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Abstract 

Background: Risk management in the post-marketing phase is crucial to minimize health problems caused by 
drugs. Because ethnic factors may affect drug safety, the objective of this study was to explore concrete approaches 
to reflecting ethnic factors in risk management under multi-regional drug development.

Methods: We assessed Pharmaceuticals and Medical Devices Agency (PMDA) review reports on antineoplastic drugs 
approved as new molecular entities in the last 10 years to identify any differences in the incidence of adverse drug 
reactions (ADRs) related to myelosuppression, hepatic impairment, renal impairment, and interstitial lung disease 
between Japanese and non-Japanese populations. In addition, we investigated how those ADRs were handled in the 
labeling of each drug.

Results: In total, 44 drugs were available for comparing the incidence of ADRs between Japanese and non-Japanese 
populations. Of these, 32 drugs had a higher incidence of ADRs in the Japanese population. However, the incidence 
of ADRs in the Japanese population was described in the labeling for 7 drugs, and only the incidence in the overall 
population in multi-regional phase III trials was described in the labeling for the remaining 25 drugs. Of these 25 
drugs, two drugs were immediately placed under emergency safety control measures after approval because of the 
high incidence of ADRs in Japanese patients.

Conclusions: For drugs that might cause serious ADRs and with a higher incidence in the Japanese population, 
information should be provided on the incidence in the Japanese population as well as in the overall population.

Keywords: Drug safety, Labeling, Ethnicity, Drug development, Risk management plan

© The Author(s) 2022. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which 
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the 
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or 
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line 
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory 
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this 
licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/. The Creative Commons Public Domain Dedication waiver (http:// creat iveco 
mmons. org/ publi cdoma in/ zero/1. 0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.

Background
Because clinical trials in the drug development stage are 
subject to various limitations, such as the age and con-
comitant therapies of the subjects, there are relatively 
few safety databases available at the time of approval [1]. 
Therefore, risk management at the post-marketing phase 
is extremely important to ensure the safety of drugs. Sim-
ilar to the risk elimination and mitigation strategies in the 

U.S. and the risk management plans in the EU, Japan has 
enforced a risk management plan [2], which allows for 
systematic implementation of risk minimization activities 
such as precautions in the labeling, and pharmacovigi-
lance (PV) activities such as early post-marketing phase 
vigilance (EPPV), and observational studies with primary 
data collection (Fig. 1).

Regulatory authorities make an effort to find signals of 
health problems in the pre-marketing phase with the aim 
of minimizing safety issues in the post-marketing phase. 
In the U.S., "accelerated approval" and "boxed warn-
ings" were identified as pre-marketing factors to predict 
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post-marketing safety measures such as introduction of 
new boxed warnings [3, 4]. Because ethnic factors may 
affect the safety of drugs, information on ethnic differ-
ences appear to also contribute to risk minimization. In 
fact, in the case of Gefitinib, the incidence of intersti-
tial lung disease (ILD) has been reported to be higher 
in Japan than overseas [5, 6]. The drug was launched in 
July 2004; in October of the same year, a revised version 
of the labeling, "the Dear Healthcare Professional Letters 
of Emergent Safety Communications", was issued with a 
new warning about ILD.

Complete clinical data packages for a new drug appli-
cation in Japan generally include data from the Japanese 
population. Until the 1990s, major clinical trials such as 
exploratory and confirmatory clinical trials were required 
to be conducted with Japanese subjects. However, the 
ICH-E5 guideline [7] and the subsequent ICH-E17 guide-
line [8] now allow the use of data from non-Japanese 
populations as long as the complete clinical data package 
includes data from Japanese populations as required by 
the guidelines. As a result, there is no longer a need to 
conduct clinical trials exclusively on the Japanese popu-
lation. According to the ICH-E5 guideline, ethnic factors 
for the acceptability of foreign clinical data are classified 
into intrinsic factors such as body weight and genetic pol-
ymorphism of the drug metabolism and extrinsic factors 
such as medical practice and diagnostics. It is practically 
impossible to examine the impact of ethnic factors one by 
one for various adverse effects. However, unlike countries 
or regions consisting of diverse ethnic groups, the impact 
of ethnic factors on safety is considered to be relatively 

large in countries and regions such as Japan that are com-
posed almost entirely of one ethnic group. Under these 
circumstances, designing risk management by taking into 
account ethnic differences is key to minimizing health 
problems caused by drugs in the post-marketing phase.

When using data from overseas trials or multi-regional 
clinical trials, it is a challenge to assess the detailed ethnic 
differences between the Japanese and non-Japanese pop-
ulations to develop risk minimization activities, because 
the safety database for the Japanese population is smaller 
in multi-regional drug development than in domes-
tic drug development [9, 10]. As for PV activities, when 
there are few data of the Japanese population at the time 
of approval to determine concrete risk-minimization 
activities, all-case surveillance is often required in Japan 
to collect and respond to post-marketing safety informa-
tion quickly and reliably. However, there is debate about 
the scientific rationale for conducting all-case surveil-
lance to design appropriate PV activities [11].

Because some antineoplastic drugs are associated 
with serious ADRs, including fatal cases, prophylactic 
treatment and dose reduction need to be strictly regu-
lated. If there is a concern about ethnic differences in the 
incidence of ADRs, more proactive provision of safety 
information would help to ensure safer use of antineo-
plastic drugs. In Japan, it is currently not required to 
clearly describe the difference in the incidence of ADRs 
between the Japanese and non-Japanese populations in 
the labeling.

Therefore, we conducted this study to investigate 
whether more appropriate risk management, such as 

Fig. 1 Overview of risk management plan in Japan
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precautions in the labeling and post-marketing sur-
veillance in Japan, could be implemented, taking into 
account the ethnic differences between the Japanese 
and non-Japanese populations. We assessed the PMDA 
review reports on antineoplastic drugs of new molecular 
entities that were approved between February 2010 and 
August 2020 based on overseas trials or multi-regional 
clinical trials as the confirmatory evidence for new drug 
review; we used this information to compare the inci-
dence of ADRs between Japanese and non-Japanese pop-
ulations and compare the safety information provided in 
the Japanese and U.S. labeling. Based on the results, we 
proposed measures to improve risk minimization and PV 
activities in Japan.

Methods
Selection of investigated antineoplastic drugs
We selected antineoplastic drugs of new molecular enti-
ties approved between February 2010 and August 2020 in 
Japan. The following drugs were excluded from our inves-
tigation (Fig. 2):

i)  Drugs used for radiotherapy
ii) Drugs for which the incidence of ADRs could 
not be compared between the Japanese popula-
tion and non-Japanese populations in the PMDA 
review reports because the clinical data package for 
new drug applications in Japan only consisted of the 
results of the Japanese population. The selection of 

investigated antineoplastic drugs was done by J.S. 
and S.U. together.

Analysis of PMDA review reports
The PMDA review reports for the selected drugs were 
assessed to compare the incidence of ADRs between the 
Japanese and non-Japanese populations and determine 
if there was a higher incidence of ADRs in the Japanese 
population. Major categories of ADRs investigated in 
this study were following: myelosuppression, hepatic 
impairment, and renal impairment, which are commonly 
observed with antineoplastic drugs, and ILD, for which a 
higher incidence is often observed in the Japanese pop-
ulation. A higher incidence of ADRs was defined as at 
least a 10% difference in the incidence for ADRs related 
to myelosuppression, hepatic impairment, and renal 
impairment, and at least a 5% difference for ILD between 
the Japanese and non-Japanese populations; these cut-
offs were selected because they were frequently used for 
comparison in the review reports. The largest difference 
in the incidence of ADRs between the Japanese and non-
Japanese populations was selected among ADRs in the 
same category.

For drugs with a higher incidence of ADRs in the Japa-
nese population, the following investigations were con-
ducted based on the information provided in the review 
reports:

Fig. 2 Selection process of the Pharmaceuticals and Medical Devices Agency review reports
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• We classified drugs based on the mechanism of 
action into cytotoxic agents, tyrosine kinase inhibitors 
(TKIs), antibodies including antibody-drug conjugates 
(ADCs), immuno-oncology treatments (IOs), and hor-
mones; then, we investigated whether there were any 
ADRs characteristic to the Japanese population for 
each category.
• We determined whether there was any relationship 
between the higher incidence and dosage or pharma-
cokinetics in the Japanese population.

The PMDA review reports were obtained from the 
PMDA website (https:// www. pmda. go. jp/). The analysis of 
the PMDA review reports was conducted independently 
by J.S., T.N., and S.U., and conclusions were drawn through 
discussions by these three authors.

Analysis of safety information in labeling
For drugs with a higher incidence of ADRs in the Japanese 
population, we conducted the following investigations 
based on the labeling:

• We compared the Japanese and U.S. labeling and 
examined whether the Japanese labeling contains 
descriptions based on a higher incidence, including 
descriptions only in the Japanese labeling. The com-
parison of the labeling between Japan and the U.S. was 
based on the Japanese labeling at the time the Japanese 
review report was finalized and the latest version of 
the U.S. labeling before the PMDA review report was 
finalized. The “Warning”, “Important Precautions” and 
“Serious ADRs” contents in the labeling in Japan were 
checked to see if they were included in corresponding 
parts of the labeling in the U.S.
• We investigated whether there were any drugs for 
which the labeling had been revised because of seri-
ous ADRs within EPPV (six months of launch). For any 
with revised labeling, we checked safety data related to 
the ADRs in the labeling of the drugs.

The labeling in Japan and the U.S. was obtained from the 
PMDA website (https:// www. pmda. go. jp/) and the U.S. 
Food and Drug Administration (FDA) website (https:// 
www. fda. gov/ drugs), respectively. The analysis of the 
safety information in the labeling was conducted indepen-
dently by T.N., R.W., and S.U., and conclusions were drawn 
through discussions by these three authors.

Results
There were a total of 51 antineoplastic drugs of new 
molecular entities approved between February 2010 and 
August 2020 in Japan. Based on the exclusion criterion 
(Fig. 2), we selected 44 drugs for the present analysis.

Status of drugs for which the labeling was revised 
because of serious ADRs in the early post‑marketing phase
Intensive safety monitoring is usually conducted within 
six months after new drug approvals as EPPV in Japan. 
We searched for drugs for which the labeling related to 
any of the ADRs investigated in this study was revised 
within EPPV. This resulted in the identification of Abe-
maciclib and Cabazitaxel acetate. These drugs had a 
higher incidence of ADRs in the Japanese population 
than in the non-Japanese population in clinical trials. No 
revisions of the labeling for safety issues within EPPV 
were found for drugs with the similar incidence of ADRs 
in the Japanese and non-Japanese populations.

Cabazitaxel acetate
In Japan, 28 cases of severe febrile neutropenia, includ-
ing five fatal cases, were reported during the first three 
months after its launch in September 2014. This resulted 
in revision of the labeling to add descriptions of antibi-
otic use and proper use of granulocyte colony-stimulat-
ing factor products against febrile neutropenia [12].

Cabazitaxel acetate was approved in Japan on the basis 
of a Japanese phase I trial and an overseas phase III trial 
as key clinical data. The incidence of febrile neutropenia 
was 54.5% (24/44 subject) in the Japanese phase I trial 
and 7.5% (28/371 subject) in the overseas phase III trial. 
The review report stated that, although the number of 
Japanese subjects was limited to conclude a higher inci-
dence in the Japanese population, it is necessary to pay 
attention to some ADRs that seem to occur more fre-
quently in Japanese patients [13]. The Japanese labeling 
included a warning on myelosuppression, as did the U.S. 
labeling, but it only provided the incidence of ADRs from 
the overseas study and did not warn of the higher inci-
dence of febrile neutropenia in the Japanese population.

Abemaciclib
After the launch of Abemaciclib in November 2018 in 
Japan, 14 serious cases of ILD, including three fatal cases, 
were reported by May 2019. The Dear Healthcare Profes-
sionals Letter of Rapid Safety Communication [14] was 
issued in the same month, and the labeling was revised 
accordingly to include new warnings about ILD. Accord-
ing to the PMDA review report, three cases of ILD (7.9% 
of the Japanese subjects) were reported before the data 
cutoff in a pivotal trial of Abemaciclib combined with 
nonsteroidal aromatase inhibitor. Moreover, a case of 
ILD reported after the data cutoff of the trial and a case 
of acute pneumonia as a reported term in the ADR 
reporting were observed in the trial. Based on a total of 
five cases of ILD (13.2%) found in the clinical trial, the 
review report stated that the incidence of ILD tended to 

https://www.pmda.go.jp/
https://www.pmda.go.jp/
https://www.fda.gov/drugs
https://www.fda.gov/drugs
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be higher in the Japanese population [15]. However, the 
labeling only described its incidence in the overall popu-
lation of the multi-regional clinical trials (2.7%), but not 
the higher incidence (13.2%) in the Japanese population.

ADRs with a higher incidence in the Japanese population
Of the 44 drugs eligible for this study, 32 (72.7%) had a 
higher incidence of one of the ADRs in the Japanese 
population than in non-Japanese populations (Table  1). 
The number of drugs with a higher incidence in the Japa-
nese population by the ADR category was as follows: 20 
drugs (45.5%) for myelosuppression, 18 drugs (40.9%) 
for hepatic impairment, seven drugs (15.9%) for renal 
impairment, and six drugs (13.6%) for ILD (Table 2). The 
following is a breakdown of the number of antineoplas-
tic drugs with a high incidence (incidence rate of 50% or 
more) in the Japanese population, categorized by their 
mechanism of action. Among four cytotoxic drugs, mye-
losuppression was reported with all four drugs (100.0%) 
and hepatic impairment with three drugs (75.0%); among 
22 TKIs, myelosuppression was reported with 11 drugs 
(50.0%) and hepatic impairment with 11 drugs (50.0%); 
and among seven antibodies, myelosuppression was 
reported with four drugs (57.1%).

We then investigated the relationship between pharma-
cokinetics and the higher incidence of ADRs in the Japa-
nese population. Of the 32 drugs with a higher incidence 
of ADRs in the Japanese population, seven drugs had no 
data comparing pharmacokinetics between the Japanese 
and non-Japanese populations in the review reports. Of 
the 25 drugs whose review reports provided data on the 
difference in pharmacokinetics between the Japanese 
and non-Japanese populations, three drugs (9.4%) were 
identified with higher pharmacokinetics in the Japanese 
population, 20 drugs (62.5%) had no difference, and two 
drugs (6.3%) had lower pharmacokinetics in the Japanese 
population.

Because body weight and body surface area often differ 
between Japanese and non-Japanese, we also investigated 
the relationship between dosage regimen and the higher 
incidence of ADRs in the Japanese population (Table 3). 
The dosage regimens were classified into three patterns: 
the same fixed doses in and outside Japan; the same body 
weight- or body surface area-dependent doses in and 
outside Japan; and different doses between the Japanese 
and non-Japanese populations. ADRs with a higher inci-
dence in the Japanese population were reported with 
19/29 drugs used at the same fixed doses in and outside 
Japan, 8/10 drugs used at the same body weight- or body 
surface area-dependent doses in and outside Japan, and 
5/5 drugs used at different doses between the Japanese 
and non-Japanese populations.

Description of the incidence of ADRs in the Japanese 
population in labeling
The labeling of the following nine drugs provided pre-
cautions for ADRs only in Japan but not their actual inci-
dence in the Japanese population. These include ILD for 
Pertuzumab; myelosuppression for Ramucirumab and 
Olaparib; liver damage for Dabrafenib mesilate, Cabo-
zantinib malate, and Vandetanib; and renal damage for 
Tepotinib hydrochloride hydrate, Irinotecan hydrochlo-
ride hydrate, and Capmatinib hydrochloride hydrate 
(Table 4).

The labeling of only seven drugs described higher inci-
dence of ADRs in the Japanese population. Myelosup-
pression was reported with four drugs, ILD with one 
drug, and hepatic impairment with three drugs (some 
drugs had two ADRs with a higher incidence in the Japa-
nese population). For other drugs, the incidence of ADRs 
in the overall population of overseas confirmatory trials 
and multi-regional trials were described in the labeling.

Discussion
In this study, we selected 44 antineoplastic drugs 
approved as new molecular entities whose review reports 
were prepared between February 2010 and August 2020 
and examined how any differences in ADRs between the 
Japanese and non-Japanese populations were reflected 
in the labeling. We found that, although 32 drugs had a 
higher incidence of ADRs in the Japanese population, 
information on the higher incidence was not provided in 
the labeling for many of the drugs (25/32). It is notewor-
thy that, for two of them, urgent safety measures were 
taken soon after their approvals because of the high and 
serious incidence of ADRs in the Japanese population. 
For the 12 drugs for which the incidence of ADRs was 
similar in both populations, there were no revisions to 
the safety-related labeling in the EPPV.

In this study, antineoplastic drugs were classified into 
cytotoxic drugs, antibodies, TKIs, IOs, and hormones 
according to their mechanism of action, and the inci-
dence of ADRs was compared between the Japanese and 
non-Japanese populations. We found that all four cyto-
toxic drugs had a higher incidence of myelosuppres-
sion in the Japanese population. Three of the four drugs 
showed a high incidence of hepatic impairment in the 
Japanese population (Table 2), and another drug, Eribu-
lin mesilate also showed a trend toward a higher inci-
dence of hepatic impairment in the Japanese population 
(7/81 subjects, 8.6%) than in non-Japanese populations 
(16/827 subjects, 1.9%) according to the review report 
[18]. Although it is difficult to interpret the data from as 
few as four drugs, antineoplastic drugs, which are classi-
fied as cytotoxic drugs, tend to have a higher incidence 
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Table 1 The list of drugs that have higher incidence of ADRs in Japanese population

All information in this table was obtained from PMDA review reports

Ab Antibody, Ct Cytotoxic, Hr Hormone, IO Immune oncology treatment, NSCLC non-small cell lung cancer, TKI Tyrosine kinase inhibitor
a “High” means that ADRs with higher incidence in the Japanese population was observed and “NO” means such ADRs was not observed
b High: Higher in the Japanese population, Low: Lower in the Japanese population, ND: No difference, NM: PMDA didn’t mention the comparison

Fix date of review 
report

Drug name Drug category Indication Comparison between 
Japanese and non‑
Japanese population

Reference

ADRsa PKb

Feb 2010 Panitumumab Ab Colorectal carcinoma NO Low [16]

May 2010 Temsirolimus TKI Renal cell carcinoma High NM [17]

Jan 2011 Eribulin mesilate Ct Breast cancer High ND [18]

Aug 2011 Fulvestrant Hr Breast cancer NO High [19]

Mar 2012 Crizotinib TKI NSCLC High High [20]

May 2012 Axitinib TKI Renal cell carcinoma NO ND [21]

Aug 2012 Pazopanib hydrochloride TKI Soft tissue cancer NO ND [22]

Mar 2013 Regorafenib TKI Colorectal cancer High Low [23]

Apr 2013 Pertuzumab Ab Breast cancer High ND [24]

Aug 2013 Trastuzumab emtansin Ab Breast cancer NO ND [25]

Oct 2013 Afatinib maleate TKI NSCLC High ND [26]

Jan 2014 Enzalutamide Hr Prostate cancer NO ND [27]

Apr 2014 Abiraterone acetate Hr Prostate cancer High ND [28]

Apr 2014 Cabazitaxel acetate Ct Prostate cancer High ND [13]

Jun 2014 Nivolumab IO Melanoma High ND [29]

Nov 2014 Vemurafenib TKI Melanoma High ND [30]

Mar 2015 Ramucirumab Ab Gastric cancer High ND [31]

May 2015 Ipilimumab IO Melanoma High ND [32]

Jul 2015 Vandetanib TKI Medullary thyroid cancer High High [33]

Aug 2015 Trabectedin Ct Soft tissue tumor High NM [34]

Jan 2016 Dabrafenib mesilate TKI Melanoma High NM [35]

Feb 2016 Osimertinib mesilate TKI NSCLC High ND [36]

Mar 2016 Ceritinib TKI NSCLC High ND [37]

Aug 2016 Pembrolizumab IO Melanoma NO ND [38]

Jan 2017 Afliberceot Beta Ab Colorectal cancer High NM [39]

Jul 2017 Palbociclib TKI Breast cancer High ND [40]

Aug 2017 Avelumab IO Merkel cell carcinoma High NM [41]

Oct 2017 Atezolizumab IO NSCLC NO NM [42]

Nov 2017 Olaparib TKI Ovarian cancer High ND [43]

Apr 2018 Durvalumab IO NSCLC High Low [44]

Jul 2018 Abemaciclib TKI Breast cancer High NM [15]

Aug 2018 Lorlatinib TKI NSCLC NO ND [45]

Nov 2018 Ebcorfenib/ Binimetinib TKI Melanoma High ND [46, 47]

Nov 2018 Dacomitinib TKI NSCLC NO ND [48]

Jan 2019 Apalutamide Hr Prostate cancer NO ND [49]

Apr 2019 Necitumumab Ab Squamous NSCLC High ND [50]

May 2019 Entrectinib TKI Solid tumors High ND [51]

Nov 2019 Darolutamide Hr Prostate cancer NO ND [52]

Jan 2020 Cabozantinib malate TKI Renal cell carcinoma High High [53]

Feb 2020 Tepotinib hydrochloride hydrate TKI NSCLC High ND [54]

Feb 2020 Irinotecan hydrochloride hydrate (lipo-
some injection)

Ct Pancreatic cancer High ND [55]

Feb 2020 Trastuzumab deruxtecan Ab Breast cancer High NM [56]

May 2020 Capmatinib hydrochloride hydrate TKI NSCLC High ND [57]

Aug 2020 Niraparib tosilate hydrate TKI Ovarian cancer High ND [58]
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of myelosuppression and hepatic impairment in the 
Japanese population. However, drugs categorized 
as antibodies, TKIs, IOs, and hormones seem not to be 
associated with a consistently higher incidence of ADRs 
in the Japanese population.

We investigated the difference of the pharmacokinet-
ics between the Japanese and non-Japanese populations 
for 25 drugs with ADRs that have a higher incidence in 
the Japanese population. Among them, Crizotinib, Van-
detanib, and Cabozantinib malate were reported to show 
higher pharmacokinetics in the Japanese population, 
and two of them, Crizotinib and Vandetanib, had similar 
pharmacokinetics when corrected for body weight [20, 
33, 53]. Two other drugs, Regorafenib and Durvalumab, 
had lower pharmacokinetics in the Japanese population 
[23, 44]. The other 20 drugs did not differ. Thus, specific 
correlation between pharmacokinetics and ADR inci-
dence could only be found for some drugs whose high 
pharmacokinetics in Japanese might be responsible for 
the high ADR incidence. We also investigated whether 
dosage adjustment has an impact on the high incidence 
of ADRs in the Japanese population. The results showed 
that the percentage of drugs with high ADR incidence 
in the Japanese population was low for drugs used at 
the same fixed dose (19/29), high for drugs used at the 
same but adjusted dose (8/10), and high for drugs used 
at different doses (5/5). If weight difference has an effect 
on the incidence of ADRs, the fixed dose is expected to 

have higher incidence of ADRs in the Japanese popula-
tion because Japanese people generally weigh less than 
Westerners. However, as noted above, the result was the 
opposite, suggesting no trend in terms of dosage.

Of the 32 drugs that were associated with a higher inci-
dence of ADRs in the Japanese population, seven drugs 
(21.9%) provided the incidence of the Japanese popula-
tion in the labeling; the rest of them did not. The inci-
dences of ADRs in the Japanese population relative to the 
number of Japanese subjects in the clinical trials were as 
follows: neutropenia associated with Eribulin mesilate, 
80/81 (98.8%); neutropenia associated with Crizotinib, 
3/15 (20%); ILD associated with Afatinib maleate, 4/54 
(7.4%); hepatic impairment associated with Abiraterone 
acetate, 20/48 (41.7%); hepatic impairment associated 
with Nivolumab, 12/52 (23.1%); myelosuppression asso-
ciated with Trabectedin, 64/73 (87.7%); and neutropenia 
associated with Aflibercept beta, 46/62 (74.2%). Thus, for 
most of the drugs for which the incidence of the Japanese 
population was provided in the labeling, a relatively large 
number of Japanese subjects (≥ 50) was enrolled in the 
clinical trials. The reason for the inclusion of neutropenia 
as an ADR for Crizotinib in the Japanese population in 
the labeling is unclear, despite a relatively small number 
of subjects. Moreover, there were nine drugs for which 
the incidence of ADRs in the Japanese population was 
not listed but precautions for use and the incidence in 
the overall population were described in the labeling. It 
is unclear why the incidence in the Japanese population is 
not listed, despite the fact that Japan-specific precautions 
are described in the labeling. Thus, there is no criterion 
on how the incidence of ADRs of the Japanese population 
should be provided in the labeling.

The following conclusions can be drawn from the 
abovementioned results and discussion: (i) although 
73% (32/44) of the drugs had a higher incidence of 
ADRs in the Japanese population than in non-Japanese 
populations, there was no trend toward a higher inci-
dence of specific ADRs with specific drug categories in 
the Japanese population, except for some ADRs such as 

Table 2 The number of drugs with higher incidence of ADRs in the Japanese population classified according to the mechanism of 
action

ILD Interstitial lung disease, IO Immune-oncology treatment, TKI Tyrosine kinase inhibitor

Myelosuppression‑ ILD Hepatic impairment Renal impairment

Antibody (7 drugs) 4 (57.1%) 2 (28.6%) 2 (28.6%) 0 (00.0%)

Cytotoxic (4 drugs) 4 (100.0%) 0 (00.0%) 3 (75.0%) 0 (00.0%)

Hormone (5 drugs) 0 (00.0%) 0 (00.0%) 1 (20.0%) 0 (00.0%)

IO (6 drugs) 1 (16.7%) 1 (16.7%) 2 (33.3%) 0 (00.0%)

TKI (22 drugs) 11 (50.0%) 3 (13.6%) 11 (50.0%) 7 (31.8%)

Total (44 drugs) 20 (45.5%) 6 (13.6%) 18 (40.9%) 7(15.9%)

Table 3 The relation between the number of drugs with higher 
incidence of ADRs in the Japanese population and dosage 
regimen

BW Body weight, BSA Body surface area

Dosage regimen Higher 
incidence

Similar 
incidence

Total

Same and Fix dose 19 10 29

Same but adjusted by BW/BSA 8 2 10

Different 5 0 5
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Table 4 Description of ADRs in labeling

ILD Interstitial lung disease, JP Japanese population, ND No difference in the labeling between U.S. and Japan, nJP non-Japanese Populations

a) The incidence of the Japanese population is described

b) A precaution for indicated ADRs is described in Japanese labeling only, but the incidence is derived from the overall population or non-Japanese population.

ADRs with higher incidence in the Japanese population Description in labeling

Temsirolimus ILD: JP. 11/20(55%), nJP. 52/178 (29.2%) ND

Eribulin mesilate Neutropenia: JP. 80/81 (98.8%), nJP. 481/827 (58.2%) a)

Crizotinib Neutropenia: JP. 3/15 (20%), nJP. 3/104 (2.9%) a)

Regorafenib ALT increased: JP. 13/65 (20%), nJP. 15/433 (3.4%) ND

Pertuzumab ILD: JP. 2/26 (7.7%), nJP. 7/381 (1.8%) b)

Afatinib maleate ILD: JP. 4/54 (7.4%), nJP. 3/175 (1.7%) a)

Abiraterone acetate Hepatotoxicity: JP. 20/48 (41.7%), nJP. 90/543 (16.6%) a)

Cabazitaxel acetate Myelosuppression: JP. 44/44 (100%), nJP. 130/371 (35%)
AST increased: JP. 6/47 (12.5%), nJP. 4 (1.1%)

ND

Nivolumab AST increased: JP. 14/52 (26.9%), nJP. 28/345 (8.1%) a)

Vemurafenib Hepatic impairment: JP. 5/11 (45.5%), nJP. 91/337 (27.5%) ND

Ramucirumab Neutropenia: JP. 58/68 (85.3%), nJP. 120/259 (27.5%) b)

Ipilimumab AST increased: JP. 4/20 (20%), nJP. 1/131 (0.8%) ND

Vandetanib ILD: JP. 1/14 (7.1%), nJP. 2/231 (0.9%)
Renal impairment: JP. 5/14 (35.7%), nJP. 49/231(21.2%)
Hepatic impairment: JP. 3/14 (21.4%), nJP. 29/231 (8.2%)

b) (Hepatic impairment)

Trabectedin Neutropenia: JP. 64/73 (87.7%), nJP. (75/130 (57.7%)
ALT increased: JP. 52/73 (71.2%), NJP. 72/130 (55.4%)

a)

Dabrafenib mesilate Hepatic impairment: JP. 6/12 (50%), nJP. 39/398 (9.8)
Myelosuppression: JP. 8 (66.7%), nJP. 48/398 (12.1%)

b) for hepatic impairment

Osimertinib mesilate White blood cell count decreased: JP. 21/80 (26.3%), nJP. 10/331 (3%) ND

Ceritinib Blood ALP increased: JP. 11/19 (57.9%), nJP. 14/105 (13.3%)
Blood creatinine increased: JP. 9/19 (47.4%), nJP. 17/105 (16.2%)
White blood cell count decreased: JP. 4/19 (21.1%), nJP. 2/105 (1.9%)

ND

Afliberceot Beta Neutropenia: JP. 46/62 (74.2%), nJP. 238/611 (39.0%) a)

Palbociclib White blood cell count decreased: JP. 17/27 (63.0%), nJP. 88/318 (27.7%)
ALT increased: JP. 7/32 (21.9%), nJP. 37/412 (9.0%)

ND

Avelumab Anemia: JP. 8/43 (18.6%), nJP. 105/1764 (6.0%) ND

Olaparib White blood cell count decreased: JP. 5/8 (62.5%), nJP. 6/187 (3.2%) b)

Durvalumab ILD: JP. 53/72 (73.6%), nJP. 108/403 (26.8%) ND

Abemaciclib Neutrophil count decreased: JP. 34/43 (79.1%), nJP. 103/277 (37.2%)
ALT increased: JP. 15/43 (34.9%), nJP 24/277 (8.7%)
Blood creatinine increased: JP. 13/43 (30.2%), nJP. 24/277 (8.7%)

ND

Ebcorfenib/ Binimetinib Anemia: JP. 3/10 (30%), nJP. 50/439 (11.4%) ND

Necitumumab Neutrophil count decreased: JP. 53/90 (58.9%), nJP. 8/538 (1.5%)
ALT increased: JP. 17/90 (18.9%), NJP 27/538 (5.0%)

ND

Entrectinib Blood creatinine increased: JP. 11/16 (68.8%), nJP. 48/190 (25.3%)
AST increased: JP. 9/16 (56.3%), nJP. 32/190 (16.8%)
White blood cell count decreased: JP. 4/16 (25.0%), nJP. 9/190 (4.7%)

ND

Cabozantinib malate Renal impairment: JP. 15/35 (42.9%), nJP. 70/331 (21.1%)
Hepatic impairment: JP. 25/35 (71.4%), nJP. 93/331 (28.1%)

b) for hepatic impairment

Tepotinib hydrochloride
hydrate

Blood creatinine increased: JP. 9/17 (52.9%), nJP. 22/113 (19.5%) b)

Irinotecan hydrochloride hydrate (liposome 
injection)

Hepatic impairment: JP. 19/46 (41.3%), nJP. 20/117 (17.1%)
Myelosuppression: JP. 38/46 (82.6%), nJP. 76/117 (65.0%)

b) for hepatic impairment

Trastuzumab deruxtecan Neutrophil count decreased: JP. 22/30 (73.3%), nJP. 35/154 (22.7%)
ILD: JP. 51/316 (16.1%), nJP. 21/329 (6.4%)
AST increased: JP. 7/21 (33.3%), nJP. 2/29 (6.9%)

ND

Capmatinib hydrochcrolide hydrate Blood creatinine increased: JP. 25/45 (55.6%), nJP. 60/289 (20.8%)
ALT increased: JP. 10/45 (22.2%), nJP. 32/289 (11.1%)
Platelet count decreased: 8/45 (17.8%), nJP. 6/289 (2.1%)

b) for renal impairment

Niraparib tosilate hydrate Platelet count decreased: JP. 12/19 (63.2%), nJP. 77/367 (21.0%) ND
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myelosuppression caused by cytotoxic agents; and (ii) 
specific correlation between pharmacokinetics and ADR 
incidence could only be found in some drugs whose 
high pharmacokinetics in Japanese might be respon-
sible for the high ADR incidence. Accordingly, it is 
necessary to design risk management for each drug by 
determining whether ADRs are likely to occur in the 
Japanese population and their severity, and by considering 
the incidence of ADRs in clinical trials and information 
from other clinical trials related to the drug at the time 
of approval.

Regarding risk minimization activities, in particular a 
precaution in the labeling, the notification “Guidelines 
for preparing the electronic package inserts of prescrip-
tion drugs” in Japan requires that ADRs that are clini-
cally significant and need special attention should be 
included by taking into account the outcome and seri-
ousness of ADRs, and that the incidence of those ADRs 
should be based on the results of precise and objective 
clinical trials [59]. Prior to the publication of the ICH-E5 
guidelines in 1998, which encouraged the use of overseas 
clinical data in new drug applications in Japan, it was 
required to conduct clinical trials on Japanese subjects. 
As a result, labeling was prepared based on safety infor-
mation for the Japanese population. In recent years, clin-
ical data from foreign populations has been increasingly 
used in new antineoplastic drug applications. However, 
no new guidance has been published to describe safety 
information from Japanese populations in the labeling, 
and ADR incidence for Japanese populations to prevent 
health damage has not been provided in a uniform man-
ner. In this study, we observed that, although the review 
reports for Cabazitaxel acetate and Abemaciclib showed 
a high incidence of serious ADRs in the Japanese popu-
lation, the labeling only described the incidence in over-
seas or the overall population; serious ADRs occurred 
early in the post-marketing phase, which led to revisions 
of the labeling. In consideration of such cases, and in the 
absence of clear criteria for inclusion of the incidence 
of the Japanese population in the labeling, we propose 
that the incidence of the Japanese population should 
be described in the labeling by considering severity and 
other information related to the ADRs, even if the num-
ber of Japanese subjects enrolled in the clinical trials is 
too small to conduct rigorous evaluation. Such informa-
tion may allow medical practitioners to take appropri-
ate safety actions such as prophylactic treatment and 
dose reduction in a timely manner for the listed ADRs. 
For example, if the incidence of febrile neutropenia 
with Cabazitaxel acetate in Japanese subjects (54.5%) 
had been specifically alerted in the labeling, prophylac-
tic treatment of granulocyte colony-stimulating factor 
should have been considered according to the guideline 

that requires treatment when the incidence exceeds 
20% [60]. The U.S. FDA also recommends that, as much 
as possible, the results of clinical trials or analyses that 
evaluate the potential for differences in sub-groups, such 
as different races/ethnicities, be included in the labeling 
[61]. This results in more information on ethnicity pro-
vided in U.S. than European labeling [62]. For example, 
the Warnings and Precautions section of the U.S. labe-
ling for Irinotecan hydrochloride hydrate (liposome dos-
age form) indicates that neutropenia is more common 
and has a higher incidence in Asians [63]. In order to 
enhance the description in the labeling in Japan, the next 
step would be to present how to include the incidence 
of ADRs in the Japanese population in the multi-regional 
drug development like the FDA guidance.

For PV activities, even in the absence of special con-
cerns, post-marketing all-case surveillance was required 
for many new drugs when the number of Japanese sub-
jects in clinical trials was small and post-marketing safety 
information needed to be collected quickly [11]. How-
ever, ICH-E2E guidelines requires clarification of which 
populations, such as patients of different racial and/or 
ethnic origins, have not been studied or have only been 
studied to a limited degree in the pre-approval phase, and 
that the implications of this are provided with respect to 
predicting the safety of the drug in the marketplace. The 
guideline also states that, in case no special concerns 
have arisen for drugs, routine PV should be sufficient 
for post-approval safety monitoring without the need for 
additional actions (e.g., safety studies) [64]. Again, in the 
case of Cabazitaxel acetate, post-marketing all-case sur-
veillance contributed to the confirmation of higher inci-
dence of febrile neutropenia in the Japanese population 
and the subsequent introduction of new safety measures 
in the early post-marketing phase. Therefore, it may be 
a good idea to decide on the addition of PV activities, 
including all-case surveillance to see the ADRs in the 
early post marketing phase, after clarifying the special 
concerns that should be investigated in the activities.

Our study has several limitations. First, the foreign 
population consisted of various ethnic groups but was 
considered one group and compared with the Japanese 
population, and ethnic factors such as pharmacogenom-
ics were not taken into consideration. Second, we focused 
on four ADRs and compared the highest incidence of the 
related events. Third, the safety information in labeling 
was analyzed between the Warnings, Important Precau-
tions, and Serious ADRs sections in Japan and those of 
Boxed Warnings, Warnings, and Precautions in the U.S. 
Fourth, the incidence of ADRs may reflect the impact of 
the adjustments of dose and/or schedules of antineoplas-
tic drugs to reduce ADRs and the effects of combination 
therapies in some drugs we reviewed.
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Despite the above limitations, our study provides 
meaningful insights from regulatory perspectives that 
were derived from comprehensive information rather 
than individual factors.

Conclusions
For drugs that might cause serious ADRs with a higher 
incidence in the Japanese population than in the non-
Japanese population, information on the incidence in the 
Japanese population should be provided. Furthermore, 
even if the Japanese safety database is small, additional 
PV activities should be converted from default all-case 
surveillance into tangible forms based on special safety 
concerns.
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