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Identification of Distinct Disease Activity Trajectories in 
Methotrexate- Naive Patients With Rheumatoid Arthritis 
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John C. Woolcott,6 and Edward Keystone7

Objective. Tofacitinib is an oral JAK inhibitor for the treatment of rheumatoid arthritis (RA). To better understand 
tofacitinib treatment responses, we used group- based trajectory modeling to investigate distinct disease activity 
trajectories and associated baseline variables in patients with active RA.

Methods. This post hoc analysis used data from a phase III study of methotrexate- naive patients receiving 
tofacitinib 5 mg twice daily. Changes in the 4- variable Disease Activity Score in 28  joints, using the erythrocyte 
sedimentation rate (DAS28- ESR) from baseline to month 24 were used in group- based trajectory modeling to identify 
distinct disease activity trajectories. Patient and disease characteristics, changes in radiographic progression and 
patient- reported outcomes, and safety up to month 24 were compared among trajectory groups.

Results. From 346 methotrexate- naive patients, 5 disease trajectory groups, defined by DAS28- ESR scores, 
were identified, which progressed from high disease activity (HDA) to remission (group 1, n = 28), to low disease 
activity (LDA) rapidly (group 2, n = 107), to moderate disease activity (group 3, n = 98), to LDA gradually (group 4, 
n = 46), or remained in HDA (group 5, n = 67), at month 24. At baseline, groups 1 and 2 generally had lower disease 
activity and more favorable patient- reported outcomes, compared with other groups. Improvements in radiographic 
progression and patient- reported outcomes over 24 months were generally consistent with DAS28- ESR– predicted 
disease activity trajectories. Adverse event rates were generally comparable across groups.

Conclusion. Distinct phenotypic subgroups identified heterogeneity in patients with RA normally analyzed as a 
single population. Trajectory modeling may enable separation of clinically meaningful subsets of patients with RA, 
and may help optimize treatment outcomes.

INTRODUCTION

Patients with rheumatoid arthritis (RA) exhibit wide variations 
in disease characteristics, sociodemographic factors, treatment 

adherence, and health status, which can affect response to treat-
ment (1). Group- based trajectory modeling is one method to 
identify groups of patients according to their predicted response 
to treatment over time, which may be influenced by baseline 
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characteristics (2– 6). Understanding patient characteristics asso-
ciated with distinct disease activity trajectories may make predict-
ing responses to specific treatments possible at an early stage 
(2,3).

Tofacitinib is an oral JAK inhibitor for the treatment of RA. 
The efficacy and safety of tofacitinib 5 and 10 mg twice daily 
administered as monotherapy or in combination with conven-
tional synthetic disease- modifying antirheumatic drugs (csD-
MARDs), mainly methotrexate (MTX), in patients with moderately 
to severely active RA, have been demonstrated in phase II (7– 11), 
phase III (12– 18), and phase IIIb/IV (19) studies of up to 24- months 
duration, and in long- term extension studies with up to 9.5 years 
of observation (20– 22).

The 4- variable Disease Activity Score in 28  joints, using 
the erythrocyte sedimentation rate (DAS28- ESR) is a commonly 
used measure of disease activity status (e.g., remission or low/
moderate/high disease activity [LDA/MDA/HDA, respectively]) 
(23,24). Previously, an analysis of data pooled from 3 phase III trials 
of patients with RA with a prior inadequate response to csDMARDs 
receiving tofacitinib 5 mg twice daily for up to 12 months identified 
distinct disease activity trajectories, characterized by baseline dif-
ferences in DAS28- ESR and patient- reported outcomes (25).

ORAL Start was a 24- month phase III study of tofacitinib 5 
and 10 mg twice daily in MTX- naive patients with active RA (18). 
This post hoc analysis of tofacitinib 5 mg twice daily data from 
ORAL Start aimed to identify distinct disease activity trajectories in 
MTX- naive patients with RA receiving tofacitinib, offering a char-
acterization of baseline variables that could be used as early pre-
dictors of response.

PATIENTS AND METHODS

Study design. ORAL Start was a 24- month, randomized, 
double- blind, phase III study completed in 2013 that compared 
efficacy and safety of tofacitinib 5 and 10 mg twice daily mono-
therapy with MTX monotherapy in patients with moderately to 
severely active RA who were MTX- naive or who had not received 
a therapeutic dose of MTX (18).

Full study details have been published previously (18). Eligible 
patients were age ≥18 years with a diagnosis of active RA, based 
on American College of Rheumatology 1987 revised criteria (26– 
28), had either an ESR of >28 mm/hour or a C- reactive protein 
level of >7 mg/liter, and had ≥3 distinct joint erosions detected 
on hand/wrist or foot radiographs, or were anti– cyclic citrullinated 
peptide or rheumatoid factor positive. At baseline, the duration of 
RA in patients was 2.7– 3.4 years. In total, 6.9% of patients had 
received a nontherapeutic dose of MTX prior to study baseline; 
the most common non- MTX csDMARDs received by patients prior 
to study baseline were sulfasalazine and leflunomide (12.9% and 
6.3% of patients, respectively). This post hoc analysis included 
data for patients receiving tofacitinib 5 mg twice daily who were 
MTX- naive at baseline.

Trajectory analysis. Trajectory groups are understood 
to be clusters of individuals following similar trajectories of dis-
ease response. As with previous analyses (3– 5,25), DAS28- ESR 
scores at baseline and changes in DAS28- ESR over time were 
used to model predicted trajectories. Disease activity status was 
defined using DAS28- ESR scores as: HDA >5.1, MDA ≥3.2 to 
≤5.1, LDA ≥2.6 to <3.2, and remission <2.6 (23,29).

Outcomes. Patient demographics, baseline disease char-
acteristics and patient- reported outcome scores, changes in 
radiographic progression (total Sharp score, and erosion and joint 
space narrowing [JSN] scores, assessed at months 6, 12, and 
24), patient- reported outcomes over time (assessed at months 1, 
2, 3, 6, 9, 12, 15, 18, 21, and 24), and adverse events (AEs) were 
compared across predicted disease activity trajectory groups.

Patient- reported outcomes included the Health Assess-
ment Questionnaire disability index (HAQ DI) (30), the Functional 
Assessment of Chronic Illness Therapy– Fatigue (FACIT- F) (31), the 
Short Form 36 health survey (SF- 36; mental component sum-
mary [MCS] and physical component summary [PCS] scores 
and domain scores: physical functioning, role- physical, bodily 
pain, general health, vitality, social functioning, role- emotional, 
and mental health) (32,33), and and arthritis pain (visual analog 
scale [VAS] 0– 100 mm) (34,35).

The proportions of patients reporting normative patient- 
reported outcome scores were also identified and compared; 
defined for HAQ DI as ≤0.25 (36) or <0.5 (functional remission) 
(37), and for FACIT- F as ≥40.1 (31), or more recently, ≥43.5 (38). 
SF- 36 MCS and PCS and domain scores were assessed using 

SIGNIFICANCE & INNOVATIONS
• This group- based trajectory modeling analysis eval-

uated 346 methotrexate- naive patients in a phase III 
study. Five disease trajectory groups were identified 
in patients using the 4- variable Disease Activity Score 
in 28 joints, using the erythrocyte sedimentation rate. 
The groups comprised those who progressed from 
high disease activity (HDA) to remission, low disease 
activity (LDA) rapidly, moderate disease activity, LDA 
gradually, or remained in HDA, at month 24.

• Significant differences between trajectory groups in 
some baseline variables (e.g., sex, disease activity 
measures, and patient- reported outcomes) were 
observed.

• Improvements in patient- reported outcomes across 
trajectory groups over time were generally consis-
tent with improvements in disease activity predict-
ed by group- based trajectory modeling.

• These data demonstrate heterogeneity in patients 
who are normally analyzed as a single population; 
further exploration may help to better understand 
suboptimal treatment responses in rheumatoid ar-
thritis.



DISEASE ACTIVITY TRAJECTORIES OF TOFACITINIB IN RA |      133

age-  and sex- matched norms, as per the SF- 36 scoring manual 
(32,33). Improvements in arthritis pain score of ≥30% and ≥50% 
from baseline were defined as moderate and substantial clinically 
important improvements, respectively (34,35). Safety end points 
were reported through month 24, including AEs, discontinuations 
due to AEs, and all- cause mortality.

Statistical analysis. For each disease activity trajectory 
group, predicted DAS28- ESR values and 95% confidence inter-
vals over time, and the proportion (%) of patients within each 
group, were modeled. Group- based trajectory modeling (6) was 
applied to DAS28- ESR data to find distinct longitudinal subgroups 
of patients with similar disease activity changes through month 
24. This is a special case of finite mixture models that seeks to 
classify patients into trajectories using a maximum- likelihood 
approach, based on the product of the conditional likelihoods for 
each individual being in the jth group, multiplied by the probability 
of membership in the jth group (j = 1, 2, …, k, with k being the 
number of groups specified).

The modeling algorithm only required a baseline value to allow 
initial assignment to a trajectory group. Each group was modeled 
by linear regression of DAS28- ESR versus time (months) added 
as polynomials (months, months2, months3, etc.), and k and the 
degree of polynomial (p) were specified. For all k = 1, 2, 3, 4, 5, 
and p = 1, 2, 3, 4, 5, models were fit, and the Bayesian informa-
tion criterion (BIC) of each result was calculated; the best BIC 
chosen from all possibilities was run. The algorithm jointly mod-
eled all groups, using intercept values (month 0, i.e., baseline) as 
a start for assigning patients. The algorithm then became itera-
tive: at the end of each linear regression, the posterior probability 
of a patient belonging to a particular group was calculated and 
patients were reassigned to the group with the highest probability.

This approach continued until no more increase in likelihood 
was reached, and the algorithm was then stopped. In cases where 
linear regression was replaced by a generalized linear model, e.g., 
Poisson or logistic regression, a censored normal distribution was 
used, where DAS28- ESR was censored to be on the interval 0– 10 
(6). Modeling was carried out using observed data, with no impu-
tation for missing values (6).

Pair- wise comparisons of demographics and baseline char-
acteristics were performed among predicted disease activity tra-
jectory groups. Equality of mean values of continuous measures 
were assessed using t- tests, and equality of rates were assessed 
using chi- square tests. A 2- sided Bonferroni correction for multi-
ple comparisons was applied; consequently, a P value less than or 
equal to 0.005 indicated statistical significance (P ≤ 0.05). Missing 
radiographic data were extrapolated linearly, and patient- reported 
outcomes were analyzed using a mixed- effects longitudinal model 
(39), as previously reported (18).

RESULTS

Predicted disease activity trajectory groups. In total, 
346 patients with HDA at baseline were included in the analysis. 
In the trajectory model, the majority of patients (98.8%) had at 
least 2 values (baseline value plus 1 additional observation post 
baseline), 84.7% had at least 7 values, and 71.4% had values 
from each observation. In total, 1.2% of patients in the analysis 
only had baseline values. In this case, the modeling algorithm 
placed the patient within the group with the y- intercept closest to 
the baseline value.

Trajectory modeling found 5 distinct groups of patients with 
similar predicted disease activity trajectories (Figure 1). Improve-
ment in disease activity (based on DAS28- ESR change) was 

Figure 1. Predicted group trajectories based on the 4- variable Disease Activity Score in 28 joints, using the erythrocyte sedimentation rate 
(DAS28- ESR), with 95% confidence intervals (95% CIs) identified using group- based trajectory modeling in patients with active rheumatoid 
arthritis who were methotrexate- naive and receiving tofacitinib 5 mg twice daily over 24 months. Solid lines represent predicted values; shading 
indicates the 95% CI. Percentage reflects the proportion of patients in each group; modeling of trajectory groups was based on changes in 
DAS28- ESR scores over 24 months: high disease activity (HDA) >5.1, moderate disease activity ≥3.2 to ≤5.1, low disease activity (LDA) <3.2 
to ≥2.6, and remission (REM) <2.6 (23).
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Table 1. Patient demographics and baseline disease characteristics by predicted DAS28- ESR disease activity trajectory groups*

Group 1: HDA to 
remission  
(n = 28)

Group 2: HDA   
to LDA rapid  

(n = 107)

Group 3: HDA 
to MDA  
(n = 98)

Group 4: HDA to 
LDA gradual  

(n = 46)

Group 5: HDA 
to HDA  
(n = 67)

Demographics
Female, no. (%) 11 (39.3)† 81 (75.7)‡ 84 (85.7)‡ 36 (78.3)‡ 54 (80.6)‡
Age, years 47.0 ± 16.4 52.1 ± 11.3 50.4 ± 12.6 49.9 ± 10.1 48.1 ± 12.6
Body mass index, 

kg/m2
25.2 ± 4.5 26.0 ± 4.8 27.2 ± 5.6 27.0 ± 5.8 25.7 ± 6.4

Current smoker, 
no. (%)

2 (7.1) 23 (21.5) 16 (16.3) 8 (17.4) 13 (19.4)

Geographic region, 
no. (%)

US/Canada 11 (39.3) 36 (33.6) 43 (43.9) 20 (43.5) 24 (35.8)
Europe 11 (39.3)§ 22 (20.6) 15 (15.3) 4 (8.7)‡ 15 (22.4)
Latin America 5 (17.9) 24 (22.4) 29 (29.6) 9 (19.6) 10 (14.9)
Rest of the world 1 (3.6) 25 (23.4) 11 (11.2) 13 (28.3) 18 (26.9)

Race, no. (%)
White 24 (85.7)§ 71 (66.4) 64 (65.3) 23 (50.0)‡ 38 (56.7)
Other 4 (14.3) 36 (33.6) 34 (34.7) 23 (50.0) 29 (43.3)

Baseline disease 
characteristics 
and activity 
measures

Rheumatoid arthritis 
duration, years

1.2 ± 1.9¶ 3.2 ± 7.1 2.6 ± 4.4 2.6 ± 4.9 3.7 ± 5.1‡

Day 1 steroid use, 
no. (%)

10 (35.7) 51 (47.7) 39 (39.8)§ 30 (65.2)# 38 (56.7)

DAS28- ESR score 5.7 ± 0.9** 6.1 ± 0.8** 6.7 ± 0.8†† 7.5 ± 0.8‡‡ 7.1 ± 0.8§§
CDAI score 31.2 ± 9.0** 33.7 ± 11.1** 39.6 ± 11.7†† 50.6 ± 12.3¶¶ 43.9 ± 10.5††
ESR score 33.1 ± 18.1† 47.9 ± 23.4## 57.8 ± 26.8‡ 70.8 ± 30.0§§ 64.2 ± 32.7§§
CRP 15.4 ± 16.3 20.3 ± 25.9 22.2 ± 22.0 25.5 ± 31.3 27.8 ± 35.4

Patients with CRP 
score >7 mg/
liter, no. (%)

17 (60.7) 62 (57.9) 72 (73.5) 35 (76.1) 46 (68.7)

Total Sharp score 5.9 ± 10.6*** 18.7 ± 33.1‡ 17.1 ± 41.6 16.4 ± 37.2 29.1 ± 45.2‡
Erosion score 3.3 ± 5.1*** 9.0 ± 16.4‡ 8.8 ± 23.1 8.0 ± 17.7 12.3 ± 19.1‡
Joint space 

narrowing score
2.6 ± 6.4*** 9.7 ± 17.7‡ 8.2 ± 19.6 8.4 ± 20.4 16.8 ± 27.4‡

Tender joints
68 count 19.3 ± 10.3††† 21.1 ± 12.7††† 25.2 ± 11.7§ 34.9 ± 15.0‡‡ 30.2 ± 14.3§§
28 count 10.7 ± 4.7** 12.6 ± 6.3** 15.5 ± 6.2†† 20.3 ± 6.0‡‡ 17.8 ± 5.5§§

Swollen joints
66 count 12.8 ± 7.2§ 13.6 ± 7.0††† 15.9 ± 9.2§ 24.5 ± 11.7¶¶ 17.4 ± 7.9‡‡‡
28 count 9.3 ± 3.5††† 10.2 ± 4.7††† 11.7 ± 5.6§ 16.5 ± 6.1¶¶ 12.5 ± 5.1††

Physician global 
assessment (VAS 
0– 100)

59.1 ± 15.3 58.1 ± 16.7††† 62.3 ± 15.9 68.2 ± 13.4§§§ 66.8 ± 16.5§§§

Anti- CCP positive, 
no. (%)

26 (92.9) 93 (86.9) 84 (85.7) 35 (76.1) 59 (88.1)

Rheumatoid factor 
positive, no. (%)

23 (82.1) 91 (85.0) 78 (79.6) 38 (82.6) 56 (83.6)

Baseline patient- 
reported 
outcomes

HAQ DI score 1.2 ± 0.6** 1.3 ± 0.6** 1.7 ± 0.6§§ 1.8 ± 0.7§§ 1.7 ± 0.6§§
FACIT- F total score 33.1 ± 10.6††† 32.5 ± 10.6** 27.0 ± 9.7§§§ 22.3 ± 11.3§§ 25.3 ± 10.8§§
SF- 36 MCS score 47.8 ± 12.0** 44.8 ± 11.8** 38.5 ± 10.5§§ 33.7 ± 12.1§§ 37.2 ± 11.8§§
SF- 36 PCS score 35.8 ± 6.8¶¶¶ 34.7 ± 8.1¶¶¶ 31.5 ± 6.1§§ 31.9 ± 8.3 30.8 ± 6.5§§
Arthritis pain score 

(VAS 0– 100)
50.0 ± 25.4††† 49.5 ± 26.0** 62.3 ± 22.2§§§ 71.1 ± 20.6§§ 67.2 ± 18.0§§

 (Continued)
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greatest during the first 3 months of treatment for group 1 (n = 28), 
group 2 (n = 107), and group 3 (n = 98), which improved from 
HDA into remission, LDA, and MDA, respectively, by month 3, and 
remained there through month 24. Group 4 (n = 46) showed con-
tinued gradual improvement through months 3– 24 to LDA, while 
group 5 (n = 67) showed minimal improvement, with patients in 
HDA at baseline and month 24.

Demographics and baseline characteristics of trajec-
tory groups. Baseline patient demographic information, disease 
characteristics, disease activity measures, and patient- reported 
outcomes by predicted disease activity trajectory group are 
shown in Table 1. Group 1 had a significantly lower proportion of 
female patients compared with all other groups. Age, body mass 
index (BMI), and geographic location were similar across trajec-
tory groups, except group 1, which had a significantly higher 
proportion of patients from Europe, and patients of White race, 
compared with group 4. Group 1 also had the shortest duration 
of RA, which was significantly shorter, compared with group 5.

Groups 1 and 2 had significantly lower mean DAS28- ESR 
scores at baseline than groups 3– 5. Group 4 had the highest mean 
DAS28- ESR score at baseline. Mean ESR level was significantly 
lower in group 1, compared with other groups, and mean ten-
der joint count scores in 68 and 28 joints were significantly lower 
in groups 1 and 2, compared with groups 3 (tender joint count 

scores in 28 joints only), 4, and 5. Group 1 also had the lowest 
baseline total Sharp score, and erosion and JSN scores, which 
were significantly lower than in groups 2 and 5. Differences in 
baseline patient- reported outcomes among groups were gener-
ally consistent with differences seen in clinical measures.

Changes in radiographic progression. The total Sharp 
score increased over time in groups 3 and 5, and change from 
baseline was highest in group 5 at month 24, followed by group 
3. Total Sharp score increased from baseline to month 12 in 
group 1, and between months 6 and 12 in group 2, with no fur-
ther increases in total Sharp score in either group from months 
12 to 24. There were minimal changes in total Sharp score 
through month 24 in group 4 (Figure 2A).

In group 5, the erosion score increased from baseline to month 
24, while erosion scores in groups 1, 3, and 4 increased from base-
line to month 6, with minimal further changes observed from months 
6 to 24. In group 2, the erosion score fell from baseline to month 24. 
At month 24, the highest increase from baseline erosion score was 
observed in group 5, followed by group 1 (Figure 2B).

JSN scores increased up to month 24 in groups 3 and 5, and 
from baseline to months 6 and 12 in groups 1 and 2, respectively, 
with no or minimal subsequent changes to month 24. In group 4, 
the JSN score fell from baseline to month 12, and this response 
was maintained to month 24 (Figure 2C).

Group 1: HDA to 
remission  
(n = 28)

Group 2: HDA   
to LDA rapid  

(n = 107)

Group 3: HDA 
to MDA  
(n = 98)

Group 4: HDA to 
LDA gradual  

(n = 46)

Group 5: HDA 
to HDA  
(n = 67)

Patients with  
arthritis pain  
score >40, no. (%)

17 (60.7)††† 68 (63.6)** 83 (84.7)§§§ 43 (93.5)§§ 63 (94.0)§§

Patient global 
assessment (VAS 
0– 100)

51.1 ± 27.9††† 50.4 ± 26.8** 64.4 ± 23.0§§§ 69.7 ± 21.6§§ 68.8 ± 18.2§§

* Values are the mean ± SD unless indicated otherwise. The number of patients assessed for each characteristic may be lower than the total 
number. Ranges based on the Disease Activity Score in 28 joints using the erythrocyte sedimentation rate (DAS28- ESR): high disease activity (HDA) 
>5.1, moderate disease activity (MDA) ≥3.2 to ≤5.1, low disease activity (LDA) <3.2 to ≥2.6, remission <2.6 (ref. 23). A 2- sided Bonferroni correction 
for multiple comparisons was applied; P ≤ 0.05 indicated statistical significance. CCP = cyclic citrullinated peptide; CDAI = Clinical Disease Activity 
Index; CRP = C-reactive protein; FACIT- F = Functional Assessment of Chronic Illness Therapy– Fatigue; HAQ DI = Health Assessment Questionnaire 
disability index; MCS = mental component summary; PCS = physical component summary; SF- 36 = Short Form 36 health survey; VAS = visual 
analog scale. 
† P ≤ 0.05 versus group 2. P ≤ 0.05 versus group 3. P ≤ 0.05 versus group 4. P ≤ 0.05 versus group 5. 
‡ P ≤ 0.05 versus group 1. 
§ P ≤ 0.05 versus group 4. 
¶ P ≤ 0.05 versus group 5. 
# P ≤ 0.05 versus group 3. 
** P ≤ 0.05 versus group 3. P ≤ 0.05 versus group 4. P ≤ 0.05 versus group 5. 
†† P ≤ 0.05 versus group 1. P ≤ 0.05 versus group 2. P ≤ 0.05 versus group 4. 
‡‡ P ≤ 0.05 versus group 1. P ≤ 0.05 versus group 2. P ≤ 0.05 versus group 3. 
§§ P ≤ 0.05 versus group 1. P ≤ 0.05 versus group 2. 
¶¶ P ≤ 0.05 versus group 1. P ≤ 0.05 versus group 2. P ≤ 0.05 versus group 3. P ≤ 0.05 versus group 5. 
## P ≤ 0.05 versus group 1. P ≤ 0.05 versus group 4. P ≤ 0.05 versus group 5. 
*** P ≤ 0.05 versus group 2. P ≤ 0.05 versus group 5. 
††† P ≤ 0.05 versus group 4. P ≤ 0.05 versus group 5. 
‡‡‡ P ≤ 0.05 versus group 2. P ≤ 0.05 versus group 4. 
§§§ P ≤ 0.05 versus group 2. 
¶¶¶ P ≤ 0.05 versus group 3. P ≤ 0.05 versus group 5. 

Table 1. (Cont’d)
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Changes in patient- reported outcomes. The mean 
changes from baseline in HAQ DI, FACIT- F total score, and SF- 
36 MCS and PCS scores at month 24 are shown in Table 2, and 
absolute scores from baseline to month 24 are shown in Figure 3. 
Group 4 had the largest numerical improvement in HAQ DI score 
at month 24, followed by group 1; improvements in HAQ DI score 

were similar in groups 2– 5. The proportion of patients reporting nor-
mative HAQ DI scores was numerically highest in group 1 and lowest 
in groups 3 and 5 (Table 2). Proportions reporting HAQ DI functional 
remission were closely aligned with normative HAQ DI scores.

Group 4 had the largest numerical improvement in FACIT- F 
total score at month 24, followed by group 1. Improvements in 

Table 2. Mean change in patient- reported outcome scores and proportion of patients reporting scores ≥ normative values at 24 months 
across DAS28- ESR disease activity trajectory groups*

Patient- reported outcome

Group 1:  
HDA to 

remission  
(n = 28)

Group 2:  
HDA to LDA 

rapid  
(n = 107)

Group 3:  
HDA to MDA  

(n = 98)

Group 4:  
HDA to LDA 

gradual  
(n = 46)

Group 5:  
HDA to HDA  

(n = 67)
HAQ DI score, mean change ± SD – 1.1 ± 0.7 – 0.9 ± 0.8 – 0.8 ± 0.7 – 1.4 ± 0.8 – 0.8 ± 0.7

Scores ≥ normative values (≤0.25) 21/23 (91.3) 54/81 (66.7) 20/67 (29.9) 19/37 (51.4) 7/39 (17.9)
Functional remission (<0.5) 21/23 (91.3) 57/81 (70.4) 21/67 (31.3) 24/37 (64.9) 9/39 (23.1)

FACIT- F total score, mean change ± SD 10.0 ± 11.7 7.8 ± 11.3 8.6 ± 10.6 15.1 ± 12.3 8.1 ± 10.3
Scores ≥ normative values (≥40.1) 18/23 (78.3) 46/81 (56.8) 19/67 (38.4) 13/37 (35.1) 13/39 (33.3)

SF- 36 MCS score, mean change ± SD 3.1 ± 14.5 4.5 ± 13.1 5.6 ± 12.6 11.8 ± 13.0 8.0 ± 12.7
Scores ≥ normative values† 14/23 (60.9) 46/81 (56.8) 21/67 (31.3) 13/37 (35.1) 13/39 (33.3)

SF- 36 PCS score, mean change ± SD 15.2 ± 9.5 12.9 ± 9.8 10.9 ± 8.9 15.7 ± 10.2 8.6 ± 9.8
Scores ≥ normative values† 15/23 (65.2) 44/81 (54.3) 15/67 (22.4) 18/37 (48.6) 4/39 (10.3)

Arthritis pain (VAS 0– 100), mean change ± SD – 35.0 ± 23.8 – 29.0 ± 31.5 – 33.1 ± 30.8 – 56.6 ± 24.5 – 32.5 ± 27.5
* Values are the number of patients included in the analysis/the number of patients evaluated at month 24 (%), unless indicated otherwise. 
Ranges are based on the Disease Activity Score in 28 joints using the erythrocyte sedimentation rate (DAS28- ESR): high disease activity (HDA) 
>5.1, moderate disease activity (MDA) ≥3.2 to ≤5.1, low disease activity (LDA) <3.2 to ≥2.6, remission <2.6 (ref. 23). Patient- reported outcomes 
were analyzed using a mixed- effects longitudinal model. FACIT- F = Functional Assessment of Chronic Illness Therapy– Fatigue; HAQ DI = Health 
Assessment Questionnaire disability index; MCS = mental component summary; PCS = physical component summary; SF- 36 = Short Form 36 
health survey; VAS = visual analog scale. 
† SF- 36 normative MCS and PCS scores were based on age-  and sex- matched norm scores (ref. 32). 

Figure 2. Mean change from baseline over time across the disease activity trajectory groups based on the 4- variable Disease Activity Score in 
28 joints, using the erythrocyte sedimentation rate (DAS28- ESR). A, Total Sharp score, mean (SE); B, Erosion score, mean (SE); C, Joint space 
narrowing score, mean (SE). For A–C, the columns of group numbers in the legend correspond to the 0, 6-month, 12-month, and 24-month 
time points, respectively. Group 1: high disease activity (HDA) to remission; group 2: HDA to low disease activity (LDA) rapid; group 3: HDA 
to moderate disease activity (MDA); group 4: HDA to LDA gradual; group 5: HDA to HDA. HDA >5.1, MDA ≥3.2 to ≤5.1, LDA <3.2 to ≥2.6, 
remission <2.6 (23). Missing radiographic data were extrapolated linearly.
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FACIT- F total score were generally similar in groups 2, 3, and 5.  
The proportions of patients reporting normative FACIT- F total 
scores were numerically highest in group 1 and lowest in groups 
3 and 5 (Table 2).

Numerical improvements in SF- 36 MCS and PCS scores 
were highest in group 4. Groups 1 and 2 had the smallest 
improvements in SF- 36 MCS score, while groups 3 and 5 had 
the smallest improvements in SF- 36 PCS score (Table 2). The 
proportions of patients reporting normative SF- 36 MCS and PCS 
scores were numerically highest in groups 1 and 2, and lowest in 
groups 3 and 5. The proportions of patients reporting normative 
values in SF- 36 domain scores were generally consistent with 
those reporting normative SF- 36 MCS and PCS scores, with the 
exception of the bodily pain domain, where groups 1 and 4 had 
the highest proportions reporting normative scores (see Sup-
plementary Table 1, available on the Arthritis Care & Research 

website at http://onlin e    libr ary.wiley.com/doi/10.1002/acr.24709/ 
abstract).

At month 24, group 4 had the largest mean change in arthritis 
pain score (Table 2), and the proportions reporting ≥30%/≥50% 
improvements in arthritis pain score were highest in groups 1 and 
4 and lowest in group 3 (see Supplementary Figure 1, available on 
the Arthritis Care & Research website at http://onlin elibr ary.wiley.
com/doi/10.1002/acr.24709/ abstract).

AEs across trajectory groups. Discontinuation rates were 
numerically lower in groups 1, 2, and 4, compared with groups 
3 and 5 (Figure 4). Discontinuations due to AEs were lowest in 
groups 2 and 4 and highest in group 5 (see Supplementary Table 2, 
available on the Arthritis Care & Research website at http://onlin e  
libr ary.wiley.com/doi/10.1002/acr.24709/ abstract). There were 2 
deaths (1 each in groups 2 and 3) (Figure 4).

Figure 3. Mean absolute score over time in any disease activity trajectory group based on the 4- variable Disease Activity Score in 28 joints, 
using the erythrocyte sedimentation rate (DAS28- ESR). A, Health Assessment Questionnaire disability index score, mean (SE); B, Functional 
Assessment of Chronic Illness Therapy– Fatigue total score, mean (SE); C, Short Form 36 health survey (SF- 36) mental component summary 
score, mean (SE); D, SF- 36 physical component summary score, mean (SE). A–D, The first and fourth columns of group numbers in the legend 
correspond to the 0 and 3-month time points, respectively. Group 1: high disease activity (HDA) to remission; group 2: HDA to low disease 
activity (LDA) rapid; group 3: HDA to moderate disease activity (MDA); group 4: HDA to LDA gradual; group 5: HDA to HDA. HDA >5.1, MDA 
≥3.2 to ≤5.1, LDA <3.2 to ≥2.6, remission <2.6 (23). Patient- reported outcomes were analyzed using a mixed- effects longitudinal model.
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Analysis of AEs indicated that incidences were generally 
comparable across groups (Figure 4). Group 4 had the numerically 
lowest proportion of patients with blood and lymphatic disorders, 
gastrointestinal disorders, general disorders and administration 
site conditions, infections and infestations, musculoskeletal and 
connective tissue disorders, nervous system disorders, and skin 
and subcutaneous tissue disorders, compared with other groups. 
In contrast, rates of investigations and vascular disorders were 
highest in group 4. In group 5, a numerically higher proportion of 
patients experienced AEs in several system organ classes, com-
pared with other groups, most notably musculoskeletal and con-
nective tissue disorders.

Consistent with previous analyses, across all trajectory 
groups, the most common AEs were nasopharyngitis and upper 
respiratory tract infection, followed by nausea, headache, and 
hypertension (see Supplementary Table 2, available on the Arthri-
tis Care & Research website at http://onlin elibr ary.wiley.com/
doi/10.1002/acr.24709/ abstract).

DISCUSSION

Identification of distinct latent trajectory groups among 
patients could inform treatment optimization and decision- making 
regarding subsequent lines of therapy. This post hoc analysis of 

data from ORAL Start is the first trajectory modeling analysis of 
MTX- naive patients with RA receiving tofacitinib. Based on the 
DAS28- ESR response to month 24, we identified 5 distinct pre-
dicted disease activity trajectories in patients receiving tofacitinib 
5 mg twice daily. Groups 1– 3 improved from HDA at baseline to 
remission, LDA, and MDA, respectively, over 3 months, and dis-
ease activity generally plateaued thereafter (i.e., improvements 
were maintained to month 24). Group 4 gradually improved from 
HDA to LDA over 24 months, while patients in group 5 remained 
in HDA at month 24.

There were significant differences in baseline characteristics 
between groups, including sex, disease activity measures, joint 
damage, and patient- reported outcomes. Group 1, which had 
the greatest improvement in disease activity at month 24 also 
had the lowest disease activity and most favorable radiographic 
and patient- reported outcome scores, as well as the shortest 
RA duration, at baseline. In contrast, group 5, which remained 
in HDA at month 24 had the longest RA duration at baseline and 
the highest total Sharp score. Significant differences in disease 
duration and radiographic evaluation at baseline were observed 
in group 1 versus group 5 only. Possibly other baseline character-
istics, or interactions between characteristics not explored in the 
current model, may contribute to overall drug efficacy or influence 
the attainment of remission versus LDA.

Figure 4. Heatmap of the incidence of adverse events (AEs) in any disease activity trajectory group based on the 4- variable Disease Activity 
Score in 28 joints, using the erythrocyte sedimentation rate. Values are the number (%), and data are presented for AEs by system organ class 
with an incidence of ≥10% in at least 1 trajectory group. High disease activity (HDA) >5.1, moderate disease activity (MDA) ≥3.2 to ≤5.1, low 
disease activity (LDA) <3.2 to ≥2.6, remission (REM) <2.6 (ref. 23).
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At baseline, DAS28- ESR and Clinical Disease Activity Index 
(CDAI) scores were lowest in groups 1 and 2, followed by groups 
3 and 5, and were highest in group 4. This finding suggests that 
baseline DAS28- ESR or CDAI scores may be predictive of short- 
term improvements in disease activity, such as those observed 
in groups 1, 2, and 3, which had the greatest improvement in 
disease activity during the first 3 months of treatment, but may be 
less predictive of the long- term improvements observed in group 
4 over 24 months.

Improvements in patient- reported outcomes were generally 
consistent with predicted DAS28- ESR trajectories and plateaued 
after 3 months, suggesting that early patient- reported outcome 
data may be useful in informing treatment strategies. At month 24, 
the proportions of patients reporting HAQ DI scores ≥ normative 
values, and functional remission in HAQ DI, were generally con-
sistent with predicted DAS28- ESR trajectories.

Discontinuations due to AEs were numerically higher in 
groups 3 and 5, compared with groups 1, 2, and 4, and group 5 
had a relatively poorer safety profile compared with other groups. 
No consistent pattern could be identified between disease activity 
trajectories and incidence of AEs across groups, and careful mon-
itoring of safety is required for all patients, irrespective of predicted 
disease trajectory.

While groups 4 and 5 had the highest baseline disease 
activity, radiographic scores, impaired quality of life, and fatigue 
(as assessed by DAS28- ESR, CDAI, swollen joint count in 66 
joints, FACIT- F, arthritis pain score, and patient global assess-
ment), the trajectories of these groups diverged over time. Group 
5 also had greater radiographic progression over time, compared 
with group 4. Group 4 experienced generally greater improve-
ments in patient- reported outcomes, notably at month 24, than 
group 5. In addition, similarities between groups 3 and 5 in out-
come measures through month 24, and the differential disease 
activity trajectories observed in these patients, compared with 
those in group 4, merits further discussion. A higher proportion 
of patients in groups 3 and 5 were female, and group 3, followed 
by group 4, had the highest baseline BMI (associated with a 
poorer prognosis), and group 3 also had the highest proportion 
of patients from Latin America (which may have implications for 
socioeconomic factors that affect outcomes). Patients in group 
5 had the highest mean total Sharp score at baseline, which may 
be indicative of previously undertreated disease. However, while 
a numerical difference in the proportion of female patients was 
observed in groups 3 and 5 versus group 4, no significant differ-
ences in baseline factors between groups 3– 5 were identified.

At baseline, the mean total Sharp score and mean erosion and 
JSN scores were lowest in group 1 and highest in group 5, while 
groups 2, 3, and 4 were generally numerically similar. Only minimal 
changes in radiographic scores were observed through month 24, 
which were unlikely to be clinically relevant; with the exception of 
group 5, baseline total Sharp score and erosion and JSN scores 
were not predictive of disease activity at month 24.

Previously, distinct RA disease activity trajectories, charac-
terized by baseline differences in disease activity and patient- 
reported outcomes, were identified over 12  months in patients 
receiving tofacitinib 5  mg twice daily who had an inadequate 
response to csDMARDs and were biologic DMARD (bDMARD)– 
naive (25). Similar to the current analysis, 5 disease activity trajec-
tories were identified that improved from HDA to remission, LDA, 
and MDA (2 groups: based on rapid or gradual improvement), or 
remained in HDA at month 12; patients with higher disease activ-
ity at baseline were generally less likely to achieve improvements 
at month 12 (25). This result is consistent with the findings of the 
present analysis, where, with the exception of group 4, baseline 
disease activity was predictive of disease status at month 24.

Disease trajectories have also been identified in patients 
with RA receiving other treatments. An observational analysis in 
patients with early RA receiving combination csDMARDs identified 
3 disease activity trajectories (good, moderate, and poor), demon-
strating an association between persistence with initial csDMARD 
therapy and lower long- term disease activity (5). Furthermore, 
another analysis in patients with early RA in an observational 
cohort study found that baseline physician global assessment 
score was highest in those who improved from HDA to remis-
sion (equivalent to group 1 in the current analysis), and numeri-
cally lower in patients who improved from HDA to LDA or MDA 
(equivalent to groups 2 and 3, respectively), while patient global 
assessment scores were similar in all 3 groups (2). This finding 
contrasts with the results of the current analysis, where groups 1 
and 2 generally had lower baseline disease activity, higher qual-
ity of life, lower fatigue, and numerically lower baseline physician 
global assessment and patient global assessment scores, com-
pared with groups 3– 5. These discrepancies may be due to differ-
ences in disease duration and severity between the populations 
evaluated in the previous and current analyses; only patients with 
≤12 months of symptoms were included in the previous analysis, 
and the majority (51%) had MDA at baseline, whereas patients 
in the current analysis had a mean disease duration of 1.2– 3.7 
years, and all had HDA at baseline.

An analysis of patients with early RA following a treat- to- target 
strategy (using an escalating csDMARD to csDMARD + bDMARD 
treatment regimen) over 12 months, identified 3 response trajec-
tories (fast response, slow response, and poor outcome); clinical 
outcomes and patient- reported outcomes over time were greatest 
in the fast response group (3). However, unlike the current analy-
sis, the fast response group (82.6% of patients) were in MDA at 
baseline. Likewise, a pooled analysis of registry data for patients 
with established RA receiving abatacept identified 3 response tra-
jectories (rapid, gradual, and inadequate). Time to discontinuation 
due to lack of efficacy was shorter in the group with the poorest 
response over time; however, again, the majority (91.7%) were in 
MDA at baseline (4).

It should be noted that trajectory groups identified 
by modeling should not be considered permanent, but instead 
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represent summaries of disease progression. Building on this 
analysis, future investigation into the heterogeneity of treat-
ment responses could examine which clinical variables cluster 
together in similar- behaving trajectory groups. In particular, 
further exploration of clustering of disease and patient charac-
teristics associated with more severe disease (e.g., longer dis-
ease duration, higher levels of initial structural damage, current 
smoking status, higher BMI, initial steroid use, greater pain 
sensitization) would be of potential interest.

A strength of this post hoc analysis was the use of data from 
a clinical trial, which enrolled a unique patient population for which 
tofacitinib is not indicated. Further validation of the model, through 
trajectory analysis of registry and/or real- world data, would 
strengthen the interpretation of any results. This was a descrip-
tive analysis, which identified and characterized trajectory groups 
based on disease activity. The analysis was limited by small 
patient numbers in some trajectory groups. Also, a possible result 
of increasing the number of possible groups (k) is that a group 
containing a relatively large proportion of the analysis population 
could be spuriously separated into 2 new groups, containing the 
lower and higher proportions of the original population, without 
offering any new insight into the underlying trajectories. The algo-
rithm may also return a group with no members; hence, user input 
is required to compare and interpret competing sets of trajectory 
results to select the best model.

In conclusion, this post hoc analysis identified phenotypic 
subgroups with distinct disease activity trajectories in MTX- 
naive patients treated with tofacitinib, reflecting heterogeneity 
in patients normally analyzed as a single group. More thorough 
exploration of the heterogeneity of any given patient population, 
in terms of a preplanned cluster analysis subsequent to the 
presentation of clinical trial outcomes, may help practitioners 
identify which patients are more likely to respond to treatment 
and provide a means of matching the right patient with the right 
treatment. Identification of distinct latent trajectory groups of 
patients enrolled in clinical trials could provide a better under-
standing of the characteristics of particular patient cohorts, give 
further insight into the impact of treatments under investigation, 
inform future trial development, and ultimately optimize out-
comes. Future analyses to investigate potential effect modifiers 
that may predispose a patient to a specific response trajectory 
are warranted.
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