ITANEIIIXTHMIO OEXXAATIAX
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Katnyopie¢ KAIVIKwv MeAETWV

- MNapeppaTikeg (Interventional): o epeuvntC eTEPPaivel oTn BeparTreia.
- Mn NMapepBarikeg (Observational): TrTapartipnon Xwpeic rapsuaaon.
- EI0IKEC pop@EC: UBPIDIKEG, registry, real-world evidence.
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Napeupatikn Mn MNapeufatikn
MeAETn MeA€tn



[MapepPaTtikec MeAetec (Interventional)

- Randomized Controlled Trials (RCTs): gold standard.

- Xoprynon @apuakou f Bepatreiag JE EAEYXO KAl TUXAIOTTOINON.

- 2KOTTOG: va atrodeIx0ei aImwdng oxeon METACU TTAPEUBACNC Kal
QATTOTEAECUATOCG.



The Hierarchy of Evidence

Systematic Reviews
and Meta-analyses

Randomized
Controlled Double
Blind Studies

Lohort Studies

/ Case Cbntrolk'St_lid"ies‘ \

Power of Evidence

........



L
Ouadec EAcyxou (Control Groups)

- Placebo control — ouykpion ye avevepyo ouaia.
- Active control — ouykpion PE EYKEKPIPEVN BepaTTeia.
- Historical control — xprjon d€dopévwy TTOAQIOTEPWYV MEAETWV.



L
MepoAnwia kai lNapepBoAéc (Bias & Confounding)

- Selection bias, Performance bias, Detection bias.
- Confounding: TpiTOC TTaPAyoOVTAG ETTNPEACEI TN OXEON £KOEONG-ATTOTEAECUATOC.
- XpNon OTATIOTIKNG TTPOCAPUOYNC N oXedlaopoU yia peiwan bias.



L
Mnyxoavicpoi Meiwonc MepoAnyiac

Tuxawontoinon (Randomization)

TudAonoinon (Blinding)

Anokpuyn Katavoung (Allocation Concealment)

Tunonoinon Awadikaowwv (Standardization)

Xpnon Avtikelpevikwyv Endpoints




Randomization (Tuxaiotroinon)
|loOTIUN KATAVOUI XWPIC TTPOKATAANYN

- Individuals are allocated at random to receive one of several interventions (at least
two at total)

- gold standard of EBM




Randomization Allocation

- Covariates are distributed equally across the groups at baseline
- Affects both measured and unmeasured variables

Note: the risk of the imbalance remains even after properly executed randomization



Generation of allocation sequence

- Simple Randomization

— Analogous to a repeated fair coin tossing

- Restricted randomization - Blocking

— Done to ensure equal balance of arms throughout all portions of the study
— i.e. blocks of six would have 3 active/3 control

- Stratified randomization

— Individuals are identified based on important covariates (sex, age, etc.) and then randomization occurs within
the strata



L
TugpAotroinon (Blinding)

- ATTOTPETTEI TNV ETTIPPON UTTOKEIMEVIKWY TTAPAYOVTWV.
- Single-blind, double-blind, open-label.
- H atmokadAuywn (unblinding) yiveTtal yovo yia Adyouc ac@AaAcgliac.



L
Blinding

- Classification based on whether investigators and/or participants know which
Intervention is being studied

Fﬂ'—"‘-‘;'"j:s + Double Blind
Physicians

Patients +
Physicians +
Other parties




Classification Schemes for RCTs

- Based on whether investigators and/or participants know which intervention is being
studied (BLINDING)

- Based on how participants are exposed to interventions

- Based on the type of interventions being evaluated

- Based on the number of participants

- Based on whether the goal is evaluation of superiority, equivalence or non-inferiority



Classification based on how participants are exposed to interventions

- Parallel Trials
- Crossover Trials
- Trials with Factorial Design



L
Parallel RCT design

- the most commonly used study design
- subjects are randomized to one or more study arms
- each participant will stay in their assigned treatment arm for the duration of the study

) Seauence 2T




Crossover RCT design

- each subject receives both interventions but in a different order.
- The order in which subject receives interventions is randomized.

- Each subject serves as his/her own control results in balancing the
covariates in treatment and control arms.

- Adequate washout period must be given before crossover to eliminate
the effects of the initially administered intervention,

- Bioequivalence and biosimilar equivalence studies usually utilize a
Cross over design.

Randomisation
process

Group 1:

Group 2:

Medication A

Medication B

Medication B

Medication A




Factorial clinical trial

- the effect of two or more treatments simultaneously
- various combinations of the treatments.

- The simplest factorial design is known as a 2x2 factorial design, =» four
combinations of two interventions.




Drug development phases

Pre-

- Phase Il
clinical

Phase IV
= (Observational studies

[

[ Authorization




L
Phase 0 (Exploratory IND series)

Clinical Research & Developrmresnt Post Authorizration Surveillsnce

Phase Il :

Phase Il

Phase |

Pre-
clinical

Phase IV
Observational studies

[

Authorization

- the first clinical trials done among people.
- Aim: how a drug is processed in the body and how it affects the body.
- a very small dose of a drug is given to about 10 to 15 people.



Phase |

Phase I

Pre-
a Phase Il
clinical

Phase IV
Observational studies

Aim: drug’s safety = human tolerance- dose range B
Pharmaco-kinetics/-dynamics. % "”'
Administered form (pill, solution, patchy 8@
small group of 15 to 30 patients (<100).

<100 £1year



Treot 3 potients with
the MMarvelDiroug
at a dose | T g

Dose

Treat 3 patients with
the AAarvelDrog
at o dose level 15myg

Treat 3 potients with
the MarnvelDirug
at a dose level 10mg

Dose

Continue the
dose escalation

LT: Dose Limiting Toxicity
BT MMaximumm Tolerated Dose

escalation

- -

escalation
Treat 3 more patients

e with the MarnvelDirug ot

a dose fewvel 15mg
\ g

Stop escalating
MTD found (de escalate): 10mg is safe (level below)

. No DLT . DLT




L
Phase |l

Phase |l

Pre-

_ Phase 1l
clinical

Phase IV
=  ODbservational studies

pame P—— Aims:
—HH * Determine Efficacy
several 100 1-2 years * Short-term safety



—_ Response Rate = 2096 7
|
|
|
]
1
. -

Check the 20% response rate

O hjective: to show that more than 20% of the patient treated with the MarvelDrag will
respord

(i.e. a response rate =20% wouwld suggest inactivity, uswally fevel of activity is determined on
clinical grownds)




L
Phase Il

Phase |

Pre-

y Phase I
clinical

Phase IV
Observational studies

T ETTT=——

Alms:

«  CZonfirms efficacy (effectiveness)

= Definition of adversa evenis

=  Key Information for label and marketing
approwval

HOEEFSQ
FEHEFRE
WEEMED
S LLLL
aEEE=E
SEEEsN
HHEEHEN
PEEE=N & |
VEEERFE
FHEEsS
FEHEEs=

:
i
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Superiority Trial / Equivalence / Non-Inferiority



L
Phase IV

Post Avtfroriration Survefillnmee

Phase |l

Pre-
a Phase Il
clinical

Phase IV
=  Observational studies

Almes:
«  Mew formulations and indications
= Long - teerm safety
« [dentification of rare adverse awvenis
in comparison o olher samndard resatment



Superiority trials

Purpose
- To detect a difference between two drugs

Goals
- Establish new drug is statistically superior to active control (and/or placebo)
- Establish new drug is clinically superior to active control (and/or placebo)



Equivalence Trials

Purpose
- To confirm the absence of a meaningful difference between treatments



Bioequivalence Studies (BE)

- Bioavailability: Bioavailability is the rate and extent to which the active
Ingredient or active moiety is absorbed from a drug/product and becomes
available at the site of action (USFDA)

- Bioequivalence (comparative bioavailability): the absence of a significant
difference in the rate and extent to which the active ingredient or active moiety
In pharmaceutical equivalents or pharmaceutical alternatives become
available at the site of drug action when administered at the same molar dose
under similar conditions in an appropriately designed study



Bioequivalence Studies (BE)

- Bioavailability:

- Bioavailability data provide an estimation of the fraction of the drug absorption,
distribution, metabolism, excretion, and the effects of food on the absorption of
the drug, dose proportionality, or linearity in the pharmacokinetics of the active

moieties and when appropriate inactive moieties.



Bioequivalence Studies (BE)

- Bioequivalence (comparative bioavailability): measure and compare
formulation performance between two or more drug products.

- Bioequivalence is measured based on the relative bioavailability of the
Innovator drug product versus the generic drug/product.

- BE studies with Pharmacokinetic endpoint *



Bioequivalence Studies (BE)

- BE studies are also performed for innovator drug product in some situations
such as:

- between early and late clinical trial formulations;
- between formulations used in clinical trials and stability studies, if different;

- between clinical trial formulations and to-be-marketed drug products, if
different;

- between equivalence of product strengths;

- between marketed innovator product and a new formulation of marketed
Innovator product (change in one or more excipients).
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L
Non-Inferiority (NI) Trials

- Purpose:

To demonstrate that a new drug is not worse than an active comparator by
more than a pre-specified amount*

- Non inferiority margin delta (A), 6

- NOT equivalent
- NOT inferior to active comparator

- NI margin must be determined by combination of clinical considerations and
statistical methods



- O oxedlaouog kabopilel TNV eyKUPOTNTA KAl ACIOTTIOTIA MG MEAETNG.
- KaBe peAETN atTavTa o€ Eva 0APEC EPWTNHA.
- AUo Baoikeg katnyopiec: MNMapeppartikeg kal Mn MNapepBaTikec.



L
Mn MNapeupaTikec MeAETeg (Observational)

MONO NAPAKOAOYOH2H

- Cohort studies — prospective/retrospective.

- Case-control studies — ouykpion pe Baon Tnv £kBeon.

- Cross-sectional studies — atrotuTTwaon MIAS XPOVIKNG OTIYUNAG.



MeAéteg Maparnpnong

- MeAeTeg KoopTtng
(Cohort Studies)

 Cohors

v OMAOA ATOPWYV HE KOIVO XOPOKTNPIOTIKO
v 1 KaAG oxedlaouEvn HEAETN KOOPTNG
MTTOPEI VA TTApAcXEl ONPAVTIKA Kal

aIOTMoTa oTTOTEAéOUATA Ly & 0 GTOUp of individuals with

v [poorrrikA YEAETN: TTANPOPOPIEC aTTS TN S , .': softaan characteristics
oTIyun TNG vapgng Tng peAeTng kai émerma | [EAAVASSIRY 5§
(ouvABwg yia ueyaAo Xpoviko dIaaTnUa) (] 115 S -




Cohort study

Exposure —:> Outcome

Case-control study

Exposure <\ O:tcome

Cross-sectional study
Exposure

!

Outcome

—_—

Time

Figure 2: Schematic diagram showing temporal direction of
three study designs
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» Give direct information on the sequence of happenings (ideal for

demonstrating causality)

» Permit the direct calculation of incidence rates in both the exposed
and unexposed groups (calculation of risk or rate ratios, or
differences)

» Permit multiple outcomes to be assessed in the same study

Can be used to study exposures that are relatively uncommon

(enable an adequate number of exposed and unexposed subjects at
the study outset)



v

v

Expensive and time-consuming (large sample size requirements and
long follow-up periods)

Withdrawals and losses to follow-up (selection bias) (connected or
unconnected to the disease)

Exposure misclassification (measurement bias). Subjects may change
their exposure status during the follow-up period. Periodic
reassessments of exposure status are necessary

Outcome misclassification. Advances in the ability to detect a
particular disease during the course of follow-up may bring prior
classifications of outcome status into question and lead to incorrect
study results

Diagnostic suspicion bias. Knowledge of a subject’s exposure status
may influence the accuracy with which outcome status is determined

Inefficient for rare diseases




MeAéreg Maparipnong

- AoBevwv-papTUpWV
(Case-control studies)

Group of interest

e.gq. smokers
Auvo ouadeg (two cohorts) N S Follow F W
a) n oudda ou KTiBsTal (case) 2 2 over time * 2
B) H ouada ouykpiong mou dev €xeEl TN VOOO
(control) 7} mou eivar un ekTeBeiuéva aAAd Comparison group Compare

{e.g. non-smokers) outcomes

TapPOUOIA KATA T UTTOAOITTA UE THV KOOPTH
TWV EKTEQEVTWV *xz Follow R

MPETTEl va ETTIAEYETQI UE TETOIO TPOTTO TTOU, WS 2 overtime 2 2
TTOOC TOUC AAAOUC TTAPAYOVTEC KIVOUVOU TNC
UTTO UEAETNV VOOOU, va Eival OUoIA JUE

TNV OUAOQA TWV EKTEOEVTWV.




OUYXPOVIKEC UEAETEC (cross-sectional studies)

Mapatipnon o€ PIa CUYKEKPIMEVN XPOVIKN
OTIYMA

1 n oTIyuA TNG METPNONG VIO KABE CUPUETEXOVTA
TTOAU JEYAAUTEPO CUCTNMUATIKO OPAAUQ O€ OXEON UE
TIC AVTIOTOIXEG MEAETEC KOOPTNG KAl MEAETEG

«000eVWV- HapTUPWV» e
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COHORT:

48,314 HMO participants
with serum cholesterol
data obtained at a
multiphasic exam

Mean follow-up
of 7.2 years
(+348,000 person
years)

CASES:
Colorectal

cancer cases|

/ [N=245)

CONTROLS:
Five

per case
{matched on
dge, race,
sex, and
time o
multiphasic
gxam)

L i

Comparison of mean
serum

cholesterol levels

in cases and
controls and odds
ratios for

colorectal cancer

by serum
cholesterol (evel
(quartiles)

FIG. 1. Example of a nested case-control study (11) on serum cholesterol and large bowel cancer.



Nested Case-Control / Case-Cohort
Studies

MEASUREMENTS IN THE PRESENT OF
SPECIMENS FROM THE PAST

THE PRESENT
------------ . FPapulation
Study
cohort
&
Risk A Y
e Risk factor Disease )
present abaeet present Sample ]
of controls| !
ik Rizgk factar Dizease :
factol ; absent absent j.’
'_i‘
"'




COMORT:

48,314 HMO participants

with serum cholesterol
data obtained at a
multiphasic exam

Mean follow-up
of 7.2 years

{348,000 person cancer cases
years) [N=245)

CASES:
Colorectal

CONTROLS:
Five

per case
{matched on
age, race,
sex, and
time of
multiphasic
exam)

Comparison of mean
E&rum

cholesteral levels

in cases and
controls and odds
ratios for

colorectal cancer

by serum
cholestergl |evel
(quartiles)

FIG. 1. Example of a nested case-control study (L1) on serum cholesterol and large bowel cancer.



Case report/ Case series

VITEPIYPOAPES TTEPITITWOEWV XWPIC TN XPron opdadag eAEyxou
VXPAOIUN YIa TN dnuioupyia UTTOBECEWY
vBaon yia Tov oxediaoud avaAuTIKWV JEAETWV



e
MeAetec INapatmpnong

BrAuara

- KaBopliopdg epwtApaTog

- ETAoyr TTAnBuopuoU peAETNG
- Métpnon TnG €kBeong

- MNapakoAouBbnon

- EmBePaiwon TG €kBeong

« AvaAuon Twv 0eQ0UEVWV

- Epunveia atmmoteAeopatwy



TABLE 1

Types of clinical
studies

Analytic
Experimental

Observational
analytic

Non-analytic
Descriptive

Study designs

Randomized controlled trial

Cohort study, case-control study, some
cross-sectional studies

Case reports, case series, cross-sectional
studies (surveys)

Types of clinical studies with related study designs and examples

Studied association

Between an intervention and an
intended outcome

Between an intervention and an
intended outcome

Between an exposure® and outcome

Between an intervention and
unintended outcome

Not applicable

Examples

What is the effect of benazepril plus
amlodipine vs benazepril plus
hydrochlorothiazide on the
progression of CKD?1?

What is the difference in survival
among ESRD patients on dialysis, on
a transplant waiting list, and after
receiving a renal transplant??”

What is the risk of all-cause mortality in
each stage of CKD?7

What are the effects of ACE/AIl
inhibitors use vs no use, on peritoneal
membrane transport characteristic in
long-term PD patients??!

What is the prevalence of CKD in
individual European countries??®

What are the international time trends
in the incidence of RRT for ESRD by
PRD from 2005 to 201472¢

Abbreviations: ACE, angiotensin-converting enzyme; All, angiotensin-Il; CKD, chronic kidney disease; CRF, chronic renal failure; ESRD, end-stage renal dis-
ease; PD, peritoneal dialysis; PRD, primary renal disease; RRT, renal replacement therapy.
*Here exposure is defined as a naturally occurring exposure.

Nephrology. 2020;25:737-743.



The Hierarchy of Evidence

Systematic Reviews
and Meta-analyses

Randomized
Controlled Double
Blind Studies

Lohort Studies

.,‘Ca§§ CdntroI'SihﬂieSi' ,

Power of Evidence



[MAgovekTriuaTa

- AlakpivovTal ol aitieg ato TIg ekBéoeig. H
€KOEON PETPIETAI OTNV QPXNA TTPIV TNV
EKBaon.

- MNapéxovtal TTANPOQOPIES YIa TN QUOIKN)
|I0TOPIa TNG VOO OU.

- MTTopei va uTToAOYIOTEI O OXETIKOG Kal
ATTOAUTOG KivOUVOG.

- MtTopei Tautdxpova va peAeTnBouv
OIGPOPES EKPAOEIC (ATTOTEAECHATA)
- EAaxioTOTTOIiNON CUCTNUOTIKWY
OPAANATWYV

MelovekTriparta

- Agv ytropei va emRePaiwbei N aimioAoyikni

oxéon.

- Xpeiadovtal peyaAol TTAnBuopoi Kai

ouvABwg peydAlor xpovol TTapakoAouBnong
(avaAoya pe 10 voonua utrd
TTapakoAouBnaon).

- ATTairouvTal TTEPICOOTEPOI TTOPOI KAl

agIoTTIOTa apXEia.

- NapakoAouBnon o€ peydlo didoTnua-

QTTOXWPNOEIG.

- Agv gival KATAAANAN yia oTTavieG vOOOUG.



Introduction to Genetic Epidemiology

DNA sequence of all human beings is 99.9% identical

2 Our DNAs differ by 0.1%.
2 Does it make a difference ? @

0.1% difference translates into 3 million
separate “spelling” differences in a
genome of 3 billion bases




Small variations in genotype can make
big differences to phenotype @.24%)




Single nucleotide polymorphisms (SNP)
........ GGlTjaacTTG...!
........ GGlclaacTTG...

@ Most common, Incidence 1 per 300 - 600bp

Example:
10 ] N
g } Nucleotide position 430
o iR
m EE]
g o cYP2C9 CYP2C9+*2
o . gene
£ il } 24.1| |
© e Decreased

enzyme activity

n24.2



How researchers compare genomic information to identify genetic alterations

People without condition People with condition

" ’ éé
3 é, (g Genomic information = %7 §

compared IS 7

Dl
M/

2% & S 2s
?2 %"\\, g/
2 \7\\\\ % }?

Genetic alterations

associated with
disease identified




Genetic Association Studies (GAS)

Allele 2 is associated
with Phenotype

~ Contingency



Genome-Wide Association Studies (GWAS)

Identify PrPhenotype

Sub divide populations

@» D . D

H\LH\L”

P

l Seqquence DNA

¢ Cornpare sequences

= = = - - - ® 20 213 22 A3 a1e as

¢ Identify SNPs

Chromosomal Region 1 Chromosomal Region 2

Persomn 1

>

2o =3
=20 ==

Chromosomal Region 3

Person 2

Person 3

GCTAT AGGG
cCcAT Feoccc Person 1
GCTATHEAGGG
ccaTallE¥yccec Fersen2=2
GCTAT AGGG
ccaAT Tocc Person 3

SNP3



o oy
.:.;%!T*h .-'

T« gy =~
Patient ONA Non-Fatient DNA

Compare differences
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Hational Human Genome Research stitue



Compilation of data from Genetic Epidemiology studies

ssse sepel [223ts seasel
22992 ge9¢ 22222 22222
% 3333 2318 mzﬁjJ

Family linkage study Candidate gene Genome-wide
association study association study

Mutation

" Biological ™
R hypomesls :::: R



Levels of Evidence Based Medicine

Level of | Qualifying Studies

Evidence

I High-quality, multicenter or single-center, randomized controlled trial with adequate power; or systematic
review of these studies

II Lesser quality, randomized controlled trial; prospective cohort study; or systematic review of these studies

III Retrospective comparative study; case-control study; or systematic review of these studies

v Case-series

A% Expert opinion; case report or clinical example; or evidence based on physiology, bench research, or “first
principles”




RCT vs Observational

« RCT — internal validity
- Observational — real-world
- Trade-off exists



Exam Question

- Which proves causality?
- A Cohort

- B Case-control

- C RCT (correct)

- D Cross-sectional



Take Home Messages

- Design > Results
- Bias is everywhere
- Think critically



