Chapter 2
Can Innovation Still Be the Main Growth
Driver of the Pharmaceutical Industry?

Alexander Schuhmacher

Innovation as a Driver of Growth for the Pharmaceutical
Industry in the Past

In the period from the 1950s to 2013, the American Food and Drug Administration
(FDA) approved 1346 new molecular entities (NMEs) or new biologics entities
(NBEs). On average, the approval rate was 20 NMEs per year. In the past 40 years,
the number of new drugs launched into the market increased slightly from 15 NMEs
in the 1970s to 25-30 NMEs since the 1990s (Munos 2009). The highest number of
new drugs approved by FDA was in 1996 and 1997 (see Fig. 2.1), which might be
related to the enactment of the Prescription Drug User Fee Act (PDUFA) in 1993
(Kaitin and DiMasi 2011).

It has been reported that in 2009 approximately 4300 pharmaceutical companies
performed research and development (R&D) worldwide (Munos 2009). Compared
to this figure, it is interesting to note that from 1950 to 2009 only 261 pharmaceutical
companies have been successful in launching at least one new drug into the market
(Munos 2009). Out of this group, only 12 % of the companies were in the pharma-
ceutical market for all 60 years (Munos 2009). The other organizations either failed,
merged with a competitor, or were acquired. About 600 NMEs were launched by the
companies that disappeared due to merger and acquisition (M&A; Munos 2009).
Twenty-one pharmaceutical companies have launched 50 % of all new drugs until
today, whereby 360 NMEs have been produced by nine pharmaceutical compa-
nies that have existed since 1950 (Munos 2009). Out of this group, Merck & Co.
(www.merck.com), Eli Lilly (www.lilly.com), and Roche (www.roche.com) have
been the most successful companies worldwide so far (Munos 2009). The fact that
some companies were able to survive over a period of six decades shows that the
health-care sector has provided a basis for the sustainable growth of pharmaceutical
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Fig. 2.1 New drugs approved by FDA between 1993 and 2013. (Data derived from Hughes 2009;
Munos 2009; Mullard 2012b, 2014b; www.fda.org); NMEs new molecular entities, BLAs biologic
license applications, FDA Food and Drug Administration

companies up to this point. But is there also ground for future growth and sustain-
ability for pharmaceutical companies in the future?

The Pharmaceutical Industry Today

The R&D Investments of Top Pharmaceutical Companies

Today, the multinational pharmaceutical companies that perform R&D come from
the traditional, main pharmaceutical markets, namely the USA, Europe, and Japan.
Of the 15 companies listed in Table 2.1, seven companies are based in the USA,
two in Japan, and six in Europe. None of these major players in the pharmaceuti-
cal industry come from emerging countries such as China, India, Russia, Brazil, or
South Africa.

The pharmaceutical sector is still polypolic. The top 15 pharmaceutical com-
panies have a combined market share of 51.8%. Today’s leading pharmaceutical
company worldwide is the Swiss Novartis with total group sales of US$ 50.8 billion
in 2012. Its R&D investments have been enormous in recent years with the totals of
USS$ 8-9 billion annually (see Table 2.2).

On average, the top pharmaceutical companies have invested 15-20% of their
total sales into R&D in the past years, which has translated into R&D costs of
more than US$ 5 billion annually (see Table 2.3). The overall average R&D rate of
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Table 2.1 Top pharmaceutical companies ranked in accordance with their total pharmaceutical
sales in 2012. Not included are revenues generated by nonpharmaceutical activities

Rank Company Headquarter Total sales | Market share
(city, country) (USD (%)
billion,
2012)
1 Novartis Basel, CH 50.8 5.9
2 Pfizer New York, USA 46.9 5.5
3 Merck & Co. Whitehouse Station, USA | 40.2 4.7
4 Sanofi Paris, FR 37.7 4.4
5 Roche Basel, CH 34.8 4.1
6 GlaxoSmithKline Brentford, GB 32.7 3.8
7 AstraZeneca London, GB 32.0 3.7
8 Johnson & Johnson New Brunswick, USA 27.9 33
9 Abbott North Chicago, USA 26.8 3.1
10 Teva Petach Tikwa, IS 24.8 2.9
11 Eli Lilly Indianapolis, USA 21.9 2.6
12 Amgen Thousand Oaks, USA 17.2 2.0
13 Boehringer Ingelheim Ingelheim, DE 17.1 2.0
14 Bayer Leverkusen, DE 16.2 1.9
15 Takeda Osaka, JP 15.9 1.9

USD US Dollars

the pharmaceutical and biotechnology industry has been described to be 14.4% in
2012 (European Commission 2013). Companies such as Novartis, Pfizer, Roche,
and Sanofi have even invested more than US$ 8 billion per year showing the impor-
tance of R&D as a major driver of growth in the industry.

According to the European Commission, 15 of the top 50 companies that invest
most in R&D worldwide are pharmaceutical companies (European Commission
2013). Thus, the pharmaceutical branch is one of the top investors in R&D world-
wide. Roche (6), Novartis (7), Merck & Co. (8), Johnson & Johnson (9), and Pfizer
(10) are within the top ten of the world leading R&D investors (European Commis-
sion 2013).

In total, the pharmaceutical industry is the sector that invests most in R&D
worldwide. The International Federation of Pharmaceutical Manufacturers and As-
sociations (IFPMA) reported that in 2010 the pharmaceutical and biotechnology
industries had R&D investments of more than US$ 85 billion (IFPMA 2012) with
USS$ 48.5 billion R&D investments reported by Pharmaceutical Research and Man-
ufacturers of America (PhRMA) members (PhRMA 2013).

Resulting from increasing R&D expenditures during the years 2005-2012, the
European Commission reported an investment in R&D of up to US$ 100 billion



42 A. Schuhmacher

Table 2.2 R&D investments and R&D rate of Novartis (2001-2013). R&D rate is the relative
proportion of R&D costs to total sales per year

Novartis
Year Total sales (USD R&D costs (USD R&D rate (%)

million) million)
2001 32.038 4.189 13.1
2002 20.877 2.843 13.6
2003 24.864 3.765 15.1
2004 28.247 4.207 14.9
2005 29.400 4.800 16.3
2006 34.400 5.300 15.4
2007 38.100 6.400 16.8
2008 41.500 7.200 17.3
2009 44.300 7.300 16.5
2010 50.600 8.100 16.0
2011 58.600 9.200 15.7
2012 56.700 9.100 16.0
2013 57.900 9.600 16.6

USD US Dollars

worldwide for the pharmaceutical and biotechnology sectors in 2012 (European
Commission 2013). In the same report, the analysis showed that most of the multi-
national pharmaceutical companies have invested significantly more in R&D dur-
ing the period between 2005 and 2012 (see Table 2.4; European Commission 2013).

The huge amounts pharmaceutical companies are spending in new drug R&D
and the enormous total R&D investments of the whole industry have put pressure
on the return on R&D investment and brought the sustainability of pharmaceutical
R&D in question if the output, namely the number of new drugs launched, is not
comparably high.

The Output of Pharmaceutical R&D

In the past 12 years, Novartis (www.novartis.com), Pfizer (www.Pfizer.com), and
GlaxoSmithKline (www.gsk.com) have been the most successful pharmaceutical
companies, as they launched 16, 13, and 12 new drugs into the market, respectively.
Figure 2.2 summarizes the number of NMEs from the most efficient pharmaceuti-
cal companies that have been approved by the FDA over the period of 2001-2012.

The statistics of new drugs launched into the market in Fig. 2.2 include the NMEs
per company that have been generated from internal sources and also the ones that
come from external sources, such as licensing of drug candidates and acquiring
new drugs by M&A. The total externally sourced pipeline of multinational pharma-
ceutical companies has been analyzed to be sourced on average by 50 % (29—-80 %)
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Table 2.4 Top ten pharmaceutical companies and R&D investments in 2005 and 7 years later
(European Commission 2013)

Company R&D costs (2012/2005, %)
Pfizer -9%
Johnson & Johnson +9%
GSK 7%
Novartis +69%
Sanofi +21%
Roche +91%
Merck & Co. +84%
Eli Lilly +56%
Bocehringer Ingelheim +106%
Takeda +180%

R&D research and development

Novartis

Pfizer

GSK

Bristol-Myers Squibb
Merck & Co.

Roche

Sanofi

Bayer

Amgen

EliLilly

J&J

Shire

Eisai

Boehringer Ingelheim
Takeda

AstraZeneca

0 2 4 6 8 10 12 14 16 18

Fig. 2.2 New molecular entities (NMEs) approved by Food and Drug Administration (FDA)
between 2001 and 2012 by major pharmaceutical companies (data derived from Frantz and Smith
2003; Frantz 2004, 2006, Owens 2007; Hughes 2008, 2009, 2010; Mullard 2011, 2012b, 2013,
2014a; http://www.fda.gov/Drugs/DevelopmentApprovalProcess/HowDrugsareDevelopedand Ap-
proved/DrugandBiologicApprovalReports/NDAandBLA ApprovalReports/ucm373420.htm). GSK
GlaxoSmithKline, J&J Johnson & Johnson

from external sources (Schuhmacher et al. 2013); 25 % of the drug candidates have
been licensed and the other 25% were acquired from outside of the companies
(Schuhmacher et al. 2013). Analyzing the sources of new drugs of three of the mul-
tinational pharmaceutical companies, namely Pfizer, Roche, and Sanofi, it becomes
apparent that M&A activities have played a major role in the number of new drugs
launched. For example, ten NMEs have been approved by the FDA for Pfizer be-
tween 2001 and 2012. Two additional new drugs improve Pfizer’s statistics directly,
as two drugs had been registered for Pharmacia and Wyeth after the companies were



2 Can Innovation Still Be the Main Growth Driver of the Pharmaceutical Industry?

45

Table 2.5 Number of NMEs approved by FDA in 2001-2012 for Pfizer, Roche, and Sanofi

Company

Pfizer

Phar-
macia

Wyeth

Roche

Genen-
tech

Sanofi

Aventis

Gen-
zyme

Year of
M&A

2003

2009

2009

2004

2011

Total number
of NMEs
approved

by the FDA
(2001-2012)
per single
company

2001

2002

2003

2004

2005

2006

2007

2008

2009

2010

2011

2012

Total number
of NMEs
approved

by the FDA
(2001-2012)
since acqui-
sition of peer
companies

—

2

Total number
of NMEs
approved

by the FDA
(2001-2012)

11

M&A mergers and acquisitions, NMEs new molecular entities, DA Food and Drug Administration

acquired by Pfizer in 2003 and 2009, respectively. And four additional new drugs
could be added to Pfizer as these drugs have been approved for Pharmacia or Wyeth
at least 4 years before the companies have been acquired (see Table 2.4) (Table 2.5).

The multinational pharmaceutical companies listed in Fig. 2.2 have launched
on average 0.6 NMEs per year between 2001 and 2012, with Novartis and Pfizer
launching 1.3 and 1.16 NMEs, respectively. These figures are far below the industry
goal to produce 2-3 NMEs per year per company that has been reported as a need of
pharmaceutical companies to meet their growth objectives (Kola and Landis 2004;
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Fig. 2.3 Traditional pharmaceutical R&D process, R&D phases, and principle timelines. IND
investigational new drug, NDA new drug application, FDA food and drug administration, R&D
research and development

Munos 2009). Assuming a growth target of 5 % per year, a pharmaceutical company
with total sales of US$ 15 billion would need to deliver 2.5-3 NMEs per year over a
period of 10 years to meet this target (Kola and Landis 2004). A bigger pharmaceu-
tical company of the size of Pfizer with total pharmaceutical sales of US$ 45 billion
would need to launch 7.5-9 NMEs per year, if expecting to generate a growth of 5%
per year through pharmaceutical innovation (Kola and Landis 2004). None of the
pharmaceutical companies have achieved this goal in the past years, bringing into
question the dogma, that the main driver of growth in the pharmaceutical industry
is innovation.

The Pharmaceutical Innovation Process

The pharmaceutical R&D process is highly regulated, lengthy, and risky. Tradition-
ally, the process of discovering and developing a new drug is divided into preclini-
cal research and clinical development, followed by a review and launch phase (see
Fig. 2.3).

The Success Rates of Pharmaceutical R&D

As indicated in Fig. 2.3, pharmaceutical R&D has a low probability of success
(PoS). Only one out of more than 100,000 compounds that have been screened
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in discovery research and, thereof, 10,000 compounds that have been tested dur-
ing preclinical research make it to the market. In total, the probability of discov-
ering, developing, and registering an NME has been estimated to be around 4 %
(Paul et al. 2010; also see 2013 CMR International Pharmaceutical R&D Factbook,
http://cmr-thomsonreuters.com/pdf/fb-exec-2013.pdf). Table 2.6 summarizes some
articles and highlights the probabilities per phase of drug R&D.

CMR reported for the preclinical phase, Phase I and Phase II of clinical develop-
ment, success rates per phase of 67, 46, and 19 %, respectively (2013 CMR Inter-
national Pharmaceutical R&D Factbook, http://cmr-thomsonreuters.com/pdf/fb-ex-
ec-2013.pdf). In particular, the low PoS for the early clinical phases represents the
goal that potentially unsuccessful compounds should fail early and inexpensively.

The underlying causes of the high attrition rates are manifold. Differences may
depend on the drug class, the therapeutic area, the type of disease, the source of the
drug candidate, and the size of the company. It has been reported that adverse phar-
macokinetics and bioavailability were a major cause of attrition in the 1990s (Kola
and Landis 2004). In the same opinion letter, it was stated that the lack of efficacy
and safety were the major reasons for the low PoS in clinical development in 2000.
In an analysis of ten big pharmaceutical companies in the period of 1991-2000, the
reasons for attritions have been analyzed as being primarily efficacy and safety is-
sues (Kola and Landis 2004).

In a review of the FDA approvals in 2012, it was reported that most of the fail-
ures in Phase II and Phase III resulted from the lack of efficacy (56 %), followed by
safety (28 %) (Arrowsmith and Miller 2013). The lack of efficacy may be related in
some therapeutic areas, such as oncology and central nervous system (CNS), with
a lack of predictive animal models in the discovery research and the preclinical
testing phases (Kola and Landis 2004). Today, the majority of drugs in the devel-
opment refer to novel targets making drug development less predictable and, thus,
less successful (Berggren et al. 2012). Biologics showed a higher PoS from Phase
I to submission than small molecule drugs (SMOLs; DiMasi et al. 2010). The PoS
of drugs that addressed acute diseases was also higher than the PoS of drugs treat-
ing chronic diseases (Pammolli et al. 2011). Furthermore, it could be shown that
in-licensed drug candidates have a higher PoS for Phase I to submission than self-
originated drugs (DiMasi et al. 2010) (Fig. 2.4). Finally, the size of a company may
also have an impact on the attrition rates. While large organizations have a mean
PoS of 7.86 % from Phase I to submission, small organizations have a PoS of 6.07 %
(Pammolli et al. 2011). In the same context, biotechnology organizations seem to
have lower success rates in clinical development than nonbiotechnology companies
(Pammolli et al. 2011).

Further reasons for the low PoS of pharmaceutical R&D may be founded in:

* An advanced complexity of drug targets

» The higher proportion of novel drug targets

» The competition in target selection, as half of the drug targets are pursued by two
or more pharmaceutical companies (Agarwal 2013)

* The complex process of target validation (Sams-Dodd 2005)
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Table 2.6 Success rates per phase of pharmaceutical R&D

Period

Literature

Phase: PoS

2003

DiMasi et al. (2003)

Probability for entering phase (%) starting with
Phase I:

Phase I: 100.0%

Phase II: 71.0%

Phase I1I: 31.4%

2006

DiMasi JA. J Health Econ.
2006;10:107-42

Probability for entering phase (%) starting with
Phase I:

Phase I: 100.0%

Phase II: 75.0%

Phase I11: 36.2%

2010

DiMasi et al. (2010)

Probability for submitting a new drug:
Phase I to submission (total): 19%
Phase I to submission (biologics): 32 %
Phase I to submission (SMOLs): 13 %

2010

Paul et al. (2010)

Probability per phase:
Preclinical to registration: 4.1 %
Target to hit: 80%

Hit to lead: 75%

Lead optimization: 85 %

Total discovery research: 51 %
Preclinical testing: 69 %
Phase I: 54%

Phase I1: 34%

Phase I1I: 70%

Submission to launch: 91 %

2011

Pammolli et al. (2011)

Average success rates:

PoS for acute diseases: 8.77 %
PoS for chronic diseases: 6.88 %
PoS of small organizations: 6.07 %
PoS of large organizations: 7.49 %
PoS of biotech: 5.14 %

PoS of nonbiotech: 7.86 %

2012

Berggren et al. (2012)

Probability of clinical development (including
review and launch):

Phase I to launch (total): 8.3 %

Phase I to launch (SMOLs): 7%

Phase I to launch (biologics): 12 %

2013

2013 CMR International
Pharmaceutical R&D
Factbook (http://cmr.
thomsonreuters.com/pdf/fb-
exec-2013.pdf)

Probability per phase:
Preclinical: 67 %
Phase I: 46 %

Phase 11: 19%

Phase III: 77 %
Registration: 90

SMOLS small molecule compounds, NCEs new chemical entities, NBEs new biological entities,
R&D research and development, PoS probability of success. CMR Center for Medicine Research
International
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Fig. 2.4 Phase transition rates of self-originated and in-licensed drug candidates (Data derived
from: DiMasi et al. 2010)

* The target-based drug discovery

* The higher demands of regulatory authorities

* A broader knowledge base increasing the complexity of clinical trials
» The greater complexities of bigger multicentric clinical trials

In an analysis of 259 drugs that were launched between 1999 and 2008, it was
shown that the phenotypic screening toped the target-based approach (Swinney and
Anthony 2011). Thirty-one percent of the first-in-class drugs that were analyzed
were based on a phenotypic screening, while 23 % were results of a target-based
screening, 7 % were modified natural products, and 33 % were biologics. This is in
comparison to the follower drugs that were analyzed, of which 51 % were based on
a target-based approach, 18 % on the phenotypic screening, 8% on natural prod-
ucts, and 19 % were biologics (Swinney and Anthony 2011). It was concluded that
the hypothesis-driven target-based approach may contribute to higher attrition rates
than the older and perhaps more productive method of drug research—the pheno-
typic screening (Swinney and Anthony 2011, Scannel et al. 2012). The challenge
is that targets are parts of complex networks whose interactions can lead to unpre-
dictable results. Most first-in-class drugs were discovered by phenotypic screening
rather than by the target-based approach (Swinney and Anthony 2011).

The extremely low PoS of pharmaceutical R&D necessitates that pharmaceutical
companies need to have an enormous number of drug projects in their R&D pipe-
lines to ensure a continous flow of new drugs to the market.
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The Timelines of Pharmaceutical R&D

The high number of R&D projects in the project portfolios of pharmaceutical com-
panies together with the long timelines in preclinical research and drug develop-
ment make drug R&D complex. Today, the total time from drug discovery to the
registration of a new drug is about 14 years (Pammolli et al. 2011; Remnant et al.
2013). Table 2.7 highlights some research results and review findings in respect
with R&D timing.

There have been diverse results reported in the past years on the total timing
for drug R&D, which last on average between 12.3 and 14 years (Paul et al. 2010;
Pammolli et al. 2011; Remnant et al. (2013); also see 2013 CMR International Phar-
maceutical R&D Factbook, http://cmr-thomsonreuters.com/pdf/fb-exec-2013.pdf).
The average clinical development phase and the average approval time for drugs
approved between 2005 and 2009 were 6.4 years and 1.2 years, respectively (Kaitin
and DiMasi 2009). It has been reported that the enactment of the PDUFA in 1992 re-
sulted in a reduction of the average approval times by the FDA, which compensated
the increasing time for the clinical development phases that have been reported in
the studies listed in Table 2.7 (Kaitin and DiMasi 2009).

In a new and detailed analysis from 2010, it could be shown that discovery re-
search, ranging from target identification to lead optimization, lasts 50 months on
average, while the phases of preclinical testing and clinical development lasts for
12 and 78 months, respectively. The phase from submission to launch of a new drug
lasts 18 months on average (Paul et al. 2010).

Differences in the timelines of clinical development phases of various thera-
peutic classes have also been reported. New drugs addressing CNS lasted longest,
needing 10 years, while drugs for the treatment of AIDS antiviral had the shortest
time lines, needing 4.9 years on average (Kaitin and DiMasi 2009).

In the past 5 years, the relative number of reviews by the FDA has been at a
constant rate of 36-46% of all NMEs approved by the FDA. In consequence, the
impact of time saving by an advanced FDA review process has been notable.

In the studies in Table 2.7, timelines for basic research and post-approval times
have not been included. Assuming that basic research in respect to a drug target
lasts for several years before enough knowledge is available, that is a good rational
to start with applied research of pharmaceutical R&D, and assuming that the post-
approval Phase IV trials continue for years, the entire process of pharmaceutical
R&D lasts for at least two decades.

The Cost of Pharmaceutical R&D

The low PoS in pharmaceutical R&D together with the long timelines and the strict
regulatory requirements that make drug R&D so complex, result in enormously
high costs for pharmaceutical innovation. In particular, the long timelines have an
enormous impact on the costs of pharmaceutical R&D. As drug costs are associ-
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Table 2.7 Average timelines of pharmaceutical R&D phases

51

Period

Literature

Time/phase

1991

DiMasi (1991)

Average clinical phase lengths for approved NCEs:
Phase I: 14 months

Phase II: 25.9 months

Phase I1I: 36.8 months

2003

Reichert JM. Nat
Rev Drug Discov.
2003;2:695-702

Average time of Phase I to approval: 6-8 years
Mean phase lengths of clinical development and
approval (1982-2001):

Anti-infective: 74.5 months

Antineoplastic: 116.0 months

Cardiovascular: 103.3 months

Endocrine: 115.3 months

Immunological: 100.2 months

2003

DiMasi et al. (2003)

Time from start of clinical testing:

Phase I to submission: 72.1 months

Phase I to marketing approval: 90.3 months
Average phase times for investigational compounds
(1985-2000):

Phase I: 21.6 months

Phase II: 25.7 months

Phase I1I: 30.5 months

2009

Kaitin and DiMasi (2009)

Mean clinical phase times (Phase I to submission) and
mean approval times of NCEs and NBEs approved
between 1980and 2009:

1980-1984: 5.7 years/2.8 years

1985-1989: 5.8 years/2.7 years

1990-1994: 6.4 years/2.4 years

1995-1999:6.5 years/1.4 years

2000-2004: 6.6 years/1.5 years

2005-2009: 6.4 years/1.2 years

2010

Paul et al. (2010)

Average time from preclinical to registration: 13.5 years
Average time per phase:

Target to hit: 12 months

Hit to lead: 18 months

Lead optimization: 24 months

Preclinical testing: 12 months

Phase I: 18 months

Phase II: 30 months

Phase I1I: 30 months

Submission to launch: 18 months

2011

Pammolli et al. (2011)

Average time for clinical development to submission
increased from 9.7 years for new drugs launched in the

1990 to 13.9 years for new drugs launched between 2000

and 2008

2013

2013 CMR International
Pharmaceutical R&D
Factbook (http://cmr-
thomsonreuters.com/pdf/
fb-exec-2013.pdf)

Average time from preclinical to registration: 12.3 years
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Table 2.7 (continued)
Period | Literature Time/phase
2013 Remnant et al. (2013) The total time for drug R&D: 14 years

R&D research and development, NCEs new chemical entities, NBEs new biological entities,
SMOL small molecule compounds, CMR Center for Medicine Research International

ated with R&D expenditures that were invested many years ago, drug costs need
to be capitalized until the day of return on investment. Excluding any other factors
and assuming today’s timelines of 14 years for drug R&D, the total R&D costs of
USS$ 1.8 billion and total sales of US$ 250 million in the first year, followed by
USS$ 500 million in the second year, and US$ 1000 million in the third year, an ad-
ditional 3 years are required till the day of return on investment. As a consequence,
the costs of drug R&D need to be capitalized on a period of 14 years plus an ad-
ditional time of 3 years. An increase in the interest rate and any prolongation of the
R&D timelines has a negative impact on costs of drug R&D. The table 2.8 summa-
rizes the development of costs of drug R&D in the past years.

It has been reported that the R&D costs have doubled every 8.5 years since 1950
(Munos 2009). The annual increase in capitalized costs per NME has been calcu-
lated to be 12.3%. (Munos 2009). Before the 1990s, costs for drug R&D had been
less than US$ 250 million (DiMasi 1991). In 2003, the average out-of-the-pocket
costs were already US$ 403 million, and the capitalized costs had been calculated
to be US$ 802 million (DiMasi et al. 2003). It has been stated that the increase was
primarily related to increasing costs in clinical development (+350 % from 1991 to
2003) (DiMasi et al. 2003). Today, the total out-of-the-pocket costs for drug R&D
have been calculated to be US$ 873 million, while the total capitalized costs are
USS$ 1.778 billion (Paul et al. 2010). It has been reported that the clinical develop-
ment phases from Phase I to submission account for 63 % of these total R&D costs
(Paul et al. 2010).

The reasons for the increasing R&D costs may relate with:

» New technologies in drug research, such as combinatorial chemistry, DNA se-
quencing, high throughput screening, and computational drug design, that have
been implemented to increase the throughput.

» The increasing clinical trial sizes

» The increasing costs for clinical infrastructure

* A greater complexity of clinical trials conducted for drugs to treat chronic dis-
eases (DiMasi et al. 2003)

* A higher number of R&D personnel (Cohen 2005).

* In particular, the clinical development functions accounted for more than 50 % of
all R&D expenditures.

The cost calculations and assumptions listed in Table 2.8 may not be complete, as
they do not include costs for basic research, costs related with Phase IV trials, costs
for regulatory approvals in non-US markets, or costs for developing the same drug
in new indications. Whereas the high capitalized costs are due to the long R&D
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Table 2.8 Costs of pharmaceutical R&D and costs per phase of R&D

Period R&D costs Literature

1950-1960 | US$ 0.5 million (data Schnee JE. Development costs: determinants and
derived from: DiMasi 1991) | overruns. J Bus. 1972;347-374

1976 US$ 54 million’ Hansen RW. Pharmaceutical development costs

by therapeutic categories, University of Roch-
ester Graduate School of Management Working
Paper No. GPB-80-6. 1980

1987 USS$ 231 million DiMasi (1991)

2003 USS$ 802 million DiMasi et al. (2003)

2007 US$ 1318 million DiMasi JA, Grabowski HG. Managerial Decis
Econ. 2007;28: 469—-79

2010 US$ 1778 million Paul et al. (2010)

2013 US$ 1219 million Remnant et al. (2013)

USD US Dollars, R&D research and development

timelines, most of the out-of-the-pocket costs are associated with the low PoS of
drug R&D and, thus, with the costs of failed research projects and development
compounds (Paul et al. 2010; Scannell et al. 2012).

A Steady-State R&D Model

It has been reported that 24 research projects need to be started every year to sta-
tistically yield in one new drug launched annually (Paul et al. 2010). In view of the
pharmaceutical companies’ growth objectives and goals to produce two to three
NMEs per year, pharmaceutical companies would need to start more than 60 re-
search projects in the phase target to hit annually.

Table 2.9 summarizes the idealistic situation of an R&D project portfolio of a
pharmaceutical company that is launching 2.5 NMEs into the market every year.
Statistically, the company would need to start more than 60 research projects an-
nually, if doing internal R&D only, to have a steady state of 32 projects in Phase I,
28.8 projects in Phase II, and 9.8 projects in Phase III. Given the data of Table 2.9,
it is obvious that multinational pharmaceutical companies need to have a certain
R&D size of more than 100 active projects in clinical development phases to be
successful.

The Reduced R&D Efficiency

R&D efficiency has been defined as the ability of an R&D organization to translate
an input, such as the investment, into an output, such as the number of new products
launched to the market (Paul et al. 2010). Scannell and coauthors have analyzed the
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Table 2.9 Fictive R&D pipeline required to statistically provide 2.5 NMEs/per year. P(TS) (prob-
ability of technical success) and Timing from Paul et al. (2010)

Target | Hitto |Lead Pre- Phase I | Phase | Phase | Sub- New
to hit lead optimi- | clinical 11 1 mis- drugs
zation sion to
launch
p(TS) 80 75 85 69 54 34 70 91
(%)
Timing | 1.0 1.5 2.0 1.0 1.5 2.5 2.5 1.5
Projects | 60.6 72.7 72.7 30.9 32 28.8 9.8 4.1 2.5
needed
for 2.5
launches
per year

decline of the pharmaceutical R&D efficiency in a period from 1950 to 2010 and
concluded that the number of new drugs approved per US$ 1 billion halved nearly
every 9 years in the past 60 years, reaching a level of US$ 1 billion for 1 NME in
2000 (Munos 2009; Scannell et al. 2012). This trend is the result of a development
in the pharmaceutical industry, whereby the number of new drugs launched by the
industry was constant while the costs per new drug increased steadily. Today, the
capitalized costs per new drug have been calculated to be US$ 1.778 billion al-
though it could be assumed that the actual full costs of drug R&D are even higher
(Paul et al. 2010). In an analysis by PriceWaterhouseCoopers (PWC), the costs per
launch of a new drug were analyzed as the ratio of the total R&D costs of the in-
dustry to the total number of new drugs approved by the FDA (PWC 2012). It came
out that the costs per NME in the years 2002-2011 were up to 4.6 billion (Fig. 2.5).

In a series of three papers, Forbes analyzed the costs of inventing new drugs,
concluding that the average costs of drug development of top pharmaceutical com-
panies are between US$ 3.3 and 13 billion (Harper 2012a, b, 2013). It has also been
concluded that smaller pharmaceutical companies need less money to launch a new
drug. This may relate to the fact that only successful small companies have been
considered in the statistic and failed companies were disregarded. Finally, it was
investigated that the top pharmaceutical companies, that have launched more than
four NMEs in the 10 years from 2002 to 2011, invested more than US$ 5 billion
per new drug. Table 2.10 summarizes an analysis of 11 multinational pharmaceuti-
cal companies, including their R&D costs, the number of NMEs approved by FDA
between 2001 and 2012, and their R&D efficiencies.

In the analysis of Table 2.10, it becomes apparent that the pharmaceutical com-
panies listed had total R&D costs of US$ 4.5-18.6 billion per new drug approved
by FDA in the past 10 years. On average, pharmaceutical companies invested
USS$ 9 billion per new drug (median US$ 7.6 billion), an amount that is signifi-
cantly higher than the figures that have been calculated in previous publications
(see Table 2.8).
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Fig. 2.5 Development of industry-wide total R&D costs per new drug. R&D research and devel-
opment (Data derived from: PWC 2012)

Table 2.10 R&D efficiencies (2001-2012) of multinational pharmaceutical companies

Total number NMEs | Total R&D costs R&D efficiency
(2001-2012) (USD million, (costs per launch)
2001-2012)

AstraZeneca 3 55,959 18,653

Roche 7 83,888 11,984

Takeda® 2 23,376 11,688

Sanofi 4 38,912 9728

EliLilly 5 47,949 9590

Pfizer® 12 91,367 7614

GSK 11 76,538 6958

Bochringer Ingelheim! 3 20,727 6909

Amgen 5 34,119 6824

Novartis 16 82,004 5125

Bristol-Myers Squibb 9 40,292 4477

2 Data of Takeda from 2006 to 2012

b Data of Sanofi from 2005 to 2012

¢ Data of Pfizer from 2002 to 2012

4 Data of Boehringer Ingelheim from 2004 to 2012

NMESs new molecular entities, R&D research and development, USD US Dollars
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Possible reasons for the low R&D efficiency have been discussed previously
in context of the low PoS of pharmaceutical R&D and the high costs for pharma-
ceutical innovation. Furthermore, an insufficient number of projects in preclinical
and early clinical phases may have negatively impacted the R&D efficiency (Paul
et al. 2010). The increasing number of approved drugs raised the hurdle for ap-
proval and reimbursement of new drugs (Scannell et al. 2012). In the same way, a
lower risk tolerance of drug regulators may have increased both the challenges for
launching new drugs and the development-associated costs (Scannell et al. 2012).
It has been reported that the target-based screening in drug discovery replaced the
phenotypic screening and that the potential of drug-screening methods in discovery
research and their impact on timelines and PoS have been overestimated, while
costs were increased (Swinney and Anthony 2011; Scannell et al. 2012). In the same
context, a general belief that high-affinity binding to a single biological target is
directly linked to a disease and, thus, the activity or inhibition of that target results
in a medical benefit might be incorrect and misleading (Scannell et al. 2012). In
addition, an increasing number of mergers might have influenced the efficiency of
pharmaceutical R&D negatively (LaMattina 2011). And, finally, it has been said
that the low-hanging fruits have already been picked, resulting in technically more
complex investigations for new drug targets and related preclinical and clinical
studies (Scannell et al. 2012).

PhRMA reported a stagnating overall R&D expenditure for its members
since 2007 (PhRMA 2013) of minimum US$ 46.4 billion (2009) and maximum
USS$ 50.7 billion (2010). The industries’ output, measured in the total number of
NMEs per year, has also been at a constant level during this time period. Both
indicators show that, at least for the past years, the R&D efficiency of the pharma-
ceutical industry has not been reduced further and, in view of the NME output in
the years 2011 and 2012 with 30 and 39 NMEs, respectively, there is hope for an
increase in R&D efficiency in the future (see Table 2.11).

Table 2.11 Overall R&D efficiency of the pharmaceutical industry in the years 2007-2012

Year Total number of drugs | Total R&D expen- Cost per new drug
(NMEs) approved by | ditures of PhARMA (USD billion)
the FDA members (USD
billion)
2007 18 479 2.66
2008 24 47.4 1.98
2009 25 46.4 1.86
2010 21 50.7 241
2011 30 48.6 1.62
2012 39 48.5 1.24

NMEs new molecular entities, DA Food and Drug administration, PARMA Pharmaceutical
Research and Manufacturers of America, USD US Dollars
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Consequences of the Reduced R&D Efficiency

The results of the reduced R&D efficiency have been enormous for the industry, as
pharmaceutical innovations have been up to this point the major driver of its growth.
The consequences have been either the attempt to reduce R&D costs, attrition rates
and cycle times, or pharmaceutical companies have attempted to increase the R&D
productivity, being defined as the relationship between the commercial value cre-
ated by a new medicine, and the investment required to generate that new medicine
(Paul et al. 2010). In detail, an increase in R&D productivity is possible by influ-
encing the elements with the greatest impact on productivity, namely by an increase
of the number of projects in the R&D pipeline, or an increase of the probability of
technical and regulatory success per pipeline project, or an increase of the (finan-
cial) value per project, or a reduction of the cycle times, or the reduction of the costs
per pipeline project. It has been reported that an improvement in R&D efficiency
and R&D productivity is, in particular, possible by reducing attrition rate in Phase
II and Phase III of clinical development (Paul et al. 2010).

Increasing the Number of Projects in the R&D Pipeline

The global R&D pipeline, which is the number of pipeline projects in the phases
of preclinical testing to market launch, has increased enormously in the past years.
Since 2001, the total number of projects listed in the pipelines of pharmaceutical
companies worldwide has increased from 5995 to 11,307 (Citeline 2013). In 2014,
5484 projects were listed in the preclinical testing phase, 1541 in Phase I, 2011 in
Phase II, 744 in Phase III, 170 in a preregistration phase and 1074 in market launch
(Citeline 2013). In the past 3 years, the global pipeline increased in all phases of
clinical development resulting in corporate R&D pipelines of top pharmaceutical
companies of more than 200 pipeline projects. The group of companies with the
most projects in their R&D pipeline is: GSK (261), Roche (248), Novartis (223),
Pfizer (205), and AstraZeneca (197) (Citeline 2013). Within the top 25 pharma-
ceutical companies with the most projects in their R&D pipeline, 17 companies
increased their pipeline size between 2013 and 2014. At the same time, the number
of companies with an active R&D pipeline increased from 2745 (2013) to 3107
(2014), giving a reasonable expectation that the global pipeline size will also in-
crease in the future, if enough venture capital is allocated to early drug research.

Reducing Costs of R&D

The total R&D expenditures increased enormously from 1995 (US$ 15.2 billion) to
2007 (US$ 47.9 billion; PhARMA 2013). Since 2007, the members of the PARMA
have reduced their financial efforts in R&D and total numbers are stagnating. To-
day, the total R&D investments are US$ 48.5 billion (see Fig. 2.6).
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Fig. 2.6 Total R&D expenditures of PARMA members in the years of 1995-2012. (Data derived
from PARMA 2013)

The nominal expenditures of the top pharmaceutical companies are listed in
Table 2.12.

The nominal R&D spending of 12 of the top pharmaceutical companies has been
developing differently in the past years. Between 2007 and 2013, eight pharma-
ceutical companies have increased their total R&D spending against the industry
trend, while four of the companies have decreased their R&D costs. At least for this
group of companies, there is no clear strategic trend towards reduced nominal R&D
expenditures, although some companies have cut their R&D efforts enormously. As
for example, Pfizer announced in 2011 to reduce R&D costs by closing labs and re-
ducing research spending by up to US$ 3 billion' GSK published in 2012 to reduce
the R&D and manufacturing organizations by 2016.2 And Merck & Co. announced
a 17 % reduction in R&D personnel.?

Generally, a reduction in R&D costs is related to:

» A general reduction of R&D personnel, with a focus on lowering costs by re-
ducing overhead functions in R&D, which is typically more prevalent in bigger
organizations.

» A greater focus in project and portfolio management on project costs (David
etal. 2010).

* Outsourcing to low-cost countries to reduce operational and infrastructure costs
(David et al. 2010).

! http://www.bloomberg.com/news/2011-02-01/pfizer-fourth-quarter-net-topss-analyst-estimates-
shares-fall-on-outlook.html

2 http://www.pharmatimes.com/article/13-02-07/GSK_puts_faith_in_pipeline_and cuts costs
after_tough 2012.aspx

3 http://www.fiercepharma.com/story/skinny-earnings-cost-cuts-boost-merck-bristol-myers-for-
est-fx-hits-sanofi/2014-04-29
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In an analysis on strategic outsourcing, CEPTON Strategies reported a 15 % share
of outsourcing for R&D with a total outsourcing volume of US$ 70 billion in 2008.*
Today, the top clinical research organizations (CROs) are the full-service provid-
ers Quintiles and Covance with total revenues in 2013 of US$ 3.8 and 2.4 billion,
respectively.

Some pharmaceutical companies have tried to use the M&As of the past years to
generate nominally bigger R&D organizations with larger project portfolios, higher
cross-fertilization, better economies of scale, and reduced R&D rates. As for ex-
ample, Pfizer has been through two mega-mergers in the past 10 years producing a
company that finally did not grow in the number of employees or in the relative rate
of R&D investment, but increased the nominal spending in R&D and its portfolio
size.

In addition to Pfizer (12.9%), GSK and Sanofi have been able to reduce their
R&D rates in the past years and have achieved an R&D rate in 2013 of 14.3 and
14.5%, respectively. All three figures are clearly under the historical industry
benchmark of 20 %, showing a newer industry trend towards significant lower R&D
investments. These figures are still far from the R&D rate of the worldwide biggest
generic company Teva that had total sales in 2013 of US$ 20,314 billion and total
R&D costs of US$ 1.422 billion with a resulting R&D rate of 7%. However, the
figures of Teva show the theoretically possible savings for some of the multina-
tional pharmaceutical companies on their way to reduce R&D costs, if they decide
to change their business model from purely R&D-based to a generic-based pharma-
ceutical company.

Another option to increase the R&D efficiency has been the change in the R&D
business model from a centralized in-house R&D to smaller, more focused, and
better manageable R&D units (Garnier 2008). Thereby, the archetype has been the
biotechnology industry and the reorganizations that took place in the past years
aimed at providing a more biotech-like and entrepreneurial spirit in pharmaceutical
R&D organizations (Douglas et al. 2010; Zhong and Mosley 2010).

Measuring Performance and Managing the Project Portfolio
Actively

A greater management attention towards project costs, resource allocation, and
the active management of the project portfolio has been described as an effective
method and success factor. The R&D pipeline size and the progress of R&D proj-
ects should be managed in accordance with a steady-state pipeline model. In view
of the companies’ success rates per phase and the timing of the projects, a model
needs to be set up that enables pharmaceutical companies to continuously deliver

4 CEPTON Strategies — Strategic outsourcing across the pharmaceutical value chain (http://www.
cepton.net/publications/download/cepton-Strategic-outsourcing-across-the-pharmaceuticals-val-
ue-chain.pdf)
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new drugs to the market. The focus of R&D needs to change from late-stage de-
velopment projects that may provide success in the near term to all phases of drug
R&D. Consequently, an adequate number of projects need to be in all preclinical
research phases, followed by a sufficient number of projects in all phases of clinical
development. As the financial and human resources of pharmaceutical companies
are limited, the number of projects in the late-stage development needs to be re-
duced to a level that enable the company to reallocate the free resources to earlier
phases, in particular to Phases I and II, to finally increase the success rate in a con-
tinuous pipeline model. To run a portfolio model, R&D performance metrics need
to be installed, including the access to benchmark data of competitor companies.
The portfolio decisions need to be based on medical need, technical feasibility, and
commercial value. The critical path of each R&D project needs to be identified, and
project management along the critical path needs to be optimized to reduce cycle
times. Finally, pharmaceutical companies need to invest only in R&D tasks that
support project-related decision making, reduce costs of technology development,
and, thus, free up resources that can be allocated to drug projects. All efforts togeth-
er should help to focus on those R&D tasks that are related to high-priority-drug
R&D projects, reduced cycle times, and reduced attrition rates of drug projects.

Opening R&D Towards External Innovation

In view of the increased pressure on time and costs of pharmaceutical R&D, phar-
maceutical companies needed to enlarge their portfolio breadth to meet at least parts
of their growth objective by launching new drugs. Today, pharmaceutical companies
use open innovation to harness innovation externally (Chesbrough 2003; Hunter
and Stephens 2010). For example, companies fill their internally generated project
portfolios by acquiring drug candidates (see Table 2.13). It has been described that
multinational pharmaceutical companies have acquired on average 50% of their
pipeline projects from external sources (Schuhmacher et al. 2013).

Parallel to the development of project portfolios that were generated from inter-
nal and external sources, some pharmaceutical companies have aligned their orga-
nizational structures to access external innovation more efficiently. For example,
GSK launched its Center for Excellence for External Drug Discovery in 2007, an
externally focused R&D center that facilitates drug discovery alliances with exter-
nal partners.’ In 2010, Pfizer established the Centers for Therapeutic Innovation
(CTI), an open innovation model that aims at founding global partnerships between
Pfizer and academic medical centers.® Additionally, as early as 2002, Eli Lilly start-
ed the Fully Integrated Pharma Network (FIPNet), the Phenotypic Drug Discov-
ery Initiative, the Target Drug Discovery Initiative, and Chorus, (Ernst & Young
2010).7® Further examples of open innovation initiatives are the crowd-sourcing

5 http://www.out-sourcing-pharma.com/Preclinical-Research/GSK-opens-Centre-of-Excellence
¢ http://www.pfizer.com/research/rd_works/centers_for_therapeutic_in- novation.jsp

7 https://openinnovation.lilly.com/dd/

8 http://www.choruspharma.com/about-us.html
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Table 2.13 Key R&D pipeline figures of multinational pharmaceutical companies. (Data derived
from EvaluatePharma® 2011)

Total Number Number Number Total Externally
number of organic | of R&D of R&D externally | sourced
of R&D R&D projects projects sourced R&D
projects projects accessed by | licensed R&D pipe- | pipeline by
company line (%) licensing
acquisition (%)
Amgen 62 30 24 8 52 13
Astra 102 44 30 28 57 27
Zeneca
Boehringer | 56 46 0 10 18 18
Ingelheim
BMS 103 42 42 19 59 18
Eli Lilly 111 79 15 17 29 15
GSK 241 136 22 83 44 34
Merck & 113 50 34 27 56 24
Co.
Novartis 176 104 28 44 41 25
Pfizer 143 75 53 15 48 10
Roche 143 74 47 33 48 23
Sanofi 116 33 39 54 72 47
Shire 19 19 NA NA 80 NA
Takeda 65 40 19 32 38 49

NA not applicable, R&D research and development

platform Grants for Targets of Bayer and PD2 of Eli Lilly (Lessl et al. 2011, see
footnote 7). The potential of Open Source Drug Discovery and the African Network
for Drug and Diagnostics Innovation have also been discussed (Munos 2010).

In the course of the opening of the R&D organizations, collaborations with aca-
demic institutions have also played an important role. It has been published that
30% of all novel drugs come from academia and that academic institutes are a
major source of drug projects (Kneller 2010).

In addition to drug targets, knowledge, and know-how in some therapeutic ar-
eas, academic collaboration partners can provide technologies and capabilities that
are of value for pharmaceutical companies. As for example, the Division of Signal
Transduction Therapy (DSTT) is a collaboration between the University of Dundee,
the Medical Research Council (MRC), and six pharmaceutical companies, namely
AstraZeneca, Boehringer Ingelheim, GSK, Janssen Pharmaceutica NV, Merck Se-
rono, and Pfizer to perform research on the development of new drug treatments for
major global diseases.’ The Tuberculosis Drug Accelerator (TBDA) is a consortium
of Abbott, AstraZeneca, Bayer, Eli Lilly, GSK, Merck & Co., and Sanofi together

° http://app.dundee.ac.uk/pressreleases/2012/may12/drugdiscovery.htm
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Table 2.14 Major collaborations between academic institutes and pharmaceutical companies in
2012. (Data derived from http://www.fiercebiotech.com/slideshows/20-major-pharma-academic-
alliances-2012)

Year Pharmaceutical | Academic Scope of the collaboration
company partner
2012 Sanofi UCSF New treatments for type I and type
II diabetes
2012 Pfizer, Eli Lilly, | University of Analyzing cancers impacting Asian

and Merck & Co. | Singapore, The | populations
in a consortium | University of

called Asian Hong Kong
Cancer Research
Group (ACRG)
2012 Novi Nordirsk University of Biomarker development
Oxford
2012 UCB University of New immunology and neurology
Oxford medications
2012 BMS Vanderbilt New treatments for Parkinson’s
University disease
2012 Novartis University of Research on personalized T cell
Pennsylvania therapies for the treatment of cancer

UCB Union chimique belge, BMS Bristol-Myers Squibb, UCSF' University of California, San
Francisco, MSD Merck & Co.

with Texas A&M University, Weill Cornell Medical College, and the Bill & Me-
linda Gates Foundation that was created to discover new treatments against tubercu-
losis.!® Further major pharma—academia collaborations are compiled in Table 2.14.

Sustainable Growth in Times of Reduced R&D Efficiency

If R&D efficiency, defined as the costs per launch, is reduced, and if pharmaceutical
companies are not able to increase their R&D efficiencies by the measures discussed
before, they still can try to compensate it by increasing the value per drug launched,
if the payers are willing to pay high prices for the new drugs. If the increase in the
value per drug compensates for the rising costs completely, the R&D productivity
is stable. If it overcompensates, the R&D productivity would increase. It has been
highlighted that the value of one NME, measured as the 5-year post-launch sales,
grew in the time period from 2010 (US$ 10 billion) to 2012 (US$ 16 billion) (Evalu-
atePharma 2013Db). In contrast to this analysis, it is expected that the average peak
sales per NME declines from US$ 900 million (2012) to US$ 600 million (2015),
showing the increasing difficulty of offering benefits over existing treatments in

10 http://www.abbott.com/news-media/press-releases/seven-pharmaceutical-companies-join-aca-
demic-researchers-to-speed-tb-drug-discovery.htm
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light of the increasing price pressure (Berggren et al. 2012). In this context, the
projected revenues of all NMEs launched between 2012 and 2016 are expected to
be US$ 58 billion, whereas losses by patent expirations between 2013 and 2016
are forecasted to be US$ 123 billion, showing that the new revenues will not com-
pensate for the revenue losses by patent expirations in the industry (Berggren et al.
2012; Schacht 2012; EvaluatePharma 2013a). It is challenging to project whether
the industry will compensate the decline of R&D efficiency with an increase in val-
ue per drug launched, but the numbers presented herein show at least that the phar-
maceutical industry needs to invent alternative scenarios to maintain sustainability.

Increasing Pressure from Generic Drugs

Pharmaceutical innovation has been, until now, the major driver of growth for the
pharmaceutical industry. The reduced R&D efficiency and the challenges in in-
creasing the value per drug launched make it necessary that pharmaceutical com-
panies keep an eye out for other growth options. In a 2010 forecast by KPMG, it
was said that growth of NMEs in the period of 2010-2015 are compensated by the
losses resulting from patent expirations. Growth in the industry will come from
the generics business (+US$ 47 billion) and emerging markets (+USS$ 150 billion)
(KPMG 2011). The total global spending on medicines has been forecasted to reach
approximately US$ 1200 billion in 2017, an increase of US$ 205-235 billion from
2012." In the same analysis, it has been said that growth in the developed countries
will primarily come from new treatments in chronic diseases, such as cancer and
diabetes. Growth in the “pharmerging” countries will result from an increase in
sales in traditional therapy areas, although populations in “pharmerging” countries
will also become older and obese, resulting in further growth options for the phar-
maceutical industry. The worldwide prescription drug sales are forecasted to a total
volume of US$ 895 billion in 2018 with a compound annual growth rate (CAGR) of
3.8% between 2012 and 2018 (EvaluatePharma® 2013). Reviewing the growth of
the global pharmaceutical market in geographical regions, two independent analy-
ses have been made showing that the emerging countries will be the major drivers of
growth with forecasted market potentials of US$ 499 and USS$ 487 billion by 2020
(KPMG 2011; PWC 2012).

The challenge for the pharmaceutical industry is the low pharmaceutical sales
per capita in “pharmerging” countries, which is 5-20 times lower than the pharma-
ceutical sales per person in developed countries (see Table 2.15). In particular, in
the “pharmerging” countries, both health-care systems and private patients struggle
to pay for new medicine.

1 IMS Institute, The global Use of Medicine: Outlook Through 2017, http:/www.imshealth.com/
deployedfiles/imshealth/Global/Content/Corporate/IMS%20Health%?20Institute/Reports/Global
Use_of Meds_Outlook_2017/IIHI_Global_Use_of Meds_Report _2013.pdf


http://www.imshealth.com/deployedfiles/imshealth/Global/Content/Corporate/IMS%20Health%20Institute/Reports/Global_Use_of_Meds_Outlook_2017/IIHI_Global_Use_of_Meds_Report_2013.pdf
http://www.imshealth.com/deployedfiles/imshealth/Global/Content/Corporate/IMS%20Health%20Institute/Reports/Global_Use_of_Meds_Outlook_2017/IIHI_Global_Use_of_Meds_Report_2013.pdf
http://www.imshealth.com/deployedfiles/imshealth/Global/Content/Corporate/IMS%20Health%20Institute/Reports/Global_Use_of_Meds_Outlook_2017/IIHI_Global_Use_of_Meds_Report_2013.pdf
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Table 2.15 Pharmaceutical sales in selected countries in 2011. (Data derived from International
Federation of Pharmaceutical Manufacturers & Associations, The Pharmaceutical Industry and
Global Health, Facts and Figures 2012, http://www.ifpma.org/fileadmin/content/Publication/2013/
IFPMA - Facts And Figures 2012 LowResSinglePage.pdf)

Country Pharmaceutical sales per capita (USD)
Brazil 146
Russia 145
India 13
China 50
USA 1077
Germany 671
Japan 1007
USD US Dollars

Today, the market share of generic drugs in “pharmerging” countries is dominant.
In 2012, generic drugs had a market share in China of 76 %, while off-patent drugs
and innovative drugs with patent protection had a stake of 20 and 4 %, respectively
(IMAP 2012). IMS has forecasted that generics will achieve a larger market share
in developed and “pharmerging” countries by 2017 (see footnote 11). Consequently,
some of the multinational pharmaceutical companies already generate today a ma-
jor part of their total revenues outside the traditional main markets of Europe, USA,
and Japan by selling generic drugs (PWC 2012). It has been forecasted that the
emerging countries will contribute as much to global pharmaceutical profits as the
USA by 2020 (KPMG 2011). Thus, even if there is an increase in the worldwide
total sales of the pharmaceutical industry, the lower profits of the “pharmerging”
countries result in lower profit margins of pharmaceutical companies. This devel-
opment will result in lower investments in R&D in the future and will increase the
pressure on R&D organizations to improve their R&D efficiencies.

Sustainability Must Come from R&D

In view of the limited growth options that are offered to the pharmaceutical sector
in the coming years, pharmaceutical companies need to focus on the increase in
R&D efficiency and R&D productivity. In addition to what has been said before,
pharmaceutical companies should follow the following strategies:

» Focus on therapeutic areas and drug candidates with the greatest PoS.

* Focus R&D activities on drug candidates that can provide benefit to real pa-
tients’ needs.

» Provide real differentiated new products.

» Focus on personalized medicine, as biomarker-based patient stratification has
been cited to increase PoS across all phases in drug development of oncology
drugs (Hayashi et al. 2013).


http://www.ifpma.org/fileadmin/content/Publication/2013/IFPMA_-_Facts_And_Figures_2012_LowResSinglePage.pdf
http://www.ifpma.org/fileadmin/content/Publication/2013/IFPMA_-_Facts_And_Figures_2012_LowResSinglePage.pdf
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» Further, reduce R&D costs by focusing R&D on core competences and outsource
nondifferentiating activities to external experts.

» Create asset pools and combine R&D activities of pharmaceutical companies.

* Provide tailor-made products for developed and “pharmerging” countries and
differentiate the drug prices, respectively.

Furthermore, a mega-fund has been proposed to increase financial funding of in-
dustry-wide R&D activities,as smaller companies are critically important for dis-
covering innovative drugs (Kneller 2010; Fernandez et al. 2012). The mega-fund
could finance target identification and validation. In combination with a broader
externalization of pharmaceutical R&D to smaller and specified companies, this
would help to mitigate technical risks associated with early drug research, while us-
ing the competences of pharmaceutical companies in preclinical testing and clinical
development (Mullard 2012a). There is hope in respect to the large number of novel
targets that, if investigated and clinically validated, could be basis for new, more
efficacious, and safer drugs (Berggren et al. (2012); Scannell et al. 2012). There is
reasonable expectation that new drugs can provide a therapeutic benefit that comes
from interacting with different targets.

Other options to increase R&D efficiency and productivity are drug reposition-
ing and incremental innovations, such as the screening of abandoned, failed, or
approved drugs for new uses, or the improvement of formulations or new uses of
existing drugs (Cohen 2005; Mullard 2011). These strategies are not new for the
industry, but could get more significance, if pharmaceutical companies realize that
there are defense strategies other than patent rights based on novelty and inventive
step. Optionally, a prolongation of the 5-year supplementary protection certificate
(SPC) for pharmaceuticals might also provide more funding to for pharmaceutical
R&D.

Pharmaceutical R&D is and will be a very expensive adventure with an overall
low PoS and long timelines. In particular, the challenge of high costs makes it more
and more difficult to pharmaceutical companies to afford R&D and to provide new
drugs to the market. Any option that might increase funding, in particular, in the
research of new drugs, would be very helpful and supportive and would help the
pharmaceutical industry to keep sustainability.
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