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Types of RCT’s - classification
schemes

S0
The object of randomlg@l’f‘b@we
The aspect of m&gﬂ?gﬁﬁ%ns being evaluated

9\6

How par&g;@égﬂ@ are exposed to interventions
(o

The&a@ﬁ‘mlﬁér of participants

e(©
SE® h@fher Investigators and/or participants know

which intervention is being studied

From: Alejandro Jadad



Which Is the randomisation object?

\&
. . . 0o
Individually randomized trials 6\0\0"2\@\‘

— Eligible individuals are randomize \é@@ Qj@?onal
medical RCTs and many beh%\@@%\ R@ S)
\

— Self-selection of personw@ﬁg éring for enroliment

o
ga(\ \© 5\ Q‘e

Cluster ran&i@fﬁ@@ﬁ trials

— Clusge’r%f(@‘@ communltles hospitals) or other
aﬁgge@%tes of people (e.g., workplace) are
0\")‘) erandomized, and all (consenting) persons enrolled
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Cluster trial: PROs

Reduce the threat of “contamination” ¢
. . '\0\ \6\\6\
Randomization by group may be g\w@?@a@

feasible method of conductiggxeé@ig" W

(Intervention naturally g@@‘\?@dﬁéet a cluster level)

: S
Enhance subje%g@@mﬁﬁ‘énce
°0° 2°. .
Increase agdmifnistrative efficiency
an(a\ri\e‘é@(\
'\\1‘3 \\ e\’b

P
Gl «RCT may have different design (parallel,
factorial, ecc.)
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Cluster trial: CONSs

Commonly, prior consent to randomlzatlor\cl@»y‘ >
individual cluster partecipant is not fg @1@6\

Blinding of a cluster RCT is dlfgami\\e\\@@%

The conclusion may relggé\@tg\\@‘iﬁsters to
individual parteupz@,ntﬁqugb‘bth

Difficulties ags@?@a’c%d with prevention trials

(ie. Iow()@vém“?ate low compliance)

(e®
\\1’&9 ex©
N

R2duced statistical efficiency



Original Article
Journal of Diabetes Science and Technology
Integrated Personalized Diabetes §f£3'.'§% ';i’!”?ﬁ::a'lg,s ey
Management (.PDM): DeSIg':‘ Of the DCII I?]Ic;r;TIFI;;I.IE‘lI?:SISSITW? "
ProValue Studies: Prospective, Cluster- gy
) ) ®SAGE g\
Randomized, Controlled, Intervention ,\0\0
Trials for Evaluation of the Effectiveness O 6‘ A\
and Benefit of PDM in Patients With 6\0 d\\@\\a'
Insulin-Treated Type 2 Diabetes \\6(\6 o\
o WO \O
e \6\\?)
Bernhard Kulzer, PhD', Wilfried Daenschel, MD?, Ingrid Daenschel, MD?, %00 66
Erhard G. Siegel, MD, Wendelln Schramm, MD®, Christopher G. Parkin, MS® \\Q e(e
Diethelm Messinger, M‘Sc , Joerg Welssmann I"‘IDIa Zdenka Djuric, MD®, \'ala O(\‘
Angelika Mueller, PhD Iris Vesper, MS and Lutz Heinemann, PhDed 6\6
G 2
2N a\ Q(eg
29 e®

= To determg,ﬁégﬁ@se of integrated PDM In
dally Jé*[fé\gi«ﬁbrove glycemic control in
@mﬁg “treated type 2 diabetes patients:

PDM versus usual care



= 12-months, cluster-randomized,
multicentre clinical trials at two different

.
levels of ambulatory care: @0

. O\ o\
1. General practitioners (PDM-ProValue (;?B %m\?)\a
2. Diabetes specialists (PDM- PRoy{a@l\g@S\E’ study)

= Study outcome: chang@i HBALC from
baseline to 12 %Qﬂfgseg

6\6
6\16 O(\g\(\

“Although randgm‘&a(mf‘of patients within a clinic or practice site is the
most cor%mt?ﬁlg\@s\bd study design, this “within site” approach has the
0@%\{@@ to impact investigator behaviors as they become
Ob?noﬂﬂ%dgeable and experienced in both the experimental and the
control treatment protocols. This creates a strong potential for “cross-
contamination” of study participants (patients and clinicians), which
may reduce any potential differences seen between the study groups”



Which aspect of the interventions Is
being evaluated?

o
. \OG\'O ‘\
S
- Efficacy vs effectiveness trials< \\"?@\\a@
\\aq’o (@
\Qa (;(\‘e

! Superiority vs equ??/@beﬁce trials/ non

09 \66
InfeI’IOI’Ity@‘a S

<
696 e‘

Qw@baém 11, 111 trials
O\QQQQ,((



Efficacy vs. effectiveness

Efficacy: does the intervention work |gqo\12ﬁe

people who actually receive |t’>\6“@cxg e
— These trials tend to be explanaé%gyx’é @\\@\‘
— Goal here is high compllang,é\ao\\x@‘

O &°
e (Gga

Effectlvenas %@\N does the intervention
work w@%&ﬁe to whom it has been

_ gficted”

?Tend to be pragmatic

— For intervention with proven efficacy offered to
hetrogeneous group of patient



Superiority vs. equivalence/ non
Inferiority trials

Superiority trials: "y o
Intended to determine if new treatment is. @\ﬁér@sﬁ‘rom (better
than) placebo or existing treatment @&Q/%@(ﬂ%ol)

22 ™
Equivalence trials: 6‘;@@ o

Intended to determlg%gﬂﬁ Q@)\Ptreatment IS therapeutically similar
to a reference tr%a?ng%@t‘\?nargm of equivalence)

Non- m@gﬁbw?o‘t\nals

lgxté?l&ed‘?o determine that new treatment is not worse then a
0\’&9 (—,@I@r‘ence treatment by more then an acceptable amount (margin of
non-inferiority)



Reasons for equivalence / non
Inferiority trials

0O
o
2 Comparison of superiority, equivalence and non- EXIStIng eﬂ:ecu’»@’ia\
inferiority* hypotheses based on a 2% margin of \ A
ieronce mmventcaen T e treatmente & oo
i : PI@@@BQ;@Bntrolled trial
e s \\aﬁqaﬁﬁcal
: R
—— j e o2 6\9’ Life-threatening illness
Cquivalence (G
Mew :::r 'j's‘l_l:'l?i':r'f;r"‘ ,a;g_ :a\_ Q\Q NEW treatment nOt
treatmeni a — e =0 <1 % .
: __.663/ S\ie substantially better than
hjnm{:gé?‘ 5\0\ eX|St|ng treatment
2 N @ o2 . - May have fewer side
‘ nO% "‘;‘;66 ....... ..r-—- : .
e oo ; effects, greater convenience,
o o o lower cost, higher quality of
B life, or provide an alternative
or second line therapy




Noniferiority and equivalence:
CONs o

- Awell executed trial cannot be dlStIﬂ%\U@ﬁa@ﬂ‘

on the basis of data alone, from @@\]@&@@?&

executed trial that fails to flrtdﬁué}% difference

(le. poor compliance, @@@?ddq gnostlc criteria,
bias endpoint as %m%?nt)

\e
1 Difficult toga@égd,{\y‘ “an appropriate noninferiority
mar gaa‘aae@\

Qdé%;r@é sample size required compared to
§uperlor|ty trials



Tanaka et al. Cardiovasc Diabetol (2016) 15:57

The NEW ENGLAND  pgj10.1186/512933-016-0381-x
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Alogliptin after Acu Rationale and design of a randoml%ﬁ\go
in Patients witl trial to test the safety and non- @@
William B. White, M.D., Chri of canagliflozin in patien sbw&

Steven E. Nissen, M.D., Rich:

{Ifons_qT. F:ere:z M.D., P =

The NEW ENGLAND JOURNAL of MEDICINE

Cardiovascular Diabetology

Opon Access

EtES

with chronic heart falgmﬁé the CANDLE trial

0(\\‘ h| Oyama® Masataka Sata®, Isao Taguchi®,

" Junya Ako'?, Yasushi Sakata” Toshihisa Anzai'?,

‘ ORIGINAL ARTI&@K\‘r)%\

@1’0 \(\a
Effect of Siréagﬁ l'\gﬂ\%n Cardlovascular
O&Gﬁ%sﬁ Type 2 Diabetes

0\6@

@D@ lﬁhse M.D., Ph.D., Samuel S. Engel, M.D., Jyotsna Garg, M.S.,
rt Josse, M.B., B.S., Keith D. Kaufman, M.D., Joerg Koglin, M.D.,

Scott Korn, M.D., John M. Lachin, Sc.D., Darren K. McGuire, M.D., M.H.Sc.,
Michael J. Pencina, Ph.D., Eberhard Standl|, M.D., Ph.D., Peter P. Stein, M.D.,

Shailaja Suryawanshi, Ph.D., Frans Van de Werf, M.D., Ph.D.,
Eric D. Peterson, M.D., M.P.H., and Rury R. Holman, M.B., Ch.B.,
for the TECOS Study Group*

Jenp@\h Gr, @\‘ﬁD M. Angelyn Bethel, M.D., Paul W. Armstrong, M.D.,

‘ dra Yamashina®, Yoshihiko Saito'®, Yasunori Sato'’,

CLCS IVICILLILUS

1att, M.D., M.P.H.,

ime Davidson, M.D.,
‘rederich, M.D., Ph.D.,
nan, Ph.D.,

dell, M.D., M.P.H,,
yarren K. McGuire, M.D.,
d Itamar Raz, M.D.,

1d Investigators*



Phase I, II, Ill, IV trials

Initial safety
and tolerability
Determine safe
dosage range
Identify side
effects

Efficacy :
Dose respainsa | -
Furthe:
=valuztion of
Sefety

Effactiveness
<ompare to
commonly
usde therapies
Monitor side
effects

300-1000

Post-marketing
studies
Effectiveness in
the general
population
Optimze drug
usage

Patient popultion
sample



How the participants are exposed
to the intervention? s

O\
\06
6\0\6 \% s

! Parallel trials 50e? o8t

e@a

t‘i@ﬁal design

0\6Q ?e(



Parallel design

| | | \06\0\2?\6'
Subjects are randomised to one,oP{wo or
more arms O¢\e<a\\§g«&\@@
\a’o‘\‘\az\\‘""e
o g8

Each arm be{',gzg:;@el&@‘&ggted to different



Parallel design

THE PRESENT THE FUTURE

r”
Populauon,

e

1ISample|

XS

: ‘ Disease |dlsl;gse
°
® FIGURE 10 bqa‘ s

In @ ranc%{(rm \%e investigator (a) selects a sample from the population, (b) measures
baseli Qm\‘s (c) randomizes the participants, (d) applies interventions (one should be a
b

o, if possible), (e) follows up the cohort, (f) measures outcome variables (blindly, if
possible} and analyzes the results.



Crossover trial: design

Each patient is given more than one G\O\o@"*“
treatment, each at different times in th&%\sgf\\igly}
with the intent of estimating differgpetse”

.o\ ‘(\\\
between them g0 58"

e” e

The simplest t\(,(i)@b%%ﬁh’é@two-treatment (A and
B), two-pggmg(@e‘g’lgn. Patients are
rand@gﬁﬂ%\eeﬁto receive either A followed by B

0\6@1;;\‘§<\feﬁ)wed by A

Washout period between treatment periods



Crossover design

THE PRESENT THE FUTURE O\og\"?‘
e,
T ~ ¥ Population \
P Mo
* \
’ \ Placebo Washout
S
0%,
2 et

Washout il Placebo \

Y
‘3’\3 (%\0(\6 Measure Measure
(696 \‘8\16 outcomes outcomes

\C
0\’&9? cﬁbss-*over randomized trial, the investigator (a) selects a sample from the popula-
fion', (b) measures baseline variables, (¢) randomizes the participants, (d) applies interven-
tions, (e) measures outcome variables, (f) allows washout period to reduce carryover

effect, (g) applies intervention to former placebo group, (h) measures outcome vari-
ables again.




Crossover trial: when to use it

,\\OQ\
2 In chronic, incurable disease (to keep §am®@a
patients in all the study perlods) A ° &°

AN
oe® 5\6\

0
,a\\a% ef©

] The condition must Qee%"@m% (to avoide “period

%
effects”) 9@9’0“\@ & °
D\ (\Q»\
o) ®)
‘6\0 6(‘5\0(\

4 TQ&@fﬁ@&s of interventions should have rapid
o@‘b@ﬁiéct and short duration (to avoide “carry-over
effect”)



Crossover trial: PROs

\OQ\ o
l In respect to prognostic factors, the tr%atm?gm
groups are identical, simply beca@@?ﬁ@ same
individuals receive both treatm@gﬁs\

cw‘a?t\x o
e
J Increased comph@&@e\%\nd recruitment
?)‘ O\Q\
6‘9\6665\00

4 Ingreég‘g@ﬁ efficiency then parallel designs
O\QQ—QI@bwer variability (within-subject)
— Lower sample size



Crossover trial: CONSs

: : @)
and possible side effeetd} &
6(\C) '\Q‘e
029 Je®

a€" "
- The ung@ﬁ&g@gedlsease must have a constant
i@&@;%jfy\ﬂuring all treatments periods

0’\690? o



JAMA | Original Investigation

Continuous Glucose Monitoring vs Conventional Therapy
for Glycemic Control in Adults With Type 1 Diabetes

\O-
Treated With Multiple Daily Insulin Injections o
. . . . . 0\6 \'\a‘\\'
The GOLD Randomized Clinical Trial (\66\ O
. \Q\\ \\‘3@
Marcus Lind, MD, PhD; William Polonsky, PhD:; Irl B. Hirsch, MD; Tim Heise, MD; Jan Bolinder, M| \6
Sofia Dahlqvist; Erik Schwarz, MD, PhD; Arndis Finna Olafsdéttir, RN; Anders Frid, MD, Pr%ﬂgﬁ I$}‘|D
Elsa Ahlén, MD; Thomas Nystrém, MD, PhD; Jarl Hellman, MD ‘a\\a \‘@(e
O
R\
ed @6 = Editorial page 363
IMPORTANCE The majority of individuals with tya%nﬁbetsi %ot meet recommended [ Related article page 371

glycemic targets.

\]0 \ 6\3 Supplemental content
e 9

OBJECTIVE To evaluate the e é Q{Quous glucose monitoring in adults with type 1

diabetes treated with r@.@( e c&é(ﬁl\smln injections.

DESIGN, S '{}N? %qﬁ\‘RTICIPANTS Open-label crossover randomized clinical trial
w ?\ S’betes outpatient clinics in Sweden between February 24, 2014, and June 1,
at?l uded 161 individuals with type 1 diabetes and hemoglobin A, (HbA,) of at least
7.5% (58 mmol/mol) treated with multiple daily insulin injections.

INTERVENTIONS Participants were randomized to receive treatment using a continuous
glucose monitoring system or conventional treatment for 26 weeks, separated by a washout
period of 17 weeks.



= To evaluate the effects of continuous glucose
monitoring in adults with type 1 diabetes treated

with multiple daily injections: be\\of\ >
CGM versus conventional therapy usmg\?;m&@s@ﬁ
monitoring of blood glucose " \d\@\\’é
C
a\\e‘%oxle‘e

c,(

Open-label crossovererahglﬁmlzed clinical trial in

Sweden (15 dl% g%gafv)\ﬁtpatlent clinics)
O\

60
N4 o %\0(\

6
: Ou\{\cc(ﬂ%}%easures difference in HbAlc
oBatwisen weeks 26 and 69 for the two
treatments, hypoglycaemia, well-being, and
glycemic variability



Figure 1. Screening, Randomization, and Analysis for Continuous Glucose
Monitoring and Conventional Treatment Groups

205 Patients assessed

—
for eligibility
woc Run- moqéb}od
ned participation
> 17 Did not meet inclusion — M gks
criteria 6\0 6\\
5 Other reasons 6\\
@
e R a\\a
161 Randomized K
l\::_, — ____{:,, 600\ 35\
— P\ (% <
82 Randomized to CGM-first 79 Ha%l&wau cnnu?&‘oﬂ\“ Treatment
study group th irst st .
82 Received CGM as fﬂ ecew@nvem“mal perIOd 1
randomized {period 1) (\1 ﬁe 5 randomized
JPe (% 5\ riod 1) 1-26-weeks
l%ﬁ@‘( 08 S\a\U !
12 Discagi \\ & Discontinued
W%iﬁw C to( 3'5:;;1{;::: consent —
< *hafet : 1 Died of prostate cancer Wash out
o) 6 6 S0nsa 2 Other reasons?
69( SIS Gl I 17-weeks
5\\\\‘ . e\le,r‘ﬂ Crossed over and received 73 Crossed over and received et
. ,aQO ( (\0 lignveer:!tlinnalgerapy ﬁrz CGM aftgrdlg—week wash —_—
0\ ?e, -W wai out (peri ) I:lut|[|:||er|t:|ly I Treatment
1 Discontinued _ 1 Discontinued perIOd 2
(study noncompliance)b (lost to follow-up)c 43_69 wee kS

!

}

69 Included in primary analysis
13 Excluded (no follow-up data

in both periods)

73 Included in primary analysis
b Excluded {no follow-up data
in both periods)




Figure 2. HbA,_ Values at Inclusion, Randomization, and During the 2 Different Periods of Treatment

‘\6‘
Fun-in Washout period 9\'0\0g
enod Period 1 and crossover Period 2 .

e | | | ‘ 0\6‘0 o

_ \ V' kN
9.2 oY, 6\\'6

® CGM first ; a(\a o\

507 © Conventional therapy first \\‘a\\ \‘\6@
g8 T Recaiving CGM X 2 S ‘\\6

HbA,, , %

Hemoglobin Alc (HbA, ) was
measurad according to the Maticnal
Glycohemoglobin Standardization
Program (NGSF). Data markers and
No. of patlent 6‘6 error bars indicate mean (95% Cls).
CGM fir eb \le 69 &9 63 GO 59 66 67 6B 69 Data were plotted using the
L nalt @a)%st 2R 2§ B £ 73 7370 T3 73 last-observation-carried-forward
“\ \|e a L
0‘9‘" (‘\0@‘ pproach
0\6Q ?e,(



Factorial design: definition

\OQ\ o
) Two or more treatments are evaluated, n@‘t\ artly

separately, but also In comblnath@\\ém@égamst

X2 N
a control 500‘6 &
A2

1 Each explanatory var@ds‘"r%e(ﬁéctor) consists of
two or more ca@gao‘@e@‘f?evels)

) Data coll%ceréfla‘eﬂgall possible combination of
the >g,<¢e?v\eL§‘ of the N factors of interest

e

@a@a\?mplest case Is a 2 X 2 design, a study
Involving two treatment factors, each with two
levels



Factorial design

O
THE PRESENT THE, Fg@l?ﬁ&
S

/
(*;
Populationt
I
:Sample-
\
\
\
\
N . No
Placebo A& B [—>| Disease | .ooq0
. |=| il\ée

@ rﬁ?randomtzed trial, the investigator (a) selects a sample from the population;
)ym asures baseline variables; (¢) randomly assigns two active interventions and their
controls fo four groups, as shown; (d) applies interventions; (e) follows up the cohorts;
() measures outcome variables.




Factorial design: when to use it
,\O\OQ\
1 To examine the dose-response 6\0\%\@“
characteristics of the smultay@d Qs Use of
treatments e ®

1 To be mtedraeg”tgd“m Iearnlng about
treag é?gte@ombmatlons

0\,&QO‘?’\E;@%mlng the interaction between treatments



Main effect

Average change in the response associated withkea
change in the level of the factor: marginaél\@@?%‘\\‘b

N\
. R4 \d
(Design 3X2) R
oc;\e\, 66‘\6\
ABilorese
ro bt 3 O\\
A[ Oéd\)\ &16 A3
_ S .og'a
(\U '\ Q\V
gegg'?hﬁ\e MY cell 4,8, Cell A:B,
Q'\‘% R
%‘3 AT m the Scores on the Scores on the y
,;\‘3 '\o(\gkpﬁmlcm dependent dependent Xg
A4 6(5 variable variable variable
EaasBl \a Y x
) '\1‘5 $Z
QOca\’\\ <\Oe\‘e Cell A,B, Cell A, B, Cell A;B,
)
0\ ?e’( B Scores on the Scores on the Scores on the
dependent dependent dependent X
variable variable variable

Xy, Xy, X4,




Interaction effect

\9'

-l An interaction Is between factors (not Ieé(@i%‘;)\\
)

-1 When differences on one factor c@pé@dﬁ?n the
level you are on another fac p\?(;e&g“ treatment

\\a <
or placebo) 66‘3‘6% e

1 You know there’ §ga:ﬁ lmé?actlon If when can’t
talk about @Iﬁé&t)@ﬁ one factor without
mentlg@mg@ﬁﬁ’e other factor

\adda\“ﬁl@f)resence of interaction, the marginal
©" e&timates of the effects are biased



Factorial design: PROs

\0@6'
) In the absence of interaction, allows gg@ﬁf\ o
efficiency in estimating main eﬁeQ\ESa
precision as two single- facto:gotﬁgis\%smg tW|ce
the sample size) 066& d\so‘\‘e

-l In the presence @jamte?‘actlon IS the only type of
design thag{fé?;mﬂ@ study of treatment

|nterqg¢pt§’gne<5\

D?)‘;B?%adﬁhents acting through different mechanism
" afe more appropriate for factorial design



Factorial design: CONs

O o

1 Treatments must be administered With%@oe S

. . e
changing dosage in the presence Qf-e \oli'Bther

. . . R \\3 ‘ \\‘3
(ie cumulative side effect) Ge? s

o d\‘f’c’(
®” 2
) There must be &@@Qﬁmﬁ?e not to administer the

individual tg@@(@a@ﬁ?s (no treatment or placebo
grou (g\)@@%d?ﬁmister them at a lower dose

W2 ¥ et®
g\aQ°%\e< N\ _
1 Potential for adverse effects due to “poly-

pharmacy”



Am J Clin Nutr 2014:99:463-71.

Diets naturally rich in polyphenols improve fasting and postprandial g
dyslipidemia and reduce oxidative stress: a randomized G\o\o

. 13 A\
controlled trial 6\0\(\\6\6

Giovanni Annuzzi, Lutgarda Bozzetto, Giuseppina Costabile, Rosalba Giacco, Anna Mangig \@‘af\z.xé@mm
Marilena Vitale, Claudia Vetrani, Paola Cipriano, Giuseppina Della Corte, Fabrizio PL\@[ ST, C wle Riccardi,

and Angela A Rivellese 6OC,\

@
Diabetologia (2015) 58:1551-1560 (\ G Q(Gg
DOI 10.1007/s00125- 015 359

502 o O

G\
ARTICLEe\l‘a O \g\(\

\’8\ (\
00 lg@henol—rlch diets improve glucose metabolism in people
(S
\\\\1 Q G(Qa high cardiometabolic risk: a controlled randomised
GG

0\0Q ?e‘ \ intervention trial

Lutgarda Bozzetto' - Giovanni Annuzzi' - Giovanni Pacini? - Giuseppina Costabile' -
Claudia Vetrani' - Marilena Vitale' - Ettore Griffo' - Angela Giacco'+

Claudia De Natale' - Sara Cocozza' - Giuseppe Della Pepa' - Andrea Tura? -
Gabriele Riccardi' - Angela A. Rivellese'



= To elucidate in individuals at high risk of type 2
diabetes and CVD, the medium-term effects of N
diets naturally rich in different sources of be\o\og\
polyphenols and/or marine LCn3s o8 0‘\2\@\\\@\

Outcome measures: 8 weeks t@g@ 8@89

concentrations and omdg\& \é@a\tst"ress

A 2X2 factorial demgmaitgm’parmg
1. Control dleteljeﬁ/\g\x\ﬁ:nB and polyphenols
2. ngh g@ﬁ%gﬁ%% rich in LCn3 and low in polyphenols;

\’&\hh@heﬁé?yphenol diet, low in LCn3 and rich in
@® ?epﬁclyphenols

4. High LCn3 and high polyphenol diet, rich in LCn3
and polyphenoils.



TABLE 4 \Og\
Absolute changes after the intervention (8 wk minus baseline) in postprandial incremental AUCs of plasma and lipoprotein tnglyc&:n%@@lesmrol,

1' A
and apo B-48 ‘\ 9\6 U ‘\\.
D A\ N

\’\’&\\ a@

High
High poly £ 'mcl‘\d Polyphenol-
Control High LCn3s polyphenols 6 LCnzy ©% LCn3 Polyphenol L.Cn3

(n =20) (n=19) (n= 2%\6 {@{@J) effect effect interaction
Plasma triglyceride (mg/dL - 6 h) 52 = 204 —69 *= 275 6\/&\3 ZS 0( —40 = 149 0.310 0.526 0.252
Plasma total cholesterol (mg/dL. - 6 h) —16 = 42 —2 *+ 72 06 —10 = 52 0.816 0.476 0.187
i i R = ﬁ-@ S ”‘" = S50 8929 5=
Chylomicron cholesterol (mg/dL - 6 h) 1 4 * 6.8 %‘X\* \Q—] 8 =57 —04 =28 0.351 0.742 0.047
“Carge VDY Cerdes T d o o= IM IS0 =63 69 (USRI U552
Large VLDL cholesterol (mg/dL - 6 h) a @@QZI 0.1 =21 —58 £ 14 0.297 0.676 0.825
Large VLDL apo B-48 (ug/mL - 6 h) r\tbﬁ ]2 0 7 = 9.83 0.29 = 7.86 0.12 = 4.80 0.741 0.750 0.802

" All values are means * SDs 1ﬁc %ﬁ:rent from the control group, P << 0.05 (ANOVA and least-significant-difference post hoc test). apo

B-48, apolipoprotein B-4)SQ,& ng chg 1@ =3 PUFA.

2 Two-factor ANQV. hsoété\alues at 8 wk adjusted for baseline values as covariate. P << (.05 indicates a significant difference.
NN
0\6Q ?e,( C



How many participants are
iIncluded?

6
. . (\ e\
-l Fixed size oo je°
Jo \(\
%‘2‘@ <5\°(\

d §~eﬁ4>|éentlal trials
0\0 ?e,(



N-of-1 trial or individual patient trial

1 These can be thought of as a form of Crossover

trial e
$O% Ao

1 Each participant receives the exR@mrﬁ@ﬂ% arm
for a period of time and then%ch% “gomitrol/

comparison arm durlngd\aa@fa‘@ent period of time

) There can be m%myosu@ﬁgpenods of time in
these studlc@s\‘@ O\@\“

- g@%}@é&x
Jﬁé@ﬁrtlupant does not know which
ﬁterventlon IS occurring during each period

Eligible patient | — | Drug | Placebo — | Placebo | Drug * Drug || Placebo
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Celecoxib compared with sustained-release paracetamol for
osteoarthritis: a series of n-of-1 trials

\
M. J. Yelland', C. J. Nikles®, N. McNairn®, C. B. Del Mar", P. J. Schluter’ and é\o\og
R. M. Brown® ) 0‘\6\0

= To assess the effectiveness for the short l;\eémc}\%@@@g’ of drugs
for osteoarthritis R c,\6

= Sustained release paracetamo(g\ye%@s(%olecoxm
= 2 weeks of each treatm%ab @f%@%reatment cycles
= Qutcome measur@&%%m@gtlﬁness and functional limitation

scores a\’&d %\00
= 41 pag@rﬁ% Q@Phpletlng the n-of-1 trial
6
O\g@ e{{tCFecelves each treatment, with treatment order decided
at ? ndom

= A crossover trial in a single patient; enable decision on the
single patient



Mega trials

- These studies are meant to be HUGE but tg«s®

collect only a limited amount of data gmﬁé&é
them affordable and practical) (6\\&2@\9@5‘
g%

: N e S :
- Are usually multi-center, fg@{ﬁ(f\g{ﬁ%rent countries
G
ed‘)& &

G 2
Y eg;\ Q(eg

! Have the ain%\w?(\%fatﬁin ‘Increased statistical
y oy - . . -
power gm?@vachleve wider generalizability and

cqmpﬁﬁl&ﬂ“pe small effects

S\ . e



Aung et al. Trials (2016) 17:286
DOI 10.1186/513063-016-1354-9 Tria IS

Cost-effective recruitment methods fora ~ &= 02

large randomised trial in people with )
diabetes: A Study of Cardiovascular Events \\‘ \a\"’@

\S
IN Diabetes (ASCEND) o 600
Theingi Aung?, Richard Haynes', J||| Barton', Jolyon Cox', Aleksandra Muraw 8@&@8&% M%(D&y! Michael Lay',
Jane Armitage’, Louise Bowman'™ and ASCEND Study Collaborative Gn@@

o2
ga(\ \@ e\ Q‘e

ASCEN {@?‘%t@d‘;}\ of Cardiovascular Events iN Dia-

betes)b( @@%actﬂrlal design randomised study to as-

‘aﬂ‘ler aspirin 100 mg daily versus placebo and

%\“ @@ﬁ?&tely, omega-3 fatty acids 1 g daily versus placebo,
0\6Q ?e’( reduce the risk of cardiovascular events in individuals
with diabetes who do not already have diagnosed occlu-

sive arterial disease, and whether any such benefits out-

weigh any hazards from bleeding. To minimise costs




1 To identify people with diabetes:
1. Centrally held diabetes registers e
o\°

2. General practice diabetes reglsteresg\@beta\\
o5
“Information on approximately 600d@m @@%ple listed
on 58 centrally held diabetes r@@s&eﬁ% was obtained,
and 300,188 potentlally ai@?g@ﬁatlents were invited
to join the study. | gaﬁ’ 785 GP practices mailed
invitationg to'1 %@9275 patients. A further 2,340
potentlg.g@ﬁjgyoﬁartlmpants were identified via other
rquﬁé’%ed@\%tal 423,403 people with diabetes were
‘iﬁ%@te\ﬁf to take part; 26,462 entered the 2-month, pre-
randomisation, run-in phase; and 15,480 were

randomised.”



Fixed size trial

1 The investigator establish deductively th‘%oe\o\f\a'
number of partecipants (sample sizg&&%&«ﬂ?‘ey
will include 2B e

. eV &
1 Statistical methOdg\dﬁ %o calculate sample

o\

size maximize-ftfgefiance of detecting a

. 2 o\, C g .
statlstlg?@iig\‘/‘;@nﬁ clinically significant difference
bgt}mée ‘the interventions when a difference

S

oeteally exist



Sequential trial

1 Contrast is with the more traditional fixed sg&\"*“
trial in which the number of parUmpan@q%\,O\\\a\‘
determined based on a priori samp l@ﬁe

\

0\6

calculations o0

-l Has a parallel desnggoe o @c\%’
(Gg

J Number of par;@i?(@nf’é\)ls NOT specified before

the trial b@gqﬁse

- P; B@F@aﬁts are recruited until the question is
O\a@mvﬁlered (or it becomes clear that there is no
possibility to detect a difference between the

arms)




Interim analysis

1 Analysis comparing intervention groups at @m?‘
time before the formal completion of tfg@\@m\‘
usually before recruitment is co <

y 0\@@@3‘@@

o
,(>\\a% N

A\
J Often used with "st pp?ﬁ\i@?ﬁ’loes so that a trial
can be stoppeg@ @&rﬁ&pants are being put at
risk unne@e%g@l‘?

SN

Wﬁm ng and frequency of interim analyses
should be specified in the protocol.



Sequential trial: PROs and CONSs

) Stopping for efficacy: exo\og\ >
= Patients benefit sooner from the new tre@tﬁflo\
= Less information on secondary o%@dh‘@@\\?mcludmg

safety) and subgroups @’5\\63 @

1 Stopping for futility: . 2’
= Efficient with rg @‘ég&@‘f costs time, effort,

* Reduce eé?g@@t%d sample size

- \‘@I@% @l@fectlon of participants against unnecessary
W@égg«p%sure to potentially harmful treatment
= May not be able to determine if the treatment is

merely ineffective or actually harmful



Who knows which intervention Is
being assessed?

O\og\ Ca
1 Open trials - 6\22?\,’\6;\@«
) Single-blind trials Oc\e’\‘@“ﬁ&\@‘“a@
) Double-blind trials o 4
1 Triple and quadrugl@%ﬁwﬁadtnals
@1@ o“g ,&\e

A Bllndua@‘ Be‘févant groups who may/may not
@W@é{ﬁowledge of treatment assignments

- © Participants, investigators/clinicians administering
Intervention, investigators assessing outcomes,
data analyst(s)



1 Open trials
= All participants and investigators know who is getting-

: . : \O
which intervention 0\006’?(; "
: : SV
- . (\‘a 6\6\
1 Single-blind @

= The participants (usually) or th@&d@%@é@gtors

assessing outcome (aIterQ@téfﬁQ(ﬂ%enot have

knowledge of the tr((e\g\ ‘?éz@@?a%signments
o\

. o
-1 Double-blind \,@,@?’(‘?\%\0@6
> ) o o
= Two g\)r&a&pe(wehot know—usually it is the participants

N . .
anghtfle Butcome assessors/investigators
S\ . O

_bFriple or quadruple blinding
= Three or four of the relevant groups (prior slide) are
not aware of the treatment assignment



Innovative designs:
Adaptive design )
\OQ\ '
! Allows adaptations or modifications tod@%‘iw\
design after its initiation without gmﬁ‘ém@nmg
validity and integrity of trial o Lo

1 Requires the trial tq)b@ g@ﬁé’ucted In several
stages with ac ges‘?g\a@“the accumulated data

(real- tlmea\d&as)@ o*®

\16‘

d Ag\m?éaesethge the data may be analyzed and
oRext s stages redesigned taking into account all
available data




Adaptive design: institutional definitions

1 EMA: “An adaptive design clinical study is deflne%\a@,@ 3
study design if statistical methodology aIIowsdtI@é’\@\a“
modification of a design element (e.g. s ’()\%@‘i’ke
randomisation ratio, number of tre,ggmégt\@rms) at an
Interim analysis with full cont\g\gb&&h@efype | error”

C’e(e@@
go e S a®
@‘6? <o o

- FDA: "An gia 1w design clinical study is defined as a
stud\}gﬂﬁejﬁc udes a prospectively planned opportunity
?qu@?m&ﬁlﬁcatlon of one or more specified aspects of the
study design and hypotheses based on analysis of data
(usually interim data) from subjects in the study



Adaptive design: PROs and CONSs

\&

,\\OQ
\0\0
-1 May improve trial efficiency for the\sg@r%m\%nd
the participants in the trial Gea\\ed’\a\\
\\@59 el©
22 o™
o e‘?&@g
PR
63?/ o9

- Can é@b&}ﬁbratlonal challenges because of
t(taei? e@‘mplexny and the process of adapting a
9%44l can introduce bias



Typea of adaptive design trials

. . . ) ‘O
Adaptive randomization design bé\o\og\
O '6‘\\'
Group sequential design 'a“adg?@\a\\
. L . RGN
Sample size re-estimation design Oc;\e\") N\
_ ,a\\as 4e<©
Drop-the-loser design ed\g@ 3 s
o C
Adaptive dg@@ﬂn@tﬂé 8e5|gn
%g@wﬂ%r -adaptive design
(@ 5\0
GQO \]6 . . . .
'\1@9‘ @\ Adaptive treatment-switching design
NGRS
0% P . . .
Y oef o Hypothesis-adaptive design

Adaptive seamless phase lI/lll design

A multiple-adaptive design
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Adaptive Licensing: Taking the Next Step in the

. O
Evolution of Drug Approval )
L AeM .
H-G Eichler"?, K Oye>**, LG Baird?, E Abadie’, ] Brown®, CL Drum?, ] Ferguson’, S Garner®?, ) 0\6\‘0 N\ \"
P Honig!?, M Hukkelhoven!!, JCW Lim!2, R Lim!'3, MM Lumpkin'4, G Neil'3, B O’'Rourke!S, E %@lg}?,é\d\\a

D Shoda'8, V Seyfert-Margolis'4, EV Sigal'?, ] Sobotka?’, D Tan'?, TF Unger'® and G Hiri&lg(\a \'\‘3@
. b . X \6
G &

O e
‘ \\‘@(

: : : : 6\‘\6 ct :

Adaptive Licensing can be de&u;@%a&@a prospectively planned,
adaptive approach to bri%gmﬁé\d@f&s to market. Starting from an
authorised indication r@&ﬁ%{{(@\ﬁl a “niche” indication) for a given drug,
through itera{jg/@%@@% of evidence gathering and progressive
licensing (%@aj@ta\;igsﬁ\s concerning both the authorised indication and
the pc\)&@nﬂ%fa%er therapeutic uses of the drug concerned, AL seeks
O\QQ@Wme t_he positive impact o-f new c!rugs on public heallth by

alancing timely access for patients with the need to provide

adequate evolving information on benefits and harms.



Initial approval:

Experimental effect-size and confidence
Trial interval inform terms of a prospective
] registry ,
. 2 & Subsequent approval: \Og\
“ . Provides conditions G 0 \
B for “full license" 6 \
L]
ot ] = Observational study 6\0 \6\\6
o 12 6(\ %\6
w \\ @@
8 Ko} \
@
i S
- -
-
- ,a\\a : \\‘e(
\C ct
DY A\ ©
Cumulative estimated effect size e Thres I{}@bct e ntinued e Predicted effectiveness
= 7 Cumulative confidence interval | Gh r ||m|t of lower
——— 3 hval)
22 @\e .
- 2 T Lcens
Experimental 66 (\ Observational Licensing
(GQ
Figure 2 The thresho ﬂﬁ'? ence generation when randomized controlled trials (RCTs) are not practically or ethically feasible after an initial license.
The threshold a W e ||cen5|ng might lend itself to situations in which conventional, adequately powered RCTs are difficult to perform before
licensing gy )?@ le after an (initial) license is granted; this may apply to orphan conditions for which no proven alternative treatment exists. Under
this pathwy, the sp®nsor would initially conduct one (or possibly more) small RCTs. If successful, an initial license may be granted on the basis of this limited

information. Subsequent uncontrolled observational studies would aim to show that the treatment outcome under real-life conditions (e.g., mortality, time to
event) remains above a pre-agreed threshold. The threshold value itself is based on the point estimate and confidence interval obtained from the initial RCTs,
and prior knowledge of outcome with, for example, best supportive care. If efficacy were thus confirmed, the drug could transition to a“full”license. Note that
the concept might also be applied to safety, e.g., to demonstrate that the drug does not produce an incidence of greater than x of a life-threatening adverse

effect such as progressive multifocal leukoencephalopathy (not shown in graph).
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