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b  Rate of decline over 10-year periods
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c  Adjusting for 5-year delay in spending impact
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Drugs per billion US$ R&D 
spending 5 years previously

Drugs per billion US$
R&D spending 

FDA tightens
regulation
post-thalidomide

First wave of
biotechnology-
derived therapies

FDA clears backlog
following PDUFA
regulations plus small
bolus of HIV drugs 

The magnitude and duration of Eroom’s 

Law also suggests that a lot of the things that 

have been proposed to address the R&D pro-

ductivity problem are likely, at best, to have a 

weak effect. Suppose that we found that it cost 

80 times more in real terms to extract a tonne 

of coal from the ground today than it did 

60 years ago, despite improvements in mining  

machinery and in the ability of geologists 

to find coal deposits. We might expect coal 

industry experts and executives to provide 

explanations along the following lines: “The 

opencast deposits have been exhausted and 

the industry is left with thin seams that are 

a long way below the ground in areas that 

are prone to flooding and collapse.” Given 

this analysis, people could probably agree 

that continued investment would be justified 

by the realistic prospect of either massive 

improvements in mining technology or large 

rises in fuel prices. If neither was likely, it 

would make financial sense to do less digging.

However, readers of much of what has 

been written about R&D productivity in 

the drug industry might be left with the 

impression that Eroom’s Law can simply be 

reversed by strategies such as greater man-

agement attention to factors such as project 

costs and speed of implementation26, by 

reorganizing R&D structures into smaller 

focused units in some cases27 or larger units 

with superior economies of scale in others28, 

by outsourcing to lower-cost countries26,  

by adjusting management metrics and 

introducing R&D ‘performance score-

cards’29, or by somehow making scientists 

more ‘entrepreneurial’30,31. In our view, these 

changes might help at the margins but it 

feels as though most are not addressing  

the core of the productivity problem.

There have been serious attempts to 

describe the countervailing forces or to 

understand which improvements have been 

real and which have been illusory. However, 

such publications have been relatively 

rare. They include: the FDA’s ‘Critical Path 

Initiative’23; a series of prescient papers by 

Horrobin32–34, arguing that bottom-up  

science has been a disappointing distraction;  

an article by Ruffolo35 focused mainly on 

regulatory and organizational barriers;  

a history of the rise and fall of medical inno-

vation in the twentieth century by Le Fanu36; 

an analysis of the organizational challenges 

in biotechnology innovation by Pisano37; 

critiques by Young38 and by Hopkins et al.39, 

of the view that high-affinity binding of a 

single target by a lead compound is the best 

place from which to start the R&D process; 

an analysis by Pammolli et al.19, looking at 

changes in the mix of projects in ‘easy’ versus 

‘difficult’ therapeutic areas; some broad-

ranging work by Munos24; as well as a  

handful of other publications.

There is also a problem of scope. If we 

compare the analyses from the FDA23, 

Garnier27, Horrobin32–34, Ruffolo35, Le Fanu36, 

Pisano37, Young38 and Pammolli et al.19, there 

is limited overlap. In many cases, the differ-

ent sources blame none of the same counter-

vailing forces. This suggests that a more 

integrated explanation is required.

Seeking such an explanation is important 

because Eroom’s Law — if it holds — has 

very unpleasant consequences. Indeed, 

financial markets already appear to believe 

in Eroom’s Law, or something similar to it, 

and the impact is being seen in cost-cutting 

measures implemented by major drug com-

panies. Drug stock prices indicate that inves-

tors expect the financial returns on current 

and future R&D investments to be below 

the cost of capital at an industry level40, and 

Figure 1 | Eroom’s Law in pharmaceutical R&D. a | The number of new drugs approved by the US 

Food and Drug Administration (FDA) per billion US dollars (inflation‑adjusted) spent on research 

and development (R&D) has halved roughly every 9 years. b | The rate of decline in the approval of 

new drugs per billion US dollars spent is fairly similar over different 10‑year periods. c | The pattern 

is robust to different assumptions about average delay between R&D spending and drug approval. 

For details of the data and the main assumptions, see Supplementary information S1 (table) and 

REFS 24,86,87 . Note that R&D costs are based on the Pharmaceutical Research and Manufacturers 

of America (PhRMA) Annual Survey 2011 (REF. 86) and REF. 87 . PhRMA is a trade association that 

does not include all drug and biotechnology companies, so the PhRMA figure understates R&D 

spending at an industry level. The total industry expenditure since 2004 has been 30–40% higher 

than the PhRMA members’ total expenditure, which formed the basis of this figure. The new drug 

count, however, is the total number of new molecular entities and new biologics (applying the same 

definition as Munos24) approved by the US FDA from all sources, not just PhRMA members. We have 

estimated real‑term R&D cost inflation figures from REFS 24,87. The overall picture seems to be fairly 

robust to the precise details of cost and inflation calculations. Panel a is based on a figure that origi‑
nally appeared in a Bernstein Research report (The Long View — R&D productivity; 30 Sep 2010). 

*Adjusted for inflation. PDUFA, Prescription Drug User Fee Act. 

PERSPECTIVES
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Эффективность инвестирования в 
разработку новых ЛС снижается 

Scannell et al (2012) Nature Rev Drug Disc 11:191 



Традиционный рациональный подход  

• Минусы: 
• Необходимы опыт и технологии по созданию высокоселективных 

и безопасных молекул со свойствами лекарственных средств 

• Высокая ресурсоемкость 

 

 

Заболевание Рецептор-мишень 
Вещество-
кандидат 



Paul et al (2010) Nature Rev Drug Disc 9: 203 

Традиционный рациональный подход  
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Launch

p(TS)

WIP needed for 1 launch

Cost per WIP per Phase

Cycle time (years)

Cost per launch (out of pocket)

% Total cost per NME

Cost of capital

Cost per launch (capitalized)

Target-to-hit

80%

24.3

$1

1.0

$24

3%

11%

$94

Hit-to-lead

75%

19.4

$2.5

1.5

$49

6%

$166

Lead
optimization

85%

14.6

$10

2.0

$146

17%

$414

Phase I

54%

8.6

$15

1.5

$128

15%

$273

Phase II

34%

4.6

$40

2.5

$185

21%

$319

Phase III

70%

1.6

$150

2.5

$235

27%

$314

Submission
to launch

91%

1.1

$40

1.5

$44

5%

$48

1

$873

$1,778

Preclinical

69%

12.4

$5

1.0

$62

7%

$150

Discovery Development

20 and 15 respectively (FIG. 2). We will discuss the need 

for sufficient discovery investments and output (WIP) 

to achieve the level of drug candidates necessary below. 

In this model, in the absence of sufficient acquisition 

of drug candidates, especially late-phase compounds, 

achieved as one-off in-license deals or through mergers 

and acquisitions (M&A), most companies are simply 

unable to achieve (or afford) the numbers of compounds 

distributed across the phases of discovery and develop-

ment they require to achieve their goals for new NMEs 

launched without a substantial increase in productivity. 

Encouragingly, recent benchmark data on Phase I 

WIP across the industry indicate that most companies 

have begun to substantially increase investments in the 

earlier stages of drug discovery; this is reflected by the 

number of candidates entering Phase I trials, which 

has increased significantly9,17,18. However, based on the 

benchmark data, for most companies, the number of 

NMEs entering clinical development and progressing 

to Phase II and III are still insufficient to achieve 2–5 

launches per year9; this reflects many years of operating  

at WIP levels below what would be required in the ear-

lier stages of drug discovery and development. Thus, 

inevitable pipeline gaps will arise (as they have) and 

given the CT of the process (FIG. 2), such gaps cannot be 

filled quickly through traditional means. 

Finally, we suggest that based on this model, many 

companies would find that their R&D operating 

expenses are not appropriately distributed across the 

various phases of drug discovery and development. Too 

many resources are often applied to late-stage develop-

ment of drug candidates with relatively low p(TS) and/

or post-launch support of marketed products. This may 

be the root cause of the current drought of new medi-

cines and the business challenges most companies are 

experiencing.

Key areas for improving R&D product ivity
Using our model (FIG. 2, Supplementary information S2 

(box)) and starting from a baseline value for the estimated 

capitalized cost of a single NME of ~$1.78 billion, we can 

investigate which parameters contributing to this cost are 

the most important. To achieve this, we have varied the 

parameters p(TS), CT and C for different phases of the 

overall process across a realistic range of possibilities 

(reasonable estimates of industry highs and lows for each 

parameter) to identify parameters for which changes 

would have the greatest impact on R&D efficiency, and 

the extent of the impact in each case (FIG. 3).

As is evident from FIG. 3 , attrition — defined as 

1– p(TS) — in the clinical phases of development (espe-

cially Phase II and III) remains the most important 

Figure 2 | R&D model yielding costs to successfully discover and develop a single new molecular entity. The model 

defines the distinct phases of drug discovery and development from the initial stage of target-to-hit to the final stage, launch. 

The model is based on a set of industry-appropriate R&D assumptions (industry benchmarks and data from Eli Lilly and 

Company) defining the performance of the R&D process at each stage of development (see Supplementary information S2 

(box) for details). R&D parameters include: the probability of successful transition from one stage to the next (p(TS)), the phase 

cost for each project, the cycle time required to progress through each stage of development and the cost of capital, 

reflecting the returns required by shareholders to use their money during the lengthy R&D process. With these inputs (darker 

shaded boxes), the model calculates the number of assets (work in process, WIP) needed in each stage of development to 

achieve one new molecular entity (NME) launch. Based on the assumptions for success rate, cycle time and cost, the model 

further calculates the ‘out of pocket’ cost per phase as well as the total cost to achieve one NME launch per year (US$873 

million). Lighter shaded boxes show calculated values based on assumed inputs. Capitalizing the cost, to account for the cost 

of capital during this period of over 13 years, yields a ‘capitalized’ cost of $1,778 million per NME launch. It is important to 

note that this model does not include investments for exploratory discovery research, post-launch expenses or overheads 

(that is, salaries for employees not engaged in R&D activities but necessary to support the organization).

ANALYSIS
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Стоимость разработки одного 
вещества до состояния 

готовности ко 2-й фазе КИ: 
около 70 млн долларов США 

Мало зависит от развитости 
экономики страны, в которой 

находится компания- разработчик 



Традиционный рациональный подход  

• Минусы: 
• Необходимы опыт и технологии по созданию высокоселективных 

и безопасных молекул со свойствами лекарственных средств 

• Высокая ресурсоемкость 

 

• Плюсы: 
• Техническая вероятность достижения цели около 35% 

• Совершенные и эффективные технологии 

 

Заболевание Рецептор-мишень 
Вещество-
кандидат 



Традиционный рациональный подход: 
Почему не работает? 

Пример:  использование биомаркеров при разработке 

 новых средств лечения шизофрении, 1994-2014 

Bespalov et al (in press) Nature Rev Drug Disc 



Традиционное репозиционирование 

• Минусы: 
• Ограничения в защите интеллектуальной собственности 

• Необходим опыт клинического применения вещества-

кандидата с целью выявления нового показания к применению 

 

 

Заболевание 
Вещество-
кандидат 

Рецептор-мишень 



Новые* средства терапии 

рассеянного склероза (2006-2016) 

* Только средства с новым механизмом действия 

Средство Год Исходные показания 

Натализумаб 2006 Рассеянный склероз и болезнь Крона 

Алемтузумаб 2014 Ревматоидный артрит и неходжкинская лимфома 

Финголимод 2010 Отторжение трансплантата 

Диметилфумерат 2013 Псориаз и ревматоидный артрит 

Даклизумаб 2016 Отторжение трансплантата 

Окрелизумаб 2016 Ревматоидный артрит и гематологическая онкология 

Лакинимод 2016 Рассеянный склероз  

Терифлуномид 2012 Активный метаболит лефлуномида, применяемого для 

лечения ревматоидного артрита 



Традиционное репозиционирование 

• Минусы: 
• Ограничения в защите интеллектуальной собственности 

• Необходим опыт клинического применения вещества-кандидата с 

целью выявления нового показания к применению 

 

• Плюсы: 
• Сокращаются расходы и время за счет ДИ и 1-й фазы КИ 

• Никаких сюрпризов – безопасные средства со знакомой кинетикой! 

Заболевание 
Вещество-
кандидат 

Рецептор-мишень 



Гибридная стратегия –  
рациональное  репозиционирование 

• Плюсы: 
• Сокращаются расходы и время за счет ДИ и 1-й фазы КИ 

• Никаких сюрпризов – безопасные средства со знакомой кинетикой! 

• Возможность защиты интеллектуальной собственности 

 

Заболевание Рецептор-мишень 
Вещество-
кандидат 



Drug Name Originator Company Target-based Actions 

Roxindole (EMD-49980) Merck KGaA 
5-HT 1a receptor agonist; Dopamine 
receptor agonist; Prolactin antagonist 

Belaperidone (LU-111995) Knoll 
5-HT 2 receptor antagonist; Dopamine 
D4 receptor antagonist 

Fananserin (RP-62203) Rhone-Poulenc Rorer 
5-HT 2 receptor antagonist; Dopamine 
D4 receptor antagonist 

Eplivanserin (SR-46349, Ciltyri, Sliwens) Sanofi-Synthelabo 5-HT 2a receptor antagonist 
Pimavanserin (ACP-103; BVF-036) Acadia Pharmaceuticals 5-HT 2a receptor antagonist 
Volinanserin (M-100907) Aventis Pharmaceuticals 5-HT 2a receptor antagonist 

CYR-101 (MT-210) 
Cyrenaic Pharmaceuticals / 
Mitsubishi Chemical 

5-HT 2a receptor antagonist; Opioid 
receptor sigma antagonist 2 

Vabicaserin (PF-5208769, SCA-136) Pfizer / Wyeth 5-HT 2c receptor agonist 
AVN-211 (CD-008-0173) Avineuro Pharmaceuticals 5-HT 6 receptor antagonist 
SGS-518 (LY-483518) Lundbeck / Saegis 5-HT 6 receptor antagonist 
CX-516 (SPD-420, Org-24292, Ampalex) Cortex Pharmaceuticals AMPA receptor modulator 
Bretazenil (Ro-16-6028) Roche Benzodiazepine receptor agonist 
MK-8998 Merck & Co Calcium T channel modulator 
Drinabant (AVE-1625) Sanofi-Aventis Cannabinoid CB1 receptor antagonist 
Dihydrexidine (DAR-0100) BioValve Technologies Dopamine D1 receptor agonist 
Ecopipam (PSYRX-101; Sch-39166) Psyadon Pharmaceuticals Dopamine D1/D5 receptor antagonist 
ABT-925 (A-437203, BSF-201640) Abbott Dopamine D3 receptor antagonist 
PNU-170413 Pharmacia Dopamine D3 receptor antagonist 
S-33138 Servier Dopamine D3 receptor antagonist 
L-745870 Merck & Co Dopamine D4 receptor antagonist 
Lu-35138 H Lundbeck A/S Dopamine D4 receptor antagonist 
Sonepiprazole (PNU-101387) Pharmacia & Upjohn Inc Dopamine D4 receptor antagonist 
Erteberel (LY-500307, SERBA-1) Eli Lilly & Co Estrogen receptor beta agonist 
MK-0777( L-830982) Merck & Co GABA A alpha-2 / 3 subunit stimulator 
Adipiplon (NG-2-73) Neurogen Corp GABA A alpha-3 subunit stimulator 
AMG-747 Amgen Glycine transporter-1 inhibitor 
Bitopertin (RG-1678) Roche Glycine transporter-1 inhibitor 
Org-25935 (SCH-900435) Merck & Co Glycine transporter-1 inhibitor 
PF-3463275 Pfizer Glycine transporter-1 inhibitor 
ABT-288 Abbott Laboratories Histamine H3 receptor antagonist 
GSK-239512 GlaxoSmithKline Histamine H3 receptor antagonist 

Drug Name Originator Company Target-based Actions 
MK-0249 Merck & Co Histamine H3 receptor antagonist 
Pitolisant (BF-2649) Ferrer Internacional / BioProjet Histamine H3 receptor antagonist 

ADX-71149 (JNJ-40411813) 
Addex Therapeutics / Janssen 
Pharmaceuticals 

Metabotropic glutamate receptor 2 
modulator 

AZD-8529 AstraZeneca  
Metabotropic glutamate receptor 2 
modulator 

Pomaglumetad (LY-2140023, LY-
404039) 

Eli Lilly 
Metabotropic glutamate receptor 2/3 
agonist 

ACP-104 ACADIA Pharmaceuticals Inc Muscarinic M1 receptor agonist 

Xanomeline (LY-246708) Novo Nordisk / Eli Lilly 
Muscarinic M1 receptor agonist; 
Muscarinic M4 receptor agonist 

MK-0557 (L-753721) Merck & Co Neuropeptide Y5 receptor antagonist 

TC-2216 Targacept 
Nicotinic receptor alpha 4 beta 2 
subunit partial agonist 

AQW-051 Novartis AG Nicotinic receptor alpha 7 agonist 
AZD-0328 AstraZeneca Nicotinic receptor alpha 7 agonist 
EVP-6124 (MT-4666) EnVivo / Mitsubishi Tanabe Nicotinic receptor alpha 7 agonist 
GTS-21 CoMentis Nicotinic receptor alpha 7 agonist 
PH-399733 Pfizer Nicotinic receptor alpha 7 agonist 
SSR-180711 Sanofi-Synthelabo Nicotinic receptor alpha 7 agonist 
TC-5619 Targacept Nicotinic receptor alpha 7 agonist 
AZD-2624 AstraZeneca NK3 receptor antagonist 
Osanetant (SR-142801) Sanofi-Synthelabo NK3 receptor antagonist 
Talnetant (SB-223412) GlaxoSmithKline NK3 receptor antagonist 
Neboglamine (nebostinel, CR-2249) Rottapharm NMDA receptor modulator 
Eliprodil (SL 82.0715) Synthelabo NR2B NMDA receptor antagonist 
MK-5757 Merck & Co ORL1 

BI-409306 Boehringer Ingelheim PDE 9 inhibitor 
OMS-824 Omeros PDE 10 inhibitor 
PF-2545920 (MP-10) Pfizer PDE 10 inhibitor 
E-5842 Laboratorios Dr Esteve Sigma opioid receptor modulator 
NE-100 Taisho Pharmaceutical Sigma opioid receptor modulator 
Panamesine (EMD-57445) Merck KGaA Sigma opioid receptor modulator 
Rimcazole (BW234U) Wellcome Research Labs Sigma opioid receptor modulator 
SR-31742 Sanofi-Synthelabo Sigma opioid receptor modulator 

Пример: экспериментальные средства лечения шизофрении, 1994-2014 

Основа рационального  репозиционирования: 
Вещества-«отказники» 

Bespalov et al (in press) Nature Rev Drug Disc 



Гибридная модель –  
рациональное  репозиционирование 

• Плюсы: 
• Сокращаются расходы и время за счет ДИ и 1-й фазы КИ 

• Никаких сюрпризов – безопасные средства со знакомой кинетикой! 

• Возможность защиты интеллектуальной собственности 

 

• Минусы: 
• Необходим доступ к коммерческим базам данных 

• Опытная команда аналитиков 

Заболевание Рецептор-мишень 
Вещество-
кандидат 



Этапы реализации стратегии 
рационального репозиционирования 

• Поиск вещества-кандидата 
• пример: базы данных Thomson-Reuters 

 



Этапы реализации стратегии 
рационального репозиционирования 

• Поиск вещества-кандидата 
• пример: базы данных Thomson-Reuters 

 

• Анализ свойств вещества-кандидата 
• лингвистический анализ литературы (Elsevier, Linguamatics) 

• контроль качества информации 

 



Этапы реализации стратегии 
рационального репозиционирования 

• Поиск вещества-кандидата 
• пример: базы данных Thomson-Reuters 

 

• Анализ свойств вещества-кандидата 
• лингвистический анализ литературы (Elsevier, Linguamatics) 

• контроль качества информации 

 

• Защита интеллектуальной собственности 
• пример: дейтерированные производные 

• пример: государственная защита эксклюзивных прав на рынок 

 

 



Правило эксклюзивности «8+2» 

Защита данных Защита рынка 

8 лет 2 года 

Заявка от 

производителя 

препарата-

дженерика 

Разрешение на 

производство 

оригинального 

препарата 



Этапы реализации стратегии 
рационального репозиционирования 

• Поиск вещества-кандидата 
• пример: базы данных Thomson-Reuters 

 

• Анализ свойств вещества-кандидата 
• лингвистический анализ литературы (Elsevier, Linguamatics) 

• контроль качества информации 

 

• Защита интеллектуальной собственности 
• пример: дейтерированные производные 

• пример: государственная защита эксклюзивных прав на рынок 

 

• Поиск партнера 
• пример: программы поддержки инновационной деятельности  

 



Пример государственной поддержки 
репозиционирования ЛС 

 

• В составе Национальных Институтов Здоровья 

• Более 3500 веществ 
• Из них около 2500 используются в клинике 

• Основной акцент на модели традиционного 

репозиционирования 

• Собственная поисковая система 

• Программы партнерства с компаниями и университетскими 

/ академическими исследовательскими учреждениями 



Модель рационального репозиционирования 

лекарственных средств 

 

• Наиболее перспективная стратегия, если: 

• отсутствует отработанная технологическая цепочка по 

созданию высокоселективных и безопасных молекул 

со свойствами ЛС 

• необходим положительный результат как в масштабе 

одной организации, так и для отрасли в целом 

• финансовые возможности ограничены 

 

• Огромный ресурс инновационных средств, способный 

повысить конкурентоспособность отечественной 

фармацевтической отрасли 


