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ABSTRACT

BACKGROUND

Methotrexate is the most frequently used first-line antirheumatic drug. We report the
findings of a phase 3 study of monotherapy with tofacitinib, an oral Janus kinase inhibi-
tor, as compared with methotrexate monotherapy in patients with rheumatoid arthritis
who had not previously received methotrexate or therapeutic doses of methotrexate.
METHODS

We randomly assigned 958 patients to receive 5 mg or 10 mg of tofacitinib twice
daily or methotrexate at a dose that was incrementally increased to 20 mg per week
over 8 weeks; 956 patients received a study drug. The coprimary end points at
month 6 were the mean change from baseline in the van der Heijde modified total
Sharp score (which ranges from 0 to 448, with higher scores indicating greater
structural joint damage) and the proportion of patients with an American College
of Rheumatology (ACR) 70 response (>70% reduction in the number of both tender
and swollen joints and >70% improvement in three of five other criteria: the pa-
tient’s assessment of pain, level of disability, C-reactive protein level or erythrocyte
sedimentation rate, global assessment of disease by the patient, and global assess-
ment of disease by the physician).

RESULTS

Mean changes in the modified total Sharp score from baseline to month 6 were sig-
nificantly smaller in the tofacitinib groups than in the methotrexate group, but changes
were modest in all three groups (0.2 points in the 5-mg tofacitinib group and <0.1 point
in the 10-mg tofacitinib group, as compared with 0.8 points in the methotrexate group
[P<0.001 for both comparisons]). Among the patients receiving tofacitinib, 25.5% in
the 5-mg group and 37.7% in the 10-mg group had an ACR 70 response at month 6, as
compared with 12.0% of patients in the methotrexate group (P<0.001 for both com-
parisons). Herpes zoster developed in 31 of 770 patients who received tofacitinib (4.0%)
and in 2 of 186 patients who received methotrexate (1.1%). Confirmed cases of cancer
(including three cases of lymphoma) developed in 5 patients who received tofacitinib
and in 1 patient who received methotrexate. Tofacitinib was associated with increases
in creatinine levels and in low-density and high-density lipoprotein cholesterol levels.
CONCLUSIONS

In patients who had not previously received methotrexate or therapeutic doses of meth-
otrexate, tofacitinib monotherapy was superior to methotrexate in reducing signs and
symptoms of rheumatoid arthritis and inhibiting the progression of structural joint
damage. The benefits of tofacitinib need to be considered in the context of the risks of
adverse events. (Funded by Pfizer; ORAL Start ClinicalTrials.govnumber, NCT01039688.)
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HEUMATOID ARTHRITIS IS A CHRONIC
autoimmune disease characterized by in-
flammation and by joint destruction that
leads to substantial disability. The predominant
first-line treatment is methotrexate, a nonbiologic
agent that is associated with acceptable clinical and
functional improvements. Although methotrex-
ate prevents progressive joint damage in some
patients,’ concerns have been raised regarding its
side effects and safety.+® In one study, discontinu-
ation of methotrexate was reported after 2 years of
treatment in one third of the patients and after
5 years of treatment in more than half the patients.?
In combination with methotrexate, biologic disease-
modifying antirheumatic drugs (DMARDs), includ-
ing tumor necrosis factor inhibitors, are efficacious
and slow joint damage; however, there are also
concerns about the side effects and safety of
these agents.>7810,11
Tofacitinib is an oral, small-molecule Janus
kinase (JAK) inhibitor for the treatment of rheu-
matoid arthritis.®? In phase 3 studies, safety con-
cerns about tofacitinib have included a risk of
serious infection and changes in laboratory mea-
surements.3*” We report the clinical, structural,
and safety outcomes of ORAL Start, a 24-month
study of tofacitinib monotherapy as compared
with methotrexate monotherapy in patients with
active moderate-to-severe rheumatoid arthritis
who had not previously received methotrexate
or therapeutic doses of methotrexate.

METHODS

PATIENTS

Patients were eligible if they were at least 18 years
of age; had received a diagnosis of active rheuma-
toid arthritis according to the American College
of Rheumatology (ACR) 1987 revised criteria'®;
had active rheumatoid arthritis, which was defined
as the presence of 6 or more joints that were ten-
der or painful (out of 68 joints examined) and 6 or
more swollen joints (out of 66 joints examined);
and had either an erythrocyte sedimentation rate
(ESR) of more than 28 mm per hour (Westergren
method) or a C-reactive protein level of more than
7 mg per liter. In addition, eligible patients had
three or more distinct joint erosions detected on
hand and wrist or foot radiographs, or a positive
test for IgM rheumatoid factor or antibodies to
cyclic citrullinated peptide. Key exclusion criteria
are described in Section 2 in the Supplementary

Appendix, available with the full text of this ar-
ticle at NEJM.org.

STUDY DESIGN AND OVERSIGHT
We conducted a phase 3, randomized, double-
blind, parallel-group study in 151 centers world-
wide. The first patient visit was on January 25, 2010;
the last patient visit (month 24) was on March 13,
2013. Visits were scheduled at the start of treat-
mentand at months 1, 2, and 3, then every 3 months
until the end of the study at month 24. Patients
were randomly assigned, in a 2:2:1 ratio, to re-
ceive treatment for 24 months with one of three
regimens: tofacitinib at a dose of 5 mg twice daily,
tofacitinib at a dose of 10 mg twice daily, or metho-
trexate at a starting dose of 10 mg per week, with
increments of 5 mg per week every 4 weeks to 20 mg
per week by week 8. Randomization was per-
formed with the use of an interactive Web-based
or telephone-based system (Impala, Pfizer)

The study, which was sponsored by Pfizer, was
conducted in compliance with the Declaration of
Helsinki, International Conference on Harmo-
nisation Guidelines for Good Clinical Practice,
and local country regulations. All patients pro-
vided written informed consent. The final pro-
tocol, amendments, and documentation of con-
sent were approved by the institutional review
board of each study center and relevant indepen-
dent ethics committees. The study protocol is
available at NEJM.org. Patients were evaluated by
the academic investigators, and the data were
collected and analyzed by Pfizer under the direc-
tion of both the academic and industry authors.
The first draft of the manuscript was written by
the second and last authors with the assistance
of a writer who was paid by the sponsor, under
the direction of the first author. All coauthors
revised the manuscript for intellectual content
and vouch for the completeness of the data and
analyses and the fidelity of the study to the pro-
tocol. All the authors made the decision to sub-
mit the manuscript for publication.

MEASURES OF EFFICACY
The coprimary efficacy end points at month 6 were
the mean change from baseline in the van der
Heijde modification of the total Sharp score (which
ranges from 0 to 448, with higher scores indicating
greater structural joint damage)*® and the pro-
portion of patients with an ACR 70 response (at
least a 70% reduction from baseline in the num-
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ber of both tender and swollen joints and equiva-
lent improvement in three or more of the five
remaining ACR core set measures). These mea-
sures are the patient’s assessment of pain, level
of disability, C-reactive protein level or erythrocyte
sedimentation rate, global assessment of disease
by the patient, and global assessment of disease by
the physician.

Secondary efficacy end points included chang-
es from baseline in modified total Sharp scores
at months 12 and 24 and erosion scores (ranging
from 0 to 280, with higher scores indicating greater
erosive changes in the joints) and joint-space nar-
rowing scores (ranging from 0 to 168, with high-
er scores indicating greater joint narrowing) at
months 6, 12, and 24. The proportion of patients
with no radiographic progression (defined by a
change from baseline in the modified total Sharp
score that was <0.5 units) and no new erosion
(defined by a change from baseline in the erosion
score that was <0.5 units)2° was also assessed at
months 6, 12, and 24. Other key secondary end
points, such as ACR 20, ACR 50, and ACR 70 re-
sponses (at time points other than month 6), rates
of low disease activity and remission, and patient-
reported outcomes such as fatigue, are defined in
Section 2 in the Supplementary Appendix.

SAFETY ASSESSMENTS
The incidence and severity of all adverse events
were recorded. Clinical laboratory tests and phys-
ical assessments were performed and vital signs
were recorded at every visit.

STATISTICAL ANALYSIS
Efficacy and safety analyses included data from
all patients who underwent randomization and
who received at least one dose of study medica-
tion and had a baseline measurement and at least
one post-baseline measurement for variables ex-
pressed as the change from baseline (the full
analysis set). Analyses of coprimary end points
(the mean change from baseline in the modified
total Sharp score and the ACR 70 response) at
month 6 were based on the prespecified interim
(vear 1) data set; all other analyses were based on
the final (year 2) data set. The year 1 data set
consisted of data on all patients who were seen at
the month 12 visit or had withdrawn from the
study previously. No corrections or modifica-
tions were made to the year 1 data set after it was
established on May 24, 2012.

N ENGLJ MED 370;25

Preservation of joint structure, as measured by
the modified total Sharp score, was used to deter-
mine the sample size, which was planned to pro-
vide the study with 90% power, assuming a mean
(#SD) difference in the modified total Sharp score
of at least 0.9+2.8 units. For the ACR 70 response,
the given sample size was planned to yield more
than 90% power, assuming a difference in response
rates of 15 percentage points or higher (with a
methotrexate response of approximately 20%).

Analysis of covariance was used to assess the
coprimary end point of the modified total Sharp
score at month 6; missing values were extrapo-
lated linearly. For the month 6 analysis of the
coprimary end point of the ACR 70 response and
of other binary end points, the normal approxi-
mation for the difference in binomial propor-
tions was used to test the superiority of each
dose of tofacitinib over methotrexate; missing
values due to withdrawal were imputed with the
use of nonresponse imputation, which was also
applied to binary, secondary end points that
were not based on joint structure. Changes from
baseline in the score on the Health Assessment
Questionnaire-Disability Index (HAQ-DI) and
other continuous end points were expressed as
least-squares mean changes and analyzed with
the use of a mixed-effect longitudinal model.

Further statistical details, including the step-
down approach (Fig. S1 in the Supplementary Ap-
pendix) used to assign significance for the co-
primary end points, are described in Section 3 in
the Supplementary Appendix.

RESULTS

PATIENTS
Overall, 958 patients underwent randomization, of
whom 956 patients received tofacitinib at a dose of
5 mg twice daily (373 patients), tofacitinib at a
dose of 10 mg twice daily (397 patients), or metho-
trexate (1806 patients) (Fig. S2 in the Supplementary
Appendix). Baseline characteristics were similar
among the treatment groups (Table 1, and Table S1
in the Supplementary Appendix). The mean dose
of methotrexate at month 3 was 18.5 mg per week
(10 mg per week in 13 patients, 15 mg per week in
26 patients, and 20 mg per week in 130 patients).

RADIOGRAPHIC FINDINGS
Both baseline and post-baseline radiographs
were available for 93.0% of all patients; missing
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radiographs accounted for all missing data at
month 6. The numbers of patients with modi-
fied total Sharp scores that were available at
months 6, 12, and 24 are shown in Figure S3
in the Supplementary Appendix. For the year 1
data set, least-squares mean (+SE) changes in
the score from baseline to month 6 (the co-
primary end point) were 0.2+0.1 points in the
5-mg tofacitinib group (on the basis of data
from 346 of 371 patients who were treated) and
<0.1+0.1 points in the 10-mg tofacitinib group
(on the basis of data from 369 of 395 patients),
as compared with 0.8+0.2 points in the metho-
trexate group (on the basis of data from 166 of
186 patients) (P<0.001 for both comparisons)
(Table 2). Likewise, least-squares mean changes

from baseline in the modified total Sharp score
at months 12 and 24 were significantly smaller
in both tofacitinib groups than in the metho-
trexate group (P<0.001 for all comparisons)
(Table 2). Patients in both tofacitinib groups had
significantly less radiographic progression from
baseline, as reflected by the modified Sharp
scores for erosion and joint-space narrowing,
than patients in the methotrexate group at
months 6, 12, and 24 (Table 2, and Fig. S3C and
$3D in the Supplementary Appendix). A longitu-
dinal model in which missing values for the
modified total Sharp score were not imputed
showed results that were similar to those with
the analysis-of-covariance model (Fig. S4 in the
Supplementary Appendix).

Table 1. Baseline Characteristics of the Patients.*

Variable
Female sex — %
White race — %7
Mean age —yr
Mean duration of rheumatoid arthritis — yr
Tender and swollen joints — mean no.
Tender
Swollen
Mean HAQ-DI scorei:
Mean modified total Sharp scoref
Mean erosion scoreq|
Mean joint-space narrowing score|
DAS28-4 (ESR)**
Mean score
Score >5.1 — %
Erythrocyte sedimentation rate — mm/hr
Mean C-reactive protein level — mg/liter
Positive for rheumatoid factor — %

Positive for anti-CCP antibodies — %

Tofacitinib, Tofacitinib,
5 mg 10 mg Methotrexate
(N=373) (N=397) (N=186)
76.7 82.4 78.0
64.1 67.0 68.3
50.3 49.3 48.8
2.9 3.4 2.7
25.7 25.1 25.4
16.3 15.6 16.8
1.5 1.5 1.5
19.1 17.9 16.1
9.1 9.1 8.4
10.0 8.3 7.7
6.6 6.5 6.6
94.4 93.7 93.0
55.6 53.4 56.0
22.7 20.3 259
823 81.6 84.4
85.0 8l.1 86.6

There were no significant differences among the groups

at baseline. A more detailed version of this table is provided

in Table S1 in the Supplementary Appendix. CCP denotes cyclic citrullinated peptide.

T Race was reported by the investigators.

I Health Assessment Questionnaire—Disability Index (HAQ-DI) scores of 0 to 1 indicate mild-to-moderate physical diffi-
culty, more than 1 to 2 moderate-to-severe disability, and more than 2 to 3 severe-to-very-severe disability.

§
9
I

Modified total Sharp scores range from 0 to 448, with higher scores indicating greater structural joint damage.
Erosion scores range from 0 to 280, with higher scores indicating greater erosive changes in the joints.
Joint-space narrowing scores range from 0 to 168, with higher scores indicating greater narrowing between joints.

** The Disease Activity Score for 28-joint counts based on the erythrocyte sedimentation rate DAS28-4(ESR) ranges from
0 to 9.4, with higher scores indicating greater levels of disease activity (<2.6 indicates remission and <3.2 equals low

disease activity).

N ENGL ) MED 370;25

NEJM.ORG JUNE 19, 2014

The New England Journal of Medicine

Downloaded from ngjm.org at

on February 6, 2021. For personal use only. No other uses without permission.

Copyright © 2014 Massachusetts Medical Society. All rights reserved.



TOFACITINIB OR METHOTREXATE IN RHEUMATOID ARTHRITIS

‘|apow [euipn1iSuo| 193443-paxii B LUOJ) PIALISP Sem aueyd Siy|
‘|opow [eulpn1i3uo| 199)43-paxil B JO DUBIIBAOD-JO-SISA[BUE LB LUOJ) PIALIDP SBM dUI|9Seq WoJ) d93ueyd uesaw saienbs-1ses| ay|

‘uoljejodesixa Jeaul| Jo sueaw Aq panduil a1am erep 3uissiy ‘ss9) 4o sjulod G°Q JO 210 dieyS |30 payipow ayy Ul auljaseq woJy a3ueyd e se pauyap sem uoissasdoud oiydesdoipes o

‘9lexaljoylsw yim COmthEOU 9y} 104 G0°0>d

*90ueDdlIuSIS [BD13SI1EIS 31EDIPUI O] PRISPISUOD SEM SS3| 10 GO'( 4O dN[EA d B ‘suostiedwiod ajdiynwi 1oy apew asam sjuawisnipe ou ‘sutod pus Aiepuodas o4 ‘xipuaddy Arejuaw
-9|ddns ay3 ul TS 24n3i4 pue ¢ uo1P3S ul papiroad si uolewwojul Aol ‘ydeoidde umop-dals ayi Jo asn ayl yum paulilap sem (sjulod pus Alewidod sy Joj) 9 yiuow 1e sduedyiudis

"91eXai10419W Yyum uosiedwod syl 40y 100°0>d

.CO_umu_)_n_rC_ asuodsaiuou 40 9sn ayl yum _UQH—ZQC\__ 9J9M EJED wc_mm__)_

‘wsiiewnayy 1sutede andes ] ueadoin3 yYy1n3 pue ‘A3ojorewnayy jo 333|j0D) UedUBIWY

s210UBp YDV "19s Blep (T 4eak) wiajul payidadsaid syl Woly paaLap a1am ydiym ‘(9 yauow 1e asuodsal 0/ YDV pue 2100s dieysS [e10] payipoLl ay] Ul duljaseq wolj adueyd ueaw)
syutod pua Arewudod ayi 4oy 1dadxa 135 elep (z JeaK) [Ny Syl Wody paALIdp aiam elep ||y xipuaddy Aiejuswajddns ayi ul zS 3|qe ] ul papiaoid si 9|qel Siy} JO UOISIIA Pa|Ie1ap dI0W Y

p'2'3

L0- L0- fo1- T60- 9°0- i60- 1d-OVH
v (A e sz 6T~ 6z LL(ys3)v-gzsva
1 IT0 90 bto bzo €0 b10 [9402s Buimouieu soeds-juiof
0T izo 90 ito ito v0 fro |2403s uoisoiz
1T €0 190 1 izo iro 80 itro> |§400s dieys [e103 payipoy
sxSiulod
— auyjaseq wouj a3ueyd ueay
|siusned jo
649 Treg i66L 069 Tr18 bvzs LEL Tee8 % — uoissaigoud oydes3oipes oN
Lsiuaned jo 94 — asuodsau
T'6v T9°69 T189 L'6S To6s Toor 809 o8 dv1N3 poos Jo a3esapoy
Lsjuaned
86T Toog I8ve L81 T Teee 0¥l frse I8z 40 % —z'¢s (¥s3)v-8zsva
Lsjuaned
6'6 feze L1 Irez bzst 9L 40 9% — 97> (¥S3)v-8zsva
st Tos€ TSt I8¢ fr8e 01 §Ls1usned yo 94 — asuodsai oz YOV
€8¢ ey L€€ Fogg T66 99z Lsiuaned jo 94 — asuodsai 0§ YOV
vy frvo 11§ fo1s i8/9 $°05 Iros Isuaned jo 94 — asuodsai oz ¥V
(981=N) (£6£=N) (981=N) (£65=N) (e£e=N) (981=N) (£65=N)
91EX3410Y19 |\ Sw o1 91eXa110YI9 N 3w o1 3w g 91eXaU10YI9 |\ 3w ot
‘qiunioejo] ‘qiunioejo] ‘qiuniejo ‘qiunioejo
¥T Yo T Yiuoy 9 Yo 3|qeneA

#'SuIod pug Aoediy3 Kiepuodas pue Kiewndo) “z 9|qe L

2381

NEJM.ORG JUNE 19, 2014

N ENGLJ MED 370;25

The New England Journal of Medicine
on February 6, 2021. For personal use only. No other uses without permission.

Downloaded from ngjm.org at

Copyright © 2014 Massachusetts Medical Society. All rights reserved.



The NEW ENGLAND JOURNAL of MEDICINE

100+ —@— Tofacitinib, 10 mg
904 ©- Tofacitinib, 5 mg
--A-- Methotrexate
80+
70
60

ACR 70 Response Rate (%)

Month

Figure 1. Clinical Responses over Time.

An American College of Rheumatology (ACR) 70 response is defined as

at least a 70% reduction from baseline in the number of both tender and
swollen joints, as well as at least a 70% improvement in three of five other
criteria: the patient’s assessment of pain, level of disability, C-reactive pro-
tein level or erythrocyte sedimentation rate, global assessment of disease
by the patient, and global assessment of disease by the physician. The co-
primary end point (the ACR 70 response at month 6) was derived from the
prespecified interim (year 1) data set; the ACR 70 response over time was
derived from the final (year 2) data set. Missing data were imputed with the
use of nonresponse imputation. I bars indicate standard errors. Asterisks
denote P<0.001 for the comparison with methotrexate.

The proportions of patients with no radio-
graphic progression or erosion (<0.5-unit increase
from baseline in the modified total Sharp score
or erosion score) at months 6, 12, and 24 in the
5-mg and 10-mg tofacitinib groups were sig-
nificantly larger than the corresponding pro-
portions of patients who received methotrexate
(P<0.05 for all comparisons) (Fig. S5 in the Sup-
plementary Appendix). Cumulative probability
plots showed that the distributions for the modi-
fied total Sharp score, the erosion score, and the
score for joint-space narrowing at months 6, 12,
and 24 were similar in the two tofacitinib groups
and differed from the distributions in the metho-
trexate group (Fig. S6 in the Supplementary
Appendix).

CLINICAL OUTCOMES
The mean (+SE) proportion of patients who had
an ACR 70 response at month 6 (the coprimary
end point) was 25.5+2.3% (94 of 369 patients) in
the 5-mg tofacitinib group and 37.7+2.4% (148
of 393 patients) in the 10-mg tofacitinib group, as
compared with 12.0+2.4% (22 of 184 patients) in

2382 N ENGL ) MED 370;25

the methotrexate group (P<0.001 for either dose
vs. methotrexate) (Table 2). Additional data on
coprimary and secondary end points at months
6, 12, and 24 are provided in Table S2 in the Sup-
plementary Appendix. Significant improvements
over time in the ACR 70 response (Fig. 1), ACR 20
response, and ACR 50 response (Table 2, and
Fig. S7B and S7C in the Supplementary Appendix)
were also observed with tofacitinib versus metho-
trexate. Mean changes from baseline in ACR core
components at month 6 are shown in Table S3 in
the Supplementary Appendix.

Rates of remission and low disease activity,
as well as least-squares mean changes (improve-
ments) from baseline, as defined according to the
Disease Activity Score for 28-joint counts based on
the erythrocyte sedimentation rate (DAS28-4[ESR]),
were significantly higher at months 6, 12, and 24
among patients in both tofacitinib groups than
among patients in the methotrexate group (Table 2,
and Fig. S8 in the Supplementary Appendix).
DAS28-4(ESR) scores range from 0 to 9.4, with
higher scores indicating more disease activity
(<2.6 indicates remission and <£3.2 indicates low
disease activity).

PHYSICAL FUNCTIONING AND OTHER
PATIENT-REPORTED OUTCOMES

HAQ-DI scores of 0 to 1 indicate mild-to-moderate
physical difficulty, more than 1 to 2 indicate
moderate-to-severe disability, and more than 2
to 3 indicate severe-to-very-severe disability. The
least-squares mean changes in HAQ-DI scores at
month 6 were —0.8 points with the 5-mg dose of
tofacitinib and —0.9 points with the 10-mg dose
of tofacitinib, as compared with —0.6 points
with methotrexate (P<0.001 for both comparisons).
At month 12, the least-squares mean changes in
HAQ-DI scores were —0.9 points with the 5-mg
dose and -1.0 points with the 10-mg dose, as
compared with —0.7 points with methotrexate
(P<0.001 for both comparisons). At month 24, the
least-squares mean changes in HAQ-DI scores were
—0.9 points with the 5-mg dose and —1.0 points
with the 10-mg dose, as compared with —0.7 points
with methotrexate (P<0.001 for both comparisons)
(Table 2).

The Functional Assessment of Chronic Ill-
ness Therapy (FACIT) fatigue instrument is a
13-item questionnaire with scores ranging from
0 to 52 and higher scores indicating less fatigue.
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The least-squares mean changes from baseline
at month 6 in FACIT-fatigue scores were 8.7
points with the 5-mg dose of tofacitinib and
9.1 points with the 10-mg dose, as compared with
6.3 points with methotrexate (P=0.003 and
P<0.001, respectively). Greater reductions in ar-
thritis pain and disease activity at month 6 were
also reported by patients in both tofacitinib dose
groups as compared with patients in the meth-
otrexate group at month 6 (Table S3 in the
Supplementary Appendix).

SAFETY
The most common category of adverse events was
infections and gastrointestinal disorders. Herpes
zoster infections occurred in 13 of 373 patients
(3.5%) in the 5-mg tofacitinib group and in 18 of
397 patients (4.5%) in the 10-mg tofacitinib group
— a total of 31 of 770 patients (4.0%) in the com-
bined tofacitinib groups — as compared with 2
of 186 patients in the methotrexate group (1.1%)
(Table S4 in the Supplementary Appendix). A to-
tal of 106 patients discontinued the study drug
because of adverse events (Table 3), 105 patients
(11.0%) had serious adverse events, and 24 pa-
tients (2.5%) had serious infections (see Table S5

in the Supplementary Appendix for a summary of
serious adverse events observed). Six confirmed
cases of cancer were reported: two (non-Hodgkin’s
lymphoma and chronic lymphocytic leukemia) in
the 5-mg tofacitinib group, three (prostate can-
cer, Burkitt’s B-cell lymphoma, and colon cancer)
in the 10-mg tofacitinib group, and one (gastric
cancer) in the methotrexate group. An adrenal
adenoma with cellular atypia, which the local pa-
thologist was unable to confirm as malignant or
benign, was also reported in a 38-year-old man
who received tofacitinib at a dose of 5 mg twice
daily. All cancers are described in detail in
Section 4 in the Supplementary Appendix. Four
deaths occurred (two during the study and two
after the study): one each from non-Hodgkin’s
lymphoma, cardiac failure, and sudden cardiac
causes in the 5-mg tofacitinib group, and one from
colon cancer in the 10-mg tofacitinib group. All
four deaths are described in detail in Section 5 in
the Supplementary Appendix.

Changes in laboratory test results are shown
in Table 4 (and Table S6 in the Supplementary
Appendix). At 24 months, decreases in mean ab-
solute neutrophil counts and increases in mean
serum creatinine levels were seen in all groups.

Table 3. Safety Data from Months 0 to 24.
Tofacitinib, Tofacitinib,
5 mg 10 mg Methotrexate
Variable (N=373) (N=397) (N=186)*
Adverse events — no. 1097 1435 561
Patients with adverse events — no. of patients (%) 297 (79.6) 334 (84.1) 147 (79.0)
Patients with serious adverse events — no. (%) 0 (10.7) 43 (10.8) 22 (11.8)
Patients with serious infection — no. (%) 1(3.0)F 8 (2.0)% 5(2.7)§
Discontinuation of study drug because of adverse 0 (10.7) 41 (10.3) 25 (13.4)
event — no. (%)
Confirmed cancer — no.9 2 3 1
Death — no. | 3 1 0

* The mean dose of methotrexate at the end of the adjustment period (month 3) was 18.5 mg per week.

In the 5-mg tofacitinib group, serious infection events were pneumonia (in 2 patients), herpes zoster, dengue fever,

gastrointestinal infection, gastroenteritis, pleural infection, subcutaneous abscess, tonsillitis bacterial infection, sepsis,

and erysipelas.

In the 10-mg tofacitinib group, serious infection events were bronchitis, pneumonia, herpes zoster, disseminated herpes

zoster, gastroenteritis (in 2 patients), bone tuberculosis, and lower respiratory tract infection.
§ In the methotrexate group, serious infection events were nasopharyngitis, gastroenteritis, sialoadenitis, chronic hepa-

titis C, and varicella.

9 An adrenal adenoma that was unconfirmed as malignant or benign was diagnosed in one additional patient, who re-

ceived tofacitinib at a dose of 5 mg twice daily.

| One death (from colon cancer) in the 5-mg tofacitinib group and one death (from non-Hodgkin’s lymphoma) in the

10-mg tofacitinib group occurred after the study.
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Table 4. Laboratory Data at Month 24.
Tofacitinib, Tofacitinib,
5 mg 10 mg Methotrexate
Variable (N=373) (N=397) (N=186)*
Absolute neutrophil count, change from baseline — per mm? -1260 -16107 -1030
Absolute lymphocyte count, change from baseline — per mm? -350% -4407 -220
Hemoglobin, change from baseline — g/dI§ 0.57 0.24 0.30
Cholesterol, change from baseline — %
Low-density lipoprotein 18.67 21.67 3.9
High-density lipoprotein 16.8F 17.4% 7.0
Serum creatinine, change from baseline — mg/d| 0.107 0.107 0.04
Absolute neutrophil count <1.5x10°/mm? — no. of patients/ 1/256 (<1.0) 5/278 (1.8) 0/102
total no. (%)
Absolute lymphocyte count <1.5x10%/mm?* — no. of patients/ 117/256 (45.7)  159/278 (57.2)  36/102 (35.3)
total no. (%)

* The mean dose of methotrexate at the end of the adjustment period (month 3) was 18.5 mg per week. A more detailed
version of this table is shown in Table S6 in the Supplementary Appendix.

P<0.001 for the comparison with methotrexate.
P<0.05 for the comparison with methotrexate.

(=

No comparison of tofacitinib versus methotrexate was available.

Serum creatinine levels increased from baseline
by 33% or more in 37 of 373 patients who re-
ceived 5 mg of tofacitinib (9.9%) and in 38 of
397 patients who received 10 mg of tofacitinib
(9.6%), as compared with 5 of 186 patients who
received methotrexate (2.7%). An increase in serum
creatinine levels of more than 50% from base-
line was confirmed by means of two consecutive
tests in 6 patients in the 5-mg tofacitinib group
and 11 patients in the 10-mg tofacitinib group, as
compared with no patients in the methotrexate
group. During months 0 to 24, mean low-density
lipoprotein cholesterol levels increased by 18.6%,
21.6%, and 3.9% in the 5-mg tofacitinib group,
the 10-mg tofacitinib group, and the methotrexate
group, respectively; high-density lipoprotein cho-
lesterol levels increased by 16.8%, 17.4%, and 7.0%,
respectively. Increases in aspartate aminotrans-
ferase or alanine aminotransferase levels to 3 or
more times the upper limit of the normal range
were infrequent and similar in frequency across
the groups (Table S7 in the Supplementary Ap-
pendix).

DISCUSSION

The minimal clinically important difference in
the modified total Sharp score is reported to be
4.6 points,?* which is 1% of the maximum score.

In our study, the differences in the modified to-
tal Sharp score were smaller than the minimal
clinically important difference and less than 1%
of the maximum score. The range of changes ob-
served was similar to those observed in other
studies of biologic DMARDs. 102224

The results reported here contrast with the
results of two trials of leflunomide at a dose of
20 mg per day as compared with methotrexate
(to a maximum dose of 15 mg per week) in pa-
tients with long-standing rheumatoid arthritis.
In one trial,?* clinical, functional, and radio-
graphic responses were similar with the two
medications. In the second trial,2> ACR responses
were not reported, but improvement in tender
and swollen joints, as well as patient’s and physi-
cian’s global assessments, were similar with the
two treatments; methotrexate appeared to be
more effective in decreasing radiographic pro-
gression. In a study of tocilizumab versus meth-
otrexate,2° tocilizumab monotherapy was associ-
ated with superior ACR 20, ACR 50, and ACR 70
responses as compared with methotrexate mono-
therapy, but radiographs were not obtained.

The structural joint preservation observed with
tofacitinib monotherapy in our trial extends the
results from the ORAL Scan study, which in-
volved patients who had rheumatoid arthritis and
an inadequate response to methotrexate. In that
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study, tofacitinib was compared with placebo in
patients who were receiving background metho-
trexate monotherapy.’” Our findings further estab-
lish the structure-preserving effects of tofacitinib
at a dose of 5 mg or 10 mg twice daily.

Our study also shows that a targeted small-
molecule JAK inhibitor can be more effective
clinically, functionally, and radiographically than
methotrexate in patients with rheumatoid ar-
thritis who have not previously received metho-
trexate. Combinations of nonbiologic or biologic
DMARDs with methotrexate have been shown
to be superior to methotrexate alone.”#272° Two
prior articles attempted to show the superiority
of a biologic DMARD administered as mono-
therapy over methotrexate.?3° In the Early Rheu-
matoid Arthritis trial of etanercept versus metho-
trexate, in which a significantly greater proportion
of patients who received etanercept at a dose
of 25 mg twice weekly had ACR 20, ACR 50,
or ACR 70 responses, as compared with pa-
tients who received methotrexate within the
first 6 months, the differences were not sig-
nificant at year 1 and thereafter (except for the
ACR 20 response at year 2). The change from
baseline in the modified total Sharp score at
year 1 and year 2, however, was significantly
smaller in the group of patients who received
etanercept at a dose of 25 mg than in the group
of patients who received methotrexate.?”3°

The benefits of tofacitinib need to be consid-
ered in the context of the risks of adverse events.
The most common serious adverse events in our
study were infections; herpes zoster was reported
more frequently in patients receiving tofacitinib
than in those receiving methotrexate. Three cases
of lymphoma were reported among patients who
received tofacitinib. As previously reported and
as seen in this study, tofacitinib was associated
with decreases in neutrophil and lymphocyte
counts and increases in lipid, aminotransferase,
and creatinine levels. Although the clinical rel-
evance of the lipid changes is unclear, monitor-
ing of lipids and, when needed, appropriate in-
tervention, including the use of lipid-lowering
agents, may be warranted.3® The mechanism
behind the increase in creatinine levels is un-
known, but it may involve the effects of tofaciti-
nib on inflammation.32

The limitations of this study include an in-
ability to adjust medication more frequently than

N ENGLJ MED 370;25

every 3 months, as has been recommended.®
Study participants who have not previously re-
ceived methotrexate are not necessarily patients
who have early rheumatoid arthritis (unless the
protocol mandates this criterion for inclusion).
In our trial, the interval between diagnosis of
rheumatoid arthritis and enrollment was less
than 2 years for the majority of patients (65.5%)
and was less than 6 months (median range, 0.7 to
0.8 years) in 40.0% of the patients. Nonetheless,
the mean duration of disease in this trial was
approximately 3 years, so a more focused assess-
ment of tofacitinib for the treatment of early
rheumatoid arthritis would require a separate
trial.

In conclusion, this phase 3 study involving
patients with active rheumatoid arthritis who
had not previously received methotrexate or thera-
peutic doses of methotrexate showed that, over
a 2-year period of treatment, tofacitinib mono-
therapy at a dose of 5 or 10 mg twice daily was
associated with significant reductions in signs
and symptoms of rheumatoid arthritis, improve-
ments in physical functioning, and modest, but
larger, reductions in the progression of structural
damage, as compared with methotrexate (mean
dose, 18.5 mg per week). Tofacitinib was associ-
ated with reductions in neutrophil and lymphocyte
counts and increases in low-density lipoprotein
cholesterol and creatinine levels and infections.
Results at 12 and 24 months were similar.
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