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Tofacitinib, a novel Janus kinase inhibitor, may prevent structural damage in rheumatoid
arthritis (RA). In this cohort study, we compared radiographic progression of hand joints
between 21 RA patients who took tofacitinb for 18 months in a phase Ilb and its extension
study and 42 patients who took conventional disease modifying antirheumatic drugs
(DMARDs), using simple erosion narrowing score. For tofacitinib group, changes before
and after the treatment were also compared. The changes of erosion and sum scores were
significantly less in tofacitinib than DMARDs group (for erosion, -0.60 + 1.83 vs
0.51+1.77, P=0.038; for sum, -0.50 + 1.72 vs 1.57 + 4.13, P=0.012). Joint space
narrowing score (JSN) was also less in tofacitinib group (0.095 + 0.58 vs 1.06 + 2.60,
P=0.055). In tofacitinib group, yearly rates of both erosion and JSN were significantly
decreased after administration of tofacitinib (For erosion, 0.62 + 0.93 to -0.14 + 0.48,
P=0.009; for JSN, 0.47 + 0.64 t0 0.03 + 0.40, P=0.032), as was change of sum score
(1.09 £ 1.27 t0 -0.10 + 0.63, P < 0.001). In conclusion, tofacitinib may prevent structural
damage caused by RA.
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INTRODUCTION

Rheumatoid arthritis (RA) is a chronic inflammatory polyarthri-
tis leading to progressive structural damage of joints (1). Joint
damage is caused by osteoclasts which are activated by RANKL-
RANK interaction (2). Proinflammatory cytokines and CD4+ T
lymphocytes can modulate this activation process (2, 3).

Since joint destruction leads to poor health outcome and
quality of life (4), it is a major outcome variable in evaluation of
RA (5). Severity of joint damage in RA can be objectively mea-
sured by counting the numbers of bony erosions and joint
space narrowing (JSN) in radiographs of the affected joints (6).
Some of the classical disease modifying anti-rheumatic drugs
(DMARDS) can partially retard the progression of joint destruc-
tion (7, 8), while biologic agents show more protective role in
the prevention of joint destruction (2).

Tofacitinib is an orally active janus kinase (JAK) inhibitor
which is being applied to various autoimmune diseases which
include RA, psoriasis and transplantation (9). Its clinical effica-
cy in RA was established in a 6-week phase 2A study where ob-
jective and subjective clinical endpoints were achieved (10, 11).
It inhibits the function of lymphocytes and their inflammatory

© 2013 The Korean Academy of Medical Sciences.

This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/3.0)
which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

Key Words: Arthritis, Rheumatoid; Radiographic Progression; Tofacitinib

cytokines by inhibiting signal transduction pathways of JAKs
(12). Representative cytokines inhibited include IL-2, IL-4, IL-7,
IL-9, IL-15, and IL-21 whose receptors have JAK3-mediated
common y chain (12).

Multiple effects of tofacitinib on inflammatory cytokines and
T lymphocytes suggest that it can protect joint damage by mod-
ulation of osteoclasts. However, objective evidence of its effica-
cy on structural protection has not yet been reported. Therefore,
we reviewed radiographic changes of RA patients who took part
in phase 2B clinical trials of tofacitinib from our hospital.

MATERIALS AND METHODS

Study design

This is a retrospective cohort study comparing radiographic
changes of hand joints in patients with RA. The study was com-
posed of 2 parts. In the first part, we compared the radiographic
changes of hand joints between 21 patients who took tofacitinib
for 12 to 18 months (tofacitinib group) and 42 patients who
took conventional DMARDs in the same hospital during the
same period (DMARD group). In the second part, radiographic
progression rates after the administration of tofacitinib were
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compared with those before the administration in 17 patients
of tofacitinib group, excluding 4 patients in whom less than 90
days had elapsed after the original radiographs had been taken.

Patients
Tofacitinib group was composed of 21 patients who had taken
part in a 6-month phase IIb tofacitinib monotherapy study and
its extension study at Seoul National University Hospital be-
tween February, 2008 and December, 2009. The original enroll-
ment criteria for the phase IIb study were active RA patients
who showed inadequate response to DMARDs with tender
joint count = 6, swollen joint count > 6 and elevation of acute
inflammatory markers (ESR > 20 mm/hr and C-reactive protein
> 0.7 mg/dL) (13). Among the 21 patients, 20 patients showed
inadequate response to DMARD anchoring methotrexate
(MTX) during their disease course. Hydroxychloroquine (HCQ)
was allowed in the original protocol and 9 patients took the
HCQ. In the first 6 months of the phase IIb trial, 2 patients took
tofacitinib 1 mg bid, 5 patients 3 mg bid, 4 patients 5 mg bid, 2
patients 10 mg bid, 2 patients 15 mg bid, 2 patients adalimum-
ab and 4 patients placebo, while all patients took tofacitinib 5
mg bid for 12 months in the extension study. DMARD group
was composed of 42 patients who have never been exposed to
tofacitinib and treated with conventional DMARDs at the same
hospital during the same period as tofacitinib group. Conven-
tional DMARDs included 35 MTX-, 2 lefluniomide, 2 bucilla-
mine, 1 sufasalzaine-anchored medications and 3 cases of hy-
droxychloroquine monotherapy. It includes all the patients in
whom serial hand X-rays were available during the study peri-
od. Enrolled 63 patients fulfilled the 1987 revised American
College of Rheumatology criteria for RA (14). The institutional
review board of Seoul National University Hospital approved
this study.

Radiographic assessment

Hand X-rays were taken for posterior-anterior (PA) and oblique
views using Philips Digital Diagnost VM (Philips, Eindhoven,
North Brabant, The Netherlands). For the first part of study, ra-
diographs taken at enrollment and 18-months after administra-
tion of tofacitinib or DMARDs were compared. For the second
part, radiographs were assessed which were taken before the
administration of tofacitinib, at the start of tofacitinib and 18
months after the administration. Radiographs were assessed
based on the simple erosion and narrowing score (SENS) meth-
od (15). Original SENS evaluates radiographic erosion and joint
space narrowing in both hands and feet (15). However, only
SENS score in hands can be evaluated because only hand X-
rays are measured regularly in our clinical practice. Therefore,
maximum score was 32 points for erosion, 30 points for joint
space narrowing and 62 points for sum. Two rheumatologists
measured SENS and their mean scores were used for all the
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calculations. Each rheumatologist measured SENS with blind-
ed to treatment status of the patients and the other reader’
score. However, each reader read the score in sequential order
in the second part study. Interobserver correlation coefficients
() for the two were 0.95 for erosion and 0.90 for JSN.

Statistical analysis

For the first part, Mann-Whitney test was applied to compare
the mean change of erosion, joint space narrowing and sum
scores of SENS between tofacitinib and conventional DMARD
groups. For the second part, changes of yearly radiographic
progression rates were compared before and after the adminis-
tration of tofacitinib using Wilcoxon matched pairs signed-
ranks test. Pvalue < 0.05was considered to be significant in all
of the analyses. All the statistical tests were performed with
STATA 9.0 (StataCorp., College Station, TX, USA).

Ethics statement

The study protocol was approved by the institutional review
board (IRB) of Seoul National University Hospital (IRB No.
H-0909-045-295). Informed consent was waived by the IRB.

RESULTS

Baseline characteristics of the patients

The baseline characteristics of the patients are summarized in
Table 1. Tofacitinib and DMARD group showed comparable
distributions of age, sex, and positivity of rheumatoid factor and
number of DMARDs previously used. However, disease dura-
tion was shorter in DMARD group and baseline scores of ero-
sion and JSN were lower in DMARD compared with tofacitinib

group.

Change of SENS in hand joints

SENS change was significantly lower in tofacitinib than DMARD
group. Changes of erosion score after 18 months were signifi-
cantly less in tofacinitib than in DMARD group (-0.60 + 1.83 vs
0.51 +1.77, P=0.038), and so was the change of sum score
(-0.50 + 1.72 vs 1.57 + 4.13, P = 0.012) (Table 2). Difference of
SENS changes was still significant after excluding 6 patients who
were randomized to adalimumab or placebo for 6-month phase
Ib trial (-0.77 + 1.94 vs 1.57 + 4.13, P = 0.012) (Table 3).

Radiographic progression rate before and after
administration of tofacitinib

The mean interval of hand radiographs was 2.98 yr before to-
facitinib administration and 1.49 yr after the administration of
DMARDEs. Both yearly erosion and JSN rates became signifi-
cantly slowed after administration of tofacitinib. Overall, total
rate became favorable after the administration (from 1.09 + 1.27
per year to -0.10 + 0.63 per year, P < 0.001) (Table 4).
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Table 1. Baseline characteristics of the enrolled patients

Characteristics Tofacitinib (n =21)  DMARDs (n = 42) Pvalue
Age* (yn) 55.75 £ 10.83 52.91 £ 14.83 0.439
Sex, female (%) 19 (90.5) 35(83.3) 0.445
Disease duration™ (yr) 11.57 £ 9.31 6.74 £ 9.10 0.053
Rheumatoid factor (%) 14 (66.7) 31 (73.8) 0.554
Acute phase reactants

ESR* (mm/hr) 39.14 + 27.60 41.95 + 32.82 0.737

CRP* (mg/dL) 1.80 = 1.68 1.19 £ 1.67 0.175
DAS-28 (ESR)* 6.23 £ 1.00 NA -
HAQ-DI* 148 £ 0.74 NA -
Joint count

Swollen* 11.76 £ 4.92 NA -

Tender* 13.62 + 6.79 NA -
SENS in hand

Erosion* 10.12 £ 10.36 3.43 £ 5.47 0.001

Joint space narrowing®  12.45 = 11.21 7.29 + 8.02 0.040

Sum* 2257 £21.24 10.71 £ 13.28 0.008
Medications

NSAIDs (%) 20 (95.2) 37 (88.1) 0.363

low dose steroid (%) 12 (57.1) 25 (59.5) 0.856

Number of DMARDs* 1.76 £ 0.44 1.62 + 0.49 0.264

*The values are mean =+ standard deviation. DMARD, disease modifying anti-rheumat-
ic drug; ESR, erythrocyte sedimentation rate; CRP, C-reactive protein; DAS-28, disease
activity score-28; HAQ-DI, health assessment questionnaire-disability index; SENS,
simple erosion and narrowing score; NSAID, non-steroidal anti-inflammatory drug.

Table 2. Radiographic progression between patients who took tofacitinib and those
who took conventional DMARDs. SENS score change during the interval was com-
pared between the groups

Tofacitinib DMARDs

Parameters (n="21) (n=42) Pvalue*
Interval (yr) (mean £ SD) 145+ 023 145+£021 0.901
Changes of score
Erosion (mean + SD) -0.60 £ 1.83 051 +£1.77 0.038
Joint space narrowing (mean & SD) 0.095 & 0.58 1.06 £ 2.60 0.055
Sum (mean £ SD) -0.50 £1.72 157 £413 0.012

*Mann-Whitney test. DMARD, disease modifying anti-rheumatic drug; SD, standard
deviation.

DISCUSSION

We showed in this report that tofacitinib can retard radiograph-
ic progression of hand joints in DMARD-refractory RA patients
compared with conventional DMARD treatment.

In the first part of the study, radiographic erosion rate and to-
tal progression rate were significantly lower in tofacitinib group
than in conventional DMARD group. Lower rates might come
from difference of baseline characteristics of tofacitinib and
conventional groups, which is an inherent limitation of retro-
spective study. However, it is more likely to be a difference
caused by treatment effect, considering the following reasons.
First, both groups are composed of established RA patients
whose disease durations are more than 5 yr. It is known that ra-
diographic progression rate is relatively constant after initial
rapid progression (16-18). Second, baseline disease activity of
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Table 3. Radiographic progression between patients who took tofacitinib and those
who took conventional DMARDs for 1 and half year. SENS score change during the
interval was compared between the groups

Parameters Tofacitinib* DMARDs Pualue'
(n=15) (n=42)
Interval (yr) (mean £ SD) 145+ 023 146020 0.845
Changes of score
Erosion (mean £ SD) -083 £ 212 051 +£1.77 0.031
Joint space narrowing (mean = SD) 0.067 & 0.56 1.06 £ 2.60  0.086
Sum (mean + SD) -0.77 £1.94 157 £413 0.012

*Patients who were randomized to tofacitinib in the phase Ilb study were included.
Patients who were randomized to placebo or adalimumab were excluded. "Mann-
Whitney test. DMARD, disease modifying anti-rheumatic drug; SD, standard devia-
tion.

Table 4. Radiographic progression rates before and after administration of tofacitinib
(n=17). SENS score changes per year were compared

Parameters Befplrel Aft.elr ; Pvalue*
tofacitinib tofacitinib

Interval (yr) (mean £ SD) 298 £ 252 149 £ 0.06 -

Rate of erosion score change, per year 0.62 + 0.93 -0.14 £ 0.48 0.009
(mean £ SD)

Rate of joint space narrowing score 0.47 £ 0.64 0.03 £ 0.40 0.032
change, per year (mean £ SD)

Rate of sum score change, per year 1.09 £1.27 -0.10 £ 0.63 < 0.001

(mean £ SD)

*Paired Wilcoxon signed rank test. SD, standard deviation.

tofacitinib group might be similar to control group considering
comparable acute phase reactants in both groups. Tofacitinib
group might be more active group since patients of tofacitinib
group are refractory to DMARDs while those of control group
responded to conventional DMARDs.

In DMARD group, new erosion developed in mean 0.57
joints while new JSN developed in mean 1.19 joints during 18
months. Yearly progression rates in early RA patients were re-
ported to be 4 to 14 units per year when measured by modified
Sharp score in which maximum score can be up to 448 (19).
The rates of our study seem reasonable, considering that our
patient group was an established patients rather than newly-
onset RA and only hand joints were evaluated with SENS (max-
imum score 62) (20).

In the second part of the study, radiographic progression
rates were compared before and after the administration of to-
facitinib. All of the patients in this group had showed inadequate
response to methotrexate, which is considered to be one of the
most protective agents against radiographic progression among
the conventional DMARDs (21). Flattening of radiographic pro-
gression after introduction of tofacitinib suggests that tofacitinib
may show more protective effect than any other kind of conven-
tional DMARDs. The second part of study clearly confirms the
first part of study by eliminating the confounding effects possi-
bly coming from difference of baseline characteristics.

In this study, we used SENS to measure radiographic dam-
age. For radiographic assessment of RA, Sharp score or its
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modified forms are commonly used for clinical trial purpose.
However, they are too complex to apply to clinical practice, re-
quiring special training. In contrast, SENS is simple and rela-
tively easy to learn (20). It's validity and reliability had been well
established (15, 20).

This is a retrospective cohort study and there are several limi-
tations inherent to the study design. First, the data on several
risk factors which may affect the structural damage of joints
were not available from DMARD group, which included DAS28
score, tender, swollen joint counts at baseline. This was inevita-
ble because joint counts are not routinely measured in our clini-
cal practice. Second, the number of patients may not be enough.
We enrolled all the patients who took part in the phase IIb and
its extension trials of tofacitinib from our hospital. Despite the
small number of patients, significant protective effect was ob-
served. Third, this study was done in Korean patients. There-
fore, the favorable result in this study may not be applicable to
other ethnic groups. A large-scale randomized prospective
study is warranted to confirm our results.

While preparing the manuscript, novel findings were report-
ed on tofacitinib. The clinical efficacy of tofacitinib was con-
firmed in RA patients who showed inadequate response to
MTX or TNF-inhibitors (22-24). One year-structural preventive
effect was also shown for tofacitinib in the background of MTX
(25). However, structural preventive effect of tofacitinib mono-
therapy or the lasting effect for more than 1 yr is still unknown,
which is proved in this manuscript.

In conclusion, tofacitinib, a novel JAK inhibitor, can prevent
structural damage of RA in clinical practice setting.
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