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Assessment of response to COVID-19 vaccines in 
patients with inflammatory and autoimmune diseases 
showed that impaired response is more associated with 
the type of disease modifying anti-rheumatic drugs 
(DMARDs) the patient is using than the underlying 
disease.1–3 As found by Laura Boekel and collaegues4 
and other study groups,1 rituximab is associated with 
deeply impaired immune responses after COVID-19 
vaccination. Data remain sparse for more modern 
targeted DMARDs, such as JAK inhibitors. Here, we 
report immune responses to COVID-19 vaccination in 
patients treated with JAK inhibitors.

The MAJIK-SFR Registry is a nationwide, multicentre, 
prospective study (NCT04602091) including adult 
patients initiating JAK inhibitors for rheumatoid 
arthritis or psoriatic arthritis at 59 rheumatology 
centres in France that has been ongoing since 
October, 2019. Treatment was chosen by the recruiting 
physicians and patients are being followed-up for 
5 years, even if they change treatment during this 
time. Here, we report on patients in this cohort who 
were being treated with JAK inhibitors at the time 
of COVID-19 vaccination and who had a serological 
assessment at least 2 weeks after completion of their 

gout, as it allows faster dissolution of monosodium 
urate crystals.6 Therefore, it could be expected to reduce 
the rate of flares more dramatically than a higher serum 
urate target. More surprisingly, lowering of serum urate 
concentration below 7 mg/dL, a concentration which is 
believed to be above the monosodium urate saturation 
point, was also associated with a significant decrease 
in second-year flares (adjusted OR 0·32 [0·18 to 0·55], 
p<0·0001). These findings could be explained by the 
fact that 343 of the 416 patients who had a first-year 
serum urate concentration below the 7 mg/dL target 
had a concentration of less than 6 mg/dL, and most 
(265 of 343) of those who achieved the 6 mg/dL target 
were also below the 5 mg/dL target. However, gout flare 
pathophysiology and triggers might still hold some 
unknowns and require further studies. 

The study by Stamp and colleagues is timely in view 
of the present controversy between rheumatology 
societies and the American College of Physicians (ACP) 
regarding recommendations of a treat-to-target 
approach in gout management.7 Arguing from the 
standpoint of an absence of true treat-to-target trials, 
the ACP has not recommended this approach for gout 
management. The finding of Stamp and colleagues 
that achieving urate lowering at a target of less than 
6 mg/dL, as recommended by rheumatology societies, 
is associated with a reduced rate of flares indeed brings 
an important piece of evidence in favour of the treat-to-
target approach. It remains to be seen if this evidence, 

which is limited by the fact that it relies on a post-hoc 
analysis, will be enough to convince the ACP. The 
results of the planned TRUST study (NCT04875702), 
comparing a treat-to-target serum urate strategy versus 
a treat-to-avoid-symptoms strategy as advocated by 
the ACP, might be necessary to settle the issue.
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full vaccination scheme. A full vaccination scheme 
was defined as two dose of BNT162b2 (tozinameran; 
Pfizer–BioNTech), CX-024414 (elasomeran; Moderna) 
or ChAdOx1 nCoV-19 (AstraZeneca); one dose of 
Ad.26.COV2.S (Janssen); or previous SARS-CoV-2 
infection followed by one dose of any of those vaccines. 
Serological assessment for concentrations of IgG (or 
total) anti-spike antibodies was done at each centre 
using commercially available assays (appendix p 2). We 
used the cutoff value indicated in the manufacturers’ 
instructions to define response. To identify factors 
associated with non-response, we compared 
character istics of responders and non-responders 
using Fisher’s exact test for categorical variables and 
the Mann–Whitney U test and the Kruskall-Wallis 
test for variance on ranks for continuous variables. 
A two-sided p value of 0·05 or less was considered 
to be significant. Ethical approval for this study was 
granted by the local ethics committee (CPP Sud 
Méditerranée II, ID-RCB-2018-A02671-54). Patients 
gave written informed consent.

We included 113 patients from 13 centres in 
this analysis, for whom COVID-19 serology was 
done between March 16 and July 22, 2021. Of 
113 patients, 98 (87%) had rheumatoid arthritis 
and 15 (13%) had psoriatic arthritis. The mean age 
was 61·8 years (SD 12·5) and 81 (72%) patients were 
female and 32 (28%) were male. 56 (50%) were taking 
baricitinib, 30 (27%) were taking tofacitinib, and 
27 (24%) were taking upadacitinib (appendix pp 3–4). 
Except for two (2%) patients, JAK inhibitor treatment 
was not stopped before or after vaccination. Nine (8%) 
patients previously had a PCR-confirmed SARS-CoV-2 
infection: four (44%) of nine received one dose of 
vaccine, as recommended in France, and five (56%) re-
ceived two doses. In the 104 patients without previous 
SARS-CoV-2 infection, five (5%) re ceived a third dose 
of vaccine. Mean interval between the two doses (or 
the first two doses in those who received three) was 
4·5 weeks (SD 0·96) for BNT162b2 and CX-024414 
and 11·3 weeks (2·0) for ChAdOx1 nCoV-19. Sero logical 
assessment was done after a mean of 8·7 weeks (SD 5·2) 
after the last dose of vaccine.

The overall response rate (ie, the proportion of 
patients with detectable anti-spike antibodies per 
manufacturer’s cutoff values) was 88% (100 of 113). 
Non-responders were older than responders (p=0·020). 

The rate of non-response was higher with upadacitinib 
(seven [26%] of 27 patients) than with baricitinib 
(five [9%] of 56) or tofacitinib (one [3%] of 30), but 
mean age at the time of vaccination did not differ 
between upadacitinib and other JAK inhibitors 
(61·4 years [SD 11·5] vs 61·9 years [12·8]; p=0·51). All 
non-responders were aged 65 years or older, except for 
four of the seven non-responders receiving upadacitinib 
(figure). Antibody titres (measured by the ratio of anti-
spike titres to the threshold of positivity) were higher 
in patients treated with tofacitinib and baricitinib than 
in those treated with upadacitinib (figure). The interval 
between last vaccine dose and serological assessment 
was slightly longer in non-responders than in 
responders (11·3 weeks [SD 5·9] vs 8·3 [5·0]; p=0·099). 
No other parameters, including concomitant use of 
methotrexate, corticosteroids, dose of JAK inhibitor, 
disease activity, or type of vaccine were associated with 
non-response. Previous use of rituximab (18 [16%]) 
was not associated with non-response, although last 
rituximab injections occurred more than 6 months 
before vaccination (appendix p 3).

Methotrexate negatively affects response to influenza 
and pneumococcal vaccines,2,3 and so probably also 
negatively affects response to COVID-19 vaccines, but 
to a lesser extent than rituximab.1,5 Here, in combination 
with a JAK inhibitor, methotrexate did not affect 
serological responses. As in Boekel and colleagues’ 
study, we observed that older age was associated 
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Figure: Immune response to COVID-19 vaccination for patient treated with JAK inhibitor 
(A) Proportion of non-responders in each age group (≤54, 55–64, and ≥65 years) according to their JAK inhibitor. 
(B) Antibody titres (measured as ratio of antibody titre to assay’s positivity cutoff) for each patient according to 
JAK inhibitor. Solid horizontal bars show the median for each inhibitor group and the horizontal dashed line shows 
the threshold for positive response to the vaccines. Comparisons are based on Kruskall-Wallis analysis of variance 
on ranks (n=111, the antibody titres were not available for two patients, the result of the serology was only 
indicated as being positive or negative).
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with an impaired response to COVID-19 vaccination. 
Interestingly, apart from age, the only factor associated 
with non-response was the use of upadacitinib. Vaccine 
responses in patients treated with JAK inhibitors 
have been little investigated. Data from a placebo-
controlled trial showed diminished responsiveness to 
pneumococcal vaccine but not influenza vaccine in 
patients treated with tofacitinib.6 An uncontrolled study 
of patients treated with baricitinib showed satisfactory 
responses to pneumococcal vaccine, while tetanus 
vaccine responses were less robust.7 No data exist on 
vaccine responses in patients treated with upadacitinib. 

Our study is the first to assess response to COVID-19 
vaccines in a comparatively large number of patients on 
JAK inhibitors. However, our study has some limitations, 
such as the use of several different serological assays, 
and different timepoints for assessment. Nevertheless, 
all assays were approved by the US Food and Drug 
Administration.8 Also, most of our patients received 
mRNA vaccines, thus we cannot draw conclusions on 
the immunogenicity of viral vector vaccines. However, 
in Boekel and colleagues’ study, vaccine type did not 
seem to affect the rate of seroconversion.4 

Our data indicate that the overall response rate 
to COVID-19 vaccine in patients treated with JAK 
inhibitors remained high, in line with rates reported 
with other immunosuppressants.1,4 However, non-
response might occur principally in older patients. 
Additionally, upadacitinib was the JAK inhibitor 
associated with the highest rate of non-response. 
These results need to be confirmed in a prospective 
trial but suggest that in patients aged 65 years and 
older or treated with upadacitinib, or both, serological 
assessment might be recommended to guide clinical 
decision in non-responders (eg, whether a third dose 
or vaccination of family members might be needed, 
or both). Assessment of cellular immune response in 
the non-responders is also warranted to determine if 
cellular immunity might have been acquired.9 
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Efficacy and tolerability of a third dose of an mRNA anti-SARS-
CoV-2 vaccine in patients with rheumatoid arthritis with 
absent or minimal serological response to two previous doses

Vaccine-induced immunity is crucial to combat the 
COVID-19 pandemic, but titres of antibodies against 
the SARS-CoV-2 spike protein 1 (S1) can decrease over 
time.1 The efficacy of a third vaccine dose was recently 
reported in people aged older than 60 years who had 
received two doses of BNT162b2 (Pfizer-BioNTech) 
at least 5 months earlier.2 A significant proportion 
of patients under immunosuppression (solid organ 
transplant recipients and patients with autoimmune 
diseases) with a previously inadequate anti-S1 response 
after two vaccine doses seroconverted after an 
additional vaccine dose.3,4 Lower seroconversion rates 
than in healthy controls have been reported in patients 
with rheumatic diseases receiving immunomodulatory 
therapies.5,6 

In line with recommendations from Swiss health 
authorities and after obtaining approval by the Ethical 
Committee of St Gallen, Switzerland, a third vaccine 
dose was offered to all patients with rheumatoid arthritis 
who participated in the RECOVER trial and who had not 
developed an anti-S1 response within 12 weeks after 
the standard vaccination regimen. Of note, disease-
modifying antirheumatic drugs (DMARDs) had not been 
paused during the previous vaccination period. 

Written consent was obtained from all patients. 
Serum samples were collected before and 2 weeks 
after the third vaccination. Quantitative antibody 
testing was performed using the Roche Elecsys Anti-
SARS-CoV-2 spike subunit 1 assay (West Sussex, UK), 
which measures antibodies against SARS-CoV-2 S1 

(range 0·4–2500 U/mL) and against SARS-CoV-2 
nucleoprotein to identify patients with asymptomatic 
SARS-CoV-2 infection. The results of this assay 
have been demonstrated to correlate with in-vitro 
neutralisation of SARS-CoV-2 with a suggested cutoff 
level of 133 U/mL.7 

17 patients with rheumatoid arthritis who showed 
no or minimal serological response to two doses 
of an mRNA-based anti-SARS-CoV-2 vaccine were 
eligible to receive a third dose between July 14 and 
August 25, 2021. Baseline characteristics are shown 
in the appendix. Vaccine from the same manufacturer 
was used for all three doses. Most patients were being 
treated with a combination of a conventional synthetic 
DMARD and a biologic (five [29%] patients) or a 
Janus kinase (JAK) inhibitor (five [29%] patients). The 
other patients were being treated with monotherapy 
(conventional synthetic DMARD, n=1; biological 
DMARD, n=3; or JAK inhibitor, n=3). 16 of 17 patients 
agreed to temporarily discontinue DMARD therapy: 
methotrexate and JAK inhibitors were paused 1 week 
before and restarted 2 weeks after the third vaccine 
dose, and biological DMARDs were paused 2 weeks 
before and restarted 2 weeks after the third vaccine 
dose. One patient stayed on leflunomide and a tumour 
necrosis factor inhibitor because of a previous relapse of 
concomitant Crohn’s disease. 

Low or absent anti-S1 antibodies were confirmed 
immediately before the third vaccine dose (median 
19·5 U/mL [IQR 0·45–48]). 2 weeks after the third 
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