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INHIBITION OF TUMOR NECROSIS FAC-
tor � (TNF-�) has been shown ef-
fective in the treatment of patients
with active rheumatoid arthritis. For

patients in whom the disease activity can-
not be sufficiently controlled with con-
ventional disease-modifying antirheu-
matic drugs (DMARDs), drugs targeting
TNF-� have become indispensable. In-
creased use of anti–TNF-� agents for
routine care of rheumatoid arthritis, as
well as their use to treat an increasing
number of other diseases such as anky-
losing spondylitis, psoriatic arthritis, and
inflammatory bowel disease, has led to
the need to better understand their safety
profiles. Obtaining such knowledge is a
primary aim of the biologics registers es-
tablished in several countries at the time
these new agents were introduced.

There is evidence from randomized
controlled trials (RCTs)1,2 as well as ob-
servational cohort studies3-5 and claims
data6 that patients treated with anti–
TNF-�agentsareat increasedriskofbac-
terial infections. Furthermore, opportu-
nistic infectionsofalletiologieshavebeen

reportedinsuchpatients.Thesedatasug-
gestthatpatientsshouldbecarefullymoni-
tored and that specific attention be paid
toatypicalsitesorsymptomsof infection.

Compared with bacterial infection,
little isknownabouttheriskofviral infec-
tions in patients with rheumatoid arthri-
tis undergoing anti–TNF-� treatment.For editorial comment see p 774.

Author Affiliations: German Rheumatism Research
Centre, Berlin (Drs Strangfeld and Listing); and Ger-
man Rheumatism Research Centre and Department
of Rheumatology and Clinical Immunology, Charité-
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Context The risk of bacterial infection is increased in patients treated with drugs that
inhibit tumor necrosis factor � (TNF-�). Little is known about the reactivation of la-
tent viral infections during treatment with TNF-� inhibitors.

Objective To investigate whether TNF-� inhibitors together as a class, or separately
as either monoclonal anti–TNF-� antibodies (adalimumab, infliximab) or a fusion pro-
tein (etanercept), are related to higher rates of herpes zoster in patients with rheu-
matoid arthritis.

Design, Setting, and Patients Patients were enrolled in the German biologics reg-
ister RABBIT, a prospective cohort, between May 2001 and December 2006 at the initia-
tionoftreatmentwithinfliximab,etanercept,adalimumab,oranakinra,orwhentheychanged
conventional disease-modifying antirheumatic drug (DMARD). Treatment, clinical status,
and adverse events were assessed by rheumatologists at fixed points during follow-up.

Main Outcome Measures Hazard ratio (HR) of herpes zoster episodes following
anti–TNF-� treatment. Study aims were to detect a clinically significant difference (HR,
2.0) between TNF-� inhibitors as a class compared with DMARDs and to detect an
HR of at least 2.5 for each of 2 types of TNF-� inhibitors, the monoclonal antibodies
or the fusion protein, compared with conventional DMARDs.

Results Among 5040 patients receiving TNF-� inhibitors or conventional DMARDs,
86 episodes of herpes zoster occurred in 82 patients. Thirty-nine occurrences could be
attributed to treatment with anti–TNF-� antibodies, 23 to etanercept, and 24 to con-
ventional DMARDs. The crude incidence rate per 1000 patient-years was 11.1 (95%
confidence interval [CI], 7.9-15.1) for the monoclonal antibodies, 8.9 (95% CI, 5.6-
13.3) for etanercept, and 5.6 (95% CI, 3.6-8.3) for conventional DMARDs. Adjusted
for age, rheumatoid arthritis severity, and glucocorticoid use, a significantly increased
risk was observed for treatment with the monoclonal antibodies (HR, 1.82 [95% CI,
1.05-3.15]), although this risk was lower than the threshold for clinical significance.
No significant associations were found for etanercept use (HR, 1.36 [95% CI, 0.73-
2.55]) or for anti–TNF-� treatment (HR, 1.63 [95% CI, 0.97-2.74]) as a class.

Conclusion Treatment with monoclonal anti–TNF-� antibodies may be associated
with increased risk of herpes zoster, but this requires further study.
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Herpes zoster, a neurocutaneous dis-
ease characterized by a painful vesicu-
lar dermatomal rash resulting from reac-
tivation of the varicella zoster virus
(VZV), is one of the most common
adverse events reported in clinical trials
of anti–TNF-� agents. Complications
include bacterial superinfection and,
more frequently, postherpetic neural-
gia, which can cause substantial mor-
bidity. Declining cellular immunity due
to increasing age or immunosuppres-
sion is known to trigger reactivation of
herpeszoster.7 Immunodeficiency inany
form was shown to strongly increase the
risk of developing herpes zoster in stud-
ies of children with leukemia,8,9 recipi-
ents of bone marrow transplants,10 and
individuals infected with human immu-
nodeficiency virus.11

Patients with rheumatoid arthritis,
systemic lupus erythematosus, or non-
inflammatory musculoskeletal disor-
ders are at increased risk of herpes
zoster compared with the general popu-
lation.12,13 In a retrospective study, Smit-
ten et al analyzed a US claims database
and the UK general practitioner data-
base and found adjusted hazard ratios
(HRs) of 1.91 (95% confidence inter-
val [CI], 1.80-2.03) and 1.65 (95% CI,
1.57-1.75), respectively, for herpes zos-
ter in patients with rheumatoid arthri-
tis compared with patients without rheu-
matoid arthritis.14 We analyzed data from
the German biologics register RABBIT
to investigate the contribution of vari-
ous rheumatoid arthritis treatments, es-
pecially anti–TNF-� therapy, to the risk
of VZV reactivation.

METHODS
RABBIT is an ongoing nationwide pro-
spective cohort study initiated in 2001
with the purpose of investigating the
long-term safety and effectiveness of
biologic agents in treatment of rheu-
matoid arthritis. The study includes
patients from more than 150 outpa-
tient clinics and private practices spe-
cializing in rheumatology.15 From May
1, 2001, to December 31, 2006, all
patients with rheumatoid arthritis
starting new treatment with either in-
fliximab, etanercept, adalimumab, or

anakinra and patients who were chang-
ing their DMARD treatment after at least
1 DMARD failure (control group) were
asked by their rheumatologist to par-
ticipate in the register. Once enrolled,
data collection from the patients would
continue until the end of 2011. The
study protocol was approved in 2001
by the ethics committee of the Charité
University School of Medicine, Berlin,
Germany. Every patient participating in
the study provided written informed
consent before study entry.

At baseline and during fixed points
of follow-up at 3, 6, 12, 18, 24, 30, and
36 months, data regarding treatment,
disease activity (tender and swollen
joint count, erythrocyte sedimenta-
tion rate, C-reactive protein level, and
morning stiffness), comorbid condi-
tions, and adverse events were re-
corded by the treating rheumatolo-
gist. Treatment information included
the start and stop dates of DMARD
therapy, as well as biologic therapies,
reasons for treatment termination, and
concomitant therapy with glucocorti-
coids, nonsteroidal anti-inflammatory
drugs, or cyclooxygenase 2 selective in-
hibitors. The data recorded by the rheu-
matologist were complemented by pa-
tient questionnaires that also assessed
functional capacity (measured by the
Hannover Functional Status Question-
naire as percentage of full function16],
global health status, pain, current dis-
ease activity, and adverse effects of the
prescribed medications.

Adverse events were recorded and
classified by the rheumatologist as se-
rious or nonserious according to the In-
ternational Conference on Harmoni-
zation E2A guidelines.17 In addition,
these events were graded as mild, mod-
erate, or severe.18 All adverse events
were coded using the Medical Dictio-
nary for Regulatory Affairs19 by the
study physician (A.S.).

All events reported from the treating
rheumatologist prior to November 1,
2007, and coded as herpes zoster, her-
pes zoster multidermatomal, herpes zos-
ter disseminated, herpes zoster oticus,
herpes zoster ophthalmic, herpes zos-
ter iridocyclitis, and herpes zoster infec-

tion neurological were included in the
analysis. All patient reports of adverse ef-
fects were additionally screened to check
the completeness of the physician re-
ports. This procedure revealed 2 addi-
tional cases of herpes zoster treated with
etanercept; these were included in the
analysis after confirmation with the treat-
ing physician.

We considered a patient as receiving
anti–TNF-� treatment at the time of the
event if treatment was ongoing or was
terminated 1 month or less prior to the
event. The remaining treatment peri-
ods were regarded as periods under con-
trol conditions. Because of the low num-
ber of patient-years contributed to the
data set, we excluded all events and ob-
servation periods after start of treat-
ment with anakinra (76 patient-years) or
rituximab (60 patient-years). Further-
more, we excluded 152 patients (2.9%)
who did not have follow-up data.

Main Study Questions

The statistical analysis plan prespeci-
fied 2 hypotheses. First, that anti–
TNF-� treatment is associated with an
increased risk of herpes zoster. Second,
that owing to different modes of action,
the risk associated with treatment with
the monoclonal antibodies (adali-
mumab or infliximab) differs from that
conferred by the receptor fusion pro-
teinetanerceptwhencomparedwithcon-
ventional DMARD treatment. This sec-
ond hypothesis was suggested by data
regarding the biology of granulomatous
infections20 and by our previous find-
ings regarding all herpes infections.3 The
first hypothesis of a class effect may be
inappropriate if the secondhypothesisof
a subclasseffect is true.Wedidnotadjust
for multiple testing, because in a safety
analysis it is more important to detect a
possible risk (low � error) than to avoid
anerroneousrejectionof thenullhypoth-
esis (no association).

Statistical Analysis

Crude incidence rates were calculated
as the number of herpes zoster infec-
tions per 1000 patient-years of fol-
low-up (under specific treatment). Sur-
vival analysis methods (Cox regression,
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Andersen-Gill models21) were applied to
identify risk factors for herpes zoster
and to estimate the contribution of
anti–TNF-� treatment to that risk. By
Cox regression, the contribution of time-
independent and time-dependent co-
variates to the first development of
herpes zoster was investigated. The fol-
low-up time following this event was not
considered in this analysis. Patient char-
acteristics at baseline (age, sex, comor-
bid conditions, and disease activity mea-
sured by the Disease Activity Score based
on 28 joint counts [DAS28]) and para-
meters that varied with time during fol-
low-up (treatment with glucocorti-
coids, treatment with anti–TNF-�
agents, DAS28 at follow-up) were taken
into account as possible risk factors.

To deal with confounding by indica-
tion, a propensity score (likelihood of
being treated with anti–TNF-� agents)
approach was applied. The propensity
score was estimated by means of logis-
tic regression with the covariates age, sex,
number of previous DMARDs, DAS28,
erythrocyte sedimentation rate, Han-
nover Functional Status Questionnaire
score, and as additional markers of dis-
ease severity: osteoporosis (yes/no) and
previous treatment with cyclosporine A
(yes/no).22 The tertiles of this score were
used for stratification of the patients into
3 groups of equal size and increasing pro-
pensity score. These groups were then
included as covariates in Cox and

Andersen-Gill regression analyses for ad-
justment. This type of analysis allows
showing the influence of the propen-
sity score as a “severity indicator.” We
used tertiles instead of quintiles to in-
crease the robustness of the model. Nev-
ertheless, in a sensitivity analysis we also
performed stratified regression analy-
ses with quintiles, as proposed origi-
nally by D’Agostino.23 Since the HRs of
both analyses (stratified or with covari-
ates) were very similar, we report only
the results of the covariate adjustment.
In a primary analysis, we analyzed the
factors associated with the occurrence of
herpes zoster in the total sample by
means of Cox regression.

Based on our previous findings, we
aimed to detect a 2-fold increase (HR,
2.0) in the hazard risk of developing her-
pes zoster in patients treated with anti–
TNF-� agents. In the case of different
risk profiles of anti–TNF-� agents, we
aimed to detect at least a 2.5-fold in-
crease in the hazard risk of patients
treated with the monoclonal antibod-
ies or with etanercept. To achieve 80%
power for both hypotheses it was nec-
essary to have observed 80 cases of her-
pes zoster, which occurred in Novem-
ber 2007. At that point we merged the
data from the adverse events database
with the clinical and treatment data-
base and performed the current analysis.

In a secondary analysis, we selected a
subsampleofpatientswhoswitchedtreat-

ments and had episodes while receiving
anti–TNF-� therapy, as well as “control
episodes”ofmore than1monthof treat-
ment with a traditional DMARD, gluco-
corticoids, or both. Applying Andersen-
Gillmodels,weconsidered thecomplete
follow-up time of these patients and in-
vestigatedwhether the firstorsecondoc-
currence of herpes zoster was observed
withinananti–TNF-� treatmentepisode
or within a control episode.

Calculations were performed using
the PHREG procedure in SAS version
9.1 (SAS Institute Inc, Cary, North
Carolina). Furthermore, the invari-
ance of the herpes zoster over time was
investigated by means of a test devel-
oped by Thernau and Grambsch.24 To
check for possible incompleteness in
our multivariate models, standard er-
rors and CIs of the HRs were calcu-
lated by means of robust sandwich es-
timates.25 These data are not shown,
since they differed only slightly from
the estimates calculated using the stan-
dard methods. All statistical tests per-
formed were 2-sided; P� .05 was con-
sidered statistically significant.

RESULTS
A total of 5040 patients were included
in the analysis. Baseline characteris-
tics are shown in TABLE 1. Patients re-
ceiving anti–TNF-� treatment dif-
fered significantly from controls in
regard to age, disease duration, rheu-

Table 1. Baseline Characteristics

Characteristic

Anti–TNF-� Agents

Controls
(n = 1774)

P
Valuea

Etanercept
(n = 1252)

Infliximab
(n = 591)

Adalimumab
(n = 1423)

Total
(n = 3266)

Age, mean (SD), y 53.8 (12.5) 52.9 (12.7) 54.2 (12.0) 53.8 (12.3) 56.2 (11.4) �.001

Women, No. (%) 975 (77.8) 433 (73.3) 1141 (80.2) 2549 (78.0) 1394 (78.6) .66

Rheumatoid factor–positive, No. (%) 1008 (80.5) 469 (79.4) 1143 (80.4) 2620 (80.3) 1271 (71.7) �.001

FFbH score, mean (SD)b 56.0 (22.9) 55.3 (21.6) 58.6 (23.4) 57.0 (22.9) 66.6 (21.5) �.001

Disease duration, median (IQR), y 9 (4-16) 8.5 (4-14) 10 (5-17) 9 (5-16) 6 (3-12) �.001

DAS28, mean (SD) 5.8 (1.3) 5.9 (1.2) 5.7 (1.3) 5.8 (1.3) 5.0 (1.3) �.001

CRP, median (IQR), mg/L 16 (5-37) 17 (7-41) 13 (5-30) 17 (8-38) 8 (3-22) �.001

Previous DMARD therapies, No. (%) 3.6 (1.4) 3.7 (1.5) 3.5 (1.4) 3.5 (1.4) 1.8 (1.1) �.001

Glucocorticoids, No. (%) 1073 (86.1) 498 (84.4) 1154 (81.6) 2725 (83.8) 1354 (76.5) �.001

Prednisolone �10 mg/d, No. (%) 440 (35.1) 217 (36.7) 416 (29.2) 1073 (32.9) 343 (19.3) �.001
Abbreviations: CRP, C-reactive protein; DAS28, Disease Activity Score based on 28 joint counts; DMARD, disease-modifying antirheumatic drugs; FFbH, Hannover Functional

Status Questionnaire; IQR, interquartile range; TNF, tumor necrosis factor.
SI conversion factor: To convert CRP values to nmol/L, multiply by 9.524.
aFor comparison of anti–TNF-� agents total with controls.
bFunctional capacity in percentage of full function.
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matoid factor positivity, functional sta-
tus, and number of previous DMARD
failures. In addition, they had higher
disease activity (as measured by the
DAS28) at the time of inclusion in the
study. No differences in demographic
or clinical characteristics were found be-
tween patients treated with the 3 indi-
vidual anti–TNF-� agents.

There were 86 cases of herpes zos-
ter among 82 patients. Fifteen pa-
tients had multidermatomal zoster, and
4 had herpes zoster ophthalmicus. Eigh-
teen events were serious, 12 of which
required hospitalization due to either
severe multidermatomal disease (n=8),
eye involvement (n=1), or other rea-
sons (n=3). Complications were re-
ported in 3 patients. Postherpetic neu-
ralgia occurred in 2 patients (1 while
receiving etanercept and 1 while re-
ceiving adalimumab), and multider-
matomal zoster with esophagitis and
pulmonary involvement occurred in 1
patient (while receiving infliximab).

Compared with the control group, we
found significantly higher crude inci-
dence rates of herpes zoster in the pa-
tients receiving anti–TNF-�-treatment
(P=.01), especially in those treated with
the monoclonal antibodies (TABLE 2).
Among the cases of multidermatomal
herpes zoster, the crude incidence rate
was highest for patients treated with the
monoclonal antibodies (3.8 [95%CI,1.0-
9.7] per 1000 patient-years for patients
treated with infliximab and 3.6 [95% CI,
1.7-6.9] per 1000 patient-years for pa-
tients treated with adalimumab). Five pa-
tients experienced recurrent episodes of

herpes zoster that were not always lo-
cated at the site of the primary occur-
rence. Two occurred in the control
group, 2 in patients receiving etaner-
cept, and 1 in a patient receiving un-
known therapy. This last patient had
been enrolled in an RCT after several
years of observation in RABBIT and was
excluded from our analyses because the
exact treatment at the time of the her-
pes zoster epsiode was unknown.

Univariate Cox regression analysis
(TABLE 3) showed a significantly in-
creased risk of herpes zoster with in-
creasing age (HR, 1.23 [95% CI, 1.02-
1.49] per 10 years) and higher disease
activity at baseline, as measured by the
DAS28 (HR, 1.36 per unit increase [95%
CI, 1.14-1.63]). An insignificant asso-
ciation was found for longer disease du-
ration as a risk factor. We found a non-
linear increase in the risk of herpes zoster
with increasing likelihood of being
treated with biologics (propensity score
tertiles). Patients with a high likelihood
of being treated with biologics (patients
with a propensity score �0.86, consti-
tuting the upper one-third of the pro-
pensity score tertiles) had a nearly 2-fold
risk of herpes zoster compared with the
remaining patients (10.9 [95% CI, 7.8-
14.9] per 1000 patient-years vs 6.5 [95%
CI, 4.7-8.7] per 1000 patient-years).
Similar results were found by stratifica-
tion of patients into quintiles of the
propensity score, as proposed by
D’Agostino.23 Using this strategy, pa-
tients from the fourth and fifth quin-
tiles had a 1.9-fold significantly higher
risk for herpes zoster than the remain-

ing patients, whereas patients from the
first, second, and third quintiles did not
differ significantly in their risk.

Baseline features that were not signifi-
cantly associated with herpes zoster were
female sex, positive rheumatoid factor,
and functional capacity (as measured
using the Hannover Functional Status
Questionnaire) at study entry. No asso-
ciations (P� .90) were found for spe-
cific comorbid conditions (eg, diabetes,
renal insufficiency, and pulmonary dis-
ease; data not shown).

Treatment factors associated with an
increased risk of herpes zoster were glu-
cocorticoid use and treatment with
anti–TNF-� agents, compared with
conventional DMARD treatment. The
corresponding incidence rates for epi-
sodes of herpes zoster during anti–
TNF-� treatment and DMARD treat-
ment were 9.8 (95% CI, 7.5-12.6) per
1000 patient-years and 5.1 (95% CI,
3.2-7.8) per 1000 patient-years. For the
monoclonal antibodies and etaner-
cept, the rates were 11.1 (95% CI, 7.9-
15.1) per 1000 patient-years and 8.1
(95% CI, 5.0-12.4) per 1000 patient-
years, respectively. There was no sig-
nificant trend in HR over time; there-
fore, the application of Cox regression
analysis was appropriate. We ob-
served a greater risk of herpes zoster as-
sociated with increasing doses of glu-
cocorticoids (Table 3). No significant
associations were found for treatment
with MTX (P = .87), leflunomide
(P=.12), or azathioprine (P=.13). The
corresponding incidence rates per 1000
patient-years were 7.8 (95% CI, 5.7-
10.3), 5.5 (95% CI, 2.9-9.4), and 18.4
(95% CI, 3.8-53.8), respectively.

In the multivariate Cox regression
analysis, anti–TNF-� treatment as a class
was not significantly associated with an
increased risk of herpes zoster (HR, 1.63
[95% CI, 0.97-2.74]). In subgroup analy-
sis, we found no significantly increased
risk of herpes zoster for patients treated
with etanercept, whereas patients treated
with either infliximab or adalimumab
had a significantly increased risk (HR,
1.82 [95% CI, 1.05-3.15]) (Table 3), al-
though this risk was lower than the
study’s predefined HR threshold of 2.5

Table 2. Crude Incidence Rates of Herpes Zoster Events per 1000 Patient-years

Anti–TNF-� Agent

ControlsEtanercept
Infliximab/

Adalimumab Total

Observed patient-years 2588 3524 6112 4291

Herpes zoster
No. 23 39 62 24

Incidence rate (95% CI) 8.9 (5.6-13.3) 11.1 (7.9-15.1)a 10.1 (7.8-13.0)a 5.6 (3.6-8.3)

Multidermatomal and ophthalmic
zoster only

No. 2 13 15 4

Incidence rate (95% CI) 0.8 (0.009-2.8) 3.7 (2.0-6.3) 2.5 (1.4-4.0) 0.9 (0.3-2.4)
Abbreviations: CI, confidence interval; TNF, tumor necrosis factor.
aSignificantly different (P� .05) compared with controls.
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for clinical significance. The associa-
tion for glucocorticoid use of 10 mg or
more per day remained significant, even
when the data were adjusted for age and
disease severity using the propensity
score (Table 3). Because of the high cor-
relation of the DAS28 with both the pro-
pensity score and glucocorticoids use,
it was not included in the multivariate
model.

Subsample Analyses of Patients
Who Switched Treatments

To investigate whether the adjust-
ment by propensity score modeling was
sufficient or whether selection bias re-
sulting in higher risk for use of anti–
TNF-� agents remained, we exam-
ined a subsample of 1344 patients who
switched treatment at least once and
therefore contributed data to the co-

hort while receiving anti–TNF-� treat-
ment, as well as while receiving con-
ventional DMARD treatment alone.
On average, a patient from this sub-
sample was treated for 15.8 months
with anti–TNF-� therapy and 11.3
months with conventional DMARDs
alone (TABLE 4). This subgroup of pa-
tients who had switched treatments had
a higher risk of herpes zoster than the
remaining sample (adjusted HR, 2.4
[95% CI, 1.5-3.9]).

We then considered the complete fol-
low-up period of these patients and in-
vestigated whether herpes zoster was
observed during control episodes or
during episodes of treatment with
anti–TNF-� agents. We observed inci-
dence rates of 23.8 (95% CI, 15.5-
34.8) per 1000 patient-years for treat-
ment with monoclonal antibodies, 7.8

(95% CI, 2.5-18.2) per 1000 patient-
years for treatment with etanercept,
17.9 (95% CI, 12.1-25.3) per 1000 pa-
tient-years for anti–TNF-� treatment as
a class, and 6.9 (95% CI, 3.2-13.1) per
1000 patient-years for the control epi-
sodes. After adjustment for age and pro-
pensity score, treatment with anti–
TNF-� agents was associated with a
significantly increased risk of herpes
zoster (TABLE 5). The association was
highly significant for treatment with
monoclonal antibodies (HR for adali-
mumab/infliximab vs controls, 2.91
[95% CI, 1.35-6.30]) and not signifi-
cant for etanercept (HR, 1.09 [95% CI,
0.39-3.06]). Age remained a signifi-
cant predictor in this analysis, whereas
no association was found for treat-
ment with glucocorticoids (P� .70 for
any dosage).

Table 3. Risk of Herpes Zoster

Characteristic

Patients
With

Herpes
Zoster, No.

Patient-
years

Univariate Cox Regression Multivariate Analysis

HR (95% CI)
P

Value Adjusted HR (95% CI) P Value

Characteristics at study entry
Age, ya 1.23 (1.02-1.49) .03 1.28 (1.05-1.55) .01

Sex
Men 17 2221 1 [Reference]

Women 65 8260 1.04 (0.61-1.77) .90

Disease duration, yb 1.09 (0.98-1.22) .10

Rheumatoid factor
Negative 20 2312 1 [Reference]

Positive 62 8168 0.89 (0.54-1.48) .66

CRPa 1.04 (0.99-1.09) .11

DAS28 1.36 (1.14-1.63) �.001

FFbHa 0.96 (0.88-1.06) .41

Propensity score
Tertile 1 (low) 19 3176 1 [Reference]

Tertile 2 (moderate) 23 3324 1.26 (0.69-2.30) .45

Tertile 3 (high) 39 3571 2.06 (1.20-3.54) .008

High vs moderate/low 39 3571 1.84 (1.19-2.83) .006 1.59 (1.00-2.52) .05

Characteristics at follow-up
Glucocorticoids, mg

0 9 2317 1 [Reference]

1-9 54 6681 2.06 (1.02-4.18) .04 1.86 (0.92-3.78) .09

�10 19 1482 2.90 (1.30-6.47) .01 2.52 (1.12-5.65) .03

DAS28 1.21 (1.02-1.43) .03

DMARDs 22 4291 1 [Reference]

Anti–TNF-� agents 60 6112 1.84 (1.13-3.00) .02 1.63 (0.97-2.74) .07

Etanercept 21 2588 1.55 (0.85-2.82) .14 1.36 (0.73-2.55) .33

Adalimumab/infliximab 39 3524 2.05 (1.22-3.45) .007 1.82 (1.05-3.15) .03
Abbreviations: CI, confidence interval; CRP, C-reactive protein; DAS28, Disease Activity Score based on 28 joint counts; DMARD, disease-modifying antirheumatic drug; FFbH,

Hannover Functional Status Questionnaire; HR, hazard ratio; TNF, tumor necrosis factor.
a In steps of 10 units or years.
b In steps of 5 years.
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COMMENT
Although herpes zoster is a common
disorder and is often reported as an ad-
verse event during clinical trials, the as-
sociation of various rheumatoid arthri-
tis treatments with herpes zoster has
been limited to a few published re-
ports, mainly case reports. Serious her-
pes zoster episodes have been ob-
served in RCTs and their open-label
follow-up studies in patients with rheu-
matoid arthritis receiving the anti–

TNF-� agents infliximab or adali-
mumab26-29 but had not been reported
from RCTs of patients with rheuma-
toid arthritis using etanercept.30 How-
ever, it is not possible to generalize these
findings, because sample sizes and fol-
low-up times are too low. We investi-
gated a hypothesis derived from these
case reports and found a significant as-
sociation between herpes zoster and
treatment with the monoclonal anti–
TNF-� antibodies infliximab and ad-

alimumab; we found no significant as-
sociation between herpes zoster and
treatment with etanercept.

Patients with highly active rheuma-
toid arthritis and a history of more than
3 DMARD failures on average (and
therefore a high likelihood of being
treated with biologics [�85% in our
data]) had a significantly increased risk
of developing herpes zoster. Further-
more, a significantly higher risk was
found for older age and, at least in the
total sample, for treatment with gluco-
corticoids. The use of glucocorticoids is
a known risk factor for several infec-
tions and has been shown to be associ-
ated with herpes zoster in other inflam-
matory diseases such as Crohn disease
and ulcerative colitis.31,32 In the pres-
ent study we were not able to distin-
guish between the risk of herpes zoster
due to the inflammatory activity of the
disease itself as opposed to that due to
the treatment with immunosuppres-
sive drugs. If such an effect were pres-
ent, it would be strongly confounded by
treatment with glucocorticoids, which
decrease cell-mediated immunity.

Our findings of an increased risk of
VZV reactivation associated with anti–
TNF-� antibody treatment are sup-
ported by the results of Smitten et al,
who analyzed 2 large databases in the
United States and United Kingdom14

and reported an increased risk of her-
pes zoster in patients receiving bio-
logic agents (odds ratio compared with
patients with rheumatoid arthritis but
not receiving DMARDs or glucocorti-
coids, 1.54) as well as for patients re-
ceiving DMARDs alone or glucocorti-
coids. Because Smitten et al were not
able to adjust for the severity of rheu-
matoid arthritis, their comparator group
might not be fully comparable.

In contrast, Wolfe et al13 did not find
an increased risk for infliximab, etaner-
cept, or adalimumab in the National
Data Bank for Rheumatic Diseases. The
authors based their analysis on pa-
tient answers to a herpes zoster–
specific question in the National Data
Bank questionnaire; these answers were
validated in a subsample by physician
confirmation. We used physician diag-

Table 4. Baseline Characteristics of Patients Who Changed Treatment From Biologics to
DMARDs or Vice Versa

Characteristic Etanercept
Infliximab/

Adalimumab Controls Total

No. 361 677 306 1344

Age, mean (SD), y 55.2 (12.9) 54.5 (12.3) 53.7 (11.2) 54.5 (12.2)

Women, No. (%) 282 (78.1) 525 (77.6) 231 (75.5) 1038 (77.2)

Rheumatoid factor–positive,
No. (%)

299 (82.8) 545 (80.5) 227 (74.2) 1071 (79.7)

DAS28, mean (SD) 5.8 (1.2) 5.9 (1.2) 5.5 (1.2) 5.8 (1.2)

CRP, median (IQR), mg/L 19 (9-38) 17 (7-40) 14 (6-33) 16 (7-37)

Previous DMARDs, No. (%) 3.7 (1.6) 3.7 (1.4) 2.2 (1.3) 3.4 (1.6)

Glucocorticoids, No. (%) 314 (87.0) 557 (82.5) 250 (82.0) 1121 (83.6)

Duration of treatment episodes,
mean (SD), mo

1st episode 9.4 (7.7) 8.8 (7.4) 15.8 (12.9) 9.8 (7.9)

2nd episode 8.2 (9.6) 7.6 (8.5) 14.5 (13.5) 8.6 (9.0)

With biologics
per episode

16.9 (10.7) 16.2 (10.8) 13.8 (9.1) 15.8 (10.5)

Control periods, No. (%) 11.1 (9.7) 9.7 (8.8) 15.0 (9.2) 11.3 (9.4)
Abbreviations: CRP, C-reactive protein; DAS28, Disease Activity Score based on 28 joint counts; DMARD, disease-

modifying antirheumatic drug; IQR, interquartile range.

Table 5. Risk of Herpes Zoster: Andersen-Gill Modela

Herpes
Zoster

Episodes, No.
Patient-

years
Adjusted HR

(95% CI)b
P

Value

Characteristics at study entry
Age, yc 1.50 (1.12-2.01) .006

Propensity score
Tertiles 1 and 2

(moderate/low)
18 1727 1 [Reference]

Tertile 3 (high) 22 1342 1.53 (0.82-2.83) .18

Characteristics at follow-up
DMARDs 9 1301 1 [Reference]

Anti–TNF-� 31 1736 2.24 (1.05-4.75) .04

Etanercept 5 642 1.12 (0.39-3.17) .84

Adalimumab/infliximab 26 1094 2.91 (1.35-6.30) .007

Analyses for single agents
Etanercept 5 642 1.09 (0.39-3.06) .87

Adalimumab 18 717 3.01 (1.36-6.64) .007

Infliximab 8 377 2.43 (0.94-6.26) .07
Abbreviations: CI, confidence interval; DMARD, disease-modifying antirheumatic drug; HR, hazard ratio.
a Includes only patients who changed treatment from biologics to DMARDs or vice versa. Four of the patients experi-

enced 2 episodes.
bAdjusted for age and disease severity (propensity score).
c In steps of 10 years.
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noses for our analysis and checked them
with the patient reports for complete-
ness. Patients reported herpes sim-
plex more frequently than physicians,
but we found only 2 additional pa-
tient reports of herpes zoster.

Herpes zoster cases published in
RCTs have been serious events28 or as-
sociated with severe complications, in-
cluding 1 case of encephalitis28 and 1
death after secondary streptococcal A
superinfection (necrotizing fasciitis).29

In our data, only 20% of the herpes zos-
ter epsiodes were classified as serious
events, which could explain our higher
rates in comparison to the RCTs. Re-
cently it was reported that the risk of
serious infections observed in pa-
tients with rheumatoid arthritis who are
receiving biologics decreases with
longer treatment duration.4,5 How-
ever, we did not find a decrease in HRs
for herpes zoster events with longer du-
ration of anti–TNF-� treatment.

Our study has several limitations.
First, though our results indicate a sig-
nificant difference between monoclo-
nal antibodies and conventional
DMARD treatment, the HR of 1.8 did
not reach our predefined threshold for
clinical significance. Second, we can-
not completely rule out a type I error
greater than 5%, because we decided
not adjust for multiple testing in or-
der to be more sensitive in the detec-
tion of a possible risk. Third, our analy-
ses are based on a limited number of
herpes zoster episodes. Fourth, the ob-
servational character of the study may
account for a possible residual con-
founding by indication.

To improve control of confounding
factors, we applied Cox regression
analyses in a robust way and, more im-
portantly, examined a subsample of pa-
tients who experienced a change in
therapy and therefore had been ob-
served under different treatment regi-
mens. The strength of this analysis was
that each patient served as his or her
own control, thus carrying his or her
own risk factors while receiving differ-
ent treatments. Furthermore, second
occurrences of herpes zoster in the same
patients could be taken into account.

Compared with the multivariate Cox re-
gression analysis, this analysis showed
a stronger relationship between VZV re-
activations and treatment with anti–
TNF-� agents and supports the find-
ing of different risk profiles of the
individual anti–TNF-� agents.

It is possible that the observed effect
of the different drugs on risk of herpes
zoster is the consequence of their differ-
ent molecular mechanisms of action. A
similar difference has been observed in
riskoftuberculosisreactivation,forwhich
substantial differences have been found
regarding treatment with the monoclo-
nalantibodiescomparedwiththesoluble
receptor fusion protein.33,34 This idea is
plausible, considering that etanercept
isnoteffectivetotreatinflammatorybowel
diseases such as Crohn disease, whereas
infliximabandadalimumabare success-
ful therapeutic options. These differing
treatmenteffects couldcorrespondwith
differing safety profiles.

Varicella and its reactivation as her-
pes zoster are vaccine-preventable dis-
eases. The Shingle Prevention Study
showed that vaccination of adults 60
years or older reduced the incidence of
herpes zoster from 11.1 to 5.4 cases per
1000 person-years.35 Additionally, the
severity of herpes zoster and the num-
ber of complications were reduced sig-
nificantly in those for whom the disease
developed despite vaccination. Vaccina-
tion is therefore recommended for sero-
negative patients for whom immuno-
suppressive therapy is planned. The
situation is less clear for patients with
active rheumatoid arthritis who are in
need of treatment with anti–TNF-�
agents.Thevaricellavaccinecontainslive,
attenuatedvirus.Therehavebeenreports
of disseminated disease with fatal out-
come caused by use of live vaccines in
immunocompromised patients.36,37 As a
result, live vaccines are contraindicated
duringtreatmentwithanti–TNF-�drugs.
If immunizationwithlivevaccineis indis-
pensable, it should be given at least 3
weeks38 before anti–TNF-� treatment is
startedorafteranti–TNF-� treatmenthas
been stopped for at least 5 half-lives.39

In contrast to the herpes zoster epi-
sodes reported in RCTs, our findings re-

garding serious complications such as
bacterial superinfections, long-lasting
postherpetic neuralgia, or ocular com-
plications are reassuring; despite some-
times highly suppressed immunity and
high disease activity, major complica-
tions were rare for all of the treatments.
We believe that the efficient antiviral
treatments currently available are mainly
responsible for preventing the develop-
ment of these complications.

Aside from age and disease severity,
glucocorticoid use and treatment with
the monoclonal anti–TNF-� antibodies
adalimumab and infliximab appears to
be associated with an increased risk of
herpes zoster. Our data suggest that risk
is not increased with the receptor fu-
sion protein etanercept. Based on our
data, we recommend careful monitor-
ing of patients treated with monoclonal
anti–TNF-�antibodies forearly signsand
symptoms of herpes zoster.
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cine, Berlin; Arnold Bussmann, MD, Geilenkirchen;
Hans Peter Tony, MD, Medizinische Poliklinik der Uni-

HERPES ZOSTER IN PATIENTS WITH RHEUMATOID ARTHRITIS

©2009 American Medical Association. All rights reserved. (Reprinted) JAMA, February 18, 2009—Vol 301, No. 7 743

Downloaded From: http://jama.jamanetwork.com/ on 07/29/2014



versität Würzburg; Katja Richter, MD, Universitätsklini-
kum Carl Gustav Carus Dresden; Brigitte Krummel-
Lorenz, MD, Frankfurt/Main; Anett Grässler, MD,
Pirna; Elke Wilden, MD, Köln; Michael Hammer, MD,
St. Josef-Stift Sendenhorst; Edmund Edelmann, MD,
Bad Aibling; Christina Eisterhues, MD, Braunsch-
weig; Wolfgang Ochs, MD, Bayreuth; Thomas Karger,
MD, Eduardus-Krankenhaus Köln-Deutz; Michael
Bäuerle, MD, Universität Erlangen, Erlangen; Her-
bert Kellner, MD, München; Silke Zinke, MD, Berlin;
Angela Gause, MD, Elmshorn; Lothar Meier, MD, Hof-
heim; Karl Alliger, MD, Zwiesel; Martin Bohl-Bühler,
Brandenburg; Carsten Stille, MD, Hannover; Su-
sanna Späthling-Mestekemper, MD, and Thomas
Dexel, MD, München; Harald Tremel, MD, Ham-
burg; Stefan Schewe, MD, Medizinische Poliklinik der
Ludwig-Maximilians-Universität München; Helmut
Sörensen, MD, Krankenhaus Waldfriede Berlin; Flo-
rian Schuch, MD, Erlangen; Klaus Krüger, MD,
München; Andreas Teipel, MD, Leverkusen; Kirsten
Karberg, MD, Berlin; Gisela Maerker-Alzer, MD, and
Dorothea Pick, MD, Holzweiler; Volker Petersen, MD,
Hamburg; Kerstin Weiss, MD, Lichtenstein; Werner
Liman, MD, Ev. Krankenhaus Hagen-Haspe; Kurt
Gräfenstein, MD, Johanniter-Krankenhaus im Fläming,
Treuenbrietzen; Jochen Walter, MD, Rendsburg;
Werner A. Biewer, MD, Saarbrücken; Roland Haux,
MD, Berlin; Wolfgang Gross, MD, Lübeck; Michael
Zänker, MD, Evangelisches Freikirchliches Kranken-
haus Eberswalde; Gerhard Fliedner, MD, Osnabrück;
Thomas Grebe, MD, Ev. Krankenhaus Kredenbach; Ka-
rin Leumann, MD, Riesa; Jörg-Andres Rump, MD,
Freiburg; Joachim Gutfleisch, MD, Biberbach; Michael
Schwarz-Eywill, MD, Evangelisches Krankenhaus Old-
enburg; Kathrin Fischer, MD, Greifswald; Monika
Antons, MD, Köln. We also acknowledge the signifi-
cant contributions to the conception of RABBIT of Rolf
Rau, MD, and Matthias Schneider, MD, University of
Duesseldorf, and Jörn Kekow, MD, University of Mag-
deburg, in their function as members of the advisory
board. The work in the advisory board of RABBIT is
honorary, without any financial compensation. We also
recognize the substantial contribution of Christina
Bungartz, Ulrike Kamenz, Franka Hierse, and Su-
sanna Zernicke, all employees of the German Rheu-
matism Research Center, Berlin, in the study moni-
toring and support of the data analyses; none of
these individuals received extra compensation for their
contributions.

REFERENCES

1. Bongartz T, Sutton AJ, Sweeting MJ, Buchan I,
Matteson EL, Montori V. Anti-TNF antibody therapy
in rheumatoid arthritis and the risk of serious infec-
tions and malignancies: systematic review and meta-
analysis of rare harmful effects in randomized con-
trolled trials. JAMA. 2006;295(19):2275-2285.
2. Strangfeld A, Listing J. Infection and musculoskel-
etal conditions: bacterial and opportunistic infections
during anti-TNF therapy. Best Pract Res Clin
Rheumatol. 2006;20(6):1181-1195.
3. Listing J, Strangfeld A, Kary S, et al. Infections in
patients with rheumatoid arthritis treated with bio-
logic agents. Arthritis Rheum. 2005;52(11):3403-
3412.
4. Dixon WG, Symmons DP, Lunt M, Watson KD,
Hyrich KL, Silman AJ; British Society for Rheumatol-
ogy Biologics Register Control Centre Consortium; Brit-
ish Society for Rheumatology Biologics Register. Se-
rious infection following anti-tumor necrosis factor
alpha therapy in patients with rheumatoid arthritis: les-
sons from interpreting data from observational studies.
Arthritis Rheum. 2007;56(9):2896-2904.
5. Askling J, ForedCM,BrandtL, et al. Time-dependent
increase in risk of hospitalisation with infection among
SwedishRApatients treatedwithTNF-antagonists.Ann
Rheum Dis. 2007;66(10):1339-1344.

6. Curtis JR, Patkar N, Xie A, et al. Risk of serious
bacterial infections among rheumatoid arthritis pa-
tients exposed to tumor necrosis factor alpha
antagonists. Arthritis Rheum. 2007;56(4):1125-
1133.
7. Thomas SL, Hall AJ. What does epidemiology tell
us about risk factors for herpes zoster? Lancet Infect
Dis. 2004;4(1):26-33.
8. Glynn C, Crockford G, Gavaghan D, Cardno P, Price
D, Miller J. Epidemiology of shingles. J R Soc Med.
1990;83(10):617-619.
9. Kost RG, Straus SE. Postherpetic neuralgia—
pathogenesis, treatment, and prevention. N Engl J Med.
1996;335(1):32-42.
10. Locksley RM, Flournoy N, Sullivan KM, Meyers
JD. Infection with varicella-zoster virus after marrow
transplantation. J Infect Dis. 1985;152(6):1172-
1181.
11. Veenstra J, Krol A, van Praag RM, et al. Herpes
zoster, immunological deterioration and disease pro-
gression in HIV-1 infection. AIDS. 1995;9(10):
1153-1158.
12. Pope JE, Krizova A, Ouimet JM, Goodwin JL, Lankin
M. Close association of herpes zoster reactivation and
systemic lupus erythematosus (SLE) diagnosis: case-
control study of patients with SLE or noninflamma-
tory musculoskeletal disorders. J Rheumatol. 2004;
31(2):274-279.
13. Wolfe F, Michaud K, Chakravarty EF. Rates and
predictors of herpes zoster in patients with rheuma-
toid arthritis and non-inflammatory musculoskeletal
disorders. Rheumatology (Oxford). 2006;45(11):
1370-1375.
14. Smitten AL, Choi HK, Hochberg MC, et al. The
risk of herpes zoster in patients with rheumatoid ar-
thritis in the United States and the United Kingdom.
Arthritis Rheum. 2007;57(8):1431-1438.
15. Zink A, Listing J, Kary S, et al. Treatment con-
tinuation in patients receiving biological agents or con-
ventional DMARD therapy. Ann Rheum Dis. 2005;
64(9):1274-1279.
16. Lautenschlaeger J, Mau W, Kohlmann T, et al. Ver-
gleichende Evaluation einer deutschen Version des
Health Assessment Questionnaires (HAQ) und des
Funktionsfragebogens Hannover (FFbH) [Compara-
tive evaluation of a German version of the Health As-
sessment Questionnaire (HAQ) and the Hanover Func-
tional Status Questionnaire (HFSQ)]. Z Rheumatol.
1997;56(3):144-155.
17. International Conference on Harmonisation. Clini-
cal safety data mangement: definitions and stan-
dards for expedited reporting. European Medicines
Agency Web site. http://www.emea.europa.eu/pdfs
/human/ich/037795en.pdf. 1995. Accessed Novem-
ber 24, 2008.
18. Woodworth TG, Furst DE, Strand V, et al. Stan-
dardizing assessment of adverse effects in rheuma-
tology clinical trials: status of OMERACT Toxicity
Working Group March 2000: towards a common un-
derstanding of comparative toxicity/safety profiles for
antirheumatic therapies. J Rheumatol. 2001;28
(5):1163-1169.
19. MedDRA Maintenance and Support Services
Organization. http://www.meddramsso.com. 2007.
Accessed November 24, 2008.
20. Wallis RS, Ehlers S. Tumor necrosis factor and
granuloma biology: explaining the differential infec-
tion risk of etanercept and infliximab. Semin Arthritis
Rheum. 2005;34(5)(suppl1):34-38.
21. Andersen PK, Gill RD. Cox’s regression model
counting process:a large sample study. Ann Stat. 1982;
10:1100-1120.
22. Listing J, Strangfeld A, Rau R, et al. Clinical and
functional remission: even though biologics are
superior to conventional DMARDs overall success
rates remain low—results from RABBIT, the German
biologics register. Arthritis Res Ther. 2006;8(3):
R66.
23. D’Agostino RB Jr. Propensity score methods for
bias reduction in the comparison of a treatment to a

non-randomized control group. Stat Med. 1998;
17(19):2265-2281.
24. Therneau TM, Grambsch PM. Modelling Sur-
vival Data. New York, NY: Springer; 2000.
25. Lin DY, Wei LJ. The robust inference for the Cox
proportional hazards model. J Am Stat Assoc. 1989;
84:1074-1078.
26. Lipsky PE, van der Heijde DM, St Clair EW,
et al; Anti-Tumor Necrosis Factor Trial in Rheuma-
toid Arthritis with Concomitant Therapy Study
Group. Infliximab and methotrexate in the treat-
ment of rheumatoid arthritis. N Engl J Med. 2000;
343(22):1594-1602.
27. Maini RN, Breedveld FC, Kalden JR, et al; Anti-
Tumor Necrosis Factor Trial in Rheumatoid Arthritis
with Concomitant Therapy Study Group. Sustained im-
provement over two years in physical function, struc-
tural damage, and signs and symptoms among pa-
tients with rheumatoid arthritis treated with infliximab
and methotrexate. Arthritis Rheum. 2004;50(4):
1051-1065.
28. Keystone EC, Kavanaugh AF, Sharp JT, et al. Ra-
diographic, clinical, and functional outcomes of treat-
ment with adalimumab (a human anti-tumor necro-
sis factor monoclonal antibody) in patients with active
rheumatoid arthritis receiving concomitant metho-
trexate therapy: a randomized, placebo-controlled, 52-
week trial. Arthritis Rheum. 2004;50(5):1400-
1411.
29. Furst DE, Schiff MH, Fleischmann RM, et al. Ad-
alimumab, a fully human anti tumor necrosis factor-
alpha monoclonal antibody, and concomitant stan-
dard antirheumatic therapy for the treatment of
rheumatoid arthritis: results of STAR (Safety Trial of
Adalimumab in Rheumatoid Arthritis). J Rheumatol.
2003;30(12):2563-2571.
30. Moreland LW, Weinblatt ME, Keystone EC, et al.
Etanercept treatment in adults with established rheu-
matoid arthritis: 7 years of clinical experience.
J Rheumatol. 2006;33(5):854-861.
31. Arvin AM. Varicella-zoster virus. Clin Microbiol
Rev. 1996;9(3):361-381.
32. Gupta G, Lautenbach E, Lewis JD. Incidence and
risk factors for herpes zoster among patients with in-
flammatory bowel disease. Clin Gastroenterol Hepatol.
2006;4(12):1483-1490.
33. Wallis RS, Broder MS, Wong JY, Hanson ME,
Beenhouwer DO. Granulomatous infectious diseases
associated with tumor necrosis factor antagonists. Clin
Infect Dis. 2004;38(9):1261-1265.
34. Wallis RS, Broder M, Wong J, Beenhouwer D.
Granulomatous infections due to tumor necrosis fac-
tor blockade: correction. Clin Infect Dis. 2004;
39(8):1254-1255.
35. Oxman MN, Levin MJ, Johnson GR, et al; Shingles
Prevention Study Group. A vaccine to prevent her-
pes zoster and postherpetic neuralgia in older adults.
N Engl J Med. 2005;352(22):2271-2284.
36. Kengsakul K, Sathirapongsasuti K, Punyagupta
S. Fatal myeloencephalitis following yellow fever vac-
cination in a case with HIV infection. J Med Assoc Thai.
2002;85(1):131-134.
37. Schrauder A, Henke-Gendo C, Seidemann K, et al.
Varicella vaccination in a child with acute lympho-
blastic leukaemia. Lancet. 2007;369(9568):1232.
38. Pham T, Claudepierre P, Deprez X, et al; Club Rhu-
matismes et Inflammation, French Society of
Rheumatology. Anti-TNF alpha therapy and safety
monitoring: clinical tool guide elaborated by the Club
Rhumatismes et Inflammations (CRI), section of the
French Society of Rheumatology (Societe Francaise de
Rhumatologie, SFR). Joint Bone Spine. 2005;72
(suppl 1):S1-S58.
39. Vaccinations in the immunocompromised
person—guidelines for the patient taking immuno-
suppressants, steroids and biologic therapies. British
Society of Rheumatology Web site. http://www
.rheumatology.org.uk/guidelines/guidelines_other
/vaccinations/view. 2002. Accessed November 24,
2008.

HERPES ZOSTER IN PATIENTS WITH RHEUMATOID ARTHRITIS

744 JAMA, February 18, 2009—Vol 301, No. 7 (Reprinted) ©2009 American Medical Association. All rights reserved.

Downloaded From: http://jama.jamanetwork.com/ on 07/29/2014


