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Abstract: (1) Background: Drug lag, the delay between the first global regulatory approval and
approval by the national health authorities in other countries, impacts the accessibility of drugs.
Although the Korean pharmaceutical market has grown significantly, most of its innovative drugs for
public health depend on imports from foreign pharmaceutical markets. (2) Methods: We extracted
data from the official websites of the Korean Ministry of Food and Drug Safety (MFDS) and the US
Food and Drug Administration. Information on new molecule entity drugs, approved as imported
drugs by MFDS from 2000 to 2019, was extracted. Multivariate Cox proportional hazard models
on drug approval were estimated. (3) Results: In total, 424 drugs were analyzed. Orphan drugs
designated by MFDS were less likely to receive approval (HR = 0.731, 95% CI: 0.572–0.934). The drugs
with Korean MAHs were less likely to obtain drug approval than those with MAHs of subsidiaries of
multinational pharmaceutical companies (HR = 0.524, 95% CI: 0.371–0.738). In the analyses for non-
orphan drugs (n = 37), oncology drugs that need local clinical study (HR = 0.247, 95% CI: 0.093–0.657)
and drugs that need more patients in a local clinical study (HR = 0.993, 95% CI: 0.988–0.999) were less
likely to receive approval, with longer drug lag. The higher number of clinical studies in Korea was
associated with a shorter drug lag (HR = 2.133, 95% CI: 1.196–3.805). (4) Conclusions: Our findings
imply that Korean pharmaceutical companies should augment their research capabilities for new
drug development. Furthermore, consideration of orphan drugs used in rare diseases is needed for
drug approval to ensure the availability of these drugs in the market without approval delays.

Keywords: drug lag; drug access; new drug; regulatory approval; Korean Health Authority (MFDS)

1. Introduction

The pharmaceutical industry is based on high levels of technology and strong regula-
tion by national regulatory authorities [1,2]. Regulatory approval is an important milestone
in drug development and commercialization, because drugs can be used and marketed
from the date of regulatory approval. Therefore, local regulatory approval is directly related
to the accessibility of drugs to patients. Because each regulatory authority approves drugs
in the country after review of safety and efficacy in terms of the risk–benefit profile, drug
approval duration varies by each country or region [3].

Drug lag is defined as the delay between the global first approval (usually from the
competent authority of the United States Food and Drug Administration (FDA) and the
European Medicines Agency (EMA)) and the regulatory approval from the national health
authority in each country [3]. Drug lag is recognized as an issue [4–7], given that a few
countries, particularly the United States (US), lead the development of innovative drugs,
and most countries provide access to such innovative drugs to local patients through local
registration and import [8].

Preparing the regulatory pathway of the local new drug application (NDA) requires
generating local specific data for the target indication and population to address the
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potential ethnic difference of the efficacy or safety of the drug [9–12]. Bridging clinical
studies are required to extrapolate the foreign clinical data to local populations for local
regulatory approval [13]. Such requirements of local clinical studies have contributed to the
drug lag in Asian countries, including Korea, because these bridging studies are usually
initiated after the design of international pivotal studies is confirmed. This is to help local
studies adopt a similar design of the global pivotal studies for effective comparison of
efficacy and safety [14], although multiregional clinical trials (MRCTs) are used for global
drug development across different regions simultaneously [15].

Regulatory authorities have introduced the orphan drug designation pathway to
promote the research and development (R&D) of drugs, especially for the treatment of
rare diseases [16]. If a drug is designated an orphan drug in Korea, bridging the clinical
study in the Korean population is exempted along with local quality control tests, and the
priority review is conducted during the application for reimbursement after regulatory
approval [17]. As these factors influence the decision of pharmaceutical companies to
launch their products in a country, the adopted regulatory pathway of each drug for
approval is expected to affect the drug lag. Moreover, the review scope and the period of
the regulatory pathway would influence the timing of the regulatory approval.

The pharmaceutical industry in Korea ranked 13th in the world in 2016 [18], account-
ing for 1.8% of the global market in sales [19]. The Korean pharmaceutical market is
expected to take a greater share of the global pharmaceutical market in the future, with
an annual growth rate of 14.5% in 2012–2017 for chemical drugs and 35.6% in 2013–2017
for biologics [19]. However, it still depends on imports for innovative drugs. Therefore,
it is important to facilitate the accessibility of key innovative drugs developed overseas
through timely regulatory approval for public health. Indeed, disparities in drug access
between regions have been studied for implications in many countries [6,7,20–22].

This study aims to investigate the factors associated with the drug lag of new drugs in
Korea compared with the US. In an era of differentiated treatment choice for each patient
and rapid advancement of standard care, this regional disparity in drug accessibility is an
important challenge for all countries. Understanding the impacts of the regulatory pathway
and local requirements for NDAs on drug lag is crucial to improving accessibility.

2. Materials and Methods
2.1. Data Collection

This study extracted data on regulatory information from the official websites of the
Korean Ministry of Food and Drug Safety (MFDS) [23] and the US FDA [24]. The six
assumptions for selecting the potential variables affecting drug lag were as follows.

First, the drugs with the main indication of oncology could be developed through the
rapid expansion of regulatory approvals globally based on highly unmet medical needs.
Second, the commercial priority of orphan drug registration is lower than other new drugs
due to the low market potential and low prevalence of the disease population. Third,
change of the local regulations, such as the expansion of the review scope for orphan
drugs in 2015, could increase the review period of orphans. Fourth, the maturity of the
pharmaceutical industry of the country could impact the drug lag, and this is impacted by
the nationality of the pharmaceutical company. Fifth, the regulatory pathway for orphan
drug designation and priority review for the innovative characteristics of the drug and
urgent medical need could impact the drug lag. Finally, a local study generating local data
conducted in Korea could be a potential contributing factor for the approval of NDAs.

Based on these assumptions, the following information was obtained: the approval
date of the MFDS and the FDA, status of orphan drug designation of Korea and the US,
regulatory pathway in the US, nationality of the drug developer, Marketing Authorization
Holder (MAH) of the drug in Korea, the origin of the drug (chemical or biologicals),
Anatomical Therapeutic Code (ATC), approved indication for oncology, number of clinical
trials conducted in Korea, number of subjects enrolled in the clinical trials in Korea, number
of confirmatory trials (phase III), the period from the Investigational New Drug (IND)
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(a substance that has been tested in the laboratory and has been approved by the health
authority for testing in people. Clinical trials test how well investigational new drugs work
and whether they are safe to use; also called an experimental drug, investigational agent,
and investigational drug) approval date to the NDA (a document whereby a pharmaceutical
manufacturer or its agent requests permission from the health authority for a license to
market a drug for one or more specified indications; NDA filed with the FDA as described
in 21 C.F.R. § 314, a Biological License Application (BLA) pursuant to 21 C.F.R. § 601.2, or
any equivalent or any corresponding application for regulatory approval in any country or
regulatory jurisdiction other than the United States)approval date (defined as development
lag), and percentage of Korean subjects in the clinical trials of the drug.

The drug developer was considered based on the regulatory information on the respec-
tive health authority website and the related articles. The number of patients participating
in the clinical studies was assumed based on the applicant’s disclosure of the targeted
number of patients.

2.2. Study Drugs

Study drugs are approved as imported new molecule entity drugs in Korea. Drugs
not approved by the FDA or the MFDS were excluded because the drug lag could not be
defined. All new molecule entities approved by the MFDS through a New Drug Application
(NDA) from 1 January 2000 to 31 December 2019 were categorized as chemical drugs or
biologics. Because the new molecule entity could be approved as an orphan drug or a new
drug in the regulatory pathway, this classification was also collected. In the case of several
strengths of the product approved with the same regulatory information, the multiple
approvals were considered as one.

For chemical drugs, 110 orphan drugs and 251 non-orphan new drugs were approved
as new drugs. After excluding the products not approved by the FDA, 316 new chemical
entities were investigated. For the biologics, 50 orphan drugs and 65 new drug products
were approved under the new marketing authorization. After excluding the products not
approved by the FDA, 108 new biological entities were investigated. A total of 424 drugs
(316 chemical drugs and 108 biologics) were included as the final sample in this study
(Figure 1A,B).

Because information on local clinical trials have been available since 2012, we con-
ducted sub-group analysis for the drugs approved through the new drug pathway since
2012 (n = 37).

2.3. Variables
2.3.1. Dependent Variable

The study’s dependent variable is the MFDS approval and drug lag period. Drug lag
is a continuous variable, which was defined as the number of months delayed from the
date of FDA approval in the US to the date of MFDS approval in Korea.

2.3.2. Independent Variables

The following information on the drugs was considered as the potential determinants
of the drug lag: the approved year of the drug (as a continuous variable), the status of
orphan drug designation of Korea (with new drug review as the reference), the origin of
the drug being biological (with chemical as the reference), the regulatory pathway being
priority review in the US (with standard review as the reference), the nationality of the drug
developer (Europe, Japan, Others, with US as the reference), the MAH of the drug being a
Korean company in Korea (with non-Korean company as the reference), the approved drug
with oncology indications (with non-oncology drugs as the reference), and being approved
since 2015 (with being approved before 2015 as the reference).
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For the drugs approved through the new drug pathway since 2012 (n = 37), the
following information regarding clinical trials for the local studies for the Investigational
New Drug (IND) application was additionally considered as determinants for the drug lag:
the number of clinical trials conducted in Korea (as a continuous variable) and the number
of subjects enrolled in the clinical trials in Korea (as a continuous variable). The requirement
of local clinical study only applies to new drugs not designated as orphan drugs.

2.3.3. Statistical Analysis

Univariate regression analysis and the Wilcoxon rank-sum test were performed to
identify factors associated with the drug lag. Multivariate linear regression and Cox
proportional hazard models were used in a stepwise approach with the addition of the
identified potential factors. SAS® Studio Version 3.8 (SAS Institute Inc., Cary, NC, USA)
was used for all statistical analyses. The significance level was set at 10%.

This study was reviewed and approved by the Yonsei Institutional Review Board
(approval number: 7001988-202008-HR-961-01E).

3. Results

The characteristics of the 424 selected drugs are shown in Table 1. The nationalities of
the pharmaceutical companies that develop the drugs and commercialize them were 34.2%
US (n = 145), 55% Europe, including Switzerland (n = 233), 8.5% Japan (n = 36), and 2.4%
others (n = 10). Regarding the MAH, 13.4% were Korean companies (n = 57) and 86.6%
were subsidiaries of multinational pharmaceutical companies (n = 367). Among the studied
drugs, the proportion of the orphan drugs designated by the MFDS was approximately
one-third (34.7%, n = 147). Similarly, 25.9% (n = 110) were confirmed as orphan drugs
designated by the FDA in total studied drugs, substantially overlapping the designation
in Korea. The proportion of priority review by the FDA was 40.1% (n = 170), and the
proportion of drugs designated both for the priority review and orphan drug designation
by the FDA was 11.6% (n = 49). New molecules developed for oncology drugs were 32.1%
(n = 136). The results of the classification by ATC code showed a similar proportion of
drugs categorized as category L (antineoplastic and immunomodulatory agents), at 33.7%,
compared with the group of oncology drugs at 32.1%.

3.1. Associations with the Drug Lag and Related Factors

Figure 2 shows the duration of drug lag for the 424 studied drugs for each year.
Generally, the delay was up to 50 months, and the drug lag period tended to decrease after
2016; the average duration of drug lag was 40 (2000) to 108 months (2005) before 2016,
whereas it was 10.7 months in 2016 and 22 to 27 months after 2016.

The survival functions in univariate analysis are shown in Figure 3. Results show that
the time to obtain regulatory approval in Korea for non-orphan drugs and drugs developed
by a Korean company was shorter than for the respective counterparts.

Results of multivariate analysis using the Cox proportional hazard model affecting
drug lag are shown in Table 2. Orphan drugs designated by the MFDS were 0.731 times
less likely to receive approval (HR = 0.731, 95% CI: 0.572–0.934). Drugs with a Korean
MAH were 0.524 times less likely to obtain drug approval than those with the MAH of a
subsidiary of a multinational pharmaceutical company (HR = 0.524, 95% CI: 0.371–0.738).
Moreover, drugs approved after 2015 were 2.02 times more likely to receive drug approval
(HR = 2.02, 95% CI: 1.526–2.672).

Furthermore, the nationality of drug developers did not significantly impact drug lag.
The status of the US orphan drug designation and priority review, which were considered to
have high correlations with the status of the MFDS orphan drug designation, was also not
significant. The category of the drugs, chemical drugs or biologics, was also not significant.
Finally, the therapeutic area of the drug, categorized as oncology or others, did not show a
significant association.
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Table 1. Sample characteristics.

Category n %

Total drugs approved during 2000–2019
Total drugs investigated 424 100

Category
Chemical drugs 316 74.5

Biologics 108 25.5
Nationality of pharmaceutical company for drug development

US 145 34.2
Europe (including Switzerland) 233 55.0

Japan 36 8.5
Others 10 2.4

Nationality of Marketing Authorization Holder (MAH)
Korea pharmaceutical company 57 13.4

Multinational pharmaceutical company 367 86.6
Orphan Drug Designation Status

(by Ministry of Food and Drug Safety, Korean Health Authority)
Yes 147 34.7
No 277 65.3

Regulatory pathway in US
Orphan drug designation 110 25.9

Priority review 170 40.1
Orphan drug designation and priority review 49 11.6

Oncology drugs
Yes 136 32.1
No 288 67.9

Therapeutic indication (Anatomical Therapeutic Classification code)
A (Alimentary tract and metabolism) 50 11.8
B (Blood and blood forming organs) 27 6.4

C (Cardiovascular system) 16 3.8
D (Dermatology) 5 1.2

G (Genito-urinary system and sex hormones) 15 3.5
H (Systemic hormonal preparations, excluding

sex hormones) 10 2.4

J (Anti-infectives for systemic use) 68 16.0
L (Antineoplastic and immunomodulatory

agents) 143 33.7

M (Musculoskeletal system) 6 1.4
N (Nervous system) 29 6.8

P (Antiparasitic products, insecticides, and
repellents) 1 0.2

R (Respiratory system) 18 4.2
S (Sensory organs) 14 3.3

V (Various) 22 5.2

A multivariate linear regression on drug lag duration was conducted to have more
intuitive interpretations of the association of the factors with the drug lag (Table S1). The
overall results were comparable to the multivariate Cox proportional hazard model. In
summary, orphan drugs designated by the MFDS or the MAH of Korean pharmaceutical
company showed a statistically significant positive association with the drug lag probability
and duration in each analysis. In contrast, drugs approved after 2015 showed a statistically
significant negative association with drug lag probability and duration in each estimation.
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Figure 3. Survival functions for univariate analysis. (A) Regulatory pathway in Korea—orphan
drug status, (B) nationality of the marketing authorization holder—Korean company versus others,
(C) nationality of pharmaceutical company for drug development, (D) approved year by Ministry of
Food and Drug Safety since 2015, (E) drug characteristics—type of drug: biological drugs vs. chemial
drugs, (F) drug characteristics—therapeutic area: oncology drugs vs. non-oncology drugs.

Table 2. Multivariate analysis using Cox proportional hazard model on drug lag.

Variable (n = 424) Hazard Ratio
(95% Confidence Interval) p-Value

Regulatory pathway in Korea
New drug review by Ministry of Food and Drug Safety Reference

Orphan drug review by Ministry of Food and Drug Safety 0.731 (0.572–0.934) 0.0121
Nationality of the Marketing authorization holder (MAH)

Non-Korean Company Reference
Korean Company 0.524 (0.371–0.738) 0.0002

Drug characteristics—Type of drug
Chemical Drugs Reference
Biological Drugs 1.068 (0.816–1.397) 0.6314

Drug characteristics—Therapeutic area
Non-oncology Drugs Reference

Oncology Drugs 1.055 (0.848–1.313) 0.6311
Nationality of pharmaceutical company for drug development

US Reference
Europe (including Switzerland) 1.031 (0.824–1.291) 0.7883

Japan 0.858 (0.576–1.276) 0.4486
Others 0.824 (0.423–1.603) 0.5682

Regulatory pathway in US
Standard review by US Food and Drug Administration Reference
Priority review by US Food and Drug Administration 0.938 (0.736–1.195) 0.6032
Approval year by Ministry of Food and Drug Safety

Approved drugs before 2015 Reference
Approved drugs since 2015 2.02 (1.526–2.672) <0.0001

R2 0.1542

3.2. Association of the Potential Delaying Factors of the Local Study on Drug Lag

To assess the association of the local study on drug lag, variables related to the target
enrolment number of patients and the number of local clinical studies were analyzed. The
distribution of drug lag for 37 non-orphan drugs is shown in Figure S1. The Wilcoxon rank-
sum test showed a significant difference for the drug lag for oncology drugs (Figure S2).

The multivariate Cox proportional hazard model results on drug lag in non-orphan
drugs are shown in Table 3. Oncology drugs were 0.247 times less likely to receive approval
(HR = 0.247, 95% CI: 0.093–0.657). The number of clinical studies in Korea was associated
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with a higher likelihood of drug lag (HR = 2.133, 95% CI: 1.196–3.805). The number of
Korean patients participating in clinical studies in Korea was negatively associated with
drug lag (HR = 0.993, 95% CI: 0.988–0.999). Development lag, defined as the period from
the IND approval date to the NDA approval date, was negatively associated with drug
lag (HR = 0.97, 95% CI: 0.942–0.999, p = 0.0421). Chemical versus biological drugs, the
nationality of pharmaceutical companies for drug development, and the US regulatory
pathway were not significant variables affecting drug lag. The multivariate linear regression
conducted with the same potential variables showed that oncology drugs that need local
clinical studies and drugs that need more patients in local clinical studies had a longer drug
lag. The higher number of clinical studies in Korea was associated with a shorter drug lag
(Table S2).

Table 3. Multivariate analysis using Cox proportional hazard model on drug lag for non-orphan
drugs related with clinical studies in Korea.

Variable
(n = 37)

Hazard Ratio
(95% Confidence Interval) p-Value

Development lag from the initial clinical study to approval
date of the drug 0.97 (0.942–0.999) 0.0421

Drug characteristics—Type of drug
Chemical Drugs Reference
Biological Drugs 0.87 (0.29–2.605) 0.8029

Drug characteristics—Therapeutic area
Non-oncology Drugs Reference

Oncology Drugs 0.247 (0.093–0.657) 0.0051
Nationality of pharmaceutical company for drug development

US Reference
Europe (including Switzerland) 1.62 (0.643–4.081) 0.3059

Japan 1.162 (0.229–5.895) 0.8566
Regulatory pathway in US

Standard review by US Food and Drug Administration Reference
Priority review by US Food and Drug Administration 0.921 (0.317–2.674) 0.88

Number of clinical studies in Korea 2.133 (1.196–3.805) 0.0103
Number of Korean patients participating in clinical studies in

Korea 0.993 (0.988–0.999) 0.0172

R2 0.3702

4. Discussion

We investigated drug lag for 424 drugs approved as the new molecule entities in
Korea and the US from 2000 to 2019. Our findings show that the drug lag for orphan drugs
designated by the MFDS increased by 27%, with statistical significance. The drugs with
Korean MAHs have a significantly longer drug lag (48%) than those with the MAHs of
subsidiaries of multinational pharmaceutical companies. Moreover, drugs approved after
2015 had a significant decrease in drug lag.

The increased drug lag for the orphan drug status was similarly reported in a previous
study in Japan for anticancer drugs [11] A study in Japan showed that the median approval
lag of orphan anticancer drugs between Japan and the US was 727.0 days, for which
submission lag was the main factor rather than a delay of the review. Although the dates
of submission and approval of the application are not disclosed in Korea, the previous
findings in Japan imply that both submission and review contributed to the total delay. The
submission lag could be due to the lead time for preparing for the regulatory requirements
and establishing the marketing strategy. Particularly for orphan drugs, as the lower the
prevalence of rare diseases leads to the lower market potential, firm-level decisions for
drug development could be a delaying factor in their drug lag. The review delays might be
attributed to changes in the review scope of the orphan drugs and a consequent increase in
the official review period of these drugs by the health authority. However, our findings
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showed no statistically significant drug lag after 2015, when the review scope changed,
implying no major role of the review side in the drug lag.

In the present study, 34.7% of the new-molecule entities were approved through the
orphan drug review pathway in Korea. To promote the R&D of the drugs, especially for
the treatment of rare diseases, regulatory authorities have introduced the orphan drug
designation pathway [16]. The regulatory procedure of orphan drug designation and
approval was initiated in 1983 in the US, 2000 in the EU, and 1993 in Japan [16]. Although
the criteria for the designation of orphan drugs differ in each country, the benefits usually
include preferential tax treatment, lower fees for regulatory review, priority review by
the regulatory authority, and the extension of market exclusivity, which are expected to
contribute to R&D and commercialization of the orphan drugs [25].

South Korea has relevant regulations for orphan drug designation with two criteria:
one for a prevalent population of the disease of less than 20,000 patients in Korea, and
the other for the drugs for diseases with no other treatment options or with significantly
improved safety and efficacy as compared to alternative treatments in Korea [17]. If a drug
is designated an orphan drug in Korea, bridging the clinical study in the Korean population
is exempted, along with the local quality-control tests and the priority review during the
application for reimbursement after regulatory approval. However, our findings of the
delayed drug approval for orphan drugs in Korea suggest that the benefits of orphan drug
designation to encourage drug development have limited impact.

This study showed that the drug lag significantly delayed (48%) the drug development
of Korean pharmaceutical companies compared with multinational companies, possibly
due to the lack of experience of Korean pharmaceutical companies [26]. The US companies
have developed one-third of the innovative medicines (36.4%), followed by the United
Kingdom (10.4%) and Japan (8.1%) [8]. In the registration process of each drug, the drug’s
market potential may be one primary reason multinational companies decide whether to
obtain regulatory approval through a subsidiary on their own or through licensing out
to a foreign company [27]. After the release of the ICH E17 guideline [15] for multire-
gional clinical trials (MRCTs) in 2017 to pursue global drug development across different
regions simultaneously, active adaptation and implementation of MRCTs was expected
to contribute to the reduction of drug lag periods and increase prompt access to drugs,
especially in countries that have local bridging data requirements. It is believed that the
ICH participation of the MFDS and the introduction of the ICH standard in Korea would
decrease drug lag. Our study showed that the drug lag period decreased with statistical
significance for drugs approved in 2015 or later, which is possibly an effect of the par-
ticipation of the MFDS in the ICH in 2016 [28]. Considering that most of the new drugs
(86.6% of the total new molecules approved) were developed in foreign countries with
advanced pharmaceutical industries in line with the ICH guidelines, the ICH participation
might contribute to reduced drug lag via the harmonization of the regulation of different
countries and reduction of the regulatory barriers of different requirements [10,29].

Orphan drug designation in the US was initiated in 1983 to stimulate the development
of new therapies for rare diseases [30]. The criteria for orphan drug designation have
evolved; however, the key criteria are for prevalence and the medical plausibility over
alternative treatments as well as the unmet needs of the patients [30,31]. Several previous
studies have evaluated the impact of whether drugs were was approved as an orphan drug
in the US and the regulatory pathway, including priority review, accelerated approval,
and breakthrough therapy [3,12]. Our findings show that the regulatory pathway in the
US did not have a significant effect on drug lag. However, we found that orphan drugs
approved by the MFDS were subject to delayed approval, implying the background of the
regulations for promoting the development of orphan drugs is not successful in Korea in
terms of innovation, urgent medical need, and priority review.

The nationality of the drug developers was not statistically significant. Although there
is a confirmed, considerable drug lag from approval in the US and the EU to approval in
Japan, significant differences between the US and EU were not observed [6,9,32]. Consid-
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ering that the potential differences between the US and EU in drug development are not
significant, the results of this study—that the nationality of the drug developer is not a
significant factor affecting the drug lag in Korea—are plausible.

Several previous studies in Japan showed that the requirement of local clinical studies
appears to be significantly associated with the longer drug lag as compared with global
clinical studies [33–35]. Global drug development based on MRCTs is the preferred strategy
to avoid redundant clinical studies and improve the overall study design [15]. Whereas
the requirement of local clinical development in Korea was identified as a critical factor
affecting drug lag in previous studies [10], participation in global trials rather than separate
local studies has increased in Korea [36]. Similar to our study, clinical data generation and
review issues were reported in Japan and China [32,37].

Oncology drugs had a longer drug lag than drugs for other therapeutic areas in this
study. The potential hurdles in oncology drug development include difficulties of clinical
study design for relatively small target patient groups. Recent advances in oncology
drug development have focused on targeted anticancer therapies with more specified
patient populations [38], which would possibly challenge the enrolment of target patients
as compared to studies of non-oncology drugs. Moreover, the small number of Korean
patients could be a challenge during the review of the MFDS, as hundreds of patients are
required to ensure variations in ethnicity; this could impact drug lag in Korea. Difficulties in
enrolling ethnic minority patients with cancer are also reported as a usual challenge in the
clinical development of oncology drugs [39]. As the scientific review on the methodological
and clinical perspectives could vary depending on the regulatory authority, the global
drug development of oncology drugs has additional barriers to non-oncology drugs [40],
particularly given the limited globally harmonized regulations for oncology drugs [40–42].
As more clinical evidence is obtained, efficient construction of the application data package
may have a positive impact on the drug review and lead to shorter drug lag. However,
our findings of a longer drug lag for a higher number of targeted patients participating in
clinical trials in Korea imply that the targeted number of patients may cause the drug’s
regulatory review [43].

Some limitations of this study are acknowledged. First, information on the clinical
trials in Korea has been disclosed only since 2012, reducing the number of observations.
Although the inclusion of the duration for clinical trials in the drug lag calculation is not
consistent in previous studies [33,34], the initiation of a clinical study is the first notable
milestone of the drug development. Nakajima et al. showed the importance of reducing
approval lag with shortened drug development time in Japan [34]. Once more data are
collected in a future study on the expanded disclosure of the information for IND in
Korea, more meaningful analyses and interpretations can be obtained. Second, several
assumptions were made during the data collection for the use of available data. The
drug developer was manually identified as part of the overall regulatory information
on the health authority website and the related articles. Third, the number of patients
participated in the clinical studies was measured with the disclosed information of the
targeted number of patients by the applicant. Future studies need to assess the status of
the MRCT participation for IND drugs and its impact on the drug lag. The assessment
of study qualities of local clinical trials compared with the MRCTs is also needed in the
future studies.

This study is the first comprehensive assessment of drug lag and its influencing factors
in Korea in the last 20 years. Despite the significant growth of pharmaceutical industries
and development of regulatory environments, we confirmed that drug lag other than in
major pharmaceutical-developing countries still exists, due mostly to the impacts of local
regulatory requirements.

5. Conclusions

Our findings of the significant drug lag for orphan drugs and drugs licensed by
Korean pharmaceutical companies imply that improved regulatory processes are needed to
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improve the accessibility of innovative drugs and minimize drug lag in Korea. Furthermore,
the urgency of the medical needs of orphan drugs used in rare diseases must also be
considered until sufficient new drug development research capabilities are formed for
Korean pharmaceutical companies. In the era of the globalization of drug development,
encouraging MRCTs and harmonizing regulatory standards and regulatory processes may
enhance the accessibility of innovative drugs to patients and thus improve public health.
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Author Contributions: Conceptualization, I.C. and E.H.; Data curation, I.C.; Formal analysis, I.C.; In-
vestigation and Methodology, I.C. and E.H.; Project administration, I.C.; Resources, I.C.; Supervision,
E.H.; Validation, I.C.; Visualization, I.C.; Writing—original draft, I.C.; Writing—review and editing,
I.C. and E.H. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: This study was reviewed and approved from Yonsei Institu-
tional Review Board (approval number: 7001988-202008-HR-961-01E).

Data Availability Statement: This study extracted data on regulatory information from the official
websites of the Korean Ministry of Food and Drug Safety (MFDS) [23] and the US FDA [24].

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Scherer, F.M. Chapter 25 The pharmaceutical industry. In Handbook of Health Economics; Elsevier: Amsterdam, The Netherlands,

2000; Volume 1, pp. 1297–1336.
2. Vogel, D. The Globalization of Pharmaceutical Regulation. Governance 1998, 11, 1–22. [CrossRef]
3. Parker, J. Who Has a Drug Lag? Manag. Decis. Econ. 1989, 10, 299–309. [CrossRef]
4. Wardell, W.M. Introduction of new therapeutic drugs in the United States and Great Britain: An international comparison. Clin.

Pharmacol. Ther. 1973, 14, 773–790. [CrossRef] [PubMed]
5. Andersson, F. The drug lag issue: The debate seen from an international perspective. Int. J. Health Serv. 1992, 22, 53–72. [CrossRef]

[PubMed]
6. Ichimaru, K. PMDA’s Challenge to Accelerate Clinical Development and Review of New Drugs in Japan. Clin. Pharmacol. Ther.

2010, 88, 454–457. [CrossRef] [PubMed]
7. Lee, S.-W.; Park, S.-H.; Song, I.; Noh, Y.; Park, H.; Ha, D.; Shin, J.-Y. Notable Differences in Drug Lag Between Korea and Japan of

New Drugs between 2009 and 2017. Ther. Innov. Regul. Sci. 2020, 54, 418–423. [CrossRef] [PubMed]
8. Keyhani, S.; Wang, S.; Hebert, P.; Carpenter, D.; Anderson, G. US pharmaceutical innovation in an international context. Am. J.

Public Health 2010, 100, 1075–1080. [CrossRef] [PubMed]
9. Tsuji, K.; Tsutani, K. Approval of new drugs 1999–2007: Comparison of the US, the EU and Japan situations. J. Clin. Pharm. Ther.

2010, 35, 289–301. [CrossRef]
10. Wileman, H.; Mishra, A. Drug lag and key regulatory barriers in the emerging markets. Perspect Clin. Res. 2010, 1, 51–56.
11. Kogure, S.; Koyama, N.; Hidaka, S. Utilization of the Bridging Strategy for the Development of New Drugs in Oncology to Avoid

Drug Lag. J. Clin. Pharmacol. 2017, 57, 1479–1490. [CrossRef]
12. Nakayama, H.; Matsumaru, N.; Tsukamoto, K. The drug lag and associated factors for orphan anticancer drugs in Japan compared

to the United States. Investig. New Drugs 2019, 37, 1086–1093. [CrossRef] [PubMed]
13. Guideline, I.H.T. Ethnic Factors in the Acceptability of Foreign Clinical Data E5 (R1); The International Council for Harmonisation.

1998. Available online: https://www.ich.org/page/efficacy-guidelines (accessed on 9 February 2021).
14. Mori, K.M.S.; Toyoshima, S.P. Recent Approaches by the PMDA to Promoting New Drug Development: Change in the Status of

the PMDA in Relation to New Drug Development Over the Last Five Years. Drug Inf. J. 2009, 43, 47–55. [CrossRef]
15. Guideline, I.H. General Principles for Planning and Design of Multi-Regional Clinical Trials E17; The International Council for

Harmonisation. 2017. Available online: https://www.ich.org/page/efficacy-guidelines (accessed on 9 February 2021).
16. Heemstra, H.E.; van Weely, S.; Buller, H.A.; Leufkens, H.G.; de Vrueh, R.L. Translation of rare disease research into orphan drug

development: Disease matters. Drug Discov. Today 2009, 14, 1166–1173. [CrossRef] [PubMed]

https://www.mdpi.com/article/10.3390/ijerph19052857/s1
https://www.mdpi.com/article/10.3390/ijerph19052857/s1
http://doi.org/10.1111/0952-1895.551998055
http://doi.org/10.1002/mde.4090100407
http://doi.org/10.1002/cpt1973145773
http://www.ncbi.nlm.nih.gov/pubmed/4147119
http://doi.org/10.2190/9Y32-X86Y-M3F0-JQFC
http://www.ncbi.nlm.nih.gov/pubmed/1735628
http://doi.org/10.1038/clpt.2010.190
http://www.ncbi.nlm.nih.gov/pubmed/20856242
http://doi.org/10.1007/s43441-019-00071-9
http://www.ncbi.nlm.nih.gov/pubmed/32072585
http://doi.org/10.2105/AJPH.2009.178491
http://www.ncbi.nlm.nih.gov/pubmed/20403883
http://doi.org/10.1111/j.1365-2710.2009.01099.x
http://doi.org/10.1002/jcph.951
http://doi.org/10.1007/s10637-018-0612-y
http://www.ncbi.nlm.nih.gov/pubmed/29855823
https://www.ich.org/page/efficacy-guidelines
http://doi.org/10.1177/009286150904300109
https://www.ich.org/page/efficacy-guidelines
http://doi.org/10.1016/j.drudis.2009.09.008
http://www.ncbi.nlm.nih.gov/pubmed/19818412


Int. J. Environ. Res. Public Health 2022, 19, 2857 13 of 13

17. MFDS. Regulation for the Orphan Drug Designation. In MFDS Notification 2018-41; MFDS 2018. Available online:
https://www.law.go.kr/%ED%96%89%EC%A0%95%EA%B7%9C%EC%B9%99/%ED%9D%AC%EA%B7%80%EC%9D%98
%EC%95%BD%ED%92%88%EC%A7%80%EC%A0%95%EC%97%90%EA%B4%80%ED%95%9C%EA%B7%9C%EC%A0%95
(accessed on 9 February 2021).

18. IMS, Q. Outlook for Global Medicines through 2021; IMS: 2016. Available online: https://www.iqvia.com/-/media/iqvia/pdfs/
institute-reports/global-outlook-for-medicines-through-2021.pdf (accessed on 9 February 2021).

19. Kotra, K.T.I.P.A. Status and Outlook of Korea’s Pharmaceutical Industry-Leading the Biotech Sector Korea’ S Pharmaceuticals Industry;
KOTRA: Seoul, Korea, 2019.

20. Shih, Y.R.; Liao, K.H.; Chen, Y.H.; Lin, F.J.; Hsiao, F.A.-O. Reimbursement Lag of New Drugs Under Taiwan’s National Health
Insurance System Compared With United Kingdom, Canada, Australia, Japan, and South Korea. Clin. Transl. Sci. 2020, 13,
916–922. [CrossRef] [PubMed]

21. Wilson, A.; Cohen, J. Patient access to new cancer drugs in the United States and Australia. Value Health 2011, 14, 944–952.
[CrossRef]

22. Venkatakrishnan, K.; Burgess, C.; Gupta, N.; Suri, A.; Takubo, T.; Zhou, X.; DeMuria, D.; Lehnert, M.; Takeyama, K.; Singhvi, S.; et al.
Toward Optimum Benefit-Risk and Reduced Access Lag For Cancer Drugs in Asia: A Global Development Framework Guided
by Clinical Pharmacology Principles. Clin. Transl. Sci. 2016, 9, 9–22. [CrossRef]

23. MFDS. MFDS Drug Databases. Available online: https://nedrug.mfds.go.kr/pbp/CCBRA01 (accessed on 9 February 2021).
24. FDA. Drugs@FDA. Available online: https://www.accessdata.fda.gov/scripts/cder/daf/index.cfm (accessed on 9 February 2021).
25. Meekings, K.N.; Williams, C.S.; Fau-Arrowsmith, J.E.; Arrowsmith, J.E. Orphan drug development: An economically viable

strategy for biopharma R&D. Drug Discov. Today 2012, 17, 660–664. [CrossRef]
26. Woo-hyun, S.S. Korea’s Development of Novel Drugs Lags behind Others. The Korea Herald, 3 May 2021.
27. Poirier, A.F. Closing the drug lag for new drug submission and review in Japan: An industry perspective. Clin. Pharmacol. Ther.

2015, 98, 486–488. [CrossRef]
28. MFDS. International Harmonization of MFDS. Available online: https://www.mfds.go.kr/eng/wpge/m_74/de011046l001.do

(accessed on 25 July 2021).
29. Molzon, J.A.; Giaquinto, A.; Lindstrom, L.; Tominaga, T.; Ward, M.; Doerr, P.; Hunt, L.; Rago, L. The value and benefits of the

International Conference on Harmonisation to drug regulatory authorities: Advancing harmonization for better public health.
Clin. Pharmacol. Ther. 2011, 89, 503–512. [CrossRef]

30. Franco, P. Orphan drugs: The regulatory environment. Drug Discov. Today 2013, 18, 163–172. [CrossRef]
31. Mariz, S.; Reese, J.H.; Westermark, K.; Greene, L.; Goto, T.; Hoshino, T.; Llinares-Garcia, J.; Sepodes, B. Worldwide collaboration

for orphan drug designation. Nat. Rev. Drug Discov. 2016, 15, 440–441. [CrossRef] [PubMed]
32. Yonemori, K.; Hirakawa, A.; Ando, M.; Hirata, T.; Yunokawa, M.; Shimizu, C.; Katsumata, N.; Tamura, K.; Fujiwara, Y. The

notorious “drug lag” for oncology drugs in Japan. Investig. New Drugs 2011, 29, 706–712. [CrossRef] [PubMed]
33. Ohwaki, K.; Nakabayashi, T. Relationship between drug lag and factors associated with clinical trials in Japan. J. Clin. Pharm.

Ther. 2014, 39, 649–652. [CrossRef]
34. Nakajima, K.; Dagher, R.; Strawn, L.; Urushidani, J.; Kurokawa, T.; Chiba, K. The Relationship Between Development Start Lag

and Approval Lag in Oncology Drug Development in Japan. Ther. Innov. Regul. Sci. 2015, 49, 911–919. [CrossRef] [PubMed]
35. Asano, K.; Tanaka, A.; Sato, T.; Uyama, Y. Regulatory challenges in the review of data from global clinical trials: The PMDA

perspective. Clin. Pharmacol. Ther. 2013, 94, 195–198. [CrossRef]
36. Chee, D.H. Korean clinical trials: Its current status, future prospects, and enabling environment. Transl. Clin. Pharmacol. 2019, 27,

115–118. [CrossRef]
37. Bajaj, G.; Gupta, M.; Wang, H.H.; Barrett, J.S.; Tan, M.; Rupalla, K.; Bertz, R.; Sheng, J. Challenges and Opportunities with

Oncology Drug Development in China. Clin. Pharmacol. Ther. 2019, 105, 363–375. [CrossRef]
38. Gutierrez, M.E.; Kummar, S.; Giaccone, G. Next generation oncology drug development: Opportunities and challenges. Nat. Rev.

Clin. Oncol. 2009, 6, 259–265. [CrossRef]
39. Hamel, L.M.; Penner, L.A.; Albrecht, T.L.; Heath, E.; Gwede, C.K.; Eggly, S. Barriers to Clinical Trial Enrollment in Racial and

Ethnic Minority Patients with Cancer. Cancer Control 2016, 23, 327–337. [CrossRef]
40. Jonsson, B.; Bergh, J. Hurdles in anticancer drug development from a regulatory perspective. Nat. Rev. Clin. Oncol. 2012, 9,

236–243. [CrossRef]
41. DiMasi, J.A.; Grabowski, H.G. Economics of new oncology drug development. J. Clin. Oncol. 2007, 25, 209–216. [CrossRef]

[PubMed]
42. De Claro, R.A.; Spillman, D.; Hotaki, L.T.; Shum, M.; Mouawad, L.S.; Santos, G.M.L.; Robinson, K.; Hunt, M.; Healy, C.;

Chan, A.; et al. Project Orbis: Global Collaborative Review Program. Clin. Cancer Res. 2020, 26, 6412–6416. [CrossRef] [PubMed]
43. Heller, C.; Balls-Berry, J.E.; Nery, J.D.; Erwin, P.J.; Littleton, D.; Kim, M.; Kuo, W.P. Strategies addressing barriers to clinical trial

enrollment of underrepresented populations: A systematic review. Contemp. Clin. Trials 2014, 39, 169–182. [CrossRef] [PubMed]

https://www.law.go.kr/%ED%96%89%EC%A0%95%EA%B7%9C%EC%B9%99/%ED%9D%AC%EA%B7%80%EC%9D%98%EC%95%BD%ED%92%88%EC%A7%80%EC%A0%95%EC%97%90%EA%B4%80%ED%95%9C%EA%B7%9C%EC%A0%95
https://www.law.go.kr/%ED%96%89%EC%A0%95%EA%B7%9C%EC%B9%99/%ED%9D%AC%EA%B7%80%EC%9D%98%EC%95%BD%ED%92%88%EC%A7%80%EC%A0%95%EC%97%90%EA%B4%80%ED%95%9C%EA%B7%9C%EC%A0%95
https://www.iqvia.com/-/media/iqvia/pdfs/institute-reports/global-outlook-for-medicines-through-2021.pdf
https://www.iqvia.com/-/media/iqvia/pdfs/institute-reports/global-outlook-for-medicines-through-2021.pdf
http://doi.org/10.1111/cts.12778
http://www.ncbi.nlm.nih.gov/pubmed/32166908
http://doi.org/10.1016/j.jval.2011.05.004
http://doi.org/10.1111/cts.12386
https://nedrug.mfds.go.kr/pbp/CCBRA01
https://www.accessdata.fda.gov/scripts/cder/daf/index.cfm
http://doi.org/10.1016/j.drudis.2012.02.005
http://doi.org/10.1002/cpt.192
https://www.mfds.go.kr/eng/wpge/m_74/de011046l001.do
http://doi.org/10.1038/clpt.2011.10
http://doi.org/10.1016/j.drudis.2012.08.009
http://doi.org/10.1038/nrd.2016.80
http://www.ncbi.nlm.nih.gov/pubmed/27245396
http://doi.org/10.1007/s10637-011-9638-0
http://www.ncbi.nlm.nih.gov/pubmed/21286780
http://doi.org/10.1111/jcpt.12202
http://doi.org/10.1177/2168479015579518
http://www.ncbi.nlm.nih.gov/pubmed/30222391
http://doi.org/10.1038/clpt.2013.106
http://doi.org/10.12793/tcp.2019.27.4.115
http://doi.org/10.1002/cpt.1017
http://doi.org/10.1038/nrclinonc.2009.38
http://doi.org/10.1177/107327481602300404
http://doi.org/10.1038/nrclinonc.2012.14
http://doi.org/10.1200/JCO.2006.09.0803
http://www.ncbi.nlm.nih.gov/pubmed/17210942
http://doi.org/10.1158/1078-0432.CCR-20-3292
http://www.ncbi.nlm.nih.gov/pubmed/33037016
http://doi.org/10.1016/j.cct.2014.08.004
http://www.ncbi.nlm.nih.gov/pubmed/25131812

	Introduction 
	Materials and Methods 
	Data Collection 
	Study Drugs 
	Variables 
	Dependent Variable 
	Independent Variables 
	Statistical Analysis 


	Results 
	Associations with the Drug Lag and Related Factors 
	Association of the Potential Delaying Factors of the Local Study on Drug Lag 

	Discussion 
	Conclusions 
	References

