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2.2   Antidepressants in the R&D Pipeline

Drug development is known for its time-consuming and high risks of failure. In conse-
quence, only a small number of drugs could be successfully launched into the market at 
the end. Besides marketed antidepressants, our study also paid attention to the entire R&D 
(research and development) process of antidepressants, including statuses and phases of 
Discovery, Preclinical, Phase I, Phase II, Phase III, Suspended, Discontinued and Marketed. 

IMS R&D Focus, a comprehensive and structured database, monitors the whole progress of 
new active substances throughout the R&D pipeline ranging from the discovery phase to 
the final marketed phase. Hence, we chose IMS R&D Focus database as the source of data 
for our study.

The patents of antidepressant R&D projects were collected through querying ATC (An-
atomical Therapeutic Chemical) codes of N6A family, i.e., N6A2, N6A3, N6A4, N6A5 and 
N6A9, against the IMS R&D Focus database. Each code represents a type of depression 
diseases or syndromes. The resulted 541 patents approved by different countries were fur-
ther transformed into 387 corresponding US patents by the patent family system of the 
International Patent Documentation Center, so as to obtain the standard and comparable 
patent citation data. The workflow of data collection and pre-processing were summarized 
and shown in Figure 1.

Figure 1. Data collection and pre-processing flow chart

Initially, we analyzed the patent data obtained and characterized them. Figure 2 shows 
the distribution of all 387 US patents by the aforementioned four types of actions.

Figure 2. Illustration of distribution of patents by 2-year cohorts of patent grant.

The curve in Figure 2 reflects the annual fluctuation of the patent number. At the begin-
ning, the number of the annual total patents kept increasing slowly. Then it climbed onto 
the peak in year 2006-2007 and finally fell into the low level as it was in the beginning. 
Based on the distribution, we divided the time line into 3 stages in general. The first one 
is from the beginning to 1995, during which the number of patents grew in a slow speed. 
The next stage is from year 1996 to 2007 during which we found the peak of the patent 
numbers and therefore considered the climax period of antidepressant patenting. In last 
stage, i.e., after the year 2007, the number of patents declines. Moreover, the peak that ap-
peared in years 2006-2007 is partly owing to an R&D project with a large number of patents 
granted in the year 2007.

Amongst the 4 types of mechanisms of action, Action 1 established an unshakable po-
sition. The percentage of patents of Action 1 occupies over half of the total patents, and 
actually accounts for 76% of all (Figure 2). The number of patents of Action 3 increased 
only a bit during 1990-2007, and no significant increase is observed. The patent number of 
Action 2 remains low. These evidences are consistent with the fact that, the Action 1-based 
antidepressants are the predominant antidepressant in the current market, whilst other 3 
types of mechanisms of action for antidepressant development still have a long way and 
phases to get through in terms of drug development.
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As mentioned above, the mechanisms of action of antidepressants are generally divided 
into four categories. And we further categorized these four categories into more detailed 
subcategories, as shown in Figure 3. The top four subcategories, i.e., the dopamine an-
tagonist, 5-HT antagonist, SRIs (5-HT reuptake inhibitor) and NDRIs (dopamine reuptake 
inhibitor and norepinephrine reuptake inhibitor), all belong to Action 1. Neurokinin antag-
onist and CRF antagonist belonging to Action 3 also take important positions whereas the 
patents of the rest two types of mechanisms of action are less prominent than the former 
two’s in the patent count.

Figure 3. Distribution of patents by mechanisms of action.

Figure 4 tells that drugs in marketed phase have the largest share of patents, and 90% of 
these patents belong to Action 1. These facts indicate that the development of antide-
pressants may be in the mature stage. Note that drugs of marketed phase here are not 
only limited to those in the United States market, also include antidepressants marketed 
in other countries.

Discontinued phase takes the second largest share of patents, indicating a high failure rate 
of antidepressants R&D. Interestingly, besides patents of Action 1, those of Actions 3 and 
4 also contribute a considerable proportion in the discontinued phase (Figure 4). Notably, 
patents of Action 3 distribute merely in the phases limited to preclinical, phase I, phase II 
and discontinued. What is worse, a number of patents of Action 3 is in discontinued phase. 
From this observation, we infer that great difficulties exist in R&D projects for antidepres-
sants of Action 3, whose patents have been prevented from proceeding to the marketed 
phase. 

The Preclinical, Phase I, II and III stages consist of other kind(s) of patent in addition to 
Action 1, suggesting the on-going researches for other mechanisms of antidepressants. 

Figure. 4 Illustration of distribution of patents by phases of the drug pipeline.
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For each type of mechanism of action, the four pie charts in Figure 5 display the patent 
distribution by different phases. Patents of marketed drugs account for over half of all pat-
ents in the pie chart of Action 1. The rest of two integrated phases, i.e., Preclinical & Clinical 
and Discontinued and Suspended, occupies 19% and 22%, respectively. Unlike Action 1, 
patents in Preclinical and Clinical stage account for over 80% in the pie chart of Action 2. 
While in the pie chart of Action 3, patents in Discontinued and Suspended stage account 
for nearly 67%. To summarize, the development of antidepressants of Action 1 is approach-
ing to the mature status, and the antidepressants of Action 2 seem to be in the infancy, 
whereas the outlook of R&D of antidepressants of Action 3 is less optimistic.

Figure 5. Illustration of distribution of patents by actions and phases of the drug 
pipeline.

Note:  	 Note that the preclinical phase and clinical phase I, II and III are integrated into the legend 

“Preclinical & Clinical” in blue.
Top five patentees are Alexza Molecular Delivery, Sanofi, GlaxoSmithKline, Eil Lilly and Mer-
ck, as seen in Figure 6. However, all the 74 patents of Alexza Molecular Delivery belong to 
the same project. This project is ADASUVE® (loxapine), a marketed dopamine antagonist 
drug treatment for depression. 

Figure 6. Distribution of patents by patentees. (Only included patentees holding 
more than or equal to 5 patents).
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Patents are also counted by company, which displays a different pattern of distribution 
compared with Figure 6 (Figure 7).

Figure 7. Distribution of patents by pharmaceutical company.

Figure 8. Distribution of patents by countries.

Ranked via the number of patents, the top 5 countries in antidepressants R&D patenting 
are identified, and they are the USA, France, Japan, Germany and Sweden in the descend-
ing order (Figure 8). 

2.3   Patent Citation Network

Visible patent citation network can show a historical record of the flow of knowledge as 
well as offer a successional angle to view the cross-mechanism of technology25.

Figure 9. Seven clusters are identified in the antidepressants patent citation 
network (Nodes with no citation relations have been removed out of the citation 

network).
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387 patents in total have been identified in the database of the USPTO. However, patents 
without citation relation do not make sense in the technology flows and thus were re-
moved from the network as they are isolated nodes. As a result, 164 patent nodes were 
removed, and the rest of the 223 patent nodes and their corresponding 1,852 internal ci-
tation edges identified formed the antidepressant patent citation network. Figure 9 shows 
the technology flow in the antidepressants patent citation network. Nodes with different 
colors represent patents of different mechanisms of action, and edges represent citations 
between patents. The average degree of the overall citation network is 8.305, reflecting the 
high connection number of the entire network.

From Figure 9, we figured out that technology flows between different mechanisms of 
action are rare. In the other words, antidepressant technology flows mostly occur with-
in same mechanism of action, e.g., the cluster 1 to 5. Interestingly, all the 74 patents in 
cluster 1 come from one single R&D project, and these patents only quote patents of the 
same project but do not quote patents from other R&D projects. It seemed that such case 
is common except for the cluster 6, which is the only cluster displaying the technology 
flow amongst different mechanisms of action. Though dominated by patents of Action 
1, a patent of Action 1 in cluster 6, related to a 5-HT antagonist, cited a patent of Action 2 
(glutamate and GABA agonist) and a patent of Action 3 (sigma agonist).

3. Discussion/Implications for China

As mentioned in previous section, a large portion of both the mental and physical health of 
the world population is severely threatened by depression. Despite the constant develop-
ment and advancement in anti-depressive treatments, approximately 40% of depressive 
patients are still suffering from treatment-resistant symptoms coupled with severe decline 
of physical health, suicidal thoughts and quality of life. Unfortunately, this is also true for 
depression patients in China. The circumstance in China is perhaps far worse than any oth-
er country. An epidemiological survey carried out during year 2001 to 2005 reported the 
incidence rate of depression in China reached an extremely high level of 6.1%, which is 
double the global average incident rate of 3.1%. In other words, a large population of Chi-
nese people of as many as about 90 million are suffering from depression as well. Yet, this 
figure is just a conservative estimation not including those potential patients not identi-
fied. Furthermore, the incidence rate of depression in China seems to increase.

Depression can cause great harm on different levels, i.e., individual level and group level, 
and even the national level. On an individual level, depression is the inheritable disease, 

meaning that the children of the patients will be in greater risk of being the patients as 
well. Similar to patients in other countries, depression patients in China tend to commit 
suicide, too. It is reported that, depression patients are with the suicide risk of 19%, i.e., one 
of every 5 depression patients commit suicide. In China, suicide results an annual death toll 
of 278,000, and amongst which, 63% are with mental problems and 40% are with depres-
sion, according to estimation. Reports also revealed that people in the highly urbanized 
metropolitans such as Shanghai, Beijing, and Guangzhou are bearing greater financial and 
survival stresses due to the intense workload, and hence possess higher risk of depression.

Depression not only harms the health and life of people, it also causes economic loss on 
group and national level by lowering the working efficiencies and productivities of the 
labor forces. Moreover, the resulted medical cost is also a heavy burden of the whole coun-
try. It is estimated that depression results in an annual economic loss of over 100 Billion US 
Dollar in Asia, and by 2020, it will become the disease with the second heaviest healthcare 
burden in the world according to WHO. In terms of China, depression is estimated to cause 
an annual loss of 51.37 Billion RMB, in which 5.62 Billion is for medical care.

Bearing in mind the huge economic loss caused by the depression, the urgent need for de-
pression treatment should be taken seriously. Meanwhile, there is further bad news about 
the treatment coverage. Merely less than half of the global 350 million patients receive 
therapy. In China, the figure is even lower and estimated to be only 5%. Reasons account 
for this figure vary; some patients do not consider depression as disease and hence are not 
aware of the need for treatments, whilst others fear the side effects of current antidepres-
sants in the market and therefore refuse to take the pills.

Unfortunately, new evidences rationalized the worry of the latter. A recent study from Aus-
tralian scientists claims that, treated with current antidepressants in the adolescence, side 
effects on children and teenagers may last forever, for instance, the headache, tiredness, 
and even the emergence of suicidal thoughts. Consequently, this increases the risk of de-
pression in their adulthood. Furthermore, results from recent meta-analysis unveiled that 
most of the antidepressants are ineffective on children and teenagers.

Altogether, so many evidences demonstrated that undeniable side effects exist in current 
pharmacotherapy, despite the fact that pharmacotherapy is the most effective treatment 
so far. Therefore, it should be borne in mind that the unsatisfying efficacy of current anti-
depressants cannot support the enormous demand in China, and novel antidepressants 
with better efficacy and fewer side effects must be developed as they are in urgent need.
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Although current marketed antidepressants are all developed by foreign countries, China 
should accept the fact that it has been left behind in terms of antidepressant development, 
and it is never too late to make efforts to catch up with other countries. Interestingly, a 
recent epidemiological survey on 18 countries with different income levels revealed the 
US and France were the top 2 countries with the highest incidence rate of depression, fol-
lowed by Japan and Sweden. The country ranking by patent number in Figure 8 basically 
follows the same order. It seems that countries with the higher incidence rate of depres-
sion invest more on R&D of antidepressants and thus harvest more.

Actually, current global R&D conditions of antidepressants offer great chance and timing 
for China to join the game. As analyzed above, the whole world including China itself is in 
great demand of better antidepressants. The current condition is that, amongst 4 different 
types of mechanisms of actions for antidepressants, the antidepressants of Action 1 are 
dominating the market, while R&D of antidepressants of other mechanisms is still in infan-
cy. Although known defects exist in Action 1 type of antidepressants, pharmaceuticals are 
still in favor of improving these old drugs by researching on reducing the side effects and 
lowering the frequency of medication, rather than developing new drugs based on other 
mechanisms. For example, selective norepinephrine reuptake inhibitor (SNRIs) have the 
same efficacy with TCAs and SSRIs, but fewer adverse reactions. The preference of pharma-
ceuticals is due to, on one hand, as mentioned in previous section, developing new drugs 
is by no means easy and it is with high risks of failure. On the other hand, the higher abun-
dance and accessibility of existing knowledge about Action 1 keeps pharmaceuticals in the 
comfort zone, and thus made them stick to research on Action 1 based antidepressants. 

In summary, our network analysis of patent citation revealed that, antidepressive drugs 
based on Action 1 are becoming mature. We question how much space is there to improve 
for these old drugs. Nevertheless, development of drugs of other mechanisms remains in 
a primary stage as the R&D on them lacks significant breakthrough, e.g., drugs of Action 
3 once have had potential to develop while they are discontinued now. As every coin has 
two sides, on one hand, we are quite concerned about this worrisome phenomena of an-
tidepressant development. On the other hand, we are glad to find that drug R&D of other 
kinds of mechanisms remains in the infancy, and therefore their drug innovations are with 
great potential to be research and developed. Hence, it is a great timing for Chinese re-
searchers to take this challenge and study on these mechanisms that have yet to be fully 
researched and developed, when competitors are now spending lots of times on the old 
drugs.

Meanwhile, another global marathon started recently that China has to join. More and 
more governments in different countries have become highly aware of the urgent needs 
for exploring the human brains and researching the neuroscience to acquire knowledge of 
the brain and nervous system and fight against the relevant diseases such as depression 
and Alzheimer’s disease. As a result, countries around the world initialized their own brain 
and neuroscience research plan one by one and started the huge investments of resources 
into the related research projects. Pioneered by the USA’s “BRAIN Initiative” in 2013, Euro-
pean Union and Japan, too, started their “big brain projects” soon thereafter. These actions 
will surely facilitate the antidepressant innovation in their respective countries. 

Fortunately, China is catching up with these countries with its active pace. China initial-
ized its own large research plan about brain sciences in 2015. This suggests that, Chinese 
policymakers have realized the necessity of developing neurosciences, which ultimately 
will serve as the powerful knowledgebase for therapeutic innovation on neural diseases 
including depression. 

A latest good news from Chinese pharma industry is that a novel Chinese medicine based 
antidepressant jointly developed by Xinjiang Huachun group and Tsinghua University has 
passed the phase III of clinical trial, and it is ready for registration. This is an exciting and 
successful example of drug innovation in China. We believe there will soon be more re-
search breakthroughs on the human brain and nervous systems brought by these huge 
neuroscience plans. We also look forward to the fruitful antidepressant innovation in China 
along with the full elucidation of the pathogenic mechanisms of depression. 
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Abstract

Patent valuation has long been a serious concern in the research-oriented pharmaceuti-
cal industry. Although there exists both technological valuation models for specific drug 
patents and the general (non-drug-specific) patent valuation models based on economet-
rics, direct application of these models to patent valuation in the pharmaceutical industry 
encounters tremendous challenges. This article proposes an integrative and systematic 
framework for analyzing pharmaceutical patent value, which integrates technological, 
commercial and legal indicators. This work is of great significance to pharmaceutical re-
searchers, managers and investors in their decision-making in relation to patents and pat-
ent value.

Key words

Pharmaceutical patents, patent value, valuation, technological factors, commercial factors, 
legal factors

1. Introduction

In the high-cost and high-risk pharmaceutical industry, patenting is viewed as an import-
ant part of intellectual property strategy. As a strong form of protection, a patent generates 
market exclusivity, enabling branded pharmaceutical manufacturers to maximize market 
revenues from novel drugs, hence driving further innovation1. There are well-known exam-
ples linking drug patent protection and the profits of pharmaceutical firms.  For instance, 
in the case of atorvastatin, sales revenues for the branded product (Lipitor) reached $12.6 
billion in 2010, while those of a competitor product called Crestor (rosuvastatin) and a 
generic alternative (Lipicor) were only $6.8 billion and $8 million, respectively2. Clearly, pat-
ents play a critical role in the research-oriented pharmaceutical industry, especially with 
respect to licensing, technology transfer, venture investment and M&A (mergers and ac-
quisitions). As a result, the pharmaceutical industry is interested in developing a reason-
able, objective and transparent approach to valuing drug patents.

Although specific drug patents have been evaluated technologically3-6 and general 
(non-drug-specific) patent valuation models have been successfully developed by econo-
mists7-10, direct application of existing patent valuation approaches to the pharmaceutical 
industry is facing significant challenges due to the high-tech characteristics of pharmaceu-
tical industry. In light of this dilemma, the present article proposes a systematic framework 

for analyzing pharmaceutical patent value. Unlike the approaches in previous studies, our 
framework integrates technological, commercial and legal indicators. This is of great sig-
nificance to the decision-making of pharmaceutical researchers, managers and investors in 
relation to patenting and patent value, especially in respect of cross licensing, technology 
transfer, venture investment and M&A.

2. Existing Patent Valuation Methods

As mentioned above, previous studies on pharmaceutical patent valuation seem to be 
separately conducted within the pharmaceuticals and economics communities. While the 
former focuses on the technology value of pharmaceutical patents and neglects the im-
plications of patents in a commercial setting, the latter presents a series of econometric 
valuation methods with little attention to technological factors. The present study focuses 
on the market value of a patent, which can be defined as the difference between discount-
ed future profits accruing to the patent holder during the remaining lifetime of the patent 
and their likely profits if the patent were held instead by the strongest competitor in the 
field8. On that basis, it becomes necessary to review existed econometric patent valuation 
methodology. The classic econometric patent valuation methods can be roughly divid-
ed into two categories: market benchmarking methods and non-market benchmarking 
methods. Market benchmarking methods generally encompass income method, market 
method and cost method11. Income method considers the income-producing capability 
of the property rather than the cost of constructing or creating it. The underlying theory 
is that the value of a property can be measured by the present value of the net economic 
benefit (cash receipts less cash outlays) to be received over the life of that property. Market 
method is the most direct and comprehensive appraisal technique. It measures the pres-
ent value of future benefits by reference to what others in the marketplace would consen-
sually judge that value to be. This method has two pre-requisites: an active, public market 
and an exchange of comparable properties. Finally, the cost approach measures the future 
benefits of ownership by quantifying the amount of money that would be required to re-
place the future service capability of the subject property.

Although market benchmarking methods are thorough in capturing market information, 
they are highly time- and resource-consuming and reflect only subjective expectations 
such as estimated future income. Certain extent of “speculation” is, therefore, inevitable, 
as subjectivity and uncertainty are always of issue in adopting benchmarking methods. 
When different appraisers apply the same evaluation approach to estimate the value of a 
given patent, the results can be entirely different. Additionally, it is very difficult to assess 
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patent portfolios comprising a large number of patent rights by using market benchmark-
ing methods12.

By contrast, non-market benchmarking methods based on statistics of patent citation, 
claim and opposition may be more convenient, especially when assessing patent portfoli-
os. These methods usually allow early-stage, high-efficiency and low-cost estimations and 
are therefore now more frequently employed12. However, these non-market benchmark-
ing methods have application mainly to general and multi-industry patents, taking little 
account of the specific technological factors that would ensure their relevance to various 
industries12.

Apart from the market and non-market benchmarking methods, another patent valuation 
method has been studied in detail in recent decades. Briefly, this alternative method iden-
tifies indicators from patent statistics according to relevant theories and empirical results. 
It selects appropriate dependent variables reflecting patent value before finally validating 
the correlation between indicators and patent value to establish a patent valuation model. 
Reitzig’s review offers a useful account of the core steps entailed by this approach9.
The pharmaceutical industry is a research-driven, high-tech environment, in which tech-
nologies play a key role. For that reason, none of the methods mentioned above is appro-
priate for patent valuation in this sector, as they fail to take account of technology factors 
such as chemical process, dosage form and clinical indication. To date, there has been little 
economic studies on patent valuation specific to therapeutic pharmaceutical agents with 
due or comprehensive consideration of technological factors. The present research bridg-
es the gap between pharmaceuticals and economics by developing a comprehensive 
analytical framework for pharmaceutical patent valuation encompassing technological, 
commercial and legal factors.

3. An Analytical Framework Based on Technological, Commercial and 
Legal Factors 

Any such proposed framework should reflect technological importance, therapeutic attri-
butes, sophistication, advancement and contribution to pharmaceutical patents in order 
to fundamentally determine the value of drug patents13. At the same time, technological 
success must not be wholly equated with commercial success, as it is not unusual to find 
products of high technological value that are not well recognized by the market. Commer-
cial factors represent another set of key determinants. While there exists a commercial log-
ic and rules that are generally obeyed, additional commercial factors may come into play, 

especially in the case of successful blockbuster drugs, which carry an extremely high mar-
ket value14, 15. Since any technology product has commercial value only when commercial-
ized to the market, commercial considerations based on business logic and rules should 
be seen as indispensable in assessing the value of pharmaceutical patents. In addition, 
sustainable revenue streams for patented products in a competitive market will depend on 
how any exclusive rights covered by claims of patent are protected in the legal system. In 
other words, sustainable market value is not generated by products that have technolog-
ical and commercial advantages but are exposed to competition without adequate legal 
protection. It follows that completeness and effectiveness of legal protection of exclusive 
patent rights are also crucial factors when measuring the market value of patents16.

Figure 1. Analytical framework based on technological, commercial 
and legal factors
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Figure 1 presents the proposed comprehensive analytical framework for assessing phar-
maceutical patent value on the basis of technological, commercial and legal factors. The 
yellow-shaded area refers to the latent variables or value drivers that determine pharma-
ceutical patent value but are not directly accessible to empirical observation or measure-
ment. The grey-shaded area denotes measurable indicators. This comprehensive frame-
work ensures that the analysis acknowledges the overall relationship among technology, 
commercial and legal factors. Based on a review of the literature, relevant latent variables 
and indicators of pharmaceutical patent value have also been identified and integrated in 
the analytical framework. These are further elaborated below.

3.1  Technological Factors

The principal technological factors of relevance to drug patent valuation include technol-
ogy evolution, types of technology and drug safety and efficacy. The first of these (technol-
ogy evolution) is captured by backward and forward citations. Patent citations are widely 
seen as powerful tools for representing technology diffusion and evolution8, as inventors 
must cite all related patents in their submission, while patent examiners are responsible for 
ensuring that all appropriate patents have been cited. In this context, prior patents cited 
in a patent application are called “backward” citations, while “forward” citations refer to all 
subsequent patents citing a given patent in their own application. In some studies, pat-
ent citations have been used to identify valuable patents by reference to the “big picture” 
of technology evolution17. Backward citations reflect the technological distance between 
patents and the state of the art; forward citations demonstrate technological expansion 
and development in the subsequent period. Patent citations indicate the position or value 
of a patented technology in the overall evolution of a technology. For present purposes, 
patent citations are regarded as technological factors although they were originally con-
sidered to be legal in nature.

Second, because drug patents can be divided into several technological categories (in-
cluding new chemical entity (NCE), new dosage form, new indication and etc.), some em-
pirical studies have suggested that certain types of technology are drivers of patent value 
or significantly associated with patent value. For example, NCE patents have a higher mar-
ket value by comparison with other types of patents12, 18.

Additionally, pharmaceutical patents are usually embedded in specific pharmaceutical 
products or drug candidates. Basic pharmaceutical features of drugs or drug candidates, 
such as safety and efficacy, directly affect the value of pharmaceutical patents. Therapeutic 
index (TI) is one indicator of drug safety, defined as the amount of a therapeutic agent that 

causes the therapeutic effect relative to the amount that causes death (in animal studies) 
or toxicity (in human studies) (TI = LD50/ED50), in which a higher therapeutic index is pref-
erable to a lower one. On the other hand, the number of drug targets is also considered 
as a proxy indicator of drug efficacy in terms of the effectiveness of multi-target therapy19. 

Finally, phases of drug development comprehensively reflect the safety and efficacy of 
drugs or drug candidates and are therefore considered relevant to patent value. There are 
four phases in the high-risk pharmaceutical lifecycle: discovery, preclinical study, clinical 
test (Phase I, II and III) and marketed stage.

3.2  Commercial Factors

Business logic and rules dictate that market capacity, competition intensity and commer-
cialization feasibility are necessarily involved in pharmaceutical patent valuation. First, 
market capacity as measured by therapeutic areas, market share and market growth rate 
directly reflects the size and trend of the target market. For example, patents relevant to 
prevalent and chronic diseases have higher economic value because of their huge and 
robust patient pool as compared to “orphan” drugs15.

Market competition intensity, as captured by the number of competing products and 
companies, is also a crucial commercial factor in assessing the value of a drug patent. It is 
assumed that a greater number of homogeneous or alternative products and companies 
in the same target market will attract higher market competition, leading to less market 
share for each individual product and company, where all other commercial factors are 
constant18.

Commercialization feasibility is also a key factor in estimating a patent’s economic value. In 
general, complementary resources involving technology, assets and materials are needed 
to commercialize a patent-protected invention, and availability of these complementary 
resources is also taken as a measure of commercialization feasibility9. 

3.3  Legal Factors

With regard to legal factors, this framework for pharmaceutical patent valuation must take 
account of the scope of patent protection and the difficulty of inventing around, as well as 
relevant procedural issues.

Scope of patent protection refers to the territory or area of technological exclusivity. Num-
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ber of claims and family size are employed as indicators to measure the scope of patent 
protection. Claim is indicative of protection breadth, which exerts a positive effect in 
blocking competitors. Family size, computed as the number of countries or patent offic-
es in which patent protection has been sought for the same invention, is associated with 
preliminary market coverage18, 20. For these reasons, these two indicators have a positive 
influence on pharmaceutical patent value.

The difficulty in inventing around variable describes the blocking power inhibiting com-
petitors seeking to circumnavigate the patent-protected invention with a new technology. 
Theoretically, this variable is reflected by a patent portfolio derived from a series of patent 
applications, which are combined to protect a specific technology20. A patent portfolio 
stresses the dimensionality of patents, in that only promising drugs warrant so much en-
deavor in constructing a huge patent network. A larger patent portfolio indicates more 
effort and input from the patent holder in protecting the product’s exclusivity or delaying 
the entry to market of generic products. 

The procedural issues variable encompasses patent age, legal disputes, patent coopera-
tion treaty (PCT) applications and accelerated examination requests. Numerous empirical 
studies have suggested that these indicators to some extent denote the importance of 
patent-protected invention and are significantly correlated with drug patent value16. For 
example, one such study found that patents were more likely to be legally “attacked” in an 
opposition procedure as patent value increased16.

4. Concluding Remarks

This work has proposed an analytical framework for patent valuation that integrates tech-
nological, commercial and legal factors. Technological factors are fundamental to phar-
maceutical patent value; commercial factors are prerequisite elements in the process of 
commercializing technology outputs; and legal factors are the best shield in sustaining 
the high economic value of innovation in a competitive environment. This comprehensive 
analytical framework ensures that the analysis of patent value will be conducted with due 
regard to the overall relationship among technology, commercial and legal factors.

It is worth mentioning that all of the indicators incorporated in this framework have been 
directly or indirectly tested in prior empirical studies. Most of the relevant data are avail-
able early in the lifetime of a patent or from publicly available information which can be 
acquired and processed at low cost. The proposed framework has the advantages of high 

effectiveness, early predictability and easy accessibility in the analysis of pharmaceutical 
patent valuation.

In view of the importance of pharmaceutical patent value, subsequent studies might use-
fully extend this framework to other areas of concern, perhaps inspiring a series of prom-
ising applications to cross licensing, technology transfer, venture investment and M&A in 
the context of patent value. In addition to the key indicators integrated in the framework, 
there remain in practice other indicators that affect drug patent value but have not as yet 
been fully explored. 
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Abstract 

Background: Cross-regional technology transfer has been increasingly implemented in 
China, and it is playing a more and more important role in Chinese drug innovation perfor-
mance. However, few attempts have been made to identify determinants of cross-regional 
pharmaceutical technology transfer in China. This study hence aims to identify the influ-
ence of different factors in cross-regional pharmaceutical technology transfer in China and 
propose policy recommendations. 
Methods: We employ spatial interaction model in this study to identify different kinds of 
factors that influence pharmaceutical technology transfer in different spatial entities. The 
research sample is composed of 2,076 cases of pharmaceutical patent licensing from ex-
ternal domain to firms in SIPO (State Intellectual Property Office of China), geographically 
covering 31 province-level regions in China. 
Results and Discussion: R&D (research and development) input and output in the origin 
region and technological demand in the destination region have positive associations with 
the cross-regional pharmaceutical technology transfer in China. Spatial distance shows a 
negative regression coefficient, which reveals that pharmaceutical technology transfer is 
significantly affected by geographical proximity. Fully opposed spatial spillover effects are 
observed between R&D input and output. This difference further implies synergistic and 
antagonistic relationships between regions. Accordingly, some relevant strategies have 
been proposed to stimulate pharmaceutical technology transfer. 
Conclusions: This article sheds light on main determinants on cross-regional pharmaceu-
tical technology transfer in China based on spatial interaction model. Through empirical 
test, we confirmed some influence factors. Based on results, some relevant strategies have 
been proposed to stimulate pharmaceutical technology transfer. This study can provide 
some references for policy makers, technology agencies, R&D managers.

Key words

Cross region; Pharmaceutical technology transfer; Influence factors; China.

1.	 Introduction

In the current age of knowledge-based economies, cross-regional technology transfer has 
received much attention in both academia and industry. Accumulating evidences indicate 
that the movement of knowledge and technology can drive the pace of innovation and 
trigger economic development1. In the case of high-tech and high-risk pharmaceutical in-
dustry, drug development process includes crucial disciplines such as chemical develop-
ment, drug metabolism, pharmaceutical formulation, clinical trial and regulatory science2. 
To integrate external knowledge sources into their own innovation process, more and 
more pharmaceutical companies break through geographical restraint to share specific 
strength and decrease cost3-5. 

As an emerging economy, China has been achieving dramatic development. The Chinese 
pharmaceutical industry is a prominent example, and it is predicted to become the sec-
ond-largest pharmaceutical market in the world by 20156, 7. In recent years, high priority 
has been devoted to the development of new medicines in China. However, China’s wide 
territory has caused essential resources for pharmaceutical development such as technol-
ogies, talents, capitals, infrastructures, and policies, to be scattered geographically. In this 
context, cross-regional technology transfer has been increasingly implemented and it is 
playing the more important role in contributing to Chinese drug innovation performance8, 

9. 

The theory of regional innovation believes that geographic boundary have a significant 
impact on the trajectory and performance of industrial innovation due to the spatial het-
erogeneity of regional innovation system such as economic base, source endowment, in-
dustrial performance and policy environment10, 11. Since the beginning of the 1980s, the 
regional dimension has been a crucial component of Chinese policy. China’s size and ge-
ography naturally contribute to an emphasis on the role of the regions (or provinces)4. As a 
consequence, it is necessary to analyze cross-regional pharmaceutical technology transfer 
in Chinese province level.

In previous literatures, some scholars have addressed spatial distribution of technology 
transfer in China. They investigated the patterns of knowledge transfer and technology 
exchange at Chinese province level. The results demonstrated that innovative actions ex-
hibit strong local and specific characteristics shaped by regional institutions12. One of the 
most prominent features of technology transfer in China is the disequilibrium between 
different regions8. However, these previous studies only map the patterns of cross-regional 
technology exchange, few attempts have been made at what determines cross-regional 
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technology transfer in China. The influence factors, including the specific country, specific 
time period, and specific industry, have never been tested by any empirical study. We be-
lieve this is an increasingly vital question to comprehensively understand pharmaceutical 
technology transfer in China. It can provide references for policymakers to stimulate tech-
nology transfer and pharmaceutical innovation in China. To fill this gap, this study aims 
to investigate technology transfer in pharmaceutical industry of China, and identify the 
influence of different factors into cross-regional technology transfer by employing a spa-
tial interaction modeling approach. Furthermore, based on the results, we propose some 
policy recommendations for pharmaceutical technology diffusion in China.
 
The remainder of this paper is organized as follows. Section 2 presents theoretical review 
of relevant influence factors on technology transfer. The next section introduces the data 
sources and methods used in this study. In section 4, the results of the empirical analysis 
are presented. Finally, the paper ends with a discussion on the implications for policies and 
innovation theories in addition to concluding remarks.

2.	 Literature Review 

Overall, influence factors of technology transfer can be summarized in five aspects, in-
cluding supplier-side factors, receipt-side factors, transfer platform factors, technological 
factors, and environmental factors13-17. Up to now, no consensus yet has been reached on 
what determines technology transfer. Based on resource-based theory, some previous 
studies empirically tested the relationship between R&D source and technology trans-
fer18-19. For example, using panel data from 1980 to 2001, O’Shea et al. found that the size 
and nature of financial resources allocated to universities influence academic entrepre-
neurship20. Especially, the size of federal science grants demonstrated positive orientation 
on technology commercialization of university research in life sciences. According to Gre-
gorio and Shane, patenting activity has a significantly positive effect on technology trans-
fer21. However, not all evidences demonstrate that R&D funding have positive impact on 
technology transfer activity. To illustrate, Powers indicated that federal R&D funding has 
positive correlation with technology transfer, while the institutional R&D and state R&D 
have a strong influence on patenting activity but no measurable effect on technology 
transfer22, 23. Wu and Dong investigated 36 Chinese universities in the period 2003-2007, 
and the results show that R&D funding has no significant impact on technology transfer in 
these universities in China24.

In addition, demand-side characteristics also affect technology transfer activity25. From 

a ‘knowledge-based’ perspective, some previous studies have investigated the link be-
tween absorptive capacity of recipient-side and technology transfer. Martin and Salomon 
addressed the role of tacit knowledge in constraining a firm’s ability to do internation-
al technology transfer and examined the impacts of knowledge transfer capacity26. They 
found the effectiveness of technology transfer will reach the peak when absorptive ca-
pacity of recipient-side simultaneously matched transfer capacity of the organization that 
develops knowledge (source transfer capacity). Based on firm data, Arvanitis et al. explored 
determinants of knowledge and technology transfer activities between firms and science 
institutions in Switzerland27. They found that ability to absorb new knowledge and the 
existence of R&D activities is an important precondition for technology transfer activities. 
Though many studies emphasized that the demand-side factors of the technology market 
should be considered, there are some distinguished conclusions. By using a novel firm-lev-
el dataset that combines a Japanese Patent Office survey and the licensing activity survey, 
Kani et al. estimated the influence factors of technology licensing28. The results show that 
potential demand for the technology measured by forward-citations is not statistically sig-
nificant in influencing patent licensing.

Moreover, some researches propose that the analyses of technology transfer have to 
consider the impact of regional environment. Utilizing spatial dimension, the scholars 
addressed the analysis of geographic distance pertaining to technology transfer. For in-
stance, Coccia and Rolfo used the spatial barycenter as a tool, and showed that the tech-
nology transfer intensity is spatially concentrated within circular areas with radii from 86.8 
km (min) to 417.9 km (max) 29. That is to say the technology transfer has spatial proximity 
effect. With technology transfer, there are various types of spillovers such as knowledge 
spillovers, market spillovers and network spillovers30; the spillover effect is a driving force in 
technological development and through different channels the technology diffuses across 
regions.  Friedman and Silberman suggested that R&D and other knowledge source not 
only generate externalities, but the evidence also suggests that such knowledge spillovers 
tend to be geographically bounded within the region where the new economic knowl-
edge was created31. Bottazzi and Peri estimated the effect of research externalities in gen-
erating innovation. They use R&D and patent data for European regions during the period 
of 1977-1995, and confirmed spillovers are localized and exist only within a distance of 300 
km32. 

In summary, existing literatures estimate influence factor of technology transfer from vari-
ous perspective. However, factors determining cross-regional technology transfer has not 
reached an agreement, especially in the rapidly developing Chinese pharmaceutical in-
dustry.
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3.	 Methods 

3.1   Empirical Model

Spatial interaction models, originally used in Economics, in particular Economic Geogra-
phy, are powerful instruments to model interaction across geographic units33, 34. Consider-
ing the focus on cross-regional issues, we employ spatial interaction model in this study to 
identify different kinds of factors that influence the interaction between different spatial 
entities.

Notes:  	 Ovals represent regions, between which technologies flow, while underlined words refer 

to potential influential factors to cross-regional pharmaceutical technology transfer that 

are tested and controlled in this study.

Figure 1. Spatial interaction models of cross-regional pharmaceutical 
technology transfer

This study mainly discusses three kinds of factors which are technological origin regions, 
destination regions and interactive associations between them, respectively. The variables 
considered in this model include R&D input, scientific output, interactive associations be-
tween them, and relevant spatial and temporal effects from the angle of licensing-out re-
gions35. In addition, it is necessary to consider the geographical distance between regions, 
as well as the R&D scale of the regions as control variables. These influence factors have 
never been tested in such specific framework, though they seem to be fully consistent with 
common theoretical and experienced hypotheses. It is still necessary to examine them by 
empirical approaches in the specific country, specific time period, and specific industry.

The empirical model to be estimated in this study is given by:

where i and j represent indexes for the origin region and destination region of the technol-
ogy transfer, respectively. Tij denotes the frequency of technology transfer from region i to 
region j. Ii and Oi imply R&D input and output in region i, respectively, while IiOi represents 
interactive associations between the R&D input and output. Ii* refers to the spillover re-
ceived by region i from the R&D input in the surrounding regions j, which is calculated by

Similarly, Oi* represents the R&D output spillover of all external regions to region i, which 
is estimated by 

Mj refers to the technological demand in region j, while Dij is the spatial distance between 
region i and region j. Ai and Bj are employed as control variables, which show the R&D 
scale of region i and j, and α and β are relevant parameters, while C is constant and  is a 
stochastic error term36.
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3.2   Data and Variable Measurement

As a representative type of technology transfer, the patent license has been widely used to 
measure the transfer of technology37. SIPO of China officially published the data of the pat-
ent licenses in China. According to the Regulation on Filing Management of Patent Licensing 
Contracts released by SIPO, interested parties are encouraged to file for patent licensing 
within three months after the patent license contracts come into effect. In practice, the of-
ficial filing of patent licensing contracts is, however, basically generated by patent licensers 
or licensees on a voluntary basis. Thus, there are few records of past patent licenses in 
the official database of the SIPO. It is worth noting that the official filing system of patent 
licenses has contained more and more records during the past five years, with the govern-
ment’s encouragement and increasing legal consciousness of the public37.

In this context, the research sample is composed of all pharmaceutical patent licensing 
from external domain to firms in SIPO between January 1, 2009 and December 31, 2012, 
which (in total) includes 2,076 cases, geographically covering 31 province-level regions 
in China, except for Hong Kong, Macau, and Taiwan. This sample is transformed into 961 
observations (i.e. regional pairs combined by 31 regions) for estimation of the model at 
the regional level. The actual number of observations in regression models decreases due 
to possible missing values of observations in some variables. The province-level location 
information of the patent licensors and licensees is retrieved in the CPRS (Chinese Patent 
Retrieval System). Thus, Tij is measured by the accumulated count of the patent licenses 
from region i to j during the observed period.

More data on the influential factors of pharmaceutical technology transfer in China are 
elaborated as follows: 

•	 Ii is measured by the total R&D expenditures of region i in 2004, 2005, 2006, 
2007, and 2008, respectively. 

•.	 Oi is operationally captured by the number of granted patents in region i in 
2008 

•	 Mj is the gross output value of the pharmaceutical industry in region j in 
2008, given that high industrial output means strong technological de-
mand. 

•	 Dij is measured in terms of the great circle distance between the capital 
cities of the regions.

•	 Ai and Bj are calculated by the full-time equivalent of the R&D personnel of 
pharmaceutical product manufacturing in 2008 in regional i and j, respec-
tively. 

The data on the above factors have been collected from the China Statistics Yearbook on 
High Technology Industry published by the China Statistics Press. It is noteworthy that we 
measure the information on the influential factors in earlier years (for example, 2004 and 
2008) to analyze the technology transfer during 2009-2012, in order to reflect the time 
lagging effects of different factors on technology transfer. Especially, we observe a longer 
time lag of R&D input and separately measure the effects of R&D input in different years 
in order to feed the unfixed R&D pipeline from input to output and test the robustness of 
models.

3.3   Estimation Method

In order to approximate a proportionate change, natural logarithmic form is employed to 
all variables in the model, while ordinary least squares (OLS) estimation procedures are 
used as a method of statistical model estimation.

Note: 	 1 	 The i and j represent the original region and destination region of the technology trans-

fer, respectively. Dependent variable Tij denotes the frequency of technology transfer 

from region i to region j. Ai and Bj are employed as control variables; Ii and Oi imply R&D 

input and output in region i, respectively. Ii* refers to the geographic spillover received 

by region i from the R&D input in the external regions. Similarly, Oi* represents the R&D 

output spillover of all external regions to region i. Mj refers to the technological demand 

in region j. Dij is the spatial distance between region i and region j. IiOi represents inter-

active associations between the R&D input and output. 

     	 2 	 Different estimation results caused by Ii measured in different years, from 2004 to 2008, 

are individually shown in the above table, in order to observe time lagging effects of 

R&D input in specific years and test the robustness of models.

	 3 	 Standard errors (SE) are in parentheses.

	 4 	 *Significance at 10% level (two-tailed tests). **Significance at 5% level (two-tailed tests). 

***Significance at 1% level (two-tailed tests).
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4.	 Results

The estimation results of the empirical model are shown in Table 1. Table 1 shows that 
all independent variables considered in the model significantly affect the cross-regional 
pharmaceutical technology transfer in China, while the different factors have different 
(even opposed) effects. In general, the estimation results are basically consistent with our 
experienced assumptions. Moreover, the empirical models are roughly robust in terms of 
different R&D input measured in different years. The slight changes in the model in 2006 
may be caused by the relatively smaller size of observations.

First, R&D input and output in the origin region have positive associations with the 
cross-regional pharmaceutical technology transfer in China. This means that increasing 
R&D input and output significantly improves the technological supply capability, and may 
further imply that R&D input, as well as output, accounted for by approved patents in the 
pharmaceutical industry, have been positively commercialized to transform into concrete 
industrial achievements in China.

Though R&D output spillover shows the significant effect only in the model in 2008, fully 
opposed spatial spillover effects are observed between R&D input and output,. This differ-
ence further implies synergistic and antagonistic relationships between regions. As a kind 
of early-stage resource prior to technology transfer, R&D input can be well-shared between 
neighboring regions. R&D funding gained by one region can relatively freely circulate to 
adjacent regions, while this kind of spatial spillover decays with the increasing distance. In 
other words, neighbors of rich regions with sufficient R&D input can win synergistic ben-
efits, compared to remote regions. However, neighboring regions competitively provide 
patents as R&D output for further technology transfer. Neighbors of developed regions 
with strong innovation achievements have relatively small opportunities to transfer tech-
nologies to external regions; therefore, the slightly negative spatial effect is shown in R&D 
output. Moreover, the interaction term between R&D input and output has a negative in-
fluence on pharmaceutical technology transfer. This reflects that increasing R&D input in 
one region makes a big difference when R&D output of this region is low, but makes much 
less of a difference when the R&D output is large. In this sense, increasing the share of 
undeveloped regions in the allocation of overall R&D input should be an optimal policy to 
stimulate pharmaceutical technology transfer in China.

Technological demand in the destination region has a positive association with pharma-
ceutical technology transfer, which further demonstrates that regions with strong techno-
logical demand, reflected by high gross industrial output value, have a higher chance of 
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receiving technology transfer from external regions28. In addition, it is notable that spatial 
distance shows a negative regression coefficient, which reveals that pharmaceutical tech-
nology transfer is significantly affected by geographical proximity. Long-distance technol-
ogy transfer is, relatively, more difficult in the Chinese pharmaceutical industry. Finally, the 
significant coefficient of the scale control variable shows that the potential bias caused by 
the regional scale is effectively avoided in this model.

5.	 Discussion

This study provides evidence for understanding determinants of cross-regional pharma-
ceutical technology transfer in China by empirical study based on spatial interactive mod-
el. The results clearly show that cross-regional pharmaceutical technology transfer in China 
is significantly influenced by R&D inputs and outputs of origin regions, technological de-
mand of destination regions as well as geographical distance between them. Though they 
seem to be fully consistent with common theoretical and experienced hypotheses, these 
influence factors are examined for the first time by advanced empirical approaches in such 
a framework. In addition to these, spillovers of R&D input and output and interaction asso-
ciations between R&D input and output have significant impact on pharmaceutical tech-
nology transfer in China. Accordingly, our findings also have implications for policy makers. 
Some relevant policy recommendations can be proposed to stimulate cross-regional phar-
maceutical technology transfer in China.

First of all, increasing R&D investment in the technological origin region can be viewed as 
a positive strategy to promote cross-regional pharmaceutical technology transfer in China. 
The pharmaceutical industry is a research-driven, high-tech environment, in which R&D 
investment play a key role to spur innovative output. China’s R&D expenditure exhibited 
the most dramatic R&D input growth pattern in recent years, at an average annual rate of 
29.1% since 2008 (National science and technology statistical report 2012). In the phar-
maceutical sector, as the second largest R&D performer, the Chinese government has in-
creased the R&D funding to create an innovation-oriented environment, reflected by the 
launch of the project ‘‘Key Drug Innovation’’ in 200738. More importantly, it is worth noting 
that major pharmaceutical technology origin regions such as Beijing, Shanghai, Zhejiang 
and Sichuan should receive more concern because these regions are highly centralized in 
R&D resources including outstanding researchers and excellent infrastructure.  To some 
extent, they imply stronger innovation capability, i.e., the power to generate new technol-
ogies. The increasing R&D investment in the above mentioned regions will trigger more 
R&D output. Thus, it helps promote more technology outflowing.

 Secondly, improving quality of R&D output represented by granted patents may be a feasi-
ble pattern to promote pharmaceutical technology transfer in China. Though China’s R&D 
output keeps rising tremendously, along with R&D investment expansion, from “catching 
up” to becoming “world leading” with a great number of patent applications, the quality of 
patents is a great concern. For example, the numbers of Chinese patent applications have 
broken through 2 million in 2012, about 33% patents have been granted, of which the pro-
portion of invention patent only accounted for 12.4%39. In fact, short life and low-quality 
patent have provoked a great deal of controversy with Chinese researchers. In recent years, 
more and more scholars have criticized the numerous “sleeping” patents in China which 
obviously fail to be commercialized to real innovative drugs well-recognized by end-con-
sumers40. Therefore, improving quality of R&D output is a precondition of cross-regional 
pharmaceutical technology transfer in China.

Thirdly, pharmaceutical industry concentration in China should be enhanced. The study 
demonstrates that technology absorption capability seems to be essentially determined 
by pharmaceutical industry scale of recipient side. As of 2012, there are around 4,500 do-
mestic pharmaceutical manufacturers and 14,000 domestic pharmaceutical distributors 
in China, of which more than 70% are small-scale enterprises (employees less than 300, 
operating revenue less than 3 million USD) 41. Due to the lack of R&D resource related 
to drug discovery and development, most of small-scale firms were engaged mainly in 
low-value-added activities such as manufacturing, formulating, packaging and distribut-
ing generic productions rather than innovation activities. As a result, they have a relatively 
limited technology demand. In this sense, enhancing pharmaceutical industry scale and 
concentration in technology inflow region such as Jiangsu, Guangdong and Shandong 
may be conducive to promote pharmaceutical technology transfer37. 

In addition, we suggest that efficiency of cross-regional pharmaceutical technology trans-
fer in China should be enhanced by development traffic and communication infrastruc-
ture. Though technology transfer has spatial proximity effect, a large amount of literature 
on regional studies has demonstrated that the negative effect of geographical distance on 
innovation is intermediated by transportation infrastructure and information communica-
tion. Moreover, the impact of geographical restraint is decreasing with the development 
of transportation and information technology42. The spatial distances could be extremely 
shortened with the rapid development of transportation and information technology in 
China. For example, the Yangtze River Delta Economic Zone has formed a ‘one-hour eco-
nomic circle’, where it only takes 20 minutes to get from Shanghai to Suzhou by high-speed 
rail. There are most frequent technology flows between Jiangsu and Shanghai37. In this 
context, development traffic and communication infrastructure should be recommended 



234 235

as a positive strategy for pharmaceutical technology transfer.

Finally, region balance development and cross-regional cooperation, especially developed 
regions and undeveloped regions, should be an optimal policy to stimulate pharmaceutical 
technology transfer in China. Over the past three decades, China was undergoing a period 
of rapid economic development via the performance of reform and opening-up policies. 
However, the imbalance of regional development is increasingly prominent between the 
eastern coastal area and the western regions43. When it comes to economic development 
and resource distribution, regional inequality exists in pharmaceutical technology transfer. 
The economically developed regions play active roles in technology transfer, whereas for 
economically underdeveloped regions, especially in Ningxia, Xizang, and Gansu, pharma-
ceutical technology transfer is quite rare8, 37. Our examination demonstrates fully opposed 
spatial spillover effects imply synergistic and antagonistic relationships between regions, 
which have significant impact on pharmaceutical technology transfer in China. In this 
sense, in order to bridge the gap of cross-regional technology transfer, it is necessary to 
increase the share of undeveloped regions in the allocation of overall R&D input, and accel-
erate cross-regional cooperation by breaking through the geographic boundary.

6.	 Conclusions

This article sheds light on main determinants on cross-regional pharmaceutical technol-
ogy transfer in China based on spatial interaction model. By empirical test, we confirmed 
some influence factors including R&D investment, granted patent, pharmaceutical indus-
try scale, geographical distance and spillover effect. Based on results, some relevant strat-
egies have been proposed to stimulate pharmaceutical technology transfer. This study 
can provide references for policy makers, technology agencies, and R&D managers. On 
the background of global open innovation, cross-regional technology transfer is playing 
an increasing important role in drug development not only in China but in the world. In-
tegrating worldwide resource such as technologies, talents, capitals, infrastructures, and 
policies will be conducive to break through the bottleneck of drug development and pro-
mote worldwide pharmaceutical innovation.

Some limitations of this research must be mentioned. There are more influence factors 
on pharmaceutical technology transfer in the real world have not been elaborated in this 
study. For example, regional technology transfer policy, regional economic level as well as 
regional technology transfer platform and capability could perhaps significantly influence 
regional technology transfer. In addition, patterns, efficiency and performance of pharma-
ceutical technology transfer in specific regions should be further clarified and analyzed. All 
of these issues are on top of the research agenda for future studies.
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Abstract

In recent decades, the Chinese pharmaceutical industry has developed at an accelerating 
pace, and the drug registration and approval system in China has undergone a series of 
dramatic changes and reforms. As current provisions became incompatible with sector 
development, the China Food and Drug Administration (CFDA), the supreme drug regula-
tory authority in China, has updated the current regulation system of drug registration and 
approval. This article describes the current state of regulation, comprehensively discloses 
the proposed new rules, and concludes with the potential implications for the future.

1.	 Current Status

The current version of the Drug Registration Regulation (DRR) was issued on July 10, 2007, 
which has led to the implementation of an entirely new registration and approval system 
for pharmaceutical and biological products1. Dramatically, on the same day the DRR was 
issued, the former head of the State Food and Drug Administration (SFDA, predecessor of 
CFDA) was executed for accepting bribes from drug companies in exchange for marketing 
authorizations. Perhaps this is not a coincidence or the only case. Since then, the Chinese 
pharmaceutical regulatory system has been undergoing a series of tough reforms. With 
the rapid development of both the regulatory system and the pharmaceutical industry 
in recent years, the DRR now appears to be incompatible and outdated in a number of 
respects.

Under this context, the CFDA realized the necessity of change and reform, and this was ac-
complished over the past three years. Initially, the CFDA issued a draft amendment to the 
DRR in November 2013, as well as its Drafting Explanation for comments from pharmaceu-
tical manufacturers, R&D institutes, other organizations, and individuals. Three months lat-
er, the Legislative Affairs Office of China’s State Council published a further revised version 
of the DRR, with all public comments due by March 23, 2014. Afterwards, the Department 
of Drug and Cosmetics Registration of CFDA drafted a notice in September 2014, with the 
purpose of rearranging the internal operating procedures of drug registration. Moreover, 
the National Working Conference on Drug Registration held in April 2015 released some 
reform measures and also exposed the future direction to the public. The next month, Chi-
na’s Ministry of Finance (MOF) and National Development and Reform Commission (NDRC) 
jointly released the Provisions for Registration Charging Standards of Drug and Medical 
Device, which aimed to promote the healthy development of registration work and to 
establish a new charging standard for pharmaceutical products. Then, in July 2015, the 

CFDA released a notice for self-inspection and scrutiny of clinical trial data, which greatly 
lightened the CFDA’s burden of review and approval. One month later, the State Council is-
sued the No. 44[2015] (State Council Issued [2015] No. 44) document to reform the drug and 
medical device review and approval process to improve the review and approval quality, to 
solve the problem of registration lag, and to leverage generic drug quality along with other 
reforms. As a response to this document, in December 2015, the CFDA issued its No. 257 
document of 2015 for the filing management of chemical drug’s bioequivalence (BE) trials.

The year 2016, which is destined to be extraordinary and one year before the tenth anni-
versary of the DRR issued in 2007, the State Council No. 44[2015] document continued to 
play an important role in the drug registration and approval system. In February 2016, the 
Department of Drug and Cosmetics Registration of the CFDA drafted a document for pub-
lic comments regarding the operating procedures of inspecting drugs’ clinical trial data. 
Half a year later, the CFDA opened a draft for public comments on the settlement of drugs’ 
clinical trial data inspection. As its own response to the No. 44[2015] document, in March 
2016, the State Council Office issued the No. 8[2016] (State Council Office Issued [2016] No. 8) 
document to evaluate quality consistency evaluations for generic drugs. Then, from March 
2016 to September 2016, the CFDA drafted a series of regulatory documents regarding the 
assessment of quality consistency evaluations for generic drugs for public comments. The 
latest one opened on September 14, 2016, which focused on the general consideration of 
clinical efficacy. The government’s determination to improve generic drugs had dramat-
ic impacts on China’s registration rules, and the content will be described in more detail 
hereinafter. On March 4, 2016, the CFDA issued a notice to implement the Reform Plan for 
Chemical Drug Registration Classification from the issuance date forward2. On July 25, 2016, 
the CFDA published a draft amendment to the DRR, with any public comments due by 
August 26, 2016. Thus far, the revisions of the drug registration and approval system have 
not been finalized; however, in the near future, a formally amended DRR will be released, 
and a better registration system will be established.
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2.	 Proposed Changes

Based on the relevant draft amendments, official notices, national conferences, and other 
newly implemented provisions, the main proposed changes of China’s pharmaceutical reg-
istration rules can be highlighted and analyzed in terms of the following eight elements3-7.

2.1   Adjustments to Registration Procedures

In this round of reform, the CFDA applied certain modifications to the New Drug Applica-
tion (NDA), Abbreviated New Drug Application (ANDA), and import drug application pro-
cedures. Firstly, under the current NDA process, an applicant must first apply for a clinical 
trial and then apply for marketing approval only after completion; however, certain drug 
categories, including normal and specific immunoglobulins for intramuscular administra-
tion, human albumins, multiple electrolytes injections, and blood volume expanders, are 
currently exempted from clinical trial applications, and applicants can directly apply for 
marketing approval.

Secondly, under the current ANDA procedures, after the acceptance of an application, Pro-
vincial Food and Drug Administrations (PFDAs) will conduct on-site inspections of drug 
R&D conditions and raw data as well as production site inspections of the manufacturing 
processes and quality specifications provided by the applicant. Once the inspections are 
passed, applicants can initiate a bioequivalence study. The draft amendment to the DRR 
in 2013 modified the procedures for ANDA. Briefly, production site inspections of manu-
facturing processes and quality specifications will be postponed to be conducted upon 
completion of the bioequivalence study. The Drafting Explanation pointed out that the 
long-standing practice of conducting production site inspections too early led to several 
problems, including resource waste and low-quality checks, and it was also detached from 
technical review and GMP inspection. In fact, manufacturing processes need to be opti-
mized to be in line with the results of the bioequivalence study; thus, it is more practical 
and reasonable to delay the inspection of a production site.

Thirdly, under the current import drug application procedures, when a foreign manufac-
turer submits a clinical trial application for a class I chemical drug (new drugs never mar-
keted in any country), a certificate of pharmaceutical product (CPP) issued by the export-
ing country must be supplied to the CFDA; however, such requirements were considered 
unreasonable and led to complaints among foreign manufacturers. As it stands, the CFDA 
has deferred the submission of marketing authorization until the day of application for 

marketing approval. In the latest draft amendment to the DRR issued in 2016, an imported 
drug is considered a domestic drug and does not have a specific provision in the DRR.

2.2   Changes in Clinical Trial Processes

Under the current DRR, there are no procedures that accommodate changes requested 
by applicants in ongoing clinical trials; such as formulae, manufacturing processes, or pro-
duction sites. Consequently, an applicant may have to withdraw an application and file 
an entirely new one. The draft amendment to the DRR issued in 2016 permitted supple-
mental applications on clinical trials, and Article 50 , a new provision allows supplemental 
applications, was added to the DRR instead of the obsolete provision. Applicants could file 
pharmacy changes after evaluating the influence on safety, efficacy, and quality control 
with relevant technology guidelines. If pharmacy changes influence the clinical protocol, 
applicants could submit the changes for review with a follow-up clinical protocol or other 
major changing ways.

Secondly, under the current rules, only drugs already marketed in other countries, or at 
least entered in a phase II clinical trial, are eligible for multi-center clinical trials in China. 
According to a 2015 national conference, the CFDA planned to permit drugs never mar-
keted before to be used in synchronized clinical trials in Chinese institutions, and the data 
obtained would be permitted to be used in import drug applications if the requirements 
were met. 

Thirdly, the CFDA implemented changes regarding bioequivalence studies. The current 
DRR stipulates that applicants must have their clinical trial applications approved before 
beginning bioequivalence studies.  However, as per CFDA’s No. 257 document of 2015 is-
sued in December 2015, based on the original review and approval process, applicants 
whose chemical drug registration applications were accepted before the issue day could 
continue to conduct BE studies or withdraw the original registration voluntarily. They 
could then complete it based on this new notice (CFDA’s No. 257 document of 2015) in-
stead. After December 1, 2015, the scope included the items listed below and was applied 
to the BE filling management system:

1)	 Generic drug of which the active ingredient, delivery system, dosage form, and 
specification is compliant with the reference listed drugs.

2)	 Marketed drugs approved domestically but that require changes based on a BE 
study.

3)	 Marketed drugs approved domestically, but quality consistency evaluations for 
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generic drugs with the reference listed drugs must be conducted, which should 
include off-patent products or internationally recognized drugs, using a BE study. 

2.3   Improvement of Special Review and Fast Track Mechanism

The CFDA recently added several circumstances that allow for special reviews and fast 
track procedures. First, there are mainly too many newly added drug categories for special 
review, which contain “Key R&D Project” drugs, import innovative drugs, and import pedi-
atric drugs that are to be produced in China instead of an exporting country. Secondly, the 
CFDA established a fast track review for generic drugs and gave priority to certain catego-
ries: 1) fill an unmet medical need; 2) affect public availability and affordability; and 3) first 
copy for a pioneer drug.

2.4 Increase in Drug Registration Fees
The current registration charging standard was set by China’s Ministry of Finance in 
19959. Among all registration categories, the NDA registration fee is the most expensive, 
but the cost is only around 7,300 USD. Apparently, the standard charges established in 
1995 are no longer suitable for current prices and salary levels. Moreover, the drug registra-
tion fee in China is also quite low in contrast to developed countries. For example, the NDA 
registration fee is 35 thousand CNY in China compared with 0.98 million CNY in Australia, 
1.76 million CNY in Canada, and 12.07 million CNY in USA7.

Under this context, China’s authorities began to establish the new charging standards for 
drug registration in China. On April 21, China’s Ministry of Finance and National Devel-
opment and Reform Commission jointly issued the Provisions for Registration Charging 
Standards of Drug and Medical Device7, and then the CFDA released the detailed charging 
plan on its official website one month later. Table 1 shows the new charging standards for 
drug registration.

According to the CFDA, the new charging standards were established under the principle 
of cost compensation and were measured by a third-party accounting firm. Compared with 
the previous charging standards, the amount of the new standards greatly increased for all 
four registration items, and drug manufacturers will incur additional financial expenses for 
drug registration and supplementary applications. In addition, it is worth noting that the 
import drug registration fee is much higher than the domestic drug registration fee, as it 
is calculated as the sum of the domestic drug registration fee as well as the transportation 
expenses and accommodation expenses accrued by CFDA inspectors. 

On the other hand, the new charging standards in China are still much lower than that 
in developed countries. For instance, the newly adjusted NDA registration fee in China is 
equal to that of 64% in Australia, 35.5% in Canada, and 5.2% in the US7.

2.5   Changes on Market Protection Policies of Drugs

Currently, there are two primary market protection policies for drugs in China. The first 
protects drugs already patented under China’s patent laws and regulations, and the sec-
ond protects drugs recognized as new drugs by the CFDA based on the DRR, which is more 
likely to be a type of administrative protection, such as a new drug observation period.  
However, in this round of reform, the CFDA made adjustments to both market protection 
policies. 

1 USD= 6.2047 CNY
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2.5.1   Patent Protection Policy

The current 2007 version of the DRR contains two provisions regarding patent protec-
tion for drugs during the registration process. Pursuant to Article 18, when an applicant 
submits a registration request, patent information and its ownership situations shall be 
provided to the CFDA, including the drug applied for registration and its formulae, manu-
facturing processes, and/or uses. Non-infringement statements must also be submitted. If 
patent disputes arise during the registration process, they must be settled by referring to 
relevant patent laws and regulations. Moreover, Article 19 stipulates that generic manufac-
turers cannot submit registration requests until two years prior to the expiry date of corre-
sponding drug patents. Once generic drug applications are approved, the Drug Approval 
Number and other certificates will be issued after the expiry date and will be effective 
immediately.

In the most recent draft amendment, the corresponding provisions have been modified. 
At first, the phrase “during the registration process” in Article 18 was deleted, and this re-
vised article was moved to Article 130 of the draft amendment to the DRR issued in 2016. 
Then, the two-year limit was deleted from Article 19. In addition, authorization procedures 
were changed: once applications are approved according to the requirements of the draft 
amendment to the DRR issued in 2016, Drug Approval certificates are issued immediately. 
Revised Article 19 was moved to Article 129 of the draft amendment to the DRR issued in 
2016.

According to the Drafting Explanation3, the purpose of these modifications is to eliminate 
contradictions between the DRR and China’s Patent Law. For instance, China’s Patent Law 
was revised in 2008, adding a new exemption to patent infringements regarding drug pat-
ents, which is similar to the “Bolar Exemption” that is widely used to encourage drug R&D. 
Patent Law stipulates that the use of drug, apparatus, and instrument patents is permitted 
for the purpose of providing necessary information for administrative approval10. Thus, 
patent disputes in the registration process described in Article 18 have been exempted 
in the new Patent Law. Another issue involves the two-year time limit for generic drug 
applications set by the CFDA on the basis of the evaluation and approval schedule that 
was commonly applied in the past; however, the current approval time for generic drugs is 
much longer than two years. Such constraints deprive generic manufacturers of the rights 
to market on time as well as actually extend the patent life of patented drugs.

Revisions to provisions related to patents actually liberates the CFDA from patent admin-
istration, which allows the CFDA to primarily focus on drug safety, efficacy, and quality 

control. Patent disputes that arise among applicants are also settled directly by the courts.

2.5.2   Administrative Protection Policy

In the DRR, an observation period during which the CFDA shall not accept registration 
requests from other manufacturers to produce, change dosage forms, or import drugs 
was established for any new drug approved for production. Manufacturers are required 
to investigate the drugs during this period and to report annually to drug regulatory de-
partments. The length of the observation period is determined by the type of drug, up to 
a maximum of five years. 

Under the current DRR, from the date a new drug enters the observation period, any man-
ufacturer with an already approved clinical trial application for that drug will be exempted 
from the constraints of an observation period. If the requirements are met, they will be 
permitted to proceed, and marketing authorization can still be issued. Applications for the 
same drug that have already been accepted but not yet approved will be returned.

The CFDA has also made adjustments to the applicability of the observation period. When 
a new drug enters the observation period, applications already accepted but not yet ap-
proved will no longer be returned and are permitted to proceed. In addition, when an im-
port drug gains marketing authorization for the first time, applications for the same drug 
already accepted but not yet approved can proceed, or applicants can opt to withdraw 
their accepted applications and submit generic drug applications instead. 

According to the Drafting Explanation, the aforementioned adjustments are intended to 
resolve the controversies regarding “registration application returning” and to further en-
courage drug R&D3. In fact, drug manufacturers regarded the observation period as anoth-
er type of market exclusivity protection. To avoid being shut out of the market, their clinical 
trial applications had to be approved before the first applicant could gain the approval of 
its NDA. Inevitably, this is likely to arouse hostile competition and big losses for out-of-
game manufacturers. Decreasing the length of the observation period exclusivity provides 
more opportunities for applicants and helps create a more suitable environment for drug 
R&D.

2.6   Exploration for a New Drug Regulatory Mechanism

The National Working Conference on Drug Registration held in April 2015 indicated that 



250 251

several new mechanisms are being explored to improve the drug regulatory environment-
First, to address the drug lag problem, the CFDA proposed outsourcing part of the drug re-
view by purchasing external review resources, such as provincial counterparts, universities, 
and R&D institutes. In this way, the CFDA hopes to solve the heavy backlog of drug appli-
cations and to accomplish drug review normalization by 2018. Second, the CFDA planned 
to explore the China’s Marketing Authorization Holder (MAH) system of innovative drugs 
to eliminate the negative effect of the current authorization mode and to further motivate 
the initiatives of drug R&D institutions. Third, the CFDA planned to extend its power in 
controlling drug applications of pharmaceutical firms by publishing drug registration in-
formation regularly, such as the list of preferred drug categories and the list of excessively 
imitated drug categories, to suppress the over-imitated drug applications and to alleviate 
the pressure of regulatory authority.

2.7   Review & Approval Duration and Self-inspection & Scrutiny of Clinical Trial Data

To better understand the DRR and its draft amendment, it is necessary to review data of 
Chinese drug registration applications. The statistics presented in this section were re-
trieved from the Annual Report on Drug Registration and Approval in China11-13, published 
by the CFDA, and the China Drug Review Annual Report14-17, published by the Center for 
Drug Evaluation (CDE).

Figure 1. Drug registration applications accepted and completed by the CFDA

According to Figure 1, at least 6000 drug registration applications were accepted from 
2009 to 2014; however, the annual number of completed applications was 5,300 during 
this period. In addition, despite the current version of the DRR using a chapter to express 
provisions, the CFDA must complete drug registration within the fixed time, and the num-
ber of finished applications has changed significantly. Figure 1 shows that the CFDA re-
mains unstable in drug review and approval work. The DRR provided the CDE with 90 days 
to review and approve an investigational new drug application (IND) in the first paragraph 
of Article 105 of chapter 12. The CDE cannot finish the review and approval work on time, 
and the reasons are as follows.

First, compared to the workload, the CDE is noticeably shorthanded for drug review and 
approval work. Second, even if applicants submit a defective application report, they ac-
crue lower regulatory costs, so applicants submitted application reports even though the 
reports were not completely in conformity with the regulations. The third reason is that 
the drug registration fee is lower, which has been mentioned in part 4. Indeed, the time 
limit system in the DRR for registration is not satisfactory; however, under the latest draft 
amendment to the DRR in July 2016, the related time limit system for drug registration was 
abolished.

It is worth noting that in 2015, the number of completed applications was higher than 
accepted applications. What caused the change? For the pharmaceutical registration and 
approval system, 2015 and 2016 have been years of revolution. To review and approve the 
huge backlog of registration work that had accumulated from 2009 to 2014, the CFDA is-
sued new regulations on drug review and approval. The second reason that the CDE could 
not finish the review and approval work was also eliminated during this period. Previously, 
applicants only needed to pay small regulatory costs to submit a defective application 
report, but after receiving the notice “CFDA: Self-inspection and Scrutiny of Clinical Trials 
Data for Drugs” (CFDA [2015] No. 117) and the notice “CFDA: Policy Suggestions on the 
quick settlement of pending drug registration applications” (CFDA [2015] No. 140). Both 
notices provide that if the clinical trial data from applicants has authenticity issues, their 
applications will not be accepted for three consecutive years. In addition, the CFDA [2015] 
No. 140 also provides that the authority will not accept research materials from clinical trial 
organizations or contract research organizations before the completion of rectification if 
they collectively falsify the clinical trial data in the study. Moreover, if clinical trial data is 
falsified, the authority will not accept research materials from the people in charge of the 
organization for ten consecutive years. 



252 253

As of December 14, 2015, 727 applicants voluntarily withdrew their application reports18. 
This means their reports had one or more of the following problems: (1) Lack of research 
data; (2) A need to complete the unfinished experiment; (3) Lack of comprehensive compa-
rability studies; (4) Lack of a comprehensive evaluation on impurities and toxic substances; 
and (5) A need to complete the test of prescription technic and so on.

To further standardize drug clinical trial activities, the CFDA has released drafts to the pub-
lic for comments. These drafts are based on current regulations to further cement the cre-
ation and imposition of administrative penalties and the applicable legal circumstances of 
sentencing in judicial practices. The contents primarily involve the following aspects: 

(1) 	 Discuss the division and manner of responsibility of applicants, clinical trial institu-
tions, and contract research organizations.

(2) 	 Define the clinical trial data inventing and its application in a specific situation.
(3) 	 The details of administrative punishments.
(4) 	 A “blacklist” system for illegal behaviors will be established.
(5) 	 Provide legal applications for aggravation, mitigation, and exemption from punish-

ment.

2.8   Reform Plan for Chemical Drug Registration Classification

As mentioned, current provisions have become incompatible in several sectors, and there-
fore it is urgent to update and reform registration classification. The CFDA issued Reform 
Plan for Chemical Drug Registration Classification ([2016] No. 51), which was approved by 
the State Council and was put into effect on March 4, 2016.

The most significant reform in this plan is the adjustment of the five categories of registra-
tion classifications of chemical drugs, which are as follows:
Class 1: Innovative drugs never sold in domestic and overseas markets, which refer to those 
containing new chemical compounds with clear structures and pharmacological effects 
and with clinical value.

Class 2: 	 Improved new drugs, sold neither domestically nor overseas, which refer to those 
with their structures, dosage forms, formulations and technologies, administra-
tion routes, and indications optimized based on known active ingredients and 
with significant clinical advantages.

Class 3: 	 Generic drugs of domestic applicants produced based on originators sold in 
overseas markets but not yet listed in the domestic market. The quality and effi-
cacy of such drugs shall be consistent with that of off-patent drugs.

Class 4: 	 Generic drugs of domestic applicants produced based on off-patent drugs sold 
in the domestic market. The quality and efficacy of such drugs shall be consistent 
with that of off-patent drugs. 

Class 5: 	 The drugs marketed overseas under application for being listed in China. 

Compared to the original classification, the reform plan is formulated to encourage new 
drug development, improve drug quality, and stimulate industry upgrading. From a policy 
orientation, the government is demonstrating a strong resolution to encourage innova-
tive drug development, to emphasize the clinical advantage of these new products, and 
to focus on the consistency in quality and efficacy between the generic drugs and their 
originators. 

2.9   Evaluation of Generic Drugs’ Quality and Efficacy Consistency

For a long period of time, the quality and efficacy of drugs approved to market domesti-
cally were not required to be the same as the original drug, so some marketed drugs had a 
certain gap compared with the original drug. To address this gap, the State Council office 
issued the No. 8 [2016] document in March 2016, and soon after, in April 2016, the CFDA 
asked for public comments on the implementation of the State Council’s No. 8 [2016] doc-
ument. All generic drugs approved before the implementation of the new classifications 
of chemical drugs must undergo a consistency evaluation. OSDF (oral solid dosage form) 
chemical generic drugs listed in the National Essential Medicine List (2012) and approved 
before October 1, 2007, should complete the consistency evaluation before 2018. If man-
ufacturers of other OSDF chemical generic drugs first pass the consistency evaluation, the 
same generic drug manufacturer will be exempt from consistency evaluations for three 
years. 

The reference drug used in a consistency evaluation must be the original drug, but the 
internationally recognized generic drug may also be chosen to serve as a reference drug. 
Pharmaceutical manufacturers may select the reference drug and then report to the CFDA. 
If the CFDA does not reject it within a specific time limit, then the manufacturers can begin 
their studies. Pharmaceutical manufacturers shall in principle use in vivo bioequivalence 
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tests to carry out consistency evaluations. For those that meet the principle of exemption 
from bioequivalence tests, pharmaceutical manufacturers are allowed to use in vitro disso-
lution tests to carry out consistency evaluations. It is clear that pharmaceutical manufac-
turers are the subjects of consistency evaluations and therefore have greater responsibili-
ty. Thus, they shall act in a more initiative way to select the reference drug and evaluation 
method to demonstrate the safety and efficacy of the generic drugs. 
 

3.	 Latent Impacts

Though the changes have not yet been finalized in this round of reform, the information 
provided by China’s drug regulatory authority is of great significance. It is no exaggeration 
to assert that this recent reform is unprecedented in strength and scale, and there is no 
doubt that the latent impacts will greatly affect pharmaceutical manufacturers, especially 
pharmaceutical multinationals.

First and foremost, it is clear that the CFDA recognized the serious consequences of drug 
lag and was eager to seek solutions, and a more efficient registration system is likely to 
be established in the future. Pharmaceutical multinational companies may have the op-
portunity to decrease the new product approval period in China. Second, the proposed 
changes in import drug application procedures may enable foreign drug manufacturers 
to conduct international multi-center clinical trials in earlier stages, which will make mar-
keting new products in China more convenient. Third, the restoration of the patent linkage 
system may lead to fiercer competition between pioneer drugs and generic drugs. Domes-
tic drug manufacturers get closer to the marketing authorization of the first copy drug; 
therefore, pharmaceutical multinationals may encounter a more complex situation caused 
by the “patent cliff.” Fourth, by publishing the new charging standards for drug registration, 
pharmaceutical multinationals will encounter rising financial costs in NDA, import drug 
applications, and supplementary applications. Fifth, the implementation of self-inspection 
and scrutiny of clinical trial data will prevent many unqualified drug manufacturers from 
obtaining registration and will relieve the CFDA’s review and approval burden, while the 
draft amendment to the DRR issued in 2016 blurs the CFDA’s review and approval time-
line. Finally, the State Council’s issuance of No. 44 [2015] and No. 8 [2016] are indicators of 
China’s determination to improve generic drugs in the domestic market, and the CFDA’s 
successive draft documents will become a challenge for generic drug manufacturers.
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Abstract

In recent decades, the increasing R&D investment in the pharmaceutical sector of emerg-
ing economies has been shaping the novel global pharmaceutical innovation network. 
This study aims to investigate the dynamics of the innovation landscape in the pharmaceu-
tical sector and identify the changing role of different countries via (1) collaborative inno-
vation network composed of co-inventorship on new drug patents as well as (2) evaluating 
the role of China within the global network. The Social Network Analysis approach was 
utilized to analyze the information of inventors in USTPO-granted patents of new drugs 
and model the structure of pharmaceutical collaborative innovation network. The findings 
show that R&D collaborations have gained substantial momentum in pharmaceutical in-
novation, especially during 2011-2015. During four of the “five-year” development plans 
set and implemented by China government, a remarkable increase has been identified 
in the international collaborative innovation activities and a large shift of the innovation 
network landscape took place, particularly during year 2006-2010 and 2011-2015. The 
United States, United Kingdom and Germany collectively form a dominant cluster in the 
network, which was demonstrated by various network centrality measures. Additionally, 
the dominance of the United States was weakened during 2006-2015. Instead, the Euro-
pean countries were rising in pharmaceutical co-innovation, partly due to reinforcement 
of intra-European countries. Meanwhile, the young member China, with skyrocketing R&D 
investment, failed to seize the chance to cut a figure. Last but not least, we propose that 
friendly policy environment is also needed for enhancing pharmaceutical innovation.

Key words

Pharmaceutical innovation; drug patents; network analysis.

1. Introduction 

Many countries pursue pharmaceutical innovation, but it is a process full of difficulties and 
complexities1. Over the past decades, pharmaceuticals attached due significance and ef-
fort to drug innovation2, as they could gain large amount of profits if they could successful-
ly discover and launch new drugs3. To this end, cutting-edge knowledge and technologies, 
complicated clinical trials, as well as sufficient investments are required. However, only 1 
of the 10,000 drug candidates might be able to pass the screenings of the authorities af-
ter surviving the lengthy R&D (Research and Development) processes which could last as 

long as 10-15 years1, 4. Standing from the viewpoint of a pharmaceutical company, it has to 
prioritize the innovation due to the fierce competition in the industry and its rapid growth 
in R&D costs.

Given that innovation always becomes more and more difficult and complicated to achieve 
as time goes by, to stay innovatively productive, R&D-focused pharmaceuticals seek new 
knowledge not only from the internal environment, but also from the external environ-
ment. Thanks to globalization, all giant pharmaceuticals such as GSK, Pfizer and Roche 
have been internationalized instead of staying local. In fact, they are interconnected in the 
co-innovation network, owing to the traditional innovation pattern based on local innova-
tion being too costly and inefficient to keep ahead in the fierce competition. For adapta-
tion, a new collaborative form, i.e., co-innovation, has been strategized to share risks and 
explore global market for new drugs5. Recently, collaborative innovation has been largely 
reinforced in pharmaceutical sectors, while it remains globally imbalanced6, 7. 

This study is mainly based on three points of fact. First, pharmaceuticals is an industry with 
features of knowledge-intensive, high R&D expenditure and intensively sales-driven. Sec-
ond, a variety of disease treatments requires import of distinctive drugs from other coun-
tries. Last, pharmaceutical industry is suffering from low productivity with skyrocketing 
costs, coupled with the fact of rapid market growth in emerging economies. 

Amongst all countries, the United States with the most number of giant pharmaceuticals, 
is the leading actor in new drug innovation owing to its advantageous pharmaceutical 
technologies, excellent talent pool, and vast research funding9. However, recent findings 
show that the US R&D budgets are constantly declining, and it is somewhat because of 
economic downturn following the recent global financial crisis9, 10. Hence, the United States 
went through slowed-down trends in pharmaceutical R&D activities over the last decades 
in terms of relevant literatures published11, and now it urgently looks for more opportuni-
ties of collaborative innovation for risk pooling. On the other hand, emerging economies 
are accelerating the development of science, technology and pharmaceutical researches, 
especially China and India, to make contribution to economic growth. China ranks second 
worldwide in research funding and R&D expenditure. In the meantime, it is presumably 
the second largest pharmaceutical market, following the US by 201512. In 2007, the Chi-
nese government initiated the “Key Drug Innovation” program, providing research fund-
ing up to 1 billion RMB (Chinese Yuan) to boost new drug innovation in pharmaceutical 
industry during 2011-2015. Probably, the funding might rise to 4.3 billion RMB by 202013, 14. 
Meanwhile, India is also increasingly investing financial resource and intellectual capitals 
into pharmaceutical innovation15. Both of them seek to gain competences and innovation 
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capability through not only local R&D process but also collaborative activities in the phar-
maceutical industry. The geography of the pharmaceutical innovation network will change 
if developing countries become more capable in innovation, i.e., developing countries may 
play more and more active roles in global innovation network.

Despite the prevalence of pharmaceutical co-innovation around the world, the co-inno-
vation landscape and geographical distribution largely remains uncharted. Recent studies 
show the global landscape of pharmaceutical innovation during 2000-2009 by analyzing 
location of pharmaceutical patents related to new drug approved16. However, it focuses on 
the frequency of patents inventors of each country without considering collaborative in-
novation across countries. Indeed, collaboration and alignment are regarded as imperative 
key factors for innovation in knowledge-intensive industry17, 18. So we perform the network 
analysis to explore global patterns of pharmaceutical co-innovation network, in particular 
the characteristics of geographical distribution. This novel perspective, originated from 
Social Networks Analysis (SNA), is based on structural relations instead of traditional indi-
viduality. The structural relations in the context is usually critical for understanding of be-
havioral observation as well as resulting structures that are attributes of the components19. 

To sum up, this research aims to shape the dynamics of the innovation landscape in the 
pharmaceutical sector and changing roles of different countries by collaborative innova-
tion network composed of co-inventorship on new drug patents, especially for the role of 
China. 

To build context, the remaining parts of this paper is structured as follows: section 2 briefly 
provides a definition of co-innovation in pharmaceutical industry. Section 3 justifies in-
ventorship of new drug patents from different countries as a reasonable indicator to study 
the relationship of pharmaceutical co-innovation. At the same time, SNA is defined spe-
cifically as a formal way to depict global pharmaceutical innovation network. Section 4 
presents the results of network analysis and main observation from complicated network 
made of patents inventorship. In particular, it illustrates dynamics of innovation networks 
across different countries and also addresses the role of China within the pharmaceutical 
co-innovation network. Section 5, the final section, summarizes the main contributions 
and insights for further research.

2. Co-innovation in Pharmaceutical Industry

Innovation in pharmaceutical industry is a broad concept. It may refer to scientific inven-

tions, patents or technological breakthrough. While in this study, we define innovation in 
a relative narrow way, i.e., it simply includes patents related to new drug approved. Co-in-
novation is based on collaborations within or between pharmaceutical firms, universities, 
and research institutions. A decade ago, this new model of open innovation shifting from 
closed innovation was for the first time brought into the reality. It combines internal and 
external ideas, sources and talents to produce extra value, in comparison to traditional 
innovation model20. With regard to pharmaceutical industry, multinational pharmaceutical 
companies currently realized that collaborative innovation might be the solution for the 
crisis that innovation outputs declined despite the burning of R&D and time cost21. In the 
past few years, networked innovation models have widely been accepted in pharmaceu-
tical industry. This is promising because it can extensively highlight fatigue of the current 
innovation situation22. For example, in 2007, GSK (GlaxoSmithKline) established the Center 
for Excellence for External Drug Discovery. This R&D center focused on seeking external 
innovation team that can facilitate drug discovery process. In 2010, Pfizer built the Centers 
for Therapeutic Innovation. This program aimed at building innovation partnerships be-
tween Pfizer and academic medical centers2. 

3. Research Methodology 

To better identify the global network of pharmaceutical innovation, we need a proper 
geographic indicator to measure the location of innovation. Indicators on an organiza-
tional level may be the one of the options as most of new drugs are innovated through col-
laborations amongst research institutes, universities and multinational pharmaceuticals. 
However, data on R&D activities are not fully available. Alternatively, patent is one of the 
common indicators to evaluate innovation capability because it can indicate innovation 
outputs and commercial value23. Therefore, we exploit sampling strategy to collect inven-
tors’ information of pharmaceutical patents granted by the US Patent and Trademark Office 
(USPTO) and all patents are associated with drugs approved by the US Food and Drug 
Association (USFDA) during 1996-2015. These pharmaceutical patents listed in the annual 
“Orange Book” enable us to exclude noise of insignificant and supplementary innovation. 
In this sense, our data can precisely evaluate the mega-trends of pharmaceutical innova-
tion networks by observing the collaboration amongst inventors from different countries.

Before calculation, we labeled patent data with inventor country code. The country-specif-
ic patent frequency, reflecting on the co-inventorship linkage between countries, is based 
on location of patent inventors applied. In more detail, each inventor pair in the same pat-
ent is counted as the value 1 while at least two inventors collectively shared this patent. 
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Usually inventors affiliate with different types of institutions, e.g., universities, pharmaceu-
ticals and etc. 

Co-inventorship of our patent data can be used to picture the global co-innovation net-
work, where nodes represent inventors’ countries and the edges indicate the number of 
inventorship of these countries. Through network analysis, hypotheses regarding structur-
al characteristic and contents of relation among actors are identified, evaluated and mea-
sured24. Hence, we exploit network analysis method to illustrate the structure of innovation 
network in pharmaceutical sector. 

A network contains nodes and edges. Let V be a set of nodes, which represents specific 
countries, involving in global pharmaceutical innovation network. E is a set of undirected 
edges between a pair of nodes, e.g., vi, vj, indicating the existence of co-inventorships be-
tween vi, vj. These two sets form the graph G1= (V, E), for vi, vj, i≠j = 1, n=26, The number 
of edges incident on the node i, i=1, n, is called the degree ki. A path is the alternating se-
quence of nodes and links in the network. Thus, the shortest path or geodesic distance (dij) 
between two nodes i and j is defined as the number of nodes going through the shortest 
path in the network.

A set of weights (W) are further included into G1 to form G2 = (V, E, W), where W= {w1, w2, 
wn} represents weights between two nodes vi and vj denoting the frequency of inventor-
ships between each two countries.

The topology of the network is firstly encoded in the n× n adjacency matrix X with ele-
ments

The centrality describes the role of node in the network. Several types of centrality are 
measured for each country. First, degree centrality, simply called degree, is the total num-
ber of edges connected to a specific node, and it is mathematically defined by

Second, betweenness centrality of a node is defined as the fraction of geodesic paths be-
tween any pair of nodes on which this node lies. It reflects on the frequency of one node 
positioned on the shortest path between other groups of nodes arranged in pairs, calcu-
lated by

Where d_(jk(i)) indicates the shortest path between nodes j and k passing through nodes 
i. Nodes embedded in the shortest paths are critical for controlling the flow of information 
within the network.

Third, closeness centrality of a node can be defined as the inverse of the mean geodesic 
distance from the node to every other node in a connected network, formulated by 

Closeness centrality indicates how close a node is to any other nodes in the network based 
on network structure, and how fast the nodes can get access to dispersed information in 
this system.

Fourth, Eigenvector centrality depends both on the number and the quality of its connec-
tions by examining all nodes in parallel and assigning centrality weights that aligned with 
the average centrality of all neighbors. It is interpreted as

Where γ is the largest eigenvalue of X. It indicates whether a node is connected to other 
highly nodes with many connections or to peripheral nodes. 

With respect to global indicators in SNA, several other parameters are needed to describe 
connectedness and cohesion. Density is defined as a ratio of the number of edges (fre-
quency of cross-countries) to the number of possible edges. The average degree is closely 
related to density, increasing with the number of nodes having higher number of partners. 
Average path length is calculated by the average of the shortest paths between all pairs of 
nodes, while cluster coefficient refers to the likelihood that two associates of a country are 
associates themselves.
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4. Results 

In this section, we will present our findings regarding dynamics of pharmaceutical inno-
vation network step-by-step. Totally, there are 2,799 patents of 1,850 drugs in our dataset 
retrieved from USPTO and USFDA, respectively.

4.1   Dynamics of Pharmaceutical Innovation Networks Across Different Countries 

In the first place, based on information-theoretic techniques, we construct global phar-
maceutical innovation networks using G2 for the time periods 1996-2000 (Figure 1-1), 
2001-2005 (Figure 1-2), 2006-2010 (Figure 1-3), and 2011-2015 (Figure 1-4). Meanwhile, the 
normalized Laplacian, a standard approach for spectral graph analysis, is implemented to 
determine the nodes (countries) position in the network. Therefore, comparatively, nodes 
(countries) with higher intensity of co-inventorships are located near to each other.

Figure 1-1. Global pharmaceutical innovation network (1996-2000)

Figure 1-2. Global pharmaceutical innovation network (2001-2005)
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Figure 1-3. Global pharmaceutical innovation network (2006-2010)

Note:  	 Node positions determined using spectral graph analytic methods according to the nor-

malized Laplacian so that countries that are strongly interconnected positioned nearer to 

each other. Node size corresponds to the weighted degree centrality of a country that is 

defined as the sum of a country’s co-inventorships, the strength of the lines corresponds to 

total co-inventorships between two countries.

Figure 1-4. Global pharmaceutical innovation network (2011-2015)

Generally, collaboration intensity of pharmaceutical innovation significantly increases over 
those four periods. The US, located in the central position in the networks of the first two 
periods, 1996-2000 and 2001-2005, maintained the highest collaborative innovation in-
tensity with other countries. In 1996-2000, the US built a strong connection with the other 
countries, mainly situated in Europe, leading collaborative innovation trends in pharma-
ceutical industry around the world. In 2001-2005, in terms of absolute size of nodes (coun-
tries), the network looks like a so-called star graph, where one hub in the center connects 
tightly to other nodes. In other words, the US kept its way to extensively strengthen dom-
inance in global pharmaceutical innovation network, while the UK established the closest 
partnership with the US. However, the remarkable changes in overall structure of innova-
tion network can be observed easily in the third period, 2006-2010. Interaction dynamics 
began to disperse across various countries, especially for the countries located near each 
other in Europe. The leading position of the US in the network slightly weakened due to 
considerable interaction among other countries. In addition, surprisingly, emerging econ-
omies are documented in the network this time. It is the first time that China entered into 
the innovation network through Japan. At the same time, India joined into the network, 
connected to the US. Their intensity of collaborative innovation in this network remains 
in low level in comparison to other countries. During the most recent period, 2011-2015, 
the pharmaceutical innovation network became more complicated than before. Germany 
and the UK almost successfully caught up to the US in terms of absolute value of nodes, 
denoting the intensity of collaborative innovation. The US, together with Germany and the 
UK, established a distinct cluster of pharmaceutical innovation that is largely integrated 
in the network. The new cluster tightly connected to other parts of the network.  This is to 
say, the US dominance in collaborative innovation has been sharply slashed during recent 
five years’ period. In the meantime, we identify that the neighboring countries are likely to 
build a collaborative relationship in drug innovation due to closeness in geographical area, 
especially in Europe.
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Note:  	 The percentages in the rows of Difference are equal to values of relative NME minus values 

of corresponding total new drugs. The differences are used to measure changes of the cen-

trality share of countries from innovation network based on total new drugs to the network 

constructed by NME. The percentages in the total new drugs and NME refer to the share of 

national or regional centrality in total sum of relative centrality.

Table 1. Centrality percentage of countries in global drug innovation network: Total 
new drugs vs. NME drugs (2011-2015)

In addition, we evaluated whether those trends can also be recorded in different types of 
new drugs. Our dataset constituted distinctive types of new drugs, including New Molec-
ular Entity (NME), new dosage form, new active ingredient, new combination and so on. 
NME, as original core outputs of pharmaceutical innovation, can be developed to other 
diversified derivatives and complementary new drugs25. Thus, to further understand the 
global landscape of essential core innovations, it is necessary to determine the roles of 
key countries and regions by using dataset including NME drugs only, and compare the 
differences within pharmaceutical innovation network.

Obviously, the US is losing its dominance in the global pharmaceutical innovation network 
in accordance with all centrality measures produced by NME drugs only. The comparative 
results based on different datasets are presented in Table 1. The US only shows a little bit 
higher centralities for degree, closeness and eigenvector centrality while only betweeness 
centrality is higher than that of Germany and the UK. During 2011-2015, it can be seen 
clearly that the US, Germany and UK almost share identical dominances in the network, 
developing into a cluster of pharmaceutical innovation. In general, the US is less dominant 
neither in the network with total new drugs nor with NME drugs only.

Note:  	 The percentages in the cell refer to the share of the centrality of the United States in total 

sum of relative centrality of all countries in global innovation network of specific drug cov-

erage during specific time periods.

Table 2. The centrality shares of the United States in global drug 
innovation networks

Furthermore, we use the network of total new drugs and NME drugs as well as specific 
centrality indicator to analyze the evolution of US position in global networks over four 
five-year periods. From Table 2, the step-by-step reduction of dominance for the US has 
been significantly recorded in the network during the periods 2001-2005, 2006-2010, and 
2011-2015. These findings could be found not only in the global network with total new 
drug but also with NME drugs, though the US made a sparkling figure in pharmaceutical 
innovation network at the first two periods. It is probably because frequent interaction 
among each countries diversifies the global network structure.
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Next, we move to further investigate basic indicator of this network, as shown in Table 3. 
The findings in Table 3 indicate that the cohesion of the network in pharmaceutical inno-
vation are relatively low in first two periods, 1996-2000 and 2001-2005. Identically, interna-
tional collaboration of pharmaceutical innovation is in a rather inactive level. Nevertheless, 
for the latest two periods, 2006-2010 and 2011-2015, the number of collaboration increas-
es strikingly, along with the increment in number of edges. This change may mostly be 
produced by MNCs. Because those companies seek all opportunities to employ high-end 
knowledge from home and abroad7. In addition, increasing mobility of talents can be a key 
element in fast change in collaborative innovation. Improvement of research capability in 
emerging countries is counted as well. Speaking of density of this network, we find that it 
gradually grows due to more interaction among each country around the world and the 
involvement of new comers. The mean degree also shares the same trends over four peri-
ods, conforming the augmentation of collaboration intensity.

4.2   Pharmaceutical Innovation Landscape in Specific Countries

The previous section demonstrates dynamics of key nodes (countries), such as the US, in 
pharmaceutical collaborative innovation process from network perspective. Nevertheless, 
the fact that how the position of other countries shifts in network, is less addressed in the 
context. Therefore, we employ the centrality analysis to make a comparison on the posi-
tion of specific countries in the pharmaceutical innovation network.

Table 3. Indicators for cohesion in the global pharmaceutical networks

We solely consider the collaborative innovation network during 2011-2015, as shown in Ta-
ble 4. It, according to three centralities, shows the rankings of each countries followed with 
centrality value of each countries. The results in Table 4 confirm previous findings on the 
United States: it partly indicates highest values on degree and betweeness centrality but 
not on eigenvector centrality. Instead, Germany seeks out catch-up opportunity, listing 1st 
place on eigenvector centrality.  The UK, with a degree centrality 11, eigenvector centrality 
0.397, and betweeness 32.75, holds the thirrd place through all three centralities. Those 

Table 4. Centrality of countries in the global pharmaceutical network (2011-2015)
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three countries collectively share dominance over whole co-innovation network. Switzer-
land secures fourth place on degree and eigenvector centrality, but does not perform well 
on betweeness centrality. That is, it has relatively high number of partner countries, but it 
does not play an important role as a gatekeeper.  

After that, we try to visualize the evolution of centrality shares of selected countries and 
regions from 1996 to 2015 (Figure 2). Overlapping time periods are employed to describe 
subtle changes in the graph. Besides, the centrality share of country refers to the portion 
between the centrality of specific country and the total centrality of all countries. In Figure 
2, the emerging countries, China and India, are grouped into the category of “Rest of the 
World” (RoW).

Figure 2. Evolution of centrality shares of selected countries over 1996-2015 
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We can probably speculate that the emerging countries, China and India, developed higher 
innovation capability with the decline of United States dominance due to substantial R&D 
investment in pharmaceutical sector of those emerging economies. However, surprisingly, 
while United States dominance has been weakening, Europe, as a group, stole the thun-
der by achieving considerable improvement on collaborative innovation network (Figure 
2.). Europe, by virtue of adjacency of member states, is likely to establish joint innovation 
relationship. UK and Germany are the striking examples. RoW contains not only countries 
with high R&D inputs, such as China and India, but also countries with less resource, like 
Korea. However, less outputs produce in China though high R&D investment is poured into 
pharmaceutical industry. It is mainly due to new drugs discovery requiring long period and 
experiencing high risk. It is practical to consecutively evaluate specific country in global 
innovation landscape of pharmaceutical sector.

4.3   The Role of China in Global Pharmaceutical Innovation Network

As a knowledge-intensive industry, the pharmaceutical sector undoubtedly relies heavily 
on drug innovation to improve commercial performance and gain more profit from unique 
new products. Therefore, drug innovation becomes increasingly important for pharmaceu-
tical companies themselves. Meanwhile, the government urgently needs the pharmaceuti-
cal sector to discover new drugs to overcome emerging diseases as well as reducing health 
care expense13. Since the development of new drug innovation is highly influenced by 
financial investment and policy environment, national funding strategy and regulation in 
China will be prominently analyzed during this study within global pharmaceutical inno-
vation network.

From four “five-year” pharmaceutical collaborative innovation network, it is clear to see 
that the newcomer, China, eventually makes a debut during 2006-2010 period. The first 
Chinese involved US-patent was found in the pharmaceutical innovation network in 2006. 
It means that the first new drug with Chinese innovation involvement unprecedentedly 
entered into international market. Totally, there are only 5 Chinese patents documented 
in new drugs approved by FDA until 2015. On one hand, the first new drug with Chinese 
US-patent approved by FDA in 2006 is Sinecatechins – VEREGEN, dedicated to treat exter-
nal genital and perianal warts. One of its Chinese US-patent was filed in 1998. This 8-year 
time lag partly indicates that new drugs innovation takes great amount of time. On the 
other hand, most of those Chinese patents originated from natural botany, such as the 
discovery pattern of Traditional Chinese Medicine. However, it is hard to distinguish active 
pharmaceutical ingredients from complicated natural compounds. This could be a spiny 

problem lying in the way of new drug discovery.  

In recent decades, China has striven to find its place of pharmaceutical innovation in the 
international market. All we know is that China, as an emerging giant economy, invested 
massive capital and talents into industrial innovation, especially into pharmaceutical inno-
vation. To be more precise, China launched National Programs for Long- and Medium-term 
Scientific and Technological Development in 2006 (2006–2020), to encourage enterprises 
and scientific researchers to innovate new pharmaceutical products. Furthermore, in 2007, 
the Chinese government released a proposal on Pharmaceutical Industry Development, 
aiming to strengthen scientific innovation construction as well as speed up transforma-
tion from fundamental research to practical products. Still, several subsequent plans were 
initiated to boost innovation. Unfortunately, pharmaceutical innovation is highly risky and 
unpredictable. The whole process is likely to take about a decade. In comparison with the 
US’s ratio of 17.4% of R&D cost to sales, the figure of China remains extremely insufficient, 
which is only documented to be 2.7% in the ratio R&D to sales26. This may partly account 
for the different productivity of the new drugs between China and US. 

Whereas patent legal protection is probably the most influential factor to stop China work-
ing out the dilemma of new drug’s scarcity. Before 2009, owing to the giant pressure from 
international society, patent laws and amendments came into effect, but it allows a drug to 
be patented only if it is novelty in China, and no pharmaceuticals were allowed to be pat-
ented in the first patent law. Those ineffective law protections for patents heavily impeded 
the development of new drug. In 2009, the third amendment of patent law was launched 
to productively prevent imitation from existing drugs even though some pharmaceutical 
firms continuously took imitation as principle development strategy14. Consequently, we 
barely found new drugs from China in the US market throughout the global pharmaceuti-
cal innovation network.

Through the pharmaceutical innovation network, China, however, made no critical impact 
on pharmaceutical innovation performance at the first beginning. As Chinese government 
initiated a series of strategies improving innovation investment together with comprehen-
sive patent protection system, China is increasingly strengthening its innovation capabili-
ty. Countless efforts from talents and organizations and long period are equally important 
in drug innovation. In the next decades, we expect that, there will be a more profound and 
impactful role that China would play in pharmaceutical innovation network.
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5. Conclusions 

This research employs the network analysis approach to describe the pharmaceutical inno-
vation landscape/structure and dynamics of specific countries. In comparison with recent 
studies focusing on R&D outputs with country-centric perspective, pharmaceutical R&D 
collaboration across countries can be documented to value the role of specific country in 
global pharmaceutical innovation network.

In this study, we find R&D collaborations gained substantial momentum in pharmaceuti-
cal innovation, especially during 2011-2015. Throughout the four periods of the five-year 
development plan initiated by China government, a remarkable increase has been record-
ed in the international co-innovation activities and a large shift of the network landscape 
took place, particularly during year 2006-2010 and 2011-2015. The United States, United 
Kingdom and Germany formed a dominant cluster identified by various network centrality 
measures. Additionally, the United States became less dominant in the network during 
2006-2015, while Europe’s impact was rising in the pharmaceutical co-innovation, partly 
due to reinforcement of intra-European countries. China, as one of the emerging countries 
with high R&D investment, is still left behind and has long way to go. Meanwhile, friendly 
policy environment is also needed for pharmaceutical innovation.

In the end, limitations of this study should be noted. First, this work uses collaborative 
inventors of key patents related to new drugs approved by FDA as an indicator to mea-
sure joint innovativeness around the world. This indicator, indeed, fully values innovations 
through their contribution to new drug products, but it fails to measure R&D inputs and 
innovation in fundamental researches. Second, the research findings solely focus on gen-
eral trends of global new drug innovation. It would be more informative if therapeutic 
types of new drug could be integrated into the analyses, from which we could identify 
why the United States is dominating the pharmaceutical innovation landscape in specific 
therapeutic area.
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