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ABSTRACT

Introduction: Tofacitinib is an oral small
molecule Janus kinase inhibitor for the treat-
ment of ulcerative colitis (UC). This post hoc
analysis assessed whether various statistical
techniques could predict outcomes of tofacitinib
maintenance therapy in patients with UC.

Methods: Data from patients who participated
in a 52-week, phase III maintenance study
(OCTAVE Sustain) and an open-label long-term
extension study (OCTAVE Open) were included
in this analysis. Patients received tofacitinib 5 or
10 mg twice daily (BID) or placebo (OCTAVE
Sustain only). Logistic regression analyses were
performed to generate models using clinical and
laboratory variables to predict loss of responder
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status at week 8 of OCTAVE Sustain, steroid-free
remission (defined as a partial Mayo score of 0–1
in the absence of corticosteroid use) at week 52
of OCTAVE Sustain, and delayed response at
week 8 of OCTAVE Open. Furthermore, differ-
ences in loss of response/discontinuation pat-
terns between treatment groups in OCTAVE
Sustain were established.
Results: The generated prediction models
demonstrated insufficient accuracy for deter-
mining loss of response at week 8, steroid-free
remission at week 52 in OCTAVE Sustain, or
delayed response in OCTAVE Open. Both
tofacitinib doses demonstrated comparable
response/remission patterns based on visualiza-
tions of disease activity over time. The rectal
bleeding subscore was the primary determinant

of disease worsening (indicated by an increased
total Mayo score), and the endoscopy subscore
was the primary determinant of disease
improvement (indicated by a decreased total
Mayo score).
Conclusion: Visualizations of disease activity
subscores revealed distinct patterns among
patients with UC that had disease worsening
and disease improvement. The statistical
models assessed in this analysis could not
accurately predict loss of responder status,
steroid-free remission, or delayed response to
tofacitinib. Possible reasons include the small
sample size or missing data related to yet
unknown key variables that were not collected
during these trials.
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PLAIN LANGUAGE SUMMARY

Doctors use tofacitinib (Xeljanz�) to treat
people with moderate to severe ulcerative
colitis. Patients who respond to (have
improved symptoms following) treatment
with tofacitinib 10 mg twice a day for 8 weeks,
or up to 16 weeks if they do not respond ini-
tially (known as induction treatment), can
receive tofacitinib treatment at the lowest
effective dose to sustain their response (called
maintenance treatment). Predicting how
patients respond to tofacitinib maintenance
treatment may help clinicians work out the
lowest effective dose for each patient. In this
study, data from the tofacitinib clinical trials
were used to assess the ability to predict
maintenance therapy response or failure in
patients with ulcerative colitis. Differences
between patients who received tofacitinib 5 or
10 mg twice a day and who either stopped
responding to treatment or stopped taking
treatment were looked at. The study could not
accurately predict which patients would
experience disease worsening, steroid-free
remission (very mild or no symptoms, and not
taking steroids), or take longer to respond
following tofacitinib maintenance treatment.
Patterns of patients who had stopped
responding to treatment, or stopped taking
treatment, were similar between patients who
received tofacitinib 5 or 10 mg twice daily.
When reviewed using doctor- and patient-re-
ported scores that measure ulcerative colitis
disease activity, different factors were impor-
tant in patients with disease worsening com-
pared with disease improvement. The results
suggest that further research is needed to more
accurately predict how patients with ulcera-
tive colitis will respond to tofacitinib main-
tenance treatment.

Keywords: Inflammatory bowel disease; Statis-
tics; Ulcerative colitis

Key Summary Points

Why carry out this study?

Progress in understanding the
mechanisms of ulcerative colitis (UC)
immunopathogenesis has led to an
increase in the number of treatments
available, and choice of therapy for
patients with UC is currently predicated
on disease severity, treatment history, and
benefit–risk profiles.

Various statistical techniques could aid
the development of models that predict
outcomes of treatments and assist
decisions on benefits and risks, which is
particularly important in the context of
dosing because the lowest effective
tofacitinib dose should be used for
maintenance therapy in patients with UC.

This post hoc analysis assessed whether
various statistical techniques could
predict the outcomes of tofacitinib 5 or
10 mg twice daily (BID) maintenance
therapy, in patients with UC who had
previously achieved a response with
tofacitinib 10 mg BID induction therapy.

What was learned from the study?

Prediction models demonstrated
insufficient accuracy for determining loss of
response at week 8 or steroid-free remission
at week 52 in OCTAVE Sustain, or delayed
response in OCTAVE Open, whereas rectal
bleeding and endoscopy subscores were the
primary determinants of disease worsening
and improvement, respectively.

The prediction models and association
analyses were unable to predict
differences between tofacitinib 5 or 10 mg
BID maintenance therapy; however, it is
possible that data related to key variables
not collected during the clinical trials
included in this analysis could have
significantly improved the accuracy of the
models, and further studies with larger
sample sizes are required.
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DIGITAL FEATURES

This article is published with digital features,
including a graphical abstract to facilitate
understanding of the article. To view digital
features for this article, go to https://doi.org/10.
6084/m9.figshare.23294930.

INTRODUCTION

Ulcerative colitis (UC) is a chronic, immune-
mediated disease, which is characterized by
recurrent periods of relapsing and remitting
symptoms, including diarrhea, fecal urgency,
and rectal bleeding [1, 2]. Given the chronic
nature of the disease, patients with UC require
long-term therapy, with the ultimate goal of
inducing and maintaining sustained steroid-
free remission.

With progress in understanding the mecha-
nisms behind UC immunopathogenesis, the
number of treatment options for patients with
UC has expanded [3–5]. The choice of therapy
for patients with UC is predicated on disease
severity and the benefit–risk profile of medical
therapy [6]. The concept of personalized ther-
apy is based on the premise of identifying
specific clinical or laboratory variables capable
of identifying patients who may respond to
certain treatments. While personalized medi-
cine for UC is not yet well developed, this could
further streamline future therapeutic choices
[7, 8].

Tofacitinib is an oral small molecule Janus
kinase inhibitor for the treatment of UC. The
efficacy and safety of tofacitinib 10 mg twice
daily (BID) in patients with moderately to
severely active UC were demonstrated in an
8-week phase II induction study
(NCT00787202) [9], two 8-week phase III
induction studies (OCTAVE Induction 1 and 2;
NCT01465763 and NCT01458951) [10], and a
52-week phase III maintenance study
(OCTAVE Sustain; NCT01458574) [10], and
were evaluated further in an open-label long-
term extension study (OCTAVE Open;
NCT01470612) [11] and a phase IIIb/IV study
(RIVETING; NCT03281304) [12].

The use of various statistical techniques can
aid in the development of models to predict the
outcomes of patients with UC treated with
tofacitinib, which could assist healthcare pro-
fessionals in decisions on benefits and risks
including in the context of dosing. This is par-
ticularly important because the lowest effective
tofacitinib dose should be used for maintenance
therapy in patients with UC [13]. A previous
analysis of data from patients with UC in
OCTAVE Induction 1 and 2 who received
8 weeks of induction therapy with tofacitinib
10 mg BID demonstrated that early and clini-
cally meaningful predictions of responder status
were possible using these techniques [14].

The aim of this post hoc analysis was to
assess whether similar techniques could be used
to predict early and long-term outcomes of
tofacitinib 5 or 10 mg BID as maintenance
therapy in patients with UC who had previously
responded to tofacitinib 10 mg BID induction
therapy. Outcomes included loss of response
and steroid-free remission at week 8 and
week 52 of OCTAVE Sustain, respectively, as
well as differences in loss of response/discon-
tinuation patterns between treatment groups.
This analysis also assessed delayed response in
patients who did not respond to the initial
8-week induction therapy.

METHODS

Patients

Full details of the OCTAVE clinical program
study design, and inclusion and exclusion cri-
teria, have been described previously [10, 11].
Briefly, patients with UC who completed
OCTAVE Induction 1 and 2 with a clinical
response (defined as a decrease from induction
study baseline total Mayo score of C 3 points
and C 30%, plus a decrease in rectal bleeding
subscore of C 1 point or an absolute rectal
bleeding subscore of 0 or 1) were eligible to
participate in OCTAVE Sustain and were re-
randomized to receive tofacitinib 5 mg BID,
tofacitinib 10 mg BID, or placebo. Patients who
did not respond in OCTAVE Induction 1 and 2
were eligible to participate in OCTAVE Open
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and received tofacitinib 10 mg BID for at least
another 8 weeks.

Compliance with Ethics Guidelines

The study protocols were approved by the
Institutional Review Board or Independent
Ethics Committee for each participating center.
This post hoc analysis is based on the
NCT01465763, NCT01458951, NCT01458574,
and NCT01470612 studies. Written informed
consent was obtained from all patients, per the
ethics committee-approved protocols. All stud-
ies were conducted in compliance with the
ethical principles derived from the Declaration
of Helsinki and in compliance with all Inter-
national Council for Harmonisation Good
Clinical Practice Guidelines.

Outcomes and Models

Prediction Analyses
Two modeling techniques (logistic regression
and Least Absolute Shrinkage and Selection
Operator [LASSO] regression analyses) were used
to generate a model that could predict the fol-
lowing outcomes: (1) loss of response (based on
change in partial Mayo score [PMS]; Table S1 in
the supplementary material) at week 8 of
OCTAVE Sustain (week 16 overall) with tofacitinib
5 or 10 mg BID, (2) steroid-free remission
(based on PMS) at week 52 of OCTAVE Sustain
following treatment with tofacitinib 5 or 10 mg
BID or placebo, and (3) delayed induction
response in OCTAVE Open following non-re-
sponse in OCTAVE Induction 1 and 2 and
extended treatment with tofacitinib 10 mg BID
for an additional 8 weeks (Fig. 1). Response
(based on change in PMS) and steroid-free
remission (based on PMS) have been defined
previously (Table S1) [14, 16].

This analysis only included those patients
who received active treatment (tofacitinib
10 mg BID) in the induction studies and were
re-randomized in OCTAVE Sustain or proceeded
to OCTAVE Open. A total of 593 patients from
OCTAVE Induction 1 and 2 entered
OCTAVE Sustain. Of these patients, 70 entered
OCTAVE Sustain after responding to placebo

and were subsequently excluded from this
analysis. Of the patients who received active
treatment in the induction studies, 176 received
tofacitinib 5 mg BID, 173 received tofacitinib
10 mg BID, and 174 received placebo in
OCTAVE Sustain.

Two modeling strategies were utilized in
these analyses, an empirical model and a
hypothesis-based model. The empirical model
included separate analyses that used variables
from baseline to week 8 of OCTAVE Induction 1
and 2 and variables that were only available at
baseline of OCTAVE Induction 1 and 2. The
hypothesis-based model included variables that
were selected on the basis of information
extracted from the current literature and the
expert opinions of authors. A hypothesis-based
model based on total Mayo score and PMS,
individual subscores, medication use, labora-
tory variables, and medical history was included
among other analyses in order to evaluate the
contribution of each score towards the precision
of the predictive models. The full lists of vari-
ables that were entered into the models are
shown in Tables S2–S4 in the supplementary
material and included PMS and subscores, age,
body mass index, disease duration, prior medi-
cation use (including corticosteroids), vital
signs at baseline, and laboratory variables at
baseline or week 8.

Prediction analyses were performed using
the Mayo score [16]. Analyses performed using
the empirical model included only the PMS,
and analyses performed using the hypothesis-
based model included both the PMS and total
Mayo score, as defined in Table S1.

Logistic Regression
Logistic regression models were performed for
each treatment group either with no selection
method or using forward selection. Starting
from an intercept-only model, one significant
variable was added until no significant variables
met the significance level to enter the model.
An area under the receiver operating character-
istic (AUROC) value of greater than 0.9 was
considered predictive of response [17, 18].

Data were analyzed using three approaches.
The first approach included the whole dataset of
patients in the logistic regression model; the
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second approach used a 70:30 training–testing
split for the identification of significant
explanatory variables; and the third approach
used k-fold cross-validation. For k-fold cross-
validation, the whole dataset was randomly
split into k different partitions (k = 5 or 10), and
one partition at a time was iteratively consid-
ered. The remaining k - 1 partitions were used
to predict outcomes for the patients in the
omitted partition. Five repetitions of the whole
cross-validation approach were performed for
each k. Model performance was evaluated
through the average AUROC value over the
repetitions.

Least Absolute Shrinkage and Selection
Operator Logistic Regression
LASSO logistic regression analyses, used to
shrink or regularize coefficients to avoid over-
fitting [19, 20], were carried out in a similar way
to the logistic regression modeling described
above using the model with the smallest
Akaike’s information criterion instead of for-
ward selection. Inclusion of the whole dataset
of patients did not change the accuracy of the
predictive response. Consequently, the LASSO
logistic regression analyses reported here only
utilized the 70:30 training–testing and k-fold
cross-validation approaches.

Fig. 1 Overview of the tofacitinib OCTAVE UC clinical
program, and the outcomes of interest. aFinal complete
efficacy assessment at week 8/52. Treatment continued up
to week 9/53. bClinical response in OCTAVE Induction 1
and 2 was defined as a decrease from induction study
baseline total Mayo score of C 3 points and C 30%, plus a
decrease in rectal bleeding subscore of C 1 point or an
absolute rectal bleeding subscore of 0 or 1. cNon-
responders from OCTAVE Induction 1 and 2 received
tofacitinib 10 mg BID in OCTAVE Open. dRemission
was defined as a total Mayo score of B 2 with no

individual subscore[ 1 and a rectal bleeding subscore of 0.
eOnly patients receiving tofacitinib 5 or 10 mg BID were
included in the analysis. BID twice daily, OLE open-label,
long-term extension, UC ulcerative colitis. Figure has been
adapted from Sandborn et al. [11] and Winthrop et al.
[15]. These are both open access articles under the terms of
the Creative Commons Attribution-NonCommercial-
NoDerivs License, which permits use and distribution in
any medium, provided the original work is properly cited,
the use is non-commercial and no modifications or
adaptations were made

4446 Adv Ther (2023) 40:4440–4459



All modeling analyses were performed using
SAS 9.4 software.

Association Analyses

Association analyses were carried out to estab-
lish differences in on-response/discontinuation
patterns between treatment groups. Bivariate
analyses were performed to compare discon-
tinuation as a result of insufficient response in
the tofacitinib 5 and 10 mg BID groups using
chi-square and Fisher’s exact tests for categori-
cal variables and the Kruskal–Wallis test for
continuous variables. A k-nearest neighbor
(kNN) analysis was performed to evaluate whe-
ther patients who received tofacitinib 5 mg BID
and had loss of response in OCTAVE Sustain
were more closely associated with patients who
received tofacitinib 10 mg BID and had either
loss of response or sustained response. Visual-
izations of individual response and remission
patterns were performed using patient-level
data with the aim of identifying the treatment
patterns over time for each patient group. Three
parameters were assessed: differences in the
discontinuation and remission patterns among
the treatment groups; 2- and 3-point PMS
responder status between study baseline and
week 52 of OCTAVE Sustain; and change in
total Mayo score over time between study
baseline and week 52 of OCTAVE Sustain.

In the analyses of discontinuation patterns,
to determine p values, logistic regression was
used to test if the average probability of dis-
continuation differed between treatment
groups. Dummy variables were created to rep-
resent whether a patient had ceased participat-
ing in the study at any point. The dummy
discontinuation variables were used as the
dependent variables, and the treatment groups
(tofacitinib 5 and 10 mg BID, and placebo) were
used as the independent variable. In the analy-
ses of change in total Mayo score over time, the
proportion of total Mayo score comprising each
subscore was calculated for all patients. Dummy
variables were created to represent whether a
patient had either an increase or decrease in
total Mayo score over time. Regression models
were run using the subscores as the dependent

variables, and the dummy variables as the
independent variables. This was repeated for
each treatment group. The statistical analyses
were performed using R 4.1 software.

RESULTS

Loss of Responder Status at Week 8
of OCTAVE Sustain

Empirical logistic regression analyses that
included variables from baseline resulted in
AUROC values ranging from 0.50 to 0.79 to
predict loss of response using all three modeling
approaches. The equivalent values from the
analyses that included variables from baseline
to week 8 ranged from 0.61 to 0.86 (Table 1).
For the models that could, to a certain extent,
discriminate between the groups of interest that
were assessed (i.e., tofacitinib 10 or 5 mg BID;
AUROC[ 0.6), the relative importance of the
variables in the individual models is shown in
Table S5 in the supplementary material.

The AUROC values were close to 0.9 (range
0.81–0.86) for the analysis that included the
whole set of patients and used variables from
baseline to week 8 (Table 1). Results of the
hypothesis-based logistic regression analyses of
loss of responder status were generally similar to
the empirical analysis results (Table 2). The rel-
ative importance of each variable was not pro-
vided for the poorly performing hypothesis-
based model because none of the variables
selected by experts could discriminate between
continued response and loss of response. In
addition, results were generally similar with
tofacitinib 5 and 10 mg BID (Tables 1 and 2).

Steroid-Free Remission at Week 52
of OCTAVE Sustain

Empirical logistic regression analyses that
included variables that were selected from
baseline only resulted in AUROC values that
ranged from 0.65 to 0.66 for predicting steroid-
free remission (based on PMS) when the treat-
ments were combined and using the train-
ing–testing split and fivefold cross-validation

Adv Ther (2023) 40:4440–4459 4447



models (Table 3). The equivalent values from
the analyses that included variables from base-
line to week 8 ranged from 0.73 to 0.79 when
the treatments were combined (Table 3).
Applying variable selection methods to improve
the efficiency of the models did not increase the
accuracy of the models. Results of the hypoth-
esis-based logistic regression analyses were
generally similar to the empirical analysis
results (Tables 3 and 4; Table S8 in the supple-
mentary material). For the models that could, to
a certain extent, discriminate between the
groups of interest that were assessed (i.e.,
tofacitinib 10 or 5 mg BID or placebo;
AUROC[ 0.6), the relative importance of the
variables in the individual models is shown in
Tables S9 and S10 in the supplementary mate-
rial. In addition, results were generally similar
across the two treatment groups (Tables 3 and 4;
Table S8). Applying a tenfold cross-validation
approach, and the addition of LASSO logistic
regression analyses, did not improve the

predictive power of the model (Tables S11–14 in
the supplementary material).

Delayed Response at Week 8 of OCTAVE
Open

In total, 295 tofacitinib-treated patients who
were non-responders in OCTAVE Induc-
tion 1 and 2 enrolled in OCTAVE Open as
delayed responders. These patients represent
only a portion of the patients who entered
OCTAVE Open. As per Fig. 1, patients who had
completed or had treatment failure during
OCTAVE Sustain could also enter OCTAVE
Open. Therefore, in total, 944 patients entered
OCTAVE Open and received either tofacitinib
5 or 10 mg BID per protocol.

In the empirical logistic regression analyses
of delayed response among patients who
received tofacitinib 10 mg BID for an additional
8 weeks following induction therapy using all
three modeling approaches, AUROC values,
based on the PMS and individual partial Mayo

Table 1 Summary of AUROC values from logistic regression analyses of loss of responder status at week 8 of OCTAVE
Sustain

Whole set of patients Testing set of training–testing
split

Fivefold cross-validation

AUROC
value
(baseline
only)

AUROC value
(baseline to
week 8)

AUROC
value
(baseline
only)

AUROC value
(baseline to
week 8)

AUROC
value
(baseline
only)

AUROC value
(baseline to
week 8)

2-point PMS loss of responder status

Tofacitinib

10 mg BID

0.72 0.83 0.56 0.70 0.50 0.63

Tofacitinib

5 mg BID

0.73 0.84 0.50 0.73 0.56 0.65

3-point PMS loss of responder status

Tofacitinib

10 mg BID

0.79 0.86 0.63 0.77 0.54 0.61

Tofacitinib

5 mg BID

0.77 0.81 0.44 0.68 0.49 0.62

LASSO logistic regression analyses did not improve the predictive power of the model (Table S6)
AUROC area under the receiver operating characteristic, BID twice daily, LASSO Least Absolute Shrinkage and Selection
Operator, PMS partial Mayo score
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subscores, were less than 0.80 in the models
that included variables from baseline only
(PMS, range 0.52–0.63; individual subscores,
range 0.52–0.66) or variables from baseline to
week 8 (PMS, range 0.55–0.76; individual sub-
scores, range 0.58–0.75; Table 5).

The results of the hypothesis-based logistic
regression analyses were generally similar to
those of the empirical analysis (Table 6). For the
models that could, to a certain extent, discrim-
inate between the groups of interest that were
assessed (i.e., tofacitinib 10 mg BID; AUROC[
0.6), the relative importance of the variables in
the individual models is shown in Table S15 in
the supplementary material. In addition, the
findings from the analyses based on PMS and
total Mayo score were generally similar

(Table 6). Applying a tenfold cross-validation
approach did not improve the predictive power
of the model (Tables S16 and S17 in the sup-
plementary material).

Association Analyses in OCTAVE Sustain

In the bivariate analysis, the following categor-
ical variables were identified as significant:
sex (p = 0.005), presence of extraintestinal man-
ifestations at induction study baseline (p =

0.027), immunosuppressant use prior to
induction (p = 0.003), and a history of mus-
culoskeletal and connective tissue disorders
(p = 0.037). In the analysis of continuous vari-
ables, only uric acid at week 8 of the induction

Table 2 Summary of AUROC values from the hypothesis-based logistic regression analyses of loss of responder status at
week 8 of OCTAVE Sustain

Whole set of patients Testing set of training–testing
split

Fivefold cross-validation

AUROC
value
(baseline
only)

AUROC
value
(baseline to
week 8)

AUROC value
(baseline only)

AUROC
value
(baseline to
week 8)

AUROC
value
(baseline
only)

AUROC
value
(baseline to
week 8)

PMS Total
Mayo
score

PMS Total
Mayo
score

PMS Total
Mayo
score

PMS Total
Mayo
score

PMS Total
Mayo
score

PMS Total
Mayo
score

2-point PMS loss of responder status

Tofacitinib 10 mg

BID 0.50 0.50 0.63 0.61

Global

null

Global

null 0.48 0.48 0.46 0.46 0.59 0.59

Tofacitinib 5 mg

BID 0.60 0.60 0.70 0.70 0.62 0.62 0.61 0.61 0.53 0.53 0.53 0.53

3-point PMS loss of responder status

Tofacitinib 10 mg

BID 0.50 0.50 0.64 0.65

Global

null

Global

null 0.52 0.52 0.40 0.40 0.51 0.50

Tofacitinib 5 mg

BID 0.58 0.58 0.66 0.65

Global

null

Global

null 0.57 0.57 0.49 0.49 0.44 0.45

‘‘Global null’’ is defined as meaning that at least one of the statistical tests on the global null hypothesis did not reject the null
hypothesis that all regression coefficients were equal to 0; consequently, the results obtained were not statistically significant
(i.e., p[ 0.05), and LASSO logistic regression analyses did not improve the predictive power of the model (Table S7 in the
supplementary material)
AUROC area under the receiver operating characteristic, BID twice daily, LASSO Least Absolute Shrinkage and Selection
Operator, PMS partial Mayo score
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studies (p = 0.042) was identified as significant.
Consecutive multivariable analyses were per-
formed; however, no significant variables were
identified (data not shown).

Using the significant variables extracted
from the bivariate analysis, the kNN analysis

determined that patients with loss of response
in the tofacitinib 5 mg BID group were more
closely associated with patients who received
tofacitinib 10 mg BID and had sustained
response, compared with patients who had loss

Table 3 Summary of AUROC values from logistic regression analyses predicting steroid-free remissiona at week 52 of
OCTAVE Sustain without applying variable selection

Testing set of training–testing split Fivefold cross-validation

AUROC value
(baseline only)

AUROC value
(baseline to week 8)

AUROC value
(baseline only)

AUROC value (baseline
to week 8)

Tofacitinib

10 mg BID

0.70 0.75 0.56 0.67

Tofacitinib

5 mg BID

0.69 0.71 0.46 0.65

Placebo 0.55 0.68 0.48 0.53

Treatments

combined

0.66 0.79 0.65 0.73

AUROC area under the receiver operating characteristic, BID twice daily, PMS partial Mayo score
aSteroid-free remission was defined as a PMS of 0–1 in the absence of corticosteroids

Table 4 Summary of AUROC values from hypothesis-based logistic regression analyses predicting steroid-free remissiona at
week 52 of OCTAVE Sustain applying variable selection

Testing set of training–testing split Fivefold cross-validation

AUROC value
(baseline only)

AUROC value
(baseline to week 8)

AUROC value
(baseline only)

AUROC value
(baseline to week 8)

PMS Total Mayo
score

PMS Total Mayo
score

PMS Total Mayo
score

PMS Total Mayo
score

Tofacitinib 10 mg

BID

0.50 0.50 0.77 0.78 0.58 0.58 0.72 0.71

Tofacitinib 5 mg

BID

0.50 0.50 0.73 0.69 0.45 0.45 0.66 0.62

Placebo 0.50 0.50 0.66 0.66 0.42 0.42 0.61 0.64

Treatments

combined

0.67 0.67 0.78 0.79 0.64 0.66 0.74 0.73

AUROC area under the receiver operating characteristic, BID twice daily, PMS partial Mayo score
aSteroid-free remission was defined as a PMS of 0–1 in the absence of corticosteroids
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of response in the tofacitinib 10 mg BID group
(Table 7).

Disease activity graphs were generated to
evaluate the patterns of response for individual
patients in each treatment group. Visualization
of data from OCTAVE Sustain demonstrated

that the patterns of remission, lack of remission,
and discontinuation (based on OCTAVE Open
study criteria) in patients receiving tofacitinib 5
vs 10 mg BID were generally similar over time
(p[ 0.05; Fig. 2). Moreover, patients with prior
tumor necrosis factor inhibitor (TNFi) exposure

Table 6 Summary of AUROC values from hypothesis-based logistic regression analyses predicting delayed response at
week 8 of OCTAVE Open and applying variable selection

Whole set of patients Testing set of training–testing
set

Fivefold cross-validation

AUROC
value
(baseline
only)

AUROC value
(baseline to
week 8)

AUROC
value
(baseline
only)

AUROC value
(baseline to
week 8)

AUROC
value
(baseline
only)

AUROC value
(baseline to
week 8)

PMS and

subscoresa
0.57 0.69 0.42 0.59 0.47 0.63

Total Mayo

score and

subscoresb

0.56 0.69 0.42 0.59 0.46 0.65

AUROC area under the receiver operating characteristic, PMS partial Mayo score
aStool frequency, rectal bleeding, and Physician Global Assessment
bStool frequency, rectal bleeding, endoscopic appearance, and Physician Global Assessment

Table 5 Summary of AUROC values from logistic regression analyses predicting delayed response at week 8 of OCTAVE
Open

Whole set of patients Testing set of training–testing
split

Fivefold cross-validation

AUROC
value
(baseline
only)

AUROC value
(baseline to
week 8)

AUROC
value
(baseline
only)

AUROC value
(baseline to
week 8)

AUROC
value
(baseline
only)

AUROC value
(baseline to
week 8)

PMS

Measured

values

0.63 0.76 0.52 0.55 0.52 0.61

Differences – 0.71 – 0.57 – 0.63

Individual partial Mayo subscores

Measured

values

0.66 0.75 0.54 0.58 0.52 0.63

Differences – 0.71 – 0.49 – 0.58

AUROC area under the receiver operating characteristic, PMS partial Mayo score
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demonstrated numerically higher rates of lack
of remission and discontinuation compared
with patients who were TNFi-naı̈ve; however,
these differences were not statistically signifi-
cant. Patients treated with placebo demon-
strated a significantly different pattern of
disease activity compared with patients who
were treated with tofacitinib 5 or 10 mg BID
(p\ 0.05).

Visualization patterns of response, lack of
response, and discontinuation were generally
similar in analyses that defined response as
changes in PMS of 2 points vs 3 points (Figs. S1
and S2, respectively, in the supplementary
material).

Interestingly, in the analysis of the contri-
bution of individual subscores to the change in
total Mayo score over time, the rectal bleeding
subscore was the predominant subscore in
patients with disease worsening (indicated by
an increase in total Mayo score) between base-
line and week 52 of OCTAVE Sustain (contri-
bution of the rectal bleeding subscore was
24.7% [p\0.001], 19.6% [p\0.001], and 25.2%
[p\0.001] higher for patients with disease
worsening compared with patients with disease
improvement in those receiving tofacitinib
5 mg BID, tofacitinib 10 mg BID, and placebo,
respectively; Fig. 3). The difference in the pro-
portion of the total Mayo score made up by the
rectal bleeding subscore was not statistically

significant when the three treatment groups
were compared.

By contrast, the endoscopic subscore was the
predominant subscore in patients who had dis-
ease improvement, indicated by a decrease in the
total Mayo score between baseline and week 52 of
OCTAVE Sustain in all three treatment groups
(contribution of the endoscopic subscore was
15.9% [p = 0.021], 14.5% [p = 0.046], and 12.4%
[p = 0.096] higher for patients with disease
improvement compared with patients with dis-
ease worsening in those receiving tofacitinib 5 mg
BID, tofacitinib 10mg BID, and placebo, respec-
tively; Fig. 3). The difference in the proportion of
the total Mayo score made up by the endoscopic
subscore was not statistically significant when the
three treatment groups were compared.

DISCUSSION

This post hoc analysis of data from patients
with UC in OCTAVE Sustain and OCTAVE Open
utilized statistical modeling to predict patient
loss of responder status (based on change in
PMS) at week 8 of OCTAVE Sustain, steroid-free
remission (based on PMS) at week 52 of
OCTAVE Sustain, and delayed response at
week 8 of OCTAVE Open. In all analyses,
AUROC values were below the threshold for
accurate prediction of response (AUROC

Table 7 Summary of results from k-nearest neighbor analysis evaluating loss of response in patients who received tofacitinib
5 mg BID in OCTAVE Sustain, using patients who received tofacitinib 10 mg BID as neighbors

Number of neighbors (k)

k = 1 k = 3 k = 5 k = 7 k = 9 k = 11 k = 13 k = 15

2-point PMS loss of responder status

Loss of response, n (%) 21 (30.9) 21 (30.9) 42 (61.8) 30 (44.1) 24 (35.3) 18 (26.5) 28 (41.2) 23 (33.8)

Response, n (%) 47 (69.1) 47 (69.1) 26 (38.2) 38 (55.9) 44 (64.7) 50 (73.5) 40 (58.8) 45 (66.2)

3-point PMS loss of responder status

Loss of response, n (%) 22 (32.8) 21 (31.3) 41 (61.2) 31 (46.3) 26 (38.8) 22 (32.8) 26 (38.8) 24 (35.8)

Response, n (%) 45 (67.2) 46 (68.7) 26 (38.8) 36 (53.7) 41 (61.2) 45 (67.2) 41 (61.2) 43 (64.2)

BID twice daily, n number of patients who received tofacitinib 5 mg BID and had loss of response who were more closely
associated with patients who received tofacitinib 10 mg BID and had either loss of response or sustained response,
PMS partial Mayo score
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value\0.9), and there were no notable differ-
ences in model outcomes when 2- and 3-point
changes in PMS were used as definitions of
response. The AUROC values were moderately
acceptable at discriminating responders vs non-
responders (i.e., AUROC[ 0.8) in the predic-
tion modeling analyses that used the whole
dataset, including data from baseline to week 8
of OCTAVE Induction 1 and 2. However, mod-
els validated using the training–testing split or
the cross-validation datasets generally had
AUROC values below the threshold for moder-
ate to accurate prediction (AUROC values\ 0.8)
[17, 18]. Comparisons of the two active treat-
ment arms of OCTAVE Sustain (tofacitinib
5 and 10 mg BID) demonstrated that patient
characteristics associated with responses to
treatment were generally similar when evalu-
ated using the variables that were available in
this clinical trial. However, the variables that
were identified as important within a particular
model should be interpreted with caution. As
the overall performance of the models was
rather poor, the variables that were driving the
outcomes could also not be considered specific
enough to discriminate between the tofacitinib
5 and 10 mg BID groups. However, the variables
listed such as age, PMS, and corticosteroid use
have been previously described as factors asso-
ciated with UC disease activity [14, 21, 22].
Despite the multiple efforts that were made to
refine the research methodology by applying
advanced prediction modeling methods and
multi-omic approaches, which allows for more
robust prediction by combining individual
components and sharpening the approach to
disease prediction, further refinement is sug-
gested [23–25].

Notably, among patients with an increase in
total Mayo score from study baseline to week 52
of OCTAVE Sustain, the rectal bleeding subscore
was identified as the primary determinant of

disease worsening. By contrast, among patients
with a decrease in total Mayo score from study
baseline to week 52 of OCTAVE Sustain, the
endoscopic subscore was identified as the pri-
mary determinant of improvement.

A previous assessment of data from OCTAVE
Induction 1 and 2 used statistical modeling
techniques to identify predictors of early treat-
ment response among patients receiving
induction therapy with tofacitinib 10 mg BID
[14]. This study reported that logistic regression
and random forest models were able to predict
week 4 and week 8 responder status using only
four measures (PMS, partial Mayo subscores,
total cholesterol, and C-reactive protein) at
different timepoints. An early change in the
PMS was identified as the most important pre-
dictor of responder status. Here, we explored
the extent to which treatment outcomes after
week 8 of OCTAVE Induction 1 and 2 could be
predicted on the basis of a change in PMS, as
well as steroid-free remission (based on PMS) or
delayed response among patients with UC.
Patients included in this analysis were receiving
either tofacitinib 5 or 10 mg BID as mainte-
nance therapy or placebo in OCTAVE Sustain,
or were non-responders at the end of OCTAVE
Induction 1 and 2 and received extended
induction for an additional 8 weeks in OCTAVE
Open. There is no unambiguous reason why the
models in this analysis were unable to accu-
rately predict treatment response; however,
factors such as the inclusion/exclusion criteria
for the patient population in the global
OCTAVE clinical program, number of patients
analyzed, study design (i.e., omission of vari-
ables that could have been more predictive), the
subjective nature of patient-reported symptoms
in the PMS, and flare severity may have influ-
enced the models’ predictive capabilities.

Visualization of remission and discontinua-
tion patterns across treatment groups demon-
strated that disease activity patterns were
generally similar in patients receiving tofacitinib
5 or 10 mg BID among TNFi-naı̈ve patients.
These visualizations suggest that the differences
in measurable disease activity characteristics
between the tofacitinib treatment groups were
too small to be accurately assessed, even with
advanced data analysis techniques. The

bFig. 2 Visualization of remission rates over time stratified
by TNFi exposure among patients in OCTAVE Sustain
receiving a tofacitinib 10 mg BID, b tofacitinib 5 mg BID,
or c placebo. Remission was defined as having a PMS B 1.
BID twice daily, PMS partial Mayo score, TNFi tumor
necrosis factor inhibitor
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relatively low patient numbers included in this
analysis may also have influenced the perfor-
mance of the models, and this was partly con-
firmed by the small increase in power with the
models that utilized the whole set of patients.

Previous studies have evaluated the role of
biomarkers, such as fecal calprotectin, in pre-
dicting endoscopic response and possible
relapse among patients with UC [26, 27]. A
prospective, real-world study of patients with
UC in Spain demonstrated that fecal calpro-
tectin levels could act as a potential surrogate
marker for endoscopic remission [27]. The
absence of such biomarkers in the OCTAVE
clinical program may have influenced the
overall predictive value of the models, and
future studies might consider including a dif-
ferent array of variables.

This analysis included visualizations of dis-
ease activity and discontinuation patterns that
provided some insight into the effects of
maintenance treatment over time. Notably,
while patients who received tofacitinib 5 or
10 mg BID exhibited generally similar patterns
of response, patients who received placebo
demonstrated a distinct outcome pattern,
compared with those who received tofacitinib,
and this is consistent with previously reported
results of induction study efficacy data [10].

Furthermore, the visualizations established
that a change in rectal bleeding subscore was
the primary determinant of disease worsening,
as indicated by an increase in total Mayo score
between baseline and week 52 of OCTAVE Sus-
tain. This is consistent with a previous meta-
analysis, which found that a normal rectal
bleeding subscore correlated with the achieve-
ment of endoscopic remission among patients
with UC [28]. The rectal bleeding subscore is a
semiquantitative, subjective, patient-reported
variable that has demonstrated fair correlation
with endoscopic activity in patients with UC

[29]. However, similar to stool frequency, it is
subject to substantial bias. Conversely, endo-
scopic activity (measured using the Mayo
endoscopic subscore) is relatively objective and,
in the global OCTAVE clinical program, was
reviewed centrally. Here, the rectal bleeding
subscore was not normally distributed. It is
possible that the variance in the total Mayo
score among patients with disease worsening
was driven by a subgroup of outliers who were
reporting higher rectal bleeding subscores
compared with other variables, such as stool
frequency, Physician Global Assessment, and
endoscopic subscores, which either remained
the same or improved. However, a change in
the rectal bleeding subscore may be an early
indicator of change in disease activity in
patients with UC [30]. Furthermore, a strong
correlation between clinical symptoms and
endoscopic disease severity has been reported
[31]. Therefore, it is possible that improvements
in the endoscopic subscore may be indicative of
an improvement in a patient’s clinical
symptoms.

This study had some limitations. Firstly, the
number of patients included in this prediction
analysis was relatively small, especially in some
treatment subgroups, which limits the ability to
interpret the data. Also, the prediction models
have not been confirmed or validated by other
data sources. External validation is key to
determining the reproducibility and generaliz-
ability of the models to other patient popula-
tions. In addition, all patients who enrolled in
OCTAVE Sustain had at least achieved a clinical
response following OCTAVE Induction 1 and 2,
and this may have contributed to the generally
similar patterns of response with both tofacitinib
doses in OCTAVE Sustain. Finally, this study only
included data from patients who met the inclu-
sion/exclusion criteria for the global OCTAVE
clinical program. This may limit the generaliz-
ability of the results in the general population of
patients with UC, and further studies that include
prospective and real-world validation of the pre-
dictive models should be performed.

bFig. 3 Visualization of change in total Mayo score from
study baseline to week 52 of OCTAVE Sustain in patients
receiving a tofacitinib 10 mg BID, b tofacitinib 5 mg BID,
or c placebo. Individual patients are shown along the
x-axis. BID twice daily
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CONCLUSION

Using data from the global OCTAVE clinical
program, we could not generate sufficiently
accurate models that could predict loss of
responder status with maintenance therapy
and/or steroid-free remission. However, in-
depth analyses of the individual disease score
patterns indicated that there were particular
differences in Mayo subscores when patients
with disease worsening and disease improve-
ment were compared; the rectal bleeding sub-
score was the primary determinant of disease
worsening, while the endoscopic subscore was
the primary determinant of disease improve-
ment. The development of prediction models
contributes to a growing body of research that is
exploring the use of various statistical tech-
niques to predict treatment outcomes with
potential application in clinical practice. Nota-
bly, it is possible that there were missing data
related to yet unknown key variables that were
not collected during the clinical trials included
in this analysis that could have significantly
improved the accuracy of the models, and fur-
ther studies with larger sample sizes are
required.
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