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STRATEGIES FOR THE DEVELOPMENT OF BIOSIMILARS (FOLLOW-ON BIOLOGICS DRUGS) IN JAPAN

The current trend of healthcare in Japan

Healthcare costs are increasing in Japan, having risen from 38.4 trillion yen  
in 2012 to over 44 trillion yen in 2022. This is partially due to an increase in  
the cost of pharmaceuticals, which accounts for nearly 20% of the total 
healthcare cost (see Figures 1 and 2). In previous years, low-weight molecular 
compounds were the mainstream in drug development. Today, biological 
products, such as antibody drugs, are becoming more prevalent. These 
innovative and technologically advanced products, several of which are 
classed as orphan drugs, are making a significant contribution to the 
treatment of refractory diseases such as rheumatism and autoimmune 
disorders, which were previously seen as untreatable.

Human insulin was approved in 1985 in Japan as the first biological product in the country. As of March 2022, more 
than 180 biological products have been approved for the Japanese market. While biological products contribute 
significantly to treatment of refractory diseases, the development and manufacturing costs are much higher if they 
are compared with low-weight molecular compounds, which is a great financial challenge for the developers. 
Moreover, new biological products use breakthrough technology, so there are usually no similar drugs on the 
market. For that reason, biological drug price is calculated by the cost calculation method, instead of price 
determination by comparable drug. When these expensive development and manufacturing costs are borne by 
fewer patients, higher prices of biological products are inevitable. Four of the top ten best-selling products in 2021 
are biological products. There are quite a few drugs such as Opdivo® and Keytruda® that have become a hot topic 
for high-cost medical care.

In April 2013, the Ministry of Health, Labor, and Welfare (MHLW) formulated the “Roadmap for further promoting 
the use of generic drugs.” Almost a decade later, it is still a work in progress. Furthermore, in June 2015, the Cabinet 
agreed to increase the percentage of generic drugs to 70% or more by mid-2017. A new goal was set to raise the 
rate to 80% or more in time. With this reasoning in place, the development of generic drugs has been accelerated 
and biosimilars, known as “follow-on biologics” in Japan, have also followed this trend.
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Figure 1: Health expenditure in Japan

Figure 2: Drug expenditure in Japan

Drug Expenditure % in Health Expenditure

Source: Ministry of Health, Labour, and Welfare 
https://www.mhlw.go.jp/bunya/iryouhoken/database/zenpan/iryou_doukou.html
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Reference product  
name (Company) Generic name First approved  

YYYY/MM/DD

Number of products 
approved as 

biosimilars to date

Genotropin (Pfizer) Somatropin (2009/6/22) 1

Espo (Kyowa Kirin) Epoetin alfa (2010/1/20) 1

Gran (Kyowa Kirin) Filgrastim (2012/11/21) 4

Remicade (Mitsubishi Tanabe) Infliximab (2014/7/4) 5

Lantus (Sanofi) Insulin glargine (2014/12/26) 2

Rituxan (Zenyaku) Rituximab (2017/9/27) 2

Enbrel (Pfizer) Etanercept (2018/1/19) 3

Herceptin (Chugai) Trastuzumab (2018/3/23) 4

Fabrazyme (Sanofi) Agalsidase Beta (2018/9/21) 1

Avastin (Chugai) Bevacizumab (2019/6/18) 4

Nesp (Kyowa Kirin) Darbepoetin Alfa (2019/9/20) 3

Forteo (Eli Lilly) Teriparatide (2019/9/20) 1

Humalog (Eli Lilly) Insulin Lispro (2020/3/25) 1

Humira (AbbVie) Adalimumab (2020/6/29) 3

NovoRapid (Novo Nordisk) Insulin Aspart (2021/3/23) 1

Lucentis (Novartis) Ranibizumab (2021/9/27) 1
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STRATEGIES FOR THE DEVELOPMENT OF BIOSIMILARS (FOLLOW-ON BIOLOGICS DRUGS) IN JAPAN

Biosimilar products in Japan

In 2009, somatropin became the first biosimilar approved in Japan, followed by epoetin alfa in 2010. When their 
NDAs were filed, no regulations and guidelines on development of biosimilars in Japan existed. Therefore, their 
NDAs were filed as new drugs, not biosimilars. During their NDA assessment, a new guideline entitled “Guidelines 
on ensuring quality, safety and efficacy of biosimilars” was issued on March 4, 2009. As a result, both somatropin 
and epoetin alfa’s NDA assessments were amended to be reviewed as biosimilars. 

Since this guideline was implemented, three Q&As relating to it were issued in 2009, 2010 and 2015 to deepen 
understanding of the development of biosimilars. Further guidance was updated and released on February 4, 2020. 
The new guideline was released together with its Q&A on the same day, integrating the previous three Q&As into one.

As of November 2022, 16 biosimilars are approved in Japan (see Table 1).

Table 1: Approved biosimilar products in Japan

Source: National Institute of Health Sciences, Division of Biological Chemistry and Biologicals 
https://www.nihs.go.jp/dbcb/biosimilar.html#b06

https://www.nihs.go.jp/dbcb/biosimilar.html#b06 
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Market growth of biologics

The sales of biologics have been increasing. In 2021, biologics accounted for nearly 50% of total approved products  
in Japan (24 biologics out of 52 approved products). This trend will continue in the future since many biopharma 
companies try to develop treatments for refractory diseases (such as cancer, autoimmune diseases, etc.) which 
were once considered incurable by small molecule-based drug products. Accordingly, it is predicted that 
development of biosimilars will increase. In 2020, sales of biosimilars in Japan exceeded 90 billion yen.

Figure 3: Approved biologics in Japan

Approved total medicine (%) of BiologicsApproved biologics

Source: Pharmaceuticals and Medical Devices Agency 
https://www.pmda.go.jp/review-services/drug-reviews/review-information/p-drugs/0010.html 
Data is processed in JPMA DATA BOOK 2022
資料：「薬務公報」、独立行政法人　医薬品医療機器総合機構「新医薬品の承認品目一覧」
出所：厚生労働省「薬事工業生産動態統計年報」
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STRATEGIES FOR THE DEVELOPMENT OF BIOSIMILARS (FOLLOW-ON BIOLOGICS DRUGS) IN JAPAN

Strategies for developing follow-on biologics in Japan

Similarity evaluation between biosimilars and reference medicinal product
Providing evidence of similarity between biosimilars and the reference medicinal product (RMP) is essential in  
order to gain approval, and should be demonstrated by quality non-clinical and clinical studies. This section 
summarizes similarity studies referring to the “Guidelines on ensuring quality, safety and efficacy of follow-on 
biologics” and provides some relevant case studies for reference.

First, characteristic analysis will be conducted using reasonable testing methods and will compare the data between 
biosimilars and the RMP. Necessary non-clinical and clinical data depends on a degree of similarity in quality testing. 
Non-clinical studies should be conducted after the characteristic analysis of biosimilars. Considering quality 
attributes of biosimilars and comparison data of quality attributes between biosimilars and the RMP, necessary 
non-clinical data should be decided.

The RMP used for the similarity studies should be available on the Japanese market as a general rule. However, if 
the RMP approved overseas is used in similarity studies, it is essential to demonstrate similarity between the RMP 
approved in Japan and the RMP approved overseas based on the comparison data of quality attributes.

Comparison of quality attributes
When comparing quality attributes, it is important to consider not only the active constituent, but also differences in 
the sugar chain in glycoprotein. The impurity profile, including product-related substances, product-related 
impurities and process-related impurities should also be considered. Therefore, usually several lots of drug 
substances and drug products are necessary to clarify a degree of similarity with the RMP and discuss if the 
identified differences have an impact on its efficacy and safety.

Structure and physicochemical properties: Amino acid sequences, sugar chain structures, post-translational 
modifications and sub-unit structures are compared between biosimilars and the RMP. If the primary structure is 
different, this will not be a biosimilar.

Comparison of biological functions: Biological functions should be compared by as many methods as possible 
between biosimilars and the RMP. For example, biological functions that are closely related to clinical efficacy (such 
as cell expansion, cell differentiation, receptor-binding activity, enzymic activity, etc.) are important. As a general 
rule, for biosimilars of antibody drugs, it is essential to compare them with the RMP regarding properties such as 
neutralizing activity, binding activity to Fcy receptors, FcRn receptors and C1q receptors, ADCC (antibody-dependent 
cellular cytotoxicity) and CDC (complement-dependent cytotoxicity) in addition to binding activity to antigens.

Comparison of immunogenicity: Quality-related factors that may cause differences in immunogenicity between 
biosimilars and the RMP may include the post-translational modification structure of the target product, product-
related impurities and process-related impurities. Immunogenicity is difficult to evaluate in non-clinical studies and 
needs to be examined in clinical studies. Therefore, it is useful to identify differences in quality attributes that may 
affect immunogenicity in comparative quality studies. 

Different from small-molecule generic drugs, biosimilars are usually not exactly the same as the RMP due to  
their nature. In particular, some quality attributes are different from the RMP. When looking into assessment 
reports of approved biosimilars, more than half of products showed a difference in some of the quality attributes. 
These include: N-linked glycosylation profile, binding activity to receptors such as FcyRa and C1q, size variants, 
charge variants, peptide map, ADCC, content of sialic acid, and more. Although some quality attributes are different, 
they are all approved. A final decision is made not by each study result (quality, non-clinical or clinical), but by all 
data provided, where a small difference in each quality attribute will not be a significant issue for the  
biosimilar’s approval.
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Comparison of non-clinical studies
Pharmacokinetic (PK): In glycoprotein drugs, the heterogeneity of sugar chains may affect PK, so non-clinical PK 
may be useful, but it depends on analysis of quality attributes data.

Pharmacology: Pharmacological action should be compared directly between biosimilars and the RMP. In vitro 
biological activities are usually necessary to compare them, but if biological activities are already compared as part 
of quality testing, it may be skipped. In the case where the in vitro activity does not correlate with clinical efficacy 
(such as is the case for some glycoproteins), in vivo pharmacology study is necessary for comparison.

Safety studies: It is necessary to discuss if any non-clinical safety studies should be conducted and are dependent 
on the quality and pharmacological results. If high similarities are demonstrated between biosimilars and the  
RMP by these studies, and there is no concern regarding safety in the clinical studies, then non-clinical safety 
investigations may be skipped. If not, the study should be conducted based on ICH S6 guidelines. In such cases, 
non-clinical safety studies of biosimilars can usually be evaluated by repeated-dose toxicity studies using one 
appropriate animal species. Study design (animal species, duration of administration, dose, etc.) should be 
established in consideration of the toxicity profile of the RMP and the target disease.

It is worth noting that repeat-dose toxicity studies were conducted in all approved biosimilars in Japan to date.  
In 13 out of 31 approved products, local irritation effects were evaluated as part of the repeat-dose toxicity 
investigations. A local irritation study was assessed separately from the repeat-dose toxicity study in 10 products.  
A single-dose toxicity study was performed in nine products. Other than these, cross-reactivity was studied in two 
products, while immunogenicity, reproduction, genotoxicity and reverse mutation tests of impurity were conducted 
in one other product. 

As an overall trend, repeat-dose toxicity assessments are becoming the most common tests in non-clinical safety 
assessments. Local irritation is also evaluated, although this is not mandatory. Before and just after the guideline 
was issued, more toxicity studies were conducted than now; however, it seems non-clinical safety challenges have 
been settled and applicants can now plan non-clinical studies far more easily.
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STRATEGIES FOR THE DEVELOPMENT OF BIOSIMILARS (FOLLOW-ON BIOLOGICS DRUGS) IN JAPAN

Strategies for developing follow-on  
biologics in Japan, continued

Comparison of clinical studies

There are different approaches to clinical strategy, such as if Japanese PK should be conducted, if a Japanese phase 
III study should be conducted, or if global phase III including Japanese populations should be conducted,  
and which countries will be included. Syneos Health investigated clinical studies, including Japanese populations, for 
approved biosimilars in Japan (see Table 2).

A Japanese phase I study was conducted in 25 products out of 31 products. In four of these, studies were conducted 
outside Japan but using a Japanese population.

Some domestic Japanese companies conducted domestic phase III (or phase II or III) studies in Japan for nine 
products. In eight out of nine products, a domestic phase I study was conducted.

On the other hand, a global clinical study including Japanese population was conducted in 13 products. Five of these 
products were developed by a domestic company, and eight companies were developed by global pharma. 

In this way, clinical development is conducted differently by each company and often influenced by the region the 
company is based in. However, the key with health authorities (PMDA) is to communicate and agree on the strategy, 
including the clinical data package and study design (such as necessary number of Japanese populations, primary 
endpoints, statistical considerations, etc.) in advance. Thus, it is helpful to discuss with a Japan-based regulatory 
expert who has a deep understanding of Japanese regulations and experience in PMDA discussions and 
consultation meetings.

The Q&A of “Guidelines on ensuring quality, safety 
and efficacy of follow-on biologics” (February 4, 2020)  
explained necessary clinical study as follows:

Similarity evaluation with the RMP

When conducting a clinical study, similarity 
evaluation results based on quality attributes of 
follow-on biologics, comparisons of quality attributes 
and non-clinical data between follow-on biologics 
and RMP should be considered. Please provide basic 
idea to obtain Japanese data.

Answer: It is necessary to enroll Japanese population 
in at least in one clinical study to demonstrate PK 
similarities or efficacy similarities (including PD) 
between the study drug and the reference drug.

The inclusion of a necessary number of Japanese 
populations should be planned for so that the 
outcome of Japanese population should be 
consistent with those of overall population. When 
conducting global clinical trial including Japanese 
population, necessary number of Japanese 
populations cannot use Method 1 and 2 directly 
provided in the guideline of “Basic principles on 
Global Clinical Trials” issued on September 28, 2007. 
It is necessary to estimate necessary Japanese 
population so that the data of Japanese population 
will be consistent with that of overall population.



Company Generic name  
of biosimilar

Clinical trial enrolling Japanese subjects PIII without  
Japanese 
subjectsPI Domestic 

phase III
Global PIII incl. 

Japanese**

Sandoz Somatropin

JCR Epoetin alfa       (PII/III)*

Mochida/Fuji
Filgrastim

Nichi-iko Nippon Kayaku

Nippon Kayaku/Celltrion

InfliximabPfizer       (614/29)

Nichi-iko/Ayumi

Eli Lilly
Insulin glargine

      (535/100)

Fujifilm Toyama Chemical

Sandoz
Rituximab

      (618/29)

Pfizer       (394/51)

Mochida
Etanercept

      (372/189)

Nichi-iko/Yoshindo       (500/260)

Pfizer

Trastuzumab

      (690/34)

Daiichi Sankyo       (overseas)

Nippon Kayaku/Celltrion       (overseas)       (532/44)

JCR Agalsidase Beta       (PII/III)*

Nippon Kayaku

Bevacizumab

      (overseas)       (690/5)

Nichi-iko

Daiichi Sankyo       (overseas)

Pfizer       (710/19)

JCR

Darbepoetin AlfaSanwa Kagaku

Mylan EPD

Mochida Teriparatide

Sanofi Insulin Lispro       (480/61)

Mochida

Adalimumab

      (383/26)

Daiichi Sankyo

Fujifilm Kyowa  
Kirin Biologics

Sanofi Insulin Aspart        (580/66)

Senju Ranibizumab
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Table 2: Clinical trials including Japanese population for biosimilars

* PII/III: Phase II/III study
**(Total populations/Japanese populations) of global Phase III study
Source: Pharmaceuticals and Medical Devices Agency 
https://www.pmda.go.jp/PmdaSearch/iyakuSearch/

 https://www.pmda.go.jp/PmdaSearch/iyakuSearch/
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STRATEGIES FOR THE DEVELOPMENT OF BIOSIMILARS (FOLLOW-ON BIOLOGICS DRUGS) IN JAPAN

Optimizing development strategy for biosimilars

As the number of biological product approvals has increased significantly over the past 20 years, and as Japanese 
health authorities have worked to reduce drug prices and encourage generic drug development, we can expect to 
see an increase in the development of biosimilars.

The first guideline released in 2009, and its revised version and Q&A that were released in 2020, explain how to 
develop biosimilars in Japan. However, the PMDA always strongly recommends having consultation meetings before 
initiating studies for biologics, which include biosimilars. Therefore, it is vital to have clinical study and safety (or 
quality) consultations with the PMDA beforehand, so that chances for approval can be increased.

It depends on a company’s strategy as to which clinical study should be conducted and the country that the RMP 
should be taken from for quality, non-clinical and clinical studies. Often, clinical data results have an impact on 
marketing strategy as well, but overall, there are many pathways for the development of biosimilars. A key 
consideration, however, is to communicate with the PMDA at an early stage and agree on the development 
strategy—either with a local partner or via the support of a highly experienced Japanese regulatory expert  
within a CRO.
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With the expansion of development 
through international collaboration, 
drug development must be 
conducted in sync with foreign 
countries so that the public can 
benefit from new drugs at the 
same time as overseas.
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About Syneos Health
Syneos Health® (Nasdaq:SYNH) is a leading integrated biopharmaceutical solutions organization built to accelerate customer success. We 
translate unique clinical, medical affairs and commercial insights into outcomes to address modern market realities.
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To learn more about how we are Shortening the distance from lab to life®, visit syneoshealth.com or subscribe to our podcast.
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