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Abstract

The term ‘drug lag’ represents the difference in the timing of drug approval among countries. The impact of accelerated approvals on the drug
lag for anticancer drugs between the United States (U.S.) and Japan was evaluated using publicly available information to identify anticancer
drugs approved in the U.S. or Japan between January 2006 and March 2017. A logistic regression analysis was conducted to determine the
association between the oncology drugs lags and potential factors, including accelerated approval. The median drug lag was 805 days. The drug
lag was extended for drugs that were approved in the U.S. under accelerated approval (884 days) compared to the standard approval (606 days).
A total of 170 approvals were available for the analysis of drug lags. A multivariate logistic regression analysis revealed that the following factors
contributed significantly to the drug lags (p<0.05): accelerated approval (odds ratio [OR] 4.48), Phase III study (OR 3.69), major cancer (OR
0.38), and international/global development (OR 0.32). Accelerated approval in the U.S. is one of the significant factors that extend the drug
lags for anticancer drugs. The current drug development and approval process in Japan may have advantages, however, since a new regulation to
reduce drug lag for anticancer drugs, the conditional early approval system, may help minimize drug lags and support decision making not only
for regulators but also pharmaceutical companies.
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1. Introduction

The term ‘drug lag’ refers to the difference in the timing of
a drug’s approval among countries. A delay in the approval or
launch of a new drug results in the loss of patients’ opportunity
to be treated with the drug, even as patients in another country
may benefit from the same drug approved therein. Cancer is
one of the major life-threatening diseases worldwide, present-
ing a high, unmet medical need. Over 14.1 million people are
diagnosed with cancer worldwide each year, and the associated
mortality exceeds 8.2 million individuals [2]. Research has in-
dicated that approximately one half of the people in Japan are
at risk of developing cancer in their lifetimes, and one third of
those affected may die due to cancer [16, 22]. Systemic anti-
cancer therapy in an advanced or metastatic cancer setting can
prolong a patients’ survival and maintain their quality of life
by preventing cancer growth. Ideally, all cancer patients should
have access to anticancer therapies without delays in the avail-
ability of anticancer drugs, which can be a direct threat to the
patients’ lives.
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In Japan, the Pharmaceuticals and Medical Devices Agency
(PMDA) and the Ministry of Health, Labour and Welfare
(MHLW) are the regulatory bodies with important roles in the
review and approval of new drugs. Drug lags have been a topic
of interest for researchers but are also an urgent issue to be re-
solved among regulators. Japan’s regulatory authorities have
taken several steps to minimize the drug lags [26], including
the publication of several relevant guidelines such as the notifi-
cation of the International Conference on Harmonization (ICH)
E5 guideline (including Q&A) [10, 31], and a guidance that
was made effective in 2006 regarding the clinical evaluation
of anticancer drugs, which promoted the acceleration of on-
cology drug development and approval [19]. In addition, in
an effort to accelerate the clinical development of unapproved
drugs, a Committee for Unapproved Drugs was formed in 2010
by the MHLW [17]. A designation system named ‘Sakigake’
was introduced with the goal of accelerating the development
and launch time for innovative drug candidates by conducting
priority consultations, prior assessments, and priority reviews
[18].

In the United States, the Food and Drug Administration
(FDA) has four pathways for expediting the development and
approvals of drugs that address serious or life-threatening con-

1 of 9



Journal of Regulatory Science | https://doi.org/10.21423/jrs-v08nagasawa Nagasawa et al.

ditions [29]. Of these pathways, the designation ‘breakthrough
therapy’ applies to drugs that have demonstrated substantial im-
provement over existing therapies, based on preliminary clini-
cal or non-clinical evidence. The ‘accelerated approval’ path-
way is not a designation; rather, it is a unique system that per-
mits the FDA to grant marketing authorization for a drug that
has shown a clinical meaningful benefit by surrogate endpoints
in early-stage clinical trials. Until recently, Japan did not have
an approval system equivalent to the accelerated approval sys-
tem in the U.S.

Several studies suggested that drug lags have been caused
by several factors, including delays in the initiation of clinical
trials among countries and longer review periods between new
drug applications and drugs approvals [12, 14, 20, 23, 30, 34].
In addition to these potential factors, it has been hypothesized
that the lack of an accelerated approval pathway in Japan con-
tributes to the drug lags between Japan and the U.S., especially
for anticancer drugs. Although in the European Union (EU),
the European Medicines Agency (EMA) has introduced a con-
ditional marketing authorization system that is similar to the
U.S. accelerated approval pathway, it has been suggested that
the drug lags between Japan and the U.S. are more significant
compared to those between Japan and the EU [7, 29]. In the
present study, we investigated how accelerated approval affects
the drug lags for anticancer drugs between the U.S. and Japan.

2. Methods

The present study targeted anticancer drugs for systemic
therapy to treat malignant tumors (except generics) that were
approved in the U.S or Japan between January 1, 2006 and
March 31, 2017. The approvals for both new therapeutic indi-
cations and supplemental indications were included because a
single drug might have received multiple approvals for multiple
indications during the study period. The information and data
analyzed in this study for approved drugs were collected from
the lists of approved products, approval letters, review reports,
common technical documents, package inserts, and New Drug
Application (NDA) and Biologic License Application (BLA)
approval reports from the public websites of Japan’s PMDA
and the U.S. FDA. Taking into account the potential effects
of other confounding factors on the drug lags, data was ana-
lyzed not only for the dates of regulatory approval and the type
of approval (U.S. only), but also for drug indications (e.g., tu-
mor type), drug development style (international/global devel-
opment and local/bridging strategy), and pivotal trials of drug
efficacy evaluations (i.e., the development phase, study design
and endpoint). ‘Major cancer’ was defined as non-small-cell
lung cancer, gastric cancer, colorectal cancer, and breast can-
cer, based on the Guidelines for the Clinical Evaluation of
Anticancer Drugs [19]. Complete information about the drug
development style was not always available in the FDA’s re-
view reports, and all of the drug development styles used in
the U.S. were classified as ‘international/global’ in the present
study. The public-knowledge-based application (“Kochi appli-
cation”) was a unique supplemental NDA system in Japan; an
additional indication could be granted without conducting all or

some clinical trials for drugs whose off-label use is publicly rec-
ognized as medically and pharmaceutically validated based on
sufficient evidence, such as approvals and substantial clinical
use in Western countries (e.g., U.S.), reliable scientific publi-
cations or review articles in the international journals, and/or
reliable clinical study results conducted by publicly-owned re-
search projects. Because of non-availability of clinical data
package, the approvals based on Kochi application was ex-
cluded.

‘Drug lag’ was defined as the approval lag between the two
countries, calculated by subtracting each drug approval date in
the U.S. from its approval date in Japan. If a drug was ap-
proved earlier in Japan than in the U.S., the value was negative.
Since some of the drugs were approved in one country within
the study period but were not yet approved in the other country,
the data collection period was extended until March 31, 2019.
If a drug was still not approved by that time, that cut-off date
was entered to calculate the drug lags. For investigation of fac-
tors that may be associated with a drug lag, the drugs for which
there was unavailability of a complete set of information about
the clinical data package (i.e., the pivotal study and develop-
ment style) were excluded. Also excluded were the drugs for
which approval was obtained in the U.S. or Japan, but for which
development had not begun in the other country. The various
drug lag values were not distributed normally, and included sev-
eral extreme values (Figure. 1); therefore, a logistic regression
analysis was conducted. The values were dichotomized using
cut-offs: 0: ≤two years; 1: >two years.

The logistic regression analysis was applied with the binary
response of the drug lag and the factors defined above as ex-
planatory variables. A stepwise logistic regression analysis for
the selection of predictive variables that may affect the drug lags
was conducted. Probability (p)-values <0.05 were accepted as
significant. The statistical analyses were performed using Mi-
crosoft Excel for Office 365 ver. 1902 and R ver. 3.5.0.

3. Results

The study identified 145 drugs approved in the U.S. and
128 drugs approved in Japan (total = 273 drug approvals). The
characteristics of the approved drugs are summarized in Table
1.

The number of drug approvals during each 3-year period
from 2006 to 2017 tended to increase in both countries. The
vast majority of the drugs (>90 percent) were approved earlier
in the U.S. than in Japan. Of the 145 approvals in the U.S.,
29 indications were still not approved in Japan as of March 31,
2017. Approximately 30 percent of the drug approvals were
accelerated approvals, and the majority of drugs (69.7 percent)
were indicated for the treatment of solid tumors. Approxi-
mately 30 percent of the approvals were for major cancer in-
dications.

A small between-country difference regarding the pivotal
studies for the drug efficacy evaluations was observed. Ap-
proximately 80 percent of approvals in Japan were based on
late-phase (i.e., Phase III) studies, whereas in the U.S., approx-
imately 35 percent were based on data from early-phase (Phase
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Figure 1: Distribution of 170 Anticancer Drugs by the Drug Lag

I or II) studies. Global or international development was used
in approximately one-third of the total number of approvals in
Japan (34.4 percent).

We were able to analyze the drug lags for a total of 170
approved indications. Each drug lag (in days) by factors is pre-
sented using descriptive statistics in Table 2. The median drug
lag was 805 days (range -2,556 to 11,831 days). The average
drug lag was 1020.9 days (standard deviation [SD] 1,387 days)
suggesting greater variability and several extreme values. The
drug lag was extended for the drugs that were approved under
U.S. accelerated approval (median drug lag, 894 days) com-
pared to the U.S. standard approval (median, 606 days). The
proportion of approvals with a drug lag of more than two years
was 71.9 percent for the accelerated approvals and 47.8 percent
for the standard approvals. Relatively shorter drug lags were
observed for solid tumor (649 vs. 1,116 days), major cancer
indication (459 vs. 894 days), and international/global devel-
opment (497 vs. 1,116 days), compared to the other factors.

Before conducting a multivariate logistic regression analy-
sis with all factors as explanatory variables, a univariate logistic
regression was performed with each factor, including ‘acceler-
ated approval’ (Table 3). The coefficient of accelerated approval
showed a significant result that contributed to the extension of
a drug lag (regression coefficient = 1.03, p = 0.003). “Solid tu-
mor”, “major cancer”, and “international/global development”
were revealed as having significant coefficients that contributed
to the shortening of a drug lag (p<0.05).

A multivariate logistic regression analysis was then per-
formed to identify the coefficients among the above factors that
contributed the most (Table 4). The results of the analysis
demonstrated that accelerated approval (odds ratio [OR] 4.48
[95 percent CI: 0.61, 2.39], regression coefficient = 1.50, p =

0.0009) and pivotal Phase III study (OR 3.69 [95 percent CI:
0.03, 2.59], regression coefficient = 1.12, p = 0.045), signifi-
cantly extended the drug lag, whereas major cancer (OR 0.38

[95 percent CI: -1.78, -0.16], regression coefficient = -0.97, p
= 0.019), and international/global development (OR 0.32 [95
percent CI: -1.85, 0.40], regression coefficient = -1.12, p =

0.0024), significantly reduced the drug lag.

4. Discussion

Drug lag has been a social issue and a research focus in
Japan for many years [28]. The PMDA remains committed to
enhancing consultation services and strengthening the organi-
zational structure to improve both the predictability of drug de-
velopment and the quality of reviews in order to help resolve
the development lag. According to the latest PMDA’s five-year
report of the drug lag calculation (for all drugs approved in
2013-2017), the drug lags had gradually decreased to 0.4 years
by 2017, and the largest drug lag (1.7 years) was observed in
2015 [25]. For anticancer drugs, Maeda et al. (2015) and Ueno
et al. (2014) have reported that approximately two-year drug
lags existed [14, 30]. The current study confirmed that the me-
dian drug lag in anticancer drug still remains at 805 days, and
most of the drugs (92.9 percent) were approved earlier in the
U.S.; 29 indications were still not approved in Japan. Cancer is
one of the major life-threatening diseases worldwide, including
Japan, and anticancer therapies help prolong patient’s survival
and maintain their quality of life (QOL). Represented by the
cases of imatinib for chronic myeloid leukemia or crizotinib for
ALK positive non-small-cell lung cancer, the new anticancer
therapy drastically changed treatment paradigm and improved
patients’ QOL or survival [3, 27]. Thus, delays in the availabil-
ity of anticancer drugs can socially and clinically impact cancer
patients’ lives. Further efforts are needed to resolve this issue.

The present study demonstrated that accelerated approval
is one of the significant factors associated with drug lags. To
the best of our knowledge, no studies have reported that differ-
ences in the approval system between the U.S. and Japan have
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Table 1: Characteristics of the 273 Oncology Drugs Approved in the U.S. (n=145) and Japan (n=128)

affected the drug lags; this is the first study that demonstrates
that accelerated approval is one of the significant factors associ-
ated with drug lags. It was known that the drug lags were based
on complex mechanisms and various factors: a delay in drug
development [20, 34] and a delay in submission [8, 21] (i.e., the
development lag), a longer review period (i.e., the review lag)
[34], the drug development strategy (local or bridging strategy,
global strategy) [13, 14], and the size of patient population (i.e.,
major or minor cancer) [21, 33]. Thus, in order to identify the

factors that contributed the most to the drug lags, a multivari-
ate analysis was conducted that could adjust for confounding
effects among factors. For the logistic regression analyses, a
cutoff value of two years was used to classify anticancer drugs
into two groups (a drug lag ≤2 years and >2 years), because
two years as a drug lag was likely to be the important thresh-
old for anticancer drugs, considering the fact that the maximum
drug lag during the last five years in Japan was 1.7 years [25],
and the situation where patients with life-threatening diseases
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Table 2: Summary of drug lags by potential factors

such as cancer are unable to receive new anticancer drugs for
more than two years - the significant social and clinical impacts
discussed above.

Our analysis also showed that the global development strat-
egy was a factor for shortening the drug lags. The bridging
strategy was introduced in Japan after the implementation of
the ICH E5 guideline in 1998 [10], and this strategy contributed
to the approval of many anticancer drugs that had not been ap-
proved. However, there was only a modest impact on the drug
lags because the bridging study in Japan was conducted after
the results of the overseas Phase III study became available
[13]. In recent years, the global development strategy became
more common rather than the bridging strategy. The global de-
velopment strategy enables simultaneous application in multi-
ple regions and greatly decreased the drug lags [1, 9, 30]. The
global development strategy can also be used to mitigate the
development lag. For example, even if a Phase I study has be-
gun in the U.S., and Japan has not participated in that study,
a simultaneous application may be possible by participating in
a registrational, global Phase III study. However, the global
development strategy may not always be effective, especially
for drugs that are used to treat life-threatening diseases such
as cancer, because the accelerated approval system in the U.S.
allows the FDA to approve anticancer drugs with the data ob-
tained in early stage clinical trials (Phase I/II studies). We
observed that even when the global development strategy was

applied, drug lags of approximately 859 days existed for anti-
cancer drugs that were approved under the accelerated approval
system in the U.S. (data not shown). We also observed that
78.1 percent of the clinical data packages in Japan contained
Phase III studies, whereas in the U.S., 35.2 percent of the drug
approvals were based on data from early-phase studies. This
result suggests that the FDA was relatively active, approving
anticancer drugs based on the results from early-stage clinical
trials, which seemed to be supported by the regulation on accel-
erated approval. Taking the past and present findings together, it
is apparent that the presence of an accelerated approval system
is important for resolving drug lags and for regulators’ decision
making regarding what level of evidence is to be required for a
drug’s approval.

From industries’ perspective, the clinical development
guidance, regulatory systems, and laws in the regions are the
key factors when making decisions for investment. The FDA
introduced the breakthrough therapy designation in 2012 to ac-
celerate drug development for life-threatening diseases. The
FDA provides organizational support and intensive guidance
for a designated drug that may demonstrate substantial im-
provement over the standard therapies. Similarly, “Enhanced
early dialogue to facilitate accelerated assessment of PRIor-
ity MEdicines (PRIME)” was introduced in the EU [4], and
in Japan, the Sakigake Designation System (as a pilot run) [18]
has been introduced (Table 5). The accelerated approval system
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Table 3: Univariate logistic regression analysis investigating factors that impact drug lags

Table 4: Multivariate logistic regression analysis investigating factors that impact drug lags

in the U.S. was introduced in 1996. In Europe, conditional mar-
keting authorization was introduced in 2006 [5], but there was
no similar approval system in Japan. One possible reason for
the lack of early approval pathway in Japan is that the PMDA
has depended on the use of the Guidelines for the Evaluation of
Anticancer Drugs effective in 2006. This guideline requires the
results of a confirmatory (Phase III) trial at the time of submis-
sion for a major cancer indication; however this requirement
can be waived if the target number of patients is too small to
conduct a confirmatory trial, resulting in the need for a case-
by-case discussion with the PMDA [19]. We found that 21.9
percent of approvals were based on the results of early-stage tri-
als (except for four randomized trials, most of the studies were
small-sized single-arm trials evaluating tumor response as a pri-
mary endpoint), suggesting that those approvals were supported
by this guideline. The full development conducted in Japan has
the advantage of being able to produce results more safely and
reliably than the accelerated approval. Yamada et al. (2010)
indicated the benefit of access to safety data accumulated in
other countries as a trade-off for delay in access to new drugs
in Japan [32]. Okubo et al. (2019) reported that drugs devel-
oped under a bridging strategy tended to show lower risks, and
that local clinical studies may play a substantial role in achiev-
ing optimization of post-marketing drug use [24]. In addition,
a case-by-case discussion with the PMDA may support flexible

drug development and allow regulators making a flexible deci-
sion upon drug approval. As a trade-off, the decision-making
process may not be transparent. A concrete regulatory guid-
ance helps guide pharmaceutical companies to establish a drug
development strategy, especially in the era of global drug devel-
opment and simultaneous regulatory submission. Furthermore,
the requirement of Phase III may cause delay in access to a
promising drug, resulting in missing treatment opportunity for
patients suffering from life-threatening major cancer.

The conditional early approval system was introduced in
Japan in October 2017 to improve the predictability of drug
development, and the system could grant regular approval to
promising drugs with approval conditions [15]. The designa-
tion criteria include drugs that treat serious diseases for which
there are limited treatment options and drugs for which it is
not possible to conduct clinical trials or for which clinical tri-
als take too long because the number of patients is small (Table
5). Although the conditional early approval system was im-
plemented and the qualifying criteria looked similar to that in
the U.S., it is not comparable to the U.S. accelerated approval.
Specifically, Japan’s conditional early approval system is not
legally institutionalized, and verification of the clinical benefit
by post-marketing confirmatory trials is not always a manda-
tory condition, which is required in the U.S. accelerated ap-
proval system [29]. As of September 2019, only two products,
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Table 5: Comparison of expedited programs for serious conditions in the U.S., EU, and Japan

lorlatinib and pembrolizumab, have been approved under the
conditional early approval system in Japan. Both drugs were
also granted accelerated approval in the U.S. Lorlatinib was ap-
proved earlier in Japan; the drug lag was -41 days (Japan ap-
proval: Sept. 21, 2018 and U.S. approval: Nov. 2, 2018). For
pembrolizumab, the drug lag was 578 days (Japan approval:
Dec. 21, 2018 and U.S. approval: May 23, 2017). Although
the numbers of cases are limited, the conditional early approval
system may help pharmaceutical companies predict drug de-
velopment and submission paths and also help regulators make
approval decisions with the data obtained in early stage trials,
leading to a reduction of the drug lags for anticancer drugs. On
the other hand, one should be cautious about potential uniden-
tified risks for the drugs approved with the limited clinical data.
In 2002, gefitinib was approved in Japan ahead of the western
countries, with pivotal Phase II data. After the approval, the risk
of treatment-related deaths with interstitial lung disease were
reported, and the follow-up Phase III study indicated that gefi-
tinib was not effective in patients without epidermal growth fac-
tor receptor (EGFR) active mutations [6, 11]. The mechanism
of safety monitoring or surveillance at the post-marketing set-
ting may become more important for the accelerated approvals.
A requirement of post-marketing confirmatory study should be

discussed when Japan’s conditional early approval system is
legally institutionalized. Further regulatory science activity is
warranted among stakeholders, including regulators and indus-
tries.

Our study has a limitation in that it targeted only anticancer
drugs, and the results may not be applicable to other drug cat-
egories. In addition, only drugs that have received regulatory
approval in the U.S. and Japan were examined. Terminated or
discontinued drugs were not evaluated, and drugs approved in
the EU were not included. In addition, the business decisions
made by pharmaceutical companies were not included as a po-
tential factor associated with development lags because the de-
velopment and submission strategies, as well as investment de-
cisions, by pharmaceutical companies, were not publicly avail-
able. However, to avoid a possible confounding effect that may
be associated with the business decision, drugs for which clini-
cal development has not been initiated in either country during
the study period were excluded.

5. Conclusion

We characterized approximately 140 oncology drugs ap-
proved in the U.S. and 130 oncology drugs approved in Japan

7 of 9



Journal of Regulatory Science | https://doi.org/10.21423/jrs-v08nagasawa Nagasawa et al.

over the past 11 years. There was an approximate two-year
gap in drug approval between the U.S. and Japan for the oncol-
ogy drugs. The application of accelerated approvals in the U.S.
was shown to be one of the significant factors that extended
the lags between the U.S. and Japan in their approvals of anti-
cancer drugs. Although there are advantages in the way of an-
ticancer drug development and case-by-case based discussion
with PMDA in Japan, new regulations may be needed to resolve
the drug lag for anticancer drugs. The newly launched condi-
tional accelerated approval system in Japan may help minimize
the drug lags and support decision making not only for regula-
tors but also pharmaceutical companies.
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