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Abstract

Background Drug lag in Japan has greatly decreased over the past decades; however, new instances of drug lag have appeared
along with changes in the circumstances of oncology drug development. We aimed to investigate the factors associated
with the approval lag for new oncology drugs between Japan and the United States (US) over the past decade by comparing
approval dates and modalities, lead indications, approval types, and phase I strategies for earlier approval in Japan.
Method We descriptively evaluated the characteristics of 117 new oncology drugs approved in either Japan or the US from
January 1, 2011, to December 31, 2020.

Results Seventy-one drugs were approved in Japan, 112 in the US, five only in Japan, and 46 only in the US. Interestingly,
new oncology drugs were predominantly developed by the top 20 pharmaceutical companies in Japan; however, the opposite
was true for drugs that were not yet approved in Japan. However, no clear trend was observed in the relationship between
drug lag and the studied factors, except for the phase I strategy. There was a numerical but clear trend in which a higher
percentage of phase I multiregional clinical trials (MRCTs) in the drug development strategy was observed for drugs with
earlier approval in Japan.

Conclusion Participation in global drug development during the early stages, such as during phase I MRCTs, is one of the

keys to successfully minimizing this new instance of drug lag in Japan.

Keywords Drug lag - Oncology - Phase I - Clinical trial - Drug development strategy

Introduction

Drug lag is the delay in the time required for drug approval
in Japan. It has been recognized as a serious issue in recent
decades. It is a critical issue especially in the context of life-
threatening conditions such as cancers because patients miss
more effective therapies or lose the opportunity to access
novel therapies [1-5]. Drug lag has been actively investi-
gated for a couple of decades and is mainly attributed to
two components: delay in review by the health authority
and development by the company. Recently, drug lag in
Japan has greatly decreased owing to the efforts of health
authorities, the Ministry of Health, Labor, and Welfare,
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and the Pharmaceuticals and Medical Devices Agency
(PMDA), and pharmaceutical companies. Health authorities
have implemented several measures to shorten the review
period, harmonize pharmaceutical regulations with global
circumstances, and motivate pharmaceutical companies.
Companies, especially subsidiaries of global pharmaceuti-
cal companies, have routinely adopted a global simultaneous
development strategy in the late phase of development in
Japan [6-9].

In addition to the enormous progress in our understanding
of cancer biology, the nature of phase I trials conducted dur-
ing the drug development process has drastically changed.
Phase I trials in the oncology drug have changed from trials
merely investigating tolerability to those optimizing dose
regimens, exploring preliminary efficacy, and identifying
target molecules/populations through the use of biomarkers
[10-13]. Therefore, a development strategy in Japan that
involves participation in global development at an earlier
phase has become increasingly important. More than half
of the sources of pharmaceutical innovation come from
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emerging biopharma. Emerging biopharma is often high-
lighted in dealmaking with big pharmaceuticals and is
becoming diverse, for example, the emergence of Chinese
biopharmaceutical companies [14—16]. Previous studies
highlighted the relationship between the development start
lag and approval timing of oncology drugs in Japan [5, 17].
Phase I multiregional clinical trials (MRCTs) have become
more common in Japan as a component of the great changes
that have occurred in the circumstances of drug develop-
ment in oncology. However, the relationship between drug
lag and phase I MRCT in Japan (MRCT-JP) has rarely been
investigated.

In this context, we aimed to investigate the factors asso-
ciated with drug lag in new oncology drugs between Japan
and the United States (US) over the past decade, from a drug
development strategy perspective. We compared the regu-
latory approval dates of new oncology drugs in Japan and
the US over the past decade and explored the relationship
between approval timing and phase I development strategy.
We also evaluated the relationship between approval tim-
ing and drug profile, including modality, lead indication,
marketing authorization holder (MAH), and approval type.
Based on these data, we attempted to identify the key factors
for earlier approval of new oncology drugs in Japan.

Materials and Methods

We identified new oncology drugs approved either in Japan
or in the US from January 1, 2011, to December 31, 2020,
by reviewing the PMDA and the US Food and Drug Admin-
istration (FDA) website, and this review was performed on
April 1, 2021. Only the initial approvals for new oncology
drugs were considered, and supplemental approvals (indica-
tion expansion or new formulation) and biosimilars were
excluded from the analysis. Data sources were primarily
reviewed documents from the PMDA and FDA databases
to assess the approval date, modality, lead indication,
MAH, and approval type (conditional early approval [CEA]
in Japan and accelerated approval [AA] in the US). Cell
therapy, viral therapy, vaccines, hormone therapy, radioac-
tive therapy, or non-treatment drugs (diagnostic drugs and
supportive care) were excluded from the analysis. MAHs
were classified into two groups to evaluate the impact of
company’s business size on the development strategy: the
top 20 pharmaceutical companies (Pfizer, Roche, Novartis,
Johnson & Johnson, Merck & Co., Sanofi, AbbVie, Glaxo-
SmithKline, Takeda, Bristol-Myers Squibb/Celgene, Astra-
Zeneca, Amgen, Gilead Sciences, Eli Lilly, Bayer, Novo
Nordisk, Teva, Boehringer Ingelheim, and Biogen, based
on drug sales in the fiscal year 2019) and others.

Phase I clinical trials (phase I or phase I/II trials)
for the targeted oncology drugs that were sponsored by
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pharmaceutical companies in Japan or the US and of which
trial locations included Japan, were identified through the
database, Trialtrove®, by Informa PLC. The trial start date
and strategy (MRCT-JP or single national clinical trial in
Japan [SNCT-JP]) were then retrieved. Only trials that
started before the date of initial approval in either Japan
or the US were included. Trials conducted to investigate
the pharmacokinetics, drug-drug interactions, human bio-
equivalence/bioavailability, and QT/QTc, post-trial access/
patient access trials, those with pediatric (< 18 years old)
patients, and those with multiple primary tested drugs were
excluded. Trials sponsored by non-industry bodies, includ-
ing academia, government, cooperative groups, or nonprofit
organizations, were also excluded. A total of 683 trials,
including 36 MRCT-JP and 111 SNCT-JP, were included
in the analysis.

The approval dates of the drugs in Japan and the US were
compared, and the numbers and percentages of drugs by
modality, lead indication, MAH type (top 20 pharmaceuti-
cal companies or others), approval type, and phase I strategy
(with or without MRCT-J) were summarized by approval
status in Japan.

Results

From January 1, 2011, to December 31, 2020, a total of
117 new oncology drugs were approved in Japan or the US
(Table 1 and Fig. 1, and Online Resource 1). The modalities
of the 117 drugs included 23 (20%) monoclonal antibod-
ies, nine (8%) antibody—drug conjugates, 83 (72%) small

Table 1 Characteristics of new oncology drugs approved in Japan or
the US between 2011 and 2020

Factor n (%), N=117
Modality/mechanism of action
mAb 23 (20%)
ADC 9 (8%)
Small molecule 83 (72%)
Kinase inhibitor 52 (44%)
Other 2 (2%)
Lead indication
Solid tumors 70 (60%)
Hematologic malignancies 47 (38%)
Approved
Japan 71 (61%)
Conditional early approval 3 (3%)
us 112 (96%)
Accelerated approval 49 (42%)

mAb monoclonal antibody, ADC antibody drug conjugate, 7K/ tyros-
ine kinase inhibitor, MRCT-JP multiregional clinical trial with Japan,
SNCT-JP single national clinical trial in Japan
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Figure 1 Distribution of the approval dates of new oncology drugs in
Japan and the US. The approval dates for each drug in Japan and the
Unites States (US) are plotted. Approved indications are depicted in
closed circles: drugs used to treat solid tumors are indicated in light

molecules with 52 (44%) kinase inhibitors, and two (2%)
others (one fusion and one recombinant protein); 72 drugs
were approved for the treatment of solid tumors, and 47
for the treatment of hematologic malignancies as the lead
indication.

Seventy-one drugs were approved in Japan, and 112
drugs were approved in the US, of which 66 were approved
in both Japan and the US, five only in Japan, and 46 only
in the US (Fig. 1). Among the 66 drugs approved in both
countries, 58 drugs were approved in the US earlier than
in Japan with a median (interquartile range [IQR]) of 821
(198.75-1387) days, while eight drugs were approved in
Japan earlier than in the US with a median (IQR) of 119.5
(54-530.5) days. With respect to approval type, three drugs
(3%) were approved in Japan under CEA and 49 (42%) were
approved in the US under AA. The number of phase I trials
in the program that started before the earlier date of approval
in either the US or Japan (median [range]) was 2.8 [1-19]).

To explore the factors associated with drug lag in Japan,
we descriptively evaluated trends between approval status
in Japan (only in Japan, earlier in Japan, later in Japan,
or not yet approved in Japan) and drug characteristics

blue, and those used to treat hematologic malignancy are indicated in
orange. Drugs approved only in one country (Japan, n=>5 or the US,
n=46) are displayed at the edge of each axis with open circles. The
dashed line indicates the simultaneous time points.

(Table 2). Among the drugs approved in Japan (n=71),
68% were small molecules, 59% were approved for the
treatment of solid tumors, and 69% were developed by
the top 20 pharmaceutical companies. While 35% were
approved as AA in the US, only 4% (three drugs; cetuxi-
mab sarotalocan, entrectinib, and trastuzumab deruxtecan,
all for solid tumors) were approved under CEA in Japan,
and three out of four drugs were approved only or earlier
in Japan. No clear trend between approval status and fac-
tors was observed, except for the lead indication; earlier
approval in Japan was more associated with drugs with
indications for the treatment of solid tumors. All drugs
approved only in Japan were developed by domestic Japa-
nese companies, including those emerging.

Among the drugs not yet approved in Japan (n =46),
78% were small molecules, 65% were approved for the
treatment of solid tumors, and only 39% were developed
by the top 20 pharmaceutical companies. Only two drugs
have been developed by domestic Japanese companies.
Fifty-two percent of these were approved as AA in the
US. No clear trend between drug characteristics and
approval timing was observed; however, importantly, 67%
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Table 2 Approval status of oncology drugs in Japan and their characteristics

Lead indication:
solid tumor n

Approval status in Japan com- Modality: small

Approval type:

MAH: top 20 Strategy: phase |

pared to approval in the US N molecule n (%) (%) pharman (%) CEA (JP)n (%) AA (US)n (%) MRCT-JP*n (%)
Approved** 71 48 (68%) 42 (59%) 49 (69%) 3 (4%) 25 (35%) 20 (28%)

Only in Japan 5 4(80%) 2 (40%) 0 1(20%) NA 2 (40%)

Earlier in Japan 8 6(75%) 6 (75%) 3 (38%) 1 (13%) 4. (50%) 4 (50%)

<1 year later in Japan 20 13 (65%) 16 (80%) 14 (70%) 1 (5%) 6 (30%) 10 (50%)

> 1 year to <3 years later in 16 10 (62%) 9 (56%) 16 (100%) 0 6 (38%) 2(13%)

Japan

> 3 years later in Japan 22 14 (66%) 9 (41%) 15 (68%) 0 9 (41%) 2 (9%)

Not yet approved* 46 36 (78%) 30 (65%) 18 (39%) NA 24 (52%) 5 (11%)

MRCT-JP Multi Regional Clinical Trial in Japan, MAH Marketing Authorization Holder, CEA conditional early approval, AA accelerated

approval
NA: not applicable

*Drugs with phase I or I/Il. MRCT in Japan started before the earlier date of approval either in the US or Japan, **Drugs approved in Japan
between 2011-01-01 and 2020-12-31 were counted, ***Drugs approved only in the US between 2011-01-01 and 2020-12-31 were counted

of unapproved drugs in Japan were developed by MAH
rather than the top 20 pharmaceutical companies.

Notably, there was a numerical trend between approval
status in Japan and the Phase I strategy in the program.
Drugs with phase I MRCT-JP accounted for 50% of the
drugs that were approved in Japan within 1 year of their
approval in the US and 13% of the drugs approved in Japan
1 year later and within 3 years of their approval in the US,
while only 9% of the drugs were approved in Japan more
than 3 years after their approval in the US. For the 46 drugs
approved only in the US, the number of drugs with phase I
MRCT-JP was 11%. For 66 drugs approved in both Japan
and the US, the difference in approval date between Japan
and the US (median [IQR]) was 145 (44.25-211.5) days
for drugs with MRCT-JP (n=18) and 964 (330-1498.75)
days for drugs without MRCT-JP (n=48), indicating that
approval was earlier in the US (Fig. 2).

Discussion

Here, we showed that the approval lag in oncology drugs
between Japan and the US still exists, and earlier participa-
tion of Japan in the global development program could be
one of the key factors in shortening this lag. Between 2011
and 2020, 55 drugs were approved in both Japan and the
US. Almost all drugs were approved earlier in the US than
in Japan. A decrease in drug lag has been reported in previ-
ous studies; however, 46 drugs approved by the FDA have
not yet been approved in Japan. There seems to be a new or
potential drug lag in Japan, as pointed out in previous stud-
ies [9, 18, 19].

Modality and lead indication did not exhibit any trends
related to approval timing and status in Japan and the US;
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approximately 70% were small molecules and approximately
60% were approved for the treatment of solid tumors. The
top 20 pharmaceutical companies predominantly developed
new oncology drugs in Japan. However, the situation was
the opposite for drugs not yet approved in Japan. Emerging
biopharmaceutical companies in the US and/or other coun-
tries have been actively developing new oncology drugs in
the US, and they do not have their businesses or subsidiar-
ies in Japan [14-16]. This may be one of the root causes of
the drug lag in Japan. As scientific progress in oncology
occurs, breakthrough therapies or precision medicines that
target molecularly or pathologically defined populations
with higher efficacy are needed and have been developed
for patients with cancer. Thus, the target population tends
to be much smaller than that of conventional drugs. Previ-
ous studies have identified that the persistent drug lag for
therapies targeting minor cancers is caused by developmen-
tal delays [20-22]. Moreover, the role of phase I trials in
the development course has drastically changed. Phase I
trials have changed from merely investigating tolerability
to enabling dosage determination, confirming preliminary
efficacy, evaluating biomarker strategies, or assessing more
innovative designs, such as umbrella studies/platform stud-
ies. Notably, drug approval based on the results of a phase I
trial data alone has been reported. In this context, emerging
biopharmaceutical companies are actively developing drugs
via these approaches for such small populations [10-13,
23-25].

Accelerated approval has been utilized in the US. The
CEA in Japan is a recently introduced system compared to
the AA in the US. The purpose of CEA is similar to that of
AA with an additional scope, that is, to promote the research
and development of innovative pharmaceutical products in
Japan, aiming at their early practical application. To date,
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Figure 2 Distribution of approval dates in Japan and the US by Phase
I strategy. The approval date (diamond) in Japan (orange) and the
Unites States (US) (light blue), start date of the first multiregional
clinical trial with Japan (MRCT-JP) (open circle, green), and first
MRCT-JP started before the earlier date of approval, either in the US

there have been a limited number of drugs approved under
CEA; however, Japanese domestic companies, have success-
fully obtained the first approval of innovative medicines in
the world through innovative development strategies with
phase I or I/II trials. The top 20 pharmaceutical companies
also leveraged these frameworks in their development strate-
gies, suggesting that the Japanese market is still attractive
when an effective development strategy is implemented.
As we identified, there was a numerical but clear trend
of association between a higher percentage of the use of
a phase | MRCT-JP during the development strategy and
earlier approval in Japan. As a general practice, the patient
sample size in studies conducted in a single country may
be relatively small owing to the limitations of the trial
setting, resulting in the need for additional trials such as
phase I SNCT-JP during the entire development course of
the product. Even if additional trials are needed, earlier

or Japan, are plotted for the drugs approved in Japan (n=66). Drugs
with MRCT-JP (n=18, upper panel) and those without MRCT-JP
(n=48, lower panel) are separately plotted in the order of approval
date in Japan.

participation in phase I MRCT in Japan provides valu-
able information, including preliminary safety and/or effi-
cacy, for the development strategy [26—29]. More impor-
tantly, it would open the door to earlier approval in Japan.
Timely licensing or partnering activities are other methods
of delivering these drugs to patients in Japan. However,
even if such approaches were taken, safety and efficacy
data obtained from Japanese patients would be needed for
Japan to join global development during the confirmatory
phase and establish robust clinical datasets for filing. In
particular, phase I MRCT-JPs were conducted less fre-
quently for drugs approved in Japan 1 year later than and
within 3 years of their approval in the US and for drugs
not yet approved in Japan, while phase I SNCT-JPs were
conducted for approximately 60% of these drugs (data not
shown). The role and properties of phase I SNCT-JP in the
development strategy in Japan, in the present situation,
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need to be investigated in future. In order to increase
Japan’s participation in global development strategy at the
early stage, i.e., phase I MRCT-JP, further effort by both
the health authority and the industry to improve clinical
trial circumstances, business attractiveness, and regula-
tory perspectives would be needed, which would lead to
minimize this new drug lag.

This study had some limitations. First, this was a
descriptive study covering only new oncology drug
approval in either Japan or the US between 2011 and 2020.
We did not evaluate the lag in drugs that obtained supple-
mental approval, including indication expansion or expan-
sion in a treatment line within the same indication, owing
to the small sample size. Second, this study covered only
phase I trials with a single primary tested drug conducted
in Japan or the US, and phase I trials were not evaluated
in other countries. Third, we excluded trials conducted
by non-industry bodies, including academia, government,
cooperative groups, or NPOs, in phase I strategy evalua-
tion and excluded hormone and advanced therapies such
as cell therapy, or non-treatment drugs from the analysis.
Thus, we could not evaluate the development strategies for
innovative therapies that have been actively developed in
recent years. There may be a difference from the conven-
tional method in the development strategy for innovative
therapies, which requires further investigation.

Conclusions

We descriptively evaluated the characteristics of 117 new
oncology drugs approved in Japan and the US between
2011 and 2020. A new instance of drug lag in Japan is now
being identified along with changes in the circumstances
of oncology drug development. Japan’s participation in
global development strategies during the early stage, Phase
I MRCT, would be one of the keys to successfully mini-
mizing this new drug lag.
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