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Abstract: Immune/inflammatory cells act in rheumatoid arthritis (RA)-affected patients by 

synthesizing several inflammatory mediators, including cytokines that initiate intracellular 

signaling. Recently, small molecule inhibitors of transduction and transcription signals that 

influence the intracellular pathways (such as the Janus kinase [JAK] family of tyrosine kinases) 

have been tested for RA treatment. Four members of the JAK family are known: JAK1, JAK2, 

JAK3, and TyK2. JAK1/JAK3 constitutively binds to the cytoplasmic portion of the cytokine 

receptor – the common gamma chain – that represents a common subunit of several cytokines 

involved in T-cell and natural killer cell development, as well as in B-cell activation. Tofacitinib 

is an oral JAK inhibitor that is now available and effective in RA treatment, as shown in multiple 

Phase II and Phase III clinical trials. However, long-term safety data and comparisons with other 

disease-modifying antirheumatic drugs and small molecule inhibitors are necessary to better 

determine the role of tofacitinib in RA.

Keywords: Janus kinase inhibitors, tofacitinib, rheumatoid arthritis, kinases, small molecules 

inhibitors, intracellular signaling

Targeting rheumatoid arthritis mediators
Rheumatoid arthritis (RA) is a multifactorial, systemic autoimmune disease char-

acterized by inflammatory cell infiltration in the synovial tissue, synovial pannus 

formation, and it results in subsequent bone erosions, leading to joint destruction and 

progressive disability.1

The erosive damage reflects the systemic activity of several immune-inflammatory 

mediators including cytokines, growth and angiogenic factors, as well as adhesion 

molecules. These products are synthesized by activated immune-inflammatory cells 

involved in the pathogenesis of RA, such T- and B-lymphocytes, macrophages, neutro-

phils, as well as fibroblasts and osteoclasts. The inflammatory and degradative factors 

produced by these cells participate in the erosive activity on cartilage and bone.2

The natural history of RA has dramatically changed since the 1980s with the 

introduction of methotrexate (MTX), a potent antiproliferative drug with a good safety 

profile, followed by the approval of other disease-modifying antirheumatic drugs 

(DMARDs) that allowed for the improved management of RA progression and the 

easier achievement of disease activity remission.3

In the 1990s, the progressive knowledge of the pathophysiologic mechanisms of 

RA led to the development of monoclonal antibodies and receptor decoys that were 

specifically targeted (biologic DMARDs). Antibodies tailored against tumor necrosis 

factor (TNF)-alpha (α) and interleukin (IL)-1 were initially produced; IL-6, T- and 
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B-cell activation, and several others cytokines (ie, IL-17) 

inhibitors followed these first discoveries. In addition, 

biological agents interact with several targets: circulating 

cytokines or their receptors (ie, TNF-α, IL-1, and IL-6); 

surface-expressed markers of immune-inflammatory cells (ie, 

cluster of differentiation [CD]20 on B-cells); and costimula-

tory molecules stuck on the cell surface (ie, CD80/CD86 on 

antigen-presenting cells, macrophages, and other cells such 

as osteoclasts), modulating the interaction between antigen-

presenting cells and T-cells.4

It is, nevertheless, critical to notice that these high 

molecular weight biologic drugs, which bind to cell surface 

molecules or to secreted proteins, only inhibit or modulate 

the intercellular pathways, without affecting the intracellular 

message signaling. The efficacy of these biologic agents, 

which are able to target the early progression of RA and other 

inflammatory arthritides when compared to the nonbiologic 

DMARDs, made them the gold standard of treatment.

On the other hand, their potentially severe side effects and 

their considerable costs still limit their widespread utilization. 

During the last few years, a “tolerance effect” of biologic 

agents, which affects their efficacy over the course of treat-

ment, has been widely observed. The scientific community 

thus began making an extraordinary effort to discover novel 

RA drugs that target crucial signals of activated cells.5

Small molecules that block the intracellular cytokine 

signaling pathways have recently represented a valuable 

pharmacological approach, alternative, or additive to the cur-

rent DMARD and biologic therapies. These drugs are easy to 

synthesize and are available for oral administration. Several 

protein kinase inhibitor subgroup proteins have been tested to 

date in randomized clinical trials, targeting mitogen-activated 

protein kinase/p-38, spleen tyrosine kinase, c-Kit-activated 

kinases, and Janus kinase (JAK).

In particular, JAKs play an important role in both innate 

and adaptive immune responses. Cytokine receptors contain-

ing the common γ-chain subunit are relevant in initiating the 

signaling process through JAK1 and JAK3, as observed in 

RA.1,2 Tofacitinib is a pan-JAK inhibitor targeting the JAK/

signal transducer and activator of transcription (STAT) path-

way involved in RA.6

JAK/STAT pathway involvement  
in rheumatoid arthritis
Several kinase cascades, operating during intracellular sig-

naling, have been tested as potential therapeutic targets. As 

reported previously, JAK, mitogen-activated protein kinase, 

spleen tyrosine kinase, and nuclear factor kappa–light-chain 

enhancer of activated B-cells are the better known intracellular 

pathway actors modulating and transmitting the messages of 

the proinflammatory cytokines (Figure 1).

The JAK family of kinases plays an important role in 

cytokine-induced signal transduction. Four JAK proteins 

(JAK1, JAK2, JAK3, and tyrosine kinase 2 [TyK2]) and seven 

STAT molecules are known; they work together to spread 

intracellular signals that originate when a cytokine (especially 

IL-1, IL-2, IL-4, IL-6, IL-7, IL-9, IL-15, IL-17, and IL-21) 

binds to the receptor. JAKs, as intracellular enzymes, medi-

ate biochemical signals arising from the interactions between 

cytokines or growth factor and cellular membrane receptors, 

thus influencing cellular processes like hematopoiesis and 

immune-mediated responses. Along this signaling process, 

JAKs phosphorylate and activate STATs which, in turn, modu-

late intracellular activity and gene expression. JAKs and STATs 

are critical components of several physiologic pathways, and 

they regulate proliferation, survival, differentiation, and patho-

gen action resistance of the cells. The TyK proteins represent 

the first step of the intracellular signal transduction cascade that 

follows receptor binding. Other molecules, such interferons, 

interleukins, colony-stimulating factors, and other cytokines 

share the same pathway of signal transduction.7
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Figure 1 Intracellular signaling pathways. 
Notes: Intracellular pathways offer many options for the inhibition of cytokine 
signaling. JAK/STAT pathways are one of several intracellular hubs in the inflammatory 
cytokine network. There are several kinase cascades operating for the intracellular 
signaling; these include: JAK, MAP, Syk, NF-κB, STAT, TyK2, ERK, MAP3KS that 
phosphorylates and activates a MKK (for example, ERK), JNK, C-Jun, ATF2, Elk-1, 
C-Myc, NIK, IKK, and IκBα. 
Abbreviations: JAK, C-Jun N-terminal kinase; TyK2, tyrosine kinase 2; MAP3KS, 
mitogen-activated protein kinase kinase kinase; Syk, spleen tyrosine kinase; STAT, signal 
transducers and activators of transcription; MEK 1/2, dual-specificity kinase MAP kinase 
kinase; ERK, extracellular signal-regulated kinases; NIC, nuclear factor-kappa B inducing 
kinase; MKK, mitogen-activated protein kinase kinase; IKK, inhibitor kappa B kinase; NF-
κB, nuclear factor kappa-light-chain-enhancer of activated B cells; IkBα, subunits of IKK; 
ATF2, activating transcription factor 2; MAPKA, mitogen-activated protein kinase A; PK2, 
protein kinase 2; C-Jun, transcription factor C-Jun; Elk-1, Ets-like protein 1 transcription 
factor; C-Myc, cellular oncogene; NIK, nuclear factor kappa B inducer kinase.
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After the interaction receptor/ligand occurs, JAKs bind to 

the cytoplasmic region of the transmembrane–cytokine recep-

tors, inducing TyK phosphorylation and subsequent STAT 

activation. STATs act as transcription factors; they are phos-

phorylated by JAK, dissociate, dimerize via their Src homol-

ogy 2 domains, and move to the nucleus, where they finally 

initiate and modulate target gene transcription (Figure 2).8–10 

Therefore, during the inflammatory cascade observed in RA in 

particular, type 1/2 cytokine receptors bind to JAKs, initiating 

the intracellular signaling and cell reactivity cascade.

Among the others cytokine-binding JAK proteins, 

IL-1, IL-6, and IL-17 are critically involved in immune-

inflammatory cell proliferation and, subsequently, in the 

pathogenesis of RA.11,12

Several studies, conducted on both animal models and 

human inflammatory cells, revealed enhanced JAK–STAT 

pathway gene expression, supporting the pathway’s funda-

mental role in inflammatory response regulation.

IL-6 is universally recognized as the main activator of the 

STAT1 complex.13 In another study, increased STAT1 expres-

sion has been detected in patients with RA, predominantly in 

T- and B-cell inflammatory infiltrates and in fibroblast-like 

synoviocytes, as compared to subjects with osteoarthritis 

and reactive arthritis.14

STAT3 plays a variety of roles due to the recruit-

ment of distinct target genes in different cell types. It is 

activated by a variety of cytokines including IL-6, IL-10, 

and interferons-α/β. Clinical experiences with the anti-IL-6 

receptor antibody suggest that the suppression of STAT3 may 

contrast the inflammation by blocking IL-6, whereas in acti-

vation IL-6 leads to fibroblast transformation. In vitro studies 

of human tissues support the role of STAT3 in contributing 

to the chronic trend of inflammatory arthritides.15

The JAK–STAT signal transduction pathway is proven 

to be altered in inflammatory arthritides due to changes in 

STAT1, STAT3, STAT4, and STAT6 expression.15 Therefore, 

the expression modulation capability makes JAK–STAT an 

ideal target for alternative therapeutic approaches to proin-

flammatory cytokines (ie, TNF-α, IL-1, and IL-6) activity, as 

observed in RA. RA activity suppression requires multiple 

actions against the variety of inflammatory cascades involved 

in the pathophysiology of the disease.16

The results of numerous studies that have indicated 

increased activation and expression of the JAK–STAT 

pathway in RA synovial tissue represent increasing amounts 

of evidence for the pathway’s role as a potential therapeutic 

target in RA. A new agent now available for RA treatment, 

belonging to the large tyrosine kinase family, is the JAK 

inhibitor, tofacitinib.17,18

Clinical pharmacology of tofacitinib
Tofacitinib – formerly designated as CP-690,550 and ini-

tially called tasocitinib – is a JAK inhibitor with functional 

selectivity for the JAK1/JAK2, JAK1/JAK3, and JAK2/JAK2 

pathways. The inhibition potency is 20- to 100-fold higher for 

JAK3 then for JAK1 and JAK2. This drug has actually been 
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IL-21 and other cytokines
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Figure 2 The JAK–STAT intracellular signaling pathway. 
Notes: JAK is involved in the intracellular signal transduction pathways via STATs. JAK3 binds to the gamma chain, which is a common receptor subunit for IL-2, IL-4, IL-7, 
IL-9, IL-15, and IL−21. The JAK inhibitor, tofacitinib, mainly inhibiting JAK3 and JAK1, blocks the synthesis of proinflammatory cytokines (IFN-gamma, IL-6 and, to a lesser 
extent, IL-12 and IL-23). 
Abbreviations: IL, interleukin; JAK, Janus kinase; STAT, signal transducers and activators of transcription; TNF, tumor necrosis factor; IFN, interferon.
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developed and tested in different trials in citrate salt form, 

which is particularly soluble in water, and the commercial 

formulation (Xeljanz®; Pfizer, Inc., New York, NY, USA) is 

supplied for oral administration as 5 mg tofacitinib (which 

is equivalent to 8 mg of tofacitinib citrate).19

The JAK inhibitor, tofacitinib, binds to the adenosine 

triphosphate-binding cavity of TyK2 and forms polar and 

nonpolar interactions with a series of residues lining the 

binding cleft. Blocking the STAT activity, therefore, indi-

rectly influences gene expression and may modulate cellular 

processes, including hematopoiesis and immune responses. 

JAK enzymes transmit cytokine signaling through the pair-

ing of JAKs (for example, JAK1/JAK3, JAK1/JAK2, JAK1/

TyK2, and JAK2/JAK2).20

Regarding the pharmacodynamics of tofacitinib, it 

is notable that treatment with this drug entails an early, 

dose-dependent depletion in the count of T-lymphocytes 

and B-lymphocytes, which recover 1 month after the drug 

administration is stopped. Interestingly, tofacitinib treat-

ment in RA patients similarly causes a sudden decrease in 

C-reactive protein (CRP), which persists even after 2 weeks 

of drug discontinuation. In fact, peak plasma concentration 

is reached between 60 minutes and 1 hour after drug admin-

istration, while the drug’s half-life ranges around 3 hours at a 

therapeutic dose that is administered twice daily. Metabolic 

clearance of tofacitinib is mainly hepatic (70%) and, second-

arily, renal (30%).19,20

Janus kinase inhibitor tofacitinib  
in rheumatoid arthritis clinical trials
After being tested on animal models and on small proof-of-

concept trials among humans, and after exhibiting positive 

results, tofacitinib has been one of the first small molecule 

inhibitors to be studied in clinical trials among patients 

with RA.18,21

Phase II and Phase III clinical trials using the JAK inhibi-

tor, tofacitinib, for RA treatment have concluded and are 

discussed in the sections that follow.

Phase II studies
The results of a number of Phase II studies are summarized in 

Table 1. Several Phase II (A and B dose-ranging) trials,4 ,22-26 

lasting from 6 to 24 weeks and performed to test tofacitiinb 

(CP-690,550) in RA patients showed an overall significant 

improvement in the American College of Rheumatology 

(ACR)20 score as early as week 2 of treatment, and sustained 

at week 24.

In one early study, the ACR20 response rates by week 6 

were 70.5%, 81.2%, and 76.8% in the 5 mg, 15 mg, and 30 mg 

twice daily groups, respectively, compared with 29.2% in 

the placebo group (P,0.001). However, the infection rate in 

both the 15 mg and the 30 mg twice daily group was 30.4% 

compared to 26.2% in the placebo group.22

Tanaka et al23 compared the efficacy, safety, and tolerabil-

ity of five doses of tofacitinib monotherapy versus placebo in 

the treatment of RA among Japanese patients with inadequate 

response to DMARDs. The primary endpoint, however, was 

the ACR20 response rate at week 12. All tofacitinib doses 

were superior when compared with placebo, and a clear dose 

response was observed. ACR50 and ACR70 response rates 

also showed a dose response at week 12. The most common 

adverse events (AEs) were nasopharyngitis, hyperlipidemia, 

and increased plasma lipid levels; these were reported to be 

mild in severity.23

In another Phase IIB dose-ranging study,24 tofacitinib 

or, alternatively, adalimumab monotherapy, was tested ver-

sus placebo in patients with active RA who inadequately 

responded to DMARDs. In this 24-week, double-blind, 

Phase IIB study, RA patients (n=384) were randomized to 

receive either placebo; tofacitinib at 1 mg, 3 mg, 5 mg, 10 mg, 

or 15 mg administered orally twice daily; or 40 mg of adali-

mumab injected subcutaneously every 2 weeks (a total of six 

injections), followed by oral tofacitinib at 5 mg twice a day 

for 12 weeks.

Treatment with tofacitinib at a dose $3 mg twice daily 

resulted in a rapid response with significant efficacy when 

compared to placebo, as indicated by the primary endpoint 

(ACR20 response at week 12), which was achieved in 39.2% 

(3 mg; P,0.05), 59.2% (5 mg; P,0.0001), 70.5% (10 mg; 

P,0.0001), and 71.9% (15 mg; P,0.0001) of participants 

in the tofacitinib group. On the other hand, 35.9% of patients 

in the adalimumab group reached the ACR20 response at 

week 12 (P not significant); among patients receiving placebo, 

only 22.0% had the same performance (P not significant).

The most common treatment-related AEs in patients receiv-

ing tofacitinib (n=272) were urinary tract infection (7.7%), 

diarrhea (4.8%), headache (4.8%), and bronchitis (4.8%).24

A further randomized controlled Phase II study25 was 

conducted among Japanese patients with active RA, and 

who had an inadequate response to MTX, in order to 

evaluate the efficacy, safety, and tolerability of 4 mg of oral 

tofacitinib (CP-690,550) doses in combination with MTX 

and compared to placebo. ACR20 response rates at week 12 

were significantly higher (P,0.0001) in all groups receiv-

ing tofacitinib; low disease activity status was achieved by 

72.7% of patients, with high baseline disease activity scores 

(DASs) noted among those receiving tofacitinib 10 mg twice 

a day at week 12 (P,0.0001). The most common AEs were 
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mild-to-moderate severity nasopharyngitis (n=13), and 

increased alanine aminotransferase (n=12) and aspartate 

aminotransferase (n=9) levels. Serious AEs were reported 

in five patients.25

Another Phase IIB study26 was performed to assess 

the efficacy, safety, and tolerability of different doses of 

oral tofacitinib (CP-690,550) in comparison to placebo 

in active RA patients receiving a stable dose of MTX, 

but who inadequately responded to this monotherapy. 

ACR20 response rates, reached at week 12 from patients 

receiving all tofacitinib dosages $3 mg twice daily (52.9% 

for 3 mg twice daily, 50.7% for 5 mg twice daily, 58.1% for 

10 mg twice daily, 56.0% for 15 mg twice daily, and 53.8% 

for 20 mg/day), were significantly greater (P#0.05) than the 

response rates achieved with placebo (33.3%).

Sustained improvements were noticed at week 24 for the 

ACR20, ACR50, and ACR70 responses, as well as for the 

Health Assessment Questionnaire Disability Index (HAQ-DI) 

scores and the three-variable DAS assessed in 28 joints using 

the CRP level (DAS28–CRP) permanently ,2.6.

The most common treatment-related AEs observed 

in .10% of patients receiving tofacitinib were diarrhea, 

Table 1 Summary of the Phase II and Phase III studies conducted on tofacitinib in RA

Author 
(reference)

Phase Population – duration Dosage of treatment – randomization Primary endpoint

Kremer et al22 IIA Active RA inadequate response or 
intolerance to DMARDs – 6 weeks

Tofacitinib 5 mg, 15 mg, or 30 mg bid or placebo;  
monotherapy, n=61; placebo, n=65

ACR20 at week 6

Tanaka et al23 IIB Active RA inadequate response  
to MTX alone (Japanese patients  
only) – 12 weeks

Tofacitinib 1 mg, 3 mg, 5 mg, or 10 mg bid  
or placebo; stable background MTX, n=27;  
placebo, n=28

ACR20 at week 12

Fleischmann  
et al24

IIB Active RA inadequate response or 
intolerance to DMARDs –  
24 weeks

Tofacitinib 1 mg, 3 mg, 5 mg, 10 mg, or 15 mg bid  
or placebo, or adalimumab 40 mg once every  
2 weeks; monotherapy – (after week 12,  
nonresponder placebo/tofacitinib 1 mg or 3 mg bid  
advanced to tofacitinib 5 mg) – tofacitinib 5 mg  
bid, n=49; placebo, n=59; adalimumab, n=53

ACR20 at week 12

Tanaka et al25 II Active RA with an inadequate  
response to DMARDs – 12 weeks

Tofacitinib 1 mg, 3 mg, 5 mg, 10 mg, 15 mg or  
placebo; monotherapy – tofacitinib 5 mg bid,  
n=50; placebo, n=48

ACR20 at week 12

Kremer et al26 IIB Active RA with an inadequate  
response to MTX alone –  
24 weeks

Tofacitinib 1 mg, 3 mg, 5 mg, 10 mg, or 15 mg bid  
or 20 mg/daily or placebo; stable background MTX  
(after week 12, nonresponder placebo/tofacitinib  
1 mg or 3 mg bid and 20 mg/day advanced to  
tofacitinib 15 mg bid) – tofacitinib 5 mg bid,  
n=71; placebo, n=69

ACR20 at week 12

van Vollenhoven  
et al28

III Active RA with an inadequate  
response to MTX alone –  
48 weeks

Tofacitinib 5 mg or 10 mg bid or placebo, or  
adalimumab 40 mg once every 2 weeks; stable  
background MTX (after week 12, nonresponder  
placebo were advanced to tofacitinib) – tofacitinib  
5 mg bid, n=204; placebo, n=108; adalimumab, n=204

ACR20 at month 6; 
DAS28-4 ESR ,2.6 at 
month 6; HAQ-DI at 
month 3

Fleischmann  
et al29

III Active RA with an inadequate  
response or intolerance to  
DMARDs – 24 weeks

Tofacitinib 5 mg or 10 mg bid or placebo;  
monotherapy; – (after week 12, nonresponder  
placebo-treated patients were advanced to  
tofacitinib) – tofacitinib 5 mg bid, n=243;  
placebo, n=122

ACR20 response at  
month 3; DAS28-4 ESR 
,2.6 at month 3; HAQ-DI 
at month 3

van der Heijde30 III Active RA with an inadequate  
response to MTX – 48 weeks

Tofacitinib 5 mg or 10 mg bid or placebo; stable  
background MTX – (after week 12, nonresponder  
placebo-treated patients were advanced to  
tofacitinib) – tofacitinib 5 mg bid, n=321;  
placebo, n=160

ACR20 response at  
month 6; DAS28-4 ESR 
,2.6 at month 6; HAQ-DI 
at month 3

Burmester  
et al31

III Active RA with an inadequate  
response or intolerance to TNFi  
and MTX – 24 weeks

Tofacitinib 5 mg or 10 mg bid or placebo; stable  
background MTX – (after week 12, placebo- 
treated patients were advanced to tofacitinib) –  
tofacitinib 5 mg bid, n=133; placebo, n=132

ACR20 response at  
month 3; DAS28-4 ESR 
,2.6 at month 3; HAQ-DI 
at month 3

Abbreviations: RA, rheumatoid arthritis; DMARDs, disease-modifying antirheumatic drugs; bid, twice a day; ACR20, 20 percent improvement on the American College of 
Rheumatology symptoms of rheumatoid arthritis; MTX, methotrexate; DAS-28, Disease Activity Score of rheumatoid arthritis based on the assessment of 28 joints; EDC, 
erythrocyte sedimentation rate; HAQ-DI, Health Assessment Questionnaire–Disability Index; TNFi: tumor necrosis factor inhibitors.
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upper respiratory tract infection, and headache. In 21 patients 

(4.1%), serious AEs were reported. Occasionally, an increase 

of transaminase, cholesterol, and serum creatinine levels 

(which occurred parallel to a decrease in neutrophil and 

hemoglobin levels) was detected.26

A recent additional study27 was also conducted on patients 

with psoriasis; the effectiveness and safety of tofacitinib 

was tested in another Phase IIB, randomized, double-blind, 

placebo-controlled study conducted among patients with 

moderate-to-severe psoriasis. By considering this chronic, 

inflammatory skin disease with a significant impact on health-

related quality of life, three tofacitinib dosage regimens and 

placebo were compared to characterize the efficacy and safety 

of tofacitinib in patients with moderate-to-severe chronic 

plaque psoriasis. A total of 197 patients were randomized to 

tofacitinib 2 mg, 5 mg, 15 mg twice daily, or placebo for 12 

weeks. Six different patient-reported outcome (PRO) ques-

tionnaires were completed during the study. Treatment with 

tofacitinib resulted in significant, dose-dependent improve-

ments in several PROs versus placebo from week 2 onwards. 

At week 12, the least squares mean change from baseline for 

the Dermatology Life Quality Index, Itch Severity Score, and 

Short Form-36 questionnaire version 2, mental component 

scores were significantly greater for all active drug arms versus 

placebo (P,0.05), and significantly greater for tofacitinib 

5 mg and 15 mg for the Short Form-36 physical component 

scores versus placebo (P,0.05). At week 12, all dose groups 

had significantly greater numbers of patients reporting “Clear” 

or “Almost clear” on the Patient Global Assessment of psoria-

sis versus placebo. Finally, in patients with moderate-to-severe 

chronic plaque psoriasis, short-term (12-week) treatment with 

oral twice-daily tofacitinib improved health-related quality of 

life outcomes and patient assessments of disease severity and 

symptoms, with an early onset of efficacy.27

Phase III studies
The results of the Phase III studies are summarized in Table 1. 

In a recent 12-month Phase III trial,28 717 patients receiving 

stable doses of MTX were randomized to either take 5 mg 

of tofacitinib twice daily, 10 mg twice daily, 40 mg of adali-

mumab once every 14 days, or placebo.

ACR20 response after 6 months was significantly higher 

among patients receiving tofacitinib 5 mg or 10 mg (51.5% 

and 52.6%, respectively), and among subjects receiving 

adalimumab (47.2%) than among those receiving placebo 

(28.3%) (P,0.001 for all comparisons).

In the active-treatment groups compared to placebo, 

significant reductions in the HAQ-DI score at month 3, and 

higher percentages of patients with a DAS28–erythrocyte 

sedimentation rate (ESR) remission (,2.6) at month 6 were 

observed. Some AEs, which were more likely described 

among the tofacitinib group than the placebo group, included 

pulmonary tuberculosis diagnosed in two patients (who 

belonged to the 10 mg tofacitinib group).

Finally, in the RA patient population receiving a stable 

dose of MTX, the effectiveness of tofacitinib was similar to 

that of adalimumab and higher than that of the placebo.28

In a further 6-month, double-blind, placebo-controlled, 

parallel-group study,29 611 RA patients were randomized 

following a 4:4:1:1 ratio, either to 5 mg or 10 mg of tofaci-

tinib twice daily, 3 months of placebo followed by a rescue 

treatment of 5 mg tofacitinib twice daily, or in a similar arm 

consisting of 3 months of placebo, followed by tofacitinib 

10 mg twice daily.

After a 3-month observational period, tofacitinib-treated 

patients attained a higher ACR20 percentage than placebo 

(59.8% in the 5  mg tofacitinib group, and 65.7% in the 

10 mg tofacitinib group, versus 26.7% in the placebo groups; 

P,0.001 for both comparisons).

The percentage of patients who exhibited a remission in 

the DAS28–ESR score, however, was not significantly higher 

in the tofacitinib group than in the placebo group (5.6% and 

8.7% in the 5 mg and 10 mg tofacitinib groups, respectively, 

versus 4.4% in the placebo group; P=0.62 and P=0.10 for 

the two comparisons, respectively). It is important to note 

that serious infections developed in six patients receiving 

tofacitinib. The most reported AEs were headache and upper 

respiratory tract infections.29

More recently, two Phase III trials lasting from 6 months 

to 24 months were conducted to assess safety. In a double-

blind, parallel-group, placebo-controlled study, RA-affected 

patients already treated with MTX were randomized fol-

lowing a 4:4:1:1 ratio to either tofacitinib 5 mg twice daily; 

tofacitinib 10  mg twice daily; placebo then tofacitinib 

5 mg twice daily; or placebo then tofacitinib 10 mg twice 

daily. Regarding the last two groups, after 3 months, the 

nonresponder placebo patients were blindly rescued to 

tofacitinib active treatment, as indicated; the remaining 

placebo patients were advanced after 6 months of observa-

tion. The primary efficacy endpoints were all analyzed in 

a step-down procedure. ACR20 response rates (at month 

6) for tofacitinib 5 mg and 10 mg twice daily were higher 

than placebo (51.5% and 61.8%, respectively, versus 25.3% 

for placebo; both P,0.0001); DAS28–ESR ,2.6 rates, 

achieved after the sixth month of treatment, were 7.2% 

(significance not declared due to the step-down procedure 
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employed) and 16.0% for 5 mg and 10 mg of tofacitinib, 

respectively, versus placebo (1.6%) (P,0.0001). The safety 

profile was consistent with that noted in previous studies.28,29 

Data from this 12-month interim analysis demonstrated 

that tofacitinib inhibits the progression of structural dam-

age and improves RA disease activity in patients on MTX 

baseline therapy.30

Additional data were published at the beginning of 

2013 in Lancet31 regarding a 6-month, double-blind, parallel-

group Phase III study conducted in 13 countries, including 

399 patients with moderate-to-severe RA and exhibiting 

an inadequate response to TNF inhibitors. Subjects who 

were already treated with background MTX were randomly 

assigned in a 2:2:1:1 ratio to receive twice a day treatment 

with tofacitinib 5 mg (n=133), tofacitinib10 mg (n=134), 

or placebo (n=132). At month 3, patients given placebo 

advanced to either tofacitinib 5 mg twice a day (n=66) or 

10  mg twice a day (n=66). Primary endpoints included 

ACR20 response rate, mean change from baseline in HAQ-DI 

score and rates of DAS28–ESR less than 2.6 – all of which 

were assessed at month 3. At that time, ACR20 response 

rates were 41.7% (P=0.0024) for tofacitinib 5 mg twice a 

day and 48.1% (P,0.0001) for tofacitinib 10 mg twice a day 

versus 24.4% for placebo. Improvements from baseline in 

HAQ-DI scores were -0.43 (P,0.0001) for the 5 mg twice 

a day tofacitinib and -0.46 (P,0.0001) for tofacitinib 10 mg 

twice a day versus -0.18 for placebo; DAS28 ,2.6 rates 

were 6.7% (P=0.0496) for tofacitinib 5 mg twice a day and 

8.8% (P=0.0105) for tofacitinib 10 mg twice a day versus 

1.7% for placebo.

The safety profile of the AEs was consistent with previ-

ous Phase II and Phase III studies. The most common AEs 

observed in months 0–3 were diarrhea (4.9%), nasopharyn-

gitis (4.1%), headache (4.1%), and urinary tract infections 

(3.0%) across the different tofacitinib groups; in addition, 

nausea (6.8%) was reported among the placebo group. In this 

treatment-refractory population, tofacitinib, along with MTX, 

entailed rapid and clinically meaningful improvements in 

RA signs and symptoms, as well as in physical function over 

6 months, with an acceptable safety profile. Tofacitinib could, 

therefore, provide an effective treatment option in patients 

with an inadequate response to TNF inhibitors.31–33

Discussion
The targeted immunomodulation and disease-modifying 

effects exerted by tofacitinib as a JAK/STAT pathway inhibi-

tor and an intracellular signaling modulator have been shown 

to be effective in RA treatment with an acceptable risk / benefit 

ratio, whereas the same results have not been achieved by 

other analogous pathway inhibitors.

Regarding efficacy, the latest clinical findings regard-

ing tofacitinib demonstrated significant ACR20 response 

rates versus placebo-treated RA patients.34 In terms of 

safety, the most frequently observed tofacitinib AEs 

include liver enzyme, creatinine, and serum lipid eleva-

tions; neutropenia; a slightly increased incidence of gen-

erally benign infections (including herpes zoster, 5%), 

whereas most of the serious AEs included opportunistic 

infections, tuberculosis, cancers, gastrointestinal perfo-

rations, and lymphoma. These side effects appear due 

to blockade of signaling of several cytokines (some also 

exerting anti-inflammatory and anti-infectious actions) 

that is a logical consequence of the extensive intracellular 

signaling blockade.6

The balance between the efficacy and safety of tofacitinib, 

compared to standard-of-care therapy, seems to be acceptable, 

as better ascertained by recent Phase III clinical trials and 

meta-analyses that brought attention to this new oral therapy 

that is now available for RA patients.6,34

In November 2012, the United States Food and Drug 

Administration approved tofacitinib “to treat adults with 

moderately to severely active RA who have had an inadequate 

response to, or who are intolerant of, methotrexate.” The 

product was subsequently introduced to the market on July 

15, 2013 in the US and to other countries beyond Europe, 

like Japan, Switzerland, Argentina, Kuwait, Russia, and the 

United Arab Emirates.

Once on the market, rheumatologists complained that the 

monthly wholesale price of the drug was too expensive, though 

the price is 7% less than that of related treatments.35 The 

Committee for Medicinal Products for Human Use of the 

European Medicines Agency has, nevertheless, adopted a 

negative view of tofacitinib citrate for the treatment of adult 

patients with moderate-to-severe active RA. The Commit-

tee for Medicinal Products for Human Use of the European 

Medicines Agency is of the opinion that tofacitinib does not 

demonstrate a favorable risk/benefit profile at this time (April 

2013).36 Therefore, the drug carriers, as recommended by the 

US Food and Drug Administration, provide a boxed warning 

regarding these safety issues.37

Conclusion
In order to investigate the global long-term effects of tofaci-

tinib on the human physiology, as well as on its long-term 

safety, postmarketing studies conducted on a larger RA 

patient population are required.
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