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A B S T R A C T  

A mas ter pro to col is a uni fy ing study con struct that in cludes mul ti ple sub groups and sub stud ies, with pa tients 
hav ing same or dif fer ent dis eases and that em ploy one or mul ti ple drugs to treat it. Ini tially de signed for on - 
col ogy, mas ter pro to col tri als are in tended to si mul ta ne ously eval u ate more than one in ves ti ga tional drug 
and/ or more than one can cer type within the same over all trial struc ture. The abil ity to use a sin gle in fra struc - 
ture, trial de sign, and pro to col to si mul ta ne ously eval u ate mul ti ple drugs and/ or dis ease pop u la tions in mul ti - 
ple sub stud ies, speeds up drug de vel op ment and makes it more ef fi cient. Thus, it is im por tant for the clin i cal 
trial pro fes sion als to un der stand both the ba sic prin ci ples of mas ter pro to col tri als and the way in no v a tive trial 
de signs are start ing to change the land scape of clin i cal re search. 

1 . Introduction 

In 2006, the un prece dented ap proval of No var tis' Ima tinib Me sy - 
late for five new in di ca tions based on a sin gle - phase 2 clin i cal trial 
[ 1 ] be wil dered the phar ma ceu ti cal sec tor. The FDA not only ap proved 
a drug with out the cus tom ary two piv otal phase 3 tri als, the drug was 
also cleared to treat a record num ber of can cers (one solid and four 
hema to logic). It was an open - label, sin gle arm prospec tive study that 
en rolled just 186 pa tients with 40 ma lig nan cies with ev i dence of ex - 
pres sion/ ac ti va tion of ima tinib - sensitive ty ro sine ki nases. In five of 40 
ma lig nan cies the re sponses were ro bust, they be came the gen e sis of 
the NDA ap pli ca tions and sub se quent ap provals. Re mark ably, most of 
the stud ied groups had 10 pa tients or less. At the time many had won - 
dered how No var tis ac com plished so much with so lit tle. 

2 . From oncology to wider application 

The Ima tinib story is a great il lus tra tion of a bio marker - driven pre - 
ci sion med i cine trial de signed us ing the prin ci ples of mas ter pro to cols. 
The growth in the use of mas ter pro to col stud ies is a re flec tion of a 
shift in drug de vel op ment processes trig gered by the in creas ing fo cus 
on tar geted ther a pies for dif fi cult to treat con di tions, ge nomics and 
per son al ized health care. Mas ter pro to col tri als have most ly been uti - 
lized in bio marker - driven stud ies where the use of a sin gle plat form to 
eval u ate mul ti ple treat ment tar gets al lows for more re source ful and 
more pre cise as sign ment of pa tients into ap pro pri ate and most rel e - 
vant sub stud ies. 

This new ap proach has emerged as the need to in ves ti gate mul ti - 
ple bio marker tar gets across mul ti ple tu mor types has in ten si fied. 
Since Ima tinib, the num ber of mas ter pro to col tri als has been grow ing 
ex po nen tially. The dis cov ery of spe cific tu mor mu ta tions has al lowed 
for the de vel op ment of tar geted, less toxic ther a peu tics that have high 
affin ity for can cer cells and are anatom i cally ag nos tic. 

While to date the use of mas ter pro to cols has been al most ex clu - 
sive to on col ogy, with bio mark ers en abling de vel op ment of more tar - 
geted ther a peu tics now spread ing to other ther a peu tic ar eas, new trial 
de signs will un doubt edly be come more preva lent across mul ti ple ther - 
a peu tic in di ca tions. There are al ready sev eral large - scale tri als in 
Alzheimer's dis ease [ 2 ], pneu mo nia [ 3 ], in fluenza [ 4 ] that uti lize 
mas ter pro to col prin ci ples and other novel trial de sign ap proaches. 
Thus, it is im por tant for the clin i cal trial pro fes sion als to un der stand 
both the ba sic prin ci ples of mas ter pro to col tri als and the way in no v a - 
tive trial de signs are start ing to change the land scape of clin i cal re - 
search. 

3 . Master protocol trials: Definitions and types 

A mas ter pro to col is a uni fy ing study de sign that in cludes mul ti - 
ple sub groups and sub stud ies, with pa tients hav ing same or dif fer ent 
dis eases and that em ploy one or mul ti ple drugs to treat it. Ini tially de - 
signed for on col ogy, mas ter pro to col tri als are in tended to si mul ta ne - 
ously eval u ate more than one in ves ti ga tional drug and/ or more than 
one dis ease type within the same over all trial struc ture. The abil ity to 
use a sin gle in fra struc ture, trial de sign, and pro to col to si mul ta ne - 

E - mail address: vbogin@ cromospharma. com . 

https://doi.org/10.1016/j.conctc.2020.100568 
Received 29 January 2020; Received in revised form 17 March 2020; Accepted 19 April 2020 

https://www.sciencedirect.com/science/journal/24518654
https://www.elsevier.com/locate/conctc
https://www.elsevier.com/locate/conctc
https://www.elsevier.com/locate/conctc
https://www.elsevier.com/locate/conctc
https://www.elsevier.com/locate/conctc
https://www.elsevier.com/locate/conctc
https://www.elsevier.com/locate/conctc
https://www.elsevier.com/locate/conctc
https://www.elsevier.com/locate/conctc
https://www.elsevier.com/locate/conctc
https://www.elsevier.com/locate/conctc
https://www.elsevier.com/locate/conctc
https://www.elsevier.com/locate/conctc
https://www.elsevier.com/locate/conctc
https://www.elsevier.com/locate/conctc
https://www.elsevier.com/locate/conctc
https://www.elsevier.com/locate/conctc
https://www.elsevier.com/locate/conctc
https://www.elsevier.com/locate/conctc
https://www.elsevier.com/locate/conctc
https://www.elsevier.com/locate/conctc
https://www.elsevier.com/locate/conctc
https://www.elsevier.com/locate/conctc
https://www.elsevier.com/locate/conctc
https://www.elsevier.com/locate/conctc
https://www.elsevier.com/locate/conctc
https://www.elsevier.com/locate/conctc
https://www.elsevier.com/locate/conctc
https://www.elsevier.com/locate/conctc
https://www.elsevier.com/locate/conctc
https://www.elsevier.com/locate/conctc
https://www.elsevier.com/locate/conctc
https://www.elsevier.com/locate/conctc
https://www.elsevier.com/locate/conctc
https://www.elsevier.com/locate/conctc
https://www.elsevier.com/locate/conctc
https://www.elsevier.com/locate/conctc
mailto:vbogin@cromospharma.com
https://doi.org/10.1016/j.conctc.2020.100568
https://doi.org/10.1016/j.conctc.2020.100568
https://doi.org/10.1016/j.conctc.2020.100568
http://crossmark.crossref.org/dialog/?doi=10.1016/j.conctc.2020.100568&domain=pdf
http://creativecommons.org/licenses/by-nc-nd/4.0/


Contemporary Clinical Trials Communications 18 (2020) 100568

2

V. Bogin 

ously eval u ate mul ti ple drugs and/ or dis ease pop u la tions in mul ti ple 
sub stud ies speeds up drug de vel op ment and makes it more ef fi cient 
[ 5 , 6 ]. 

4 . Types of master protocols 

4. 1 . Basket 

A pro to col em ploy ing a sin gle ther a peu tic in mul ti ple pa tient pop - 
u la tions di vided into par al lel sub stud ies ( Fig. 1 ). Sub groups with ro - 
bust re sponses may be ex panded to achieve sta tis ti cal sig nif i cance. 

The afore men tioned Ima tinib trial was a bas ket de sign trial where 
mul ti ple can cers, both hema to logic and solid, were treated with one 
drug. 

4. 2 . Umbrella 

A pro to col with more than one tar geted ther apy stud ied for a sin - 
gle dis ease ( Fig. 2 ). Pa tients are di vided into mul ti ple par al lel treat - 
ment arms, re ceiv ing dif fer ent drugs or drug com bi na tions. Such stud - 
ies usu ally in clude a con trol arm. Um brella de sign stud ies may in - 
clude mul ti ple doses of the same drug for dose - finding pur poses. 

4. 3 . Platform 

A pro to col em ploy ing mul ti ple treat ments for a sin gle dis ease, 
with these treat ments al lowed to en ter/ exit based on the de ci sion al - 

Fig. 1 . Ex am ple of bas ket trial de sign. 

Fig. 2 . Ex am ple of um brella trial de sign. 

go rithm [ 7 ] ( Fig. 3 ). An other name for such tri als is Adap tive Plat - 
form Tri als (APTs). APTs have some sim i lar i ties with um brella tri als 
in that a sin gle con di tion is usu ally stud ied through mul ti ple in ter ven - 
tions. How ever, un like um brella tri als where all the sub groups go the 
ini tial pre de fined dis tance ir re spec tive of the out come, in APTs the in - 
for ma tion gen er ated early in the trial is used to ad just its sub se quent 
flow. The main tools uti lized by APTs in clude the use of re sponse - 
adaptive ran dom iza tion (RAR) rules to pref er en tially as sign in ter ven - 
tions that per form most fa vor ably, rules to trig ger the ad di tion or ter - 
mi na tion of a study arm, or rules to tran si tion from ear lier study 
phase to later phase. As data ac crue from en rolled pa tients, they are 
used to it er a tively up date a pre - specified model. The up dated re sults 
of the model trig ger thresh olds for the end of an ex per i ment and pro - 
vide up dated ran dom iza tion in struc tions for the on go ing APT. 

5 . Benefits 

Mas ter pro to cols of fer a pow er ful new ap proach to drug de vel op - 
ment al low ing for flex i bil ity and cre ativ ity in the highly reg u lated 
clin i cal trial sec tor. They can be used to in cor po rate bio marker de vel - 
op ment, ge netic sub typ ing and ther a pies with dif fer ent mech a nisms of 
ac tion. Mas ter pro to col tri als pro vide an op por tu nity to ef fec tively ex - 
pe dite the de vel op ment and de liv ery of in no v a tive treat ments across 
many ther a peu tic ar eas. Some of the ben e fits are ex plored be low: 

Time sav ing: Abil ity to test hy pothe ses quickly and ef fec tively 
and to eval u ate and com pare drug com bi na tions par tic u larly in com - 
plex dis eases. Mas ter pro to cols also al low com pa nies faster ac ti va tion 
of new stud ies and sub stud ies by plug ging into ex ist ing in fra struc tures 
and co horts. 

Cost sav ing: Mas ter pro to cols have the po ten tial to bring about 
cost sav ings through cost - sharing with part ners. They can re duce costs 
in sev eral trial ar eas in clud ing start - up and site re cruit ment, site mon - 
i tor ing, ad min is tra tion, and con trol arms by lever ag ing shared in fra - 
struc ture and re duc ing re dun dan cies. 

Con tin u ous learn ing and shar ing of real - world ev i dence: Mas - 
ter pro to cols typ i cally bring to gether lead ing re search and clin i cal ex - 
perts in the area of com plex and dif fi cult to treat dis eases e.g. cer tain 
dif fi cult to treat can cers, Alzheimer's dis ease. This al lows for the shar - 
ing of the lat est sci en tific and real - world ev i dence be tween stake hold - 
ers. 

Pa tient bene fi ts: Mas ter pro to cols of fer pa tients per son al ized 
treat ment dri ven by their ge netic sub type and bio marker makeup. 
There is also a re duc tion of the placebo ex po sure from the usual 1:1 
ra tio to 1:5 or even 1:10. Ad di tion ally, they al low for non re spond ing 

Fig. 3 . Ex am ple of Plat form Trial de sign. 
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pa tients to be of fered more than one treat ment giv ing those with pre - 
vi ously un treat able or life - threatening dis eases more shots on goal. 

Bene fi ts for re searchers: Mas ter pro to cols al low re searchers to 
col lab o rate with other in ves ti ga tors. They can help them to col lect ob - 
ser va tional data, cre ate nat ural his tory co horts, and quickly test clin i - 
cal hy pothe ses. 

Ad vo cacy group bene fi ts: Mas ter pro to cols can en able pa tient ad - 
vo cacy groups to ac cel er ate trans la tion of pre clin i cal re search into 
novel treat ments for the pa tient groups they rep re sent. 

6 . Challenges 

The mul ti ple ben e fits as so ci ated with these new trial de signs, not 
only for phar ma ceu ti cal com pa nies but also for pa tients, re searchers, 
non - profit and gov ern men tal stake hold ers, are widely ac knowl edged. 
How ever, there has been some hes i tancy in adopt ing these mod els on 
a wider scale. This is due to the rel a tive com plex ity of these tri als, 
con cerns about cost and fund ing, com pe ti tion be tween phar ma ceu ti - 
cal com pa nies and is sues con cern ing guide lines and de f i n i tions. 

The high com plex ity of mas ter pro to col tri als fre quently re quires 
third party man age ment. They may also be con sid ered time - 
consuming in both its de sign, prepa ra tion and ex e cu tion. They pur - 
posely in clude mul ti ple in terim analy ses that in crease the study du ra - 
tion and, some what para dox i cally, may re quire larger pa tient co horts. 
In ad di tion, it is un likely that a sin gle com pany would have enough 
drug can di dates with sim i lar in di ca tions and at the same stage of de - 
vel op ment to war rant us ing these mod els. The ex cep tion is the bas ket 
trial de sign where a sin gle drug can di date can be stud ied in mul ti ple 
in di ca tions. 

There are also is sues sur round ing com pe ti tion and con trol 
whereby in di vid ual com pa nies may be un will ing to cre ate a plat form 
study which may ben e fit its di rect com peti tors. Hence, to date all the 
mas ter pro to col tri als have been mostly run by in de pen dent or ga ni za - 
tions, non - profits, gov ern ment agen cies or the com bi na tions thereof. 

Other con sid er a tions in clude the fact that some of these new de - 
signs are rem i nis cent of head - to - head su pe ri or ity tri als that are not al - 
ways palat able for risk - averse phar ma ceu ti cal com pa nies. In sit u a tions 
where there are few treat ment choices, it may be eas ier to run a clas - 
sic ran dom ized con trol trial (RCT) and com pare one drug can di date to 
one stan dard of care (SOC) reg i men. 

Fund ing for mas ter pro to col tri als can also be chal leng ing as these 
tri als are fre quently open - ended and per pet ual, with out a set num ber 
of pa tients, with un clear du ra tion of in ter ven tions and are sub ject to 
evolv ing stan dards of care. Po ten tial vari ance in bud gets as so ci ated 
with these tri als may be un at trac tive to phar ma ceu ti cal com pa nies 

and other par ties ac cus tomed to strict bud getary con straints who may 
pre fer the rel a tive pre dictabil ity of tra di tional de signs. 

7 . A rising tide in favour of complex innovative designed trials 

De spite these con sid er a tions sup port for in no v a tive and com plex 
trial de signs is grow ing as has been en dorsed by sev eral in ter na tional 
gov ern ing bod ies in clud ing the FDA in the US. In a 2017 New 
England Journal of Medicine ar ti cle on new trends in clin i cal re - 
search, FDA af fil i ated au thors Janet Wood cock, M.D. and Lisa M. La - 
Vange, Ph.D., con cluded “As the tar gets for new drugs be come more 
and more pre cise, there is no al ter na tive but to move for ward with 
these co or di nated re search ef forts.” [ 6 ] In 2019, the FDA ce mented its 
po si tion re lat ing to com plex study de signs by is su ing a draft guid ance 
on mas ter protocols [ 8 ]. In 2019, the EU's Heads of Med i cines Agen - 
cies (HMA) led by Dan ish au thor i ties, launched guid ance to sup port 
the adop tion of com plex trial de signs [ 9 ] “in recog ni tion of the fact 
that the de vel op ment of per son al ized med i cine is gain ing ground and 
clin i cal tri als with trial sub jects are be com ing more and more com - 
plex”. In Jan u ary 2020 in the UK, the Na tional In sti tute for Health Re - 
search (NIHR) along with health de part ments in Scot land, Wales and 
North ern Ire land put for ward rec om men da tions to sup port fur ther de - 
vel op ment and adop tion of Com plex In no v a tive De signed (CID) tri als 
in clud ing mas ter pro to col tri als [ 10 ]. These moves sug gest a 
groundswell of sup port for the wider adop tion of com plex de sign tri - 
als be yond on col ogy and into pre vi ously hard to treat con di tions. In 
ad di tion, de mand for in no v a tive de sign tri als is grow ing in tan dem 
with a shift to wards pre ci sion med i cine and per son al ized health care. 

8 . Case studies of master protocol trials 

8. 1 . GBM AGILE trial (glioblastoma multiforme adaptive global initiative 
learning environment) 

GBM AG ILE is an in ter na tional phase 2/ 3 clin i cal trial of adult pa - 
tients with newly di ag nosed or re cur rent isoc i trate de hy dro ge nase 
wild - type glioblas toma mul ti forme [ 11 ] ( Fig. 4 ). The first pa tient was 
en rolled in July 2019 with a plan to re cruit over 3000 pa tients world - 
wide. The study will have two stages: an adap tively ran dom ized 
'learn' stage to iden tify ef fec tive in ter ven tions and as so ci ated bio - 
marker - defined sig na tures, with a seam less “grad u a tion” to a fixed 
ran dom ized 'con firm' stage for in ter ven tions that show pos i tive sig nals 
of ef fi cacy. The pri mary end point of GBM AG ILE is over all sur vival, 
and the sta tis ti cally sig nif i cant data from the sec ond phase will be 
used for New Drug Ap pli ca tions (NDAs). 

Fig. 4 . Gbm ag ile trial de sign. 

https://www.nejm.org/doi/full/10.1056/NEJMra1510062
https://www.nejm.org/doi/full/10.1056/NEJMra1510062
https://www.fda.gov/drugs/cder-small-business-industry-assistance-sbia/fda-modernizes-clinical-trials-master-protocols-february-26-2019-issue
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8. 2 . REMAP - CAP trial (randomized, embedded, multifactorial adaptive 
platform trial for community - acquired pneumonia) 

REMAP - CAP is an in ter na tional phase 4 plat form de sign clin i cal 
trial eval u at ing mul ti ple SOC treat ment com bi na tions and ex per i men - 
tal treat ment op tions for adults di ag nosed with se vere com mu nity - 
acquired pneu mo nia (CAP) [ 3 ] ( Fig. 5 ). The de sign of REMAP - CAP 
al lows to si mul ta ne ously as sess for mul ti ple in ter ven tions. If pa tients 
are in el i gi ble for ran dom iza tion into one sub group, they are im me di - 
ately eval u ated for other sub groups. REMAP - CAP is launch ing with 
four do mains that ex am ine dif fer ent an tibi otics, the use of steroids 
and the use of dif fer ent ven ti la tion strate gies. The study is de signed in 
a way that ad di tional in ter ven tions within each sub group as well as 
ad di tional sub groups can be added. The trial is en rolling in mul ti ple 
ge o gra phies and plans to eval u ate and ad dress both SOC and real - life 
dif fer ences in CAP man age ment. 

8. 3 . BATTLE - 1 TRIAL (The biomarker - integrated approaches of targeted 
therapy for lung cancer Elimination - 1) 

Ini ti ated in 2006 and com pleted in 2009, BAT TLE - 1 trial is the 
first prospec tive biopsy - mandated, bio marker - based, adap tive ran - 
dom ized clin i cal trial for pa tients with ad vanced non - small cell lung 
can cer (NSCLC) [ 12 ] ( Fig. 6 ). The clin i cal pro gram con sisted of one 
um brella trial and four par al lel phase II stud ies with bio marker - based, 
tar geted ther a pies in pa tients with ad vanced NSCLC who had been 

pre vi ously treated with chemother apy and sub se quently ex pe ri enced 
dis ease re lapse. The treat ments were cho sen to tar get each of the four 
se lected gene path ways in NSCLC that were of the high est sci en tific 
and clin i cal in ter est at the time when the trial was de signed. Af ter ini - 
tial equal ran dom iza tion into one of the four treat ment arms based on 
their marker group mem ber ship an out come - adaptive ran dom iza tion 
scheme was em ployed. Adap tive ran dom iza tion al lowed to use the up - 
dated knowl edge to guide the as sign ment of pa tients to treat ment 
arms as the trial con tin ued. As a re sult, more pa tients re ceived the 
more ef fi ca cious treat ments as the study pro gressed. 

9 . Conclusion 

As pre ci sion med i cine, with its fo cus on tar geted and in creas ingly 
com plex med ical in ter ven tions, con tin ues to gain trac tion, the role of 
mas ter pro to col tri als in drug de vel op ment is set to grow. The trend 
to wards ex pan sion of mas ter pro to cols be yond on col ogy (e.g. REMAP - 
CAP) has al ready be gun and is likely to con tinue. The sup port of reg u - 
la tory au thor i ties who have re cently made moves to wards har mo niz - 
ing de f i n i tions and is sued guid ance on these new ap proaches to trial 
de sign is clear. Thus, the fu ture looks bright for mas ter pro to col tri als 
which is good news for in dus try, pa tients and health care sys tems 
world wide. While there are still chal lenges as so ci ated with the ap pli - 
ca tion of mas ter pro to cols and fur ther work to be done in terms of 
har mo niz ing stan dards and safety as so ci ated with new trial de signs, 
its fur ther de vel op ment and adop tion is an tic i pated. This will be par - 
tic u larly wel comed by pa tients liv ing with com plex dis eases and the 

Fig. 5 . REMAP - CAP trial de sign. 
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Fig. 6 . Bat tle - 1 trial de sign. 

sci en tific com mu nity re search ing ef fec tive treat ments for the same. 
Wider adop tion of the prin ci ples of mas ter pro to cols may also be wel - 
comed by those in the clin i cal re search or ga ni za tion (CRO) sec tor as 
the com plex ity of the tri als will ne ces si tate third party ex per tise in re - 
cruit ment of pa tients and man age ment of stud ies. By work ing through 
the chal lenges and open ing up to more col lab o ra tive ap proaches to 
drug de vel op ment phar ma ceu ti cal com pa nies can ac crue sig nif i cant 
ben e fits from mas ter pro to cols in clud ing sav ing costs and time, shar - 
ing risks and ac cel er at ing the de liv ery of promis ing new ther a pies to 
pa tients in need. 
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