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The JAK kinase inhibitors (JAKis) represent 
an exciting class of therapies in rheuma-
tology, and they are effective across a wide 
variety of immune-mediated diseases, in 
haematology (myelofibrosis, polycythemia 
vera and acute graft-versus-host disease), 
dermatology and gastroenterology (ulcer-
ative colitis), interferonopathies, sarcoid-
osis and recently COVID-19 (baricitinib). 
Their use in rheumatoid arthritis (RA) has 
convincingly demonstrated an early onset of 
benefit and anecdotally, better adherence. 
In a combined analyses of the phase III RA 
randomised controlled trials (RCTs) and 
long-term extensions (LTE) with tofacitinib, 
approximately 78% remained on therapy at 
2 years and 51% at 5 years.1 Orally adminis-
tered, they are convenient and easy to use, 
without concerns regarding immunogenicity. 
And they have the shortest half-lives of all of 
our therapeutic classes.

It is interesting that the approved JAKis 
demonstrate different selectivity profiles in 
vitro, modulating distinct cytokine signalling 
pathways to different degrees and duration. 
Yet, they do not potently or continuously 
inhibit any individual cytokine pathway over 
24 hours.2 It is unclear which cell types and 
which signalling pathways are affected at any 
given time or for how long. Despite different 
selectivities, clinical responses are similar, 
especially across agents in RA, psoriatic 
arthritis (PsA) and spondyloarthritis (SpA). 
Four are EMA approved in RA (tofacitinib, 
baricitinib, upadacitinib and filgotinib), 3 by 
FDA (except filgotonib); tofacitinib in polyar-
ticular JIA; tofacitinib in PsA with upadacitinib 
expected, as are tofacitinib and upadacitinib 
expected in SpA. Indications of efficacy based 
on open-label series or early trials are evident 
in systemic lupus erythematosus, dermatomy-
ositis, systemic sclerosis, Sjogren’s syndrome 
and non-infectious uveitis.

Perhaps even more compelling are the 
uniformly strong data available with all the 
JAKis studied in methotrexate incomplete 
responder (MTX-IR) patients with RA, 
resulting in clinically meaningful improve-
ments (≥minimum clinically important differ-
ences (MCID)) across all patient-reported 
outcomes (PROs): patient global assessment 
of disease activity (PtGA), Pain, HAQ, and 
health-related quality of life (HRQOL) by 
SF-36 physical component summary and 
domain and FACIT-F scores, by 54%–74% of 
patients, with 11%–51% reporting scores≥nor-
mative values at 3 months.3–5 Importantly, the 
number needed to treat (NNT) based on 
these results is generally ≤10, considered an 
economically as well as clinically important 
result, and less than 10 with adalimum-
ab+MTX.6–8 Similarly, in the JAKis RCTs in 
biologic DMARD incomplete responders 
(bDMARD-IR) patients with RA, NNTs again 
are generally ≤10 for the major PROs and 
quite similar to those for ACR 20% and 50% 
responses in ORAL-STEP, RA-BEACON and 
SELECT-BEYOND trials.9–12

A similar argument may be made regarding 
the first therapeutic agent after initial 
csDMARD failure. Here, the choice appears 
more obvious, but a bDMARD was preferred 
by 69% versus 31% of attendees after ‘The 
Great Debate’ at the ACR 2020 Convergence. 
Was this due to familiarity with use of TNF 
inhibitors (TNFis) over the past 22 years 
compared with a maximum of 7 years’ expe-
rience with tofacitinib in the USA? RCT data 
in RA have shown more rapid onset of benefit 
with JAKis than TNFis with benefits in pain 
and PtGA reported at 2.5 days and maximal 
efficacy at 3 months rather than 4–6 months.3 
Superiority of both baricitinib 4 mg+MTX and 
upadacitinib 15 mg+MTX versus adalimum-
ab+MTX has been demonstrated in MTX-IR 
patients with RA13 14, as well as non-inferiority 
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with tofacitinib 5 mg+MTX and filgotinib 100/200 
mg+MTX in this population.15 16 Remission rates at 3 and 
6 months from these trials certainly support the choice of 
a JAKi (table 1).

RCTs in csDMARD-naive patients with RA have demon-
strated the superiority of JAKi monotherapy (tofaci-
tinib, baricitinib, upadacitinib and filgotinib) to MTX, 
by disease activity measures as well as PROs with even 
larger improvements in this less treatment experienced 
population.17–20 In ORAL-START and SELECT-EARLY, 
patients reporting improvements ≥MCID in PtGA, Pain, 
HAQ, HRQOL and FACIT-F scores ranged from 47% to 
88%, with NNTs generally ≤10 and 23%–58% reporting 
scores≥normative values at 3 or 6 months.21 22

The safety profiles of the approved JAKs (ruxolitinib, 
tofacitinib, baricitinib, upadacitinib, filgotinib) have 
been well characterised based on RCTs in their respective 
approved indications as well as ongoing work (table 2). 

Their profile is similar to the TNFis with a few notable 
exceptions: higher incidence of herpes zoster infections; 
despite elevations of HDL and LDL, a ‘less atherogenic 
profile’, due to increased cholesterol efflux capacity asso-
ciated with decreases in CRP23–25; GI perforations, more 
common than TNFis but less common than with tocili-
zumab, and the newly emerging profile of venous throm-
boembolic events (VTEs): deep vein thromboses (DVTs) 
and pulmonary embolisms (PEs). Laboratory changes 
require monitoring but typically are not clinically rele-
vant. They include transient changes in lymphocytes 
and platelets with baricitinib, NK cells and neutropenia 
(tofacitinib and baricitinib), haemoglobin decreases 
(baricitinib and upadacitinib) and LFT elevations.26–28 
CPK increases reflect reversal of inflammation-induced 
inhibition of myoblast differentiation29 and serum creat-
inine increases are generally idiosyncratic and reversible 
with discontinuation of therapy.

Table 1  Remission rates in csDMARD-IR patients: at 3 and 6 months

Tofacitinib 5 mg and 10 mg52 DAS28(CRP): 18–22% DAS28(CRP): 25–40%

 �  SDAI: 4–7%, CDAI: 5–6% SDAI: 7–15%, CDAI: 7–15%

 �  Boolean: 2–7% Boolean: 6–12%

Baricitinib 2 mg and 4 mg53 54 DAS28(CRP): 19–26% DAS28(CRP): 31–35%

 �  SDAI: 8–9%, CDAI: 8–10% SDAI: 15–17%, CDAI: 15–16%

 �  Boolean: 7% Boolean: 12–13%

Upadacitinib 15 mg55 DAS28(CRP): 28–31% DAS28(CRP): 39–41%

 �  SDAI: 12–14%, CDAI: 13% SDAI: 15–20%, CDAI: 13–21%

 �  Boolean: 7–10% Boolean: 9–19%

Filgotinib 100 mg and 200 mg56 57 DAS28(CRP): 24% DAS28(CRP): 35–48%

 �  SDAI: 9–13%, CDAI: 11–12% SDAI: 18–23%, CDAI: 19–21%

 �  Boolean: 7–10% Boolean: 14–19%

CDAI, Clinical Disease Activity Index; DAS28(CRP), Disease Activity Score28(CRP); SDAI, Simplified Disease Activity Index.

Table 2  Comparison of JAK/STAT inhibitor safety profiles: incidence per 100 patient years (PYs) exposure in RA

Tofacitinib58

JAK 3/1/2, phases II and III
5 mg and 10 mg, n=7061

Baricitinib59

JAK 1/2, phase III
2 mg and 4 mg, n=3770

Upadacitinib60 61

JAK 1/2, phase III
15 mg, n=2629

Filgotinib62 63

JAK 1, phases I–III
100 mg and 200 mg, n=3691

PYs/median follow-up 22 874/3.1 years 13 148/4.2 years 4566/1.7 years 6081/1.6 years

SIEs 2.5 2.7 3.2 1.8

OIs 0.4 0.5 0.7 0.1

Tb 0.2 0.2 2.3 <0.1

Herpes zoster: non-serious and 
serious

3.6 3.0 3.4 1.6

Malignancy (excluding NMSC) 0.8 0.9 0.9 0.5

Lymphoma 0.05 0.06 NR NR

NMSC 0.6 0.3 0.3 0.2

MACE 0.4 0.5 0.5 0.6

DVT/PE 0.3 0.5 0.5 0.15

GI perforations 0.1 0.04 0.05 <0.1

DVT/PE, deep vein thrombosis/pulmonary embolism; MACE, major cardiovascular event; NMSC, non-melanoma skin cancers; NR, not reported; OIs, opportunistic 
infections; RA, rheumatoid arthritis; SIEs, serious infections; Tb, Tuberculosis.
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At the time of tofacitinib approval in the USA, a 
comparison of serious infections (SIEs) to the bDMARDs 
in RCTs and LTE in RA indicated a similar or lower inci-
dence with the JAKi: 2.93/100 patient years (PYs) expo-
sure compared with the TNFis, combined: 4.90; 5.45 with 
tocilizumab; 3.72 with rituximab and similar to abata-
cept: 3.04/100 PYs.30 This is similar to the incidence of 
SIEs of 3.0/100 PYs in the baricitinib RCTs and LTE.31 In 
a recently published multidatabase cohort study in the 
USA, including Medicare, Optum and IBM MarketScan, 
the adjusted HRs for hospital admissions due to SIEs 
in patients with RA with tofacitinib was compared with 
seven bDMARDs and was generally higher than etaner-
cept, abatacept and golimumab, similar to adalimumab 
and certolizumab and lower than infliximab.32

In this same study, the incidence of herpes zoster 
infections was uniformly higher with tofacitinib than 
the comparator bDMARDs. In the German RABBIT 
registry of 12 470 patients with RA enrolled between 
2007 and 2019 with ≥1 follow-up of the incidence/100 
PYs was 2.49 with JAKis, statistically greater than with 
csDMARDs: 0.58/100 PYs.33 Across all RCTs in RA, the 
incidence of herpes zoster increased with increasing 
age, higher dose groups and in Asian populations, espe-
cially Japan and Korea. Recently published GWAS data 
identified population-specific genetic links associated 
with increased herpes zoster risk.34 The incidence of 
herpes zoster infections with tofacitinib was 3.6/100 PYs 
and increased with all doses of glucocorticoids from >0 
mg to ≥7.5 mg four times a day.35 36 The incidence with 
baricitinib was 3.3/100 PYs29 and with upadacitinib was 
3.4/100 PYs,37 without association with glucocorticoid 
use but increased in those with prior zoster infections. 
The incidence with filgotinib is lower: 1.6/100 PYs. 
Although the FINCH-2 RCT was conducted in Japan, the 
filgotinib clinical development programme in RA was 
smaller and more limited in overall exposure than the 
other approved JAKis (table 2). The majority of herpes 
zoster infections involved single dermatomes and were 
not disseminated or considered serious adverse events. A 
preliminary report of vaccination with the recombinant 
adjuvanted Shingrix vaccine from Skane Hospital, Lund, 
Sweden, indicated it to be well tolerated in those receiving 
JAKis with positive antibody responses in 30/40 (75%) 
compared with 100% (n=20) controls.38 These data are 
promising, especially as the live attenuated Zostavax is no 
longer available in the USA and there remains concern 
for use of such live vaccines in patients receiving immu-
nosuppressive medications.

An increased incidence of VTEs with JAKis was first 
noted in the placebo-controlled portion of the barici-
tinib phase III RCTs in RA in patients receiving 4 mg: 
1.3/100 PYs yet none with the 2 mg dose.39 Including the 
extension studies, the overall incidence was 0.3/100 PYs. 
The incidence of DVTs/PEs is known to be increased in 
RA, estimated in the range of 0.3–0.8/100 PYs in patients 
receiving DMARDs and bDMARDs.40–42 A recent study 
in the Swedish register linked this increase with disease 

activity: approximately twice the incidence in patients 
with high disease activity than those in remission.43 A 
signal for VTEs emerged in the phase II upadacitinib 
RA RCTs, but in phase III, the incidence was similar to 
those in MTX and adalimumab treatment groups. There 
was not an increased incidence of VTEs evident in the 
large RA clinical development programme with tofaci-
tinib: incidence: 0.3/100 PYs with both doses (table 2). 
Adjusted Kaplan-Meier plots did not reveal a signifi-
cant difference between tofacitinib (5.6% and 5.8%) 
and the TNFis in 34 074 and 17 086 patients with RA, 
respectively, in the Truven and Medicare databases in 
the USA between 2013 and 2018.44 A signal emerged 
with the 10 mg dose in the post approval cardiovascular 
(CV) safety study comparing tofacitinib to either adalim-
umab or etanercept. This led to FDA and EMA warnings 
regarding the use of the 10mg dose, and boxed warnings 
were added to the labels of the three approved JAKis in 
the USA in July and August 2019.45 46 A recent analyses 
of patients with underlying CV risks receiving the 10mg 
tofacitinib dose in the RA RCTs revealed an incidence 
ratio for PEs of 0.24 (0.13–0.41) and for those in the CV 
safety trial of 0.54 (0.32–0.87).47 The majority of patients 
reported with VTEs have had a prior event, and the use 
of glucocorticoids, NSAIDs and COX-2s are known to 
increase the risk for VTEs and arterial thromboembolic 
events (ATEs). However, no plausible mechanistic expla-
nation has been identified for VTEs or ATEs as a ‘class 
effect’ of JAKi administration. Nonetheless, caution and 
anticoagulation should be considered with their use.

Part of the question is why the JAKis have been so 
rapidly and enthusiastically adopted in rheumatology, 
whereas they have been met with more caution, even 
concern, in dermatology despite dramatic results in 
alopecia areata, vitiligo and atopic dermatitis, similarly 
in psoriasis but without regulatory approval. Certainly, 
VTEs are a concern but such events have rarely, if ever, 
been reported in dermatologic conditions. Perhaps, part 
of the difference is that rheumatologists are familiar with 
and accustomed to treating systemic diseases, as well as 
the multiple comorbidities that occur frequently in our 
patients.

Another concern is pregnancy. Long-term experience 
and specific studies in pregnant and lactating women 
have given us confidence in the use of TNFis. Much 
more limited data are available with the JAKis, specifically 
tofacitinib. Two series have been published based on the 
databases for the RA and psoriasis trials and another in 
ulcerative colitis.48 49 In the first series of 47 pregnancies, 
there was one congenital pulmonary valve stenosis, seven 
spontaneous abortions and eight medical terminations; 
healthy newborns were reported in 25 pregnancies. Of 
44 paternal exposures, 5 spontaneous abortions and 23 
healthy newborns were reported. In ulcerative colitis of 
11 pregnancies and 14 paternal exposures, no congen-
ital malformations were reported, 2 spontaneous abor-
tions, 2 medical terminations and 15 healthy newborns. 
In contrast, preclinical reproductive toxicology studies in 
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rats and dogs with the 200 mg dose of filgotinib were asso-
ciated with decreased sperm counts and motility. Specific 
trials in men with inflammatory bowel disease and RA to 
demonstrate reversibility of any observed sperm abnor-
malities have not yet been completed. However, following 
a complete response letter from FDA, Gilead has with-
drawn its new drug application in the USA. This was not 
an apparent concern for either EMA or Japanese regu-
lators where filgotinib was approved in September 2020.

Regulatory requirements prohibit and no current ther-
apeutic guidelines recommend use of the JAKis in the 
csDMARD-naive population, despite their strong efficacy 
and PRO data. This may in part be due to cost restric-
tions in both the USA and EU. Despite these agents 
being far less expensive to manufacture than bDMARDs, 
even biosimilars, access to their use is often determined 
by insurance and other requirements in the USA, and 
limited in the EU by individual governmental restric-
tions and tendering systems. Given their tolerability, 
convenience and short pharmacokinetic and pharma-
codynamic half-lives, shorter than any other therapeutic 
agents in rheumatology, JAKis would appear to be an 
obvious choice.

The question remains when will rheumatologists be 
ready to change their longstanding therapeutic practice? 
Is it because we lack long-term safety data from registries, 
with exception of tofacitinib which was introduced in the 
USA in 2012? And will long-term efficacy and improved 
adherence counteract the increased costs or will we be 
forced to wait until the first agent of this class becomes 
generic?

In conclusion, the JAK Inhibitor class is an exciting 
development for rheumatology and a broad variety of 
autoimmune diseases. Based on phase III RCTs in RA, 
responses are better in earlier disease duration, less treat-
ment experienced patients, so they should be used early. 
They have well-established benefits in RA, with head-to-
head comparisons against adalimumab indicating equiv-
alent or superior efficacy and all are superior to MTX in 
MTX-naive patients. They are convenient, easy to travel 
with, without requiring injections. With half-lives that 
range in hours, adverse events can often resolve over a 
short time frame; even their pharmacodynamic effects 
have shorter duration than TNFis.50 Risks with JAKi use 
have been identified: there is a need for recombinant 
attenuated antivaricella zoster vaccination and careful 
history and attention to risk factors for VTEs and ATEs, 
surveillance for SIEs and malignancies. Despite differing 
cytokine signalling selectivities, they share similar clinical 
efficacy and safety profiles. There appears to be ample 
evidence for JAKis to be considered as substantive alter-
natives to TNFis.

ADDENDUM TO rmdopen-2021–0 01 565 .R1
Since this manuscript was revised and accepted for 

publication, a recent press release summarised the 
results of the tofacitinib CV safety study, ORAL Surveil-
lance (A3921133; NCT02092467) in patients with RA 
and ≥2 CV risk factors.51 The primary endpoint of 

non-inferiority of tofacitinib to TNFis for incidence 
of major CV events (MACEs) and malignancies was 
not met, with an increased HR of 1.33 for MACEs and 
1.48 for malignancies, excluding non-melanoma skin 
cancers, with both 5 mg and 10 mg doses. These data 
raise concerns, as a similar increased incidence of DVTs/
PEs with tofacitinib has emerged in this same population 
as well as those with underlying CV risk factors in the 
RCTs. Possible explanations may include that this specific 
population shares similar risk factors for the CV events 
as well as malignancies. They could also include longer 
disease duration and potentially longer periods of time 
with inadequate disease control. But the fact that we do 
not see this to be true with TNFis is troubling. A plausible 
mechanistic explanation for such differences between 
JAKis and TNFis is lacking—but it is difficult to argue 
with evidence.

More data will become available over the next several 
months which may help us make better informed clinical 
decisions about which class of therapies to use in which 
patient populations with RA. In the meantime, we are 
already aware that we should carefully consider the use 
of JAKis in those patients with underlying CV risk factors 
in terms of PEs/DVTs, and now similarly for MACEs and 
malignancies. And these data underscore the importance 
of the long-term clinical experience we have with the use 
of TNFis—over 22 years.
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