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Exaptation is a process that is
characterized by the evolution
of characteristics, its evolution
forotherusages, and later co
opted for their current role. In
thepharmaceuticalindustry,in
novationshavehighpotentialin
termsofcompetitiveadvantage
andprofitbutarealsoconnec
ted with high risks associated
with costs, time, and uncerta
inty. To minimize risks, com
panies frequently choose the
strategyofexaptationinterms
of redeveloping compounds
for use in a diferent disease.
The intention of this research
is to provide analysis and qu
antification (measurement) of
drugsthathavebeenexaptated
throughtheprocessofdrugre
position. Results indicate that
on level of 6098 clinical studi
esPhaseI,wehaveobserveda
total of 659 drugs/substances
(~11%)thathavebeenusedin
morethanoneclinicalresearch
forthesameordiferentindica
tionshowingthelevelofexap
tationuseinclinicalresearch.

IIN TRO DUC TION

As de fi ned by Go uld and Vr ba, exap ta ti on is a pro cess 
that is cha rac te ri zed by the evo lu tion of cha rac te ri stics, its 
evo lu tion for ot her usa ges, and la ter co-op ted for the ir cur
rent ro le (1, 5). As a synonym for the term exap ta ti on, the 
term “to coopt” is fre qu ently used in li te ra tu re (2, 1). Exap
ta ti on is an evo lu ti o nary mec ha nism that de scri bes the hi
story of spi ces, ecosystems, and ar ti facts (3, 1). The sa me 
aut hors ex pla in that the evo lu tion pro cess “fun ction fol lows 
form,” which furt her helps scho lars un der stand the the o re
ti cal bac kgro und and set ings be hind this term. Be si des, the 
im por tan ce of exap ta ti on is un der li ned in li te ra tu re al so in 
terms of cre a ting/re a li zing a new fun ction of exi sted ar ti
fact and shown as equ ally im por tant as a new di sco very (2, 
2). Exam ples of exap ta ti on are nu me ro us in hi story, and its 
con tri bu tion has shown as ex tre mely va lu a ble. One of the 
po pu lar li te ra tu re exam ples in pre sen ting exap ta ti on is re
la ted to the fun ction of bird fe at hers (ini ti ally de ve lo ped for 
isot her mal fun ction); mic ro wa ve ovens di sco ve red ba sed on 
spe ci fic ra dar wa ves, di sco ve ri es of unex pec ted new fun cti
ons of drugs (exam ple of Pfi zer PLC drug Vi a gra), etc. Anot
her in te re sting hi sto ri cal exam ple worth men ti o ning is the 
first sur gery per for med by Jo sef Li ster (1965), re vo lu ti o na li
zing me di ci ne (by applying an ti sep tic, car bo lic acid to pre
vent in fec tion) (3,3). By this met hod, postsur gery mor ta lity 
was re du ced sig ni fi cantly (3). In terms of drug de ve lop ment, 
the re are nu me ro us ot her exam ples of the exap ta ti ve na tu re 
of mar ke ti zed drugs as Sta tins use as an im mu no mo du la
tor (ini tial fun ction as cho le ste rol mo du la tor); Ni ta zo xa ni de 
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use as HA ma tu ra tion and tran sport in hi bi tor (ini tial fun ction 
was in hi bi tion of the pyru va te); Met mor fin with the as sig ned 
fun ction of Im mu no mo du la tor drug (ap pro ved for Di a be tis 
Me li tus type II), etc. (4,5).  

Term exap ta ti on was ini ti ally ex pla i ned thro ugh the the ory 
of evo lu tion and has been furt her dis per sed to mul ti ple di sci
pli nes as the hi story of tec hno logy; in no va tion stu di es, an thro
po logy, psycho logy, lin gu i stics, ar chi tec tu re. Ne wer stu di es 
al so show an ap pli ca tion of this term to a bro a der fi eld of eco
no mics and Sci en ce/edu ca tion stu di es.

For the cur rent re se arch, one of the in tri gu ing com ments 
sho wing the di rec tion of this re se arch was pro vi ded by Pra ta 
et al., ex pla i ning the re qu i re ment for furt her re se arch con tri bu
ting to the eva lu a tion of phar ma ce u ti cal in no va tion and its eco
no mic im pact con si de ring ade qu a te in no va tion clas si fi ca tion 
fac tors (5, 5942). Thin king of exap ta ti on as a pro cess of brin ging 
in no va tion to mar ket, re no va ting  a ra di cal and se mira di cal 
in no va tion af ects the con struc tion of new mar ket nic hes. The
re is evi den ce of ro bust con nec ti vity bet we en exap ta ted in no
va tion and new mar ket nic he con struc tion. Al so, Adri a ni and 
Cat a ni ex pla in the im por tan ce of me a su ring exap ta ti on. At the 
sa me ti me, Dew and Sa ras hva ti men tion the bloc kbu ster exam
ple of Vi a gra and the ro le of Pfi zer PLC in the con struc tion of a 
new mar ket nic he for erec ti le dysfun ction drugs (3); (5). In the 
ca se of Vi a gra, the drug was exap ted, and bro ught anot her fun
ction (me di cal in di ca tion) was bro ught to the light of pa ti ents 
and me di cal pr o fes si o nals. 

This re se a rch de als with the as ses sment of exap ta ti on, and 
mo re pre ci sely, we are de a ling with the drug re pur po sing pro
cess in cli ni cal de ve lop ment that has exap ta ti ve cha rac ter. For 
this re se arch, drug re po si ti o ning is of im por tan ce, and by de fi
ni tion, it re pre sents “the pro cess of re de ve lo ping a com po und for use 
in a dif e rent di se a se” (8, 267).  Ad di ti o nally, Me di na Fran co et al. 
are ex pla i ning that: “Pro cess of drug re pur po sing is an ap pro ach to 
ac ce le ra te the drug di sco very pro cess by iden tifying a no vel cli ni cal 
use for an exi sting drug ap pro ved for a dif e rent in di ca tion.” (8, 268).

This re se arch de als with re po si ti o ning drugs for which 
exap ta ti ve na tu re was ob ser ved as ex pla i ned in the fol lo wing 
sec ti ons.

BAR RI ERS FOR DRUG DE VE LOP MENT THAT LE ADS 
IN TO STRA TEGY FOR DRUG RE PUR PO SING

For this re se arch, risks and bar ri ers for en te ring new drug de ve
lop ment pro ces ses are im por tant as tho se are con nec ted with a 
stra tegy for drug re pur po sing. Risk in the phar ma ce u ti cal drug 
de ve lop ment pro cess is high, and analysis per for med by Maz
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zu ca to and Tan ci o ni shows that 1/10.000 com po unds we re mar
ke ti zed (9). Suc cess in cli ni cal drug de ve lop ment is highly costly 
and inef  ci ent. Di Ma si et al. per for med an indepth analysis of 
costs and ef  ci ency of cli ni cal tri als (Pha se IIV). They pro vi ded 
an ove rall esti ma tion of cli ni cal suc cess to 11.83% (i.e., li ke li
hood that drug en ters cli ni cal te sting will be ap pro ved) (10). On 
the ot her hand, the aut hors con clu ded that the di stri bu tion ra te 
of fa i lu res for the ob ser ved stu di es was 44.9% (Pha se I), 43.5% 
(Pha se II), and 10.6% (Pha se III).  Al so, prehu man te sting of 
new drug/mo le cu le for ou t–of –poc ket and ca pi ta li zed (COC) 
has been esti ma ted at 430 and 1098 mil lion US dol lars (2013), 
re spec ti vely. Re gar ding costs (out of poc ket and COC, re spec
ti vely), cli ni cal re se arch costs we re cal cu la ted as 965 and 1460 
mil lion USD (11, 25). 

When com pa ni es (drug de ve lop ment ini ti a tors/spon sors) 
as sess such analysis, they are awa re of the den sity of bar ri ers to 
in no va tion de ve lop ment. High costs and un cer ta inty are com
mon re a sons for back thro ugh nu me ro us drug de ve lop ment 
pro ces ses, which sho uld be im pro ved in the fu tu re.  Bar ri ers 
to in no va tion de ve lop ment are the re a son why com pa ni es are 
cho o sing a stra tegy for drug re po si ti o ning in or der to avoid 
high costs and un cer ta inty in terms of pro duct sa fety.  

Figure1.Denovoversusdrugrepurposingdruginnovationdelivery(11,4)

The phar ma ce u ti cal in du stry is re le vant for this re se arch 
due to its cha rac te ri stics in the drug de ve lop ment and mar ke ti
za tion pro cess. Na mely, Adri a ni et al. iden ti fied the im por tan ce 
of the phar ma ce u ti cal in du stry in exap ta ti on re se arch as re gu
la tory re qu i re ments are strict and in ter na ti o na li zed in terms of 
fun cti ons for each drug (ar ti fact) (3).  This is par ti cu larly im
por tant when trying to me a su re exap ta ti on of ofla bel drugs 
(aut hors are sug ge sting an area of phar ma ce u ti cal re se arch as 
da ta might be ava i la ble due to spe ci fic re gu la tory re qu i re ments 
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(e.g., by matching and me a su ring al lo ca ted drug fun cti ons be
fo re and af ter ap pro val). When it co mes to the as ses sment of 
exap ta ti on on ot her le vels of the phar ma ce u ti cal in du stry (e.g., 
star ting with in vi tro re se a rch), com pa ring pa ten ted fun cti ons 
(plan ned) with la ter de ri ved fun cti ons in the pro cess might al so 
ser ve as a va lid pro of of exap ta ti ve pro ces ses and this might be 
per for med in a wi de spec trum of in du stri es (due to pa tent da ta 
ava i la bi lity). Al so, the phar ma ce u ti cal in du stry is se lec ted for 
this re se arch as the po ten tial of exap ta ti on is sig ni fi cant for the 
ex pan si on of the phar ma ce u ti cal in du stry. 

CUR RENT MET HODS OF EXAP TA TI ON 
QU AN TI FI CA TI ON

Fol lo wing an ex ten si ve li te ra tu re re vi ew, it was no ted that me
a su re ment and qu an ti fi ca ti on of dif e rent aspects of exap ta ti on 
and its ex ter nal im pact is a pro cess that is on go ing and pro mi
sing wit ho ut any con clu si ons abo ut the best the o re ti cal mo dels 
that wo uld ena ble such qu an ti fi ca ti on. Exap ta ti on ef ects might 
be me a su red in dif e rent in du stri es, sci en ti fic di sci pli nes, ex
pla i ning a va ri ety of fac tors.  Met hods cur rently pro vi ded are 
wit hin the spec trum from highly com plex com pu ter mo dels, 
Bo o lean fun cti ons se ar ching for si mi la rity pr o blems, use of ar
ti fi cial in tel li gen ce and cog ni ti ve sci en ce, com pu ta ti o nal mo de
ling of ana logyma king up to the va li da tion stu di es ob ser ving 
and con fir ming spe ci fic im pacts of exap ta ti on (12). 

For exam ple, Fer re i ra et al. are de a ling with qu an ti fi ca ti on 
of exap ta ti on in the area of Sci en ce/edu ca tion (2). The ir re se arch 
is ba sed on the fact they men ti o ned: “re la ti vely lit le ef ort has 
been ma de to qu an tify exap ta ti on out si de of the to pic of bi o lo
gi cal exap ta ti on” (2, 1). As a met ho do logy, aut hors analyzed 
the APS da ta set (The cor pus of Physi cal Re vi ew let ers, Physi cal re
vi ew, and Re vi ew Mo dern Physics con ta i ning of over 450.000 ar tic
les) using the Lo u vain al go rithm (for de sig ning al ter na ti ve clas
si fi ca tion sche mes and clu ste ring of all pu bli ca ti ons) (2). The 
met hod was used in or der to de ter mi ne pa irs of pu bli ca ti ons 
that ci te one anot her and furt her for clu ste ring are as of re se
arch. As a re sult, the aut hors ex pla in that the ir re se arch sho uld 
be seen as a pre li mi nary step in the de ve lop ment of a qu an ti ta
ti ve the ory of exap ta ti on. 

Anot her mo re com plex re se a rch was ba sed on a qu an tum 
mo del using a si mi lar mo del as one for pro ving Hil ber spa ce 
whe re the re se ar chers we re sa tis fied with pr o vi ding con text for 
exap ta ti on pro cess that was not “vi si ble” thro ugh Kol mo go ro
vian mo del (14). Ho we ver, the mo del was not ap pli ca ble in re a
lity due to mul ti ple re stric ti ons, sho wing a furt her re qu i re ment 
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for de ve lo ping mo dels and tec hni qu es for eva lu a tion of exap ta
ti on as a com plex pro cess. 

Adri a ni et al. we re me a su ring exap ta ti on in of la bel drugs 
by using FDA NDA’s ap pro vals for newly mar ke ti zed drugs 
com pa ring tho se with la ter of la bel use. Very in te re sting re
sults we re ob ta i ned in this re se arch ba sed on analysis of 83 
NMEs (19982000), sho wing abo ut 42% we re exap ti ve in na tu re 
(15, 335).  

MET HO DO LOGY AND RE SULTS

This re se arch is ba sed on an ex ten si ve li te ra tu re re vi ew in the 
area of exap ta ti on, or ga ni za tion ma na ge ment, and in no va tion 
de ve lop ment pro cess/ma na ge ment. For analysis, lo gi cal in duc
tion and de duc tion we re used, in clu ding va li da tion study and 
synthe sis of re sults. In or der to an swer the ma jor epi ste mo lo
gi cal qu e sti on: “What is sci en ti fic know led ge, and how is it con fir
med?” we are pr o vi ding indepth li te ra tu re analysis on the to pic 
of exap ta ti on pro ces ses, hi sto ri cal and mo dern per spec ti ve, and 
struc tu ral re se arch and de ve lop ment pro ces ses in the phar ma
ce u ti cal in du stry. Al so, we are pro vi ding ad di ti o nal va lu a ble 
in for ma tion for furt her re se arch and me a su re ment of exap ta ti
on on in no va tion.  Furt her, this va li da tion study sho uld con tain 
at ri bu tes of for ma lity, ri go ro u sness, and qu an ti fi a ble from the 
po int of epi ste mo logy. Va li da tion is ob ser ved ter mi no lo gi cally 
as ju sti fi ca tion of know led ge cla ims ba sed pri ma rily on in duc
tion and de duc tion (16). From the epi ste mo lo gi cal po int of vi
ew, spe ci fic aspects and the o ri es re la ted to exap ta ti on con si de
red its re se arch thro ugh re duc ti o nist the ory, po ten ti ally ha ving 
in mind exap ta ti on as a sci en ti fi cally de ri ved the me de ve lo ped 
first to ex pla in par ti cu lar seg ments of the the ory of evo lu tion. 
This epi ste mo lo gi cal ap pro ach is ba sed on the fact that ob jec ti
vity exists and it is qu an ti fi a ble.  

Figure2.TheoreticalframeworkbasedonvalidationsquareFigure2.Theoreticalframeworkbasedonvalidationsquare

1)Theoreticalvalidity

(Researchquestionbased
onliteraturegapanalysis)

3)Theoretical
performancevalidity

(exampleproblemssolved
withsimilarmethod)

2)Empiricalvalidity

(Literaturebasedexample
models)

2)Empirical
performancevalidity

(acceptanceofverification
modelasappropriate)
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In terms of the re se arch qu e sti on, we fol lo wed the li te ra tu re 
re vi ew and iden ti fied in te re sting and jet unan swe red re se arch 
are as. Na mely, Pra ta et al. ex pla ins the exi sten ce of wi de spa ce 
for furt her re se arch that might con tri bu te to eva lu a ting phar
ma ce u ti cal in no va tion and its eco no mic im pact con si de ring 
ade qu a te in no va tion clas si fi ca tion fac tors (5, 5942).  For this re
se arch, drug re po si ti o ning is of im por tan ce, and by de fi ni tion, 
it re pre sents “the pro cess of re de ve lo ping a com po und for use 
in a dif e rent di se a se” (7, 32).  To qu an ti ta ti vely as sess the im
pact of ra di cal and se mira di cal in no va ti ons that had exap ta ti
ve cha rac ter, we are using co un ting met hods in this ex ten si ve 
exer ci se to un der stand how many re pur po sed drugs (for whom 
we as su red re le vant da ta set) ha ve been al lo ca ted new fun ction. 

Figure3.Validationstudyofexaptationinitiateddrugrepurposingandmea
suringmarketdistanceinnewmarketcreation

In this study, a to tal of 6098 Pha se I cli ni cal stu di es was se lec
ted from the cli ni cal tri als.gov  da ta ba se. Pha se I was con si de red 
the firstinhu man and was the re fo re cho sen as par ti cu larly im
por tant. Af ter prec li ni cal tri als, the in no va ti ve sub stan ce is te sted 
on hu mans for the first ti me. Exap ta ti on is al ready de fi ned to a 
cer tain ex tent in drug di sco very. Still, most of the ma na ge ment 
re se arch is ba sed on al ready re gi ste red sub stan ces (drugs) that 
ha ve com ple ted the pro cess of cli ni cal tri als, in clu ding epi de mi
o lo gi cal stu di es and ve ri fi ca tion of me di cal prac ti ce. Ho we ver, 

for this study, it was in te re sting to show trends in at
tempts by in du stry and sci en ce to use eit her al ready 
known and re gi ste red drugs to which a new fun ction 
is ad ded or an as yet un re gi ste red drug in cli ni cal tri
als to exa mi ne the ef ect on ot her fun cti ons. The first 
ca se is ma inly abo ut the socal led ofla bel use of the 
drug, which la ter, thro ugh re se arch, co mes to sci en

ti fic con fir ma tion and en ters in to re gu la tory flows. The re are 
al ready exi sting va li da tion stu di es abo ut this mo del of ex pa ti
a ti on re flec ted thro ugh re pur po sing. The se cond mo del is mo
re in te re sting to us as it is pro ving exap ta ti on in the early sta ge 
of in no va tion de ve lop ment. Ho we ver, exap ta ti on is car ried out 
by sci en tists in the pro cess of prec li ni cal stu di es, and espe ci ally 
con cer ning the use of ar ti fi cial in tel li gen ce and new tec hno lo gi es 
in the emer gen ce of new com po unds that sho uld be pro ven as 
drugs du ring the next pha se  cli ni cal tri als.

Exaptation - adding new function to 
already known and registered drugs or 
an as yet unregistered drug in clinical 

trials to examine the efect on other 
functions.

STUDY OF EXAP TA TI ON EVI DEN CE IN CLI NI CAL RE SE ARCH FOR DE LI VE RING PHAR MA CE U TI CAL IN NO VA TION



13

When se lec ting the da ta set, the cri te ria for cur rently ac ti ve stu
di es that rec ru it pa ti ents at the ti me of ta king the da ta set we re 
used. This se lec tion of stu di es was ma de on the ba sis of cri te ria 
for the to pi ca lity of da ta, which is con si de red im por tant, espe
ci ally with re gard to ra pid tec hno lo gi cal and ma na ge ment de
ve lop ment in the fi eld of drug de ve lop ment. Anot her cri te rion 
in the se lec tion of the da ta set is that the se are early Pha se I and 
Pha se I stu di es and that 6098 stu di es we re se lec ted (da ta set is 
ba sed on the da ta ba se cli ni cal tri als.gov ). Af ter va li da tion of the 
da ta, stu di es re la ted to me di cal de vi ces we re ex clu ded from the 
da ta set, and 5618 stu di es re ma i ned that in ve sti ga te al ready re
gi ste red drugs for new fun cti ons or te sted sub stan ces that need 
to be pro ven to be im por tant in the tre at ment of cer tain di se a
ses. When pro ving the num ber of drug re pur po sing uses, sub
stan ces used wit hin the sa me in di ca tion or with si mi lar in di ca
tion ru les was iden ti fied. Analysis was ma de thro ugh ex ten si ve 
exer ci se and co un ting of the da ta ba sed on se lec ted cri te ria. On
ce in di ca ted a to tal num ber of stu di es, over lap ping re sults ha ve 
been in di ca ted in the per cen ta ge of the to tal num ber. 

Fol lo wing ex ten si ve co un ting, we ha ve ob ser ved a to tal of 
659 drugs/sup stan ces that ha ve been used in mo re than one cli
ni cal re se arch for the sa me or dif e rent in di ca tion (~11%). Even 
in the ca se of the sa me in di ca tion, we can di scuss the exap ta ti on 
pro cess de ri ved thro ugh drug re pur po sing. In ca ses whe re we 
ha ve mo re than one use of the sa me drug/sub stan ce in a va ri ety 
of in di ca ti ons, we might al so di scuss the exap ta ti on thro ugh 
drug re pur po sing. We are ac know led ging the cer tain po ten tial 
for co un ting er ror, espe ci ally in terms of da ta ba se mo de ling. 

Ho we ver, we ha ve to un der stand that in cer tain ca ses, we 
ha ve li te ra tu re mo re de ve lo ped than in ot hers. The re fo re we 
ha ve the ea si er ap pli ca tion of new fun ction wit hin the ca se of 
thyro si ne ki na sis  in hi bi tors (17). An exam ple of exap ta ti on in 
phar macy may be the drug Ma sIti nib which is a tyro si ne ki na
se in hi bi tor, and its wi der use is al ready known and ex pla i
ned wit hin the li te ra tu re. This use had to be de mon stra ted in 
cli ni cal tri als to de mon stra te prac ti cal ef  cacy in a par ti cu lar 
the ra pe u tic in di ca tion as well as as so ci a tion with to xi city. This 
in hi bi tor is used in va ri o us di se a ses in dis tant clas si fi ca ti ons of 
di se a ses (cen tral ner vo us system, on co logy, in flam ma tory di se
a ses, etc.). Al so, in te re sting for Ma sIti nib it self is te sted, and it is 
the first an tican cer drug to be ap pro ved in ve te ri nary me di ci
ne by the Eu ro pean Me di ci nes Agency. AB Sci en ce, a com pany 
from Fran ce, con duc ted cli ni cal stu di es for the drug in the are as 
of ne u ro de ge ne ra ti ve di se a ses, in flam ma tory di se a ses, and on
co logy for a num ber of in di ca ti ons (17).

An exam ple wit hin this study that ser ves to show the met
ho do lo gi cal com po nent is al so the exam ple of the sub stan ce 
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DS3201b, which had ap pli ca tion in the Pha se I cli ni cal trial on 
se ve ral dif e rent in di ca ti ons. This con fir med the exap ta ti on re
flec ted thro ugh anot her re pur po sing be ca u se the te sted drug 
is used mul ti ple ti mes, in re la ti vely dis tant the ra pe u tic are as 
ac cor ding to the ICD clas si fi ca tion (ICS10 Ver sion 2019) (18).
ICD clas si fi ca tion of di se a ses pre sents an in ter na ti o nal le vel of 
clas si fi ca tion of di se a ses and he alth out co mes de li ve red by the 
World He alth Or ga ni za tion. 

Figure4.ICDclassificationoftheobserveddrugrepurposingindiferentcli
nicalresearch

This drug (with a co ded na me DS3201b) is used in the fol
lo wing are as: Small Cell Lung Can cer, He pa tic Im pa ir ment, 
Adult Tcell Le u ke mia/Lympho ma, Lympho ma, Ma lig nant, 
NonHod gkin Lympho ma, Ag gres si ve Va ri ant Pro sta te Car ci
no ma and Me ta sta tic Cle ar Cell Re nal Cell Car ci no ma. 
We are pro vi ding an exam ple of me a su ring dis tan ce in terms 
of con struc tion of new mar ket nic hes (whet her a new mar ket 
nic he is clo se to pre vi o usly as sig ned drug fun ction – i.e., wit
hin the sa me me di cal in di ca tion (gro up), or it is mo re dis tant 
– i.e., dif e rent me di cal in di ca tion than pre vi o usly as sig ned). It 
is con si de red that by ad ding anot her fun ction to ar ti fact (drug/
mo le cu le) in the drug re pur po sing pro cess, all drugs (in no va
ti ons) sho uld be cre a ting new mar ket nic hes rat her than be ing 
mar ke ti zed wit hin the sa me.

CON CLU SION

The con clu sion is that me a su re ment (qu an ti fi ca ti on) of exap
ta ti on re qu i res furt her de ve lop ment in terms of met hods and 
analysis. We ha ve pro vi ded se ve ral op ti ons in terms of cur rent 
know led ge and met hods for the me a su re ment of exap ta ti on. In 
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ad di tion, we are pro vi ding re sults of ex ten si ve co un ting exer
ci ses in or der to pro ve the num ber of the exap ta ta ted phar ma
ce u ti cal pro ducts wit hin the lar ge da ta set of mo re than 6000 
cli ni cal re se arch. Firstinhu man te stings must be ca pa ble of 
sho wing the in ten tion of use of exap ta ti on thro ugh drug re pur
po sing whet her or not the fi nal phar ma ce u ti cal pro duct will be 
shown as ef  ci ent, sa fe, and la ter on, mar ke ted. When di scus
sing re se arch con tri bu tion, our po si tion is that qu an ti fi ca ti on 
of drug re po si tion pro cess might pre sent re le vant analysis for 
furt her re se arch and un der stan ding of the im pact that ra di cal 
and se mira di cal in no va ti ons de ri ved thro ugh exap ta ti on pro
cess ha ve on the cre a tion of new mar ket nic hes and chan ging 
in du stry sco pe. Re se arch Li mi ta ti ons and pr o po sals for furt
her re se arch are ba sed on the tho ughts that this study as ses ses 
anot her es sen tial aspect of the im pact of exap ta ti on me a su re
ment in drug early de ve lop ment. Ho we ver, this study is con
si de red a va li da tion study, alt ho ugh it might ha ve a spe ci fic 
the o re ti cal con tri bu tion. The re fo re, ad di ti o nal re se arch wo uld 
be in te re sting to per form with the use of such da ta. One of the 
sug ge sted di rec ti ons might be ex plo ring the im pact of exap ta ti
on on speedtomar ket in con texts of mar ket un cer ta inty. An in
te re sting new exam ple shows the re le van ce of this to pic whe re 
pan de mics of CO VID19 ha ve shown emer gency in new drug/
vac ci ne de ve lop ment, and many com pa ni es are ori en ted them
sel ves to pre vi o usly ac cu mu la ted know led ge and pro jects rat
her than star ting de no vo drug re se arch.  

Ma na ge rial im pli ca ti ons might be seen in a bet er un der stan
ding of such va li dity analysis and qu an ti fi ed da ta (per cen ta ge/
sha re) of ra di cal and se mira di cal in no va ti ons de ri ved thro ugh 
exap ta ti on. Cre a ting a new mar ket nic he is be ne fi cial for new
co mers, but al so a chal len ge as lar ge in vest ments sho uld be ma
de in or der that pro duct and new mar ket nic he is re cog ni zed 
by con su mers. The re fo re, this study wo uld al low ad di ti o nal 
in sight for de ci sionma kers in the drug di sco very in du stry as
ses sing the le vel of drug re pur po sing and its re cog ni tion wit hin 
the in du stry, ma inly ori en ted wit hin early de ve lop ment pha ses 
of the in no va tion. 
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IS TRA ŽI VA NJE 
DO KA ZA EKS PA TA CI JE 
U KLI NIČ KIM 
IS TRA ŽI VA NJI MA U 
KRE I RA NJU 
FAR MA CE UT SKIH 
INO VA CI JA
REZIME
Ključ ne re či:eksaptacija, repo
zicija lekova, farmaceutska in
dustrija,inovacije,farmakoeko
nomija,istraživanjairazvoj.

Eksaptacijajeproceskojiseod
likuje evolucijom karakteristika
artefaktaievolucijomzadruge
upotrebekojijekasnijeprihva
ćen kaonjihova nova uloga.U
farmaceutskoj industriji inova
cijeimajuvisokpotencijalupo
gledu konkurentske prednosti
i dobiti, ali su takođe poveza
ne sa visokim rizicima poveza
nim sa troškovima, vremenom
i neizvesnošću. Da bi umanjili
rizike, kompanije često biraju
strategiju eksaptacije u smislu
ponovnograzvojahemijskihje
dinjenjazaupotrebukoddrugih
oboljenja.Nameraovogistraži
vanjajedapružianalizuikvan
tifikaciju(merenje)brojalekova
(molekula)kojisu„eksaptirani“
krozprocesrepozicioniranjale
kova.Rezultatiukazujudasmo
nanivouod6098kliničkihstu
dija, faza I, primetili ukupno
659 lekova/supstanci (~11%)
kojisukorišćeniuvišekliničkih
istraživanjazaistuilirazličituin
dikacijukojapokazujenivoupo
trebeeksaptacijeukliničkimis
traživanjima.
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