’ 'movmg through Congress until fall, but provisions in the

House and Senate bills already are creating a stir. The
~proposals’ aim is to enhance productivity of the' nation’s

380 federally owned research laboratories -and toincrease’

~debate: The legislation has attracted the support of Senate
‘Majority Leader Robert Dole (R=Kans) and-House Minor-

ity Leader Robert Michel (R-I11.), who are sponsoring .65 -
--and H:R. 695, respectively. And a similar bill, H.R. 1572, s

- being sponsored by five members of the House subcommit-
tée .on science, 'research and -technology. ~But industry

lobbyists are -scrutinizing provisions 'in the’ House and--

-Senate bills dealing with royalty- a351gnments

-The ‘sponsors of the three bills want to give federal'lab‘s‘

greater authority to enter into joint agreéments with private

parties and to provide a better reward system for federal” -

- inventors. Under the legislative proposals; the laboratories
; would get 100 percent of all Toyalties paid by manufactur-
- -grs.for inventions.-The revenues could be used to finance
© new research programs.as well as pay.inventors’ ‘royalty
‘fees. and cover related administrative costs: :
The - proposed amendments to the Stevenson- Wydler

-Technology Innovation Act of 1980 are targeted at federal-~

Iy operated laboratories like the National Bureau of Stan-
- dards.: It would® permit therm" to “transfer ‘technology ‘to
industry and-to-enter into technology development pacts.
Except for-a ‘handful of Department of Energy facilities,

federal labs have lacked adequate legal authority to reas-

sign patent rights. Passage of these provisions would ¢ap a
3-year “effoit -by. the Reagan administration to improve
industry’s access to federal laboratory mventlons and
~facilities. . :

The ‘most- controvers1al issue is a proposal to reward
government inventors with “‘at least 15 percent™ of the
.royalties on any invention licensed for commercial uses.

-Industry views it as a potential threat—bécaise it could

trigger legislation -to require specific compenSation for
private inventors. **It would set-an unfortunate precedent
' " and have af °
Richard C. Witte, chief counsel for Procter & Gamble Co.,
and chairman of the National Association of- Manufactur—
-érs’ task force on intellectual property. '

I don’t think that NASA, DOD, or DOE employees
should be moonlighting on the job,” says Russell C. Drew,:

. the Institute :of Electrical -and -Electronics * Engineers”:

- (IEEE) vice president for professional affairs. *“We don’t
- want the laboratoriés mission subverted,”” says Drew, who
_ fears the ‘laboratories might change their orientation to
short-term research' that has greater commiercial value.
“We don’t need any more competition from federl labora-

tories, says Drew, a former NASA scientist. His company, -

' Viking Instfuments Corp., manufactures a portable spec-

trometer under an exclusive license from the National
Aeronautics and Space Administration (NASA).

" The Reagan ‘Administration has yet to take’a position on

the legislative proposals so far. In part, this is. because

agencies such as the NASA and the Department of Defense

are at odds with the compensation formula, which the "

‘anti-innovative impact,”’ contends -

Industry Wary of Tech Transfer lllls

: Technology transfer legtsiatlon is not hkely to star?' . Department of Commerce supports NASA whrch has 1ts
" own reward system, says the the legislation is pot bal-
anced. It failsito consider the need to compensate scientists
‘and inventors: wrth discoveries that don’t have products or
- jdeas ‘with-commercial applications, they argue.
_ mdustry § access to technologles spawned by these facrll- St

' t1es : # ;
oo At first glance 1t does not appear that there is much to

" Furthermore, the legislation leaves it to each of the
national laboratories to make its own deals: This decentral- .-

+ ized approach can be unwise and in somé cases unwork- -
~able for some #gencies; DOE officials ‘say. The 'labora-
tories, they note, frequently need legal- and technical -

guidance from headquarters. In addition, DOE officials say

“there is a need to be able to reward other people’ who have |
- contributed to the development of an 1nvent|on but are not
“the legal inventors. :

Management iieeds the ﬂexrblhty to make awards that -

are commensurate with the value of an invention and to |

compensate other people, says Representative Edward .
Zschau (R~Calif.). A sponsor of H.R. 693, he says the"

legislation must be revised to address these problems.

In the wake of testimony presented 21 and 22 May before

* the House subcommlttee on science, research-and technol-

ogy and the absence of a formal admmlstratlo_n position;
congressional “aides are saying the legislation must be .

“‘overhauled. Commerce Department officials concéde that

some modification of eéxisting Ianguage to prov1de admmls-

“trative flexibility will be required.

To help foster this technology transfer, H: R 1572 con-

" tains-a provision that establishes a Federal’ Laboratory

Consortium for Technology Transfer within the National
Science Foundation, This organization-already exists at

'NSF birt is slated to be shut down in fiscal year 1986, Which -
* begins 1 October. In line with the Administration’s plan, - -
-NSF is officially’ opposed to reestablishing the consortium -

within the dgency. And there are indications that Congress :

"-may does not. want the group. centered at NSF.

‘Senate legislation (S. 65) and the bill: offered by the -

“minority in the House (H.R. 695) call: for empowering the™

Department of Commerce to monitor and promote technol-

ogy transfer betweeen the national laboratories and the

private “sector.: However, -behind-thi¢-scenes bad blood -

- between some’ Commerce Department officials -and :their -

counterparts in affected federal agencies is fueling opposi-
tion to the concept. Just how this will be resolved remains
unclear, although subcommittee chairman Doug Walgren )
(D-Pa.) favors giving Commerce the responsrbrhty §
The spéed with which the leglslatlon moves through the -

- House this fall may be affected by the cloud that has been

cast over Commerce’s role in this legislation.' Representa-

- tive John Dingell (D-Mich.), chairman of the Hotise ‘Ener-
gy and Commerce Committee requested the General“Ac- -

counting Office to examine whether the department had -
gone toofar in pushmg legislation and- had in fact lobbied:

- Dingell raiséd this issue with Commerce Secretary Mal- -
colm Bal_drige in-a 22 April letter, stating that “‘at the very
least” it appeared as though there was “‘a Czar-like ap- -
proach from Commerce officials toward other: agenc1es ‘and

" an intentjon to engage in'lobbying activities not authorized

by law.” Commerce officials deny that their has been any"

- wrongdoing. Nevertheless, Dingell has asked that Com- -

merce’s inspector general look into the matter and report :
‘on any vrolatrons of Iaw —MaRkK CRAWFORD _
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extension of rehabilitation programs;

“and much more data-gathering. The
report notes tha: federal .efforts are

search is done within the DOT; biome-
chanics is spread around the National
Institutes of Heal:h, and rehabilitation
research is moslly conducted at the
Veterans Administration. Surprisingly,

the committee.did not find any trauma:
research worth mantioning goingonin .

the Department of Defense.
With regard to injury prevention, the

'.repon contends that “automatic pro- |

tection” (such as collapsible steering
wheels, or perhads weaker liquor for
drinkers) is the bast strategy. Educa-
tion is not 'seen as the answer: “nei-
ther safety-education campaigns. nor.

driver-education programs have been-

shown by scientif.c evaluation to justi-

fy the faith and large budgets accord-. .-
ed them.” Legal remedies are better,".
says the report, but laws “tend to be. .

least effective among the very groups
_ that are at highest risk of injury.”

The committee decided the CDC
was the best place for a.Center for

Injury Control because much of the

work is too applied-and too interdisci-
plinary for the.National Institutes -of
Health: Besides,. NIH dcesn't want
any more institutes. According fo neu-
rosurgeon Ayub K. Ommaya, a con-

sultant o the DOT,; the transportation .

subcommittee.of. zhe House Appropri-
ations Committee, headed by William
Lehman (D-Fla.), is now working-on
legislation to-facilitate the panel's rec-

- ommendations. initial funding is to he

by the DOT; no: kudget has yet been
determined.—CoNSTANCE HOLDEN |

Callfornia Gears Up to B|d
for the SSC '

California’s - corigressional delegé~.
tion is-formally stepping into the fight.
to land the Superconducting Super

Collider (§5C). On 23 May the state's
representatives - and - senators - an-

rounced the. formation of the Super-
conducting Super Collider California.-
Committee (SSCCC). The State of -

California already has appropnated
$500,000 to the University of Califor-
nia to develop a site proposal for th.e
project, cutlays:.for which could total
$6 billion if it is completed in the early

1990’s. ‘And. aides to the California:
delegation say the state is preparing. .
I 2o match offers made. by competlng .l
now. lamentably. fragmented. . most. . |-~ '
epidemiological and .prevention. re-. |
.. established the. Texas National. Re- .-
_ seafch- :Laboratory Commission - Ao
lead efforts to capture the. hlgh-energy.
.. particle accelerator. The state Ieglsla-.
ture has given the commission emi-:

states

Meanwhlle the state.of Texas has

nent. . domain. authority to. condemn

~land Where necessary. Texas.already -
has |dent|f|ed six potentially suitable
. sites, two of which have existing build- - .
ings 'that_ could. be used- to. house .. |-
_ laboratory. facilities. Governor - Mark. ...

White's Office of Economic Develop- .
ment. indicates that the state will be.-
able to donate the land. Contrary.to. ..
previous reports, Texas has not com- -::
- mitted, formally or informaltly, to con-.. |.
struct the machine’s tunnel. Norhas it .|
agreed to erect any new. bUIldIngs at:
- this time.
.- Also vylng for the SSC is the state. :
- of lllinois, which would like the project -
tied in to the Fermi National Accelera- - .
. tor. Laboratory’s existing 1-mile ring: .
- To rally private sector suppert for lo- . -

cating the machine in lllinois, Gover-

. nor James R. Thompson has estab-
lished a private sector task force :
dubbed *SSC for llinois, Inc.” The-
state - has appropriated $500,000 in -
1984 and 1985 for related research’

and planning.. That budget is being

" hiked-to $2.5 million in 1986 o pre-
pare a preliminary site proposal for

submission -in - 1987. For 1987 the
state is -appropriating $5. miliion .for

' -acquiring . rights-of-way. for the SSC
tunnel, which might have to be piaced ..

300 to 400 feet underground because

_. of uneven terrain and geologic prob- -
- lems, state officials say. . :
Even though.these three states are -

moving aggressively to win the SSC,

- the project is not much more. than-a

paper .dream.. High-ranking Depart-

ment of Energy officials say.the gov-
ermment’s - support for -related re- .
search—about $20 million annually—
does not mean the SSC will be built.

Noting. the chilly budgetary climate,

.one program head says: “Right now
we are just trylng o keep. the idea:
-alive.”

. State officials are reallzmg that the ;

SSC may be a long time in coming to
fruition. Texas officials are instructing
communities that are potential sites to
plan for the SSC but not to count onit.

~ Says. one llinois official about the

pretty. bieak.”—MaRK: CRAWFORD -

NRC Consuders Droppmg

—-Briefing

prb__ép,eéf of tﬁ'e'proj_:ed_t' B‘eing fundled.in_, ‘
the next few years: “We. know :it's;:

UnlverSIty Reactor Rule -

. “The staff of the Nuclear. Regulatory:_ o

Co_mmissmn is.expected -to.-recom--. - "
-mend -on.19. June that the agency.. ...
. revise~-and. - perhaps. -back ' away

from—rules - requiring university. re-

search.. reactors fo. convert to low-:

- enriched uranium fuel. It is uncertain,: -
.. however, whether.the commission will .
support. taking this tack; which would.
—-.run-counter to the NRC's. proposed

rule-making of a year ago. - :
-8ince 1982 the NRC. has called for

limiting the - use. of highly enriched -
uranium in-research and test reactors

to the maximum extent possible. And.
in June of 1984 the agency proposed.
that 31- university and industrial’ reac-
tors be required to conyert to. low-
enriched fuel. The broadly written rule-

. provided for exempting: unigue. faciti-
- ties and took a-flexible approach. to-
- ward scheduiling conversions. -

The purpose of the fuel change wés
not only to_stop bomb-grade material
stored at U.S. universities from falling

. into the: hands of terrorists, but to

encourage foreign countries to:-make,
fuel conversions at their research re-
actors. Without fuel switches at Amer-
ican facilities, proponents argue, U.S.:
efforts to halt the spread of nuclear..
weapons-overseas will faik
-.But some U.S. reactor operators:
have opposed the fuel conversicn be-

* .cause not:all.costs would be covered.
‘by the government. In.some cases,

NRC officials say, commercial opera:.
tions  at industrial facilities might be’

- affected. In addition to.expense that.
-could be incurred, agency officials say
..some -universities are concerned: this

action will set off a push.to ban reac-:

.lors from some campuses. _
+.. Since the rule-making was first pro-
- posed the number of universities with -

reactors - using highly - enriched . fuet.

“has dropped to about.21.and to five:

for industry. In totai. they possess
about 300 kilograms. of -highly en-.

-riched fuel, only about 90 kilograms of

which are unirradiated or slightly irra-.

_diated, NRC officials estimate. -

- —MaRk CHAWFOFID
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Thase are the words of the U.S. Sen-
ate’s most vocal critic (J) of oral
contrncepiives, and it behooves us to
consiaer what some of the future con-
tracc piive metheds .might be and espe-

Ao : n

Ci;:ii:.' witai it nh‘i_.,m uln\.-, in terms of
1im<, and money, to convert ithem into

iy, There -are many publications on
..is subject, but none scems to have
conczraed dtself with the logistic prob-
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vl o onew contraceptive agent. In that
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to the fact that their usc separates, for
the flist time, contraception from copu-
lation, and it is clear that effcctive birth
conirol methods of the future must ex-
hibit this same property. A long list
of new approaches to contraception
could be developed from a recent
World Health Organizaiion report {3),
but for the purposes of this article—
the outlining of logistic problems, the
determination ef time and cost figures,
and, finally, recommendations for imp 1c-
mieniation—I have selected only three
iopics.

b A new female contracepiive (),
consisting of a “once-a-month” pil! with
abortifacient or luteolytic (menses-
inducing} propertics, 1 have selected
such a meihod because it is scientifi-
cally fenasible, it should lend
use in both developed and developing
countries, and it addresses itsell 0 the
critically important subjcet of abortion.
I also make some meantion of prosia-
glanding in that connection.

2) A male contraceptive piil

30 A dr;;:o-‘.i:';r. apent, such os o oad-
dilive to drineing
appivie, r‘ai"o sustily Gie Orwellian
overtenes o o's dtle, but ruth-
er to nl'n.u 1 no rca.lam pe lbpccm“ the

Waled, 1 oaneiuaed this
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gestions and F. Riewe snd L, D. Miller for
assistance. T.gnrc 1 is adapted from rcl'c!\_,ace
(28) and Fig. § from reference (38) with
permission of the Reviews of Modern Plysica
and The Physicel Review. Figures 2, 3, nnd
& and puoriions of his work are taken from
an ariicle by the oubor in QAR Res. Rew.
8, Mo. 4 (1969 with the kind pennjssion of
the UMce of Acrospage Restarch  Revigw,
Supported by the Uniled States Air Foice
Cilice of Scieniific  Research  grant  AF-
ATFOSR-68-1397. '

excluding mechamcdl devices, such as
1UD’s, which, unlike condoms or dia-
phragms, fall within the definition of
“contraception divorced {rom coitus”

as {ollows: their rapid introduction into
public use during the 1960’s is due
largeiy 1o the fact that, until nhow, clini-
cal research with IUD’s has fallen oui-
side the scope of governiment reguiatory
agencies sucly as the Food and Drug
Administrnt‘on (FDA). However, it is
highly likely that public {5) as well as

scientific (6) pressure on governmoit .

regulatory bodies will reguire that such
devices also be brought within the
scope of thelr control and that clinical
use of these devices be preceded by the
same type of stringent testing that 1s
demanded for contraceptive drugs, I
emphasize these argunients only to
point out that the cost and iime osti-
mates made by me later in this article
in connection with new chemical con-
traceptive agents probabiy wul aiso ap-
ply to new devices of the IUD type,
All the advances in fertility control
onsidered by the World Heaith Ocga-
nization group (3) are based in oge
way or unother om chemical ap-
proachies. As ! have polmicd oui élse-
where (7), this type of rescareh on
fertility control is exeecedingly compii-
cated, in both its preclinical and ciini-
cai phases; the reguired manpower and
nancial resources are HV&udOJL‘ "2’1 7in
1 techoologicslly
counirics.

i
i most  advanoed
Poempbasized (7)Y the fact
that the new Dbirth coniiw ;;;cuas ol
the fuinre, evea ihouph thev nav o
used predomimantdy in the Sevelopiug

countrics, wili almiost certainly be fnen-

erated ounly in couvairies of Nomh
Aamerica or Turope. Thoy will, thoree
Dore, B subizel o the novere 0 o
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fied {8), contraceplives must be fcated
in rats, dogs, and monkeys (9).

Nobody can dispute the wisdom of
the requirement for data on toxicity in
animals before a drug is administered
to humans, even in shori-term clinical
experiments involving only 2 few indi-
-viduals, Nevertheless, stipulation of the
animal species 'to be used is extremely
unwise, Afler all, the sole rcason for
selecting any animal is to provide a
model for extrapolation to the Luman.

1
»
(e

Table 1, Food and Drug Administradon requiremients for animal toxicological siudies for con-
acepilves, estrogens, and progestogens (Y}, : )

Clinical sr.udy

chuircmcnts

WD phase I (.rmtcd toa llw sub,cus
‘\ _for up to 10 days’ administration}

]I\l) phase 11 (approximately 50
"y subjects for three menstrual eycles)

IND phase 1 (gln.mul trial)

90—«11): siuddies in rats, dog:., and monkeys,
l-year studics in ra:s, clogs, and monkeys.

2-yeur studies in rats, dogs, and monkeys. Initjution
of T-year studies in dogs and 10-vear studies in
monkeys prior to slurt of phase iil. Reprodue-
tion and tcratological studics in iwo species,

MDA (New Drug Application) No further requirements, but must include up-to-
date progiess reporis on long-term siudies in dogs
and monkeys.

before constructing “critical path maps”
(CPM) for some new conlraceptive
agents (Figs. 1 and 2), I will review
briefly the conditions under which such
new conlraccpiive agenis would prob-
ably have to be developed. As the FDA
has such a crucial de facto power in
many foreign countries, it is realistic
to construct most CPM charts on the
basis of the American milicu, where
iost research on human fertility con-
troi is being conducted at present.

TOA chuircments and

‘mimal Toxicity Studies
Irrespective of the sponser (whether
+irdustrial,  covernmental, or  aca-

domic), no pew drug can lawfully be
administered to humans in the United
States without an IND (Investigative
~ew Drug) exemption issued by mc

Formulation

Preformulation  and tobleting,

siudies phaso I

" Arimal Continued’

FDA. The application for such an ex-
cmiption must outline the clinical pro-
tocols to be followed, and for all prac-
tical purposcs there exists no appeal fo
JFDA decisions during this expenimental
phase. "Appropriately, animal toxicity
data must first be presented, and, for
drugs outside the ficld of contraceptives,
the FDA's requirements (8) in-this re-
gcard are reasonable; in particular, the
choice of +he experimental animal Is
left (o the discretion of the investi-

gator,
However, different FDA require-
ments (9) exist - for coatraceptives

(whether sterolds or nonsteroids), and
these must be taken into consideration
in any time and cost estimate for new
fertility control agents. These require-
ments are listed In Table 1. It should
be noted that, in contrast to the re-

uirements fof nonconlraceptive drugs,
where the animal species is not speci-

Formutation Formulation
ang iableting, and lableting,
phase T chase IT

Phase " Phase T and IT

pharmacology pharmacology tlinical clinical
i3 i8 9 48
Chemical Synthesls * . a Con‘lm ued
synthesis actve Taxicolegy, i Toxicolopy, V[ texicolagy,
St of program o compounds phase T - phiases L and TL L phase Iif
praitet w T "Tia 518 %
Synthesis {48) {36}
"radioactiva ) o
Gompounds Biochamical Continued
i mets bolism Teratology ieratology
Y o W R S il
3\ 3

30 18

4125 compounds Into toxiesleay for phase I clinical

G 15 compaunds inle phaua I elinigdd {25
AL esroung s pnssr I an

A .o..xro;ogacﬂ— fudy

o iay nol be secestary if el fallures are surgi

svines 30 fost from resuits of toxienicgy)

ooy and liaical sludivs

T

ity aboried

p for a luleolytic or abortifacient apent. The circdled nume
e n mbc:‘s below the line
means that the period from ihe beginning of step 1 to the begin-
3 months, Numbhers in narentheess indicate timg narieds, in months,
requircments for contraceptives are o possible

are time periods, in months. Thus,

The unfortunate choice by the FDA of
the dog as one of the required species
{or testing oral contracepiives has been

~discussed elsewbere (7); it has already

resulted in the suspension of clinical
experimentation with three contracep-

tive agents, the most recent (January’

1970) being the chlermadinone acetate
“mini-pill.” Indeed even the simple re-
quircment for data on toxicity in the
“monkey” may be close to meaningless
in the area of reproductive physioiogy
unless eareful attention is given to the
choice of the monkey species,

In order to gain as much knowledge
as possible from animal studies, a spe-
cies should be seclected which most re-
sembles man in its metabolic handling
of the drug in question. Table 2 sum-
marizes data accumulated recently (10)
on excretion pattern and  plasma
half-life, in man and in seven animal
specics, for a new experimental (non-
steroid) drug. These animal studies
with radioactive material {(notc 1his re-
quirement in Figs. 1 and 2) were con-
ducted in order to seiect the best animal

‘model for man, who ¢xcretes §4 per-

cent of the drug in the urine, and in
whom the plasma half-life is ‘14 hours.
Inspection of Table 2 demonstrates
that, for this particular drug, the mini-
pig is at least as good an animal model
as the rhesus monkey and, even moic
strikingly, that the differences between
the rheésus and the capuchin monkey
are almost greater than the differcnces
for any other two animal species of

_the study.

Another example ¢can be cited, from
the extensive work of Seal and Doe

- (11), which demonstrates the extrenme:
. variability among various monkey spe-

cies of the ccmcurtcro:d binding globu-
} n (CBG)Y in arlr
RS ()u-.c!..\ -....‘Ul- PLowdtlle
said “a moukey is 8 monkey iS a o~
key” she would hiave been doad wiong
from a mctabolic standpoint,

My reasonn f{or going inte such detail
about toxicily TeqUITCNICHLS dng melas
bolic differences in varicus animal spe~
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.05 is to Diustrate a crucial point an
' sriibity controi re-
search rests. Unless all rescarch is to
he performed direclly on man~—a sug-
pestiorg which can hardly be enteriained
case of completely new agents—

mu\éf”morc work needs to be dooe in

ideatifying uselul aaimal models which
have some prediclive bearing on man's
“biclogieal response 10 a given agent.

Such work will require major efforis
on the part of investigators, major fi-
nancial iopuls (notably imto primate
facilities), and, most importantly, some
relaving of the present FDA require-
men: (9} for rai, dog, and monkey.
Although it is likely that the higher
apes are the best models for human
reproductive physiological behavier, in-
suflizient” biochenical work has been
done to substantiaté this ciaim, and the
funding for such work or for the requi-
siic primate facilities is not included in
Tabes 3 and 4, As implicd in the pre-

2ding discussion, the smaller monkeys
frecuently bear little resemblance to
humans in their metabolic response, but
theyr are used almost exciusively be-
cauie of case of handling, availability,
and lower cest, in addition to the price
¢iffrrential between monkeys and apes

(f~r example, §75 for a rhesus monkey

TN s feggge
Wil 1050 stldis

i1,

2 pae,
. _ompared with $200 for a baboon,
51000 for a chimpanzee, and $2000 to
SEU00 for o gorilp), ome must tak

ints aoevount ibe much higher hardling
ool malotenance cozis for opss as well
zs their limited availabiiity, Indeed, un-
les; extensive brecding facilities are
cotatlished, such exploitation of the
higher wpes may lead to thelr cxilnciion
({2), It should bz noted that all the
cost estimates of Tables 3 and 4 are
based on the use of rhesus monkeys
ard that major upwarc‘. revisions would
have to be fiade if apes were cmp;oyed

e of e Phovmicentical Indostry

cs), cossentially all modern
E :1 drurs were developed: by
aecutical companies. I know of
Ro case in which all of the work (chem-
bm.my, toxicology, formulauon,
..,.d clinical studics

sy
'u.iu.-‘q

'n “v-

5 oroy {108

g, by the FDA i the United States)
was woricimod by a goverament labo-
u..nOOI, or a nonproiit
This dees not mean
anic discoverics leads

oy
G O anig il

Tala; M, A me odicn
*
arah iastituta,
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for certain biclogicals (spe-.

If.v--’r-w, 10 coverms

Table 2. Data on excretion petterns and |
plasma hall-life for an eaperimental drug
(., .
Excretion Plasma
Species -J_::;e Feogy  balfife
(%) (%) (hours)
Man 94 1-2 i4
Rat 90 2 4-6
Guinca pig 90 3 g
Dog 29 50 2335
Rhesus monkey* 80 2 2-3
" Capuchin monkey 45 54 20
Stump-tail
moukey® 40. &0 1
Mini-pig 36 I-2 47

¥ These two species belong to the same geius

(Macaca).

ing to the development of a drug ulti-
mately used by the public are not dis-
covergd In such nonindustrial labora-
tories, or that certain important steps
{for cxample, much of clinical
work,) are not performed outside of
industry. chcrihclcss, it is a simple
fact that, in modern industrial natioas,
pharmaceutical firms play an indisper=
sable role in the development of any
drug. Socialist countries have, of
course, developed counterparts (o the
rharmaceaiical Industry, but so far

21
tae

hese counterparts have had very little

impact on drug innovation,

The public and legislators are fre-
quently unaware of this key function
of the creative elements of the pharma-
ceutical industry. This function is not
directly related to the marketing func-
tion of these frms {indeod, scme phar-
maccttical companics do no, rescarc
but simply acquire their products from

. other ~.mpanies). Rather it speaks for

their unigue ability 0 organize, stimu.
late, and finance multidisciplinary ree
search covering the cntire gamut of the
scientific disciplines required {(sse, for
instance, Fig. 1 and Table 3) in con~
verting a laboratory discovery into a
practical drug. In addition, the organi-
zational efforts involved (I3} in pre-
paring a complete Ncw Drug Applica-
tion (NDA) in the United States are
compleiely outside the capabilities of
nonprofit institutions and are not un-
.dertaken by government agencies, al-
“though the lIaiter could presumably
mobilize the requisite manpower and
funds for such purposes.

At present, all of the expenses asso-
ciated with the development of a pew
‘prescription drug are borne by private
~industry and eventually recovered from
sales. The cver-increasing cost of drug
. development is certainly responsible in
part for -the progressively decreasing
- number of new drugs introduced in the
-United States, For the time being the
. preseant system still seems to work, even
‘though major improvements will have
10 be Instituted before long. All of the
‘oral coniraceptive agents now being
"used were developed under such cir-
- cumstances, but this situation is un-
" likely to hold for many contraceptive
i ageats developed in the future.

' Some of the special requirements
" that have been imposed in ibe case
- of drugs used for fertility control are
iunmrunnqabe and justified; similar

? r‘.qummcms would undeoubted!ly be im-

"posed in the case of any other drug
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(for cxample, preventive muedication
in  atherosclerosis) administered  for
loag periods {usually years) to normal
pepulations, These requirements are a
esponse to our gradually increasing
snowledge  of human reproductive

?phyuo.o gy in general, our accumulated

¢xperience with oral contraceptives in
particular, and especially the surpris-

Y
by s0 many
birth  control

ingly’ rapid acceptance
womean oOf tlicse new
agents. _
Unfortunately, neither  the
notr the - rovur’neqt is facing realis-
tically
developing such
10 such an extent that it is unlik
the wadit

Kely 1ha£

public

the fohowmg facis. The costs of -
agents have escalated

ional course of drug develop-

ment wiltl lead rupidly, or even eventu-
aily, to the creation of fundamentaily

. new conti cepuvc agents. If the present

climate and requirements had prevailed

in 1955, oral contraceptive steroids,

would still be a laboratory curicsity in

1970. Yet it is obvious that toxicity and

testing requirements will become more
stringent and timc- ponsammg, not less

Table 3, Cost and time data for the development of a lutcoiylic or abornifacient agent.

, Cost
Step ' B C : D“fjf‘“’“ (including
identity Function function ?_}Tg:f;dd)s
(9 -3 L
No. (months) of dollars)
i Start of project.
P12 Chemjeal synthesis of compounds in 0.5 to-1 g amounts for biological screening pro- i 48 7280
- gram {(four chemists ai $45,000 per chemist per year). :
1t3 Development of biological models o test m.col:.uu or abortifacient com'aomds. Use of : 18 200
symiiesized compounds i test sysiems in rodetits and raonkeys tor dete mme mech-
anism of action. : )
20 4 Synthesis of larger amounts of active compounds selected in biological test systems to - 24 200
be used in preformuiation, formulaiion, md phase I {oxicolegical and chcal studies. - -
Zto 5 Synthesis of radioactive material of the most active compound in biological tests for. . 3 i0
use in blochemical metabolism. - ‘ )
Jto 4 Continued biological studics on mechanism of action of active compounds. ! 18 - 150
. ~
5106 In vitro snd in vivo studies of stability, solubility, and absorption of active co.npounds . b 100*
to assist formulation and tableting. ]
410 7 Toxicologizal studics for phase I clinieal suxdies. It is assumed that, since only short- 618 i25
term therapy s envisaged, FDDA will not reguire ioxicological sindigs such as are
required for current oral contraceptives. It will be sufficient to study LD in 60 rats
and 16 dogs per compound, using 25 compounds; 15 compounds are uxpectc.d to be-
found satislactory for phase 1 cun."" studics, .
. &
. ~If usual phasc 1 contracepiive toxicojogical studics are required (sce Table 1), the fol- (483 (14,00054
lowing pumbers of animiis will he needed for 25 compounds: 12,000 zais, 2,400
rabbits, SOO dogs, and 5,400 primates for LDy, §0-day :OXJCOIoglcal teratolegieal,
and abortifacient? sludies. ‘
Jto 7 Formulation and tableting for phase I clinical studies. i g . 160*
Ji?7 Mectabolic studies in rodent or prnmate and human with synthetic radioactive material 9 a5
siready prepared. Beth oral and intravenous adminisiration may be siudied,
-7t 8 Fermulation end tableting for phase I clinical studies. : 3 50%
7t 8 Toxicological and teratological studies for phase I and phase ITT clinical studies. 36 2,700
w9 Although FDA may require very Limited studies for clinical phase I because of short-
teirn dosing, it has been assumed that toxicolegzical studies required for laler clinicel
work will be as stribgent as in current oral contraceptive development, involving long- 34 to - 400
term teratclogical and repetitive-abortion studics of five compounds for 1 year, in completion
. 160 rats, 32 degs, and 32 primates (phase 11), and, for the best of the five com- of all
pound-., . -year studm in 240 rats, 7-year studies in 64 dogs, and IO-}c'u' studies in toxicology$§
80 primates (phase lil), .
If usual phase I contraceptive toxicological studies are required., the following num- (363 (315)
bers of animals will be required for study of onc compound: 8GO rats, 160 dogs, 160 C
primates, for 1 ycar.
If usual phase III contraceptive tomcoiobical studies arg required, the following num- (84)§ (409).
bers of animals are required for study of one compound: 240 raig for 2 years, 64
dogs for 7 years, and 80 primates for 10 ysars.
7% 8 Thase I clinical studies. It is assumed that 15 compountds mI‘ have proved s'\tlshctory 9 600 -
in the toxicological studies. A sligle dose will be administered to a small number of
women to cause abortion in the 1st or 2nd month of pregnancy. The best compound .
will be sclected for phase 11 and phase 101 clinigal stedies. With a one-dose lovel -
and costs of 5650 per woman per menstrual cycle, for 3-cyele studies tie total cost
for 15 compounds 18 $300,000, Therelore, costs {or n two-dose level are: . : 600
% to 10 Fermulation, f2tlcting, and cost of materlal for phass III clinical studies, including | 3 300*
cost of muaterial for long-term toxicity. o
3109 Phrse 1T and phase I clinical studies of the best compound will be combmcd. A - 48 S 500
....‘L irementt of 1.000 women studied for 10,000 cymcs is assumed, ‘ '
5t to n..L oi WNIIA liling i20 0 "m.‘a 6,780
B : suter Slo- 3 b
de 1 na included) Co ‘ iZ5 o Zi0) Ay
vle 1 included). i : 210 18,330
®osts for formulzilen, stabiiity, and analyienl work (including usuzl everlicad) can be calculoted in general on the basls of 3150, 0')‘) far any now

-

reain o gonve zonal dorege form or $27L\,OJD for a new drug i a nevel dosage form (for cw.rn., Silastic . Implan. The costs given heovo wieve
dated on his bosis, Allowance chould be miade for cots of come work om rejecied compounts i When ks uymval FDA  toxicolsmisabsiudy
dremenis Ior contr:‘.cnv‘t'vui (sce iahh. i) arc given as 1!o°.sxblc llcrn;\thc, the dur...mn of the study and thc associaied exura eost wre given in

. Joawili ek e Soaty awm Ll P G T )Lll ST R+ I.' Ounity  wasls gt Hly Wil Deeeduer ) i
msoond 10-year oy inomignkeys ore roouired (seo Table 1) HThe o »uopracnt time i calculntod, ot .._.'
breakdown, but from the CPM chort, ol owmg lhc longest cm.ns.. of uu'dopmcm. :
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503 other criteria (such as iesis of po-

forting

mulngenesis, more  sophisth
coted metabolic studies, and so on)
will be added as logical conscquences
of accumulated new Xnowledge. Cosis

1 eseaiate enormously, Therefore, as
“w¥oundation for projections, we nced
1o review the orizin and magnitude of

~ present expenditures on oomraceptivc

research and uL.\:L.IOpﬁu.uL

Recent rescarch expenditures for de-
velopient of new contraceplive agents.
Trom the late 1950°% uatl the ecarly

1960°s 1he U.S. Governinent speat very .

litle on the devclopment of new birth

control agents. The overwhelming por--
tion of the cost of developing the oral -

coatraceptives was met by three phar-
i ceutleal companies. No  published
figurcs -are avalable for ihese initial
development costs. In any event, retro-
spoctive. calculations are useless in the
light of presgni-day requiremcats and
knowledge. :

A more realistic starting pomt is the
second half of ihe last decade, in which
ik situation stared to approximate
prosent-day  elrcumstances. - To my
krowiledge, the present-day expendi-
tues of the pharmaccutical industry
fo- research in the area of reproductive
nhysiology have mnever been collated.

. incomplete personal survey among
w2 pharmaceutical companies (Lilly,
{.tho, Searle, Syntex, and Upjohn)
hox shown that their cumulative S-year
cxpenditure (1965-1969) in this ficld
arsounied to 568 million. My suivey
did not include all of the major Amer-
fcan pharmisceutical companies active
i ihis field, nor did it cover any Euro-
poan foms; thus it is likely that the
industry contribution during those 5
ycors probably exceeded $100 million.
Tz is an ecmormous figure by any
stendards, It is unrcalistic to expect
that larger sums or, in fact, even the
ims will be spent by this private
scetor in the future when the cveatual
wzovery of such ¢z
inciance, Tables 3 and 4) becomes
meore aod more distant and prodcnuh—

fur this 1965-1969 c¢x-
stes entirely to scientific
birth control, whercas a sub-
stantial po ton of government funds
Boday anciflary activities {socio-

— cmt b A pbaedian
T iersiw

[
SLing iy

e iw f oy

)
-

R ; el dasen
st Gh the UWS, Government has been
Inhment of a Ceater {or Popu-
n Dozearch as part of the MNational
Instiivte of Child Ilcslth and Human
monl.  rdowever, ils  present

guandiisiive lisitation must be rccog-

& GUYTEMATN 1970

‘mated . escarch

ipenditures (see, for

nized immediately. According tosthe
- director of the cenier, P. A, Cor[man:
{14}, of the total 1970 budget of $15.6;

million, specific research projects ac

count for 512.9 milion, with $9 mi

lion of this going for the development
of countraceptives, The only other sig-
nificant government source of funds is:

the Agency for International Develop-
whose budget {5} for ihe de-

neat,
velopment of new methods of fertlity
regulation  was - negligible
$100.000 in 1968) unul 1969, when
approximately. $5.9 million was obli-

gated for such pui'poses; the estimated

figure for fiscal 1570 Is $6.5 miliion.
Among private groups working in
the area of ferility research, two of the
most Imporiat are the Fopulation
Council, with an annual rescarch
budget of about $2 million, and the
Ford Foundation, which has been
spending $4.5 million to §7 million an<
nually since 1966 in support of re-
scarch and training in reproductive bi-
ology (I6). An unstated proporiion of
this amount iz allccable to research
directed specifically toward the devels
opment of new contraceptive agents,
hese cumulative expenditures are a
reference point in evaluating the esti-
costs given below and
the likelihood that the required funds
wili, in w.c., Lecome available.
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All of the contraceptive
that have becn introduced during
past 20 years have been designed

the female. The reason is not just that

she 1Is miore recepiive io mew  ape
proaches, presumably since unwanted

pregnancies afieet her much more di-
rectly than they affect the male, but
rather that our knowledge of the
male reproductive cycle provides more
hinis about rational approaches
traception than our knowledge of the
male nrocess does, Furthermore, it s
possible to interfere with the femaie
cycle at numerous stages, ‘
ovulation and ending with cmbryogene-

sis. Rather than sean our overall knowls

edee of such :mrmchm fd'qcussvm
cf wwhich cw he ot

luw.u ong sugh meitod in order W
subjcet it to a type of eritical systoms
analysis, Such a detailed p rescntation
for one agent, which so far hos ne
appaaied fnodue. ihwer

Gy WIS i i,

siiould be very uselul in. research and

“the female, I
{about

fe- - individual steps,

{o con- -

starting with

- ployed,

bua,.t planning for other contracepiive
methods as weil, Most imporianty, .
such an analysis will draw aticnticn to
the weal points in our proseat system
of developing contracepiive drugs and,
in fact, other drugs as well, The sct of
recommendations listed later in this
article is largely am outcome of the

‘analysis. As an important cxample of

future contraceptive methodelony in .
have chosen a “once-a-
month” pill with luteolytic or aborti- .

" facient properiies, or both, since such

an agent has at least four advantages
over agents now being used.

1) Administration of ope pil a
month is clearly more coavenient than
daily administration of pills. This is
true both for major ferulity control

" programs in developing countries and

for highly motivated individuals in ad-

“vanced countries.

2) Periodic short-term administra-
fion of a drug may be expected to give
rise to fewer long-term side effects, pri-
marily because the agent is intended {o
act mere specifically on a well-defined
biolegical precess.

3) Since the agent will be effective
in incapacitating the corpus luteum ir-
respective of whether fertilization has-
or has not occurred, it does noi maier
whether the woman is pregnant or not.

4) ldeally, the agent might be active
any time during the {first 8 weeks after
fertilization, so that it could also ac
as an abortifacient. It could then be

taken bimeoathly. In case of drug foil-
ure, another agent (for cxampis,

prosta vlmdms?) should be available
for subsequent chemical abortion, or
clse surgical termination of the preg-
nancy sLouId te available as a backup

 INEASUre.

A critical path map for the develop-
ment of such an agent is shown in Fig.
1, and a more detailed description of ihe
together with csti-
maied costs, is given in Table 3. Three
majer additional comments are re-
quired for a full cvaiuation of
chart. The first refors to the teratology
studies, which are cxtramely important
in any agent affecting embiyonic de-
velopotent. The unsunporied assuiips
tion is made that the FDA would per-
mit phase I clinical studies wuhout

pie OVIQS \cnra.ﬂ""y shudios i
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subscquent 21'1"“ I and phase I3 clini-

cal 1cscarch gan be
a lecation where, Jn
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case iho method
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c'nmu,.la deternunation of the c¢linical
ive dose will require progresaive

Iowering of ihe dose uniil a level is

reached in which failure is cbserved,
From an investigative standpoint,. it
suld be desirable if human pregnan-

s reswiting from such drug lailures

warg permitied to proceed beyond the
1+th week before surgical aboriion waus
underiaken, so that the fetus could be
examined for evidence of malforma-
tion. This would be a difficult require-
nent insofar as 'nunlamhly and cooper-
tion of paticnts was concerned. In the
absence of such cooperation one would
heve to depend on monkey data, which
are obviously less informative, _
The second comunent on Fig. 1 and
Tible 3 pertains o the time cstimates.
These are ideal figures, and the aggre-
gate of about 126 to 210 months
(Table 3, mext-to-last Tow) may hot be
reulizable, because it involves almiost
porfect coordination and cven telescop-
iny of various steps in the CPM
scheme. For instance, the preliminary

—

&}

toxicolopical studies (Fig. 1, stcps‘. 4
7) on 25 compounds will
jection of several compounds because
of scrious toxicilv, as well as rejection
based on phase I-clinical data (steps
7> 8). The estimaic of 6 to 18 months
for the time required for the indtial
toxicologicnl swdies lending to the se-
lection of the flaal ¢ "pound is, there-
fore, very optimistic. In any event, it is
ihis time analysis which ofiers the first
jusiification for the title of this article,
since the middle of the 1980 is al-
ready an optimistic target date even
when one iguores the tlme required for
the new ageat to receive the final stamp
of government approval (under cur-
rent regulations) and be disseminated
to the public.

The third comment
cost estimate. For reatons given in
Table 3, there are major unceriaintics
witlt fespect 1o cltimate cost of tox-
icologic study since this depends so
much on factors such as the cholce and
cost of the animals, as well as on the

involve re-.

refers 10 the

frequenliy changing gov Py} gu‘a-
ilons. A further and g 1 © uneeriainiy
is the estimate for plmse I1l clinical
studies {(Fig. 1, steps 8—9). Much
Targer numbess of menstrual cycles may
be required in response to demands
(18) that virtuaily all actual and po-
tential side cf*e"ts of such drugs should

be known prior ;o government approval
for marketing. Whis may be the
greatest hurdle and uncertalnly in any
planning of new contraceplive develop-
ments; for this reason I make a very
special recommendation later in ihis
article. Irrespective of ihe fimal cost
figure (37 miliion to $18
Table 3}, it must be emphasized that
ailocation of such a sum by a govern-
ment or private agency in the form of
b;ants to various nonindostrial labora-
torics would be insuflicient to accom-
plish the desired goal of producing an
agent ready for wide public use, The
reason for ihis statement is that the

. cost and time cstimates in Fig, 1 and

Table 3 arc based on the availability in

Table 4. Cost and time data for the development of a male antifertility agent.*

. Cost
Step Durnfhon (ineluding
identity Fanction function  overhead)
No. (months) (thousands
1 of dollars)
[ ' Stert of project, .
1w 2 Chertical syrthesis of compounds for biological screening (four chemists <at $45,000 66 900
) per chemist per year). ‘ .
1103 Use of compounds synthesized, in modified Jackson bloassay, to disco¥er compounds 18 o 150
afiecling {ferylizing cupacity of sperm stored in cpididymis, followed by studies in
'h].l"lulCS. ;
21w 4 Synthesis of compounds found active (the number is “assumed to be 25) m bioassay 24 225
screen,
2w s Ladioactive inbeling of best compound from steps 1 to 3. 3 10
Jwswid Freformulation, formulatior, and tatlcting for phase I. ; 12 206
37 - Continved anima] pharmacological studics. } 24 . 200
5t 8 Studies of biochemical metabolism of the labeled compound prepared in steps 2 to 5. 9 25
41w 8 Texicelozical studies (in an assumed 25 compounds) for phase I clinical studies: these 24-36 1,700
include LDy, 90-day toxicily, and teratological studies in 4,000 rats, 1,500 rabbits,
800 dogs, and 3500 primates. : i .
&9 Formulaticn and tableting for phase IT clinical studies, 3 50
Sto 9 Phase I clim’cm studies with 15 compouads The study for cach compound will involve 9/compound 450
Srouns. of five males and three wide Iy spaced dose iatervals for § months. Evaluation {maximums, 48}
of sperm mObllil)’, fertilizing capacity, and ‘eflects on spermatogencsis will be re-
quirced,
St9 Toxicological and teratological studies for phase T1 clinical studies (in an assumed five 24 315
compounds) 1 [-year toxicity studies in §00 rats, 160 cogs, and 160 pr'matCS, and
coniinued teraiological studies.
e 10 Fcé“..,xlz.non and tableting for phuse 1II S{udlhb, including cost of r'mtmﬂ.l {or. steps . 3 .. 300
to 12, :
% io0 1l Phuse II clinical studies. Expansion of phase 1 studies to JO to 100 men' 10 obl'un C24 500"
Guantilaiive dose requirements for five compounds. . . .
o :o‘li Epm:"' ! tcp;: dog.zcol studies for phose TII clinienl studics with one compound, 96 400
L iz i i Hes'in 04 dons, H-year studies in '
R Hooho compounsd, ‘
“ il Sumen ST elinkend studien dnevouscd mumbess of men ia trial (passibly 1,000y with . - 48 B
5 . studies of mechanizsm of action,  of return of fcumty upon cessation of dosing, and C T ’
o of puy fathered eiispring from agcidental Pregnancics,
Tt time and cott to time of MDA filing 144 to 2
) - T to 240 6,225
I...”.m..va ol NDA and FDA master, file 5 6o
TUn LO&'L[ 15M 4o AL ,rae
I B TR R &'-..-.J
» _r;:,: Ec woies to ‘Table 3.
9456 SCITNCE, VOL, 129
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it organization (that is, research (ii-
“visions of Iarge pharmacemical com-
panics) of all the manpower, f.n.li.lu,.s,
ancd logistiz support requived for the
type of aclivity and schedule ouddined
i CPM chart. If these {facilitics
h'é.*cc.fpo be created de novo and the re-
quired infrastructure had to be sup-
poticd exciusively from funds allocated
o such a project, then the fnal cost
would have to be multiplied several
times, Finally, whatever the overall cost
cstinate, it should probably be at
least doubled because, as has already
happened in the case of oral contra-
coplives of the types now being used,
an agent iay be rejected at a late
staga of the phase III clinical trial.
Prosraglandins. The importance of
‘abortien as a means.of population con-
irol has been emphasized many times
({9, 20). In arcas of the world (Japan
and eastera Europe) where population
erowth was reduced dramatically within
a short peried, this was done princi-
pally through surzical abertions, Clear-
iy, the availability of a chemical (ihot
is, nonsurgical) abortifacient would be
high'y desirable, Therefore, aside from

the ypothetical abortifacient agent de-

serited in Fig. 1 and Table 3, which,
it appears from present leads may wilj
tur  vut to be a steroid, some mention

oiv_sk prostagiandins {(PG) is war-

ranted, cspecially since they are chem-
icajt distinet from the steroids and
offer anether illustration of the long
time sequences involved in birth con-
trel sesearch.

The isolation of the provtaﬂlandms
nd clucidation cf their chemical struc-
ure were cffected by Bergstrdm and
ecllaborators (27) in Sweden in
1950z, By 1057 one pharmaceutical
the Upjohn Company had al-
cady started a program in this fleld;
fier 13 wears, the cost has reached
multimillion-dollar  proportions. How-
ever, no chdr.r containing any of the
prost~Zlandins has yet been introduced
it nedics .1 practice, Luteolytic eficcts
ol PCTaq in the pregnant rhesus mon-
oy Love been reported (22), and two
Zuvopzun cligical studies (23, 24)
have oppeared ou dhie use of PGHan
and JGE, as ubortifacients after in-
uavc"xouv mfus:om in womcn at vm-
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coverage and oplimistic headlines (26) -
accompanying  (hese  indilal  cliniesl
wrials, it must be recognized that these
are only preiiminary leads and that
many problems requiring time-consum-
ing work must.be overcome before
the prostaglanding can he considered
practical candidates as abortifacients. I
shall cite a few of the more obvious
ones. o :

13 The prostagianding act on almost
all body systems (27}, and, while their
usc as aboriifncients will involve only
short-term  admiaistration,

mine possible side cflects in a repre-
scatative group of womet.

2) A great deal of research has been
performed in the past fecw years, in
academic and industrial laborateries,
on synthesis of the various prosta-

glandins, While various successful ap-

preaches have been reporied, none has

as yet lent itself to large-scale synthesis,.

and the availability of ‘adequate
amounts of various prostaglandins is
still a bottleneck. .

3) The requirement for intravenous
infusion limits use of the prosta-
glandins to hospitalized patienis. Such a
drug would siill represent an important
advance in developed countries, where
surgical aboitions are carried out ir
hospitals, but alternative means of ad-

ministration must be developed if one

of the prostaglandins is to bz used in
the manner and on the scate envisaged
for the type of agent described in Fig,
1. Iatramuscular adminisiration {24)
is a possibility,- but major emphasis in
future rescarch raust be placed on de-
velopiment of an effective oral form.
Until now, there has been no succass
in producing biological activity after
oral administration with any of the
naturally occurring prostaglandins, and
work with synthetic congeners or spe-
cial formulations would be required,
This would put such compounds only
at the beginuing of the CPM chart of
Fig. 1, and thus subject them i{o most

of the time and cost estimates ouilined

in Table 3.

4) If intramuscular administration”
and, especialiy, oral administration of

prostaglandins  become realities, then
outpatient use will presumably hc their

widest appheat rm This in tun

.nu.n.rn"dp aind ralecs d]h Sp eier of o=
tential teratogenssis if abertion should
be unsuecessful. Irrespective of possible

DA requiremeonts, teratological studics
In prisaios aust be purionned al some

bl

extensive
clinical work will be “cqulu,d 10 deter--

© Riale ConGaceptive Agoal

The condom and withdrawal prior
to ciaculation are the oaly practical

contraceptive mweasures that are our--

rently available to the male. As has
beenn polnted out by the World

Health Orgunizafion scientific gmup_

{33, “an agent that could safely an

_cffectively inhibit fortilily in the ma 1..,

without risk of interfering with sper-
matogenesis and  libido, would find

_practical application ia fertility regula-

tion.” The report then procoeds with a
iong list and asscclated bibillography of

“:chemical agents that have been showa

to have some effect on the feriility of
male asimals, noiably rats, and con-

- ccludes, “none of the chemical agents is

suitable for use in man, owing 1o Xnown

'cr potential toxicity. Simitarly, Im-

munrological processes present hazards
when used in man, and they sufler

_from a lack of specificity. Conseguently,
‘no systeinic method of fertility control

in man iy available at present” {italics
mine).,

© The CPM chart (Fig. 2) and accom-
panying Table 4, therefore, contain a

. Jonger estimate than those of Fig, 1
"and Table 3 for the time needed for

discovery of suitable leads that may
give rise 10 compounds warranting
clinical investigation. It would be high-
ly desirable if several programs {zach
of them costing about’ 83 million) of
the type cutiined in Fig., 2 under steps
1—+2—=>4—8 and 1-»3~>7 were
instituted in several laboratories at the
same time in order to increase the
chances that a usefél agent might
emanate from such rescarch. Nothing
will stimulate future resgarch on a
practical male contraceptive agent more

-than the discovery of viable and sig-

nificant chemical leads, but, even in
that event, 1984 appears to be an cx-

“cecdingly optimistic target date for de-
~yelopment of a male contraceptive pill

ready for use by the public,
" Three other difficultics assecicted
with the development of a chemioal

- contraceptive drug in the male mus: be
" recognized. Tirst, our basic knowlados

of the reproductive biology of thc male
is even lcss ndvanccd than our knowi-
oc?nc of that of {he female, and a nron

1
[ Y TR U PR B
ﬂf.;;.luCr.;.\a. VIO ,,".‘:‘(.‘..- U

i
de \u ot In

IR
ek Araent™

done, dnuen
human primates. S
Second, the actual clinleal work has

50 far not drawn the nitention of plan-

ners.in the birth control fizld, The hue
man spermatogenic cycle, Irom sporoia-
zo"mmn to ejaculate, -lasts app [OXi-




“mately 12 wcc‘:;s. 11 is E'I':{cly that tesi-
iny, including freatncat
coatrol and yOS;hLAHHLHt recovery ob-
servailons, might last up to 6 mouths,
depending on the point where the drug
‘n guestions attacks this sequence. Pilot

":"\,,_«ecxum; could presumably be carried out

m groups of five males, at cach of thice
widely spaced dose levels [or cach agent
2, 8= 9). Gbservations should
combine evaluation of the cfiect on
spermatogencsis or sperm motility, or
boh, with observutions of organ tox-
icity and othier side effects. At present
there appear to be available, in the en-
United Slates, facilities for evalu-
aling only two drugs at a time. The
complications would be cven greater in
phase 1T and phase 1T clinical studies.
Women can easily be assembied . for
clinical studies through their assocla-
tion wiih Planned Parenthood clinics

Lig.

tire

and Individual obstetricians or gyne-

colagists; there exisis no simiple mech-
animm for assembling similar groups of
males for clinical experimentation. The
pricons and armed forces are the only
corvenient sources, and results would
have to be based largely on examina-
ion of mastorbation sperm samples
raticr than on ac evaluation of fertility
control in am average population.
“~This leads to the third difficulty—
R Jci;y, the
torrst in, and greater reservations about,
';r"-“'-durcs that are aimed at decreasing
ferti}ity If the agent were to be
\.u.puif, men would p;ob-
be even less reliable about taking

~

b
a tablet regularly thon' women have
rraved 10 be, ond efﬁcac; could prob-

iy bg defermined on a large scaie

orlv  through lenp-term  studies of
married couples,

Tae single greatest ckjection to the
contracepiives now being used s
o e csscmmlly continuous adminis-
rotion of a potent agent to fertile
worien for many years, Clcnrly the
s olizclo uld be raised in the

u.:a;c contraceptive pill if it

wo be twken day after day by fer-

e males lor many veors. Hlowover, if
a2 female and a mele contracep-

, then the two

Id altermate (say cvcry 3
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- «hemicul siability onn coming in con

“Orweliian” Approaches

Some laymen, lcgisi:;tors,' and scicn-
tists concerned with the economic and
environmeainl efieets of rapld popula-
tlon facrease have starfed to JP“p]Y that
drastic government-imposed birth con-
rol procedures may have to be intro-
duced during the next decade il vol-
untary use of conventional mecthods
fuils to stem the tide. I would like 10
the adjeciive “Orwellian” for such
externally imposed cxtensions of vol-
untary fertility control, which Berelson
(27) has reviewed extensively, together
with incentive programs, tax benefits,’
and many other proposals. Clearly the
most all-cncompassing and frightening
concept s first entry in Berelson's
list of Involuntary fertility control meth-
ods~——addition of a temporary sterilant
to water or staple foods. I would like
to consider briefly soeme of the practical

41y
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problems associated with the develop-

ment of such an “Orwellian” agent,

-which reduce the n,omLp. to an ab-

surdity. _
1} The substance would have to ba
aciive in either the male or the female,
but only ia their reproduct tive years,
and active over an enormous dose
range, since foed and water intzke of,
say, & 20-nound chil Id and a 200-pound

-adult are very different. It would have

to be tasteless. It must be specific for
man,

2) 'II added to food, the substancs
wouid have to.be incorporated by the
supplier rather than by the consuner in
order to casure universal adminisira-
tion, Even them, o dissenter could sim-
ply eliminate a given food from his diet

and thus escape the coatraceptive cf--

fects, unless it were o food that is unl~
versally required (for cxample, salt).
In any cvent, the contraceptive additive
would have to be stable during process-
ing (baking, heating, sterilization), and:
during cxposure to oxidants or light in
the course of packoging and shipping
3) Since everyope must drink waicr,
this would scemt to be the better ve-
higle for the contracentive azent, butl

even herc there would be a difficulty;:

incorporation would be feasible only.
when water was supplied through a

half mc world's populut
cver, reqsardless of the meihoc
orperation inte the- wad
tracepiive arent would have to r.zsvhy
IS

‘peratures during cooking or refrinnu.

“rminerals in the water, and with 20
“monly

o, ‘Z.c Con~

with pipes and other metal o b
siability om exposure fo light “m}
dznts in a holding tank or
stability on -exposure io o

C-:ﬂ.
IC:L‘?\'{)iw

4
dro ang w I~

tion (that is, lack of precipitation from.
solution}; no chemical interaction e ay

consumad foodsiufis  dusiy.
cooking; and no properiies that wew E
cause problems of over- or under r-cog
catration durmg_food processing, as iy
the preparation of frozen juice or souy
concentrates. Evea if these virtually iz
superable abstacles could be overcome,
let us not forget the tremendous pulii,
protesis evoked by proposals to adg
even as simple an agent as fluoride 1o
rmunicipal water supplies, ‘
4) The question of “side effects,”
which has gaincd so much notoriery iy
the context of the recent “Nelson heer.
ings” on oral coniraceptives in the U.S.
Senate, is insoluble. No drug is devoid -
of side effects and, in this particular ine
stance, the side cffects of the ageat
weuld have to be minimal not anly in
the sex and age group io which it was
supposed to be active but also in all
other age groups and in the opposite
sex, In contrast to any drug now used
by humans, which generally s simply a
contaminant of the person’s micreecsi-

ogy, the “Orwellian” contraceplive
added to fsoed or water would be a
general envirommental pollutant. It

would have to be considered a Bt
cide, albeit one that Is direcied pol-
marily at humans. It is exceedingly uz-
likely i.t]qt such a compound setive in
man would be incffective in ot au
some other animal species. In fach
since initial biclogical screening fof
such an agent would be cartied out
not in man but in animals, an agen!
truly specific for man would conpictely
escape detection. :

5} If such aa “Orwellian” contra-
coptive were completely effective, thed
its eficets would have
through the administration, prcsuﬂ:b?
by license, of a second agent. The il <l
heod of discovering such on 9Dw: 3
slight, vet its.availability is an & solute
prerecuisite for cmpleyment of ihc
sterility epent, The other alternad

wanld ba to dovelon

L1n
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then setting the bzrm ale, Sumaxﬂt" :
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from a personal, standpolint o
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' w‘m"- would kave to be superimposed
on he sicudy formidunle
(sce Tigs. L and 2) associnied with the
devclopnwit ol any svatentic, chvmical
ag fiul‘tllll} LOA\JO] it s puiu,ii)
(ic\r’i‘u\.t e developmicat of such a
mm—e.a‘.l Lirth control agent is outside
dw joalm of possibility o this century,
My ceaciusion should be contrasted
with that of Meichel (28), who nkes
the optiniistic, but tomy pletely unsup-

ported, prediction that, within 5 to 15

u.IuLL.l-n. 3

i

years, nicthods will be developed for
condraling the ferdlity of an entire
population, :

Inununological  approaches, thougt
propably slightdy more eusily imipic-
mentkcd i an Orwellian socicty than

the anldition of a sterilant to food or

water. atve still so far away (3) that
they do not merit serious consideration
within the  context of this article. We

are thus brought back to reality wiih
only ‘".\o reversible methods that could
cenccivably be intraduced on a massive
scale by zovernment cdiet during the
neat wwvo decades, provided the political
realitizs enumerated by Berelson (27)
and Ey Kete hcl { &) are faced. In the

He N this wou

the fomeale, aaministration of a sus-
talp~-activn contracepiive of the es-

tre  -pre gestin type {4).

el PO wmvapite by
aas s AnRVILLOLWC

from the data of Figs., 1 and 2 and
Tuklee 3 and 4 is that the pharmaceuti-
x.‘. Industry cught to remain invelved
fn iy massive effort required {o brin

LT, P -
~a fundementally new fonm
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SonirLcentiive [bateiats

wle or male

; 10 Ifrultion in the
12205, Turthernmore, for reasons out-
inzd in detail cl:c':.'acrc {7}, most of
his. work has to be, and will be, done

undor rules and reguiztions cotablished
Sy G YDA ond similor r‘ovclnmcnt
Toory amencies of the technologi-

advanced countmcs if Ll
cranwed, then the followl
mendnaons should be takcn

inly sonsider atmn.
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uslry are o sine gua no
1 pmnt of practical birth
conirvl agu is. Second, given that major
aidvances in birth control will be based
on cherieal methods, then access o
the large and highly productive organic
chemiical rescarch groups in the phar-
maceutical 1m;us:ry is an indispensable
proereguisiie (sce #igs. I oand Z, sleps
1= 2). This bas aiready been recog-
nized by nonindustrial groups like ihe
Populwiion Council @nd the National
Instituies of Healih's Center for Popu-
lation Rescarch, Third, unless some in-
centives in the arca of coutrucepilve
research are introduced soon, it is un-
likely that the present rate of industry
expendilure on research in this ficld
{probubly $15 million to $20 million
year) will be maintained; indeed

the raie is likely to decline, vnd it may
reach o noneritical level in a short
time, This would be a tragedy, cucept
in the cyes of those who dismiss or ig-
nore the pepulation problem. There-
fore, proposuls 3 and 4 are made wilh
the purpostc of ensuring industrial lab-
orateries some likelihood of achieving
a profifable recovery of their research
investment and of reducing the risk
inherent in 10- to 15-year research
projects,

£ the problems which prompted the
following four recommendations are
not taken into scrious  censideration,
then birth control in the middle 1930's
vill nmot be wvary
control in 1870, .

1) Conditional approval. The .S
TFood and Prug Administration, as well
as government regu “LO'y agencles in
other counirics (for example, the Feod
and Drug Directeraie in Conada), }:ns
two principal functions which are po-
tcmnlly conllicting (22). This conflict
has pariicularly serious consequences
for futurc rescarch in contraceptive
technelogy, "J'rc’specfive .of - whether
such research iy performed by industry
ar by some
ihis conflict and a possible reschution
should, thercfore, receive the highest
priority.

The first fanction,
shouid net be chelished, is that of pro-
toctor of the concuming public insofar
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“reaucratic de

¢ other secior. A definition of
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the FDA is at least purdy incor‘*ratiblc
with a more recent pune—namely, 1

role in passing on all clinjeal pm*cccls
by having a de facio veto on all clinical
work. with experimental druags, It is at
this premarketing stage of a dmg’s de-

velopment that the maximum dexibility

commensurate with scientific caution
and medical r«.s;aon.,ibi.ity must  be
muintulned; the agehcy responsible for
such protocols maust consider its main
funciion to be stimulation of research
and drug developraent rather than just
4 policing fupction.

Thus, the role of the FDA scems to
have moved from ihai of proiecior to
that of guarantor; Congress, the press,
and consumer protective groups are
responsible, Yet it must be rccognized
that this role of guarantor is an im-
posvible cae. No drug can be foally
effective and completely safe, and no
agency of government can guaraniee
that it will be, It is {uminating to ex-

amine the roles of other regulatory
agencies, For instance, the Federal
Aviation Administration certifies air-

cralt as meeting certain safety require-
ments. It does not give the traveler a

uarantee that the plane will not crash.

Lvew contraceptive drug will have
side effects, as any drug does, The FIOA
reviewer must recognize a drug’s po-
tential benefit as well as the hazard;
vet, in deciding whether to approve a
drug, his incentive to recognize the
benefits is far less than his incentve to
aveid the risk of approving it
having to defend his position to his
superiors under pressures from the press
or Congress. Understandably, the em-
phasis hes been on hypercaution, bu-
ays, and cnoermously cs-
requirements, every im-
stance where such hypercaution proved
ultimately justified, there are probuaoly
dozens where it led {o long delays or
to total abandonment of potentizily im-.
portant drugs. ‘

The consumer also suffcrs from th
delusion that drug safety and dmg

and Iater
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The Iact that peoople enpuiicace @de

cffects from “safe” dmgs siculd Le no
more surpsising than {he fact Sinf oe-
‘c:.siomlly some people die when “sale’

oir p?nfxcs crash, “This evﬂu;d’on-lpvds
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. stances),

Foy sich drugs, the IND/NDA proc.
es5 as it oxists s totally inadeouaiz and
should be modided, The exisiing phase
131 clasiend program should be reduced
to meticulousy piunned moderate-sized
clinical studies of Iimited length (2
years would be adeguate in most in-
wiich would disclose whether
o new ..‘_,Li‘n. had any conspicuous tox-
icity, Efitcacy could clearly be estab-
lished under su
tion of whether the drug had aay low-
incidence toxicity would remiain, The
oral coniraceptives have taught the
medical profession the imporiant fact
(well known to statisticians) that large
samples arc noéeded o demonstrate
small effects reiiably (30) and that it

i extramely difficult and costly to ac-

cumiclate such samples o a premarket-
iy phase.

It is at this stage that the FDA could
introduce the coucept of condiional
approval (31, 32}, somewhat analogous
o the FAA’s “Cerificate of Provisional
Adirworthiness.” During this time of
use-testing, the agent could be ma
seted, but some of the profits from
cales would be used for structured fol-
low-up studies of sizable populations
consisting of the patients pui on medi-
cation, The FDA could assign a perina-

" ment monilor o ccadminister such pro-

__rains; this

would befar superior 1o

. the préseat menitering through the col-

izetion of aaccdeta] reports of side ef-
izels which may or may not be drug-
“". ated. Under the . proposed  ney
heme, one aveids the nced to collect,
uring the phase I clinical trials, ire-
mundous guantitics of information on
propie who are well and reacting fav-
orably to :‘19 drug. Instead, attention
i* focused during the “provisienal-ap-
sroval-for-marketing” phase on the few
als, who do poorly, and. it is
poscible to determine more quickly

v aother thelr reactions are drug-related,

!1
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IF the drug survived a well-designed
I Dlow-up stady, then it could be piven
2. approval by the FDA, and con-
{ i od by the

ding larse studizs financ
somsor would not be required, As may
<< seta from Figs. 1 and 2, implemen-
wilon of suct a recommendation could
cly speed wup the time required
10 d w,‘op a practical confraceptiv
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ch conditions. The ques--

> o7y il

trinls Is essentially uvnappealaBle, and
yet such action is frequently a result
of fiypercaution rather than of excep-
tional scientific insight. A procedure of
ine Lypc outitned in my earlier articl
(7} for appealing such scientificaliy dc-
batable decisions is urgeatly required
in the ficld of binth control, since lack
of 1he right to appeal is already having
sericus reperaussions in the form of dis-
continuance of major research projects.
3y Parent protection. Consideration
should be given to a possible revision
of the patent lifetime of drugs in ihe

area of birth conirol and in other ficlds

whcre very-long-ierm, premarkefing io-
vestigation is required. At present ihe
lifc-span of a U.S. patent is 17 years.
Clearly, if o pharmaceutical firm in-
vests millions of doilars in research over
a pericd which consumes most ¢f the
ifetime of the patent (a circumistance
which may casily, happen when a 10-
to 135-year period of prema rketing re-
SmuCh and development is required),
a crucial ingegtive iz removed.
Qne possibility Is to offer use-patent
protection for such products for, say,
10 years, starting with the date of the
approved NDA,

4% Gowrmrem-mdusrz}r inferaction.

~ As pointed out above, the costs of de-

veloping a new contraceptive agent have
risen 50 cm.mat'cady that taey are be-
zinning to outstrip the financial capa-
bilities of an individnal pharm?"euticai
company, and to reduce arautly the
company’s chance {0 recover such costs

after the drug has been approved for.

pub]ic sale. For instance, if 10 to 15
researcly by ene company,
costxr" 510 million to $30 million, re-
sults in dcveloprncnt of & “once-2-
month” pill, is it likely that the public,
the press, or possibly cven the legisla-
ture will tolerate a price in the several-
dollur range for a single pili when the

final manufacturing cost of the chemi-

cal ingredient may be oniy 5 or 10
percent  of that amount? Yer uualece
such prices for single pills were
charged, the prospects for a firm’s re-
covering the rescarch canenditure, lok

alone making a profit on the invest-

ment, would be nenu aible,
The rcason for these tremendous
costs oad for 4

pord

tien

poitions of Lh normii popalal o5 inust
‘;:c:cnt minimal risk.
develoning such drugs are corvesps .m]-
innaly amcller than those of k.ev'!cp":n
Ulals Giugs, and il is oniy reasona

T
¢ oxperimenial

that the public (that is, the tatpaycer,
by way of the goverament) should tear
part of ikis development cost. The vary
special features responsible for the on

traordinary cosis of birth control dn.:gs
are the very long trinls required io de-
termine - toxicity {(completely unlike
those for other drugs snd cveniually

concentrating;largely cn subhuman pri-

_mates) "and the very large and long

phase II and phase I trials in man,
accompanied by am ever-increasing
number of clinical [aboratory cxamina-
tions. it is this aspect of the rescarch,
rather than the chemijcal, biclogical,
short-term toxicological, or even phase
I clinical studies, which should be
funded by the public. Onc means of
partially funding such research is im-
plicit in recommendation 1, for con-

- diticaal marketing approvai (32) by
- FDA,

Another possibility is that a phar-
mezceutical company be given the op-
tion of applying to a government
agency for {ull financial support of the
long-term toxicity studies (which could
actualiy be performed elsewhere under
contract) and of all phase I1 and phase
I clinical work. If the research shoul
Iead to development of a commercial
product, then the company would be
oblizated 1o repay the government
agency on an anatal royalty basis. If all
of the meoney was repaid and the drug
was siill being sold commercially, it
might be reasonable to expect a con-

tinved royalty payment on a reducad .

basis for the life of the commercial
preduct. In other words, curing ihe
drst years of such a system,  fuads
weuld enly be cutflowing from the gov-
ernment agency, whereas after a cers
tain period an eguilibrium would be
reached, Under cxfremely favorable
circumstances the flow might even furn
in favor of the government azency.
Such a proposal may appear unpre-
cedented in the drug field, but it Las a
striking precedent in the U.S. Goveras
ment’s decision to underwrite the de-
velomnment of o sugersonic

(58T} in Miis country.

bmmm ey
Mwtado gL

3Tl
The soeially ra-

deeming features of the SST cannot.

compare with those of a drug in the
birth control field, nor are the sespecs

v ToyraTm e
tive cfosts of S novin o0
tha payironprans i SR
Aol l s . "
.. . . .
parniio I I aoen
Jdaoed aLapeiiiiicegs 20 Ll ! i

trol field of the monelary” qan’:ﬂcnt of
a few 85Ts per year could kave a re-
mashable offect and, “t the tomas tinw,
could serve s an indieation ru how
national pr ities  should
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e, My fundamental purpose in

sroposal i3 not o oargoe
ihe advantages of the free enterprise
Jrug sndusiry or to protwect dts profits.
it i 10 assure ihe conlinued possibility
¢ e development of drugs that are
v?hr for human well-being, To assure
' must Jdecide cither to create an
eficciive purtnership between govern-
ment and  industyy, on the model of
other major technological cfiorts such
as the space program, on.to underia’™c
the difiicult and even more costly staps
that would be involved in socialization
of the drug indusiry in arcas requiring
long development periods.

Gl

a Tl sl S
PRYTTRIOTE PRSI

this wao

1) Eric Blair (alias Gearpge QOrwell}
can test ocasy in his grave, because
birth comtrol by governn Lntally im-

poscd methods, such as incorporation
of & contraceptive agent into drinking
water, is totally unfeasible by 1984,

2, Fundamenially new birth control
proccdures in the female (for exampls,
a cnce-a-month  luteolytic or aborti-
facient agent) and a male contraceptive
pill probably will not be developed
uati: the 198075 at the earliest, and
¢ only if major steps of the type
Cuwwnetd in this article are instituted in

the zarly 1970°s. Dovelopment during
e next dccade of practical new meth-

contcol without important
ives for ceniinued aclive pariizi-
pation by the pharmaceutical industry
is highly uslikely, If none are devel-

“ b Af
Cus 04
1

Lo

o, .urh contrel in 1984 will not
diifer significantly from that of today.
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. Some briel comments on this point are made

in "chh:.omg_\. Processes of Assessmeni and

CA.L“.:‘E Nal, Acad. SciNat, fles, Counc, -
(18n8y  availebie from Covemnment
Vrinting Qfce, Wathington, D.C).

AL the 22 January 1970 hearings of the Sen.
ate Subcoemmitice ¢n Moneopely, D, Seigel of
NI, o response to a guesticw chout the
number of suhjeets reguired to detemnine. ihe
doubling of the risk of breast cancer, indi-
cated [see (f4), p. T7US] that 85,000 person-

years would be nceded for a statistical evalu-

ation,

Such a preposal has been advocated by,

amonyg others, my colleague J. Loderberg (de-

partiment  of  penetics, Stonford  Medical

School), For scme relevant comments, see

his article “'Diomcdical research: ita side cf-

fecis and challenges,” Sranford M.D, 1567,

No. 3, 13 (19067).

it is pertinent to note that the FDA has re-

cenily followed such a “conditional approval”

reute for the new drug L-dope,. wsed in

Parkinsen's discusc.
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