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Abstract

Following the growth of the Chinese pharmaceutical consumer market and innovative capability,
comparisons between the American and the Chinese pharmaceutical industries have become
commonplacelue totwo very divergent governmental, competitive, finan@all knowledge
environments, as scholars anasinesspeoplalike attempt to predict shifts in power dynamics.
Previouspharmaceutical industmgsearchhas focusedn asingle country, broad industry
anaysis(Ni, et al., 2017)or hasconductedspecific crossordercomparisons which fatb
considertherespectivenacreenvironmentgJiang & Luan, 2018; Zhao M. , 202Dhis literary
review examines four environments relevant torpteceutical innovation to achieve a broad and
comparable understanding of the two industries, ultimditetyng that the American industry is

a wellestablished player focused bighly innovativeactivities, while the Chinese industry is a
relativenewcomethat is quickly developing innovative capabilitiedevantto global
competitiondynamics.
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| ntroducti on

Thepharmaceuticaindustryplays a critical role inhumanhealth by discovering,
developing, angiroducing drugs that are used to diagnose, treat, and prevent distaese
personal and public health levétls importanceo public health necessitateeaw government
involvement in order to ensure disiare produced ethicallyith efficacy andaredistributed in
a manner that allows the greatest benefitstaitizens(meaning that intervention in the
marketing, distribution, and sales of a drug should maximize the benefit delivered to the
citizeng. In addition to regulatory involvemerthe industry faces significant internal obstacles
to developing and successfully profiting from operations.

A key characteristic of theharmaceuticahdustry is the extreme nature of initial costs
for any givendrugprior to market entryoften includingyears of research anlgvelopment
(R&D) expensedollowed by years of testing and clinical trials in adherence to local
government lawsOnce a drug is developed and approved, the actual cost of creatingghe dru
very low, making it difficult for companies to regain their years of R&D, testing, and overhead
expenses.

Thus, market competition by industgmpetitorsvia. reverse engineering of the
medicine or other meard imitation without themselves spendjryears of high cost dR&D
expenses (i.e., generic drug firms) makes thg drnovatorunable to sustainably competed
recoup enougheturnt o i nvest in the next drugods devel opt
maintain a heavipand inthe pharmaceutitandustry to ensure that the drumnovatorhas an
opportunity to profithrough the use of patent exclusivity peribdsore generic drug firms
begin competition through the use of patent exclusivity peratEgal firm-centric monopoly
basedbnadrugds i nt el | eusuallyfarla sepnuroberefryéays).

The United Statesf Americais often used as an industry standard for pharmaceuticals
due tothe highly developed nature of the industry and the highly internationalized state of
participatingfirms, creating a phenomenon in whiabademiaesearchnto the industrymay
generally take the part for the whple.,gener al i zi ng the U.S. 6 envirc
environrment I n fact, the United Statesd phar maceut
internationally active pharmaceutical industiiea part due to the relative lack of profit
controlling regulation andxtensivepatent exclusivity period. The resulting environment
encouraging pharmaceutical profitability and the knowledgensive feus of US industry has
made the United States inttwe largest innovator of new drugs and new chemical elesient
making it a driver of the industry

When acknowledging the importance of glebalpharmaceutical industrparticularly
in regard taR&D ability and market competitivenessne must also acknowledge
macroeconomic and microeconomic treatiplay, impacting the organizatiamdpower
dynamicsof the industry.

Though often used ascamparéve foil to the United Stateth e P e Bgpuble 6fs
Ch i n a dopingglenmaceutical industry is infrequenthaolistically compared to the U.S.
With agrowingrole intheglobal pharmaceutical industry that is underrepresented in mainstream
literature it is shiftingfrom a role of meeting thieasic needs of the population to a hegid
market segmer{tHua, 2019) The PRChas undergone massive econongwelopmentin the
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past 50 years to a magnitude atédspeed previously unseen in the world. Current projections
estimate the Chinads cofh8smeo mmacame wheéll saug
market in the world by 28D (Buchholz, 2021)Various economic measurements indicate that
the PRC economy is currently thecend strongest ecomy, while some economic measures
(such as GDP at PPP) indicate that the PRGlmeadysurpassed the United States to become
the most economically powerful econoifWorld Bank, 2020)
Yet despite this devepment and growth, the Chese protective economic barriers
highly restrict the ability of pharmaceutical corporationsperate These restrictionareaimed
at providing Chinese pharmaceutical firms an opportunity to develop and become more
competitive The situation may parallel similar protective barriers used in the online services

industry, restricting foreign information technology ande mmer ce vi a. tihe nAGr e
which has resulted in the largest internet in the world with minimal pcedgnforeign firms
such as Googlor Meta (previously Facebooklror example, Alibabisnovt he wor | dés | a

online and mobile commerce company.

In terms of the industry specific movement, international companies are attempting to
migrate operation®tChina toaccess the large, aging population, access natural resources, and
researchraditional Chinese medicine (TCM), whiah a period of declining drug innovatipn
provesto be an asset in helping identify new chemical elements with medicinal properties (ex.
development oArtemisininfor malaria treatment from TCM).

This paper attempts review theavailableresearch on the development of the Chinese
pharmaceutical indaiy in comparison withthel$6 hi ghly i nternational i z
position in the industryExisting research tends to focus on either the pharmaceutical industry in
a specificcountry orfocuses on specific attribute comparisons betviretwo counties. This
literary review provides novel academic contribution by comparing significant environmental
factors between two large and economicedlgvantcountries at a macscale.Through this
comparative analysis, greater understanding of the inditsttfy industrymovementandthe
strengths and weaknesses of both parties ardfiddnh hopes of creating better
understandingdf h i s i rold im e glopabnsarketplack.should be noted that due to the
wide breadth of this comparisamd the sheer complexity of the pharmaceutical indugtey
depth of the research has been limited.

In our examination of this highly compl ex i
the pharmaceutical innovation system as consisting of fouy éypies, four environments, and
four forms of innovation whichltimatelyresult in drug innovation. We particularly focus on the
regulatory environment and the market environmand, later briefly discuske financial
environment and thienowledgeenvironment (referred to by Ni et al. as the technology transfer
environment). We first discuss the U.S., as i
industry. This section will provide the reader with a basic understanding aidiostry, as well
asits special characteristics. In the China section, we will attempt to refine this foundational
understanding of industry to analyze a different regulatory and competitive landscape
observing how trends in the Chinese market are quickly driving it tedominant and
competitive position in the global industry.
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The Uni tefd SAmhat iesca

Historical Background

Despite the U. S. 06 pgharraceuticagdthetpharmadewicai n moder n
industnd s i nfancy is not traced aeeotury, theobirthdfthe Uni t e
westernpharmaceutical industry can generally be traced back to earlyatorseun the
commercialization and distribution of drug3ne suchnnovatorwas Merck. Founded by
FredichJ acob Merck in 1668, Merck began as a s mal
leadership of Emanuel Merck that the company isolated atisaboid began manufacturing these
alkaloids, plant extracts, and other chemicals in bulkimately creating one of the first
chemical pharmaceutical factori@dang M:L. , 2009)

Pfizer (1849), BMS (1858), Eli Lilly (1876)ere some of the earliegtmerican
pharmaceuticadompanies and have since become some of the most famous. These ranks were
later joined by such players as Johnson & Johnson and Bristol Myers Squibb.

For brevity, the main evenis the development of the Amean pharmaceutical industry
will be distilled to three maindrugsh at had significant or symboli
developmentinsulin, penicillin, and cimetidine.

Fredrick Banting and Charles Best first presented their insulin derivativies to t
AmericanPhysiologicalSociety at Yale University though receiving poor reception at fjrst
their Athick brown mucko showed ef-basedacy in t
animalexperimentationljkewise provwng successful in treating humalmabetes in 192¢Science
History Institute, 2017)It was soon after thig&li Lilly begartheir largescale production of
insulin in 1923 purifying the animalbased extract and distributing/American Diabetes
Association, 2019) By 1925 EI i Lilly had produced 217 n
s avi ngLilg 20d9). 0

Flemingmadehis famoushappenstanceiscovery of penicillin in 1928 in London,

Englandafter returning from a vacation 1928 In the early 1940s, penicillin as a commercial
product came to the United States. Due to cooperation between English scteetisiS,
government and multiple drug companissaledpenicillin productiorbeganin the USA with

the US. government taking full contraf productionduring wartime, ultimately developing
techniques for largguantityproduction viadeeptank fermentation whichby 1943, was able to
satisfy the penicillin demand of the entire Allied Armed For&mynes, 2017)Those sharing in

the following Nobel Pric€Fleming, Florey, and Chain) had turned down the opportunity to
patent the breaktr ough dr ugo6s poomcerestlkeng alvartagé afthee t hi c al
opportunity Andrew Jackson Moyer claimed the process patent ohétleod for production of
penicillinin 1948(US 2442141, US 2443989, US 24761(Mpyer, Method for the Production

of Penicillin, 1948; Moyer, Method for Production of Penicillin, 1949; Moyer, Method for
Production of Penicillin, 1948)In responsed the patent filing Flemingreflectelii I f ound
penicillin and have given it free for the benefit of humanity. Why should it become a profit
making monopoly of manu {Adison, L9749 Despita msgihangsot her ¢
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held by Fleming towards the Ameaird patent filing,the U.S:basedpenicillin patent was a
boon to thdJ.S.pharmaceutical industry.

The 1940s are commonly recognized as the birth of the modern pharmaceutical industry,
thestart of thedh Go | d e n phargaceuticalsvhich helped opethe doorto the development
and competition that was to come, with competition relying more and more on increasing R&D
and marketing activity in large part due to the.B.6heavypatent protection (ex. the novel
concept of patentingaturallyoccurring atibiotics in 1946, and thiatertightening of the
pharmaceutical patent reginidalerba & Orsenigo, 2015However despite (or perhaps
because of) this hugely impactful shift in the industry to R&D and marketing practiees, w
identify cimetidine as a definingjomentin thepharmaceuticahdustry. In 1977 cimetidine, a
drug developed by British Sir James Black to treat heartburn and peptic uldensling to the
then hypothetical & was introduced to the American market. DevelapedierSmith, Kline &
French (SKF) (originally based out Bhiladelphia USA and lateacquiredby Beecham Group
and Glaxo Wellcome making it an English compafiyhr, 1989) cimetidine became the first
blockbuster drug under the tradame Tagamefi b | o ¢ k b u s titdomoke $1n960:060i000g
in annual saledeading to skyrocketingompetitionsas companiegaceto identify and market
the next blockbuster drug?harmaPhorum, 2020; Li J. J., 2014)

From a historical perspective, the United States has had a significant presence and
participation in the Abirtho of the modern ph
high-R&D, high-marketing model that dominates the industry today. One of the largest
contributorsto the birth and growth of this modern industry was tte@&J) u nwillgpgnessto
patent drug manufacturing processes, synthetic drugs, and naturally occurring drugsesnd p
these patents in a way that was previousilieard of. Despite thentroversysurrounding this
generougatenting regime, there is no doubt that this wsigificantdriver of progress made
during the Golder\ge andcontinues to be motivation féhe development of new, cuttiregige
drugs.

Modern Background

The nodernpharmaceutical industry facing a period of changendfluctuation
caused by both external and internal factorshhgaeforced manypharmaceuticatompanies to
alter their strategic position and their prodpigtelineto a more secure positio@lobal
pharmaceutical and the UB. as a major playaherein are facingsignificantchangesuch as
the strengthening of IPR, increasing costs of R&Daging population, and the expiration of
significantdrug patents r ef erred to by.Osome as the fApatent
According to the 2020 Census conducted by the United STatesuBureay the US
populationin 2020was approximately 331,449,281 peofileS. Census Bureau, 202i)aking
it the third most populous country in the world (behind India at 1,338,000,000 and China at
1,400,000,000{World Bank, 2019)From this, here are two main factors thatate an
environment favorable to pharmaceutical companies. The first is the population age structure.
The US. is one of manylevelopecandemergingcountries around the world undergoing rapid
population aging trend#\s peopleage,they create more demand for pharmaceutical products
More than 90% of seniors and 58% of adults in ttf& tély on prescription medicine on a
regular bass, with older individuals being more likely to contract illnef$é&nnedy,2021)
This expanding market segment grants a degree of stability and growth to American
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pharmaceutical demand. In addition to the aging demographics, it is also notable that, despite
only roughly 4.25% of the world population residing in th&.\the
care demand i$7.4% of its GDP on healthcairdoy far the highest rate in the worldigtantly

followed by France at 11.8%), with health spending predicted to reach 4,1003890 USD
in 2021 (Fitch Sdutions, 2020)

Projections of the Older Adult Population: 2020 to 2060
By 2060, nearly one in four Americans is projected to
be an older adult.

Millions of people €5 years and older Percent of population
2016 49.2 15
2020 56.1 17
2030 73.1 21
2040 80.8 22
2050 85.7 22
2060 94.7 23

Source: U.S. Census Bureau, 2017 National Population Projections

u. S.

popul ati ono:

Figure2 Projections of the Older Adult Population: 2020 to 2060, from US Census Bureau

Yet another boon fgpharmaceuticals the United States is the combinatmfrstrong
IPRyielding a generous market exclusivity period, and the-regulation of pharmaceutical
pricesi creating an ideal location for profitable market entrahmdellectual Property Rights
(IPR) are a vithaspecto how pharmaceuticdl i r fonétisn. The pharmaceutical industry is
characterized by extensivtial cost, especially when it comes to research and development
cost and regulatory approval codtith thesemassive prenarket costs, most couigs issue
some sort of IPR to ensure a period of market exclusivity in which the developer is the only firm
thatcansell the drug, in effect granting that company monopoly poagthe only developed
nation without some sort of government regulation @dinig pharmaceutical pricing
pharmaceutical firms price their medicines highly within the United States to cover losses of
incurred from sellingpharmaceuticals other countriegSalter, 2015; Keyhani, Wanblerbert,
Carpenter, & Anderson, 201,8yhich has implications on the number and demographic of
individuals attaining certain drug®ne beneficial effect of this is that most advanced and
innovative drugs will arrive to the.B. market before other mleets, allowing American market
access to theewestechnology(Kang, et al., 2019)

This being said, thg).S. pharmaceutical industdy positionis in flux: new marketsre
gaining powerdrawing firms theindustryis restructuring in an effort to lower coskeavy
generic competitive pressure in the traditional drug market is dravohgigpipeline shift
towards biologic drugéKennedy, 2021)Increasing costs t0.8.-based parmaceutical
innovation provides a damper to the industry, thoughdremopoly pricingdthe largest
purchasing market in the world, and lesiginding industry infrastructure provide ample reason

to take a deeper look into the state of affaif the US. Pharmaceuticahdustry.
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Policy and Regulatory Environment

How does the modern U.S. pharmaceutical industry interact with U.S. government
regulation? What are the ways in which drug price and quality are determined? How does
government IPR policy afféthe motivation for innovation? How is quality ensured for the
health of the end consumer? To what extent does corruption exist and how is it controlled? Does
the government play a significantroleintheldng r m st r ategi ¢ movement o
motivation and growth? We examine these questions below.

As the World Health Organization points ou
productso drugs are products that are heavily influenced by informatitralance i meaning
that the consumer is not ableantonomouslynake decisiosabout drug use, ggofessionals
function inadiagnosic andprescriptive capacity. Professionéx. physicias) areimperfect
actors themselveandare subject to information asymmeirghey must rely on special training
and information about particular produ@®igo & Santoso, 2008and often use training
provided by pharmaceuticatmsto gain this knowledgéSchwartz & Woloshin, 2019)

Therefore to prevent the selection of ineffective, low quality, or even harmful medication,
governments musnsure the use of fair and valid information in inerket @d must also
ensurehatall activities in thedrug manufacturingtself aredone ina safe and proper way,
therefore, creatingood quality, safe, and effective drugs for consumer use.

Distinct from thisGestrictivédrole, regulation is also vital torsure thag  f iretumd s
on investment can be made. Intellectual property rights must be established and enforced by
governmentsOnce a patenéxpires and imitation products enter the market via. generic
competition, 51% of thdrug value is lost in the first year, with 77% of the initial drug vibse
just 5 years after the loss of market exclusi(ityS Institute for Healthcare Informatics, 2019)

This means thab recover cost and profit frotme development of the drug, pharmaceutical
firms want the longest and soundest IPR possi#&aying imitative competition

Though often viewed asegative, regulation serves an important and necessary purpose
in the pharmaceutical industry. The higimypactful system of policy and regulations
surrounding the industry goes far to create a complex and nuanced envirdnnteafollowing
discussion, we attempt to focus on some central aspects of the policy and regulatory environment
created by the govement of the United States of America thegcritical factors for the
industry and/or important to the comparison between the American and Chinese industries: price
control, patent rights, quality control, and corruption policy. We then briefly exahgne
centralized strategy set by the government to direct the industry telonmdgvelopment.

Price Control

The pharmaceutical pricing system in the United States is unlikefthatother country
T itis theonly developed nation that does not use some sort of government regulation to control
pharmaceuticadnd biologicgricing, with companies being able to freely set drug prices
(Shaikh, Del Giudice, & Kourouklis, 2021; Salter,1X). This means that for the average
consumer, there is little to no government influence in pricing, relyimglly on market forces
to find anequilibrium between demand and supply to yiefifiae suitable to the market.
Because of thisystem andextenuatedyy the market exclusivity of the patemblding
innovator, the UB. bears a drug cost that is far greater than other gearm 2019 study found
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that 79 US. drugs werepricedon average 22810% greater than their Canadian, Japanese, and
British counterparts (accounting for rebates), with price differentials ranging from 30% to
6,910%(Kang, et al., 2019)To further develop thisn an 8year data analysis (including

forecastsFitch Solutions found thatealthexp

enditure never fell below 17% of total GDP

value with forecasts predicting that expenditure will reach 19.11% in gBi#zh Solutions,

2020) However, a Dabbous et al. points oupharmaceutical expenditure is not analagjto

health expenditure. In fact, they find that 11.68health expenditure is pharmaceutical
expenditure, witlthetotal value of the pharmaceutical expenditure reaching 2.04% of total GDP
in 2016 Figure 3) (Dabbous, et al., 2@). Through this distinction, we still observe that th&.U
expenditure is relatively high compared to dtleercountriesobserved (Figure 3jhough to

perhaps a more moderate ext&egardless, it can be said that literature largely agrees that

prescription and branded medicines are far

more expensive inSheha&hin other countries

(Kang, et al., 2019)Figure 4, Figure 5, Figur®, with the exception of unbranded generic drugs

(Figure 7)(Mulcahy, et al., 2021)

Health Expenditure

Pharmaceuticals Expenditure

GDP (million US Expenditure (US % of Expenditure % of Health Expenditure (US % of Expenditure
Countries Dollars) dollars/capita) GDP Adjusted per GDP Spending dollars/capita) GDP  Adjusted per GDP
Canada 1,625,361 4826 10.4% .0029 17.8% 860 1.86% .0005
France 2, 765, 185 4902 11.5% 0017 13.9% 663 1.60% .0002
Germany 4, 050,525 5728 11.3% 0014 14.3% 777 1.59% .0002
Japan 5,369, 479 4717 10.7% .0008 19.7% 874 2.15% .0002
Korea 1, 877,123 2897 7.6% 0015 22.5% 653 1.71% .0003
USA 18, 624, 475 10,209 17.1% 0005 11.9% 1174 2.04% .0001
UK 2, 806, 915 4264 9.7% .0015 11.4% 476 1.11% .0002

GDP = Gross Domestic Product, USA = USA of America, UK = UK.

Figure3 International overview of health and pharmaceuticals expenditures, from Dabbous et al.
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Figure4 U.S. Prescription Drug Prices as a
Pecentage of Prices in Selected Other Countr
All Drugs, 2018, from Mulcahy et al.
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It is thus intuitive that LS. political rhetoric is universally speaking to the expensive nature
of drugs TheU.S. FormerPresidentDonald Trump (R) campaigned on promises to reduce drug
prices(Dabbous, et al., 2019Nancy Pelosi (D) ipushing the Elijah E. Cummings Lower Drug
Costs Now Act of 2019 (H.R. 3Pusetzina & Oberlander, 201,9yhile sitting Presidenfoe Biden
(D) has likewisgpromotedaction to lower the drug cost borne by #irmericanconsumelBiden,
2020)

With data showing that prescription drug prices argeed, some of the most expensive
in the world, and public and political attention on the issue of growing drug joitesnay ask
why the U.S. has continued its longstandimgcedenof unregulated drug prices. The main
reason is because economiseottize that implementing price controls on the pharmaceutical
industryods industrial products woulda put fina
massivevolumeof money and financial security to ensure expensive R&D and innovation
processes carelmaintainedFollowing price controls, certain economists theotieeability of
the U.S. market to continue to benefit from increasingly advanced, innovative, and necessary
drugswould be reducednterestingly becausehetradeoff betweenAmericarbased
pharmaceutical innovation and American drug prices is largely conducted on a theoretical bas
the literature contains some disagreement. We examine treagevmentdelow.

The classical theoretical support for the maintenance of tharfagket, neprice control
model of pharmaceutical drug pricing is often suppodbtethe connection between R&D and
profit T this is to saytha as price regulation reduces drug prices, it hdisezteffectanf i r mé s
willingness to create expenditure in general an&®&D in specific(Shaikh, Del Giudice, &
Kourouklis, 2021) Therelationship between the historical increase in drug prices since WWII
has not been the result of exigtitechnologies inflating iprice buthas resulted from the price
for new technologie@/Neisbrod, 1991)This led to two main principles (revealin Schereyr
2001)1 if internal funds are a cheaper source of R&D financegpesed to externalebtor
equity), then profits have a positive correlation on R&D spending through dloaséffect;
likewise, when future profit expectations are dampened due to price regukatiemandpull
investment in R&Dmay resul{Abbott & Vernon, 2005) though these effects are predicted to
be more visibléags (Scherer, 2001 Dueto these links betweeprofitability and R&D price
regulation willlogically decrease in response to drug price decreasasldmte Carlo
Simulationexamininghow drug price decreases impact R&D expenditure, Abbot and Vernon
use a Net PreseNftalue (NPV) framework that incorporates the uncertainty of R&D technical
succes, development costs, afudure revenueshey find that reducingrugprices by 4045%
would significantly impact firm willingness to invest in R&andmay reduce the number of
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compoundgprogressing from a laboratory setting to clinical trials by68@o (Abbott & Vernon,
2005)(Figure 8) meaning R&D would yield fewarew finished products. Abbot and Vernon
additionally suggest that the spillover effects of R&D would result in a compoundingdong
impact on future R&D invetment(Abbott & Vernon, 2005)It should be clarified that this
analysis focuses on NPV and does not include possible desigmdffects of price reductions.
If demand were to increase as a result of a decregsece, thisnay have moderating effects on
the decrease of firm cash flow, as the finished gmagluction costvould bemoreaffordable

By maintaining static demand through the analysis, it is possible Abbott and \Geuidn

underrepresenthe full impact of firm revenue created by the implementation of price controls.

In following researchVernon finds that regulating prices woulddeta an R&D decline of 23:4
32.7%, a more moderate view of thegativeimplications of regulatiorfvVernon, 2005)

Notably, his analysis was based on the implicitiespgtion that the U.S. would regulate prices to
the level ofmarkets outside of the U.S.

Percentage of Projects with ENPV > 0
Information 10%, Various Demand Elasticities
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Figure8 A Sensitivity Analysis on Price Elasticity, from Abbot and Vernon

An opposing view of the relationshigetweerdrug price regulation and R&D investment
holds thategulation of drug prices recommendableResearch conducted by Shalkh, Del

Gl udi ce, and Kourouklis directly addresses

logical framework. They use morecent daéa, spanning 2002017, to examine whether the

guick-changing nature of the pharmaceutical environment would havienagtonVer non o6 s

findings. They focused their twway fixed effects model on the relationship between price

regulation and R&D itensity by incorporating European markets as a comparison market, while

most other literature examines the relationship between price regulatipnaditability or that

of profitability and R&D intensityWhile Shalkh et almaintainVer nondés tkabncl usi

exposure to price regulati@orrelatesiegativelywith cash flow angrofitability, which
thereforecorrelatesiegativelywith R&D intensity, they do so bglistinguishingthese results
from thosethat account for firm fixed effectéfter incorporating fixed effectaéCockburn and
Hendersorfound R&D investment determinants maywludeunobservablanddifficult to
measure factor s u ¢ h  a sexpertisecellected ifhouse and tacit knowdige ofproducts
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processes and markelkgt endow firms witlttompetitivea d v a n taatopedy jor controlling
omitted variable bias due to heterogengtyce regulatiorwasfound to have no significant
relationship with R&D intensitythough price reglation maintains its negative relationship with
cash flow and profitabilityfShaikh, Del Giudice, & Kourouklis, 202Iyhese findings implicate
that large firmgdo not use sales tiind the current and future drug pipeljri®it rather to regain
investment in existing productsurthermore, these findings suggest that interference on such
fixed effects may be relevant in price regulation/R&D intensity tradeoff analysis.

Some literature has additionally framed the questioh&t U. S. 6 price regul
according to a view of pharmaceuticals as a unique industry characterized by high information
asymmetry at multipléevels(firm to physiciansphysiciang€o end consumeetc), principal
distinct agency, potenti#third-party payment, cpaymentsand surrogacy dheneed for health
(health being airect need), suggesting that genamliilibriumtheoryin traditional antiprice
regulation researcimay have limitations when appliedpbarmaceuticaldWVith these unique
characteristics in mind, Sorato et al. sugges
utility or welfare of the people if left to operate [under] the free mgrketi n {Sonatb, e 0
Davari, Asl, Soleyrani, & Kebriaeezadeh, 2020)

Oneargumentsupported by Pharmaceutical Manufacturers Association of America
(PhRMA), is that the U.Ss coveringthe majority of the global cost of NME development,
while countries who impleemt pricing regulations @& freeloading on U.Snnovationi the
Trump Administration pushed fairug price increases foreignnations to adjust this
Afreel oadi ngo (lomconi 2088)Keyhanmebal: gointiout that from a purely
theoretical standpoint, this view implies a courgpecific source of innovatigulespite the
private and highly globalized nature of the indusiyrther, they attempt to empirically verify
whether freeloading is hapning by identifying the percentage of yearly NME (an ouljased
measure of R&D involvement) by GDP (Fig@e The results suggest that the U.S. is
undoubtedlya majorcontributorto globalprescriptve pharmaceuticahnovation(excluding
biotech inn@ation)with 36.4% of NME approvals assigned to inventors based in the US
between 1992 and 2004, and 33.8% of NME patent assigeeesinthe U.S.(Figure 10).

America also accounted for 42% of prescription drug sperahdgdeveloped 43.7% of NMEs

butthe economy sizeotably made up 40% of the GDP among NME innovator countries,

i ndicating t hat isprdpertionsl t&SGD® size,csugyestingothaft i eoenl oadi n g ¢
is occurring only at the margins (3.7%). The U.K. (4.7%, 12.5%, and 5.9%sf®erjption drug

spending, NME development, and GDP siaspectively seems to have a larger proportional

NME output as compared spendingand GDP, suggesting that the argunfenthe U.S.

beaing an unfair odisproportionalburden for drug innovatiomay be unfounded when

examining size of output to input ratia.e. by paying higher prices for drud$,S. based

pharmaceuticals are not disproportionally innova{keyhani, Wang, Herbert, Carpenter, &

Anderson, 2010)
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Supply-SidePricing Policy. This form ofpolicy deas with the ability of the drug or the
pharmaceutical firm taccess the market, the use of direct price controls, as well as the use of
guality regulations. Wérst look at supplyside policy from the perspective of price regulation.

The U.S. currently has extremely limited participation in swgade pricing poky, with the vast
majority of cases seeing no price contiddbwever, Elijah E. Cummings Lower Drug Costs Now

Act of 2019 (H.R. 3), a bill proposing the initiation of supplgsed pricing regulation has passed

the House of Representatives and sits in Cesglf passedthis bill would allow the

Department of Health and Human Services (HHS) to negotiate prices for at leasg25
Negotiations would focus on either 125 drugs accountinthogreatest national spending, or

the 125 drugs accounting fdre greatest Medicare spending. Under the proposed negotiati
process, the drug price may not exceed 120% of the average price of Australia, Canada, France,
Germany, Japan, and the U.K., or can be set at 85% of U.S. average manufacturer price. Under
this six-pointreference pricing systemegotiationnonparticipation on the part of the firm would
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result in fees of 65% of the previous year o0s
subsequent neoompliant yeargUnited States 11AtCongress, 2021)

The U.S.Governmentloes participate in a few passive and nonbinding forms of price
influence(distinct from regulation or policy), as pointed out by Santerre et &henmpact of
Indirect Government Controls on U.S. DrBgcesand R&D, including such behavior as moral
suasion, political threats, and crowding (Banterre, Vernon, & Giaccotto, 200&anterre et al.
argues that moral suasighow governments persuafilens to moderate price increase via
moral appeal. Ithe 1990sformerPr esi dent Clinton participated
exhortation, 0 or moral suasion, by pointing o
pharmaceutical firms to rede prices to avoid adverse publicity. Political threat indude
behaviorin which the government acts as though it will implement more direct price controls in
the near future unless firms take action to moderate prices inc(easemduringdefensive
strategic behavioria. threatening rhetorjcFinally, and perhaps most significanttyowding
outallows the government to gain buyer power through expansion on Medicare and Medicaid
pans (fAcrowding out 0 b e c aparicgantsmeans deaeasing grivapeu bl i ¢
insuranceparticipant$, however, crowding out is still a passive price control strategy because it
remains illegal for Medicare and Medicaid to negotiate pridegshese programs grow, the
buying power of the U.S. Governmédikiewise grows, meaning that moral suasion and political
threatbecomeamore credible persuasion toolsawering the priceof drugsoffered within the
Medicare and Medicaid programs would hawendirect impact on private insuranpeoviders
whowould thereticallyreduce price due to fewer higisk plarholders (elderly or sickly)
holding privatensurancepolicies(Santerre, Vernon, & Giaccotto, 2006)

Proxy-Demand Pricing Policy. Proxy-demand policies are policies thafluence health
care providers such as physicians and healthcare institutions, as these groups act as proxies for
patients in making purchasing decisions

Demand-SidePricing Policy. Demand side policies are those that directly impact the
patient derand. The U.S. Government has very limited exposure to demsdagbricing policy.
Though some manufacturers may provide copay options to limit thef-qatcket cost borne by
the customer, these are not federally required.

Patent Rights

The United Statedid not always have a robust patent system. In fact, until 1891 the U.S.
was a leader in IPR violationst was fully legal forlPR of foreigners to be violated in the U.S.,
asdomestidaw only provided protection for U.S. citized®R (Peng, Ahlstrom, Carraher, &
Shi, 2017) This shift from a leading IPR violator to a leading champion of IPR fits thvéh
theory arging that countries have no interest in strong IPR until they become significant
technology exprters(Qian, 2007) The current standard for IPBased out of the World Trade
Organizationis the TradeRelated Intellectual Property (TRIPS) agreem&mRIPswas
championed by the United States and, further, championdtelpharmaceutical MNEs based
out of the U.S(Tyfield,2008) Due to the pharmaceutical 6s evi
maintaining international IPRtandards anbecausg@harmaceuticaleely on patent protection
and market exclusivity as a main avefoefunding (andtherebycontinued competition it is
critical to understand what the current IRRgalframework is like in the U.Sgndhow U.S.
based policy has extended outward tduience global implementation anthintenancef IPR
standards.
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The current domestic process for obtaining IPR for a drug inghedgstering chemical
compoundnnovationsa method of us#or the product, ananufacturing process ftine product
technolgy to administer the pharmaceutigabduct etc.to the U.S.Patentand Trademark
Office (PTO).If the innovator discovers an improvement to any of the above patentable
technologiesthat improvement is also subject to its own patent, ibsislting inthe strategy of
i ev er g r(atenativelykmown as life cycle management or patent layennghich small
improvements are continually made to the patented pharmaceuticdéfmitely extend
exclusivity. Of the top 12 best selling drugs in the U&&drug has an average of 71 granted
patents, with tdmug Abb\oir eHnlsira hating p32 granted piatents of 247
patent applicationd-MAK, 2017). Under the PTO, the typical term for pharmaceutical patent
life (without extensions or life cycle management strategies on behalf of the firm) is 20 years,
though throughevergreeningirms may gain significant opportunity to increase the patent
lifespan.In many cases, FDA approval must then be achieved before market access is allowed
including processes to ensure that the drug is safe and eff@eiyegulatoryapprova) before
the FDA may grant regulatory exclusivifgegulatory exclusivityndicates that the FDA is
limited in its ability to approve generic drugs or biosimilars that, in effect, help to establish and
maintain the market exclusivity of dru@Sigure 11) These exclusivities come in the form of
data exclusivity (nonaccess to theinnbviav e dr ugo6s F DA exdlasivig(FDAand mar
inability to approve other applications for the same drug and U$e) exclusivity periods may
lastvaryinglengthsof time depending on the size of the innovative contribytionexample,
drugs coraining NCEs areligible for 5 years of data exclusivityhile applications for
Asignificant | mprovement o of 3eygardath exdugivitg. h e mi ¢ a
Under the Orphan Drug Act of 19837a/earmarket exclusivity period is givelo encourage
the development of drugs to treat rare ailmdhis.important to note that this stage in the
marketentry process is distinct from the patentprgcess andstablishes a second approval
procesdhelping to identify thele factoequilibriumbetween the contrasting naturegpadmoting
bothinnovationandprofit for the innovator anthe public health and affordability of medicisne
Market exclusivitystemming from regulatory exclusivitiesay be granted, which may vary in

length fromi a s | @ ntomtHs ® asanauch as 12 years depending on the specific drug or
bi ol ogi cwhaitl ei spsautee,ndt s all ow the patent hol der
and import the inventionforatr m | asting approxi mapaehty 20 vyear

extensions that may be gained through firm participation iff@aglelay innovatoigeneric
settlements and evergreeniftfjckey, Ward, & Shen, 2019).ike any IPRsysem the goal is to
find a balance between incentives for innovation and the costs levied on the pnlthe case

of pharmaceuticalghis means that balance should be created between the incentives{or long
term growth of innovative medicines atiee ice the consumer must bear.
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Patents

Regulatory Exclusivities

Purpose

Specific to
Pharmaceuticals?

Relevant Agency

Basic Requirements

Provide incentives to encourage creation
of new technologies

No; available to any “process, machine,
manufacture, or composition of matter”

US. Patent & Trademark Office (PTO)

Invention that is new, useful,
nonobvious, and sufficiently disclosed in
patent application

Balance pharmaceutical innovation and
generic competition

Yes

Food & Drug Administration (FDA)

Successful completion of FDA regulatory
process for a particular drug or biological
product

Term Generally 20 years from the date of the Variable based on drug type and whether

relevant patent application FDA approval has been previously
obtained with respect to that product

Effect Third parties cannot may, use, sell, or Third parties cannot seek, obtain, and/or
import the invention without the use data for FDA approval with respect to
permission of the patentee particular product

Enforcement By the patentee, usually in a judicial By FDA
patent infringement lawsuit

Source: CRS.

Figurell Summary Comparison of Patents Versus Regulatory Exclusivities, from the
Congressional Research Service

One of the most significant developments inrés@mof regulatoryapprovalof generic
drugsunder the Food and Drug Administration Law is the Diruge Competition and Patent

Term Restoration Act of 1984 (HattWaxman Act). Thidandmarkact restructured the way
generic drug companies could enter the market and compete with innovatdryfiaftaving
competitboerviatedmpbkbwt Br ag
es the

potentialgener i c
which enabl

2019) Furthermore, HatchVaxman allows generic pharmaceutical firms to begin the
development of generic medicine while the innovator isatifbatentexhortation(a practice

use of

AADI i c:
tingredieRt R dsed ag evidemce ap pr
of safety and efficacy which thereby reduces the high cost of running independent and extensive

data collection (clinial trials) for the FDAOlson & Wendling, 2018; Hickey, Ward, & Shen,

previously not allowed, which in effetitrtherextended the exclusivity period of originatqrs)

which is paired with 180 day period to exclusively market the generic(Bngyl and Drug
Administraion, 2022) This Act has increased the willingness and ability of generics to compete

with the innovating firm by inserting exceptions to patent and regulatory exclusivities to create a

moremalleablelPR system for generics, ultimately reducing fieetand expense necessary to

get thegenericdrug on thenarket

Much controversystill surrounds the current patdmasedoarriersto competition both in
politics and literatureAs we have discussed, the very nature of a patent system as it applies t
pharmaceuticalsdicates that, in the absence of price regulation, one firm will have significant
control over the price of and access to druggradeoff for heavy resource and time investment

into high-risk R&D activity. When applied to pharmaceuticals, this indisahat some of the
individuals who need access to the drug may not have access, dathagwerall health of a

population.T h e

i nnovation

mortalityr esul t i ng
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IPR and price influences future R&D inteng{ian, 2007; Abbott & Vernon, 2005; Shaikh, Del
Giudice, & Kourouklis, 2021)

Quality Control

Quality of @mmercial goodholds a particular importande the pharmaceutical and
pharmaceuticahanufacturingndustiesdue tothelarge impact drugs have on thealthand
wellness, andhe potential manifestation aidverse effects the public. Common
manufacturing quality issues causing drug shortages (emergingrgraestmarket aunch)
include endotoxig, bacterial or fungal contamination; particles of glass, metal, fibers, or foreign
matter; precipitate formation due to unanticipated chemical reaction or the container/stopper;
impurities;or drugdegradatior{Dill & Ahn, 2014).

Ball et al. identifies three distincharacteristisof the pharmaceutical market that
provide opportunity for quality issues: quality opaqueness, bus@r separation, and product
competition regulatioiBall, Shah, &Nowak, 2018) They discuss that product quality is far
more difficult to observe and measure than in more contonsumetorientedgoods and
service industries. When facing a typical consumer gowtustry such as the textile industry,
consumers arable to identify lapses in quality through stained, ripped, or otherwise damaged or
faulty product quality. This stands in stark contrast to the pharmaceutical industty high
physical homogeneitBuy er s of phar maceut i c atlasperfectconsi der
substitwaitmpgl wmot@lnfdoi ci ent |l y r ec oandarezherefma r ewar
unresponsive to lapses shortcomings in qualitft”Voodcock & Wosinska, 2013Buyer-user
separation is also a sigimént promoter of quality deficiencies. The pharmaceutical supply chain
is significantly complex, with drugs having to pass from the drug manufagtuteolesales,
pharmacies, and finally the consum@n asimplified supply chain designAs the numbeof
intermediariesncreasesife., the supply chain complexity increases) proapclity
accountability to the manufacturing firm mayrfeeluced or inhibitedallowing the realization of
quality reduction(Ball, Shah, &VNowak, 2018)Ball et al. finallyproposes that product
competition regulation provides opportunity for quality issues to arise. They argue that
significant competitivgressuras applied by generic producers, especiallyen genetic
competition is éderally mandated a | | et al . points to a Wall St
generiedrug prices are falling at the fastest rate in years, eating into the profits of pharmaceutical
whol esal ers and manufactur er s mpldoyerkaed € t he tr e
governmenprogramg¢ hat ul ti mately pay for drugs € but
and generigrug makerd (Walker, 2017) By exclusively focusing on increasipgice-based
competition in the generimanufacturing subsector orderto decrease the cost borne by
government and private consumers, regulation may be causing generic manufacturers, already a
low margin area, to compromise process integrity, leading to greater quality issues. FDA Center
for Drug Evaluatiorbacked literatur@oints out that there is indeed discussion on regulatory
effects in increasing priekased competition among generic produgeasticularlypointing out
the Medicare Modernization Act of 2005 (MMAJThe MMA isbelieved by some to have
adversely impacted generic sterile injectable drug profit margins by reducing Mésljzace
paidand thusreatingpressurdor the generic manufacturershough some literatungroposes
this was a nonspecific trend ratherrtereactionspecific to MMA (Woodcock & Wosinska,
2013; Jacobson, Alpert, & Duarte, 2012)
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Figure12 Economic drivers of manufacturing quality problem
from Woodcock and Wosinska

The FDA, the U.S. regulator for drugshforces multiple control systems for companies
who wish to market and sell drugs in the United States of America in order to eresheailih
and safety of the consumer. In order to strengthen pharmaceutical quality in an environment of
growing globalism antherebygreate quality surveillance difficulty, the FDA founded the
Office of Pharmaceutical Quality (OPQ) in 20iLEhis officewas founded tdernsure a uniform
drug quality program across all sites of manufacture, whether domestic or foreign, and across all
human drug product areasiew drugs and biologics, generics, and biosimilaaad also over
the-counter drugs and compoundgaig productsd (Food and Drug Administration, 2022)his
office isalso internally orientedand focuses on improving quality surveillance and control in
both domestic and foreign firms who will sell drugs in the U.S.

The main tool used by OPQ to ensure standard quality ofrdamgifacturerss the
Current Good Manufacturing Practices (cGMP)gue |l i nes. c¢GMP i s a syste
proper design, monitorgn, and control of manufacturing pro:
minimum level of quality required for a product to be marketed within the(Gehter for Drug
Evaluation and Research, Office of Pharmaceutical Quality, 2Th®ugh this is an
international standard for drug quality, it is not withorticism. Some academics believe that
cGMP is structured as a measurdofvwork is done, rather thamha work is dongBall, Shah,
& Wowak, 2018) For example, under cGMBuppliers must be regularly audited, but which
suppliersconduct the audis at the manufacturers discretion; employee training is requited
whattrainingis useds at the manufacturers discretibnisplaying a variability in the potential
implementations of cGMP that can be seen in China ag wéll , 2015) Figurel3displays
the cGMP ratings (out of 10) based on region, application type, and manufacturing sector.
Notablyt he wor st performing sitdesamplei datoisen il &
classification which inealdes Oveithe-Counter (OTC) MonograpfOTC druggsafe and
effective for the general public without seeking treatment from a health professional] that does
not need FDA prapproval for marketing), unapproved drugs, hotheopathic drug pragts (a
form of alternative medicine). Its 6.7/10 c®&Mscore was the loweste ct or scor e (not e
Appo is composed of the manufacNawrAgggaes ect or s
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for Drug Evaluation and Research, Office of Pharmaceutical Quality, ZDi&)gh it

constitutes 1.4% of applications, immunological agent products accounted for 17% of product
quality defects in 2018Fgure 14 and Figure )5 Food and Drug Administration, 202@enter

for Drug Evaluatio and Research, Office of Pharmaceutical Quality, 204&h this trend
dampening slightly in 2019. The majority of these immunological pradiefeictvolumeis

attributed to combination immunological products (referring to the drug prepackaged in a
prefilled syringe or other administration device) that experienced device (€emer for Drug
Evaluation and Research, Office of Pharmaceutical Quality, 2019)

Site Inspections Scores for Geographic Regions, Application Types,
and Manufacturing Sectors
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Figure13 Site Inspections Scores for Geographic Regions,
Application Types, and Manufacturing Secotrs, from FDA's (

Product Quality Defect Reports for the Top 2
Immunological Products from FY16-19
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Product 1 Product 2
Figure15 Product Quality Defect Reports for the ~
2 Immunological Products from FY18, from FDA

Figure14 Product Quality Defect counts by USPT(
20162018, from FDA

The Office ofPharmaceuticdQu al i t ydés 2020 reportnoadi scl ose
compliant testesultsgrouped bydrug classification (Figur&6). Non-compliant testing resudt
indicate that test results for at least one critical quality attribute wereedalatailing. The
most notable change 2020wasantibacterialslue to the grassroot mobilizatiohhand
sanitizer production efforts that developed in response to C&@lultimately leading to 6,743
new facility registrations, compared to the typical 7 facilitiesseen in 2019Center for
Drug Evaluation and Researcedifice of Pharmaceutical Quality, 2019)
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Outside of cGMP and inspections, the FBéganthe New Inspection Protocol Project
(NIPP) oriented at sterile drug manufacturing facilitre2018 after beginning thalot program
in 2015(Center for Drug Evaluation and Research, Office of Pharmaceutical Quality, 2018)
NIPP is aimed at senguantitative inspection reports, which are planned to improve the quality
of inspections conductday using more standardized electronic inspection prot¢Caater for
Drug Evaluation and Research, Offiof Pharmaceutical Quality, 2018; Woodcock & Yu, 2015)
The increased quantitative focus of NIPP parafielgoinge f f or t s by the FDA to
regul ation of phar mamdewization thadt is beagamphasizédby then g , 0
forme long-time Director of the FDA CDER, Dr. Wooddo¢Woodcock & Yu, 2015)

Corruption Policy

Corruptioni s often used by the public as a O0buz:z
everyone understands exactly what it is, but for the purposes of research and academic
discussionthisficommon understandingnust be set as a reference pointdisicussion
corruptani s a broad range of behaviors that range
to Awillful ignorancedo f a ¢ o wo r k @Mordgemery,c2024.)Aspdéfined by Little et
al.,corruptioni s A di st i n g uadpserbeptidn obtlye inteftienal pijadkihgiof a benign
or benevolent social entitfa system, organization, or institutidioy the benefit of a select
group who pose as fair traders on behalf of the entity. It is the intentional leverage of trust or
assumption of beneficenékittle, Lipworth, & Kerridge, 2018)Corruption comes in the form
of individual or institutional corruption, in which individual corruptiaawith theintentionof
personal gairior individuals in an institutionlnstitutional corruption represents a situation in
which an institution fails to orientate individual behaviotheo r g a n i prianary shaned s
goal,potentialys t e mmi ng from a superordinate system (f
( pharmaceuticas) , or i ndi vi dual (SomnemgutieRecchmaronéld, ( A Fi r m
Stepan, Reichman& Fried, 2018) This distinction between individual and institutional
corruption is a necessary step in describingaralyzingcorruption by allowing the
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identification of two separate means of corrupgoowth andemains relevant when discusgin
thesubsector of pharmaceuticals. However, despite these broad definitions defining and
classifying corruption it remains difficult t
accountability to constituents turns into corruption iseastyto discern either inheoryof
practicé (Thompson, 1995)making it difficult for outside observers to identify corruption.

Corruption is presennhiall industries and most organizationsdubtow @A cor r upt oge
organizationsre, manifested in the fact that yrmontain and grow latent opportunities that are
easily accessible for individuals to usen&s own advantage vithe manipulation of
relationshipgMontgomery, 2021)The degree to which thEharmaceuticahdustry is
characterized by corruption should be analyzed. Rawlinson notes that recent scandals have
involved GlaxoSmithKline, Pfizer, and Merck ahdver e sul t ed i n fines for 3
| awbreaking, ohbel pdogtty bBsafddetal citranto in
(Rawlinson, 2017)One only needs to examine timassive and unparalleledrporatdobbying
effortsof the pharmaceuticahdustryto examine scope: data from Januargd21 to September
30, 2021 indicates $266,845,347 sperd & month periodwicethe amount of theecond
largest lobbying industry (Electronics Manufacturing and Equipment $134,894witt01998
2021 totals reaching $4,990,257,367, leading the sdeogekt industryor the time period
(insurance $3,210,878,114) by 0¥4.,500,000,0000penSecrets, 2021pn the background of
a massive, highly influential industry, itumderstandable thaublic trustin medical
professonals hasand continues to decliri®ontgomery, 2021)

We discusghreefacetsof corruption: information asymmetry, bribery, and lobbying. We
do not discuss fraud, embezzlement or othere widespreadchemes.

R&D
priorities

Unethical
donations
invoicing
Falsification

Bribery
safety/
efficacy data
State capture
promotion

Figure17 Unethical practices can happen throughout the medicine chain, fro
WHO 2010

Unlawful

ppropriation
royalties .
Counterfeit/
substandard | Tax evasion
Conflict

Over-

Information Asymmetry . Information asymmetry is manifested wheattients do not
know what they neeallowing professionals the flexibility to selfeal and create opportunity
for personalor localizedprofit (RoseAckerman & Tan, 2014 pecausendconsumersire
subjected to a vulnerable wustbasedsituation when receiving treatment due to their limited
knowledge of the service they are being providéte physician is expected to act on the
p at iweeltbeidgsvhile financial incentives may promote contrasting behavior, resulting in a
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conflict of interes{Rodwin, 2012)However, this information is not confined to the patient
physician relationshifeveli in fact, here we analyze hawlationship dynamics are impacted
by information asymmetry at two levels: pharmaceuticals to doctors and pharmaceuticals to
patients.

In recent years, greatserutinyhas been given to the relationships between physicians
and the pharmaceutical indusiry r om phar maceut i ctathedusdingar ket i ng
academic resear@nd peeireviewedacademigournals, marketing via. education is a growing
means of influencing the popularity of a produistfact, in a study by Schwartz and Woloshin
on facets of pharmaceutical marketing, marketing to medical professionals saw the greatest
increasdrom 1997 t02016, increasing by almost $5,000,000,000 to $20,300,0005ab0vartz
& Woloshin, 2019) The prescription medication marketing to professionals has been largely
recognized to exist in continuing medical educatighich may serve to slant the information
provided tomedicalstudents about the safety and effectiveness of dvhgdh maycreate a bias
in education(Yager & Feinstein, 2010Pharmaceuticdirms may form relationships with
physicansby t he str at egi ‘©tointoducesdroduicttoepbydidgiansgandtfarm a | s
a financialparticipatory relationship that implicitly promotes drsigecific prescription
(SommersgutteReichmann, Wild, Stepan, Reichnmai& Fried, 2018)

[l Laboratory testing
[ Health services

w
o

|| Disease awareness

]
w
L

|:| Prescription drugs

~
o

Annual US Spending, $ Billions
= =
o [V, ]
o

w

0 L . L

1997 2016 1997 2016 1997 2016
Total Marketing Direct to Consumer Professional

Figure18 Medical Marketing 1997 vs 2016, from Schwartz and Woloshi

liSeeding trialso refers to clinical studies or masearch acti
meant to promote undeeview or approved drug&rumholz, Egilman, & Ross, 2011)
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The outdoor category includes billboards and mass transit posters and banners.
Figure19 Directto-Consumer Advertising for Drugs and Health Services, from Swartz and Woloshin
800 US Spending,
$ Millions Top Advertised Drugs
Therapeutic Category 1997 2016 1997 2016
H Diabetes/endocrine 23 725 Glucophage, Humalog, Glucotrol XL Trulicity, Farxiga, Victoza
700 /
600 Dermatology 67 605 Sporanox, Lamisil, Differen Cosentyx, Humira, Otezla
Pain/central nervous system 56 542 Imitrex Lyrica, Tecfidera, Botox
w 500 ) ) -
g Cardiac 0 379 Not applicable Eliquis, Entresto, Xarelto
§
Ll
g
5 400
E‘_ Arthritis 27 484 Naprelan, Lodine XL, Relafen Xeljanz, Humir, Orencia
@
=)
El
£ 300
Cancer 3 274 Novladex, Zofran, Taxol Opdivo, Keytruda, Ibrance
Respiratory 84 255 Accolate, Serevent, Flovent Breo, Symbicort, Anoro, Ellipta
Immunology 11 218 Crixivan, Combivir, Norvir Prevnar, Gardasil, Trumenba
Infection 30 217 Zithromax, Havrix, Denavir Harvoni, Tamiflu, Neulasta
200+ Gastrointestinal 61 215 Prilosec, Propulsid, Helidac Humira, Xifaxan, Viberzi
Depression 40 193 Prozac, Serzone, Paxil Pristig, Rexulti, Trintellix
Impotence 7 147 Erecaid, Caverject Viagra, Cialis, Erecaid
Contraception 41 119 Ortho Tri-Cyclen, Depo-Provera, Norplant Nexplanen, Skyla, Paragard
Ophthalmology 0 113 Not applicable Restasis, Xiidra, Ciprodex
100 Menopause 40 106 Prempro, Premarin, Climara Premarin, Estring, Osphena
Cholesterol 138 48 Pravachol, Zocor Praluent, Crestor, Repatha
Allergy 307 35 Allegra, Claritin, Zyrtec EpiPen, Pazeo, Dymista
QOsteoporosis 44 33 Fosamax, Miacalcin Prolia, Forteo, Synvisc
0-
Year
Box colors vary for differentiation purposes only, to assist with viewing.
Figure20 Directto-Consumer Drug Advertising by Therapeutic Category, from Schwartz and Woloshin
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Additionally, the relationship betweginarmaceuticaland patients has characteristics
unique to both the pharmaceutical industry and to the United Sthie4lS. is one ofonly two
countries (the other being New Zealand) that permit Diee@onsumer marketing of drugs and
other health productShmerling, 2019) a practice that aims to directly market to the end
consumer in order to positively inence the sales of drugshich has faced criticism but
persists due to corporate First Amendment gginguments)This includes TV commercials,
magazine ads, internet adgwspapeads, and other forms of advertisifi§gure 19 and Figure
20). Thoughreceivingsomefederatlevel regulation to lints this, it is listed under corruption
because it is an intentional use of information asymmetry that typstadiedow quality
information using testimonials to qualify information rather than quantifgsylting in higher
patient expenditure andgh quantity of requests for brargghecific medicatiofSchwartz &

Woloshin, 2019)

Bribery. Bribery, frequently manifested ipharmaceuticalas informal payments and
kickbackpayments (defined by 42 U.S.@320a7b(b) as the knowing and willing payment of
remuneration to induce or reward patient referrals or the generation ofds)sisgefinedas a
financial or other advantage that is offered, givamiicited,or accepted iexchangdor
privileges or treatments. This is highly likely on an individual scale, but possible on an
institutional scalédSommersgutteReichmam, Wild, Stepan, Reichmann, & Fried, 201Bjug
procurement is identified by SommersgeR@ichmann et al. as being an area of particular
troude, in which bribes and kickbacks are used to convince public officials to award contracts or
act withfavoritism towards the firni found to be a significardausativdactor for global
inequalities in access to pharmaceuti¢@smmersgutteReichmann, Wild, Stepan, Reichmann,

& Fried, 2018; Fidler & Msisha, 2008The Caters for Disease Control and Prevention (CDC)

was revealed to have accepted regGlamgressapproved donations that leadrecommending
testsanddrugs while still overseeing controversial studies of the tests and @agdinsa,

2017) However, bribery and other forms of corruption are, of course, not simply limited to those
activitieswhich are illegal. With this mindset, Skyler posits that the role of Pharmacy Benefit
Managers (PBMs), a middleman in the pharmaceutiqggdlgichain wholly unique to the U.Ss,

a corrupt practice because PBMs fnadd no value
A f o rncanufagiurers o pay [ PBMs] rebates for formulary
holds that if this rebateystemoccurredoutside ofthe U.S.border it would violate the Foreign
Corrupt P rrestittionsoebsiberxand kickbacks (Skyler, 2020)

L obbying. A complex topic in American politics, lobbying must be examined with a
nuanced view and an understanding of how it is used for the betterment of Americans while
simultaneouslyunderstanding how these powerful lobbies may abuse pawveethe trust placed
in them. Transparency | nter natiedoutt influeheefai nes |
governmentor n s t i palicies amdhd@dsions iiavor of a specific outcomet hese acts ¢
become distortive i f di s pradefioition whichapiiyt e | evel s
describes the nuance betwdrameficialand rarmful lobbying as being beneficial when
transparent and done with i nteg-iranspsrentabdut caus
unr e g uTramgparehcy International, 2022his leads to the diminishment of negative
effects of drugsredu@d emphasis on patient safety, and the approval of drutpditéle clinical
benefit(SommersgutteReichmann, Wild, Stepan, Reichmann, & Fried, 2018pbying data
from January 1, 2021 to September 30, 2021 indicates $266,845,347 speminths twice
the amount of theecondargest lobbying industry (Electronics Manufacturing and Equipraent
$134,894,440), with 1998021 totals reaching $4,990,257,3&ading the second largest
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industry for the time periodrisuranceat $3,210,878,114) by ové&1,500,000,0000penSecrets,
2021) The largestontributorwasPharmaceutical Research and Manufacturers of America
(PhRMA), a pharmaceutical trade group loltdyich spent $422,300,000 from 1999 2018
(Figure21 and Figure2?) (note Figure22is exclusively for campaign expenditure).

Rank Organization® Expenditures, $ in millions
Lobbying spenders

Pharmaceutical Research and Manufacturers of America 422.3
2 Pfizer 219.2
3 Amgen 192.7
4 Eli Lilly and Company 166.2
5 Biotechnology Innovation Organization (BIO)® 153.4
6 Merck 143.0
7 Roche Holdings*® 135.9
8 Novartis 130.2
9 Johnson & Johnson 129.9
10 Sanofi® 116.7
11 Bayer 111.0
12 GlaxoSmithKline 110.8
13 Bristol-Myers Squibb 101.6
14 Abbott Laboratories 96.6
15 Advanced Medical Technology Association 79.4
16 Seniors Coalition 65.3
17 Medtronic 63.8
18 Baxter International 58.4
19 AstraZeneca 54.6
20 Teva Pharmaceutical Industries 53.3
Total 2604.3
Campaign contributors®

Pfizer 232
2 Amgen 14.7
3 ELi Lilty and Company 13.3
4 GlaxoSmithKline 12.6
5 SlimFast Foods 11.3
[ Johnson & Johnson 11.2
7 D.E. Shaw Research 11.0
8 Merck 10.6
9 Abbott Laboratories 10.0
10 Bristol-Myers Squibb 7.7
11 Exoxemis 6.9
12 McKesson 6.8
13 Ischemix 5.7
14 Pharmaceutical Research and Manufacturers of America 5.6
15 AstraZeneca 5.4
16 Pharmaceutical Product Development 5.2
17 Schering-Plough 5.1
18 AmerisourceBergen 4.9
19 Sanofic 4.3
20 Novartis 4.0
Total 179.5

# Data from the Center for
Responsive Politics.>> Amounts
were inflation adjusted to 2018
dollars using the US Consumer Price
Index.

P Expenditures by subsidiary
organizations were attributed to the
parent organizations. Amounts
included contributions from
organizations’ political action
committees and from individuals.
Companies that merged or were
acquired were treated as separate
entities prior to the transaction.

© BIO changed its name from
Biotechnology Industry
Organization to Biotechnology
Innovation Organization in 2016;
the figure for BIO included
expenditures under both names.
The figure for Roche Holdings
included expenditures by Roche
Group. Sanofi changed its name
from Sanofi-Aventis to Sanofi in
20M; the figures for Sanofi included
expenditures under both names.

¢ Amounts included contributions to
candidates, party committees, and
outside spending groups. These
figures included contributions from
organizations' political action
committees and from individual
members, employees, or owners of
companies or organizations in an
industry or from their immediate
family members.

Figure21 Top 20 Lobbying Spenders and Campaign Contributors in the Pharmaceutical and Health Product In
the Federal Level, 1992018(a), from Wouter
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Year®
PAC indicates political action committee. candidates and national party committees during elections.
@ Data from the Center for Responsive Politics.2* Amounts were inflation 4Soft money contributions (banned as of November 6, 2002) and donations to
adjusted to 2018 dollars using the US Consumer Price Index. outside spending groups and Levin funds. Outside spending groups, which
E Contributions from individual members, employees, or owners of companies include so-called super PACs, Fperalg independently of and notin
or organizations in an industry or from their immediate family members; there coordination with “’”d‘dat.&s _cummltlees: spending by outside groupsis
are limits on individual contributions to candidates and national party largely unregulated and unlimited.
committees during elections. © Each year corresponds to a 2-year election cycle; eg, 2000 refers to January 1.
< PACs pool campaign contributions from members of corporations, labor 1999, through December 31, 2000. Presidential elections occurred in 2000,
unions, and ideological groups and disburse the funds to political candidates 2004, 2008, 2012, and 2016.

and national party committees; there are limits on PAC contributions to

Figure22 Campaign Contributions by the Pharmaceutical and Health Product Industry to
Federal Elections by Source, 192918(a), from by Wouters

Despite the challenges posed by forms of corruption, the U.S. government has taken steps
to reduce or eliminate certaopportunities for corruption to gro@ne significant resolution is
the AntiKickback Statute and Stark Law, which are aimed at reducing individual corruption in
the larger health sector. The Stawdw penalizes the referral of patients for specific theal
servicesvhen payingees b Medicareor Medicaid if the physician or a family member has a
financial relationship with the specific health service provi{@&mmersgutteReichmann,
Wild, Stepan, Reichmann, & Fried, 2018he AntiKickback Statute42 U.S.C.8320a7b(b))
prohibits the payment of renumeration to induce/reward patient refevalging items or
services that are paid by Federal healthcare progrsliedi¢areor Medicaid)(U.S. Depannent
of Health and Human Services, 202Phese two laws aim to reduce the potential for corruption
in thepharmaceuticgbhysicianrelationshipT he FDAOGs Di vi si on of Drug
Advertising, and Communications (DDCMAC) ovesselirectto-consimer pharmaceutical
advertising and prescription drug labeling to enstitat ads are not false or misleading, present
a balance between the benefits and risk, include relevant facts and a brief summary enumerating
potential risks, thougthe FDAlooseredthis requirement in 1983999and 2004~nhich
all owed the use of a fisimplified brief summar
rather than the (Ventolg,20ll)fibri ef summaryo
By nature of pharmaceutical firms being-fmofit corporations in a competitive
environment, it is expected that allailableresources will be mobilized to gain profit and
capture market space. Though firms should not be absolved of blame for coantigiesand
failure to adhere tboth voluntary and seiimposed ethical guidelineturing the pursuit of profit
(David-Barrett, YakisDouglas, Mos€Cowan, & Nguyen, 2017) Aiwaggiatg fi ngers
companies 0 as Vo g e Ifor taking thedudlastadvantage idf flawed regulation and lax
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enforcement is missing the pointéitbés up to g
(Vogel, 2017) Government policy plays a vital role in the pharmaceutical industry, and thus has
theability to better control corrupt practices either directly through regulation or through the

influence the government holdsits role as a buygiRodwin, 2012) Governmental strategies

for pharmaceutical corruption mitigation must be the practice of realigning competitive and
institutional motivators to ensure fair industry competition and continually protect the health and

the autonomy othe final consumer.

Strategic Approach

When it comes to government strategic policy impacting the pharmaceutical industry, the
government of the United States of America is in a policy flux between tradigohey style
that has been implemented since the 1980saar@vera of policythathas potential to alter the
way government is willing to interact with industry. Ul&sed policy seems to have been
implemented with a directed approach (when it comes$rédegicallyguiding pharmaceutica)
in the lder part of the 20 century, seen through the passage of law such as the Orphan Drug Act
of 1983 which aimed to increase the R&D attention of pharmaceutical firms on rare illnesses
(under 200,000 Americans) by offeriraxtcredit for 50% of development cosiseater market
exclusivity, and fast tracked approyvahdthe Drug Price Competition and Patent Term
Restoration Act of 1984HatchWaxman Act)which significantly strengthened the generics
drug manufacturingamongother policy that are oriented towards safety regulation and
bureaucratistructuring Nutrition Labeling and Education Act, Safe Medical Devices Act, FDA
Modernization Act, et$. The 2F' Century Cures Act both increased interoperability of health
information while,notably, reducing red tape for biomedical researcleloypinatingthe
Paperwork Reduction Act and removing restrictions on scientific meetings. Only very recently
has the U.S. implemented a more hands on approach to strategic industyallaajedy in
reaction to perceived instability in global supply chainselding policies like Executive Order
14017 and the Build Back Better World (B3Wgyeignpolicy. We discuss thresotablepolicies
below:

Healthy People 2030ThefiHeal t hy Peopl ed policy series we
Heal thy People: The Surgeon General s ,Report
which emphasized the use of preventative strategies to improve the health of the American
people(McGinnis, 2021) This original policy addressed laws and regulation pertaining to
wearing seatbelts and other automotive safety laws, labeling food with consumer information,
etc.(Teitelbaum, et al., 2021)n thefour decades sincelealthy People 2000, Healthy People
2010, Healthy People 2020, and Healthy People 2030 have all advanced preventative public
health measures. The most recent iteration, Healthy People 2030 containsy@aibdlfjectives
with law/policy objectives addresgy environmental health, oral health, and tobacco asd
nonlaw/policy objectives addressing 39 other subject §t&& Department of Health and
Human Services, 2022)s Teitelbaunet al.points out, legal means will baken to maintain
vaccination rates, and increase the number of citizens able to access med{daitabaum, et
al., 2021) The preventative nature of Healthy People inayemixed impacbnthe
pharmaceuticahdustryi preventative public health actidras the potential teeduce the
number of Americans needing reactiondryg-basedmnedical treatmentshereby negatively
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impacting the industry in the mediurand lang-term; however the policyalsoaims to
simultaneouslyreategreater access to health treatment which would have a net benefit to the
industry. Though the impact to thp@armaceuticahdustry may be mixed, Healthy People will
continue to haveraimpact.

Building Resilient Supply Chains,Revitalizing American Manufacturing, and
Fostering Broad-Based Growth, EO. 14017.Though not law nor regulatioixecutive Order
(E.O.) 1401 7has significant impact to the global and domestic pharmaceutical industry by
signaling governmental concerns otlee extent of foreign outsourcing of pharmaceutical
activities and the effect this may have on domestailability of critical medicines if a crisis
event were to occur. Pharmaceuticals and Agtse of four areas for which@®@ 14017 calls
f or de-ofigasMeroment approach to assessing vulnerabilities in, and strengthening the
resilience of, (UnitadtStatesaMhite Hlaugep2D2Reconimendaticnior
action promoted by the.@. include (but are notrited to): increasing domestic production by
mobilizing existing financial infrastructure, increasing R&D capacity by expediting regulatory
testing/reviewexpanding production edemand technologies, improve domestic quality
transparencyia. a new ratingsystem to encourage private sector investment in quality,
developng a greater information collecti®ystemo better understand the drug supply chain,
and improve government stockpiling of APl and critical dr(igsited States White House,
2021) Though the regulatory impact of this@ is limited, it signals a broader shift in
government attention. In response t®EL4017, theseeminglybipartisanBuilding Resilient
Supply Chains AdH.R. 5495) has entered the House of Representatives, hilidights
Abi otechnol ogy, medi cal t echnol eydogus(1l1gte n o mi c s ,
Congress, 2021)Granted the ability to become law, this Act will put weight behind the
recommendations of.@©. 14017 anawill have a significant impact on the U.S. pharmaceutical
industry.

Build Back Better World Initiative. The BuildBack Better World (B3W) initiative was
launched at the 2021 G7 Summit (consisting of Canada, France, Germany, Italy, Japan, the
United Kingdom, and the United Statess a r esponse to Chinabds mass
the Belt and Road Initiativd he Middle Eastnstitutear gues t hat it i s fAnot
countering Chinaos ((Bazika, 202])thdughthcea dc ulr rietnit a tgioweed n
rhetoricseems to suggest&-China competitions in fact a significant factofBiden to aloint
Session of Congress, April 28, 2021: AWebre in
win the twentyf i r st (Onited StatesyGifice of the Press Secretary, 20The B3W
amstomobi |l i ze democracies to fiprovide -support
building efforts to help narrow the $40+ tr
with fAhealth and heal t h(UntedStates, Qfficedof thedPress maj o
Secretary, 2021; Zhao M. , 202Though the details, implementation methods, and results are
yet inconclusive, this broad infrastructure and development initiative places health in a
prioritized positon, meaning that U.S. and global pharmaceutitalyg find opportunity to work
in cooperation with government initiatives, in a way similar to that seen through the Belt and
Road I nitiati veds Itshsull beonbtedithatenterpatiorddvadpreents e ct or .
should not be a zersum gamé a perspective maintained by European countries and Japan
(Zhao M. , 2021)
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;
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Mar ket and Competitive Environment

Market Size and Growth

Entrenched in a long history as a major player in the creation of the modern
pharmaceutical industry, the United States engdysurishing economic environment for the
pharmaceuticahdustry. Characterized as the current largest single pharmaceutikaf ifza
demandhat far exceeds population size), as having near no regulation for prices of godds sold
the average consumer, the markgdrisdictablylarge. However, market growth this mature
sector haslowedsignificantly.

In an analysis byritch Solutions, the U.S. pharmaceutical industry was valued abh369
USDin 2019,with projectionsputting the value at 420.299 kD by the end of 2024, yielding
acompound annuarowth rate oR.6%, calculated in USD terms. The current pharmaceutical
spending as a percentage of GDP is 1.72%, which is compared to a global averageanidl.5%
1.05%in China(2019) meani ng that although the U.S. mar
by 5 points to 1.67% by 2028bove average spending is expectepeisist(Fitch Solutions,

2020; Fitch Solutions, 2020)

As for segments constituting the pharmaceutical industry, Biodiitiors values the
patent drug market as being 279.91U8D in 2019 with projections of growtto 325.682 bn
USD by 2024. The generic drug market reached a value of 68.USbrin 2019 and is
predicted to reach a value of 71.751 bn by 2024. Thetbearounter (OTC) drug market
segment is valued at 20.91 bn in 2019 arureslictedio reach 22.86 by 2024(Figure 23)

(Fitch Solutions, 2020)

Saledy Catagorywith Salesy-o-Y Overlay
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Figure23 Pharmaceutical segmental saleschiegoryand annual growth rate, data from FitchSolutions
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Figure24 Real Value Added in Pharmaceuticals and Med
Equipment Manufacturing (Billions of 2012 Dollars), from
Information Technology and Innovation Foundation

Market Organization and Composition

Market Organization. TheUnitedStates s an fiol d guardo of the
industry, with healthyompetitiondating back to the mid900s, when the industry truly began
to take root and ent er t hlbisconBruity dféndustifigesita of p h
distinct advantage when compared to countries with emerging pharmaceutical industries
(Aphar mer gi,sulbas China, ortindusteakz¢d countries that do not benefit from the
same historical connection with pharmaceuticals.

Perhaps onef the most distributed sectors in the Ameripaiarmaceuticalsxdustryis
the generic pharmaceutical manufacturing sg@topart due to the low profit margimscurred
by manufactung off-patent drugs which had 448 firms in 202 according to IBISWorld
(IBISWorld, 2021) largelyremairnng steady since 2016, with the togdmpaniesonstituting
22.3% of the total industry reven(iéennedy K. , 2021)interestingly, the brad name segment
had1,982 firms in the LS., an increasef 7.4% as compared to 20{@8ISWorld, 2021) with
the largest four firms accounting for 50% of the total industry revenue, indicatingShierahd
name segment has a moderate to high level of market concent@temall, theUnitedSt at e s 6
pharmaceutical industry was measured by Barbieri to be 74.07% inf20hdl by comparing
the annual cumulative revenues of the top ten listed Amecimanpanies to the total revenue of
all listed companie@Barbieri, Huang, Pi, & Tassinari, 201 The industry was also found to
hawe a CR4 of 33.5%, CR8 of 49.6%, and CR20 of 71i8%002according to Zhang and Ni
( &t , 2017) proving to have a far greater market concentration than ©hina
Japan during Zhang and Nib5®51%dspectiyely, wichasofd ( CR5
2002did not yet classify thémericanindustry as amwligopoly (CR5 = 60%)Segment variation
exists in the market, with IBISWorld stating tif&% of brand name pharmaceutical
manufacturingnarket shara&vaso c cupi ed by  0Wwmbahofispmaymagpor pl a
including Pfizer Inc, Wyeth, Meck & Co. Inc, ScheringPlought AbbVie Inc. and Allergan
characterizingthe n d u s t r ycoéosn sl oelvied a toifo n .0 Bhis cohcentratign rafice x t r e m
is alsoexpected to increase by 2026 due to siwedllebrand namenanufacturers being crowded
out by competition(see Figure6) (IBISWorld, 2021) This data shows that, though thesU
pharmaceutical industry is typically perceived as being a static entity, it has in fact undergone
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largereorganization and consolidationer the pastew decades that have enabled significant
strengthening imarket concentratiohe impact othedegres of industry concentration is
currently in debatdan part due to the use of census data for market concentration measures
(OECD Competition Division, 2018however,a recent OECD discussianggests that, though
not theonly cause at play, this increased market concentration may be leading to a reduction in
competition, partially reflected through an increase in average profitability andupsirk
(OECD, 2019)If this association between comt&tion and decreased competition is indeed

t he

valid, it has negative implicatief o r
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The generic manufacturing segment predigtdiphctions in a deceralized environment
due to lower entry barriers and higher cost pressure, yielding concentration of the top four
generic companies accounting torly 22.3% of total industry reven{BISWorld, 2021)(see

Figure27).

Figure25 Pharmaceutici
Industry Concentration,
Measured by HHI, 199¢
2015, from Richman et
al.
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Market Reorganization. The U.S. pharmaceutical industoften used t@epresent the
wider pharmaceutical industyys a space which traditionally experiences a greater nuafiber
mergers and acquisitions than other indus{@mngressional Budget Office, 2028s we will
see, M&A is a major driver in the Gtese industry as highly homogeneous firms attempt to
consolidate into | arger ©&(Barbies HuangjPe & Tassmagi, a fna
2017) Though China is experiencing significant M&A activity within the context of the
pharmaceutical industry, the® pharmaceutical industry h&dggunto experiencaotablerates
of M&As particularlyin the biotechnology sectaluringthe past 2680 yearstermed by some to
be t Heogfibciad revolution. o In the 1990s, six of
Merck, Eli Lilly, Roche, Novartis, and GSK) were early investors in biotechnologies, lafigely
M&As andalliances, with other large firms jong in the investment trend in the late 1990s
Despite this investment trend, the pattern of results for those investing in biologics began
materializing in the 2010Qsvith early movers clearly outperforming their later counterparts
(Figure 28 and Figure9.

40000 60000

BIOTECHNOLOGY REVENUES 2013-2015
20000
L

0

0 20000 40000 60000
BIO INVESTMENTS IN ACQUISITIONS (5) 1990-2012 = =Average Net income Late Mover =—/verage Net income Early Mover

‘ Early movers @ Late movers

Figure28 BiotechRevenue§20132015) versus biotectFigure29 Net income over timeearly movers versus le
acquisitions (199(2012), from Birkinshaw et al. movers, from Birkinshaw et al.

IBISWorld Analysislamentshiotechnology and bioinformatics as a gradual, yet
fundamentally altering change currently experienced by the global pharmaciethicsiy, with
anespeciallylargeimpact on the R&D process by allowing firms to cut costs by closing research
facilities andoutsourcingunctions or research to biotechnology firms who have begnired
or closely partnerefirms (joint ventureslicensingagreemers, etc) (Koronios, 2021)The aim
of thisis to be able to reduce the cost of highly innova®&® by shifting away from the
traditional form of inhouse voluméased chemicalevelopmentvhich hopesto identify the
Anext (ed.i bbhoc kb ulg,toeamorersidharing model characterized by the
creation and strengthening of a supplgb for knowledge network#n other wordsgreater
decentralization of the highly innovative procesévoled in new drug conceptualization,
design, and implementatipallowingfor greater collaboration and reduagsk experienced by
all firms (ex. biotech firmssinceGemeec h és i nitiation in 1979 gen:
integration capabilities allowing tHall marketization of highly innovative methods, thare
able to benefit from a biotech/ pharmaceutical
commercialization capabiliti¢sBiotechnology has progressed by leaps and bounds in the U.S.,
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butthis has largely been unablelbereplicatel in other setting$ two factors are theorized for
this: scale of research depending on the American university system and skilled labor market,
and uniquely beneficial financiaistitutionswhich have alcontribuedto American superiority

in the life sciencefMalerba & Orsenigo, 2015)

It should be poiredout thad although manyeraldthe biotechnology revolutiom
pharmaceuticals as a boon to the innovateeabilitiesof the indwstry, some believe the
biotecmologys ect or may dr ag @roduatvit h & d e groduatity ¢ al 6 s
could be the outcome of amrinsic difficulty in discovering new drugs for increasingly complex
pat hogens, 0 s ugg e sincieased inhowatidn productivifigopkims, Maatia, n ot
Nightingale, Kraft, & Mahdi, 20070lue to more deep rooted productivity issues

Outside of thiscontinualincorporation or biotechnology, the® industry seems to
maintainanexpected, if increasing, rate of market reorganization through the use of M&A

Pricing

The traditional pharmaceutical supply chain does not transfer the flow of money through
thesame supply chain as tfieal goods In fact, due to the interplay between the manufacturer
(branded or generic), the wholesaler, the pharmacy, the pharmacy benefit manager (PBM), the
insurer and the final consumer, the pricing system is quite compléxaspects of pricing
agreements being fully confidentfabm the public. This largely decentralizptiarmaceutical
pricing system stands in contrast to most other countries who use reference pricing or other
forms of government price control by allowirttetfree market to determine the price paid by the
consumer and the insurehence we revisit the subject of drug pricing frammarket
perspectiveather tharagovernmentegulation perspectiviea an attempt to understand how the
abovementionedplayerscontribute to the cost borne by consumers and insiggsgocus on
the threenotableplayers branded drug manufacturers, generic drug manufacturers, and
pharmaceutical benefit managéas wholesalers retain little profit and are a passive market
player(Lakdawalla, 2018)andinsurers are downstream to PBMs and reliant on PBMs for
administrative service, formularies, efKouvelis, Xiao, & Yang, 2015and fall outside the
scope of this research)

Branded Drug Manufacturers. Given the market exclusivity period granted to branded
drugs, the innovar entity is able to price the medicine to the general public at any price that the
firm deems the market will bear (as mentioned, selling to goverrvigeri¥ledicareor Medicaid
reduces ability to freely price due to buyer power, but here we discuss tpaillasly insured
consumer ). These prices, maandhdvabeenincreasingétlai st p
rate of roughly 9.1% per yeiom 2007 to 2018 al t hough Rometaldyt al . 6s st
identified an average of a 16.7#¢erease in list price of 79 drugs between 2015 and 2016, with
the drug with the smallest change being +13.6% when weightedagg(@ome, Feldma,

Desai, & Kesselheim, 2021hlowever the list priceis not the final amount paidPBMs

negotiate a highly confidential rebate deal with the branded drug manufacturer yielding the net
price of the drug. Interestingly this net price has remained relastedylywhen compared to

thelist price changet anaveragencrease of 5.4%er yeambetween 2015 and 20{Rome,
Feldman, Desai, & Kesselheim, 202This shows that, though branded drug manufacturers a
steadily increasing their prices, thalueof the drugs have laggedHtied, with nearly 2/3rds of

the change in list price being absorbed by the PBMhe consumer level, higher insurance
deductiblesarepredictaby associated with higher cof-pocket payment prices, while lower
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deductiblehave lower oubf-pocket paymerprices(Rome, Feldman, Desai, & Kesselheim,
2021) We therefore see that branded drug manufacturers are not directed by any government
regulation to limit prices to the average rgovernment insuredonsumer buareimpactedoy
confidential rebate negotiationsrelation toPBMs.
Once the patent exclusivity pericdmesto an enga shift inbranded drug manufacturer
pricing behavior is notedBeforegenericdrug manufacturergnter the market, anticompetitive
behavor outside of secondanyatentingevergreenindpy theinnovatorbegins with an intertb
delay generic o mp e t marketentrénee One such pr acdfor-cel a0t he
settl ements, in which the br anehtisuatoneheddandu g man
the generic drug manufacturer delays market entry in exchange for monetary compensation
(Gupta, Shah, & Ross, 2019)he strategy allows the branded drug manufacturentthenthe
amount of time for while it holds market exclusivity. Yet another strategy impacting the pricing
ofdr ugs i s an fAauthorized generic, 0 or a gener.
to compete with generic drug manufactsfiem this way the branded drug manufacturey
make profit from the brand loyal customer segnveite increasing competitive pressure in the
generic market to prevent nbnandassociated drugs from entering the mafldupta, Shah, &
Ross, 2019)Both of these praicies reduce thsubstitutabilityof the branded drug by reducing
the amount of competition.
Finally, once generic drug manufacturers are successful in penetrating the market,
branded drug manufacturers again alter pricing behaviaeccordance with théan¢ory of market
segmentationo maximize profitability and fullytilize consumer segment loyalty.
Once generic drugsuccessfullyenter the market and market exclusivity is losts ib
the branded drugbés benefit t o bramdoyabsaesgemepnrti 6cse s
price insensitivity Regan found that branded drugs maintain or even increase prices after generic
entry, with each generic entrant being associated with endS#ase in the price of the branded
drug, though otheresearchas indicated that price increases per generic entrant coakltigh
as2.4% to 5.5%depending on the assumption of exogenous generic @magk & Salkever,
1997) (the variance between Regan and Falkner and Salkeveralsalik explained by the 10
year difference between the two publish dates, indicating that branded drug manufacturers have
tempered their posgjeneric entrant price increases).
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Generic Drug Manufacturers. In the generic drug market, the generic drug

manufacturer os

revenues P

| ay a dcauntingoeahly c e d

36% of the final drug cost compared to 76% for the branded drug manufa¢fssosiationfor
Accessible Medicine)This is due to a highly populatdtgmogenousnarket consisting of price
sensitivenorloyal consumers. Thisia r k hegh $uppliepopulationresults in weakened firm
position in negotiations wittvholesalerspharmacies,ral PBMs.As additional generic market
entrants arrive his weakend position is reflectedh the generigo-brand price ratio. Data shows
that orce a singlegenericdrug manufacturegnters the market, $iels at a price that is about
60% of the brandedrug Once 10generic manufacturejsin the market drugs are sold at nearly
1% of theoriginal brand price Figure32). Thoughthe Association for Affordable Medicine

proposes pricgolatility i n

t he

generic

drug maetkhigh @Atends

competition in pricing pressuf@ssociation for Accessible Medicinegeneric drug prices are
actuallyincreasing in the longerm. In a price analysis of topicalrgggic drug prices between
2005 and 2016, wholesale prices increased from $0.85/unit in 2005 to $3.17/unit in 2016,
yielding a 273% price increase, while some generic mediexaystatintriamcinolone
acetonide creajincreased by ,829%(Bhatt, Bhatt, Dorrian, & McLellan, 2019Fhis is
perhaps due to decreasing competition in the generic seetsedy increasing concentration
(a result othe steady rate of generic M&Ag§upta, Shah, & Ross, 2019 summation, it
appearghat generic competition does indeed hayesitive impact to consumgrice with
pharmacies, wholesalers, and PBMs having increased leveregyseihieir share of the supply
chainprofit in comparisorwith the manufactuer; yetgeneric prices arstill increasing at a

significant rate.
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Generic Competition and Drug Prices
Median generic prices relative to brand price before generic entry
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Figure32 GenericCompetitionand Drug Prices, from Conrad and Lutt
(FDA)

Pharmacy Benefit Managers (PBMs)PBMs area relatively newentity, springng up in

the 1960s to their current central position in the financinghafmaceuticalsTheir original

intention was to help insurers better manage the cost of creating and administering insurance
benefits, and thuglay an intermediary role between insurers, pharmacies, and manufacturers
(see Figure&3for thedrug supplychain with an emphasis on the financing activity of FBM

Their value is threefold: they provide administrative sesyipeocessing, andaim payment;

they are large purchasing organizations that leverage size in private price negotiations with

manufacturers and pharmagciaesd they design insurant@mularies thabrganizes drugs to

levelsof varying copaynentsizei in essence they haamindisputablylarge contribution tdhe
determination of drug prices paid by the pati@uduvelis, Xiao, & Yang, 2015)They perform a

balancing act between ensuring patients have access to ineavetwdrugherapiesvhile

keeping insurance spending from growing ¢mickly by using five key tools:

(1) Higher cost sharing tiers, shifting more of the cost
from the insurance company to thepatient (2) step
therapy creating the requirement that patients try drug X
and show it to be insufficient before being eligible fbug

y; (3) prior authorization, which essentially creates
administrative red tape as a way ofdiscouraging
physicians from prescribing more expmes drugs (4)
indication restriction, which sets narrow limits on which
patient can receive which drug; and (5) completely
excluding drugs from the formulary, particularly expensive
new druggSchulman & Dabora, 2018)
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Despite not bearing financial risk, th@termediaryrole in price negotiations and
formulary negotiations positions thdavorably. The opaqueness of PBM practieesl the low
understanding of the role PBMs play in the market has created various d&Bso

nonimpact, price gouging, arditificial price increase. For one, by setting formularies on behalf

of insurers, these PBMs can influemoanufacture$o increase thést price of drugs in response
to anticipaédaggressive price concessions in teleate negotiation&Schulman & Dabora,

2018) i in some casesmanufactures a v e

situation that if they did not raise the cost of the drug, therefore giving a larger relbete to t

PBMs,

t hey

did n

ot

(RaelpBhatia, & Kanfmanm, 202@BMs havuel ar y 0

also beeraccused of copay clawbadiscausevhenthe negotiated price is less than the copay,

the difference is passed to the PBM, if a pharmacy acquires medication $dr50 (that would
normally self for $2.50), it must sell for $11.00 to maintain a $2.00 profit after the PBM removes
its $9.00 clawack(Patel, Bhatia, & Kaufmann, 2020; Van Nuys, Joyce, Ribero, & Goldman,

2018)

These relatively new entities to the pharmaceutiwistry, wholly unique to the Unit

Statesare not wellunderstoodlt is generdy believed that they hawesignificant impact on the

cost of drugs, but it is not yet well understood if they are successful in shifting cost away from
the end co
finances othepharmaceuticahdustry.
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Figure33 Central Role of PBMs in the Pharmaceutical Supply Chain, from Schuln
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Industry Focus andResearch and Develpment Focus

The United States of America has a significhigh valueaddedole in the
pharmaceuticahdustrydue tonotableenvironmentafactors such as the relatively ldevel of
regulation little price regulation, and the refined higher education systemahksthe US.
consistently in a top positigi@Quacquarelli Symonds Limited, 2019)heU.S. participates to a

high degree in the R&D functionandparticipates to a lesser degree in the manufacturing of

r aaddheiraralednhorcimestrating the e

Atried to provdwiteal ow pri

done

API or final product, whiclnas over the years been exported to countries in which the cost of
productionis more affordabl€Cohle, 2019; Sardella, 2021) n f a a long time the U.S.
hub 1 n t(Jaeg &igah, 2048) k

const.i

tut e

d t he

Figure34di spl ays the

on |

p h aacurreatspexialties, whackhouldrgigeuasiegres
of insight to the areas in which theSJfocuses.An over approximatiofs necessary due to lack
of US-specific informationa resultof the US.Gintimate identification wittBig PharmaWe see

y

that the small molecule subsector Iwitle greatesthare at 58%, while biologics hold the
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second greatest share at 3Ze strength opharmaceuticaR&D capital funding was
measuredtal5-18% in 201§ & # 1, 2018) meaning that significant emphasis is

placed on the continuance of R&D innovation in this industry. As can be expéhetddcus on

R&D in U.S.-based generics firgis more limited than that ddrand name pharmaceuticals, with
approximately 4.5% of generic cost structure being focused on &fifsity (Figure 35and36).

Brand name pharmaceutical manufacturing firms spend more on R&D activities, with 15 to 25%
of total revenue going to these activit{€sgures 37 and 38)

1.36% SubsectoValue Share 2020
0.10% _0.10% 0.10%

m Small Molecules M Biologics H Blood Products
H Naturals H Vaccines ® Nucleic Acids
H Cell Therapy B Gene Therapy H Peptides

H Radiopharmaceuticals H Gene Editing

Figure34 Pharmaceutical Value by Modality, from Torreya

Cost Structure 2021
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Source: IBISWorld

Figure35 Generic Pharmaceutical Manufacturing Cost Structure, Kemmedy, K.
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Other Breakdown (% of Total Other in 2021)
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Cost Structure 2021
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@ Rent @ Uutilities @ Other Costs Manufacturing
Source: IBISWorld

Figure37 Brand Name Pharmaceutical Manufacturer Cost Structure,Kemmedy, K.

Other Breakdown (% of Total Other in 2021)

0% 10% 20% 30% 40% 50% 60% F0% 80% 90% 100%

Breakdown of Other as a Share of Revenue

Taxes Repair and Maintenance IT services and related spend
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@ Other Manufacturing
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Source: IBISWorld

Figure38 Brand Name Pharmaceutical "Other Costs" Breakdown, Kemmedy, K.

It is of significance to note that the structure of R&D in the pharmaceutical industry is
itself being changedn the face of increasing R&D cost pressundarge pharmaceutical firms
lowering R&D successHgure39), andthe patent cliff, the traditional model for R&D that

2 The PatenCliff refers to many patergxpiration dates passing in quick succession, resultidgojpping saless generic drug
substitutes enter the marketkingt he i nnovator 6s mar ket share. Due to the
a number of blockbuster drug patents are ending resirttiaug industrywide reduction of revenue. The flattening of new R&D
productivity has confounded with the expirationsiesulting in a phenomenon in which firfiasl to makeup the revenue lost by
expirations (Song & Han, 2016)
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brough U.S.6pharmaceutical innovation to the forefrahtring the span ahe 20" century(e.g.
the fAbl didhnbuwsé¢ @ r R E&Buing targesinvestment by a firm to nurture internal
innovative ability is in flux. A new tendency to outsource R&D using external collaborations
with biotech firmshas resulteth an overall decrease in the number of publicatiead by
pharmaceutical firms butas also resulted in amcrease in collaborative publicatio(Rafols, et
al., 2014) In an increasingly outsourced R&D model, contract research organizations (CROSs)
have seen their role dewglfrom clinical developmentocused taa therapeutic areapecialized
R&D role; from routine science activities to increasingly complex R&D capabilibeorte,
2020) In addition to outsourcing aspects of the R&D functimrmaceutical firms are also
externally sourcing innovative ideas to supplement #regtingR&D pipelines. This external
sourcing includes fAnew mod eobusing, aowesaurpi|gn i nnova
public-private partnerships, innovationnters, Science Parks, and the wholesale outsourcing of
pharmaceuticaR & D @McMeekin, et al., 2020Biotech seems to play@articularlykey rolein
the external sourcing of ide@Sigures 40 and41), supportingthe perception that
pharmaceuticals are heavily investing in biotech following its investment success in the 1990s
and 2000s. Yet despite this heavy emphasis in biotechassaurce of knowledge to fill R&D
pipeline gaps and improve R&D effectivendssrnald et al. finds the acquisition of biotech has
had a negative impact on Bi g-laRgkadueialimitedr ms 6 i n
absorptivecapacity(Fernald, Pennings, Bosch, Commandeur, & Claassen,.2017)
It seems as though Big Pharma, in the search to reduce financial risk caused by the high
and growing cost of pharmaceutical R&D, lowering R&D productiwityst pressure caused by
the patent cliff, growing regulatory attentiaric, has neglected internal R&in favor of the
O0bi ot ech r ev oulltimatelyhaveé negativelycirhpacted fircapabilitiesand
absorptivecapacity(Fernald, Pennings, Bosch, Commandeur, & Claassen, ,2Hifting
phar maceut i canpekrsy floracangprehersiv®&D activity more towardshe
60D, 6 wherein biotech and other external knowl
creativity while pharmaceuticaterve in anetwork orchestrator roley capitalizng on its
regulatory, political, and financial capabilitiessioccessfully commeialize innovationRafols,
et al., 2014)supported by GlaHe et al, 2019; however, other literature points to a more
moderated view gb h a r ma ¢ engdingexterhalization oknowledge believing that
AfexternalQuze@edoR&® appears to complement, rat
though fAdistancing the cap abtrahsitianybiotechyfromnnov a't
the resources for innovation (concentrated in Big Pharma due to theprsizebility and
experience)s a real phenomenon that is creatrfgagmentation of knowledg&nowledge
sharing and other structuinakfficiencies(Gleadle, Parris, Shipman, & Simonetti, 2012)
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Figure40 Trends in externallpacquired Figure41 Trends in externally acquired knowledge ai
knowledge and assets through acquisitions assets through alliances of big pharma firms betwee
big pharma firmdetween 1990 and 2013. 1990 and 2013. Showing access to knowledge/asse
Showing theacquisitionsof "Pharma'targets alliances with "Pharma" companies and "Biotech"
and "Biotech" targets as a percentage of companies as a percentage of all studies alliafktem
included acquisitiond=rom Fernald et al. Fernald et al.

Under the changing R& environment of US.-based pharmaceutical trends, it is critical
to notonly understand changes that have happeeeehtly(e.g.,biotech innovation and
external knowledge sourcingd} is just as criticato undestand the current orientation of
pharmaceutical R&D developmenthere is the industry focused right now? What are the
current prospect®r the future ofpharmaceutica®

In order tounderstand the current orientation of the pharmaceutical industry, we first
refertothee DA CDERG6s new drug approvals according t
NMEs and BLAs (biologicéicenseapplications) [Figure4?2). This data displays that oncglp
continues itsl-year trend as the leading therapeutic area for dppgoval with high growth
substituting its primary positiomNeurology grew tdbecomehe second largest therapeutic area
for R&D activity, surpassing infectious diseases which expeeé slighshrinkageto third
place. A diversification of therapeutic area also seems to be occurring in 2020 drug R&D
activity, with areas previously without much R&D activity gaining FDA approval such as
allergy, anesthesiamedicalgeneticsand urolog, potentially indicating therapeutic area scope
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Jiang and Luan examindabth the impact and the diffusion of U-lsased pharmaceutical
patents byanalyzingwhich pharmaceutical patents reamthe most references, and to which
therapeutic area those referenepapers belonge@iang & Luan, 2018)This researclshows
theimpactof current research in the broader scientific and academic communities to show the
competencies of U.S. pharmaceutical research in the eyes of others. Jiang aiclehiifzed
28,075 patemstciting U.S pharmaceuticgbatentgegistered in the State Intellectidoperty
Office of the P.R.C, in the U.S. Patent and Trademark Office WBboth for the 2012015
period.In aU.S-China comparison, the U.S.dha significant lead in thevidespreadnessf
pharmaceutidgpatents, though the growth rate of patent influence falls behind that of the
Chinese pharmaceutical patents. The topgdigneeseferencing U.S. patents (F. Hoffmaha
Roche Ltd., 1.75%Jniversity of California, 1.03%; Merck Sharp & Dohme Corp., @88
Institut National de lsBan€ et de laRecherchéviédicale (INSERM), 0.53%; Novatis AG,

0.50%; SanofiAventis Deutschland GmbH, 0.49%; Harvard College, 0.47%; University of

Texas System, 0.47%; Roche Diagnostics GmbH, 0.46%; John Hopkins Universi¥s) 0.45
(includingfive pharmaceutical firmdour universitie3 accounted for 7.03% of patent filing

citing U.S pharmaceutical patentshowing a degree of convergence that was significantly

hi gher than Chinads 3. 84%. Bluanavereadblgtpidantdy dat a

A p o s suttimedgefrontierst owar ds which the industry is ad?
patents have gained the most tractibiendevel@ing arepresentativeneasure of the degree to

which an innovation is adopted.

The data seems to indicate that pharmaceutical composition maintains the highest degree
of convergenceindicating that the U.S. is perceived to be a leader in this subject. Due to the
degree of integration between the U.S. and Big Pharma, it is also safetttathe high degree
of patents citing pharmaceutical composition patents (ct. 1049) indicates that this is a subject of
importance irthe wider20142015 pharmaceuticahdustry. The U.S. convergence magdure
43) shows a great number pfominentsubjects, which stands at a contrast with that of the
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Chinese convergence (Figug6), indicatingthatthe perceptionof the U.S. pharmaceutical

knowl edge expertise is far wi dasmodtlitedymuetohe per

thelong-establisheghrominence of the U.S. as a pharmaceutical innovation hotspot, while China
is arelativenewcomer tadhechemical and biologicgitharmaceutical innovaticscene.
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For phar maceut i c,al theformirtdineetor of thg NIHElms wa r d
Zerhounj s ai d Ai s t o persogabzgdepreenmatiep raenddi cptairvtei,ci pat
(de Vrueh & Crommelin, 2017} iterature,industry, and the brader community seem to be
waiting in anticipation for t KCamumtmgali val of
previously acquired pharmaceutical and biological knowledge, personalized medicine comes in
the wake of intimate understanding of genomic and proteomic technologies and biologic
properties, anavill take advantage of growingiomarkertechnology(NIH on biomarkers i A
characteristic that is objectively measured and evaluated as an indicator of normal biological
processes, pathogenic processes, or pharmac
(National Academies Pres9)@)) to develop more sophisticated diagnostic and monitoring
tools for medical treatmei@dmir-Aslani & Mangematin, 2010)his shift to personalized
medicine is aided by a failure of the fAbl oc
regardless of disease subtype and individual differences from the popalsi@ge andeems
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to have positive prospects for mordfective treatment, earlier diagnosis, and lower drug
development cogAmir-Aslani & Mangematin, 2010)

Financial Environment

Pharmaceuticals is@pitatintensiveindustry withextensivefunding necessary foush a
potentialdrug through the long process of research to breakthrewgbh is therfollowed by
years of efficacy and safety testing in clinical trials and other regulptocgduresoften taking
up to13.5years and..78 bilion USD for a drug to finally enter the mark@aul, et al., 2010)
Undersuch annvestment heavgnvironment, it is necessary for pharmaceutical firms to
mitigate financial risk throughout the drug supply chainrderto ensure financial stability in
the face of high drug attritioduringthe research and regulatory procddsough thefinancing
system in the pharmaceutical supply chain is quite unique and complex in the éegamine
the financial environment of phaaceutical firms in the U.S., paying greatest attention to private
investment and public fundingceived bypharmaceutical firm

Public Funding

The largesFederalgovernment source of investment for pharmaceutical drug discovery
researchs throughthe National Institutes of Health (NIHINational Academies Press, 2010)
Recently, politicahttentionhas shifted to thperceptiorof govenment fundingn
phar maceuti cal r e sirecamection itk curiieptaigcuseianloftesing c e , 0
consumeprices; however, despite the NIH financial and practical contributions to all stages of
researchthe main role of NIH funding has beenented towards early scientific findinggich
form thefoundationof research, rather than the adtoantent that private firms wilater
commercializgConti & David, 2020) Though NIH funded research was used in over 80%
new privately heldanddevelopegpharmaceutical products between 2010 and 2016, they were
not found wherexaminingthe actual drug itself, indicating that ttesearctwasbasa) and was
better attributed aaresult of knowledge spillover effect from basic researcthongs such as
drug targetgCleary, Beierlein, Surjit, McNamee, & Ledley, 2018)

However, despit83.5 hllion USD invested into direct government R&D in 2014
(OECD, 2017)Figure44), federal obligations for R&D has steadily deceskacross the life
sciences since at least 2010, which some argue is damaging t&sthé U p asarghi o n
knowledge base for litaciencennovation(Kennedy J. , 2018Figure45).
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Though there &s been support for a new innovation financing systsing motivators
tools such as prizes, government contracting, government R&D, etc., the current system of
governmensupportfor pharmaceutical R&Dargely stemgrom exclusivity-based incentives
(Cutler, Kirson, & Long, 2020)This would indicate that the governmeelies more on passive
financial support for the pharmaceutical industry rather than the aggressive use of direct funding
for commercial product$iowever this does notonsiderthe criticality of industryacademia
interaction that indirectly uses goverant money to support industbased researckwvhich we
will examine under the Knowledge Environment section

Private investment

Funding for atestagedevelopment of pharmaceutical produgten-basalresearchis
typically sourced from private finarat sources such as the pharmaceutical company itself,
venture capitalists, or other forms of private investniiational Academies Press, 2010)
According to biopharmaceutical trendsthe 1990sfi 1 0 %a biogharmaceutical firiis
funding c[a]Jme from venture capital, 50% form R&D alliances with established pharmaceutical
companies, and 40% from public equityarkets(Lazonick & Tulum, 2011)Figure46 displays
venturecapital invested in biopharmaceuticals until 2009
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Knowledge Environment

A common theme through this section: titheseturned(to an extentjor the
pharmaceutical industryshering along the need for adaptive approaches to innovation and drug
development the golden age of pharmaceutical discovery, characterized by extremely high
R&D productivity has come to an end responsefirms are needing to create and maintain
greder levels of knowledge synergy to achieve comparable lev@iodtictivity. One critical
way in which pharmaceuticalaveadapted to these R&D pressurebysaltering the innovation
method. Rather than a fully-lmuse R&D system as was characteristithe pharmaceutical
i ndust ry o0 s anguwacdfacmg iynevatiorsstrategy is being implemented in which
external sources of knowledge are accessed and combined with internal knqMehtigekin,
et al., 2020) We sinplify the direction of this external shift in the R&D knowledge environment
to two classificationsinter-firm collaboration and industrgcademia collaborationas
partnershiplong these two classificationspresent thewvo different type®of benefit gained by
the pharmaceutical comparlynder industryacademia collaboration, th@grmaceutical firms
thatwork with an academic (or university) domingrdrtfolio of partnership hashigh rates of
breakthrough patents when the centrality effihm is low However, when functioning under an
inter-firm collaboration style, thpharmaceutical firmvorkswith an industry dominant portfolio
of partnerships having a greater breakthrough patent rate if the centrality of the firm is high
(Dong & McCarthy, 2019)
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When facing high rates of external knowledge sourcing, one of the main difficulties for a
firm is core rigidityand limited absorptive capacit#bsorptivecapacity is the ability o& firm
Ato recognize the value of new, external i nf o
ends, 0 whi c hroletirdhle abdity af aplbaemadeutieeirm to incorporate external
knowledge andynergisticallyinnovate(Cohen & Levinthal, 1990)Core rigidities are distinct
andembedded technical systems and skills that may conflict with innovation or expansion to
nontraditionaknowledge area@d.eonardBarton, 1992)

Inter -Industry Collaboration

The collaboration between two firms in the induststtoris a form of market
prioritized partnership that places commercial application of a product as a cent(@lagualk
McCarthy, 2019)i.e. focusing on market pultle Vrueh & Crommelin, 2017)n this type of
partnership, data is often less visible to the pulbMben thisform of alliance is used, the
distance betweepartnergoals is far lesthan in industryacademia collaboratiofwith both
orierting innovation toward commercialization), allowing firms to participate in knowledge
sharing to a greater extent due to increasexviedge digestibility, preventing absorptive
capacity fromseverehlimiting the benefit external collaboration brings to both of the firms; yet
this reduced diversity of knowledge redstiee likelihood of the resulting innovation beiag
breakthrough{Figure 47).

Industry -Academia Collaboration

As humanityodos under standi ng agrbwnghkreadthh e h u ma
anddepthof knowledgehas allowed development in novel therapeutic areeagynificant driver
for the collaboration betweendustry and academi&ose, Marshall, & Surber, 2015)
Academicshavelongb e en fAi denti fying targed sdi rmodtelcwul es
contributing to the knowledge basgtheindustry(Hughes, 2008)t is then only logical that
industryacademia collaboration is an advantageous way for firms to have greater access to
critical knowledgeand achieveynergy. Though the pharmaceuticals of the foastsed on
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acadenu collaboration from gosition of arrogance, creating a emay flow of information

(DeCorte, 202Q)ecentdecadestas een t hi s col | abotal,aulttr on shi ft
stakeholder publip r i v at e pnadelf imwhichsthe twp parties have mewgalfooting,

allowing collaboration inareas of mutual interest for innovatigde Vrueh & Crommelin,

2017) Though pharmaceutical firms often focus on commercialization and nparket
acadenmafocuseson technolog pushby providing development to fundamental scientific

concepts(de Vrueh & Crommelin, 2017)

The interactiorbetween industry and academic researgjanizationss quite strong in
the U.S., surpassing the raszen in China. In aanalysis of universityndustry collaboration,
Zhou et al. found that the U.S. university with the higldesfree oluniversityindustry
collaboration (UIC) productivityor all sciencesas measured through publication utilization,
was Harvard University, with a UIC productivity of 3,79the 10" top ranked universitwas
ColumbiaUniversityat a UIC productivity of 1,646 (6x and &h i rtag-Gasking university,
respectively) (se€igure48, 7475).

Rank China UIC(USA)/UIC(China) USA
University UIC(China) UIC(USA) University
1 Shanghai Jiao Tong Univ 651 5.8 3756 Harvard Univ
2 Tsinghua Univ 636 3.8 2429 Stanford Univ
3 Zhejiang Univ 547 3.8 2101 Univ Calif—Los Angeles
4 Peking Univ 494 4.0 1998 Univ Washington—Seattle
5 Fudan Univ 442 4.5 1988 Johns Hopkins Univ
6 Univ Hong Kong 302 6.6 1988 Univ Calif—San Diego
7 Chinese Univ Hong Kong 291 6.0 1732 Univ Calif—San Francisco
8 Peking Union Med Coll 285 6.0 1708 Univ Michigan
9 Huazhong Univ Sci & Technol 255 6.6 1691 Duke Univ
10 Xi'an Jiaotong Univ 251 6.6 1646 Columbia Univ

Figure48 Top-10 Universities in Domestic Ranking in UIC productivity in "All Sciences" (20092),
from Zhou et al.

It is of note that this industrgcademia partnership is frequerftigused orfor clinical
research, which has been shown to introduce @ngphastry result(de Vrueh & Crommelin,
2017) however, due to the basal nature of academic research in the pharmaceutical field (the
Abasic science st daivendesearchtwhichseduces negative ynpéiitisn c e p t
relationship.
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The Peopl ed€hiRepubl i c of

Historical Background

Since Chinads R e peoiad mhicaspadredDefieeryeas lmptwéeep
1979 and 1984he pharmaceutical industltgggedthe development dhe heavy industries,
which werebeing used by the government as a key tool to develop the ecqRanky 2002)

The knowledgéheavy characteristics of tiplarmaceuticahdustry indeed requires an advanced
education system to fation. Instead, the industry naturally developed into generic
pharmaceuticananufacturing, taking advantagéearly capabilities imanufacturingo focus

on theproductionof off-brand versions of drugs already developed by major pharmaceutical
companies.

It is through this early focus on the manufacturing ofpztffent drugs that gave the PRC a
competitive advantage based on the price of medicine rather than techmeation or product
differentiation ass common in developed pharmaceutical mark€lss had the effect of
creating a strong generics sec¢twhile simultaneoushholdingthe industrybackfrom expanding
into the international markethere greatedifferentiation (i.e. innovation) and profit is
accessibléLi, Lian, & Zhao, 2013} a decision in part motivated by the Drug Administration
Law of 1984, leading to an early prioritization of producampughmedicine to supply the
massive domestic populatigfao & Zheng, 2009)Iin addition to gaining competencies in the
production of generic drugs, Chinese heavy in
suppliers to others.

Since the PRChasbecanme thew o r lladgéss FDI recipient fioa period ofmore than
twenty years, allowing mass inflow of capital and, more impdstatacit knowledge and
technology(Jakubczak, 2020)his slow intake allowed the industry to progress through four
different stages of intellectual independerugre imitation(19431984)by small
pharmaceutical factories with no patent law protectimmovative imitation19851993)marked
by weak patet protection to encourage innovation while slightly modifying existing drugs to
avoiddirectly imitating the original drug whilenot developing significant innovative alteratipns
imitative innovation(19932008)with patent law adhering to TRIPS standgnetharked by an
increasing volume of new drug approvals (NDAs) showing the increasing awaoétiess
importance of innovation in the pharmaceutical industry but still with limitations to innovation
capabilities and to the regulatory infrastructure; andllfy independent innovatiof2008
current)with increasing R&D expenditure and increasing volume of new drug applications
(Ding, Xue, Liang, Shao, & Chen, 201This progression in capabiligan be observed in
Ch i n a 6 aceupichl autprittheindustryd eutput increased from a mere 2.5% to3¥8from
1995 to 201@Ni, et al., 2017)
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Modern Background

Themodern pharmaceutical industry is not a static and unmoving entity. It is constantly
evolving in response to opportunities and challenges. This applies not only to the global
pharmaceuticahdustry, butquallytoCh i na 6s d o me s tindastrypTheaPR@a c eut i C ;
demographic and economic trends present opportunity to firms operating within the scope of the
pharmaceuticahdustry andorovide opportunity for international firms hoping to gain access to
the Chinese market

One importantactorfavorable ¢ the growth of the domestic pharmaceutical induatey
population megatrendb 2020, the World Bank reported thitae Chineseévlainlandpopulation
had reached 1,402,1,090citizens(World Bank, 2019)making it the most popated country in
the world, followed by India at 1,380,0@®0citizens.In combinationwith a growingeconomy
andcontinuing liberalization of the healthcare sectbomassive market for the purchase and
distribution of pharmaceuticals in Chinantinuego grow (Fitch Solutions, 2020}t should be
noted that, due to a declining birth rate, the population is forecasted to undergo slight decrease in
population after 2030, thoughwill largely remain at the same le@litch Solutions, 2020)

Within this population, large structural changes are occuysugh asapid population aging.

Luo et al.forecasts the percent of the population 65+ yearsvildncreag from 14% in 2022 to

21% in 2033 Luo, Su, & Zheng, 2021(Figure49), indicating a need for a more robust

pharmaceutical industry. Anderson emphasizes this critical link in his findings that between one
thrdandonehal f of t ot al heal th care spe(nmbdesory goes
& Hussey, 2000)
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Figure49 The Predicted Proportion and Prevalence of
Older Adults in China 2022050. Lw et al.

Besides a highnd growing netlemand for drugs and medicine, other factors such as
traditionalmedicineand natural resources provisignificantopportunityfor the pharmaceutical
industryCont aining 10% of the worl dbés biological f
resoures and discoverable compourftis, et al., 2017)As American and other western firms
constitut i nexpefieBde glowmndR&D ousicomes, companies seek new means of
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drug discovery, with some companies turnatggntionto traditional Chinese medicine (TCN3$
a tool for dug discoveryTCM-based novel drug discovery is benefitted by advances in
chemical, biological, pharmacological, and other schools of technology, allowing the

A rdiscovery of active compounds every ye&lagai and Hori were one of the early identifiers
of TCM asatool to identify and isolate naturally occurring compounds at the turn of the
twentieth century, ultimately isolatirgphedrinean involuntary nervous system stimulé@hen
& Kao, 1912)

These trends all influence glolaid localindustry movement and developmeBabth
Chinesedomestic and foreigfirms seeopportunity to acess agrowing market angaluable
resource and knowledgmurcingpotential As money and resources are being invested in the
Chinese pharmaceutical marlketd western companies partner with local companies to research,
develop, manufacture, and distribute pharmaceuticals, {h&cinis seen on an international
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Figure50 Chinese National Pharmaceutical Market Size and Growth, from the Ministry o
Industry and Information

Policy and Regulatory Environment

When it comes the regulation of the pharmaceutical industry, governmentbatauste
implementing price control to enable medicine to be widebilableto the population (thus
improving public health) and encouraging and incentivizing firms to innottateugh profit,
often using tools such as madextclusivity periods, freedom in prieetting, or delayed market
accesgo competitorsThough regulation is often seen as negatively impacting industry
efficiencyby reducing R&D ability, reducing drug asse and reducing competition, Zhao and
Wu assert that regulation is necessary due to the assumption of weak competition relating to
Apatent monopoly, insurance that seems to be
as i mper f(#Zaot& Wa,@li)t s O

Regulation of this industry is complex, huanced, and highly impactful tpetiermance
of the industry. Focusing on importaattorsof the industry and its performance, eeamine
the current use of price control, patent rights, quality control, and corruption policy directed at
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the pharmaceutical industry by the PRC. We then exathesrategesbeing implemented in
the industry though the use of initiatives and poliaged to guide the industry to growth

Price Control

Pricing is a constantly and rapidly evolving area in the R&flatory spheras the
government attempts tmalance firminnovation and expanding the affordatyilof drug prices
particularly after pricgargeted reform began in 2015.

Understanding itds t woitalmarnderstandinghe priding and e me n t
reimbursement system used by the PRC, as these lists ewpiessdrugs the government sees
as of foremost importancand which drugs are funded by the Basic Medical Insurance (BMI)
the Essential Drug LisEDL, establishe@009 and the NationdReimbursemeridrug List
(NRDL, establishe@000). These two selmes managed by the central governmeme aimed
at providing basic mdicalcoverage andelecing drugs withthe highest therapeuti@lueand
thegreatestosteffectivenessTheseare important toolfor price controlin China(Shi, et al.,

2018) Furthermore, recent adjustments by the NHS&uresewdrugscan beentered to these
BMI-covered drugs and older drugs are remavead moraegularbasis(Deloitte, 2020)

From1997 to 2013, price ceilings were applied more than 30 times to drugs, but this
system fakdto achieve thanticipatedeductionin medicineprice and expenditurieonly
temporarilyreducing medicine prices by 0.58/u, Zhang, &Qiao, 2015) Since ending the use
of price ceilings in 2015, the PRC has implemented different ways to regulate pricing. Mossialos
et al describes theresenpricing and reimbursement system to be separated into three parts:
supply-side policy, proy-demand policy, and demaisitie policy(Mossialos, Mrazek, &

Walley, 2004)

Supply-Side Policy.Supplyside policy isa form of pricingpolicy dealing with the
ability of the drug or firm taccess the markdt includesthe use of direct price controls, as well
asquality regulations. As mentioned above, one early adoption of sgmj#ypricing policywas
seen througlthe application oprice ceilings (specifically to NRDL medicinefowever, this
policy reduced price marginally in the short term, and was easy for physicians to work around by
using expensivandoften offlist foreigndrugs tomaximize the use of the profit gained frdine
15% markupallowedonnorEDL | i sted drugs (hence EDLOGs int
medical corruption{Shi, et al., 2018)

After ending the price ceiling method of price regulation in 2015, tendering became a
main straegy for the pricing of ofpatent druggMossialos, Ge, Hu, & Wang, 2018)sed for
the acquisition of most EDL drugs and many NRDL drugs, firms are invited to submit a
competitive proposdb provinciallevel governmentsThewinner of the tendewasable to sell
the druginner-provincially, with healthcare institutionguaranteedo purchase 80% of the tender
by value.This policy eduedEDL drugprices by an average of 25ossialos, Ge, Hu, &
Wang,2016)

It should be noted that, because tenderirxésutedat theprovinciallevel, there is
variation in how it is conductedkffects of this include increased savings in spno¥inces
while others may decide @nonscientific basis leading to opportunity for corruption. Due to a
nonstandardizedendering system at thpgovinciall evel , a | ack of fAscient
criteriafor ef fective supervisiono cr esdetyengrico pportun
factors without consideration of quality opportunity for firms to interfere with the selection
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process via bribes or illegal alliances. Another unintended result of this paigthat
companies bid at prices below their production cost, leadiagfailure to follow througlon
production Due to theoftenexclusiveright of the tendewinner to the production of the drug,
shortages resu{Hu, et al., 2015; Shi, et al., 2018)
Drug reference pricing (RP) &1 emerging idea in suppside price regulation as an
alternative method to the EDL tendering method for generic drugs. Though not implemented at
significant scale, the government rapibt program for the RP system in Sanming City,
Zhejiang, China fron2014 to 2016 intended to replace the tender system in controlling health
i nsuranceds rei mbur sement aThdRPrsgsttm was assohisedu s e
with a 25.9% decrease tatal monthly volumes for the 14 EBRdrug sample (including
originator volume decreasing 56.8% and generic vergatuimeincreasing by 98.6%). The RP
pilot was associated with a 47.7% decrease infooshe 14 drug substances analyge&D
46,280.05, CNY 295,600The combination of a decrease in the purchase volume of originator
drugs and the increased volume of gengricgshased an be understood as r e:
incentivizingphysi ci ans® prefer enc e-pricefidrugsaSinceeRPans 6 acc e
direct patient demand to lepriced counterparts of drug substances with low pnoéitgin the
rebate for physicians decreasehich in turn eliminates their financial incentiviegprescrile
high-priced drugsoreducing excess expenditure by theguattfJiang, Feng, & Zhou, 2022)
These results may lead to furthmioting of the RP system by the governmentough tested at
small scale and so using intraprovince procurement carried out by Zhiepawvigcial
GovernmenusingChi nadés Essenti al Medicines Program, i
of international andhterprovincialreference points mayelp to address MN@rug prices being
in the upper half ofheinternational price range, wi20% of drugs b&ig more expensive in
China than elsewhefélu & Mossialos, 2016; Mossialos, Ge, Hu, & Wang, 2016)
When discussing tendering and RRtaslatesto the pricing system of cfbatent
(generic) drugs, it is relevant to mention thatinnovative, pure product imitatipsuch aghat
seenngeneri c competition once the originatoros
approximately 98% of thedgub s mar ket value from the innovat
the value among the imitators (generj@s estimated by senior and middle managers from 149
pharmaceutical firms in Chin@Vvang, Li, & Chen, 2020)By implemening policy promoting
off-brand drugs as seen in the tendering system and, to a greater extent, the proposed RP system,
t he or i g rmaraet exelusiaty periodrévenue will heuristically redooebrand
pharmaceutical profiturther reduction of gstexclusivity originator market share may have
effects reducing the innovative ability of the originator firm.
Price control for orpatent drugss an area recently experiencing chadge toa shift to
a national bulk purchase progrg®inhua, 2021; Reuters, 2019)his program wasrst tested
in January 2019 withthée ner al Of fi ce of the State Council
Volume-Based Purchasing scheme (4+7 ). Under thisexperimentfour key
municipalities (Beijing, Tianjin, Shangha&hongqging and seven key cities began using a
centralized purchasingatform for the procurement of drugs to encourage local and foreign
firms to submitcompetitivebidsi this scheme hasincebeenexpanded nationwide (now named
NVBP) (Reuters, 2019)These 11estlocations formed a purchasiadiance, increasing per
transaction volumeThe effect of this program was a 528erageadecrease in pricef the 25
tested drug¢Tang, et al., 2019)The goal of this program is to use hghlume purchasing and
acentralize rating system to choose the drug provider with the lowest aridehighest valut®
use for the national medically insured drug lists (NRDLand EDL) , " 1 ,& :
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2019) Yet a few issues exist in tipdotedversion that may introduce challenges if charayes
not made whempplied at the national leveThe first weakness of the piloted progresthe use
of a singlesourcesupply method, meaning that the risk of sumiprtagesnd the impact of
supply chain issues are greatly increa@exhg, et al., 2019)n the nationwidémplementation,
the government chained this to alléov up to threesuppliersto moderate singisupplier risk
(Reuters, 2019)Another issue: Yang et al. proposes that in order to relgaiability to compete
for the contract, companies who were not selected by the centralized decisios wilkeave
an enormous pressure to spontaneously reduce their prices , “ 1 ,& , 2019)
While this is true, the preface of the bidkying program is the use of economies of scale, most
present in large firms who are ableafiford such drastic price cuts and who are ablgsujoply
such a largeolumeof drugs. Thigolicy may increase thimdustryentrance barriersnaking it
more difficult forsmall and midsize firm& enter the markeand therebyeducing net
competitive force present in the indusirthough allowing multfirm alliancesto participate in
the bidding process may helpalleviate thisffect.

Proxy-DemandPolicy. Proxy-demand policies are policies that influence health care
providers such aghysiciansand healthcare institutions, as these groups act as proxies for
patientswhenmaking purchasing decisions. Previouslyational allowance @ 15% markup
on pricing at medical institutionsestablished in the Policy on Drug Markups issued in 1954,
aimedto increasenedical institutionncome during declimg government subsidigdli, Jia,

Cui, Zhou, & Wang, 2021; Liu, et al., 202However, in response to issues such as-over
prescribing and overuse of antibiotics, a new prdgynand policy was adopted to all county

level hospitals (withdondt r ecei ve f u lfromthegodegmeangNi Jya, Gliup por t
Zhou, & Wang, 2021) the Zero Markup Drug Policyscholarship examining thesult of this

policy has been mixedalthough it seems that considerable de@sagere achieved in drug costs

and total expenditure per patient visit, an increase in the number of visits ammcraigsed

(Liu, et al., 2021)

Demand-Side Policy. Demand side policies are those that directly impact thierga
demand. Moshotably, this includes tools such as tN&DL and EDL The EDL and NRDL
work as the guidfor the Basic Medical Insurance (BMIJhe cost of medications listed in the
NRDL must be in part (50,%dthusussmicé)nceptieestd by Chii
guide patients to cheaper medicines (as price negotiatigorésequisitdor joining NRDL and
EDL) (Zhang, et al., 2021; Evidera, 2019)

Patent Rights

When it comes tantellectualproperty rightsthe pharmaceutical industry presents
special challenges. Governments often facaldwsionbetween allowing a long patent
protection periodthereby ensuring the drug innovator is able to reclaim the high R&D and
institutional costs nessary for a novel drudgevelopmenandinnovatian) anda shorter patent
protection period which reduces the amount of return a firm can attain before generic drug
manufacturers remove most revenue stred@heseby ensuring that patients can have greater
aacess to critical new medicines
Initially adoptedn 1985, the PRCG6s pat evwidionsithamosthas go
recent one going into effect June 1, 20dweverpharmaceuticalata exclusivityrotection
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did not exist until 2001 (as opposedhe US6s | mpl ement ati on of dat a ¢
via. theHatchWaxman Act in 1984, requestable in conjunct with a patent), after which data was
protected for at least 6 yedfeople's Republic of China, 200®)ith the scope of data
exclusivity being extendefdr certain classifications of pharmaceutical data018(Hogan
Lovells, 2018) The goal of the 2008 revision of the PRC Patent Law was to begmft
Chinabs economy from manufacturing towards te
domestic law is consistent with the international Agreement on FRatited Aspects of
Intellectual Property Rights (TRIP$Jang P. , 2020)

However, it should be noted thadherence to and consistency with TRIPS does not
remove potential for international disagreement on patent rigbtsnstance, TRIPS statesath
if the pharmaceutical data submitted by a pharmaceutical company has been approved by one
country, another country that accepts the drug listing application @bhgéedto protect the
pharmaceutical datavhich may lead taonflict regarding differenes in the implementation of
TRIPS(Li, Yu, & Pecht, 2015)

The most recent revisiasf PRC Patent Lawaw special protection enacted specificall
for pharmaceutical patents. The first revision affecting pharmaceutical pghetitie 42) was
anextensiorof term, allowing firms to apply for aextensiorto compensate for time sgesn
the review and approval of drugsvith thetotal patent periodinable toexceed 14 years. This
extension has long beeequestedby MNCs as welas domestic innovatoréticle 76 now
implements a pharmaceutical patent linkage system that pairs generic drug marketing application
with the originator drug. This is designed to resolve patent infringemens satier and prior
to themarketing of the generic drug. However, this function may delay the speed with which
generics, if tied up in patent disputes, may enter the manketffectadding to the market
exclusivity period of the originatdt.i, Yu, & Pecht, 2015)To complement this, Article 71
all ows infringement c¢claims to not be based on
difficult to attain, while additionally increasing the severity of punishment for patent
infringement e.g., maximum statutory damages increased from 1 mRMB to 5 million
RMB (Tang P. , 2020)

The 2020 revision of the PRC Patent Lemwnes in the wake of.8./China tensios
centered around Intellectual Propertgagjreements. January PB20,anagreemenbetween
the two countries resulted in the AEconomic a
the United States of America and tahjeeopgzv er n me
Republic of China; United States of America, 2020)

Quality Control

The early history bthe PRC pharmaceutical industry after the establishment of the Drug
Administration Law of the PRC (1984) is characterize@lpush for domestic generic drug
producers to produce enough Twithdfocusnofdacedon me et
quality and innovatioifMao & Zheng, 2009)Even in recent history, the ? Five-Y ear Plan for
Drug Safety (2012015) acknowledged quality gaps with international standards that had an
effect on efficacy and safefiu, et al., 2015)

One continued barrier to the establishment of wholistic and consistent drug quality
standards ipharmaceuticahdustry compositionmany small firms with scattered distribution
and high fragmentatioh ie 8 8  0) makesit difficult for government bodies to

comprehensively certify that quality standards are being amply and consistenfly met &
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t , 2017) Though we will discuss thiadustryd somposition when discussing the market
environment, it is relevant to understand this composition as a bactaitiopstate of quality in
the pharmaceutical industry.

Good Manufacturing Practice (GMP) is a conceptual guideline oriented towards ensuring
that the manufacturing and testing of certaansumer products (food and beverages, cosmetics,
pharmaceuticals, medical devices) are up to standards accepted by international bodies. It
focuses on quality management and assurance built into the manufacturing system through
procedure, documentation, meenance, etqInternational Society for Pharmaceutical
Engineering, 2022)n the 2016 Guiding Opinions of tligeneralOffice of the State Council on
thePromoting of the Sound Developmenthe Medical Industr§State Council of the People's
Republic of China, 2016) e w GMP practices are specifically
implementand carry outo to i mprove quality metric

Y et, despite thiong-termcommitment to the GMP guidelineggulatory standards were
inconsistent with the international standafisg et al., 2017)Zhao Weihan in his 2018la st er 6 s
thesisnotedt hat a WHO evaluation of Chreveakdtisatitdllr ug i n
short of the Pharmaceutical Inspection@peration Scheme (PIC/S), an international program
implementingstandardized@MP practices in the pharmaceutical indusiityaoreports that to
respond to PIC/g&equirement$ or a centralized quality managen
evaluations, a natiewide centralized quality management systegriigcal, as at the timevery
drug inspection organization had established their owpdction procedure documents, system
management documens)dtechnical standard®sulting in difficulty creating standardization
in the industry( 8 |, 2015)

The Handbook on Capacity Asse®nt of Drug Inspection Agenciestablishedan
earlierversion of GMP as an encouraged standard practice; however, it did not have strong
enough requirements enforcing the necessary measures to fully implement GMP practices.

Another issue in the ability of quality standardization was#tare of the inspectors.
Mostinspectors used to evaluate the quality of manufacturing practices wetengasorkers.

Due to this, it was difficult to advance the inspectdsity, resulting in inspections that were
inadequate. The training of theserkers was likewise variable based on locatsriraining
lackeda national standard. The Interim Provision on the Appointment and Evaluation of
Inspectiondor Drug Production Quality Control Standai@ational MedicaProducts
Administration)allowed government departments gordvincialdrug oversight departments to
have their own training and appointmegstemq 8 |, 2015) This staffing issue is not
limited to the inspectors, bektended tchow manufacturers deatith inspections in actuality,
manager$ocusedsolelyon profit maximization, and/ould temporarily hire professionals to
deal with GMP/GSP inspections and certifications , 2019) Both pactices can result in
increasing the prevalence of unstandardized medicines, and both are highly impacted by the state
of the industry composition as many, small and scattereéd ( 8 8 ).

Amongthe quality issues apparent in the pharmaceutical system (excluding the
preparation of various forms of TCM to fit within the scope of this resedtehyreatestolume
of norstandard quality in chemical medicines came from foreign material in injestable
(particularly stemming fronmtravenoudluid packaging and butyl rubber stopper quality
making up 42.29% of all reportemnstandardhatches of chemical medicings , 2019)

To take steps to solving thegeality issues literature widely encourages the
strengthening of the standardization, transparency, and publicatijpmlity data(\Wu, Zhang,

& Yang, 2015; Wu, Zhang, & Yang, 2015; Hon & Lee, 2018 ,2015 =~ , 2019)

S
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Corruption Policy

When discussingorruption,it is important to not only look at specific and notable cases
that cause industry and policy charigeéis also vital to examine the incentives for corruption
enabled by institutional structynehile at the same timeot removing responsibility and fiu
from those firms actively participating in corrupt practices.

Literature suggests that oaspecinfluencing the prevalence of corruptiontbe
pharmaceutical industgndenabing corruption is information asymmetry of essential services
T that is,patients do not know what they neallowing professionals thepportunityto seltdeal
and create opportunity for personat localizedprofit (RoseAckerman, 2014)

In developing countries, such as the PRC, addressingptiom in the pharmaceutical
industry is of particulamterestdue toa greater scarcity gfublic resoure availability -
increasing cost of care and limiting wbanafford treatmentéRoseAckerman, 2014)

Allegations of corruption have been levied against international firms such as the notable GSK
case(20072013) as well asomedomestic players. In these cases, briteagebeen given to
physicians in public hospitals in exchange for purchasomgractsandmedical prescriptios
RoseAc k er man a n dconipeenedass/érdaldOwh 4f jnstitutionghctorsenabling
corrupton offers a holistic anéhstitutionatlevel view of contributing factors, discussing:
informationasymmetriesmoralhazardsandadverse selectiorit is of note that the referenced
literature is published in 2014, as reform in Chinese regulatisnontinually been occurring
through theReform of the Medical and Health Sectors initiati®e L ) (State

Council of the People's Republic of China, 2021)

Information Asymmetry. In the pharmaceutical and healthcare industries patients rely
in part or in whole on the assistance of doctors and professionals when diagnosing issues and
recommendingapppr i at e treat ments. Patents must rely
i ndu Dehaviprdl siorms, which may result in error ondhe ¢ t parts,s0 bias for or
against certain medicines. Sdkal is also a potential result of stagymmetrical informatian
In the PRC, we specifically see the manifestation ofdedil in two distinct areas:
overprescribing and increasiagnualinpatient visits. Before the implementationtbé Zero
Markup Policy (ZMU) the 15% mariup policy on alilmedicines sold offered an
institutionalized incentive for doctors to consistently prescribe more medicine, and more
expensive medicine, including thaseatmentsvhich were not necessary to patient heélh
& Mossialos, 2016§Jiang, Zhou, & Feng, 2022)ater, te trend ofthe self-dealwasshifted
from the sale of high volume, high price drygs. taking advantage dfie 15% mariup policy
before ZMU) to sel-deal manifested in patient visit volume after ZMU. Though after the
implementatiorof ZMU, both drug cost and total expenditure per visit decreased, the number of
inpatient visits per year increas@du, et al., 2021)In townships analyzed before and after the
implementation of ZMU, Yi et al. discovered townships that were previously reliant on drug
sales saw the number of inpatients increase by 127%, suggesting an effort by profassionals
regain revenu®st byendirg the 15% markup policf¥i, Miller, Zhang, Li, & Rozelle, 2015)

An existing pressure encouraging in the healthcare industry that enables corruption is the
decoupling from government suppdrt recent decades, the pulbitiogpitalsectob s cent r al
governmentunding has been undergoing severe shrinkage, aimed at reducing public expenditure
and allowing public hospitals more freedom in $eliding. In 1980, the government subsidies
were 60% of totahospitalrevenue; irr012 it was 10% with 40% revenue directly from
pharmaceutical salé¥i, Miller, Zhang, Li, & Rozelle, 2015)This decreasput manyChinese
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public hospitals at financial rigl§hi, et al., 2018)eaving professionals tind ways toincrease
other streams of revenireorderto stay viable.

Adverse SelectionAdverse selection occurghenindividualsd on 6t pur chase i n
insurance schemand therebyemo\e the financial backing of thosehe do need to use the
insurance. This can occur if insurance companies cannot chargedgkighdividuals a higher
rate resulting in an average price that a young or he@ltlividual maychooseo opt out of,
undermining the financing system of insurance. In the PRC, this issue is reduced due to the
recent push fohigh and expandingnroliment of Chinese citizens into either the Employee BMI
or the Residents BMI (neworking) programswith anenroliment rate obver 95% of total
population (1.35 itlion people)Yi B. , 2021)

Moral Hazard. Moral hazard is defined by Regekermanand Tan as when insured
patientsdemand excessive care because they do not havartthieecost of the treatment.

Though there is literature examining fredominane of this issue, it may be@ntributing
factor increasing the willingness of patients to be prescribed more expensive drugs or to increase
the number of visits made to irtgnt care per year.

Bribery Schemes Bribery schemes exist in multiple areas in the Chinese pharmaceutical
system. We will discuss theteractionwith pharmaceutical MNCghe tendering and bidding
system, and academic sponsorship.

Practices thatave been defined as corruptiom the part of pharmaceutical MN@se
commonly used to promote a firmbés products. T
practitioners to authenticate, approve, prescribe, and promote their products; fund medical
research; shapmedical knowledge and practice; support patient advocacy organizations; and
marketing(David-Barrett, YakisDouglas, MossCowan, & Nguyen, 20175uch practices are
alsopresent in the United States, as previousgntioned, such as funding gifting trips, guest
speaking, and heavy academic journal marketing efforts oriented at practitMosts.
pharmaceutical MNCs see the Chinese market as an extensive opportunity to grbusihess
andare therefore enthusi&sto enter and maintain a growing market share. Onersoicible
example comes from the GSK 2013,GSK was dound guiltyandfined for bribing officials,
hospital employees, and doctors to promote or sell GSK drugs, often at a sizable price increase
(Hvistendahl, 2013¥ , 2014) This form of bribery is often used as a means to
establish and maintain favorable relationships with purchasers and doctors, ensuring favorable
competitive positioningRoseAckerman, 2014)These firms may use amermediaryto avoid
thevisibility and potential liability of such illegal interactions.

The tendering and bidding system was widely regarded as enabling potential corruption
in the purchasing decision process. Though we outlined the faults of the tendering and bidding
system under the pricing policy section, we can summarizepitoagcial negotiations of price
with no nationally standardizesklectioncriteria allowing opportunity for corporations to
influence theprocesslits replacement, the reference pricing sysf@mmisego reducepotential
opportunityfor corrupt practices and empsiee off-patent generics firms operating in a
atomistic market.

Information asymmetry extends beyond patients tgtaetitioners whoalsooperate
with limited information ofthe upstream operations of pharmaceutical companies. Physicians
rely greatly m personal reputatiofRoseAckerman, 2014jor advancement, and thus are liable
to be sponsored in academic studies, which will improv@they s i reputatiorotisrough
papers published whil e uts.omoting a specific f

McConnell Liam 63



Strategic Approach

Thegovernmenb f t he Peopl eds Re ppurbdingseverastrategidhi na i
initiatives with the goal of advancing industry and international position ofitsoitdustry and
economy. B attempting to advance the industry and the role of Chinese firms on the
international stage, these strategic initiatives have altlenignpact on local pharmaceutical
developmentWhen comparing U.S. policy to Chinese policy, a stronger and more obvious
central str at e g ypolicysThethreinitiatives discussed ih this pageiIC 6 s
includeHealthy China 2030yiade in China 2025 and the Belt and Road Initiative

Healthy China 2(0. The mediumto longtermHealthy China 203@olicy focugson
the improvement athe health of Chinese citizens by increasing hessdthicecapacity and
capabilities controlling health risk faors, enlarging the healthdustry, and improving the
health service industrifan, Liu, & Shao, 2017As it pertains to the support and development
of the pharmaceutical industry, the Healthy Ct#0&80policy (& T 2030 seeks to
emphasize the importance of technical pharmaceutical innovation, particularly emphasizing
patented medicinggharmaceutical preparations, highd medical equipment and other areas.
These areas should be developed with the aim
chamical drugshigh-quality TCM, high performance medical devices, new materials and
pharmaceticale q u i p rfGemral G@nmittee of the Communist Party of China; State
Council of the People's Republic of China, 2016additionallyadvocatesor drug quality
improvements and increased access to healthcarejdgymgportunityand supportd the
pharmaceutical industry.

The impact this policy has on the pharmaceutical industry is not to be utetkrita
represents a st r aRemmiofdhe Medicat and Heéblth SentgB-@f t he N
2017)oriented towards improving access to medicine domestically, and increasing industry
competitiveness internationally.

Made in China 2025.In recent years, shifts in the economic competitive position of
China havded toa redirection of sategy.Though a global leader in manufacturing operations,
and an economic power by itself, China is no longer the leegesttlabor market, losing that title
to Soutleast Asian countries such as Vietham, Cambodia, and Laos. As of the stat of th
initiative, it was also not the strongest player in kigth fields, falling behind the.8.,,
Germalty, andJapan(Li L. , 2018) Giventhis position as well as tightening access to resosyrce
Made in Chima2025T L 2025\was | aunched to advance Chinadé
chain andshift toaposition as avorld-classinnovativepoweri a shift from labor intensive
manufacturing to knowledge intensive manufactu(fdte Council of the People'gpublic of
China, 2015)Relying onlocallevel implementation at therovinciatgovernmentevel (Ma, et
al., 2018) the planis targeted at endogenous innovation (innovation based on internal forces like
local humarcapital, local knowledge, e)¢achieving sefsufficiency, and reducing the Chinese
economyods dependen caavarcedechnologgHogcharenka, 202@ ns f or
ultimately hoping to be a froatunner in the integratioof the fourth industrial revolution
(technological revolution) into existing and developing infrastrudtiuré. , 2018) with one of
the prioritized industries beirngological medicine and higand medicaéquipment
However, the scope of Made in China 2025 is far more extensive tha6-ylear
developmental projecRhase On€0152025)has setthe Made IGhina2 025 i ni ti ati ve
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the ranks ofjyreat powers of manufacturilg P h a s e -208%) ®eksds@bstantially
increaseand lead in innovative capabilitigBhase Three (203%049) aims to consolidate its
position as the dominant manufacturing industry, and estahkdbading position irglobal
technological and industrial systsifState Council of the People's Republic of China, 2015)

A comparison of the local implementatipoliciesfrom Guangdong, Jiangsu, and Hubei
(Notice of the Guangdong Provincial Peopl eds G
2025 Moticeon o6 Made i n JigddsuAatian S2hedehd@Noot i ce on 01+ X Ac
Scheme or Implementation PlantdbeiPr ovi nce f or 6 MmahgsubsequeGthi na
policies in each of the thrgeovince$, identified unifying tactics for aclving the goals of the
Made in Chim 2025 planincluding government system reform, simplifying administration,
accelerated finance and tax support and associated policies, growing-ramdtlargescale
firms, developing smakcale firms, providence ielligence support, ensuring markeide fair
play (Ma, et al., 2018as well as increasing interaction with the external environment
(Honcharenko, 2020With this being saidand with biological méeicine and higkend medical
equipment asne of the majodevelopmenareas, domestic pharmaceuticals stand to benefit
from this initiative(Fitch Solutions, 2020)

The Belt and Road Initiative. The Silk RoadEconomic Belt and the 2Lentury
Maritime Silk RoadX # 215 27K H ) (BRI),introduced in 2013 by
Chairman Xi, is one of the largest infrastructprejectsundertalenin the world. In 2015, the
projectbeganmplementation viathe publishing olision and Actions odointly Building the
Silk Road Economic Belt and the’%tentury Maritime Silk Roady 2016, 38 largscale
transportation infrastructure projects had been carried out in 26 countries by Chinese firms,
totalingUSD 51.1 bn(Thdrer, et al., 2020Wwith MorganStanleypredicting that total investment
could regh USD 1.21.3 trillion by 2027(Morgan Stanley, 20225uch large outward FDI flows
have lasting impactspecifically on those industries with high R&mensiy i such firms are
more likely to strategically conduct FDI asreeans to obtain advanced technology, acquire
internationally competitive brands and attract human capital. Those in high R&D industries do
not necessarily have a competitive advantage as compared to low R&D intensity industries, thus
the use of FDI, mergerand acquisitions, qgrartnerships a strategic move allowing one to catch
up with industry leaders, i.e. a means of knowledge acquisition and competitive ¢rawitiu,
& Wang, 2011)

Thus,it is no surprise that the PRE€using the pharmaceutical industry asralustry
whose participation in and use of the BRYVital. The 2016 issuance dhe Guiding Opinions of
the General Office of the State Council on Promoting the Sound Development of the
Pharmaceuticalndustry(State Council of the People's Republic of China, 204 @ocument
guiding the strategic develommt ofthisindustry, specifically indicates that the pharmaceutical
i ndustry s h cdBRllinitiative] keep ih mindehe global allocation of resources, and
speed up the out war ddivgrse torens aodperationypeomaiontanddo usi ng
investment to conduct M&AWith this outward development, FDI, and expansion, there is much
governmensupported opportunity to create new sales channels and develop Chinese brands
abroadHoncharenko, 2020)
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Market and Competitive Environment

Market Size and Growth

Due to the support from the government, initiatives, general economic growth, an aging
popul ation, and gl obal R&D cost trends, the C
from a mee 2.5% in 199%018.3% in2010b ecomi ng t he wor |l dés second
pharmaceutical market in 20{Ni, et al., 2017)

The Chinesegpharmaceutical industry was measuredchly t ¢ h  Slodustrt i on 6 s
Analysis adeing valued at 149.8 W\SD in 2019, with projections putting the 2014 market at
over 176.1 brdSD, constituing a 3.3% annual growth of value, calculated in USD terms. By
2029, drug sales are exgped to reach 233.0 HuSD. In 2019 pharmaceutical sales were about
1.05% of GDP, as compared to 1.72% in the USA and a 1.5% global ayetabeSolutions,

2020) Historically, the Chinese pharmaceutical industry has developed at a very qui¢k pace
from 2006to 2010, the industry experienced an average growth rate of 2h8%astest
pharmaceutical growth rate at the ti(h&u & Racherla, 2019)beconing the second largest
pharmaceutical market in the wotlgt 2017, following the US. market (valued at 370.6 bn
USD) (Fitch Solutions, 2020)

Per segment size, as analyzedHigh Solutionsfound the Patented Drug segment has
reached6.7 bnUSD in 2019, with projections to reach 43.11yn2024. The Generic Drug
segment reached 95.1 bi$Din 2019 ands predicted to reach 111.8 bn by 2024. The OTC
(Overthe-counter) segment reached 18B8D in 2019 and iprojectedto reach 21.2 bn by
2024 (Figure 51)Fitch Solutions, 2020)

Due toits large size and pace of development over the past 26 yleaiChinese market
has become a strategic priority for mangernational pharmaceutical firmsvith all 20 top
multinational pharmaceutical corporaticsestting up wholly or partially owned operations in
China, includingGSK, Pfizer, Novo Nordisk AstraZenecaMerck, and Rochall establishing
R&D centers (respectively2007, 2005, 2002, 2007, 2011, 2004)

Sales By Category with Sale®-Y Percentage
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Figure51 Sales By Category with Salesoyy Percentage, from FitchSolutions
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Market Organization and Composition

Market Organization. Though growing in its size and power, the Chinese
pharmaceutical industry is hindered by compositional factors that migkeationalcompetition
difficult and prevent continued developmensithout alteration The industrystructureis well
document as being scattered fragmena@dcomposed of many sidirms ( & a ay)

( &t , 2017; State Council of tHeeople's Republic of China, 201&yen being

criticized by the governmeni Guiding Opinions of th&eneralOffice of the State Council on

the Promoting of the Sound Development Of the Medical Indastry an fii rrati onal o
structurewi t h  Ai r r e g u (State Courzit ok teetPeople'sdRepuldic of China, 2016)
ultimately weakening itprofitability and innovativepotental ( , 2016)

In thepharmaceuticallistribution sector, the Chinese market had over 13,000 firms in
2015, with the largest three firms in the sector having a total market share of only 25% of the
market. This is compared tbe top three firmg the US. having a total market shaaeound
80%, and irSoutheasfsia (Malaysia, Thailand?hilippineg of about 60%Barbieri, Huang, Pi,

& Tassinari, 2017)When compared to 201thedistribuion sectorseems to be growing more
concentrated with a total of DO firms(Ni, et al., 2017) a trend which displaythat
distribubors are pushing to enter downstream activities to increase vertical integration and
consolidate the supply ahm.

Likewise, in the pharmaceutical manufacturing se¢he China Statistical Yearbook
reflects the AManufacture of Medicineso secto
(National Bureau of Statistics of China, 20{#houghnotablyatvariancewi t h NI et al . 6:
reported 4,500 firms from the same sourcei t f i t s extimaient GOOCR medlicn® i 0 s
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manufacturergor the20052011period( &t , 2017)and 7,581 firms in 2018
(National Bureau of Statistics of China, 20R0he pharmaceutical manufacturing sector has a
CRs (concentration ratio of the largest 5 firms) of 8.82%. Because this is under 10%, this
signifies the pharmaceutical manufactgrsector is characterized hgar perfect competition
(for reference, China had a @R 25.64, whiletheU S A 6 0= T1B%)( &t :
2017) Of these pharmaceuticalanufactures, Ni et al. reports that 70% are smsdlale

operatios with fewer than 300 employees, and less thamll®on USD in operating revenue
(Figure 54)Ni, et al., 2017)

IBISWorld provides a comparison between two market concentration indices of the
Chinese pharmaceuti cal ma n u f maodediandenegc s ect or a
manufacturing sector$BISWorld estimates the Chinese markstomposed of 20% major
players and 80% minor players (a measure parallel to other findings citing the relatively

di spersed nature of the sector), distinctly a
manufacturing sector, which was composed of 75% major players and 15% rayersplin
fact, the Chinese pharmaceuti cal manufacturin

generic manufacturing sector, which hadighly 15% major players and 85% minor players.
Though the Chinese market was not segmented to branded and gear&sts, these
measurements conducted IBYSWorld display the degree of industry decentralization, and the
prominence of #fAminor playerso (ChenXh2D2i)ese phar
Due to the small scale of theesperations, they adtenlow valueadded operations
such agyenerics manufacturing and packaging rather than the capital and resource intensive
R&D and other higlvalueaddedactivities that are better suited to creat@mgimaintaining
competitive advantag&ucha focus on nofinnovativeandhomogeneous compedtih via
generic drug manufacturing leads to an esagpacity in the generic drugs, which excessively
increases competition to a leveinconductiveo profit. In fact, many of thesaanufacturers
were limited to slim to negative profit margi(si, et al., 2017)Under such intensive

homogenous competitn aviciouscycleis created afil ewmd | ock i no phenomen
the adverse effects of such homogenous competition cteaiienag effects through which an
industry segment is contained to lsalue added operatiois T , - , &7 , 2021)

adding large barriers for innovative or differentiated competiieeded for industrgrowthand
development , 2016)
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Market Reorganization. As an identified issue, both the government and the industry
itself are pushing for reorganizatiofthe market spade increase the ability of the Chinese
pharmaceutical industrty innovate and compete outside of the hoemegus generics and API
manufacturing segments. There are taterconnectedacets through which the industry is
attempting to consolidate: mergensd acquisitions (M&A) and internationalization.

Mergers and acquisitiorage thekey tool through whichthe governmenéncourages the
industry to change its organizational structure from very dispersedanaitlysmall, homologous
firms with limited acces to capital antimited R&D ability into an industry with a greater
degree of concentration that is more conductivdifferentiatedcompetition and innovation
(Barbieri, Huang, Pi, & Tassinari, 201 5ome scholars have evdmectly tied growthof M&A
in theChinesepharmaceutical industry adveemeniith improvements in capital access and
market efficiency( , 2014) M&A s sewe to allow firns greateraccesdgo resourceard
brands which will not only lead to income and sales growth, but more importantly, will lead
firms to expand their siz&crease their productiorolumeand capabities decrease and better
distributefixed costs, diversify product offerings to reduce firm risk, and gain greeteet
sharg( , 2014)i i.e. begin to shift towards greater economies ofeq¢agjure 56)

Through policy and economic presstoe M&As, the goernment aims to create
A n at chanmp@risable to compete at the global level in the supply of pharmaceutical
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products (Barbieri, Huang, Pi, & Tassinari, 2054} should be noted that the pressure is not
exclusively from government policy. In fact, at the global level, the pharmaceutical industry is
quite active in M&4As, partly due to the challengegrinsicto the industry: enormous sunk costs
andlow R&A/drug pipeline success rateghus, by participating in M&A at a relatively higher

level incomparisorto other industries, firms hope sgnergisticallywork with the strengths of

small and innovative firms as a grassroots source for potential medicatianstittaly

reducing the R&D sunk cost while increasing fimarmaceuticdirm'’s drug pipelingBarbieri,

Huang, Pi, & Tassinari, 2017)
Since policies to encourage consolidation of power in-fggihnology and strategic
emergng sectors began in 2006, M&As in the pharmaceutical indhsivgbeen encourage to

pursue higheR&D (- v , 2017) With theexceptionof 2019, which Deloitte assigns to a

combination between a slower GDP growth rate and unfavorable international conditions

(particularly

M&A volume hasbeen steadily increasing over tirffégure57).
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Current government policy encourages M&As in multiple ways. First, the government
uses tax incentives and investmentasearch as incentives to encourage firms to shift to a more
R&D-centric modelas displayed through theland 13' Four Year Plan§People's Republic
of China, 2016; People's Republic of China, 201t1% critical to note that in theurrentlow-
levels of R&D and innovative capabiligredirectly related to thpurecompetitive
homogeneousomposition of the industry. IpromptingR&D, firms areincentivizedto find
ways to increase R&D capabilitg,g, choosing to merge @cquireresearckoased firnsto
achieve these benefits.

Yet another policy pushing for a shifvtardsR&D, and consequently an increase in
M&A s, is the new shift to theolumebasedoricing system for generic drugs. This new system
puts large price pressure on the many gemsanufacturersparticularly smaland medium
sized generimanufacturersvho do not have the resources or scale to offer their products at
competitive bidprice This pressure has resulted in these sitalnediumsized generics
manufacturergither beingacquiredoy larger pharmaceutical companies, increasing their
production capacity; or making these smalediumfirms strengthening their R&D capability
and inrovative drug portfolio byacquiringor merging with firmsvho already possesisese
capabilities(Deloitte, 2020)

Otherpoliciesseek to encourage M&A through means other than R&D incentB/d&
standardizations (both old and nese criteria for participatingn the manufacturing of

phar maceutical s. Bar ber i as s er thasefitmb qualified hi s po
as GMP are all owed to pr oidcuactei,oon ,a ntdh et hfaitr mvictahn
operate. 0 Barberi reports that the establishm

small and medium sized firms $eek to merge with firms holding a GMP certificatiensuring
the ability to continue piduction operationandgainfaster market acce¢Barbieri, Huang, Pi,
& Tassinari, 2017)

Despite the benefits of M&A tan industry characterized Ipyanygenericmanufactures
participating in homogenous competitiomwance policy approach must badoptedo ensure
abeneficialresultto industryfrom extensive M&Aactivity. Thoughtheysupport M&As as a
way to alter industry composition from large&gnericswvith low gross profit margins and fierce
competition to one characterized by innovative medicineaxgeesir us hed M&A
reorgani zation 1 s act udbdtaclggM&Abringtothgrmewlyl | dea, 0
merged organization, including having to merge thifference company cultures, two different
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management angersonnes t r uct ures, two different compani e
intangibles [jcensingpermits, GMP certifications, registration, etc.), all of which slow down the
merging process andgrent continuous and rushed mergers at an indasaig( , 2014)

Xie alsoproposes that, in some cases, the acquired firm may have an inflated or too high
expected value of acquisition, causing deguirerto encountercapitl turnover difficulties, as in
the case o€hina Resources Sanijiol ( 272 XK), Garden Pharmaceutidal 3 ), and
Dongsheng Group( ) ( , 2014) Barberi et al. also proposes tlypeof merger as
acritical factor inwhetherM&A s benefit or harm the competitiveness of the Chinese
pharmaceutical industry. Their data fitldht if horizontal mergers are occurring in a manner in
which large firms increase their assets, sector performance will fall. However, if the M&A
happens such that the M&A increases the number of large firms ipithemaceuticalmarket,

the sector performance increagBarbieri, Huang, Pi, & Tassinari, 2017)

Through this nuanced view we understand that M&A is a stamageffective toobeing
used in Chingo consolidate industry power and allow greater differentiation among firms, but
these effects are only realized if the proper paeelaptedi.e. not pressuring M&As at too fast
of a pace), thacquiredfirms are poperly valued, and the M&A increases thedian sizef
firms in the industry.

Internationalizations a large driveof industry growth, with incentives such as extended
market access, market diversification, higher margins, and survival in a competitive environment
as some of the greatest motivatigbsxit & Yadav, 2015) The PRC and its phaaceutical
industryareno exception to tase However, agnemerging economyhe pharmaceutical
industry has traditionally had low exposure to the differentiationcantpetitivestrategies used
by pharmaceutical MNCs, rathiransticking to thetraditonal production of generics of APIs.

The industryds current international movement s
internationalization, in which emerging marl@#NCs areenteing the world stagéLi, Lian, &
Zhao, 2013)

As a member of rmoreadvdineed strategids ave amacessaly to enter an
already competent, crowded, and competitive international market. Luo and Tung argue that
these Emerging Mar ket MNCs use a fispringboard
latecomer disadvantage through s er i es o f -takieggngaswegdsichase , r i s k
aggressive M&A activityto gain tacit knowledgé_uo & Tung, 2007)

Primary tools used by Chinese pharmaceutical firms to internationalize include moving
up the supplyehain from a producer gfenericAPIs; international certification and
collaboration through standards such as the GMP; building internatical@ capacity via
outsourcing functions for which firms do not hamgial capability, i.e. contract research
organizations (CRO) can be used to do research on behalf of the firm (ex. WuXi AppTec and
CRO HD Bioscienceskontract manufacture organization (CMO) firms may build capability in
specific processes such as running clinical trials, API production, pagaton production (ex.
Shandong Xinhua); anoverseasM&A s or listing (through which Chinese pharmaceutical firms
attempt to gain access to foreign capital markatsy help to internationalize firn{&i, Lian, &
Zhao, 2013)

Chinesandustrial policy firmly pushes for the internationalization of the pharmaceutical
industry, with a specific emphasis on M&A in its currdate-stage of internationalizatio(as
compared to serving as APl manufacturers or other CMé€3)because, as Yu Zhang finds,
crossborder acquisitions by Chinese firms have i
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i nnovation perf or manwaleabletabityknotwledgentgthaoqgiringfiocnar c e an
serving as a way to remove the lateeomisadvantage by accessing, studying, and absorbing
innovative capabilitie¢Zhang, Wu, Zhang, & Lyu, 2018)
Thus, theseparatiorof an internationalization strategy vidvom mergers and
acquisitions serves to distinguisixa main differences in motivations betweggmesticM&A
and international M&A conducted by Chinese pharmaceutical firms. While domestic firms tend
to conduct M&A as a strategy to gain capital resources, competitive strength, and begin
conducting R&D at advel distinguished from th@omogeneoumdustry composition, firms
conducting outward international M&A afecusedon gaining tacit knowledge from companies
who may have more experience in the international or R&bar

Industry Focus and Research andevelopment Focus

Chinese pharmaceutical manufacturers have a large presdasevialueadded
activities. Its largest presence by revenue ihe field of pharmaceutical preparations
manufacturing. As defined by the®JDepar t ment of Laborés Occupati
Administration, pharmaceutical preparations firms are those who manufacture and process drugs
for human useyith the endproduct of these firms being drugs in a form retatyconsumption
(United States Department of Laboflso notaby activeis the pharmaceutical ingredigi@tP1)
manufacturing segmenthe US.F DA def i nes A R ormigturdiodsubstansas b st a n
intended to be used in the manufacturing of a drug product and that, when usquataultotion

of a drug, becomes an active ingredient in th
necessary upstream materials neededhi® production of pharmaceutical preparati@fsod
and Drug Administration) Though not Chinads second | argest

is notable due to its large presence on the world stage. Chinese API production accounts for 40%

of total global production as found by the Unittd ngdomdés Medi ci nes and He
Regulatory Agency (MHRA) in 201Medicines and Healthcare Products Regulatory Agency,

2017)
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As a separate measure of the focus of the Chinese pharmaceutical industry, cost structure
provides a measure to help comparatively understand the financial inflow to R&D activity, and
thereby the importance placed on R&D (or other functions) and the fev&loWhen
compared to the same measures from the U.S. industry (FiguB8),35urchasing takes up a
larger share of the cost structure, whke f f ect being that the invest.
cost s o0 haveafgreadecedadl@igure 59 andrigure 60)Chen S. , 2021)

Cost Structure 2021

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
Percentage of Revenue
@ Wages @ Purchases @ Profit @ Depreciation @ Marketing
@ Rent @ Utilities @ Other Costs Pharmaceutical Manufacturing

Source: IBISWorld

Figure59 Chinese Pharmaceutical Manufacturing Cost Structure, from Chen,
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Other Breakdown (% of Total Other in 2021)
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Figure60 Chinese Pharmaceutical Manufacturing Cost Structure, "Other
Costs" Breakdowrfrom Chen, S.

With an understanding of the curreamphasiof the Chinese pharmaceutical market, it
is nowrelevantto look into the drugpipelineto understand the direction of R&D, B&D is a
critical aspect for the sustainability and growth of any pharmaceutical inqdsing & Luan,
2018)

The Chinese pharmaceutical market, as compared to those of oth&respus
characterized by weak pharmaceutical R&DRerms of proportional investmeatiow level of
innovation, and a comparatively low volume of novelgsi in fact, the market continues to
have a high concentration of generic drugth as many a87%of drug production coming from
generic drug manufacturir(g & # 1 ,2018) Some factorgeading to thidow
R&D/innovation include increasing regulatory oversight, continued development of science and
technology, increasing expenditure for environmental conservatimeasing levels of
competition( , 2018) the industry structe, R&D professional amount and quality, and
R&D capital investmeng & # Y ,2018) When examining the capital funding of
pharmaceutical R&D activitieshe strengtlof Ch i na 6 s ¢ awas rmeaduredfasZBodni n g
2016, ompared to a global average of18% ( & # 1, 2018) meaning that
significantly less funding is going to R&D activities in China than outside China, potentially due
to the scatteredndhomogeneous composition of the industtyich minimizes the size and
capital power per firm, resulting in less capdashilablefor R&D or other differentiagd
activities In ascattered and fragmented industry made of many small irms & t ,

2017, & # 1V, 2018; State Council of the People's Republic of China, 2016)
producing homogeneous generic drugs, the profitability and innovative ability of the sector is
weakened , 2016) in other wordsin a market characterized to such a large degree by

perfect competition, the ability to conduct R&D is limit@thao and Sun additionally found that
the number of R&D professiondsggedbehindthat of developed countries: in 2014, the
pharmaceutical manufacturing industry had 2,160R&0 professionalsncluding 180,000
R&D personnel (8%ef R&D professionals Thiswas approximatel30% of the number of

R&D professionalsn developed countrigsmeaning China has almostaarter fewer R&D
personne( & #1,2018)

As the government and the induspnysh for a transitioto a more innoation-driven
economyindustrialpoliciessich as t he A Ma dpslicyseries@rigoing ahargyés 205 0
the patent systenas well as increasing use of differentiation as a competitive advantage, R&D
has increasingly become a foctkere, t should be noted that the impact of industrial policies
like Made in China 2025 and the Belt and Road Initiatinda get ed i ndustri esdo d
and innovation is a debated subject, with some finding industrial policy can ease thiskigh
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and highinput nature of related investment (vsaibsidies, tax deductions, credit enhancement
etc), while others find thatinds t r i al policy may have a fAsignif
on the innovativeperformancealue toexcessivencentives and preference leading to government
Ar esrete ki n g o(Zhbng,MWai,\Zhaog; & Lyu, 2018Regardless afiegative or positive
impact from its industrial policiedn 2015 China accounted for 18% of worldwide R&D across
all industriegWu, Zhang, & Yang, 2015) with pharmaceuticaldeing one of the
g o v e r npitlar mduéties particularly encouraged to conduct R&D.

A changing environmens a contributing factor to the slow increas R&D outputin
this industry Figure61 displays the China Drug Innovation Index (CllI) for biopharmaceutical
innovation, an idex maintained by McKinsey & Company baserh poll of 129 industry
experts. It displays that, since 2016, the innovation environment for Chinese biopharmaceuticals
has had an athround increaseagging approximately two pointat 6/10)behind the U.S(at
8/10)in 2020 as opposed thpoints in 2014at 4/10) Thechangewith the most significant
impact on the industry innovation prospects has been a change in the regriaimyment
including staff size increase for the CenterBoug Evaluation and a streamlining of approval
proceduregHan, Le Deu, Zhang, & Zhou, 2020jhough the index is crafted specifically
toward the biopharmaceutical subsector, the essential factors ascribed by McKinsey & Company
(includingjoining thelnternational Council foHarmonizatiorof Technical Requirements for
Pharmaceuticals for Human U$¢ational Medical Products Administrati@pproval
streamlining, updates to the NRDL, tacit information gain @R0O and CMO infrasticture,
and a surge in crossorderpartnerships) are also applicable to bheadempharmaceutical
industry.

China Drug Innovation Index (CDII) scores, scale 0-10

Policy environment Funding R&D Local innovation  Integration Average,
Regulatory ~ Market access  for biotechs capabilities output with global  all dimensions

//,/w'/k"/‘r—///

Souree: BCG analysis.
McKinsev Note: Wave heights are illustrative only and to exact values or volumes.

s Company Figure62 China's Three Overlapping Innovation Wave

Figure61 China Drug Innovation Index (CDII) scores 1via. Boston consulting Group

Biopharma Innovation, from McKinsey & Company

In an environment in which government processedaing smoothened and market
concentration is slowly increasing through the use of M&hAe innovation model and
orientation are changings Boston Consulting Group describes them, in the Innovation 1.0
phase, pharmaceuticals aimed to develop new migigon already validated or ladtage
clinical targets or therapies; in Innovation 2.0, pharmaceuticals saw greater original indication
expansion, combo therapies, and novel antibodies; followed by Innovation 3.0, characterized by
advanced and novel teoblogies and mechanisms of actions (currently mostly in cell therapies
and gene editing fieldg)igure62) (Wong, Wu, Xie, & Vaidyanathan, 2020)

With increasing emphasis and expenditure on R&D, it is vital to understand the strategic
direction pharmaceutical companies are taking to increase their ability to both differentiate from
domestic and internationabmpetitors and to address the specifieals of the local consumer
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marketiInher Master 6s Thesis on Chinese novel drug
registraion applications submitted to the CFDA (now MNPA) on two levels: the number of new
class Idrugs by typetype 1, 1.1, and 1.2 chemiadugs; type 1 biologics, and type 1 TClas
categorized by the 2007 publication of Measures for the Administration of Drug Registration])

and by the therapeutic field subcldss , 2018) Suchclassificationproduce both a broad
understanding of drug type being pursued by the pharmaceutical industry (chemical, biologics,
TCM), and a narrow understanding of spedifierapeutic fielddeing focused on by the
industry.Figure63 gives a preliminary understanding of tpeneral direction of research and

drug development: the i nduotchenmigadruggvithesuclo p men't
drugs taking up 60% of new drug applications from 2005 to R@dle&wed by biological drugs

with 34%, and TCMs at 6%.

CLAS$SNEWDRUG
REGISTRATIONPPLICATIONS
BYPHARAMCEUTICAL PE,
20052016

m Chemical Drugs m Biologics mTCM .
Figure 63 Class | New Drug

Registration Applications
20052016 as identified by
CFDA, data fromYulu Fan

Following this broad analysis, Fan subdivides these segmenth@itoespective
therapeutic segments to lend to an understanding dietds and directions of the
phar maceuti cal i dedelopntenty 6s research and

From these CFDA (MNPA) drug registi@n recordsantr-tumor drugshave a prominent
position in the registration of chemical pharmaceuticals and bioldgichemical
pharmaceuticalgntitumorresearch and registration is faeaterthanthe other10
classifications. Based on an-§&arsum digestivesystemdrugsarethe second strongest
classificationwith 50 registrationgcomparedo 197 for antitumor). This compares to 44 anti
infective drugregistrations34 endocrine and metabolic regulation drugs, 26 rheumatic disease
and immunedrugs, 25 nervous system drugs, 14 mental disorder drugéigtoe &) (whole
datasetwvailablein additional resources Figuv®). Under the biologics classification, anti
infective drugs have held alotiger m emphasi s and hwmberoft he peri o
registrations at 89 new drugs. However, the emphasis eiméattives began decreasing after
2013, with antitumor drugggaininga dominant position by 2016. Based on theyéar sum
totals, antitumor drugs follow antinfectives with 62 regisations, imnmunomodulators at 47,
blood and hematopoietic system drugs at 21, and endocrine and metabolic regulatory drugs at 20
registrationgFigure65) (whole dataset available in additional resources FigQyeFinally,
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TCM, making up 6% of total new drug registrations from 200%6, seems to be far more
dispersed in terms of development orientafion part due to the low volume of new drugs
being registered. Under tR&CM classification, nervous system drugs havegiteatest emphasis
early in theexaminedperiod with a total of 19egistrationsAnti-infectives follow at 6 drug
registrationsOthersubclasses only have 1 or 2 new drug registra{igigsire66) (whole dataset
available in additional resources Fig&®.

Distribution of the Main Therapeutic Areas of Chinese Class | Chemical Pharmaceutical
New Drug Registration Applications, 260%16

45
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35
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25
20
15
10
5
0
2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016
e ANti-Tumor Drugs == Digenstive System Drugs
== Anti-Infective Drugs == Endocrine and Metabolic Regullation Drugs
= Rheumatic Diseases and Immune Drugs e Nervous System Drugs
== \|lental Disorder Drugs e Dermatology Drugs
= B|00d and Hematopoietic System Drugs e Anesthesia

e Urinary System Drugs

Figure64 Distribution of the Main Therapeutic Areas of Chinese Class | Chemical Pharmaceutical New Drug Registrati
Applications, 20082016; data from YuLu Fan
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Distribution of the Main Therapeutic Areas of Chinese Class | Biologics New Drug
Registration Applications, 20516
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Figure65 Distribution of the Main Therapeutic Areas of Chinese Class | Biologics New Drug Registration Applicatior2026(
data from Yulu Fan

Distribution of the Mein Therapeutic Areas of Chinese Class | TCM New Drug
Registration Applications, 2029016
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e Nervous System Drugs

== \ental Disorder Drugs
e Dermatology Drugs

2008 2009 2010 2011

e Anti-Infective Drugs
= Urinary System Drugs
== Orthopedics
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e Respiratory System Drugs
= Endocrine and metabolic Regulators
e Rheumatic Diseases
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Figure66 Distribution of the Main Therapeutic Areas of Chinese Class | TCM New DrggtRation Applications, 2002016;
data from Yulu Fan
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In this research, CFDA (MNPA) is used to gain an understanding of the R&D orientation
of the Chinese pharmaceutigatlustry, therebyroviding insight in potential developing
competencybased differentiation. However, it should be noted that CFDA registration
applicationdail to capture the whole picture of Chinese pharmaceutical R&D because it contains
certain biass One such biassithe high attrition ratef pharmaceutical R&D. Only 10% of
identified small molecule drugs successfully make the transition to canlitiajbes, Rees,
Kalindjian, & Philpott, 2011])i.e., before entering clinical trials). iBintroducesias to the use
of this specificdatasetin its roleas an indicator of R&D orientation becatlseuneven
di stribution of isthdsed omdoug madality @nd diseasaitafGrielses
Imai, & Ono, 2018 This means that using this data nugglerstate the actual early investment
capital direction, and instead display where success in R&D is fiotwd distinctmeasures. In
addition, due to the longeriodbetween initial research and marketizatithis data may act
more retroactively not displayingcurrentR&D directionbut the R&D direction 8.0 years
prior (as current R&[Chasyet to progress to the regulatory approval stage)
After understandingvhat theresearchs, the logical next question is by whdhe
research isonducted. MKi ns ey & Co6s d a fiirmmshaveagrowiagtinfuencd hat |
in Chinads innovati on o 82glmicaltrialdpplcaion giovitle b ac k g
from 2016 to 2020, Rinese biotech firmbavegrown to make up over 56% of total clinical trial
applications, withChinese chemical pharmaceutical companies increasing their applications by
34 applicationgthough only 3% more than MNC#)lan, LeDeu, Zhang, & Zhou, 2021)

Number of innovative molecules’ for clinical
trial applications in China by company type

344

Multinational
792 pharmaceutical

companies in China
265

+32%

per

annum 207 64 China pharma
companies

I I China biotechs

2016 2017 2018 2019 2020

F|gure67 Chlnese Innovation Pipeline; McKinsey & C

Jiang and Luamvestigatedhe impact and distribution of Chinese pharmaceutical
patents byanalyzing which patents were getting the most references, and to which category these
patents belonged t®ather than refining the understanding ofdivectionof Chinese R&D,
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thesedataserve to identify the impact of their research in the broader academic and scientific
communites i n effect showing what Chinads competen
identified that there were 15,4p2atentsciting Chinese pharmaceutical patents registered in the
StatelntellectualProperty Office, the U.S. Patent @emark Office, or both for the period 2014
2015, with the 28,07patents citindJ).S-based patents found for the same peflaang & Luan,
2018) Though there is still significantgap between these two measures of innovation, it should
be noted that 20 years prior in the period 12995 only 66 Chineseeferencingpatents were
identified,while the U.S. had 8,328 U.Sreferencing patents in the same perioch i na 0 s
15,356c¢countincrease from 1995 to 20thsplays a growth rate oWisibility and influenceof

patents in the global sphemich is outpacing U.Sgrowth Jiang and Luan also used this data

to conduct innovation convergence measureshow concentrated these of patents in the

top 10assigneesThe top 1Gassignees referencing Chinese patéfitgjiang University, 0.73%;
Jiangnan University 0.53%hanghai Jiao Tongniversity, 0.37%; Shanghai Institute of
Pharmaceutical Industry, 0.34%; China Pharmaceutical University, 0.33%; Shandong New Hope
LIUHE Group Co. Ltd, 0.32%; Jinan University, 0.32%; Nanjing GuangkargiieharmaCo.

Ltd, 0.32%; Qingda MunicipalHospital, 0.31%; and Shandong University, 0.2T84p
pharmaceutical firms, six universities) made up 3.84% of the retrieved patents, showing that
there was a relatively low degree of convergence. This indicates that the concentration of
innovaion is more spread throughout the indusiganwhile the US.6 s t papentt e n
assignees referencing U.S. patdftsHoffmannLa Roche Ltd., 1.75%; University of California,
1.03%; Merck Sharp and Dohme Corp., 0.88%; Inserm, 0.53%; Novartis AG, 0Sz0ff}

Aventis Deutschland GmbH, 0.49%; Harvard College, 0.47%; University of Texas System,
0.47%; Roche Diagnostics GmbH, 0.46%; John Hopkinsersity, 0.45%) accounted for

7.03% ofpatentfilings citing U.S. pharmaceutical patent®uble the convergea of the

Chinese patents.

By taking this same data, Jiang and Luan were able to identify the focus of patents citing
previous Chineseand U.Sr ef er encing patents. The purpose o
cutting-edgefrontierstowards which the industy i s advancing, 06 by ident
subjects were gaining the most traction. Bigeire 68, which identifiesthe convergence of
Chinese pharmaceutical innovation.

The network map identifies four major convergence points in ttiiag Chinese
pharmaceutical patents. The largest convergence point, TCM, comesaprseasTCM-
based novel drug discoveig/an increasing method for the identification of novel compounds
(Wu, et al., 2014as a means of natural medicine discovery and develogideret al., 2017)

This is strengthened by Chinese public entities attempting to capitalize on the pharmacologic and
commercial potential of TCMUJiang & Luan, 2018)and most likely benefits fromme rich
history of TCM development in China.

Figure69, then, displays the convergence innovations offrtiiersof the global
pharmaceutical industry that civeth Chinese and U.S. patsnThe highest convergence points
were pharmaceutical composition, cancer treatment, and chronic diseases and mental illnesses.
This shows shared areas in pharmaceutical patents that are mutually and frequently cited
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Financial Environment

Though important to all industries, financing and capital sourcing has a particular
importance to the pharmaceutical industry duan&dong and risky research and development
process required to develop, optimize, nedrland sell novel drugs. Investors masestlarge
amounts of moneto fund highrisk activity with lowprobability of pay off. Due to both the high
investmenwolumenecessary in this highly innovative industry as well as the high risk
undertaken by both the firm and its investors, the financial environmestinot be overlooked.

In this section, financial trends in the PRC affecting the pharmaceautickistry are
examined to give a greater understanding on how volume of capital inflow, source of capital
inflow, and use of capital over time.

Private Investment

Foreign direct investment (FDI$ & broad category of financial interactions between a
foreign entity ad a domestic entity in which ownership, funding, or debt is pursued. It includes
activities like private equity investment (PE), ventaapitalinvestment (VC) (if from a foreign
entity), establishment of facilities, M&A activity, etc. The developmemhotlern China has
been significantly impacted by FCFDI volume tripedfrom 46.9 billion USD to 126.2 billion
USD in the years 2002013. The FDI investment in tipdharmaceuticahdustry has likewise
experienced both a volume increase and an incredBe percentage of manufacturing FDI
received. In 2006 the Chinese pharmaceutical industry had a total FDI value of 0.5 billipn USD
which grew to2.1 billion USDby 2016. The ratio othep har maceut i cal i ndustr)
manufacturing n d u sntreaedfiom 1.29 to 5.93% in the same pefiogd Angelino, Yin, &
Spigarelli, 2017)

When it comes to R&D funding specifically, the cornerstone for pharmaceutical
innovation and growtiprivate funding is at an insufficient level. PiBgng et al. finds that,
considering increasing demand fdrarmaceuticalggovernmensupport to R&D is needed to
fill in for the shortcomings of private fundir{®eng, Lu, Hong, Cén, & Yang, 2019)They cite
the relatively low R&D intensity of Chinese higch industries as compared to developed
countries. Lan Qiu et. al. agrees, arguingt, despite a rapid increase in pharmaceutié€f R
investment in the past decade,ii@hmust still increase investment size to have an investment
intensity analogous to other global hitgth industries, and to achieve a status as a competent
pharmaceutical innovation systé@iu, Chen, Lu, Hu, & Wang, 2014)

Venture capital (VC) is a type of financing based on priegtaty with the goal of
providing startup companies the financial capital necessary to start. The investor generally aims
to find companies and industries that they believe have positivadomggrowth opportunigs.

By the nature of investing in startups, VC is often higigity andcost intensiveln order to

create profit, Vdnstitutionswill divest from the startup when it is able to enter the public

market vialPO, equity buyback frorthe startup itself, equity sale to employesds, It is clear

that VC is a particularly important factor for encouraging and growing innovation in an economy
(Lerner & Nanda, 2020)

Venturecapitalin China remains in it;fancywhen compared to that of developed
economiesThe VC markebeganin the 1980s and has since grown with the Chinese economy
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(Ahlstrom, Bruton, & Yeh, 2007A significant portion of VC investmermomes from foreign
VC firms, which constitute approximately 30% of total d€als(Daxue Consulting, 2021)
(Figure70). In 2012, 34.03% of Chinese VC funding came from unlisted companies and 18.87%
came fromindividual sourcegFigure72). However,the VC market is young when compared to
developed countriegnthe 19862 009 per i od, Chi nl@opharmac€uticalm v e st me
only reached 10.51%, which was significantly smaller than the 18%SOMC investnent
during the ame periodFu & Ng, 2021) Lower activity of VCs may contribute to this lower
proportion of investment. S&P Capital IQ found that 711 VC punhte equity firms had life
science investments in tlkeS, while there were only 88imilar funds in the PRC, with only 19
of these funds making more than one investment, mvdahyof these VCs focusing on short term
profit rather than more innovative projeets a way to reduce \\Borne risk(Ni, et al., 2017)In
addition to this, Chineseenture capital declined from 2018 through 2019, according ¥uBa
Consulting, which will increase financial barriers for startup operafieigsire71).

Yawei Fu and Sin Huei Ng state that it is imperativéake steps to expand venture
capital fundraising sources and their exit channels to increase the viable innovative ability in
innovative industries and to continue to drive the growth tepreneurial startug$u & Ng,
2021)

2018 Chinese VC Deals by Investor Location
Chinese Venture Capital Deal & Dollar Volume (2016-2019)
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Figure702018 Chinese VC Deals by Invest e ! o | ws

Location, from Daxue Consulting, data fromr Figure71Chinese Venture Capital Deal & Dollar Value (201
Pitchbook 2019), from Daxue Consulting, data from Crunchbase

Public Funding

Public funding is an important souraépharmaceutical capital, with the NatiorBalreau
of Statistics of the PRC reporting that pulfliading for R&D institutes in the pharmaceutical
sectorconstituteda key funding source with more than 81% of R&D expenditure accounted for
by public funding, while private investment ordgcountedor 5.41% in 2021 (though only
4.7% of R&D investment as used to improve basic research, an important factor for new drug
discovery)(Ni, et al., 2017)

Public institutions also have a significant presence in VC investment, with VC used as a
common way for Statbacked VCnstitutionsto invest in startupsoften stateowned
enterprisesThese statbacked funds offer more targeted encouragement to spiecitistries
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(Daxue Consulting, 2021)n 2012, the government and statened enterprises accounted for
30.59% of VC investmer{Qiu, Chen, Lu, Hu, & Wang, 2014)

Financial
institutions (incl
uding banks),

2. 06%

Others, 4.69%

Foreign capit

Government,
11. 78%
Unlisted
companies, 34.03%
State—owned

investment
institutions,
18.81% Individuals, Listed companies,
18. 87% 4.63%

Figure72 Capital Sources of China's Venture Capital, from Lan Qiu et. al.
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Figure73 Scale and Yo-Y Change of Public R&D Investment by Subsector, data from Lan Q
al.

Knowledge Environment

Though we have already discussed R&D activity as a tool to create and maintain a
competitive advantage, it is important to understandrtegaction between pharmaceutical
firms and external playerés both a knowledge arghpitatintensiveindustry,the
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pharmaceuticahdustryrelieson knowledge innovation to maintain a competitive advantage,
differentiation, and even market viability.

To maintain competitive abilitypharmaceuticdirms often participate in multiple types
of innovation: incremental innovation focusing on improvimdinding novel applications for
existing drugs, and radical innovation focusing on creating new breakthrough innovation.
Innovation itself is the result of recombining new knowledge inga#ever when relying on
internalknowledgesources for@combnation, a lack of knowledge diversity is created which
hampers the abilityo creatébreakthroughnnovation(Dong & McCarthy, 2019)As a latecomer
industry, Chinespharmaceuticalmust catch up to more integrated firms ie tilobal sphere by
closing the technology arlcdhowledgegapvia. increasing collaborating with domestic and
international technology leadgiRen & Su, 2015)

Firm collaboration is frequsly described by scholaescording to two fundamental
families of managerial theory: the resouli@sed view and the institutidrased viewThe
resourcebased view of innovative external collaboration asserts that firms and organizations
have unique resources that are valualdej-to-imitate and immobile (tacit). These resources
are the source foramr g a n i guacess and differentiation and are fundamental to an
organi zationdés competitive advantage. I n this
is created nipjust from complementary information sharing, but through the collaboration
procesghrough which taciknowledgeis gained. The RBV perspective is the most widely
acknowledged reason for collaborationMestern pharmaceuticalsn alternative managerial
theory, the institutiorbased view, was developed after gaps between RBV theory and practice
were identified. The IBV states thabnditionswithin an industry determine firm performarice
that is firms must consider the formal and informal rules of bess to succeed. The IBV
perspective is proposed to be of even greater significance in emeogingmiedike Ching
where the institutionaénvironmentis variable(Li, Zheng, & Wang, 2015)Through the impact
of IBV perspedve in emerging economiesumder researchddli, Zheng, & Wang, 2015)
Kafouros points out that, in contrast to developed marketsepharmaceutical firms have
invested in internal R&D for decades amalebuilt innovationmodels around homogeneous
institutionsand established systenphiarmaceutical firms from emerging markets are less able
to be seHsufficient andexhibiteda greater dependence on the lealironmen{Kafouros,

Wang, Piperopoulos, & Zhang, 201%pr examplenonhomogeneity n Chi nads | ocal
institutionsand environment were analyzed by Kafouros eullmatelyfinding thatvariation

in IPR enforcement, international openness, quality of a@ademic institutions (URLS) had

significant andrariableimpact on the success of firimmovationeven within China (Figur@4)

(Kafouros, Wang, Piperopoulos, & Zhang, 2Q15)

In additionto theimpactof RBV and IBV preservative on innovation, the type of
collaborative relationship formed between two entities is also of great significance to the
orientation and outcome of successful collaboration. As a result of the necessity to recombine
knowledge to achieve innovation, greatelaboration is used to encourage inbeganizational
learning(Li, Zheng, & Wang, 2015)among these interorganizational learning forms,
collaborative techniques are frequently dividet interfirm collaboration and acaanic
collaboration. Botlof these knowledge sourcingollaboratbn-techniques are used in various
ways within the industry to achieve specific goals, as both indpsityers and academic
organizations have distinct goals that will characterize theaafithe collaborative
relationship Figure75 exemplifiesthe difference the markedr academicnature of the partner
has on innovation, based on trwledgenetwork theory which suggests the number of
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connections firm has compared to the maximum possible numbeomfiectionss positively
correlated with the benefits gained from the netw@&ng & McCarthy, 2019)

Innovation performance

— Reglon with weak IPR enforcement
gion with strong IPR
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Dong, John and McCarthy, Killian
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Figure75 Moderating Effects of Regional
Institutions in China, from Kafouros, Mario et
al.
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Inter -Industry Collaboration

Inter-industrycollaboration, oindustryindustrycollaboration is a form of partnership or
collaboration in which the markétased firms have similar goals: using applied knowledge with
clear commercial applicatiorandinnovate to meet market needs (i.e., seeking proprietary
technology (Dong & McCarthy, 2019; Perri, Scalera, & Mudambi, 2017)

Despite the RBV perspectiteeadvantagesf domestic and international industry
industry collaboration and open innovation methods, Perri et al. identifiédniany MNES in
emerging countries take a more conservative approach to collaboration due to a higher risk of
knowledge expropriation stemming from weak IPR regi(Resri, Scalera, & Mudambi, 2017)
However, this resistance such MNElocal collaboration seente have started to subside in
recent yearsvith an increase in partnershi@4an, Le Deu, Zhang, & Zhou, 2021; Had®&mith,
2021) Domestic collaboratioparkshave continué growing with the establishment of 22
biomedicine science parks aimedoabmotingdomestic inteffirm collaboration(HadenSmith,
2021)

More research should be conducted into the prevalence of variousdbdmsestic and
internationaindustry-industrycollaborationin Chinesepharmaceuticalto gain a greater
understanding of hownowledgeflows between domestic and international operators.

Industry -Academia Interaction

Despite the growing importance of intiim collaboration forknowledgesharing as a
driver of innovation in the Chinese pharmaceutical industry, literature largely suggests that firm
academic collaboratiomas potential tplay an even greater role incfhtating knowledge
sharing based connectiottsdrive the intake and dissemination of advanced technical
knowledge(Perri, Scalera, & Mudambi, 2017; Kafouros, Wang, Piperopoulos, & Zhang,.2015)
In fact, while developed countries cite universities as their least frequent source of information,
33-50% of external R&D firms focus on academic collaborafléafouros, Wang, Piperopoulos,
& Zhang, 2015) Firm-academic collaboration hdsstrict motivationsfrom interfirm
collaborationsas university and research institution partners are often sdiasee knowledge
creators that focus dondamental knowledge development with the purpose of adding to
academic depth rather than developing commercial applic@iong & McCarthy, 2019)One
reason for the superiority of academic cooperation and collaboratisademiknowledge
networkorganiationi that is to say academics develop strong interpersonal ties throughout
local and distant institutionsvhich allows for broader learning, better results in research
activity, more widespread recognition, and reduostitutional threats to the innovation process.
Furthermore Perri et al. points out that idiem collaboration is often focused to a greater
extent on shorterm objective of commercialization, while academagtitutionstend to focus
more on longterm innovation Arm-academic collaborati@donot have a direct 1:1
manifestation in profit and effectiveness (as measured in piaditin fact have an inverdé
distribution, meaning that firracademic collaborations adpeneficialfor the firm but oty to a
certain point, after which an over utilization of exterkrabwledgemay reachthé i r mé s
knowledgeabsorptioncapacity(Kafouros, Wang, Piperopoulos, & Zhang, 2015; ,°

v, & , 2016)
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While Chinesgpharmaceuticals exhibitsironguse of academic collaborationadvance
the innovation level of the industry, there is still a significant gap between academic research
output and firm outputOn one level, firms must bear a cost for assimilaing) using external
knowledge' while this cost is minimized in intdirm interactiondueto goalhomogeneity
academic institutioknowledge sourcing necessitatasre resourcegevotedo integraing
nonhomogeneousformation into the firm(e.g. takig basal research from academic institutions
and developing that for use in a commercial proddetjhermore the output quality goal varies
between these two types of organizations, as the firm focuses on developing a product to the
lowest possible poirdble to pass regulation in order to minimize cost, while academic
organizations wish to develop the invention to optimal quéisfouros, Wang, Piperopoulos,
& Zhang, 2015)Both providevaryinggoalbased barriers which adiifficulty to firm-academic
collaboratonTo compl ement this gap, academics tend t
research areas to maximize the impact of their academic papers, gaining merit for themselves
and their institution. For example, Chgeeacademia has been among the top three leaders in
nanotechnology publications for over 20 years and is adept at gene digotemglogiesthough
Chinesepharmaceutical firmsontinueto predominantly use conventional technologies such as
tablets, capdas, and injection&Zhong & Ouyang, 2019)

Theinteractionbetween industry and research organizations continues to lag iedtind
of the United States. In an analysis of univergiyustry collaboration, Zhou et al. found that
Chinads wuniver sity -industrytcollabbration(UI@) predactiviiasn i ver si t
measured through publication utilizatiamas Shanghai Jiabong University, with a UIC
productivity of 651 (the I0gr eat est UI C productivity was Xi 63
the USA, Harvard University had the greatest UIC productivity measurement at 3,756 (while the
10" highestUIC productiviiywas© | umbi a Uni versity at 1, 646. Wh
scienceso i ndustr i a7k wssethabarhuge gap exigte betwden Chindsd a b | e
and US. university collaboration with the industry. However, the distribution of UIC differs
from thatof theU.S.Figure77 and Figure/8 display thahalf or more of leading Chinese
universities collaborate with domestic industry, yet most of the industrial partners have a
distance greater than 50 kilometers from the university, with a large proportotiatforation
occurring internationally. On the other handSUiniversities display a far greater rate of
domestic collaboration and a far smaller rate of international collabof@tau, Tijssen,
Leydesdorff, & Hernandez Monya, 2016) Despite thelisadvantage of universindustry
collaboration volume, it is possible that the greater internationalization of UIC introduces a more
diverse set of implicit and tadinowledgenput factors which may lead to the diversity of
knowledgen ecessary t o A s(@Paeng&Mc€artbyr201®k t hr ough o

Rank China P(UIC-USA)/P(UIC-China) USA
University P(UIC) P(UIC) University
1 Fudan Univ 113 7.5 844 Harvard Univ
2 Zhejiang Univ 111 3.9 432 Stanford Univ
3 Shanghai Jiao Tong Univ 110 3.9 431 Univ Calif—San Diego
4 China Agr Univ 104 4.0 419 Johns Hopkins Univ
5 Peking Univ 101 3.9 397 Univ Calif—San Francisco
6 Peking Union Med Coll 100 3.7 368 Univ Washington—Seattle
7 China Pharmaceut Univ 74 4.9 366 Duke Univ
8 Tsinghua Univ 70 4.9 341 Cornell Univ
9 Sun Yat-sen Univ 67 5.1 340 Univ Florida
10 Sichuan Univ 57 5.8 331 Univ Calif—Los Angeles

doi:10.1371/journal.pone.0165277.t007
Figure76 Top 10 Universities in domestic ranking in UIC productivity in "Life Sciences" (ZI®), from Ping
Zhou et al.
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Smmar y

Pharmaceuticals is a unique industry dukiginly complex government intervention,
which impacs product price, intellectual property rights, quality, and corruption management
Adding to the complexity is theeed for aighly complex innovation systemhich necessitate
a high degree of knowledge synthesis, resulting in abnormally high M&#?ementIn this
paper, we attempted to examinestimdustry through the lens of a U-Shina bilateralndustry
comparisonln this way, relevant changm the industry dynamics of these twexonomic
powerscan be identified and better understood.

From a historical perspective, the U.S. market has been a lead innovator in this industry
since at least WWIIThe industry has since grovsmbstantiallyin the interim @&cadesreaching
a value of 369 bn USD in 2019. The Chinese market had a much slowewigtaproduction
during and after the Reform and Opening period focusing ofgloality pure product imitation
with the goal of increasing productienlumetoprovd e ampl e medi ci ne t o t he
populationwith little to no innovation activityThe Chinese industry has since progressed to a
stage oindependeninnovation, ultimately yielding an industry value of 149.8 bn USD.

Today, these twpharmaceutial industries are faced with their own unique issues
impacting the ability of the industry to continue its innovaiiotensive R&D .Both countries are
experiencingpopulation aging resuitg in increased pharmaceutical deméaralkey driver for
industry growth The U.S. has a particular issue with expiring patent terms resulting in the
Apatent cl i f f, oindustryregenue am redunes the abiléydaufune fature
projects. Chie s e phar maceutical s6 | ar g etchredunesther n i s st
power, differentiaton ability, and innovatin ability of firms.

Pharmaceutical prices in the U.S. receive no government regulation, allowing firms to set
pricesaccordingto what they believe consumers are willing to pay. This unique policy direction
(or lack thereof)s based on the belief that without full freearket pricing, firms wouldbsethe
incentive to innovate new medicirgthoughthe relationship between pricedaiinnovation is
still highly contestedMeanwhile, China haseveralprice-controltoolsfor pharmaceuticals
including the recently nationally implemented byplkrchase scheme, which leverages high
volume demand to redudiee cost of prices to the consume

Corruption is present in alidustries ands enabled by latent opportunities that exist
therein.The U.S. has thresotablefacets: the allowance of diret-consumer advertising which
shares lowguality information and testimonials to influence eethsumer choice; PBMw/hich
some authors argue would violate the Corrupt Practiced Aatside the U.S. due to adding no
value to the product; and significant lobbying efforts carried out by the pharmaceutical industry
to influencegovernmentecisionmaking.In China, bribery seems to be the predominant form of
corruption, with firms bribing government officials for price increases

One of Chnotab& diferenceastit U.S. pharmaceutical governanties in the
central strategpresenin government polig. Through policies such as Made in China 2025 and
the Belt and Road Initiativéhe pharmaceutical industry is placed as a priority industry for
development. Firms therein are encouraged to shift to a moreativ® position in the supply
chain ancexpand intdhe international market. In contrast, the U.S. has traditionally had a more
handsoff approach to regulating the stratedicectionof theindustry, only altering a few
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aspects of the industry to incesagenerics competition (as an example); yet, in the face of
growing international competition, particularly as it applies to China, the U.S. igrdtemmion
point: should a more directed governance approach be adopted to ensure sustained superiority?

In terms of market structure, the U.S. maintaimggtremedegree of industry
concentration, falling just short of tis#gopoly classification With % of the market share being
commanded by major players, some experts worry such concentrati@suledin reduced
competition.The U.S. generics industry far less centralized, with ¥4 of total revenue attributed
to four firms.This structure has beehifting since the start of the biopharmaceutical revolution
T with an uptick in M&As and firms morewil i ng t o stray from the tra
response to the growing cost and risk of developing medicine

The Chinese marketharacterized by many small and unorganized firms, provides a
strong contrast to that of the United States. Due triggnsin low-innovation, highvolume
generic drug manufacturing, the Chinese market still retainsssiventerfirm competition,
damaging the ability of firms to collect excess profit to be used for R&D and other forms of
differentiation therebyrestricting many Chinese pharmaceutical firms to low valdeed
operations (i.e., lovend lockin). The government has particularly takenenof thisindustry
composition and hasegunto push for a reorganizatiama. M&As, hoping to create larger and
more resourceich organizations more suitalfler innovatiorbased international competition.

The U.S. places a heavy emphasis on R&D innovatéittaining al5-18% R&D capital
funding strengtimeasureTrends in the substance of research point out that oncology,
neurology, and infectious diseases are the drug classifications with the highest (i6igune
42), with pharmaceutical composition patents tending to gain the most industry traction. The
Chinese pharmaceutical market still lags behind the U.S. in its emphasis on R&D, with low
valueadded activities maintaining a prominent role in the sty exemplified throughraR&D
capital funding strength of2%, with most drugs developed focusing on @anthor medication,
with cancer treatment falling behind TCM as the most cited Chipetsaited

Privatefundingfor Chinese pharmaceuticals isaatinsufficientlevel and public funding
falls behind what somgcholarsview as a suitable level. Venture Capital is one form of
insufficient private funding due to the novelty of WCChina, as well as the low activity rate of
VC firms. Public fundingcontrastingly, makes up more than 81% of R&D expenditarthe
United Stategthe vast majority ofunding forlate-stage pharmaceutical development comes
from private sourcesuch a3/Cs, R&D alliances, et@nthe other hand, public funding
through sarces like the NIHs concentrated largely on basal research, which focuses on
foundational research rather than research necessary to commercialize a product.

In the knowledge environment, the most significzariancebetween thédehaviorof
U.S-basedpoharmaceutical firms and Chiesed pharmaceutical firms lies in their approaches
to IndustryAcademicacollaborationi a form of collaboration marked by cooperation with
academic research entitiés.this regard, the U.S. has a very high degree of collaboration, with
the university with the highest degree of Universitgdustry Collaboration reaching 375bhe
Chineseuniversitywith the highest degree of Ul@hly reaches a 651, displaying that China lags
behind the U.S. in its industapplied absorptive capacity.

NOtA&Sthe aut horos first ,heackiowledges thelimited t he f i

scope and depth of the reseanobdel He hopes the accumulation, summation, and brief
explanation of information on this complex industry can aid others identify resources and form
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an understanding @he pharmaceuticahdustry The authoenthusiastidly welcomes any
feedback, information, or discussion pertaining to this literary review.
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