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IN THE PAST DECADE, IMPORTANT NEW

findings have emerged linking au-
toimmune diseases including rheu-
matoid arthritis (RA), psoriasis, and

Crohn disease with chronic systemic in-
flammation and a subsequent increase in
occlusive vascular disease and cardio-
vascular risk.1-3 It has been proposed that
control of inflammation could help re-
duce cardiovascular morbidity. Indeed,
a cardioprotective effect has been sug-
gested with systemic agents such as
methotrexate and anti–tumor necrosis
factor � (TNF-�) agents in RA and pso-
riasis populations.4,5

Given this context, we were con-
cerned about preliminary reports of a
numerical excess of major adverse car-
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Context Ustekinumab and briakinumab, monoclonal antibodies to the shared p40
subunit of interleukin (IL)-12 and IL-23, have shown efficacy in treating chronic plaque
psoriasis (CPP). Preliminary reports of major adverse cardiovascular events (MACEs)
in psoriasis patients receiving anti–IL-12/23 agents have prompted concern.

Objective To evaluate a possible association between biologic therapies for CPP and
MACEs via meta-analysis.

Data Sources Randomized controlled trials (RCTs) of anti–IL-12/23 (ustekinumab
and briakinumab) agents and anti–tumor necrosis factor � (TNF-�) agents (adali-
mumab, etanercept, and infliximab) used in treating CPP were reviewed using the Coch-
rane Central Register of Controlled Trials, ClinicalTrials.gov, and Ovid MEDLINE from
database inception to May 2011. The results of registered nonpublished completed
studies were procured through abstract publications or poster presentations.

Study Selection Randomized, placebo-controlled, double-blind, monotherapy stud-
ies (with safety outcome data for MACE) of IL-12/23 antibodies and anti–TNF-� agents
in adults. Studies of psoriatic arthritis were excluded.

Data Extraction Two investigators independently searched data while 6 investiga-
tors reviewed the abstracted data.

Results A total of 22 RCTs comprising 10 183 patients met the predefined inclusion
criteria. The primary outcome measure was MACE, a composite end point of myo-
cardial infarction, cerebrovascular accident, or cardiovascular death during the placebo-
controlled phase of treatment in patients receiving at least 1 dose of study agent or
placebo. Absolute risk differences were used as an effect measure. There was no evi-
dence of statistical heterogeneity across the studies using the I2 statistic (I2=0), allow-
ing for combination of trial results using the Mantel-Haenszel fixed-effects method.
During the placebo-controlled phases of the anti–IL-12/23 studies, 10 of 3179 pa-
tients receiving anti–IL-12/23 therapies experienced MACEs compared with zero events
in 1474 patients receiving placebo (Mantel-Haenszel risk difference, 0.012 events/
person-year; 95% confidence interval [CI], −0.001 to 0.026; P=.12). In the anti–
TNF-� trials, only 1 of 3858 patients receiving anti–TNF-� agents experienced a MACE
compared with 1 of 1812 patients receiving placebo (Mantel-Haenszel risk differ-
ence, −0.0005 events/person-year; 95% CI, −0.010 to 0.009; P=.94).

Conclusions Compared with placebo, there was no significant difference in the rate
of MACEs observed in patients receiving anti–IL-12/IL-23 antibodies or anti–TNF-� treat-
ments. This study may have been underpowered to identify a significant difference.
JAMA. 2011;306(8):864-871 www.jama.com

864 JAMA, August 24/31, 2011—Vol 306, No. 8 ©2011 American Medical Association. All rights reserved.
Corrected on August 31, 2011

Downloaded From: http://jama.jamanetwork.com/ by a University of St. Andrews Library User  on 05/14/2015



diovascular events (MACEs [a com-
posite end point of myocardial infarc-
tion, cerebrovascular accident, or
cardiovascular death]) in randomized
controlled trials (RCTs) of psoriasis
patients treated with ustekinumab
(Centocor Ortho Biotech Inc, Horsham,
Pennsylvania) and briakinumab (Ab-
bott Laboratories, Abbott Park, Illi-
nois)—highly effective monoclonal an-
tibodies to the p40 subunit common to
interleukin 12 (IL-12) and IL-23.6-16

There were 10 MACEs in anti–IL-12/
23–treated patients in the placebo-
controlled phases of phase 2 and 3
studies of ustekinumab (n=5) and bria-
kinumab (n=5) compared with zero
events in placebo-treated patients, and
a paucity of events reported from stud-
ies of anti–TNF-�–treated psoriasis pa-
tients with similar disease severity. A
total of 53 MACEs have occurred to
date across all phases of these studies;
26 MACEs, including 1 cardiovascu-
lar death in studies of ustekinumab
(additional cases confirmed by
Centocor)6-11 and 27 MACEs, includ-
ing 4 cardiovascular deaths, in studies
of briakinumab (additional cases con-
firmed by Abbott).12-16

METHODS
A meta-analysis was conducted to
evaluate cardiovascular outcomes in
studies comparing biologic agents with
placebo for the treatment of psoriasis.
We reviewed all RCTs of anti–IL-
12/23 agents (ustekinumab and bria-
kinumab) and anti–TNF-� agents
(adalimumab, etanercept, and inflixi-
mab) for the treatment of chronic
plaque psoriasis (CPP) and performed
a meta-analysis using the Preferred Re-
porting Items for Systematic Reviews
and Meta-analyses (PRISMA) 2009
guidelines.17 Analysis methods were
specified in advance and documented
in a review protocol. Randomized, pla-
cebo-controlled, double-blind, mono-
therapy studies of IL-12/23 antibodies
and anti–TNF-� agents for the treat-
ment of CPP in adults that had pub-
licly available safety outcome data for
MACEs were included in the meta-
analysis. Studies of psoriatic arthritis

were excluded. No language, publica-
tion date, or publication status restric-
tions were imposed.

Studies were identified by system-
atic electronic literature searches in the
Cochrane Central Register of Con-
trolled Trials, ClinicalTrials.gov, and
Ovid MEDLINE from inception to June
2010 using combinations of the terms
psoriasis, trial, and the names of each
of the study drugs (including former
names if applicable eg, CNT0-1275,
ABT-874). An updating search was per-
formed in May 2011. Two investiga-
tors independently searched data while
6 investigators reviewed the ab-
stracted data. Abstractors were not

blinded to study drug, authors, insti-
tutions, or journals when reviewing the
studies. A data abstraction form in-
cluded information on treatment allo-
cation, methods of randomization, con-
cealment and blinding, inclusion and
exclusion criteria, duration and sever-
ity of disease, and patient characteris-
tics. This information was used to as-
sess quality and to compare the
eligibility criteria of studies. A quanti-
tative quality assessment was per-
formed using a predefined scoring
system devised by the Cochrane Col-
laboration, which allocated categories
(present, absent, or not stated) for ad-
equacy of randomization, conceal-

Figure 1. PRISMA Flowchart of Studies Included in Meta-analysis

22 Studies included in quantitative
synthesis (meta-analysis)

19 Studies included in sensitivity analysisa

24 Studies included in qualitative
synthesis

76 Articles assessed for eligibility

335 Potentially relevant articles screened

532 Articles identified
273 MEDLINE Ovid database
192 ClinicalTrials.gov registry
65 Cochrane Central Register of

Controlled Trials
2 Reviews

2 Excluded
1 Patient in placebo group also

received folic acid treatment
1 Nonstandard doses of psoriatic biologic

agents were administered

52 Excluded
18 Extensions of previous studies
11 Psoriatic arthritis
9 No placebo group
8 Open-label studies
4 Palmo-plantar psoriasis
1 Pediatric study
1 Results not available

259 Excluded
104 Nonrandomized observational

studies
93 Incomplete studies
62 Reviews

197 Excluded (duplicate studies)

3 Studies excluded (patients exclusively Asian)

aA sensitivity analysis excluding these 3 studies was also performed. PRISMA indicates Preferred Reporting
Items for Systematic Reviews and Meta-analyses.

CHRONIC PLAQUE PSORIASIS AND CARDIOVASCULAR EVENTS

©2011 American Medical Association. All rights reserved. JAMA, August 24/31, 2011—Vol 306, No. 8 865
Corrected on August 31, 2011

Downloaded From: http://jama.jamanetwork.com/ by a University of St. Andrews Library User  on 05/14/2015



ment of allocation, and blinding of pa-
tients.18 All included studies were
deemed to be of high quality accord-
ing to this quantitative assessment
(eTable available at http://www.jama
.com; studies were designed for effi-
cacy). Disagreements were resolved by
consensus of the 6 reviewers. To avoid
publication bias, the results of all suit-
able nonpublished completed studies
registered with the Cochrane Central
Register of Controlled Trials and Clini-
calTrials.gov were procured through ab-
stract publications or poster presenta-
tions and a funnel plot was generated
to assess the possibility of publication
bias.19 The individual sponsor compa-

nies were contacted if ambiguity ex-
isted regarding the definitions of car-
diovascular events reported and in each
case this information was provided.

The primary outcome measure was
the number of MACEs during the pla-
cebo-controlled phase of treatment.
Numbers were based on patients who
received at least 1 dose of study agent
or placebo. All doses of study agents
were combined for comparison.

Statistical Analysis

Absolute risk differences were used as
an effect measure, measuring the ex-
cess probability of MACEs in those re-
ceiving active treatment compared with

those receiving placebo. All statistical
tests were 2 sided and conducted at a
significance level of .05. The statisti-
cal analysis was performed by indepen-
dent academic biostatisticians from
Baylor University Medical Center.
Data were analyzed with Review Man-
ager (RevMan) 5.1 developed by the
Cochrane Collaboration, Baltimore,
Maryland.

Based on a background rate of 0.0012
events per patient-year (aggregate rate
in the placebo group for all 22 stud-
ies), a sample size of 4284 patient-
years would be required to demon-
strate a 0.5% absolute increase in the
frequency of MACEs with 80% power

Table 1. Baseline Patient Characteristics

Source
Biologic
Agent

No. of Patients Mean (SD)a Baseline, Mean (SD)

Biologic
Agent Placebo Patient Age, y Duration, yb

Percentage
of Affected BSA PASIc

Krueger et al,6 2007 Ustekinumab 254 64 45 (13.3) 18.2 (12.1) 27.2 (17.6) 19.1 (7.6)

Leonardi et al,7 2008 Ustekinumab 510 255 45.3 (11.7) 19.9 (11.5) 26.7 (16.7) 20.2 (8.3)

Papp et al,8 2008 Ustekinumab 820 410 46.2 (12.3) 20.1 (12.1) 26.4 (16.8) 19.6 (7.3)

Igarashi et al,10 2010d Ustekinumab 126 31 46.7e 16.6e 46.8e 29.4e

Youn et al,11 2010d Ustekinumab 61 60 40.6e 12.9e 38.8e 24.05e

Kimball et al,12 2008 Briakinumab 150 30 46 (14.1) 21 (13.0) 26 (14.5) 19 (6.6)

Gordon et al,13 2010 Briakinumab 981 484 45.5 (13.3) 19.0 (12.2) 25.1 (16.5) 19.2 (7.4)

Menter et al,14 2010f Briakinumab 138
68 43.4 (13.4) 17.03 (12.7) 23.8 (15.7) 18.8 (7.5)

Etanercept 141

Strober et al,15 2010f Briakinumab 139
72 45.1 (13.8) 15.7 24.2 (15.5) 18.8 (6.9)

Etanercept 139

Chaudhari et al,20 2001 Infliximab 22 11 43.7 (14) NA NA 23 (9.9)

Gottlieb et al,21 2004 Infliximab 197 51 44 (35-53)g 17 (11-24)g 27 (19-45)g 19 (15-27)g

Reich et al,22 2005 Infliximab 301 77 42.8 (11.9) 18.7 (11.1) 34.0 (19.0) 22.9 (9.2)

Menter et al,23 2007 Infliximab 627 208 44.1 (12.7) 18.4 (12.0) 28.4 (16.7) 20.1 (8.8)

Leonardi et al,24 2003 Etanercept 486 166 44.9 (3.7) 18.6 (1.8) 28.6 (2.8) 18.3 (1.6)

Gottlieb et al,25 2003 Etanercept 57 55 47.4 (18-77)h 21.5 (2.2) 32.0 (3.3) 18.6 (1.5)

Papp et al,26 2005 Etanercept 390 193 45.0 (18.0-75.0)h 19.0 (0.8-64.6)h 23.0 (7.8-95)h 16.4 (4-62.4)h

Tyring et al,27 2006 Etanercept 311 307 45.7 (12.4) 19.9 (11.9) 27.2 (17.7) 18.2 (7.5)

van de Kerkhof et al,28 2008 Etanercept 96 46 45.2 (12.7) 18.7 (10.4) 27.7 (16.0) 21.3 (9.1)

Bagel et al,29 2010 Etanercept 59 62 42.1 (13.8) 17.7 (11.5) 22.3 (15.9) 17.5 (7.2)

Gordon et al,30 2006 Adalimumab 95 52 44.3 (20-86)h 19.3 (1.0-57.9)h 27.3 (7-75)h 15.7 (5.5-40.4)h

Menter et al,31 2008 Adalimumab 814 398 44.5 (13.3) 18.2 (11.9) 25.7 (10.3) 18.9 (7.1)

Asahina et al,32 2010d Adalimumab 123 46 44.8 (12.59) 13.9 (8.31) 46.2 (19.69) 28.38 (10.84)

Total 7037 3146
Abbreviations: BSA, body surface area; IQR, interquartile range; NA, not available; PASI, Psoriasis Area and Severity Index; SD, standard deviation.
aData are presented as mean (SD) unless otherwise specified. For categories showing no place value to the right of the decimal point, none were provided in the original publication of the

study.
bDuration indicates time since onset of plaque psoriasis.
cComposite score measuring the grade of erythema, induration, scaling of plaques, and the BSA involved; PASI score is based on a scale of 0 when BSA is clear to a maximum severity

of 72.
dAsian studies excluded in sensitivity analysis.
eMedian supplied where mean is not available.
fBriakinumab was compared to treatment with etanercept and placebo and each biologic agent was compared with the same placebo group.
gData are presented as median (IQR) where mean is not available.
hData are presented as median (range) where mean is not available.
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during the placebo-controlled phase
using the typical ratio of 2:1 (biologic
treatment:placebo study design; eFig-
ure 1) demonstrates the increasing
number of patients required to achieve
higher degrees of statistical power, SiZ
statistical software, Cytel Inc, Cam-
bridge, Massachusetts). For 3 of the
studies, which included exclusively
Asian patients, an additional sensitiv-
ity analysis excluding these 3 studies
was also performed.

RESULTS
The initial literature search was com-
pleted in June 2010. An updating search
was performed in May 2011. Of the 532
citations screened, a total of 22 RCTs
comprising 10 183 patients met the
predefined inclusion criteria (PRISMA
flow diagram, FIGURE 1).6-8,10-15,20-32

Minimal individual study bias was ob-
served with regard to the methodologi-
cal quality of the studies (quantitative
quality assessment, eTable) and eligi-
bility criteria for all studies were very
similar. Baseline patient characteris-
tics were highly comparable between
studies including patient age, dura-
tion of psoriasis, severity of baseline
psoriasis as defined by the Psoriasis Area
and Severity Index (PASI), and per-
centage of body surface area (BSA) af-
fected (TABLE 1). Cardiovascular risk
factors were listed as exclusion crite-
ria for a phase 2 briakinumab study and
a phase 4 etanercept study (which ex-
cluded patients with diabetes, un-
stable ischemic heart disease, and con-
gestive heart failure).12,29 There was no
evidence of statistical heterogeneity
across the studies using the I2 test
(I2=0),33 allowing for combination of
tr ia l results using the Mantel-
Haenszel fixed-effects method.

TABLE 2 lists the number of MACEs
during the placebo-controlled phase of
these studies. The risk difference of
MACE between patients treated with
study drug and those receiving placebo
is showninFIGURE 2and FIGURE 3. Dur-
ing the placebo-controlled phases of the
anti–IL-12/23 studies, 10 of the 3179
patients treated with anti–IL-12/23
therapies had a MACE compared with

no events in the 1474 patients treated
with placebo (Mantel-Haenszel risk dif-
ference, 0.012 events/person-year; 95%
confidence interval [CI], −0.001 to
0.026; P=.12; Figure 2). In studies of
anti–TNF-� agents, 1 of the 3858
patients receiving anti–TNF-� treat-
ments had a MACE compared with 1
of the 1812 treated with placebo (Man-
tel-Haenszel risk difference, −0.0005
events/person-year; 95% CI, −0.010 to
0.009; P=.94; Figure 3). A sensitivity
analysis excluding 3 studies of Asian
patients treated with ustekinumab and
adalimumab did not appreciably alter
these results (Mantel-Haenszel risk dif-
ference in the anti–IL-12/23 group com-
pared with placebo, 0.013; 95% CI,
−0.001 to 0.027; P=.09; eFigure 2, and
Mantel-Haenszel risk difference in the
anti–TNF-� group compared with pla-

cebo, −0.0005; 95% CI, −0.010 to 0.009;
P=.94; eFigure 3). There was no evi-
dence of publication bias (eFigure 4),
although many of the studies had zero
results, making this measure of bias less
reliable.

COMMENT
This meta-analysis did not show a sig-
nificant increase in the risk of MACEs
associated with the use of anti–IL-
12/23 agents. Limitations of this study,
however, prevent us from determining
whether these drugs expose psoriasis
patients to increased cardiovascular
risk. Access to patient-level data for
these studies was not granted by any
of the study sponsors, which pre-
cluded the use of a more statistically
robust time-to-event analysis. The
small number of MACEs that occurred

Table 2. Summary of the Randomized Controlled Trials Included in the Meta-analysis

Source
Biologic
Agent

Length of
Placebo-

Controlled-
Phase, wk

Biologic Agenta

No. of
Events

Events per
Person-Year

Krueger et al,6 2007 Ustekinumab 20 3 0.031

Leonardi et al,7 2008 Ustekinumab 12 1 0.009

Papp et al,8 2008 Ustekinumab 12 1 0.005

Igarashi et al,10 2010b Ustekinumab 12 0 0.000

Youn et al,11 2010b Ustekinumab 12 0 0.000

Kimball et al,12 2008 Briakinumab 12 0 0.000

Gordon et al,13 2010 Briakinumab 12 5 0.022

Menter et al,14 2010c Briakinumab 12 0 0.000

Etanercept 12 0 0.000

Strober et al,15 2010c Briakinumab 12 0 0.000

Etanercept 12 0 0.000

Chaudhari et al,20 2001 Infliximab 10 0 0.000

Gottlieb et al,21 2004 Infliximab 10 0 0.000

Reich et al,22 2005 Infliximab 24 0 0.000

Menter et al,23 2007 Infliximab 14 0 0.000

Leonardi et al,24 2003 Etanercept 12 0 0.000

Gottlieb et al,25 2003 Etanercept 24 0 0.000

Papp et al,26 2005 Etanercept 12 0 0.000

Tyring et al,27 2006 Etanercept 12 0 0.000

van de Kerkhof et al,28 2008 Etanercept 12 0 0.000

Bagel et al,29 2010 Etanercept 12 0 0.000

Gordon et al,30 2006 Adalimumab 12 1 0.046

Menter et al,31 2008 Adalimumab 16 0 0.000

Asahina et al,32 2010b Adalimumab 24 0 0.000
Abbreviations: BSA, body surface area; IQR, interquartile range; NA, data not available; PASI, Psoriasis Area and Severity

Index; SD, standard deviation.
aNumber of events and events per person-year for placebo group for Gottlieb et al,25 were 1 and 0.040, respectively. For

other studies, values for placebo groups were 0 and 0.00, respectively.
bAsian studies excluded in sensitivity analysis.
c In studies where briakinumab was compared to treatment with etanercept and placebo, each biologic agent was com-

pared with the same placebo group.

CHRONIC PLAQUE PSORIASIS AND CARDIOVASCULAR EVENTS

©2011 American Medical Association. All rights reserved. JAMA, August 24/31, 2011—Vol 306, No. 8 867
Corrected on August 31, 2011

Downloaded From: http://jama.jamanetwork.com/ by a University of St. Andrews Library User  on 05/14/2015



in placebo-controlled phases of these
studies and the limited duration of the
placebo-controlled phases reduce the
power of this meta-analysis to detect a
change in risk. Moreover, the diffi-
culty in obtaining accurate P values for
rare and no-event data makes this
analysis less reliable.18 The abstractors
were not blinded to authors, institu-
tions, or journals when reviewing
studies to be included in the meta-
analysis, leading to another potential
source of bias. The results of all suit-
able nonpublished completed studies
registered with the Cochrane Central
Register of Controlled Trials and
ClinicalTrials.gov were procured
through abstract publications or
poster presentations in the public
domain. Although publications of all
studies included reported adverse
events, including serious adverse
events, failure to report serious
adverse events in these publications
may constitute another source of pub-

lication bias. A myocardial infarction
in an infliximab-treated patient and a
myocardial infarction in a placebo-
treated patient were not reported in
the serious adverse event sections of
publications of phase 3 infliximab
studies (data on file, Centocor).34

There also may be a temporal effect
biasing the results of our meta-
analysis, as the majority of the anti–
TNF-� studies were conducted in a
time when there was less vigilance for
adverse cardiac events in clinical stud-
ies. For example, all potential cardio-
vascular events that occurred in phase
2 and 3 studies of anti–IL-12/23 agents
were adjudicated by a team of cardiol-
ogy experts.

We remain concerned about the
MACE rate of 1.33 per 100 patient-
years (95% CI, 0.43-3.10) in the pla-
cebo-controlled phase of the phase 3
briakinumab study, with an overall rate
of 0.60 events per 100 patient-years
(95% CI, 0.35-0.94) across all treat-

ment periods.16 Indeed, after identifi-
cation of these cases, a statistical analy-
sis was performed by the manufacturers
of briakinumab to determine whether
a specific subset of treated patients may
be at particularly high risk of a MACE.
This analysis led to an amendment to
the study protocol for the open-label
continuation phase of this study in May
2010 to adjust the exclusion criteria,
visit procedures, and discontinuation
criteria for the enrolled patients. Pa-
tients with 2 or more predefined car-
diovascular risk factors who had not
previously experienced failure or in-
tolerance to anti–TNF-� therapies or
other systemic therapies were with-
drawn from the study. Subsequently, in
July 2011, all clinical trials of bria-
kinumab were discontinued by Ab-
bott, pending further investigations par-
ticularly relating to possible mechanistic
links to MACEs. Until more definitive
data become available, we believe that
dermatologists should exercise height-

Figure 2. Risk Difference of MACEs in Patients Treated With Anti–IL-12/23 Agents Compared With Placebo in RCTs

Favors
Biologic Therapy

Favors
Placebo Therapy

–0.2 –0.1 0 0.1 0.2
Risk Difference, Events per Person-Year (95% CI)

Source
Ustekinumab

Krueger et al,6 2007
Leonardi et al,7 2008
Papp et al,8 2008
Igarashi et al,10 2010
Youn et al,11 2010

Subtotal (95% CI)
Total events

Heterogeneity: χ2 = 0.65, df = 4; P = .96; I2 = 0%
Test for overall effect: z = 0.96; P = .34

Briakinumab
Kimball et al,12 2008
Gordon et al,13 2010
Menter et al,14 2010
Stober et al,15 2010

Subtotal (95% CI)
Total events

Heterogeneity: χ2 = 0.54, df = 3; P = .91; I2 = 0%
Test for overall effect: z = 1.27; P = 0.20

Overall

Weight, %

8.4
16.6
26.5
2.4
3.0

56.9

2.5
31.5
4.5
4.7

43.1

100.0

Risk Difference,
Events per Person-Year

(95% CI)

0.03 (–0.03 to 0.09)
0.01 (–0.02 to 0.04)
0.01 (–0.01 to 0.02)
0.00 (–0.17 to 0.17)
0.00 (–0.13 to 0.13)

0.01 (–0.01 to 0.03)

0.00 (–0.17 to 0.17)
0.02 (–0.002 to 0.04)
0.00 (–0.09 to 0.09)
0.00 (–0.09 to 0.09)

0.02 (–0.01 to 0.04)

0.012 (–0.001 to 0.026)

Biologic Therapy

Person-
Years

97
117
189
29
14

446

35
226
32
32

325

771

Events,
No.

3
1
1
0
0

5

0
5
0
0

5

10

Placebo

Events,
No.

0
0
0
0
0

0

0
0
0
0

0

0

Person-
Years

25
59
94
7

14

199

7
111
16
17

151

350
Total events

Heterogeneity: χ2 = 1.79, df = 8; P = .99; I2 = 0%
Test for overall effect: z = 1.58 P = .12
Test for subgroup differences: χ2 = 0.17; df = 1; P = .68; I2 = 0%

Mantel-Haenszel fixed-effects method used to calculate risk difference, person-years of events. MACE indicates major adverse cardiovascular event; IL, interleukin;
RCTs randomized controlled trials; CI, confidence interval.
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ened vigilance for cardiovascular risk
factors when initiating anti–IL-12/23
agents in psoriasis patients.

Although the roles of IL-12/23 in the
development and progression of ath-
erosclerosis have yet to be clearly elu-
cidated, preliminary evidence sug-
gests that IL-12 is proatherogenic and
that its inhibition should confer car-
dioprotection.35-37 In the phase 2 study
of ustekinumab, however, serum lev-
els of the p40 subunit of IL-12 were
shown to paradoxically increase 13-
fold in the first 12 weeks of treatment
with a gradual decrease to above-
baseline levels at week 32.38 Contrary
to traditional understanding of anti-
body-cytokine interactions, the bind-
ing of antibody may produce agonistic
rather than antagonistic activity.39-43

There is conflicting evidence regard-
ing the role of IL-17, an IL-23–
induced cytokine, in atherosclerotic
plaque inflammation.37,44-51 Recent evi-
dence has suggested that IL-17 and sig-

nal transducer and activator of tran-
scription (STAT) 3, a transcription
factor downstream of IL-23, may have
counterregulatory roles in atheroscle-
rosis.50,51 With numerous therapeutics
agents inhibiting IL-17 and IL-23 cur-
rently in development, it is essential that
the effect of these cytokines on vascu-
lar inflammation be fully explored.

Although meta-analysis is a strat-
egy to increase power for the detec-
tion of rare events, this cannot correct
for limitations in quality of the origi-
nal clinical trials, most notably the ab-
sence of a systematic strategy to screen
for, capture, and adjudicate cardiovas-
cular events. This has been recently
highlighted by the international con-
troversy surrounding rosiglitazone, a
drug used to treat type 2 diabetes.52 Al-
though individual RCTs detected no in-
crease in cardiovascular events, obser-
vational studies and meta-analyses
suggested an increased risk of MACEs
associated with the drug.53 More con-

cerning, however, is the time delay be-
tween the detection of potential safety
signals and their reporting to regula-
tory agencies or to the medical com-
munity at large. This was also high-
lighted in the case of rofecoxib, in which
safety concerns regarding the risk of
thrombotic events existed approxi-
mately 4 years before the drug was ul-
timately withdrawn from the market.
Although a manufacturer-driven pooled
analysis of more than 28 000 patients
from 23 RCTS did not show evidence
of an excess of cardiovascular events for
rofecoxib relative to placebo,54 a large
RCT of 2586 patients finally con-
firmed a 2-fold increase in thrombotic
events and was stopped prema-
turely.55 The overwhelming question
was why it took a relatively small trial
to identify this risk several years after
the drug had been prescribed to more
than 80 million patients, with contin-
ued aggressive marketing by the phar-
maceutical company despite warnings

Figure 3. Risk Difference of MACEs in Patients Treated With Anti–TNF-� Agents Compared With Placebo in RCTs
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Mantel-Haenszel fixed-effects method used to calculate risk difference, person-years of events. CI indicates confidence interval; MACE, major adverse cardiovascular
event; RCTs, randomized controlled trials; TNF, tumor necrosis factor.
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of a safety signal.56-58 A new statement
from the US Food and Drug Adminis-
tration in September 2010, however, is-
sued a final rule clarifying that compa-
nies must report safety issues occurring
during clinical trials within 15 days, in-
cluding data that suggest the occur-
rence of serious adverse reactions at
higher-than-expected rates, to expe-
dite the review of critical safety infor-
mation and protect patients enrolled in
clinical trials.59

This analysis highlights the inher-
ent limitations of placebo-controlled
clinical trials to reliably interpret the sig-
nificance of rare events given their cur-
rent design. Although RCTs are cur-
rently the criterion standard for
measuring clinical efficacy in psoria-
sis therapies, these studies are de-
signed to detect differences in the se-
verity of psoriasis in response to therapy
over short periods of treatment and are
often underpowered and of too short
duration to detect rare or long-term ad-
verse events. Careful consideration of
these issues is warranted to best serve
patients in these studies and those who
are treated once drugs are approved.
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