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Background: Tofacitinib is an oral, small molecule JAK inhibitor for the treatment of ulcerative colitis (UC). These post hoc analyses assessed 
associations between C-reactive protein (CRP), partial Mayo score (PMS), and efficacy outcomes during tofacitinib induction in UC.
Methods: Patients received tofacitinib 10 mg twice daily (BID) in an 8-week, phase 2 induction study and 2 identical, 8-week, phase 3 induction 
studies (OCTAVE Induction 1&2); induction nonresponders (IndNR) received an additional 8 weeks of tofacitinib 10 mg BID in an open-label, 
long-term extension study. Associations between CRP and PMS, and efficacy outcomes (clinical response, clinical remission, endoscopic im-
provement, and endoscopic remission) were analyzed using univariate and multivariable logistic regression and receiver operating characteristic 
curves.
Results: Changes from baseline in the logarithm of CRP ([log]CRP) and PMS at week 4 were associated with clinical response at week 8 
(univariate: per unit, odds ratio [OR], 0.55 [95% confidence interval (CI), 0.48-0.62]; and 0.42 [0.37-0.47], respectively). Among IndNR, change 
from baseline in PMS at week 8 was associated with clinical response at week 16 (univariate: per unit, OR, 0.59; 95% CI, 0.46-0.75). C-reactive 
protein at week 4 (area under the curve [AUC] > 0.6) and PMS at weeks 2 and 4 (AUC, > 0.7) generally exhibited predictive value for week 8 
efficacy outcomes. 
Conclusions: Patients who achieved clinical response at week 8 had larger decreases in CRP and PMS at week 4 than patients who did not. 
IndNR who achieved clinical response at week 16 with extended tofacitinib induction had a larger decrease in PMS at week 8 vs those who did 
not. ClinicalTrials.gov:NCT00787202;NCT01465763;NCT01458951;NCT01470612.

Lay Summary 
Early decreases in partial Mayo score and C-reactive protein were found to be associated with achieving efficacy outcomes following tofacitinib 
10 mg twice daily induction therapy in the ulcerative colitis clinical program.
Key Words: C-reactive protein, inflammatory bowel disease, partial Mayo score

Introduction
Ulcerative colitis (UC) is a chronic disease characterized by 
relapsing and remitting inflammation of the colonic mucosa.1 
The Mayo score (incorporating the endoscopic subscore) is 
used to evaluate UC disease activity,1 but there is a need to 
identify early markers in patients with UC to assess this, as 

well as disease relapse, response to therapy, and the distinc-
tion between inflammatory and noninflammatory origin of 
symptoms.2

Tofacitinib is an oral, small molecule Janus kinase in-
hibitor for the treatment of UC. The efficacy and safety of 
tofacitinib have been evaluated in patients with moderately 

© 2022 Crohn’s & Colitis Foundation. Published by Oxford University Press on behalf of Crohn’s & Colitis Foundation.
This is an Open Access article distributed under the terms of the Creative Commons Attribution-NonCommercial License (https://creativecommons.org/
licenses/by-nc/4.0/), which permits non-commercial re-use, distribution, and reproduction in any medium, provided the original work is properly cited.  
For commercial re-use, please contact journals.permissions@oup.com

Received for publication: October 21, 2021. Editorial Decision: February 7, 2022

mailto:marla.dubinsky@mssm.edu?subject=
https://creativecommons.org/licenses/by-nc/4.0/
https://creativecommons.org/licenses/by-nc/4.0/


52 Dubinsky et al

to severely active UC in an 8-week, phase 2 induction study,3 
three phase 3 studies (2 identical, 8-week induction studies 
and a 52-week maintenance study),4 and an open-label, 
long-term extension (OLE) study.5 These studies provide the 
opportunity for post hoc analyses to be performed to select 
patients for whom altering tofacitinib dose or duration of 
induction would be beneficial, based on demographics and 
clinical characteristics such as prior exposure to other UC 
therapies, eg, tumor necrosis factor inhibitors (TNFi). The 
induction studies in particular provide an opportunity to 
potentially identify early changes in markers of disease ac-
tivity, which may help clinicians predict successful induction 
therapy with tofacitinib or may help them to decide which 
patients might benefit from extended induction therapy.

It has been demonstrated that C-reactive protein (CRP), a 
biomarker of inflammation, correlates both with the extent 
of UC at diagnosis6 and with clinical and endoscopic activity 
in patients with UC.7–9 C-reactive protein has also been con-
sidered a predictive biomarker for response to biologics in 
these patients.10 Furthermore, guidelines recommend nor-
malization of CRP as a vital treatment aim for patients with 
UC,11 illustrating the important role of this biomarker in UC. 
Fecal calprotectin (FCP), a marker of intestinal inflamma-
tion, can also be a helpful predictor of response to therapy 
or relapse in patients with UC.12 Partial Mayo score (PMS), 
which includes stool frequency, rectal bleeding, and Physician 
Global Assessment of disease activity subscores, can be used 
to classify patient- and physician-perceived clinical response 
in UC.13 As the PMS does not include the endoscopy compo-
nent of the Mayo score, it may be considered a noninvasive 
and constructive means of identifying which patients will 
probably respond to UC therapy. C-reactive protein and PMS 
data were routinely collected for all patients throughout the 
tofacitinib UC clinical program.

A potential predictor of patients who may be less likely to 
respond to UC therapy is prior use of biologic therapy; as such, 
it is of value to characterize early predictors of response to 
control for TNFi exposure. Patients who have previously not 
responded to—or have lost response to—TNFi are generally 
considered more refractory to UC therapy than those who have 
not.14,15 These patients may represent a subgroup of patients 
less likely or requiring more time to respond to UC therapy.

To better identify patients for whom tofacitinib induction 
therapy might be successful, or patients who might benefit 
from extended induction therapy, we report on the associ-
ation of early biomarkers of disease, CRP and PMS, with clin-
ical and endoscopic outcomes in patients with moderately to 
severely active UC receiving tofacitinib induction therapy.

Materials and Methods
Study Design and Patients
The phase 2 and phase 3 induction studies were double-blind, 
placebo-controlled, parallel-group, multicenter studies of pa-
tients with moderately to severely active UC, which was de-
fined as a Mayo score of 6 to 12 and endoscopic subscore 
of 2 or 3 (phase 2) or a Mayo score of 6 to 12, with a rectal 
bleeding subscore of 1 to 3 and an endoscopic subscore of 2 
or 3 (phase 3). Inclusion and exclusion criteria were not the 
same between the studies. Full details of the trial designs, in-
clusion and exclusion criteria, and patient populations have 
been described previously.3,4

In the phase 2 induction study (NCT00787202), patients 
were randomized to receive tofacitinib 0.5, 3, 10, or 15 mg twice 
daily (BID), or placebo, for 8 weeks.3 The phase 3 OCTAVE 
Induction 1 and 2 studies (NCT01465763; NCT01458951) 
were 2 identical, 8-week studies in which patients were 
randomized to receive tofacitinib 10  mg BID or placebo.4 
Patients without clinical response at the end of OCTAVE 
Induction 1 and 2 (induction nonresponders) were eligible to 
enroll in the OLE study (OCTAVE Open; NCT01470612), 
where they continued to receive tofacitinib 10 mg BID for an 
extra 8 weeks of induction therapy5 (Supplementary Figure 
1). Only patients who received tofacitinib 10 mg BID induc-
tion therapy were included in these analyses, as this is the 
recommended induction dose for patients with moderately to 
severely active UC.16

Assessments
Early markers of disease activity and efficacy outcomes in the 
phase 2 and phase 3 OCTAVE Induction studies, and OLE 
studies, are summarized in Supplementary Table 1. Blood 
samples were collected and analyzed for CRP.

Partial Mayo score was assessed on a scale of 0 to 9, with 
each subscore ranging from 0 to 3. All patients underwent 
endoscopy at week 8 of the phase 2 and phase 3 OCTAVE 
Induction studies; tofacitinib induction nonresponders also 
underwent endoscopy at week 16 of tofacitinib induction (ie, 
month 2 of the OLE study).

Clinical and endoscopic outcomes were evaluated at base-
line, week 8, and week 16 of tofacitinib induction.

Delayed responders were defined as tofacitinib induc-
tion nonresponders (at week 8) who demonstrated a clin-
ical response at week 16 of tofacitinib induction. Complete 
nonresponders were defined as patients who did not demon-
strate a clinical response at week 16 of tofacitinib induction 
and were subsequently discontinued from the study.

Statistical Analyses
The full analysis set for each study is defined in Supplementary 
Table 2. C-reactive protein and PMS were analyzed based on 
efficacy outcomes. For OCTAVE Induction 1 and 2, and the 
OLE study, median (interquartile range) change from base-
line was reported for CRP, and arithmetic mean (standard 
deviation) change from baseline or week 8 was reported for 
PMS. For the phase 2 study, geometric mean and arithmetic 
mean were reported for absolute CRP and PMS, respectively. 
The proportions of patients with CRP <3 mg/L and PMS <2 at 
week 4 (OCTAVE Induction 1 and 2) were also summarized 
descriptively. Univariate logistic regression analyses were per-
formed to evaluate whether absolute and change from baseline 
in the logarithm of CRP ([log]CRP) and PMS were associated 
with clinical and endoscopic efficacy outcomes; these were re-
ported as odds ratios with 95% confidence intervals (CIs).

In the induction studies, PMS at baseline, week 2, and 
week 4, and CRP at baseline and week 4, were analyzed 
based on whether patients achieved the defined clinical and 
endoscopic outcomes at week 8. To assess early markers of 
disease activity associated with delayed response among ini-
tial tofacitinib induction nonresponders, PMS and CRP at 
week 8 and PMS at week 12 (ie, month 1 of the OLE study) 
of tofacitinib induction were analyzed based on whether pa-
tients achieved efficacy outcomes after receiving an extra 8 
weeks tofacitinib of 10 mg BID in the OLE study (week 16 
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of tofacitinib induction; interim data as of May 27, 2019; 
database not locked).

These analyses were post hoc for exploratory purposes 
only, and no multiplicity adjustment was performed. For the 
univariate analyses, nominal P values ≤ .05 were considered 
significant. In order to assess the effect of various factors on 
the likelihood of achieving the defined efficacy outcomes, 
multivariable logistic regression modeling was performed for 
the pooled OCTAVE Induction 1 and 2 studies, using a stepwise 
selection procedure with a significance level of 0.05 to enter 
and remain in the model. Covariates used in the models were  
[log]CRP at week 4, PMS at week 4, age (continuous), body mass 
index, disease duration, extent of disease, gender, geographic re-
gion, oral corticosteroid use at baseline, prior immunosuppres-
sant use, prior TNFi failure, race, and smoking status.

Analysis of receiver operating characteristic (ROC) curves, 
including area under the curve (AUC) analyses, were used to 
determine the predictive value of observed CRP at week 4, 
and PMS at weeks 2 and 4, in achieving efficacy outcomes at 
week 8 among patients who received tofacitinib 10 mg BID 
induction therapy. ROC curves were also used to establish 
the predictive value of observed CRP and PMS at week 8, 
and PMS at week 12 of tofacitinib induction, in achieving 
efficacy outcomes at week 16 among tofacitinib induction 
nonresponders receiving extended induction therapy. The pre-
dictive value of prior TNFi failure in achieving efficacy out-
comes at week 8 or week 16 of tofacitinib induction was also 
determined using ROC curves.

Ethical Considerations
All studies were conducted in compliance with the 
Declaration of Helsinki and the International Conference on 
Harmonization Good Clinical Practice Guidelines and were 
approved by the Institutional Review Boards and/or inde-
pendent ethics committees at each of the investigational cen-
ters participating in the studies, or by a central Institutional 
Review Board. All patients provided written informed con-
sent. All authors had access to the study data and reviewed 
and approved the final manuscript.

Results
Patient Population
Baseline characteristics have been described previously for 
the phase 2 and phase 3 OCTAVE Induction studies,3,4 and 
were similar across studies. In the phase 2 study, 33 patients 
received tofacitinib 10 mg BID; at baseline, mean PMS was 5.6 
(standard deviation, 1.5), mean CRP was 11.3 mg/L (range 
0.2-72.4), and 68.8% of patients had CRP >3 mg/L at base-
line. In the OCTAVE Induction 1 and 2 studies, 905 patients 
received tofacitinib 10 mg BID; at baseline, mean PMS was 6.4 
(standard deviation, 1.2), mean CRP was 11.2 mg/L (range 
0.1-208.4), and 63.5% of patients had CRP >3 mg/L (pooled).

Baseline characteristics of tofacitinib induction 
nonresponders are shown in Supplementary Table 3.

Association Between Early Markers of Disease 
Activity and Clinical and Endoscopic Outcomes
CRP
In OCTAVE Induction 1 and 2, patients receiving tofacitinib 
10 mg BID had numerically greater median reductions from 

baseline in CRP at week 4 for patients who achieved clinical 
response (−2.5 mg/L) and clinical remission (−2.4 mg/L) at 
week 8, compared with those who did not (−1.0 mg/L and 
−1.8  mg/L, respectively; Figure 1A). A similar trend (based 
on geometric means) was observed for clinical response in 
the phase 2 study (Supplementary Figure 2). In OCTAVE 
Induction 1 and 2, median change from baseline in CRP at 
week 4 was −1.8 mg/L and −1.3 mg/L among patients who 
achieved endoscopic improvement and endoscopic remission 
at week 8, respectively, compared with those who did not 
(−2.0 mg/L and −2.0 mg/L, respectively; Figure 1A). A numer-
ically higher proportion of patients treated with tofacitinib 
10 mg BID who achieved efficacy outcomes had CRP <3 mg/L 
at week 4, compared with patients who did not (Figure 1B).

Univariate logistic regression analysis demonstrated that 
change from baseline in CRP at week 4 was significantly 
associated with achieving efficacy outcomes at week 8 in 
OCTAVE Induction 1 and 2 (Table 1). Results for the associ-
ation between CRP and induction efficacy from the phase 2 
study are shown in Supplementary Table 4.

In tofacitinib induction nonresponders, numerically greater 
median reductions from baseline were observed in CRP at 
week 8 in patients who went on to achieve clinical response 
(–1.1 mg/L) and endoscopic remission (–1.3 mg/L) at week 16, 
compared with those who did not (–0.6 mg/L and –0.9 mg/L, 
respectively; Figure 1C). Median change from baseline in 
CRP at week 8 was −0.6 mg/L and −0.9 mg/L among patients 
who went on to achieve clinical remission and endoscopic im-
provement at week 16, respectively, compared with those who 
did not (−0.9 mg/L and −0.9 mg/L, respectively; Figure 1C).

Among tofacitinib induction nonresponders, there was 
insufficient evidence from the univariate logistic regression 
analysis to conclude that there was an association between 
change from baseline in CRP at week 8 and achieving efficacy 
outcomes at week 16 of tofacitinib induction (Table 1).

PMS
In OCTAVE Induction 1 and 2, numerically greater mean re-
ductions from baseline were observed in PMS at week 2 in 
patients who achieved clinical response (−2.8), clinical remis-
sion (−3.6), endoscopic improvement (−2.9), and endoscopic 
remission (−3.4) at week 8, compared with those who did not 
(−1.1, −1.8, −1.8, and −2.1, respectively; Figures 2A-D). This 
pattern was also observed for PMS at week 4. Analysis of PMS 
in the phase 2 study yielded similar trends (Supplementary 
Figure 3). A numerically higher proportion of patients who 
achieved efficacy outcomes had PMS <2 at week 4, compared 
with patients who did not (Figure 2E).

Univariate logistic regression analysis demonstrated that 
change from baseline in PMS at weeks 2 and 4 was signifi-
cantly associated with achieving efficacy outcomes at week 8 
in OCTAVE Induction 1 and 2 (Table 1). Results for the asso-
ciation between PMS and induction efficacy from the phase 2 
study are shown in Supplementary Table 4.

In tofacitinib induction nonresponders who went on to 
achieve clinical response at week 16 of tofacitinib induction, 
a numerically greater decrease from baseline in PMS was ob-
served at week 8, compared with those who did not (−1.2 vs 
−0.5; Figure 3A). Change in PMS from baseline to week 8 
was similar in tofacitinib induction nonresponders with and 
without clinical remission, endoscopic improvement, or endo-
scopic remission at week 16 (Figure 3A).
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Numerically greater reductions in PMS from week 8 to 
week 12 of tofacitinib induction were observed in patients 
who went on to achieve clinical response (−2.4), clinical 

remission (−3.3), endoscopic improvement (−2.8), and endo-
scopic remission (−3.4) at week 16, compared with those who 
did not (−0.9, −1.6, −1.5, and −1.7, respectively; Figure 3B).

Figure 1. CRP in patients receiving tofacitinib 10 mg BID in OCTAVE Induction 1 and 2, stratified by whether patients achieved clinical and endoscopic 
outcomes at specified timepoints (full analysis set, observed case analysis). A, Change from baseline in CRP at induction week 4, by week 8 efficacy 
endpoints. B, Proportion of patients with CRP <3 mg/L at week 4, by week 8 efficacy endpoints. C, Change from baseline in CRP at induction week 8, 
by week 16 efficacy endpoints. Abbreviations: BID, twice daily; CRP, C-reactive protein; N, number of patients with nonmissing data in each category;  
n, number of patients in the analysis population; Q, quartile.
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Among tofacitinib induction nonresponders, change from 
baseline in PMS at week 8 of OCTAVE Induction 1 and 2 was 
significantly associated with achieving clinical response at 
week 16 of tofacitinib induction in the univariate logistic re-
gression analysis (Table 1). There was insufficient evidence to 
conclude that there was an association between change from 
baseline in PMS at week 8 and achieving clinical remission, 
endoscopic improvement, or endoscopic remission at week 16 
of tofacitinib induction (Table 1).

Multivariable Modeling: Association Between 
Early Markers of Disease Activity and Clinical and 
Endoscopic Outcomes
In multivariable modeling, CRP and PMS at week 4 of 
OCTAVE Induction 1 and 2 were significantly associated 
with achieving clinical response, clinical remission, and endo-
scopic improvement at week 8, even when accounting for 
other covariates (Table 2). Partial Mayo score but not CRP, 
was significantly associated with achieving endoscopic remis-
sion. Not having prior TNFi failure was significantly associ-
ated with achieving efficacy outcomes. Age, baseline steroid 
use, and race were also each significantly associated with one 
of the efficacy outcomes (Table 2).

Performance Assessment of Early Predictors of 
Disease Activity
The predictive values of noninvasive early markers of disease 
activity for achieving clinical and endoscopic outcomes were 
investigated using ROC curve analysis (Figure 4).

In OCTAVE Induction 1 and 2, observed CRP at week 4 
had an AUC of 0.70 for clinical response, 0.72 for clinical 
remission, 0.73 for endoscopic improvement, and 0.67 for 
endoscopic remission at week 8. Observed PMS at week 2 
had an AUC of 0.78 for clinical response, 0.82 for clinical 
remission, 0.74 for endoscopic improvement, and 0.74 for 
endoscopic remission at week 8. Observed PMS at week 4 
had an AUC of 0.85 for clinical response, 0.85 for clinical 
remission, 0.77 for endoscopic improvement, and 0.75 for 
endoscopic remission at week 8 (Figure 4A).

The sensitivities, specificities, and positive and negative 
predictive values for CRP and PMS in predicting clinical and 
endoscopic outcomes can be seen in Table 3. In OCTAVE 
Induction 1 and 2, the sensitivity and specificity of CRP 
at week 4 for clinical response at week 8 were 60.6% and 
70.4%, respectively. The positive predictive value of CRP at 
week 4 for clinical response at week 8 was 77.0%, and the 
negative predictive value was 52.1%. The sensitivity of PMS 
at week 4 for clinical response at week 8 was 74.2%, and 
the specificity was 81.1%, with a positive predictive value of 
86.6% and a negative predictive value of 65.7%.

Among tofacitinib induction nonresponders who con-
tinued to receive tofacitinib 10 mg BID in the OLE study, ob-
served PMS at week 12 of tofacitinib induction had an AUC 
of 0.83 for clinical response, 0.80 for clinical remission, 0.75 
for endoscopic improvement, and 0.84 for endoscopic remis-
sion at week 16 (Figure 4B). The sensitivity of PMS at week 
12 of tofacitinib induction for clinical response at week 16 
was 81.8%, and the specificity was 72.1%, with a positive 
predictive value of 80.1% and a negative predictive value of 
74.3% (Table 3).

Observed CRP at week 8 had an AUC of 0.57 for clinical 
response, 0.65 for clinical remission, 0.65 for endoscopic im-
provement, and 0.69 for endoscopic remission at week 16 
(Figure 4B). Prior TNFi failure had an AUC >0.5–0.7 for all ef-
ficacy outcomes at both week 8 and week 16 (Supplementary 
Table 5 and Supplementary Figure 4).

Discussion
Although endoscopy remains key to assessing the extent of UC 
and the efficacy of UC therapies, it is an invasive procedure.1 
Analysis of early markers of disease activity is considered to 
be a helpful tool in the overall management of inflammatory 
bowel disease, as it can provide a noninvasive indication of 
disease activity and may provide early insight into the efficacy 
of UC therapies in the absence of endoscopy.18

This report presents post hoc analyses assessing the asso-
ciations between CRP and PMS, and achievement of efficacy 

Table 1. Univariate logistic regression analysisc results for association of CRP and PMS with clinical and endoscopic outcomes at weeks 8 and 16 of 
tofacitinib induction in patients receiving tofacitinib 10 mg BID (full analysis set, observed case analysis).

Odds Ratio(95% CI) CRP and PMS Change From Baseline, By Week 8 Efficacy Endpoints CRP and PMS Change From Baseline, By 
Week 16 Efficacy Endpoints

CRP (mg/L) PMS CRP (mg/L) PMS 

Week 4 Week 2 Week 4 Induction Week 8 Induction Week 8
N = 819 N = 832 N = 838 N = 257 N = 259

Clinical responsed 0.55a (0.48, 0.62) 0.53a (0.47, 0.59) 0.42a (0.37, 0.47) 0.89 (0.75, 1.06) 0.59a (0.46, 0.75)

Clinical remissione 0.65a (0.57, 0.74) 0.61a (0.56, 0.68) 0.58a (0.52, 0.65) 0.92 (0.69, 1.24) 0.88 (0.61, 1.27)

Endoscopic improvement 0.69a (0.61, 0.77) 0.72a (0.67, 0.78) 0.69a (0.63, 0.75) 0.90 (0.70, 1.15) 0.80 (0.59, 1.09)

Endoscopic remission 0.81b (0.67, 0.98) 0.71a (0.63, 0.82) 0.70a (0.61, 0.80) 0.85 (0.44, 1.62) 0.92 (0.42, 2.01)

Log-transformed data were used for CRP analysis. Odds ratios <1 signify that a greater decrease from baseline in CRP or PMS (per unit) is associated with 
higher odds of response.
Abbreviations: CI, confidence interval; CRP, C-reactive protein; N, number of evaluable patients; PMS, partial Mayo score.
aP < .0001.
bP < .05.
cCRP and PMS were analyzed in OCTAVE Induction 1 and 2 and OCTAVE Open.
dCRP week 4, N = 816; PMS week 2, N = 831; PMS week 4, N = 837; CRP week 8, N = 251; PMS week 8, N = 254.
eCRP week 4, N = 818; PMS week 2, N = 831; PMS week 4, N = 837; CRP week 8, N = 252; PMS week 8, N = 254.
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outcomes in patients with moderately to severely active UC 
receiving tofacitinib induction therapy. Early decreases in 
PMS and CRP were associated with achieving efficacy out-
comes during 8 weeks of tofacitinib 10  mg BID induction 
therapy. Among tofacitinib induction nonresponders, a de-
crease in PMS at week 8 was correlated with going on to 
achieve clinical response to tofacitinib induction therapy at 
week 16.

In the OCTAVE Induction 1 and 2 studies, univariate 
logistic regression analyses demonstrated that decreases 
as early as week 4 in CRP and week 2 in PMS were as-
sociated with achieving clinical response, clinical remission, 
endoscopic improvement, and endoscopic remission. The 
association between CRP and PMS at week 4 and efficacy 
outcomes at week 8 persisted even when accounting for 

additional covariates. Furthermore, ROC analysis suggested 
that CRP at week 4 and PMS at weeks 2 and 4 had generally 
acceptable to excellent predictive value for achieving efficacy 
outcomes at week 8. Partial Mayo score at weeks 2 and 4 
had excellent predictive value (AUC, 0.82 and 0.85, respect-
ively) for achieving clinical remission at week 8, and PMS 
at week 4 had excellent predictive value (AUC, 0.85) for 
achieving clinical response at week 8. It should be noted that 
CRP at week 4 had poor predictive value (AUC, 0.67) only 
for achieving endoscopic remission at week 8. C-reactive 
protein has previously been suggested to be a more useful 
biomarker in Crohn’s disease than in UC,18 which may ex-
plain the low, but still generally acceptable, predictive value 
of early changes in this biomarker. In evaluating the associ-
ations of CRP and PMS with other efficacy outcomes that 

Figure 2. PMS in patients receiving tofacitinib 10 mg BID in OCTAVE Induction 1 and 2, stratified by whether patients achieved clinical and endoscopic 
outcomes at OCTAVE Induction week 8 (full analysis set, observed case analysis). A-D, Change from baseline in PMS at weeks 2 and 4. E, Proportion of 
patients with PMS <2 at week 4. Abbreviations: BID, twice daily; N, number of patients with nonmissing data in each category; n, number of patients in 
the analysis population; PMS, partial Mayo score; SD, standard deviation.
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Figure 3. PMS in tofacitinib induction nonresponders receiving tofacitinib 10 mg BID, stratified by whether patients achieved clinical and endoscopic 
outcomes at OCTAVE Induction week 16 (full analysis set, observed case analysis). A, Change in PMS from OCTAVE Induction baseline to week 8.  
B, Change in PMS from OCTAVE Induction week 8 to week 12. Abbreviations: BID, twice daily; N, number of patients in the analysis population;  
PMS, partial Mayo score; SD, standard deviation.

Table 2. Multivariable logistic regression analyses for factors associated with clinical and endoscopic outcomes at week 8 in OCTAVE induction 1 and 2 
in patients receiving tofacitinib 10 mg BID (full analysis set, observed case analysis).

Odds Ratio (95% CI) CRP (mg/L) Week 4 PMS Week 4 Prior TNFi Failure(No vs Yes) 

Clinical responsea 0.86 (0.77, 0.97) P = 0.0147 0.51 (0.46, 0.57) P < .0001 1.56 (1.09, 2.24) P = 0.0155

Clinical remission 0.78 (0.67, 0.91) P = 0.0020 0.46 (0.40, 0.54) P < .0001 2.07 (1.35, 3.16) P = 0.0008

Endoscopic improvementb 0.66 (0.58, 0.75) P < .0001 0.66 (0.60, 0.73) P < .0001 1.82 (1.29, 2.57) P = 0.0007

Endoscopic remission NS 0.62 (0.53, 0.73) P < .0001 2.63 (1.44, 4.79) P = 0.0016

Log-transformed data were used for CRP analysis. Odds ratios <1 signify that a lower CRP or PMS is associated with greater odds of a response. Other 
covariates used in the models were: age (continuous), body mass index, disease duration, extent of disease, gender, geographic region, oral corticosteroid use 
at baseline, prior immunosuppressant use, prior TNFi failure, race, and smoking status. The final models included all selected covariates after the stepwise 
selection procedure at the 0.05 level of significance to enter and remain in the model; additional selected variables for each model were.
Abbreviations: CI, confidence interval; CRP, C-reactive protein; NS, not selected; PMS, partial Mayo score; TNFi, tumor necrosis factor inhibitor.
aAge (years, OR, 1.01; 95% CI, 1.00-1.03), baseline steroid use (no vs yes, OR, 0.62; 95% CI, 0.43-0.89).
bRace (Black vs White, OR, 0.91; 95% CI, 0.08-10.65; Asian vs White, OR, 0.40; 95% CI, 0.24-0.68; Other vs White, OR, 1.21; 95% CI, 0.48-3.02).
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use the endoscopic subscore, these results expand on pre-
vious findings that early improvement in stool frequency and 
rectal bleeding in response to tofacitinib induction therapy 
were associated with achieving clinical response at week 8.19

Among tofacitinib induction nonresponders, a decrease 
in PMS at week 8 was associated with achieving clinical re-
sponse to tofacitinib induction therapy at week 16, whereas 
a numerically greater reduction in PMS from week 8 to week 
12 of tofacitinib induction was observed in patients who 
went on to achieve efficacy outcomes at week 16 (ie, with 
extended induction), compared with those who did not go on 
to achieve these outcomes. Partial Mayo score may be helpful 
in determining which patients might benefit from extended 
tofacitinib induction therapy.

A numerically higher proportion of patients treated with 
tofacitinib 10 mg BID who achieved efficacy outcomes after 8 
weeks of induction had CRP <3 mg/L and PMS <2 at week 4, 
compared with patients who did not. However, of the patients 
who achieved clinical response after 8 weeks of induction, 
23.1% and 67.1% did not have CRP <3 mg/L or PMS <2 at 
week 4, respectively.

This suggests that while CRP and/or PMS below these 
thresholds may be associated with achieving response, higher 
values during the induction period should not be considered 
an indicator of early discontinuation or treatment inefficacy.

A numerically higher proportion of tofacitinib complete 
nonresponders had CRP >3  mg/L at baseline in OCTAVE 
Induction 1 and 2 vs delayed responders. This is consistent 
with results from a recently published study in 134 patients 
with UC outside of the clinical trial setting, which showed 
that a higher CRP level at the start of the study was independ-
ently associated with primary nonresponse to tofacitinib.20

Fecal calprotectin is a useful biomarker of intestinal inflam-
mation and response to therapy;12 however, a limitation of this 
study is that it was only measured in the phase 2 study and not 
in phase 3 OCTAVE Induction studies. In a previous analysis of 
the phase 2 study, FCP at OCTAVE induction end (week 8) was 
shown to be associated with efficacy outcomes in patients with 
UC, with an FCP cutoff of 150 mg/kg achieving the highest 
sensitivity and specificity for clinical remission and endo-
scopic remission of the various FCP concentrations analyzed  
(50-300  mg/kg).21 A post hoc analysis of the phase 2 study 
showed some evidence that reductions in FCP as early as week 
2 may be observed in tofacitinib-treated patients with improved 
efficacy outcomes at week 8; however, drawing absolute con-
clusions is not possible because of low patient numbers.

An additional limitation is that these are post hoc ana-
lyses; therefore, the studies were not planned to determine 
whether CRP or PMS were associated with achieving clinical 
or endoscopic outcomes. The small sample sizes of patients 
with clinical remission, endoscopic improvement, and endo-
scopic remission at week 16 of tofacitinib induction in the 
OLE study is also a limitation, and may explain why the as-
sociation of CRP and PMS with clinical and endoscopic out-
comes was greater at week 8 than at week 16.

Biomarkers as predictors of response to biologic UC 
therapies have also been evaluated. In a prospective study 
evaluating the efficacy of infliximab induction therapy in pa-
tients with UC, FCP reduction at week 2 was predictive of 
endoscopic remission at week 10.22 Furthermore, a review 
looking at predictors of response to TNFi treatment in UC 
found that low levels of FCP and CRP were indicators of 
better response to TNFi treatment.23 Despite the somewhat 
subjective nature of PMS when comparing total Mayo score 

Figure 4. ROC curves for observed CRP and PMS as predictors of clinical and endoscopic outcomes in patients receiving tofacitinib 10 mg BID: A, at 
induction week 8; B, at induction week 16 (full analysis set, observed case analysis). AUC values between 0.9 and 1.0 = outstanding predictive value; 
between 0.8 and 0.9 = excellent predictive value; between 0.7 and 0.8 = acceptable predictive value; >0.5–0.7 = poor predictive value; ≤0.5 = no 
discrimination.17 aThe optimal threshold is based on the maximum value of the Youden Index (sensitivity + specificity -1), calculated for all possible 
threshold values. Abbreviations: AUC, area under the curve; CI, confidence interval; CRP, C-reactive protein; PMS, partial Mayo score;  
ROC, receiver operating characteristic; SE, standard error.
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(incorporating endoscopic subscore) and noninvasive PMS 
using data from a placebo-controlled clinical trial, PMS was 
comparable with total Mayo score in identifying patient- and 
physician-perceived clinical response.13

Conclusion
In summary, these analyses suggest that noninvasive disease 
activity markers, including CRP and PMS, were associated 
with achieving clinical and endoscopic outcomes in patients 
receiving tofacitinib 10  mg BID induction therapy in the 
UC clinical program. Furthermore, for patients who did not 
achieve clinical response after the first 8 weeks of tofacitinib 
induction therapy, PMS was associated with achieving clin-
ical response after an additional 8 weeks of tofacitinib in-
duction therapy. Our findings, together with other evidence, 
suggest that these early markers of disease activity are associ-
ated with clinical and endoscopic outcomes during tofacitinib 

induction, and may be useful as a tool to assist clinicians in 
the monitoring and treatment of patients with UC.

Supplementary data
Supplementary data is available at Inflammatory Bowel 
Diseases online.
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