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A surrogate end point, or marker, is a laboratory
measurement or physical sign that is used in therapeutic trials
as a substitute for a clinically meaningful end point thatis a
direct measure of how a patient feels, functions, or survives
and that is expected to predict the effect of the therapy.

US Food and Drug Administration’

The essential feature of this definition I1s the strong association
between the marker and the clinical end point or outcome. The
effect of a treatment on a surrogate marker must reflect its effect
on the clinical outcome.? For example, a drug which reduces

intraocular pressure will reduce loss of vision in patients with
glaucoma.



In this context, a surrogate may be defined as a clinical
measurement, known to be statistically associated with and
believed to be pathophysiologically related to a clinical outcome
|4, 5]. In its literal sense, a surrogate can be used to replace
the ultimate clinical measurement. However, for reasons
which will be discussed later, such ‘surrogates’ fulfilling the
literal definition of the word, are rare and particularly rare
when novel therapies are being evaluated.

Surrogate markers in clinical trials Evdidueoa onpeia

In phase Il trials®, surrogate markers provide interim measures
of interventions and thereby predict whether longer term,
more extensive and costly phase lll trials are worthwhile.
There is great interest in markers that allow researchers to
make predictions of drug effects or disease progression by

extrapolating short-term results to long-term clinical end points.

EmiTpETTouV va TTpoBAEYOUHE TNV ETTITUXA 1) OXI TTOPEIA TNG MEAETNG



O1 deikTEG, 1I010ITEPA Ol EJUETOI (UTTOKATACTATOI) OEIKTEG €ival ECAIPETIKA ONUAVTIKOI
yia va TTpoBAEWoulE TNV TTopEia aocBevelwy, Kal OAWC IDIAITEPWGS

YIO VO UTTOPECOUHE VA SIATTIOTWOOUME aV Eva APUAKO

METABAAAEI TNV TTOPEiIa piag aoBévelag.

["auTo ToV AGYO, £va HEYAAO UEPOG TWV TTAPAKATW OXETICETAI
ME O€iKTEC TTOU XpnaoiyotrolouvTal o€ KAIVIKEC MEAETEC,

KATA TNV OOKIUN TNG ATTOTEAEOUATIKOTNTAG KAl TG OPACTIKOTNTAG QPAPHAKWV.

Table 1

Surrogate markers often used in clinical practice

Generally accepted as valid

Surrogate marker

HbAlc

FEV,

Blood pressure

Viral load

Cholesterol concentration

Intraccular pressure

HbAlc glycated haemoglobin

Predicts

Diabetic microvascular
complications

Mortality in chronic obstructive

pulmonary disease

Primary and secondary
cardiovascular events

Survival in HIV infection

Primary and secondary
cardiovascular events

Visual loss in glaucoma

FEV, forced expiratory volume in one second

KaAd, KAOOOIKA TTapadEiypaTa BIOOEIKTWYV

Doubt still exists about validity

Surrogate marker

HbAlc

Bone mineral density

Prostate specific antigen

Suppression of arrhythmia
Carotid intima-media thickness

Albuminuria

Predicts

Diabetic macrovascular
complications

Fracture risk

Prognosis of prostate
cancer

Long-term survival
Coronary artery disease

Cardiovascular events



Ta TTAEOVEKTAMATO TWV EJUECTWYV OEIKTWV,
TTOU AEyOVvTal KOl UTTOKATAOTATOI OEIKTEC, €ival OTI:

A) UTTOPOUNE VA TOUG QVIXVEUOOUUE PUN-ETTENRATIKA (TTX OTO Qijua)

B) ouvrBwc¢ gival TToAU 1110 EUKOAQ TTPOCOIOPICIUOI OTT OTI
N TTaBoA0YIKr) KATAOTAOT ME TNV OTTOoIa CUVOEOVTA
(TTX YAUKOGUAIWMEVN algoagalpivn vs apTnpIoTtabeia),

Kal

[') €xouv TTPOYVWOTIKO n/Kal dIayVWOTIKO XapaKTAPA
(Gpa gival xpovo-guaioBntn TTANpoPopia)

Ta YEIOVEKTAPATA TOUG €ival OTI:

A) d¢ev gival 100% ouvdedePEvol UE TNV OUYKEKPIMEVN TTABOAOYIKN) KaTAOTAON,
aAAG peTaBAaAAovTal atro AAAEC, OUYXPOVEC TTABOAOYIKEC KATAOTACEIG,
X CRP o¢ kapdiayyelakd vooruara,

Kal

B) 6tav xpnoipgotroiouvTal dIapopETIKOI OEIKTEG O€ DIAPOPETIKEC UEAETEG,
TA ATTOTEAEOMATA PETACU PEAETWV OEV Eival CUYKpPIOIPa
X €TTiTTEdA YAUKOCNG 01O aiua vs HbA1c



KataAAnAoTnTa Tou B1odEikTn

H KATAAAHAOTHTA evoc dgiktn yia pia TraBoAoyIKh KaTtdoTaon
katadeikvutal oe META-avaAuon, dnA heTd 1o TEpag TG KAIVIKAG Paong lIl.

Ta KAIVIKG TTopiopata, HeTd Xpovia PeEAETNG o€ AIAPOPEZ KAIVIKEC HEAETEC
OUYKpivovTal Kal cupyn@idovtal = 0 O&iKTNG aTTOTEAEI KOAO UTTOKATACTATO
(EMUECO) BEIKTN YIa TNV BapuTnTa Kal TTPOG0d0 HiaC OUYKEKPIMEVNGS aoBEvEIaC.

[16T€ N oUOXETION €ival TTIO KAAN;

H cuoxETion €ival KaAUTEPN KAl TTIO EUTTIOTEUCIUN

OTaV 0 £EUUECOC OEIKTNG gival JEPOC TWV aAAaywV TTou odnyouv oTnv TTaboAoyia,

ONA atToTEAEI TUAPA TOU PNXAVIOUOU TTOU TTPOKAAEI TNV aoBEvelq,

KQI ETTOMEVWG N METARBOAN Tou ouvdéeTal AMEZA ue Tnv acBévela.



Ao6yol yia Toug otroioug évag OeikTng AEN atroteAei KOASG TTPOYVWOTIKO OnuEio
2XNMOATIKA, auTO PTTOPEI va OPEIAETAI OTA EEAC:

1) O ociktng d6¢v cival AITIOANOI KA cuvdedeuévog ye Tnv TTaboAoyia,
X Ta €TTiTreda TnG HbA1c o€ oxéon PeE TNV TTEPIPEPIKA APTNPIOTTABEIN
TToU eugavidetal otov dI1alnTN

2) Otav o d¢ikTng avravakAd ENA atro Toug TToAAOUG INXAVICPOUG
TTOU EUTTAEKOVTAI OTNV TTPOKANCN Kal TTPO0d0G TNG aobévelag,
X VIO OIQWOPWVIKA, N MEIWPEVN OOTIKA TTUKVOTNTA E€ival JEPOG
TNG TTaBoAoyiag TNG 00TEOTTOPWONG

3) Otav o BI0dEIKTNG aTTOTEAEI JEV AITIOAOYIKA HEPOGC TNG TTaB0AOoYiaC,
aAAG AEN petaBAaAAeTal HETA OTTO POAPUAKEUTIKA aywyn,
TTX N METABOAN OTNV OUXVOTNTA EUKAIPIAKWY AOINWEEWY 0€ aoBeveic uE HIV-AIDS
gival aveg¢dptnTn aT1To TNV MEIWON TITAWV TOu 10U ATTO TO PAPUAKO
Kal TRV BETIKA TTPOYVWON o€ OXEON YE KivOUVO APTTO TOV apXIKO 16

4) Otav o BlodeikTng dev artroteAei yeTapAnTA TTou eTnpedletar AMEZA
QTTO TNV ETTENRAON (PAPUAKOAOYIKN ETTENRACN I XEIPOUPYIKN),
X 0 O€ikTNG PSA 0¢ev atroTeAEI KAAS TTPOYVWOTIKO ONMEIO
YIQ TNV ETTITUXIA XEIPOUPYIKAG APAipECn HEPOUG TOU TTPOCTATN,
KAl KAT ETTEKTACN ME TNV TEAIKA TTOEPEIQ TOU aoBevoUC (aTTouCia HETACTACNG)



Mapadeiypa BrodeikTn TTOU XPNRCEI ETTAVEEETAONG

KEY CLINICAL POINTS

PROSTATE-CANCER SCREENING

« The introduction of prostate-specific antigen (PSA) testing has nearly doubled the lifetime risk of receiving a diagnosis
of prostate cancer.

« A substantial proportion of PSA-detected cancers are considered overdiagnosed because they would not cause clinical
problems during a man’s lifetime.

« Early results from two large, randomized, controlled trials of screening were inconsistent; a European study showed a

modest decrease in prostate-cancer mortality, whereas a U.S. study showed no decrease in prostate-cancer mortality.
- Treatments for prostate cancer can lead to complications, including urinary, sexual, and bowel dysfunction.

« Men considering prostate-cancer screening should be informed about the potential benefits and harms of screening
and treatment.



Fig. 1
Examples of failure of surrogate end points to reliably
predict true clinical outcomes ?
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1. Glycated haemoglobin (HbA1c) may not be in the causal
pathway of macrovascular disease.

2. Bisphosphonates affect only the bone mineral density but
there may be other causal pathways.

3. Antiretroviral drugs alter survival by effects independent of
the number of opportunistic infections.

4. Prostatectomy for prostate cancer has mechanisms of
action including but also in addition to the pathway
affecting prostate specific antigen.

2XNMATIKR avatrapAaoTaorn oXEong BIOOEIKTWY
ME TNV TTOpPEia TNG aoBévelag



B100¢gikTEG TTOBOAOYIWYV KOl ACQPAAEIO OTNV XPRON @APHAKWYV

[TOAAEC @OpPEC, BIODEIKTES TTOU PaivovTal ATTOAUTA TTPOCAPHOCUEVOI
oTnVv TTaBoAoyia uTto €¢ETO0N,

AEN e€ivail ikavoTroinTIKoi,
kKal jaAiota eival ANEZAPTHTOI 1n¢ emBiwong n/kal kKaAutépeuonc.



AUO TTOAU onUavTIKA TrTapadeiypaTa (TTou KOoTiCouv (WEG) atToTEAOUV:

A) évacg vEocg TUTTOC avTI-UTTEPAITTIOAIUIKOU papuAKou, TToU OPoUCE UE VEO TPOTTO:
TTAPOAO TTOU XaunAwvVe TNV «Kakn» AirroTtrpopwTeivn (LDL) kol avéBadle Ta TTiTreda
NG «KaANG» Aimrotrpwreivng (HDL),

n OvnoiuoTnTa OTNV OUAdA TTOU TTHPE PAPPAKO ATAV PEyaAuTeEPN!

B) pia oAGkAnpn ouada gappakwy yia Tov d1apnTn, ol «yYMTalovecy,

AOYW TTAPOMOIAC «AOUVOETOTNTAC» TNG PMEIWONC TOU UTTOKATAOTATOU

Biodeiktn HbA1C pe Tnv TTOpEia TG UYEIag Twv aoBevwy,

TTpoKAGAeoav TNV eTEUPaon Tou FDA, woTe n eTITUXia TwWV avTIOIaRNTIKWY QAPPAKWY
va apxilel va unv opiletal ye Baon tov Blodeiktn HbA1c,

aAAG PE TNV PECO- KAl JAKPO-TTPOBETUN KAIVIKE €IKOVA, OnNA TO QUECO ONUEIO



Heart-smart diabetes drugs: Pipe dream or
possibility?

©Krishnacreations/Dreamstime.com

London, UK - Everyone remembers rosiglitazone (Avandia, GlaxoSmithKline), a diabetes drug finally
withdrawn in Europe and severely restricted in the US in 2010 after it emerged that it could increase the risk of
heart attack and cardiovascular death.

Debate about rosiglitazone had rumbled on for years, and prior to its demise, the US Food and Drug
Administration (FDA) had already decreed in 2008 that, going forward, new type 2 diabetes drugs should be
subject to more stringent clinical trials, to rule out cardiovascular toxicity rather than being approved on the
basis of studies that simply showed than an agent lowered blood sugar. Last year, the European Medicines
Agency (EMA) followed suit.

Given that CVD is the biggest cause of morbidity and mortality among those with diabetes, most diabetologists
seem to agree that this decision is a "no brainer.” But some had concerns that these regulatory requirements
might have drawbacks. These included curtailment of drug development—deterring all but the biggest
pharmaceutical companies from investing in diabetes programs—increasing cost of medicines to patients and
the concern that focusing overly on cardiovascular risk might detract from other outcomes of interest in patients
with diabetes.



B100¢cikTEG KAPDIAYYEIOKAG VOOOU (XPOVIOG PAEYHOVAG)

CDC/AHA Workshop on Markers of Inflammation and
Cardiovascular Disease
Application to Clinical and Public Health Practice
Report From the Laboratory Science Discussion Group

Gary L. Myers, PhD; Nader Rifai, PhD; Russell P. Tracy, PhD; William L. Roberts, MD, PhD:
R. Wayne Alexander, MD, PhD: Luigi M. Biasucci, MD; John D. Catravas, PhD:
Thomas G. Cole, PhD; Gerald R. Cooper, MD; Bobby V. Khan, MD, PhD;

Mary M. Kimberly, PhD; Evan A. Stein, MD, PhD; Kathryn A. Taubert, PhD:

G. Russell Warnick, MS, MBA: Parvin P. Waymack, PhD

KaBopiopuog KaTaAANAGTNTAG ATTO OMADEG E10IKWYV,
KOl ETTAOVESETAON TTEPIODIKA



Recommendations for Clinical Practice

Of the inflammatory markers identified. C-reactive
protein (CRP) has the analyte and assay characteristics
that are the most conducive for use in practice.

To obtain a CRP concentration in metabolically stable
patients, 2 measurements, fasting or nonfasting. should
be made (optimally 2 weeks apart) and the results
averaged. If the CRP level is =10 mg/L, then the test
should be repeated and the patient examined for sources
of infection or inflammation.

CRP results should be expressed only as milligrams per
liter and expressed to 1 decimal point.

Risk assessment should be modeled after the lipids
approach via 3 risk categories: low risk. average risk.
and high risk. On the basis of the CRP population
dictribntioms  the followine tertilec are recommended
for categorizing patients: low risk, <<1.0 mg/L; average
risk. 1.0 to 3.0 mg/L: and high risk, =3.0 mg/L. It
should be recognized that other acute inflammatory
conditions may result in mildly to moderately increased
CRFP levels. such as inflammatory bowel disease.?
rheumatoid arthritis.* and long-term alcoholism.*
Performance goals for CRP measurement. similar to
those developed for total cholesterol. HDL and LDL
cholesterol, and triglycerides. need to be developed with
a view toward better characterization of the total allow-
able error required to measure CRP reliably.



O d¢eikTng CRP petaBaAAeTal

UE TO PUAO, nAIKia, TPOTTO (WS, PUAN (D1a@OPETIKO 0 AEUKOUC KOl HAUPOUC), KATT

[MOAAEG QopEG, yia TNV TTopeia KA vooou, XpnoIJOoTTIoIEiTal O OEIKTNG
TOU TTAXOUG TNG E0W TTPOG TNV MEoN OTIBAdA TS KAPWTIOIKAC apTnpiag
(intimal/medial index),

aAAG auTOG OEV avTIKATOTTITPI(EI atTapaiTnTa

TOV Kivouvo atroppacns f eupoAnc AAAQN apTtnpiwv.

['1a ToV KivOuvo eupPAayuaTog Kal OpoupoeuPoAikou eTTEIC0dioU,
UTTAPXEI Kal Evag aAyopiBuog TTou BpiokeTal OTO site:

https://www.heart.org/qqlRisk/main en US.html

[TOAAEGC POPEC, aAYyOPIOOG BACICHEVOS OE TTPOCDIOPICHO >2-3 HETABANTWY
MTTOPEI va €XEI TTOAU KAAUTEPN CUOXETION Kal TTPORAEWINOTATA

ME TNV TTopEia yiag TTaBoAoyiag / vooou


https://www.heart.org/gglRisk/main_en_US.html

Ouol1aoTIKA, 0 OEIKTNG TTPETTEI VO CUOXETICETAI OO0 TO dUVATOV
TTIO OTEVA PE TNV KAIVIKI] TTABOAOYIKN KaTAoTACN.
[Na Tapddelyua kKaAwv YIIOKATAZTATQON (euphéowv) BEIKTWV:

Table 1 Examples of well-validated surrogates.

Dirug felass Clinical endpoint Surrogate

Antihypertensive Cardiovascular disease Blood pressure [6]
Glaucoma Visual acuity [ntraocular pressure
H-receptor antagonist Allergic rhinitis, dermaritis Suppression of histamine-induced

cutaneous weal and flare [33]

Hz-receptor antagonist Peptic ulcer 24 h suppression of gastric acid [13]




A€iKTEG ap@ioAng agloToTiag:

Table 2 Examples of incompletely-validated surrogates and models which may be useful in drug development.

Dirug felass

Clinical endpoint

Surrogate/ Model

5HT s-receptor antagonists

Lipoxygenase inhibirors

Leukotriene antagonists

MAO-B inhibitor antiparkinsonian

Anxiety
Panic disorder

Dementia

Antiinfectives
Analgesic

Chemotherapy emesis

Asthma

Asthma

Depression

Symproms
Symptoms

Social function

Infection

Pain

Ipecacuanha emesis [34]

Lipoxygenase inhibition in neutrophils [12];
allergen challenge [12]

Bronchial challenge with leukotriene [35]

MAO-B inhibition in platelets [24];
MAO-B receptor occupancy in vive [24]

Conditioned aversive anxiety [25]

Simulated public speaking [25]

Psychometric tests [36]: scopolamine
model in volunteers [37]

Infective challenge, e.g. malaria [33]

Pain models [39]




[MpETTEl KAI TO TTEIPAPATIKO TTPOTUTTO OTO OTT0i0 OTNPIfETAl N EUPECT TOUG
va €ival 600 10 duvaTOV TTIO TTICTH «AVTIYPA@» TNS avBpwtrivnS TTaBoAoyiag.

Baaoikd etriong givar va [MIZTOTOIOYNTAI (validation)
uéoa arro troikiAeg KAINIKEZ MEAETEZ.

Movo TOTE uTTOPOUV Va XpNoIhoTToINBouv agidTroTa.
Ooo mTepioagoTeEPa OedouEva UTTapyYouV, TO00 aveRaivel N aCloTTIoTIq.

100%“

Validation

0%

L.
r

Amount of data on surrogate and outcome

Figure 1 Schemaric representation of the relationship berween
the amount of clinical data in support of a potential surrogate and
an estimate of its validity.



O1 BI0OEIKTEC TTOU TAUTOTTOIOUME KAl XPNOIUMOTTOIOUUE,
TTPETTEI VA €XOUV TA £€AC KOIVA XOPOAKTNPIOTIKA:

1.

EyyutnTa pe 1o TEAIKO KAIVIKO onjEio

TTX Ol AvVAOTOAEIC AITTO-0guyEvVAONC TTOU XOpnyouvTal 0To acOua,
MTTOPEI va agloAoynBouv &iTe XpNOIPOTTOIWVTAG

a) avaoToAr Aittooguyevaonc (BioxnNUIKOS OEiKTNG), €iTe

B) atrokpion o€ aAAePYIKO £pEBIoUA (KAIVIKOG OEIKTNG).

[MoI16¢ gival KaAUTEPOC BEIKTNG;

. EKAEKTIKOTNTO O€E OXEON ME TOV HNXOVIOMO

TTOU EUTTAEKETAI OTNV TTPOKANCN TNG A0BEvVEIQgC,

X 0 0€ikTnG CRP €ival FENIKOZXZ d€iktng @Aeyuovng, apa JETPNOT Tou
MTTOPEI va UTTODEIKVUEI OXI MOVO KivOUVO KOPDIayYEIQKWY,

aAAG ATTAWG TTAPOUTia QAEYHOVWOOUG VOOOU

. MpakTIKOTNTA OTNV AfYn

X Mia Biogia yia va e¢eTAoouE TNV TTaBoAoOyO-avaTouia TOU VEQPOU
gival ECAIPETIKOC, AAAG €IPETIKA OUOKOAOC BI0dEIKTNG,
0€ OXEON TIX ME TNV KABAPON KPEATIVIVNG



Specific A

Proximal Practical
<€ >
Poorly validated Validated
Innovative Not innovative

Y Nonspecific

Impractical Distal

Figure 2 The dimensions of surrogates plotted as three
orthogonal axes. Due to the likely inverse relationship between
validity and innovation, these have been collapsed to one axis.
Similarly, because of the likely covariance of specificity and
proximity, these have also been collapsed to one axis. Any
potential surrogate can be plotted in this space to estimate its
likely utility.
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