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ABSTRACT

Introduction: Deucravacitinib, a novel, oral,
selective inhibitor of tyrosine kinase 2 (TYK2)
signaling, acts via an allosteric mechanism by
binding to the enzyme’s regulatory domain
instead of the catalytic domain. This unique
binding provides high functional selectivity for
TYK2 versus the closely related Janus kinases
(JAKs) 1/2/3. Deucravacitinib was efficacious in
phase 2 and 3 psoriasis trials, without clinical or
laboratory parameters indicative of JAK 1/2/3
inhibition being observed. This analysis com-
pared the kinase specificities of deucravacitinib
versus JAK 1/2/3 inhibitors at therapeutic
exposures.

Methods: Signaling via JAK 1/3, JAK 2/2, and
TYK2/JAK 2 dimers was measured in in vitro
whole blood assays. Concentrations providing
half-maximal inhibition (IC50) in these assays
were determined for deucravacitinib and the
JAK 1/2/3 inhibitors tofacitinib, upadacitinib,
and baricitinib. Newly derived whole blood IC50

values were plotted against available pharma-
cokinetic profiles using doses evaluated in phase
2/3 trials. Simulated average daily inhibition
and durations over which concentrations
exceeded IC50 were evaluated.
Results: At clinically relevant exposures, pro-
jected steady-state deucravacitinib plasma con-
centrations were higher than TYK2 IC50 for
approximately 9–18 h. Maximal plasma con-
centrations (Cmax) of deucravacitinib were 8- to
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17-fold lower than JAK 1/3 IC50 and[ 48-
to[102-fold lower than JAK 2/2 IC50. Simu-
lated daily average TYK2 inhibition by deu-
cravacitinib ranged from 50% to 69%.
Simulations indicated that tofacitinib, upadaci-
tinib, and baricitinib at steady state exhibited
varying degrees of JAK 1/3 (daily average inhi-
bition, 70–94%) and JAK 2/2 (23%–67%) inhi-
bition at therapeutic concentrations, with Cmax

values 17- to 33-fold lower than their TYK2 IC50

levels.
Conclusion: At clinically relevant doses and
exposures, deucravacitinib demonstrates highly
selective inhibition of TYK2 and not JAK 1/2/3.
Tofacitinib, upadacitinib, and baricitinib vari-
ably inhibit JAK 1/2/3 but not TYK2. These
results indicate that deucravacitinib is a distinct
class of kinase inhibitor compared with JAK 1/2/
3 inhibitors.

PLAIN LANGUAGE SUMMARY

Psoriasis is a common, chronic inflammatory
skin condition that impairs patients’ physical
health, emotional well-being, work perfor-
mance, and overall quality of life. Psoriasis and
related conditions such as psoriatic arthritis are
caused by abnormalities in the immune system.
Various drugs are used or explored to treat these
conditions, including Janus kinase (JAK) inhi-
bitors; however, JAK inhibitors are associated

with a range of side effects such as abnormal
changes in blood cell, cholesterol, and triglyc-
eride levels, as well as liver and kidney dys-
function. Deucravacitinib is a new oral drug in
development that blocks a key molecule
involved in the pathogenesis of psoriasis known
as tyrosine kinase 2 (TYK2). This analysis com-
pared the selectivity of deucravacitinib versus
approved JAK 1/2/3 inhibitors (tofacitinib,
upadacitinib, and baricitinib) for TYK2 and JAK
1/2/3 in whole blood assays, using therapeutic
doses of each drug. The authors reported that
deucravacitinib inhibits TYK2 with minimal or
no inhibition of JAK 1/2/3. In contrast, tofaci-
tinib, upadacitinib, and baricitinib inhibit JAK
1, JAK 2, and/or JAK 3 to various degrees but do
not inhibit TYK2. These results demonstrate
that deucravacitinib is a distinct class of drug
compared with the JAK 1/2/3 inhibitors. The
results of this analysis are consistent with those
of two recently completed phase 3 trials in
patients with moderate-to-severe plaque psori-
asis (POETYK PSO-1 and PSO-2), as well as a
phase 2 trial in psoriasis, in which deucravaci-
tinib was efficacious and well tolerated, without
clinical or laboratory abnormalities suggestive
of JAK 1/2/3 inhibition being observed.

Keywords: Baricitinib; Cmax; Cytokine
signaling; Deucravacitinib; IC50; Immune-
mediated inflammatory disease; Janus kinase
signal transducer; Tofacitinib; TYK2;
Upadacitinib
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Key Summary Points

Why carry out this study?

The Janus kinase (JAK) and signal
transducer and activator of transcription
signaling pathways play major roles in
intracellular cytokine signaling processes
involved in the immune system and in the
pathogenesis of various immune-
mediated inflammatory diseases (IMIDs),
as well as in non-immune functions such
as hematopoiesis and lipid metabolism.

Several active-site-binding inhibitors of
JAK 1/2/3 are approved or are in
development for the treatment of IMIDs.
However, these JAK inhibitors are
associated with various non-immune-
related adverse effects, including
hematologic changes, hyperlipidemia,
and renal and hepatic abnormalities,
which may be due to the lack of selectivity
of these inhibitors for specific family
members.

A closely related intracellular kinase,
tyrosine kinase 2 (TYK2), can pair with
JAK 1 or JAK 2 in specific signaling
pathways for cytokines such as type I
interferons, interleukin (IL)-23, and IL-12.
This analysis compared the functional
selectivity of deucravacitinib (a novel,
oral, allosteric, selective inhibitor of
TYK2) versus approved inhibitors of JAK
1/2/3 (tofacitinib, upadacitinib, and
baricitinib) for JAK 1/2/3 and TYK2 at
clinically relevant doses and exposures.

What was learned from this study?

Simulations indicate that, at clinically
relevant doses and exposures,
deucravacitinib demonstrates functional
inhibition solely of TYK2 and not JAK 1/2/
3. In contrast, tofacitinib, upadacitinib,
and baricitinib inhibit JAK 1, JAK 2, and/
or JAK 3 to varying degrees but do not
inhibit TYK2.

These results indicate that deucravacitinib
is a distinct class of kinase inhibitor
compared with inhibitors of JAK 1/2/3.
The high functional selectivity for TYK2
coupled with the lack of inhibition of JAK
1/2/3 may contribute to an improved
safety profile for deucravacitinib.

INTRODUCTION

Current oral therapeutic options for immune-
mediated inflammatory diseases (IMIDs) still do
not provide benefit to many patients and may
result in adverse effects and long-term toxicity
in some patients [1, 2]. Consequently, novel
oral therapies that are safe and efficacious are
needed for the management of IMIDs. The
Janus kinase signal transducer and activator of
transcription (JAK-STAT) signaling pathways
mediate intracellular signaling by many medi-
ators [e.g., interleukin (IL)-12, IL-23, and type I
interferons (IFNs)] that are involved in the
pathogenesis of IMIDs [1–5]. Plaque psoriasis
pathogenesis is characterized by chronic
inflammation mediated by the innate and
adaptive immune systems. Inflammatory
cytokines such as IL-23 and tumor necrosis
factor-alpha produced by innate immune sys-
tem cells (e.g., dendritic cells and macrophages)
promote the differentiation of T-helper 17 cells;
these cells secrete IL-17, tumor necrosis factor-
alpha, and other inflammatory mediators,
which stimulate epidermal cells to produce
cytokines and chemokines that attract and
activate innate immune system cells. This pro-
cess results in a positive feedback loop in which
IL-23 and IL-17 play central roles in plaque
psoriasis pathogenesis [6]. Currently available
inhibitors of JAK 1/2/3 block cytokine signaling
through competitive binding to the ATP-bind-
ing sites in the catalytic domains of these
enzymes, which are highly conserved and
thereby provide poor specificity for the indi-
vidual kinases [5, 7, 8]. Several JAK inhibitors
are either approved or in development for the
treatment of IMIDs. Tofacitinib (a JAK 1/2/3
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inhibitor) is approved for the treatment of
psoriatic arthritis (PsA), rheumatoid arthritis
(RA), and ulcerative colitis; upadacitinib and
baricitinib are both approved for treating RA
[9–11]. In addition, filgotinib is in development
for the treatment of RA, PsA, ulcerative colitis,
and Crohn’s disease [1]. However, current JAK
1/2/3 inhibitors are associated with clinically
relevant adverse effects at approved doses with
boxed warnings about an increased risk of seri-
ous infections, malignancy, and thrombosis
[9–11]. Additional adverse effects associated
with JAK inhibitors include hematologic chan-
ges, hyperlipidemia, gastrointestinal perfora-
tion, and hepatic and renal abnormalities
[7, 8, 12]. Some of these adverse effects have
been attributed to the mechanism of action
and/or lack of selectivity of these JAK inhibitors
[5].

Tyrosine kinase 2 (TYK2) is also an intracel-
lular signaling tyrosine kinase that plays a cen-
tral role in the pathophysiology of IMIDs via
the regulation of signaling by a limited number
of cytokines including IL-12, IL-23, and type I
IFNs (IFN-a and IFN-b) [1, 2]. Deucravacitinib is
a novel, oral, selective TYK2 inhibitor with a
unique mode of binding to the regulatory
(pseudokinase) domain rather than to the
highly conserved, ATP-binding site in the cat-
alytic domain [13]. Binding of TYK2 via an
allosteric mechanism locks the regulatory
domain into an inhibitory conformation with
the catalytic domain, thereby trapping TYK2 in
an inactive state and preventing receptor-me-
diated activation and downstream signal trans-
duction [13]. Deucravacitinib exhibited potent
binding and inhibition of the TYK2 enzyme
in vitro [the concentration providing half-
maximal inhibition (IC50) was 0.2 nM in a
probe displacement assay] and strongly sup-
pressed IL-12, IL-23, and IFN-a signaling in
cellular assays (IC50 range, 2–19 nM) [13]. In
contrast, deucravacitinib exhibited minimal or
no activity against JAK 1/2/3 in in vitro kinase
binding assays (IC50[10 lM) [14], and in cel-
lular signaling assays deucravacitinib
showed[100-fold greater selectivity for TYK2
versus JAK 1/3 and[2000-fold greater selec-
tivity for TYK2 versus JAK 2 [13, 14]. The high
functional selectivity of deucravacitinib for

TYK2 versus JAK 1/2/3 may result in reduced
adverse effects and a differentiated safety profile
compared with currently available JAK 1/2/3
inhibitors. Deucravacitinib has been shown to
be efficacious in phase 2 and phase 3 trials in
plaque psoriasis and had a favorable safety
profile, without clinical or laboratory parame-
ters suggestive of inhibition of JAK 1/2/3 being
observed [15, 16].

The aim of the current report is to evaluate
the kinase selectivity of deucravacitinib versus
the approved JAK 1/2/3 inhibitors tofacitinib,
upadacitinib, and baricitinib at their respective
therapeutic doses and exposures. Simulations of
plasma exposures of these agents in relation to
their respective whole blood potency values in
relevant assay systems were performed to
understand their selectivity versus the individ-
ual kinases.

METHODS

Newly Derived In Vitro Human Whole
Blood IC50 Assays

IL-2–induced signaling is mediated via the JAK
1/JAK 3 heterodimer, resulting in phosphoryla-
tion of STAT5 (pSTAT5) [1, 8]. Therefore, mod-
ulation of IL-2–induced pSTAT5 was used as a
measure of JAK 1/3 pathway inhibition
(Table 1). Thrombopoietin (TPO) requires only
JAK 2 (JAK 2/JAK 2 homodimer) to mediate
phosphorylation of STAT3 proteins. Hence,
modulation of TPO-induced pSTAT3 was used
as a measure of inhibition of the JAK 2 pathway.
IL-12–induced IFN-c production, which signals
through the TYK2/JAK 2 heterodimer and is
dependent on TYK2 but not JAK 2 activity, was
used to measure TYK2 pathway inhibition [13].
All blood donors provided informed consent
prior to the collection of any samples used in
this study, which was performed in accordance
with the Helsinki Declaration of 1964 and its
later amendments. The blood collection pro-
gram was governed by an internal Bristol Myers
Squibb committee equivalent to an ethics
committee.
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IL-2–Stimulated Phosphorylation of STAT5
in T Cells (JAK 1/3 Activity Measure)
Human whole blood, collected at 37 �C using
citrate dextrose solution, solution A as antico-
agulant, was incubated with clinically relevant
concentrations of deucravacitinib, tofacitinib,
upadacitinib, or baricitinib for 30 min prior to
being stimulated with 20 ng/mL of recombi-
nant human IL-2 (catalog no. PHC0023; Life
Technologies Corporation, Carlsbad, CA) for
15 min. Stimulation was terminated by adding
BD Phosflow Lyse/Fix Buffer (catalog no.
558049; BD Biosciences, San Jose, CA). Cells
were stained with BD Pharmingen fluorescein
isothiocyanate mouse anti-human CD3 anti-
body (catalog no. 555916; BD Biosciences),
washed, and permeabilized on ice using BD
Phosflow Perm Buffer III (catalog no. 558050;
BD Biosciences). Cells were subsequently
stained with a BD Phosflow Alexa Fluor 647
mouse STAT5 (pY694) antibody (catalog no.
612599; BD Biosciences) for 30 min prior to flow
cytometric analysis (FACS Canto II; BD Bio-
sciences, Erembodegem, Belgium). The amount
of phosphorylated STAT5 expression was
quantitated by median fluorescence intensity
(MFI) after gating on CD3-positive T cells.

TPO-Stimulated Phosphorylation of STAT3
in Platelets (JAK 2 Activity Measure)
Human whole blood was incubated with deu-
cravacitinib, tofacitinib, upadacitinib, or

baricitinib for 30 min, as described previously,
prior to being stimulated with 50 ng/mL of
recombinant human TPO (catalog no. 300-18;
PeproTech US, Cranbury, NJ) for 15 min. Stim-
ulation was terminated by adding BD Phosflow
Lyse/Fix buffer. Cells were stained with a BD
Pharmingen fluorescein isothiocyanate mouse
anti-human CD61 antibody (catalog no.
555753; BD Biosciences), washed, and perme-
abilized on ice using BD Phosflow Perm Buffer
III. Cells were subsequently stained with BD
Phosflow phycoerythrin mouse anti-Stat3
(pY705) antibody (catalog no. 612569; BD Bio-
sciences) for 30 min prior to flow cytometric
analysis. The amount of phosphorylated STAT3
expression was quantitated by MFI after gating
on CD61-positive platelets.

IL-12–Stimulated IFN-c Production in Human
Blood Cells (TYK2 Activity Measure)
Human whole blood was incubated with deu-
cravacitinib, tofacitinib, upadacitinib, or baric-
itinib for 1 h at 37 �C prior to being stimulated
with 2 ng/mL of recombinant human IL-12
(catalog no. 200-12; PeproTech US) plus 10 ng/
mL of recombinant human IL-18 (catalog no.
9124-IL-050; R&D Systems, Inc, Minneapolis,
MN) overnight at 37 �C in a carbon dioxide
incubator. Blood was centrifuged at 1200 rpm
for 10 min, and plasma was removed for anal-
ysis of IFN-c levels using a BD OptEIA human
IFN-c enzyme-linked immunosorbent assay kit
(catalog no. 555142; BD Biosciences).

The IC50 values, as well as Hill coefficients for
inhibition, were determined for deucravaci-
tinib, tofacitinib, upadacitinib, and baricitinib
using these assays.

Drug and Dose Selection for Plasma
Concentration Profile Simulation

The exposures of deucravacitinib and JAK 1/2/3
inhibitors used in this simulation analysis were
derived from phase 2 and phase 3 trials with the
respective agents [deucravacitinib 6 mg once
daily (QD) and 12 mg QD [15, 16], tofacitinib
5 mg twice daily (BID) and 10 mg BID [9],
upadacitinib 15 mg QD and 30 mg QD [11], and
baricitinib 2 mg QD and 4 mg QD [10]].

Table 1 In vitro whole blood assays for JAK 1/2/3 and
TYK2 inhibitors

Signaling
kinase

Stimulant Endpoint

JAK 1/3 IL-2 STAT5 phosphorylation in T

cells

JAK 2/2 TPO STAT3 phosphorylation in

platelets

TYK2/JAK 2 IL-12 IFN-c production in whole

blood

IFN interferon, IL interleukin, JAK Janus kinase, STAT
signal transducer and activator of transcription, TPO
thrombopoietin, TYK2 tyrosine kinase 2
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Deucravacitinib and JAK 1/2/3 Inhibitor
PK Profiles and Whole Blood IC50

Pharmacokinetic (PK) profiles were simulated
using parameters derived from published pop-
ulation PK models for tofacitinib, upadacitinib,
and baricitinib [17–20] and from internal anal-
yses of deucravacitinib PK parameters from
available phase 1, phase 2, and phase 3 study
data. Briefly, a population PK model was con-
structed with the reported structural model and
parameter values, including population mean
parameters (e.g., systemic clearance, volume of
distribution, absorption-related parameters)
and the intersubject variability for those
parameters. Covariate effects were not included
in simulating PK profiles.

The PK parameters, including maximum
plasma concentration (Cmax), average plasma
concentration (Cave), and minimum plasma
concentration (Cmin), were calculated. Plasma
concentrations of deucravacitinib, tofacitinib,
upadacitinib, and baricitinib were plotted rela-
tive to their whole blood IC50 values. If the
whole blood IC50 value was higher than the
Cmax value, the fold difference between the IC50

and Cmax values was calculated. Additionally,
key exposure parameters (Cmax, Cave, and Cmin)
of these agents were plotted relative to their
individual whole blood IC50 values.

Daily Average Percent Inhibition
by Deucravacitinib and JAK 1/2/3
Inhibitors

Daily average percent inhibition of TYK2 and
JAK 1/2/3 signaling was calculated using the
following equation based on the average drug
concentration, whole blood IC50 value, and the
Hill coefficient: daily average percent inhibi-
tion = 100/(1 ? [(IC50/X)^H]), where X is the
average drug concentration and H is the Hill
coefficient.

Given that these in vitro assays were con-
ducted in whole blood, no adjustments for
plasma protein binding were done. Addition-
ally, no further adjustments for cellular pene-
tration by the compounds were considered
because the blood-to-plasma concentration
ratio of evaluated inhibitors was close to 1.0
(range, 1.16–1.32) [21]. Additionally, no formal
statistical comparisons of the daily average
percent inhibition were performed because
average drug concentration was used in this
calculation.

RESULTS

Deucravacitinib and JAK 1/2/3 Inhibitor
In Vitro Whole Blood IC50

In vitro whole blood IC50 values for deucravac-
itinib, tofacitinib, upadacitinib, and baricitinib
in assays evaluating JAK 1/3, JAK 2/2, and TYK2/

Table 2 Newly derived in vitro whole blood IC50 values for deucravacitinib and JAK 1/2/3 inhibitors

Signaling kinase readout Whole blood IC50 (95% CI), nM

Tofacitinib Upadacitinib Baricitinib Deucravacitinib

JAK 1/3 (IL-2–induced

pSTAT5)

17 (15–19) 8 (6.5–9.5) 11 (8.7–13) 1646 (1446–1872)

JAK 2/2 (TPO-induced

pSTAT3)

217 (182–258) 41 (36–47) 32 (28–36) [ 10,000 (–)

TYK2 (IL-12–induced IFN-c

release)

5059 (3767–7026) 3685 (2346–6208) 2351 (1834–2980) 42 (29–55)

IC50 half-maximal inhibitory concentration, IFN interferon, IL interleukin, JAK Janus kinase, pSTAT phosphorylation of
signal transducer and activator of transcription, TPO thrombopoietin, TYK2 tyrosine kinase 2
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JAK 2 activity are provided in Table 2. Deu-
cravacitinib was approximately 56- to 120-fold
more potent than tofacitinib, upadacitinib, and
baricitinib at inhibiting TYK2-dependent IL-
12–induced IFN-c production in human whole
blood. In contrast, tofacitinib, upadacitinib,
and baricitinib were approximately 97- to
206-fold more potent inhibitors of JAK 1/3–de-
pendent IL-2–induced STAT5 phosphorylation
in T cells and at least 46- to 313-fold more
potent inhibitors of JAK 2/2–dependent TPO-
induced STAT3 phosphorylation in platelets
compared with deucravacitinib.

Daily Average Percent Inhibition
by Deucravacitinib and JAK 1/2/3
Inhibitors

At clinically relevant concentrations, simulated
daily average percent inhibition (based on
in vitro whole blood assay results) of TYK2 by
deucravacitinib at therapeutic doses of 6 mg QD
and 12 mg QD was C 50% (Fig. 1). In contrast,
simulations indicated minimal effects (daily
average percent inhibition of B 1%) against IL-
2–induced STAT5 phosphorylation (JAK 1/3)

and TPO-induced STAT3 phosphorylation (JAK
2/2) by deucravacitinib. Simulations indicated
that tofacitinib, upadacitinib, and baricitinib
plasma concentrations exhibited varying
degrees of daily average inhibition against IL-
2–induced STAT5 phosphorylation (JAK 1/3
activity; daily average inhibition, 70–94%) and
TPO-induced STAT3 phosphorylation (JAK 2/2
activity; daily average inhibition, 23–67%), and
no meaningful inhibition against IL-12–in-
duced IFN-c production (TYK2 activity; daily
average inhibition, B 2%).

Deucravacitinib and JAK 1/2/3 Inhibitor
PK Profiles and Whole Blood IC50 Values

At therapeutic doses of 6 mg QD and 12 mg QD,
deucravacitinib plasma concentrations were
higher than the TYK2 whole blood IC50 value
for approximately 9 and 18 h, respectively, of
the daily dosing interval and were substantially
lower than the JAK 1/3 and JAK 2/2 IC50 values
throughout the dosing interval (Figs. 2 and 3).
Deucravacitinib Cmax levels at these doses
remained approximately 8- to 17-fold lower
than the JAK 1/3 IC50 and[ 48- to[102-fold

Fig. 1 Simulated daily average percent inhibition by
deucravacitinib and JAK 1/2/3 inhibitors. JAK 1/3
activity was measured as IL-2–induced STAT5 phospho-
rylation; JAK 2/2 activity was measured as TPO-induced
STAT3 phosphorylation; and TYK2 activity was measured

as IL-12–induced IFN-c production. Numbers above bars
represent actual values. BID twice daily, IFN interferon, IL
interleukin, JAK Janus kinase, QD once daily, STAT signal
transducer and activator of transcription, TPO throm-
bopoietin, TYK2 tyrosine kinase 2
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lower than the JAK 2/2 IC50 (Fig. 2). The Cmax,
Cave, and Cmin values were all higher than or
close to the TYK2 IC50 value, but were lower
than the JAK 1/3 and JAK 2/2 IC50 values for
deucravacitinib (Fig. 4).

In contrast, tofacitinib, upadacitinib, and
baricitinib plasma concentrations at their
approved doses were higher than their individ-
ual JAK 1/3 IC50 values over most of the dosing
interval but were 17- to 33-fold lower than their
TYK2 IC50 values (Fig. 2). Additionally, upadac-
itinib and baricitinib plasma concentrations
exceeded their respective JAK 2/2 IC50 values

over part of the dosing interval, especially at
higher doses. The Cmax, Cave, and Cmin values
for tofacitinib, upadacitinib, and baricitinib
were all 16- to 335-fold lower than TYK2 IC50

values, but were above or within range of JAK
1/3 and JAK 2/2 IC50 values (Fig. 4).

DISCUSSION

Previous studies have established that many JAK
1/2/3 inhibitors are associated with various
adverse effects at therapeutic doses, including

Fig. 2 Deucravacitinib and JAK 1/2/3 inhibitor plasma
concentrations over time and whole blood IC50 values.
Variability in plasma concentration profiles, represented by
90% prediction intervals, is indicated by the shaded
regions. Arrows and fold-increase values pertain to the

highest approved dose for each agent. Tofacitinib, upadac-
itinib, and baricitinib: margins to TYK2 IC50 are provided
for the highest approved dose. BID twice daily; IC50 half-
maximal inhibitory concentration; JAK Janus kinase, QD
once daily, TYK2 tyrosine kinase 2
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hematologic changes (decreased hemoglobin
levels; decreased lymphocyte, natural killer cell,
neutrophil, and platelet counts; increased risk
of pulmonary embolism and venous thrombo-
sis), hyperlipidemia (elevated high-density
lipoprotein cholesterol, low-density lipoprotein
cholesterol, and triglyceride levels), and renal
(increased serum creatinine levels) and hepatic
(increased liver enzyme levels) abnormalities
[7, 8, 12]. Although the etiology of some of
these adverse effects has not been determined,
available evidence suggests that they may arise
due to inhibition of select JAK 1/2/3 pathways.
For example, hyperlipidemia, neutropenia, and
liver enzyme elevations are postulated to be due
to inhibition of JAK 1/2-mediated IL-6 signal-
ing, considering these effects are also seen with
IL-6 antagonists [7, 22]. Hematologic abnor-
malities can occur due to inhibition of JAK
2-mediated signaling by hematopoietic growth
factors (erythropoietin, granulo-
cyte–macrophage colony-stimulation factor,
and TPO) [7, 22]. Notably, as demonstrated in
the current analysis, lack of inhibition of TYK2
by tofacitinib, upadacitinib, and baricitinib at
therapeutic concentrations suggests that the
above adverse effects associated with these JAK

1/2/3 inhibitors are unlikely to be related to
TYK2 inhibition.

The results from the current analyses con-
firm that deucravacitinib is a highly selective
TYK2 inhibitor with minimal or no activity
against JAK 1/2/3 at clinically relevant doses
and concentrations. Deucravacitinib plasma
concentrations were higher than the TYK2
whole blood IC50 value over many hours after
dosing. In contrast, plasma concentrations of
deucravacitinib were substantially lower than
its JAK 1/2/3 whole blood IC50 values.

As noted earlier, deucravacitinib was effica-
cious in a phase 2 clinical trial in patients with
moderate-to-severe plaque psoriasis. Deu-
cravacitinib was associated with low rates of
treatment discontinuation due to adverse
events (2–7% versus 4% for placebo) in that trial
[15]. Selective TYK2 inhibition is expected to
reduce the potential for treatment-related
adverse effects generally associated with JAK
1/2/3 inhibitors [15]. No significant changes
were observed in hematologic parameters
(lymphocytes, natural killer cells, neutrophils,
platelets, erythrocytes, and leukocytes) or in
serum levels of lipids (total cholesterol, high-
density lipoprotein cholesterol, and triglyc-
erides), creatinine, or liver enzymes with

Fig. 3 Deucravacitinib and JAK 1/2/3 inhibitor plasma
concentration time above IC50. Numbers above bars
represent actual values. BID twice daily, IC50 half-maximal

inhibitory concentration, JAK Janus kinase, QD once daily,
TYK2 tyrosine kinase 2
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therapeutic doses of deucravacitinib [15, 23].
Two recently completed phase 3 trials
[NCT03624127 (POETYK PSO-1) and
NCT03611751 (POETYK PSO-2)] demonstrated
that deucravacitinib was more efficacious than
placebo and apremilast, and was well tolerated
in patients with moderate-to-severe plaque
psoriasis [16]. As in the phase 2 trial, no clini-
cally meaningful changes from baseline were
observed in hematologic, lipid, or other labo-
ratory parameters, confirming that selective
TYK2 inhibition by deucravacitinib reduces the
incidence of adverse events characteristic of JAK

1/2/3 inhibitors [16]. Additional phase 3 trials
are also evaluating the efficacy and safety of
deucravacitinib in patients with moderate-to-
severe plaque psoriasis [NCT04167462 (POETYK
PSO-3), NCT03924427 (POETYK PSO-4), and
NCT04036435 (POETYK PSO-LTE)]. The efficacy
and safety of deucravacitinib have been or are
being evaluated in phase 2 trials in active PsA
(NCT03881059), moderate-to-severe inflamma-
tory bowel disease (ulcerative colitis: LATTICE-
UC, NCT03934216; Crohn’s disease: LATTICE-
CD, NCT03599622), and lupus (PAISLEY SLE,
NCT03252587; PAISLEY LN, NCT03943147;

Fig. 4 Deucravacitinib and JAK 1/2/3 inhibitors’ phar-
macokinetic parameters and whole blood IC50 values. BID
twice daily, Cave average plasma concentration, Cmax

maximum plasma concentration, Cmin minimum or trough

plasma concentration, IC50 half-maximal inhibitory con-
centration, JAK Janus kinase, QD once daily, TYK2
tyrosine kinase 2
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and a long-term safety and efficacy trial,
NCT03920267). Results of the phase 2 trial in
active PsA demonstrated that deucravacitinib
was more efficacious than placebo over a treat-
ment period of 16 weeks. Treatment was well
tolerated, and no unexpected safety issues were
identified [24].

In the current study, the JAK 1/2/3 inhibi-
tors, tofacitinib, upadacitinib, and baricitinib,
did not inhibit TYK2 at clinically meaningful
doses and exposures and exhibited varying
degrees of JAK 1/2/3 inhibition. These findings
are consistent with other published literature
reports, which indicate a lack of meaningful
differences in JAK inhibition profiles among
these inhibitors [21, 25–27]. A comparison of
tofacitinib-, upadacitinib-, and baricitinib-me-
diated regulation of cytokine signaling in
human leukocytes revealed that each JAK inhi-
bitor modulated distinct cytokine pathways to
varying degrees, and none of these inhibitors
potently or continuously inhibited a specific
cytokine signaling pathway throughout the
dosing interval [25]. In a previous study, average
daily inhibition of JAK 1/3-related and JAK
2-related endpoints in cellular assays for tofaci-
tinib, upadacitinib, and baricitinib were com-
parable with values reported in this analysis
[25]. Dowty et al. used an integrated modeling
approach and calculated cytokine receptor
inhibition profiles for tofacitinib, upadacitinib,
and baricitinib [21]. Although the absolute JAK
1/3, JAK 2, and TYK2 inhibition related mea-
sures differed from values reported in the cur-
rent study, Dowty et al. also reported that these
three JAK inhibitors have generally similar
cytokine receptor inhibition profiles at clini-
cally efficacious doses [21]. Similar to the cur-
rent study, Dowty et al. evaluated inhibition of
the IL-12–mediated TYK2/JAK 2 pathway [21].
However, STAT phosphorylation (pSTAT4) was
used as an endpoint in the Dowty et al. study,
whereas we utilized a relatively downstream
functional readout (IFN-c production). There-
fore, the absolute inhibition (IC50) values from
these two assays may not be directly compara-
ble. It should also be noted that IC50 values of
individual drugs may vary among laboratories
(likely due to varying assay conditions, person-
nel, and systems). Therefore, assessments that

compare all compounds within the same labo-
ratory facilitate more accurate intercompound
comparisons.

One of the key strengths of this analysis is
that this is the first report describing the selec-
tivity of the TYK2 inhibitor deucravacitinib,
considering that previous analyses had focused
only on JAK 1/2/3 inhibitors [21, 25–27]. In
addition, the selectivity of deucravacitinib and
the JAK 1/2/3 inhibitors was compared using
the same whole blood IC50 assay conditions,
which facilitate more accurate intercompound
comparison. Several limitations need to be
considered when interpreting results presented
here. This analysis was restricted to three stim-
uli in whole blood assays (Table 1) as surrogates
of TYK2 and JAK 1/2/3 activity but did not
explore other functional measures of TYK2 and
JAK 1/2/3 inhibition. Only one assay provided a
cytokine readout, whereas the others measured
intracellular STAT phosphorylation. However,
numerous assays evaluated in a prior deu-
cravacitinib publication demonstrated specific
inhibition of TYK2 pathways by deucravacitinib
compared with multiple JAK 1/2/3 inhibitors
[13]. Another limitation is that the impact of
pathway modulation on downstream measures
such as relevant changes in JAK 1/2/3-related
biomarkers after administration to patients
cannot be determined using this analysis.
Future analyses using assays evaluating down-
stream biomarkers of JAK 1/2/3 inhibition in
clinical trials may provide additional informa-
tion in this regard. However, available data
from the phase 2 and phase 3 trials in plaque
psoriasis indicated no meaningful changes in
postulated JAK 1/3 and JAK 2 biomarkers such
as serum lipids, neutrophils, and hemoglobin
following treatment with deucravacitinib
[15, 23]. Therefore, along with available data
from the phase 2 and phase 3 trials, meaningful
deucravacitinib-induced changes in JAK 1/2/3-
related biomarkers are not anticipated after
administration to patients [15, 23].

CONCLUSION

This integrated analysis and the simulations
indicate that deucravacitinib has high
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functional selectivity for TYK2 and does not
inhibit JAK 1/2/3 at clinically relevant doses and
exposures. In contrast, tofacitinib, upadacitinib,
and baricitinib inhibit JAK 1/2/3 to varying
degrees but do not inhibit TYK2 at therapeutic
concentrations. These results confirm that
deucravacitinib is a distinct class of kinase
inhibitor compared with JAK 1/2/3 inhibitors.
The high functional selectivity for TYK2 versus
JAK 1/2/3 may contribute to the favorable ben-
efit–risk profile of deucravacitinib in patients.
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