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Lymphocytes play a central role in the pathogenesis of rheumatoid arthritis (RA) 
by releasing proinflammatory cytokines. JAK enzymes are cytoplasmic tyrosine 
kinases that modulate intracellular signaling transduction of the lymphocytes. JAK 
enzymes (JAK1, JAK2, JAK3 and TYK2) activate the signaling for gene transcription of 
proinflammatory cytokines, leading to joint inflammation and destruction. Tofacitinib 
is the first JAK inhibitor used for active RA. Its pharmacological characteristics, efficacy 
and safety are discussed in this review. Evidence from 11 controlled trials suggests that 
tofacitinib alone or combined with methotrexate is effective in patients with active 
disease who had failed or are intolerant to other RA therapies. Serious adverse events 
reported in the literature included serious infections and malignancies.
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Approximately 9  million medical consulta-
tions and 250,000 hospitalizations per year 
in the USA are attributed to rheumatoid 
arthritis (RA) and its complications, leading 
to a great socioeconomic burden with a loss 
of US$17.6  billion in salaries and 2.5% of 
permanent disabilities per year [1,2].

Early RA diagnosis and treatment increases 
the probability of controlling the inflamma-
tory process, slowing the disease progression, 
and improving the functional status and 
quality of life of the patients. Diseases modi-
fying anti-rheumatic drugs (DMARDs) are 
the mainstream therapy for RA. Numerous 
DMARDs, both traditional and biologic, 
are currently available and have proven to be 
effective. Of the traditional group, metho-
trexate has proven to be more efficacious 
than other monotherapies [3–5].

For patients with inadequate response to 
traditional DMARDs, the newer biologic 
agents targeting proinflammatory cytokines 
(i.e., TNF-α, IL-1 and IL-6), B cells (CD20), 
or T-cell activation co-stimulatory signal 
(CTLA-4) can be used either alone or in com-
bination with methotrexate. These agents have 

been shown to reduce the burden of synovi-
tis, slow radiological disease progression and 
improve quality of life [6,7]. The currently avail-
able biologic agents in the USA are abatacept, 
adalimumab, anakinra, certolizumab, etaner-
cept, golimumab, infliximab, rituximab and 
tocilizumab.

Tofacitinib (CP-690,550) is the first oral 
small-molecule inhibitor that belongs to a 
novel class of drugs called JAK inhibitors; 
it is approved in the USA and many other 
countries (except EU) to treat adults with 
moderately to severely active RA who have 
had an inadequate response or intolerance to 
one or more DMARDs.

Tofacitinib, a JAK inhibitor
JAK are a family of intracellular, non-receptor 
tyrosine kinases (enzymes primarily expressed 
in hematopoietic and immunologic cell lin-
eages that can transfer a phosphate group 
from ATP to a protein in a cell) that transduce 
cytokine-mediated signals via the JAK-STAT 
pathway [8]. This pathway transmits stimula-
tion from chemical signals outside the cell, 
through the cell membrane, and onto gene 
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promoters on the DNA in the cell nucleus, which causes 
DNA transcription and activity in the cell. The JAK-
STAT system is a major signaling alternative to the sec-
ond messenger system [9]. The JAK family includes four 
tyrosine kinases: JAK1, JAK2, JAK3 and TYK2. While 
JAK3 is primarily expressed in hematopoietic lineages, 
the others are universally expressed. JAK was shown to 
control signaling by IL-2, a key growth factor for T lym-
phocytes. Certain diseases can occur from changes in 
signaling of one of those tyrosine kinases, one example 
being the resulting myeloproliferative malignancies or 
certain leukemias after alterations of the JAK2 gene.

In 2003, tofacitinib (formerly known as tasoci-
tinib, CP-690,550) was first introduced as an inhibitor 
of JAK 3 that could be used for prevention of organ 
allograft rejection [10,11]. Recent evidence suggests that 
tofacitinib also inhibits JAK1, JAK2 and TYK2, with 
less specificity for JAK2 and TYK2 [10,12–14].

Based on this, the effects of tofacitinib have been 
evaluated in different animal models (including 
inflammatory arthritis) and in patients with psoriasis, 
inflammatory bowel disease, dry eye disease and RA 
[15–27]. Ongoing clinical trials are being conducted to 
evaluate its efficacy and safety on ankylosing spondy-
litis, Crohn’s disease, psoriasis, psoriatic arthritis and 
ulcerative colitis [18,28,29].

For this review we searched MEDLINE, PubMed, 
clinical trials.gov and the abstract repository websites 
of the American College of Rheumatology (ACR) and 
European League against Rheumatism  (EULAR). 
We included terms related to ‘RA’, ‘tofacitinib’ and/or 
‘controlled trials’. From 488 potentially relevant cita-
tions, we found and summarize evidence from 11 ran-
domized controlled trials (RCTs), and two long-term 
extension (LTE) studies.

Chemistry
Systematic name or chemical nomenclature accord-
ing to the International Union of Pure Applied 
Chemistry is 3-[(3R,4R)-4-methyl-3-[methyl(7H-
pyrrolo[2,3-d]pyrimidin-4-yl)amino]piperidin-1-yl]-
3-oxopropanenitrile. The drug substance tofacitinib 
citrate (CP-690,550-10) is highly soluble, not pho-
tosensitive, and has low permeability. The molecular 
formula is C1

6
H

20
N

6
O·C

6
H

8
O

7
 (citrate salt) with a 

molecular weight of 504.50 g/mol (312.37 g/mol for 
free base). Tofacitinib tablets are packaged in 56, 60 
and 180 tablets count. Two strengths are available (5 
or 10 mg); each 5 mg tablet contains 8 mg tofacitinib 
citrate equivalent to 5 mg tofacitinib (dosage depen-
dent on country-specific approval). The drug sub-
stance is manufactured by Pfizer Pharmaceuticals. The 
proposed shelf life for the drug product is 24 months 
when stored at 20–25°C [30].

Pharmacodynamics
The vital roles of JAK signaling have been shown in 
in  vitro studies or mouse models with these kinases 
mutated or deleted.

In vitro studies
The inhibitory mechanisms of tofacitinib to both the 
innate and adaptive immune response in immune 
cells and in RA were studied using in  vitro synovial 
macrophages, isolated murine and human T cells and 
several murine models of arthritis [12,31]. JAK inhibi-
tion by tofacitinib blocks signaling through the type I 
cytokine receptors containing the common γ chain 
for many cytokines, including IL-2, -4, -7, -9, -15 and 
-21, and through receptors for cytokines such as IL-6, 
IFN-γ and type 1 IFN [12,32]. A study in synovial mac-
rophages isolated from RA patients reported signifi-
cant decrease of IL-6 expression with tofacitinib [31]. 
Other studies have shown: disruption of γ-c cytokine 
signaling in CD4+ Th cells leading to inhibition of 
IL-4–dependent Th2 cell differentiation, interference 
with Th17 cell differentiation, blockage of the expres-
sion of IL-23 receptor and Th17 cytokines (IL-17A, 
IL-17F, IL-22) when naive T cells are stimulated with 
IL-6 and IL-23, and prevention of the activation of 
STAT1 and the differentiation of Th1 cells [12,33–35]. 
Also, tofacitinib partially blocks IL-12–driven phos-
phorylation of STAT4, suggesting a lower inhibitory 
efficacy of tofacitinib on TYK2 signaling than to other 
JAK signaling pathways [33–35]. TYK2 plays a restricted 
role in IFN-α signaling and is required for IL-12-me-
diated T-cell function through the activation of STAT4 
[36]. In addition, tofacitinib has also shown inhibitory 
activity of the melatonin 3 receptor, VEGFR, CDPK-2 
and LYN A kinase (Ki 2.3 μM) [37].

In vivo studies
In the murine model of K/BxN serum-induced arthri-
tis, driven by the innate immunity and inflamma-
tory cytokines such as IL-1β and TNF, tofacibinib 
significantly suppresses the arthritis symptoms and 
histologic changes, suggesting its effect through the 
innate immune mechanism [15]. Its efficacy in this dis-
ease model correlated with the specific inhibition of 
both JAK1 and JAK3 signaling pathways. Tofacitinib 
also modulates innate responses to lipopolysaccharide  
through a mechanism likely involving the inhibition of 
STAT1 signaling [11,12,15,35]. Other studies have found 
that inhibition of JAK can result in embryonic lethal-
ity, immunodeficiency, or impaired immune cell sig-
naling and development [12,38,39]. Mice with germline 
deletion of JAK1 are perinatally lethal due to impaired 
lymphopoisis [40]. JAK2 knockout mice are embryoni-
cally lethal due to the lack of definitive erythropoi-
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esis [41]. Mutation or depletion of JAK3 or TYK2 in 
humans and mice results in immunodeficiency and 
infections [42,43].

Carcinogenicity studies
In animals who recieved tofacitinib, the neoplastic 
findings observed were: benign angiomas, lipomas in 
the skin, interstitial cell adenomas in testis and pan-
creatic islet cell adenoma; and carcinoma in male rats 
and benign thymomas in thymus, uterine and cervical 
tumors (endometrial stromal polyps of the cervix) and 
malignant hibernomas in female rats. Lymphoma was 
observed in three monkeys who received higher dose 
(10 mg/kg/day). In addition, seroconversion for lym-
phocryptovirus was reported in mice, rats and mon-
keys. Furthermore, an increased risk of mortality in 
male rats was attributed to bacterial infections at the 
dose of 75  mg/kg/day and in females at the dose of 
100  mg/kg/day between  weeks 15 and 102 [37]. The 
reported developmental and reproductive toxicity in 
rats for tofacitinib (doses 10–100 times higher than 
those given to humans) was external, skeletal and vis-
ceral malformations in rabbits and external and skel-
etal malformations in rats. A natal study in rats showed 
reduced pup viability and weight gain. Thus, the drug 
is labeled as pregnancy category C. For genotoxicity, 
chromosomal aberrations were observed in an in vitro 
cytogenetic study in peripheral human lymphocytes.

Pharmacokinetics
The metabolic profile, routes of excretion and phar-
macokinetics were evaluated in six healthy male sub-
jects (ages between 18 and 55 years) [37]. After an 
oral administration of a single dose of 50 mg, plasma 
concentrations for both CP-690,550 and total drug 
radioactivity peaked at <2 h. The maximum concen-
tration (C

max
) values that tofacitinib achieved after the 

first dose administrated ranged from 331 to 480 ng/ml 
with a mean value of 397 ng/ml [37]. The area under 
the plasma concentration–time curve from time 0 to 
infinity (AUC

0-∞) values for the parent drug ranged 
from 977 to 2060  ng·h/ml with a mean value of 
1680 ng·h/ml. The mean terminal phase half-life (T

1/2
) 

was estimated to be 3.2 h. Other parameters reported 
include: bioavailability 74%, protein binding 40% 
(binds predominantly to albumin) and 70% hepatic 
metabolism via CYP3A4 and CyP2C19. Volume of 
distribution after intravenous administration was 87 l. 
Approximately 95% of the administered dose was elim-
inated within 24 h, 30% through renal excretion [37]. 
Tofacitinib interactions include: increased exposure 
when co-administered with potent inhibitors of cyto-
chrome P450 (CYP) 3A4 (e.g., ketoconazole); increased 
exposure when coadministered with medications that 

result in both moderate inhibition of CYP3A4 and 
potent inhibition of CYP2C19 (e.g., fluconazole); and 
decreased exposure when co-administered with potent 
CYP3A4 inducers (e.g., rifampin) [37]. Regarding gen-
eral toxicology, side effects include suppression of the 
immune and hematopoietic systems (suppression of 
myeloid and erythroid bone marrow production), 
reduced or atrophied lymphoid organs and reductions 
in circulating red and white blood cells. In patients with 
moderate to severe renal or hepatic impairment, dose 
needs to be reduced to 5 mg once daily [37].

Clinical efficacy
Here we review data from 11 RCTs, five 
Phase  II [25–27,44,45] of 3–6 months durations and six 
Phase  III [20–24,46,47] of 6–12 months durations, with 
a total of 1612 and 4271 participants, respectively 
(Tables 1 & 2). All studies included adult patients with a 
diagnosis of RA based on the 1987 revised criteria estab-
lished by the ACR. Most were multicenter studies and 
all were fully supported by Pfizer Pharmaceutical. Nine 
of the studies included patients who have previously 
failed both biologic and traditional DMARDs, one 
included patients who only failed traditional DMARDs 
[26], and one included patients who had not previously 
received methotrexate or therapeutic doses of metho-
trexate [46,47]. Four studies provided data on tofacitinib 
monotherapy [24,26,44,45] and the remaining permitted 
methotrexate at stable doses or other DMARDs as 
background [20–23,25],  one study did not report suffi-
cient details on concomitant therapies [47]. Tofacitinib 
doses used were 1 mg to 30 mg twice daily in Phase II 
studies and 5  mg or 10  mg twice daily in Phase  III 
studies. Outcome measures in all trials included the 
ACR  20, 50 and 70 response core sets including the 
Disability Index of the Health Assessment Question-
naire (HAQ-DI) and the EULAR response based on 
the disease activity score (DAS) among others, with the 
ACR 20 response as primary endpoint in most. Only 
two studies reported on radiographic progressions and 
all reported safety outcomes including withdrawals and 
adverse events.

In this review we summarize the results of four out-
comes: ACR 50, DAS28 score results (as mean change 
from baseline or percent of patients achieving disease 
remission DAS  <2.6), radiographic progression mea-
sured by the total Sharp score and disability index mea-
sured by the HAQ (Tables 3 & 4). We have chosen to 
report on the ACR 50 response rate because it is a more 
clinically meaningful threshold for patients compared 
to ACR 20 [48]. The lower sensitivity of the ACR 50 to 
identify some control patients with a response to treat-
ment is compensated by the other outcome measures we 
reported on [49,50].
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Study Duration Groups n ACR50 DAS28†  Radiographic 
progression 
(mTSS)

HAQ†  Ref.

Biologics (TNFi and/or non-TNFi) and DMARD failure♯

Kremer 2009, 
(NCT00147498)♯

3 months (6 weeks 
treatment + 6 weeks 
follow-up

5 mg + PDN 61 32% -2.0 NM -0.6 [44]

    15 mg + PDN 69 52% -2.3 NM -0.7

    30 mg + PDN 69 50% -2.8 NM -0.7

    PBO + PDN 65 8% -1.2 NM -0.3

Kremer 2012, 
A3921025 
(NCT00413660) 

6 months (24 weeks) 1 mg + MTX 71 28% 12.9% NM -0.3‡ [25]

    3 mg + MTX 68 26% 22% NM -0.5‡

    5 mg + MTX 71 32% 31% NM -0.6

    10 mg BID + 
MTX

74 36% 31% NM -0.5

    15 mg + MTX 75 42% 29.3% NM -0.5

    20 mg QD + 
MTX

80 38% 21.3% NM -0.5‡

    PBO§ + MTX 69 22% 10.1% NM -0.4

Tanaka 2011, 
A3921039 
(NCT00603512) 

3 months (12 weeks) 1 mg + MTX 28 32.1% -1.8 NM -0.4 [27]

    3 mg + MTX 27 44.4% -1.9 NM -0.4

    5 mg + MTX 27 74.1% -2.4 NM -0.5

    10 mg + MTX 26 46.2% -2.7 NM -0.6

    PBO + MTX 28 10.7% -0.7 NM -0.1

Tanaka 2011, 
A3921040 
(NCT00687193) 

3 months (12 weeks) 1 mg + PDN 51 13.2% 5.9% NM -0.2 [45]

    3 mg + PDN 49 26.4% 2.0% NM -0.4

    5 mg + PDN 50 46.2% 16.0% NM -0.6

    10 mg + PDN 49 69.8% 42.9% NM -0.7

    15 mg + PDN 52 72.2% 40.4% NM -0.7

    PBO + PDN 48 7.7% 2.1% NM 0.2
†Values are mean change (between baseline and end point) or percentage of patients achieving remission (DAS<2.6).
‡Assessment performed at 12 weeks.
§Placebo group at 12 weeks was switched to either 5 or 10 mg of tofacitinib.
¶Intolerant or inadequate response to methotrexate (and/or other DMARDs) and TNFi (and/or other biologic agents).
#Adalimumab was given for 12 weeks and then patients were switched to tofacitinib.
ACR 50: American College of Rheumatology improvement criteria 50% response rate; ADA: Adalimumab; BID: Twice a day; DAS28: Disease activity score in 28 
joints (in most studies DAS was based on C-reactive protein (CRP) levels, except for Fleischmann 2012 [24,26], Tanaka 2011 [45], Kremer 2013 [20]); DMARDs: Disease 
modifying anti-rheumatic drugs; HAQ DI: Health Assessment Questionnaire (lower scores indicate less disability); HCQP: Hydroxychloroquine; mg: Milligrams; 
Mtss: Modified total sharp score (lower scores indicate no progression); MTX: Methotrexate; n: Number; NM: Not measured; PBO: Placebo; PDN: Prednisone; 
QD: Once a day; TNFi: Tumor necrosis factor alpha inhibitor.

Table 3. Clinical efficacy: Phase II studies.

ACR 50 improvement criteria.
In patients who failed biologic and traditional 
DMARDs, higher ACR 50 response rates were observed 
for tofacitinib monotherapy 3 mg (26.4%), 5 mg (31.1–

46.2%), 10 mg (36.8–69.8%), 15 mg (52–72.2%) and 
30  mg (38%) compared with placebo (7.7–12.5%) 
after 6-24 weeks [24,44,45]. Similarly, after 12–24 weeks, 
ACR  50 response rates were higher when tofacitinib 
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was used in combination with methotrexate or other 
DMARDs versus control [20–23,25,27]. Only one study 
evaluated tofacitinib in methotrexate-naive patients 
or with prior of use of subtherapeutic methotrexate 
doses [46,47] and found higher ACR  50 response rates 
for tofacitinib 5 mg and 10 mg combined with metho-
trexate (46.6 and 56.2%, respectively) compared with 
methotrexate alone (27.2%). These ACR 50 response 
rates have been further analyzed in two meta-analyses 
[35,51]. One meta-analysis found that the risk ratio (RR) 
for tofacitinib (monotherapy or in combination therapy) 
versus control was 2.9 (95% CI 2.0–4.2) and 3.3 (95% 
CI 2.3–4.7) at 5mg and 10mg doses respectively [35]. 
The other meta-analysis studied tofacitinib 5 mg dose 
as monotherapy or in combination therapy separately 
and found RR versus control of 3.4 (95% CI 2.3–5.0) 
2.8 (95% CI 1.8–4.5), respectively [51].

DAS 28
The reported mean change of DAS 28 score were simi-
lar to the above ACR 50 response rates, with benefits 
seen in most used doses of tofacitinib. This was true 
for both groups of tofacitinib alone (DAS reduction of 
2.0–2.8) or in combination therapy (DAS reduction of 

1.8–2.7) compared with control groups (DAS reduc-
tion of 1.2 and 0.7) [27,44]. The proportion of patients 
achieving disease remission (DAS 28 <2.6) was also 
higher for most tofacitinib doses in patients previously 
failed traditional DMARDs alone or in combination 
with biologics compared to control [20–26,45,46]. For 
methotrexate-naive patients or with prior subtherapeu-
tic methotrexate doses usage, disease remission rates 
ranged between 14.6% and 21.6% for the tofacitinib 
5  mg and 10  mg groups respectively compared with 
7.6% for methotrexate at 24  weeks. In a meta-anal-
ysis, the pooled RR to achieve disease remission for 
tofacitinib monotherapy versus placebo was 3.0 (95% 
CI 1.5–6.0) and for tofacitinib plus DMARD versus 
DMARD was 4.7 (95% CI 2.0–11.1) [51].

The radiographic progression measured by the mod-
ified Total Sharp Score [52] was evaluated only in two 
Phase III trials [21,46], one for tofacitinib 5 mg or 10 mg 
as monotherapy versus methotrexate in methotrexate-
naive patients and the other for the same doses in 
combination with methotrexate in DMARDs failure 
patients; both showed significantly less radiographic 
progression with tofacitinib compared with the control 
groups (Tables 3 & 4).

Study Duration Groups n ACR50 DAS28†  Radiographic 
progression 
(mTSS)

HAQ†  Ref.

DMARD failure

Fleischmann 
2012, A3921035 
(NCT00550446) 

6 months (24-weeks) 1 mg + 
HCQ/PDN

54 7.4% 7.7% NM -0.3‡ [26]

    3 mg + 
HCQ/PDN

51 27.5% 5.9% NM -0.4‡

    5 mg 
+HCQ/PDN

49 34.7% 12.5% NM -0.5‡

    10 mg + 
HCQ/PDN

61 44.3% 14.8% NM -0.7‡

    15 mg + 
HCQ/PDN

57 54.4% 19.3% NM -0.8‡

    ADA¶ + 
HCQ/PDN

63 18.9%‡ 3.9% NM -0.4‡

    PBO§ + 
HCQ/PDN

59 10.2% 3.6% NM -0.3‡

†Values are mean change (between baseline and end point) or percentage of patients achieving remission (DAS<2.6).
‡Assessment performed at 12 weeks.
§Placebo group at 12 weeks was switched to either 5 or 10 mg of tofacitinib.
¶Intolerant or inadequate response to methotrexate (and/or other DMARDs) and TNFi (and/or other biologic agents).
#Adalimumab was given for 12 weeks and then patients were switched to tofacitinib.
ACR 50: American College of Rheumatology improvement criteria 50% response rate; ADA: Adalimumab; BID: Twice a day; DAS28: Disease activity score in 28 
joints (in most studies DAS was based on C-reactive protein (CRP) levels, except for Fleischmann 2012 [24,26], Tanaka 2011 [45], Kremer 2013 [20]); DMARDs: Disease 
modifying anti-rheumatic drugs; HAQ DI: Health Assessment Questionnaire (lower scores indicate less disability); HCQP: Hydroxychloroquine; mg: Milligrams; 
Mtss: Modified total sharp score (lower scores indicate no progression); MTX: Methotrexate; n: Number; NM: Not measured; PBO: Placebo; PDN: Prednisone; 
QD: Once a day; TNFi: Tumor necrosis factor alpha inhibitor.

Table 3. Clinical efficacy: Phase II studies (cont.).
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Functional status outcomes measured by HAQ-DI 
are also reported in Tables 3 & 4. Overall, a significant 
improvement was observed in patients with prior fail-
ure to biologic and traditional DMARDs who received 
tofacitinib monotherapy or in combination with other 
DMARDs. Similarly, the disability scores for metho-
trexate-naive patients receiving tofacitinib were lower 
compared with control [46].

All the above evidence support the efficacy of tofaci-
tinib at approved dose of 5 mg or 10 mg by mouth twice 
daily for the treatment of RA either alone or in combina-
tion with methotrexate.

Clinical effectiveness
Beyond RCTs there are few studies currently avail-
able addressing the clinical effectiveness of tofacitinib. 
Yamanaka et al. 2011 [53]. A LTE study published as a 
conference abstract recruited Japanese patients that com-
pleted Phase II trials of tofacitinib either as monotherapy 
[45] or combined with methotrexate [27] (clinicaltrials.
gov identifier: NCT00661661). In this LTE, 404 patients 
received tofacitinib 5 mg twice daily or were advanced 
to 10 mg twice daily if considered having an inadequate 
response. The ACR 20 response rate was reported 80% 
at 144 weeks (data available only for 85 patients).

Table 4. Clinical efficacy: Phase III studies.

Study Duration Groups n ACR50 DAS28†  Radiographic 
progression 
(mTSS)

HAQ† Ref.

Biologics and DMARD failure††

Burmester 2011 
(ORAL-Step; 
NCT00960440)

6 months 
(24 weeks)‡

5 mg + MTX 132 26.5% 6.7% NM -0.4¶ [22]

10 mg + MTX 133 27.8% 8.8% NM -0.5¶

PBO§ + MTX 131 8.4% 1.7% NM -0.2¶

Fleischmann 
2012 (ORAL-Solo; 
NCT00814307)

6 months 
(24 weeks)‡

5 mg + HCQ/PDN 243 31.1% 5.6% NM -0.5¶ [24]

10 mg + 
HCQ/PDN

245 36.8% 8.7% NM -0.6¶

PBO§ + HCQ/PDN 122 12.5% 4.4% NM -0.2¶

Kremer 2013 
(ORAL-Sync; 
NCT00856544)

12 months 
(52 weeks)‡

5 mg + DMARDs 315 27.3% 8.0% NM -0.4¶ [20]

10 mg + 
DMARDs

318 33.0% 9.0% NM -0.5¶

PBO§ + DMARDs 159 9.4% 2.5% NM -0.2¶

Van der Heijde 
2013, Phase III 
(ORAL-Scan; 
NCT00847613)

6 and 
12 months 
(24 and 
52 weeks)

5 mg + MTX 321 32.4% 7.2% 0.12¶ -0.5¶ [21]

10 mg + MTX 316 43.7% 16.0% 0.06¶ -0.6¶

PBO§ + MTX 160 8.4% 1.6% 0.47¶ -0.2¶

Van Vollenhoven 
2012 (ORAL-
Standard; 
NCT00853385)#

6 and 
12 months 
(24 and 
52 weeks)

5 mg + MTX 204 36.7% 7.3% NM -0.6‡,¶ [23]

10 mg + MTX 201 34.7% 12.5% NM -0.6‡,¶

ADA + MTX 204 27.6% 6.2% NM -0.5‡,¶

PBO§ + MTX 108 12.3% 1.1% NM -0.2 ‡,¶

MTX-naive or subtherapeutic MTX doses

Lee 2012 
(ORAL-Start; 
NCT01039688)

6 and 
12 months 
(24 and 
52 weeks)

5 mg 371 46.6% 14.6% -0.18¶ -0.8¶ [46,47]

10 mg 395 56.2% 21.6% -0.04¶ -0.9¶

MTX 186 27.2% 7.6% 0.84¶ -0.6¶

†Percentage of patients achieving remission (DAS <2.6).
‡Assessment performed at 12 weeks.
§Placebo group at 12 weeks was switched to either 5 or 10 mg of tofacitinib.
¶Adalimumab was given for 12 weeks and then patients were switched to tofacitinib.
#Least-squares mean changes (group means after having controlled for a covariate).
††Intolerant or inadequate response to methotrexate (and/or other DMARDs) and TNFi (and/or other biologic agents).
ACR 50: American College of Rheumatology improvement criteria 50% response rate; ADA: Adalimumab; BID: Twice a day; DAS28: Disease activity score in 28 
joints (in most studies DAS was based on C-reactive protein (CRP) levels, except for Fleischmann 2012 [24,26], Tanaka 2011 [45], Kremer 2013 [20]); DMARDs: 
Disease modifying anti-rheumatic drugs; HAQ DI: Health Assessment Questionnaire (lower scores indicate less disability); HCQ: Hydroxychloroquine; mg: Milligrams; 
mTSS: Modified Total Sharp Score (lower scores indicate no progression); MTX: Methotrexate; n: Number; NM: Not measured; PBO: Placebo; PDN: Prednisone; 
QD: Once a day.
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Connell et al. (2011) [54,55] also published two con-
ference abstracts (no clinicaltrials.gov identifier pro-
vided) results including 1070 patients who received 
tofacitinib 5 or 10 mg twice daily. At 104 weeks (data 
available only for 207 patients), 55% of the patients 
maintained an ACR  50 response, DAS score was 
reduced from baseline by 2.86 points and disabil-
ity scores decreased from baseline by 0.70 points. At 
four years, the ACR50 response rate was 50% and 
the DAS28 remission rates was 22% compared to 
48% and 20% rates at 4 weeks respectively. Similarly, 
there was an observed persistent mean reduction in 
HAQ-DI after 4 years of treatment (0.8)  [56]. One 
pooled analysis of the two LTE studies after 5 years 
of follow-up was provided a posteriori by the drug 
manufacturer including in total 4102 patients treated 
with tofacitinib 5 mg or 10 mg. Over time, sustained 
ACR response rates and remission rates (measured by 
DAS28-4ESR<2.6) were observed.

Those are emerging positive data but further post-
marketing and LTE studies are needed to confirm the 
effectiveness of tofacitinib in the daily clinical prac-
tice. These studies would also address the safety issues 
discussed below.

Withdrawals, safety & tolerability
Table 5 shows the rates observed in each trial for total 
withdrawals, withdrawals due to lack of efficacy or  due 
to adverse events, total adverse events, serious adverse 
events, infections and serious infections.

Withdrawals 
In the RCTs, no statistically significant differences 
were found in the rate of withdrawals due to any cause 
between tofacitinib monotherapy or combined with 
DMARD compared with controls at 6-24 weeks[35]. In 
LTE studies, discontinuation rates due to adverse events 
ranged from 4.7% to 6.7% and discontinuation due to 
serious infections were 1.2% at 104-144  weeks [53,55]. 
However, in a study reporting pooled data from the two 
LTE studies, the total discontinuation rate was 20.8% 
after five years of follow-up. Half of the discontinuations 
(10.7%) were due to adverse events, with the most com-
mon causes being infections, abnormal laboratory tests 
and neoplasias (benign, malignant or unspecified) [56].

Total adverse events
No statistically significant differences were found in 
the rate of total adverse events between tofacitinib 
monotherapy or combined with DMARD compared 
with controls [35]. Connell et al.  reported about 929 
treatment-related adverse events at 104  weeks, most 
common were infections (18.4%), gastrointesti-
nal disorders (10.2%) and laboratory abnormalities 

(7.4%)  [54]. Total adverse events rates ranged from 
64% at 144  weeks to 76.8% at 5 years in the LTE 
studies [53,56].

Infections 
In the RCTs, no statistically significant differences 
were found in the rate of infections between tofacitinib 
monotherapy or combined with DMARD compared 
with controls at 6-24 weeks [35]. The most commonly 
reported infections were respiratory and urinary tract 
infections, nasopharyngitis, influenza and herpes zos-
ter [35]. However, LTE studies data showed the rate of 
serious infections was 18% (2.62/100 patient-years at 
2 years and 3.1/100 patient-years at 5 years) [54,56], and 
in its pooled report of the two LTE studies [53,54], 
Wollenhaupt et al. reported that the most commonly 
adverse events were infections (39.7 and 50.8% at 3 and 
4 years respectively), including influenza, tuberculosis, 
herpes zoster and sepsis [56-59]. In its health technol-
ogy report on tofacitinib, The European Medicines 
Agency (EMA) determined that patients receiving the 
drug were at an increased risk of infections (based on 
the evidence submitted by the manufacturer). Oppor-
tunistic infections of concern included tuberculosis, 
severe pneumonia, and herpes zoster infections [60]. In 
addition, tofacitinib was associated with an increased 
neutropenia, life-threatening lymphopenia and 
decreased CD4/CD8 and CD56 counts.

Serious adverse events
Serious adverse events were less likely to occur in 
the tofacitinib monotherapy group (RR 0.13; 95% 
CI 0.03-0.56) when compared with control [51]  at 
6-24 weeks. The rates of serious adverse events in RCTs 
ranged from 0 to 3.8% for tofacitinib 5 mg alone com-
pared to 1.5 to 5.9% for placebo. However, no differ-
ences were found between tofacitinib combined with 
DMARD compared with DMARD alone. Similarly 
the rates of serious adverse events between tofacitinib 
and adalimumab were similar across groups [51]. Serious 
adverse event rate in LTE studies was reported at 25.5% 
at 2 years and at 11.1/100 patient-years at 5 years [54,56].

Laboratory abnormalities
Three meta-analyses have pooled the incidence of 
laboratory abnormalities in 9–10 RCTs [35,51,61]. In 
two of these, compared with controls, patients in the 
tofacitinib monotherapy group were more likely to 
have an increased total cholesterol (mean difference 
(MD) 12; 95% CI 11–13), an increased LDL (MD 
11.8; 95% CI 10.1–13.5), an increased HDL (MD 
10; 95% CI 7.3–12.7) and an increased ratio of total 
cholesterol to HDL (MD 13; 95% CI 11.8–14.2) [35,51]. 
In addition,compared with DMARD alone, patients 
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Table 5. Safety outcomes in clinical trials: 6–24 weeks.

Study Groups n Withdrawals Total 
AEs (%)

Infections 
(%)

Serious 
AEs (%)

Serious 
infections 
(%)

Ref.

Total Lack of 
efficacy (%) 

AEs 
(%)

Week 6

Kremer 2009, 
[NCT00147498] 

5 mg + PDN 61 3 1 1 59 24.6 0 0 [44]

15 mg + PDN 69 9 1 3 75 30.4 1.4 1.4

30 mg + PDN 69 17 1 5 69 30.4 1.4 0

PBO + PDN 65 17 8 1 65 26.2 1.5 0

Week 12

Tanaka 2011, 
A3921039 
(NCT00603512)

1 mg + MTX 28 2 0 0 39.3 10.7 3.6 0 [27]

3 mg + MTX 28 4 1 2 48.1 11.1 3.7 0

5 mg + MTX 28 4 0 4 77.8 3.7 3.7 0

10 mg + MTX 28 5 0 4 43.1 26.9 7.7 0

PBO + MTX 28 5 1 2 35.7 17.9 0 0

Tanaka 2011, 
A3921040 
(NCT00687193) 

1 mg + PDN 53 NR NR 0 39.6 NR 0 NR [45]

3 mg + PDN 53 NR NR 1.9 43.4 NR 5.7 NR

5 mg + PDN 52 NR NR 3.8 55.8 NR 3.8 NR

10 mg + PDN 53 NR NR 5.7 60.4 NR 3.8 NR

15 mg + PDN 54 NR NR 0 51.9 NR 1.9 NR

PBO + PDN 52 NR NR 3.8 44.2 NR 1.9 NR

Week 24

Burmester 2011 
(ORAL-Step; 
NCT00960440)†

5 mg + MTX 133 3 0 2 53.4 13.5 1.5 0 [22]

10 mg + MTX 134 4 0 1 56.7 9.7 1.5 0

PBO + MTX 132 6 2 2 56.8 13.6 4.5 0

Kremer 2012, 
A3921025 
(NCT00413660)

1 mg + MTX 71 9 2 2 59.2 14.3 2 0 [25]

3 mg + MTX 68 11 0 3 69.1 20 7.3 3.6

5 mg + MTX 71 15 1 1 66.2 22.5 5.6 1.4

10 mg BID + MTX 74 8 0 4 67.6 17.6 1.4 1.4

15 mg + MTX 75 15 0 7 76 18.7 8 0

20 mg QD + MTX 5 14 1 80 61.2 19.4 3 1.5

PBO‡ + MTX 69 15 5 3 56.9 5.9 0 0

Fleischmann 
2012, A3921035 
(NCT00550446)

1 mg + HCQ/PDN 54 14 4 2 51.4† 29.7† 5.4† 5.9† [26]

3 mg + HCQ/PDN 51 8 2 0 52.9† 20.6† 2.9† 0

5 mg + HCQ/PDN 49 6 1 1 55.1† 34.7† 0 0

10 mg + HCQ/PDN 61 6 1 1 59.0† 34.4† 1.6† 0

15 mg + HCQ/PDN 57 5 0 2 61.4† 33.3† 7.0† 1.8†

ADA§ + HCQ/PDN 53 16 5 3 50.9† 18.9† 1.9† 0

PBO‡ + HCQ/PDN 59 16 4 0 47.1† 17.6† 5.9† 2.9†

†Assessment performed at 12 weeks.
‡Placebo group at 12 weeks was switched to either 5 or 10 mg of tofacitinib.
§Adalimumab was given for 12 weeks and then patients were switched to tofacitinib.
¶Data reported separately by background DMARD.
ADA: Adalimumab; AE: Adverse events; BID: Twice a day; DMARDs: Disease modifying anti-rheumatic drugs; HCQ: Hydroxychloroquine; mg: Milligrams; 
MTX: Methotrexate; n: Number; NR: Not reported; PBO: Placebo; PDN: Prednisone; QD: Once a day.
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receiving tofacitinib combined with DMARD were 
more likely to have a reduced neutrophil count, 10-3/
μl (MD -0.52; 95% CI -0.90– -0.15), an increased 
serum creatinine (MD 0.05; 95% CI 0.03–0.06), 
an increased total cholesterol (MD 25.3; 95% CI 
13.5–37.2), an increased HDL (MD 10.2; 95% CI 
7.1–13.3), an increased LDL (MD 13.5; 95% CI 8.7–
18.3), an increased Apo B (MD 0.13; 95% CI 0.02–
0.24), higher rates of ALT>1*ULN (RR 1.7; 95% CI 
1.0–2.7), and higher rates of AST>1*ULN (RR 2.3; 
95%CI 1.2–4.2) [35,51]. When compared with adali-
mumab, patients in the tofacitinib group had more 
change in neutrophil count, 10-3/μl (MD 0.53; 95% 
CI 0.16–0.90), an increased serum creatinine (MD 
0.03; 95% CI 0.00–0.06), an increased HDL (MD 
8.1; 95% CI 3.7–12.5), an increased LDL (MD 8.9; 
95% CI 3.2–14.7), and higher rates of AST>1*ULN 
(RR 9.7 95% CI 1.3–74.1). A subsequent study by 
Pfizer using atorvastatin concomitantly with tofaci-
tinib effectively reduced the elevation of lipids 
associated with tofacitinib treatment [62].

In long term follow-ups up to 5 years, laboratory 
abnormalities remain a concern [56–59]. Decreased 
hemoglobin was observed in 2.5%, 3.5% and 12.7% 
(1% life-threatening) at 3, 4 and 5 years respectively 
[56]. Similarly, increased aminotransferases values 
three times upper limit of normal were observed in 
1.2% of the patients at five years [56]. Moderate to 
severe neutropenia was also reported in 0.5% of the 
patients at 3 years and 0.7% at 4 or 5 years. Increased 
creatinine of at least to 33% from baseline was 
observed in 12.2% of the patients, while a 50% or 
more increase was found in 3.2% of the patients at 
3 and 5 years.

Malignancies
We used the EMA and US FDA review documents 
and the drug’s insert to report data on malignancies. 
After 12 months, 11 solid cancers and one lymphoma 
were reported in 3328 patients receiving tofacitinib 
(monotherapy or combined), while none of the 809 
patients receiving control (placebo or DMARD) 

Study Groups n Withdrawals Total 
AEs (%)

Infections 
(%)

Serious 
AEs (%)

Serious 
infections 
(%)

Ref.

Total Lack of 
efficacy (%) 

AEs 
(%)

Fleischmann 
2012 (ORAL-
Solo; 
NCT00814307)

5 mg + HCQ/PDN 243 11 1 3 51.0† 11.5 0.4† 0 [24]

10 mg + HCQ/PDN 245 27 1 9 56.7† 13.1 2.0† 0.4†

PBO‡ + HCQ/PDN 122 17 7 5 54.9† 14.8 4.9† 0

Week 52

Kremer 2013 
(ORAL-Sync; 
NCT00856544)

5 mg + DMARDs 315 54 16 14 52.7† NR¶ 2.5† 0.6† [20]

10 mg + DMARDs 318 66 12 20 54.4† NR¶ 2.9† 1.3†

PBO‡ + DMARDs 159 21 6 5 61.0† NR¶ 3.8† 0

Van Vollenhoven 
2012 (ORAL-
Standard; 
NCT00853385)§

5 mg + MTX 204 54 6 24 52.0† 12.7† 5.9† 1.5† [23]

10 mg + MTX 201 43 7 24 46.8† 12.4† 5.0† 2.0†

ADA + MTX 204 42 6 22 51.5† 13.2† 2.5† 0

PBO‡ + MTX 108 22 6 7 47.2† 1.9† 1.9† 0.9†

Week 104

Lee 2012 
(NCT01039688)

5 mg 371 NR 4.0% 3.5 70.1% 31.8% NR 6.5% [46]

10 mg 395 NR 1.8% 4.3 74.4% 38.7% NR 6.1%

MTX 186 NR 9.7% 5.9 69.9% 27.4% NR 7.0%

Van der Heijde 
2013, Phase III 
(ORAL-Scan; 
NCT00847613)

5 mg + MTX 321 71 3 26 48.9% 12.5% 3.7% 0.6% [21]

10 mg + MTX 316 51 7 36 54.1% 13.6% 3.2% 0.6%

PBO‡ + MTX 160 32 4 11 45.6% 8.8% 3.1% 0

†Assessment performed at 12 weeks.
‡Placebo group at 12 weeks was switched to either 5 or 10 mg of tofacitinib.
§Adalimumab was given for 12 weeks and then patients were switched to tofacitinib.
¶Data reported separately by background DMARD.
ADA: Adalimumab; AE: Adverse events; BID: Twice a day; DMARDs: Disease modifying anti-rheumatic drugs; HCQ: Hydroxychloroquine; mg: Milligrams; 
MTX: Methotrexate; n: Number; NR: Not reported; PBO: Placebo; PDN: Prednisone; QD: Once a day.

Table 5. Safety outcomes in clinical trials: 6–24 weeks (cont.).
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reported a malignancy [37]. In addition, Epstein Barr 
Virus-associated post-transplant lymphoproliferative 
disorder was reported in five out of 218 de-novo renal 
transplant patients receiving tofacitinib versus none of 
the 111 patients treated with cyclosporine [37]. At two 
and three years, the incidence rates for malignancies, 
including lymphomas and lymphoproliferative disor-
ders were 1.9 and 1.6, respectively for tofacitib and 
1.6 for adalimumab. The most frequently observed 
malignancies were lung cancer, breast cancer and 
lymphomas [60]. At five years, 1.4% of the patients 
discontinued the drug due to neoplasms (benign, 
malignant and unspecified). The incidence rate for 
malignancies excluding non-melanoma skin cancers 
was 1/100 patient-years and for the non-melanoma 
skin cancers was 0.5/100 patient-years. [56]. Similar 
rates have been reported for other targeted therapies 
[63]. Pooled data from RCTs and LTE studies revealed 
that in 5674 patients receiving tofacitinib there were 
105 malignancies (excluding non-melanoma skin 
cancer) and 38 non-melanoma skin cancer reported. 
The standardized incidence rates for all malignan-
cies (excluding non-melanoma skin cancer) and for 
lymphoma were 1.1 and 2.6 respectively[64,65].

Regulatory affairs
On November 6, 2012 the FDA approved tofacitinib 
(brand name Xeljanz) to treat adults with moderately 
to severely active RA who have had an inadequate 
response to, or who are intolerant to methotrexate. The 
FDA approval was based on safety and efficacy evidence 
of seven clinical trials in adult patients with moder-
ately to severely active RA. According to the FDA’s 
pharmacology review, patients on tofacitinib mono-
therapy or combined with DMARDs showed greater 
improvement in clinical response and physical func-
tioning compared with patients treated with placebo or 
DMARDs alone. However, tofacitinib was associated 
with an increased risk of serious infections (including 
opportunistic infections, tuberculosis), cancers and 
lymphoma. Therefore, the FDA requested Pfizer to 
include a Boxed Warning regarding these safety risks. 
In addition, increases in cholesterol and liver enzyme 
tests and decreases in blood counts were also observed. 
The manufacturer will submit a risk evaluation and 
mitigation strategy at 18 months, 3 years and 7 years 
from the date of approval to inform healthcare pro-
viders and patients about the serious risks associated 
with treatment. Contrastingly, on April 25, 2013 the 
EMA, European Committee for Medicinal Products 
for Human Use (CHMP) rejected the application for 
marketing authorization of tofacitinib based on the 
evidence of five Phase III studies of safety and efficacy 
involving over 3300 patients with RA at 12–24 weeks. 

The CHMP had major concerns about the safety 
profile of tofacitinib and whether the risks associated 
could be managed successfully in medical practice. 
Specifically, the risk and type of serious infections, cer-
tain cancers, gastro-intestinal perforations, liver dam-
age and abnormal lipid profile. Also the CHMP con-
sidered that evidence was not sufficient to demonstrate 
a clinically important reduction in disease activity and 
structural damage with the 5 mg dose in patients who 
had failed to at least two other DMARDs. The appli-
cation was resubmitted in July 2013 and the company 
removed statements of efficacy on structural damage 
with the 5 mg dose. However, the committee consid-
ered that the benefits did not outweigh the concerns 
about safety. Currently in Europe, Pfizer continues 
providing the drug to patients enrolled in clinical tri-
als and considers requests for compassionate use on an 
individual basis in accordance with local regulations.

Conclusion
Traditional or biologic DMARDs do not fully control 
the disease activity in many RA patients. Tofacitinib is 
a novel small-molecule oral agent that has been added 
to the arsenal of DMARDs used to treat patients with 
active RA and an inadequate response to methotrexate 
and or other biologic DMARDs. Tofacitinib is a JAK 
inhibitor that selectively blocks signaling pathways 
that modulates cytokines at the basis of RA pathogen-
esis. In animal models JAK inhibition reduced signs 
of arthritis resulting in joint inflammation reduction 
[12,15]. After its approval for RA treatment, tofacitinib 
is currently being evaluated in clinical trials for pso-
riasis, spondyloarthritis and inflammatory bowel dis-
ease. Evidence from five Phase  II and six Phase  III 
trials suggests that tofacitinib is clinically efficacious 
in improving signs and symptoms of RA including 
physical function, disease activity and slowing struc-
tural damage at 12–24 weeks. Tofacitinib’s potential 
side effects include the risk of serious infections and 
certain laboratory abnormalities (i.e., mild to moderate 
anemia, moderate to severe neutropenia, liver enzyme 
abnormalities, increased lipids and increased creati-
nine levels). The true risk of malignancies is yet to be 
determined over the longer term in real-life conditions.

Financial & competing interests disclosure
MA Lopez-Olivo is a collaborator in a research project sup-

ported by Pfizer Pharmaceutical. The authors have no other 

relevant affiliations or financial involvement with any organi-

zation or entity with a financial interest in or financial con-

flict with the subject matter or materials discussed in the 

manuscript apart from those disclosed.

No writing assistance was utilized in the production of this 

manuscript.



www.future-science.com 35future science group

Review of tofacitinib in rheumatoid arthritis    Drug Evaluation

References
1	 Cooper NJ. Economic burden of rheumatoid arthritis: a 

systematic review. Rheumatology (Oxford) 39(1), 28–33 
(2000).

2	 Young A, Dixey J, Cox N et al. How does functional 
disability in early rheumatoid arthritis (RA) affect patients 
and their lives? Results of 5 years of follow-up in 732 patients 
from the Early RA Study (ERAS). Rheumatology (Oxford) 
39(6), 603–611 (2000).

3	 Bingham Ill CO, Bathon J. Is combined etanercept and 
methotrexate more efficacious than either monotherapy for 
treating RA? Nat. Clin. Pract. Rheumatol. 2, 534–535 (2006).

4	 Dale J, Alcorn N, Capell H, Madhok R. Combination 
therapy for rheumatoid arthritis: methotrexate and 

sulfasalazine together or with other DMARDs. Nat. Clin. 
Pract. Rheumatol. 3(8), 450–458; quiz, following 478 
(2007).

5	 Katchamart W, Trudeau J, Phumethum V, Bombardier C. 
Efficacy and toxicity of methotrexate (MTX) monotherapy 
versus MTX combination therapy with non-biological 
disease-modifying antirheumatic drugs in rheumatoid 
arthritis: a systematic review and meta-analysis. Ann. Rheum. 
Dis. 68(7), 1105–1112 (2009).

6	 Furst DE, Keystone EC, Kirkham B et al. Updated 
consensus statement on biological agents for the treatment 
of rheumatic diseases, 2008. Ann. Rheum. Dis. 67(Suppl. 3), 
iii2–25 (2008).

7	 Saag KG, Teng GG, Patkar NM et al. American College 
of Rheumatology 2008 recommendations for the use of 

Executive summary

Mechanism of action
•	 Tofacitinib is an oral JAK inhibitor that blocks JAK-1, JAK-2, JAK 3 and TYK2. Preferentially inhibits JAK 3 

and/or JAK 1 blocking signaling through the common γ-chain-containing receptors to cytokines relevant for 
lymphocyte function such as IL- 2, 4, 7, 9, 15 and 21.

Chemistry
•	 Tofacitinib is provided as 5 mg and 10 mg tablets.
Pharmacokinetic properties
•	 Rapid absorption following oral administration, with an absolute bioavailability of 74%.
•	 Volume of distribution after intravenous administration is 87 l. The protein binding of tofacitinib is 

approximately 40%. Tofacitinib binds predominantly to albumin.
•	 The metabolism of tofacitinib is primarily mediated by CYP3A4 with minor contribution from CYP2C19. 70% 

hepatic metabolism and 30% renal excretion. 95% of the administered dose is expected to be eliminated 
within 24 h.

•	 Concentrations are dose proportional. There is a linear relationship between body weight and volume of 
distribution, resulting in higher peak (Cmax) and lower trough (Cmin) concentrations in lighter patients. In 
patients with moderate to severe renal or hepatic impairment dose needs to be reduced to 5 mg once daily.

Clinical efficacy
•	 The ACR 50 response of patients treated with tofacitinib monotherapy and tofacitinib plus DMARDs was 

significantly better than patients treated with placebo or DMARD alone from 6–104 weeks.
•	 Clinical remission (DAS28 < 2.6) was more likely achieved by patients treated with tofacitinib monotherapy 

and tofacitinib plus DMARDs compared with patients treated with placebo or methotrexate monotherapy at 
6–24 weeks.

•	 Mean progression of structural damage was lower in patients treated with combined tofacitinib plus 
methotrexate than with methotrexate alone at 24–104 weeks.

•	 All doses of tofacitinib alone of combined in 11 trials showed statistically significantly greater improvement in 
the disability index of the HAQ from baseline to the end of follow-up (6–104 weeks) compared with control 
groups.

Withdrawals, safety & tolerability
•	 Most common side effects:

–– Infections (respiratory tract infections, urinary tract infections, influenza, herpes zoster);
–– Abnormal laboratory test (lymphocytes, neutrophils, liver enzymes and lipids);
–– Anemia;
–– Diarrhea;
–– Nausea and vomiting;
–– Headache;
–– Abdominal pain.

Potential risks
•	 Serious infections such as tuberculosis, sepsis and opportunistic infections.
•	 Malignancies and lymphoproliferative disorders.
•	 Birth defects (animal studies).



36 Clin. Invest. (Lond.) (2015) 5(1) future science group

Drug Evaluation    Lopez-Olivo, Lu & Tayar

nonbiologic and biologic disease-modifying antirheumatic 
drugs in rheumatoid arthritis. Arthritis Rheum. 59(6), 
762–784 (2008).

8	 Wilks AF. Two putative protein-tyrosine kinases identified 
by application of the polymerase chain reaction. Proc. Natl 
Acad. Sci. USA 86(5), 1603–1607 (1989).

9	 Aaronson DS, Horvath CM. A road map for those who 
don’t know JAK-STAT. Science 296(5573), 1653–1655 
(2002).

10	 Fox DA. Kinase inhibition – a new approach to the 
treatment of rheumatoid arthritis. N. Engl. J. Med. 367(6), 
565–567 (2012).

11	 Changelian PS, Flanagan ME, Ball DJ et al. Prevention 
of organ allograft rejection by a specific Janus kinase 3 
inhibitor. Science 302(5646), 875–878 (2003).

12	 Ghoreschi K, Jesson MI, Li X et al. Modulation of innate 
and adaptive immune responses by tofacitinib (CP-
690,550). J. Immunol. 186(7), 4234–4243 (2011).

13	 Pattison MJ, Mackenzie KF, Arthur JS. Inhibition of JAKs 
in macrophages increases lipopolysaccharide-induced 
cytokine production by blocking IL-10-mediated feedback. 
J. Immunol. 189(6), 2784–2792 (2012).

14	 Yoshimura A, Yasukawa H. JAK’s SOCS: a mechanism of 
inhibition. Immunity 36(2), 157–159 (2012).

15	 Milici AJ, Kudlacz EM, Audoly L, Zwillich S, Changelian P. 
Cartilage preservation by inhibition of Janus kinase 3 in two 
rodent models of rheumatoid arthritis. Arthritis Res. Ther. 
10(1), R14 (2008).

16	 Tanaka Y, Maeshima K, Yamaoka K. In vitro and in vivo 
analysis of a JAK inhibitor in rheumatoid arthritis. Ann. 
Rheum. Dis. 71(Suppl. 2), i70–i74 (2012).

17	 Papp KA, Menter A, Strober B et al. Efficacy and safety of 
tofacitinib, an oral Janus kinase inhibitor, in the treatment 
of psoriasis: a Phase 2b randomized placebo-controlled dose-
ranging study. Br J. Dermatol. 167(3), 668–677 (2012).

18	 Sandborn WJ, Ghosh S, Panes J et al. Tofacitinib, an oral 
Janus kinase inhibitor, in active ulcerative colitis. N. Engl. J. 
Med. 367(7), 616–624 (2012).

19	 Liew SH, Nichols KK, Klamerus KJ, Li JZ, Zhang M, 
Foulks GN. Tofacitinib (CP-690,550), a Janus kinase 
inhibitor for dry eye disease: results from a Phase 1/2 trial. 
Ophthalmology 119(7), 1328–1335 (2012).

20	 Kremer J, Li ZG, Hall S et al. Tofacitinib in combination 
with nonbiologic disease-modifying antirheumatic drugs 
in patients with active rheumatoid arthritis: a randomized 
trial. Ann. Intern. Med. 159(4), 253–261 (2013).

21	 Van Der Heijde D, Tanaka Y, Fleischmann R et al. 
Tofacitinib (CP-690,550) in patients with rheumatoid 
arthritis receiving methotrexate: twelve-month data from 
a twenty-four-month Phase III randomized radiographic 
study. Arthritis Rheum. 65(3), 559–570 (2013).

22	 Burmester GR, Blanco R, Charles-Schoeman C et al. 
Tofacitinib (CP-690,550) in combination with methotrexate 
in patients with active rheumatoid arthritis with an 
inadequate response to tumour necrosis factor inhibitors: 
a randomised Phase 3 trial. Lancet 381(9865), 451–460 
(2013).

23	 Van Vollenhoven RF, Fleischmann R, Cohen S et al. 
Tofacitinib or adalimumab versus placebo in rheumatoid 
arthritis. N. Engl. J. Med. 367(6), 508–519 (2012).

24	 Fleischmann R, Kremer J, Cush J et al. Placebo-controlled 
trial of tofacitinib monotherapy in rheumatoid arthritis. 
N. Engl. J. Med. 367(6), 495–507 (2012).

25	 Kremer JM, Cohen S, Wilkinson BE et al. A Phase IIb dose-
ranging study of the oral JAK inhibitor tofacitinib (CP-
690,550) versus placebo in combination with background 
methotrexate in patients with active rheumatoid arthritis 
and an inadequate response to methotrexate alone. Arthritis 
Rheum. 64(4), 970–981 (2012).

26	 Fleischmann R, Cutolo M, Genovese MC et al. Phase IIb 
dose-ranging study of the oral JAK inhibitor tofacitinib 
(CP-690,550) or adalimumab monotherapy versus placebo 
in patients with active rheumatoid arthritis with an 
inadequate response to disease-modifying antirheumatic 
drugs. Arthritis Rheum. 64(3), 617–629 (2012).

27	 Tanaka Y, Suzuki M, Nakamura H, Toyoizumi S, Zwillich 
SH. Tofacitinib Study Investigators. Phase II study of 
tofacitinib (CP-690,550) combined with methotrexate 
in patients with rheumatoid arthritis and an inadequate 
response to methotrexate. Arthritis Care Res. (Hoboken) 
63(8), 1150–1158 (2011).

28	 Tofacitinib. Drugs R. D. 10(4), 271–284 (2010).

29	 Pfizer. Clinicaltrials: A study to investigate safety and 
efficacy of CP-690,550 for induction therapy in subjects 
with moderate to severe Crohn’s Disease.  
http://clinicaltrials.gov/ct2/show/NCT01393626?term=N
CT01393626&rank=1

30	 Food and Drug Administration (FDA): Chemistry review 
data sheet. www.accessdata.fda.gov/drugsatfda_docs/
nda/2012/203214Orig1s000ChemR.pdf 

31	 Yarilina A, Xu K, Chan CH, Ivashkiv LB. Regulation of 
inflammatory responses in tumor necrosis factor-activated 
and rheumatoid arthritis synovial macrophages by JAK 
inhibitors. Arthritis Rheum. 64(12), 3856–3866 (2012).

32	 Meyer DM, Jesson MI, Li XO et al. Anti-inflammatory 
activity and neutrophil reductions mediated by the JAK1/
JAK3 inhibitor, CP-690,550, in rat adjuvant-induced 
arthritis. J. Inflamm. (Lond) 7, 1 –12 (2010).

33	 Jiang JK, Ghoreschi K, Deflorian F et al. Examining the 
chirality, conformation and selective kinase inhibition 
of 3-((3R,4R)-4-methyl-3-(methyl(7H-pyrrolo[2,3-d]
pyrimidin-4-yl)amino)piperidin-1-y l)-3-oxopropanenitrile 
(CP-690,550). J. Med. Chem. 51(24), 8012–8018 (2008).

34	 Karaman MW, Herrgard S, Treiber DK et al. A quantitative 
analysis of kinase inhibitor selectivity. Nat. Biotechnol. 
26(1), 127–132 (2008).

35	 He Y, Wong AY, Chan EW et al. Efficacy and safety of 
tofacitinib in the treatment of rheumatoid arthritis: a 
systematic review and meta-analysis. BMC Musculoskelet. 
Disord. 14, 298 (2013).

36	 Shimoda K, Kato K, Aoki K et al. Tyk2 plays a restricted 
role in IFN alpha signaling, although it is required for 
IL-12-mediated T cell function. Immunity 13(4), 561–571 
(2000).



www.future-science.com 37future science group

Review of tofacitinib in rheumatoid arthritis    Drug Evaluation

37	 Food and Drug Administration (FDA): pharmacology 
review.  
www.accessdata.fda.gov/drugsatfda_docs/
nda/2012/203214Orig1s000PharmR.pdf

38	 Shuai K, Liu B. Regulation of JAK-STAT signalling in 
the immune system. Nat. Rev. Immunol. 3(11), 900–911 
(2003)

39	 Dowty ME, Jesson MI, Ghosh S et al. Preclinical to 
clinical translation of tofacitinib, a Janus kinase inhibitor, 
in rheumatoid arthritis. J. Pharmacol. Exp. Ther. 348(1), 
165–173 (2014).

40	 Rodig SJ, Meraz MA, White JM et al. Disruption of the 
Jak1 gene demonstrates obligatory and nonredundant roles 
of the Jaks in cytokine-induced biologic responses. Cell 
93(3), 373–383 (1998).

41	 Neubauer H, Cumano A, Muller M, Wu H, Huffstadt 
U, Pfeffer K. Jak2 deficiency defines an essential 
developmental checkpoint in definitive hematopoiesis. Cell 
93(3), 397–409 (1998).

42	 O’shea JJ, Husa M, Li D et al. Jak3 and the pathogenesis 
of severe combined immunodeficiency. Mol. Immunol. 
41(6–7), 727–737 (2004).

43	 Karaghiosoff M, Neubauer H, Lassnig C et al. Partial 
impairment of cytokine responses in Tyk2-deficient mice. 
Immunity 13(4), 549–560 (2000).

44	 Kremer J, Cohen S, Wilkinson B et al. Safety and efficacy 
after 24 week (Wk) dosing of the oral JAK inhibitor CP-
690,550 (CP) in combination with methotrexate (MTX) 
in patients (PTS) with active rheumatoid arthritis (RA). 
Arthritis Rheum. 60(Suppl.), 1925 (2009).

45	 Tanaka Y, Takeuchi T, Yamanaka H et al. Tofacitinib (CP-
690,550), an oral janus kinase inhibitor, as monotherapy 
in japanese patients with active rheumatoid arthritis: a 12-
week Phase 2b study. Arthritis Rheum. 63(10), S854–S855 
(2011).

46	 Lee EB, Fleischmann RM, Hall S et al. Radiographic, 
clinical and functional comparison of tofacitinib 
monotherapy versus methotrexate in methotrexate-naive 
patients with rheumatoid arthritis. Arthritis Rheum. 
64(Suppl.), 1049 (2012).

47	 Lee EB, Fleischmann R, Hall S et al. Tofacitinib versus 
methotrexate in rheumatoid arthritis. N. Engl. J. Med. 
370(25), 2377–2386 (2014).

48	 Dougados M, Schmidely N, Le Bars M et al. Evaluation 
of different methods used to assess disease activity in 
rheumatoid arthritis: analyses of abatacept clinical trial 
data. Ann. Rheum. Dis. 68, 484–489 (2009).

49	 American College of Rheumatology Committee To Re-
evaluate Improvement Criteria. A proposed revision to 
the ACR20: the hybrid measure of american college of 
rheumatology response. Arthritis Rheum. 57(2), 193–202 
(2007).

50	 Pincus T, Sokka T. Partial control of Core Data Set 
measures and Disease Activity Score (DAS) measures of 
inflammation does not prevent long-term damage: evidence 
from longitudinal observations over 5–20 years. Clin. Exp. 
Rheumatol. 20(Suppl. 27), S42–S48 (2002).

51	 Lopez-Olivo MA, Suarez-Almazor ME, Bavineni M. 
Tofacitinib for rheumatoid arthritis: a systematic review and 
meta-analysis. Arthritis Rheum. 65(Suppl.), 625 (2013).

52	 Van Der Heijde D. How to read radiographs according to the 
Sharp/van der Heijde method. J. Rheumatol. 27(1), 261–263 
(2000).

53	 Yamanaka H, Tanaka Y, Takeuchi T et al. Tofacitinib (CP-
690,550), an oral Janus Kinase inhibitor, as monotherapy 
or with background methotrexate in japanese patients with 
rheumatoid arthritis: a Phase 2/3 long-term extension study. 
Arthritis Rheum. 63(10), S473 (2011).

54	 Connell CA, Riese R, Wood S, Bradley J, Zwillich SH. 
Tasocitinib (CP-690,550), an orally available selective Janus 
kinase inhibitor, exhibits sustained safety and efficacy in the 
treatment of rheumatoid arthritis over 24 months. Arthritis 
Rheum. 62(Suppl.), 1129 (2010).

55	 Connell CA, Riese R, Wood S, Bradley J, Zwillich SH. 
Tasocitinib (CP-690,550) appears to be effective and 
tolerated when administered either as long-term monotherapy 
or on background methotrexate in patients with rheumatoid 
arthritis. Arthritis Rheum. 62(Suppl.), 2171 (2010).

56	 Wollenhaupt J, Silverfield J, Lee EB et al. Safety and efficacy 
of tofacitinib, an oral janus kinase inhibitor, for the treatment 
of rheumatoid arthritis in open-label, longterm extension 
studies. J. Rheumatol. 41(5), 837–852 (2014).

57	 Wollenhaupt J, Silverfield J, Lee EB et al. Tofacitinib, an 
oral Janus kinase inhibitor, in the treatment of rheumatoid 
arthritis: open-label, long-term extension studies up to 
36 months. Int. J. Rheum. Dis. 15(Suppl.), 68 (2012).

58	 Wollenhaupt J, Silverfield JC, Lee EB et al. Tofacitinib (CP-
690,550), an oral Janus kinase inhibitor, in the treatment of 
rheumatoid arthritis: open-label, long-term extension studies 
up to 36 months. Arthritis Rheum. 63(10), S152–S153 (2011).

59	 Wollenhaupt J, Silverfield JC, Lee EB et al. Tofacitinib, an 
oral Janus kinase inhibitor, in the treatment of rheumatoid 
arthritis: open-label, long-term extension safety and efficacy 
up to 48 months. Arthritis Rheum. 64(Suppl.), 548–549 
(2012).

60	 European Medicines Agency. Committee for Medicinal 
Products for Human Use (Chmp): Xeljanz assessment report; 
EMEA/H/C/002542/0000.  
www.ema.europa.eu/docs/en_GB/document_library/
EPAR_-_Public_assessment_report/human/002542/
WC500154697.pdf 

61	 Zhang X, Liang F, Yin X et al. Tofacitinib for acute 
rheumatoid arthritis patients who have had an inadequate 
response to disease-modifying antirheumatic drug 
(DMARD): a systematic review and meta-analysis. Clin. 
Rheumatol. 33(2), 165–173 (2014)

62	 Mcinnes IB, Kim HY, Lee SH et al. Open-label tofacitinib 
and double-blind atorvastatin in rheumatoid arthritis 
patients: a randomised study. Ann. Rheum. Dis. 73(1), 
124–131 (2014).

63	 Mariette X, Matucci-Cerinic M, Pavelka K et al. 
Malignancies associated with tumour necrosis factor 
inhibitors in registries and prospective observational studies: 
a systematic review and meta-analysis. Ann. Rheum. Dis. 
70(11), 1895–1904 (2011).



38 Clin. Invest. (Lond.) (2015) 5(1)

64	 Mariette X, Reynolds AV, Emery P. Updated meta-
analysis of non-melanoma skin cancer rates reported from 
prospective observational studies in patients treated with 
tumour necrosis factor inhibitors. Ann. Rheum. Dis. 71(12), 
E2–E2 (2012).

65	 Mariette X, Curtis JR, Lee EB et al. Tofacitinib, an oral 
Janus kinase inhibitor: analysis of malignancies across the 
rheumatoid arthritis clinical program. Arthritis Rheum. 
65(Suppl.), 340 (2013).

future science group

Drug Evaluation    Lopez-Olivo, Lu & Tayar


