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Ev ocuvtoula

e Outcome selection

* Randomization

e Sample size determination

* Multiplicity Problem

* Interim analyses

* Futility

* Crossover

* Adaptive Designs

 Methodological Challenges (few of them)



2TATLOTLKN: KATL Hou Bupilet

Statistics
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Tt elva pa KAWLKN dokuun
« KAaloGLKOC» OPLOMOC:

Mua TtpoOoTTIKN HEAETN TapEUPaonC o€ opada
avOpwWTWV, N OTOLAL CUYKPLVEL TA ELVpAHOTA
avadopLKA LE TNV EKBaon pLoC VOGOU 1 HLOC
KOTAOTOONG, KLE ULt AAAN opada eAEyxou.

* Epguvntikn HEAETN 0 avBPWTTOUC

e E€etalel TNV 0pOOTNTA LLLOC EPEVVNTLKNAG

uTtoBeong
* Mpoteivel TpoTOUC YL tpoAnyn ) Bepareia
e Kat@dAANAn yLa oltloAOYLKEC CUOXETLOELG



‘Evac eVAAAAKTIKOC OPLOUOC. ..

e Onoladnmote popdr oxeSLAOUEVOU TIELPAMATOC OTO OO0
Aappavouv HEPOC AvOpwWTIOL YL VOL UTTOPECEL KAVELC VO EKTLUNOEL
noLa eivatl N kataAAnAotepn Beparmeia yLa KATTOLA CUYKEKPLUEVN
nadnon amno Lo CELPA ATIO UTIAPYXOVOEC I VEO-TIPOTELVOUEVEC
Beparmneiec



Matl ypetadovtol oL KAWVIKEC OOKLUEC

‘Evoc epeuvntic €dwoe povt{oupava o€ Evav
aoBevr He EAKOC KOl TO EAKOC LOTPEVUTNKE.

O epeuvntnc dnpooicvoe Eva apBpo:
"H uavr{oupava Beparncver To EAko¢ oTouayou.”

O enopevoc aoBevic mou dokipaoe pavi{oupava
w¢ Bepaneia anePlwoe.
O gpeuvntnc dnuoocicvoe To emMopevo apbpo:

“Neec uedeTec oeiyvouv o1 n pavriovpava
Beparnicvel 1o 50% TwWV NEPINTWOIEWY EAKOUC
orouayo!’



KAWIKEC OOKLUEC OTNV MPAéN

e E€atpetika SUokoAo, ToAUTIAOKO, XpovoBoOpo Kal kooTtoBopo
ETIXEPN MO

* Artatel cuvepyaocio TOAAWY avOpwnwy, eEALPETIKA TIPOETOLUOCLO KOl
BaBLad yvwon

e JuvnBwC¢ meplAapBavel TOAAA KEVTPQ, AP ATIALLTEL CUVTOVIOUO

e Kot pnv Eexvape O0tL moAAQ dAapHOKA TIEPLUEVOUV TN OELPA TOUC, apal
Lo artotuyia kootilel moAAamAQd



TL propet va maeL otpoa;
MoAUTmAoko Kot SUOKOAO T eipnua

* Kakog oxedlaopoc (my kamoleg urtobgoelc Hev TV PEAALOTIKEC)
e Kakn ektipnon moocouc aoBeveic umopoupe va fpoupe

e Katkr) opyavwaon Kol EKTEAEON TNEG LEAETNG

* Néec MANPOPOPLEC VA «AKUPWOOUV» TN MEAETN

e Kot toAAQ GAAQL...

Kol Tpodavwe To APHAKOo SEV NTAV OTIWC TO TEPLUEVALE (EAAeWN
QTTOTEAEOUOTLKOTNTOC, TOELKOTNTEC KATT)



Daoelg KAWIKWwY AOKLULWV

* Qaonc I
* H pappokokvnTikn Kot ot BLoAoYIKEG ETLOPACELS TOU
dapudkou eEstalovrtal yia tpwtn $opa o€ avOpwrouc.
JuvnOwc Alyol aoBeveic
* JtOo)Y0L Alepelvnon Acdpalelag
KaBoplopoc Aodparolc Adong

* ®aonc il n I/l
* MKpEC HEAETEC AODAAELOC KOL OTTOTEAECUATIKOTNTOG

* JTOY0C: Emhoyn Aiywv dpaoTtikwyv Bepamelwy yLa
nepaltepw PeAETn oe dokipun Oaonc Il



El6N KAWIKwY AOKLULWY

@aonc Il
MeyaAou HeEYEDOUC OUYKPLTLKEC LEAETEC TNG TTELPAUATIKAC Oepareiog
EVOVTL TNC KaBlepwpevneg Bepareiac 1 edpooov dev UTIAPXEL TETOLAL
Beparmela, evavtl placebo (ewkovikig Beparmeiag).

YTOYoL: AlEpEUVNON AITOTEAECUATIKOTNTOC
‘Eykplon appdkou

daonc IV:
MeAEtec mapatripnong os ueva)\o aplOuo aoBevwyv petd tnv KukAodopia
ToU dapUAKOU OTNV ayopda.
2TOX0C: Avayvwplon miiBavwyv avemiBupunTwy EVEPYELWV



2xeOLAOUOC

* Ooo npoodeveLl N yvwon pog ol PACELS LITOPOUV VAL CUUTTTUXB0UV
* My ®aon I/l 5nAadn va ouyxwveutolv Suo PACELG

* Opoiwg @don I/l

2 KOTTIOC TOUC va BeATIwOEL 0 XpOVOC Kal TO KOOTOC.

Avtitipo: o SUokoAn availuon Kot oXeSLOCUOC



OpoAoyla

* EkBaon (outcome)

* Tuxaitortoinon (randomization)

* TupAotnta (blindness)

e Opada eAeyyou (control group)

* Placebo (placebo)

e Evolapeon avaiuon (interim analysis)
* Kputnpla evtaénc (Eligibility criteria)

* MpwtokoAAo (Protocol)



'EAeyxoc YroBeoswv

* Mnéevikn Yriodeon (H,):

2uvnOwge n H, elvat pia dnAwon «un vTtapéng
Stadopdc» ) «un enidpaonc» Ko YeVIKA BOEAoU UE va
NV Loyvel

* O peoog tou mAnBuopou LoouTal PE KATIOLO UTIOBETLKN TUUN Ly,
Hy @ U =u,.

* H dlapeon enPiwon atopwy ou Apav tnv Bepareia B eival
3 xpovia, H, : 6=3

* To mocootd acBevwy Mou mrRpav tn vea Beparmeia kal eiyov
KAwika petpnopn BeAtiwon nrav 20%, H, : 1=0.20



'EAeyxoc YroBeoswv

* EvaAAaktikn Yrtodeon (H,):

H evaAAaktikn utoBeon eival n dnAwon mou eAntifovue
va aAnBeveL avti Tng UNOEVLIKAC

* Hy : U #u,.

* Awapeon emPiwon < 3 xpovia, H, : 6 < 3.

* Noocooto acBevwv eivat 30% H, : 1 >0.20, m=0.30




[Mapouciaon Twv YroBeoewv

* \; = Kivbuvog epdaviong vooou (Risk of a disease event)
ylo tTnv opada Tou véou papUaKou

* A = Kivbuvog epdaviong vooou yLa tnv opada
MaPOTAPNONG

Aoyoc Kivduvwyv, Hazard Ratio
U=HR=A;/A;

HR>1 onpaivet A, > A, TO VEO @APHOKO XELPOTEPO
HR=1 onpaivel A; = A ¢, kapia stadopd
HR<1 onpaivetA; <A, TO VEO @APHOAKO kaAUtepPO



[Mapouciaon Twv YroBeoewv

e AouAgvoupe pe to AoyaplBuo tou HR (A) yia va pmopoUl e va
KAVOULLE XPoN TNE KOVOVLKNC KATOVOUNG

e EKTIHWHEVOC AOYOC KvOUVWYV ot AoyoaplOpikn KAlpaka
[In(HR)] yla epdavion vooou peTall TS opadoc Tou VEOU
doppaKou Kal TNG opadac napatrpnong:

A =1In(HR) =In(A;) - In(AJ)

omou, A sival n aAnOwn oYETIKN EAATTWON TOU KWWOUVOU
gudaviong vooou yla Beparmeia evog £TOUC UE TO VEO
bAPUOKO EVAVTL ATTANC TTOPATPNONG




[Mapouciaon Twv YroBeoewv

Aoyog Kwvduvwy, Hazard Ratio & = HR = A, /A

* Mndevikn YroBeon (Null):
Ho: HR=1 OR A;=Ag

* EvaAloaktikr YrioOeon (Alternative): To VEO @APHOKO
KOAUTEPO

Hy: HR#1, HR<1 OR A;<Aq



[Mapouciaon Twv YroBeoewv

Mnbevikn YroBeon: Hy: HR=1 (A, =A )
EvaAhaktiki YoBeon: H,: HR#1, HR<1 (A; <A )

KAvika Znuavrikn Aiagopd : 23%

Edv otnv nipaypoatikotnta HR gival pkpotepog Katd 23%,
Ba B€Ahape va vrtapyxet Baoet tng peAetng YWHAH
MI©GANOTHTA va BpeBel avt n dtadopa.
Autn n mBavotnta gival n

STATIZTIKH 12XYZ, STATISTICAL POWER = 1-6



'EAeyxoc YroBeoswv

To teAko ouvpunepaopa eivat MANTA €va ek Twv
akoAouvBwv dvo:

—  Anoppintouvpe tn Mndevikn YnoBeon

—  AnotUyape va anoppipoupe tn Mndevikni YnoBeon

[MPO2OXH!!TH NMOANOTHTA AAOQOYZ OEAOYME NA EINAI
020 MIKPOTEPH TINETAI



TUmol 2paApaTwy

3tV edappoyn tng TEXVIKAC TOU EAEYXOU UTTOOECE WV, UTTAPYXOUV
SUo tuToL opaApdTwy Tov pmopet va dtampaxBoulv.

* To mpwto KaAeltal o@aAua turov I, kal eivol emiong yvwoTto wg
opaAua anoppPne, N a ocEaiua.

H miBavotnta va dtampdlel kaveic Eva opaApa tumou | kaBopiletal
aro to eninedo oNUAVIIKOTNTOC TOU EAEYXOU.

e O deUtepOC TUTTOC OPAAOTOC TTOU UIopEL va SlampaxBet katd tn
SldpkeLa evoc eAEyxou uTtoBeonc eival Eva opaAua turou Il N
opdAua un anoppiPnc ) 8 cpaiua.

H mBavotnta va dtampaéel kaveic eva opaApa tumouv Il
uTtoAoyileTal o€ plo CUYKEKPLUEVN TIUMA TNE EVAANAKTLKAC UTtOBEONC.



loxU¢

H woxug eival n mBavotnta va anoppidoupe tv H, 6tav n
undevikn umoBeon sival AavBaopevn, dnAadn eival n mBavotnta
va anopuyoupe Eva opaipa tumov |l.

loxuc = 1-B

L Onwc ko n 8, n 1oxUC MPEMEL va UTTOAOYLOTEL yla. ol GUYKEKPLUEVN
TLULA yLa T TOPAUETPO Tou TANBuopoU otnv evaAdaktikn vrtodeon.



O mivakac tnc aAnbelac

HpoypoaTikoTnra

H, ainbijs H, 6y ainbijs

A
AV ZpaApo TOToL
anoppirntovus H, \/ 10
/4 A = 0
ATtO’(p(IGT] In(HR) =0, HR=1 (I-a) (B)
Bacel In(hy) - In(hg)=0
MEAETNG | groppimrovus H 0 | ZodApo tomov I v
A <0, HR<I
() (Ioyoc=1-P)




MNopatrpnon

* MeyaAec utapxouoeC SLtapopEC UmopoUV va aviXVEUTOUV EUKOAA KL
ETIOUEVWC OTNV TIPAEN XPELO{OMAOTE LULKPOTEPO pEYEBOC Selypatoc

* Mwkpecg dLadopecg aviyvevovtal o SUoKoAa Kol Apa XPELO{OUAOTE
ueyaAutepo delypa



HERA Trial (HR=0.77 vs. HR=1)

power=0800

|

f
/ a=25
T
026

A=In(HR)= In(0.77)=- In(1-0.23)=-0.26

T
0.00



MeyeBoc detypatoc=30, loxuc=29%

Sampling distn under Ho: p, -, =0

08

08

04

02

0o

n=30

Sampling distn under H;: p, - p, =2

power=0.291

W -



MéeyeBoc detypatoc=60, loxuc=46%

Sampling distn under Ho: p, -, =0

08

08

04

02

00

n= 60

Sampling distn under Hy: p, - p, =2

power= 0.461

W -



MeyeBoc detypatoc=120, loxuc=71%

Sampling distn under Ho: p, -, =0 Sampling distn under Hy: p, - p, =2

n=120

08
I

04

— power=0.707

HO H1

0.2

i

W -



MeyeBoc detypatoc=240, loxuc=93%

Sampling distn under Ho: p, -, =0 Sampling distn under H;: p, - p, =2
n= 240
e power= 0.926
HO H1

W -



MéeyeBoc detypatoc=400, loxuc > 99%

Sampling distn under Ho: p, -, =0

08

08

04

02

0o

n= 400

Sampling distn under H;: p, - p, =2

power=0.99

HO

H1

W -



MeyeBoc Aslypatoc

* O MELPOUATIOMOC LE TTEPLOCOTEPOL ATOUOL OTIO TOV avaykaio aplOpo
nopafLalel To ATOULKA avOpwriva SLKOLWUOTO TWV aoBevwy

* O ELPOALATIONOC LE ALYOTEPQ ATOUA ATIO TOV avayKaio aplOpo
rnapoBLadet ta Skalwpota Twv aoBevwy oTnv Kolvotnta




MeyeBoc delypatog

* Enapkéc deiypa: MeyeBoc MeAETNC LKAWVO yLOL VAL VOL OLVOYVWPLOTEL
e peyaAn miBavotnta (Ztatiotikn loxuc) n eAaxiotn KAWLIKA
onUavtikn 6ladopd wC OTATLOTLKA ONLOAVTLKH

e AU&non aflomiotiag, eykupotnTag
* Meiwon SelypatoAnmTIkoU, CUCTNMATLIKOU Kal Tuxaiou opAaApatod

* AVIUITPOCWITEVTLKO Seiypa



MéeyeBoc Aelypatoc

EMopévVwC yla voL oXeSLAOOUUE pLa LEAETN LE OKOTIO va SOUUE oV
UTTAPXEL KaTtola KAWVLKA dtadopd (€otw T) avapeoa o dSUo Bepareleg
TO OO0 HeYAAN gival avtn dtadopa, Ko

* TIC TLOAVOTNTEC ODOAUATWY TTOU KETUTPEMOUUE» va Yivouv (tumou |
Ko 1)




4 aMnAogtoptwpevec moootntec: a, B, T, N

e o= puBuoc Pevdwce Betikwy (opaipa tumov |)

* B =pubuoc Pevdwce apvntkwyv (odpaApa tumou Il)
* T = «n €AAXLOTN KAWVLKA onpavtkn dtadpopa»

* N =10 pEyeBoc Tou delypartocd.

Aedopevnc tng dtadikaoiag EAEyXoOU, OL TTOCOTNTEC AUTEC
aAAnAsapTwvral Y.
* Tauéavetal = 1o eUKOAO TO AVOKAAUTITOUE =2 To 1-B avéavetal.



Kuplo epwtnua — LetaAnTn amnokplonc

* To kUpLO epwTNUO Ba TIPETEL vaL Elval KATL TTOU UTTOPEL val tapatnpnOet Kot
va LeTpnBetl pe pa petaBAntn, mou AEyetol HETABANTH ATTOKPLONG
(response variable).

* Mapadeiypata petafAnNTWV aAmokpLong eival:

e eMiMTWON pag aocBevelag, BvnoLuoTNTO-voonpotnTa, aplBoc UTTOTPOTIWY,
* oUVOALKN eTBiwaon, XpOVOC WC TNV UTIOTPOTIN, XPOVOC WG TNV tapouaciacn
HLac aoBevelag,

* dtaotoAwkn mieon, CD4 counts, mototnta {wng, Bloloywkotl deikteg
(biomarkers) k.o



[eviKOL KOWVOVEC yLa TN MLETABANTA amokpLong

e H petaBAnti anokplonc o mpemeL va pUnopel va mapoatnpnOestl kat va
kataypadel ylia 0Aoug toug acBeveic
* H petaBAntn Ba npemel va aélodoynBOel apepoAnmra

Mx. MW KAToypADETOL O TTOVOC OPEPOANTITA AV OEWPCOUE OTL ATAV N HETABANTH
amoKpLong;



ElO6Nn petoBANTAC armokpLonc

* JUVEYELC LETPOELC: TtlEoN TOVU allpaTOC.
o Altipa ) Siyotopo: umotpoTt evtog 30 nUEPWV.

* OvopoaoTikd: To AImoTEAECHA OVAKEL OE pLa KaTnyopla armo éva cUVOAO U SLOTETAYUEVWY
Katnyoplwv (LotoAoyia).

* AlateToypeva: To amOTEAECHA AVAKEL O€ [l Katnyopla armd éva cUVoOAo SLATETAYUEVWY
Katnyoplwyv (tofikotnta).

e JUvola: O aplOpUoc Twv SEPUATIKWY OTLYHLATWV.

* EmiBlwon f xpovoc we To yeyovoc: To KATAANKTIKO onpeilo (endpoint) oTig mMeEPLOCOTEPEC
HeAEtec Bavatndopwv acBevelwy.

e Avaloya pe To €i60¢ tNC petaBAnTnC kabopiletal kal N otatlotikA LeBodoloyia
nov Ba xpnolpomnownBet yla tnv avaivon.



YroAoylopoc peyeBouc delypatoc

* IYETLKA ATIAOC YLa ATIAEC TIEPLITTWOELC
* YUYXPOVEC KALVIKEC OOKLUEG Elval EEOLPETLKA TTLO TIOAUTIAOKEC
o ArtatnTiko Kalt Wdlaitepa o SUokoAol utoAoyLopol

* NNoAAEC DOpPEC edLKTOL LOVO PE TTPOCOUOLlWwOoN N XPNON CEVAPLWVY yLa
va BpeBel n evatcOnoio Ttoug



MeyeBoc Aetypatoc

e Eldape mtpLv otL 7

e 2TNV paén dev yvwpilovpe tn dtakupavon amno npwv!

e Av urtoB€ooupe katL AavBaopuevo eite Ba PpeBoupe pe peyaAlutepo
delypa amo auto tou Ba EMPETIE 1 LE UIKPOTEPO

* NMwc¢ purmopoupe va Slopbwooupe?
e Sample size re-estimation approach



MeyeBoc Aslypotoc

2 € TtLo MOAUTIAOKOUC oxedLaopoUc Hev eivat eukoAo va BpoU e To
HEyeBocC pe Evav armAo tumo

Mx mooouc aoBevelg xplealOUOOTE yLa va BPOUE O€ Lol LEAETN TToLa Yovidla
ouvoEovtal pe kaAUTepn enidpaocn evoc papuakou/Beparmneiog?

MoAU ouyva (oAogva 1o cuxva) katadelyou e os peBodouc Monte
Carlo yia va urtoAoyLoOU LE KATL TETOLO PE OGO TILO PEAALOTIKEC
oUVONKEC UITOPOUUE



Tuxoauonoinon

 >Tn SOKLUA UTIAPXEL N VEA Beparelo Kol CUYKPLVETOL PE pLa AAAN (Tuy.
TNV KaAUTEPN yvwotn Bepareia) r Kot e ELKOVLIKN Beparmeia
(placebo)

 To mowa Beparmneia Ba tapeL o kKABe acOevic mpokUTITEL TUXOLLA (TTY LE
XPon KATOLoU TIPOYPALLUOTOC TTOU TTaPAYEL TuXaioug aplBuouc)
* TupAn Oepancia:
* O aoBevnc 6e yvwplilel mola Bepareia nrpe.
o AutAd TuAn: OUte 0 Bepamwy yLatpoc yvwpllel



Tuxoauonoinon

* Me tnVv Tu)aonoinon SnuLoupyouvTal CUYKPLOLUEC opadeC aoBevwv.
H tuxalomoinon teivel va €€lcoppomrnoeL TOUC YVwoToUG N
AYVWOTOUC GUYXUTLKOUC TTAPAYOVTEC OTLC SUO OpAdEC

e Avalpeital n pepoAnyia, acuveildnin n ouveldntrn Tov epguvnth 0TV
eTUAEVEL TIC opadec (selection bias)

* Eyyudton OTL OL OTATLOTLIKOL EAgyXOL Ba €xouv Eykupa eTtimeda
ONUOVTLIKOTNTOC



Bias - Variability
MepoAnyila - MetoAntotnta

No bias, Bias,
small small
variability . variability ..
No bias, °
larger ° Bias,
variability . . o larger
A variability



AntAn tuyawomnoinon
e Piyn vouiopatoc
e KepaAl =2 Opada A; Npappata—~> Opada B

e XpAon mivoka Tuxaiwyv oplopwy
e Xprion tuxoiwv aplBuwv amno H/Y

» JTpwuatTonoinon: LePLKEC PopEC N TuxaLlomoinon Aappavetl urtogn
KATIoLa YA pakTnPLoOTIKA (OXL OpWC TTOAAQ) TwV aoBevwv




Tuxatomnoinon-ZTpwuaTonoinon

e Me tnv tuyatomoinon s\Eyxetal:

- H petaBAntotnta tou Bepameutikou
amnoteAeopartoc (variability)

- To ovotnuatiko opaipa ertthoyng (selection
bias)
 H otpwuatomroinon eélocoppomel yvwoTtou
NOPAYOVTEC KLvOUVOU PETOED TwV Beparmelwy Umo
Sdlepevivnon
— H tuxatomoinon dte€ayetal evtog KAOE OTPWUATOC



Tuyatlomotnon

2TNV MPa&n xpeLlaleToL va KAVOU LE TILO TIPOCEKTLKA TNV TuYaLomoinon
LLE OTPWHOTA KOLL VO OLlYOUPEVUTOUE OTL dev Ba uTtapéel coBapo
Imbalance avapeoa otic Oepareieg

Entiong 6ev B€Aoupe va SLoKIvOUVEUCOULLE OTL KATTOLOC UTTOPEL val
«pavtePew molo Ba elval n emAoyn yla Tov EMOUEVO a.oBevn

(Lol LUTO TO OKOTIO XPNOLLOTIOLOUE OLPKETA TTLO TTOAUTIAOKOL oY LLOTOL
onwc 1ty Block Randomization



Napadeypa
Block of 4 — 2 Bepareieg

* AABB, ABBA, ABAB, BABA, BBAA, BAAB
e AtaAéyw tuxaia 20 acBeveic AABB ABBA AABB ABAB BBAA

* To péyeBocg twv blocks pmopel va dLadepet



Adaptive Randomization

* OEAW VAL TUXOLOTIOLW OTOUC KAAOOUC Ttou €xouv Seiéel KaAutepa
QMOoTEAECHATAL

e AnAadn pe Baon ta AmoTEAECHATO TTOU £XW AAAAIW TLC TIOAVOTNTEC
val TUYOLLOTIOL oW KArmolov aacBevn o€ auto tov KAASOo

» Xprion toucg Bewpripatoc tou Bayes wote av emavanpoodlopilw Tig
nBavotntec os KAOe KAAdO



Adaptive Designs

Kata tn dtapkeLla tng 60|<Lunq KOLL LE npo&avsvpauusvo TpOmo (rote Kall
nwc) dtadopa XOLpOLKTI’]pLGTLKOL NG ue)\emq Lrtopouv va. aAAd&ouv pe Baon
TNV MAnpodopia TToU £XEL CUCCWPEUTEL

MrmopoUue va KAvou pe aAAayEC o€

* Méyeboc beiypatoc

e KAabouc tng HeAETNC (Umopel KATTOLOL VO OTOOTACOUV)
* TpOMOC TUYALOTIOLNONG

* EkBaon

e EAeyxoouvaptnon

* K.



Adaptive Pros

Planned flexibility — change study parameters as
trial progresses according to pre-specified
algorithms

Program efficiency — reduce overall development
time and increase probability of success

Optimal sample size — adjust sample size as study
progresses

Patient outcomes — increased exposure to
effective doses, decreased exposure to unsafe or
ineffective doses

Quicker decisions — stop early for safety, futility, or
efficacy

+ Regulatory issues — need regulatory buy-in
for adaptive designs

+ Upfront planning — modeling and
simulation to evaluate design properties

« Complicated desigh — increased start-up
costtime

+ Logistical issues -- more difficultto
Implement

« Statistical challenges —Type 1 error
control, confidence interval coverage and
treatment effect estimation

+ Interpretation — adaptation may introduce
unexpected bias or variation



Mapddeypo — two stage design

Simon’s Design

Dichotomous outcome (usually in Phase II trial)Suppose that we want
to test

Hy:p=0.25 versus H; : p =0.40
with 2 = 0.10 and B = 0.10 (power = 0.90).

A conventional single stage design:
N = 64 and reject H if R > 20, R being the number of responses.

Simon’s two-stage design:
e In stage I, n; = 39 is accrued.
e If 9 or fewer responses are observed during stage I, then the trial
is stopped for futility.

@ Otherwise additional 7, = 25 is accrued. If 20 or fewer responses
are observed by the end of stage II, then no further investigation

(i.e, Phase III trial) is warranted.

Stage |
ny = 39

Stage 11
N9 = 25

ol
i

|:1:1 < 9 then stop.|

|1 > 9 then take ny = 25.]

la:t < 20 then no further investigation.

la:,_ > 20 then Phase III trial.|




Crossover

Ye pa KAk dokiun adevocg evdladpepopaoTe va
* SOUE AV TO VEO GAPUOKO €lval KAAUTEPO
* EKTLUNOOUE TO OO0 KAAO eival (treatment effect)

Y€ UEPLKEC KALVIKEC SOKLUEC elval EPIKTO TaL Atopa vor aAAdEouV
Bepareia katd tn SLAPKELD TNG LEAETNG, eite Aoyw oxedLaocpou eite yLa
nBkou ¢ Adyoug



HERA trial

* [uvaikec pe kapkivo tou paotou (5081 acBeveic)

e ApxLKa o oxedlaouoc nposPAemne 3 arms
e 1-year trastuzumab
 2-years trastuzumab
* Observation only

Meta tnv ipoPAemopevn evdilaueon avaluon, to trastuzumab eixe peyaln enidpaon
KaL aropacioTnKe yla NBIkoUG AOyouG va ETULTPATIEL OTIG UTIOAOUTEG a0BEVEiG va
aAAa&ouv kKAado!

2tn deltepn avaluvon n enidpaon eixe ma xabei (ITT avaAuvon)

TeALKA 0TO TEAOG TNC LEAETNC N eTidpaon BpEBnKe av Kal ULKPN.



HERA TRIAL

* To dpapuoako eykpiBnke kat NON XpNOLUOTIOLELTE
* Aev elval akopa EekaBapo mola eival n enidpaon tou, dnAadn nooo
BeAtlwvel Tnv enBilwon Twv aocBsvwv

* YIIApXoUuV apKeTEC LEBoSoL yLa va avaAuBouv tetola dedopeva Kot
va eKTLUNOEL n emibpaon aAAd akopa dev uTtapxeL karmotla pEBodoc
TTOU VOl TTAVTOEL LE OLyOUPLA TO EpwTna!



2UyXpovoL ouvBeToL oxedLaopotl

o Basket trial:
one targeted therapy is tested on more than one disease or
subtype of disease

e Umbrella trial:
more than one targeted therapy is tested for one or more
subtypes of a single disease



Basket oxeblaopoc
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Screen all
patients

Umbrella oxedltaopoc
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Multi Arm — Multi Stage

Traditional Approach Multi-arm, Multi-stage
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MeBobdoAoyika mpopAnpata

QavtaoTelte TOV MAPAKATW OXESLOOLULO.

* MMoAAEC emuépouc ouoiec (N StadopeTikéC SOoeLS TNC LdLag)
HLEAETWVTAL CUYXPOVWC.

* Meta oo 1o mpwto otaddlo n kKaAutepn (A ol KaAAUTEPEC) ouvexilouv
OTO ENOUEVO otadlo.

* Nwc Ba eAeyEoupe av To GAPHOKO TTOU TIPOKPLONKE lval TEAKA
KOTAAANAO;

e BAEmeTe KATOLA TIPOPBAAOTA



Napadeypa

* Eotw k eepaTtELeq [0t KAOE UL KAVOULLE EVOV s)\eyxo av elvat

KAAUTEPN ATTO 'EI’]V placebo tng popdng: Hy: 6,=0 evavtitng
evaMaKuan Hy:0<0. Eotw n e}\svxoouvapmon ylLa Tov EAEy)YO0

QUTO €lval n T

* AV TTPOKPLVOUUE HOVO TN KAAUTEPN amo TI¢ k Beparteiec mpaKkTIKA
EXOUME SLOAEEEL TNV

T=max (T, T,, .. T)

* Apa 0 EAEYXOC TIOU KAVOULLE ELVOL TILO ouveeroq KOLL LE a)\?\n
ge\eyyoouvaptnon kot BERata AAAN KoTtavoun KATw armo tn undevikn!

e OL eMIUEPOUC EAEYXOL LAALoTO eV glval aveEaptnToL.



MeBobdoAoyika mpopAnpata

 MoAAamtAol EAeyxoL

* O KAAUTEPOC IPOKPLVETAL Apa auTO TTou BAETMOUUE lowg elval
KAAUTEPO aTtO OTL Ba TEPLUEVALUE

* NMwc¢ dlopBwvoupe yla avta?

* XpelalOpaoTe TtLo TTOAUTIAOKOUC EAEYXOUC UTIOBDECEWYV YL OUTO HE TN
Xprnon mo cUVOETWV UNOEVIKWY UTTOBECEWV Kol EAEYXOOUVAPTHOEWV



MeBobdoAoyika mpopAnpata

* Eotw pLo peA€tn nov pag evdiadEpouv duo co-primary eKBACELCG

* X n emPBlwon og 6Aov Tov MANBUCUO Katl N eMLBiwon OTLC YUVALKEC
LOVO

* OL Suo €Aeyyol lval CUCKETLOMEVOL (YLaTi?)

* Nwc Ba 6LoPOWOOULE KATL TETOLO?



Futility - Matawotnta

* [lot NOkoUG )\oyouq T[pET[EL va orauamoou LE L speuva n omola
Stadaivetal OtL SeV UMTOPEL va EKTTANPWOEL TOUC OTOXOUC TNG

* [} €0Ttw OTL BEAOUE va SOV E TO TTOCOOTO ONTOKPLONG OE EVAL
dappuako. Mac evbladepel va deiéoue O0TL To TOCOOTO £ival 1>0.6
aAAd otnv evdlapeon availuon pe 40 amno toug 100 acBeveic
Bprkapue 5 emtuyiec apa noocooto 5/40=12.5%.

* [Mooo mBavo eival va doupe tavw armod 60 oto cuvoAo? Apa BEAoULE
55 touAdyLotov emntuyiec otoug 60 emopevouc aocBeveic. Mooo
riOavo eival katL tétolo? Ailel va ekBeooupe Toug aoBeveic oe
Kivouvo yla KTl tou givat aniBavo (oxL aduvato) va cuppel?



Evolapeoec avaAvoelc — Interim analyses

2 KOTLOC

* Na Soupe ta debopeva wote adeVOC LLEV VO TIPOCAPUOCOUE Qv
XPELOOTEL TO OoXESLAOUO

* Nal OTOLUOITI)OOUE EYKOLLPOL OV TOL ATTOTEAECMATA ELval TTOAU KaAQ
* Na. OTOMATACOUUE YLa patatotnta av dev eival

* Na amoppipouvpe KAASoUC TTOU HOLALEL VAL LNV £XOUV ETTLTUXLO ) val
eTAEEOU LE TOV KAAUTEPO

KaBe popad rov PAEmou e T Sedopéva ontataldpe enimedo
onpavtikotntag (ylati?)



Evolapeoec avaAvoelc — Interim analyses

* NMwc¢ Ba LoLpACOUUE TO o AVAUECA OTLC SLadhOPETIKEC avAAUOELC?
* Mo cupdEpetl va Swooupe Alyo a otnv apxn KaBwc €xou e TToAU
Alya dedopéva akopa

* [ote Ba TV TO KAAUTEPO XPOVIKO CNUELO YLOL VAL KAVOULE TNV
avaiuvon (av eivat moAv vwplic lowcg dev Exoupe apketn mAnpodopia,
av opynoou e lowg Oev kepdloou e KATL)

* MNooec popec/avalloelc?



Tapadeypa

Auo OLAPOPETIKEC TIPOOEYYLOELC.

* 2TN MO OTTOPPLITTOUE LE TTOAU TTLO
akpalo T TNS eEAeyxouvaptnonc Kat

e 000 TIEPVAEL N WPOL AUTO HLKPALVEL
(O’'Brien-Fleming approach)

e >T0 6eUTEPO £YOUE OTaBEPA OpLaL
(Pockock approach) o duokoAa OpWC
Qo oUTA Tou Ba elyoe av KOVALLE
EVOV LOVO EAEYXO

* 2TNV MPAEN UTTAPYXOUV KOl AAAEC
MPOCEYYLOELC




Multiplicity

To pOBAnpa
2uvNOwCc KAvou e evayv EAeyxo umoBeonc os a=5%

Av Kavou e TtoANoUC eAEyXouC TOTE To opalua Tumou | dev eival a
5% aAAQ TTOAU pPeyaAUTEPO ———

P(at least one Type | error among m tests) =1 — (1 — a)™

Prababiity of o |exst ane enar




(Lot auTo pac evoladepeL

Subgroup analyses

e JuvNBwWC o€ pLot SOKLU EKTOC ATTO TO PACLKO ATIOTEAECLOL KOLTAME KOLL
TIOAAAQ AAAa o€ UTTOOUAOEC

e Av Kottaéoupe TTOANEC uTtoopAdeC TOTE Ba BpoUE KATIOLO OTATIOTIKA
ONUAVTLIKA ortAd arto AaBocg

* [pEmeL va tepLloploov e auta Ta Peudwc BeTIKA amoTeAEopaT
e XpeLaletal kKataAAnAn pebodoloyia



Multiplicity Story

* |SIS2 study: peA€tn yia tnv enidpaon tng aomipivng otn 6poupPoAuvcn
ylo tnVv Beparmneia epppoyUaTwy

* Ta amoteAeopata £6L€av onUOVTIKO KEPSOC yla Touc aoBeveic.

* Ouwc avedetéav otL av to (wolo Tou aobevouc ntav Zuyoc N Aldbupog
10TE N Bepamneia dev ntav xpnoun!

* To 1OLo amoteAeopa epdaviotnke yia touc Aldupouc og apopoLa
LEAETN UEPLKA XPOVLOL LLETAL.

e AUTO eival amotéAeopa tou tpoBANatoc TG NMoAAATAOTNTAC
(multiplicity)



Parachute use to prevent death and major trauma related
to gravitational challenge: systematic review of

randomised controlled trials

Gordon C S Smith, Jill P Pell

Abstract

Objectives To determine whether parachutes are
effective in preventing major trauma related to
gravitational challenge.

Design Systematic review of randomised controlled
trials.

Data sources: Medline, Web of Science, Embase, and
the Cochrane Library databases: appropriate internet
sites and citation lists.

Study selection: Studies showing the effects of using
a parachute during free fall.

Main outcome measure Death or major trauma,
defined as an injury severity score > 15.

Results We were unable to identify any randomised
controlled trials of parachute intervention.
Conclusions As with many interventions intended to
prevent ill health, the effectiveness of parachutes has
not been subjected to rigorous evaluation by using
randomised controlled trials. Advocates of evidence
based medicine have criticised the adoption of
interventions evaluated by using only observational
data. We think that everyone might benefit if the most
radical protagonists of evidence based medicine
organised and participated in a double blind,
randomised, placebo controlled, crossover trial of the
parachute.

accepted intervention was a fabric device, secured by
strings to a harness worn by the participant and
released (either automatically or manually) during free
fall with the purpose of limiting the rate of descent. We
excluded studies that had no control group.

Definition of outcomes

The major outcomes studied were death or major
trauma, defined as an injury severity score greater than
15.°

Meta-analysis

Our statistical apprach was to assess outcomes in para-
chute and control groups by odds ratios and quantified
the precision of estimates by 95% confidence intervals.
We chose the Mantel-Haenszel test to assess hetero-
geneity, and sensitivity and subgroup analyses and
fixed effects weighted regression techniques to explore
causes of heterogeneity. We selected a funnel plot to
assess publication bias visually and Egger’s and Begg's
tests (o test it quantitatively. Stata software, version 7.0,
was the tool for all statistical analyses.

Results

Our search strategy did not find any randomised
controlled trials of the parachute.
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ABSTRACT

OBJECTIVE

To determine if using a parachute prevents death or
major traumatic injury when jumping from an aircraft.

DESIGN
Randomized controlled trial.

SETTING
Private or commercial aircraft between September
2017 and August 2018.

PARTICIPANTS

92 aircraft passengers aged 18 and over were
screened for participation. 23 agreed to be enrolled
and were randomized.

INTERVENTION

Jumping from an aircraft (airplane or helicopter) with a
parachute versus an empty backpack (unblinded).

Robert W Yeh,' Linda R Valsdottir,! Michael W Yeh,? Changyu Shen,” Daniel B Kramer,’
Jordan B Strom,* Eric A Secemsky,' Joanne L Healy,' Robert M Domeier,? Dhruv S Kazi,!
Brahmajee K Nallamothu® On behalf of the PARACHUTE Investigators

MAIN OUTCOME MEASURES

Composite of death or major traumatic injury (defined
by an Injury Severity Score over 15) upon impact with
the ground measured immediately after landing.

RESULTS

Parachute use did not significantly reduce death

or major injury (0% for parachute v 0% for control;
P>0.9). This finding was consistent across multiple
subgroups. Compared with individuals screened but
not enrolled, participants included in the study were
on aircraft at significantly lower altitude (mean of
0.6 m for participants v mean of 9146 m for non-
participants; P<0.001) and lower velocity (mean of 0
km/h v mean of 800 km/h; P<0.001).

CONCLUSIONS

Parachute use did not reduce death or major
traumatic injury when jumping from aircraft in the first
randomized evaluation of this intervention. However,
the trial was only able to enroll participants on small
stationary aircraft on the ground, suggesting cautious
extrapolation to high altitude jumps. When beliefs
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WHAT IS ALREADY KNOWN ON THIS TOPIC

Parachutes are routinely used to prevent death or major traumatic injury among
individuals jumping from aircraft, but their efficacy is based primarily on
biological plausibility and expert opinion

No randomized controlled trials of parachute use have yet been attempted,
presumably owing to a lack of equipoise

WHAT THIS STUDY ADDS
This randomized trial of parachute use found no reduction in death or major
injury compared with individuals jumping from aircraft with an empty backpack

Lack of enrolment of individuals at high risk could have influenced the results of
the trial

thebmyj | BMJ2018;363:k5094 | doi: 10.1136/bmj.k5094



Statistical analysis

The primary efficacy analysis tested the hypothesis
that parachute use is superior to the control in
preventing death and major traumatic injury. Based
on an assumption of an average jump altitude of 4000
meters (typical of skydiving) and the anticipated effect
of impact with the Earth at terminal velocity on human
tissue, we projected that 99% of the control arm would
experience the primary outcome at ground impact with
arelative risk reduction of 95% in the intervention arm.
A sample size of 14 (7 in each arm) would yield 99%
power to detect this difference at a two sided o of 0.05.
In anticipation of potential withdrawal after enrolment
owing to last minute anxieties, a total sample size of
20 participants was targeted. Analysis was performed
on an intention-to-treat basis. We performed secondary
subgroup analyses stratified by aircraft type (airplane v
helicopter) and previous parachute use through formal
tests of statistical interaction.

Screened

Excluded

— 64 Declined randomization
5 Deemed unsuitable by

investigator
v
1§23
Randomized
! } }
(§12) (#11)
Intervention Control
(§12) (§11)
Completed jump and Completed jump and
5 minute follow-up 5 minute follow-up
(B
No contact at 30-days
(B (§11)
Completed 30 day follow-up Completed 30 day follow-up



Results

Table 3 Event rates for primary and secondary endpoints. Values are numbers (percentages) unless stated otherwise

Endpoint Parachute Control Mean difference (95% Cl) Pvalue
On impact

Death or major traumatic injury 0 (0) 0(0) 0 >0.9
Mean (SD) Injury Severity Score 0 (0) 0 (0) 0 >0.9
30 days after impact

Death or major traumatic injury 0(0) 0(0) 0 >0.9
Mean (SD) Injury Severity Score 0 (0) 0 (0) 0 >0.9
Health status

Mean (SD) Short Form Health Survey score 43.9 (1.8) 440(24) 0.1(-2.0t02.2) 0.9
Mean (SD) physical health subscore 19.6 (0.7) 19.7 (0.5) 0.04(-0.510 0.6) 0.9
Mean (SD) mental health subscore 24.3(1.3) 243(2.1) 0.08(-1.6101.8) 0.9




Table 1 | Baseline characteristics of participants randomized to parachute versus

control. Values are numbers (percentages) unless stated otherwise

Characteristics Parachute Control
Total 11 (100) 12 (100)
Demographics

Median (SD) age (years) 38.1(8.7) 38.6 (11.0)
Women 4 (36) 6 (50)

Men 7 (64) 6 (50)
Ethnic group:

American Indian or Alaska Native 0 (0) 0 (0)

East Asian or South Asian 4 (36) 4(33)

Black or African American 0 (0) 0 (0)

More than one race 0 (0) 0 (0)

White 7 (64) 8 (67)
Mean (SD) height (cm) 171.8 (9.1) 171.7 (8.4)
Mean (SD) weight (kg) 75.9 (24.4) 74.6 (13.0)
Medical history
Broken bones 4 (36) 5(42)
Acrophobia 3 (27) 6 (50)
Parachute use 3 (27) 0 (0)
Family history of parachute use 2(18) 0 (0)
Frequent flier (average >4 flights per month) 0 (0) 4(33)
Flight
International v domestic:

International 0(0) 0 (0)

Domestic 11 (100) 12 (100)
Aircraft type:

Jetliner 0 (0) 0(0)

Biplane 5 (46) 6 (50)

Helicopter 6 (55) 6 (50)
Mean (SD) velocity (km/h) 0 (0) 0(0)

Mean (SD) altitude (m) 0.6 (0.1) 0.6 (0.1)




The parachute study

OL cuyypadeic mapadExtnkav OTL av Kal mpoonabnoav Kaveic dev
dEXTNKE va TuYaLOToOLNOEl VW TO AEPOTIAAVO TIETOUCE (YLaTL APAYE;)

Mépa amo to aoteio TNC unmoBsonc n SokLun auth SelXVeL apKeTA
XPN OO CUTIEPACHOTO OXETIKA ME TLC LEAETEC KOL TNV AVAYKN YL
owoTO oxedLaopo (kat petafL pac o oxedbLaopoc eixe tuxatlomnoinon,
ETIOLPKN LOXV Kol LEyeboc delypatoc).

TLtAye otpofBa’?



AVTL ETLLAOYOU

* ONogva Kal TILo TIOAUTTIAOKEC KOl TTALTNTLKEC KALVIKEC OOKLUEC
* MMoAAQ evdladEpovta vea BewpnTikd tpoBARaT
 Elval oL TuXaLOTIOLNEVEC LEAETEC N HOVN armavinon?

* Tnv emoxn twv big data untapyet cdodpo evdladeEpov yla tn xprnon
KOLL LN TUXOLLOTIOLNUEVWY UEAETWV

* H mavdnuia odriynoe o€ véec avaykec/katevBUvoelc (aAAd Kal vea
npoBAnuata)



