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Abstract: The outlook for patients with psoriasis has improved significantly over the last 

10 years with the introduction of targeted therapies. Cytokines exert their effects by activating 

intracellular signaling and transcription pathways, among which there are Janus kinases (JAKs) 

and signal transducers and activators of transcription (STAT) pathways. JAKs are intracellular 

second messengers that are crucial for transmitting extracellular cytokine signals to the cell. 

JAK inhibition interrupts intracellular signaling and can suppress immune cell activation and 

inflammation in T-cell-mediated disorders, such as psoriasis. Consequently, JAKs are the subject 

of intensive research activity, since they represent possible therapeutic targets. Tofacitinib is 

an orally available compound belonging to a novel category of nonbiologic drugs, the “JAK 

inhibitors”, which target JAKs. Recently, oral and topical formulations of tofacitinib have been 

demonstrated to be safe and effective for the treatment of plaque psoriasis in randomized clinical 

trials. In particular, a 10 mg bid dose of tofacitinib was shown to be noninferior to etanercept 

50 mg subcutaneously twice weekly. Questions remain unresolved regarding the safety risk 

beyond the 5 mg bid dose. This review, assessing the available scientific literature, focuses on 

the profile of tofacitinib, as investigational compound in the treatment of plaque psoriasis. An 

overview of the efficacy and safety data from randomized clinical trials is provided. In addi-

tion, the authors highlight future potential applications of tofacitinib in other skin diseases, in 

particular alopecia areata and vitiligo.
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Introduction
Psoriasis is a highly heritable common, chronic inflammatory skin disease with a high 

familial recurrence risk.1 It affects 1%–3% of the world’s population. Chronic plaque 

psoriasis is the most common form of the disease that is clinically characterized by 

well-delineated red and scaly plaques.

Psoriasis has a multifactorial origin. The central processes underlying its patho-

genesis are inflammation and epidermal hyperproliferation, which are believed to be 

consequences of a dysregulated interaction of the innate and adaptive immune system 

in the context of skin epithelium and connective tissue.2 The course of psoriasis in any 

individual patient is variable and difficult to predict with accuracy.3 In patients with 

early onset, the disease often follows an irregular course with tendency to become 

severe and extensive.4 Psoriasis is a major risk factor for the development of psoriatic 

arthritis, a heterogeneous inflammatory arthritis with a variable clinical course.5 It 

belongs to the spondyloarthritis group and affects primarily the peripheral joints, the 

spine, and the entheses. Joint disease is characterized by systemic inflammation and 
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extensive synovitis, resulting in erosions of articular cartilage 

leading to joint destruction. In patients with psoriasis, associ-

ated comorbidities may occur more frequently than expected. 

Psoriasis is an independent risk factor for cardiovascular6–8 

and metabolic syndromes.9,10 The definition of psoriasis 

severity helps to classify treatment. Moderate-to-severe pso-

riasis is defined if the body surface involvement is .10% and/

or if Psoriasis Area Severity Index (PASI) is .10, although 

particular clinical situations may change mild psoriasis to 

moderate-to-severe psoriasis according to involvement of 

visible areas or marked nail involvement.11

Various conventional and biologic systemic agents 

may be chosen to treat patients with moderate-to-severe 

psoriasis. In the last decade, several cellular and molecular 

mediators in psoriasis have been identified. They included 

first tumor necrosis factor (TNF)-alpha, then interleukin 12 

(IL-12) and IL-23 and more recently IL-17. Such cytokines 

are pivotal in the disease process. Limiting the interaction 

of specific cytokines with their specific receptors has been 

successfully exploited for therapeutic purposes through the 

development and characterization of monoclonal antibod-

ies or soluble receptors. Consequently, biologic therapies 

targeting specific immune pathways have emerged for 

the treatment of moderate-to-severe plaque psoriasis.12 

Despite the availability of a broad spectrum of treatments, 

additional therapeutic options with distinctive mechanism 

of action may be advantageous for the management of 

the disease.13,14 Indeed, the overall efficacy of TNF-alpha 

inhibitors diminishes with time.15–17 The body mass index 

affects the long-term survival rate of TNF-alpha blockers in 

psoriatic patients.18 Loss of efficacy can also occur over time 

with the use of biologics due to their potential immunoge-

nicity.19 Otherwise the injection schedule of treatment has 

been cited by patients as reasons contributing to treatment 

discontinuation.20

Recently, attention has been addressed to new com-

pounds, namely small molecular weight inhibitors. Such 

molecules target intracellular signaling pathways. Small 

molecular weight inhibitors have some interesting features in 

that, as synthetic compounds, they are relatively inexpensive 

to produce and can be administered orally.21

The purpose of this review is to present updated data 

available on the pharmacology, efficacy, safety, and tolerabil-

ity of tofacitinib, an orally available compound belonging to a 

novel class of drugs, the Janus kinase (JAK) inhibitors, in the 

treatment of plaque psoriasis. After introducing the mecha-

nism of action, an overview of the efficacy and safety results 

from the randomized clinical trials of tofacitinib in patients 

affected by plaque psoriasis is presented. Further, future 

research directions in other skin diseases are highlighted.

Protein kinase family and Janus 
family of tyrosine kinases
Protein kinases are the second largest human protein family. 

They are involved in protein phosphorylation, a fundamental 

component of cell signaling. Aberrant kinase activity is linked 

either directly or indirectly to a consistent number of diseases. 

Therefore, kinases are viewed as potential drug targets.22

A family of kinases are the JAKs, of which there are 

four members, JAK1, JAK2, JAK3, and tyrosine kinase 2 

(TYK2).23 JAKs are intracellular second messengers that are 

crucial for transmitting extracellular cytokine signals to the 

cell. They regulate cellular processes involved in cell growth, 

differentiation, and transformation through their association 

with cytokine receptors. The function of JAKs was discov-

ered by the generation of cell lines resistant to the effects of 

interferons, whose defects could be balanced by expression 

of different JAKs.24–26 A large number of cytokines activate 

the JAK/signal transducers and activators of transcription 

(STAT) pathway.27 JAK1 binds with γ-chain cytokines (IL-6, 

IL-10, IL-13, IL-22, granulocyte colony-stimulating factor, 

interferons). JAK3 binds to the common IL-2Rγ chain of 

the type I cytokine receptor family (IL-2, IL-4, IL-7, IL-9, 

IL-15, IL-21). All these cytokines are crucial for lympho-

cyte activation, proliferation, and function. Inhibition of 

their signaling may thus result in modulation of multiple 

aspects of the immune response.28–30 JAK2 is associated 

with hematopoietic growth factor receptors.29 JAK1, JAK2, 

and TYK2 are expressed ubiquitously in mammals. The 

expression of JAK3 is limited to hematopoietically derived 

cells.31 The deficiency or dysfunction of JAK3 correlates 

with impairment of lymphocyte development and function 

and leads to severe combined immunodeficiency.32

JAKs are critical for both innate and adaptive immunity. 

The noticeable upregulation of JAK/STAT pathways in 

psoriasis and the recognition of multiple key mediators in 

psoriasis pathogenesis that signal through JAK/STAT path-

ways led to consider JAK proteins as potential therapeutic 

targets for psoriasis treatment as well.33

JAK inhibitors and tofacitinib: 
mechanism of action
As stated earlier, psoriasis is characterized by activation of 

several different types of immune cells that infiltrate the 

skin, stimulating keratinocytes to proliferate and produce 

proinflammatory cytokines. Effective activation of immune 
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cells needs integration of external stimuli through their surface 

receptors. The attachment between the receptor and its ligand 

results in activation of intracellular kinases.34 Such enzymes 

phosphorylate downstream molecules, propagating a cascade 

that leads to transcription of genes coding effector molecules. 

Therefore, JAK inhibition can suppress immune cell activa-

tion and inflammation in psoriasis as well35 (Figure 1).

Tofacitinib, an orally available compound, is the first 

member of a novel class of medications, the JAK inhibitors. 

It inhibits phosphorylation of JAK1 and JAK3, IL-6-driven 

phosphorylation of STAT1 and STAT3, and STAT5.30,36 

However, it is currently categorized as a pan-JAK inhibitor 

preferentially inhibiting JAK1 and JAK3 and, to a lesser 

extent, JAK2 with minimum effect on TYK2.29,37,38 The 

primary targets of tofacitinib are dendritic cells, CD4(+) 

T-cells such as Th1 and Th17, and activated B-cells that lead 

to multicytokine targeting.39 Tofacitinib is able to inhibit anti-

gen-presentation and T-cell stimulatory capacity of dendritic 

cells by inhibiting type I interferon-mediated signaling.39 

Subsequently, the expression of costimulatory molecules 

such as CD80 and CD86 is reduced as well.39 Tofacitinib 

is able to inhibit differentiation and antibody production of 

B-cells,39 whereas it maintains B-cell regulatory function. 

Tofacitinib limits the production of IL-17A, IL-17F, and 

IL-22, the expression of the IL-23R as well as differentiation 

of Th1 cells.29,36 Since IL-23 is one of the key cytokines 

that shapes the development and function of Th17 cells, by 

suppressing the IL-23 receptor expression, the Th17 cell 

differentiation is consequently reduced.36,39–42

Oral tofacitinib: clinical trials in 
psoriasis
The efficacy and safety of tofacitinib was investigated in 

placebo-controlled and head-to-head randomized clinical 

trials in patients with moderate-to-severe chronic plaque 

psoriasis.43,44 In two similarly designed Phase III placebo-

controlled studies, higher response rates were seen with the 

10 mg bid dosage regimen of tofacitinib.43 After 16 weeks, 

75% reduction in PASI 75 rates were 39.9% and 59.2%, 

respectively, for tofacitinib 5 and 10 mg bid (Opt Pivotal 1 

study), 46.0%, and 59.6%, respectively, for tofacitinib 5 and 

10 mg bid (Opt Pivotal 2 study) (Table 1).

In a head-to-head randomized clinical trial versus 

etanercept, tofacitinib was noninferior to etanercept only 

with the 10 mg bid dose.44 The Phase III, double-dummy, 

placebo-controlled, 12-week trial, comparing two tofaci-

tinib doses with high-dose etanercept or placebo enrolled 

1,106 psoriatic patients with a PASI score of 12 or higher 

and a Physician Global Assessment (PGA) of moderate or 

severe who had failed to respond to, had a contraindication 

Figure 1 Binding of cytokines to the receptor in turn activates an intracellular signaling cascade via JAKs with subsequent phosphorylation of STATs.
Notes: JAKs are thought to be activated through phosphorylation. Tofacitinib inhibits the phosphorylation and activation of JAKs. JAKs cannot phosphorylate the cytokine 
receptors. Consequently the receptors cannot dock STATS. These latter are not phosphorylated and activated. Therefore, they cannot translocate to the nucleus. Gene 
transcription and cytokine production are inhibited.
Abbreviations: IL, interleukin; JAK, Janus kinase; STAT, signal transducers and activators of transcription.
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to, or were intolerant to at least one conventional systemic 

therapy. Eligible patients were randomly assigned to receive 

tofacitinib 5 or 10 mg bid, etanercept 50 mg subcutaneously 

twice weekly or placebo. The co-primary endpoints were 

the proportion of patients at week 12 with at least a 75% 

reduction in the PASI 75 response from baseline and the 

proportion of patients achieving a PGA score of “clear” 

or “almost clear”. At week 12, PASI 75 responses were 

recorded in 63.6% of patients in the tofacitinib 10 mg group, 

compared with 39.5% in the tofacitinib 5 mg group, 58.8% 

in the etanercept group, and 5.6% in the placebo group. 

A total of 68.2% of patients treated with tofacitinib 10 mg 

achieved the other primary endpoint of PGA score of clear 

or almost clear by week 12, compared with 66.3% of who 

received etanercept. Patients treated with the lower (5 mg) 

dose of tofacitinib had an inferior response, since 47.1% 

achieved clear or almost clear skin, compared with 15% of 

the placebo group. For both co-primary endpoints, the 10 mg 

dose of tofacitinib was noninferior to etanercept and superior 

to placebo, whereas the 5 mg tofacitinib dose did not meet 

the noninferiority criteria versus etanercept, but met the 

superiority criteria versus placebo (Table 1).44

Another Phase III trial investigated outcomes following 

tofacitinib withdrawal with outcomes of continuation in 

patients who had achieved both $75% reduction in PASI 

score from baseline and PGA response. After initial treat-

ment of 24-week duration, 33.5% and 55.2% achieved both 

PASI 75 and PGA responses with tofacitinib 5 and 10 mg 

bid, respectively. Following tofacitinib withdrawal, patients 

who received continuous treatment maintained a response 

more effectively when compared with placebo recipients. Of 

those patients who relapsed, up to 60% recaptured a response 

with tofacitinib.45 Best response rate with oral tofacitinib were 

seen with the 10 mg bid dose in this study as well.

Safety
By blocking JAK signaling, tofacitinib modulates the 

immune response via downregulation of several cytokines, 

including IL-2, IL-4, IL-7, IL-9, IL-15, and IL-21, which are 

integral to lymphocyte development and function.46 Safety 

considerations must be considered especially beyond the 5 

mg bid dose.43 The risk of tuberculosis and other opportunistic 

infections may potentially be elevated in tofacitinib-treated 

patients. Overall tuberculosis cases occurred in patients 

using the higher dose of 10 mg bid.47 Decrease of hemoglo-

bin, neutrophil, and lymphocyte counts, and increase from 

baseline in creatinine and alanine aminotransferase may 

occur, as well as dyslipidemia. Changes of mean serum 

creatinine levels do not appear to be associated with acute 

renal failure or progressive worsening of renal function.48 

Dyslipidemia is dose-related and affects total cholesterol, 

high-density lipoprotein cholesterol, and low-density lipo-

protein cholesterol. Most of these abnormalities are transient 

and reversible either spontaneously or with discontinuation 

of the study drug.43,48

In Phase III clinical trials, the rate of adverse events were 

similar across the different groups investigated43,44 and a 

safety profile similar to that of etanercept was observed in 

the short-term.44 About infectious events, upper respiratory 

tract infections, sinusitis, nasopharyngitis, and herpes zoster 

were reported in patients treated with tofacitinib.43 Informa-

tion about long-term safety of tofacitinib may be indirectly 

extrapolated from long-term extension studies and systematic 

reviews of data of patients with moderate-to-severe active 

rheumatoid arthritis (RA).48,49 A dose-dependency for serious 

infections was observed. Rates for safety events were con-

sistent with the published rates for TNF inhibitors and other 

biologic disease-modifying antirheumatic drugs in similar 

patient populations for mortality, serious infections, includ-

ing opportunistic infections and tuberculosis, cardiovascular 

events, and malignancies.48,49 Since patient population studied 

was affected by RA, a potential impact of similarities and 

differences in the disease state, comorbidities, and treatment 

paradigms must be taken into account.

Interactions
Nonrenal elimination accounts for 70% of the total clear-

ance of tofacitinib. The metabolism is primarily mediated 

by cytochrome P450 3A4 (CYP3A4) (53%) with minor 

contribution by CYP450 2C19 (CYP2C19) (17%). Therefore, 

potent inhibitors or inducers of CYP3A4 and CYP2C19 may 

potentially interact with tofacitinib. Indeed, potent inducers 

of CYP3A4, such as rifampin, may reduce the clinical effi-

cacy of tofacitinib. Conversely, it is recommended that the 

dose of tofacitinib should not exceed 5 mg bid in patients who 

are receiving concomitant potent inhibitors of CYP3A4, such 

as ketoconazole, or CYP2C19, such as fluconazole.50 A study 

Table 1 Results summary for primary outcomes of Phase III 
published trials of tofacitinib in moderate-to-severe psoriasis

Tofacitinib 
(trial)

Outcome 
PASI 75 (%)

Outcome 
PGA (%)

5 mg bid (Opt Pivotal 1)43 39.9 41.9
5 mg bid (Opt Pivotal 2)43 46.0 46.0
5 mg bid (Opt Compare)44 39.5 47.1
10 mg bid (Opt Pivotal 1)43 59.2 59.2
10 mg bid (Opt Pivotal 2)43 59.6 59.1
10 mg bid (Opt Compare)44 63.6 68.2

Note: Data from Papp et al43 and Bachelez et al.44

Abbreviations: PASI, Psoriasis Area Severity Index; PGA, Physician Global 
Assessment.
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by Gupta et al51 did not confirm an inhibitive or inductive 

effect of tofacitinib on CYP3A4 activity in humans and, in 

conjunction with in vitro data, supported the conclusion that 

tofacitinib is unlikely to influence the CYP enzyme system 

as a whole.

Topical tofaticinib
Two randomized studies investigated the safety and efficacy 

of a topical solution of tofacitinib in patients with chronic 

plaque psoriasis.52,53 The first one, a Phase IIa study, met its 

primary endpoint of efficacy for one of the two ointments 

containing tofacitinib versus vehicle.52 The second one, an 

intrasubject, left-right, controlled study, enrolled patients 

who were randomized to 2%, 0.2%, or 0.02% tofacitinib or 

vehicle solution once or twice daily.53 Patients treated one 

plaque as per their randomization group and used vehicle 

to treat the contralateral plaque for 4 weeks. The primary 

efficacy endpoint, consisting of intrasubject, vehicle-adjusted 

mean percent change from baseline in Target Plaque Severity 

Score at week 4, was not substantially different from base-

line for any treatment group. However, skin biopsy analyses 

detected tofacitinib in both tofacitinib- and vehicle-treated 

plaques of some patients, suggesting cross-contamination 

or solution misapplication. Thus, the authors hypothesized 

that lack of efficacy with tofacitinib relative to vehicle may 

be due to the intrasubject study design with unsupervised 

applications.53

Tofacitinib in other diseases: future 
directions
Tofacitinib demonstrated superior efficacy to methotrexate 

and similar efficacy to adalimumab in RA.54,55 It gained 

approval from Food and Drug Administration and regula-

tory agencies of more than 20 countries,56 becoming the 

first oral JAK inhibitor indicated for treatment of moderate-

to-severe RA. In contrast, the European Medicine Agency 

adopted a negative opinion, recommending the refusal of 

the marketing authorization due to major concerns about the 

overall safety profile.

Interestingly, anecdotal clinical experiences suggest 

a potential effectiveness of tofacitinib in other dermatologic 

diseases. In particular, tofacitinib has shown success in 

treating alopecia areata and vitiligo.57,58 The immune path-

ways required for autoreactive T-cell activation in alopecia 

areata are not clearly defined, but the disease is driven by 

cytotoxic CD8+NKG2D+ T lymphocytes and reversed by 

JAK inhibition.59 The inhibition of JAK/STAT signaling 

promotes hair growth by stimulating the activation and/

or proliferation of hair follicle stem cells.60 About vitiligo, 

interferon (IFN)-γ-chemokine axis is active in human disease. 

In particular, a critical role for the IFN-γ-induced chemokine 

CXCL10 in both the progression and maintenance of vitiligo 

has been suggested.61 When IFN-γ binds to its receptor, it 

activates the JAK/STAT pathway, which in turn leads to 

production of CXCL10 in keratinocytes.58 Therefore, a direct 

CXCL10 inhibition or a JAK/STAT pathway inhibition may 

represent attractive targets for new treatments strategies.

Recently, tofacitinib citrate was given to six consecu-

tive patients with moderate-to-severe atopic dermatitis (AD) 

who had who failed to gain results with standard treatment.62 

Response to treatment was assessed using the scoring of AD 

index. Decreased body surface area involvement of dermatitis 

and decreased erythema, edema/papulation, lichenification, and 

excoriation were observed in all patients. The scoring of AD 

index decreased by 66.6% from 36.5 to 12.2 (P,0.05) during 

8–29 weeks of treatment. No adverse events were observed.

Conclusion
Increased knowledge of the molecular regulatory mecha-

nisms that impact the pathogenesis of psoriasis and other 

inflammatory diseases has created new chances for the 

development of targeted drug therapy. The antipsoriatic 

therapeutic spectrum could be extended in the future to a 

number of novel oral compounds, the JAK inhibitors. JAKs 

are intracellular second messengers that are essential for 

transmitting extracellular cytokine signals to the cell. JAK 

inhibition can suppress immune cell activation and inflamma-

tion. Tofacitinib is a current investigational drug in psoriasis. 

It is an orally available compound belonging to the group of 

JAK inhibitors. Oral and topical formulations of tofacitinib 

have been demonstrated to be safe and effective for the 

treatment of plaque psoriasis in Phase III clinical trials. If 

approved for psoriasis treatment by regulatory agencies, it 

will be interesting to define its place in the treatment algo-

rithm. The available randomized clinical trials in psoriasis 

place tofacitinib in the same area of etanercept, as second-line 

agent alongside the TNF-alpha antagonists. The oral delivery 

route, and economic issues regarding potential better cost-

effectiveness ratio with respect to biologics and biosimilars, 

may be tofacitinib strengths. Given the oral administration 

route, efficacy and safety of tofacitinib could be compared 

to available conventional antipsoriatic treatments, such as 

methotrexate or cyclosporine, in randomized clinical trials. 

Such studies could provide additional information about 

potential treatment strategies. About safety, questions remain 

unresolved. The Food and Drug Administration approved 

only the 5 mg bid dose in RA on the grounds that a higher 

dose was not considered to have an adequate risk-to-benefit 
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ratio. Nevertheless investigational studies in psoriasis showed 

that 5 mg bid tofacitinib was less effective than etanercept.

Definitely, current studies show no substantial advantages 

of tofacitinib in terms of efficacy and safety over existing 

treatments for psoriasis. A Phase III study assessed its 

noninferiority (rather than superiority) at the higher dose 

to etanercept. In consideration of the plethora of emerging 

antipsoriatic drugs recently approved such as secukinumab or 

apremilast, or in the pipeline, such as anti-IL-23 antibodies, 

it seems desirable to further explore tofacitinib for promoting 

hair growth and/or repigmentation. Both alopecia areata and 

vitiligo are common diseases with big unmet medical needs. 

Clinical trials with selective JAK inhibitors are required to 

dissect key pathogenic pathways.
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