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ABSTRACT

Interventions Targeted therapies have been proven to
provide clinical benefits to patients with metastatic non-small
cell lung cancer (NSCLC). Gefitinib was initially approved and
reimbursed as a third-line therapy for patients with advanced
NSCLC by the Taiwan National Health Insurance (NHI) in 2004;
subsequently it became a second-line therapy (in 2007)

and further a first-line therapy (in 2011) for patients with
epidermal growth factor receptor mutation-positive advanced
NSCLC. Another targeted therapy, erlotinib, was initially
approved as a third-line therapy in 2007, and it became a
second-line therapy in 2008.

Objectives This study is aimed towards an exploration

of the impacts of the Taiwan NHI reimbursement policies
(removing reimbursement restrictions) related to
accessibility of targeted therapies.

Setting We retrieved 2004—-2013 claims data for all patients
with lung cancer diagnoses from the NHI Research Database.
Design and outcome measures Using an interrupted time
series design and segmented regression, we estimated
changes in the monthly prescribing rate by patient number
and market shares by cost following each modification of the
reimbursement policy for gefitinib and erlotinib for NSCLC
treatment.

Results Totally 92220 patients with NSCLC were identified.
The prescribing rate of the targeted therapies increased by
15.58%, decreased by 10.98% and increased by 6.31%
following the introduction of gefitinib as a second-line
treatment in 2007, erlotinib as a second-line treatment

in 2008 and gefitinib as as first line treatment in 2011,
respectively. The average time to prescription reduced by
65.84% and 41.59% following coverage of erlotinib by
insurance and gefitinib/erlotinib as second-line treatments in
2007-2008 and following gefitinib as the first-line treatment
in2011.

Conclusions The changes in reimbursement policies had a
significant impact on the accessibility of targeted therapies
for NSCLC treatment. Removing reimbursement restrictions
can significantly increase the level and the speed of drug
accessibility.

INTRODUCTION
Lung cancer is the leading cause of cancer
deaths worldwide.! In USA, in 2011,

Strengths and limitations of this study

» Both prescription rate and speed (time to prescrip-
tion) were used to measure drug accessibility.

» An interrupted time-series design, a strong qua-
si-experimental method, was applied.

» A segmented linear regression model was used to
estimate postpolicy changes in both the level and
trend of these study outcomes.

» Data from the claims' database of the Taiwan
National Health Insurance research Database
were analysed that did not cover data for payments
made by the patients themselves.

approximately 221130 new cases of lung
cancer (14% of all cancer diagnoses) were
predicted, out of which 156940 deaths (27%
of cancer deaths) were estimated to have been
due to lung cancer.” In Taiwan, lung cancer
is also one of the most commonly diagnosed
cancers as well as the leading cause of cancer
deaths. Approximately 11692 new cases of
lung cancer (12% of all cancer diagnoses)
and 8587 deaths (20% of cancer deaths)
were predicted to occur in Taiwan in 2012.”
About 85% of all lung cancers are identified
as non-small cell, and approximately 75% of
these are metastatic or advanced at diagnosis,
for which no curative treatment is available.*”

Since 2004, oral targeted therapies for
non-small cell lung cancer (NSCLC) have
been launched in the market for patients with
epidermal growth factor receptor (EGFR)
mutation in Taiwan. Two targeted drugs,
gefitinib and erlotinib, were first approved as
third-line therapy for patients with advanced
NSCLC by the Taiwan Food and Drug Admin-
istration, based on results of randomised
clinical trials.*"” For patients with advanced
NSCLC with mutation-positive  EGFR, two
drugs were further suggested to be used as
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first-line therapy by the recent National Comprehensive
Cancer Network guideline," as a result of the cumula-
tive evidence showing a significant association between
mutated EGFR and because of their clinical benefits.® '*™'*

According to ‘Directions for Drug Restricted Bene-
fits for National Health Insurance’, gefitinib and erlo-
tinib have been reimbursed for the treatment of lung
cancer in Taiwan since 2004 and 2007, respectively.
When reimbursement for gefitinib by the health insur-
ance began in November 2004, considering the potential
significant impact of its use on the healthcare drug expen-
diture budget, its use was limited only to patients with
NSCLC who had previously used platinum and docetaxel
or paclitaxel chemotherapy, but who still partially
progressed or metastasised (for the third-line treatment).
Later, clinical studies have confirmed that the efficacy
and safety of gefitinib are better than those for chemo-
therapy drugs, and that clinical treatment guidelines are
recommended for second-line treatment. To improve
the accessibility of drugs and early use of new drugs, in
November 2007, the Taiwan National Health Insurance
(NHI) began to pay for gefitinib as a second-line treat-
ment for patients who had previously used first-line plat-
inum-containing chemotherapy, or patients 70 years of
age or older who had received firstline chemotherapy
but were still partially exacerbated or metastatic.'* ©°
Finally, because clinical studies have confirmed that the
efficacy of first-line therapy is better than that of posterior
therapy, gefitinib has been further allowed to be used as a
first-line therapy for patients with EGFR mutation-positive
advanced NSCLC since June 2011."% '* 7 Similarly, erlo-
tinib's use was limited for a third-line treatment in the
begining (June 2007), and it has been further allowed
to be used as a firstline therapy for patients with EGFR
mutation-positive advanced NSCLC since June 2013.'%%

Little is known about the impacts of changes in
targeted therapy-related reimbursement policies (related
to removing reimbursement restrictions and broadening
the eligible patient population) in Taiwan. The aim of
our longitudinal analyses was to address this gap by exam-
ining the recent trends in utilisation of and expenditures
for targeted therapies (gefitinib and erlotinib) following
changes in the reimbursement policy, which involve the
accessibility and economic burden of drugs. Further-
more, we also evaluated the changes in time to prescrip-
tion of NSCLC over time.

METHOD

Data sources

All monthly claims data, including prescription details
and insurer spending, for antineoplastic agents between
2004 and 2013 were retrieved from Taiwan’s National
Health Insurance Research Database (NHIRD). The data-
base contains information from a nationwide, mandato-
ry-enrolment, single-payer healthcare system created in
1995. Nearly 99% of the Taiwanese population (around
23million residents) is enrolled, and this system contracts

with 97% of hospitals and clinics throughout the country.
The NHI covers a wide range of prescription medicines
as well as inpatient and outpatient medical services.”
NSCLC-related prescriptions were identified using the
International Classification of Diseases, Ninth Revision
diagnosis codes for cancer (codes: 162). Patients with
small cell lung cancer and patients who had used etopo-
side and topotecan were not included in the study.

Drugs of interest

We used the Anatomical Therapeutic Chemical (ATC)
Classification System from WHO. We identified all anti-
neoplastic agents using the ATC code ‘LO1'. Targeted
therapies included in the analysis were protein kinase
inhibitors (gefitinib and erlotinib). New targeted thera-
pies (afatinib, crizotinib and ceritinib) were not included
in this study because they were not reimbursable by NHI
prior to 2013.

Measurements

To examine the trends in the accessibility of targeted
therapies (gefitinib and erlotinib) following the changes
in reimbursement policies, we calculated the monthly
number of patients who used each targeted therapy and
the related costs from 2004 to 2013. Then, we estimated
the proportion of their use by patient number and the
market share by cost among total patient numbers and
total costs of all antineoplastic agents. The prescribing
rate of the targeted therapies by patient number was esti-
mated by using the number of patients who had used the
targeted therapies divided by the number of patients who
had used antineoplastic agents, and the market share
of targeted therapies by cost was estimated by using the
cost of the targeted therapies divided by the cost of anti-
neoplastic agents. The cost was adjusted using the yearly
Consumer Price Index (CPI).*

Statistical analysis

The interrupted time series design,” a strong quasi-ex-
perimental method, was adopted to evaluate the overall
changes in drug utilisation (prescribing rate and market
share of cost) before and after the four modifications to
the drug reimbursement policy: (1) Erlotinib was covered
by NHI in June 2007. (2) Gefitinib became available as a
second-line treatment in November 2007. (3) Erlotinib
became available as a second-line treatment in June 2008.
(4) Gefitinib became available as a first-line treatment in
June 2011. For average time to prescription, we combined
the previous three policy changes as one intervention due
to the fact that their timing was similar.

A segmented linear regression model was used to esti-
mate postpolicy changes in both the level and trend of
these study outcomes.”*® Using baseline trends, we
projected rates over time with the assumption that the
baseline trend reflected what would have happened
without the implementation of the promotion strategies.
The basic model included terms to estimate the baseline
level for each outcome (intercept) (B,), baseline trend
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US$573515 in 2004 to US$57 165 899 in 2013, which
accounted for 3.85% in 2004 and 62.38% in 2013 of the
cost of antineoplastic agents, respectively. Among these,
the cost of gefitinib increased from US$573515 (3.85%
of cost of antineoplastic agents) in 2004 to US$41 677 315
(45.48%) in 2013; the cost of erlotinib increased from
US$2694 918 (9.13%) in 2007 to US$15 488 583 (16.9%)
in 2013.

Effects of multiple changes in reimbursement policies on the
use of targeted therapies

Targeted therapies

The prescribing rate of the targeted therapies remained
steady after erlotinib was covered by NHI in June 2007
(table 2). There was a relative increase of 15.58% in the
prescribing rate of the targeted therapies 3 months after
gefitinib became available as a second-line treatment in
November 2007, while there was a relative reduction of
10.98% after erlotinib became available as a second-line
treatment in June 2008. After gefitinib became available
as a first line-treatment in June 2011, it’s usage rose rela-
tively by 6.31%. Figure 1 (A) shows the prescribing rate of
the targeted therapies by patient number over time.

The market share of the targeted therapies by cost
remained steady after erlotinib was covered by NHI in
June 2007. Gefitinib became available as a second-line
treatment in November 2007 and as a first line-treatment
in June 2011. There was a relative decline of 4.33% in the
market share of the targeted therapies by cost 3 months
after erlotinib became available as a second-line treat-
ment in June 2008.

Gefitinib

The prescribing rate of gefitinib decreased by 20.69%
after erlotinib was covered by NHI in June 2007. It
increased by 54.32%, decreased by 13.27%, and increased
by 21.76% after gefitinib became available as a second-
line treatment in November 2007; erlotinib became
available as a second-line treatment in June 2008, and
gefitinib became available as a first-line treatment in June
2011, respectively. Figure 1 (B) shows the prescribing rate
of gefitinib by patient number over time.

There was a relative reduction of 6.59% in market
share by cost for gefitinib after erlotinib was covered by
NHI in June 2007. This did not change after gefitinib
became available as a second-line treatment in November
2007, and erlotinib became a second-line treatment in
June 2008. However, the market share by cost increased
by 16.63% after gefitinib became available as a firstline
treatment in June 2011.

Erlotinib

The prescribing rate of erlotinib declined relatively by
26.79% after gefitinib became available as a second-line
treatment in November 2007. It increased by 22.62%
and decreased by 10.3% after erlotinib became available
as a second-line treatment in June 2008, and gefitinib
became available as a first-line treatment in June 2011,

respectively. Figure 1 (C) shows the prescribing rate of
erlotinib by patient number over time.

There was a relative reduction of 30.33% in market
share by cost for erlotinib after gefitinib became available
as a second-line treatment in November 2007. Itincreased
by 21.66% and decreased by 9.3% after erlotinib became
available as a second-line treatment in June 2008, and
gefitinib became available as a first-line treatment in June
2011, respectively.

Time to prescription of the targeted therapies

The average time to prescription of the targeted therapies
is shown in table 3, and the estimated changes in time
to prescription following changes in the reimbursement
policies are presented in table 4. The average time to
prescription of the targeted therapies rapidly decreased
from 802 days (SD=654.6) in 2004 to 43 days (SD=49.6) in
2013 (table 3) and reduced by 65.84% after erlotinib was
covered by NHI, and gefitinib/erlotinib became available
as second-line treatments in 2007 and 2008 and further
decreased by 41.59% after gefitinib became available
as a firstline treatment in 2011 (table 4). The average
time to prescription of gefitinib decreased from 685 days
(SD=587.4) in 2004 to 33 days (SD=33.7) in 2013 (table 3).
There was a relative growth of 39.82% in time to prescrip-
tion for gefitinib after erlotinib was covered by NHI,
and gefitinib/erlotinib became available as second-line
treatments, while there was a relative decline of 69.57%
after gefitinib became a first-line treatment (table 4). The
average time to prescription of erlotinib decreased from
1602 days (SD=520.7) in 2004 to 129 days (SD=70.8) in
2013 (table 3). It dropped substantially by 234.37% after
erlotinib was covered by NHI, and gefitinib/erlotinib
became available as second-line treatments, but it did not
change after gefitinib became available as a first-line treat-
ment (table 4).

DISCUSSION

Drug accessibility, especially the accessibility of expen-
sive drugs that target cancer, has become the favourite
topic of analysis of drug utilisation.”*™ Although some
highly priced drugs have been approved for marketing,
the reimbursement restriction from health insurance
is an obstacle to drug accessibility.*® % In this study, the
data from NHIRD were used to examine the utilisation
of targeted therapies for NSCLC during 2004-2013 (10
years). Using a strong quantitative research method (an
interrupted time-series design), our findings revealed
changes in the accessibility of the targeted therapies,
including the prescribing rate, prescription speed and
economic burden, following a series of reimbursement
policy modifications.

It was found that four interventions had significant
effects on the use of gefitinib and erlotinib. To under-
stand the impacts of the drug reimbursement policy of
‘removing reimbursement restrictions and broadening
the eligible patient population', the prescribing rate and
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Figure 1 Prescribing rate by patient number of

targeted therapies over time: (A) Targeted therapies

(gefitinib +erlotinib). (B) Gefitinib. (C) Erlotinib. Prescription
rate of targeted therapies by patient number=number of
patients who used targeted therapies/number of patients who
used antineoplastic agents. NHI, National Health Insurance .

prescription speed were used to represent the acces-
sibility of drugs. The results made it possible to deter-
mine whether ‘removing reimbursement restrictions
and broadening the eligible patient population’ actually
allowed more patients to have access to targeted therapies.

In the case of gefitinib, the prescribing rate has steadily
risen since it was first covered by NHI in 2004. Then, the
coverage of erlotinib (as a third-line treatment) for NSCLC
resulted in a drop in gefitinib by 20% (prescribing rate)

and 6% (market share by expenditure). A few months
later, availability of gefitinib as a second-line treatment
resulted in the greatest changes in gefitinib use (a 54.32%
increase). When erlotinib became available as a second-
line treatment, gefitinib’s use reduced by 13%. Then,
gefitinib’s prescribing rates and expenditures rose again
(a 21% increase in prescribing rate and a 17% increase
in expenditures) when gefitinib became available as first-
line treatment.

In the case of erlotinib, three changes in reimburse-
ment rules had significant effects on prescribing rates and
market share by cost. Especially, after gefitinib became
available as a second-line treatment, the prescribing rate
and market share of cost decreased by 27% and 30%,
respectively. In addition, the previous rates of erlotinib
reduced by 10% and 9%, respectively, after gefitinib
became available as a first-line treatment. On the other
hand, when erlotinib became available as a second-line
treatment, approximately 23% and 22% increases in
prescribing rates and market share by cost were observed,
respectively.

The overall use of oral targeted therapies (gefitinib and
erlotinib) did not rise following the introduction of erlo-
tinib in June 2007. However, their use significantly rose
by 15% when gefitinib became available as a second-line
treatment in November 2007, while it fell by 10% when
erlotinib became available as a second-line treatment in
June 2008. When gefitinib became available as a first-line
treatment, the overall prescription rate of oral targeted
therapies only increased by 6%. On the other hand, the
market share of cost of oral targeted therapies was only
slightly diminished when erlotinib became available
as a second-line treatment in June 2008, but it was not
affected by other interventions. In general, these changes
in the reimbursement rules were effective with regard to
improving the accessibility of the targeted therapies.

As for the speed of accessibility of the targeted ther-
apies related to NSCLC treatment, the average time to
prescription for targeted therapies gradually reduced
from 802 days in 2004 to 43 days in 2013. This means
the changes in the reimbursement rules (removing reim-
bursement restriction and broadening the eligible patient
population) markedly accelerated the accessibility of the
targeted therapies.

Past research indicates that the accessibility of a drug is
related to the health insurance coverage proportion.”” *
This study used the accessibility of the targeted therapy
for NSCLC treatment; for example, it further proved that
in health insurance, removing reimbursement restric-
tions can significantly increase the accessibility of drugs
and the speed of accessibility of drugs. Although the
accessibility of drugs has increased through changes in
health insurance policies, healthcare resource allocation
and health inequalities between various cancer types or
diseases are issues that need to be subsequently followed
up.

This study has several limitations. First, the study
focused on the effects of removing reimbursement
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Table 3 Time to prescription of targeted therapies for non-small cell lung cancer treatment over time (2004-2013)

Time to prescription (days)

Targeted therapies

(gefitinib+erlotinib) Gefitinib Erlotinib

Mean SD Mean SD Mean SD
2004 801.7 654.6 685.3 587.4 1602.0 520.7
2005 683.4 546.2 570.0 497.4 1128.7 500.4
2006 603.0 471.2 522.1 440.9 743.2 489.4
2007 457.6 397.7 402.4 394.6 524.2 391.4
2008 383.0 343.7 390.1 379.9 377.6 313.1
2009 369.3 315.7 382.1 340.7 359.2 294.2
2010 329.8 242.9 325.6 247.7 333.4 238.8
2011 207.2 207.0 137.9 182.4 313.5 197.2
2012 120.3 137.4 68.5 104.3 2491 124.7
2013 43.0 49.6 32.5 33.7 128.9 70.8

restrictions and broadening the eligible patient popula-
tion in relation to the accessibility of medicines. We used
three indicators: prescribing rate, market share of cost
and time to prescription, as measurements of accessibility
of medicine. Due to the lack of clinical test data in the
Taiwan NHIRD claims database, this study was not able
to identify patients’ eligibility to obtain the targeted ther-
apies based on clinical testing (such as pathology or cyto-
logical results and EGFR gene mutation test results, etc).
Second, in this study, data from the Taiwan NHIRD claims
database were analysed; these data did not cover data for
payments made by the patients themselves. Hence, there
may be differences between the estimated prescription
rate/costsand the actual value. However, this gap is not
believed to be very significant since the proportion of
payments made by patients themselves was very small.
Third, considering the timing of drug launches, during
the study period (2004-2013), only two first-generation
targeted therapies (gefitinib and erlotinib) could be

included, and newer medicines were out of the scope of
this study. Finally, this study was aimed towards an exam-
ination of the effects of removing reimbursement restric-
tions and broadening the eligible patient population
related to accessibility to the targeted therapies. In future
there is a need for further studies on how such policies
affect the clinical outcomes of treatments and the cost-ef-
fectiveness of the policies.

CONCLUSION

The present study examined how multiple, separate
changes in reimbursement policies have changed drug
utilisation and accessibility of the targeted therapies.
Overall, removing reimbursement restrictions and broad-
ening the eligible patient population for NSCLC-targeted
therapies improved the accessibility of such medications.
In detail, when a targeted therapy became available for
either early or broad use, utilisation increased, but this

Table 4 Estimated changes in average time to prescription for non-small cell lung cancer targeted therapies following

changes in reimbursement policies

Impact of erlotinib covered by NHI and gefitinib/
erlotinib as second-line treatments in 2007 and

2008

Impact of gefitinib as first-line treatment in 2011

Average time to

Relative
change

Relative
change

prescription (days) Intercept Baseline trend Levelchange Trend change (2year later) Level change Trend change  (2year later)
Targeted therapies 922.5246 -116.0248 NS 67.9176 —65.84% NS —45.3087 -41.59%
(gefitinib+erlotinib) (-131.6088 to (41.1362 to (-68.30% to (=72.0901 to (-57.24% to
—100.4408) 94.6990) —63.37%) -18.5273) -25.93%)
Gefitinib 759.1598 -83.6959 NS 51.1611 39.82% -182.0687 NS -69.57%
(-100.3257 to (28.5177 to (9.87% to (-245.2401 to (-81.08% to
-67.0661) 78.8045) 69.77%) -118.8973) -58.07%)
Erlotinib 1905.0000 -362.5991 NS 316.5921 —234.37% NS NS 0.00%
(-404.6915 to (260.7650 to (-318.17% to
-320.5067) 372.4192) -150.57%)

Relative changes = (actual value — predicted value) in outcomes 2 years following the interventions/predicted value in outcomes 2 years following the interventions

NA, not available; NHI, National Health Insurance; NS, notsignificant.
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may have, in turn, decreased the use of other similar
classes of drugs. In addition, the targeted therapies were
prescribed faster once their insurance reimbursement
restrictions were lifted. The results of this study can be
used as the empirical basis for clinical treatment, to
help enhance the content of academic literature on this
subject, and can serve as the empirical basis for future
targeted therapy studies.
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