@° PLOS | ONE

Check for
updates

G OPEN ACCESS

Citation: Hsu JC, Wu H-C, Feng W-C, Chou C-H,
Lai EC-C, Lu CY (2018) Disease and economic
burden for rare diseases in Taiwan: A longitudinal
study using Taiwan’s National Health Insurance
Research Database. PLoS ONE 13(9): 0204206.
https://doi.org/10.1371/journal.pone.0204206

Editor: Der-Chong Tsai, National Yang-Ming
University Hospital, TAIWAN

Received: March 6, 2018
Accepted: September 5, 2018
Published: September 21,2018

Copyright: © 2018 Hsu et al. This is an open
access article distributed under the terms of the
Creative Commons Attribution License, which
permits unrestricted use, distribution, and
reproduction in any medium, provided the original
author and source are credited.

Data Availability Statement: All data generated or
analyzed during this study are included in this
published article.

Funding: Dr. Hsu was supported by Taiwan
Ministry of Science and Technology grant (Grant ID
MOST 105-2314-B-006-021).

Competing interests: The authors have declared
that no competing interests exist.

RESEARCH ARTICLE

Disease and economic burden for rare
diseases in Taiwan: A longitudinal study using
Taiwan’s National Health Insurance Research
Database

Jason C. Hsu®'*, Huai-Chueh Wu2, Wen-Chia Feng?, Chih-Ho Chou'**, Edward Chia-
Cheng Lai', Christine Y. Lu®

1 School of Pharmacy and Institute of Clinical Pharmacy and Pharmaceutical Sciences, College of Medicine,
National Cheng Kung University, Taiwan, 2 School of Medicine, College of Medicine, National Cheng Kung
University, Taiwan, 3 National Health Insurance Administration, Ministry of Health and Welfare, Taiwan,

4 Department of Neurology, Chi Mei Hospital, Tainan, Taiwan, 5 Department of Population Medicine,
Harvard Medical School and Harvard Pilgrim Health Care Institute, MA, United States of America

* jasonhsu @mail.ncku.edu.tw

Abstract

Background

High-cost orphan drugs are becoming increasingly available to treat rare diseases that
affect a relatively small population. Little attention has been given to the prevalence of rare
diseases and their health-related economic burden in Taiwan.

Objectives

This study examined the national trends in the prevalence of rare diseases and their health-
related economic burden (including medication costs) in Taiwan.

Methods

Rare disease-related claims data from 2003—-2014 (12 years) from the National Health
Insurance Research Database were used in this study. We used a time series analysis to
assess trends in the yearly rates of treated patients with rare diseases, overall healthcare
use, and expenditures, including drugs.

Results

During the 12-year study period, the estimated prevalence of rare diseases increased from
10.57 to 33.21 per 100,000 population, an average rate of a 19.46% increase per year. Total
health expenditures for treatment of rare diseases increased from US$18.65 million to US
$137.44 million between 2003 and 2014, accounting for 0.68% of the total national health
expenditures in 2014. Drug expenditures for treatment of rare diseases increased from US
$13.24 million to US$121.98 million between 2003 and 2014, which accounted for 71.00%
and 88.75% of the health expenditures for patients with rare diseases in 2003 and 2014,
respectively. In 2014, we found a 20.43-fold difference in average health expenditures and a
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69.46-fold difference in average drug expenditures between patients with rare diseases and
the overall population.

Conclusions

The prevalence of rare diseases and the related economic burden have grown substantially
in Taiwan over the past 12 years, and these trends are likely to continue. Drug expenditures
accounted for almost 90% of health expenditures for rare diseases. Further analyses are
underway to examine the economic burden of individual rare diseases.

Introduction

The ice bucket challenge that has spread globally since 2014 is an activity involving dumping a
bucket of ice water on a person’s head to promote awareness of amyotrophic lateral sclerosis, a
rare disease, to encourage donations to research. Due to this, rare disease-related associations
around the world have received a large number of donations, most of which were invested in
the research of rare diseases. Following the ice bucket challenge, rare disease-related issues
have received more attention, and policies have been implemented in many countries to
improve the treatment of rare diseases.[1]

Most countries define rare diseases based on disease prevalence, but the criteria vary from
country to country. For instance, in the United States and Japan, a rare disease is one with a
prevalence fewer than 200,000 persons and 50,000, respectively [2, 3]. The EU defines rare dis-
eases as fewer than 5 per 10,000 persons. [3-5] Compared to the criteria in other countries, the
general definition of a rare disease in Taiwan (< 1/10,000 persons) [2] is stricter. In the United
States, nearly 7,000 rare diseases have been identified [6], and there are around 6,000-8,000
rare diseases in the EU. [7, 8] However, only 330 and 220 rare diseases have been defined in
Japan and in Taiwan [9], respectively.

With advances in medical science and technology for rare disease treatment as well as the
rising awareness of the importance of patients’ human rights and issues of availability and the
cost of orphan drugs have gained significant attention. However, health and drug utilization
and the economic impacts of rare diseases are largely unknown in many countries, including
Taiwan. The objectives of this study were to examine 2003-2014 longitudinal trends in the
prevalence and expenditure of rare diseases in Taiwan. We also analyzed these trends for two
specific rare diseases—amyotrophic lateral sclerosis (ALS) and multiple sclerosis (MS)-
because ALS is the main targeted rare disease in the ice bucket challenge activity, and MS is
another rare disease with similar symptoms to those of ALS.

Method

Data sources

Nationwide claims data from Taiwan’s National Health Insurance Research Database
(NHIRD) were used in this study. The database contains information from a nationwide, man-
datory-enrollment, single-payer healthcare system created in 1995. Nearly 99% of the Taiwan-
ese population (around 23 million residents) is enrolled, and this system contracts with 97% of
the hospitals and clinics throughout the country. The National Health Insurance (NHI) covers
a wide range of prescription medicines as well as inpatient and outpatient medical services. All
yearly claims data related to patients with rare diseases, including details of prescription and
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insurer spending between 2003 and 2014 (12 years) were retrieved from Taiwan’s National
Health Insurance Research Database. Using the registry for the catastrophic illness patient
database, patients with rare diseases were identified according to the International Classifica-
tion of Diseases, 9™ edition (ICD-9) diagnosis codes for all identifiable rare diseases in Taiwan,
for example, ICD-9 codes for ALS and MS are “335.2” and “340” respectively. [10] In addition,
yearly population data were obtained from the Department of Household Registration, Taiwan
Ministry of Interior.[11] All analyses were carried out with SAS software, Version 9.4 (SAS
Institute, Cary, NC).

Measurements

To examine trends in the prevalence of rare diseases, use of health services and drugs for rare
diseases, and their expenditures, we calculated the yearly number of services and prescriptions
and treatment costs in Taiwan from 2003 to 2014. The prevalence was estimated by using the
number of patients with rare diseases divided by the number of all people in the same year. We
also calculated the number of patients with rare diseases by age and gender in 2014 to repre-
sent the distribution of cases. The treatment costs included health (overall treatment) and drug
expenditures (cost of all prescription drugs, including orphan drugs).

Then, we calculated the percentage of the use and costs of health and drug expenditures out
of the total use and total costs for the entire population. The percentage of health expenditures
(including drug expenditures) on rare diseases was estimated by using health expenditures for
patients with rare diseases divided by the health expenditure for all people; the percentage of
drug expenditure for rare disease treatments out of total drug expenditure was estimated by
using drug expenditures for rare disease treatment divided by total drug expenditures for all
people.

Furthermore, the number of patients with rare diseases was used as the denominator to
adjust yearly reimbursed expenditures. The average health expenditures among patients with
rare diseases was estimated as the health expenditures of patients with rare diseases divided by
the number of patients with rare diseases; the average drug expenditures among patients with
rare diseases was estimated by dividing the drug expenditures of patients with rare diseases by
the number of patients with rare diseases.

The 2014 exchange rate and yearly health care consumer price index were obtained and cal-
culated from the historical exchange rate database of the Bank of Taiwan and the Taiwan
National Statistics database. We anchored the cost at 2014 and adjusted the other years using
the health care consumer price index (HCCPI) between 2002 and 2014. Then, we used the
exchange rate (30.368) for 2014 to convert New Taiwan dollars to US dollars.

Results
Trends in the prevalence of rare diseases in Taiwan

The number of patients with rare diseases gradually increased from 2,390 in 2003 to 7,785 in
2014 (the growth rate between 2003 and 2014 was 225.73%, which was 20.52% per year)
(Table 1). The prevalence of rare diseases steadily increased from 10.57 per 100,000 people in
2003 to 33.21 in 2014 (growth rate: 19.46% per year). The number of patients with ALS also
increased from 112 in 2003 to 478 in 2014 (growth rate: 29.71% per year), and its prevalence
rose from 0.5 in 2003 to 2.04 in 2014 (growth rate: 28.32% per year). The number of patients
with MS increased from 406 in 2003 to 1,101 in 2014 (growth rate: 15.56% per year), and its
prevalence rose from 1.8 in 2003 to 4.7 in 2014 (growth rate: 14.68% per year).

Fig 1(A) shows the prevalence of rare diseases by age and gender in Taiwan in 2014. A
higher prevalence was found in males as compared to females among those younger than 24
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Fig 1. Number of patients with rare diseases by age and gender in Taiwan in 2014: (A) Overall rare diseases, (B) ALS,

(C) MS.
https://doi.org/10.1371/journal.pone.0204206.9001

years old, but a lower prevalence was found in males than in females among those older than
25 years of age. The prevalence was highest for 10-14 year-old males and 5-9 year-old females.
Among patients with rare diseases, patients aged less than 20 accounted for one-third of all
patients in 2014. Most ALS patients were 50-70 years old, and the number of male patients in
all age groups was slightly higher than that of females. Most MS patients were 30-50 years-old,
and the number of female patients in all age groups was significantly higher than that of males
(Fig 1(B) and 1(C)).

Trends in health expenditures for rare diseases in Taiwan

Table 2 presents the trend in health expenditures for rare diseases in Taiwan. Health expendi-
tures for patients with rare diseases grew sharply from US$18,647,411 (accounting for 0.13%
of health expenditures for all people) in 2003 to US$137,444,523 (accounting for 0.68% of
health expenditures for all people) in 2014. The growth rate between 2003 and 2014 was
637.07%, which was 57.92% per year. The health expenditures of patients with ALS also rapidly
grew from US$1,199,745 (accounting for 0.01% of the total national health expenditures) in
2003 to US$4,379,012 (accounting for 0.02% of the total national health expenditures) in 2014.
The growth rate between 2003 and 2014 was 265%; 24.09%). The health expenditures of
patients with MS sharply grew from US$2,679,099 (accounting for 0.02% of the total national
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Fig 2. Average health and drug expenditures among patients with rare diseases and among the total population
(2003-2014): (A) Average health expenditures, (B) Average drug expenditures. * Average health expenditures for
patients with rare diseases = health expenditures for patients with rare diseases / number of patients with rare diseases *
Average health expenditures for all people = health expenditures for all patients / number of all people * Average drug
expenditures for patients with rare diseases = drug expenditures for patients with rare diseases / number of patients with
rare diseases * Average drug expenditures for all people = drug expenditures for all diseases / number of all people.

https://doi.org/10.1371/journal.pone.0204206.9002

health expenditures) in 2003 to US$9,104,389 (accounting for 0.04% of the total national
health expenditures) in 2014. The growth rate between 2003 and 2014 was 239.83% (2003-
2014) and was 21.80% per year.

There was a gradual increase in average health expenditures for patients with rare diseases
from 2003 (US$7,802) to 2014 (US$17,655), for which the growth rate between 2003 and 2014
was 126.28% (2003-2014), which was 11.48% per year (Fig 2(A)). The average health expendi-
tures for patients with ALS decreased from US$10,712 to US$9,161 with a -1.32% growth rate
per year; the average health expenditures for patients with MS increased from US$6.599 to US
$8,269 with a 2.30% growth rate per year. In comparison, the average health expenditures for
all people steadily increased from US$635 to US$864 (the growth rate between 2003 and 2014
was 36.18% (2003-2014), which was 3.29% per year).
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Trends in drug expenditure of rare diseases in Taiwan

Table 3 presents the trend in drug expenditures for rare diseases in Taiwan. Drug expenditures
for patients with rare diseases grew sharply from US$13,239,156 (accounting for 71.00% of
health expenditures for all patients with rare diseases and 0.35% of drug expenditures for the
total population) in 2003 to US$137,444,523 (accounting for 88.75% of health expenditures for
all people and 2.31% of drug expenditures for the total population) in 2014. The growth rate of
drug expenditures for patients with rare diseases between 2003 and 2014 was 74.67% per year).
On the other hand, non-drug expenditure for patients with rare diseases also rose from US
$5,408,254 to US$15,463,453 (growth rate: 16.90% per year).

The drug expenditures of patients with ALS grew from US$336,540 (accounting for 28.05%
of health expenditures for all patients with ALS) in 2003 to US$867,896 (accounting for
19.82% of health expenditures for all patients with ALS) in 2014. The growth rate of the drug
expenditures of patients with ALS between 2003 and 2014 was 14.35% per year). The drug
expenditures of patients with MS sharply grew from US$453,371 (accounting for 16.92% of
health expenditures for all patients with MS) in 2003 to US$7,663,989 (accounting for 81.14%
of health expenditures for all patients with MS) in 2014. The growth rate of the drug expendi-
tures of patients with MS between 2003 and 2014 was 144.59% per year). The growth rates of
the non-drug expenditures of patients with ALS and MS were 27.89% and -3.21% per year,
respectively.

There was a gradual increase in the average drug expenditures of patients with rare diseases
from 2003 (US$5,539) to 2014 (US$15,669), and the growth rate between 2003 and 2014 was
182.86% (2003-2014), which was 16.62% per year (Fig 2(B)). The average drug expenditures of
patients with ALS decreased from US$3,005 to US$1,816 with a -3.60% growth rate per year;
the average drug expenditures of patients with MS increased from US$1,117 to US$6,961, with
a47.58% growth rate per year. The average drug expenditures for the total population slightly
increased from US$170 to US$226 (the growth rate between 2003 and 2014 was 32.89%
(2003-2014), which was 2.99% per year).

Discussion

Between 2003 and 2014, the prevalence of rare diseases increased 3.14-fold (ALS: 4.12 fold;
MS: 2.61 fold) although the prevalence rates were still very low in 2014 (rare diseases: 33.21;
ALS: 2.04; MS: 4.70 per 100,000 people). The increase in the prevalence of rare diseases might
be related to growing awareness of rare diseases and better diagnosis. For many decades,
patients, families, and physicians have had a limited awareness of rare diseases. Clinicians
might have had little experience with patients suffering from rare diseases due to their low
prevalence, and symptoms are often hidden by more common illnesses and initially may
appear to be of only minor concern.[12] However, in recent years, rare disease-related issues
have received more attention, and policies have been implemented in many countries to
improve the treatment of rare diseases.[1] For instance, increased and more advanced disease
screening help identify certain rare diseases early in life; family history and genetic screening
help with earlier diagnosis, and genetic testing confirms disease diagnoses.[13, 14]

This study found a sharp increase in the national economic burden possibly due to the
growth in the number of diagnosed patients and increasing availability of orphan drugs over
time.[14, 15] The expenditures for health care for rare diseases and orphan drugs have
increased in many countries as well as in Taiwan over the last decade. Globally, drug expendi-
tures for orphan drugs accounted for 13.7% of total drug expenditures in 2013, and they have
been estimated to reach 15.9% in 2018.[16] In the US, expenditures for orphan drugs totaled
around US$30 billion (8.9% of total pharmaceutical expenditures) in 2013.[17] The
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expenditures for orphan drugs in the EU accounted for 3.3% of the total pharmaceutical
expenditures in 2010, and expenditures were predicted to reach 4.6% in 2016.[18] In Taiwan,
the drug expenditures for treatment of rare diseases were estimated to have been around
2.31% of total pharmaceutical expenditures in 2014, which was lower than the estimates in the
US and EU, possibly due to differences in rare disease definitions (fewer diseases were identi-
fied as rare diseases in Taiwan) and differences in the costs of health services and drugs.

Compared with the average health and drug expenditures for the Taiwanese population,
expenditures for patients with rare diseases have been very high, probably because of the high
prices of orphan drugs. For example, the average drug expenditure of a patient with ALS was
US$1,816 per year in 2014, which is 8 times higher the average drug expenditure for the total
population (US$226) in Taiwan. The high price of orphan drugs is not surprising. Given the
rarity of each disease, the high costs of research and development during clinical trials and the
smaller markets for orphan drugs lead manufacturers to seek much higher drug prices to
ensure profits.[1, 19, 20]

The high costs of orphan drugs are huge economic burden for the NHI; the issue of drug
affordability for treatment of rare diseases in Taiwan requires the attention of policy makers
since the majority of orphan drugs for rare diseases are covered and reimbursed by the
National Health Insurance. To gain access to unmarketed orphan drugs in Taiwan, requests
can be directed to the government to import orphan drugs.[21] Those who have one of the fol-
lowing circumstances can apply for rewards: supply, manufacture, research, and development
of orphan drugs, the introduction of rare disease drugs, including orphan drugs in the pre-
scription set, and project applications for rare disease drugs.[22] In relation to patient afford-
ability, patients can apply for financial support for orphan drugs, diagnosis, life-sustaining
special nutritional food, and home health care equipment. Furthermore, the government orga-
nizes educational and public awareness activities related to rare diseases with assistance from
schools, civic groups, and mass media. When rare disease patients encounter problems in
school enrollment, employment, or life support, the government coordinates with relevant
organizations to provide assistance.[23]

To date, Taiwan’s “Rare Diseases and Drugs Review Committee” has recognized 220 rare
diseases [9], 162 kinds of rare drugs [24], and 40 special rare nutritious foods [25]. In response
to increasing health care and drug costs for rare diseases, many related regulations and policies
have been proposed or amended. To provide more medical subsidies, in addition to continu-
ing to strengthen screening services, the government also revised the “The Rare Disease and
Orphan Drug Act” in 2010. In addition to continuing to provide special nutritional products
for patients with rare diseases and expanding the subsidies for international inspections, the
expenditures for low- and middle-income patients will be fully subsidized, and the expenses
for home medical care equipment rental, domestic confirmation diagnosis, nutrition consulta-
tion, emergency medical treatment for patients with rare diseases are also covered. In 2011, the
cost of special nutrition needed to sustain life became fully subsidized. These policies will
reduce the economic burden for patients with rare diseases.

Before the establishment of the Rare Diseases Foundation, patients with rare diseases in
Taiwan faced difficulties in obtaining medical resources. The prevention and control work
could not keep up with the times and technology, and the medical system and the social system
were almost completely unable to care for these rare disease patients. The Taiwan Rare Disease
Foundation was established in June 1999, and it has been promoting medical human rights,
patient rights, eugenics, and the reform of policies. In order to assist families with rare diseases
facing economic difficulties, various types of financial subsidies have been provided for many
years to help patients with significant medical expenses, expensive medical equipment, sudden
injury to their home economic pillars, or life difficulties caused by illness. The foundation
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established the “Medical Relief Fund” in 1999. Its main purpose is to subsidize the genetic test-
ing of rare diseases as well as to assist in the diagnosis of patients, surgery, drugs, and other
related medical expenses. In addition, the foundation also established the “Life Relief Fund” in
2000 to help patients cope with the difficult conditions in their lives and ensure the stability
and development of their patients. Furthermore, the “Rare Diseases Relief Fund” was estab-
lished in 2005 and was based on the principle of subsidizing social security, social assistance,
or other welfare systems at all levels of government that fail to pay or pay only the relevant
annuity care costs.

There are some limitations to this study. First, this study was aimed toward an examination
of the current trends of prevalence and related expenditures in the treatment of rare diseases
in Taiwan. We focused on the national economic burden (health and drug expenditures)
related to overall rare diseases instead of individual patients; thus, we did not analyze the trend
in patients’ out-of-pocket costs or clinical outcomes associated with orphan drug treatments.
Second, this study did not estimate the prevalence and related expenditures for specific rare
diseases. However, we took two iconic rare diseases—ALS and MS—as examples for in-depth
analyses. Further studies are valuable to identify the specific rare diseases with the highest
prevalence for 10-14 year-old males and 5-9 year-old females, as well as the specific rare dis-
eases with the highest growth rate of total health/drug expenditures and the average of health/
drug expenditures. Finally, future studies are needed to explore the associations between vari-
ous factors (including patient characteristics, disease severity, comorbidity, and physician
knowledge and behavior) as well as the national/individual economic burden for rare diseases.
Research is also needed to examine the impacts of various interventions, such as the launch of
each new medication, changes in clinical guidelines or insurance reimbursement policies, on
the overall health and drug expenditures for rare diseases.

Conclusion

In recent years, the economic burden of rare diseases has become an important issue in many
countries, including Taiwan. We conducted a well-designed observational study using national
healthcare data to characterize the current landscape of rare disease prevalence and health and
drug expenditures in Taiwan for the last decade. We found increases in the prevalence of rare
diseases and sharp increases in national health and drug expenditures over time. Drug expen-
ditures contributed to 88.75% of health expenditures for rare diseases in 2014. With more new,
costly drugs in the development pipeline, drug expenditures are likely to increase further. The
findings of this study provide an empirical basis for future studies on rare diseases and orphan
drugs.
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