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1.
ProC bych se mel vzdélavat
ve statistice?
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Paradox soucasnosti

Pokrok v technologiich umoznuje komukoliv provadet slozite
a sofistikované vypocty (napr. data mining). Pri absenci znalosti
zakladnich statistickych technik tak roste riziko:

- chybnych vysledku
- nebo chybné interpretace spravnych vysledku

OMve " 'J. D888 as ﬂ‘.o.:':
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Pro spravnou interpretaci vysledku

klinickych studii je potreba ,klinické"

| ,Sstatisticke” know-how ale take
nenahraditelny

zdravy ,selsky rozum®




2.
Faze klinickeho vyvoje



Realita vyvoje nového pripravku

Qised 10,000

discovery _compounds
Stage 2

Pre-clinical
development

Phases

Stage 3

Clinical development

0 Effect on body

I Safety in humans
y Effectiveness at
treating diseases

m Larger scale safety
and effectiveness

IV Long term safety

Regulatory approval

Uloha statistika v klinickém vyzkumu

Dissemination

- Publications tracking and coordination
- Manuscript development and review

- Posters, presentations, webcasts

- Public use datasets

Analysis
- Enroliment tracking

JN - Interim analysis and reporting
- Data cleaning

- SMC and DSMB table design and creation
- Results analysis

Implementation

- Secure web-based data capture (CFR21 p.11 compliant)
o - Data and safety monitoring (including site - Clinicaltrials.gov reporting

monitoring and audits) - Study materials tracking
- Regulatory tracking - Committee management (DSMB, SMC)
- IND managementissemination - Cross study communication and leadership

Study design & Planning

- Proposal development - Regulatory approvals
- Development of SOPs and governance policies

- Statistical methods identification
- Sample size calculation - Customized training curriculum for diverse

- Custom form development and database design clinical environments
- Randomization and blinding




,otandardni” proces vyvoje nového pripravku

.3
Ei‘ Laboratorni wvoj Qerrrrrne s nrna s nna s
!n Pre-klinicky vyvoj '

=/&  Klinické studie: FazeI
o Faze II
Faze III

== W Registrace a zavedeni do praxe

Post-marketingové studie
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The binary I,]latu'.e Of EUEOTEAMN MEDICIMES AENCY
drug regulation
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Evidence vs. access tradeoff
Time (years) 6

Prevzato EMA, Eichler HG, 2012



EUROPEAMN hiEle{_'lHE 3 AEMNUCY

Going beyond ‘binary’;
a better model for drug regulation?

Current model of licensing
“The Magic Moment”

Knowledge, investment

Adaptive
Licensing

Tlme (yearS) Pfevzato EMA, Eichler HG, 2012



Faze klinickych studii
z hlediska analyzy dat




Klinické hodnoceni ,FAZE I

. Cil:

. Stanoveni zakladnich humannich farmakokinetickych parametrt pfipravku
- Stanoveni maximaini tolerovatelné davky MTD (cytostatika apod.)

« Sledovani nezadoucich ucinkld (bezpenost)

. ,Dose finding“ studie

- Subjekty hodnoceni

« 12-20
« VétSinou zdravi dobrovolnici
« Nikdy ne vulnerabilni osoby

. Design

. Idealni usporadani experimentu vede k odhadu zakladnich parametrd kfivky “dose — response”
. Z etickych davodu vyuzivany adaptivni designy:

nasledujici davka je stanovena na zakladé odpovédi subjektu hodnoceni na davku predchozi

« Prvni davka je stanovena na zakladé preklinického hodnoceni pfipravku (animalni testy)




,Dose-finding” studie

3 subjects, initial dose

Adverse events
NOT present

Another 3 subjects,
higher dose

Another 3 subjects
Initial dose

Y

AE at most
in 1 subject

Another 3 subjects,
higher dose

End of study




Klinické hodnoceni ,FAZE Il

. Cil:

. Ovéreni ucinnosti testovaného pfipravku
- Hodnoceni tolerance nebo bezpecnosti
« Opodstatnéni testovani pripravku v rozsahlejSich KH

- Subjekty hodnoceni

« 20 - 200
. pocet hodnocenych subjekt
. fixni
. nabor po skupinach
. sekvenéni design (pribézné hodnoceni odpovédi kazdého SH)

« Design

« Ojedinéle randomizace

. Jednoramenna KH

. Uginek a toxicita srovnavany se standardné pouzivanou terapii
nebo placebem

. ,Pilot trial“ (II1A)

. ,Pivotal trial“ (11B)




Klinické hodnoceni ,FAZE Il

. Cil:

« Srovnani ucinnosti a bezpec€nosti testovaného pripravku se standardem
(aktivni kontrolou) nebo placebem

. Vytvoreni podkladl pro povoleni k uzivani

. “Cost — effectivness” analyzy

- Subjekty hodnoceni

. 100 -1 000
. pocCet hodnocenych subjekt
. fixni
. nabor po skupinach
. sekvenéni design (pribézné hodnoceni odpovédi kazdého SH)

« Design

. Paralelni

. ,Cross — over”
« Faktorialni

« Randomizace




Klinické hodnoceni ,FAZE III*: Paralelni design

Tento typ usporadani je charakteristicky pro KH faze lll kde je srovnavana ucéinnost
a bezpecnost dvou nebo vice terapeutickych postupu. Zakladnim prvkem designu
je randomizace SH do jednotlivych Ié€ebnych skupin, v prubéhu celého KH je
zachovano jedinec¢né prirazeni SH do Iécebnych skupin.

/ hodnoceny pripravek
\ kontrolni 16¢ba

subjekty hodnoceni zafazené

do klinickeé studie

mMOPN-S00ZP3




Klinické hodnoceni ,FAZE IlI“: Crossover usporadani

r r

Tento typ usporadani je nejcasteéji pouzivany v KH kde
predpokladame velkou interindividualni variabilitu v ucinnosti a
bezpecnosti hodnocenych lé€ivych pripravku. Zakladem je casoveé
oddélena aplikace vSech srovnavanych pripravki vsem SH.

subjekty hodnoceni

Zarazené
do klinickeé studie

—

vash-out
LFIDI:J1

kontrolni |&é€ivy
pripravek

hndnoceny lécivy
prlpravek

1. perioda

. sekvence
pripravek

kontrnlnl
Iecha

2. perioda

2. sekvence

mMOPN-S00ZP>r2




Klinické hodnoceni ,FAZE IV*

. Cﬂ
« Potvrzeni vlastnosti hodnoceného pfipravku za ,realnych® podminek
« Detailni analyza nezadoucich ucink
- Hodnoceni kvality zivota
« Upravy davkovaciho rezimu pfipravku
. ,Cost-effectiveness” studie
. Design
. Deskriptivni studie (analyza béznych informacnich databazi o pacientech)
. ,,Cross - sectional“ studie (analyza voleného strukturovaného vzorku pacient)

. ,,Case - control“ studie (retrospektivni studie zalozené na parové volbé kontrolni skupiny)

- Kohortni studie (retrospektivni nebo prospektivni srovnani kohorty s kontrolni skupinou)




3.
Zakladni pojmy z designu
klinickych studii



Randomizace




Randomizace

Metoda a proces nahodného (pseudonahodného) rozdélovani subjekti hodnoceni do dvou

nebo vice lécebnych skupin.
Control Group iﬁﬂ

Randomization
—

Investigational
Group




Zakladni klasifikace randomizacnich technik

« Nepripustné:
Randomizace SH na zakladé:
- Poradového Cisla vstupu do KH
- Inicial SH
— Data narozeni
— Data vstupu do KH

« Méné vhodné:
- Kompletni randomizace

- Doporucené:
— Permutacni blokova randomizace
- Stratifikovana permutacni blokova randomizace
— Adaptivni randomizace
- Minimalizace
- Metoda “Play the winner”
- Metoda “faleSné mince” nebo “osudi”




Kompletni randomizace

— riziko nevyvazeneho pocCtu SH v léCebnych skupinach

N =100 SH

P(A)= 0,5 ... pravdépodobnost randomizace SH do ramene A
P(B) = 0,5 .. pravdépodobnost randomizace SH do ramene B

Py oeeeeneens pravdépodobnost ekvivalentniho po€tu SH v obou ramenech
studie
n 1 n
— . — Q0
I:)(r)[x=n/2] =| N 2 =8%

Zaver:
Pri pouziti kompletni randomizace je pravdépodobnost shodného poc¢tu SH ve dvou
lécebnych skupinach se 100 SH celkem pouze 8%.




Kompletni randomizace

— riziko nevyvazeneho pocCtu SH v |

écebnych skupinach

Priklad
(Chaow

Pr.: Mu

Zaver:

V multicentrickych KH s limitovanym po€tem SH roste riziko nerovhomeérné distribuce poc¢tu SH

nevyvazeného poctu SH v multicentrickém KH

and Liu 1998)

ticentrické KH, 4 centra (1-4), 3 ramena (A,B,C), N = 96 SH
Randomizace provedena separatné pro kazdé centrum generatorem

nahodnych Cisel

Skupina
Centrum A B C )3
1 7 10 7 24
2 9 6 9 24
3 9 6 9 24
4 6 11 7 24
)3 31 33 31 96

v lé¢ebnych skupinach v ramci jednotlivych center.




Stratifikovana permutacni blokova randomizace

Princip:
Pr.. KH: N = 80 SH, 2 ramena (A,B), blok o velikosti B = 4
1) Volba stratifikaCnich kriterii:

* pohlavi: muz x zena

* vék: <50 x >50

2) Vytvoreni Ctyf podskupin SH na zakladé vSech moznych kombinaci
prognostickych faktoru

- ; z : T Skupina
3) Blokova randomizace v ramci podskupin: T Zony
Blok <50 >50 <50 >50
A A B A
B A B A
B B A B
1 A B A B
B A B A
B B A B
A A A A
2 A B B B




Adaptivni randomizace: Minimalizace

« Princip: Kazdy SH je randomizovan do IéCebné skupiny na zakladé rozlozeni
prognostickych faktort z dosavadniho prabéhu KH

. PF.: KH se sledovanymi tfemi prognostickymi faktory. Dosavadni prabéh KH:
Terapie
Placebo Lék
n 106 107
<50 57 56
Vék >50 49 51

<10

45

44

Klin. par. 1 >10

61

63

25

26

52

51

Stadium 3

29

30

Dalsi SH: Vék = 68 let; Klinicky parametr 1 = 7,4; Stadium = 3

Pocet SH se stejnou kombinaci prognostickych faktoru:
Placebo rameno: 49+45+29 = 123
Lék: 51+44+30 = 125

SH bude s pravdépodobnosti P > 0,5 (3/4 nebo 2/3) randomizovan do ramene s placebem.




Adaptivni randomizace

FIXED RANDOMIZATION
Intervention
arm

Study 1:1
[ participants ]_& 4’[ Outcomes ]

OUTCOME-ADAPTIVE RANDOMIZATION

Intervention
arm

Study
[ participants ]_Oi 4’[ Outcomes ]

Outcomes affect randomization probability*




Propensity score matching

Metoda IPD MAIC CasteCné nahrazuje randomizaci v metaanalyzach:

- disbalanci ve vybranych znamych baseline charakteristikach pacientt srovnavanych skupin

Adjusted populatlon after PS matching

I ained clinical ti Ilpc:l Dropped clinical trial patient ]

atients in the
cIInIcai trial get
“paired up” with a
similar real-world
patient. Potlants
Dropped real-word pati

| Clinical trial pctlents
that don't find a
Idp atien roj real-word patients match get
& @ ‘ ® O dropped.
| Real-world patients
000 Adjusted population after PS weighting
| Clinical trial patients I
] . More similar
patients in each
group get
up-weighted, while
the less similar

Original, unadjusted population

i

patients get
down-weighted. All
patients are
retained.

I Real-world patients

IR

November 21, 2024 ANOVA Te...p v e 30




ITT/PP populace




ITT a PP analyza/populace

Intention-to-treat (ITT) analyticky pristup vychazi z hodnoceni
dat vSsech SH randomizovanych do lécebnych skupin bez
ohledu nato zda

- splnily vstupni kriteria KH

- uzivaly pripravek pridéleny randomizacnim kédem

- dodrzely protokol KH

- predc¢asneé ukoncily u€ast v KH

Per-protocol (PP) analyza vychazi pouze z dat SH u kterych byl
v prubéhu celého KH dodrzen protokol.

Plan statistickych analyz, blind review meeting




Interim analyza




Interim analyza

Klasicky pristup Interim analyza: £averecne

; - zhodnoceni, ovéreni
Rozhodnuti o dalSim

pokracovani studie na platnosti vstupnich

zakladé zhodnoceni predpokladu
platnosti vstupnich
predpokladu
z dostupnych dat

Sekvencni design

Vstupni pfedpoklady,
odhady o uc€innosti
experimetnalni IéCby,
definice hypotézy

Experimentalni |IéCba




Interim analyza

Interim analyza (IA) je jednorazové nebo opakované statisticke
testovani primarni hypotézy pred protokolarné planovanym
ukon€enim KH. Cilem IA je zvazit moznost ukonceni KH

v pripadé ze dalsi pokra€ovani jiz neprinese novou informaci.

Reject Ho O'Brien-Flemming
interim monitoring
boundaries for the
primary endpoint are
Continue Trial based On
predetermined
number of planned
interim analysis with
7] RejectHo overall type error of
a=0.05.

282

S . 224 237 230 234

Z-score
8]
]

I I I I I I I I
&/78 579 109 B0 1080 481 10081 682

Date




Interim analyza

Chybné provedeni interim analyzy zvysuje
pravdéepodobnost falesné pozitivhiho vysledku
studie, proto se jeji provedeni musi ridit
nasledujicimi pravidly:

— Pocet a casovani planovanych interim analyz musi byt uveden v protokolu
studie (tedy pred jejim zahajenim)

v Esw wn

interim analyze nez pfri zavéreéném zhodnoceni studie




Subgroup analyzy




Prikladova studie: ISIS-2

> 17 187 pacientu
> Vyznam aspirinu (ASP) a streptokinazy (SK)
pro dlouhodobé preziti po podezreni na IM
» Studie prokazala (na celém souboru) vyrazné snizeni mortality
pri uzivani ASP, SK a jejich kombinace

Analyza podskupin podle dne
Placebo a mésice narozeni pacientt
(13.2%) ukazala, ze ASP a SK nemaji

Pilacebo infusion and tablets
568/4300 (13.2%)

s“- " w g r . o
e ASP vliv na preziti paC|er]tu ’
Aspirin: narozenych ve znameni Vahy
ass/a300 00y SK a Blizenci

400 —

SK + AS
(8.0%)

300 -

Table 2 False-negative mortality effect in a subgroup defined only by the
astrological birth sign: the ISIS-2 (1988) trial of aspirin among over

17 000 patients with acute myocardial infarction

Astrological birth sign  No. of 1-month Statistical significance
deaths (aspirin
versus placebo)

150 vs. 147

200 <

Libra or Gemini
All other signs 654 vs. B69 2p < 0.000001
Any birth sign” 804 vs. 1016 2p < 0.000001

NS

Cumulative number of vasculsr deaths

100 — C I (9.4%) (11.8%)
um. vasoularmg ——————————
(days 0-35)
i 7 14 21 28 as



Subgroup

All randomized patients

Age

Region

ECOG performance status

Disease site

Disease-free interval

Prior endocrine therapy
Prior chemotherapy

Bone-only disease

Number of disease sites

Subgroup analyzy

Median OS (95% CI)

PAL+LET PBO+LET

53.9 (49.8, 60.8)

51.2 (43.7, 58.9)

I
=u

Missing survival data (%)
PAL+LET PBO+LET
13 21

<65y 53.3(47.0,60.8)  54.4 (44.8, 60.2) . 11 21
265y 58.6 (49.8,66.7)  47.4(36.2,60.4) — 17 21
North America 53.8 (47.3,61.3)  49.4(37.0,57.0) ——— 16 23
Europe 52.3(46.0,63.8)  53.8 (42.3,78.7) ——m | 11 17
Asia/Pacific 73.4 (47.3, NE) 55.1 (32.2, NE) : = : : 14 29
0 58.2 (52.1, 66.0) 85.9 (53.8, NE) H O ! 11 28
1/2 47.3(41.3,60.8)  38.8(32.2,49.8) I 16 16
Visceral 48.1(42.3,53.8)  44.8(32.2,53.8) —O— 13 23
Non-visceral 60.8 (53.8,72.3)  59.7 (47.4, 85.3) >—*—< 14 20
De novo metastatic 54.6 (47.0, 69.1) 60.4 (49.8, 93.8) — = i 10 24
<12 months 457 (36.1,51.1)  37.7(27.1,56.4) [ T 1 12 29
>12 months 66.3(52.1,79.7)  47.4(37.7,57.0) —a—! 17 15
Yes 53.3(48.0,62.9)  44.6 (34.3,52.8) —a—+H 16 18
No 55.1(47.3,71.4)  60.4 (49.8, 93.8) —— ! 10 25
|
Yes 51.6 (45.6,58.6)  44.6 (36.2, 54.4) —a—— 13 18
No 58.4 (50.5,71.7)  58.9 (47.7, 81.0) . 14 24
Yes 63.5(53.9,79.7)  52.3(42.3,59.7) , 16 15
No 51.6 (46.9,57.6)  49.8(38.8, 60.4) ; 13 23
1 59.1(53.8,73.9)  54.4 (45.4,70.3) b = i 15 18
2 60.8 (47.9, 87.2) 54.5 (33.5, NE) = = = 15 37
>3 48.1 (41.3,53.8)  45.8(32.4,57.0) —Ho— 12 15

001 025 05 075
<— Infavor of PAL+LET

1

125 15 175 2
In favor of PBO+LET—>>




Priklady chybnych zavéru subgroup analyz, které byly pozdéji vyvraceny

Observation Refutation
Aspirin is ineffective in secondary prevention of stroke in women®* 31
Antihypertensive treatment for primary prevention is ineffective in women® 34
Antihypertensive treatment is ineffective or harmful in elderly people® 36
Angiotensin-converting enzyme inhibitors do not reduce mortality and hospital admission 38
in patients with heart failure who are also taking aspirin¥

B blockers are ineffective after acute myocardial infarction in elderly people,®and in patients 40
with inferior myocardial infarction*

Thrombolysis is ineffective >6 hours after acute myocardial infarction® 43
Thrombolysis for acute myocardial infarction is ineffective or harmful in patients 44
with a previous myocardial infarction*

Tamoxifen citrate is ineffective in women with breast cancer aged <50 years* 46
Benefit from carotid endarterectomy for symptomatic stenosis is reduced in patients 48
taking only low-dose aspirin due to an increased operative risk”

Amlodipine reduces mortality in patients with chronic heart failure due to non-ischaemic 50

cardiomyopathy but not in patients with ischaemic cardiomyopathy*

Table 1: Examples of subgroup analyses that have shown apparently clinically important heterogeneity

of treatment effect which has subsequently been shown to be false




Doporuceni pro pouziti subgroup analyz

Panel 1: Rules of subgroup analysis: a proposed guideline for design, analysis, interpretation, and reporting

THM;\ .
Subgroups analyses should be defined before starting the
trial and should be limited to a small number of dinically
important questions. L

e Expert dinical input into the design of subgroup analyses is
needed to ensure that all relevant baseline clinical and
other data are recorded.

®  The direction and magnitude of anticipated subgroup o
effects should be stated at the outset.

®  The exact definitions and categories of the subgroup
varables should be defined explicitly at the outset in order
to avoid post hoc data-dependent variable or category .
definitions. For continuous or hierarchical variables the cut-
off points for analysis should be predefined. .

®  Statification of randomisation by important subgroup
variables should be considered.

e I important subgroup-treatment effect interactions are

Significance of pre hoc subgroup-treatment effect
interactions should be adjusted when multiple subgroup
analyses are done.

Subgroup analyses should be reported as absolute risk
statistical significance of differences in absolute risk
reductions should be tested.

Ideally, only one outcome should be studied and this
should usually be the primary trial outcome, irrespective of
whether this is one outcome or a clinically important
composite outcome.

Comparability of treatment groups for prognostic factors
should be checked within subgroups.

If multiple subgroup-treatment effect interactions are
identified, further analysis is needed to check whether their
effects are independent.

anticipated, trials should ideally be powered to detect them Wpeutation

reliably.

®  Trial stopping rules should take into account anticipated
subgroup-treatment effect interactions and not simply the
ovesall effect of treatment.

o If relative treatment effect is likely to be related to baseline
risk, the analysis plan should include a stratification of the
results by predicted risk. The risk score or model should be
selected in advance so that the relevant baseline data can
be recorded.

Analysis and reporting

*  The above design issues should be reported in the methods
section along with details of how and why subgroups were @
selected.

o Significance of the effect of treatment in individual
subgroups should not be reported; rates of false negative
and fakse positive results are extremely high. The only
reliable statistical approach is to test for a subgroup- .
treatment effect interaction.

e Al subgroup analyses that were done should be reported— o
ie, not only the number of subgroup variables but also the
number of different outcomes analysed by subgroup,
different lengths of follow-up etc.

Reports of the significance of the effect of treatment in
individual subgroups should be ignored, especially
reports of lack of benefit in a particular subgroup in a trial
in which there is overall benefit, unless there isa
interactions are rare (assuming that expert clinical
opinion was sought in order to pre-define potentially
important subgroups) and so apparent interactions that
are discovered post hoc should be interpreted with
caution.

No test of significance is reliable in this situation.

Pre hoc subgroup analyses are not intrinsically valid and
should still be interpreted with caution. The false
positive rate for tests of subgroup-treatment effect
interaction when no true interaction exists is 5% per
subgroup.

The best test of validity of subgroup-treatment effect
interactions is their reproducibility in other triaks.

Few trials are powered to detect subgroup effects and so
the false negative rate for tests of subgroup-treatment
effect interaction when a true interaction exists will usually

be high

Panel 2: The four main clinical indications for subgroup

analysis

Potential heterogeneity of treatment effect related to risk

® Differences in risks of treatment

® Differences in risk without treatment

Potential heterogeneity of treatment effect related to

pathophysiology

e Multiple pathologies underlying a clinical syndrome

e Differences in the biological response to a single
pathology

®  Genetic variation

Clinically important questions related to the practical

appliatlonofmtmem
Does benefit differ with severity of disease?

®  Does benefit differ with stage in the natural history of
disease?

® s benefit related to the timing of treatment after a
clinical event?

® s benefit dependent on comorbidity?

Underuse of treatment in routine clinical practice due to

uncertainty about benefit

®  Underuse of treatment in specific groups of patients eg,
elderly people

e Confinement of treatment according a narrow range of
values of a relevant physiological
variable—eg, treatment thresholds for cholesterol level

or blood pressure




Subgroup analysis: Fundamental principles

Subgroup analysis in POLARIX study
(forest plot)

Pola-R-CHP R-CHOP

(N=440) (N=439)
Total 2.year 2.year Hazard 95% Wald Pola-R-CHP R-CHOP
Baseline Risk Factors N n Rate n Rate Ratio Cl Better Better
Age group
:: GoEE MW 8 oey e -
o Subgroup analyses need to be interpreted
Female @ 51 717 38 T3 05 (Gewie . . . - .
oo carefully to avoid misinterpretation
0-1 737 374 784 363 712 08 (0<6to1»o; —Hl—
2 141 66 672 75 650 08 (05t014 ——a]—
IPI score
1Pl 2 334 167 793 167 785 10 (06lo18) »—+—<
IPI3-5 545 273 752 272 €51 07 (051009) ——
Bulky disease ; ’ ; ; : h H H k H H H
Absent w1 2 @1 2w 107 08 ©awon  —E— | The main mistake In interpretation
raphic region
?:ﬁ;‘::,i‘::&i’;s Uniled Stales, 603 302 786 301 720 08 (06w 1) —H of su bgroup analySES:
Asia 160 81 743 79 656 06 (04to15)  ——W—H
Rest of world 116 57 708 59 67.3 09 (06to15) —a
Ann Arbor stage
-1l 99 47 891 52 865 06  (02t018) *
P G & B omI 8 BN -
: R

S - Restriction of the therapy use only to
SUIN 575 201 784 284 672 07 (93619 - : o

. . : o1
selected subgroups despite the positive
L R A R I = =) : :

; : : 101
R effect in the total population
GCB 352 184 751 168 769 1-0 {07 to 1-5)
ABC 221 102 B39 119 588 04 (021008 =
Undlassified 95 44 730 51 862 19  (08l0d5 ; .
Unknown 211 110 738 101 07 04t012 —_—m
Double expressor by IHC
DEL 200 139 755 151 631 06 {041t010) ——
Non DEL a3 223 777 215 757 09 (061013) e
Unknown 151 78 760 73 698 08 (04 to 1:5) —a——
Double- or triple-hit lymphoma
Yes 45 26 690 19 889 38 (0B10174) b
No 620 305 768 315 703 07 (05t010) P
Unknown 214 109 785 105 664 06 (04011  ——=—F




How to interpret correctly subgroup analyses

Pola-R-CHP R-CHOP
(N=440) (N=439)
2.year 2.year Hazard 95% Wald Pola-R-CHP R-CHOP

Baseline Risk Factors n Rate n Rate Ratio Cl Better Better
Age group

<60 140 7441 131 719 09 (0-6to 1~5;

=60 300 779 308 695 07 (0:5t0 09
Sex

Male 239 759 234 658 07 (0-5t00-9) ——

Female 201 777 205 752 09 (0:6 to 1-4)
ECOG PS

0-1 374 784 363 712 08 (06to 10 —l—

2 66 672 75 650 08 (05t014 p——
IPI score

1Pl 2 167 793 167 785 10 (06to186)

IP1 3-5 2731 7h2 272 651 07 {0-5t0 0-9) ——
Bulky disease

Absent 247 827 247 707 06 (0-4 1o 0-8)

Present 193 690 192 697 1-0 (07 to 1-5)
Gevzgraphic region

‘estern Europe, United Staies, 302 7886 301 720 08 (0Bta1-1)

Canada, and Australia

Asla 81 743 79 656 0.6 (04 1015)

Rest of world 57 708 59 673 09 (06to15)
Ann Arbor stage

-1 47 891 52 855 06 (02t

M 124 807 108 736 08 0ato19)

IV 268 726 279 661 08 (06 to 1-1)
Baseline LDH

<ULN 146 789 154 756 08 {05013

>ULN 291 754 284 67-2 07 {05t 10
No. of extranodal sites

B 22T 802 226 745 08 (05t011)

22 213 730 213 658 07 (05t 10)
Cell-of-origin

GCB 184 751 168 769 1-0 (07 to 1-5)

ABC 102 839 119 588 04 02tc06) <« ®—

Unclassified 44 730 51 862 19 08tod s b

Unknown 110 738 101 643 07 04012 —m ]
Double expressor by IHC

DEL 139 755 151 6341 08 {04 t0 1:0) ——]

Non DEL 223 777 215 757 09  (06t013) —

Unknown 78 760 73 698 08  (04to15) B
Double- or triple-hit lymphoma

Yes 26 690 19 889 38 (0Bio17-6) -

No 305 768 315 703 07 (05t 10) —l—

Unknown 109 785 105 664 06 (0-4 10 1-1) e

T
0-26

Outcome of one subgroup analysis itself is
not sufficient to conclude that the treatment
works better/worse in some subgroups.

To conclude, that the treatment works
better/worse in particular subgroup we
need to have (at least):

- Similar and consistent findings from
several independent analyses

- Biological plausibility — justification based
on disease biology, pathology etc.

- Statistical considerations (sample size,
power and type | error control)
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Interpretation of subgroup analyses results

Pola-R-CHP R-CHOP
(N=440) (N=439)
2.year 2.year Hazard 95% Wald Pola-R-CHP R-CHOP
Baseline Risk Factors n Rate n Rate Ratio Cl Better Better
Age group
<60 140 7441 131 719 09 (06tc15
=60 300 779 308 695 07 (0:5t0 09 —a—
Sex
Male 239 759 234 658 07 (0-5t00-9) —
Female 201 777 205 752 09 (0:6 to 1-4)
ECOG PS
0-1 374 784 363 712 08 (06to10 —l—
2 66 672 75 650 08 (05t014 p——
IP! score
1Pl 2 167 793 167 785 10 (06t016
IP1 3-5 273 752 272 651 07 (0:5t00-9 ——
Bulky disease
Absent 247 827 247 707 06 (04 10 0-8)
Present 193 690 192 697 1-0 (07 to 1-5)
Gq&graphic region
‘estern Europe, United Stales, 302 786 301 720 0.8 (06 ta 1-1)
Canada, and Australia
Asla 81 743 79 656 0.6 (04 to 15)
Rest of world 57 708 59 673 0.9 (06to15)
Ann Arbor stage
-1 47 891 52 855 06 (02tc018) <
il 124 807 108 736 08 }0.2 = 1.3;
IV 268 726 279 661 08 {06 to1-1)
Baseline LDH
<ULN 146 789 154 756 08 0:5t0 13
>ULN 291 754 284 67-2 07 go.s t0 10
No. of extranodal sites
e 22T 802 226 745 08 (05t011)
22 213 730 213 658 07 (05t 10)
Cell-of-origin
GCR 184 751 168 769 10 (07t015)
ABC 102 839 119 588 04 0:2t0 0-6) <« —1
Unclassified 44 730 51 862 19 08to4d5 b
Unknown 110 738 101 643 07 04t012 ——]
Double expressor by IHC
DEL 139 755 151 631 08 (04t010) e
Non DEL 223 777 215 757 09  (06t013) — 8
Unknown 78 760 73 698 08 (04 to 1:5) E—
Double- or triple-hit lymphoma
Yes 26 690 19 889 38 (0Bio17-6) b
No 305 768 315 703 07 (05t 10) —l—
Unknown 109 785 105 664 06 (0-4 10 1-1) — =
T
0-26

The study was not designed and powered
to enable conclusions on treatment effect
in individual subgroups

Study results need to be interpreted only for
the whole ITT population because we do not
know the impact of other confounding
factors (imbalance of prognostic factors) on
subgroup analysis

No valid conclusions about significantly

better or worse results for any of the
investigated subgroups could be made
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Metaanalyzy




Meta-analyza

Meta-analyza KH je technologie zobecnéni vysledkl nékolika
nezavisle provedenych KH. Tato technologie je zalozena na
definovani vstupnich a vylucujicich kriterii pro jednotliva KH a
na aplikaci specialnich statistickych technik. Zakladem meta-
analyz je hodnoceni heterogenity vysledku jednotlivych KH. V
pripadé prukazu vyrazné heterogenity je tato interpretovana, v
pripadé prukazu homogenity jsou vysledky zobecnovany. Cilem
meta-analyz je prinést ucelenou a klinicky relevantni informaci
na zakladé vysledki jednotlivych KH, ktera mohou mit
nejednotné zaveéry.

Vybrané problémy:

- ,,publication bias“ (,,funnel shape®)

- vicenasobné publikace vysledkl z jedné populace SH

- nejednotnost hodnoceni lécebné odpovedi a AE




Vyvoj poctu meta-analyz v Case

40000

:

Cumulative number of studies
]

Year of publication




| evels of evidence

Lékare by mélo
zajimat predevsim Nejspolehlivéjsi data
0 srovnani ucinnosti
a bezpecnosti vice pripravku

Mohou a nemusi byt vhodnym
zdrojem dat srovnani ucinnosti vice
pripravku




Grafické znazornéeni vysledku meta-analyz

Individual study risk ratios & 95% Cl

Cumulative risk ratios & 95% Cl 5

001 01 1 10 100 01 02 65 1 2 5 10

Study Year n adasat N, s A s adas d 4 aasa

1965 42 — -
Nash 1967 70 - -
Everett 1969 29| - -
Rosenberg 1971 88 - —
Rosenberg 1971 83 o ——
Andersen 1972 240 — e
Nygaand 1972 15 e e e
Nygaad 1972 104 —— ——
Nygaard 1972 102 —_—— ——
Nygaard 1972 17 > ===
Nygaard 972 18 - e
Evans 1973 &7 o —
Stokes 1974 175 - —
Goldring 1975 50 e s —
Famer 1975 97| ——— —
Nichols 1975 20 * e
Alexande! 1976 62 ——— ——
Stone 1976 %0 ——t ——
Stone 1976 88 — e ¥ ——
Stone 1976 89 —— = =
Kjeilgren 1977 106 g s
Feathers w1 39| - ——
Hughes 1979 159 —— ——
Jostamdt 1981 60| —_— ——
Wenzel 1962 100 — -
Coppa 1983 241 e ——
Lo 1983 47 —_— —
Winkor 1983 &7 ——— .
Gomaz-Alonzo 1984 88 — -
Schliessel 1984 81 -
Gottrup 1985 87 —r s
Petrell 1987 70 G e cesesns .-
Overal 2659 -

Favors antbiotic Favors no antibiotc ~ Favars antib.otic Favors no antibiotic




,Mixed treatment comparisons” a ,Indirect comparisons”

A vB trials

\

& @
(Direct comparison) 4

Indirect comparison of Aand B 4

AvC
trials

BvC
trials

Naive Approaches

Unadjusted indirect comparisons

* Meta-analysis using data of single arms:
MA using all data for intervention A,
MA using all data for intervention B,
MA using all data for intervention C, ...

« Breaks randomisation
=  Should never be used!

= A correct analysis has to be based on the estimated effects of
each RCT




4.
Koncept P-hodnoty



Koncept P-value

Co presne a ,laicky® znamena hladina vyznamnosti ,,P*,
napr. (p<0,0001)?

Jak je zvolen pocet pacientu potfebnych pro zarazeni
do konkrétni studie?

v ucinnosti mezi rameny?




Modelova klinicka studie ovéerujici ucinnost nove Iecby

Situace 1:
Teoreticky soubor VSECH N=vSichni pacienti na svéeté
pacientl na svété

clent : P = 50%

splnujicich vstupni _ o

kritéria nasi studie P(B) = 50%
- /’:’/— N \ M_ 2

-------
\\\\\\\\\\\\

Situace
N=20 ) Situace 4:
P = 60% /,,/’Randomiz-ace 5050 N=29 .
P = 50% 4 Py = 80%
P=0,653 ‘ P = 50%
_— P="0,160

Situace 3: Situace 5:

N=200 N=2 000

P = 60% Py = 00%

P& = 50% P = 90%

P=0,155 P<0,001




Klinicky vs. statisticky vyznamny rozdil

Situace A: Situace B:
N=20 N=20 000

P = 80% X P = 80%
P& = 50% Pg = 81%
P= 0,160 P<0,05

Hladina
vyznamnosti:

Pvalue“

Pocet
pacientu:
N“

Rozdil v

ucinnosti:
D“




Typy hypotéz
v klinickych studiich




Primarni hypotéza

Equivalence testing

E{...............................’ ............................... .}E
Non-inferiorityjtesting
r..—..—..—..—..—..%—..—.}
| e

Superiority testing

>
Better




Typy hypotéz v klinickych studiich

He

0 0 0
Superiority Equivalence Non-inferiority

,2assay sensitivity”
,bio-creep” and ,techno-creep”




Typy hypotéz v klinickych studiich

== Favorsactive control drug | Favors test drug ey

NIMargin =)
I Non-inferior and
= superior
)
} | e
= ot Non-inferior and
I ! | not superior
1
1
| : . | Non-inferiority not
! : | shown
I
I '—.—' Non-inferior and
= inferior
Inferior and not '_._| i
non-inferior :

0

Treatment difference (Test drug - Control)




Kolik pacientu je potreba
na studii?

222222222222222



...hledani vhodné |écby na kurdéje

L 29
SRty GrE ST
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Kolik pacientu je zapotrebi pro studii?

Klinicka studie s 12 pacienty, |Iécebna ramena:

* cider

e vitriol 3x denné

* morska voda

* bylinna smés a balsam z Peru

* vinny ocet

* dva pomerance a jeden citrén denné

G b B (Bbliotheen
R EATISE

.ft, 2 .ql',:-
7

‘;ﬂo iﬁth _0 F T l;l E Lo
g C U R V VY.

BN THREE PARTS,

Fdan



Kolik pacientu je zapotrebi pro studii?

Ovarian cancer screening and mortality in the UK Collaborative Trial of
Ovarian Cancer Screening (UKCTOCS): arandomized controlled trial

I 1243282 women assessed for eligibility |

. . 7 .
Klinicka studie:
° 78225 self-reported as not meeting
inclusion criteria
. o B 172149 declined to participate
124 pacientu 377688 Gelnot epond
10192 not recruit ause target reached
’ ed bec
. s
202 638 randomizovanych :
205 090 enrolled
2452 excluded
> 1402 did not meet inclusion criteria
1050 declined to participate
A
| 202 638 randomised |
101359 assigned no screening I l 50639 assigned USS I l 50640 assigned MMS
2389 were not screened 557 were not screened
28 died 2died
27 ovaries removed Nl B 5 ovaries removed 2
2334 declined intervention 550 declined
60 excluded 16 excluded® 16 excluded®
42 oophorectomy before : 12 oophorectomy before 11 cophorectomy before
recruitment H recruitment recruitment
» 18 exited registry before 2 ovarian cancer diagnosed bp 2 ovarian cancer diagnosed
recruitment : before randomisation before randomisation
2 exited registry before 3 exited registry before
H recruitment recruitment
v y
101299 included in primary analysis I I 50623 included in primary analysis l 50624 included in primary analysis ]1 --------------------

—

1 T
563 incomplete follow-up

ete follow-u; 1150 incomplete follow-up 540 incom
lined flaggi pwnh 3 declined flagging with 2 declined flagging with 1d
;nonal re g.f.:i national registries national registries n
ted re ‘sgt hefore 1147 exited registry before 561 exited registry before 539e
€31, Z%lzt’y Dec 31,2014 Dec31,2014 ()]

_] 100149 complete follow-up

I 50060 complete follow-up

I | 50084 complete follow-up




Proc je dulezité optimalizovat prospektivné velikost vzorku?

. Etické aspekty
- Ekonomické aspekty

. Pozadavek regulaénich autorit (SUKL, FDA)

. Riziko neplanovaného poctu subjekti hodnoceni

- Maly vzorek — ztrata €asu, nemoznost prokazat rozdil mezi
srovnavanymi rameny

. Velky vzorek — ztrata ¢asu a prostfedku, prukaz klinicky
nevyznamneého rozdilu mezi srovnavanymi rameny




Jak je moZné prakticky ,usetfit” pocet pacientli potfebnych pro studii?

DESIGN

Vhodné zvolend primarni hypotéza
Pouziti vhodnych randomizacnich technik
Specifické designy jako napf. N-of-1, apod.

Pokud je to moZné, vyuzit cross-over design (mozna Uspora az 60-80% pacient()

U 000 o

Group-sequential design (moZna Uspora cca 30% pacient(l) ale ma svoje rizika,
adaptivni design bez ovlivnéni hladiny vyznamnosti

ENDPOINTY

O Vhodna volba typu endpointu (spojita vs. diskrétni data)
O VyuZiti kompozitnich endpointd

O U Time-to-event dat co nejdelsi sledovani (mozZna Uspora cca 30% pacientt)




Vliv endpointu na velikost vzorku

Priklad vypoctu velikosti vzorku (binarni endopint)

Rameno P (placebo): Pokles bolesti u 30% SH

Rameno E (akupunktura): Pokles bolesti u 40% SH

Zvyseni podilu SH s poklesem symptomu o 10% je povazovano za klinicky
signifikantni

o= 0,05

f=0,20...... sila testu (1-B) ...... 0,80
p,=0,30

p,= 0,40

N =376 SH v jednom rameni KH




Vliv endpointu na velikost vzorku

Priklad vypoctu velikosti vzorku (spojity endopint)
Rameno P (placebo): Pokles bolesti na 4,0 (stupnice 0-10)

Rameno E (akupunktura): Pokles bolesti na 3,0 (stupnice 0-10)

Snizeni bolesti o 1,0 je povazovano za klinicky signifikantni

o= 0,05

N =64 SH v jednom rameni KH




Vliv endpointu na velikost vzorku

Vliv délky sledovani na velikost vzorku u FU =2 roky, FU =3 roky,

Ltime-to-event” dat ztrata 50% dat ztrata 25% dat

Pacient 1 e Death

Pacient 2 ° Relap

Pacient 3 ~— Death

Pacient 4 ® _ Death
01/01/2000 01/01/2001 01/01/2002

Kalendarni ¢as




Multiplicita




Multiplicita

Predstavme si, ze hodime 100x minci a padne nam 100x orel....

Jaka je pravdepodobnost, ze mince neni ,,cinknuta“?

Pravdépodobnost nastani této situace je 1/21°

Predstavme si, Ze mame 2% minci a kazdou hodime 100x

Jaka je pravdepodobnost, ze alespon u jedné mince padne 100x orel?




PocCet primarnich endpointu

INTERNATIONAL CONFERENCE ON HARMONISATION OF TECHNICAL
REQUIREMENTS FOR REGISTRATION OF PHARMACEUTICALS FOR HUMAN

USE

ICH HARMONISED TRIPARTITE GUIDELINE

STATISTICAL PRINCIPLES FOR CLINICAL TRIALS

This Guideline has beer;]

has been subject to consu
Process. At Step 4 of t
regulatory bodies of the E

2.2.2 Primary and Secondary Variables

The primary variable (‘target’ variable, primary endpoint) should be the variable
capable of providing the most clinically relevant and convincing evidence directly
related to the primary objective of the trial. There should generally be only one
primary variable. This will usually be an efficacy variable, because the primary
objective of most confirmatory trials is to provide strong scientific evidence regarding
efficacy. Safety/tolerability may sometimes be the primary variable, and will always
be an important consideration. Measurements relating to quality of life and health
economics are further potential primary variables. The selection of the primary
variable should reflect the accepted norms and standards in the relevant field of
research. The use of a reliable and validated variable with which experience has been
gained either in earlier studies or in published literature is recommended. There
should be sufficient evidence that the primary variable can provide a valid and
reliable measure of some clinically relevant and important treatment benefit in the
patient population described by the inclusion and exclusion criteria. The primary
variable should generally be the one used when estimating the sample size (see
section 3.5).




PocCet primarnich endpointu

Co-Primary Endpoints

= In some cases, benefit on one endpoint may not be sufficient

— In acute cardiac failure, immediate (e.g., within two hours)
relief of symptoms may be necessary

— Mid-term (e.g., 14 days) mortality may also be necessary
= In such cases, we refer to co-primary endpoints
= Both are necessary; not either/or

Composite Endpoints

= Different to co-primary
= Here, either of the separate endpoints may be sufficient
— Common example in stroke . . . 28-day mortality or myocardial
infarction or recurrent stroke

— Having any one (or more) of these endpoints would be
considered a treatment failure




Hierarchickeé testovani

HIERARCHICKE TESTOVANI

Figure S2: Type I Error Control. Depiction of type I error control for co-primary endpoints PFS and OS, with
alpha split, alpha recycling, and statistical testing hierarchy.

One-sided o= 0-025

(1) PFSAvs C (2)OSAvs CITT
ITT If (1) is negative: a=0-015
a=0-01 If (1) is positive: 0-01 If (1) 1s positive: o= 0-025

If (2) is positive:

(3)OSBvs CITT
o is same as in (2)

Atezolizumab +
platinum-based chemotherapy

Atezolizumab monotherapy If (3) 18 pOSitiVCZ

Placebo + “
platinum-based chemotherapy ha {—]-) OS Bvs CIC2/3 p'd[iCHIS

o 1s same as in (2)




Prikladova studie: Alokace hladiny vyznamnosti

Figure 3 displays the multiplicity strategy diagram for the study.

CPS 20
Superiority

CPS 1
Superiority

All subjects
Non-inferiority

All subjects
Superiority

Pembrolizumab Monotherapy vs SOC

PFS

H1

a=0.0019

i3

0s oS PFS

H4
a=0.0012

i

H5
a=0

a=0.0002

Pembrolizumab + Chemotherapy vs SOC



Endpointy




Typy endpointu v klinickych studiich

Examples of Outcome Types

Qualitative:

* Binary: Complete remission (yes vs no), Patient status (death vs alive)

* Nominal:Adverse event type

e Ordinal: Disease state (improved vs stable vs worsened), Neutropenia grade (1-4)
Quantitative:

* Discrete: pain scale (0O=no pain, 10=worst pain imaginable)

* Continuous: Gene expression, Tumor size in mm, Visual analog

scale in mm, Quality of Life score

Time-to-event: Time to death, Time to progression, Time to response




Typy endpointu v klinickych studiich

Common Endpoints in Cancer Clinical Trials

Serial No Endpoint

Definition

Unique feature

1.

Lol

IS I

10.
11.
12.
13.

14.

15.
16.

Overall survival
Progression-free survival
Time to progression

Event-Free Survival

Disease-free survival
Time to Treatment Failure
Time to Next Treatment

Duration of Clinical Benefit

Duration of Response

Objective Response Rate
Complete Response
Pathological Complete Response

Disease Control Rate

Clinical Benefit Rate

Health-Related Quality of Life

Milestone survival

Time from randomization to death.
Time from randomization to disease progression or death, whichever comes first.
Time from randomization to disease progression.

Time from randomization to disease progression, discontinuation of treatment for any
reason, or death.

Time from randomization to disease recurrence.
Time from initiation of chemotherapy to premature discontinuation of treatment.
Time from initiation of treatment to beginning the next line of therapy.

Time from randomization to progression or death in patients who had a complete or
partial response or a stable disease for over 24 weeks.

Time from randomization to progression or death in patients who had a complete or
partial response.

Proportion of patients with partial or complete response to therapy.
Lack of detectable evidence of tumor
Lack of residual invasive cancer in resected breast tissue or regional lymph nodes.

Percentage of patients with complete response, partial response, or stable disease as a
result of their therapy.

Percentage of patients with complete response, partial response, or at least months of
stable disease as a result of their therapy.

Assessment of patient quality of life with respect to health status.

Survival probability at a prespecified time point.

The ‘gold standard’ primary clinical endpoint.
Used to assess therapies targeting advanced or metastatic malignancies.
Only uses time to progression and does not include time to death.

Used to evaluate highly toxic treatments.

Used to assess adjunctive and curative therapies.
Used with other endpoints to assess reasons for discontinuing treatment.
Used as a meaningful endpoint for patients with low grade, incurable malignancies.

Used in settings where disease stabilization is meaningful.

Used to assess therapies for durable response.

Used to assess neoadjuvant therapies.
Included as a major goal of multiple myeloma treatment.
Used in accelerated approval for neoadjuvant therapies targeting breast cancer.

Used to assess the tumorstatic efficacy of a therapy.

Used to capture tumorstatic efficacy of a therapy and stable disease.

Used to directly measure patient quality of life.

Used to evaluate a cross-section of OS data.

Delgado A, Guddati

AK. Clinical endpoints
in oncology - a primer.
Am J Cancer Res. 2021




Definice vybranych time-to-event endpointu

Regional recurrence | Nodal disease in central, retropharyngeal, or lateral

compartments of lymph node ‘ . O . .

Distant recurrence | Disease recurrence beyond the regional nodal basins Diagnosis Treatment

AMERICAN
Clinical Endpoints THYROID
ASSOCIATION
Progression

I Persistent disease | Disease left following initial surgery: residual tumor in the : l

area of the primary tumor and/or regional lymph node : Treatment Die
[ Recurrent disease Biochemical and/or new structural disease in : _."F;|?P:5.°.--.-, .

patient rendered disease-free : :' : : :

: . , . N 4 H : i

[ Local recureence ] Evidence of thyroid cancer in the thyroid bed Distant locoregional  Distant ANy cancer
I metastasis Recurrence Recurrence cause

Time-to-event Endpoints in Cancer

The time from diagnosis/treatment to the progression ——
MR of tumor (in any aspect). e .
The time from diagnosis/treatment to the *
Progression-free survival | progression of tumor (in any aspect) or death PFS e !
e —————— ————————————— —
(for any cause). :
Progression-free interval | The time from treatment to locoregional recurrence. PFI —
Relap survival The time fr_om treatment to the relapse (local, RFS
ee-free regional, distant).
The time from treatment to locoregional recurrence or —
Recurrence-free survival | . (for any cause) RFS e e —
The time from treatment to locoregional recurrence
. ’ [ ]
Disease-free survival | meatastasis or death (for any reason) OFS e
. The time from diagnosis/treatment to death (for 0s S ———
Overall survival any reason)_ ..
Disease-specific survival ;::ctlltl'::? from diagnosis/treatment to death (cancer DSS ————




Regulatory perspective: FDA

FDA guideline defines endpoints
to be used in cancer clinical trials

Clinical Trial Endpoints
for the Approval of
Cancer Drugs and
Biologics
Guidance for Industry

U.S. Department of Health and Human Services
Food and Drug Administration
‘Oncology Center of Excellence
Center for Drug Evaluation and Research (CDER)
Center for Biologics Evaluation and Research (CBER)

December 2018
Clinical/Medical

Table 2. Advantages and Disadvantages of Importani Cancer Approval Endpeints

Owverall
Survival

s Easily and precisely measured
» Generally based on objective and
quantilalive assessmenl

Rialuieg,

« May be affected by swilch-over of
control to treatment or subsequent
therapies

« Needs longer follow-up

» Includes noncancer deaths

Progression-
Free Survival
or Time Lo

Progression

Symptom N 13 e e e B e A T e
Endpoints smaller sample size compared with | endpoint
(patient- survival studies « Potentially subject to assessment bias,
reported particularly in open-label studies
oulcomes) « Lack of validated instruments in many
disease areas
« Definitions vary among studies
« Balanced timing of assessments among
treatment arms is critical
Disease-Free | « Generally assessed earlier and with | « Potentially subject to assessment bias,
Survival or smaller sample size compared with | particularly in open-label studies
Event-Free survival studies « Definitions vary among studies
Survival » Generally based on objective and | « Balanced timing of assessments among
quantitative assessment treatment arms is critical
« Includes noncancer deaths
Objective s Generally assessed earlier and with | « Definitions vary among studies
Response smaller sample size compared with | « Frequent radiological or other
Rate survival studies assessments
« Effect on tumor attributable to « May not always correlate with survival
drugls), not natural history
» Generally based on objective and
quantilalive assessmenl
Complete » Generally assessed earlier and with | « Definitions vary among studies
Response smaller sample size compared with | « Frequent radiological or other

survival studies

» Effect on tumor attributable to
drugls), not natural history

« Generally based on objective and

assessments
» May not always correlate with survival

uantitative assessment I

» Generally assessed earlier and wi

smaller sample size compared wil

survival studies

» Measurement of stable disease
included

e Generally based on objective and
quantilalive assessmenl

« Potentially subject 1o assessment bias,
particularly in open-label studies

« Definitions vary among studies

« Frequent radiological or other
assessments

» Balanced timing of assessments among
treatment arms is critical

« May not always correlate with survival




Regulatory perspective: FDA

Rationale for the use of PFS as primary study endpoint

Clinical Trial Endpoints
for the Approval of
Cancer Drugs and
Biologics
Guidance for Industry

>

PFS is not confounded by subsequent therapy

» For a given sample size, the magnitude of effect on PFS can be larger than the

>

effect on overall survival.

Treatment effect measured by PFS can be a surrogate endpoint to support
accelerated approval, a surrogate endpoint to support traditional approval, or it
can represent direct clinical benefit based on the specific disease, context of use,
magnitude of the effect, the disease setting, location of metastatic sites, available
therapy, the risk-benefit relationship, and the clinical consequences of delaying or
preventing progression




Regulatory perspective: EMA

EMA guideline defines the rules for the use of PFS and OS in cancer clinical trials

Qo > If PFS is the selected primary endpoint, OS should be reported
e as a secondary and vice versa.
S o s s vaton of e » When OS is reported as secondary endpoint, the estimated
i i treatment effect on OS should ensure that there are no relevant
it e = negative effects on this endpoint, in most cases by showing trends
o — towards superiority.

e » |In situations where there is a large effect on PFS, or if there is a long
expected survival after progression, and/or a clearly favourable

e safety profile, precise estimates of OS may not be needed for
e approval.




Number needed to treat

Number needed to treat (NNT)

Tento ukazatel je jen jinou formou vyjadieni ARR a pocita se jako prevracena
hodnota ARR, tedy 1/ARR. Pfi pouziti pfedchoziho uvedeného prikladu by tedy
hodnota NNT byla 1/ 0.1=10. Tato hodnota se interpretuje jako pocet pacientd,
které je nutne |eCit uspésnéjsi [éCbou abychom zabranili jednomu negativnhimu
vystupu IéCby ve srovnani s méneé efektivni IéCbou. V nasem pripadé to tedy
znamena, ze na 10 pacientu |é€enych IéCbou A bude jeden pacient u kterého
zabranime umrti do peéti let ve srovnani se situaci, kdy jsou vsSichni pacienti [éCeni
léCbou B.

To gain a rapid picture of the benefit (B) or harm of a given treatment, it is sometimes useful
to calculate the number of people that would need to be treated to save or lose one life.
That number is simply the reciprocal of the difference in absolute (not relative) risk (R).
Considering again the example of thrombolytic therapy for an acute Ml, the absolute risk
difference is 12% — 9%, or 3% (B), so the number needed to treat (NNT) is 1/0.03 or 33. In
the setting of an acute MI, one would need to treat 33 patients with thrombolytic therapy to
save one life. On the other hand, the absolute risk difference for an intracranial hemorrhage
Is 1% (R), so the number needed to harm (NNH) is 1/0.01 or 100. One would need to give
100 patients thrombolytic therapy to cause one fatal intracranial hemorrhage. These simple
calculations do not weigh the relative value of the benefit and the harm, but the NNT and
the NNH can provide a useful snapshot of benefits and risks.




NNT: How is it calculated?

Let‘s have a clinical trial comparing interventional treatment A with control treatment B:

Treatment A: Treatment B: Calculation of NNT:
Progression in 25% pts Progression in 50% pts

Risk of progression on treatment A: 0,25

% % % % Risk of progression on treatment B: 0,50
T T [ [

NNT=1/(0,50-0,25)=4

L B

Four patients need to be treated by treatment A to
avoid progression in one patient (in comparison to
treatment B).



Relativni riziko = Relative risk

“\lypocet relativniho rizika (RR) umoznuje srovnat pravdépodobnosti vyskytu

sledovaného jevu ve dvou rliznych skupinach.

“ 1. skupina — experimentalni nebo skupina s expozici uréitému faktoru

“ 2. skupina — kontrolni nebo skupina bez expozice

Pravdépodobnost vyskytu jevu v 1. skupiné (experimentalni)

RR =

Sledovany jev

Skupina

Experimentalni Kontrolni Celkem
Ano a b a+b
Ne c d c+d
Celkemn a+c b+d n

Pravdépodobnost vyskytu jevu ve 2. skupiné (kontrolni)

il
5

B

S~
+
NS




Pomér sanci = Odds ratio

“ Pomeér Sanci (OR) je dalsi charakteristikou, ktera umoznuje srovnat vyskyt

sledovaného jevu ve dvou rliznych skupinach.

“ 1. skupina — experimentalni nebo skupina s expozici urcitému faktoru

“ 2. skupina — kontrolni nebo skupina bez expozice

Pravdépodobnost vyskytu jevu v 1. skupiné (experimentalni) P1
OR 1 — Pravdépodobnost vyskytu jevu v 1. skupiné (experimentalni) Ol | B PI
B Pravdépodobnost vyskytu jevu ve 2. skupiné (kontrolni) O0 Po
1 — Pravdépodobnost vyskytu jevu ve 2. skupiné (kontrolni) 1- Po
Skupina
Sledovany jev B a
Experimentalni Kontrolni Celkem —p —
Ano a b a+b ‘ OR = L— £
Ne c d c+d : 2
1-P, d
Celkem a+c b+d n




Grafické srovnani RR a OR

i Vyskyt sledovaného jevu
A B i Bez vyskytu sledovaného jevu
i
i
AALLL PR B 1111 I
_ _DuReEeiet o, v b dib 4
RR = - 3 - i i OR = —3—3.5
TR R T
AR P tieieie
i
i
it




Hazard Ratio (HR)

Hazard ratio is a measure of how often a particular event happens in one group compared to how often
it happens in another group, over time

Calculation of Hazard ratio FeZEl] D) 11 B 910

- Experimental Control
Experimental treatment better treatment better
< 1 treatment is better
/ HR
Risk of event on —JJ—
experimental treatment ‘ Y J
Confidence

— > No diff .
HR - Risk of event on 1 o dmerenee interval <D
control treatment \
——
> 1

Control treatment

IS better
T

<1 1 >1
Hazard ratio

95% confidence interval for Hazard Ratio (e.g. HR=0.68: 0.42-0.88) must not include 1 to be statistically significant.




Kvalita zivota




Parametr QALY (quality-adjusted life years) umoznuje indexové posouzeni délky
a kvality zivota jako benefitu pouziti Iééebného postupu

1 ==

== Best possible health state

--I-- Worst possible health state

Calculating QALYs: an example

Intervention A: Four years in health state 0.75 3 QALYs
Intervention B: Four years in health state 0.5 2 QALYs

Additional number of QALYs generated by A 1 QALY

Quality
of life
weights

Intervention 4

QALYs gained

Intervtn tion B

Death 1

Tirme

Death 2




Intervention

£/QALY at 1990 prices

Cholesterol testing and diet therapy (all adults aged 40-69)
Neurosurgical intervention for head injury

GP advice to stop smoking

Neurosurgical intervention for subarachnoid haemorrhage
Antihypertensive treatment to prevent stroke (ages 45-64)

Pacemaker implantation

Hip replacement

Valve replacement for aortic stenosis

Cholesterol testing and treatment (all adults aged 40-69)

Docetaxel (as opposed to padlitaxel) in treatment of recurrent metastatic breast cancer
CABG (left main-vessel disease, severe angina)

Kidney transplantation

Breast cancer screening

Heart transplantation

Cholesterol testing and treatment incrementally (all adults aged 25-39)
Home haemodialysis

CABG (one-vessel disease, moderate angina)

Hospital haemodialysis

Erythropaoietin treatment for anaemia in dialysis patients
{assuming 10% reduction in mortality)

Addition of interferon-o:2b to conventional treatment in newly diagnosed multiple myeloma

Neurosurgical intervention for malignant intracranial tumours

Erythropoietin treatment for anaemia in dialysis patients
(assuming no increase in survival)

220
240
270
490
940
1,100
1,180
1,410
1,480
1,890*
2,090
4,710
5,780
7,840
14,150
17,260
18,830
21,970
54,380

55,0608
107,780
126,290

* Adjusted to 1980 prices using Hospital and Community Health Senice Pay and Frices Index, Unit Costs of Health and Socal Care. PPSSRU, 1996,

(2,431 +200.7 x 155.6 = 1,890. 3 Translated into 1990 prices, as above




QALY: priklad u diabetiku

PIné zdravi S QAXLY

., 10

Diabetik bez
0.814 - komplikaci

— »0.734 -
Diabetik s ] ‘
poskozenim zraku 0.68 |+

> 0.49 - Diabetik s nizkou

amputaci DK

Hemodialyzovany
diabetik -

0011 smnt

Ilavska, Tomek 2006: Farmakoekonomické posouzeni IéCby diabetologii, podle:
Clarke P et al (2002) Med Decision Making, 22 (4) (UKDPS 62), Teng TO et al (2000) Med Care, 38 (6)




QALY a DALY

QALYs and DALYs




Inkrementalni naklady: ICER

Inkrementalni naklady jsou definovany jako rozdil mezi naklady dvou technologii, které
jsou neslucitelné.

Pro srovnani dvou technologii z hlediska jejich nakladu a pfinosu se pouziva tzv.

inkrementalni pomeér, ktery vyjadiuje naklady na jednotku ucinnosti nove technologie
ve srovnani se stavajici:

ICER = (NAKLADY HI — NAKLADY SI)/ (PRINOSY HI — PRINOSY SI)

Hl — hodnocena intervence S| — srovnavana intervence

C, = cost in intervention group
C, = cost in control group
E, = effect in intervention group

E, = effect in control group




ICER

INCREMENTAL COST - EFFECTIVENESS RATE (ICER)

Cost Effectiveness Incremental Cost

Ratios: /Effectiveness Ratio:

Effectiveness




Absolutni redukce rizika (ARR)

Tento parametr vyjadfuje pouze rozdil v absolutni hodnotée rizika negativniho
vystupu léCby mezi srovnavanymi skupinami. Pokud je tedy napr. primarnim cilem
studie prodlouzit pétileté celkové preziti pacientt s urcitou onkologickou
diagndzou a ve skupiné A bude absolutni riziko umrti do péti let 10% a ve skupiné
B 20%, tak absolutni redukce rizika pfi pouziti IéCby A je 20%-10%, tedy 10%.

Relativni redukce rizika (RRR)

Pri vypocCtu relativni redukce rizika se absolutni hodnoty negativniho vystupu
|eCby neodecitaji ale déli, tedy pfi pouziti vySe uvedeného prikladu je relativni
redukce rizika pfi pouziti IéCby A 50% (10% / 20% = 0.5 = 50%).




5.
Specifické designy klinickych
studii



CO NAM (NE)RIKAJI KLINICKE STUDIE?

NINE.Org on 14 June 2uZl1

LOWnioaaea rom nips:/royaisocietypuniis

A dfort Jca

Austin Bradford Hill: ,,.....RCTs do not answer
the practicing doctor’s question: what is
the most likely outcome when this
particular drug is given to a particular

patient?” 1

Klinicka studie nam ,,pouze” fika, jaka bude primérna
odpovéd na |écbu u skupiny pacientl spliujicich vSechna
vstupni a vylucujici kritéria dané klinické studie.




PROBLEM TRADICNICH KLINICKYCH STUDII:

Heterogeneity of Treatment Effect

Individualized’Treatment Effect

LTreatment Effect

Average Treatment Effect

Patient
Characteristic




PRIKLAD ROLE PERSONALIZOVANE MEDICINY V REALNE KLINICKE PRAXI

Personalized CancerTherapy lw(

‘-
-
H
s
s
e

<

"
) <
'_';: L.r
)
Molecular Profiling <.« Prognostic Markers ..«

P

Markers predictive of drug 4
sensitivity/resistance 3

Markers predictive of <.
adverse events




KLINICKA STUDIE INDIVIDUALN/{ PACIENT

» Kazdy jednotlivy pacient ma nekonecné mnoZstvi vlastnosti ovliviujicich ucinnost/bezpecnost konkrétni IéCby
» Treatment guidelines jsou vétSinové tvoreny na zakladé
priimérného efektu pro priimérného pacienta 8
Selly i @
»  WWyuziti klinickych studii pro stanoveni odpovédi konkrétniho ﬂ\ e
pacienta na lécbu vychazi z konceptu , reference class ,n‘ @) ,i - ﬂ
forecasting“: 'ﬁ‘ ® /i\
» Efekt|écby konkrétniho pacienta odhadujeme na zakladé ﬁ
primerného efektu u obdobné skupiny pacientd e e T e
> Jak moc je nas pacient podobny skupiné pacientd zafazenych it tosminiuea ey (gl
do studie?




JAK (NE)RESI TRADICNI KLINICKE STUDIE HETEROGENITU

ODPOVEDI| NA LECBU?

Jaka je optimalni Ié¢ba pro mladé zeny nebo
starsi muze?
Umime odpoveédét na zakladé vysledk( této

All patients S e
| presto, Ze v této konkrétni klinické studii se
=
ukazal jasny klinicky signifikantni rozdil <—-——
ucinnosti lécby dle véku a pohlavi, studie < -
[ rv ’ =
konstatovala homogenitu Iécebného efektu R
vrsv v . . . . . s m Mon-white T
napric vSemi podskupinami (!) (statisticky u White N
. . , , From MI to randomization
test interakce podskupin byl nevyznamny z u <7 days .
ddvodu malého poctu pacientd) o -
m LAD =
m Other _—
Ejection fraction
m <50% _—
m =50% =
Diabetes
m Yes =
| | Mo _—
Killip class
m Infarct related artery —_
u |-V i
,Forest plots” maiji za cil zobrazit
heterogenitu/homogenitu efektu lécby
napri¢ podskupinami pacient(l
0 0.5 1 1.5

Hazard ratio
PCl Medical therapy
better better

studie?

Posuzovani efektu IéCby v ramci podskupin
na zakladé jednorozmérnych analyz
podskupin je chybné a zavadéjici.

Jsou dokumentovany konkrétni priklady kdy
tento pristup vedl k dramaticky chybnym
zavérim (napr. neucinnost aspirinu v
sekundarni prevenci iktu u Zen).




N-of-1 (single-patient) studie

multi-crossover studie s cilem zjistit uCinek leéCby u individualniho pacienta
a nastavit co nejefektivnéji IéCebny postup

kazdy IéCivy pripravek podan opakovane v nékolika cyklech pro potvrzeni
ucinku
zobecnéni zavéru pro Sirsi populaci pacientt diky analyze série podobné
designovanych N-of-1 studii pomoci pokrocCilych statistickych metod, napfr:
metody meta-analyzy
linearni smisené modely
Bayesovské modely




Jaky je princip a jaké jsou limitace N-of-1 studii?

Cilem studie je najit nejvhodnéjsi Ié¢bu pro konkrétniho pacienta prostrednictvim
testovani raznych typ( 1é¢by u jednoho pacienta oddélené v case

Typické usporadani N-of-1 studie

Washout period

\ |\ J\ )
| ! 1
Cycle 1 Cycle 2 Cycle 3
| J\ J\ )
. I I
Multiple crossover phase Evaluationphase Open label extension

6 weeks 4 weeks 6 months " i ]

‘ . Priklad vystupu N-of-1 studie:
B
N-of—I trial 16 Run-in A (or washout) A (orwashout)
10 weeks

1 5 9 13 17 21 25 29 33 37 41 45 49 5
Time (days)

Outcome measurement value (units)
o]




N-of-1 studie: priklad

Patient consent and evaluation for the study

(N = 106)
]
I |
Proceeding with MP Not proceeding with MP {n = 20)
(n =86) Worsening condition (n=6)
Withdrew consent (n=5)
Lack of proof of progression (n=3)
Brain metastasis (n=2)
No malignant cells in the biopsy (n=1)
Unable to obtain tissue for analysis (n=3)
I |
Not treated following MP (n=18) Patients treated
Worsening condition (n=9) (n =68)
Withdrew consent (n=4)
Brain metastasis (n=2) I I
No malignant cells in the biopsy (n=2)
Needed to start treatment (n=1) Treated according to MP Not treated according to MP

(n = 66) (n=2)

= Progression-free survival (TTP) of last line of prior therapy
144 ™ Progression-free survival of MP treatment

Progression-Free
Survival (months)

Patients With Progression-Free Survival Ratio > 1.3

MP: molecular profiling




,N-0of-1“ studie: Vyhody a nevyhody

Vyhody:
- eliminace vlivu inter-individualnich rozdili mezi pacienty

Nevyhody:
- vysledek IéCby muzZe byt ovlivnén vice faktory (napr. sekvenci

predchozi [éCby, zménou biologie onemocnéni apod.)
- Komplikovana extrapolace a zobecnéni vysledku




»,aenotype-driven” studie: klasifikace dle zohlednéni histologie/aberace

yhistology-based” »histology-independent?,
y,aberration —specific”

,UMBRELLA" design ,BASKET“ design




,2Umbrella” design

Oﬂ@ @ /LFM?B\@ELLAT&HL o ) | - stejny histologicky typ

MEDICINES . .
iy ‘: TARGET f onemocrvwem ’ o
L \ - paralelné testovany ruzné
: é pripravky u podskupin
\ " | pacientl s riznymi typy
5 mutaci

hodnoti se specificita
ucinnosti u jednotlivych
molekularnich aberaci




,Umbrella® design: Vyhody a nevyhody

Vyhody:

- snizeny pocet ,screening failures”

- vetsi pocet pacientl profitujicich z 1écby

- moznost posouzeni vice léCebnych modalit v ramci jedné studie

Nevyhody:
- veétsi poCet ramen studie (statistické konsekvence)
- celkové vyssi pocet zarazenych pacient

vV eV /

- logisticky narocnéjsi prubéh studie




,Basket” design

(A K
/ QNEB @b
//-/7\ \ - odli&né histologické typy

=/ |G| 1 WS "
:;> § ?%@ . *;% onemocnéni

\%miﬁ [ @\/9 - - stejny typ mutace /
= —4/2@9 A mechanismu Uéinku

BUCKET TRALN {f

i




,Basket” design: Vyhody a nevyhody

Vyhody:
- moznost nalezeni specifické IéCby pro nadory odlisné histologie

Nevyhody:

- moznost podcenéni odlisSné odpovédi u nadoru ruznych histologii
(napf. BRAF u melanomu a kolorekt)




Adaptivni design

- Studie s adaptivnim designem vyuzivaji
nakumulované informace
k modifikace dalSiho prtibéhu studie:
,We learn as we go”

- FDA definice:

......... an adaptive design clinical study is
defined as a study that includes a
prospectively planned opportunity for
modification 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.

- Hlavni prvky adaptivniho designu:
+ Interim analyza
+ adaptivni randomizace




Klasifikace studii: design

Descriptive studies

- designed to describe occurrence of
disease by time, place and person

Experimental
(intervention studies)

- Investigator intentionally alters one or
more factors to study the effects of so
doing

Uncontrolled trials

- experimental trials without control or
comparison groups (e.g. phase I/II
clinical trials)

Prevalence surveys
Case-series
Surveillance data
Analyses of routinely
collected data (registries,
mortality data, etc.)

Randomized (RCTs)

- interventions allocated randomly (all
participants or clusters have the same
chance of being allocated to each of the
study groups)

Study designs

Analytic studies

Controlled trials

- trials with control groups (e.g.
phase Il trials)

- controlled trials can be clinical
trials (unit of randomization is an
individual) or community trials
(unit of randomizationis a
community or cluster)

- designed to examine etiology and
causal associations

Non-experimental
(observational studies)

- Does not involve intervention;
investigator observes without intervention
other than to record, count, and analyze results

[1 Cohort
(retrospective and
prospective)

[J Case-control

[0 Cross-sectional
[0 Ecological

Quasi-randomized

- allocation done using schemes such
as: according to date of birth (odd or
even), number of the hospital record,
date at which they are invited to
participate in the study (odd or even), or
alternatively into the different study
groups

Non-randomized

- allocation to different groups done
arbitrarily (without any underlying
random process)




Case-control studies (studie pripadu a kontrol)

Case-Control Study

iﬁlﬁ .y Qllj{h!

M. biis

I% g /
' Unexposed Controls
LH

| >

Time

past onset of study

Zakladni charakteristika:

V soucasnosti identifikujeme skupinu s vyskytem sledovaného jevu (pripady) a bez vyskytu jevu (kontroly). Tyto skupiny
,parujeme” dle predem zvolenych parametrt (napf. vék, pohlavi apod.) a retrospektivné analyzujeme rozdil ve vyskytu faktord
potencialné ovlivaujicich vyskyt sledovaného jevu.

Vyhody: Neyhody:
Yy
- Relativné levné a rychlé - Ne vzdy dohledatelné udaje z historie

- Pomahaji identifikovat potencialni zdroje aktualniho - Absence randomizace
problému - Nesnadné dohledani kontrol
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Case-control studies (studie pripadu a kontrol): priklad

Smokers and Non-smokers

The snmplest comparison that can be made to show
whether there is any association at all between smokmg
and carcinoma of the lung is that between the proportion
of lung-carcinoma patients who have been smokers and
the proportion of smokers in the comparable group of
subjects without carcinoma of the lung. Such a compari-
son is shown in Table IV.

TasLe IV.—Proportion of Smokers and Non-smokers in Lung-
carcinoma Patients and in Control Patients with Diseases Other
Than Cancer

i
. | No.of I No. of Probablllly
Disease Group | Non-smokers | Smokers |
Mfﬁ: i (649) | 2 (0-3%) 647 ! P (ex thod)
- 1 t 30 : exact me
ung-carcinoma patients | (exac

Control patients with diseases
other than cancer {649} o 27 (4-290)

|
i
|
Females: \
|
|
1

622
tients (60 19 (31-7%7) = 576:n = |
Lung-carcinoma patie { J { o x!'-ﬂ.l:"“::]n‘{':'h':'2
Control patients with diseases | !
other tﬁ:n cancer (60) .. 32 (53-3%) 28 !

PERCENTAGE OF PATIENTS

PERCENTAGE OF PATIENTS

CONTROL PATIENTS PATIENTS WITH
D WITHOUT CANCER CARCINOMA OF THE LUNG
sor MEN
40
20+
q
- \ s
3
° o] -4 5-14 1524 25-49 S0+
AMOUNT OF TOBACCO SMOKED DAILY
(EXPRESSED AS CIGARETTES)
60
f 53
401
20+
o

[¢) -4 5-14 15-24 25+
AMOUNT OF TOBACCO SMOKED DAILY
(EXPRESSED AS CIGARETTES)

F1G. 1.—Percentage of patients smoking different amounts of
tobacco daily.




Cross-sectional studies (prurezoveé studie)

Population

Zakladni charakteristika:
Jednorazovy ,snimek” vybranych charakteristik populace.

Vyhody: Neyhody: Q
Relativné levné a rychlé - ldentifikace moznych asociaci ne vzdy kauzalit

- Moznost sbéru dat velkého mnozstvi proménnych najednou Nevhodné pro vzacné jevy (napf. rare diseases)




Cross-sectional studies (prurezové studie): priklad

National Study of Mental Health and
Wellbeing

Summary statistics on key mental health issues including the prevalence of
mental disorders and the use of services

8. 12-month mental disorders(a), by marital status
Reference period 2020-21
20
12-month mental disorders, by disorder group and sex, 2020-21 18 175 o
30 16
T 14
25 246
12.2
21.0 12
20 .
18.0 ® 10
o3 8.8
xR 15 8
124
6
10 815 40
E.'z_ 4 o
5 i
. VZT3- 2
, = 0
Anxiety disorders Affective disorders Substance Use disorders Any disorder Anxiety disorders Affective disorders
® Males @ Females
@ Married/de facto @ Separated/divorced/widowed

3.3
] l

Substance Use disorders

@ Never married ﬁ




Cohort studies (kohortoveé studie): prospektivni

Cohort Studies

m Investigator (PrOSPECtI\IE)
A Exposure Outcome
g8 Screen for
healthy people o
i - pe DA
-
\-
»—J\ g
i II T
- S
Existing lliness ‘/ A - @
m &
] w A )
i '
" i

Past > Future
Present Time

Zakladni charakteristika:
Prospektivni sledovani vybranych kohort, kde u ¢asti subjektl v ¢ase nastane sledovany jev.

Vyhody: 0 Neyhody:

- Jediny design sledujici primy vliv faktort na sledovany jev - Drahé a Casové narocné
- Vhodné i pro sledovani expozice vzacnym faktordm - Nevhodné pro sledovéni dlouho se vyvijejicich jev(

&




Cohort studies (kohortoveé studie): prospektivni: priklad

A Prospective Cohort Study

The Cohort

After time has elapsed

11?.i°°-°- Nurses investigators use the
without cancer prospectively collected

data to answer many

or CVD

We need to understand
determinants of heart
disease in women.

Start
of Study

questions.

Compare
@ incidence of
heart attack

Enroll & assess
exposures at
the beginning.

—

Follow-up

The study is planned & designed to answer questions in a
specific area. Non-diseased subjects meeting eligibility criteria
are enrolled. Detailed baseline information on lifestyle &
exposures is collected from each & they are followed over time.




Cohort studies (kohortoveé studie): retrospektivni

Cohort Studies
(Retrospective/Historical)

Exposure Outcome n

i

i "
Investigator

E |

Past »  Future
Time Present

Zakladni charakteristika:
Kohorty jsou definované retrospektivné a nejsou prospektivné sledovany.

Vyhody: 0 Neyhody:

- Jediny design sledujici primy vliv faktor( na sledovany jev - Drahé a Casové narocné
- Vhodné i pro sledovani expozice vzacnym faktoriim - Nevhodné pro sledovéni dlouho se vyvijejicich jev(

&




Cohort studies (kohortoveé studie): retrospektivni

A Retrospective Cohort Study

The

Cohort

\

P Employees of
~atire manufacturmg
- company. ~

manufacturing increase

Do chemicals used in tire
risk of death?

employee
health records}

Q incidence
Not exposed dpat

Exposed>

Compare

Past

This study was not preplanned. The
investigator has to go back to pre-existing
data that was not necessarily acquired in a
precise, predetermined way. Follow up

may have been incomplete.

Start
of Study




Test-negative design

Vaccine (1) e——o

Cases
i Test positive |

mne (-) e—-: i . . .
Vaccine (-) for influenza Those who visit medical
: ; institutions due to ILI during
Vaccine (+) Controls / influenza season
:  Test negative
Vaccine (1) «—— i  for influenza

Zakladni charakteristika:
Pripady a kontroly jsou do studie zarazeny na zakladé stejného klinického stavu a rozdéleny podle provedeného laboratorniho

testu.

Vyhody: 0 Neyhody:

- Pripady a kontroly srovnatelnéjsi nez u klasické case-control - VyzZaduji velké soubory (pomér cases/test negative)
studie - Drahé a Casové narocné

- Minimalizace faleSné pozitivnich pripad




Pro zajisteni co nejucinnejsi
a hejbezpecnejsi l[écby pacient
nestaci jen vyvijet a registrovat nové p

Co

ipravky.

=3¢

Je nutné soucasne inteligentné vyuzivat
existujici data z klinickeé praxe.




RWD: EXISTUJIC| PRAVDIVA DATA

O UCINNOSTI A BEZPECNOSTI LECBY V KLINICKE PRAXI

Safety (post-market or
response to safety concern)
License My “real” patients are here

Analysis

EMA adaptive pathways

Secondary indications
[label extentions]

Number of patients treated

Patients treated, no active surveillance

. Patients in observational studies, registries, etc.

[ Patients in RCTs (or other interventional studies)




RWD: OBROVSKY , SPICI“ POTENCIAL INFORMACNIHO ZDROJE

i

g

Relevantni
datovy zdroj

ClinicalTrials.gov - \ /

WHAT IS A RECC{?D?

Odhad ucinnosti |écby
u konkrétniho pacienta =

0g 2’

7 33’5 :U | odklad pro rozhodnuti o
: . Z |
P oo ° pléébé ;




2018 I 5. rooo 8 pee

RWD a RA: Zmeéna paradigmatu

FRAMEWORK FOR FDA'S

REAL-WORLD
EVIDENCE
PROGRAM

EUROPEAN MEDIL]NES A(JENC\

| SCIENCE MEDICINES HEALTE

fains Nonbinding Recommendmtions

Coni

The European Medicines Agency (EMA) is establishing a
DARWIN coordination centre to provide timely and reliable evidence on the

E U M use, safety and effectiveness of medicines for human use, including

vaccines, from real world healthcare databases across the
European Union (EU).
This capability is called the Data Analysis and Real World Interrogation Network (DARWIN
EU®). 2021

IN THIS SECTION

+ News & Events for Human Drug

FDA approves ne
drug based on r

f share the Dock ageme FEA-S0> and Drug 7
comments 10 the CKets lanagement =3 an i, munistration, 56 . i i £ k i
Si"k‘:;ﬂ;fﬁ;c‘.?ﬁfu?t;‘."'o,‘!f’m.i’fl.; Dl g vl {01 delivering rapid access to and analysis of representative,
Bkl g e el il of B R W o U s, lineh saal longitudinal RWD throughout a product’s lifecycle

Today, the U.S. Food and Dr ) )
o oy Develop a capacity that will enable the Agency to

new use for Prograf (tacrolim % s

M rapidly and securely access and analyse large
interventional (observational

. ke \ : e amounts of healthcare data

evidence (RWE) of effectiven| b ot kg
use in combination with other1m e or Bl ot wd M “(%ﬁ’n, Accelerate the imp|ementation of a lea rning
prevent organ rejection in adult and g i i T i ﬁ ] regulatory system based on electronic health
receiving lung transplantation. — records and other routinely collected RWD

- - P— . = —

2 Promote use of high-quality real-world data (RWD) in decision making




Sdileni dat z klinickych studii: Data transparency revolution

2006:

1948: OWNERSHIP - STEWARDSHIP Trials:,Whose data set is
it anyway?”

Publikovana prvni klinicka

studie vl\k
1240 i l/_ 1960 1980 2000 2020

gty 4
1+ proi
=ib Project Data

EDITORIALS
linicalStudy -

DataRequest.com

The BMJ requires data sharing on request for all trials

Heeding calls from the Institute of Medicine, WHO, and the Nordic Trial Alliance, we are extending
our policy




Datovy standard pro sdileni dat z klinickych studii

No No
00 — -
: s:)DaTtl:n , aM . Tables, Listings,
Data Tabulations o] validan BN Analysis Database = = and Figures
(SDTM) Passed? (ADaM) '
L 7
Clinical Study
Uppsala
M%nltorlng WHODrug ' MEdDRA

entre

e  2016—-FDA vyzaduje SDTM
e 2019 -FDA vyzaduje ADaM
e  2020—-PMDA vyzaduje SDTM & ADaM

. Do roku 2000 bez standardizace
. 1997 — zalozeni CDISC




6.
Zaklady deskriptivni statistiky



Typy statistickych analyz v klinickych studiich

Novembe

Deskriptivni statistika
a intervalové odhady znaku

Qo
R
0'0 °
N

vybér dle optimalniho planu

§

00000'00000

variabilita hodnot
ve vybérovém souboru

VYSLEDKY

Praktické aspekty analyzy dat v KHL

Srovnani vice skupin a testovani
hypotéz
e. ® 9 ’.. o
©® e ..‘
N ./’

vybér subjektt pro vstup do hodnoceni / studie

\... .....}

N
RANDOMIZACE
vzajemné srovnatelné vzorky (faktor F)

rameno A/\‘ rameno B
000@¢ 0000

méreni znaku X ;

00000 00000

variabilita hodnot X variabilita hodnot X
v rameni A v rameni B
“« o
VYSLEDKY
3 128



Zakladni typy dat a jejich vyuziti jako endpointu

Data pomérova

7"\

Data intervalova

Data ordlnalnl

Q

Data nominalni

Kategorialni otazky

Otazky ,,Ano/Ne*




Confidence interval

Population
95% chance your population mean
will fall between lower and upper Limit

To 95%, the mean value of the

"' 95% Confidence Interval:
_v. population is in this range.

Confidence intervals provide a range of plausible values for an unknown population parameter. They are
constructed based on sample data and provide an estimate of the parameter along with a level of confidence.
For example, a 95% confidence interval indicates that if the sampling process is repeated many times, 95% of the
intervals constructed would contain the true population parameter. Confidence intervals are useful for
guantifying the uncertainty associated with an estimate and providing a range of values within which the true
parameter is likely to fall.




Confidence interval
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Hypothesis testing

Experiment Does
Not Reject H,

Experiment
Rejects H,

H, is Actually True Correct Qutcome

Incorrect Outcome
Type | Error (a)

Incorrect OQutcome

Hy is Actually False | "o\ Error (8)

Correct Outcome
Power (1- B)

Hypothesis testing is a statistical procedure used to make decisions or draw conclusions about a population
based on sample data. The process involves formulating a null hypothesis (HO) and an alternative hypothesis
(Ha). The null hypothesis represents the status quo or no effect, while the alternative hypothesis suggests a
specific effect or difference. The steps of hypothesis testing typically include choosing a significance level (a),
calculating a test statistic, and comparing it to a critical value or p-value to determine the statistical significance

of the results.




Aplikovana analyza preziti




Aplikace analyzy preziti

Analyza preiiti je v soucasnosti nejvice pouzivana ve
dvou oborech:

LLifetime data“ v Iékaiském vyzkumu

- »Overall Survival (0OS)“

- »2Time to Progression (TTP)“

- »1ime to Treatment Failure (TTF)“
- ,Duration of Response*

- »Relapse Free Survival“

- jiné

«Reliability studies” v prGmyslu
- zatézové zkousky soucastek




Nejcastejsi cile analyzy dat preziti v medicinée

1 Deskriptivni popis a modelovani preziti
pacientu v jedné skupiné, odhad charakteristik
krivky preziti (median preziti apod.)

 Srovnani preziti ve dvou nebo vice skupinach
pacientu napr. s odliShou Iéébou

 Vicerozmeérna analyza vlivu prognostickych
faktoru na preziti




Zakladni charakteristika dat preziti

Zakladni vlastnosti dat typu preziti je skutecnost,
ze urcita pozorovani mohou byt ,,censorovana®,
CcO0z znamena, ze sledovany jev (napr. umrti,
relaps apod.) u pacienta ve sledovanem obdobi
nenastal.

Tato ,,censorovana“ pozorovani vSak neni mozné
ignorovat, protoze v sobé nesou zasadni
informaci o ucinnosti hodnocené lechy.




Prakticky priklad dat preziti

Data pacientu s angina pectoris ve studii s 15letym follow-up
(Mayo Clinic, Gehan 1969)

Survival time Number of patients known to Number of patients lost to
[years] survive at beginning of interval follg\iv up
0-1 2418 [0\
1-2 1962 [ 39\
2-3 1697 22
3-4 1523 23
4-5 1329 24
5-6 1170 107
6-7 938 133 f?
7-8 722 102 -
8-9 546 68
9-10 427 64
10-11 321 45
11-12 233 53
12-13 146 33
13-14 95 27
14-15 59 \ 23/

15-16 30 \J



Priklad cenzorovanych dat v klinickych studiich

Modelova klinicka studie:

Analyzovany

pocCet pacientU:.........cccceeevneennnnn. 4 pacienti
Primarni endpoint...................... Overall Survival
(0S)

Obdobi naberu
(=Accrual Period):..................... 12 mésicu

Minimalni follow up.................. 24 mesicu




Priklad cenzorovanych dat v klinickych studiich

Nabeéer Follow up

Pacient e Death
1

Pacient ° Lost to follow up
2

Pacient [ Death
3

Withdrawn

Pacient ®

01/01/2000 01/01/2001 01/01/2002 31/12/2002
Kalendarni ¢as




Priklad cenzorovanych dat v klinickych studiich

Follow up

Subjekt e D
1

Subjekt e L
2

Subjekt e D

Subjekt ® W
4

0 12 mésicu 24 mésicu 36 mésicl

Follow-up D=death, L-lost to follow-up, W-
withdrawn




Kumulovana pravdepodobnost preziti: modelova studie

Cil studie:
Zhodnoceni pfinosu udrzovaci leCby na prodlouzeni doby do relapsu u detskych
pacientu s akutni lymfoblastickou leukémii

Design studie:
Po dosazeni kompletni remise (CR) po primarni |IéCbé&, byli pacienti
randomizovani do dvou ramen:

- Placebo

- 6-mercaptopurine (6-MP)

Primarni endpoint:
Time to Progression (TTP)




Vysledek modelové studie

Celkem randomizovano 42 pacientu (1:1):

Placebo: 21 z 21 pacientu relabovalo

6-MP: 12 z 21 pacientu pfi ukon€eni studie stale v CR

Doba sledovani pacientu v tydnech:

Placebo: 1,1,2,2,3,4,4,5,5,8,8,8,8,11,11, 12,12,
15,17, 22, 23
6-MP: 6, 6, 6, 6%, 7, 9%, 10, 10*, 11*, 13, 16, 17*, 19*,

20%, 22, 23, 25*, 32*, 32*, 34*, 35*
(*cenzorovana pozorovani)




Moznosti analyzy dat modelové studie

1/ Srovnani primeéru nebo medianu doby do relapsu
- neni mozné, nezname u cenzorovanych pacientu

2/ Srovnani podilu relapsu v obou skupinach

(100% pro placebo, 43% pro 6-MP)

- nepfinasi nam informaci o prodlouzeni doby do relapsu

- U cenzorovanych pacientl je mozné, ze pfi delSim follow- up by k
relapsu doslo

] =

Nutnost pouziti jiné techniky odhadu preziti:
kumulativni pravdépodobnost preziti




Zakladni princip odhadu kumulativni pravdépodobnosti preziti

N, vy s v 35 v ;- v
P je spocitana pro kazdy Casovy interval samostatne

p(1) 22) D v jednotlivych Gasech jsou na sobé nezavislé
N
P(3)

0(4)

p6) .
p(7) ,
P(8) A
P(9)

s

b(10)
p(11),
p(12)

iIMm 2M 3M 4M 5M 6M /M 8M 9M 10M 11 M 12
M Cas [mésice]




Vypocet kumulativni pravdepodobnosti preziti

Podminéna pravdépodobnost preziti 1. mésic od data diagnozy:
pocet pacientu vstupujicich do studie — poCet pacientu zemrelych 1. mésic

N\
1) =
P(L) pocCet pacientl vstupujicich do studie

Podminena pravdepodobnost preziti 6. mesic od data diagnozy:

poCet pacientu ,at risk” v 6. mésici — poCet pacientu zemrelych 6. mésic

N\
p(6) = . T .
pocCet pacientu ,at risk” v 6. mesici

Kumulativni pravdépodobnost preziti 12 mésictli od data diagnozy:

PA2)=  p(1) xP(2) X P(3) cevve.. x p(12)




Vlypocet kumulativni pravdéepodobnosti preziti: Placebo

Doba do Pocet Pocet Pocet pacientl Podminéna Kumulativni

progrese | cenzorovanych relapst ,»at risk* pravdépodobnost preziti pravdépodobnost pieziti
L) d; n pi=(ny-d)/n; P(t)
1 0 2 21 19/21=0,905 0,905
2 0 2 19 17/19=0,895 0,905 x 0,895 = 0,810
3 0 1 17 16/17=0,941 0,810 x 0,941 = 0,762
4 0 2 16 14/16=0,875 0,762 x 0,875 = 0,667
5 0 2 14 12/14=0,857 0,667 x 0,857 = 0,571
8 0 4 12 8/12=0,667 0,571 x 0,667 = 0,381
11 0 2 8 6/8=0,750 0,381 x 0,750 = 0,286
12 0 2 6 4/6=0,667 0,286 x 0,667 = 0,191
15 0 1 4 3/4=0,750 0,191 x 0,750 = 0,143
17 0 1 3 2/3=0,667 0,143 x 0,667 = 0,095
22 0 1 2 1/2=0,500 0,095 x 0,500 = 0,048
23 0 1 1 0/1=0,000 0,048 x 0,000 = 0,000




Kaplan-Meier krivka preziti
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Vypocet kumulativni pravdepodobnosti preziti: Aktivni rameno

Doba do Pocet Pocet Pocet pacientt Podminéna Kumulativni
progrese cenzorovanych relapsii ,»at risk* pravdépodobnost pieZziti pravdépodobnost pieziti
ti d; n; p;=(n;-d;)/n; P(t)
6 1 3 21 18/21=0,857 0,857
7 0 1 17 16/17=0,941 0,857 x 0,941 = 0,807
9 1 0 16
10 1 1 15 14/15=0,933 0,807 x 0,933 = 0,753
11 1 0 13
13 0 1 12 11/12=0,917 0,753 x 0,917 = 0,690
16 0 1 11 10/11=0,909 0,690 x 0,909 = 0,628
17 1 0 10
19 1 0 9
20 1 0 8
22 0 1 7 6/7=0,857 0,628 x 0,857 = 0,538
23 0 1 6 5/6=0,833 0,538 x 0,833 = 0,448




Kaplan-Meier krivka preziti
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Srovnani preziti v obou ramenech
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Srovnani vypoctu RR, OR a HR v jedneé studii

Krivky preziti pro pripravek A
a Placebo jsou v pribéhu follow-up

vzajemne odlisné

Piipravek A 218 141 49 . . . . o
Placebo Hazard Ratio (HR) vyjadfuje pomér

rizika nastani udalosti v pribéhu
celého follow-up a je tedy
nejspolehlivéjsim vyjadrenim
srovnani rizika v obou ramenech

— Pripravek A
----  Placebo

0.25 |-

- | ] . . Pri interpretaci krivek preziti byva
0 5 10 15 20 B Casto precenovan jejich ,konec”,
B ktery je vSak z dlivodu velmi nizkého

poctu pacient( ,at risk” velmi
nespolehlivy pro jakékoliv smysluplné
interpretace.




Vyjadiuje odhad poméru rizika umrti, progrese, nebo relapsu (podle
definice endpointu) mezi srovhavanymi skupinami

< 1 Lécba je lepsi

Riziko relapsu

H R _ha experimentalni lecbe . 1 Be efekiy
~  Riziko relapsu o
na placebu
> 1 Lééba je horsi

Interval spolehlivosti (napf. pro HR=0,68: 0,42-0,88) nesmi obsahovat hodnotu
1 aby byl vysledek statisticky signifikantni.




Role statistika
v klinickych studiich




Zapojeni statistika do klinicke studie

End of clinical part of the study

. Randomization Creation of (blinded)
Study preparation, data listings for data

designing, sample size review and/or
calculation, protocol writing according to ICH E3

(blind) Data Review Meeting (BDRM

Statistical analysis

Submission of study results to regulatory authority/

Additional
exploratory
analyses

Statistical
outputs, i.e.
Completion of TFLs including
statistical analysis  unblinded
and validation listings

All data included in DB

Data are clean = No open queries

SAE reconciliation done

Protocol deviations identified and approved
SAP signed

Determination of reasons for exclusion from analysis setil

Approval of disposition of subjects in analysis set.

November 21, 2024

Additional
exploratory
analyses

application for registration

Preparation of manuscripts for

publications

154



Proces statistického zpracovani dat klinického hodnoceni

Data Management

validation

processes

i

(e)-CRF +
Modules

Agenda Minutes

Study-Co

Statistical Analysis

Reporting

Interpretation of
results , discussion
of results with
client/medical
writer.

Input/ review of
CSR.

Additional/
exploratory
analyses




ICH

ICH Guidelines

* Stability
* Impurities testing
*GMP

 Carcinogenicity
* Genotoxicity
* Reprotoxicity

* Clinical trials
* Pharmacogenomics

*MedDRA
*CTD
« Electronic Standards

November 21, 2024

harmonisation for better health

Zapojeni statistika do klinicke studie

Protokol studie

TABLE OF CONTENTS

Abbreviations And Definitions Of Terms
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Figure 1: Study Diagram
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Description Of Intervention

1.3 Findings From Non-Clinical And Clinical Studies
1.3.1 Non-Clinical Studies
132 Chinical Studies
14 Selection Of Drugs And Dosages
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1.6 Discussion of Relevant Literature And Data
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2.1 Primary Objective
22 Secondary Objectives
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A2 Treatment Phase
313 Follow-Up Phase (if applicable)
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46 Concomitant Medication
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5 Study Evaluations and Measures
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5.1.1 Physical Exams
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P-values in\bz

Unfortunately significance tests of baseline differences are still common(23) (32) (210); they were
reported in half of 50 RCTs trials published in leading general journals in 1997 .(183) Such
significance tests assess the probability that observed baseline differences could have occurred by
chance; however, we already know that any differences are caused by chance. Tests of baseline

ogin
(=3 Support CONSORT
———

_ differences are not necessarily wrong. just illogical.(211) Such hypothesis testing is superfluous

and can mislead investigators and their readers. Rather, comparisons at baseline should be based
on consideration of the prognostic strength of the variables measured and the size of any chance
imbalances that have occurred.(211)

ations for | http://www.bmj.com/content/343/bmj.

Read more

Read more news stories

Table |. Total number of RCTs, number of RCTs reporting p-values in the baseline table, and number of RCTs without baseline
table published in 2008, 2009 or 2010 in major general medical and cardiovascular journals

Journal

Total p-value in baseline table
N N (%) N

JAMA 149 86 (58.5%) 2
contrd NEJM 321 169 (54.3%) 10
H Circulati 141 59 (47.2% 16

common | — il
European Heart Journal 86 43 (43.9%) 12
Annals of Internal Medicine 74 15 (21.1%) 3
BM) 150 11 (7.7%) 7
M) Knol, RHH Groen§ .. 254 5 (20%) 10
Total 1175 388 (34.8%) 60

No baseline table



