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Herpes Zoster and Tofacitinib Therapy in Patients
With Rheumatoid Arthritis

Kevin L. Winthrop,' Hisashi Yamanaka,” Hernan Valdez,” Eric Mortensen,* Robert Chew,’
Sriram Krishnaswami,” Thomas Kawabata,” and Richard Riese®

Objective. Patients with rheumatoid arthritis
(RA) are at increased risk for herpes zoster (HZ) (i.e.,
shingles). The aim of this study was to determine
whether treatment with tofacitinib increases the risk of
HZ in patients with RA.

Methods. HZ cases were identified as those re-
ported by trial investigators from the databases of the
phase II, phase III, and long-term extension (LTE)
clinical trials in the Tofacitinib RA Development Pro-
gram. Crude incidence rates (IRs) of HZ per 100
patient-years (with 95% confidence intervals [95% Cls])
were calculated by exposure group. Logistic regression
analyses were performed to evaluate potential risk
factors for HZ (e.g., age, prednisone use).

Results. Among 4,789 participants, 239 were iden-
tified as having tofacitinib-associated HZ during the
phase II, phase III, and LTE trials, of whom 208 (87%)
were female and whose median age was 57 years (range
21-75 years). One HZ case (0.4%) was multidermato-
mal; none of the cases involved visceral dissemination
or death. Twenty-four patients with HZ (10%) perma-
nently discontinued treatment with tofacitinib, and 16
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(7%) were either hospitalized or received intravenous
antiviral drugs. The crude HZ IR across the develop-
ment program was 4.4 per 100 patient-years (95% CI
3.8-4.9), but the IR was substantially higher within Asia
(7.7 per 100 patient-years, 95% CI 6.4-9.3). Older age
was associated with HZ (odds ratio 1.9, 95% CI 1.5-2.6),
and IRs for HZ were similar between patients receiving
5 mg tofacitinib twice daily (4.4 per 100 patient-years,
95% CI 3.2-6.0) and those receiving 10 mg twice daily
(4.2 per 100 patient-years, 95% CI 3.1-5.8). In the phase
III trials among placebo recipients, the incidence of HZ
was 1.5 per 100 patient-years (95% CI 0.5-4.6).

Conclusion. In the Tofacitinib RA Development
Program, increased rates of HZ were observed in pa-
tients treated with tofacitinib compared with those
receiving placebo, particularly among patients within
Asia. Complicated HZ among tofacitinib-treated pa-
tients was rare.

The reactivation of varicella zoster virus (VZV),
also known as herpes zoster (HZ) or shingles, is of
substantial public health importance, as up to one-third
of adults in the US will develop HZ within their lifetime
(1-4). Nearly 100% of individuals in the US age 40 years
or older have been exposed to this virus, and its reacti-
vation is related to diminished VZV-specific cell-
mediated immunity associated with increasing age and
immunosuppressive conditions. Among patients who
develop HZ, postherpetic neuralgia occurs in ~15%,
causing long-term disability. More rarely, disseminated
forms of HZ occur, potentially leading to encephalitis
and death. In the US, the annual incidence rates (IRs) of
HZ vary between 0.4 and 1.1 per 100 patient-years in
patients ages 50-80 years, with the highest rates seen in
women (1). In patients with rheumatoid arthritis (RA),
the risk of HZ is elevated 2-3-fold (5,6).
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Although certain disease-modifying therapies,
such as anti-tumor necrosis factor « (anti-TNF«) ther-
apies, have been linked to further increases in risk,
studies evaluating this have produced conflicting results.
To date, only prednisone has been consistently shown to
increase the risk of shingles by an additional 1.5-2-fold
(7). Furthermore, although disseminated HZ is much
more common in immunosuppressed populations, it is
unclear whether RA and/or its disease-modifying thera-
pies increase the risk (7,8).

Tofacitinib is an oral JAK inhibitor for the treat-
ment of RA. Tofacitinib preferentially inhibits JAK-3
and/or JAK-1, modulating the immune response via
down-regulation of several cytokines (e.g., interleukins
2,4,7,9, 15, and 21) that are integral to lymphocyte
development and function (9). Given its mechanism of
action and the increased baseline risk of HZ among
patients with RA, an increased risk of HZ is a theoretical
concern. Accordingly, we undertook a retrospective
evaluation of HZ cases as reported within the Tofaci-
tinib RA Development Program, with the objectives of
describing the outcomes of and identifying risk factors
for HZ among tofacitinib-treated patients, as well as
evaluating the relative incidence of HZ in tofacitinib-
treated patients as compared with those receiving
placebo.

PATIENTS AND METHODS

Development program. The Tofacitinib RA Develop-
ment Program was a large, global clinical study in patients with
RA. We evaluated the data from 6 phase II studies (10-15),
5 phase III studies (16-20), and 2 open-label long-term
extension (LTE) studies (21,22), comprising a total of 4,789
treated patients and 5,651 patient-years of tofacitinib exposure
across 44 nations worldwide (as of March 2011). The phase III
trials included patients who were treated with tofacitinib at a
dosage of either 5 mg or 10 mg twice daily or patients who
received placebo. One of the trials included an adalimumab
active control arm (n = 204). In the phase III studies of
6 months’ duration, patients receiving placebo were advanced
to the tofacitinib treatment arm at month 3, receiving a dosage
of either 5 mg or 10 mg twice daily. In the phase III studies
of 12 months’ duration, nonresponding patients receiving
placebo were advanced to the tofacitinib treatment arm, at a
dosage of either 5 mg or 10 mg twice daily, at month 3, while
all remaining patients receiving placebo were advanced to the
tofacitinib arm at month 6.

All phase II, phase III, and LTE studies were con-
ducted in compliance with the Declaration of Helsinki, the
International Conference on Harmonisation Guidelines for
Good Clinical Practice, and the regulations of the relevant
local countries. All enrolled patients provided informed con-
sent, and all participating institutions provided institutional
review board approval prior to participation.
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For each study, adverse event (AE) data were reported
by site investigators and entered within the Pfizer clinical
database. Standard Medical Dictionary for Regulatory Activ-
ities (MedDRA) codes were used to categorize AEs, and
infectious AEs such as HZ were graded “serious” if they
required hospitalization or the use of parenteral therapy.

Identification and description of HZ cases. For the
phase II, phase III, and open-label LTE studies, we searched
the databases for all preferred and low-level MedDRA terms
that contained text consistent with a potential diagnosis of HZ,
as reported by the site investigators for each treated patient; a
data cutoff date of March 29, 2011 was used. These terms
included “Herpes zoster” (MedDRA code 10019974), “Herpes
zoster disseminated” (MedDRA code 10065038), “Herpes
zoster infection neurological” (MedDRA code 10061208),
“Herpes zoster multi-dermatomal” (MedDRA code
10058428), “Herpes zoster ophthalmic” (MedDRA code
10019983), “Herpes zoster oticus” (MedDRA code 10063491),
“Varicella” (MedDRA code 10046980), and “Varicella post
vaccine” (MedDRA code 10063522). For cases classified by
investigators as “serious,” we reviewed reports on serious AEs
to validate this designation and to describe the treatment and
outcomes.

For all HZ cases occurring in the Tofacitinib RA
Development Program, we collected descriptive clinical and
epidemiologic information on each patient at the time of
randomization (baseline), including age, sex, race, site of
enrollment, corticosteroid use (limited by protocol to =10 mg/
day prednisone or equivalent), concomitant use of nonbiologic
disease-modifying antirheumatic drugs (DMARDs), comor-
bidities (e.g., smoking and diabetes), body mass index (BMI),
measures of RA severity (Disease Activity Score in 28 joints
[23] utilizing the C-reactive protein level), and disease duration
(years since diagnosis), as well as baseline lymphocyte counts.

Nested case-noncase study. To evaluate risk factors for
HZ among tofacitinib-treated patients, we conducted a formal
case—noncase study among all tofacitinib-treated patients from
the phase II, phase III, and LTE trials; 15 patients with
incomplete records were excluded from the case—-noncase
analysis. Demographic variables, medical comorbidities,
known risk factors for HZ (i.e., age, prednisone use), and other
collected covariates (as described above) and their association
with the outcome of HZ were evaluated, first, using univariate
logistic regression. Age, baseline BMI, RA severity, RA dura-
tion, and lymphocyte counts were evaluated as continuous
variables. The associations between HZ and these covariates
were checked one at a time. In addition, a stepwise logistic
regression was performed, with a significance level of <0.05
for entry and elimination. The covariates selected by the
stepwise algorithm were confirmed by testing whether their
apparent associations remained when combined with the other
selected covariates in a linear logistic model in which inclusion
was forced. We conducted all analyses using SAS statistical
software.

Calculation of the HZ IR and evaluation of compara-
tive risk. Across the tofacitinib development program, HZ
events were attributed to either tofacitinib, placebo, or adali-
mumab, based on the treatment exposure at the time of the
event. We calculated crude IRs for HZ per 100 patient-years
(with 95% confidence intervals [95% Cls]) in tofacitinib-
treated patients, with the rates stratified by race, age, baseline
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Table 1. Univariate and multivariate analyses of the baseline factors assessed for associations with HZ among tofacitinib-treated patients in the
phase II, phase III, and long-term extension studies™

HZ cases Non-HZ cases Univariate OR Multivariate OR
(n = 239) (n = 4,550) (95% CI) (95% CI)

Age, median (range) years 57 (21-75) 54 (18-86) 1.7 (1.3-2.3)F 1.9 (1.5-2.6)
Female, no. (%) 208 (87) 3,795 (84) 1.3 (0.9-1.9) -
Race, no. (%)

White 114 (48) 2,756 (61) - -

Black 3(D) 136 (3) - -

Asian 107 (45) 1,217 (27) 2.2 (1.7-2.9) 2.4(1.9-32)
Duration of RA, mean years 9.9 8.9 1.2 (1.0-1.6) -
Diabetes mellitus, no. (%) 21(9) 351 (8) 1.1 (0.7-1.8) -
COPD, no. (%) 18 (7.5) 341 (7.5) 1.0 (0.6-1.6) -
Smoking, no. (%) 77 (32) 1,530 (34) 0.7 (0.5-1.1) -
BMI, mean kg/m? 25.8 26.8 0.7 (0.5-1.0)F -
Absolute lymphocyte count, mean 1.5 1.7 1.3 (1.0-1.7)7 -
Severity of RA, mean DAS28-ESR 52 53 0.8 (0.6-1.1)F -
Concomitant DMARDs, no. (%)

Methotrexate 144 (60) 2,900 (64) 0.9 (0.7-1.1) -

Leflunomide 73) 202 (4.5) 0.6 (0.3-1.4) -

Hydroxychloroquine 19 (8) 309 (7) 1.2 (0.7-1.9) -

Baseline corticosteroids# 140 (59) 2,419 (53) 1.2 (1.0-1.6) -

*95% CI = 95% confidence interval; RA = rheumatoid arthritis; COPD = chronic obstructive pulmonary disease; BMI = body mass index;
DAS28-ESR = Disease Activity Score in 28 joints (4-variable) using the erythrocyte sedimentation rate; DMARDs = disease-modifying
antirheumatic drugs.

T Odds ratios (ORs) calculated for continuous variables were the factor by which the odds of herpes zoster (HZ) being present increased in response
to an increase of 2 standard deviations in a given variable.

¥ Per protocol, patients were allowed to take corticosteroids with a prednisone or equivalent dosage of <10 mg daily.

DMARD use, and other factors. For those phase III studies in each study arm (tofacitinib 5 mg twice daily, tofacitinib 10 mg
which only the tofacitinib dosage groups of 5 mg or 10 mg twice twice daily, placebo, and adalimumab), and Kaplan-Meier
daily were evaluated, we separately calculated crude IRs for curves for the phase III studies were constructed, depicting

Table 2. Baseline characteristics of the patients entering the phase III tofacitinib trials, by treatment exposure group*

Tofacitinib
5 mg BID 10 mg BID Placebo Adalimumab
(n = 1,216) (n = 1,214) (n = 681) (n = 204)

Age, median (range) years 54 (19-86) 54 (18-86) 54 (18-82) 54 (24-78)
Female, no. (%) 1,027 (84) 1,031 (85) 553 (81) 162 (79)
Race, no. (%)

White 737 (61) 741 (61) 439 (64) 148 (72)

Black 45 (4) 35(3) 24 (3) 3(1)

Asian 327 (27) 314 (26) 166 (24) 29 (14)

Other 107 (9) 124 (10) 52(8) 24 (12)
Duration of RA, mean years 8.7 9.1 9.3 8.1
Diabetes mellitus, no. (%) 108 (9) 103 (9) 48 (7) 16 (8)
COPD, no. (%) 104 (9) 105 (9) 64 (9) 11 (5)
Smoking history, no. (%) 408 (34) 406 (33) 254 (37) 71 (35)
BMI, mean (range) kg/m?* 27 (14-71) 27 (14-58) 27 (15-55) 27 (14-46)
Severity of RA, mean DAS28-CRP 5.4 53 53 53
Concomitant DMARD:s, no. (%)

Methotrexate 903 (74) 899 (74) 520 (76) 199 (97)

Leflunomide 91 (7) 84 (7) 34 (5) 0(0)

Hydroxychloroquine 115 (9) 104 (9) 51(7) 2(<1)

Baseline corticosteroids 700 (58) 675 (56) 385 (57) 116 (57)

* BID = twice daily; RA = rheumatoid arthritis; COPD = chronic obstructive pulmonary disease; BMI = body mass index; DAS28-CRP = Disease
Activity Score in 28 joints (3-variable) using the C-reactive protein level; DMARDs = disease-modifying antirheumatic drugs.
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time-to-event for all randomized groups. To further evaluate
comparative risk by exposure, we conducted a formal cohort
study in the first 3 months after the start of treatment (given
that nonresponding patients could advance to receive tofaci-
tinib for the first time at month 3). In this study, patients were
censored at the time of the HZ event, death, study discontin-
uation, or 3 months, whichever came first. Crude HZ incidence
in this time interval was calculated and compared between
each treatment group.

RESULTS

Incidence of HZ. Among 4,789 patients treated
with tofacitinib in the phase II, phase III, and LTE
studies, we identified 239 reported cases of HZ (5% of
patients; crude IR 4.4 per 100 patient-years, 95% CI
3.8-4.9). Of these, 16 (7%) were cases of serious HZ; all
patients with serious HZ were either hospitalized or
received intravenous antiviral agents (for nonserious
cases, antiviral use was not systematically reported by
the investigators). Among the 16 serious cases, most
patients were receiving 5 mg tofacitinib twice daily (n =
12) and most were female (n = 15). The serious cases
occurred in Japan (n = 10), Korea (n = 2), and 1 each
in Argentina, the Czech Republic, Croatia, and Finland.
Among all 239 of the serious and nonserious HZ cases,
no patient died or experienced visceral HZ. One multi-
dermatomal case and 2 ocular HZ cases were reported.

For most of the patients who developed HZ
(89%), either temporary discontinuation or no discon-
tinuation of the study drug was reported; in the remain-
ing 10% treatment with tofacitinib was permanently
discontinued due to the HZ event. Among patients
treated with tofacitinib, crude IRs for HZ were lowest
for those lacking concomitant treatment with both meth-
otrexate and prednisone (IR 3.4 per 100 patient-years,
95% CI 2.4-4.7), but the rates were not significantly
different in patients who received both methotrexate
and prednisone (IR 4.3 per 100 patient-years, 95% CI
3.5-5.4), those who received prednisone without meth-
otrexate (IR 5.7 per 100 patient-years, 95% CI 4.4-7.3),
or those who received methotrexate without prednisone
(IR 4.2 per 100 patient-years, 95% CI 3.3-5.4). With
regard to the possibility of an effect of prednisone
according to age, there was a trend toward higher IRs
for HZ in patients receiving prednisone compared with
those not receiving prednisone, regardless of age. The
crude IR for HZ in patients =60 years of age receiving
prednisone was 6.3 per 100 patient-years (95% CI 4.8-8.2),
compared with a crude IR of 5.4 per 100 patient-years
(95% CI 4.0-7.2) in those without prednisone use, while
in patients <60 years of age, the crude IRs were 4.2 per
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100 patient-years (95% CI 3.4-5.2) and 3.1 per 100
patient-years (95% CI 2.4-4.1) among those with and
those without prednisone use, respectively.

The results of univariate analysis demonstrated
that patients who developed HZ were significantly more
likely to be older or to be enrolled from Asian study
sites. A trend toward an increased risk of HZ was
observed in patients reporting a history of oral cortico-
steroid use at baseline, those with lower lymphocyte
counts at baseline, or those with longer durations of RA
at baseline (Table 1). In multivariate analysis, only older
age and having Asia as the site of enrollment were
independently associated with the risk of developing HZ
(Table 1).

Comparative risk cohort studies. Within the
phase III studies, patients in the tofacitinib 5 mg twice
daily, tofacitinib 10 mg twice daily, placebo, and adali-
mumab exposure groups were similar with regard to
known HZ risk factors such as age, sex, and cortico-
steroid use (Table 2). Overall, the crude IR for HZ in
tofacitinib-treated patients was 4.3 per 100 patient-years
(95% CI 3.4-5.4), with rates being similar between the
tofacitinib 5 mg twice daily group and tofacitinib 10 mg
twice daily group. A trend toward a lower incidence of
HZ was noted in patients treated with adalimumab (2.8
per 100 patient-years, 95% CI 1.2-6.8) and patients
receiving placebo (1.5 per 100 patient-years, 95% CI
0.5-4.6) (5,24-30) (Figure 1).

Within the first 3 months after start of treatment,
the incidence of HZ was 2.5-fold higher in patients
receiving tofacitinib at a dosage of 10 mg twice daily (IR
5.2 per 100 patient-years, 95% CI 3.1-8.6) compared
with patients receiving tofacitinib at a dosage of 5 mg
twice daily (IR 2.1 per 100 patient-years, 95% CI
0.9-4.6), although the rates were not statistically signif-
icantly different between exposure groups given the
limited number of events and the exposure time (Table
3). By 6 months after study start, the risk estimates for
HZ were similar between the 5 mg twice daily and 10 mg
twice daily exposure groups. Similar trends were seen
among patients advancing from the placebo group to the
5 mg or 10 mg twice daily tofacitinib groups at months 3
and 6, in which the incidence of HZ trended higher
within the first several months in those whose treatment
was advanced to 10 mg twice daily compared with those
whose treatment was advanced to 5 mg twice daily
(Figure 2).

Across all phase II, phase III, and LTE studies,
the crude IRs varied strongly by region of enrollment
and by race. Although Asian race was a risk factor for
HZ, all but 19 Asian patients were enrolled in Asia,
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Figure 1. Crude incidence rates of herpes zoster (HZ) in the Tofacitinib Rheumatoid Arthritis (RA) Development Program (left of broken line)
and in published studies of patients with RA treated with nonbiologic and biologic disease-modifying agents (right of broken line) (see refs. 5 and
24-30). HZ incidence rates (with 95% confidence intervals [95% Cls]) are expressed per 100 patient-years of exposure. The Tofacitinib all group
comprises data from tofacitinib-treated patients in the phase II, phase III, and long-term extension studies of the development program. The
Tofacitinib phase III group comprises data from the phase III studies in the 5 mg tofacitinib twice daily, 10 mg tofacitinib twice daily, placebo, and
adalimumab exposure groups. The Tocilizumab (TCZ) clinical trial data group comprises data from patients treated with 4 mg TCZ plus
disease-modifying antirheumatic drugs (DMARDs), those treated with 8 mg TCZ with or without DMARD:s, all TCZ-treated patients, and
TCZ-treated patients reported in the US Food and Drug Administration documents submitted by Chugai (29,30). PharM. = PharMetrics database;
GPRD = General Practice Research Database; Mono. = monoclonal anti-tumor necrosis factor « (anti-TNFa) antibodies (adalimumab and

infliximab); Etan. = etanercept.

making it impossible to evaluate race separately from
region of enrollment. The crude rates of HZ within Asia
were more than double those seen in North America,
Europe, and Latin American regions, and within Asia,

Table 3.

rates were significantly higher within some subregions
compared with others. The highest rates of HZ were
observed in Japan and Korea, whereas lower rates were
seen in Southeast Asia (Table 4). When considering all

Crude incidence rates of HZ by treatment exposure group within the pooled phase III

tofacitinib studies in the first 3 months after start of treatment

Patient-years HZ incidence rate

HZ events of exposure (95% CI)*
Tofacitinib 5 mg BID (n = 1,216)7 6 290 2.1 (0.9-4.6)
Tofacitinib 10 mg BID (n = 1,214)F 15 290 5.2 (3.1-8.6)
Placebo (n = 681) 2 156 1.3(0.3-5.1)
Adalimumab (n = 204) 0 49 0(0-7.5)

* The crude incidence rates of herpes zoster (HZ) events, with 95% confidence intervals (95% Cls), are

expressed per 100 patient-years.
T BID = twice daily.
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Figure 2. Kaplan-Meier curves depicting time to herpes zoster (HZ) development within the phase III tofacitinib studies, by treatment group. Note
that the placebo-treated patients were advanced to the tofacitinib dosage groups of 5 mg or 10 mg twice daily (BID) at 3 months or 6 months during
these trials. The numbers of patients in each treatment group are shown below each time point.

sites of enrollment outside of Asia, the crude rates of
HZ were similar between tofacitinib-treated patients
(range of IRs 2.7-3.7 per 100 patient-years) (Table 4)
and adalimumab-treated patients (5 cases in 175 sub-
jects; IR 3.26 per 100 patient-years, 95% CI 1.4-7.8).
The studies that included adalimumab did not include
Asian patients, and therefore we were unable to ascer-
tain whether the higher rates observed in Asian patients
receiving tofacitinib could be attributed to race or to an
effect of tofacitinib among patients of Asian race.

DISCUSSION

The current studies are the largest analyses to
date that have examined the risk of HZ in patients with
RA treated with tofacitinib, a JAK inhibitor for RA.
Within the Tofacitinib RA Development Program, we
documented relatively high rates of HZ among patients
treated with tofacitinib, those treated with adalimumab,
and those receiving placebo, although IRs were higher
among tofacitinib-treated patients compared with pla-
cebo recipients. Enrollment site was the most important

Table 4. Crude incidence rates of HZ overall and by geographic region of enrollment in the phase II,

phase III, and long-term extension studies

Patient-years HZ incidence rate

HZ events of exposure (95% CI)*

Global rheumatoid arthritis program 239 5,482 4.4 (3.8-4.9)
By region

US/Canada/Australia 40 1,216 3.3(2.4-45)

Western Europe 12 450 2.7 (1.5-4.7)

Eastern Europe 43 1,425 3.0 (2.2-4.1)

Latin America 37 991 3.7(2.7-5.2)

Asia 107 1,388 7.7 (6.4-9.3)
Within Asian countries

Japan/Korea 85 920 9.2 (7.5-11.4)

India 8 90 8.9 (4.4-17.7)

Thailand/Malaysia/Philippines 3 137 2.2 (0.7-6.8)

China/Taiwan 11 241 4.6 (2.5-8.2)

* The crude incidence rates of herpes zoster (HZ) events, with 95% confidence intervals (95% ClIs), are

expressed per 100 patient-years.
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risk factor for HZ, since high rates were observed within
a subset of Asian countries. HZ rates were similar
between the low- and high-dosage tofacitinib groups,
although in the first several months after drug start, a
somewhat higher risk was observed in the 10 mg twice
daily group. Importantly, no patients with HZ who were
being treated with tofacitinib developed visceral disease.
Our data suggest that preventive strategies for HZ
should be developed for patients with RA, given the high
rate of HZ-related morbidity observed regardless of RA
therapy.

Patients with RA are known to be at increased
risk for HZ and this risk can be further exacerbated by
certain RA therapies. Prednisone raises this risk 1.5-fold
to 2-fold, in a dose-dependent manner, and biologic
therapies such as TNFa antagonists have been sug-
gested, in some but not all studies, to also increase this
risk (24,25,31). Our data suggest that tofacitinib might
also increase the risk of HZ, with higher IRs observed in
tofacitinib-treated patients compared with those receiv-
ing placebo. A trend toward higher risk was also ob-
served in tofacitinib-treated patients when compared
with those receiving adalimumab, although the rates of
HZ were similar between tofacitinib- and adalimumab-
treated patients outside of Asia.

Whether there is a potential for increased risk of
HZ with tofacitinib treatment compared with adali-
mumab or other TNF antagonists is unclear, since our
study was not intended to evaluate this question and we
lacked statistical power to evaluate risk differences
between these groups. Regardless, evidence of any as-
sociation between TNF blockade and HZ risk is conflict-
ing to date. Some studies have suggested that there is a
relatively higher risk of HZ with monoclonal antibody
therapies, i.e., adalimumab and infliximab, when com-
pared with etanercept, whereas another study suggested
that there is a lower risk with adalimumab relative to
etanercept (7). A more recent, large observational study
within the US failed to show any increased risk associ-
ated with TNF blockade, since the reported rates of HZ
were between 1.2 and 1.3 per 100 patient-years for
patients with RA who had started treatment with either
TNF blockers or nonbiologic DMARDs (8). Further-
more, similar to the reported experience with tofacitinib,
patients who develop HZ under conditions of TNF
blockade appear no more likely to develop disseminated
infection (7).

A biologic mechanism has yet to be proposed or
understood with regard to how TNF antagonists could
raise the risk of HZ. T cell-mediated immune responses
against VZV-specific antigens, as measured by
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interferon-y (IFNvy) production from VZV-stimulated
lymphocytes, are correlated with HZ immunity (32-34).
Reactivation of VZV is more likely when such responses
have waned (35). TNF antagonists have been shown to
down-regulate the antigen-stimulated production of
IFNwy in vitro with tuberculosis antigens and other
antigens, although to our knowledge, such experiments
with VZV-specific antigens and TNF antagonists have
not been performed. Furthermore, it is unknown
whether such a suppressed response would even pro-
mote the reactivation of VZV or would diminish control
of infection by the host.

Similarly, understanding of the biologic mecha-
nism that could explain a potential increased risk of
VZV reactivation with tofacitinib is currently lacking.
Human antiviral defense hinges upon intact type I
(IFNa and IFNB) and type II (IFNv) responses (36),
both of which signal via the JAK-1 receptor. Given that
tofacitinib inhibits signaling through this receptor, it is
possible that such a mechanism is related to an increased
risk of HZ. Furthermore, tofacitinib could theoretically
inhibit the development and/or maintenance of VZV-
specific memory T cells (37). However, similar to the
situation with TNF blockade, it is unclear how these
potential mechanisms promote VZV reactivation, and
our observations to date suggest that patients who do
develop HZ while receiving tofacitinib are no more
likely to have disseminated or multidermatomal disease.

Although the rates of HZ were similar between
patients treated with 5 mg tofacitinib twice daily and
those treated with 10 mg tofacitinib twice daily, there
was a trend toward a higher event rate shortly after
commencement of the drug at the higher dosage. This is
consistent with the idea that there exists a pool of
patients with waning cell-mediated immunity who are at
higher risk of VZV reactivation, such that a dose-
dependent effect could be seen for a short time period
prior to depletion of such susceptible individuals follow-
ing initiation of therapy. Further research should be
undertaken to evaluate the mechanisms by which tofa-
citinib and/or TNF antagonists could promote VZV
reactivation.

There was a large disparity in HZ rates within the
tofacitinib development program based upon region of
enrollment. Whereas the rates within North America
and Europe were ~1.5-fold to 2-fold higher than those
observed within the clinical trial experiences with tocili-
zumab and various observational studies of RA popula-
tions (5,24-30) (Figure 1), the observed tofacitinib-
associated rates of HZ within some regions of Asia were
2-fold to 3-fold higher than those observed within North
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America and Western Europe. Furthermore, within
Asia, there were large differences by country and sub-
region, such that some rates within Asian areas were
similar to those observed within North America and
Western Europe. The reasons for this are unknown, and
it is unclear whether it is due to race, genetic predispo-
sition, or cultural or medical differences in the diagnosis
of HZ between regions. Results of prior studies have
suggested that the incidence of HZ can vary by race and
region (38). Unfortunately, in our study very few Asian
patients were enrolled outside of Asia, and therefore we
were unable to examine race separately from region of
enrollment as a risk factor for HZ. We explored factors
such as BMI and concomitant medications (e.g., pred-
nisone, methotrexate) as potential explanations for the
differential rates observed, but no such factors were
significantly associated with HZ development overall,
nor did they account for the higher rates observed within
Asia. Furthermore, there is no indication that the back-
ground incidence of HZ is higher in such regions
(39,40). Interestingly, outside of Asia, the rates of HZ
were similar between adalimumab- and tofacitinib-
treated patients. Further research is warranted to clarify
whether subsets of Asian patients are truly at higher risk
for HZ during tofacitinib use and what mechanisms
might explain such risk.

HZ is a preventable disease, and its prevention is
of great interest among physicians treating patients with
RA and other autoimmune diseases. Currently, the
American College of Rheumatology recommends ad-
ministration of Zostavax (Merck Sharp & Dohme Corp.,
a subsidiary of Merck & Co., Inc.), a live attenuated
VZV vaccine, prior to initiation of biologic therapy in
patients with RA age 60 years and older (41). Despite
these recommendations and despite studies showing
patients with RA to be at high risk for HZ, <5% of
patients with RA have been vaccinated with Zostavax
(42). While the barriers to such vaccination are not well
defined, it is likely that contraindications against live
vaccinations during biologic therapy preclude many phy-
sicians and patients from using this vaccine (43). Cur-
rently, the necessity of this contraindication is unclear,
and limited specific data are available regarding the
safety of this vaccine when used concomitantly with
biologic agents, nonbiologic DMARDs, or prednisone.

One recent observational study suggested that a
large number of patients being treated with biologic
agents (n = 652, 551 of whom were taking anti-TNF
agents) had been inadvertently vaccinated while actively
receiving such therapies, without any resulting adverse
sequelae or harm (44). That study also suggested that
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vaccinated patients had less subsequent risk of HZ, with
a demonstrable vaccine efficacy similar to that observed
in a large shingles prevention study (45). More recently,
the vaccine was licensed for use in individuals age 50
years and older, although there is not currently a formal
recommendation by professional organizations for use in
this age group. Given the higher rates of HZ among
patients with RA within this age group, it is likely that
patients with RA between the ages of 50 years and 60
years would also benefit from vaccination. At this time,
however, safety and efficacy information on Zostavax
within RA populations is lacking. Studies should be
undertaken to evaluate the utility of this vaccine among
patients with RA who are receiving various immunosup-
pressant regimens, including tofacitinib.

In summary, within the tofacitinib development
program for RA, higher-than-expected rates of HZ were
documented, particularly within certain subregions of
Asia. While a defined mechanism for JAK inhibition and
HZ development has yet to be elucidated, further re-
search should be conducted to identify potential expla-
nations for these observations. Furthermore, and of
utmost clinical importance, studies evaluating the safety
and efficacy of Zostavax in the prevention of HZ among
patients with RA are greatly needed.
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