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Comparative Effectiveness Research (CER)

Comparative
effectiveness research
allows investigators
to determine the

or equivalence of
various interventions
when pitted against
each other.

Mitka, M. (2010). US Government Kicks Off Program for
Comparative Effectiveness Researches. JAMA 304: 2230-1.

superiority, inferiority,

» The Institute of Medicine committee has

defined CER as “the generation and
synthesis of evidence that compares the
benefits and harms of alternative
methods to prevent, diagnose, treat,
and monitor a clinical condition or to
Improve the delivery of care. The
purpose of CER is to assist consumers,
clinicians, purchasers, and policy
makers to make informed decisions that
will improve health care at both the
individual and population levels.”

http://www.nap.edu/read/12648/chapter/4 4



I ORIGINAL CONTRIBUTION

JAMA-EXPRESS

Major Outcomes in High-Risk
Hypertensive Patients Randomized to
Angiotensin-Converting Enzyme Inhibitor

or Calcium Channel Blocker vs Diuretic
The Antihypertensive and Lipid-Lowering Treatment
to Prevent Heart Attack Trial (ALLHAT)

The ALLHAT Officers and
Coordinators for the ALLHAT

Collaborative Research Group

REATMENT AND COMPLICA-
tions among the 50 to 60 mil-
lion people in the United States

with hypertension are esti-
mated to cost $37 billion annually, with
antihypertensive drug costs alone ac-
counting for an estimated $15.5 bil-
lion per year.! Antihypertensive drug
therapy substantially reduces the risk
of hypertension-related morbidity and
mortality.® However, the optimal
choice for initial pharmacotherapy of

hypertension is uncertain.’

Earlier clinical trials documented the
benefit of lowering blood pressure (BP)
using primarily thiazide diuretics or
B-blockers.*** Alter these studies, sev-
eral newer classes of antihypertensive

JAMA 2002, 288:

Context Antihypertensive therapy is well established to reduce hypertension-
related morbidity and mortality, but the optimal first-step therapy is unknown.

Objective To determine whether treatment with a calcium channel blocker or an
angiotensin-converting enzyme inhibitor lowers the incidence of coronary heart dis-
ease (CHD) or other cardiovascular disease (CVD) events vs treatment with a diuretic.

Design The Antihypertensive and Lipid-Lowering Treatment to Prevent Heart At-
tack Trial (ALLHAT), a randomized, double-blind, active-controlled clinical trial con-
ducted from February 1994 through March 2002.

Setting and Participants A total of 33357 participants aged 55 years or older with
hypertension and at least 1 other CHD risk factor from 623 North American centers.

Interventions Participants were randomly assigned to receive chlorthalidone, 12.5
to 25 mg/d (n=15255), amlodipine, 2.5 to 10 mg/d (n=9048); or lisinopril, 10 to 40
mg/d (n=9054) for planned follow-up of approximately 4 to 8 years.

Main Outcome Measures The primary outcome was combined fatal CHD or non-
fatal myocardial infarction, analyzed by intent-to-treat. Secondary outcomes were all-
cause mortality, stroke, combined CHD (primary outcome, coronary revascularization,
or angina with hospitalization), and combined CVD (combined CHD, stroke, treated an-
gina without hospitalization, heart failure [HF], and peripheral arterial disease).

Results Mean follow-up was 4.9 years. The primary outcome occurred in 2956 par-
ticipants, with no difference between treatments. Compared with chlorthalidone (6-
year rate, 11.5%), the relative risks (RRs) were 0.98 (95% Cl, 0.90-1.07) for amlo-

2981-2196.
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Evidence Synthesis Iin Medical Research
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Fig. 2. Estimated difference in response rates at week 8

(or last assessment if <8 wk) (Esc— Cit) with 95 % confidence
intervals. Esc, Escitalopram; Cit, citalopram. Response

is defined as the percentage of patients with =50 %
improvement from baseline (MADRS or HAMDy;). * The
naturalistic study of Lancon et al. (2006) was not included

in the calculation of the overall mean.
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140>0Cochrane Reviews

» “At 10 mg per day (alendronate), both clinically important and
statistically significant reductions in vertebral, non-vertebral, hip and
wrist fractures were observed for secondary.” (Wells et al., 2008a)

» “No statistically significant reductions in non-vertebral, hip, or wrist
fractures were found, regardless of whether etidronate was used for
primary or secondary prevention.” (Wells et al., 2008b)

» “Vitamin D alone appears unlikely to be effective in preventing hip
fracture, vertebral fracture or any new fracture. Vitamin D with
calcium reduces hip fractures.” (Avenell et al., 2009)

» \Which interventions work? In whom?

Li and Becker (2013) 11



Network Meta-Analysis (NMA)
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‘Network’ Meta-Analysis
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Synthesizing Indirect Evidence
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Evidence Network (Hip Fractures)

Teriparatide (PTH) n=1,093

17
Murad et al. (2012)



Evidence Network (Hip Fractures)

Teriparatide (PTH) n=1,093

Ibandronate n=1,912 o

Alendronate vs Calcium
Direct Evidence (1 trial): OR=0.22 (95%CI: 0.02, 2.13)

"—'\

+ Indirect Evidence (Many trials):
OR = 0.39 (0.23, 0.64)

18
Murad et al. (2012)



Comparative Efficacy®z

Odds Lower Upper QOdds ratio and 95% CI
ratio limit limit p-Value
Teriparatide 042 0.10 1.82 0.24
Alendronate 045 027 068 0.00 ——
Risedronate 048 0.31 0.66 0.00 S
. Ibandronate 049 0.20 1.82 0.11 i m——
Hip Fractures Denosumab 050 027 0.88 0.03 —_—
Zoledronate 050 034 0.73 0.00 ——
Vitamin D+ Calcium 0.81 0.68 0.96 0.02 -
Raloxifene 087 0863 1.22 0.41 s
Vitamin D 113 095 1.34 0.18 S
Calcium 1.14 0.82 1.59 0.44 S
Teriparatide 0.30 0.16 0.55 0.00 e &
Denosumab 0.33 0.19 0.65 0.00 ——
Zoledronate 035 020 064 0.00 pr———
Risedronate 046 0.31 0.68 0.00 —Np—
Alendronate 0.50 0.33 0.79 0.00 ——
Raloxifene 057 039 083 0.00 —— —
Vertebral Fractures Bazedoxifene 061 032 1.18 0.14 —_—
Ibandronate 0.62 0.37 0.98 0.04 ——
Calcium 0.71 045 1.12 0.14 ———
Vitamin D 096 059 1.58 0.87 T
Vitamin D+ Calcium 0.99 0.74 1.41 0.95 —_——
Teriparatide 0.50 0.32 0.78 0.00 — —
Risedronate 0.68 0.55 0.81 0.00 o
Zoledronate 0.69 0.55 0.84 0.00 -
Denosumab 0.74 056 0.94 0.03 N
Alendronate 0.78 066 0.92 0.00 =
Bazedoxifene 085 065 1.11 0.23 —te
Non verterbral Fractures Ibandronate 088 043 164 0.73 ———
Raloxifene 090 076 1.03 0.22 i
Vitamin D+ Calcium 0.94 0.84 1.02 0.28 s
Calcium 1.00 082 1.22 1.00 —r I
Vitamin D 1.01 0.82 1.20 0.93 —— Murad et a (2012)
0.1 0.2 0.5 1 2
Favors treatment Favors control 19

% Baseline treatment: Placebo
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Summary

Background

Conventional meta-analyses have shown inconsistent results for efficacy of second-generation
antidepressants. We therefore did a multiple-treatments meta-analysis, which accounts for both
direct and indirect comparisons, to assess the effects of 12 new-generation antidepressants on major
depression.

Methods

We systematically reviewed 117 randomised controlled trials (25 928 participants) from 1991 up to
Nov 30, 2007, which compared any of the following antidepressants at therapeutic dose range for the
acute treatment of unipolar major depression in adults: bupropion, citalopram, duloxetine,
escitalopram, fluoxetine, fluvoxamine, milnacipran, mirtazapine, paroxetine, reboxetine, sertraline,
and venlafaxine. The main outcomes were the proportion of patients who responded to or dropped
out of the allocated treatment. Analysis was done on an intention-to-treat basis.

Findings

Cipriani, Furukawa, Salanti et al. (2009). Lancet 373: 746-58.
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Figure 2: Network of eligible comparisons for the multiple-treatment meta-analysis for efficacy (response rate)
The width of the lines is proportional to the number of trials comparing each pair of treatments, and the size of
each node is proportional to the number of randomised participants (sample size). The network of eligible

comparisons for acceptability (dropout rate) analysis is similar.

Cipriani, Furukawa, Salanti et al. (2009) 21



Study Selection and Data Collection

» For our analysis, we included only randomised controlled trials that
compared any of the following 12 new-generation antidepressants
(bupropion, citalopram, duloxetine, escitalopram, fluoxetine,
fluvoxamine, milnacipran, mirtazapine, paroxetine, reboxetine,
sertraline, and venlafaxine) as monotherapy in the acute-phase
treatment of adults with unipolar major depression. We excluded
placebo groups where present and randomised controlled trials of
women with post-partum depression.

Cipriani, Furukawa, Salanti et al. (2009) 22



Study Selection and Data Collection

» Two persons within the reviewing team independently reviewed
references and abstracts retrieved by the search, assessed the
completeness of data abstraction, and confirmed quality rating. We
used a structured data abstraction form to ensure consistency of
appraisal for each study. Investigators were contacted and asked to
provide data to supplement the incomplete reporting of the original
articles.

» We gave studies a quality rating of adequate, unclear, or inadequate,
according to the adequacy of the random allocation concealment and
blinding. Studies that scored adequate or unclear on these criteria
were included in the final list.

Cipriani, Furukawa, Salanti et al. (2009) 23



345 potentially relevant studies identified for retrieval from literature search

98 articles excluded after initial screening 27 additional references
of titles and abstracts

v v

274 potentially eligible articles retrieved with full text for more detailed analysis

v v

172 articles excluded after detailed screening 15 unpublished studies (from
68 duplicate pharmaceutical industry websites)
11 meeting abstracts (unable to extract
any data)

39 non-randomised design
4 not including active comparator arm
5 full text unavailable

18 unable to extract any data

27 reviews or pooled analyses

v ,

117 randomised controlled trials eligible for multiple treatment meta-analysis®
14 comparing bupropion with other second-generation antidepressants
16 comparing citalopram with other second-generation antidepressants

8 comparing duloxetine with other second-generation antidepressants
19 comparing escitalopram with other second-generation antidepressants
54 comparing fluoxetine with other second-generation antidepressants
11 comparing fluvoxamine with other second-generation antidepressants

6 comparing milnacipran with other second-generation antidepressants
13 comparing mirtazapine with other second-generation antidepressants
32 comparing paroxetine with other second-generation antidepressants

8 comparing reboxetine with other second-generation antidepressants
27 comparing sertraline with other second-generation antidepressants
28 comparing venlafaxine with other second-generation antidepressants

Figure 1: Study selection process
*117 randomised controlled trials correspond to 236 arms because two three-arm studies comparing fluoxetine
with paroxetine and sertraline were included in this multiple-treatments meta-analysis.

Cipriani, Furukawa, Salanti et al. (2009) 24




Number  Year of publication Country
of trials
Earliest Median Latest Europe North  Africa Asia  Multiple
America countries
Bupropion 14 1991 2003 2007 1 10 0 0 2
Citalopram 16 1993 2002 2007 4 4 0 1 4
Duloxetine 8 2002 2006 2007 2 0 0 1
Escitalopram 19 2000 2005 2007 5 11 0 0 2
Fluoxetine 54 1991 2000 2007 15 13 1 3 6
Fluvoxamine 11 1993 1998 2006 3 2 0 1 2
Milnacipran 6 1994 2000 2003 2 1 0 2 0
Mirtazapine 13 1997 2002 2005 3 3 1 1 5
Paroxetine 32 1993 2001 2007 12 13 1 1 2
Reboxetine 8 1997 2003 2006 2 2 0 0 1
Sertraline 27 1993 2000 2007 10 9 0 2 1
Venlafaxine 28 1994 2002 2007 7 0 1 6
The number of studies across countries in this table does not match the number of trials included in the review.
Missing studies scored as other or not known. *Two three-arm studies comparing fluoxetine with paroxetine and
sertraline were included in the systematic review (the total number of arms is 236 and it corresponds to 115 two-arm
and two three-arm studies).
Table 2: Studies included in the multiple-treatments meta-analysis

Cipriani, Furukawa, Salanti et al. (2009) 25
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Figure 2: Network of eligible comparisons for the multiple-treatment meta-analysis for efficacy (response rate)
The width of the lines is proportional to the number of trials comparing each pair of treatments, and the size of
each node is proportional to the number of randomised participants (sample size). The network of eligible
comparisons for acceptability (dropout rate) analysis is similar.
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Network Plot: Another Example
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Statistical Analysis: Definition of Outcomes

» We chose a dichotomous primary outcome mainly for clinical reasons.
We used both the number of patients who responded and the number
of patients who dropped out to have hard outcome measures of both
treatment efficacy and acceptability. We used response rate instead of
a continuous symptom score for efficacy analysis to make the
Interpretation of results easier for clinicians. When dichotomous
efficacy outcomes were not reported, but baseline scores, endpoint
means, and standard deviations (SD) of the depression rating scales
(such as HDRS or MADRS) were provided, we estimated the number of

patients responding to treatment at 8 weeks (range 6-12 weeks) with a
validated imputation method.

Cipriani, Furukawa, Salanti et al. (2009) 28



Statistical Analysis: Preliminary Assessments

» First, we did pair-wise meta-analyses by synthesizing studies
that compared the same interventions with a random-effects
model to incorporate the assumption that different studies
assessed different, yet related, treatment effects. We used
visual inspection of the forest plots to investigate the
possibility of statistical heterogeneity, and the |2 statistic.
We did the analyses using Stata version 9.

Cipriani, Furukawa, Salanti et al. (2009) 29



Statistical Analysis: Network Meta-Analysis

» Second, we did a random-effects model within a Bayesian
framework using Markov chain Monte Carlo methods in
WInBUGS (MRC Biostatistics Unit, Cambridge, UK). We
modelled the binary outcomes in every treatment group of
every study, and specified the relations among the odds
ratios (ORs) across studies making different comparisons.
This method combines direct and indirect evidence for any
given pair of treatments.

Cipriani, Furukawa, Salanti et al. (2009)  5q
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The width of the lines is proportional to the number of trials comparing each pair of treatments, and the size of
each node is proportional to the number of randomised participants (sample size). The network of eligible
comparisons for acceptability (dropout rate) analysis is similar.

32
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Figure 2: Network of eligible comparisons for the multiple-treatment meta-analysis for efficacy (response rate)
The width of the lines is proportional to the number of trials comparing each pair of treatments, and the size of
each node is proportional to the number of randomised participants (sample size). The network of eligible
comparisons for acceptability (dropout rate) analysis is similar.

33

Cipriani, Furukawa, Salanti et al. (2009)



Reboxetine vs.
| OR(@mCh

Bupropion 0.63 (0.46, 0.83)
Citalopram 0.61 (0.47, 0.80)
Duloxetine 0.68 (0.50, 0.95)
Escitalopram 0.51 (0.39, 0.68)
Fluoxetine 0.68 (0.53, 0.86)
Fluvoxamine 0.69 (0.50, 0.97)
Milnacipran 0.67 (0.46, 0.97)
Mirtazapine 0.49 (0.36, 0.66)
Paroxetine 0.67 (0.50, 0.86)
Sertraline 054 (0.41_0.71)
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Fluoxetinez &% & UJE#EER

Efficacy (response rate) OR (95% Cl)  Acceptability (dropout rate) OR (95% Cl)

Bupropion 0-93 (0-77-1-11) 112 (0-92-1-36)
Citalopram 0-91(0-76-1-08) 111 (0-91-1-37)
Duloxetine 1-01(0-81-1-27) 0-84 (0-64-1-10)

Escitalopram

076 (0-65-0-89)*

1.19 (0-99-1-44)

Fluvoxamine 1-02 (0-81-1-30) 0-82 (0-62-1-07)
Milnacipran 0-99 (0-74-1-31) 0.97 (0-69-1-32)
Mirtazapine 0-73 (0-60-0-88)* 0-97 (0-77-1-21)
Paroxetine 0-98 (0-86-1-12) 0-91 (0-79-1-05)
Reboxetine 1-48 (1-16-1-90)* 070 (0-53-0-92)*
Sertraline 0-80 (0-69-0-93)* 114 (0-96-1-36)
Venlafaxine 0-78 (0-68-0-90)* 0-94 (0-81-1-09)

OR=0dds ratio. Cl=credibilty interval. * p<0-05. For efficacy, OR higher than 1 favours fluoxetine. For acceptability,

OR lower than 1 favours fluoxetine.

Table 4: Efficacy and acceptability using fluoxetine as reference compound
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Figure 4: Ranking for efficacy (solid line) and acceptability (dotted line)
Ranking indicates the probability to be the best treatment, the second best, the third best, and so on, among the 12 antidepressants. 3 8

Cipriani, Furukawa, Salanti et al. (2009)




Comparative Efficacy(C DU\ TCODFER

» Figure 3 summarises the results of the multiple treatments meta-
analysis. Escitalopram, mirtazapine, sertraline, and venlafaxine were
significantly more efficacious than duloxetine, fluoxetine, fluvoxamine,
paroxetine, and reboxetine (even though less clear benefits were noted
with sertraline than with escitalopram, venlafaxine, and mirtazapine
when comparing with duloxetine and fluvoxamine, with the CI for OR
slightly more than 1).

» Reboxetine was significantly less efficacious than all the other 11
antidepressants.

» These findings arise from 66 simultaneous comparisons and about three
statistically significant findings might be expected by chance alone.

Cipriani, Furukawa, Salanti et al. (2009) 39
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Cipriani, Furukawa, Salanti et al. (2009)
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Efficacy (response rate) OR (95% Cl)  Acceptability (dropout rate) OR (95% Cl)

Bupropion 0-93 (0-77-1-11) 112 (0-92-1-36)
Citalopram 0-91(0-76-1-08) 111 (0-91-1-37)
Duloxetine 1-01(0-81-1-27) 0-84 (0-64-1-10)

Escitalopram

076 (0-65-0-89)*

1.19 (0-99-1-44)

Fluvoxamine 1-02 (0-81-1-30) 0-82 (0-62-1-07)
Milnacipran 0-99 (0-74-1-31) 0.97 (0-69-1-32)
Mirtazapine 0-73 (0-60-0-88)* 0-97 (0-77-1-21)
Paroxetine 0-98 (0-86-1-12) 0-91 (0-79-1-05)
Reboxetine 1-48 (1-16-1-90)* 070 (0-53-0-92)*
Sertraline 0-80 (0-69-0-93)* 114 (0-96-1-36)
Venlafaxine 0-78 (0-68-0-90)* 0-94 (0-81-1-09)

OR=0dds ratio. Cl=credibilty interval. * p<0-05. For efficacy, OR higher than 1 favours fluoxetine. For acceptability,

OR lower than 1 favours fluoxetine.

Table 4: Efficacy and acceptability using fluoxetine as reference compound
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Inconsistency
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Local inconsistency on the network
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Figure 2: Network of eligible comparisons for the multiple-treatment meta-analysis for efficacy (response rate)
The width of the lines is proportional to the number of trials comparing each pair of treatments, and the size of
each node is proportional to the number of randomised participants (sample size). The network of eligible
comparisons for acceptability (dropout rate) analysis is similar.
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Results: Inconsistency®z4

» Analysis indicated statistical incoherence in three out of 70
comparisons of direct with indirect evidence for response rate
(paroxetine-citalopram-escitalopram; fluvoxamine-venlafaxine-
mirtazapine; and sertraline-fluoxetine-bupropion)....
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Results: Inconsistency®z4

» Data extraction and data entering were correct, and we could not
Identify any important variable that differed across comparisons in
those loops; however, the number of included studies was small.

» These numbers are compatible with chance because about six

significant findings would be expected out of 133 statistical tests.
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Figure 2: Network of eligible comparisons for the multiple-treatment meta-analysis for efficacy (response rate)
The width of the lines is proportional to the number of trials comparing each pair of treatments, and the size of
each node is proportional to the number of randomised participants (sample size). The network of eligible
comparisons for acceptability (dropout rate) analysis is similar.
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Selected Results (by the Order of P-values)

Citalopram VS
Escitalopram

Mirtazapine Vs
Venlafaxine
Bupropion VS

Fluoxetine
Citalopram VS

Paroxetine
Bupropion VS

Sertraline

Fluoxetine VS
Sertraline

Fluvoxamine vs
Milnacipran

Number of
direct
comparison

OR for the whole

network

0.84 (0.71, 0.99)

1.07 (0.88, 1.29)
1.06 (0.91, 1.25)
1.09 (0.92, 1.29)
0.87 (0.73, 1.03)
0.81 (0.71, 0.94)

0.98 (0.71, 1.36)

Contribution
rate of
direct

comparison

8.3%

8.0%

6.3%

16.3%

29.3%

11.4%

OR for direct
comparison

0.68 (0.54, 0.85)

OR for indirect
comparison

1.05 (0.83, 1.32)

1.53 (1.03, 2.27)
0.82 (0.61, 1.11)
1.54 (1.03, 2.31)
1.07 (0.79, 1.46)
0.70 (0.56, 0.89)

0.57 (0.26, 1.24)

0.95 (0.77, 1.19)
1.19 (0.98, 1.44)
1.02 (0.85, 1.23)
0.78 (0.63, 0.97)
0.89 (0.74, 1.06)

1.10 (0.77, 1.57)

0.009

0.041

0.042

0.068

0.103

0.123

0.131




Escitalopram vs. Citalopram

Contribution Rate OR (95%CI)
Burke et al. 2000 — 7.0% 0.87 [0.57, 1.33]
Colonna et al. 2005 — 7.3% 0.76 [0.50, 1.16]
Lapola et al. 2001 . 6.5% 0.62[0.40, 0.97]
Moore et al. 2005 ‘ ‘ 5.3% 0.47 [0.29, 0.77]
Direct comparison estimate i 26.0% 0.68 [0.54, 0.85]
Indirect comparison estimate [CL] ’ 74.0% 1.05[0.83, 1.32] P — O . O O 9
Total NMA estimate <> 100.0%  0.84(0.71,0.99]
0.25 0.50 1.00 1.50
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