
Contemporary Clinical Trials Communications 19 (2020) 100614

Available online 17 July 2020
2451-8654/Published by Elsevier Inc. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

Contents lists available at ScienceDirect 

Contemporary Clinical Trials Communications 

Pragmatic, adaptive clinical trials: Is 2020 the dawning of a new age? 
Westyn  Branch - Elliman a , b , c , * , Lisa Soleymani  Lehmann a , b , c , William E.  Boden a , d , 
Ryan  Ferguson d , e , f , Paul  Monach a , c , g 

a VA Boston Healthcare System, Department of Medicine, Boston, MA, USA 
b VA Boston Center for Healthcare Organization and Implementation Research (CHOIR), Boston, MA, USA 
c Harvard Medical School, Boston, MA, USA 
d Boston University School of Medicine, Boston, MA, USA 
e Massachusetts Veterans Epidemiology Research and Information Center (MAVERIC), Boston, MA, USA 
f Boston University School of Public Health, Boston, MA, USA 
g Division of Rheumatology Inflammation and Immunity, Brigham and Women's Hospital, USA 

A B S T R A C T  

Given the high case fa tal ity rate of SARS - CoV - 2, for which there is no cure and no vac cine, clin i cians are forced to make de ci sions about how best to man age pa - 
tients with lim ited high - quality ev i dence to guide treat ment. Tra di tional ran dom ized con trolled tri als pro vide strong ex per i men tal ev i dence, how ever, tend to be 
slow, in flex i ble, and have lim ited gen er al iz abil ity. Adap tive and prag matic de signs are an at trac tive al ter na tive, which meet our eth i cal oblig a tion dur ing the 
SARS - CoV - 2 pan demic to bal ance speed, agility, and gen er al iz abil ity with both prospec tive study and sci en tific rigor. 

As of April 2020, the SARS - CoV - 2 in fected more than 2 mil lion 
peo ple and caused more than 130,000 deaths world - wide, with no 
end in sight [ 1 ]. Given the high case fa tal ity rate of SARS - CoV - 2, for 
which there is no cure and no vac cine, the im per a tive to save lives in 
the pre sent com pels clin i cians to em brace any po ten tially ef fec tive 
treat ment, in clud ing those that are em pir i cal or un proven. On the 
time - honored pyra mid of med ical ev i dence — increasing in va lid ity 
from ex pert opin ion, pre lim i nary data de rived from ba sic pre - clinical 
lab o ra tory stud ies, case re ports, and ob ser va tional stud ies to the pin - 
na cle of rig or ous sci en tific in ves ti ga tion, the ran dom ized con trolled 
trial — clin i cians on the front lines find them selves stuck at the bot tom. 

Since the mid - 20th cen tury, the gold stan dard of qual ity sci en tific 
ev i dence is de rived from dou ble - blind, placebo - controlled, multi - 
center, ran dom ized con trolled tri als (RCTs), how ever, gen er at ing data 
from these stud ies is as cum ber some as their name sug gests. De sign - 
ing, ex e cut ing, and an a lyz ing out comes from such RCTs takes years 
and con sumes vast sums of funds and man power. The con duct of tra - 
di tional RCTs is chal leng ing, they re quire large num bers of pa tients 
with re stric tive el i gi bil ity cri te ria, and are of ten lim ited in terms of 
their gen er al iz abil ity to “real world” pa tients. Such RCTs — 
particularly those con ducted in the U.S. — often pro ceed at a glacial 
speed and are as so ci ated with re cruit ment de lays and cost over runs. 
By their na ture, tra di tional RCTs are in flex i ble and be sieged by long 

gaps be tween study com ple tion, pub li ca tion, dis sem i na tion, and im - 
ple men ta tion. Clearly, none of these at trib utes are de sir able dur ing a 
global pan demic that re quires an swers that can be achieved and ac tu - 
al ized quickly. SARS - CoV - 2 is a mod ern apoc a lypse that man dates a 
dif fer ent, more nim ble and ag ile, in ves ti ga tional ap proach. 

While tra di tional RCTs ad dress the ques tion, “Ex actly how ef fec - 
tive is a given treat ment in a pre - specified and well - defined pop u la - 
tion?”, dur ing a pan demic, there is an ur gent need to an swer a dif fer - 
ent ques tion, “Is this treat ment ef fec tive at all?” We are wit ness ing, in 
2020, a cri sis within the clin i cal re search com mu nity and the need to 
pivot away from our usual com fort zone — rigid, con ven tional clin i cal 
tri als tar geted to a lim ited pop u la tion - - to ward more ag ile study de - 
signs, which can gen er ate sound ex per i men tal ev i dence in a time - 
frame that matches the virus's swift spread. There is an eth i cal im per - 
a tive to ob tain sci en tif i cally sound data quickly and with as few sub - 
jects and re sources as pos si ble. Clin i cians and in ves ti ga tors share the 
goal of de liv er ing the most ef fec tive and safest treat ments, and the 
speed and mag ni tude of the SARS - CoV - 2 pan demic high light the need 
to pur sue this goal as rapidly as pos si ble. 

Con ven tional RCTs have for decades been the “top” of the ev i - 
dence pyra mid. How ever, be yond tra di tional de signs, such as con ven - 
tional RCTs and ob ser va tional ev i dence, ex ists a wor thy mod ern al ter - 
na tive: adap tive and prag matic clin i cal tri als. These de signs strike a 
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del i cate bal ance be tween the con flict ing needs of clin i cians - - who 
need to make bed side de ci sions and to save lives now - - and the needs 
of the broader med ical and sci en tific com mu nity, which needs to col - 
lect ev i dence of suf fi cient qual ity and sci en tific rigor to en sure that 
pro gres sively bet ter clin i cal de ci sions are made as the SARS - CoV - 2 
pan demic evolves. Prag matic and adap tive tri als pro duce true “ex per i - 
men tal ev i dence — " un like case re ports and ob ser va tional stud ies — 
and thus re sults gen er ated from these de signs pro vide a sound ba sis 
for med ical and pol icy de ci sion mak ing. De spite many at trac tive as - 
pects of prag matic and adap tive tri als, their adop tion has been lim ited 
for var i ous rea sons, in clud ing dif fi culty in ter pret ing messy “real - 
world” data and chal lenges with im ple ment ing com plex ran dom iza - 
tion schemes. How ever, data in ter pre ta tion can be im proved by us ing 
val i dated qual ity check lists, such as the CON SORT ex ten sion for adap - 
tive tri als, [ 2 , 3 ] and method ologic ad vance ments over the past decade 
cre ated an open ing for more wide spread adop tion and ac cep tance of 
the va lid ity of these de signs. 

Adap tive and prag matic de signs, as the name im plies, have two es - 
sen tial fea tures: prag ma tism and adap ta tion. Prag ma tism means that 
health care providers con tinue to do what they think is right for their 
pa tients and are not lim ited by re stric tive in ves ti ga tional pro to cols, 
which is crit i cal for re cruit ment and buy - in in a pan demic set ting. 
This ap proach en cour ages rapid re cruit ment of a broad pop u la tion 
and is ap pro pri ate if stan dard of care is not pre cisely de fined at study 
on set or is likely to change dur ing the trial. [ 4 , 5 ] Prag ma tism also al - 
lows for dif fer ent providers to in ter pret rapidly evolv ing data dif fer - 
ently, which is crit i cal for con duct ing re search dur ing a global pan - 
demic. For ex am ple, data re gard ing the util ity of hy drox y chloro quine 
(HCQ) for the man age ment of COVID - 19 changed on a nearly hourly 
ba sis, with ini tial re ports sug gest ing as ton ish ing ef fi cacy [ 6 ], sub se - 
quent re ports that were ul ti mately re tracted sug gest ing sub stan tial 
harm [ 7 , 8 ], be fore a ran dom ized con trolled clin i cal trial sug gested 
nei ther a ben e fit nor a harm [ 9 ]. Crit i cal to con duct ing re search in the 
set ting of rapid dif fu sion of lim ited data, a prag matic de sign al lows 
for test ing of a sec ond ther apy (for ex am ple, IL - 6 in hi bi tion) [ 10 ] 
while al low ing clin i cians to pre scribe other med ica tions and in ter ven - 
tions ac cord ing to their own in ter pre ta tion of the best - available data 
at the mo ment. 

Adap ta tion im plies flex i bil ity, and the abil ity to pivot how the trial 
is con ducted as more data be comes avail able. Adap ta tions can come 
in many forms, in clud ing re mov ing arms that ap pear to be in ef fec tive 
or harm ful, chang ing in ter ven tions as new data evolves, or weight ing 
fu ture ran dom iza tion schemes as new data emerges [ 11 ]. An ex am ple 
of the lat ter is the “play - the - winner” de sign used in 1984 to study the 
im pact of ex tra cor po real mem brane oxy gena tion (ECMO) on sur vival 
in neonates with res pi ra tory dis tress [ 12 ]. Adap tive ran dom iza tion ap - 
proaches use out comes data col lected from pa tients en rolled ear lier in 
the trial to weight fu ture ran dom iza tions to the arm that ap pears to 
be the most ef fec tive, and has been used suc cess fully in some phase II 
and phase III clin i cal stud ies. [ 13 , 14 ] Thus, play - the - winner de signs 
and other adap tive ran dom iza tion ap proaches re sult in the largest 
num ber of par tic i pants re ceiv ing the in ter ven tion that ap pears to be 
the most ef fec tive and may min i mize the num ber of par tic i pants re - 
quired to achieve an an swer. For ex am ple, in a study test ing IL - 6 in hi - 
bi tion for treat ing COVID - 19, if there is ev i dence from early par tic i - 
pants that sug gests ef fi cacy, then fu ture par tic i pants will be more 
likely to be ran dom ized to the treat ment arm. This de sign sat is fies the 
eth i cal need for equipoise and al lows in ves ti ga tors to bal ance col lect - 
ing strong ev i dence to help fu ture pa tients while op ti miz ing out comes 
for the in di vid ual pa tients in the study, who have ded i cated their 
health, well - being, and time know ing that their ef forts may only ben e - 
fit oth ers. Play - the - winner de signs main tain ran dom iza tion, which is 
the key el e ment of clin i cal tri als that re duces the chance that con - 
found ing fac tors will ex plain the re la tion ship be tween the ex po sure 
and the out come. 

In 1984, the highly ef fi cient ECMO study re quired only 12 
neonates to reach the con clu sion that ECMO was ef fec tive for re duc - 
ing mor tal ity: 11 in the treat ment arm (10 sur vived) and 1 in the con - 
trol arm, who died. How ever, in 1984, this study was highly con tro - 
ver sial, sug gest ing a mag ni tude of ben e fit too good to be true, and 
was not ac cepted as high - quality ev i dence. A sub se quent ECMO study 
with a dif fer ent adap tive de sign ran dom ized neonates 1:1 un til there 
were 4 deaths in one group, with the pre spec i fied plan to treat ad di - 
tional pa tients with the more ef fec tive ap proach un til 4 deaths oc - 
curred in that group or sta tis ti cal sig nif i cance was achieved [ 15 ]. The 
first 4 deaths all oc curred quickly and all in the stan dard - of - care 
group, and the fi nal re sults of the study, pub lished in 1989, were 6/ 10 
sur viv ing with stan dard - of - care and 28/ 29 with ECMO. This adap tive 
de sign was also re jected as in suf fi ciently ro bust, and a con ven tional 
RCT was un der taken from 1993 to 1995 [ 16 ]. Re sults of this tra di - 
tional trial proved that ECMO was, in deed, ef fec tive, al low ing a pre - 
cise es ti mate that 3 – 4 neonates would need to be treated to pre vent 1 
death [ 16 ]. Based on these es ti mates, 30 neonates who would have 
sur vived, if of fered treat ment demon strated to be ef fec tive in the im - 
pre cise but con vinc ing adap tive trial pub lished 10 years ear lier, died 
in pur suit of the high est qual ity ev i dence. 

In 2020, with SARS - CoV - 2 threat en ing mil lions of lives, can we af - 
ford the lux ury of con ven tional RCTs where the trade off of time spent 
in rig or ous trial ex e cu tion is in cre men tal loss of life? Can we as a clin - 
i cal re search com mu nity adapt to meet the chal lenges of our time? 
We live in the in for ma tion age, and ef fec tive ev i dence - based in ter ven - 
tions must be al lowed to spread as quickly as SARS - CoV - 2 it self. 
Adap tive and prag matic de signs meet our eth i cal oblig a tion dur ing 
the SARS - CoV - 2 pan demic to bal ance the rapidly chang ing stan dards 
of care with speed, agility, and sci en tific rigor as we seek the best 
treat ments for our pa tients. The age of the prag matic, adap tive clin i - 
cal trial has come. 
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