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Abstract

Introduction: Atopic dermatitis (AD) patients have an increased risk of herpes zoster (HZ). The relationship of du-
pilumab, tralokinumab, upadacitinib, and abrocitinib to HZ incidence in AD patients remains unclear.

Aim: To evaluate and compare the incidence and risk of HZ among patients with moderate to severe atopic der-
matitis treated with advanced systemic therapies.

Material and methods: Systematic searches were conducted in Ovid Medline and Embase. The primary outcome
was incidence of HZ in patients with moderate to severe AD receiving placebo or the aforementioned treatments.
A frequentist random-effects NMA was conducted with odds ratio.

Results: Our search identified 16 trials comprising 10,689 patients. Upadacitinib was associated with a dose-de-
pendent increase in the incidence of HZ compared to placebo (OR = 2.55 [1.09, 5.95] and (OR = 4.29 [1.89, 9.74],
respectively) and compared to various dupilumab doses (OR = 4.48 [1.29, 15.57], 3.61[1.28, 10.18] and 7.54 [2.21,
25.68], 6.09 [2.24, 16.52], respectively). Upadacitinib 30 mg was associated with a higher incidence of HZ when
compared to upadacitinib 15 mg (OR = 1.68 [1.19, 2.38]). Abrocitinib 200 mg was associated with a higher increase
in HZ compared to placebo (OR = 3.34 [1.34, 8.31]). According to SUCRA ranks, both JAK-1 inhibitors had a higher
cumulative incidence of HZ compared to dupilumab.

Conclusions: JAK-1 inhibitors are associated with a significantly higher incidence of HZ compared to dupilumab
and placebo. Our results suggest that recombinant HZ vaccination should be highly considered for all adult patients

prior to starting oral JAK-1 inhibitors.
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Introduction

Atopic dermatitis (AD) is a chronic inflammatory skin
disease characterized by pruritus, xerosis, recurrent and/
or persistent erythematous papules and plaques among
other clinical features [1]. AD is predominantly mediated by
a type 2 immune response with increased production of pro-
inflammatory cytokines, particularly interleukin (IL) 4 (IL-4)
and IL-13 [2]. These cytokines are mediated by the JAK-STAT
signaling pathway with Janus kinase 1 being the key intra-
cellular protein that mediates cytokine receptor signaling
forIL-4 and IL-13 [2].

Mild AD is generally treated with topical treatments
[3, 4]. However, patients with moderate to severe AD of-

ten require systemic and/or advanced therapies includ-
ing biologic agents (dupilumab and tralokinumab) or
selective Janus kinase-1 (JAK-1) inhibitors such as abroci-
tinib and upadacitinib [5].

JAK inhibitors are small molecules that target four
intracellular proteins (JAK1, JAK2, JAK3, and tyrosine ki-
nase 2), thereby interfering with the JAK-STAT pathway in
lymphocytes. The JAK-STAT pathway regulates the activa-
tion and differentiation of T and B lymphocytes and the
monocyte/macrophage compartment. This is relevant for
both innate and adaptive immune responses against dif-
ferent pathogens; in the context of herpes zoster (HZ),
advanced AD therapies target pathways associated with
the immunity. The inhibition of the JAK-STAT pathway has
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been implicated in an increased risk of HZ, with this rela-
tionship being demonstrated in upadacitinib treatment
of rheumatoid arthritis [6, 7]. Additionally, HZ has been
associated with a statistically significant increase in IL-4,
indicating that IL-4 may play a role in protecting against
HZ [8]. As such, IL-4 inhibition may also be associated
with an increased risk of HZ.

Aim

We performed a systematic review and network
meta-analysis of randomized controlled trials (RCTs)
to evaluate and compare the incidence and risk of HZ

among patients with moderate to severe AD treated with
advanced systemic therapies.

Material and methods

This systematic review and meta-analysis were per-
formed according to the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) guide-
lines (Figure 1) [9]. The protocol was registered in the
PROSPERO international prospective register of system-
atic reviews (CRD42022355842).

Search strategy

Systematic searches were conducted in Ovid MED-
LINE and Embase from inception to December 10, 2022.
The last search was performed on December 16, 2022.
The full electronic search strategy used for each database
is available in the supplement (Supplementary 1).

Eligibility criteria

We included RCTs, open label clinical trials and pro-
spective cohort studies that included patients with AD
who were given dupilumab, tralokinumab, abrocitinib, or
upadacitinib. We did not include any time restrictions.
Sensitive eligibility criteria were used for the title and ab-
stract screening. All studies that reported the incidence
of HZ were selected for full text screening. A study was
included in the meta-analysis if it reported 1) quantita-
tive data on the incidence of HZ in patients with AD and
2) had both a placebo/control group and an intervention
group that included at least one of the eligible advanced
therapies (dupilumab, tralokinumab, abrocitinib, or upa-
dacitinib).

Screening

Two reviewers (N.N. and D.M.) independently as-
sessed all titles and abstracts for relevance according
to the sensitive eligibility criteria. When duplicates were
identified, the most recent study was included. Full-text
screening was performed by the same two reviewers
(N.N. and D.M.) in accordance with established eligibility
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criteria. Disagreements during screening were resolved
by a third reviewer (E.S.).

Data extraction

Two reviewers (N.N. and D.M.) independently ex-
tracted the relevant data from the eligible studies into
a standardized Microsoft Excel file. Disagreements were
resolved following discussion, and the final decision was
reached via consensus with the third reviewer (E.S.). The
extracted data included study design and characteristics
(first author, date of publication), number, sex, age, inci-
dence rate of HZ in control and intervention groups and
follow-up period (Supplementary 2).

Primary outcome

The primary outcome was the incidence of HZ in:
1) control/placebo with AD or 2) patients with AD re-
ceiving at least one of the following agents: dupilumab,
tralokinumab, abrocitinib, or upadacitinib.

Risk of bias assessment

Risk of bias was assessed independently by two re-
viewers (D.M. and E.S.) using the Cochrane Risk of Bias
2 Tool [10]. The following five domains were evaluated
for having low, some concerns or high risk of bias: risk
of bias arising from the randomization process, risk of
bias due to deviations from the intended interventions,
missing outcome data, risk of bias in measurement of
the outcome, risk of bias in the selection of the reported
result (Supplementary 3).

Data synthesis

We conducted all analyses in Stata (StataCorp., Ver-
sion 17) [11]. For our primary outcome of interest, we ex-
pressed our effect estimates as odds ratios (ORs) with
corresponding 95% confidence intervals (Cls), to assess
which interventions were associated with a lower inci-
dence of herpes. Our reference comparator was the pla-
cebo intervention.

We conducted random-effects, frequentist NMAs, i.e.,
multivariate meta-analysis, for the outcome, incidence of
HZ, assuming a common heterogeneity parameter [12,
13] with the mvmeta command [14, 15] and network suite
6 in Stata. We first used the global test of the “design-by-
treatment” model to check the coherence assumption in
our entire network [16]. We then ran the node-splitting
model to assess for incoherence between direct and in-
direct effect estimates [8, 9]. If incoherence was observed
between direct and indirect effect estimates, we used the
IF plot to assess loop-specific incoherence [17]. Ranking
probabilities for the interventions in our two networks
were estimated using the surface under the cumulative
ranking curve (SUCRA) values, mean ranks and ranko-
grams [14, 17].
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Figure 1. PRISMA flow diagram

For the purposes of this analysis, different dosages
of certain advanced systemic therapies were classified
as unique interventions to elucidate any possible dose-
dependent effects. Additionally, we combined arms for
multi-arm trials which examined the same intervention,
by combining the number of patients and sample sizes
across the respective arms. Studies with O patients in
both arms were automatically excluded from the analysis
by the statistical software program. Lastly, the transitiv-
ity assumption was completed based on the quantity of
trials included in the review.

Abrocitinib
100 mg daily

Dupilumab
300 mg weekly

Abrocitinib
10-30 mg daily

Dupilumab
300 mg g4w
Abrocitinib
200 mg daily
Dupilumab
300 mg
weekly
Upadacitinib Placebo
30 mg daily

Upadacitinib
15 mg daily

Figure 2. Network map for the risk of HZ by various inter-
ventions; both direct and indirect comparisons. The node
size (circle size) reflects the number of patients allocated
to the group, whereas the connection size (line thickness)
is in proportion to each direct comparison
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Results

The literature search yielded 183 unique records.
After screening titles and abstracts, 35 articles were re-
trieved for full-text evaluation; 16 studies satisfied the
predetermined eligibility criteria and 14 were included in
this meta-analysis as shown in the PRISMA flow diagram
(Figure 1). After eligibility criteria were applied, our final
search yielded no studies that included tralokinumab.
A network map was created to show the associations
and their strengths between all groups for the network
meta-analysis (Figure 2).

Study characteristics

The studies included a combined total of 10,689 pa-
tients with a mean age of 35 years and 58.7% male. The
mean follow-up period of the studies was 30.2 weeks. Ad-
ditional details and baseline characteristics are presented
in Supplementary 2.

Quality assessment

Based on the Cochrane Risk of Bias Tool [10], the
methodological quality of most of the studies was high
with low risk of bias with some papers demonstrating
some concerns regarding bias. A final judgment for each
paper was then made for overall risk of bias. Discrepan-
cies were resolved via reviewing studies in consensus.
Two RCT papers demonstrated a high risk of bias, with
one paper only providing interim results for the clinical
trial. Both prospective cohort studies included in this pa-
per were considered high risk of bias, but these papers
were only included in the systematic review and not the
network meta-analysis. Details of the quality assess-
ments can be found in Supplementary 3.

Incidence of herpes zoster

When compared to placebo, all treatment arms except
dupilumab 300 mg every 4 weeks, and abrocitinib 100 mg
once daily demonstrated a statistically significant associ-
ation with an increased risk of HZ, according to the forest
plot (Figure 3). However, it should be noted that although
dupilumab 300 mg weekly and dupilumab 300 mg
every 2 weeks demonstrated a statistically significant as-
sociation, the ORs were close to the no-effect line (2.02
[1.04,3.92] and 1.77 [1.02, 3.05], respectively).

JAK-1 inhibitors

Upadacitinib at 15 mg and 30 mg doses were asso-
ciated with an increased risk of HZ when compared to
placebo, and when compared to dupilumab weekly and
every 2 weeks (Table 1). Our results also showed a dose-
dependent effect with upadacitinib. While both the 15 mg
and 30 mg doses were associated with a significant in-
crease in HZ compared to placebo; upadacitinib 30 mg
resulted in a higher incidence of HZ compared to the
15 mg dose (Table 1).
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Treatment and dose

OR 95% CI

Abrocitinib 10-30 mg daily vs. placebo
Abrocitinib 100 mg daily vs. placebo
Abrocitinib 200 mg daily vs. placebo
Dupilumab 300 mg g4w vs. placebo
Dupilumab 300 mg weekly vs. placebo
Dupilumab 300 mg q2w vs. placebo
Upadacitinib 15 mg daily vs. placebo
Upadacitinib 30 mg daily vs. placebo

130.55 (0.00, 4142739.50)
4.46 (0.88, 22.57)
28.20 (1.34, 592.23)
2.04 (0.47, 8.90)
2.02 (1.04,3.92)

1.77 (1.02, 3.05)
12.79 (1.47, 110.87)
73.14 (2.17, 2466.29)

2.4e-07

1 4.1e+06

Figure 3. Forest plot showing risk of Herpes zoster for various interventions compared to placebo

Cl - confidence interval, OR — odds ratio.

Table 1. League table

Upadacitinib Upadacitinib Dupilumab  Dupilumab  Dupilumab  Abrocitinib  Abrocitinib  Abrocitinib Placebo
30 mg 15 mg 300 mg g2w 300 mg weekly 300 mg q4w 200 mg 100 mg 10 - 30mg
Upadacitinib 0.59 0.13 0.16 0.17 0.78 0.35 1.13 0.23
30 mg (0.42,0.84) (0.04,0.45)  (0.06, 0.45) (0.02, 1.48) (0.23, 2.61) (0.09,1.34) (0.12,11.04)  (0.10, 0.53)
1.68 Upadacitinib 0.22 0.28 0.28 1.31 0.59 191 0.39
(1.19, 2.38) 15 mg (0.06,0.78)  (0.10, 0.78) (0.03, 2.53) (0.38, 4.49) (0.15,230) (0.19,18.80) (0.17,0.92)
7.54 4.48 Dupilumab 1.24 1.26 5.87 2.62 8.56 176
(2.21, 25.68) (1.29,15.57) 300 mgg2w (0.36,4.23)  (0.14,11.05) (2.08,16.51) (0.76,9.03)  (0.91, 80.61)  (0.67, 4.59)
6.09 3.61 0.81 Dupilumab 1.01 4.74 2.12 6.91 1.42
(2.24,16.52) (1.28,10.18)  (0.24,2.75) 300 mgweekly (0.12,8.87) (1.34,16.79) (0.52,8.61) (0.69, 69.66) (0.56, 3.62)
6.01 3.57 0.80 0.99 Dupilumab 4.67 2.09 6.82 1.40
(0.67,53.48) (0.40,32.14) (0.09, 7.01) (0.11,8.63) 300 mg gq4w (0.51,42.85) (0.21,20.82) (0.36,129.48) (0.18,10.97)
1.29 0.76 0.17 0.21 0.21 Abrocitinib 0.45 146 0.30
(038,432) (0.22,2.61) (0.06,0.48) (0.06,0.75)  (0.02,1.96) 200 mg (0.19,1.04)  (0.18,11.81)  (0.12, 0.75)
2.87 171 0.38 0.47 0.48 2.23 Abrocitinib 3.26 0.67
(0.75,11.07)  (0.43, 6.69) (0.11,1.31) (0.12,1.92) (0.05,4.76)  (0.96, 5.20) 100 mg (0.39,27.12)  (0.23,1.98)
0.88 0.52 0.12 0.14 0.15 0.69 0.31 Abrocitinib 0.21
(0.09, 8.57) (0.05, 5.14) (0.01, 1.10) (0.01, 1.46) (0.01, 2.79) (0.08, 5.55) (0.04, 2.55) 10 - 30mg (0.02,1.72)
4.29 2.55 0.57 0.71 0.71 3.34 1.49 4.87 Placebo
(1.89,9.74)  (1.09, 5.95) (0.22, 1.49) (0.28,1.80)  (0.09, 5.60) (1.34, 8.31) (0.50,4.42) (0.58,40.90)

League table showing the comparative risk of HZ included for different interventions in this network meta-analysis. Upadacitinib 15 mg and 30 mg caused a sig-
nificant increase in HZ when compared to various frequencies of dupilumab and placebo. Abrocitinib 200 mg caused a significant increase in HZ when compared
to placebo. Bold text represents statistically significant comparisons, while non-bold boxes indicate non-statistically significant comparisons.

Abrocitinib 200 mg once daily also resulted in a sta-
tistically significant increase in HZ when compared to pla-
cebo (Figure 3, Table 1). Additionally, abrocitinib 100 mg
and 200 mg illustrate a potential dose-dependent effect
where abrocitinib 200 mg resulted in a higher incidence
of HZ than abrocitinib 100 mg (Figure 3, Table 2).

IL-4/13 inhibitors

Dupilumab administered weekly and every 2 weeks
had a statistically significant increase in HZ incidence
when compared to placebo. However, dupilumab every
4 weeks crossed the no-effect line, losing statistical sig-
nificance for assessing HZ incidence (Figure 3).
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Overall, there is a clear demarcation between IL-4/13
inhibitor (dupilumab) and the JAK-1 inhibitors (abrocitinib
and upadacitinib) that were evaluated by this study.

Discussion

We report a network meta-analysis examining the
risk of HZ in patients with AD being treated with either
dupilumab, upadacitinib or abrocitinib including data
from over 10,000 patients in 14 separate trials. The re-
sults demonstrate a statistically significant increase of
HZ with JAK-1 inhibitors when compared to placebo or
dupilumab administered weekly or every 2 weeks.
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Table 2. SUCRA table

Treatment SUCRA Pr (Best) Mean
rank
Dupilumab q2w 87.2 37.9 2.0
Dupilumab weekly 80.3 20.7 2.6
Dupilumab g4w 73.8 35.7 3.1
Placebo 67.6 1.9 3.6
Abrocitinib 100 mg 53.1 2.1 4.7
Upadacitinib 15 mg 345 0.0 6.2
Abrocitinib 200 mg 22.2 0.0 7.2
Upadacitinib 30 mg 12.7 0.0 8.0

Surface Under the Cumulative Ranking Curve (SUCRA) ranks showing the
probability of each treatment group causes the least incidence of HZ (highest
to lowest). Abrocitinib 100 mg with SUCRA 53.1, versus abrocitinib 200 mg
with SUCRA 22.2 implies a dose-dependent effect. Upadacitinib 15 mg with
SUCRA 34.5 versus upadacitinib 30 mg with SUCRA 12.7 show a similar dose-
dependent effect.

HZ is associated with acute and long-term symptoms
including post-herpetic neuralgia and potentially rare life-
threatening complications such as encephalitis [18]. Due
to the immunomodulatory effects of IL-4/13 inhibitors
and JAK-1 inhibitors, the immune response against the
varicella zoster virus may be impaired in patients receiv-
ing these treatments. Patients with AD are more prone to
HZ and therefore, investigating the risk of developing HZ
in AD patients treated with either IL-4/13 or JAK-1 inhibi-
tors will further elucidate the safety of these treatments
in this population and may further inform clinical prac-
tice and decision making when considering treatment
options for AD.

Overall, according to SUCRA rankings, upadacitinib
30 mg once daily, abrocitinib 200 mg once daily, and upa-
dacitinib 15 mg once daily are the most, second most,
and third most likely drugs to increase the risk of HZ in
patients with AD (Table 2). These differences were statis-
tically significant compared to placebo. Contrarily, dupil-
umab is the least likely to cause HZ compared to all other
treatments and placebo.

Upadacitinib was shown to have a dose-dependent
effect in increasing incidence of HZ. Upadacitinib 30 mg
is associated with a higher risk of HZ (mean SUCRA rank
of 8) compared to upadacitinib 15 mg (mean SUCRA rank
of 6.2) (Table 2). Upadacitinib has been shown to in-
crease the risk of HZ in inflammatory bowel disease and
rheumatoid arthritis [7, 19]. Our review is the first NMA
to demonstrate a statistically significant dose-dependent
increase in HZ in patients with AD receiving upadacitinib.

A dose-dependent increased incidence of HZ was also
observed with abrocitinib. Abrocitinib 200 mg is associ-
ated with a higher risk of HZ (mean SUCRA rank of 7.2)
compared to abrocitinib 100 mg (mean SUCRA rank of 4.7)
(Table 2). Abrocitinib at very low doses of 10 mg or 30 mg
daily (ABLOW) seemed to have results inconsistent with
the rest of the data. However, since these dosages are not
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used clinically, the sample size for this group was incred-
ibly small, creating large confidence intervals and incon-
clusive results. These doses were prepared specifically for
the early phase 2 trials as the typical abrocitinib doses in
clinical practice are 100 mg or 200 mg once daily.

While dupilumab 300 mg weekly and dupilumab
300 mg every two weeks demonstrated a statistically
increased risk of HZ compared to placebo, the ORs were
close to no-effect. Dupilumab every 4 weeks had no sta-
tistically significant difference in HZ when compared to
placebo. Although it might be expected for the placebo to
have the lowest rate of HZ, the SUCRA ranks showed the
dupilumab intervention groups having higher probabili-
ties of curtailing the incidence of HZ when compared to
placebo. A possible reason for these unanticipated results
could be that targeted treatment with dupilumab amelio-
rates the epidermal barrier dysfunction in AD.

Antiviral innate defenses are associated with type 1
interferons (e.g. IFN-a. and IFN-B) and type 2 interferons
(e.g. IFN-y) [20]. These interferons rely upon the JAK-1 sig-
naling; the adaptive response to viruses is predominantly
related to Thl cytokines (e.g. IFN-y) whose intracellular
pathway is mediated by JAK 1 and 2 [21]. Additionally,
antiviral CD8+ T cells require activation of JAK pathways
[22]. Therefore, JAK pathway inhibition could be associ-
ated with an increased susceptibility to viral infections,
dissemination and reactivation.

Our research shows that JAK-1 inhibitors have a sta-
tistically significant increase in HZ in AD patients, and
considering the complications associated with HZ, such
as post-herpetic neuralgia, we believe that clinicians
should consider this when deciding between prescribing
IL-4/13 inhibitors and JAK-1 inhibitors. This is especially
true for those at increased risk of HZ such as patients
above 50 years of age.

The recombinant HZ vaccine has been shown to be
safe and effective in reducing the incidence and severity
of HZ and post-herpetic neuralgia [23, 24]. Considering
the significant increase of HZ incidence in those using
JAK-1 inhibitors, our research confirms the ongoing clini-
cal consensus to use the recombinant zoster vaccine for
AD patients undergoing treatment with JAK-1 inhibitors.
This would also alleviate the burden on patient quality
of life and optimizes the use of healthcare resources as
the HZ vaccine is a relatively cheaper, low-risk and low-
patient burden intervention.

This network meta-analysis has several limitations.
Firstly, the small sample size of our study was restric-
tive as it prevented the assessment of the transitivity
assumption and the examination of the substantial
heterogeneity observed through sub-group analyses
and meta-regression. This limitation, coupled with the
incoherence observed in some loops highlights a limited
power in our analysis at addressing the comparative ef-
fectiveness of included interventions. Another possible
limitation is the inclusion of 2 trials that had a high risk
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of bias; however, as these results are consistent with all
the other studies, the quality of those two trials is un-
likely to influence the overall robustness of results. An-
other limitation of our NMA is the over-representation
of dupilumab as there were more studies evaluating
dupilumab than JAK-1 inhibitors. The earlier approval
of dupilumab for AD treatment could contribute to the
paucity of literature for JAK-1 inhibitors, ultimately re-
sulting in a more robust dataset for dupilumab. This
over-representation could be mitigated by further re-
search of JAK-1 inhibitors and other biologics like IL-13
inhibitors (e.g. tralokinumab or lebrikizumab) for treat-
ment of AD.

Conclusions

Usage of JAK-1 selective inhibitors such as abroci-
tinib and upadacitinib have a significantly increased risk
of HZ when compared to dupilumab. A dose-dependent
response was demonstrated with the JAK-1 inhibitors. Cli-
nicians should consider these findings when considering
advanced therapies for patients with moderate to severe
AD. Recombinant vaccines against HZ should be strongly
considered prior to initiating JAK-1 inhibitors.
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