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Domanda

disegno sperlmentale’?

A) Studio prospettlcg eoedgad‘c“‘o

B) Randomizegie Cg&mﬁed trial

C) Studlge@(?ga,p‘aratlvo di una relazione
es @&?‘@@ﬁe -effetto

oﬁ’) S0 A

da parte del ricercatore

\o\og\a‘

udio con assegnazione dell’esposizione



Types of experimental studies —
classification schemes

according to: \e\a\

The object of randomlzég \@\(When present)
The aspect of thWéQm?ns being evaluated

How partlcmﬁf&\ﬁre exposed to
mtervaﬁ*ﬂqmﬁ’

O;l'ﬁe\oﬂ&mber of participants

\e@
® \X/hether Investigators and/or participants
know which intervention is being studied

From: Alejandro Jadad



Which Is the randomisation object?

Individually randomized trials §9% ot
(-
— Eligible individuals are randomized , \f(\\\ @
\

— Self-selection of persons volq(g%%{émg’?or enrollment

29 @
096\)& W\ &
2
e@

Cluster randorryz@ﬁ:

— Clusters (@a& @@Pﬁmumtles hospitals) or other
@g@\{gﬁﬁ\f people (e.g., workplace) are

6&?1 Aized, and all (consenting) persons enrolled
O\QQ ?G(



Cluster trial: PROs

J Reduce the threat of “contamination” ‘?peofg

] Randomization by group may be tgle\”@a\b)”
feasible method of conductl@o\a‘%ﬁl
(intervention naturally Qppﬁgdeét a cluster level)

- Enhance subjecgp&gﬁh%mce
J Increase %gm*ﬁgcbs‘%?atlve efficiency

o
(o
696 o\

L;q@é’g T’-QQCT may have different design (parallel,
factorial, ecc.)

N



Cluster trial: CONSs

0O

\

1 Commonly, prior consent to randoml or
by individual cluster pal‘teCIpanté@(@@g@\\a
feasible o8 @ 6\6\‘6\\\

Blinding of a cluster E&@{fd@‘\ﬁlﬂlcult

1 The conclusm@ﬁi%w%glate to clusters, to
|nd|V|du%;)@‘3gt@‘é§‘ipant or both

o\

L

96‘
a\) e
s Reduced statistical efficiency (due to intra-

cluster correlation)



Original Article
Journal of Diabetes Science and Technology

Integrated Personalized Diabetes §f£3'.'§% ';i’!”?ﬁ::a'lg,s ey
Management (!’DM): De5|g|:| of the 5’0' lgloﬁ”;%:s'%m a
ProVaIute Studies: Prospective, Clus:ter- SoACE )
Randomized, Controlled, Intervention \O

. . . G\O
Trials for Evaluation of the Effectiveness 0\@‘0 N
and Benefit of PDM in Patients With ad\ ‘\’6\‘\6‘
Insulin-Treated Type 2 Diabetes 6\‘\a(\ @é\d\

\6’\‘6\"&(5\’\@\\’a
Bernhard Kulzer, PhD', Wilfried Daenschel, MD?, Ingrid Daenschel, MD?, OO 66\
Erhard G. Siegel, MD, Wendelln Schramm, MD®, Christopher G. Parkm MS‘5 6\\6
Diethelm Messinger, M‘Sc , Joerg Welssmann I"‘IDIa Zdenka Djuric, MD 0(\
Angelika Mueller, PhD®, Iris Vesper, MS®, and Lutz Heinemann, PhD 6 5
C)
P\QP$ Q

= To determm?é“ if6Se of integrated PDM in
dally@m‘?éé\mbrove glycemic control in
@uﬁwﬁ ‘treated type 2 diabetes patients:

PDM versus usual care



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

.
levels of ambulatory care: g\aoexqu‘
. co\
1. General practitioners (PDM-ProValue @B@g{@sﬁ)‘?
. . e . \\6 .
2. Diabetes specialists (PDM-PR%\O@@% study)

= Study outcome: charlg)@@ﬁiﬁﬁz\lc from
baseline to 12 meriths="

N\
6?/\‘ P\: o<\g\(\a
“Although randq@@z%é{@‘ﬁ“of patients within a clinic or practice site is the
most com@@ﬂ?yeb@sed study design, this “within site” approach has the
RN . . . :
‘ O@&‘t(e(mﬁ%\?to Impact investigator behaviors as they become

OP?ROVVI%dgeabIe 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”



Stepped wedge trials

Pragmatic study design used for th%e\o\og‘a'
evaluation of service delivery nggdmy
interventions 992 g0

2 (e
In an initial period m@‘,ﬁ@f’ers are
exposed. Sugsé\g 4éhtly, at regular
mtervaL (@féps‘)g\one/some clusters are
ran :mﬁed to cross from the control to
sesthe'fntervention. At the end all the
clusters are exposed.



Stepped wedge trials

\Cs
Cluster Period 1  Period2  Period 3  Period 4  Period 503 \Og
W
@
\\‘0“665\“\'\\6\
0 «5\6\\
B2 0?2
(AN PN~
2 066\)\66\ & 'o(\\l
S 2
@\?‘\QO 5\ Q(Gg
3 Pyb 2
€\\ O(\Q
(’5‘3 66(%“ o
2
4 - Q( BQ:(G\O\‘
%‘\’\\\l {\Oa\‘



Stepped wedge trials: PROs and
CONS

&
O\OQ
\0 e\

) Allows to adopt a randomized desgm?i \'f>\‘
situations where randomlzatm@\et@ aifﬁ‘er control
or intervention is not SU|t\§€lzof@(Ne@6

eQ°
? P\Gp‘ﬁo 5\ Q

?/\\ o 0(\(3 but

JIn casé@a@ﬁm*ﬁall cluster size or low intra-cluster
g@!‘?‘@dﬁﬁon can be inefficient

\’a
o Data analysis needs to be adjusted for the
confounding effect of calendar time



Stroke. 2018:49:405-411.

Improving Access to Thrombolysis and Inhospital
Management Times in Ischemic Stroke 4

A Stepped-Wedge Randomized Trial \06\0\0

SOV LN

Julie Haesebaert, MD, PhD; Norbert Nighoghossian, MD, PhD; Cat}}er%gg Q)Iers{@}\‘ahD:
Anne Termoz, MSc; Sylvie Porthault, MD; Laurent D:ar?@\@“ @@

Pierre-Yves Gueugniaud, MD, PhD; Estelle Bravant, MSc; é}%@l&“f‘%ud, MD, PhD:;
Anne-Marie Schott, MD, PhD; on behalf 0{\5]@9‘ gél rial group*®
AN . \‘e(

Background and Purpose—A suboptimal number of ischemi@@\m gﬁ}a eligible for thrombolysis actually receive it,
partly because of extended inhospital delays. We dey I@gﬂ a @éﬁ:hemivc program designed for emergency unit staff
and evaluated its effectiveness for reducing i .§tal' n@&% and improving access to thrombolysis.

Methods—We conducted a randomized stcp?a‘ﬁ\ edga\@trolled trial in 18 emergency unit. The sequentially implemented
training intervention, targeting emeges 1%* ph{\-@fz\ms and nurses, was based on specifically designed videos and interactive
simulation workshops on intra@s ‘talﬁ;ﬁlggcment optimization. The effectiveness was assessed on intrahospital times
and thrombolysis propq@ﬂ% D e study period, all consecutive patients with confirmed ischemic stroke and no

cenlraindic‘ati:.:s @%rg\eaﬁl.ls were included.

‘\‘\\1 . e\\e
o O . .

0\’&9 ‘Ea‘c% EU was considered as a cluster (ie, 18 clusters). The 18 Eus
were arranged into 4 groups based on their geographical proximity.
Each group, thus, composed of 4 to 5 EUs. The trial was performed
in 4 steps, and each group of clusters was randomly assigned to
one step (steps 1-4).



Groups of
Clusters

G4 | O | T | T2 [ T3 _ Ta |

R\l

s | = I R )

O X

G2 | T0 | T1 [ transition | T2 I Eo\ v gm\\o |
,,\\’6“ o
o N E P A

\o no\ o
Period 1 Period 2 Period 3 3 \)&@P@\: l(\\le Period 5 Period 6 fime
1 T e & J 3" f
O
Intervention G1 Inte \@Xewenhun G3  Intervention G4
pOF N6 S
P‘? . ‘\(\‘3
R o o©
\8’56 Ueﬁé\O(\ Pre-intervention period (no intervantion)
o\ \
e®
. QQ( Transition period
0‘5\“\‘ {\06\‘
O‘\QQ ?G( Post-intervention period (intervention implemented)

Figure 1. Study design and clusters randomization according to the different time periods.




Which aspect of the interventions Is
being evaluated?

o ,\O\OQ\
d O «D \\6\\

6\'\’&(‘\ )
-1 Efficacy vs effectiveness g(')?é@ \d\\z\\\a@
0‘96\\%\\‘6(

! Superiority vs e@nﬂ\?@lﬁ?\ce trials/ non
inferiority QF\?PG



Efficacy vs. effectiveness

Efficacy: does the intervention work |go\t>ﬁe
people who actually receive it?_ 6\?&1&\6"‘

— These trials tend to be explanatocga(e\a\\g\@\
— Goal here is high complla({l@@\\ N ®°

P§O 6\9(6()6
Eﬁectlven%@é’b(la@w does the intervention
work |@<ﬁa@ﬁfe to whom it has been

0\?&5@

end to be pragmatic

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



Superiority vs. equivalence/ non
Inferiority trials

>
\OG\O\OQ
QW

: «
. . . . 6\ ) \\6‘\
Superiority trials: 00
Intended to determine if new treatment is é@%\r\%@&’ﬁ’om (better
than) placebo or existing treatment (aqaﬁ?%@ﬁrol)
oO° ™

. . . d\
Equivalence trials: 00 Les?

Intended to determieg@?a{é@?treatment IS therapeutically similar
to a reference t i (margin of equivalence
a@a%rengm g q )

: Q2 " e
Non-ng@ﬁ@mi\y\otrlals:
gmt@h?g@«?‘t% determine that new treatment is not worse then a

g\’aﬂ’orefér‘ence treatment by more then an acceptable amount (margin of
non-inferiority)



Reasons for equivalence / non
Inferiority trials

\&
OOQ
2 Comparison of superiority, equivalence and non- EXIStIng eﬂ:ec {W\ A\
s w24 o 2% mar o treatmengeo® ¢\
i : PIQ@@Bg«é@ntrolled trial
i g aa\\ﬂﬁ)@ﬂ?ica
—— 5 ecﬁ 6\6 Life-threatening illness
Equivalenca &O . Q(Gg
Mew iy 'j'i :_'1%'“?"'-"'.: P\@P\E:ar‘: o\ NEW treatment nOt
treatment Hy —Th<de<1% % ‘1'5?9@? ]
: “”e OQErer substantially better than
Non-inferio existing treatment
o ‘69@ Wﬁ M hg f d
. ,\06\“}‘?&06\‘8\ g— - ], ay nave rewer side |
e e - r ; effects, greater convenience,
o . o lower cost, higher quality of
B life, or provide an alternative
or second line therapy




Noniferiority and equivalence:
CONs o

1 Difficult to specify an appropriate non &\I@f?{(&@rlty
margm . \\fa(\ @5\6
6
] Large sample size requwegaéggﬁﬁéred to
superiority trials ¢

oed\)& &
J Awell executegkxﬁ“@la‘é‘énnot be distinguished,
on the basa@gfa@ﬁtcome data alone, from a
pooglgp%e)@e‘ﬁuted trial that fails to find a true
ool ehce (le. poor compliance, poor diagnostic
criteria, bias endpoint assessment)

\\.



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

The NEW ENGLAND  pgj10.1186/512933-016-0381-x

ORIGIN

STUDY PROTOCOL

Alogliptin after Acu Rationale and design of a randomi

in Patients witl trial to test the safety and non- |5\;féhgm\?
William B. White, M.D., Chri of canagliflozin in pahentg

with chronic heart f%ﬂ@‘é t;kféé

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

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

Cardiovascular Diabetology

Openp Access

/
D C
—+
M
v

ANDLE trial

The NEW ENGLAND JOURNAL of MEDICINE \)\36 (\\‘ h|Oyama Masataka Sata®, Isao Taguchi®,

OGGAQ 6\

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

ORIGINAL ART@fPs$D 6\

‘ l\v SO

eqps O‘g\(\a\
Effect of Sll@ ia®n Cardiovascular
01@0@11‘\@9‘?11 Type 2 Diabetes

é\;\h G ﬂ/l D., M. Angelyn Bethel, M.D., Paul W. Armstrong, M.D.,

\aQﬁhg se, M D., Ph.D., Samuel S. Engel, M.D., Jyotsna Garg, M.S.,
O 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*

‘ dra Yamashina®, Yoshihiko Saito'® YasunonSato

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

On heaithy
subjacus

10-50




Phase I, II, Ill, IV trials

Initial safety

and tolerability
Determine safe
dosage range
Identify side
effects

On heaithy
subjacus

10-50

Efficacy

Dose respance
Furtber
2avalu2tion of
sajety

50-150



Phase I, II, Ill, IV trials

,\O\OQ\

7.8 \
00 \d\a\\
«2‘\‘6@

A\

Initial safety Efficacy > Effac:lveness
and tolerability Dose respance | = Lompare to
Determine safe Furtber commonly
dosage range avaluztien of usde therapies

Identify side sajety Monitor side
effects effects

On heaithy

subjacts

10-50 50-150 300-1000




Phase I, II, Ill, IV trials

Initial safety

and tolerability
Determine safe
dosage range
Identify side
effects

On heaithy
subjacts

10-50

Efficacy

Dose respance
Furtber
2avalu2tion of
sajety

50-150

~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? o

| Parallel trials

m Crossover tp@l@ ik

6
(\Q\(\

- Jg'va?;w?’lal design

0\0 QG



Parallel design

THE PRESENT THE FUTURE

r”
Populauon,

e

1ISample|

! ‘ Disease |dlsl;gse

In a ran
basell %c:r'q@@s (c} randomizes the participants, (d) applies inferventions {one should be a

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

= FIGURE 10,10



Crossover trial: design

Each patient is given more than one 0%
. . . e\
treatment, each at different times in theysttidy,
. : : : : o0~ AW
with the intent of estimating differentes?

IR
between them 0% 25°

. . &Oe‘ Q(eg’b
The simplest trgai&\igh% two-treatment (A and
B), two-pagér&@@‘dé‘éﬁgn. Patients are
randgmized’to receive either A followed by B
RN S
0\6@15;3 fBllowed by A

Washout period between treatment periods



Crossover design

THE PRESENT THE FUTURE
_= "7 7 T~ ¥ Population

! 5 Placebo Washout -\@ O Ay
\ ‘\6"‘ ) o\ ‘

@)

SN
o T @
2% _©
L O\

Washout e Placebo \

\J
o\ e(g',\o(\ Measure Measure

\6\1 outcomes outcomes
S

(GQ )

" EjCURE9.4
0\'39%@ e?éss—*over randomized trial, the investigator (a) selects a sample from the popula-
tion, (b) measures baseline variables, (¢) randomizes the participants, (d) appliesinterven-

tions, (&) 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\
1 In chronic, incurable disease (to keep §afﬁé<x

patients in all the study perlods) \\a\\ “&°
\C\\

%O a
a\\a e
) The condition must Qe@?@b‘l@ (to avoide “period
effects”) RGN
Q/\\P‘ O(\Q\(\
AP

0 Th@éﬁ@@\?s of interventions should have rapid
o@‘t‘im@ét and short duration (to avoide “carry-over
effect”)



Crossover trial: PROs

\O\OQ\ o

l In respect to prognostic factors, the tredam‘( ft

groups are identical, simply beca @\@l@@ same

individuals receive both treg,;m%em‘sd\

@0’\3‘650‘\\‘6
eoeegad\
- Increased comp@g@é‘%\nd recruitment
?/\‘ O(\Q\
6@@ \\6‘6\0(\

d Ingmﬁéeé?eﬁluency then parallel designs
* eBwer variability (within-subject)
— Lower sample size



Crossover trial: CONSs

) Possibility of «carryover» effect § 9% o

\e\’& d\\’&\\
1 Increased likelihood of drgwﬁt}@tlonger time

and possible side e@a@‘t
P\CQP‘ 5\9
Q/\\P‘? (\Q\(\

J The undgaff)gcm@ disease must have a constant

mgaﬂéaﬁé@&unng all treatments periods
O\QQO ?G(



JAMA | Original Investigation

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

: : . : . W\

Treated With Multiple Daily Insulin Injections ‘6\06\0\:

. . . SOV,
The GOLD Randomized Clinical Trial 0S5

N @
Marcus Lind, MD, PhD; William Polonsky, PhD; Irl B. Hirsch, MD; Tim Heise, MD; Jan Bolinder, M @\@\ ‘\\Q\\a
Sofia Dahlqvist; Erik Schwarz, MD, PhD; Arndis Finna Olafsdéttir, RN; Anders Frid, MD, PhD¢ W E‘«b D;
Elsa Ahlén, MD; Thomas Nystrom, MD, PhD; Jarl Hellman, MD .a\\6 e(e
6\)\'6 Q(N
OG 6\6

(B = Editorial page 363
IMPORTANCE The majority of individuals with ty&eﬁ&l\a eg\ %ot meet recommended [ Related article page 371

lycemic targets. \S
. : Q P‘? (\g\(\a Supplemental content
OBJECTIVE To evaluate the d@)? ous glucose monitoring in adults with type 1

diabetes treated with 65[t e dglb‘iﬁtulln injections.

DESIGN, S ‘(Wﬂl géTICIPANTS Open-label crossover randomized clinical trial
W& betes outpatient clinics in Sweden between February 24, 2014, and June 1,
6 thatin Iuded 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: xo\og\ .
CGM versus conventional therapy u3|r\1g(\ S\@@@I}
monitoring of blood glucose 5 3\6\2\6\’\@\\6@

66\\6 \16(66
Open-label CroSSOVER 5a?gglﬁ‘mlzed clinical trial in
Sweden (15 d@be‘% gseéutpatlent clinics)

O(\Q

- Oq@mﬁge@r\neasures difference in HbAlc

sBetwéen 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
44 Excluded
22 Declined participation RU 8@8 Od
» 17 Did not meet inclusion :
criteria O@ \«@é‘ks
5 Other reasons d\'
AP
o WV (e @?
" 161 Randomized ) o) d\\a\\
~ --—-::”r SOY o o\
_— I\ A
82 Randomized to CGM-first 79 Rando Canv ¢§n\al Treatment
study group th irst st@( %u .
82 Received CGM as (%72 ecen@unverﬂmnal — perIOd 1
randomized {period 1) V\O . &1& 5 randomized
G &\ Weriod 1) ) 1-26-weeks
\“J
l { B? ‘A ‘\(\6\ l —
- i ¥ \O i )
12 Dl&mntn@“ O\ & Discontinued Wash out
5 %rew (3@ 3 Withdrew consent S—
a\@Safet 1 Died of prostate cancer 1 7-Wee kS
6‘ 6 50N53 2 Other reasons?
< (\) \’(} w—
A “6 Q P 8(6 l l —
5\\\ . OGN 70 Crossed over and received 73 Crossed over and received Tre atm e nt
s QO ( \ conventional therapy after CGM after 17-week wash .
0\3 ? S 17-week wash out (period 2) out (period 2) P— pe r|od 2
! ! 43-69 weeks
1 Discontinued 1 Discontinued —
(study noncompliance)b (lost to follow-up)c
69 Included in primary analysis 73 Included in primary analysis
13 Excluded (no follow-up data b Excluded {no follow-up data
in both periods) in both periods)




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

\
Fun-in Washout period \'O\Og
per od | Period 1 | and crossover | Period 2 | \6\06 \
I T T T 1 . . \
9.2- 2 6\0 ‘\\‘3\\6‘
® CGM first \'\6(\ 5\6
9.0 O Conventional therapy first | \\@ . 6@
el | Receiving CGM XD 6\\'3\\
o\
S
£
¥
Hemoglobin Alc (HbA, ) was
measurad according to the Maticnal
A s 1A10 hycohemoglobin Standardization
(39 of© Month Program (NGSP). Data markers and
No. of patlents (9\' (5\ error bars indicate mean (95% Cls).
CGM ﬂri:e o \? 60 69 69  &O 59 66 67 &8 69 Data were plotted using the
El;g' é&q@y 5t 7T oTIITLOT 73 7270 73 73 last-obsarvation-carried-forward
XN approach.
02" (\O
O‘\OQ ?G‘



Domanda

Researchers evaluated the effectiveness of the cannabinoid dronablngl
on central neuropathic pain in patients with multiple sclerosis. A \0\0‘3
randomised double blind placebo controlled crossover trial § gesugn
was used. Each treatment period was for three weeks\\ @ga‘.t? by a
three week washout period. e\a d’\@\\a

Which of the following statements, if any, a(%ﬁ:%%;}a%\

ed\)& (\\50‘\\‘
a) All participants received bo@@e t{;{@fﬁs In the same sequence order
b) Each participant ac@ﬁxg D her own control
c) The purpose @%%(W%.ShOUt period was to allow the effects of the first
treath@ratg afs&?pate before starting the second treatment
d?’l%e grossover study design required more participants than if a
“between subjects” study design had been used to compare dronabinol

and placebo
Tratto da Sedwick, BMJ 2014;348:9g3191



Factorial design: definition

-1 Two or more treatments are evaluated nag;?,@ﬁ‘?y‘
separately, but also in comblnatlon\\a@df\gﬁlnst
a control .\e\‘a\s’?\&@\\\a@

) Each level of one mdepgm@p@%anable (factor)
is combined with egetf Flewél of the others to

produce all p&s@;@@eeéombmatlons

] The smpdégg\@%lse is a 2 X 2 design, a study
m,g\(,@hfﬁag\?wo treatment factors, each with two
o\?»‘Qf)eQﬁé(I\S

1 Data collected for all possible combination of
the X levels of the N factors of interest



Factorial design

ad®
THE PRESENT THE F@Eﬁ%

~r

Populationt

I

:Sample-

\ Ianehaﬁ« &lrug B

‘ NN

'\ e &
N 4
e “8&?’;2 (5\0(’\ Placebo A& B [—>| Disease disr:gse

. Flcgy&?lm‘
@ @ﬁé} randomized trial, the investigator (a) selects a sample from the population;
) measures baseline variables; (c) randomly assigns two active interventions and their

controls fo four groups, as shown; (d) applies interventions; (e) follows up the cohorts;
(f) measures outcome variables.




Domanda

Researchers explored the effectiveness of three interventions in preventing
falls among older people. The three interventions were group based §°
exercise, home hazard management, and vision improvement. ‘ \06\0\0
A randomised controlled trial with a full factorial design was use%ﬂ% 6\\@1\\
control treatment was no intervention. The study design allq\‘e@?l v
effectiveness of each intervention to be evaluated pIu%{e?c}) Qpatton of their
effects when combined. The main outcome me eféc’\vv elf reported time
to first fall after randomisation. The researckhe® r(gg@’??ed that group based
exercise was the most effective sin%leeitﬁgr\@ﬁt%n in reducing the number
of falls. PO 2@

How many treatment grouFQh&@\&@ere in the above randomized controlled
trial that incorporate%g?th‘l oftitial design?

O
696(0&66\\6(6\
. QQ‘ e(e\
‘ <
@%?x Qe
C) Seven
d) Eight

Tratto da Sedwick, BMJ 2012:345:e5114



Factorial design: when to use it

-
: . . g0
J To be interested Iin learning abou;d\ogi‘;\ai\\
. . o\ .
treatment combinations @@

. | | 0, o
= Examing the mteractlogébéj;\w@aen treatments
036\),&6\60

- (@9
: \G%\Q

. oP©
1 To examipe'thestiose-response

chagaeteristics of the simultaneous use of
aowN S
O.\,(}gld*@e@;ﬂ‘l‘?‘\ents



Main effect

Average change in the response associated W{g@aa
change in the level of the factor: marglnabw?éjs

(2
20N SO
(Design 3X2) W@
e\.‘a \3\
o 6\6\
Q\R@ctoreqe
6\)\" G\‘
e (J Qa 1 A3
Qt
P@?‘ %\e MY cen 4,8, Cell A;B,
B 'bed Pﬁu@é\gm the Scores on the Scores on the
aa\@d %‘p cpendent dependent dependent fﬂl
e o\ \0\‘6‘ variable variable variable
I 3
90‘5\ : AC® Cell A, B, Cell A,B, Cell A;B,
O S
O A B, Scores on the Scores on the Scores on the
dependent dependent dependent Xs.
variable variable variable
X, %, X,




Interaction effect

] An interaction is between factors (not Ievelsz R

J When differences on one factor depen \G,o\the
level you are on another factor (e\g\\’o\fﬁ@a?\ment or

\e\"& \6\\'6\
placebo) 6\\\6606@65

] You know there’s an wg&*fﬁcﬁﬁn if you can't talk
about effect on g@@i@@f&gr without mentioning the
other factoy e‘“ 9

4 Desgg»ﬁ?gﬁ‘study ‘to specifically’ test for
d&téna@‘?on require a much larger sample size,
and therefore it is essential that the trial is
powered to detect an interaction effect

0\



Factorial design: PROs

0O
- In the absence of interaction, allows graﬂ%ﬁf\\
efficiency in estimating main effec\ts@(\g@ e
precision as two single- fact\gm?tads%smg twice
the sample size) eo\i‘ d\so“\‘e

- In the presence @?ﬁ\]ate?‘actlon is the only type of
design thagzpéc;rmr?é study of treatment
mterq@b@g\\e‘%‘

D®Q$?§aﬂﬂents acting through different mechanism
are more appropriate for factorial design



Factorial design: CONs

. . 0O
1 Treatments must be administered wﬂhgg&o\?f\\
. . A\
changing dosage Iin the presence\,gfa(e;@g\ “Other
(ie cumulative side effect) 0?5

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 3o° \o\o

. 11-3
controlled trial & \a\\
e
Giovanni Annuzzi, Lutgarda Bozzetto, Giuseppina Costabile, Rosalba Giacco, Anna Mangr(\&@\l@f‘a alli,
Marilena Vitale, Claudia Vetrani, Paola Cipriano, Giuseppina Della Corte, Fabrizio P g« iccardi,
and Angela A Rivellese 600 \
6\\6 \16(6
&%
Nz d\
Diabetologia (2015) 58:1551-1560), O g

DOI 10.1007/s00125-015- B&QP\ 6\Q

ARTICLEQ\‘ P\\' g\(\o"
\9 50(\
Q'a %Wenol—rlch diets improve glucose metabolism in people
a\) \‘e(%t high cardiometabolic risk: a controlled randomised

ot
097 ox \ intervention trial
0\‘3 QG
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 Iin individuals at high risk of type 2
diabetes and CVD, the medium-term effects of
diets naturally rich in different sources of 0%
polyphenols and/or marine LCn3s o

\\U

Outcome measures: 8 weeks tg@fglggﬁ e
concentrations and oxicclggi\ygso istress
A 2X2 factorial deagn Zg@@ﬁparlng:
1. Control die{a\ﬂsﬁc&@ﬁ%m and polyphenols
2. High&@ﬁ\\%ﬁi@% rich in LCn3 and low in polyphenols;
B.é\@hﬁQEu@%\?/phenol diet, low in LCn3 and rich in
o opdlyphenols;
4. High LCn3 and high polyphenol diet, rich in LCn3
and polyphenols.



TABLE 4 \oci\a

Absolute changes after the intervention (8 wk minus baseline) in postprandial incremental AUCs of plasma and lipoprotein tnglyc&:nc{a@%@esmrol,

1 .
and apo B-48 - \O \‘\’,\-\'
OF  a e
. ,a(\_a %\c\\’\\-
ngt& \\6 \6
High poly 1nd 6\6 Polyphenol-
Control High LCn3s polyphenols 16 L.Cn3 Polyphenol L.Cn3
(n =20) (n=19) (n=20) \\6 %@9 effect effect interaction
Plasma triglyceride (mg/dL - 6 h) 52 = 204 —69 = 275 X)S'% 6 0( —40 = 149 0.310 0.526 0.252
Plasma total cholesterol (mg/dL. - 6 h) —16 = 42 —2 + 72 e O 4 =5 —10 = 52 0.816 0476 0.187
i i R = 1Ot = S50 8929 5=
Chylomicron cholesterol (mg/dL - 6 h) 1.4 = 6.8 P 7. 5* Q—] 8 =57 —04 =28 0.351 0.742 0.047
“Carge VDY Cerdes T d o o1 IS0 =63 69 (U= o542
Large VLDL cholesterol (mg/dL - 6 h) ﬁ% 0.1 =21 —58 £ 14 0.297 0.676 0.825
Large VLDL apo B-48 (ug/mL - 6 h) Ad x ]% O( 27 £ 0.83 0.29 = 7.86 0.12 = 4.80 0.741 0.750 0.802
" All values are means * SD lﬁC‘l ) erent from the control group, P < 0.05 (ANOVA and least-significant-difference post hoc test). apo

B-48, apolipoprotein B-48; C‘?ﬁ i’; =3 PUFA.
2 Two-factor ANOV@(} abso ues at 8 wk adjusted for baseline values as covariate. P << (.05 indicates a significant difference.
RN
O\OQ ?G‘



How many participants are

Included? -
S0°
606:)\0\\
\0\\6 o\
-l From N-of-1 trials to megaa&ﬁ@l\é
QUL 6\\50‘\\‘ G(G
o ad\
. GP‘$O Z\Q(Gg
! Fixed size o+© e
?NP‘?O(\Q\(\
0‘6\6 32(5\0(\3

) Seduential trials
O‘\OQ ?G‘



N-of-1 trial or individual patient trial

1 These can be thought of as a form of Crossover
trial 298
. . R Y
1 Each participant receives the exg@mj\i@a?él arm
for a period of time and the@«gbféwﬁatroll

comparison arm duringe@\?ﬁtﬁe\\%nt period of time
S ()
] There can be m@%&ﬁg periods of time in
ANt
these studigs'” o«
: x%g@z@@@‘?(x
d QIfaI*‘i\é?)('fg%l?f(tiCipant does not know which
QWY 99 : : : . :
intervention is occurring during each period

Eligible patient | — | Drug | Placebo — | Placebo | Drug * Drug || Placebo




Rheumatology 2007:46:135-140 doi:10.1093/rheumatology/kel1 95
Advance Access publication 15 June 2006

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 G’\o\Og
R. M. Brown® \o° R\
OV,
A .,\6\\6'
. AP
= To assess the effectiveness for the short t&gﬂ@@w@e of drugs
- O
for osteoarthritis \\6%00\666\6
: N . geb :
= Sustained release paracetamgé&e@rggé\%olecoxm

2
= 2 weeks of each treatmcg‘}@@@lb@@treatment cycles

= Qutcome measu%%%@ftiﬁness and functional limitation
scores 52 c\@(é\ooe °
. \ . .
= 41 pg{ggﬁ’%@mﬁ%letmg the n-of-1 trial
WG NG . .
- ‘\gﬁﬁgééat\?%celves each treatment, with treatment order decided
at random

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



Mega trials

J These studies are meant to be HUGE but to Og\

<3>0°‘é€a é\d“&\a
6\\6 \16(66
1 Are usually multi- cenge@‘ﬁwﬁ different countries
P\QP‘$\ 5\9
\\P‘? \Q\(\a

J Have thg@@ﬁgotﬁ “obtain ‘increased statistical
pow@ @h’ﬁ‘ to achieve wider generalizability and
O\a\t‘aﬁblck up small effects



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

Cost-effective recruitment methods fora ~ &= o2

Re\
large randomised trial in people with ‘6036‘ ,\(;\\a
diabetes: A Study of Cardiovascular Events, \a\\"*:,\a\\a@%
iN Diabetes (ASCEND) 5007, 9%

N ef®
Theingi Aung?, Richard Haynes', J||| Barton', Jolyon Cox', Aleksandra Muraws \ﬁ&@m I\%@H\/ Michael Lay',
Jane Armitage’, Louise Bowman'™ and ASCEND Study Collaborative Gréuﬁ}e

\xew

ASCEN ﬁ?é%t@t@ of Cardiovascular Events iN Dia-
betes%(& %5\@‘?&&01’13] design randomised study to as-
@@her aspirin 100 mg daily versus placebo and

5\\\ Q(qﬁ\t‘rately, omega-3 fatty acids 1 g daily versus placebo,
O\QQ 9% 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 I
KO

2. General practice diabetes reglstereso\avea\\
\a\\’é %\6&6\

“Information on approximately 60(%0@@@5&?5ple listed
on 58 centrally held diabetes &r&ezg?%t@f% was obtained,
and 300,188 potentiall %It@?lg@ﬁatlents were invited
to join the study. | {gaﬁ 785 GP practices mailed
|nV|tat|ons to\ 5 patients. A further 2,340
potentlag@?u@y\ art|C|pants were identified via other
rq\wé‘s\‘e}@\?otal 423,403 people with diabetes were
O\avﬂ\a&e‘&f to take part; 26,462 entered the 2-month, pre-
randomisation, run-in phase; and 15,480 were
randomised.”



Fixed size trial

) The investigator establish deductively th‘ebexq\og\a‘

number of partecipants (sample size}am%ftath“ey

) \’\6\\0 ‘ @5\

will include A\
0@ &
22 \\le(ea
QU0 oK

1 Statistical metho%&gg\%e(d@?g calculate sample
size maximi%@ﬂi%\ﬁance of detecting a
statistically ant clinically significant difference

b%m{?zéd@‘f‘ne Interventions when a difference

O

seYeally exist



Sequential trial

J Contrast is with the more traditional fixed sl\g@\@‘
trial in which the number of part|C|pant§<P§,a\\a\
determined based on a priori sa Ssh7e

calculations 6\\\660
N©

_ e@\)\' 6\6
-1 Has a parallel deagge o

1 Number of pag@@@qt’é IS NOT specified before
the trial Q@@{h;;\ o

A%

u Pa\(mﬁ;aﬁts are recruited until the question is
O\a@aswered (or it becomes clear that there is no
possibility to detect a difference between the

arms)




Interim analysis

1 Analysis comparing intervention groups atG@,rd@?‘
time before the formal completion of trge\?@ab’}

. . PRI\

usually before recruitment is com m@fg@e"

’ ot 8%
6\\60\\16(6

R _
J Often used with "st&pﬁﬁi@?‘ules" so that a trial
: L O .
can be stopp\?gergﬁmﬁupants are being put at

risk unn(%g@?i%aarﬂ‘y.
Q(GQa e\6\\e
é\\\\la_ 06\13(

Efé"?i?ﬁ‘i‘r\lg and frequency of interim analyses
should be specified in the protocol.



Sequential trial: PROs and CONSs

) Stopping for efficacy: of 5005

B\
= Patients benefit sooner from the new tr\%aiﬁﬁ@m\‘e‘\
= Less information on secondary mg&h%aé“%oludmg

safety) and subgroups e \\’o\%\‘ ©?°

60‘ &

) Stopping for futlllty$ &
= Efficient with \(gsb%\g&@? Costs time, effort,
. Reducegaé ge@?ted sample size

Ijgb»"é’em@tectlon of participants against unnecessary

AN

0\3@0 gg(pﬁsure 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\OQ
. @S

1 Open trials . &?&2 o

. . . \'\@‘ A\
J Single-blind trials Od\e@i}g\\,o\\\a@
1 Double-blind trials 500

0@6 d\

- Triple and quadrléw@‘mwﬂ trials

\S
?/\‘ P‘?O(\Q °

) Blind ling E&e‘F’evant groups who may/may not
a‘jg@x’? okﬁowledge of treatment assignments

Part|C|pants Investigators/clinicians administering
Intervention, investigators assessing outcomes,
data analyst(s)



1 Open trials

= All participants and investigators know who is get{!} :

which intervention 202"

. . . ANO

) Single-blind @
. PRV DA\

= The participants (usually) or thed ators

assessing outcome (alter@@eéﬁza{\ﬁféenot have
knowledge of the trS@jm‘g@@@%signments
\

- Double-blind 2"

,g\(\a\e%
2& o . ..

= Two g[()@gsqd\‘g(d@“not know—usually it is the participants

an ‘ﬁﬁge&ltcome assessors/investigators

oW (aCP C
_SFripie or quadruple blinding

= Three or four of the relevant groups (prior slide) are

not aware of the treatment assignment



Innovative designs:
Adaptive design

e\o\og\a‘
! Allows adaptations or modifications tgdtﬂ‘éi\a\\
design after its initiation without lw@g@f’nmg

validity and integrity of tn\?i A° \\,e«a@%‘

! Requires the trial tgd)aéf g@ﬁéucted In several
stages with ag et%ﬂmethe accumulated data

(real- tlme&@at@e o

4 Ag;\\ c)gqs‘fage the data may be analyzed and
oResd stages redesigned taking into account all
available data




Adaptive design: institutional definitions

1 EMA: “An adaptive design clinical study is definege\as@g
study design if statistical methodology allows & e*
Sy : 00 AN
modification of a design element (e.qg. %@mﬂg@}%,
randomisation ratio, number of tregﬂﬁ%méé‘?ms) at an
Interim analysis with full cong\@?\f},th@etype | error”
o \

O G (Gga

Q/\\P‘?O{\Q\
A FDA: “Anaédéﬁ(av%edesign clinical study is defined as a
stug\%éﬁ{%&\%hdes a prospectively planned opportunity
O\,&1‘@9?;;@c‘»&fﬁlication 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

,\0\0@\6‘

- . . %

) May improve trial efficiency for the %Qmﬁ;ém@and
the participants in the trial \e*{a\%\,@\\a

S

0%

SR\~
() O .
- Can e@?éaw"\eratlonal challenges because of

‘aqua@f&\@ﬁﬁ%plexity, and the process of adapting a
““trial can introduce bias



Typea of adaptive design trials

Adaptive randomization design 3o
20"
SOV W
Group sequential design ‘ (\ad\‘d\\'&\\a
. \\6\\6‘6@%\
Sample size re-estimation design 606\ ‘2 é\d\\@\\
. -a\\a e\
Drop-the-loser design e@\)\@d\%d\\‘
O S e >
Adaptive d ndirfy design
QP‘? G2’
adﬁboq‘\@@&%r-adaptive design
\X e\
SN . . .
‘\‘6@6‘)6@\9“ Adaptive treatment-switching design
6‘\\‘\ ‘\Oe“ . .
O\aQO eet ¢ Hypothesis-adaptive design

Adaptive seamless phase lI/lll design

A multiple-adaptive design
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