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nrUg diacwery encompaaaes those act ivi t ies ,  usually i n  a 

laboratory or cl inic ,  that  result i n  identification of a new drug 

candidate or new use of a knm drug. 

range of ac t iv i t i e s  from point of discwery or selection of a new 

drug candidate that  appears t o  m e r i t  c l i n i ca l  evaluation, t o  release 

of the product for canrmercializaticm. 

ufacture, distribution, purchase, and conoeyance of the dnag t o  the 

patient.  Science and economics tradit ionally had been the d d n a n t  

influences on the relationahips among these cauponent.; however, i n  

the past  f i f teen years, p o l i t i c a l  coneideratione have become a major 

factor. 

mug develcpment cwers the 

mug delivery includes man- 

Aaaociation of the terms niscwary & Development i n  sequence 

rather than the usual -search & Development permits some functional 

dist inction8 a t  least aa relates to  pharmaceuticals. Discwary is 

the finding of a new thing or a new observation or understanding of 

an existing thing. 

t o  aomething useful i n  the broad senae of u t i l i t y .  

deal of reaearch i n  development. 

t h a t  make the result8 of a developnant available to others than those 

who davelop it. 

and to aame extent, i n  delivery. 

mvelopment involves the conversion of a discrwery 

mere is  a great 

Dalivery include8 those ac t iv i t i e s  

msearch is  conducted i n  discwery and development, 
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260 C A V W I T O  

A distinction frequently is  made between basic and applied research. 

These coacepta vary among different individuals. 

t o  be looked upon as research directed to the search for knowledge 

for its own sake; 

ected to  creating a useful new product or process. 

erences between basic and applied research tend to be more of degree 

than of kind. 

play between so-called basic and applied research i s  related as much 

to the individual scientists training, experience, and abi l i ty  t o  per- 

ceive and associate things that  are significant aa t o  the purported 

purity or u t i l i t y  of the project. 

Basic resewch tends 

applied research as the search for knowledge dir- 

In  practice, diff-  

In drug discwery and development, the extent of inter-  

Mstinctions between pure and applied 

research can be misdirecting when individuals i n  positions influencing 

public policy speak cut on such issues w i t h  more administrative authority 

than scient i f ic  judgement. A n  i l lust ra t ion is that  of a recent Corn- 

issioner of the F.& D.A. who suggested that  the decline i n  new drug 

product introductions by the -ustry waa attributable to the greater 

expenditures on applied a d  devdopme!ntal than basic research. 

dscovery, devalcpmnt, and delivery of new drugs gorm a continuum 

and each cannot thrive isolated from the others. 

the leant appreciated, i f  not a denigrated, ccmponent of new drug creation. 

In  a relative sense, drug discovery has been glamorized, drug delivery 

politicized, and drug devel-t unrecognized. The route from discovery 

t o  delivery, hridged by developmant, has been mccessfully traveled i n  

the past -awe of feed-back relationships, both scient i f ic  and econ- 

omic, that  have prorridd incentives for passage along the route. 

social  and e~~onanic chaagw w h i c h  can make this passage unattractive, 

are appropriate matters of concern. 

Davelopent has been 

Polit ical ,  

Be t i t l e  of thin ar t ic le  identifies interactions of six broad 

parameters pertaining to -8. To peamit a manageable discussion of 
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SCIENCE, ECON(MICS, AND POLITICS IN DRUG DISCOVERY 261 

interactions, these w i l l  be treated under headings of Science, mon- 

omics, and Polit ics after a brief historical  psrspective. 

BRIEF BISTCRICAL FSRSPECTIvE 

Pbannaceutical-related activit ies i n  the United States could be 

examined i n  team of four hiotorical segments - namely: 

w a r  I, between World W a r  I and World W a r  11, from World War 11 to the 

early 196O's, and the period subsequant t o  that time. 

prior t o  World 

Prior to  World W a r  I, the U.S. phannaceutical industry had l i t t l e  

influence on innovation and largely prwided some supply services t o  

pharmacy. Between World W a g  I and 11, the U.S. Industry developed 

modestly but wan not a d d n a n t  world factor. 

nutritional factors, sedatives, and tdci ty-prone chemotherapeutic 

agenta were ammg the fields attracting research attention. 

Natural product drugs, 

A stimulus to  faxpando3 effort and optidma in aew drug research 

was the observation in the mid-1930's of the chemotherape~tic pro- 

per t ies  and relative safety of aulfonadcles. 

new era of chsmatherap~utic8. Slartly thereafter, eveutr amwiated 

w i t h  World W a r  II and the discwery of antibiotics further stimulated 

the U.S. industry t o  -and it. pharmaceutical research. ThC next 

twenty years WM a rwolutionary period i n  new &ug discovery and 

development and provided such major contributions to medicine aa anti- 

mese drugs ushered i n  a 

biotics,  ~ t i c o i d s  and Other steroid drug., C U d i O V M C U h Z  aga te ,  

psychotherapautic h q s ,  and novel medicinals i n  many other areas. w i n g  

t h i s  period gwerrrmMt reguhtory concern w i t h  new drug intrOauctiona 

w a s  principally from the perspective of safety. 

covery t o  delivery occupied a time-lapse of the o r d e  of two t o  three 

years, and canpared t o  today, was a coxuiderable less expensive one in- 

volving perhaps only a few hundred thousand dollaus for development costs. 

w i n g  that period, costa leading to a discovery and costs of manufacture 

and delivery w e r e  i n  a relative senme greater than for developant i n  

Zhe path from dis- 
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262 CAVALLITO 

comparison w i t h  today's dis t r ibut ion of effor ts .  

discoveries were patentable, and for a number of years these w e r e  largely 

single s m c e  products. Competitive modvations and relat ively smaller 

development costs led t o  the introduction of m o r e  molecular modificat- 

ions of an i n i t i a l  lead drug. In turn, t h i s  increased the probabili t ies 

of chance discoveries from use of such drugs i n  man. Cbservations of 

central  nervous system ac t iv i t i e s  i n  man of the anti-tubercular drug, 

iproniazide, led t o  research with MA0 inhibitors with anti-depressant 

properties, than sequentially to a type of antihypertensive agent; 

chemotherapeutic sulfonamides were precursors t o  analogous diuret ics  

and saluretics useful i n  hypertension therapyr and t o  cer ta in  oral  anti-  

diabetes drugs; 

The majority of new 

and o&er examples have been cited.  

curing the early 1950's many could r eca l l  the medical consequences 

of not having the = w a r  m e d i c i n a l  agents that  had become recently avail- 

able and appreciated the discweriea of the 1940's aa impressive acc- 

0mpLishmenta. 

especially of ccmbfnation products, had become rather frenetic.  A t  the 

same time, certain colrpetitive industry practices,  such as product pro- 

motion and introduction of capbinatim products of questionable m e r i t  

were beginning to draw criticisms. Subsequently, Senator Kefauver's 

Subcamittee on Antitrust anl ~ n o p o l y  in i t i a t ed  investigations tha t  

resulted i n  po l l t i ca l  accusational axcesses. 

A major fa l lout  frcm the Kefawer Ccmmfttw hearings on the pharm- 

By the l a t e  1 9 5 0 ' ~ ~  the pace of new product introductions, 

aceutical Industry, held f r o m  1959 through l961, w e r e  the ney Ebcd and 

LEug lawa of 1962, w h i c h  ushered i n  an ent i re ly  new format under which 

drug di8coParY, develcpment and delivery would function. The environ- 

ment i n  vbtch wa aperate i n  the f i e ld  of pharmaceuticals i n  the 1970's 

reaulta frao a continuation an8 extension of forces that  gained momen- 

tum during the 1960's. It wam dudrig t h i s  period that  political factors 
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SCIENCE, ECONOMICS, AND POLITICS I N  DRUG DISCOVERY 

began t o  assume increasing influences on delivery, develapment, and 

263 

discovery. 

SCIEXE 

In t h i s  context, discovery relates  to the process of turning up 

a possibly useful lead t o  a new or improved drug, and development i s  its 

conversion t o  a drug product. 

s c i en t i s t s  from a variety of disciplines and associations. 

aceutical  industry has been a major source of discovery and vir tual ly  

exclusive motivator i n  development. However, substantial  background 

information, or even the foundations of a discovery, may originate 

i n  university, government or inst i tut ional  laboratories. The sc i en t i f i c  

personnel who may contribute to, OL be points of origin for,  the dis- 

covery process, cover many disciplines with the chemist usually a t  the 

point of origin i f  new canpounds are to be prepared, and the biologist  

helping make i f  not originating the laboratory discovery of potential  

u t i l i t y .  

of a new drug candidate for an anticipated application, but can in- 

i t i a t e  a discovery by observing i n  man an unwpected response to a 

new drug tha t  can orient development toward an entirely new indication. 

IXug discovery and development involve 

The phm- 

me physician-scientist plays a ro l e  not only i n  the evaluation 

Research directed t o  drug discovery can be considered i n  phases 

of exploration for a lead, followed by axploitation of a lead. Ihe 

l a t t e r  includes exercises i n  molecular modification, which is still  

pa r t  of discovery u n t i l  a candidate compound i s  selected for study i n  

depth for development. The search for leads can recaive cues frcm 

a variety of directions. Historically, nature has provided many of 

the molecular prototypes for drugs of synthesis - that  is, nature's 

clues from structures such as those of the opium alkaloids, atropine, 

cocaine, quinine, steroid hormones, antibiotics,  etc. Clues from nature 

also w e r e  provided by growth arid regulatory factors (vitamins, hormones 

neurotransmitters) which led t o  the synthesis of analogs and antagon- 
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264 C A V W I T U  

ists. The search for new drugs from nature goes on w i t h  its ups and 

dawns i n  attention. Other sources of leads can be provided by the 

chemist: who conceives of synthetic model compounds not patterned 

af ter  natural  prototypes, but which incorporate so-called pharmaco- 

photic groups; by axploitation of nsw synthesis methodology; from 

availabil i ty of cer ta in  intermediates for synthesis, etc.  Broad 

screening i n  the biological laboratories is  another source of new 

leads. Zhis i a  more feasible with relat ively uninvolved testing sys- 

tems such aa g v e  ant ibacter ia l  s a d n g ,  maclae behavioral tests, 

e t c .  

systems i n  predicting possible u t i l i t y  i n  humans. 

frequently are designed as a feedback fran drugs w i t h  known properties 

i n  man, and as a resul t  ouch animal tes ta  tend t o  orient discovery i n  

the direction of drugs similar t o  those already available. 

the so-called rat ional  approach t o  the discovery of new drugs, one 

that  faacinates s c i en t i s t s  i n  both industry rud academia. me term 

*rational" ae applied t o  an approach t o  M* drug discwsty may imply 

an understanding of a diaease procesn a t  a biochemical mechanistic, 

i f  not  molecular, level: it may imply an approach t o  deaign of new 

drug candidate molecules from basic principles of phyaical chemistry; 

it may imply othar things t o  other people - but the rat ional  -roach 

generally is preaumed t o  flow frcm reaaarch t ha t  is alluded t o  ae "basic". 

It is a highly subjective concept. 

usually by individual8 not  i n  the hineas of discovering drugs, t h a t  

a reason the search for new druga haa remulted i n  fewer introductions 

is becarue w e  have axhaushd our store of baaic knowledge. A t  least t o  

the present time t h e e  pr-ly have bean more contributions t o  b a d c  sci- 

ence generated by tbe discovery of now druga which ssroed aa reaearch toola 

than have advancw in knowledge of basic drug pI.chanisms resulted i n  

major new drug discoveries. 0 any event, a "rational" approach merits 

A limitation is the uncattain V a l i d i t y  of lab screening model 

Animal model systems 

Thereis  also 

Iha statemant occasionally is made, 
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SCIWCE, ECONCUICS, AND POLITICS IN DRUG DISCOVWY 

attention because it leads to a more orderly organization and undar- 

standing of existing information i n  the planning of new reoeatch. 

265 

A comment about the exhaustion of basic kncrwledge may by i n  order. 

Arr reflected by dollar figures, be-een 1950 clad 1970 the annual reaeareh 

expenditures of the pharmaceutical industry i n  the 0.s.  increased some 

twelve-fold (from about 50 t o  600 million dol lars) .  m a related twenty 

year period between 1947 and 1967, the Federal Gwernment increased its 

m e d i c a l  research expenditures nome fifty-fold, through both 

intramural and extramural programs, presumably mortly on basic 

research. It would have been a reinarkable efficiency for the 

industry's expanded e f fo r t  to have exhausted the s to re  of 

relevant basic science during the period i n  which the Federal 

Gwernment w a 8  adding t o  it a t  a r a t e  of increased expenditures 

some four times that  taking place i n  the industry. 

the suggestion that  the store of basic knowledge is *exhausted" 

is  conceptually ridiculous. It presumem tha t  kncwledge is 

consumed and then i 6  no long= useful. 

reusable corrmrodity. 

t o  inter-relate and interpret  existing information as t o  generate 

additional unassimilated observations. 

Furthermore, 

-ledge is a highly 

W e  probably have a t  least a8 great a need 

Ihe exploitation of a lead, which is  still  par t  of research 

and is directed toward finding a candidate drug substance t h a t  

might be worthy of development, i s  the area &are rational 

approaches of a c h a c a l  MtUYh could be particularly V a l -  

uable. 

t o  make fewer compounds to sxploit  a lead. 

increme the efficisuicy of the chemical research, but a lso require 

fewer compounds to go i n t o  the various biological evaluatiane to 

permit selection of a candidate for developmat. 

t ha t  have contributed to productivity of reaearch chemists i n  

Structure-activity relationships should p d t  the chardst 

"his should not only 

Among factors 
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266 CAVALIrPO 

t he  laboratory have been the ava i l ab i l i t y  of larger numbers 

of chamical intermediates for  syntheses, and the  m a r k e d  

improvements i n  instrumentation and methodology t h a t  have 

permitted more rapid and sophisticated separation, analysis,  and 

s tructur a1 work. 

zhe r e l a t ive  complexity of some of the drug molecules 

prepared by synthesis has drawn on the s c i e n t i f i c  ingenuity of 

the development chemist t o  p rwide  methods fo r  larger sca le  

economic production of such drugs. 

applied i n  t h i s  type of development i s  inadequately recognized 

outside of the  Industry. 

The qual i ty  of the  research 

Pdvances i n  ana ly t ica l  science and instrumentation have 

permitted not only mure rapid resolution of complex problems but 

also the solution of problem previously unapproachable. some 

peculiar s i t ua t ions  and near problems we resu l t ing  from t h i s .  

Mn-scientists,  or those without h i s t o r i c  perspective, may view 

newer knawledge on older drugs (such aa t h e i r  pharmacokinetics) 

as corrections of def ic ienc ies  i n  paat prac t ices  rather than of 

l imi ta t ions  i n  the  former state of the  a r t .  Certain laws, such as 

the Delaney amendment, have becomeincongruousand the detection 

sens i t i v i ty  of newer methodologies could lead i n  pr inc ip le  t o  

c l a s s i f i ca t ion  of the human body as a carcinogen. 

A beneficial  r e s u l t  of the post-1962 drug amandments has 

been t o  accelerate the development of be t t e r  methodologies for  the  

s c i e n t i f i c  evaluation of efficacy of drugs i n  humans. 

assurances, hawwec, remain more elusive and a number oftoxicology 

evaluations axe conscience-soothing exercises i n  the absence of 

more meaningful methodology. 

Safety 
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SCIENCE, ECONOMICS, AM) POLITICS IN DRUG DISCOVERY 

pdvances i n  pharmaceutical sciences have led to learning 

more about properties and performances of drug products as 

d i s t inc t  from drug substances. With the increase i n  numbers of 

multiple source drugs, t h i s  has led t o  confrontations involving 

science, econanics and poli t ics ,  and w i l l  be discussed la ter .  

Scientific wthod~ are becoming applied t o  more of the 

components of drug delivery and none too soon. 

pressing issues is tha t  of drug ut i l izat ion - overuse and under- 

Cne of the more 

use as  the case may be. 

from deficiencies i n  factual data, and since delivery is of 

econanic interest  t o  the public, it has became a f e r t i l e  f ield 

for  the polit ician.  

Certain aspects of drug delivery suffer 

ECONOMICS 

Although economic factors t ie  together drug discovery, 

dwelopment and delivery, the diversity of interests  and 

responsibil i t ies associated with these often lead t o  fragmented 

or narraw evaluations and judgments. Hcalth sarvice economics 

has become more pol i t ical ,  and discovery and development un- 

avoidably are influenced by this .  

Motivations for drug research vary w i t h  the sett ing,  but i n  

each there exists a kind of cost-benefit relationship. Academia, 

government, and most non-industrial inst i tut ions that  do drug 

research, largely are motivated t o  learn more about existing 

drugs, investigate basic principles, discover or prspare novel 

substances, or otherwise add t o  the sc i en t i f i c  foundation8 for 

drug discovery and dwelapment. 

have supported such re8earch with the Federal Governmnt a d n g  

a progressively larger ro l e  from the early 1950's t o  the l a t e  

1960's. with subsequent plateauing and decline of support. Zhe 

innwative pharmaceutical industry is the only group whose drug 

Both public and private funds 
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268 CAVALLITO 

research has new drug discwary for ultimate development and 

delivery as i t s  prime objective. Since about 99% of phanuaceu- 

t i c a l  industry research is support& by its own funds, there must 

be an economic incentive for  such investment. 

Annual expenditures identified aa i n  support of R. & D. by 

the pharmaceutical industry have continued t o  grow. Between 1950 

and 1960, these expenditures as a percentage of sales  rose from an 

average of about 3% t o  9% and have continued near the 10% level.  

h o m  1951 t o  1962 t o  1973, the annual R & D. expenditures for 

U.S. firms quadrupled i n  each period from the order of 50 t o  200 

t o  800 million dollars.  Proportionally less of the l a t t e r  in- 

crease has been available for expansion of new drug discovery 

effor ts .  Wded costs resulted from inf la t ion,  increased expen- 

ditures  in  c l in i ca l  studies t o  l e a n  more about existing products 

to comply with new regulations, eapanded depelopment requirements 

i n  toxicology,mcrtabolism, analytical  methodology for quality 

assurance, eta. Inflation has been an impressive consideration since 

the order of 10% per year increases i n  budget became required j u s t  

t o  maintain the laboratory f a c i l i t i e s  and personnel already avail- 

able. 

10% a year profitable increase i n  sales  under these circumstances t o  

s tay even i n  termn of i t a  R.& D. effort .  m re la t ing averages it 

must be appreciatd that  e c d c  profilea of c o a p d e a  vary fram 

one another and w i t h  time. Boywar, aa innwative ccmpanies market 

more multi-source product., the added sales fran such products is less 

l ikely t o  sustain a 101 of sales allocation t o  R.& D. 

Ihus, a pharmaceutical company should have the order of a 

If wo attempt t o  rationalize the preeent R.& D. expenditures of 

the research oriented phaxmaccruttcal industry aa costa of discovary 

and development of new and novel products, w e  would have d i f f i cu l ty  

i n  making amnd bruineas SM.~ today i n  term of ~xpectatioru of 
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SCIENCE, ECONOEIICS, AM) POLITICS IN DRUG DISCOVERY 

the 1940 - 1960 period. 

ectively convey t o  non-Rh D. people,including fell-  reanagcment, 

and to laboratory personnel within R.& 0. , that the significant 

changee of the past  few years are likely to carry in to  the future 

and require certain accommodations. I&& of the  work i n  support 

of existing producta has becane an added coat of doing business, 

particularly on the par t  of those caapanies t ha t  have been innwative 

and created and developed these new products. Mditional cwts have 

been incurred i n  providing improve3 m e t h o d s  for  quality assurance 

of existing product. - effort .  involving dspelopment, quality control, 

and manufacturing innwationa. In the past  f ive years, the industry 

has Committed considerable resources t o  support additional studies 

on older drugs t o  meet newer regulatory dewds .  

past  would have been available for nmr drug research. With  the need 

for  more m e t a b o l i s m ,  tcaicology and c l in i ca l  work w i t h  drug., indue- 

try resourcem have had to be increasingly committed t o  toxicology, 

biochemistry and medical science8. 

distributions i n  the pharmaceutical industry that  w e r e  established 

during the 1940's and 1950's have been altered. 

R.& D. expenditures require t h a t  just i f icat ion for personnel allo- 

cations i n  any one discipline must be judged relat ive t o  cmpeting 

needs for personnel among other disciplines. m a relat ive sense, 

e f f o r t  i n  creative new drug synthesis has becaae, and probably w i l l  

continue t o  be, a smaller proportionate pa r t  of the t o t a l  R.& D. e f fo r t  

of the industry than it was prior t o  1962. 

269 

R.& D. manragern recognize and must eff-  

Such funds i n  the 

In effect,  patterns of personnel 

lbe limits t o  t o t a l  

sh i f t s  i n  medical need. and pr io r i t i e s  also influence the econom- 

ics and science of drug discovery and development. 

tr ibutions of the past  thirty-five years revolutionized the practice 

of medicine. since many diseases now can be reasonably w e l l  treated, 

new drugs i n  several therapeutic categorieswauldhave t o  cmpete w i t h  

Zhe new drug con- D
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270 CAVALLITO 

re la t ive ly  good existing ones. However, there  remain very important un- 

s a t i s f i ed  therapeutic needs. 

diseases of apparent gradual onset t ha t  are d i f f i c u l t  t o  quant i ta te  by 

presently available diagnostic methodologies, and thus a l so  d i f f i c u l t  

to measure for improvement and establishment of drug efficacy, (athero- 

sc le ros i s ,  osteoporosis, connective t i s sue  diseases,  e tc . )  These a l so  

a re  conditions of a chronic nature, w o u l d  probably require chronic 

treatment, and thus c rea te  more concern with safe ty .  Hmever, with 

the  present regulatory expectations for hard proof of drug efficacy, 

and decreasing willingness t o  assume any r i sks ,  the  economics associated 

w i t h  the development of such drugs becomes qui te  imposing and l e s s  

a t t r ac t ive .  

Among these u e  drugs for degenerative 

'Ihe longer t i m e  and higher coats of develcping products t o  

market are inpartant economic considerations i n  research program 

planning. 

w k e t  f ran  point of selection of a drug candidate i n  the  laboratory 

for development to the  point of re lease  for marketing averages about 

seven years. This can range from a shorter period of t i m e  for a new 

an t ib io t ic  01 an anti-cancer drug, t o  longer peiods for a new analgesic, 

a f e r t i l i t y  control drug, etc. 'he cos t  for passage through the  de- 

velopwnt route averages about 7 mill ion dol la rs  per drug. Fbrther- 

more, only one i n  f ive  to one i n  t en  tha t  starts under development 

reacher, the  marketplace. Solluthing Like one in f i v e  t o  seven thous- 

and of the  new agents screened i n  the  laboratory becomes a drug pxo- 

duct. Not a l l  of those intxoduced are commercially successful. 

Ihe t i m e  lapse i n  t he  U.S .  for bringing a product t o  

A factor that laboratory s d a n t i a t a  and administrators must con- 

sider i n  l i g h t  of present longtima and high coat requirements fo r  new 

product develapnenta, i a  t he  r e l a t ive  timing a t  which events a re  carried 

out. In a new drug development, a balance must be struck between the  

resource-saving but m e  t i m a  consuming approach of carrying out re- 
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SCIWCE, ECOmICS, AND POLITICS IN DRUG DISCOVERY 271 

search projects i n  the sequence of individually just i f ied steps agaimt 

the time-saving but w r e  costly approach of doing conwren t ly  many 

of the things that might be require3 later. 

should be cautious i n  diverting resources t o  do cer ta in  kinds of research 

only because it can be done. 

In industry, one also 

The impression, on balance, i s  that although w e  are better prepared 

scient i f ical ly ,  the economic constraints have increased i n  new drug dis- 

covery and development. 

r a t i o  - whether w e  speak of risk8 of supporting expanditurea by 

industry or government. A danger is t ha t  either, or both, government 

and industry, i n  the future, might consider new drug R& D. as a less 

a t t r ac t ive  investment. 

New drug R.& D. also carries a benefit-to-rist 

Iha end result of successful drug reaearch and developtent is the 

delivery of useful medicinal products. If delivery includes the man- 

ufacture, distribution, and conveyance t o  the u s e r ,  one needs t o  con- 

s i d e  the participation of the pharmaceutical industry, the distribution 

channels, health profcusionaln such as physicians, pharmacists and 

nurses, and the economics associated both w i t h  the product and the ser- 

vices accompanying delivery of the product. Economic considerations i n  

delivery of the product alno can involve the private purchsder, gw- 

ernments (nntional and local), third party payment groups, etc.  It is  

a t  the delivary end that the widest range of people and organizations 

par t ic ipate  in ,  or are exposed to ,  the costs of drug products. Ihe con- 

cept that  emerged i n  the 1960's - of "health care as a public right",  

brought greater prearures for more eatensive and improved delivery of 

health care s a r v i C e E  including drug products. 

W i n g  the past decade, two phancmena have grm as econudc fact- 

ors. me has bean the increased numbars of multi-source producta that 

have appeared an patent8 axpired on drugs introduced during the 1940's 

and 195Ogs, the other has been the  i n c r w e  i n  th i rd  party paymant 
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systems for  health care, including drugs. lhis confluence of events 

resulted i n  debates aa t o  t he  quali ty or  &valence of so-called 

immitative "generic equivalents" canpared t o  the "original" product. 

me lower pr ice  listings of some "generic equivalents" a t t rac ted  atten- 

t i on  o f  economy-minded purchasers. 

~ o t a l  product qua l i ty  and therapeutic equivalence of multi-source 

drugs is generally admitted t o  be a scientific-medical i s sue  but econ- 

omic considerations have made it more of a p o l i t i c a l  i s sue , ( see  l a t e r  

section) ' Unfortunately, even the  economicshave been only super f ic ia l ly  

treated.  mr example, purported savings i n  gwermen t  purchases of 

drugs under the  recently proposed b B x h u m  Allowable CDst (MAC) program 

have been poorly documented and administrative cos ts  not ident i f ied .  

Although drugs account for  a re la t ive ly  ranall  component of t o t a l  

health care costs,  they CM exert considerable leverage on need f o r  

more expensive services. If w e  use 1972 f igures  of $4.32 a8 average 

cost  per drug prescription and $15 per physician o f f i ce  v i s i t ,  with 

hospital costa per d q  i n  t h e  vacihity of $100, the  qua l i ty  and per- 

formance of the prescription drug product bears a high econcmic lev- 

erage i n  influencing more or fewer physician c a l l s  or hospital  days. 

pl 1973, i n  the  U . S . ,  some $6,787,000 000 c o ~ l u n e r  dol la rs  were 

went for prescription drugs. According t o  H.E.W., i n  1973, of some 

$19,851,000,000 expenditures under the  public Aesistance program, 

about $612,000,000 w a s  spent for  prescription drugs. 

Goverment as w e l l  as pr iva te  survey data  ahow t h a t  prescription drug 

pr ices  during the  pas t  th ree  years have been remarkably s t ab le  and in- 

f l a t ion  res i s tan t .  

Qle would hope t h a t  iu deficiencies i n  some immitative products 

are detected, these aither w i l l  be corrected and better controlled,  or 

the  products removed. 

quality assurance practicecr vill lead to narrowing i n  p r i ce  d i f f e ren t i a l s  

Iha a a r c i s e  of more uniform production and 
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SCIENCE, ECONOMICS, AND POLITICS I N  DRUG DISCOVERY 

among suppliers of multi-source products. -ever, the innovative 

manufacturer inevitably w i l l  bear greater f inancial  burdens. 

manufacturer and distributor of only off-patent producta does not have 

t o  sustain an expensive R &  D. operation, and has the economic advan- 

tage of being able to  select only those products t o  market which appear 

more profitable or less camplicated for  him t o  produce, and less 

costly t o  service. Nrthermore, entry v i a  the less costly abbreviated 

NnA route is open t o  h i m .  

2 73 

The 

mt i l  ncw, provision for support of new drug discovery and development 

i n  the Industry has been made i n  the cost  of the drugs delivered. A n  

economic incentive must be retained i f  we  are not t o  just  benefit from 

contributions of the past  without investing i n  advances for the future. 

POLITICS 

Ih i6  section relates  t o  ac t iv i t i e s  of elected and appointed individuals 

i n  public office, of government agencies, and of forces ar media influenc- 

ing or interpreting the i r  operations. 

past  thirty-five years revolutionized medical practice, the delivery of 

drug products and attendant servicea assumed increasing econanic and 

social  importance. 

i t i c a l  factors. 

As the drug discoveries of the 

lhis inevitably led t o  greater involvement of pol- 

Political influences on drug discovery, development and delivery 

have become evidiant t o  a larger number of groups and individuals; how- 

ever the diversity of specific intareat.  involved and differences in 

the t i m e  frme of events have tended t o  obscure the t o t a l i t y  of the 

changes and their iuplications. 

Cam can begin w i t h  drug discovery and the renearch leading t o  it. 

the mid-l950's, health sciences research became a po l i t i ca l ly  favored 
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274 C A V W  IT0 

ac t iv i ty  for Federal Government f inanc ia l  support. Individuals such 

as Senator Lister a11 and Qngressman John Fogarty actively championed 

for increased government support for medical sciences research. The 

N M  programs, both in t r a -  and extra-mural, underwent rapid expansion 

from the mid-1950's t o  late 1960's. Certain c r i t i c i sms  became in- 

evitable.  

pragmatic expectations, but implemented with l i t t l e  concern for 

such ultimate accounting. About the  t i m e  annual NIH budgets reached 

a b i l l i on  dol la rs ,  the earlier congressional champions were gone, 

and the  p o l i t i c a l  leaders became more in te res ted  i n  delivery of health 

carethan i n  research. Cverall, government support for  medical sciences 

research subsequently has declined. 

Rasearch support had been sold t o  Congress i n  t e r m s  of 

Neither the rapid rise nor l a t a r  abrupt retrenchment i n  government 

support w a s  conducive t o  the best  u t i l i z a t i o n  of funds for  medical sciences 

research. It is unlikely tha t  support i n  t he  fu ture  w i l l  be as permissive 

as previously, but recent trends i n  financing are disruptive.  

A more serious concern with NIR research is  the  grea te r  p o l l t i c a l  

interference with its science managanent and the  establishment of 

p r i o r i t i e s  on a m a r e  po l i t i ca l ly  than sc i en t i f i ca l ly  responsive bas is .  

Goverment support of medical research has r e m l t e d  i n  various 

contributions through baaic sciences tha t  8erve as foundations for 

drug d iscwer ies ,  and ulrough clinical sciences t h a t  are essent ia l  t o  

drug develcgment. It is not  possible to quantitatively r e l a t e  benefits  

of support €or basic sciences research t o  drug d iscwery .  However, the 

reduction of such rwearch  support can only be detrimental. 

An unfortunate s ide  e f f ec t  of the more permissive period of NIX 

spending w a s  the  eatranganent of acadeaia frcm t he  pharmaceutical in- 

dustry, a relationship tha t  previously had been mutually a t t r ac t ive .  

The limitation of government support i n  t he  late 1960's resulted i n  

a rapid re-interemt of academia i n  industry support. Unfortunately 
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SCIENCE, ECOMMICS, AND P O L I T I C S  I N  DRUG DISCOVERY 275 

t h i s  occurred a t  a t i m e  when industry i t s e l f  w a s  undergoing sharply 

r is ing costs of its own research. 

Although po l i t i ca l  issues began t o  upset academic research support 

i n  the late 1960's, the pharmaceutical industry had a 10 year start w i t h  

its problems. The 1959-1961 wcursions of Senator Kefauver into in- 

dustry practices led to the 1962 New mug Amendments, and major changes 

i n  regulations. s\lbsequently, po l i t i ca l  figures periodically have 

revived old issues and created new onee. 

The 1962 etatutory changes w e r e  generally desirable i n  principle. 

The F.& D.A. regulations derived from the l a w  include constructive dir-  

ectives and others that  resulted i n  bureaucratic delays and wastage of 

resources. 

than have their interpretation and modes of implementation. Regulatory 

processes have been applied i n  a manner inimical t o  the delivery of 

new drug advances to the public, and arbi t rar i ly  and inconsistently 

i n  ensuring compliance w i t h  marketed products. 

It is less the regulations per ae t ha t  have been onerous 

mnsiderable argument has centered on whether post-1962 regulations 

have led t o  the so-called "New nrUg Lag". me lag is of two kinds - 
a reduction i n  numbers of new drugs introduced, and much longer t i m e  

intervals from discovery t o  regulatory approval for delivery. Spokesmen 

for  F.& D.A. have consistently argued that  the post-1962 regulations 

did not lead or contribute t o  the new drug lag,wh=eiu industry spokesmen, 

and i n  more recent years individuals outside the industry, have cited 

P.& D.A. practices as a major contributiontothe lag. It has been 

s ta ted tha t  the d-line i n  new drug introductions began a year or so 

earlier than the new drug regulations; harwer,  those familiar with 

F.& D.A. a t  that  t i m e  are aware that  its practices w e r e  anticipating 

changed rules. Mre recently, F.& D.A. has Offerred additional argu- 

ments - such as  the arbitrary s,eparation of drugs into m o r e  and less 

important categories with allegations tha t  there has not been a decline 
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276 CAVALLITO 

i n  introductions of more important drugs. ' I h i s  a l so  has been extended 

t o  imply that  drugs introduced overseas but not i n  the  U . S .  are not 

pa r t i cu la r ly  important to  medical prac t ice .  

t ha t  fewer n w  drugs have been introduced, and that t h e  t i m e  required 

for t h e i r  introduction has markedly increased. 

t i on  t h a t  F.& D.A. regulations have contributed to this. These are 

less c r i t i c a l  i s sues  than whether a usefu l  purpose is served by the 

resu l t ing  lag. 

There is no question 

There is also no ques- 

Individuals outside of Industry and F.& D.A. have l i t t l e  oppor- 

Members of tunity to d i r e c t l y  experience from regulatory practices.' 

Industry h e s i t a t e  t o  ci te spec i f i c  s i t ua t ions  fox fear  of r e t r ibu t ions  

that  might asswne a var ie ty  of forms. 

of abuses i n  which P.& D.A. can be e i the r  victim or perpetrator.  Among 

aore ciaurnon c r i t i c i sms  of F.& D.A. may be included: uneven and incon- 

s i s t e n t  exercise of regulations and standards, d i f fe rances  i n  competence 

of persannel (par t icu lar ly  medical) among div is ions ,  short tenns i n  off-  

i c e  of senior administrators and t h e i r  unfami l ia r i ty  w i t h  F.& D.A. 

prac t ices ,  inexperience i n  drug research and use, unwillingness of 

o f f i c i a l s  t o  be exponed to  pubUc dialogue on issues, a zero r i s k  

philosophy and res i s tance  t o  Wng pos i t i ve  d o n s  on new drug 

apprwals for fear  of later criticisms, F.& D.A. demands fo r  imm- 

ediate responses from others while indulging i n  long delays on 

their par t ,  punitive wer-reactions to political pressures,  i n t e r -  

preting "fair balance" in statamant. on drugs to r e a u l t  in mcagger- 

ationa of the  negative and elimination of the favorable, per iphera l  

erparuion of requlatory scope whila inadequate t o  i m p l e m e n t  w e l l  

it0 pr iue  f u n & o ~ ,  placing American campanies a t  disadvantage i n  

other countzies (many face ted) ,  etc. 

asis r e s u l t s  i n  p ro l i f e ra t ion  

Scma F.& D.A. actiona and inac t ions  may dar ive  from: limited 

finding for adequate s t a f f i n g  with caqatent personnel, weasonable 
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and unfair criticisma by p o l i t i c a l  figures and for the v r 0 4  reasom, 

threat6 by d i s s i d q t  employees disrupting normal administrative and 

corrective practices through pejorative 

ional s taffers ,  lack of recognition for posit ive actionn taken, incon- 

s i s t e n t  practices and atandards among drug ccmpanies, etc.  

leak. t o  press and CDnqreme- 

lhe concentration of attention on the F.& D.A. regulatory impact 

on drug development ha8 diluted concern w i t h  the  more recant regulatory 

constraints imposed by the mvironmental Rotact ive Agency (E.P.A.). 

am can envision adding t o  the d i f f i cu l t i e s  of new drug develapment 

i f  t h i s  agcqcy implsments regulation6 i n  a manner analagous t o  the 

F. 6 L A .  

Ihe  preaent drug regulatory climate i a  pa r t  of the legacy of 

p o l l t i c a l  ac t iv i t i e s  started by Senator lhfauvar noma 15 yearm ago, 

and intermittently revived or re-directed l a t e r  by others. m most 

Congressional Cbmdttea hearing8 the Chdnnan, with CoMidorable in- 

fluence of s t a f f ,  playa the major r o l e  i n  .electing specific irmes and 

sourcer of testimony, and directing the lines of inquiry. Ihe pur- 

ported objectives of hearings invariably are identified mch an not 

t o  be easily challenged i n  principle. 

frcm differences among participant6 i n  training, axpsrience, moti- 

Major  d i f f i cu l t i e s  r e r u l t  

vations, and value judgements. 

In  1962, Senator Hubert Rmphrey, Chairman of a Subcommittee on 

-organization and mtarnational arganizationm, became concerned with, 

and i n i t i a t ed  haarings on, the adequacy of drug literature cwerage 

by the Mustxy .  Ihc i m t a n c e  of keeping up with the scient i f ic-  

medical literature had been not only early recognizd by the pharm- 

aceutical  industry but innovative steps t a k a  t o  ensure much coverage. 

This became evident i n  the testimony. 1963, the same Shccmmlttee 

held hearings purportedly t o  review cooparation m drug po l id69  among 

F. & D.A., N. I . H . ,  V.A. and Other gwe.3XSUMt agenCiW. R, all ~ C ~ E i V e  

D
ru

g 
D

ev
el

op
m

en
t a

nd
 I

nd
us

tr
ia

l P
ha

rm
ac

y 
D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
B

ib
lio

te
ca

 A
lb

er
to

 M
al

lia
ni

 o
n 

01
/1

7/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



278 CAVALLITO 

degree, and with b e n e f i t  of h inds ight ,  t h e  t h r u s t  of t h e  testimony 

w a s  critical of F.& D.A. and t h e  drug indus t ry .  

in 1965, Senator WClel lan,  olairman of a s u b c a m i t t e e  on Patents ,  

TTadgaarks, and Copyrights held hear ings on p a t e n t  p o l i c i e s ,  p o s s i b l e  

changes, and the r e l a t i o n s h i p s  t o  research,  including pharmaceutical. 

Ihe d e l i b e r a t i o n s  provided a f a i r  representa t ion  of d i f f e r e n t  views 

and appeared t o  objec t ive ly  search f o r  r e s o l u t i o n s  i n  the p u b l i c  

i n t e r e s t .  

Congressman L. H,  Fountain, Chairman of the Intergovernmental 

Relations Subcomi t tee  of the  Committee on Government Operations, 

and h i s  s t a f f ,  held a v a r i e t y  of hear ings on a c t i v i t i e s  of N.I.H. 

bearing on h e a l t h  research.  The adminis t ra t ion  of research grants  

by N.I.H. was subjected t o  criticism i n  hear ings held i n  1967. The 

censare by t h a t  Subcommittee was i n  sharp c o n t r a s t  t o  the  tenor  of 

the  1966 hearings before  Congressman John Pogarty, Chairman o f  t h e  

Subcomaittee on Depts. of Labor and Health, Education and Welfare 

and Related Agencies Appropriations. 

grew a s  a p o l i t i c a l  i s sue .  

Health research adminis t ra t ion  

Congressman Fountain and h i s  s t a f f  a l s o  have c r i t i c i z e d  s p e c i f i c  

F.& D.A. decis ions and ac t ions .  These have included medical sc ience  

value judgements f o r  which some opposing opinion usua l ly  can be found. 

Cri t ic isms of t h i s  kind can r e s u l t  i n  subsequent regula tory  over- 

reac t ion  a s  demonstrations of toughness. 

For a number of years ,  Senator Gaylord Nelson, Chairman, S u b c o m i t t e e  

on Monopoly of the S e l e c t  Comnfttee on Smell Business, and h i s  s t a f f ,  

have held a v a r i e t y  of hearings on drug p r i c e s ,  product q u a l i t y ,  and 

drug de l ivery .  Cr i t ic i sms  have been made t h a t  i n  i t s  pursu i t  of 

i s sues ,  che Subcolnnittee appears t o  s e l e c t  witnesses  i n  accordance 

with t h e i r  value i n  support ing predetermined conclusions. The Wash- 
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SCIENCE, ECOmMICS, AND POLITICS IN DRUG DISCOVERY 

ington leadership of A.Ph.A. has been p a r t i c u l a r l y  c lose  t o  t h i s  

Subcomi t tee .  

279 

The most recent  venture i n t o  hearings on drugs has been t h a t  of 

the Subcommittee on Health of the  Conmittee on U b o r  and Public Wel- 

f a r e ,  Senator Edward Kennedy, Chairman. 

annual meeting of A.Ph.A. i n  1973, l a r g e l y  c r i t i c a l  of  t h e  pharm- 

a c e u t i c a l  Industry,  Senator Kennedy i n i t i a t e d  hearings l a t e r  t h a t  

year. 

views and pos i t ions  t o  be heard; 

have leaned toward witnesses c r i t i c a l  of Industry and of F.& D.A. 

An encouraging s ign  was t h e  assignment of t h e  drug product 

Following a speech a t  the  

The Subcomi t tee  has provided an opportuni ty  f o r  var ious 

however, i n  balance,select ions 

q u a l i t y  and bioequivalence i s s u e  t o  a review by a s c i e n t i f i c a l l y  

competent panel repor t ing  t o  t h e  Congressional Off ice  of Technology 

Assessment. The r e s u l t i n g  "O.T.A. Report" on Drug Bioequivalence , 
notwithstanding the  imperfections of a rushed job,  was a noteworthy 

approach. Disappointingly, the  hearings on the  Report were divers ion-  

a r y  r a t h e r  than a n a l y t i c a l  and i t s  messages may be muffled. 

hearings i n  the  S m e r  of 1974 a l s o  were disappoint ing.  Sessions held 

purportedly t o  a s s e s s  the  new drug lag  were diver ted t o  harsh a t t a c k s  

on F.& D.A. by d iss idents .  

Other 

New l e g i s l a t i o n ,  to-date, has not been enacted from these  more 

recent  proceedings. However, the  proposed Maximum Allowable Cost (MAC) 

program of H.E.W. could r e s u l t  i n  maximum allowable i n t e r p r e t a t i o n s  of 

drug product q u a l i t y  by F.& D.A., consider ing i t s  r e j e c t i o n  of O.T.A. 

Committee a l l e g a t i o n s .  The M.A.C. proposal, as it s tands ,  was h a s t i l y  

conceived of p o l i t i c a l  parentage and born with genet ic  def ic ienc ies  i n  

economics and science. 

of Industry support f o r  R.& D., t h e  p r a c t i c e  of pharmacy, and t h e  

q u a l i t y  of drugs del ivered t o  t h e  public. 

It could have a major impact on the  fu ture  
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200 CAVALtITO 

A most recently proposed F.& D.A. regulation is  that covering 

Freedm of Information. This m e r i t s  scrutiny not only by Industry, 

but  by a l l  health professionals and sc i en t i s t s .  M w t r y  and its 

acient is ts  may find serious constraints on their  future freedom t o  

camunicate new information for fear of then permitting F.& D.A. 

a t  its sole discretion t o  divulge considerable other data which 

i n  the past  has been held t o  be proprietary. The incentive to  

create new drugs or improvclments becanes blunted when detailed in- 

formational r3sul ts  of the investment axe made available t o  anyone 

else a t  no expense. 

posed regulations would be highly disruptive. 

Msxilmnn allowable interpretation of these pro- 

mug regulations in i t i a t ed  i n  the U . S .  have been emulated i n  

Canada, but appear to  be applied more rationally there. U.S. regu- 

lations have racrulted i n  the channeling of sane R . 6  D. werseas. U.S.  

based companies raeain a t  a competetive disadvantage i n  t h a t  drugs 

cannot be manufactured in  the U . S .  far export i n  compliance w i t h  the 

recipient countries regulations anly, but muat have P.& D.A. regulatory 

approval as per U.S. requirements as w e l l .  

Among iources of political pressurea are consuamr advocate groups. 

These adopt a t t ract ive public image group names and pursue matters that  

are uncontestable i n  principle. Granting them the best of motives, the 

temptation t o  take on a l l  issues ard t he i r  superf ic ia l  familiari ty w i t h  

complex probleuu can do more harm than good. 

c r i t i c i s m  and proposals W ~ J I  that  of the so-called Health Research 

Qle of the more ill-conceived 

Qoup whose wea l i s t i c  reemmendations on na* drug testing, i f  imple- 

mented, would be diauatrms t o  drug development aad c l in i ca l  research 

i n  th is  country. Wther group, called the council on ~concmic 

miori t i fm,  haa prepared reporto i l l w t x a t f v e  of hcm Limited 

understanding of the ismam and misinterpreted informational re- 

sources can lead t o  misleading conclusions. 
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SCIENCE, EWNCMICS, AND POLITICS I N  DRUG DISCOVERY 281 

The lay press is the principal vehicle through which the public 

receives current infoaaation. 

sumer advocates have an overwhelming advantage over others i n  having 

the i r  opinions disseminated. 

siciMs who w e r e  lauded by the press a generation ago for  their  

contributione t o  therapeutics, today are more likely to be disparaged. 

Even the sc i en t i s t  is  more tolerated than w e l l  regarded. Ime F.& D.A. 

also does not have a good press. 

aceutical issues have been m o r e  objective than have columnists featured 

Pol i t ical  figures and self-styled con- 

The pharmaceutical industry and phy- 

In general, news reports on pharm- 

a r t i c l e s  w h i c h  tend toward the sensational. 

w i t h  drug products, there also are moral questions involving legal 

and econanic issues that  are pol i t ical ly  sensitive. 

ncw considers health care as  a right.  We are still l e f t  with the ques- 

t ion of how much of t h i s  r ight  can any gwerxnnent sat isfy with resour- 

ces tha t  are not Limitless. 

par t  of t o t a l  coata of health care and are unlikely t o  place a po l i t i ca l  

s t r a in  on obligatians economics. nUg developmsnt raises a variety 

of pol i t ical ly  sensit ive moral issues. 

Public policy 

mug costa per se are a relatively small 

lb whom do w e  administer in- 

Are pris- vestigationaldrugs t o  determine their safety and efficacy? 

oners, corporate employees, medical students - a l l  f ree  agents t o  

volunteer for such studies? How can w e  prevent abuses, yet  re ta in  a 

system of volunteer testing? 

l iber t ies  by denying him the opportuhity t o  voluntase? 

can informed coment be? 

t o  patients who are treatable? 

*%herapeutic orphans" and pregnant wcxnen "therapeutic widows" un- 

less they are given new drugs? 

regulatory agencies so far have helped us l i t t i e  i n  their  resolution, 

and po l i t i ca l  figures only added canfuoion. Research for discwary 

Do w e  interfere  w i t h  a persons civil  

informed 

When is it wrong t o  administer placebos 

Xiow do we avoid making childran 

These are complex problemrr. 'Ihe 

also poses moral questions, such a8 haw limited resources are t o  
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be allocated among programs pointed toward d i f f e ren t  disease t a rge t s .  

How i s  the importance of a drug product goal t o  be determined i n  re- 

la t ion  t o  economics and t h e  individual? 

COElCLUDING REMARXS 

The var ie ty  of subjects touched on i n  t h i s  a r t i c l e  makes it im-  

possible t o  present d e t a i l s  i n  the  t e x t  space available.  A b ib l i -  

ography is provided from which more information is obtainable on 

matters discussed, as w e l l  as on re la ted  i ssues  not covered. Ref- 

erences a re  included t o  opposing views. S o m e  of the  observations 

are dxawn from personal experiences or those of acquaintances. 

This a r t i c l e  has attempted t o  ident i fy  some currently relevant 

problem areas i n  the complex multi-disciplinary drug discovery, de- 

velopment, and delivary processes. 

Most ~f the issues referred t o  a re  interdependant t o  a g r e a t 2  or 

lesser  degree and may appear i so la ted  only when viewed from a 

n a r r m  perspective of i n t e re s t s  o r  a limited time frame. Individually, 

we might be w e l l  advised t o  expand OUT ranges of i n t e re s t s ,  concern, 

and actions - a f t e r  adequate fami l ia r iza t ion  with the  issues.  
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