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Abstract
Objectives Recently, a number of studies have explored the possible attenuation of the immune response by disease-modi-
fying antirheumatic drugs (DMARDs) in patients with rheumatoid arthritis (RA). Our study objective was to investigate the 
presumed attenuated humoral response to vaccination against SARS-CoV-2 in patients with RA treated with Janus kinase 
(JAK) inhibitors with or without methotrexate (MTX). The immune responses were compared with controls without RA.
Method The humoral vaccination response was evaluated by determining titres of neutralising antibodies against the S1 
antigen of SARS-CoV-2. One hundred and thirteen fully vaccinated individuals were included at 6 ± 1 weeks after second 
vaccination (BioNTech/Pfizer (69.9%), AstraZeneca (21.2%), and Moderna (8.9%)). In a cross-sectional and single-centre 
study design, we compared titres of neutralising antibodies between patients with (n = 51) and without (n = 62) medication 
with JAK inhibitors.
Results Treatment with JAK inhibitors led to a significantly reduced humoral response to vaccination (P = 0.004). A maxi-
mum immune response was seen in 77.4% of control patients, whereas this percentage was reduced to 54.9% in study par-
ticipants on medication with JAK inhibitors (effect size d = 0.270). Further subanalyses revealed that patients on combination 
treatment (JAK inhibitors and MTX, 9 of 51 subjects) demonstrated an even significantly impaired immune response as 
compared to patients on monotherapy with JAK inhibitors (P = 0.028; d = 0.267).
Conclusions JAK inhibitors significantly reduce the humoral response following dual vaccination against SARS-CoV-2. The 
combination with MTX causes an additional, significant reduction in neutralising IgG titres. Our data suggest cessation of JAK 
inhibitors in patients with RA in the context of vaccination against SARS-CoV-2.

Key Points
• It was shown that DMARD therapy with JAK inhibitors in patients with rheumatoid arthritis leads to an attenuation of the humoral vaccina-

tion response against SARS-CoV-2.
• The effect under medication with JAK inhibitors was significant compared to the control group and overall moderate.
• The combination of JAK inhibitors with MTX led to an additive and significant attenuation of the humoral response.
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Introduction

Although vaccination against SARS-CoV-2 has been avail-
able for more than a year now, there is still a relevant degree 
of uncertainty regarding the effectiveness of SARS-CoV-2 
vaccination in patients with inflammatory systemic diseases 
and immunomodulatory therapy with disease-modifying anti-
rheumatic drugs (DMARDs). Data on the immunogenicity of 
COVID-19 vaccines in patients with immune-mediated inflam-
matory diseases (IMIDs) are lacking from the original vaccine 
trials leading to vaccination approval. This is because these 
patients were excluded to a large extent from the trials [1, 2].

Initial studies on this topic have shown a strong depend-
ence of the vaccination response on the underlying DMARD 
therapy [3]. Glucocorticoids, mycophenolate, abatacept, and 
especially rituximab seem to be associated with a particularly 
strong attenuation of the humoral response [4]. In addition, 
age, comorbidities, and the underlying inflammatory disease 
itself have been identified as additional factors influencing the 
vaccination response to SARS-CoV-2 [5–10].

Janus kinase (JAK) inhibitors are considered an integral part of 
rheumatological care. Despite the increasingly common use of the 
group of JAK inhibitors, for example, in rheumatoid arthritis, pso-
riatic arthritis, and axial spondyloarthritis, there has been relatively 
little work to date on this group of targeted synthetic DMARDs 
(tsDMARDs) with regard to the effectiveness of vaccination against 
SARS-CoV-2 [11–13]. In this respect, the topic of the effectiveness 
of vaccination under JAK inhibitor therapy is of great importance 
in the clinical routine. Scientific associations such as the American 
College of Rheumatology (ACR) and the European League Against 
Rheumatism (EULAR) gave recommendations for vaccination in 
patients with IMIDs at an early stage based on the available data 
and adapted them on an ongoing basis [14, 15]. Interestingly, JAK 
inhibitors, especially baricitinib and tofacitinib, are even used in the 
treatment of severe SARS-CoV-2 infection [16].

Our study aimed to compare the extent of the humoral 
response to a two-dose vaccination against SARS-CoV-2 
between patients with rheumatoid arthritis (RA) under JAK 
inhibitor therapy with or without concomitant therapy with 
methotrexate and a reference group including subjects not 
suffering from RA or receiving JAK inhibitors or MTX. The 
immune response was measured by the titres of neutralising 
antibodies to the spike protein under routine clinical conditions.

Materials and methods

Study participants

For the present study, 113 fully vaccinated individu-
als were consecutively enrolled in a routine care setting 
between April 12, 2021, and September 14, 2021. For 

each participant, the respective evaluation time point was 
6 ± 1 weeks after the second vaccination. Study partici-
pants were recruited in a single-centre and cross-sectional 
study design from the Rheumatological Outpatient Clinic 
of MED|BAYERN OST Medizinische Versorgungszentren 
Altötting Burghausen, Burghausen, Germany. The total 
study sample consisted of two independent subgroups:

Fifty-one patients were in the treatment group with rheu-
matoid arthritis who received JAK inhibitors as disease-modi-
fying antirheumatic medication. Of these, 42 patients (82.4%) 
were given the drug as monotherapy. The remaining 9 study 
participants in the treatment group additionally received MTX 
(17.6%). In addition, 10 of 51 (19.6%) treatment patients 
received prednisolone with a mean dosage of 4.30 mg per day.

The control group without DMARD therapy consisted 
of 62 patients who were diagnosed with osteoarthritis 
of the hands or other peripheral joints and who did not 
undergo treatment with immunomodulatory medication.

The primary study goal was to compare the humoral vac-
cination responses between independent subgroups of par-
ticipants with and without medication with JAK inhibitors 
when vaccinated against SARS-CoV-2. Primary outcome 
measures were the levels of neutralising antibody titres 
6 ± 1 weeks after the second vaccination with specific vac-
cines from BioNTech/Pfizer, Moderna, and AstraZeneca.

The process of organising and conducting the study was 
in accordance with the principles and formal criteria of 
“Good Clinical Practice” [17, 18]. Accordingly, all patients 
gave written informed consent to participate in the study 
and agreed to publication of the generated scientific data. 
The present study was approved by the ethics committee of 
the University Hospital of Würzburg, Würzburg, Germany.

A confirmed diagnosis of RA according to ACR-EULAR 
2010 criteria represented the primary inclusion criterion for the 
JAK inhibitor treatment subgroup. Additional criteria for recruit-
ment were at least 18 years of age and written informed consent.

A relative or absolute contraindication for therapy with 
JAK inhibitors, a previously known intolerance of JAK 
inhibitors, prior use of rituximab, use of other conven-
tional synthetic DMARDs (csDMARDs) than methotrex-
ate in combination with JAK inhibitors, and a history of 
SARS-CoV-2 infection were exclusion criteria.

The control group was made up of study participants 
without any inflammatory rheumatic disease and without 
antirheumatic or any kind of immunomodulatory therapy. 
These were patients with osteoarthritis of the hands or 
other peripheral joints.

Measurements of immune response

The most important outcome variable in this study was the 
immune response as evaluated by the titres of neutralising 
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antibodies against SARS-CoV-2. For the determination of 
these titres, we used a quantitative ELISA test for IgG 
antibodies against the S1 antigen of SARS-CoV-2: Anti-
SARS-CoV-2-QuantiVac ELISA (IgG); manufacturer: 
EUROIMMUN Medizinische Labordiagnostika AG, 
Lübeck, Germany.

Statistical analysis

The sample size calculations were based on the primary 
study analysis (comparison of two independent subgroups 
with and without JAK medication). With these considera-
tions in mind, we assumed two independent samples, a 
significance level of 5% and a statistical power of at least 
80%, to detect a medium effect size. Based on this back-
ground, the optimal sample size for one-sided testing was 
calculated to be a total of 102 subjects (i.e., at least 51 
individuals per independent study subgroup: patients with 
JAK inhibitors vs. controls).

For data handling and processing as well as statistical 
analyses, we used Microsoft Excel or SPSS (German ver-
sion 17.0.0) software, where appropriate [19]. Inferential 
tests were considered statistically significant at P < 0.05. 
We applied Pearson chi-square tests to compare the fre-
quencies of categorical variables between independent 
subgroups. Additionally, an analysis of variance (one-way 
ANOVA) was performed to test for mean differences in 
continuous variables between independent patient sub-
groups with and without medication with JAK inhibi-
tors. With respect to the assessed antibody titres, we used 
Mann–Whitney U tests to detect differences in the central 
tendency between independent patient groups with and 
without treatment with JAK inhibitors. This was consid-
ered necessary because the distributions of titres of neu-
tralising antibodies were analysed, and we found that this 
variable only reached ordinal data levels due to laboratory-
related ceiling effects. Consequently, we applied a 4-point 
Likert scale that was largely determined by the laboratory 
test used: nonresponse (< 34 BAU/mL), low (34 to 175 
BAU/mL), moderate (176 to 383 BAU/mL), and maximum 
vaccine response (≥ 384 BAU/mL).

Results

The total study sample consisted of N = 113 patients. It 
was composed of a treatment subgroup with medication 
with JAK inhibitors (51 patients, 45.1%) and a correspond-
ing reference group without immunomodulatory treatment 
(62 patients, 54.9%). The treatment subgroup included a 
total of 42 patients (82.4%) treated with a JAK inhibitor 
as monotherapy. Nine study participants in the treatment 

group additionally received MTX medication (17.6%). For 
all included study subjects, blood sampling and evaluation 
of antibody titres were performed at week 6 ± 1 after the 
second vaccination.

The main characteristics of both subgroups are dis-
played in Table 1. Most patient characteristics and the vast 
majority of medical data were in the same range for both 
patient subgroups. The most remarkable group difference 
was the significantly reduced renal function in patients 
treated with JAK inhibitors (mean GFR values 72.61 mL/
min vs. 81.26 mL/min in control patients; P = 0.016).

Importantly, the frequencies of the types of vaccines 
did not differ significantly (P = 0.854) between the study 
cohorts (see Table 1). The vaccines used were distributed 
as follows in the total sample: BioNTech/Pfizer (69.9%), 
AstraZeneca (21.2%), and Moderna (8.9%).

It was an important finding that laboratory data refer-
ring to levels of neutralising SARS-CoV-2 antibodies 
showed marked ceiling effects in a large proportion of 
participating individuals: Seventy-six out of 113 study 
participants (67.3%) had a maximum antibody response 
of ≥ 384.0 binding antibody units (BAU) per mL. Above 
this upper limit, the test could not differentiate any further. 
Therefore, due to the demonstrated lack of normally dis-
tributed values, we chose to statistically analyse the anti-
body response using nonparametric procedures. Conse-
quently, we performed Mann–Whitney U tests to compare 
vaccination responses between independent subgroups. 
According to our analyses, individuals treated with JAK 
inhibitors showed a significantly lower antibody response 
to SARS-CoV-2 vaccination (P = 0.004; Mann–Whitney 
U test, Table 1); only 54.9% of patients with JAK inhibi-
tor treatment were maximum responders, whereas 77.4% 
of controls responded completely. This JAK-inhibitor-
induced reduction in the immune response was statisti-
cally significant (see above) and showed a considerable 
and therefore probably clinically relevant effect size of 
d = 0.270. The associated results are displayed in Fig. 1.

The putative effect of the sociodemographic variables 
age and sex on the immunoresponse is well controlled 
in our study (i.e., comparable distributions in both sub-
groups; see Table 1). Nevertheless, we additionally and 
explicitly evaluated the contribution of these covariates 
in a further multivariate analysis. This additionally per-
formed ordinal logistic regression analysis confirmed the 
significant reduction in vaccination response by the use 
of JAK inhibitors (P = 0.002). Moreover, also the simul-
taneously included independent variables age (older age; 
P = 0.002) and sex (male sex; P = 0.030) were significantly 
associated with a reduced vaccination response.

Some of the patients in the treatment group underwent 
combination treatment with JAK inhibitors and MTX (9 of 
51 patients, 17.6%). We evaluated whether this combination 
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Table 1  Patient characteristics, 
including relevant medical data 
(stratified by patient subgroups 
with and without medication 
with JAK inhibitors)

RA patients with 
JAK inhibitors
(n = 51)

Reference group with-
out JAK inhibitors
(n = 62)

P value

Age (years; mean ± SD) 62.5 ± 11.8 64.3 ± 9.2 0.345
Female sex (%) 68.6 79.0
Male sex (%) 31.4 21.0 0.279
Mean RA disease duration (years) 11.49 0 n.a
Seropositivity (%) 78.4 0 n.a
Prednisolone use (%) 19.6 0 n.a
Mean dose prednisolone (mg/day) 4.30 0 n.a
Diabetes (%) 15.7 12.9 0.673
Mean GFR values (mL/min; mean ± SD) 72.61 ± 21.18 81.26 ± 14.96 0.016
Mean RR syst. (mm Hg; mean ± SD) 142.59 ± 25.82 143.00 ± 16.69 0.964
Mean RR diast. (mm Hg; mean ± SD) 86.76 ± 11.30 83.44 ± 13.21 0.453
Overall tolerability (sec. vacc.; mean ± SD) 1.76 ± 0.89 1.79 ± 0.93 0.882
BioNTech/Pfizer (%) 72.5 67.7
AstraZeneca (%) 19.6 22.6
Moderna (%) 7.9 9.7 0.854
SARS-CoV-2 IgG (BAU/mL; mean ± SD) 282.2 ± 139.1 345.1 ± 83.8 0.006
Maximum response (≥ 384 BAU/mL) (%) 54.9 77.4
Moderate response (176 to 383 BAU/mL) (%) 15.7 14.5
Low response (34 to 175 BAU/mL) (%) 21.6 8.1
Nonresponse (< 34 BAU/mL) (%) 7.8 0 0.004

Fig. 1  Humoral immune response measured by titres of neutralis-
ing IgG antibodies against the S1 antigen of SARS-CoV-2 depend-
ing on the use of JAK inhibitors. Immunoresponse in terms of titres 
of neutralising antibodies differs significantly between patients with 

JAK inhibitors (n = 51; 54.9% with maximum response) and con-
trol patients (n = 62; 77.4% with maximum response; P = 0.004*; 
d = 0.270)
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treatment also influenced the extent of the vaccination 
response. Indeed, this additional analysis revealed that 
combination treatment with both JAK inhibitors and MTX 
significantly impaired the immune response (22.9% with 
maximum response) compared with medication with JAK 
inhibitors only (61.9% with maximum response; P = 0.028; 
one-sided testing; d = 0.267). The corresponding results are 
presented graphically in Fig. 2.

Glucocorticoid use did not significantly affect the vaccine 
response in our cohort. This was due to the relatively low 
mean daily dose of 4.30 mg prednisolone. A total of 80.4% 
of patients treated with JAK inhibitors had no therapy with 
glucocorticoids at all.

Discussion

Vaccination against SARS-CoV-2 is widely regarded as a 
crucial measure in the fight against the SARS-CoV-2 pan-
demic. Congenital or acquired immunodeficiency, underly-
ing malignancies, advanced age, and comorbidities such as 
diabetes mellitus and renal insufficiency not only increase 
the risk of a severe disease course but also lead to a reduced 
immune response after immunisation against SARS-CoV-2, 
according to current data [5–10, 20]. JAK inhibitors affect 
both the innate and the adaptive immune system, including 
inhibition of type 1 interferon production by dendritic cells, 
alteration of T-cell stimulation and the TH1 response, and 
B-cell-specific changes such as differentiation of B-cells 
into plasmablasts [21–24]. Thus, due to the numerous cel-
lular and immunological effects of JAK inhibitors, signifi-
cant impacts on the immunogenicity of vaccination against 
SARS-CoV-2 under JAK inhibitors must be assumed.

Several studies in recent months have addressed the 
potential attenuation of the immune response by DMARDs 

in patients with IMIDs. The first data on this were provided 
by Furer et al. [4]. In this observational multicentre study, the 
immunogenicity and safety of two doses of the BioNTech/
Pfizer vaccine in adult patients with IMIDs (N = 686) were 
compared with the healthy normal population (N = 121). IgG 
titres to the SARS-CoV-2 spike S1/S2 protein were meas-
ured 2–6 weeks after the second dose of vaccine.

Interestingly, the mere presence of inflammatory systemic 
disease led to a significantly reduced rate of seropositive 
patients. Furthermore, older age and treatment with gluco-
corticoids, rituximab, mycophenolate mofetil, or abatacept 
were associated with a reduced humoral immune response.

In contrast to our work, Furer et al. included a heteroge-
neous group of patients with psoriatic arthritis, axial spon-
dyloarthritis, systemic lupus erythematosus, inflammatory 
myopathies, and vasculitis in addition to rheumatoid arthri-
tis. This limits to some extent the comparability and thus the 
significance of the results regarding the aspect described by 
Furer et al. that medication with IMIDs per se represents 
a risk factor. In the cited study, a total of 45 patients were 
treated with JAK inhibitors, 21 of them received monother-
apy. The rate of patients with IgG > 15 BAU/mL was 90% 
with JAK inhibitors and 92% in combination with metho-
trexate (P = 0.02 and P = 0.03, respectively). The authors 
consider the attenuating effects of JAK inhibitors concerning 
the humoral vaccination response to be only modest over-
all [4]. A comparatively mild attenuation of the humoral 
immune response under JAK inhibitors could also be shown 
for vaccination against pneumococci and influenza [25, 26].

In line with the results presented by Furer et al., in our 
study cohort, we found a numerically moderate, yet signifi-
cant attenuation of the humoral vaccination response under 
JAK inhibitors compared to controls. According to our data 
— and in contrast to the work presented by Furer et al. — 
this attenuating effect regarding the immune response was 

Fig. 2  Humoral immune 
response measured by titres 
of neutralising IgG antibod-
ies against the S1 antigen of 
SARS-CoV-2 depending on 
the use of JAK inhibitors. 
Immunoresponse in terms of 
titres of neutralising antibodies 
differed significantly between 
patients on combination treat-
ment (JAK inhibitors and MTX, 
9 of 51 subjects; 22.9% with 
a maximum response) and 
patients on monotherapy with 
JAK inhibitors (61.9% with a 
maximum response; P = 0.028*; 
d = 0.267)
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significantly more pronounced in patients under comedica-
tion with both JAK inhibitors and methotrexate. Iancovici 
et al. [27] reported comparable findings regarding both 
monotherapy with JAK inhibitors and the role of metho-
trexate as concomitant therapy. In the cited study, exclu-
sively patients with rheumatoid arthritis under therapy with 
JAK inhibitors with or without MTX comedication were 
examined — this was analogous to our study design. How-
ever, their study cohort included only twelve patients with 
rheumatoid arthritis and 26 healthy controls. In addition, the 
evaluation time points after the second vaccination with the 
BioNTech/Pfizer vaccine ranged considerably widely from 
3 to 11 weeks. Moreover, a closer look at the study sam-
ple revealed that it was rather heterogeneous regarding the 
combination therapies used (e.g., tofacitinib/hydroxychloro-
quine, tofacitinib/leflunomide, or baricitinib/leflunomide). 
Taken together, these factors limit its validity and informa-
tive value compared to our work. Nevertheless, the results of 
Iancovici et al. [27] are largely congruent with the findings 
and conclusions of our study.

The main limitations of our study are the lack of data 
on the cellular vaccine response and the use of different 
vaccines. Furthermore, the results were not controlled for 
impaired renal function, which is among the factors men-
tioned above with a potential attenuating effect on humoral 
immunogenicity. According to our data, the glomerular fil-
tration rate was significantly reduced in our JAK inhibitor 
group compared to the control group. Overall, the reduction 
was quite small (72.61 mL/min vs. 81.26 mL/min). Con-
sequently, we do not assume a clinically relevant influence 
on SARS-CoV-2 titres compared to that of JAK inhibitor 
therapy.

In our study as well as in the work of Iancovici et al., 
mainly nonselective JAK inhibitors, such as baricitinib and 
tofacitinib, were used [28–30]. There are no data thus far 
on differential effects in humoral vaccination response to 
SARS-CoV-2 depending on the selectivity of JAK inhibitors. 
For statistical reasons, the number of patients in our cohort 
unfortunately does not allow for any further subanalyses 
and respective conclusions to be drawn in this regard. In 
a recent review on the influence of DMARDs on the vac-
cination response in patients with inflammatory rheumatic 
systemic diseases, Friedmann et al. also pointed out the cur-
rently poor and partly contradictory data available on JAK 
inhibitors [31]. For instance, while in the cohort of Depaak 
et al. [32], a total of eleven patients with JAK inhibitors 
showed a markedly reduced vaccine response measured by 
antibody titres compared to healthy controls, only a minimal 
attenuation of the vaccine response could be measured by 
Furer et al. as mentioned above [4]. Overall, the data on JAK 
inhibitors remain very limited compared to other DMARDs, 
such as methotrexate, TNFalpha inhibitors, and rituximab.

The American College of Rheumatology, specifically 
the ACR COVID-19 Vaccine Clinical Guidance Taskforce, 
recommends withholding JAK inhibitors for 1 to 2 weeks 
(as disease activity allows) after each COVID vaccine 
dose [14]. This recommendation was based partly on the 
abovementioned data on the immunogenicity of vaccination 
against pneumococci [25, 33]. The main message of these 
data on vaccination against pneumococci is consistent with 
our findings on JAK inhibitors regarding monotherapy and 
on the additive attenuation of the humoral immune response 
by the additional use of methotrexate. At this point, the 
American College of Rheumatology explicitly points out 
the difficulty of extrapolating data from vaccination studies, 
for example, against influenza, pneumococci, or tetanus, 
to the current recommendations for immunisation against 
SARS-CoV-2 [34].

The safety of the SARS-CoV-2 vaccination in our study 
population of patients with JAK inhibitors with or without 
methotrexate did not differ from that of the control group 
(data not shown). This is in accordance with findings from 
Sattui et al. [35].

Through a systematic literature search, Kroon et al. 
investigated the risk of infection, the prognosis in the 
case of SARS-CoV-2 infection, and the immunogenic-
ity of vaccination against SARS-CoV-2 in IMIDs [36]. 
JAK inhibitors were identified as risk factors for a seri-
ous prognosis in cases of infection with SARS-CoV-2. 
This observation is initially contradictory to the fact 
that tofacitinib and baricitinib are currently used thera-
peutically in severe courses of SARS-CoV-2 infection. 
However, this only appears to be a contradiction at first 
glance when the different phases of the disease are con-
sidered: it is indeed possible that JAK inhibitors do pos-
sess a risk-increasing property in the phase leading up to 
an infection regarding the acquisition of the infection but 
beneficial effects later during the phase of the cytokine 
storm through inhibition of the JAK/STAT signalling 
pathway [37].

In summary, the available literature and our data sug-
gest cessation of JAK inhibitors in the context of vaccina-
tion against SARS-CoV-2. This seems to be feasible in 
routine clinical practice due to their very short pharma-
cological halftimes compared to conventional or biologi-
cal DMARDs and their rapid onset of action after restart. 
However, based on the available data, it is not possible to 
determine whether pausing is necessary before or after 
vaccination and for what length of time. Additional stud-
ies are needed for this purpose, also considering clinical 
endpoints such as an increased rate of actual infections or 
severe disease as a potential result of the attenuation of 
the humoral vaccination response against SARS-CoV-2 
by JAK inhibitors.
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