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Abstract
Introduction  The approval of orphan anticancer drugs is encouraged in Japan to meet high social demand. However, approval 
lag and its main component, submission lag, between the USA and Japan continues to be an issue for these drugs.
Objectives  We aimed to identify the main reasons for submission lags with orphan anticancer drugs, to compare these 
between orphan and non-orphan anticancer drugs, and to identify factors associated with the main reasons for submission 
lags for orphan anticancer drugs.
Methods  We investigated anticancer drugs approved in Japan between April 2004 and December 2017 using publicly avail-
able information. We used Pearson’s product moment correlation coefficient to identify correlations between submission lag 
and initiation lag or development-time lag, and we used the Mann–Whitney U test to compare contributors to submission 
lags for both orphan and non-orphan anticancer drugs. We used multiple regression analysis to identify potential factors 
associated with the main reasons for submission lags for orphan anticancer drugs at the indication level. Independent vari-
ables were selected using backward/forward stepwise selection according to the Akaike information criterion.
Results  In Japan, the number of approved indications for orphan anticancer drugs consistently increased between 2004–2007 
and 2016–2017. The median submission lag for orphan anticancer drugs in 2016–2017 was 515.0 days [interquartile range 
(IQR) 182.0–999.0], and this lag was significantly correlated with the initiation lag (correlation coefficient 0.77, P < 0.001) 
but not with the development-time lag (correlation coefficient − 0.031; P = 0.82). The initiation lag was significantly longer 
for orphan than for non-orphan anticancer drugs [median 1428.0 (IQR 890.8–2655.8) vs. 1178.0 days (369.0–1874.0); 
P = 0.033]. Cytotoxic drugs were significantly associated with a longer initiation lag (coefficient 2011.8; P = 0.0023), whereas 
designation as a breakthrough therapy in the USA was significantly associated with a shorter initiation lag (coefficient 
− 1272.3; P = 0.020).
Conclusions  The initiation lag for orphan anticancer drugs was the main factor affecting submission lag and was longer 
than that for non-orphan drugs. Of the factors associated with initiation lags, designation as a breakthrough therapy (or the 
possibility of such a designation) in the USA may lead to earlier initiation of clinical development of an orphan anticancer 
drug in Japan. In turn, this may reduce the submission lag.

Key Points 

Approval and submission lags for orphan anticancer 
drugs still exist between the USA and Japan.

Initiation lags were the main contributors to submission 
lags for orphan anticancer drugs and were longer for 
orphan than for non-orphan anticancer drugs.

Designation as a breakthrough therapy (or the possibil-
ity of such a designation) in the USA is one factor that 
may lead to earlier initiation of clinical development of 
orphan anticancer drugs in Japan.

Electronic supplementary material  The online version of this 
article (https​://doi.org/10.1007/s4029​0-018-0257-3) contains 
supplementary material, which is available to authorized users.
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1  Introduction

Drug lag, the time delay between approval of a specific 
drug in one country compared with another, is a recog-
nized social issue in Japan. Delays in availability of new 
drugs because of approval lags negatively impact the 
population’s health [1]. The Ministry of Health, Labor 
and Welfare (MHLW) have released various guidelines 
in an attempt to reduce the approval lag in Japan, includ-
ing guidance concerning ethnic factors in the acceptability 
of foreign clinical data, guidance for establishing safety 
in first-in-human studies, and basic principles for global 
clinical trials [2–4]. Various systems have also been estab-
lished to promote drug development in Japan, including 
public knowledge-based applications, a committee (the 
Committee) to evaluate unapproved or off-label drugs for 
which medical need is high, the SAKIGAKE designation 
system, and the conditional early approval system [5–9].

Approval lags for anticancer drugs have historically 
attracted much attention because such drugs can be crucial 
for patients with serious diseases [10]. Among these, orphan 
anticancer drugs have attracted increasing attention in recent 
years because (1) rare cancers collectively account for 20% 
of cancers, (2) their mortality rate is higher than for com-
mon cancers, and (3) proper therapeutic management is not 
readily available [11, 12]. Despite this increased attention, 
drug development for rare cancers remains insufficient, pri-
marily because the rarity of these diseases means the costs 
of drug development cannot be recovered by sales expected 
under normal market conditions [13]. Health authorities and 
regulatory agencies in the USA (1983) and Japan (1993) 
introduced orphan drug designation systems to stimulate 
research and development (R&D) of drugs for rare diseases, 
including rare cancers [13]. Orphan drug designation pro-
vides pharmaceutical companies with incentives, including 
financial support, to conduct R&D for rare diseases [14].

Several movements regarding anticancer drugs have moti-
vated pharmaceutical companies to conduct R&D for orphan 
anticancer drugs. Progress in the development of molecu-
lar techniques has led to the discovery of tumor-specific 
molecular features. Therefore, molecular-targeted drugs can 
logically be applied to cancers with tumor-specific molecu-
lar features, including rare cancers [15]. Pharmaceutical 
companies have accordingly changed their business model 
from the “blockbuster” to the “category leader” model and 
their R&D targets from highly prevalent diseases to diseases 
with unmet medical needs, including rare cancers [16]. As 
a result, approvals for orphan anticancer drugs, including 
those for rare cancers, have increased in both the USA and 
Japan. In particular, in Japan, more indications have been 
approved for orphan than for non-orphan anticancer drugs 
in recent years [17, 18].

Despite these circumstances, to our knowledge, no 
studies have investigated drug lag and its components in 
orphan anticancer drugs in Japan, although several studies 
have examined these lags in anticancer drugs [10, 19, 20]. 
We previously reported that an approval lag for orphan 
anticancer drugs between the USA and Japan still exist in 
2016–2017, which consists of submission lag and review-
time lag. Of these, submission lag is the main factor and 
is longer than that for non-orphan drugs [21]. However, 
the main components and reasons for submission lags for 
orphan anticancer drugs have not been identified. In this 
study, we aimed to identify the main contributors to sub-
mission lags, between the lag in the start of clinical devel-
opment (the initiation lag) and the lag in the development 
period (the development-time lag) for orphan anticancer 
drugs. We also aimed to compare the main contributors 
to submission lags for orphan and non-orphan antican-
cer drugs and to identify factors associated with the main 
component for orphan anticancer drugs.

In our previous study, we specifically investigated the 
approval lag for anticancer drugs between Japan and the 
USA because it is longer than that between Japan and the 
EU [10], and more new molecular entities are approved 
in the USA than in the EU [1]. Likewise, a study reported 
that, for anticancer drugs, the submission lag between 
Japan and the USA is longer than that between Japan and 
the EU [10]. Similar to our previous study, we specifically 
examined factors associated with submission lag and its 
components between the USA and Japan.

2 � Methods

2.1 � Samples

This study targeted all anticancer drugs for systemic 
therapies for malignant tumors approved in Japan as new 
active ingredients or for a new indication between April 
2004 and December 2017, which included 129 antican-
cer drugs with 256 indications. The following indications 
were excluded: (1) those for which the Pharmaceuticals 
and Medical Devices Agency (PMDA) review reports were 
unavailable; (2) indications for benign tumors, palliative 
therapy or supportive therapy; (3) indications approved 
based on public knowledge-based applications; (4) indica-
tions that were not approved for comparable indications in 
the USA; (5) indications for which the new drug applica-
tion (NDA) or biologics license application (BLA) dates 
in the USA were unavailable; and (6) indications for which 
the initial date of clinical development were unavailable. 
Consequently, we analyzed 123 indications of 76 antican-
cer drugs.
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2.2 � Data Collection

Data on anticancer drugs approved in Japan were obtained 
from the lists of approved products, review reports, package 
inserts, and summary of NDA dossier available from the 
PMDA website. Information related to the review of drugs 
by the US FDA was collected from approval letters, review 
reports, package inserts, and NDA and BLA approval reports 
available from the FDA website. We also obtained data on 
the initiation dates of clinical development from ClinicalTri-
als.gov, Japan Pharmaceutical Information Center Clinical 
Trials Information, published papers, and company websites.

The submission lag was calculated by subtracting the 
US NDA or BLA date from the NDA date in Japan. For 
the approval of new active ingredients, the initiation date 
of clinical development in the USA and Japan was defined 
as the US investigational new drug (IND) application date 
and the start date of the first clinical trial for the drug in 
Japan, respectively. For the approval of new indications, we 
defined the initiation date in the USA and Japan as the start 
date of the earliest registration trial for the target cancer in 
each country. If the initiation date could not be identified but 
the month and year could, clinical development was con-
sidered to have been initiated on the hypothetical initiation 
“day 1” of the identified month and year. Based on these 
definitions, the initiation lag was calculated by subtracting 
the US initiation date from that in Japan. We defined the 
development time as the period between the initiation date 
and the NDA or BLA date in the USA and the NDA date in 
Japan. We calculated the development-time lag by subtract-
ing the development time in the USA from that in Japan. 
If several indications were approved in one NDA based on 
different pivotal studies, each indication was treated as a 
different NDA.

In Japan, the MHLW can designate drugs that satisfy the 
following criteria as orphan drugs after receiving applica-
tions for orphan drug designation: (1) the number of patients 
who may use the drug is < 50,000 in Japan, (2) the drugs 
are indicated for the treatment of serious diseases, includ-
ing difficult-to-treat diseases with high medical needs, and 
(3) there is a theoretical rationale for use of the product for 
the target disease and the development plan is appropriate. 
We defined an orphan anticancer drug as an anticancer drug 
designated as an orphan drug in Japan [14].

All data generated or analyzed during this study are 
included in this article and in the Electronic Supplementary 
Material (ESM) (Table S1).

2.3 � Data Analysis

First, we investigated time trends for submission lags for 
orphan anticancer drugs. Then, we identified the main com-
ponents of the submission lag and compared initiation lags 

between orphan and non-orphan anticancer drugs. We also 
analyzed factors associated with initiation lags for orphan 
anticancer drugs. We identified correlations between sub-
mission lags and initiation lags or development-time lags 
according to the Pearson’s product moment correlation coef-
ficient and used the Mann–Whitney U test to compare the 
initiation lag and development-time lag between orphan and 
non-orphan anticancer drugs. We used multiple regression 
analysis to identify potential factors associated with initia-
tion lags at the indication level. Independent variables were 
selected using backward/forward stepwise selection accord-
ing to Akaike’s information criterion. All statistical analyses 
were performed using EZR software [22] version 1.36, with 
a significance level of α = 0.05.

2.4 � Independent Variables in the Multiple 
Regression Analysis

Given that initiation lags result from delays in starting clini-
cal development in Japan, we hypothesized that potential 
factors affecting initiation lags would include company char-
acteristics, R&D strategy, drug characteristics, regulatory 
status in the USA, and year, for which we examined eight 
independent variables in the multiple regression analysis.

For company characteristics, we selected company 
nationality as an independent variable. In general, pharma-
ceutical companies tend to prioritize development/launch in 
geographical regions that are culturally/linguistically close 
to their headquarters. This may be reflected in findings [23] 
that Japanese companies have a shorter submission lag than 
non-Japanese companies in Japan.

For R&D strategy, three independent variables were 
selected: external collaboration, bridging strategy, and 
global clinical trial. When the applicants for a drug differed 
between Japan and the USA, the R&D strategy was defined 
as an external collaboration [23]. We previously demon-
strated that external collaboration was associated with longer 
submission lags for orphan anticancer drugs. We speculate 
that these longer submission lags may be affected by cases of 
external collaboration in the development of orphan antican-
cer drugs that start long after US approval of the drug [21]. 
Among the development strategies, we considered bridging 
strategy, global clinical trial, and independent development 
in Japan, with bridging strategy defined as one that extrapo-
lates pivotal foreign studies as the main clinical data in a 
data package in Japan. A previous study found that a bridg-
ing strategy was associated with a longer initiation lag for 
anticancer drugs in Japan [19]. In contrast, global clinical 
trials were reportedly associated with shorter submission 
lags [24].

For drug characteristics, we considered four types of 
drugs: cytotoxic drugs, hormonal drugs/antagonists, molec-
ular-targeted drugs, and other anticancer drugs. We defined 
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a molecular-targeted drug as one known to target a specific 
molecule, in accordance with a previous study [25]. Among 
these drug characteristics, we used cytotoxic drug as an 
independent variable because cytotoxic drugs were previ-
ously associated with an initiation lag for anticancer drugs 
in Japan [19].

For regulatory status in the USA, we selected “break-
through therapy designation by the FDA” and “accelerated 
approval by the FDA” because these comprise FDA pro-
grams intended to facilitate and expedite the development of 
new drugs [26]. We also previously found that the percent-
age of orphan anticancer drugs designated as a breakthrough 
therapy whose clinical development was started in Japan 
before US approval was higher than that for drugs without 
such a designation [21]. Moreover, a previous study [27] 
reported that initiation lags between the USA and Japan for 
anticancer drugs with breakthrough therapy designations 
were shorter than those for anticancer drugs without such 
designations.

Given that practices and strategies for clinical develop-
ment and marketing applications in Japan may have changed 
during the 13-year period of this study, approval year was 
set as an independent variable. We divided the approval year 
into 2004–2011 and 2012–2017 because a trend towards 
decreasing submission lags was first observed in 2012–2013.

3 � Results

Figure 1 presents our sampling procedure. We analyzed 76 
anticancer drugs with 123 indications approved in Japan 
from April 2004 to December 2017 (56 indications for 
orphan diseases, 67 for non-orphan conditions). Figure 2 
shows the time trends for submission lags for orphan antican-
cer drugs between 2004 and 2017. The number of approved 
indications for orphan anticancer drugs in Japan increased 
consistently from 2004–2007 to 2016–2017. The submission 
lag increased between 2004–2007 and 2010–2011, varied 
greatly in 2012–2013, and declined thereafter. The median 
submission lag in 2016–2017 was 515.0 days [interquartile 
range (IQR) 182.0–999.0].

We then investigated correlations between submission 
lags for orphan anticancer drugs and its components: initia-
tion lag and development-time lag. Figures 3 and 4 present 
scatter plots of the submission and initiation lags and the 
submission and development-time lags for orphan antican-
cer drugs, respectively. Submission lag was significantly 
correlated with initiation lag (correlation coefficient 0.77; 
P < 0.001) but not with development-time lag (correlation 
coefficient − 0.031; P = 0.82), suggesting that initiation lags 
are the main contributors to submission lags for orphan anti-
cancer drugs.

3.1 � Comparison of Initiation Lags between Orphan 
and Non‑Orphan Anticancer Drugs

Based on our findings that initiation lags are the main rea-
sons for submission lags for orphan anticancer drugs, we 
compared initiation lags between orphan and non-orphan 
anticancer drugs. We also compared the development-time 
lag between orphan and non-orphan anticancer drugs as a 
supplemental analysis. Table 1 presents the characteristics of 
the analyzed orphan and non-orphan anticancer drugs, and 
Fig. 5 shows a comparison of initiation lags between orphan 
and non-orphan anticancer drugs. Initiation lags were sig-
nificantly longer for orphan than non-orphan anticancer 
drugs [median 1428.0 (IQR 890.8–2655.8) vs. 1178.0 days 
(369.0–1874.0); P = 0.033]. In contrast, there was no sig-
nificant difference in the development-time lag between 
orphan and non-orphan anticancer drugs [median − 591.5 
(IQR − 1489.8 to − 188.3) vs. − 773.0 days (IQR − 1257.5 
to − 169.5); P = 0.83].

3.2 � Factors Associated with Initiation Lags 
for Orphan Anticancer Drugs

To investigate factors associated with initiation lags for 
orphan anticancer drugs in more detail, we performed a 
multiple regression analysis. Table 2 shows the initiation 

24 indicat ions were excluded due to approval  for  
benign tumors,  pal l ia t ive therapy or  support ive 
therapy, including adjuvant  therapy

32 indicat ions were excluded due to the lack of  
approval  for  comparable indicat ions in the USA

123 indicat ions of  76 anticancer  drugs were analyzed

1 indicat ion was excluded due to the lack of  
avai labi l i ty  of  an NDA or BLA date  in  the USA

256 indicat ions  of  129 anticancer  drugs were approved in 
Japan as  a new act ive ingredient  or  a  new indicat ion f rom 
Apri l  2004 to Dece mber 2017

34 indicat ions were excluded due to the lack of
avai labi l i ty  of  PMDA review reports

25 indicat ions were excluded due to approval 
based on public  knowledge-based applicat ions

17 indicat ions were excluded due to the lack of  
avai labi l i ty  of  an ini t ia t ion date for  cl inical  
development

Fig. 1   Flowchart of the sampling procedure. BLA biologics license 
application, NDA new drug application, PMDA Pharmaceuticals and 
Medical Devices Agency
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lags for independent variables used for the analysis of 
orphan anticancer drugs. Among the drug characteris-
tics, the initiation lag was longer for cytotoxic drugs than 
for other orphan anticancer drugs, including molecular-
targeted drugs. Orphan anticancer drugs designated as a 
breakthrough therapy by the FDA had a shorter initiation 
lag than drugs without such a designation.

Table  3 presents the factors associated with initia-
tion lags for orphan anticancer drugs at the indication 

Fig. 2   Time trend in the submission lag for orphan anticancer 
drugs between 2004 and 2017. The bold horizontal line in each box 
shows the median. The line at the upper edge of each box shows the 
75th percentile and that at the lower edge shows the 25th percentile. 
The upper limit of the vertical line is the maximum value within the 
75th percentile plus 1.5 times the interquartile range and that at the 
lower limit is the minimum value within the 25th  percentile minus 
1.5 times the interquartile range. The plotted points are outliers

0 1000 2000 3000 4000 5000 6000

0

1000

2000

3000

4000

5000

6000

7000

8000

Submission lag (days)

)syad( gal noitaitinI

Fig. 3   Scatter plot of the submission lag and initiation lag for orphan 
anticancer drugs. The diagonal line indicates the least-squares regres-
sion. The box-and-whisker plots on the bottom and left show the dis-
tribution of the submission lag and initiation lag, respectively
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Fig. 4   Scatter plot of the submission lag and development-time lag 
for orphan anticancer drugs. The diagonal line indicates the least-
squares regression. The box-and-whisker plots on the bottom and left 
show the distribution of the submission lag and development-time 
lag, respectively

Fig. 5   Comparison of the initiation lag between orphan and non-
orphan anticancer drugs. The bold vertical line in each box shows the 
median. The line at the right edge of each box shows the 75th per-
centile and that at the left edge shows the 25th percentile. The right 
limit of the horizontal line is the maximum value within the 75th per-
centile plus 1.5 times the interquartile range and that at the left limit 
is the minimum value within the 25th percentile minus 1.5 times the 
interquartile range. The plotted points are outliers
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Table 1   Summary of the analyzed anticancer drugs

Data are presented as N (%)
iNDA initial NDA, NDA new drug application, PMDA Pharmaceuticals and Medical Devices Agency, R&D research and development, sNDA 
supplemental NDA

Factor Item Anticancer drug

Orphan (N = 56) Non-orphan (N = 67)

Company characteristics Company nationality
  Japanese 13 (23.2) 15 (22.4)
  Non-Japanese 43 (76.8) 52 (77.6)

R&D strategy External collaboration
  Yes 22 (39.3) 16 (23.9)
  No 34 (60.7) 51 (76.1)
Development strategy
  Bridging strategy 34 (60.7) 34 (50.7)
  Global clinical trial 16 (28.6) 31 (46.3)
  Independent development in Japan 6 (10.7) 2 (3.0)

Drug characteristics Type of drug
  Cytotoxic drug 8 (14.3) 12 (17.9)
  Hormonal drug/antagonist 0 (0.0) 6 (9.0)
  Molecular-targeted drug 44 (78.6) 45 (67.2)
  Other anticancer drug 4 (7.1) 4 (6.0)

Regulatory status in Japan Type of NDA
  iNDA 44 (78.6) 31 (46.3)
  sNDA 12 (21.4) 36 (53.7)
Priority review by the PMDA
  Yes 56 (100.0) 29 (43.3)
  No 0 (0.0) 38 (56.7)
Development status in Japan at time of US approval
  Approved 3 (5.4) 4 (6.0)
  Under review by the PMDA 9 (16.1) 23 (34.3)
  Under development 24 (42.9) 28 (41.8)
  Not developed 20 (35.7) 12 (17.9)

Regulatory status in USA Orphan drug designation by the FDA
  Yes 51 (91.1) 22 (32.8)
  Other 5 (8.9) 45 (67.2)
Breakthrough therapy designation by the FDA
  Yes 12 (21.4) 8 (11.9)
  Other 44 (78.6) 59 (88.1)
Accelerated approval by the FDA
  Yes 27 (48.2) 12 (17.9)
  Other 29 (51.8) 55 (82.1)
Priority review by the FDA
  Yes 48 (85.7) 53 (79.1)
  Other 8 (14.3) 14 (20.9)

Year Approval year
  2004–2011 9 (16.1) 24 (35.8)
  2012–2017 47 (83.9) 43 (64.2)
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level. Cytotoxic drugs were significantly associated with 
a longer initiation lag (coefficient 2011.8; P = 0.0023), 
whereas breakthrough therapy designation by the FDA 
was significantly associated with a shorter initiation lag 
(coefficient − 1272.3; P = 0.020).

To identify factors associated with correlations between 
cytotoxic drugs and initiation lags, we conducted a sup-
plemental analysis of the development status of cytotoxic 
drugs and other orphan anticancer drugs in Japan at the time 
of approval in the USA. As shown in Table 4, the percent-
age of cytotoxic drugs whose clinical development had not 
started in Japan at the time of approval in the USA was 
higher than that of other orphan anticancer drugs (62.5% 
vs. 31.2%).

Table 5 compares the development status in Japan at 
the time of US approval between orphan anticancer drugs 
with and without breakthrough therapy designations. The 
percentage of orphan anticancer drugs designated as break-
through therapies whose clinical development had not 
started in Japan at the time of US approval was lower than 
those without such a designation (8.3% vs. 43.2%).

Table 6 compares the types of orphan anticancer drugs 
developed by Japanese and non-Japanese pharmaceutical 
companies: a higher percentage of cytotoxic drugs were 
developed by Japanese than by non-Japanese pharmaceuti-
cal companies (38.5% vs. 7.0%).

4 � Discussion

We demonstrated that submission lags for orphan anticancer 
drugs in 2016–2017 were around 1.5 years and that initiation 
lags were the main reason for this. We also revealed that 
initiation lags were longer for orphan than for non-orphan 
anticancer drugs.

We identified two factors associated with initiation lags 
for orphan anticancer drugs between Japan and the USA: 
cytotoxic drug and “breakthrough therapy designation by 
the FDA.” Although submission lags for orphan anticancer 
drugs have been decreasing since 2012, approval year was 
not significantly associated with initiation lags. We specu-
late that the association between cytotoxic drugs and initia-
tion lags may be linked to the higher percentage of cyto-
toxic drugs for which clinical development had not started 
in Japan at the time of US approval compared with other 
orphan anticancer drugs. Our supplemental analysis sup-
ports this hypothesis. This may be because most cytotoxic 
drugs were clinically developed in the USA by pharmaceuti-
cal companies that were small or did not have an affiliate in 
Japan and likely had no intention of developing the drugs in 
Japan because of insufficient budget or lack of experience 
with clinical development in Japan. The very long period 
between US approval and the start of clinical development 
in Japan for cytotoxic drugs may be another major reason. 

Table 2   Initiation lag with respect to independent variables for multiple regression analysis of orphan anticancer drugs

IQR interquartile range, R&D research and development

Factor Independent variable N Initiation lag, median days (IQR)

Company characteristics Company nationality
  Japanese 13 1715.0 (922.0–4200.0)
  Non-Japanese 43 1402.0 (883.5–2587.0)

R&D strategy External collaboration
  Yes 22 1396.5 (1203.3–4011.3)
  No 34 1441.5 (649.8–2315.8)
Development strategy
  Bridging strategy 34 1740.0 (1099.8–3322.3)
  Global clinical trial 16 1127.0 (625.3–1590.3)
  Independent development in Japan 6 2345.0 (988.5–4820.5)

Drug characteristics Cytotoxic drug 8 4470.0 (2697.3–5504.5)
Other 48 1294.5 (837.3–2204.0)

Regulatory status in the USA Breakthrough therapy designation by the FDA
  Yes 12 844.5 (330.8–1118.8)
  Other 44 1740.0 (1188.0–3431.5)
Accelerated approval by the FDA
  Yes 27 1277.0 (844.5–2828.0)
  Other 29 1666.0 (1050.0–2526.0)

Year Approval year
  2004–2011 9 1402.0 (1188.0–2648.0)
  2012–2017 47 1454.00 (883.5–2602.5)
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For example, clofarabine, a cytotoxic orphan anticancer 
drug approved in Japan in March 2013 for the treatment of 
relapsed or refractory acute lymphoblastic leukemia, had a 
long initiation lag of 3008 days. Clinical development for 
clofarabine was started by Southern Research Institute and 
Bioenvision, Inc. in the USA in November 2001. Genzyme 

Corporation (Genzyme), which acquired the licensing rights 
to clofarabine, submitted the NDA in March 2004 and 
received approval in December 2004, at which time clini-
cal development of clofarabine in Japan had not started. In 
October 2005, the Committee evaluated that clinical devel-
opment should start early in Japan, and Genzyme subse-
quently started a phase I study in Japan in February 2010 
and submitted the NDA in June 2012 [28–30].

We speculate that the Committee’s evaluation was the 
trigger for initiating the clinical development of clofarabine 
in Japan. In the data we analyzed, the Committee evaluated 
50% of all cytotoxic orphan anticancer drugs. The Commit-
tee’s remit is to address issues associated with unapproved 
drugs or the off-label use of drugs that are approved in other 
developed counties but not in Japan. The Committee evalu-
ates whether a proposed drug or treatment meets a high 
medical need by reviewing the formal petitions submitted 
by patient advocacy groups, academic societies, and phar-
maceutical companies. The MHLW determines pathways for 
regulatory approval according to the Committee’s evaluation 
[7]. The hope is that the Committee will facilitate a reduc-
tion in not only the number of unapproved orphan anticancer 
drugs but also initiation lags for orphan anticancer drugs.

The breakthrough therapy designation is intended to 
expedite the development and review of drugs for serious 
or life-threatening conditions. The criteria for breakthrough 
therapy designation requires preliminary clinical evidence 
demonstrating that the drug may substantially improve 
at least one clinically significant endpoint over available 
therapies. The FDA generally expects evidence derived 
from phase I or II studies [26]. The start date for the clini-
cal development of a drug in Japan for which development 
has already started in the USA is at the discretion of the 
pharmaceutical company. A pharmaceutical company’s deci-
sion to develop a drug in Japan depends on various factors, 
such as the company’s experience in clinical development 
in Japan, the availability of a budget for the development, 
and the drug’s marketability in Japan. A high success rate 
for the development of drugs may also be a major factor in 
the decision [27]. Accordingly, pharmaceutical companies 

Table 3   Factors associated with the initiation lag for orphan antican-
cer drugs

AIC Akaike information criterion, SE standard error

Independent variable Coefficient SE P Value

Development strategy
  Bridging strategy − 295.0 696.8 0.67
  Global clinical trial − 1185.3 771.3 0.13
Cytotoxic drug 2011.8 626.2 0.0023
Breakthrough therapy desig-

nation by the FDA
− 1272.3 531.2 0.020

Approval year: 2012–2017 914.1 593.1 0.13
Intercept 1816.8 833.1 0.034
N 56
Adjusted R2 0.3091
AIC 827.32

Table 4   Development status of cytotoxic drugs and other orphan anti-
cancer drugs in Japan at the time of US approval

Data are presented as N (%)
PMDA Pharmaceuticals and Medical Devices Agency

Development status in Japan at 
US approval

Drug characteristics

Cytotoxic drug 
(N = 8)

Other (N = 48)

Approved 1 (12.5) 2 (4.2)
Under review by the PMDA 1 (12.5) 8 (16.7)
Under development 1 (12.5) 23 (47.9)
Not developed 5 (62.5) 15 (31.2)

Table 5   Comparison of development status in Japan at the time of US 
approval between orphan anticancer drugs with and without break-
through therapy designation

Data are presented as N (%)
PMDA Pharmaceuticals and Medical Devices Agency

Development status in Japan at 
US approval

Breakthrough therapy designation 
by the FDA

Yes (N = 12) Other (N = 44)

Approved 2 (16.7) 1 (2.3)
Under review by the PMDA 1 (8.3) 8 (18.2)
Under development 8 (66.7) 16 (36.4)
Not developed 1 (8.3) 19 (43.2)

Table 6   Comparison of the types of orphan anticancer drugs devel-
oped by Japanese and non-Japanese pharmaceutical companies

Data are presented as N (%)

Type of drug Company nationality

Japanese (N = 13) Non-
Japanese 
(N = 43)

Cytotoxic drug 5 (38.5) 3 (7.0)
Molecular-targeted drug 8 (61.5) 36 (83.7)
Other anticancer drug 0 (0.0) 4 (9.3)
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may start clinical development earlier for orphan anticancer 
drugs with a breakthrough therapy designation or the pos-
sibility of such a designation in Japan than for drugs without 
this designation. This may explain the higher percentage of 
orphan anticancer drugs with breakthrough therapy designa-
tions for which clinical development had started in Japan at 
the time of US approval compared with drugs without such 
a designation. Initiation lags for anticancer drugs with break-
through therapy designation were previously reported [27] 
to be shorter than for anticancer drugs without this designa-
tion, which supports our results. In 2015, the MHLW and 
the PMDA established the SAKIGAKE designation system, 
which promotes R&D and early clinical research/trials in 
Japan with the aim of enabling early practical application 
of innovative medical products with significant prospective 
efficacy by prioritized consultations, substantial pre-appli-
cation consultations, priority reviews, review partners, and 
substantial post-marketing safety measures. The system’s 
concept is similar to that of the breakthrough therapy desig-
nation in the USA; however, it contains unique designation 
criteria that requires planning an application for approval 
first in Japan or simultaneously in Japan and other countries 
[8]. The SAKIGAKE designation system is expected to con-
tribute to a reduction of initiation lags for orphan anticancer 
drugs in Japan.

We did not find a shorter initiation lag for orphan antican-
cer drugs developed by Japanese pharmaceutical companies 
compared with non-Japanese pharmaceutical companies. 
One potential reason for this may be that many Japanese 
pharmaceutical companies have transferred their develop-
ment basis from Japan to the USA [19]. As a result, the 
clinical development strategies of Japanese pharmaceutical 
companies may be similar to those of non-Japanese compa-
nies. Another potential reason is the development of a higher 
percentage of cytotoxic drugs, a factor associated with a 
longer initiation lag, by Japanese pharmaceutical compa-
nies, whereas non-Japanese companies mainly developed 
molecular-targeted drugs. This might be because Japanese 
companies have fallen behind in R&D for molecular-targeted 
drugs.

4.1 � Limitations

Some limitations are associated with this study. First, we 
only evaluated drugs that were successfully approved in both 
Japan and the USA. Inclusion of drugs for which develop-
ment failed or is ongoing in one country may result in longer 
or shorter submission and initiation lags depending on the 
country in which the drug development failed or the NDA 
or BLA was delayed. Second, we defined the date of initia-
tion of clinical development in the USA and Japan as the US 
IND application date and the start date of the first clinical 
trial for the drug in Japan, respectively, because the clinical 

trial notification (CTN) submission date is not disclosed in 
Japan. In Japan, the first clinical trial for a drug cannot be 
started until a 30-day investigation of the CTN is complete, 
so the CTN is generally submitted more than 30 days before 
the actual initiation date. However, we speculate that these 
30 days had little impact on the results of this study because 
the median initiation lag for orphan and non-orphan anti-
cancer drugs was 1428.0 days and 1178.0 days, respectively, 
both much longer than 30 days. Third, the adjusted R2 in the 
multiple regression analysis was 0.3091, suggesting that the 
independent variables in the model could not sufficiently 
explain the initiation lag. However, despite these limitations, 
we are confident our analyzed data are sufficient for the pur-
poses of this study.

5 � Conclusions

The number of approved indications for orphan anticancer 
drugs in Japan increased consistently from 2004–2007 to 
2016–2017. We demonstrated that the submission lag for 
orphan anticancer drugs in 2016–2017 was approximately 
1.5 years, and the main contributor to this was initiation 
lag, which was longer than that for non-orphan drugs. Cyto-
toxic drugs had longer initiation lags, whereas breakthrough 
therapy designation by the FDA was associated with shorter 
initiation lags. Of the factors associated with initiation lags, 
breakthrough therapy designation by the FDA or the possi-
bility of such a designation may lead to earlier initiation of 
clinical development for orphan anticancer drugs in Japan, 
which may in turn contribute to reducing the submission lag.
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