intervention 1, 2) at month t. The
coefficients of intervention 1 and 2 indicate the monthly changes in ULT expenditure associ-
ated with febuxostat introduction or reimbursement coverage activation calculated in the
ARIMA model. All analyses were conducted using SAS 9.3 (SAS Institute, Cary, North Caro-
lina, USA); p-values of <0.05 were considered significant.

Results
Patients

Between 2010 and 2015, 37,759 patients were prescribed at least one ULT (Fig 1); 34,963
(92.6%) were prescribed the drug(s) for >7 days. The primary unit of analysis was person-
ULT prescription. The n denotes the number of patients prescribed the ULT in the study
period. Three individuals were prescribed probenecid (<10 per 100,000 persons) and were
therefore excluded from further analyses. Of the 34,961 individuals prescribed ULT (for
324,383 prescription orders), 14,728 (42.1%) were initially prescribed allopurinol, 11,983
(34.3%) benzbromarone, 5,912 (16.9%) sulfinpyrazone, and 2,338 (6.7%) febuxostat during
the study period (Table 1). Overall mean age at first recorded prescription was 62.2 (standard
deviation [SD] * 15.8) years; this was slightly higher in febuxostat users (64.3+14.8 years). A
total 27,083 (77.5%) participants were male. Overall, participants were most frequently pre-
scribed ULT by cardiologists (7,665/34,961 [21.9%]), followed by nephrologists (6,490/34,961
[18.6%]), rheumatologists (6,375/34,961 [18.2%]), and neurologists (3,232/34,961 [9.2%]). The
distribution of specialists varied depending on the drug prescribed.

Adoption of febuxostat

The number of individuals using ULT increased from 11,235 to 15,069 (34.1% increase) during
the study period (Cochrane-Armitage trend test, p<0.0001; Fig 2(A)) and there were 15,069
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Patients with any ULT prescription
January 1, 2010-December 31, 2015
(n=37,759 with 827,409 prescription records)

Excluded

= 833 ULT initiated before 2010 (n=28)

= 12 probenecid records (n=3)

= 5,657 ULT with camulative days of supply <7 days within a
3-month period (n=2,767)

Final cohort
(n=34,961 with 324,383 prescription records)

1St ULT prescribed during study period

A4

l

Allopurinol
(0=14,728)

Benzbromarone Sulfinpyrazone Febuxostat
(0=11,983) (0=5,912) (0=2,338)

Fig 1. Selection of the study cohort.
https://doi.org/10.1371/journal.pone.0221504.g001

patients in the last quarter of 2015 (2015 Q4). At the beginning of 2010, 52.4% of those using
ULT were on allopurinol (n = 5, 892), 24.3% on benzbromarone (n = 2,727), and 23.3% on sul-
finpyrazone (n = 2,616) (Fig 2(B)). By the end of 2015, this had reduced to 27.0% for allopuri-
nol (n = 4,061), increased to 38.2% for benzbromarone (n = 5,758).

After the introduction of febuxostat in April 2013, its usage increased rapidly to 22.9%

(n = 3,450) by the end of 2015. The increase in use of febuxostat was higher among switchers
than new users (15.1% vs. 7.8%). The proportion of individuals prescribed febuxostat
remained higher in switchers than new users after the expansion of febuxostat coverage to
patients with CKD enacted on 01 March, 2014.

Of the 6,133 individuals using febuxostat, 3,795 (61.9%) were switchers and 2,338 (38.1%)
were new users (Table 2). The mean age was higher in new users than in switchers (64.3+14.8
vs. 61.2+15.0 years). More than half of new users (n = 1,315) received treatment from nephrol-
ogists; switchers were primarily treated by nephrologists (39.8%), rheumatologists (20.3%) and
cardiologists (13.1%).

ULT expenditure

The annual expenditure for ULT increased from US$ 403,380 in 2010 to US$901,343 in 2015
(123% increase; Table 2). The proportion of ULT expenditure spent on febuxostat grew from
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Table 1. Characteristics of users by the first prescription of urate-lowering agent during the study period.

Age, mean (SD), years

Sex, %
Male
Female

Specialty, %
Cardiology
Nephrology
Rheumatology
Neurology
Endocrine
Hematology/oncology
Internal medicine
Urology/Surgery
Family medicine
Others

All ULT users in use trends analyses were patients had been prescribed the individual ULT for >7 days in each quarter between 2010 and 2015

All users (n = 34,961)
62.18 (+15.77)

27,083 (77.47%)
7,878 (22.53%)

7,665 (21.92%)
6,490 (18.56%)
6,375 (18.23%)
3,232 (9.24%)
3,119 (8.92%)
1,051 (3.01%)
941 (2.69%)
934 (2.67%)
757 (2.17%)
4,397 (12.58%)

https://doi.org/10.1371/journal.pone.0221504.t001

Allopurinol (n = 14,728) | Benzbromarone (n =11,983) | Sulfinpyrazone (n =5,912) |Febuxostat (n = 2,338)

61.53 (+16.24)

11,595 (78.73%)
3,133 (21.27%)

2,472 (16.78%)
3,116 (21.16%)
2,549 (17.31%)
836 (5.68%)
1,168 (7.93%)
838 (5.69%)
361 (2.45%)
424 (2.88%)
281 (1.91%)
2,683 (18.22%)

62.14 (+15.56)

9,252 (77.21%)
2,731 (22.79%)

2,981 (24.88%)
1,389 (11.59%)
2,557 (21.34%)
1,500 (12.52%)
1,202 (10.03%)
166 (1.39%
237 (1.98%)
462 (3.86%)
246 (2.05%)
1,243 (10.37%)

63.04 (+15.25)

4,588 (77.60%)
1,324 (22.40%)

1,981 (33.51%)
670 (11.33%)
1,017 (17.20%)
862 (14.58%)
636 (10.76%)
3 (0.05%)

304 (5.14%)

5 (0.08%)

214 (3.62%)
220 (3.72%)

64.32 (+14.83)

1,648 (70.49%)
690 (29.57%)

231 (9.88%)
1,315 (56.24%)
252 (10.78%)
34 (1.45%)

113 (4.83%)
44 (1.88%)

39 (1.67%)

43 (1.84%)

16 (0.68%)

251 (10.74%)

27.3% (US$ 147,014) in 2013 to 65% (US$ 585,911) in 2015 of all users. Proportions spent

on sulfinpyrazone and allopurinol between 2010 and 2015, however, decreased from 55.82%
(US$225,155) to 12.83% (US$115,665) and from 27.3% (US$110,017) to 12% (US$107,470);
respectively. Spending on benzbromarone showed an increase (24%) between 2010 and 2015
(from US$ 68,208 to US$ 84,519), and its proportion of annual total cost declined from 16.91%

to 9.38%; respectively.

The aggregated total spent on ULT per month increased from US$ 32,946 in January
2010 to US$ 85,732 in December 2015 (160% increase; Fig 3). The factored ARIMA model
indicated that the inclusion of febuxostat was associated with an increase in the total cost of
ULT (p<0.0001; Table 3). Although including febuxostat as first line therapy for CKD was
associated with a significant small decrease in monthly total cost, this did not offset a slow and
steady increase (43% increase) after March, 2014 (p<0.0001; Table 3) in Fig 3.

PPPM for ULT increased from US$ 4.44 (+4.79) to US$ 9.2 (£12.43) from January 2010
to December 2015 (107% increase). PPPM for febuxostat was higher in switchers (US$ 23)
than new users (US$19.5) in April 2013 and increased 16% (US$ 26.8) and 9% (US$ 21.3) to
December 2015, respectively.

The exclusion criterion was a patient who dispensed an ULT less than 7 days in a 3-month
interval. For 2,767 patients (5,657 prescription records: allopurinol (n = 2,752), 48.65%; benz-
bromarone (n = 1,804), 31.89%; sulfinpyrazone (n = 533), 9.42%; and febuxostat (n = 568),
10.04%) not included in the analysis. Over 92% of excluded patients prescribed with an ULT
one time only in the entire study period. Total cost of exclusion for intermittent uses was US$
994.87 (<0.04% annual cost of ULT over time) deemed no significant effect on the trend
changes in total ULT expenditure.

Discussion

ULT are increasingly used in the clinical setting and impose a growing financial impact on
the health care system, particularly resulting from the addition of febuxostat. Our results
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Fig 2. A.Cumulative numbers of patients using ULT with distribution over 3-month intervals from 2010-2015. Cochrane-Armitage trend test,
P<.0001; B.Cumulative numbers of patients using individual ULT displayed as proportions of the total number of ULT users, with distribution over
3-month intervals from 2010-2015.

https://doi.org/10.1371/journal.pone.0221504.9002

demonstrate the annual ULT payment increased by 123% between 2010 and 2015, with an
increase of 34.1% in the number ULT users. The major driver of a large increase in use and
cost was 61.9% febuxostat switchers. Although the increased use of febuxostat may represent
therapeutic substitution for greater effectiveness, it may also be explained by a need to receive

Table 2. Annual total costs of all ULT and individual ULT proportional cost in each year.

Year Total costs (USD) Incremental rate Benzbromarone Allopurinol Sulfinpyrazone Febuxostat
2010 403380.17 16.91% 27.27% 55.82% -

2011 411143.33 1.93% 18.03% 27.06% 54.68% -
2012 419337.03 3.96% 18.32% 29.25% 52.94% -

2013 538361.64 33.46% 15.60% 21.69% 35.34% 27.31%
2014 774567.50 92.02% 12.13% 14.18% 18.38% 55.40%
2015 901342.81 123.45% 9.38% 11.92% 12.83% 65.00%

The incremental rate in each year was determined by the change in annual total costs from 2010 divided the annual total costs in 2010. For each year, individual ULT
proportional cost was based on the summed cost of individual ULT divided by the total costs of all ULT in the given year.
The exchange rate for 1 US dollar was 31.5 Taiwan dollars (TWD) in September, 2016 for patients ever prescribed with any ULT during the study period.

https://doi.org/10.1371/journal.pone.0221504.t002
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policy 2: expanded insurance policy for febuxostat as the first-line therapy for CKD stage 3 and higher stages.

https://doi.org/10.1371/journal.pone.0221504.9003

the newest drug available, or as the consequences of changes to insurance policy regarding pre-
scriptions covered.

A numerous studies have consistently demonstrated a link not only between hyperuricemia
and gout flares, but also between hyperuricemia and CKD progression, cardiovascular disease
[21-23], and higher all-cause mortality rates. [24] However, there is lack of direct evidence to
support or refute the use of ULT to lower SUA in patients with CKD and symptomatic or
asymptomatic hyperuricemia for CKD prevention. The Kidney Disease: Improving Global
Outcomes (KDIGO) clinical practice guideline recommends that CKD patients be encouraged
to adopt lifestyle and dietary management strategies rather than use ULT. [25] The use of
HLA-B*58:01 genotyping prior to allopurinol administration could be justified, as part of a

Table 3. ARIMA regression-predicted change in total monthly ULT expenditure.

Dependent variables

Drug Expenditure (unit: US$)

Factored ARIMA model Independent variables Coefficients p value
p=>12);q9=(3) Intercept 32982.4 <.0001
Baseline trend 79.15 0.12
Trend change 1 2081.3 <.0001
Trend change 2 -1220.6 <.0001

ARIMA model = autoregressive integrated moving average model; model parameter: p = autoregressive order, d = differencing (the default value, 0) and q = moving

average order, Trend change 1: indicate the febuxostat adoption, Trend change 2: indicate the expansion of febuxostat coverage policy for patients with chronic kidney

disease

https://doi.org/10.1371/journal.pone.0221504.t003
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cost-effectiveness strategy to avoid allopurinol-related SCARs [26]. However, instead of wait-
ing for genotyping results, physicians may choose febuxostat as first-line therapy to avoid allo-
purinol-related hypersensitivity syndrome in particular for patients with CKD.

However, we found that the choice of ULT prescribed by a physician may simply depend
on an individual’s comorbidities, the severity of hyperuricemia, and on the accessibility
of the newest drug (e.g., febuxostat). Patient characteristics in our study cohort were compa-
rable with gout patients with and without CKD in a cohort in the US initiating allopurinol
and febuxostat [27,28]. Patients receiving ULT were cared for mainly by cardiologists,
nephrologists, and rheumatologists, reflecting the pattern of comorbidities seen in our clini-
cal setting. Individuals who switched to febuxostat after using allopurinol, benzbromarone,
or sulfinpyrazone were common (61.9%), and more than half of febuxostat new users were
treated by nephrologists. This is consistent with a study by Kim et al [27], who found that
individuals prescribed febuxostat were more likely to have a previous diagnosis of CKD
(odds ratio [OR] 2.18, 95% confidence interval [CI] 1.88-2.52) or hypertension (OR 1.11,
95% CI 1.01-1.22) [27]. Over half (52%) of these individuals had previously been treated
with allopurinol.

This study also shows that benzbromarone accounted for 24% of the increase in use among
all users, but only for about 9.38-18.32% of total spending on ULT over the study period. The
policy intervention for the wider use of febuxostat as first-line therapy in patients with CKD
stage 3 showed a smaller effect on the rising trend of total ULT spending (trend change
-1220.6, p<0.0001) than the introduction of use. The slight reduction in switchers was
observed in 2015 (S1 Fig), when the total cost of ULT steadily increased. Possible explanations
may be that the reimbursed price of febuxostat declined by a 3.7% 2014 price per unit tablet, or
hospital-based budgets led to the observed decrease in individuals switching to and being initi-
ated on febuxostat. Furthermore, physicians may have been aware of a new major febuxostat-
related hypersensitivity report [29], and of cardiovascular safety concerns that have arisen in
2014/2015, to the extent that this knowledge discouraged the use of febuxostat.

Budget impact analysis (BIA) has been proposed to assess the financial consequences of
adopting a new intervention [30]. A cohort of 980,000 individuals with gout was employed in
a BIA in 2011 with about 40-44% patients receiving any ULT; the market share was estimated
to be 5.5% the in the first year post-febuxostat market and increased to 22% in the fifth year
[31]. This resulted in an aggregated budget for febuxostat of US$ 1.11 million (TWD 33 mil-
lion) and US$5.71 million (TWD 169 million) in 2011 (1 USD = 29.6 TWD) for the first and
fifth year, respectively. Estimates were generated of the budgetary impact of febuxostat used as
a second-line agent for patients with symptomatic hyperuricemia who have exhibited intoler-
ance or failed to respond from prior therapy of allopurinol, benzbromarone, sulfinpyrazone,
or probenecid, based on primary Taiwan FDA-approved indications.

Our data show that febuxostat dominated 27.3%, 55.4% and 65% of total ULT costs in the
first, second, and third year, respectively, after its introduction, with an increase in total costs
of 123% over a 6-year period and of 67% increase after the introduction of febuxostat in 2013.
These results suggest that the budgetary impact of febuxostat was severely underestimated
when compared with real-world treatment paradigms and the diffusion rate of febuxostat in
the first 3 years of availability.

Our observations are confirmed by a recent BIA that estimated the impacts on pharmacy
and medical costs of the broader adoption of febuxostat as first-line gout therapy for individu-
als with and without CKD, based on a US payer perspective [32]. The overall febuxostat market
share was assumed at 18%; under 30% of individuals with gout were assumed to receive an
XOI in the model [32]. The study showed that the cumulative budget impact of febuxostat
usage on treatment costs (drugs and SUA tests) increased from 65.8% to 128.3% over a 3-year
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period. These results suggested that clinical practice paradigm should be taken into accounted
in estimating the financial impacts associated with ULT in the healthcare system [30].

The recent trend in utilization of ULT has not been robustly examined following the intro-
duction of febuxostat in the clinical setting until now. Current empirical evidence suggest that
the adoption of high price of febuxostat and its insurance coverage expansion were major driv-
ing force led to changes in treatment patterns which increased total ULT cost. This highlights
the critical need for the use of value-based reimbursement policies to curb the escalating costs
of ULT. Price negotiation, such as price-volume agreements [33], and value-based pricing [34]
may also have an impact on lower drug spending. However, an appropriate price negotiation
scheme requires available evidence to negotiate. Further comparative effectiveness research is
warranted for long-term outcomes in individuals with asymptomatic hyperuricemia, particu-
larly for those with multiple comorbidities who are at higher risk of hyperuricemia-related
CKD progression, cardiovascular events, and all-cause mortality.

The results of the present study need to be interpreted in the context of study limitations.
First, the unit of analysis is a hospital level aggregation of prescriptions. The major ULT users
aged>65 years old (mean age, 62.18 (£15.77)) is roughly consistent with a high prevalence of
gout after age 60 years in the Taiwan population [35]. In addition, the study results show that
patients had comorbid conditions with cardiovascular and kidney disease were more obvious
in the case of therapeutic substitution, which coincided with this period of overall findings in
patterns of ULT use derived from the U.S. population [27,28,32]. Further, the ARIMA method
has been proven to be very useful to detect effect of a policy intervention on drug expenditure
other than the underlying secular trend [36]. However, changing patient characteristics and
risk factor profiles occurring at the same time as the study intervention could have affected the
results of this study. Residual confounding may present and leads to under- or over-estimated
level of trend changes in total ULT expenditure.

Conclusions

The febuxostat rapid adoption in routine practice challenged previous budget impact estima-
tion in the health care system sector. The observed shift towards the use of benzbromarone
and febuxostat suggests a growing tendency to treat hyperuricemia, rather than gout. These
findings underscore the effects of price and prescription drug insurance coverage on the
ULT spending. Comparative effectiveness research is warranted to support financial protec-
tion for high-value therapies in preventing and slowing progression of hyperuricemia-related
complications.

Supporting information

S1 Fig. Cumulative numbers of individuals prescribed febuxostat, stratified by switcher or
new user status with distribution over 3-month periods. CKD stage 3 = chronic kidney dis-
ease with estimated glomerular filtration rate 45-30 ml/min/1.73m2.

(TIF)

S1 Table. Annual average cost per unit of ULT applied in the analysis.
(DOCX)

Acknowledgments

The authors thank Mr. Ying-Jen Hsu and the SAS Working Group in the Department of
Management of Information Systems, Chang Gung Memorial Foundation for their technical

PLOS ONE | https://doi.org/10.1371/journal.pone.0221504  August 26, 2019 10/13


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0221504.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0221504.s002
https://doi.org/10.1371/journal.pone.0221504

@ PLOS|ONE

Utilization and expenditure after a new drug adoption

assistance with electronic medical data retrieval. The authors specially thank Miss Pei-Chi, Lu
in the Department of Pharmacy for her assistance with figures and tables presentation.

Author Contributions

Conceptualization: Yueh-Lung Peng, Chien-Ning Hsu.
Data curation: Chun-Yu Tsai, Chien-Ning Hsu.
Formal analysis: Yueh-Lung Peng, Shiou-Huei Huang.

Investigation: Yueh-Lung Peng, Chien-Te Lee, You-Lin Tain, Yaw-Bin Huang, Hung-Yi
Chuang, Yen-Hsia Wen, Chien-Ning Hsu.

Methodology: Chien-Te Lee, You-Lin Tain, Hung-Yi Chuang, Chien-Ning Hsu.
Software: Shiou-Huei Huang.
Supervision: Chien-Ning Hsu.

Validation: Chien-Te Lee, You-Lin Tain, Yaw-Bin Huang, Hung-Yi Chuang, Yen-Hsia Wen,
Chun-Yu Tsai, Chien-Ning Hsu.

Visualization: Chien-Te Lee, You-Lin Tain, Yaw-Bin Huang.
Writing - original draft: Yueh-Lung Peng, Chien-Ning Hsu.
Writing - review & editing: Chien-Ning Hsu.

References

1.  Kuo CF, Grainge MJ, Zhang W, Doherty M (2015) Global epidemiology of gout: prevalence, incidence
and risk factors. Nat Rev Rheumatol 11: 649-662. https://doi.org/10.1038/nrrheum.2015.91 PMID:
26150127

2. KimKY, Ralph Schumacher H, Hunsche E, Wertheimer Al, Kong SX (2003) A literature review of the
epidemiology and treatment of acute gout. Clin Ther 25: 1593-1617. PMID: 12860487

3. Khanna PP, Perez-Ruiz F, Maranian P, Khanna D (2011) Long-term therapy for chronic gout results in
clinically important improvements in the health-related quality of life: short form-36 is responsive to
change in chronic gout. Rheumatology (Oxford) 50: 740-745.

4. Khanna PP, Nuki G, Bardin T, Tausche AK, Forsythe A, Goren A, et al. (2012) Tophi and frequent gout
flares are associated with impairments to quality of life, productivity, and increased healthcare resource
use: Results from a cross-sectional survey. Health Qual Life Outcomes 10: 117. https://doi.org/10.
1186/1477-7525-10-117 PMID: 22999027

5. Khanna D, Khanna PP, Fitzgerald JD, Singh MK, Bae S, Neogi T, et al. (2012) 2012 American College
of Rheumatology guidelines for management of gout. Part 2: therapy and antiinflammatory prophylaxis
of acute gouty arthritis. Arthritis Care Res (Hoboken) 64: 1447-1461.

6. Zhang W, Doherty M, Bardin T, Pascual E, Barskova V, Conaghan P, et al. (2006) EULAR evidence
based recommendations for gout. Part [l: Management. Report of a task force of the EULAR Standing
Committee for International Clinical Studies Including Therapeutics (ESCISIT). Ann Rheum Dis 65:
1312-1324. https://doi.org/10.1136/ard.2006.055269 PMID: 16707532

7. Jordan KM, Cameron JS, Snaith M, Zhang W, Doherty M, Seckl J, et al. (2007) British Society for Rheu-
matology and British Health Professionals in Rheumatology guideline for the management of gout.
Rheumatology (Oxford) 46: 1372-1374.

8. Pontremoli R (2017) The role of urate-lowering treatment on cardiovascular and renal disease: evidence
from CARES, FAST, ALL-HEART, and FEATHER studies. Curr Med Res Opin 33: 27-32. https://doi.
org/10.1080/03007995.2017.1378523 PMID: 28952388

9. Becker MA, Schumacher HRJ, Wortmann RL, MacDonald PA, Eustace D, Palo WA, et al. (2005)
Febuxostat Compared with Allopurinol in Patients with Hyperuricemia and Gout. N Engl J Med 353:
2450-2461. https://doi.org/10.1056/NEJM0oa050373 PMID: 16339094

10. Singh JA, Akhras KS, Shiozawa A (2015) Comparative effectiveness of urate lowering with febuxostat
versus allopurinol in gout: analyses from large U.S. managed care cohort. Arthritis Res Ther 17: 120.
https://doi.org/10.1186/s13075-015-0624-3 PMID: 25963969

PLOS ONE | https://doi.org/10.1371/journal.pone.0221504  August 26, 2019 11/13


https://doi.org/10.1038/nrrheum.2015.91
http://www.ncbi.nlm.nih.gov/pubmed/26150127
http://www.ncbi.nlm.nih.gov/pubmed/12860487
https://doi.org/10.1186/1477-7525-10-117
https://doi.org/10.1186/1477-7525-10-117
http://www.ncbi.nlm.nih.gov/pubmed/22999027
https://doi.org/10.1136/ard.2006.055269
http://www.ncbi.nlm.nih.gov/pubmed/16707532
https://doi.org/10.1080/03007995.2017.1378523
https://doi.org/10.1080/03007995.2017.1378523
http://www.ncbi.nlm.nih.gov/pubmed/28952388
https://doi.org/10.1056/NEJMoa050373
http://www.ncbi.nlm.nih.gov/pubmed/16339094
https://doi.org/10.1186/s13075-015-0624-3
http://www.ncbi.nlm.nih.gov/pubmed/25963969
https://doi.org/10.1371/journal.pone.0221504

@ PLOS|ONE

Utilization and expenditure after a new drug adoption

11.

12

13.

14.

15.

16.

17.

18.

19.
20.
21.

22,

23.

24,

25.

26.

27.

28.

29.

30.

31.
32.

Cheng CL, Chao PH, Hsu JC, Weng MM, On AW, Yang YH (2014) Utilization patterns of antihyperuri-
cemic agents following safety announcement on allopurinol and benzbromarone by Taiwan Food and
Drug Administration. Pharmacoepidemiol Drug Saf 23: 309-313. https://doi.org/10.1002/pds.3550
PMID: 24307655

National Health Insurance Administration, Ministry of Welfare and Health. Febuxostat reimbursement
coverage, No 1030050946 (20140213).

National Health Insurance Administration, Ministry of Health and Welfare. Febuxostat reimbursement
coverage, No 1050035921 (20160715)

National Health Insurance Administration, Ministry of Welfare and Health in Taiwan. Medical products
reimbursement

Rodriguez-Aguilar R, Marmolejo-Saucedo JA, Tavera-Martinez S (2018) Financial risk of increasing the
follow-up period of breast cancer treatment currently covered by the Social Protection System in Health
in Mexico. Cost Eff Resour Alloc 16: 9. https://doi.org/10.1186/s12962-018-0094-y PMID: 29540999

Wagner AK, Soumerai SB, Zhang F, Ross-Degnan D (2002) Segmented regression analysis of inter-
rupted time series studies in medication use research. J Clin Pharm Ther 27:299-309. PMID:
12174032

Jandoc R, Burden AM, Mamdani M, Levesque LE, Cadarette SM (2015) Interrupted time series analy-
sis in drug utilization research is increasing: systematic review and recommendations. J Clin Epidemiol
68: 950-956. https://doi.org/10.1016/}.jclinepi.2014.12.018 PMID: 25890805

Karmacharya P, Pathak R, Aryal MR, Giri S, Donato AA (2016) Seasonal variation in acute gouty arthri-
tis: data from Nationwide Inpatient Sample. Clin Rheumatol 35: 523-525. https://doi.org/10.1007/
510067-015-3042-7 PMID: 26255189

Mills T (1990) Time series techniques for economists: Cambridge University Press.
Chapter 7. The ARIMA Procedure. SAS OnlineDoc version 8 SAS Institute Inc, Cary, NC, USA.

Chonchol M, Shlipak MG, Katz R, Sarnak MJ, Newman AB, Siscovick DS, et al. (2007) Relationship of
uric acid with progression of kidney disease. Am J Kidney Dis 50: 239—247. https://doi.org/10.1053/].
ajkd.2007.05.013 PMID: 17660025

Iseki K, Ikemiya Y, Inoue T, Iseki C, Kinjo K, Takishita S (2004) Significance of hyperuricemia as a risk
factor for developing ESRD in a screened cohort. Am J Kidney Dis 44: 642—650. PMID: 15384015

Wen CP, David Cheng TY, Chan HT, Tsai MK, Chung WS, Tsai SP, et al. (2010) Is high serum uric acid
a risk marker or a target for treatment? Examination of its independent effect in a large cohort with low
cardiovascular risk. Am J Kidney Dis 56: 273-288. https://doi.org/10.1053/].ajkd.2010.01.024 PMID:
20605302

Chen JH, Chuang SY, Chen HJ, Yeh WT, Pan WH (2009) Serum uric acid level as an independent risk
factor for all-cause, cardiovascular, and ischemic stroke mortality: a Chinese cohort study. Arthritis
Rheum 61:225-232. https://doi.org/10.1002/art.24164 PMID: 19177541

Inker LA, Astor BC, Fox CH, Isakova T, Lash JP, Peralta CA, et al. (2014) KDOQI US commentary on

the 2012 KDIGO clinical practice guideline for the evaluation and management of CKD. Am J Kidney
Dis 63: 713-735. https://doi.org/10.1053/j.ajkd.2014.01.416 PMID: 24647050

Ke CH, Chung WH, Wen YH, Huang YB, Chuang HY, Tain YL, et al. (2017) Cost-effectiveness Analysis
for Genotyping before Allopurinol Treatment to Prevent Severe Cutaneous Adverse Drug Reactions. J
Rheumatol 44: 835-843. https://doi.org/10.3899/jrheum.151476 PMID: 28365572

Kim SC, Schmidt BM, Franklin JM, Liu J, Solomon DH, Schneeweiss S (2013) Clinical and health care
use characteristics of patients newly starting allopurinol, febuxostat, and colchicine for the treatment of
gout. Arthritis Care Res (Hoboken) 65: 2008-2014.

Mitri G, Wittbrodt ET, Turpin RS, Tidwell BA, Schulman KL (2016) Cost Comparison of Urate-Lowering

Therapies in Patients with Gout and Moderate-to-Severe Chronic Kidney Disease. J Manag Care Spec
Pharm 22: 326—336. https://doi.org/10.18553/jmcp.2016.22.4.326 PMID: 27023686

Chou HY, Chen CB, Cheng CY, Chen YA, Ng CY, Kuo KL, et al. (2015) Febuxostat-associated drug
reaction with eosinophilia and systemic symptoms (DRESS). J Clin Pharm Ther 40: 689-692. https:/
doi.org/10.1111/jcpt.12322 PMID: 26365588

Nuijten MJ, Mittendorf T, Persson U (2011) Practical issues in handling data input and uncertainty in a
budget impact analysis. Eur J Health Econ 12: 231-241. https://doi.org/10.1007/s10198-010-0236-4
PMID: 20364289

Center for Drug Evaluation. Health Technology Assessment Report: Feburic 80mg film-coated tables

Smolen LJ, Gahn JC, Mitri G, Shiozawa A (2016) The Budget Impact of Increased Use of Febuxostat in
the Management of Gout: A US Health Plan Managed Care Pharmacy and Medical Costs Perspective.
Clin Ther 38: 1710-1725. https://doi.org/10.1016/j.clinthera.2016.05.007 PMID: 27269247

PLOS ONE | https://doi.org/10.1371/journal.pone.0221504  August 26, 2019 12/13


https://doi.org/10.1002/pds.3550
http://www.ncbi.nlm.nih.gov/pubmed/24307655
https://doi.org/10.1186/s12962-018-0094-y
http://www.ncbi.nlm.nih.gov/pubmed/29540999
http://www.ncbi.nlm.nih.gov/pubmed/12174032
https://doi.org/10.1016/j.jclinepi.2014.12.018
http://www.ncbi.nlm.nih.gov/pubmed/25890805
https://doi.org/10.1007/s10067-015-3042-7
https://doi.org/10.1007/s10067-015-3042-7
http://www.ncbi.nlm.nih.gov/pubmed/26255189
https://doi.org/10.1053/j.ajkd.2007.05.013
https://doi.org/10.1053/j.ajkd.2007.05.013
http://www.ncbi.nlm.nih.gov/pubmed/17660025
http://www.ncbi.nlm.nih.gov/pubmed/15384015
https://doi.org/10.1053/j.ajkd.2010.01.024
http://www.ncbi.nlm.nih.gov/pubmed/20605302
https://doi.org/10.1002/art.24164
http://www.ncbi.nlm.nih.gov/pubmed/19177541
https://doi.org/10.1053/j.ajkd.2014.01.416
http://www.ncbi.nlm.nih.gov/pubmed/24647050
https://doi.org/10.3899/jrheum.151476
http://www.ncbi.nlm.nih.gov/pubmed/28365572
https://doi.org/10.18553/jmcp.2016.22.4.326
http://www.ncbi.nlm.nih.gov/pubmed/27023686
https://doi.org/10.1111/jcpt.12322
https://doi.org/10.1111/jcpt.12322
http://www.ncbi.nlm.nih.gov/pubmed/26365588
https://doi.org/10.1007/s10198-010-0236-4
http://www.ncbi.nlm.nih.gov/pubmed/20364289
https://doi.org/10.1016/j.clinthera.2016.05.007
http://www.ncbi.nlm.nih.gov/pubmed/27269247
https://doi.org/10.1371/journal.pone.0221504

@ PLOS | O N E Utilization and expenditure after a new drug adoption

33. Messori A (2016) Criteria for Drug Pricing: Preliminary Experiences with Modeling the Price-Volume
Relationship. Sci Pharm 84: 73-79. https://doi.org/10.3797/scipharm.1506-03 PMID: 27110499

34. Claxton K, Briggs A, Buxton MJ, Culyer AJ, McCabe C, Walker S, et al. (2008) Value based pricing for
NHS drugs: an opportunity not to be missed? BMJ 336: 251-254. https://doi.org/10.1136/bm|.39434.
500185.25 PMID: 18244997

35. Kuo CF, Grainge MJ, See LC, Yu KH, Luo SF, Zhang W, et al. (2015) Epidemiology and management
of gout in Taiwan: a nationwide population study. Arthritis Res Ther 17: 13. https://doi.org/10.1186/
513075-015-0522-8 PMID: 25612613

36. Cook TD, Campbell DT (1979) Quasi-experimentation: design and analysis issues for field settings.
Chicago Rand McNally.

PLOS ONE | https://doi.org/10.1371/journal.pone.0221504  August 26, 2019 13/13


https://doi.org/10.3797/scipharm.1506-03
http://www.ncbi.nlm.nih.gov/pubmed/27110499
https://doi.org/10.1136/bmj.39434.500185.25
https://doi.org/10.1136/bmj.39434.500185.25
http://www.ncbi.nlm.nih.gov/pubmed/18244997
https://doi.org/10.1186/s13075-015-0522-8
https://doi.org/10.1186/s13075-015-0522-8
http://www.ncbi.nlm.nih.gov/pubmed/25612613
https://doi.org/10.1371/journal.pone.0221504

