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Abstract
Purpose of Review To discuss the potential role of JAK inhibitors (JAKis) as a new therapeutic class for the treatment of axial
spondyloarthritis (axSpA, including ankylosing spondylitis [AS] and non-radiographic axSpA [nr-axSpA]).
Recent Findings A phase III randomized controlled trial of tofacitinib (a “pan JAKi”) in patients with active AS was found to be
superior to placebo in achieving the ASAS20 primary endpoint at week 16 (56.4% and 29.4%, p < 0.0001, phase II trials of AS).
Upadacitinib, a JAK1 inhibitor, has also been evaluated in a phase III trial for its efficacy and safety in AS. The primary endpoint,
ASAS40 at week 16, was reached by 52% of the patients randomized to upadacitinib and 26% of the patients receiving placebo (p
= 0·0003). All the important secondary endpoints also improved with both agents. No new changes in their safety profile were
noted. However, the more frequent occurrence of cardiovascular and cancer adverse events associated with tofacitinib than with
TNFi observed in the very recent post-marketing “ORAL surveillance” safety study, the results of which were released on
January 27, 2021, may lead to safety concerns swirling around the whole class of JAKis.
Summary JAKis seem to be effective in treating signs and symptoms of AS but have not been studied in nr-axSpA. Both
tofacitinib and upadacitinib have been pre-registered with the FDA for the treatment of AS. Upadacitinib has just recently
received approval for this indication in the European Union..
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Introduction

Inflammatory cytokines play a major role in the pathogenesis
of immune-mediated chronic inflammatory diseases.
Cytokines are rarely produced alone and play their role in a
complex network with others [1]. They perform many func-
tions and can act synergistically or antagonistically. They can
be produced bymore than one type of cell and exert redundant
and pleiotropic functions, which may be different in different
tissues. The release of one cytokine may influence the

production of, or response to, several others. These features
all point out to the complexity of interplay between different
immune cell types and between different cytokine networks
involved in the pathogenesis of different chronic inflammato-
ry diseases. Nevertheless, single anti-inflammatory cytokine–
targeting strategies, using monoclonal antibodies or receptor
constructs against tumor necrosis factorα (TNFα), interleukin
(IL)-1, IL-6, IL-17A, and IL-23, have been successful in the
treatment of several chronic inflammatory conditions [2–5].

Blocking one single cytokine, like TNFα, is effective in a
wide spectrum of chronic inflammatory diseases, including
even some seemingly unrelated ones, such as ankylosing
spondylitis (AS), rheumatoid arthritis (RA), and hidradenitis
suppurativa [2]. This indicates that common inflammatory
pathway(s) may be implicated in the pathogenesis of different
inflammatory diseases. On the other hand, targeting IL-17
may show efficacy in only a subset of diseases, which are
known to respond well to TNF inhibitors (TNFis), but not in
all of them [5]. AS, psoriasis, and psoriatic arthritis (PsA) are
effectively treated by IL-17 inhibitors, but RA, which is unre-
lated to spondyloarthritis (SpA), inflammatory bowel disease
(IBD), and uveitis, do not respond to anti-IL-17 agents [5].
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Targeting IL-23, which is required for the optimal expansion
and activation of Th17 cells [6], is very effective in psoriasis
but not in AS [5, 7, 8]. Similarly, IL-1 and IL-6 are also among
the key regulators in the differentiation of human Th17 cells
[6], but blockers of these cytokines have not shown any effi-
cacy in AS [4, 9–11].

All this information suggests that the lack of response to a
single anti-cytokine therapy in a chronic inflammatory disease
may not entirely exclude a pathogenic role for that cytokine
because of the redundant and pleiotropic nature of cytokines.
Targeting a combination of such cytokines that have failed as
single treatment targets, despite their involvement in the in-
duction and perpetuation of the inflammatory process in that
particular disease, may still be an effective therapeutic strate-
gy. To this purpose, targeting Janus kinases (JAKs) can be a
potential strategy for the treatment of chronic inflammatory
diseases, since they are associated with receptors of numerous
cytokines [12].

Cytokine binding to its receptor on the cell surface leads to
dimerization of the receptor and activation of the JAKs, which
subsequently phosphorylate the tail of receptors on tyrosine,
creating docking sites for signaling molecules, especially
members of the signal transducer and activator of transcription
(STAT) family. Dimers of STATs are then phosphorylated by
JAKs and translocate to the nucleus, where they regulate the
expression of cytokine-responsive genes (Fig. 1) [13–15].

JAKs are a family of non-receptor protein tyrosine kinases
with four members: JAK1, JAK2, JAK3, and Tyrosine kinase
2 (Tyk2). Distinct combinations of homodimers of JAK pro-
teins selectively associate with different cytokine receptors,
which consist of multiple (usually two) protein chains (Fig.
2) [13, 15–17]. Hence, the inhibition of each JAK member
interferes with the downstream signal transduction of relevant
cytokines, which make JAK proteins an attractive target for
the treatment of several chronic inflammatory diseases [12,
18, 19].

JAK Inhibitors (JAKis) in AS

A significant proportion of patients with active AS treated
with TNFis discontinue their treatment due to failure or inad-
equate response [20]. Although, IL-17 inhibitors may be ef-
fectively used in such patients, response rate is generally low-
er compared to TNFi-naïve patients [21]. Therefore, there is
still a considerable number of patients with AS, whose disease
activity cannot be adequately suppressed despite the use of
currently approved biologic drugs. Therefore, it is expected
that JAKis may reduce the unmet need for treatment options in
AS.

Currently, three JAKis, tofacitinib, baricitinib, and
upadacitinib, are approved for the treatment of RA in the
USA and EuropeanUnion. JAKis are also being used to tackle

other autoimmune disorders, and tofacitinib has been ap-
proved also for the treatment of PsA and ulcerative colitis
(UC). Even alopecia areata is a possible target, as studies have
found that these drugs help trigger new hair growth [17].
Moreover, phase II and phase III trials of tofacitinib [22,
23], a phase II/III trial of upadacitinib [24••], and a phase II
trial of filgotinib [25•] all showed good therapeutic response
in adults with AS. Interestingly, neither the TNF nor the IL-
17A signal through JAK-STAT signaling pathway, whereas
IL-23 and IL-6 use JAK-STAT pathway, and phase III trials
with monoclonals targeting IL-23 and IL-6 showed no effica-
cy in AS [7, 8, 10, 11].

Tofacitinib

Tofacitinib mainly inhibits JAK1 and JAK3 and, to a lesser
extent, JAK2 but has little effect on TYK2 [13]. It is approved
for the treatment of RA, PsA, and UC both in the USA and
Europe and polyarticular course juvenile idiopathic arthritis
(JIA) in the USA. It is pre-registered with the Food and
Drug Administration (FDA) for the treatment of AS, after
the positive results of a recent phase III study in adults with
active AS [23]. A previous phase II dose ranging study had
noted higher Assessment of SpondyloArthritis International
Society (ASAS) 20 response rates in adult AS patients treated
with 2, 5, or 10 mg twice daily doses of tofacitinib over 12
weeks than with placebo, but the difference did not reach
statistical significance in tofacitinib 2 mg and 10 mg groups
[22]. In the same study, significant improvements were ob-
served with 5 and 10 mg tofacitinib than placebo, in most of
the secondary endpoints assessed, including magnetic reso-
nance imaging (MRI) inflammation scores in the spine and
the sacroiliac joints.

After the completion of the phase II study, the manufactur-
ing company Pfizer waited for more than 3 years to initiate a
phase III study with tofacitinib for the AS indication, the re-
sults of which were presented at the American College of
Rheumatology Convergence 2020 meeting and demonstrated
its efficacy [23]. This randomized, double-blind, placebo-
controlled study enrolled adult patients with active AS who
had an inadequate response or intolerance to ≥ 2 non-steroidal
anti-inflammatory drugs (NSAIDs). All patients met modified
New York Criteria based on centrally read radiographs.
Patients with complete ankylosis of the spine were ineligible.
About 23% of the patients had prior exposure to TNFis.

A total of 269 patients were randomized in a 1:1 ratio to
receive tofacitinib 5 mg twice daily or placebo during the 16-
week double-blind phase of the study, after which all patients
were switched to open-label tofacitinib for up to week 48 [23].
The primary endpoint was ASAS20 response at week 16. It
was achieved by 56.4% and 29.4% of the patients taking
tofacitinib and placebo, respectively (p < 0.0001). ASAS40
response at the same time point was the key secondary
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endpoint and was met by 40.6% of the patients receiving
tofacitinib versus 12.5% of the patients on placebo (p <
0.0001) (Fig. 3). Type I error-controlled secondary efficacy
endpoints were also improved significantly.Moreover, greater
improvements were observed from baseline to week 16 in the
tofacitinib group compared with placebo for disease activity
(Ankylosing Spondylitis Disease Activity Score–C-reactive
protein [ASDAS-CRP]), objective inflammation markers
(high-sensitivity CRP), mobility measures (Bath Ankylosing
Spondylitis Metrology Index), and patient-reported outcomes
related to health status, such as quality of life (Short Form-36
Health Survey Version 2 Physical Component Summary), an-
kylosing spondylitis quality of life score, and fatigue
(Functional Assessment of Chronic Illness Therapy-Fatigue
score) (Table 1). ASAS20 responder rates at week 16 in the
active treatment versus placebo groups were 61% versus 33%
among biologic disease modifying anti-rheumatic drug
(DMARD)–naïve patients and 39% versus 16% among

biologic DMARD-exposed patients. Improvements in
ASAS20 and ASAS40 were evident as early 2 and 4 weeks,
respectively. No new safety signals were recorded. Based on
these positive results, Pfizer filed an application with the FDA
for the indication for treatment of adult patients with active
AS.

Upadacitinib

Upadacitinib is a selective JAK1 inhibitor, with a greater se-
lectivity for JAK1 and JAK2 than for JAK3 and TYK2 as
shown in a cell-free isolated enzyme assay [27]. It is approved
for the treatment of RA by the FDA and the EuropeanMedical
Agency (EMA). It has just recently received approval from
the EMA for the treatment of AS and PsA [28]. It is also pre-
registered with the FDA for the treatment of AS. The approval
from EMA for the AS indication was based on a multicenter,
randomized, double-blind, placebo-controlled phase II/III

Fig. 1 Cytokine signaling through the Janus kinase–signal transduction
and activation of transcription (JAK–STAT) pathway. Cytokine binding
to its receptor on the cell membrane leads to activation and
phosphorylation of the JAKs and their associated receptors in the
cytoplasm. This in turn leads to phosphorylation and recruitment of

STATs via their SH2 domains, resulting in activated STATs
homodimer or heterodimer forms that translocate to the nucleus. There
they bind to their specific DNA-binding sites and initiate gene
transcription
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study which evaluated the efficacy and safety of upadacitinib
15mg once daily (n = 93) in comparison with placebo (n = 94)
in adult patients with active AS [24••]. Study entry eligibility
criteria included fulfillment of the modified New York
Criteria, inadequate response to maximum tolerated doses of
at least two NSAIDs, and no exposure to biologic treatment.
Patients with complete ankylosis of the spine were excluded.

The primary endpoint was ASAS40 response at week
14, and it was achieved by 52% of the patients on
upadacitinib versus 26% of the patients on placebo (p =
0·0003) (Fig. 3). Significant improvement in clinical out-
comes was noted as early as week 2. Multiplicity-adjusted
p values were significant for the differences between
upadacitinib versus placebo for the change in ASDAS,
Spondyloarthritis Research Consortium of Canada
(SPARCC) MRI spine, and Bath Ankylosing Spondylitis
Functional Index scores from baseline to week 14 and
Bath Ankylosing Spondylitis Disease Activity Index 50 re-
sponse and ASAS partial remission rates at week 14
(Table 1). ASAS partial remission was reached by 19%
and 1% of the patients taking upadacitinib and placebo,
respectively (p < 0.0001) (Fig. 3). Improvements in
Maastricht Ankylosing Spondylitis Enthesitis Score, Bath
Ankylosing Spondylitis Metrology Index, Ankylosing
Spondylitis Quality of Life, and ASAS Health Index at

week 14 were observed with upadacitinib versus placebo
(nominal p values < 0.05), as well as in ASAS20 and
SPARCC MRI sacroiliac joint scores (nominal p = 0·001
and p < 0·0001, respectively) (Table 1) [24, 26]. Higher
percentage of patients achieved ASDAS major improve-
ment, ASDAS clinically important improvement, ASDAS
low disease activity, and ASDAS inactive disease at week
14 with upadacitinib treatment than with placebo (nominal
p < 0.0001 for all comparisons). Improvement in the mean
ASDAS value and ASDAS major improvement rate were
noted as early as 2 weeks. The improvements observed at
primary time point were maintained with an upward trend
up to week 64. Safety findings were consistent with previ-
ous upadacitinib studies in other indications, with no new
safety signal [29].

Filgotinib

Filgotinib is a selective JAK1 inhibitor as shown in biochem-
ical assays, with greater than 5-fold higher potency for JAK1
over JAK2, JAK3, and TYK2. It has been approved for the
treatment of RA in Europe and Japan, but not in the USA. The
FDA has issued a complete response letter in response to the
drug maker Gilead’s filing for approval of filgotinib in RA
and requested safety data from the two ongoing phase II trials

Fig. 2 Consequence of blocking key immunoregulatory cytokines and
growth factors by different JAK inhibitors on biologic functions (adapted
from reference [15]). EPO, erythropoietin; granulocyte colony-

stimulating factor (G-CSF); GH, growth hormone; GM-CSF,
granulocyte–macrophage colony-stimulating factor; IL, interleukin;
IFN, interferon; TPO, thrombopoietin; TYK, tyrosine kinase
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which aim to assess the testicular toxicity of the drug.
Thereupon the drug maker has announced that it will no
longer pursue FDA approval for RA and paused the two
ongoing phase III trials for AS, as well as the ongoing trials
for PsA and uveitis [30]. Thus, it is very unlikely that the

company will continue the clinical development for the AS
indication.

Efficacy and safety of filgotinib were evaluated in patients
with active AS in TORTGUGA phase II trial, which random-
ized 116 patients in a 1:1 ratio to receive filgotinib 200 mg or

Table 1 Mean change from baseline to endpoint in several secondary efficacy measures with JAK inhibitors as compared with placebo in trials of AS

Tofacitinib 5 mg twice daily (n = 133) [23] Placebo (n = 136) p value

Some of the type I error-controlled secondary endpoints, tested in the sequence below

ASDAS − 1.46 − 0.37 < 0.0001

hsCRP (mg/dL) − 1.05 − 0.09 < 0.0001

ASqOL − 4.03 − 2.01 0.0001

SF-36v2 PCS 6.69 3.14 < 0.0001

BASMI-linear method − 0.63 − 0.11 < 0.0001

FACIT-F total score 6.54 3.12 0.0008

Change in ASDAS components, tested in the sequence below

Patient global assessment − 2.47 − 0.91 < 0.0001

Total back point − 2.57 − 0.96 < 0.0001

BASFI − 2.05 − 0.82 < 0.0001

Inflammation (morning stiffness) − 2.69 − 0.97 < 0.0001

Upadacitinib 15 mg once daily (n = 94) [24, 26] Placebo (n = 93) p value

Multiplicity-controlled analysis using the Hochberg procedure; test sequence is not shown

ASDAS − 1.5 − 0.5 < 0.001*

BASFI − 2.3 − 1.3 < 0.001*

MASES − 2.3 − 1.4 0.049

BASMI − 0.4 − 0.1 0.03

ASqOL − 4.2 − 2.7 0.016

WPAI − 18.1 − 12.6 0.19

ASAS HI − 2.8 − 1.4 0.007

SPARCC MRI Spine − 6.9 − 0.2 < 0.001*

SPARCC MRI Sacroiliac joints − 3.9 − 0.2 < 0.0001

hsCRP − 8.2 0.18 < 0.0001

Filgotinib (n = 58) [25] Placebo (n = 58) p value

BASDAI − 2.4 − 1.4 0.0052

hsCRP − 10.8 − 2.2 < 0.0001

ASDAS − 1.5 − 0.6 < 0.001

BASFI − 2.5 − 1.2 0.0015

BASMI − 0.8 − 0.4 0.0093

ASqOL − 4.8 − 2.2 0.0038

SF36 PCS 8.4 3.8 0.0008

SF36 MCS 4.0 1.0 0.07

SPARCC MRI Spine − 5.8 − 0.5 0.0066

SPARCC MRI Sacroiliac joints − 3.5 − 0.1 0.0150

*Significant in multiplicity-controlled analysis. Nominal p values are shown

ASAS20 Assessment of SpondyloArthritis International Society 20 response, ASAS40 Assessment of SpondyloArthritis International Society 40 re-
sponse, ASAS HI ASAS Health Index, ASDAS Ankylosing Spondylitis Disease Activity Score, ASQoL ankylosing spondylitis quality of life score,
BASDAI Bath Ankylosing Spondylitis Disease Activity Index, BASFI Bath Ankylosing Spondylitis Functional Index, BASMI Bath Ankylosing
Spondylitis Metrology Index, FACIT-F Functional Assessment of Chronic Illness Therapy-Fatigue, hsCRP high-sensitivity C-reactive protein,
MASES Maastricht Ankylosing Spondylitis Enthesitis Score, SF36 MCS Short Form-36 Health Survey Mental Component Score, SF36 PCS Short
Form-36 Health Survey Physical Component Score, SF-36v2 PCS Short Form-36 Health Survey Version 2 Physical Component Summary, SPARCC
Spondyloarthritis Research Consortium of Canada. WPAI work productivity and activity impairment
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placebo once daily for 12 weeks [25•]. Eligible patients were
active AS adult patients who had shown inadequate response
or intolerance to two ormore NSAIDs and who all fulfilled the
modified New York criteria. Exclusion criteria included prior
use of more than one TNFi and presence of total spinal anky-
losis. About 10% of the enrolled patients had prior exposure to
TNFis. The primary endpoint was the change in ASDAS from
baseline to week 12. Significantly greater change in ASDAS

was noted at week 12 in patients treated with filgotinib than
with placebo, with a mean change from baseline of − 1.47 (SD
1.04) versus − 0.57 (0.82) (p < 0.0001) (Fig. 3F). More pa-
tients in the filgotinib arm showed higher response rates for
ASAS20 (76% vs 40%, p < 0.0001) (Fig. 3) and ASDAS
major improvement (33% versus 2%, p < 0.0001) at 12 weeks
compared with placebo. Improvements in several other clini-
cal outcome measures were also observed (Table 1). The
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Fig. 3 Clinical response rates with JAK inhibitors in patients with AS and
time course of the response of the relevant primary outcome in the
individual studies: a ASAS20 (primary endpoint) and ASAS40 (key
secondary endpoint) responses with tofacitinib 5 mg twice daily versus
placebo at week 16. b ASAS20, ASAS40 (primary endpoint), ASAS
partial remission, and BASDAI50 responses with upadacitinib 15 mg
once daily versus placebo at week 14 (*Significant in multiplicity-
controlled analysis. Nominal p values are shown). c ASAS20, ASAS40,
ASAS 5/6, and ASAS partial remission with filgotinib 200 mg once daily
versus placebo at week 12. d ASAS20 response rates with tofacitinib

5 mg twice daily versus placebo over 12 weeks. (e) ASAS40 response
rates with upadacitinib 15 mg once daily versus placebo over 14 weeks.
(f) ASDAS change from baseline with filgotinib 200 mg once daily
versus placebo (primary outcome) over 12 weeks. ASAS20,
Assessment of SpondyloArthritis International Society 20 response;
ASAS40, Assessment of SpondyloArthritis International Society 40
response; ASDAS, Ankylosing Spondylitis Disease Activity Score;
BASDAI50, at least 50% improvement from baseline in Bath
Ankylosing Spondylitis Disease Activity Index
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difference between the placebo and filgotinib in change in
ASDAS from baseline was significant by week 1 (Fig. 3).
For most improvements, a separation from placebo was noted
at 4–8 weeks [25•].

Other JAKis

SHR0302 is a novel, potent, orally administered selective
Janus kinase type 1 inhibitor developed in China, and its de-
velopment program includes a phase II/III study to evaluate its
efficacy and safety in active AS patients (NCT04481139).
The study was started in October 2020 and is expected to be
completed in February 2023. Clinical development programs
of any other JAKis do not include AS indication.

Safety

The safety data fromAS trials of JAKis include small number of
patients with a short follow-up. They showed no new safety
signal and were consistent with the previously reported safety
profiles in RA and other chronic inflammatory diseases.
Considering that patients with AS are more likely to be young
and male and are less likely to be using glucocorticoids or meth-
otrexate concomitantly, they may theoretically have a lower risk
for some of the adverse effects observed with JAKis in RA
patients. On the other hand, because patients with AS often
use NSAIDs, they may theoretically be more prone to some
other adverse effects, such as gastrointestinal perforation, which
is a rare but serious adverse event (AE) of JAKis. The bulk of
the available data on the safety of JAKis are derived from the
first generation JAKis generated from RA studies, predominant-
ly from tofacitinib, with safety data reported up to 9.5 years [31].
Data with the newer JAKis are much more limited, with safety
data available with upadacitinib up to 3 years [32].

There is a large overlap between the safety profiles of dif-
ferent JAKis, despite differences in their JAK selectivity pro-
file [33, 34, 35•, 36]. Changes in laboratory parameters have
been observed with all JAKis with some minor differences
(Table 2 lists the data in VISUALFORM©, copyrighted by
us) [36]. Hematological adverse effects include neutropenia,
which is observed with all JAKis [33]. Platelets decrease with
tofacitinib and filgotinib treatment within normal ranges. An
initial transient increase in platelet counts observed with
baricitinib disappears during treatment [37] and minimally
changes with upadacitinib treatment [38]. Hemoglobin may
initially decrease and then slowly improve with baricitinib,
tofacitinib, and filgotinib, while upadacitinib treatment has
little impact on hemoglobin [34, 37, 38]. Elevations in liver
transaminase, creatine kinase, total cholesterol, and serum cre-
atinine levels are commonly observed with JAKis [33, 36].

Potential serious AEs of JAKis include herpes zoster, seri-
ous infections including tuberculosis (TB), major adverse

cardiovascular events (MACE), venous thromboembolic
events (VTEs), and malignancies (Table 3) [31, 36, 38, 39].
Caution is warranted when comparing the incidence rates of
AEs with different JAKis due to the wide variation in patient-
years of exposure to each drug. Full appreciation of safety
profile of a therapeutic agent requires data from long-term
extension studies as well as data from real-world studies.
They are as of now available only for tofacitinib and discussed
in detail in a recent narrative review [40].

The adverse effects of JAKis have been the target of many
recent meta-analyses. A recent meta-analysis on the safety of
JAKis, which included trials of RA, IBD, psoriasis, or AS,
found no increased risk for serious infection as compared to
placebo [41•]. Another metanalysis involving only RA trials
demonstrated that serious infection rate was not increased with
tofacitinib, 5 mg, twice daily; baricitinib, 2 mg, daily; or
upadacitinib, 30 mg, daily but significantly increased with
tofacitinib, 10 mg, twice daily; baricitinib, 4 mg, daily; and
upadacitinib,15 mg, daily [42]. However, real-world data from
RA patients registered in three US databases indicated that the
risk of serious infection with tofacitinib treatment was signifi-
cantly higher than with etanercept; lower than with infliximab;
numerically higher than with abatacept, golimumab, and toci-
lizumab; and similar to adalimumab and certolizumab [43•].

Tofacitinib was associated with a 2-fold higher risk of her-
pes zoster compared with biologic DMARDs in this and also
in an earlier real-world study [43, 44]. Other JAKis also seem
to increase the risk of herpes zoster infection relative to the
current biologic agents and conventional synthetic DMARDs
[32, 35]. Risk factors for zoster infections include older age,
female sex, East Asian ethnicity, concomitant use of cortico-
steroids, diabetes, history of infections, and hospitalizations
[35, 44]. Available data suggest that JAK2 and JAK3 inhibi-
tion may be associated with a higher risk of zoster infection
than JAK1 inhibition. Blocking JAK2 may be associated with
the highest risk [35, 45].

Opportunistic infections, particularly TB, are of special con-
cern for patients treated with JAKis. This topic was the focus of
a recent systematic review which examined 40 publications
[46•]. The authors identified 79 (0.28%) active TB cases among
28,099 tofacitinib-treated patients, 10 (0.23%) among 4310
baricitinib-treated patients, but none among the 3437 and
1326 patients treated with upadacitinib and filgotinib, respec-
tively. All these TB cases except one were from intermediate-
or high-TB risk countries. Most TB cases involving tofacitinib
had used the 10 mg twice daily dose. Notably, a significant
proportion of TB cases had negative quantiferon test at base-
line. TB occurred after a median time of 9 months after the
initiation of tofacitinib. Absence of any active TB infection in
patients receiving upadacitinib and filgotinib may be due to the
lower number of enrolled patients, the shorter follow-up period,
and limited long-term extension data. Therefore, more long-
term observational data with larger number of patients treated
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with JAK1 inhibitors are needed before concluding that TB risk
is dependent on JAK selectivity.

The concern regarding the thromboembolic AEs of JAKis
was first raised during the approval process of baricitinib in
RA [47, 48]. Regulatory authorities in the USA and Europe
highlighted this risk in the Summary of Product
Characteristics of JAKis. FDA issued a “black box” warning
for the increased risk of thrombosis, including deep vein
thrombosis (DVT), pulmonary embolism (PE), and arterial
thrombosis for baricitinib in 2017 and for Tofacitinib 10 mg
twice daily (authorized for UC) in 2019 [49]. The latter was
based on interim results of the post-marketing “ORAL surveil-
lance” safety study (NCT02092467) comparing the safety of
tofacitinib with TNFis in patients with RA aged ≥ 50 years
and with ≥ 1 cardiovascular risk factor, which revealed an

increased incidence of PE events and all-cause mortality in
the 10 mg twice daily dosing of tofacitinib compared with
TNFi [50]. The results of a systematic review of the FDA’s
Adverse Event Reporting revealed increased reporting rates
for both tofacitinib and ruxolitinib for pulmonary thrombosis,
suggesting the possibility of a class-wide issue [51]. The FDA
approval of upadacitinib for RA also camewith a boxed safety
warning for thromboembolic events [27]. On the other hand,
three meta-analyses of randomized controlled trials of JAKis
did not reveal significant change in the risks of VTE, PE, and
DVT in patients receiving JAKis, compared with placebo [41,
52, 53]. The risk with tofacitinib tended to be lower in the two
studies which provided data for individual JAKis [41, 52].
The same studies found no difference between the placebo
and JAKis in the incidence of MACE. In one of these studies,

Table 2 Effects of JAK inhibitors tested in AS on laboratory parameters, expressed in a VISUALFORM© (based on data from reference [36])

Laboratory 

parameters

Tofacitinib Upadacitinib Filgotinib

Haemoglobin

Lymphocyte count

Platelet count

Liver transaminases

Creatinine kinase

HDL cholesterol

LDL cholesterol

Creatinine

HDL=high-density lipoprotein, LDL=Low-density lipoprotein

Increase Gradual increase Rapid increase followed 

by stabilisation

Decrease Gradual decrease Rapid decrease followed 

by stabilisation

Stable Gradual increase followed by stabilisation
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dose-dependent impact was observed with only baricitinib,
with 2 mg being safer than 4 mg.

The patient population of randomized controlled trials who
are selected by strict inclusion/exclusion criteria may lead to
lower rates of AEs than in the real world. Incidence rates of
DVT, PE, and arterial thromboembolism estimated by analy-
sis of the data from tofacitinib development programs were
roughly consistent with the estimates based on the observa-
tional data from the US Corrona registries and MarketScan
databases [54•]. In conclusion, the available evidence from a
range of sources suggests that JAKis are associated with an
increased risk of thrombosis, but the risk is low and mostly
confined to patients with additional risk factors. More data
dealing with the new JAKis are needed to better appreciate
whether it is a class effect. Until then, it is reasonable to avoid
or use cautiously any JAKi in patients with risk factors for
VTE, such as older age, obesity, a medical history of DVT/PE,
or surgery and immobilization, in line with the recommenda-
tions of regulatory authorities [48, 55, 56]. RA, glucocorticoid
use, and NSAIDs should also be kept in mind as potential risk
factors for thromboembolic events [47].

Malignancy is one of the major concerns for patients un-
dergoing treatment with JAKis. A recently published meta-
analysis which reviewed safety data from both interventional
and observational studies of tofacitinib, filgotinib,
upadacitinib, and baricitinib conducted in patients with IBD,
psoriasis, or AS found no increase in the incidence of malig-
nancy in patients receiving JAKis in the controlled periods

[41•]. However, it should be underlined that participants of
randomized controlled trials are selected by tight inclusion
and exclusion criteria. Moreover, the time frame of the ran-
domized controlled trials may underestimate the AE that re-
quire time to develop, likemalignancy [41•]. Long-term safety
data of tofacitinib for up to 9.5 years collected from RA pa-
tients showed a comparable incidence rate of malignancy to
those seen with TNFis and other biologic DMARDs [57].

However, just recently, the above-mentioned post-market-
ing “ORAL surveillance” safety study has been completed,
and the results announced by the manufacturer company indi-
cated that tofacitinib missed the trial’s co-primary endpoints,
which were to show non-inferiority to TNFi in risks for
MACE and cancer [58]. FDA has issued an alert upon the
preliminary results of this study which showed a higher fre-
quency of MACE (9.8 vs 7.3 per 1000 person-years of drug
exposure; HR 1.33, 95% CI 0.91–1.94) and malignancy (11.3
vs 7.7 per 1000 person-years of drug exposure; HR 1.48, 95%
CI 1.04–2.09) with tofacitinib at both 5 and 10 mg twice daily
dosing, compared to patients treated with a TNFi [58, 59].

JAKis in the Guidelines

Tofacitinib is addressed in the 2019 American College of
Rheumatology/Spondylitis Association of America/
Spondyloarthritis Research and Treatment Network recom-
mendations for the treatment of AS and nr-axSpA [60].

Table 3 Safety profiles of JAK inhibitors in doses proposed for the treatment of ankylosing spondylitis*

Adverse events of special interest Tofacitinib [31] Upadacitinib [38] Filgotinib [39]

5 mg BID
N = 3066
PYE = 8171.3
EAIR (95% CI)

15 mg QD
n = 2630
PYE = 2655.1
EAIR (95% CI)

Placebo
n = 1042
PYE = 256.8
EAIR (95% CI)

200 mg QD
n = 2267
PYE = 4047.7
EAIR (95% CI)

Placebo
N = 781
PYE = 302.4
EAIR (95% CI)

Serious infection 2.8 (2.5–3.2) 3.8 (3.1–4.7) 3.1 (1.3–6.1) 1.7 (1.3–2.3) 2.3 (0.9–4.8)

Herpes zoster 3.6 (3.4–3.9) 3.7 (3.0–4.5) 1.2 (0.2–3.4) 1.8 (1.4–2.3) 1.0 (0.2–2.9)

Opportunistic infection 0.3 (0.2–0.5) 0.6 (0.4–1) 1.2 (0.2–3.4) 0.3 0

Tuberculosis 0.1 (0.1–0.2) < 0.1 0 0 0

Malignancies excluding NMSC 0.8 (0.7–0.9) 0.9 (0.5–1.3) 0.4 (0.0–2.2) 0.5 (0.3–0.8) 1.0 (0.2–2.9)

Lymphoma 0.01 (0.00–0.07) < 0.1 0 ND ND

GI perforation 0.1 (0.0–0.2) < 0.1 0 ND ND

MACE 0.4 (0.3–0.6) 0.6 (0.4–1.0) 1.2 (0.2–3.4) 0.5 (0.3–0.7) 1.0 (0.2–2.9)

VTE 0.2 (0.1–0.4) 0.6 (0.3–1.0) 0.4 (0.0–2.2) 0.2 (0.1–0.4) 0.7 (0.1–2.4)

DVT 0.2 (0.1–0.3) ND ND 0.1 (0.1–0.3) 0.7 (0.1–2.4)

PE 0.1 (0.0–0.2) ND ND 0.1 (0.1–0.3) 0.0 (0.0–1.2)

*Data presented here are from integrated safety analyses of pooled data from rheumatoid arthritis trials. The safety data from ankylosing spondylitis trials
of JAK inhibitors include small number of patients with a short follow-up

BID twice daily, DVT deep vein thrombosis, EAIR Exposure-adjusted incidence rates, GI gastrointestinal, ND not described, MACE Major adverse
cardiovascular event, NMSC non-melanoma skin cancer, PE pulmonary embolism, PYE patient-years of exposure, QD once daily, VTE venous
thromboembolism
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According to these recommendations, tofacitinib should be
considered as a last-line therapy after TNFis and IL-17 inhib-
itors for the treatment of adult patients with active AS despite
treatment with NSAIDs. However, tofacitinib should be con-
sidered as the choice of therapy in patients with coexisting
UC, if anti-TNF therapy is not an option, since tofacitinib is
an approved treatment for UC, whereas interleukin-17 inhib-
itors have not been shown to be efficacious in IBD. The panel
based their treatment recommendations on the phase II study
of tofacitinib, which showed benefit in clinical and MRI out-
comes after treatment for 12 weeks [22]. JAKis might be
expected to be addressed more extensively in the next update
of these recommendations, due to both the positive results of
the recently reported phase III studies of JAKis [23, 24] and
the recently safety concerns raised after the announcement of
the results of the above-mentioned post-marketing “ORAL
surveillance” safety study [58, 59].

European League Against Rheumatism (EULAR) has re-
cently published points to consider for the treatment of
immune-mediated inflammatory diseases with JAKis [55••].
These recommendations state that patients should be carefully
evaluated before starting treatment with a JAKi and
questioned about history of malignancy, diverticulitis, and
thromboembolic events. Concomitant medication use, includ-
ing classical NSAIDs, COX-2 inhibitors, glucocorticoids, and
oral contraceptives, are also relevant when screening risk fac-
tors for thrombosis. Age, comorbidities such as diabetes
mellitus and chronic respiratory diseases, the use of glucocor-
ticoids, and recent serious infection all pose a risk for serious
adverse effects.

To avoid serious infection, EMA advises not to use
tofacitinib in people older than 65, if an alternative treat-
ment option is available [55••]. EMA also recommends
not to use baricitinib at a greater dose than 2 mg daily
in patients over 70 years old due to reduced renal function
in the elderly. EULAR consensus statement includes lab-
oratory screening prior to treatment with JAKis, and that
should include complete blood counts and tests for liver
and kidney function and serological tests for HBV and
HCV infection. Chest X-rays and interferon-γ-releasing
assays should be ordered to detect patients with latent
TB infection. Local guidelines should be followed for
administering treatment to prevent reactivation of TB in-
fections or hepatitis. Minimal laboratory monitoring dur-
ing the treatment course should include full and differen-
tial blood counts and liver transaminases and renal func-
tion tests at months 1 and 3 and on periodically, thereaf-
ter, such as every 3 months and lipid levels only at month
3 [55••]. EULAR recommends also annual skin examina-
tion (for detection of skin cancer). It should be kept in
mind that in patients under treatment with JAKis, CRP
and ESR may not increase despite the presence of an
infection [55••].

Treatment should not be initiated with tofacitinib or
upadacitinib if absolute neutrophil count is less than 1000
cells/mm3, absolute lymphocyte count is less than 500 cells/
mm3, or hemoglobin (Hb) level is below 9 g/dL for tofacitinib
and below 8 g/dL for upadacitinib. Treatment should be
interrupted if Hb level falls below 8 g/dL, absolute neutrophil
count drops to less 1000 cells/mm3, or absolute lymphocyte
count decreases to less than 500 cells/mm3 [27, 61]. Treatment
may be reinitiated once the values return above the corre-
sponding cut-off levels. Tofacitinib or upadacitinib should
not be used in patients with severe hepatic impairment
(Child Pugh C). No dose adjustment is needed for mild hepat-
ic impairment (Child Pugh A) [27, 61]. In case of moderate
hepatic impairment (Child Pugh B), dose modification is rec-
ommended for tofacitinib, but not for upadacitinib [27, 61].
Dosage adjustment of Tofacitinib is recommended in the pres-
ence of moderate or severe renal dysfunction but is not needed
for upadacitinib [27, 61].

Generics

A generic version of tofacitinib extended-release tablets, 11
mg, used to treat UC in the USA received a tentative market
approval from the FDA in October 2020. Apparently, even if
tofacitinib gains its expected approval from the FDA for the
treatment of AS in 2021, it will have only four years before its
constraining patent expires in 2025 in the USA.

Concluding Remarks

A considerable number of patients with AS do not respond to
or tolerate the currently available biologics. Therefore, the
positive results obtained in the recent phase III trials of
tofacitinib and upadacitinib have given hope that these novel
agents would provide the unmet need for treatment of such
patients. Their efficacy appears to be comparable to each other
as well as to TNF or IL-17 inhibitors. JAKis have not, as yet,
been studied in nr-axSpA. With regard to their safety profile,
the more frequent occurrence of cardiovascular and cancer
adverse events associated with tofacitinib than with TNFi ob-
served in the very recent post-marketing “ORAL surveil-
lance” safety study that prompted the February 2021 FDA
Drug Safety Communication about tofacitinib may lead to
safety concerns swirling around the whole class of JAKi [58,
59]. For now, FDA held back taking any action against
tofacitinib and did not go beyond suggesting that healthcare
professionals should “consider the benefits and risks of
tofacitinib when deciding whether to prescribe or to continue
patients on the medicine,” and the patients should not stop
taking tofacitinib without first consulting with their physi-
cians. It should be pointed out that the FDA-mandated
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“ORAL surveillance” safety study included RA patients aged
50 and over with at least one cardiovascular risk, and it re-
mains to be seen whether the safety profile will be similar in
AS patient population who are more likely to be younger and
more often males. Although their short half-lives and oral
mode of administration carry advantage, the future of
tofacitinib and probably other JAKis for the treatment of AS
depends on the final conclusions and recommendations of the
FDA after completion of their review of all the study data.
There are limited or indirect data on the efficacy JAKis in
treating the peripheral joint and entheseal manifestations (ar-
thritis, enthesitis, dactylitis) and extra-articular manifestations
(uveitis, psoriasis, inflammatory bowel disease) of AS. It
needs to be explored in future studies whether JAKis have
any effect on the progression of structural damage.

Tofacitinib is approved for the treatment of PsA, both
in the USA and European Union, whereas upadacitinib is
approved for this indication only in Europe [28]. Both
agents significantly improved psoriatic skin lesion,
enthesitis, and dactylitis relative to placebo [62–64].
Tofacitinib in phase III trials has been shown to be effec-
tive in the treatment of chronic plaque psoriasis [65].
However, it is not licensed for this indication as yet be-
cause its manufacturer (Pfizer) has withdrawn its applica-
tion to expand the indication of tofacitinib to treat psori-
asis in 2015 after the FDA asked for additional safety
analyses. Tofacitinib has been approved for the treatment
of patients with UC [61] but failed to meet the primary
endpoint in a phase IIb trial of Crohn’s disease [66, 67].
In phase II Crohn’s disease trials, filgotinib reached its
primary endpoints, but upadacitinib did not [67, 68].
However, upadacitinib met some secondary endpoints.
Based on these results, phase III trials have been initiated
for each [67]. Few case reports and one case series in-
volving 5 patients of uveitis associated with JIA reported
favorable clinical response with tofacitinib and baricitinib
[69].

In conclusion the available evidence suggests that
JAKis will have a place in the treatment of AS in the very
near future. However, head-to-head trials versus biologics
or among the JAKis are needed to determine where to
position this category of drugs in the treatment pathway
of patients with AS.
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