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Disclosures

In my dreams | am the CEO of MMM (Make
More Money, Inc.)

My company has successfully developed a new
drug that Is probably a big loser, but | want to
make big money

At best, the new drug may be modestly effective
for one or two diseases/indications for one among
many outcomes (most of them irrelevant to
patients)

If | test my drug In a study, even for this one or
two indications, It may seem not to be worth it

But still, | want to make big money
What should | do?



The answer

Run many studies with many outcomes on each of many different
Indications

Ideally run trials against placebo (this is the gold standard for
regulatory agencies) or straw man comparators, but registry
studies or even electronic records would do, if need be

Test 10 indications and 10 outcomes for each, just by chance you
get 5 indications with statistically significant beneficial results

A bit of selective outcome and analysis will help present
“positive” results for 7-8, maybe even for all 10 indications

There are systematic reviewers out there who will perform a
systematic review based on the published data SEPARATELY
for each indication proving the drug works for all 10 indications

With $ 1 billion market share per approved indication, we can
make $ 10 billion a year out of an (almost) totally useless drug



We probably all agree

* It is stupid to depend on the evidence of a
single study

« when there are many studies and a meta-
analysis thereof on the same treatment
comparison and same indication



Similarly
It Is stupid to depend on a single meta-analysis

when there are many outcomes

when there are many indications the same
treatment comparison has been applied to

when there are many other treatments and
comparisons that have been considered for each of
these Indications



Network definition

 Diverse pieces of data that pertain to research
questions that belong to a wider agenda

 [nformation on one research guestion may
Indirectly affect also evidence on and inferences
from other research questions

* In the typical application, data come from trials on
different comparisons of different interventions,
where many interventions are available to
compare



A network offers a wider picture than a single
traditional meta-analysis: e.g. making sense of 700
trials of advanced breast cancer treatment
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Focusing on what is most recent in the market
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Malin types of network geometry
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Figure 2 Different geometries for a network: (a) full connected palygon, (bl radiating star, (¢} linear structure,
and {d) mixed example from real data.” For the last panel, each line connecting two treatments also shows
the numbear of available direct comparisons betweaen the two treatmeants.

Salanti, Higgins, Ades, loannidis, Stat Methods Med Res 2008



Diversity and co-occurrence

 Diversity = how many treatments are
available and have they been equally well
studied

« Co-occurrence = Is there preference or
avoldance for comparisons between specific
treatments

Salanti, Kavvoura, loannidis, Ann Intern Med 2008



Diversity: PIE (probability of interspecific encounter =

probability that two randomly selected treatment groups
(without replacement) belong to two different treatments)

Properties of PIE and PIE’

Consider a network that refers to /V treatments that we are
want to rank, for example, according to their efficacy. These
treatments have been tested in several randomized trials, each
with at least 2 groups. Let § denote the total number of groups
from all included studies featured in the network. If p; represents
the proportion of the total number of groups in which treatment

7/ was tested, then:
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The PIE index is easil}f interpreted as a prebabilit}? and 1s
one of the few indices that is unbiased by sample size, although
the variance increases if S is small. PIE takes values in the inter-
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PIEmax varies according
to the number of studies,
e.g.

0.818 with 6 studies,
0.771 with 18 studies,
0.761 with 36 studies



Properties of Co-occurrence Metrics
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Second-generation antiepileptic drugs in Biologic treatments for rheumatoid arthritis Intracoronary drug-eluting stents vs.
partial epilepsy bare-metal stents
d jHa d e
e . g
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“b e 4 \a
a: levetiracetam, b: gabapentin, c: lamotrigine, a: adalimumab, b: infliximab, a: AES, b: apolymeric PES, c: polymeric
d: oxcarbazepine, e: tiagabine, f: topiramate, c: etanercept, d: anakinra, e: placebo SES, d: MES, e: polymeric EES,
g: zonisamide, h: placebo f: polymeric PES, g: BMS
B smoking cessation therapies C Vitamin D and analogues to prevent bone loss and fractures
d¢ d
c .
C A ¢

a: nicotine replacement therapy,
b: buproprion, c: varenicline,

d: placebo/no treatment a: vit D/vitD + Ca, b:”alfacalcidol/alfacalcidol + Ca,

c: calcitriol/calcitriol + Ca, d: placebo/Ca

C continued

Self-monitoring of glucose in type 2 Antiretroviral resistance testing in Prophylaxis for Pneumocystis carinii in
diabetes treatment-experienced patients HIV-infected patients

b d
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Te b
a: self-monitoring of blood glucose, a: PART, b: GART, c: vPART, d: empiric a: trimethoprim—-sulfamethoxazole,
b: self-monitoring of urine glucose, c: no b: pyrimethamine, c: dapsone, d: dapsone—
self-monitoring, d: self-monitoring of blood pyrimethamine

glucose with regular feedback

D First-line antihypertensive therapy Chemotherapy regimens for ovarian cancer
e a

8

) f a: platinum monotherapy, b: platinum-based combination,
a: diuretics, b: 3-blockers, c: CCB, d: nonhydropiridine c: taxane monotherapy, d: platinum + taxane-based combination,
CCB, e: ACE-i, f: ARB, g: diuretics or B-blockers, e: nonplatinum/nontaxane monotherapy,
h: placebo/not treated, i: a-blocker, j: ACE-i + diuretics f: platinum-based combination (ip), g: nonplatinum/nontaxane

combination, h: taxane-based combination,
i: platinum/taxane-based combination (ip)

Shaded nodes indicate placebo or no acrive treatment. The chickness of the lines is proportional ro the number of trials addressing each
specific comparison. A. Star-shaped networks. B. Non—star-shaped nerworks with limired diversity and significant co-occurrence. C.
Non—star-shaped networks with limited diversity and nonsignificant co-occurrence. IDD. Networks with considerable diversity and signifi-
cant co-occurrence. E. Networks with considerable diversity and nonsignificant co-occurrence. ACE-I = angiotensin-converting enzyme




E

Antihypertensive treatment (incidence of
diabetes)

f

a: diuretic, b: ACE-i, c: CCB, d: ARB, e: 3-blocker,
f: placebo, g: p-blocker or diuretic

Treatments for acute myocardial
infarction

Stroke prevention in nonrheumatic
atrial fibrillation

O
»]

a: anistreplase, b: accelerated t-PA,
c: reteplase, d: angioplasty,

e: streptokinase, f: t-PA

a: aspirin, b: alternate-day aspirin, c: fixed low-dose-
warfarin, d: fixed low-dose warfarin and aspirin,

e: indobufen, f: adjusted low-dose warfarin,

g: adjusted standard-dose warfarin, h: ximelagatran,
iz placebo/control

F «-1 antagonists in lower urinary
tract symptoms

e

a: alfuzocin, b: alfuzocin SR, c: doxazocin,
d: tamsulocin, e: terazocin, f: placebo,
g: prazosin

Topical nonsteroidal anti-inflammatory drugs for
acute pain

a: indomethacin, b: placebo, c: indomethacin + placebo, d: piroxicam,
e: niflumic acid, f: ibuprofen, g: ketorolac, h: etofenamate,

i: diclofenac, j: felbinac, k: fentiazac, |I: naproxen, m: meclofenamic acid,
n: flunoxaprofen, o: ketoprofen, q: flurbiprofen

G
Antifungal prophylaxis in liver
transplant recipients
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a: fluconazole, b: nystatin, c: placebo,
d: clotrimazole, e: itraconazole,

f: fluconazole + itraconazole, g: ampho-
tericin, h: liposomal amphotericin B

Antifungal prophylaxis in solid organ
transplant recipients

Topical antibiotics without
steroids for chronic ear discharge
without eardrum perforation
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h

a: fluconazole, b: nystatin, c: placebo,
d: amphotericin B, e: liposomal ampho-
tericin B, f: fluconazole + itraconazole,
g: itraconazole, h: clotrimazole,

iz ketoconazole

a: ciprofloxacin, b: placebo,

c: ofloxacin, d: TSP, e: gentamicin,
f: TP, g: tobramycin,

h: neomycin—polymyxin,

i: chloramphenicol/gentamycin,

j: antiseptic




Table. Geometry Metrics for the Treatment Networks*

Network (Reference) Treatments, Studies, Groups, PIE PIE* C- P
n n n Index Index Score Value

Treatments for acute myocardial infarction (3) 6 14 32 0.823 0.853 13.8 0.48

Second-generation antiepileptic drugs in 8 37 74 0.711 0.802 19.71 NAT
partial epilepsy (15)

Biologic treatments for rheumatoid 5 17 34 0.706 0.857 10.7 NAT
arthritis (16)

Intracoronary drug-eluting stents vs. 7 17 34 0.717 0.812 5.38 NAT
bare-metal stents (17)

Smoking cessation therapies (18) 4 84 174 0.592 0.785 176.33 <0.001

Vitamin D and analogues to prevent bone loss 4 35 70 0.69 0.853 80 1.0
and fractures (19)

Self-monitoring of glucose in type 2 4 13 27 0.664 0.853 6.67 1.0
diabetes (20)

Antiretroviral resistance testing (21) 4 10 21 0.743 0.943 9 0.056

Prophylaxis for Pneumocystis carinii in 4 22 48 0.71 0.927 30 0.83
HIV (22)

First-line antihypertensive therapy (23) 10 43 93 0.83 0.912 46.96 <0.001

Chemotherapy regimens for ovarian 9 58 117 0.822 0.917 95158 <0.001
cancer (24)

Antihypertensive treatment (incidence of 7 22 48 0.858 0.98 27.33 0.88
diabetes) (25)

Stroke prevention in nonrheumatic atrial 9 19 45 0.828 0.911 9.78 0.92
fibrillation (26)

a,-Antagonists in lower urinary tract 7 25 50 0.759 0.868 19.57 0.29
symptoms (27)

Topical nonsteroidal anti-inflammatory drugs 16 34 72 0.822 0.865 9.38 0.41
for acute pain (28)

Antifungal prophylaxis in liver 8 10 27 0.857 0.933 3.78 0.64
transplantation (29)

Antifungal prophylaxis in solid organ 9 14 29 0.859 0.945 6.17 0.24
transplantation (30)

Topical antibiotics for chronic ear 10 13 27 0.884 0.949 4.89 0.084

discharge (31)

* HIV = human immunodeficiency virus; NA = not applicable; PIE = probability of interspecific encounter; PIE = PIE divided by the maximum value PIE can rake for
the given number of studies.
T P value could not be caleulated because the network was fully star-shaped.




Figure 2. Distribution of checkerboard units for all possible comparlsons.
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Homophily

e OMOO®IAIA = Greek for “love of the same™ =
birds of a feather flock together

 Testing for homophily examines whether
agents In the same class are disproportionately
more likely to be compared against each other
than with agents of other classes.



For example: Antifungal agents
agenda

 Old classes: polyenes, old azoles
 New classes: echinocandins, newer azoles



@.caspofungin  ®anidulafungin

‘iz ymicafungin
\\\ Ritraconazole + Flucytosine
‘ \\ fluconazole

®Flucytosine

Rizos et al, J Clin Epidemiol, 2010



micafungin ®anidulafungin

Tluc ytosine

Amphotericin Be=

posaconazole
L

Amphotericin B + Flucytosine

\‘ AV

¥placebo




« Among polyene and azole groups, agents were
compared within the same class more often than
they did across classes (homophily test p<0.001
for all trials).

 Lipid forms of amphotericin B were compared
almost entirely against conventional amphotericin
formulations (n=18 trials), with only 4
comparisons against azoles.



posaconazole

lipid amphotericin B

18

itraconazole

voriconazole ketoconazole




* There was strong evidence of avoidance of
head-to-head comparisons for newer agents.
Only one among 14 trials for echinocandins
has compared head-to-head two different
echinocandins (p<0.001 for co-occurrence).
Of 11 trials on newer azoles, only one
compared a newer azole with an
echinocandin (p<0.001 for co-occurrence).



anidulafungin

other caspofungin

micafungin



echinocandins

voriconazole or posaconazole



Auto-looping

Design of clinical research: an open world or isolated city-states (company-states)?

Merck

Genentech

Abbott
Amgen
Boehringer
Eli-Lilly
Johnson
Novartis
Roche
Sanofi

Abbott

Amgen

o | Merek

]

AstraZeneca

49 Boehringer
9 1 BMS
Genentech ELi-Lilly

Genentech
GSK
Johnson
Merck
Novartis
Pfizer
Roche

Pfizer

Sanofi
Wyeth

Boehringer

AstraZeneca

Abbott

Wryeth

Lathyris et al., Eur J Clin Invest, 2010



Synthesis of the network evidence
(multiple-treatment meta-analysis)

* Incoherence

e Summary effects
 Ranking

 Bias modeling



Credible intervals and predictive
Intervals Iin network meta-analysis

Favors first treatment Favors sacond treatment

Fig. 1. Pairwise odds ratios and their 95¢

for senous nts with antiplatelet tre: imated with

multiple-treatment meta-analysis. The dotted lines | il the predictve
inlervals.

I, Ades, loannidis, JCE, 2011



Posterior distributions of effects and corresponding

predictive distributions of effects

— A Spirin+ Dipyridamole
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— | NiENOpYridines
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Fig. 2. Posterior distributions of mean odds ratios for serious vascular events with antiplatelet treatments compared with placebo (a) and the corresponding
predictive distributions of effects within which the effect size of a new study is expected to be found with 95% probability (b).

JCE, 2011




Cumulative ranking probability
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Probability of not being worse than

threshold t from the best treatment

1.0
0.8
=
= 0.6 =— = — Thienopyndines+Aspirin
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Fig. . Probahilities for each treatment to be no worse than the combination of aspirin and dipy ridamole regarding the incidence of seriows vascular events by
a certain threshold ¢ (on the horizontal axis) measured in odds matio scale.




Modeling bias

Statistics

Research Article
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Figure Al. Cumulative ranking curves for the ovarian and breast cancer treatments obtained from the unadjusted model (solid
line), the independently adjusted (dashed line) and jointly adjusted model (dotted line). The surface under each cumulative curves
expressed as percentage is presented in Appendix Table AII.




Reversing the paradigm

Design networks prospectively
— Data are incorporated prospectively

— Geometry of the research agenda is pre-
designed

— Next study is designed based on enhancing,
Improving geometry of the network, and
maximizing the informativity given the network



The need to consider the
wider agenda in systematic
reviews and meta-analyses

Aswell as focusing e qu N, systematic reviewers also

This may be happening
already?

Agenda-wide meta-analyses
BMJ 2010




Anti-TNF agents: $ 10 billion and 43 meta-analyses,

all showing significant efficacy for single indications

5 FDA-approved anti-TNF agents

Infliximab

Etanercept
Adalimumab
1998

Golimumab

Certolizumab pegol

Psoriatic
arthritis

Juvenile
idiopathic
arthritis

Indications
2003

Ankylosing
spondylitis

Crohn’s Ulcerative
disease colitis



1200 (and counting) clinical trials of
bevacizumab

Meta-analysis forest plot for survival

Hazard ratio (95% CI) with bevacizumab v controlin trials
Hurwitz 2004 (colorectal) pf patients v.-rith cancer. Eac‘htri-al

) is shown by its year of publication,
Miller 2005 (breast) name of first author, and type of
Sandler 2006 (lung) malignancy as well as the hazard
Escudier 2007 (renal) L ratio for survival and 95% confidence
Giantonio 2007 (colorectal) interval. Also shown are summary
Miller 2007 (breast) estimates including all trials and
excluding the three trials stopped
early, which showed large treatment
van Cutsem 2009 (pancreatic) benefits (Hurwitz 2004, Sandler
Reck (A) 2010 (lung) 2006, Escudier 2007)
Reck (B) 2010 (lung)
RIBBEON1 (A) not published (breast)
RIBBON1 (B) not published (breast)

Rini not published (renal)

Saltz 2008 (colorectal)

Wolmark not published (colorectal)
Summary excluding early stopped trials —+
Summary of all studies +

04 06 08 1.0 1.2 1.4




Fifty years of research with 2,000 trials:
9 of the 14 largest RCTs on systemic steroids
claim statistically significant mortality benefits

Tuberculous meningitis (2004)

Tuberculous meningitis (1991)7

Severe sepsis (1987)

Septic shock (2010)

Septic shock (2002)

Preterminal cancer (1989)7

Postnatal steroids (2001)

Myocardial infarction (1986)]

Head injury (2005)™

Breast cancer - operable (1996)]

Breast cancer - metastatic (1991)7

Bacterial meningitis (2007)

Bacterial meningitis (2002)
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Antenatal steroids (1972)
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Relative risk of death with corticosteroids versus control and 95% confidence interval

Contopoulos-loannidis and loannidis EJCI 2011



Trial networks for neglected

pical diseases (burden: 1 billion people)
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What the next study should do?

Maximize diversity

Address comparisons that have not been addressed
Minimize co-occurrence

Break (unwarranted) homophily

Be powered to find an effect or narrow the credible or
predictive interval for a specific comparison of interest

Maximize informativity across the network (entropy
concept)

Some/all of the above



Maximizing entropy change In
medical studies

The information gain (entropy change) from a new study is given by

DKL({®’||p) = w’log(w’/w) + (1-w’)log((1-w’)/(1-W)) +
w'DKL(N(u',0 "2)||N(1,0"2))

The Kullback—Leibler divergence between the two normal distributions is given
Y

DKL(N(i.0 "2)||N(1,6°2)) = (' — )2 / 26°2 + Y (6 72/5"2 — 1 — log(c " 2/5"2))

In case the major objective is to distinguish between a zero and a non-zero effect,
the information gain of a result simplifies to

DKL(p’|lp) = w’log(w’/w) + (I-w’)log((1-w’)/(1-W))



Optimization function for the importance of a future
study, taking into account the relative values of a
TN, TP, FP, FN

Some simple situations:

 Additive model with equal value assigned for TP,
TN, FP, FN: F(opt)= (-2pP-o+aP+P+1-P-o+aP)

 Additive model with no value for true negatives:
F(opt)=P-2BP-o+aP

« Additive model, at least one discovery Is essential
to make: F(opt)=(P-2BP-a+aP)(1-f"Q)




Additive optimization model for
small randomized trial

Sample size (eacharm) N =100; P=0.5; A=1.
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—SMD1=0.02. Maximum is at alpha =6.6E-07 and beta =0.999999
—5MD2 = 0.05. Maximum is at alpha =0.032734 and beta =0.962607
= SMD3 = 0.2. Maximum is at alpha =0.229615 and beta =0.415717
SMD4 = 0.5. Maximum is at alpha =0.049545 and beta =0.058014
= SMD5 = 0.8. Maximum is at alpha =0.003148 and beta =0.003426
SMD6=1. Maximum is at alpha =0.000279 and beta =0.000294




Additive optimization model for
large randomized trial
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Sample size (eacharm) N = 1000; P=0.5; A=1.
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1E-08 0.0000001 0.000001 0.00001 0.0001 0.001 0.01

= S5MD1 = 0.02. Maximum is at alpha =0.07656 and beta =0.907214

= SMD?2 = 0.05. Maximum is at alpha =0.239332 and beta =0.523375

=—SMD3 = 0.2. Maximum is at alpha =0.016866 and beta =0.018648
SMD4 = 0.5. Maximum is at alpha =1.6E-08 and beta =1.6E-08



Meta-analysis=primary type of
prospective research

We need to think about how to design
prospectively large agendas of randomized
trials and their respective networks for
guestions that are important to patients and
can make a difference In their lives



