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2 Different Questions

« Q1. Does exposure-related biomarker
predict cancer?

e Q2: Can biomarker be used as surrogate
end point in studies of EB vs. cancer?

‘Cancer’
e Incidence: primary prevention

 Recurrence, death (prognosis):. secondary prevention




Question 1 (Prediction)

IS exposure-related biomarker
assoclated with cancer?




Relative Risk

Cancer

No Cancer

Marker +

Marker -

RR = [a/(a+b)]/[c/(c+d)]




Attributable Proportion/Etiologic
Fraction

Cancer No Cancer

Marker +

RR =[a/(atb)]/[c/(ctd)] Sens.=al/(atc) AP =Sens [1/(1-RR)]




Question 1: (Prediction)

Why is prediction useful?

Helps answer this question: Is the marker on
the causal pathway to cancer?

That is, can help elucidate causal pathways
for exposure a cancer—i.e., ‘mechanisms’.




2 Different Questions

« Q1. Does exposure-related biomarker
predict cancer?

e Q2: Can biomarker be used as surrogate
end point in studies of EB vs. cancer?




Surrogate End Points

e Studies with surrogate end points can be
smaller, faster, and cheaper than those
with cancer outcomes

e Holds for both

— Intervention studies (trials)
— observational epidemiologic studies




What Is ‘Validation’/ Qualification’ of
Intermediate End Point Biomarkers

e Q1. the biomarker is truly on the causal
pathway(s) to cancer

e Q2. the study of exposure vs. surrogate
end point gives the right answer for
exposure vs. cancer (a tougher
requirement!)




Surrogate and Mediating Endpoints: Current Status and

Future Directions
Faozz L. Prardics

The identficicion of mrrogae endpoin that can replace “oue” end-
points in clinical erials could provide an imporwane advance for the
evahlmcion of thempennc or prevennve inrerennons. Curcomes svno
thar are more frequenc in cocurrence and more prommace in dme,
oompared with cisromary dissass-specific moralicy or incidence out-
oomes, could give answers that are based an smaller wials of shormer
duration, However, reliances on surrogares ourcomes is justifiable anly
if crearment comparisons that are based on a snmogace are a faithfol
reflection of comparisans that are bassd on the oue endpoinc.

I ook chis perspeceive, almose 20 years ago (1), in defining & sur-
rogare ouroame m be *5 respanse viriable for which a cestof che
ol hypothesis of no relationship 1o the meacmenc groups under
oom parison is also @ valid mest of the corresponding null hypothesis
based on che mue endpaine,” chinking chat chis was @ minimal
requirement for a short-erm oucome o provide some reliable
wrearment effect informartion for the longer erm oumome. However,
this apparendy simple requirement cranshicees o some sTong
resmicoions on the reladonship of the weamment o che surmogame
and crue cuwomes: Consider a wearmentindicator variable x, a dme
o response surrogate 5, and & time o responss cie ourcome 1.
A dependence of T on x will imply a dependence of 5 on v if

L. the hazard rare for Tdepends on 5 end

2. the hazard rute for Tgiven 5 does not depend oo x.

The Girsteriezrion is grpically readily verified empirically, whereas
the second, which requires the mrrogare w fully mediame the meac-
ment effect on wrue oumome, is poc. Racher, empirical din alone,
even if exeensive, will noc provide cermingy concerning criterion 2.
Crirerion ! cypically enmils demiled knowledge of che biclogical
patbiways whereby » may affece Tand deniled knowledge abour the
time course of such effece—inowledge thar one wonld nor empec
o ke awailabile §f there is uneermaing: conceming whether v has any
effectan T, For miwerion 2 o hold, the surrogace must be compre-
hensive in being responsive oo all perinenc patways and che impli-
cacions of che surrogare evene cocurrence for the oue comwome risk
st be equivilent in each meamment group being compared.

The article by Bay ecal. (2) in this issue considers bach che
occurrence of distant menstises and general clinical wearment
failure as porencial surrogare cumomes for prosme cancer—-spacific
death in the concext of evaluating the affecr of long-term androgen
deprivation therapy among prosare cancer pacients with locally
advanced disease. Among pacients who were aliwe 3 years after run-
domizarion, the hazard rafo for prosme cancer-specific deach,
when long-rerm androgen deprivaton cherapy was compared wich
concrol meamenc, was 076 (95% confidence interval [CT]=0.51 o
1.1y ameng patents wichour distant measmases and 0,97 (93%
Clalfll m 1.50) among pacients wich dismne meastases. In che

212 Ediwrials | JHO

context of a corresponding uneandiciomal hazard rado of 069 (95%
Cl=(i32 o 0.83) for prostace cancer-specific mormlicy, chess
analyses corvey useful informarion abour che impormnce of a
reducrion of distant memsnsis in mediating che creamnent affeccan
prospare cancer—specific mrvival, bor chey do nor provide peranasive
information concerning the ability of dismnr menastasss oo fulfll
cricerion 2. For emample, che estmared prosmre cincer—specific
mortalicy rare among men withont discant metastases is esimared m
be 24% Jower in the long-rerm androgen deprivacion group chan in
the conerel group. Is chis a chance observadion or does longer term
deprivation have some impacr, for example, on local ar regional
recurrence of an the dming of discant memsmsis deweoion?
Corsideration of general clinical crearmenr failure a5 a porermial
surragate (2} can be viewed as an effort o encompass patoways, in
additon o reducrion in distant metaswses incidence, whersby the
redmnent may affect proswee cancer—specific death rates, Genenal
clinical crearmene failure was defined as che time oo firse occorrence
of local prosmre recurrence, documented regional or distant
meoastasis, initiidon of androgen depriviton cheripy afrer
pracacal-direcred meamment, or & prosare-specific antgen level of
25 ng/ml. or higher afver compledon of radiacion therapy. In spice
aof the seringency of crireria 1 and 2, 1 forcher criterion, as described
previcmshy (11, is needed to ensure char a dependence of 5 an x
manslares o 1 dependence of Ton ». In this concem, one can ask
whecher some evenes are incloded in general clinical oTearment
failure that help m establish an effect of von & buc hawe licde or no
implicacion concerning an effect of ¥ on T, For emmmple, the iniria-
ticn of exera-protocol androgen deprivadon therapy evidemly may
differ berween meamnent groups for purely ardfacmal reasons (is,
such cherapy is unlikely in che firsc 2 years afrer randomizrion
for men assigned w che long-term deprivadion group). Also, the
porenitial sarrogare, general clinical tresmmenc failore, may have a
substantal noise component due w issues in defining local recur-
rerce of due to patient coneerns l=ading vo unnecessary androgen
deprivation therapy. Beyond these issues, the hazard rario for long-
term indrogen deprivation vs control meamment was 0059 (955
CI=044 oo 1.63) before general clinical mearment failore and 0.81
(5% Cl=ii 58 co 1.14) after generil clinical meamment failure, 5o
that once aguin these empirical dam do not provide convincing
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Surrogate Validity

3 conditions needed for validity:

e Marker associlated with cancer
— Relative risk
— Attributable Proportion

« Exposure/rx associated with marker

e Marker mediates associlation between
exposure/rx and cancer




BMI vs. breast cancer

BMI & estrogens & breast ca




Surrogate Validity

3 conditions needed for validity:

e Marker associlated with cancer
— Relative risk
— Attributable Proportion

« Exposure/rx associated with marker

e Marker mediates associlation between
exposure/rx and cancer




Estrogen vs. Breast Cancer (RR’s)*

Estradiol Free Estradiol
Q1 1.00 1.00

Q2 1.42 1.38
Q3 1.21 1.84
Q4 1.80 2.24
Q5 2.00 2.58

P<.001 P<.001

*INCI 2002; 94:606-161




Surrogate Validity

3 conditions needed for validity:
e Marker associated with cancer

 Exposure associated with marker
- RR, % change

e Marker mediates associlation between
exposure/rx and cancer




BMI vs. Estrogen
(geom. mean hormone conc.)*

BMI

Estradiol

Free Estradiol

(pbmol/L)

(pmol/L)

<22.5

30.0

0.40

22.5-24.9

34.8

0.51

25.0-27.4

37.3

0.56

27.5-29.9

43.2

0.68

30.0+

54.9

1.00

*INCI 2003; 95:1218-26

P<.001

P<.001




Surrogate Validity

3 conditions needed for validity:

« Marker associated with cancer

— Relative risk

— Attributable Proportion = Sensitivity (1-1/RR)
« Exposure/rx associated with marker

— RR, % change

e Marker mediates association between
exposure/rx and cancer




BMI and Postmenopausal Breast
Cancer*

Adjusted for
free estradiol

NO

RR (95% CI) for BMI
(increase of 5 kg/m?)

1.19 (1.05-1.34)**

1.02 (0.89-1.17)

*INCI 2003; 95:1218-26

**Prentice criterion 1




Table 1 | Number of sexual partners and the risk of cervical dysplasia

Number of sexual partners
6-9
Odds ratio
Unagusted

Adiusted for
HFY statis

0 < 005 HPY humsan papdlomayeus




‘Validation’ of Surrogate End Point
Biomarkers

« Being on the causal pathway does not
guarantee surrogate end point validity




I Hyperproliferation N
Normal mucosa + E Neoplasia/cancer

/

| Apoptosis

| Cellular adhesion factors

Alternative pathway is problematic




Proliferation Markers as Surrogate End
Points for Colorectal Cancer: Inferences

« Hyperproliferation may give the wrong
answer about an intervention agent’s

effect on CRC

— Agent reduces proliferation, reduces
apoptosis, has no effect on CRC

— Agent has no effect on proliferation,
Increases apoptosis, reduces CRC




‘Validation’ of Surrogate End Point
Biomarkers

« Being on the causal pathway does not
guarantee surrogate end point validity

« Having a high AP/EF (meaning all or most

of cancer goes through biomarker) does
not guarantee surrogate end point validity







Colorectal Adenomas are Pretty
Good but not Definitive Surrogates

« Adenoma heterogeneity: rx affects only
‘Innocent’ adenomas (afalse positive result)
or only the few ‘bad adenomas’ (afalse null
result)




Colorectal Adenomas are Pretty
Good but not Definitive Surrogates

« Timing: In polyp trials, no information on
early (pre-adenoma) and minimal

iInformation on late (small to large adenoma/
cancer) events




Hematopoietic Cancer

« Benzene — |WBC a leukemia
 Permethrin & MGUS a multiple myeloma




Benzene, |WBC, Leukemia

« Reduced WBC associated with
subsequent leukemia among benzene

workers
e Strong benzene-leukemia evidence

 Regulation based on |WBC




Permethrin, MGUS, Multiple Myeloma

 All MM preceded by MGUS; but not all
MGUS goes to MM.

e Permethrin-MM connection: limited data

e How strong can permethrin-MM
Inferences be based on MGUS?




More on Surrogate Validity

A surrogate end point valid for one
exposure or intervention vs. a cancer Is

not necessarily valid for a 2"d exposure or
Intervention

« Why? Because an alternative pathway to
cancer may exist







2-Stage Strategy Not a Lock

e Intervention alters surrogate marker (Stage 1)

AND surrogate marker is associated with
cancer (Stage 2)

 Counter-example? HRT raises HDL; HDL

Inversely related to CVD; but HRT does not
protect vs. CVD

— Alternative pathway(s)
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I ORICINAL CONTRIBUTION

Lowering Homocysteine in Patients With
Ischemic Stroke to Prevent Recurrent Stroke,

Myocardial Infarction, and Death
The Vitamin Intervention for Stroke Prevention (\ISP)
Randomized Controlled Trial

h

Context Inobservabicnalshudiss, ekevabed plasma botal hornocyseine k heen

Meir Starmpfer, MIL, DePPH

CROCYSTENIRLA, A RARE CON.
dition in which plasma lev
els of tota] homocpsteine are
wvery high, was First asseci.
aed wl th cerebrovascular disease in
1062 In 1960, ki Iy suggested
thatmare moderate levels of hyperho.
mecystinemia might be sssociated with
athercsckrosis. Case-control studies
barve shown higher levels of total ha-
mocysteine in patients with prema-
ture peripheral and cerebrovascu bor i
ez and atherceclerosis * Mest butnict
all siudies have demonsirated an assa.
ciation between elevated levels of total
hemacysteine and stroke F1L
In the European Concerted Action
Project, the telative risk of vasculor dis
ense for participants in the top fifth of
fasting homocysteine level distibution
=12 pmoll) wes 2.2 compared with
the bottom four fifths.'* When patients
weith coranary artery diserse were stati.
fied by total homocysteine level, those

positiesly azzoziabed with ischemic strake risk. Horwawver the Utility of hemezysteine-
Iorwering therapy ko reduce that risk has nat besn canfimmed by randomized traks.

Objective To determine whether high dases of falic acid, pyridesine (vitamin B,
and cabalamin (stamin Byl given to lawer tofal homosysteine levels, reduce the risk
of recurrent stroke awer 2 2-year periad compared with ke dases of thess vitamin.
Design Decuble-bind randomized cantralled brial (S=ptembar 1955-May 20035,

Setting and Participants 3580 adufts with nendisabling cercbral infarchion at 52

university-affiliated heepitals, commurity haspiksls, privabs neurclegy practices, and
Veeterans Affairs medical centers across the United States, Canad, and Scatland.

Interventions All participants received best medical and surgical care plus a daily
rmultivitamin zortaining the US Facd and Drug Administraticn's reference daily in-
takes of other vituming, patients were randomly assigned to receive cnce-dady dases
af the high-dese formulation in=1E27), containing 25 mg of pyridexine, 0.4 mg of
zcbalamin, and 2.5 mg of falic acid: or the low-doss fomulation (n = 1E53), cankain-
ng 200 pg of pyridasine, & pg of cobalamin and 20 pg of falic add.
Main QutcomeMeasures Recurrent cercbral infarcban {primary autcamel; cara-
nary heart diszass (CHD) svants and death (secandary autcomes).
Results Mean reduction of fotal hemacystrine was 2 pmal/L greater in the high-
daze group than in the low-dess group, but there was na treatment effectan any end
paint The unadjusted risk rabix far any stroke, CHD evert, or death was 10 155%
confidenes interval [C1]. 0.8-1.11 with chances of an event within 2 years of 18.0%
the high-dase group and 185% in the kow-dase group. The fisk of Bchemic srake
n 3 years was 9.1% for the high-dose and 8.8% far the low-dess groups frisk
ratia, 1.0; 85% C1, 0.6-1.) (P= 80 by log-rank best of bhe primary hypcthesis of dif-
ference n m.schem.c stk between irestment groups). There wasapersistent and graded
inelevel and cuteames, A 3-prnaliL lm:
total Fomcy"tﬂne el was azzociated with a 10% lower risk of stroke (P= (5]
28% lower risk of CHD events (P<.001), and 2 16% kewer risk of deth ( n
e krw-chose group and a nansignificantly lower risk in e high-dose group by 2%
for strake, 7 % far CHD svents, and 7% for death.
Conclusions In this trial, maderate reduction of total hamagesteine after nandis-
abling cercbral infarction had na sffectan vasauar subsomes during the 2 yeamaf ok -
up. Hawever, the canzisterrtfindings of an assacisticn of botal hamacpsteine with vas-
zular risk sugg=sks that further sxploration of the hypathesis i warranted and langer
triaks in different papulations with clevat=d ttal hamo<ysteine may be necessary.
JAMA 2004791565575 WWW Jamacan

See also pp 576 and 621.
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Effects of Torcetrapib in Patients at High Risk

for Coronary Events

and Bryan Brewer, M.D., Ph.C

ABSTRACT

iow of choleseary] escer cransfer provsin (CETF) has bean shown co have a sub-
seantial effece on [ asma lipoprotein levels. We investgared wherher wmorcetrapi
a potene CETP inhibicor, might reduce major card:ovascolar events. The tral was
terminated premarurely becanse of an increased risk of dearl and cardiac events in
parients receiving wroecrapib.

METHODS
We conduceed a randomized, double-blind sendy involving 15,067 pacents ac high
cardiovascular risk. The patiens receiwed either orceerapib plos acorvaseatin or
atorvascacn alone. The primary cuccome was the dme eo che firse major cardiovas-
cular even was defined a5 deacs from coronary hear disease, non el
myocardial in frceion, srmke, or hospicalzacon Brossable angina

REsuLTE
Ax 12 mon xJus b parients who teceived corcerrapib, therewas an increase of 725k
Ie-den oprocein chaleseral and a decrease of 24.9% bn low-densiey 1
protein cholesterod, a8 compared with basslie (Pe0.001 for bodh comparisons), in ad-
dition e an increase of 5.4 mm Hg in syseolic blood pressare, a decrease in serm
pocassium, and increases o serum sodwm, bicarbonare, and aldosrerane (Peoupnl
for all comparisonsl. There was also an increased risk of cardiovascolar events
(hazard rado, 1.25; 95% confidence intereal [C1], 109 60 Ldd; P=0.000) and deach
from any canse (hazard meio, 1.53; 95% CI, L14 00 Z1% P=00006)L Post hoc analyses
showed an increased gk of death in pachenes creared wich oorcecrpeb whese educ-
tion in porEssm or incredse in bicarbonase was grearer than the median change.

concws
Torceerapib therapy resuleed i an increasad risk of moreal iey and morbidiey of un-
lavowm mechanism. Al though therewas evidence of an ofFarget effect of nm:em
we cannoe rule cue adverse effeces melaced eo CETF i
mymbser, HCTO011 4264

.
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3 Sobering Stories (1)

« Avandia (Rosiglitazone)
— Lowered glycated hemoglobin level

— Increased congestive heart failure and
cardiovascular ischemia

e Folate and B-vitamins
— Lowered homocysteine
— Did not lower cardiovascular events




3 Sobering Stories (2)

e Torcetrapib*
— Lowered LDL (72%), raised HDL (25%)

— Increased cardiovascular events (25%) and all
cause mortality (58%)

*torcetrabip plus atorvastatin vs. atorvastatin alone




Surrogates for Prostate Ca Survival (1)

Potential Surrogate Endpoints for Prostate Cancer
Survival: Analysis of a Phase lll Randomized Trial
wes Blae, Maha H. &, f . Willism

Enckg round

al trastrant f.
al at 10 years Thes

Fro i ali - Wi g al hi a iath fi arch i uired
d patiens




Surrogates for Prostate Ca Survival (2)

Potential surrogates:
— Distant metastasis
— ‘General clinical treatment failure’

« Conclusion: these end points may be
candidate surrogates for prostate cancer-
specific survival at 10 years




Surrogates for Prostate Ca Survival (3)

« BUT—It Is possible that a treatment effect
on metastasis/rx faillure does not have
equivalent effect on prostate survival:

— Rx Improves surrogate end points but not

survival (b/o some alternative adverse effect
on mortality)

— Rx has no impact on surrogates but improves
survival (b/o some alternative beneficial effect
on mortality)

~Prentice RL. JNCI 2009;101:216-7




Statistical Considerations: Error In
Measurement of Biomarkers

e Measurement error will attenuate associations
— Exposure/rx vs. marker
— Marker vs. cancer

e Measurement error can lead to underestimation:
— Predictive ability of biomarker

— Extent to which surrogate mediates the effect of exposure,
rx on survival




Surrogate End Point
Validity/Qualification:
Summary (1)

e Totality of causal connections Is key

« High AP Is supportive but not definitive
(b/o heterogeneity, timing issues)




Surrogate End Point
Validity/Qualification:
Summary (2)

 Mediation of exposure-cancer relation
supports validity of surrogacy

e Validity Is more assured for surrogates both
necessary for and relatively close
developmentally to cancer (e.g., CIN3)




Surrogate End Point
Validity/Qualification:
Summary (3)

« Advances in validating/qualifying potential
surrogate endpoints may come from:

— Meta-analytic approaches (esp. given large
sample sizes required for evaluating mediation)

—‘Omics’ data (transcriptomics, proteomics,
metabolomics): potentially comprehensive
characterization of multiple pathways




5LGW- -~ 23
IRONIC TWisTs |1




Irony of Surrogate Validation

Large, long, costly studies needed for
evaluation are precisely the studies
surrogates were designed to replace.




Surrogate End Points in Cancer Prevention
Research: The ‘No Free Lunch’ Law*

Inferential certainty is directly
assoclated with study cost.

*or, you get what you pay for




Intermediate Biomarkers in Cancer
Research: Conclusion (1)

« May be valuable in prediction—can help
clarify causal pathways




Intermediate Biomarkers in Cancer
Research: Conclusion (2)

 As surrogate end points

— May be valuable in Phase Il studies (those
seeking a biologic effect) or observational
(‘mechanism’) studies




Biomarkers in Cancer Research:
Conclusion (3)

 The ‘'savings’ resulting from use of
surrogate end points comes at the cost of
Inferential certainty-- there’s no free lunch

e In conjunction with other studies (polyp
trials + cohort studies of CRC), may
enhance ‘probability of being right’




Biomarkers in Cancer Research:
Conclusion (5)

 Replacing explicit cancer end points Iin
Phase Ill clinical trials and observational
studies Is risky business




Biomarkers in Cancer Research:
Conclusion (6)

 As informative as intermediate end point studies
can be, we must not lose sight of the critical
Importance of observational epidemiologic
studies and RCTs with incident cancer (or
recurrence/mortality) end points.

— (And part of that ‘importance’ is evaluating the role of potential
surrogate end points.)
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