
Aliment Pharmacol Ther. 2022;00:1–10.     |  1wileyonlinelibrary.com/journal/apt

Received: 22 November 2022  |  First decision: 15 December 2022  |  Accepted: 17 December 2022

DOI: 10.1111/apt.17379  

Systematic review with network meta- analysis: Risk of 
Herpes zoster with biological therapies and small molecules in 
inflammatory bowel disease

Shahida Din1 |   Christian P. Selinger2 |   Christopher J. Black2  |   Alexander C. Ford2,3

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial License, which permits use, distribution and reproduction 
in any medium, provided the original work is properly cited and is not used for commercial purposes.
© 2022 The Authors. Alimentary Pharmacology & Therapeutics published by John Wiley & Sons Ltd.

As part of AP&T'S peer- review process, a technical check of this meta- analysis was performed by Dr Y. Yuan. The Handling Editor for this article was Professor Sreedhar Subramanian, 
and it was accepted for publication after full peer- review.  

1Edinburgh Inflammatory Bowel Diseases 
Unit, Western General Hospital, Edinburgh, 
UK
2Leeds Gastroenterology Institute, St. 
James's University Hospital, Leeds, UK
3Leeds Institute of Medical Research at St. 
James's, University of Leeds, Leeds, UK

Correspondence
Alexander C. Ford, Leeds Gastroenterology 
Institute, Room 125, 4th Floor, Bexley Wing, 
St. James's University Hospital, Beckett 
Street, LS9 7TF Leeds, UK.
Email: alexf12399@yahoo.com

Summary
Background: Biologics and small molecules for inflammatory bowel disease (IBD) 
may increase infection risk. Herpes zoster causes acute and long- term symptoms, 
but vaccination is not recommended in patients with IBD, unless >50 years of age.
Aims: To examine risk of Herpes zoster infection with all licensed biologics and small 
molecules for IBD using network meta- analysis.
Methods: We searched the literature to 4th October 2022, for randomised con-
trolled trials of these drugs in luminal Crohn's disease or ulcerative colitis reporting 
data on occurrence of Herpes zoster infection during follow- up. We used a frequen-
tist approach and a random effects model, pooling data as relative risks (RRs) with 
95% confidence intervals (CIs).
Results: We identified 25 trials (9935 patients). Only tofacitinib 10 mg b.d. (RR = 6.90; 
95% CI 1.56– 30.63, number needed to harm (NNH) = 97; 95% CI 19– 1022) and upa-
dacitinib 45 mg o.d. (RR = 7.89; 95% CI 1.04– 59.59, NNH = 83; 95% CI 10– 14,305) 
were significantly more likely to increase risk of Herpes zoster infection. Janus 
kinase inhibitors were the most likely drug class to increase risk of infection, and 
risk increased with higher doses (RR with lowest dose = 3.16; 95% CI 1.02– 9.84, 
NNH = 265; 95% CI 65– 28,610, RR with higher dose = 5.91; 95% CI 2.21– 15.82, 
NNH = 117; 95% CI 39– 473).
Conclusions: In a network meta- analysis, the janus kinase inhibitor tofacitinib, and 
all janus kinase inhibitors considered as a class, were most likely to increase risk of 
Herpes zoster infection. Risk increased with higher doses.
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1  | INTRODUC TION

Crohn's disease (CD) and ulcerative colitis (UC), which constitute 
the two main types of inflammatory bowel disease (IBD), cause 
chronic gastrointestinal symptoms, disability and impairments in 
quality of life and psychological health.1,2 After the failure of first- 
line medical therapies, treatment of moderate to severe IBD requires 
immunosuppression with biological therapies, directed against pro- 
inflammatory cytokines or small molecules, targeting janus kinase or 
sphingosine- 1- phosphate receptors. Although these treatments are 
highly effective,3,4 they may carry a risk of infective complications, 
including opportunistic infections.5,6

The Varicella- zoster virus causes chickenpox/varicella and shin-
gles/Herpes zoster.7 Herpes zoster is caused by reactivation of latent 
Varicella- zoster virus infection, often during times of reduced immu-
nity.7 During the initial acute eruptive phase, painful vesicles develop, 
which may then burst and dry out. During this acute phase, lasting up 
to 4 weeks, patients experience severe pain, which is often refractory 
to standard analgesics. Patients may also experience longer- lasting 
symptoms of dysaesthesia, paraesthesia and neuropathic pain.7 
Herpes zoster is associated with substantial impairment in quality of 
life,8 and is common, with an estimated annual incidence of 1.85– 3.9 
cases per 1000 in the general population.9 There is a 20% to 30% risk 
of Herpes zoster during an individual's lifetime, and this increases with 
age, and in those with impaired immune function.10 A meta- analysis 
of six cohort studies reported that patients with IBD had a 1.68- fold 
increased risk of developing Herpes zoster infection.11

Vaccination against Herpes zoster is available in the form of a live 
attenuated Varicella- zoster virus vaccine (Zostavax; Merck) and a re-
combinant non- live vaccine (Shingrix, GlaxoSmithKline),7 but these 
are not currently recommended in patients with IBD, unless over the 
age of 50 years.12 Zostavax is indicated for immunisation of individuals 
≥50 years of age or older.13 Shingrix has a licence for patients >50 years 
and patients >18 years who are at risk of Herpes zoster infection,14 such 
as those who are immunocompromised due to disease or therapy. Given 
the potential for long- term sequelae arising from Herpes zoster infec-
tion, it is important to understand which patients with IBD are most at 
risk of infection, and who may therefore benefit from vaccination. As 
immunosuppressant drugs may increase the risk of infection, we aimed 
to assess the relative safety of all licensed biologics and small molecules 
in patients with IBD, in terms of occurrence of Herpes zoster infection, 
in a network meta- analysis of randomised controlled trials (RCTs).

2  | METHODS

2.1 | Search strategy and selection criteria

We conducted a search of MEDLINE (1946 to 4th October 2022), 
EMBASE and EMBASE Classic (1947 to 4th October 2022), and the 
Cochrane central register of controlled trials (issue 9, 2022). We also 
searched clini caltr ials.gov for recently completed trials or supple-
mentary data for potentially eligible RCTs. In addition, we searched 

conference proceedings (Digestive Diseases Week, American College 
of Gastroenterology, United European Gastroenterology Week and 
the Asian Pacific Digestive Week) between 2001 and 2022 to identify 
RCTs only in abstract form. Finally, we performed a recursive search 
of the bibliographies of all eligible articles.

To be eligible, RCTs had to examine efficacy of biological thera-
pies (anti- tumour necrosis factor- α (TNF- α) antibodies (infliximab, 
adalimumab, certolizumab or golimumab), anti- integrin antibod-
ies (vedolizumab or etrolizumab), anti- interleukin- 12/23 antibodies 
(ustekinumab), or anti- interleukin- 23 antibodies (risankizumab or mirik-
izumab)) or small molecules (janus kinase inhibitors (tofacitinib, filgo-
tinib or upadacitinib) or sphingosine- 1- phosphate receptor modulators 
(ozanimod)) at the doses taken through into phase III clinical trials 
and to report occurrence of Herpes zoster infection in all patients. 
Studies recruited adults (≥18 years) with luminal CD or UC (Table S1), 
and compared biological therapies or small molecules with placebo, or 
each other. Trials conducted only in patients with perianal CD were 
ineligible. Given that length of exposure to active treatment does not 
appear to influence risk of Herpes zoster occurrence,15 we included 
trials with a minimum follow- up duration of 4 weeks. This meant that 
both induction of remission and maintenance of remission trials were 
eligible. However, some maintenance of remission trials re- randomised 
patients responding to active drug to either active drug or placebo 
following an induction of remission phase of the same trial. In these 
instances, we did not include data from both the induction of remission 
and maintenance of remission phases of the trial. Instead, we used the 
phase of the RCT with the most events of interest.

We identified studies on IBD with the terms: inflammatory bowel 
disease, or Crohn's disease, or colitis, or ulcerative colitis (both as med-
ical subject headings and free text terms). We used the set operator 
AND to combine these with studies identified with the following 
terms: infliximab, remicade, adalimumab, humira, certolizumab, cimzia, 
golimumab, simponi, vedolizumab, entyvio, etrolizumab, ustekinumab, 
stelara, risankizumab, mirikizumab, tofacitinib, xeljanz, filgotinib, upa-
dacitinib or ozanimod applying a clinical trials filter. There were no 
language restrictions. Two investigators (CJB and ACF) evaluated all 
abstracts identified, independently. We obtained potentially relevant 
papers and evaluated them in more detail, using pre- designed forms, 
to assess eligibility independently according to our pre- defined cri-
teria. We translated foreign language papers, where required. We 
resolved disagreements between investigators through discussion.

2.2 | Outcome assessment

Our primary outcome was occurrence of Herpes zoster infection at 
any point during follow- up in each trial.

2.3 | Data extraction

Two investigators (CJB and ACF) extracted data from all eligible 
studies independently onto a Microsoft Excel spreadsheet (XP 
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professional edition; Microsoft Corp) as dichotomous outcomes 
(Herpes zoster infection or no Herpes zoster infection). We also 
extracted the following data for each trial, where available: coun-
try of origin, number of centres, disease type, disease location, or 
disease extent, and dose and dosing schedule of active therapy 
and placebo. As this was a safety analysis, we used the number 
of patients receiving at least one dose of the study drug as the 
denominator in the analysis, wherever possible. We compared re-
sults of the two investigators' data extraction with all discrepan-
cies resolved by discussion.

2.4 | Risk of bias assessment

We used the Cochrane risk of bias tool for RCTs to assess quality 
and risk of bias.16 Two investigators (CJB and ACF) performed this 
independently, with disagreements resolved by discussion. We 
recorded the method used to generate the randomisation sched-
ule and conceal treatment allocation, as well as whether blinding 
was implemented for participants, personnel and outcomes as-
sessment, whether there was evidence of incomplete outcomes 
data, and whether there was evidence of selective reporting of 
outcomes.

2.5 | Data synthesis and statistical analysis

We performed a network meta- analysis using the frequentist model, 
with the statistical package “netmeta” (version 0.9- 0, https://cran.r- 
proje ct.org/web/packa ges/netme ta/index.html) in R (version 4.0.2). 
We explored direct and indirect treatment comparisons of safety 
of each drug, reporting results according to the PRISMA extension 
statement for network meta- analyses.17 Network meta- analysis 
gives more precise estimates than standard, pairwise, analyses,18,19 
and allows ranking of drug safety.20

To examine the symmetry and geometry of the evidence, we 
produced a network plot with node size corresponding to number 
of study subjects, and connection size corresponding to number of 
studies. We used Stata version 16 (Stata Corp.) to assess for pub-
lication bias or other small study effects, via comparison- adjusted 
funnel plots. These are scatterplots of effect size versus precision, 
measured via the inverse of the standard error. Symmetry around 
the effect estimate line suggests no evidence of publication bias, or 
small study effects.21 We used a pooled relative risk (RR) of occur-
rence of Herpes zoster infection with 95% confidence intervals (CIs) 
to judge safety of each comparison tested, utilising a random effects 
model as a conservative estimate. Many meta- analyses use the I2 
statistic to measure heterogeneity, which ranges between 0% and 
100%.22 This statistic is easy to interpret, and does not vary with 
the number of studies. However, the I2 value can increase with the 
number of patients included in the meta- analysis.23 We, therefore, 
used the τ2 measure from the “netmeta” statistical package to assess 
global statistical heterogeneity across all comparisons. Estimates of 

τ2 of approximately 0.04, 0.16 and 0.36 represent low, moderate 
or high levels of heterogeneity, respectively.24 We calculated the 
number needed to harm (NNH) with a 95% CI, using the formula 
NNH = 1/(assumed control risk × (1 − RR)).

We used the P- score, which is a value between 0 and 1, to rank 
all biological therapies and small molecules, versus placebo or each 
other. P- scores are based solely on point estimates and standard 
errors from the network estimates, measuring mean extent of cer-
tainty that one drug is safer than another, averaged over all com-
peting drug.25 In this meta- analysis, lower scores indicate a lower 
probability of the intervention being ranked as safest,25 but mag-
nitude of the P- score should be considered, as well as the rank. 
The mean P- score value is always 0.5. Therefore, if individual drugs 
cluster around 0.5 they are likely to be similarly safe. However, it is 
also important to take the RR and corresponding 95% CI for each 
comparison into account when interpreting the results, rather than 
relying on rankings alone.26 In our primary analysis, we pooled data 
for all drugs, doses and dosing schedules separately, but we also per-
formed a priori subgroup analyses according to individual, drug class, 
and, for janus kinase inhibitors, according to the magnitude of dose 
drug used in the RCTs (higher doses included filgotinib 200 mg o.d., 
tofacitinib 10 mg b.d. or upadacitinib 30 mg o.d. or 45 mg o.d. and 
lowest doses included filgotinib 100 mg o.d., tofacitinib 5 mg b.d., or 
upadacitinib 15 mg o.d.).

3  | RESULTS

The search strategy generated 12,457 citations. In total, we re-
trieved 61 articles for further assessment. We excluded 39 that did 
not report occurrence of Herpes zoster infection, many of which 
only reported adverse events occurring in ≥5% of trial participants, 
leaving 22 separate articles, reporting on 25 RCTs (Figure S1).27– 47 
(NCT03281304) Three articles reported on six trials within the same 
publications,29,36,43 and one trial (NCT03281304) was only available 
on clini caltr ials.gov, with the data for Herpes zoster infection ob-
tained from the study results provided there. Agreement between 
investigators for trial eligibility was excellent (kappa statistic = 0.82). 
These 25 RCTs included 9935 patients, randomised to active drug 
or placebo (Table S2). Characteristics of individual studies are pro-
vided in Table S3 and risk of bias of all trials in Table S4. Thirteen 
RCTs were at low risk of bias across all domains.27,28,32,35,37– 40,42,44– 46 
(NCT03281304).

3.1 | Occurrence of herpes zoster according to 
individual drug

All 25 trials were included in this analysis.27– 47 (NCT03281304) 
In total, there were 72 (1.02%) cases of Herpes zoster infection 
among 7074 patients receiving active drug, compared with five 
(0.17%) in 2861 patients allocated to placebo. The network plot 
is provided in Figure 1. When data were pooled, there was low 
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heterogeneity (τ2 = 0), and the funnel plot appeared symmetrical 
(Figure S2). Upadacitinib 15 mg o.d. was most likely to increase risk 
of Herpes zoster infection (RR of occurrence of Herpes zoster infec-
tion = 13.09; 95% CI 0.74– 230.24, P- score 0.19) (Figure 2), meaning 
that the probability of upadacitinib 15 mg o.d. being the safest drug 
was 19%. Upadacitinib 30 mg o.d. (RR = 12.58; 95% CI 0.71– 221.34, 
P- score 0.20) tofacitinib 10 mg b.d. (RR = 6.90; 95% CI 1.56– 30.63, 
P- score 0.24) and upadacitinib 45 mg o.d. (RR = 7.89; 95% CI 1.04– 
59.59, P- score 0.24) ranked similarly in second, third and fourth, 
respectively. However, only tofacitinib 10 mg b.d. and upadacitinib 
45 mg o.d. were statistically significantly more likely to increase the 
risk of Herpes zoster infection than placebo. This equates to an NNH 
of 97 (95% CI 19– 1022) with tofacitinib 10 mg b.d. and 83 (95% CI 
10– 14,305) with upadacitinib 45 mg o.d. All other drugs studied were 
no more likely to increase risk of Herpes zoster infection than pla-
cebo. After direct and indirect comparison, none of the active drugs 
were more likely to increase risk of Herpes zoster infection than 
each other.

When we pooled individual drugs together, irrespective of dose, 
excluding one trial comparing only two different doses of tofacitinib 
(NCT03281304), 24 trials contributed data.27– 47 When data were 
pooled, there was low heterogeneity (τ2 = 0). Upadacitinib was the 
most likely to increase risk of Herpes zoster infection (RR = 9.19; 
95% CI 1.78– 47.52, P- score 0.14, NNH = 70; 95% CI 12– 734), fol-
lowed by tofacitinib (RR = 4.71; 95% CI 1.06– 20.82, NNH = 154; 
95% CI 29– 9537) (Figure 3). None of the other drugs studied were 

more likely to increase risk of Herpes zoster infection than placebo. 
After direct and indirect comparison, upadacitinib was more likely to 
increase risk of Herpes zoster infection than risankizumab, but there 
were no other significant differences (Table 1).

3.2 | Occurrence of Herpes zoster according to 
drug class

One trial comparing two different doses of tofacitinib was excluded 
from this analysis (NCT03281304). The network plot for the 24 in-
cluded trials is provided in Figure S3.27– 47 There was low heteroge-
neity (τ2 = 0). Janus kinase inhibitors were the drug class most likely 
to increase risk of Herpes zoster infection (RR = 4.78; 95% 1.79– 
12.75, P- score 0.09, NNH = 151; 95% CI 49– 724) (Figure 4). All other 
drug classes were no more likely to increase risk of Herpes zoster 
infection than placebo, with anti- IL- 23 antibodies the safest class of 
drugs (P- score 0.72). After direct and indirect comparison, none of 
the drug classes were more likely to increase risk of Herpes zoster 
infection than each other (Table S5).

Given the results observed with janus kinase inhibitors as a class, 
we conducted a further analysis examining occurrence of Herpes 
zoster infection with the higher and lowest doses used in the 24 
trials considered separately. Again, there was low heterogeneity 
between studies (τ2 = 0). In this analysis, higher dose janus kinase 
inhibitors were the most likely to increase risk of Herpes zoster 

F I G U R E  1   Network plot for occurrence of Herpes zoster according to individual drug, dose and dosing schedule. Circle (node) size is 
proportional to the number of study participants assigned to receive each drug. The line width (connection size) corresponds to the number 
of studies comparing the individual drugs.
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     |  5DIN et al.

infection (RR = 5.91; 95% CI 2.21– 15.82, P- score 0.06, NNH = 117; 
95% CI 39– 473) (Figure 5), but the lowest doses of janus kinase  
inhibitors ranked second and were also more likely to increase risk of 
Herpes zoster infection than placebo (RR = 3.16; 95% CI 1.02– 9.84, 
P- score 0.29, NNH = 265; 95% CI 65– 28,610). After direct and indi-
rect comparison, higher dose janus kinase inhibitors were more likely 
to increase risk of Herpes zoster infection than anti- IL- 23 antibodies 
(Table S6).

4  | DISCUSSION

Patients with IBD are at an increased  risk of Herpes zoster and 
immunosuppressive therapies may increase this risk further.11 We 
report a systematic review and network meta- analysis examining 
risk of Herpes zoster infection with biological therapies and small 

molecules in IBD, including data from almost 10,000 patients in 
25 separate trials. Overall, although upadacitinib 15 mg and 30 mg 
ranked as the most likely, and second most likely, drug to increase 
risk of Herpes zoster infection, these differences were not statis-
tically significant versus placebo. However, tofacitinib 10 mg b.d., 
which ranked third, and upadacitinib 45 m o.d., which was fourth, 
were associated with a statistically significantly higher risk of Herpes 
zoster infection than placebo, with an NNH of 97 and 83, respec-
tively. This means 97 more people would need to be treated with 
tofacitinib 10 mg b.d. than with placebo to cause one extra Herpes 
zoster infection. When we examined Herpes zoster infection  
according to drug class, anti- IL- 23 antibodies were ranked as the  
safest drug. In contrast, janus kinase inhibitors were significantly 
more likely to increase risk of Herpes zoster infection. In our sub-
group analysis according to dose of janus kinase inhibitor used, the 
risk of Herpes zoster infection was highest in trials using a higher 

F I G U R E  2   Forest plot for occurrence 
of Herpes zoster according to individual 
drug, dose and dosing schedule. The P- 
score is the probability of each drug being 
ranked as safest in the network.

F I G U R E  3   Forest plot for occurrence 
of Herpes zoster according to individual 
drug. The P- score is the probability of 
each drug being ranked as safest in the 
network.
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dose, with an NNH of 117, but was still statistically significantly 
higher in trials using the lowest doses. Finally, higher dose janus ki-
nase inhibitors were more likely to increase risk of Herpes zoster 
infection than anti- IL- 23 antibodies.

Limitations include the fact that only 13 of 25 induction RCTs 
were at low risk of bias across all domains. In addition, we excluded 
data from 39 trials, because they did not report adverse events in 
sufficient detail to ascertain whether Herpes zoster infections had 
occurred or not. One of the included trials of tofacitinib has yet 
to be published in full, and two of the RCTs of upadacitinib are 
only available as abstracts.46,47 Some of the trials we identified 

were studying the maintenance of remission of IBD, and there 
were inherent differences in the design of these trials. Some of 
these RCTs treated patients through with active drug or placebo 
from study entry, whereas others re- randomised patients who re-
sponded to active drug following an induction of remission phase 
of the trial. Patients receiving placebo in these re- randomised 
studies were, therefore, exposed to active drug during induction 
therapy. This may mean occurrence of Herpes zoster infection has 
been overestimated in the placebo arm of these trials. As an exam-
ple, in one trial of tofacitinib and one trial of ozanimod patients in 
the placebo arms developed Herpes zoster infection, but in both 

TA B L E  1   League table for occurrence of Herpes zoster infection according to individual drug

RIS 0.66 (0.10– 4.42)

0.66 (0.10– 4.42) PLA 0.79 (0.07– 9.30) 0.66 (0.03– 16.04) 0.62 (0.07– 5.34) 0.57 (0.12– 2.81) 0.52 (0.04– 6.19) 0.47 (0.08– 2.79) 0.21 (0.05– 0.94) 0.11 (0.02– 0.56)

0.66 (0.00– 155.11) 1.00 (0.01– 166.19) VED 0.34 (0.01– 8.22)

0.52 (0.02– 11.77) 0.79 (0.07– 9.30) 0.79 (0.00– 230.50) GOL

0.44 (0.01– 17.93) 0.66 (0.03– 16.04) 0.66 (0.01– 35.69) 0.83 (0.01– 47.28) UST 0.51 (0.05– 5.58)

0.41 (0.02– 7.27) 0.62 (0.07– 5.34) 0.62 (0.00– 159.62) 0.79 (0.03– 20.86) 0.95 (0.02– 44.45) FIL

0.38 (0.03– 4.51) 0.57 (0.12– 2.81) 0.57 (0.00– 120.88) 0.72 (0.04– 13.67) 0.87 (0.02– 30.78) 0.92 (0.06– 13.34) IFX

0.35 (0.02– 7.83) 0.52 (0.04– 6.19) 0.52 (0.00– 153.30) 0.66 (0.02– 21.84) 0.80 (0.01– 45.14) 0.84 (0.03– 22.28) 0.92 (0.05– 17.38) CER

0.31 (0.02– 4.22) 0.47 (0.08– 2.79) 0.47 (0.00– 106.15) 0.60 (0.03– 12.56) 0.72 (0.02– 27.79) 0.76 (0.05– 12.38) 0.83 (0.08– 9.02) 0.90 (0.04– 18.93) OZA

0.22 (0.00– 18.50) 0.34 (0.01– 18.16) 0.34 (0.01– 8.22) 0.43 (0.00– 46.49) 0.51 (0.05– 5.58) 0.54 (0.01– 50.25) 0.59 (0.01– 43.29) 0.64 (0.01– 70.03) 0.71 (0.01– 55.96) ADA

0.14 (0.01– 1.57) 0.21 (0.05– 0.94) 0.21 (0.00– 43.64) 0.27 (0.02– 4.81) 0.32 (0.01– 10.94) 0.34 (0.02– 4.67) 0.37 (0.04– 3.30) 0.41 (0.02– 7.25) 0.45 (0.04– 4.55) 0.63 (0.01– 44.70) TOF

0.07 (0.01– 0.89) 0.11 (0.02– 0.56) 0.11 (0.00– 23.42) 0.14 (0.01– 2.68) 0.17 (0.00– 6.01) 0.18 (0.01– 2.62) 0.19 (0.02– 1.88) 0.21 (0.01– 4.04) 0.23 (0.02– 2.58) 0.32 (0.00– 24.26) 0.51 (0.06– 4.70) UPA

Note: Relative risk with 95% confidence intervals in parentheses. Comparisons, column versus row, should be read from left to right, and  
are ordered relative to their overall safety. The drug in the top left position is ranked as safest after the network meta- analysis of direct and indirect  
effects. Direct comparisons are provided above the drug labels, and indirect comparisons are below. Boxes shaded green denote a statistically  
significant difference.
Abbreviations: ADA, adalimumab; CER, certolizumab; FIL, filgotinib; GOL, golimumab; IFX, infliximab; OZA, ozanimod; PLA, placebo;  
RIS, risankizumab; TOF, tofacitinib; UPA, upadacitinib; UST, ustekinumab; VED, vedolizumab.

F I G U R E  4   Forest plot for occurrence 
of Herpes zoster according to drug class. 
The P- score is the probability of each 
drug class being ranked as safest in the 
network.

F I G U R E  5   Forest plot for occurrence 
of Herpes zoster according to drug class 
and dose of janus kinase inhibitor used. 
The P- score is the probability of each 
drug class being ranked as safest in the 
network.
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these trials placebo patients would have been exposed to active 
drug in the induction phase of the trial.33,34 Therefore, of a total 
of five cases of Herpes zoster infection occurring in 2861 patients 
receiving placebo, two occurred in patients previously exposed 
to the active drug under study. As Herpes zoster infection was 
rare in all RCTs and some of the trials included a small number 
of participants, there is the possibility that biases due to sparse 
data or sampling error have been introduced.48,49 The former is 
suggested by the large RR estimates and wide 95% CIs. There may 
also be other individual patient factors that make Herpes zoster 
more likely with the drugs we studied, such as age or concomitant 
medications, including glucocorticosteroids, or previous exposure 
to biologics. However, as we did not have access to individual 
patient- level data we could not assess these issues. Finally, our 
meta- analysis only included patients in clinical trials, who are un-
likely to be representative of a real- world patient population, and 
in whom risk of Herpes zoster infection may be even higher.

A core assumption of any network meta- analysis relates to tran-
sitivity, where indirect comparisons between drugs assume that any 
patient included in the network could, theoretically, have been re-
cruited to any of the trials and assigned to any of the drugs. This 
assumption can be jeopardised by underlying differences between 
RCTs. For instance, a trial conducted in the early 2000 s may have re-
cruited patients who were less likely to be vaccinated against Herpes 
Zoster than a trial conducted more contemporaneously. However, 
given there are no current recommendations to vaccinate all patients 
with IBD against Herpes zoster, we feel this is unlikely. Nevertheless, 
there may be other differences relating to design of trials that affect 
transitivity, as these differences are not protected by randomisation.

Although the incidence of Herpes zoster in the general pop-
ulation is clearly linked to age, available studies in patients with 
IBD lack sufficient detail to determine the exact risk of infection 

in younger patients. One Canadian population- based study of al-
most 40,000 patients with IBD reported 2158 incident cases of 
Herpes zoster.50 Compared with the background population, the 
standardised incidence ratio was significantly higher across all age 
groups, except those aged >60 years, although the effect of IBD- 
related therapies was unaccounted for. Given that Herpes zoster 
infection causes troublesome symptoms and impairment in quality 
of life,51 prevention in at- risk patients with IBD should be prioritised. 
Providing Herpes zoster vaccination to all patients with IBD prior 
to them commencing janus kinase inhibitors could mitigate against 
some of this additional risk, and this approach has been suggested 
by others.52,53 As many of these patients are likely to be prescribed 
glucocorticosteroids or biologics at the time of a treatment decision 
to commence janus kinase inhibitors, they would require Shingrix, 
as Zostavax is a live attenuated vaccine. A meta- analysis comparing 
the efficacy of the live and recombinant vaccines reported that the 
recombinant vaccine was more effective, with a more durable re-
sponse of up to 8 years after vaccination.54

The Advisory Committee on Immunization Practices conducted 
a systematic review and GRADE evaluation of the evidence for use 
of the recombinant vaccine in immunocompromised adults and con-
cluded that it was effective for preventing Herpes zoster,55 with 
efficacy ranging from 68.2% to 90.5% among several immunocom-
promised groups >18 years of age. Specifically in IBD, the full dose 
of the recombinant vaccine has been shown to reduce occurrence 
of shingles significantly in patients with IBD >50 years, compared 
with unvaccinated individuals.56 In another study in patients with 
IBD ≥50 years of age, the rate of Herpes zoster infection in vacci-
nated patients was significantly lower compared with the general 
population.57 This study also demonstrated that unvaccinated pa-
tients with IBD were six times more likely to develop Herpes zoster 
infection than the general population. Despite, the proven efficacy 

TA B L E  1   League table for occurrence of Herpes zoster infection according to individual drug

RIS 0.66 (0.10– 4.42)

0.66 (0.10– 4.42) PLA 0.79 (0.07– 9.30) 0.66 (0.03– 16.04) 0.62 (0.07– 5.34) 0.57 (0.12– 2.81) 0.52 (0.04– 6.19) 0.47 (0.08– 2.79) 0.21 (0.05– 0.94) 0.11 (0.02– 0.56)

0.66 (0.00– 155.11) 1.00 (0.01– 166.19) VED 0.34 (0.01– 8.22)

0.52 (0.02– 11.77) 0.79 (0.07– 9.30) 0.79 (0.00– 230.50) GOL

0.44 (0.01– 17.93) 0.66 (0.03– 16.04) 0.66 (0.01– 35.69) 0.83 (0.01– 47.28) UST 0.51 (0.05– 5.58)

0.41 (0.02– 7.27) 0.62 (0.07– 5.34) 0.62 (0.00– 159.62) 0.79 (0.03– 20.86) 0.95 (0.02– 44.45) FIL

0.38 (0.03– 4.51) 0.57 (0.12– 2.81) 0.57 (0.00– 120.88) 0.72 (0.04– 13.67) 0.87 (0.02– 30.78) 0.92 (0.06– 13.34) IFX

0.35 (0.02– 7.83) 0.52 (0.04– 6.19) 0.52 (0.00– 153.30) 0.66 (0.02– 21.84) 0.80 (0.01– 45.14) 0.84 (0.03– 22.28) 0.92 (0.05– 17.38) CER

0.31 (0.02– 4.22) 0.47 (0.08– 2.79) 0.47 (0.00– 106.15) 0.60 (0.03– 12.56) 0.72 (0.02– 27.79) 0.76 (0.05– 12.38) 0.83 (0.08– 9.02) 0.90 (0.04– 18.93) OZA

0.22 (0.00– 18.50) 0.34 (0.01– 18.16) 0.34 (0.01– 8.22) 0.43 (0.00– 46.49) 0.51 (0.05– 5.58) 0.54 (0.01– 50.25) 0.59 (0.01– 43.29) 0.64 (0.01– 70.03) 0.71 (0.01– 55.96) ADA

0.14 (0.01– 1.57) 0.21 (0.05– 0.94) 0.21 (0.00– 43.64) 0.27 (0.02– 4.81) 0.32 (0.01– 10.94) 0.34 (0.02– 4.67) 0.37 (0.04– 3.30) 0.41 (0.02– 7.25) 0.45 (0.04– 4.55) 0.63 (0.01– 44.70) TOF

0.07 (0.01– 0.89) 0.11 (0.02– 0.56) 0.11 (0.00– 23.42) 0.14 (0.01– 2.68) 0.17 (0.00– 6.01) 0.18 (0.01– 2.62) 0.19 (0.02– 1.88) 0.21 (0.01– 4.04) 0.23 (0.02– 2.58) 0.32 (0.00– 24.26) 0.51 (0.06– 4.70) UPA

Note: Relative risk with 95% confidence intervals in parentheses. Comparisons, column versus row, should be read from left to right, and  
are ordered relative to their overall safety. The drug in the top left position is ranked as safest after the network meta- analysis of direct and indirect  
effects. Direct comparisons are provided above the drug labels, and indirect comparisons are below. Boxes shaded green denote a statistically  
significant difference.
Abbreviations: ADA, adalimumab; CER, certolizumab; FIL, filgotinib; GOL, golimumab; IFX, infliximab; OZA, ozanimod; PLA, placebo;  
RIS, risankizumab; TOF, tofacitinib; UPA, upadacitinib; UST, ustekinumab; VED, vedolizumab.
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of recombinant zoster vaccine against a preventable disease, sev-
eral barriers exist that prevent widespread adoption into healthcare 
programmes, such as cost, patient education and global availability. 
Shingrix has proven to be more effective and safer in immunocom-
promised patients and has become the vaccine of choice in multiple 
countries including the US, Canada, China and Germany.58

According to current UK government guidance,59 vaccination 
against Herpes zoster is available for all individuals aged 70– 
79 years, with Shingrix reserved for those with severe immunosup-
pression, for the reasons mentioned earlier. However, in the UK, 
there is no explicit recommendation to vaccinate patients with 
IBD younger than 70 years, and such a strategy is not reimbursed 
currently,59 despite the fact that patients with IBD, as well as 
rheumatoid arthritis and other immune- mediated diseases, are rec-
ognised as having an increased risk of Herpes zoster. Currently, the 
American College of Rheumatology strongly recommend the re-
combinant Herpes zoster vaccine in patients >18 years with rheu-
matological or musculoskeletal diseases on immunosuppressive 
medications (Table S7),60 and the British Society of Rheumatology 
recommends vaccination in patients over 50 years of age start-
ing biologics.61 The European Medicines Agency Committee for 
Medicinal Products for Human Use,62 and the Advisory Committee 
on Immunization Practices,63 have provided a more inclusive strat-
egy for adult patients >18 and >19 years, respectively, at increased 
risk of Herpes zoster with or without additional immunosuppres-
sion. Guidance from the American College of Gastroenterology 
recommends that Herpes zoster vaccination should be considered 
in patients with IBD aged >50 years,12 and the European Crohn's 
and Colitis Organisation recommends the recombinant vaccine in 
all patients with IBD receiving immunosuppressive therapy.64

In summary, this systematic review and network meta- analysis, 
synthesising evidence from almost 10,000 patients included in 25 
trials, demonstrated that tofacitinib 10 mg b.d., upadacitinib 45 mg 
o.d., and janus kinase inhibitors as a class, were statistically signifi-
cantly more likely to increase risk of Herpes zoster infection than 
placebo. The increased risk with janus kinase inhibitors was ob-
served even in trials that used the lowest doses. In addition, three of 
the RCTs of janus kinase inhibitors stated specifically that patients 
with a past history of recurrent or disseminated Herpes zoster or 
ophthalmic or central nervous system zoster were ineligible to par-
ticipate.36,38,46 This will likely, therefore, have underestimated the 
risk of Herpes zoster infection, compared with the other drugs under 
study. Although the NNHs were modest, there can be long- term 
sequelae from Herpes zoster infection. National and international 
guidelines may need to take our findings into consideration and 
make recommendations concerning vaccination of patients with IBD 
prior to commencement of these therapies.
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