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Exposure-Response Characterization of
Tofacitinib Efficacy in Moderate to Severe
Ulcerative Colitis: Results From Phase |l and
Phase Ill Induction and Maintenance Studies
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Geert R. D’Haens’ and William J. Sandborn®

Tofacitinib is an oral small molecule JAK inhibitor for the treatment of ulcerative colitis. Relationships between plasma
tofacitinib concentration and efficacy were characterized using exposure-response (E-R) models, with demographic
and disease covariates evaluated as potential predictors of efficacy. Data were from phase Il and Il (OCTAVE Induction
1 and 2) induction studies, and a phase Il maintenance study (OCTAVE Sustain). Induction studies included 1,355
patients (tofacitinib 0.5, 3, 10, or 15 mg b.i.d. or placebo). The maintenance study included 592 patients (tofacitinib
5 or 10 mg b.i.d. or placebo). E-R models, including induction patients predicted placebo-adjusted remission rates
of 6.4% and 12.7% at week 8 for tofacitinib 5 and 10 mg b.i.d., respectively; corresponding rates in patients without
prior tumor necrosis factor inhibitor (TNFi) failure were 12.8% and 20.4%. Estimates to achieve/maintain remission
at week 52 of maintenance were 29% and 18% (tofacitinib 5 mg b.i.d.), and 41% and 26% (tofacitinib 10 mg b.i.d.),
for patients in remission or not following induction, respectively. During maintenance, patients with prior TNFi failure
had lower probability of remission on 5 mg b.i.d. (24.9%) than 10 mg b.i.d. (35.0%). Results indicated tofacitinib

10 mg b.i.d. was an appropriate induction dose but suggested efficacy with 5 mg b.i.d. in patients without prior TNFi
failure. Tofacitinib 5 mg b.i.d. was efficacious for maintenance, although patients with prior TNFi failure might see
additional benefit on 10 mg b.i.d. Per product labeling, recommended tofacitinib induction dose is 10 mg b.i.d., then
maintenance at 5 mg b.i.d. For patients who lose response during maintenance, 10 mg b.i.d. may be considered,

limited to the shortest duration.

Study Highlights

WHAT IS THE CURRENT KNOWLEDGE ON THE
TOPIC?

M Exposure-response analyses can help predict which dosing
regimens might be of most benefit to patients.

WHAT QUESTION DID THIS STUDY ADDRESS?

M This study characterized the relationship between tofacitinib
exposure and efficacy end points for both induction and mainte-
nance therapy in patients with ulcerative colitis (UC), and iden-
tified patient-specific factors that are important determinants of
efficacy.

WHAT DOES THIS STUDY ADD TO OUR
KNOWLEDGE?

M Results support the use of tofacitinib 10 mgb.i.d. for induc-
tion in patients with moderate to severe UC. However, they also

suggest tofacitinib 5 mg b.i.d. might be efficacious for induc-
tion in patients without prior tumor necrosis factor inhibitor
(TNFi) failure. Although 5 mg b.i.d. was efficacious for main-
tenance, patients with prior TNFi failure might see additional
benefit on 10 mg b.i.d. Patients with lower baseline discase ac-
tivity were more likely to achieve efficacy end points at the end
of maintenance.

HOW MIGHT THIS CHANGE CLINICAL PHARMA-
COLOGY ORTRANSLATIONAL SCIENCE?

M The findings highlight that prior TNFi status and bascline
disease activity are important considerations that may impact
efficacy of tofacitinib induction and maintenance therapy in
patients with UC.
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Ulcerative colitis (UC) is a chronic inflammatory disease lo-
calized to the colon, characterized by abdominal symptoms,
including diarrhea, abdominal pain, rectal bleeding, and ur-
gency.l’2 Treatments available for patients with UC include
S-aminosalicylates (5-ASA), corticosteroids, thiopurines, metho-
trexate, tumor necrosis factor inhibitors (TNFi; e.g., adalimumab,
infliximab, and golimumab), integrin inhibitors (e.g,, vedoli-
zumab), interleukin-12/23 inhibitors (e.g., ustekinumab), and
Janus kinase (JAK) inhibitors (c.g., tofacitinib and filgotinib).3_6
The aim of treatment is to induce and maintain remission, with a
goal of sustained steroid-free remission.’

Tofacitinib is an oral small molecule JAK inhibitor for the treat-
ment of UC. The efficacy and safety of tofacitinib 10 mg twice daily
(b.i.d.) in patients with moderate to severe UC has been demon-
strated as induction therapy in 8-week phase II (NCT00787202)
and phase III (OCTAVE Induction 1 and 2; NCT01465763 and
NCT01458951) studies.”® Both tofacitinib 5 and 10 mg b.i.d.
were investigated further in a 52-week phase ITII maintenance study
(OCTAVE Sustain; NCT01458574).% The approved tofacitinib
dose for induction therapy is 10 mgb.i.d., followed by maintenance
at 5 mg b.i.d.”' For patients with loss of response during mainte-
nance therapy, tofacitinib 10 mg b.i.d. may be considered and lim-
ited to the shortest duration.

Population pharmacokinetics (PKs) of tofacitinib have been
characterized for patients with UC using nonlinear mixed-effects
modeling of pooled data from phase II/III studies. Tofacitinib PKs
were linear, with a dose-proportional increase in exposure. Oral
clearance of tofacitinib did not change significantly over time, and
dose adjustments for age, weight, sex, race, or baseline disease se-
verity were not required.11 In the phase II study, baseline disease
activity was the most important predictor of efficacy.12

The aim of this analysis was to characterize the relationship be-
tween tofacitinib exposure and efficacy end points for both induc-
tion and maintenance therapy in patients with UC, using data from
phase II/III studies, and identify patient-specific (demographic
and disease) factors that are important determinants of efficacy.

METHODS

Study design and patients

These post hoc analyses included data from a phase II dose-ranging in-
duction study, two phase III induction studies (OCTAVE Induction 1
and 2), and a phase III maintenance study (OCTAVE Sustain).”® These
studies were approved by the institutional review boards or independent
ethics committees for each center.”®

The phase II induction study was an 8-weck, randomized, double-
blind, placebo-controlled, parallel-group, multicenter study involving pa-
tients with moderate to severe UC. Disease activity was assessed using the
Mayo score (range 0-12 points; higher scores indicate higher disease activ-
ity; afull descrigtion of the Mayo score is provided in the Supplementary
Information).”> Moderate to severe UC was defined as a total Mayo
score > 6. Patients were randomized to receive tofacitinib 0.5, 3, 10, or
15 mg b.i.d., or placebo. Local read of endoscopy was used for efficacy
assessments.

Patients enrolled in OCTAVE Induction 1 or 2 had moderate to severe
UC (defined as a total Mayo score > 6, a rectal bleeding subscore > 1, and
an endoscopic subscore > 2), and had failed or were intolerant to > 1 prior
UC treatments (oral or intravenous corticosteroids, azathioprinc/ mercap-
topurine, or TNFi). Patients were randomized 4:1 to receive tofacitinib
10 mg b.i.d. or placebo. A total of 22 patients in OCTAVE Induction 1
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and 2 received tofacitinib 15 mg b.i.d.® Stable doses of concomitant oral
5-ASA and oral corticosteroids (< 25 mg/day prednisone equivalent)
were permitted. Concomitant therapy with TNFi, azathioprine, metho-
trexate, or G-mercaptopurine was prohibited. The primary end point was
remission at week 8 (defined as a total Mayo score of < 2 points with no
individual subscore > 1 point, and a rectal bleeding subscore of 0). The
key secondary end point was endoscopic improvement at week 8 (a Mayo
endoscopic subscore of 0 or 1; defined as mucosal healing in the original
OCTAVE protocols). Local and central reads of endoscopy were per-
formed; and registration end points were based on central reads.

Patients with clinical response (defined as a decrease from induction
study baseline total Mayo score of > 3 points and > 30%, plus a decrease
in rectal bleeding subscore of > 1 point or an absolute rectal bleeding sub-
score of 0 or 1) at week 8 of OCTAVE Induction 1 or 2 were eligible to
participate in the maintenance study, OCTAVE Sustain. Patients were
re-randomized 1:1:1 to receive tofacitinib 5 or 10 mg b.i.d. or placebo.
Patients were required to remain on stable doses of their concomitant
medications; per protocol, patients were required to taper off corticoste-
roids. The primary end point was remission at week 52. Key secondary end
points were endoscopic improvement at week 52 and sustained steroid-
free remission (defined as being in remission, in addition to not requiring
any treatment with corticosteroids for > 4 weeks prior to the visit) among
patients in remission at baseline (i.c., patients in remission following in-
duction therapy). Local and central reads of endoscopy were performed;
end points were based on central reads.

Pharmacokinetics

Individual PK parameters for exposure index were reported previously."
Average and trough concentrations (C__ and Ctrough’ respectively) were
derived from the dose-normalized, individual empirical Bayes estimates
obtained from the population PK model. Although both Cavg and C crough
were evaluated in exposure-response (E-R) analyses, only models using

C_ as predictor are presented.
avg

Exposure-response models

The E-R analyses were performed using maximum likelihood methods.
SAS (version 9.2; SAS Institute, Cary, NC) was used for data handling
and data analysis. Parameters describing E-R relationship (population
typical value and residual variance) were estimated and potential covari-
ate effects were investigated as predictors of variability. End points were
modeled as a function of exposure.

The binary efficacy end points for induction studies, measured at the
end of the study (weck 8), were modeled using logistic regression mod-
els evaluating either linear or nonlinear (maximum effect (E__) model)
relationships with tofacitinib exposures, as reported previously. ~ Base
E-R models were developed first, using pooled central-read data from
phase III induction studies (OCTAVE Induction 1 and 2), followed by
evaluation of the effect of covariates on model parameters using step-wise
covariate modeling with forward selection and backward elimination
steps. Separately, E-R analysis of pooled phase II/III induction studies
was performed using locally read endoscopy end points. Only locally read
endoscopies were performed in the phase II study, according to the regula-
tory guidance at that time.

Data from the phase II study were included as a wider range of
tofacitinib doses were available (tofacitinib 0.5, 3, 10, and 15 mg b.i.d., as
well as placebo), to better inform induction efficacy at tofacitinib doses
lower than 10 mg b.i.d. (the only tofacitinib dose evaluated in phase III
induction studies).

For the maintenance study, clinical end points (based on central reads)
at weeks 24 and 52 were modeled using a Markov transition model and a
longitudinal logistic regression model using linear or E__link functions.
The Markov model described the probabilities of transition from achiever
to non-achiever status, and vice versa, for each binary end point over time
(Figure S1). Nonresponder imputation was used. E-R models were first
run without covariates using data from OCTAVE Sustain. E-R models
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with covariates were used to identify significant predictors of efficacy
(based on central reads).

For both induction and maintenance studies, covariates included in
the full model development were: baseline Mayo score (based on central
or local endoscopic reads), extent of baseline disease, prior TNFi failure,
prior immunosuppressant use, concomitant oral corticosteroid use, con-
comitant 5-ASA use, age, body weight, sex, and race (Asian vs. non-Asian).
Albumin and C-reactive protein correlated with baseline Mayo score and
were therefore not included in this analysis (albumin was also shown not
to be independently correlated with efficacy in a previous analysis of
these studies).' Covariates were evaluated on placebo (intercept) and drug
(E,.,) effect parameters (Table S1), and tested using a stepwise (forward
and backward) method. Backward models were established using statisti-
cally significant (P < 0.05) covariates in the forward process. Final models
were established using statistically significant (P < 0.01) covariates in the
backward process. For nested models, significant covariates were deter-
mined using a variant of the traditional stepwise selection, where decisions
on which potential covariate to add or drop at any step and when to termi-
nate the selection, were based on a likelihood ratio test.

RESULTS

Patients

Baseline demographic and clinical characteristics for all pa-
tients have been reported previously.’/’8 These analyses included
data from 1,355 patients treated with tofacitinib 0.5, 3, 10, or
15 mg b.i.d., or placebo, in the phase II/III induction studies, and
592 patients treated with tofacitinib 5 or 10 mgb.i.d., or placebo,
in OCTAVE Sustain.

For all patients included in the E-R analysis, demographics and
clinical characteristics by phase and by treatment group are shown
in Table 1. Overall, at baseline of induction studies, 46.9% of pa-
tients had prior TNFi failure and 69.2% of patients had previously
used immunosuppressants. Mean total Mayo score, determined by
local read of endoscopy, was lower in the phase II induction study
(8.2, SD 1.6) than in OCTAVE Induction 1 and 2 (9.0, SD 1.5).
Demographics and clinical characteristics for patientsin OCTAVE
Sustain were similar to those in OCTAVE Induction 1 and 2, ex-
cept for a lower mean total Mayo score and a greater proportion
taking concomitant 5-ASA. Demographics and clinical character-
istics for patients without prior TNFi failure in induction studies
were similar to those of the overall population (Table S2).

Exposure-response models for tofacitinib as induction
therapy

For E-R analyses using data from induction studies, an E___lo-
gistic regression model was selected for all binary end points, as
model fits were found to be acceptable for all end points. Cavg was
used as the predictor, as this was previously shown to be the most
relevant drug-exposure measure of tofacitinib efficacy based on
the drug’s mechanism of action, temporal response across diseases,

. . . 1
and examination of results in rheumatoid arthritis."

Base model: Evidence of greater efficacy for tofacitinib 10 vs. 5 mg
b.i.d. in induction studies. Patients enrolled in OCTAVE Induction
1 or 2 were randomized to receive either tofacitinib 10 mg b.i.d.
or placebo, although 22 patients received tofacitinib 15 mg b.i.d.
E-R model predictions for the pooled OCTAVE Induction 1
and 2 studies were consistent with observed data and indicated
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that the probability of remission or endoscopic improvement
increased with increasing Cavg (Figure 1). At week 8, Cavg values
were similar in patients in remission to those not in remission
(Figure S2). Probability estimates for achievement of remission or
endoscopic improvement by the logisticE_ _model were 6.5% and
14.8% for placebo, 12.8% and 24.8% for tofacitinib 5 mg b.i.d.,
and 19.1% and 32.6% for tofacitinib 10 mg b.i.d., respectively
(Table 2). Predicted placebo-adjusted remission and endoscopic
improvement rates were 12.7% and 17.8% for tofacitinib 10 mg
b.i.d., and 6.4% and 10.1% for tofacitinib 5 mg b.i.d., respectively
(Table 2).

Estimated concentration at half-maximum effect from base
models for remission and endoscopic improvement were 56.5 and
49.0 ng/mL, respectively. Model-predicted placebo-adjusted re-
mission and endoscopic improvement rates with tofacitinib 10 mg
b.i.d. were 12.7% and 17.8%, respectively (Table 2). The geometric
mean Cavg at 10 mgb.i.d. (33.6 ng/mL; derived from previously re-
ported PK parameters)'’ corresponded to ED, on the E-R curve
for remission.

Covariate effects on base exposure-response model parameters
for induction efficacy. The step-wise covariate modeling approach
was used to evaluate the effect of covariates. In the final model,
only prior TNFi failure and baseline Mayo score were significant
predictors of remission and endoscopic improvement (Table S3).
Estimated parameters (95% confidence interval (CI)) for
remission were: prior TNFi failure on intercept, 1.23 (0.39—2.08);
prior TNFi failure on E . 1.61 (=0.26 to 3.48); and baseline
Mayo score on intercept, 0.14 (0.080—0.20). For endoscopic
improvement, estimated parameters (95% CI) were: prior TNFi
failure on intercept, 0.61 (0.31-0.91); and baseline Mayo score on
intercept, 0.30 (0.19-0.40).

Evidence of efficacy for tofacitinib 5 mg b.i.d. as induction
therapy in patients without prior TNFi failure. E-R modeling of
phase III induction data identified prior TNFi failure status as
a significant predictor of efficacy, therefore further E-R analyses
were performed to examine if tofacitinib 5 mg b.i.d. could be an
effective induction dose in patients without prior TNFi failure.
As OCTAVE Induction 1 and 2 only included patients who
received tofacitinib 10 or 15 mg b.i.d., or placebo, data from the
phase II induction study were included as these data included
both lower (tofacitinib 0.5 and 3 mgb.i.d.) and higher (tofacitinib
10 and 15 mg b.i.d.) tofacitinib doses relative to the proposed
5 mg b.i.d. dose. Efficacy end points were based on local reads.
Given the objective of this analysis, the dataset included only the
pooled subpopulation of patients without prior TNFi failure in
phase II/III induction studies. Approximately 80% of the phase
IT population had no prior TNFi failure,'? therefore, robust dose-
ranging information was available for this subpopulation.

The subpopulation of patients without prior TNFi failure con-
sisted of 687 TNFi-naive patients and 33 patients who previously
received a TNFi without treatment failure. Of these 720 patients,
712 were included in the final E-R analysis dataset; two patients were
excluded due to missing baseline Mayo scores and six patients were
excluded due to a baseline Mayo score < 6 (per enrollment criteria).
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Figure 1 Probability of (a) remission and (b) endoscopic improvement at week 8 in OCTAVE Induction 1 and 2. The solid lines represent
model-predicted probability and the shaded areas represent the 95% Cl. Observed probabilities by dose (placebo, tofacitinib 10 mg b.i.d., and
tofacitinib 15 mg b.i.d.; black symbols) are plotted at the geometric mean of individual Cavg values for tofacitinib 10 mg b.i.d. (33.6 ng/mL) and

15 mg b.i.d. (50.4 ng/mL), error bars represent 95% CI. C

avg’

average concentration during dosing interval; Cl, confidence interval.

Table 2 Probability estimates to achieve remission or endoscopic improvement at week 8 of OCTAVE Induction 1 or 2, by

logistic E,_,, model®

A(tofacitinib-placebo)

Treatment Estimate 95% Cl Estimate 95% Cl
Probability estimates to achieve remission
Placebo 0.065 0.032-0.097 — —
Tofacitinib 5 mg b.i.d.? 0.128 0.092-0.164 0.064 0.023-0.104
Tofacitinib 10 mg b.i.d.° 0.191 0.163-0.219 0.127 0.083-0.170
Probability estimates to achieve endoscopic improvement
Placebo 0.148 0.101-0.194 — —
Tofacitinib 5 mg b.i.d. 0.248 0.198-0.298 0.101 0.041-0.160
Tofacitinib 10 mg b.i.d.® 0.326 0.293-0.359 0.178 0.121-0.236

A, difference; Cavg,
@Covariates were not explored in this analysis.

average concentration during dosing interval; Cl, confidence interval; E

maxr Maximum effect.

bProbability of achieving end point for tofacitinib 5 mg b.i.d. was estimated by using the geometric mean Cavg at 5 mg b.i.d. (16.8 ng/mL).
°Probability of achieving endpoint for tofacitinib 10 mg b.i.d. was estimated by using the geometric mean Cavg for tofacitinib 10 mg b.i.d. (33.6 ng/mL).

In patients without prior TNFi failure, model-predicted E-R re-
lationships of remission in the phase II/III induction studies were
shown to adequately describe the observed data (Figure 2). Model
predictions (95% CI) for the proportion of patients without prior
TNFi failure in remission, based on pooled phase IT/III data, were
12.7% (7.5-17.8) for placebo, 25.4% (17.8-33.0) for tofacitinib
5 mg b.id., and 33.1% (29.0-37.2) for tofacitinib 10 mg b.i.d.;
with placebo-adjusted effects of 12.8% (3.1-22.4) and 20.4%
(13.5-27.3) for the 5 and 10 mgb.i.d. groups, respectively.

Exposure-response models for tofacitinib as maintenance
therapy

A longitudinal E-R analysis of binary efficacy end points at weeks
24 and 52 of OCTAVE Sustain was performed using a binomial
transition model with Markov dependence. A logistic regression
model was applied as an alternate model to evaluate the sensitivity
of results to model assumptions. Consistent with the induction
analyses, C g Was used as the predictor for maintenance analyses.

94

Base model: Evidence of greater efficacy for tofacitinib
maintenance therapy in patients in remission or with endoscopic
improvement at baseline. E-R model predictions using the
Markov transition model (without covariates) were carried out
at week 52 by baseline remission or endoscopic improvement
(i.e., endoscopic subscore of 0 or 1) status using expected C_
values at tofacitinib 5 and 10 mg b.i.d. doses. At weeks 24 an

52, Cavg
in remission (Figure $2). E-R model predictions were consistent

values were similar in patients in remission to those not

with observed data and indicated efficacy in maintenance
increased with increasing tofacitinib exposure (Figure 3).
Markov transition model predictions for all efficacy end points
were also consistent with observed data at week 24, and from
weeks 24-52 (Figure S3).

Probability estimates to achieve or maintain remission, sus-
tained steroid-free remission, or endoscopic improvement at week
52 by Markov transition model are provided in Table 3; parame-
ter estimates for the basic Markov transition model are provided

VOLUME 112 NUMBER 1 | July 2022 | www.cpt-journal.com
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Figure 2 Observed (symbols) and model predicted (solid line and shaded area) remission rate based on E-R analysis of pooled phase Il and
phase Il induction data in the subpopulation of patients without prior TNFi failure. Pooled data are displayed separately for phase Il and
phase lll. The solid lines represent model-predicted probability and the shaded areas represent the 95% Cl. The vertical dashed lines indicate
median Cavg for tofacitinib 5 mg b.i.d. (16.8 ng/mL), derived from the dose-normalized, individual empirical Bayes estimates obtained from the
population PK model. Observed probabilities by dose are plotted at the geometric mean of individual C_ , values at tofacitinib 0.5 mg b.i.d.

(1.68 ng/mL), 3 mg b.i.d. (10.08 ng/mL), 10 mg b.i.d. (33.6 ng/mL), and 15 mg b.i.d. (50.4 ng/mL), error bars represent 95% CI. C

v Average

concentration during dosing interval; Cl, confidence interval; E-R, exposure-response; PK, pharmacokinetic; TNFi, tumor necrosis factor

inhibitor.

in Table $4. For both the tofacitinib 5 and 10 mg b.i.d. groups,
estimated placebo-adjusted probabilities of achieving/maintain-
ing remission or sustained steroid-free remission at week 52 were
greater for patients in remission at baseline than for those not in re-
mission (Table 3). For patients receiving tofacitinib 5 mgb.i.d., the
predicted relative probabilities of achieving/maintaining remis-
sion and sustained steroid-free remission at week 52 were 29% and
26%, respectively, for patients in remission at baseline, and 18%
and 9%, respectively, for patients not in remission at baseline. The
predicted relative probabilities of achieving/maintaining remission
and sustained steroid-free remission with tofacitinib 10 mg b.i.d.
were 41% and 38%, respectively, for patients in remission at base-
line, and 26% and 13%, respectively, for patients not in remission
at baseline (Table 3). Similar findings were seen for the end point
of endoscopic improvement (Table 3).

Efficacy in maintenance increased with increasing tofacitinib
exposure, with predicted relative increase in remission and en-
doscopic improvement between tofacitinib 5 and 10 mg b.i.d.
ranging from 27-44% (based on the ratio of tofacitinib 10 mg
b.i.d.:tofacitinib 5 mg b.i.d. response ranging from 1.27-1.44) in
the overall population, based on the geometric mean C,at these
doses (Table 3). The relative increase in efficacy from tofacitinib 5
to 10 mg b.i.d. was 35-37% for sustained remission, 53-59% for
sustained endoscopic improvement, and 33-34% for sustained
steroid-free remission.
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Covariate effects on base exposure-response model parameters
for maintenance efficacy. Models were used to identify covariates
that were predictive of response at week 52 of the maintenance
study. In the final model, baseline Mayo score, oral corticosteroid
use, and age were significant predictors of remission and
endoscopic improvement (Table S5). Estimated parameters (95%
CI) for remission were: effect of baseline Mayo score on intercept
nonachievers, 0.1609 (0.07861-0.2432); effect of age on intercept
for nonachievers, —0.00841 (—0.01428 to —0.00254); and effect
of oral corticosteroid use at baseline on E_ .. for achievers,
—0.3582 (-0.5804 to —0.1360). For endoscopic improvement,
estimated parameters (95% CI) were: effect of baseline Mayo
score on intercept for nonachievers, 0.1321 (0.03725-0.2270);
effect of age on intercept nonachievers, —0.00977 (—=0.01703 to
—0.00252); and effect of oral corticosteroid use at baseline on
intercept for achievers, 0.6382 (0.09051-1.1858). The effects
of selected covariates (corticosteroid use at baseline; induction
treatment (placebo or tofacitinib 15 mg b.i.d. (remission and
sustained steroid-free remission only)); baseline Mayo score
(0, 2, or 10); and age (18 or 80 years)) are shown in Figure S4.
Covariates were not significantly associated with the achievement
of remission, sustained steroid-free remission, or endoscopic
improvement at week 52, with the exception of a baseline Mayo
score of 10, which was highly correlated with achievement of all
efficacy end points, especially in baseline nonachievers.
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Figure 3 Probability of (a) remission, (b) sustained steroid-free remission, and (¢) endoscopic improvement at week 52 by baseline status in
OCTAVE Sustain, using the basic Markov transition model. The solid lines represent model-predicted probability, the shaded area represents
95% prediction interval and the error bars represent 95% Cl. The symbols represent the observed ratio for tofacitinib 5 mg b.i.d., tofacitinib

10 mg b.i.d., and placebo. Typical Cavg values were 16.8 and 33.6 ng/mL for the tofacitinib 5 and 10 mg b.i.d. groups, respectively. C

average concentration during dosing interval; Cl, confidence interval.

Evidence of greater efficacy for tofacitinib 10 mg b.i.d., vs.
5 mg b.i.d., as maintenance therapy in patients with prior TNFi
failure. In the covariate analyses, prior TNFi failure was not a
significant predictor of response for the maintenance study, due
to its correlation with baseline Mayo score and baseline remission
status, which were included in the model. Therefore, the effect of
this important covariate was characterized using a logistic E_
model.

The probability of predicting remission, sustained steroid-free
remission among patients in remission at baseline, or endoscopic
improvement at week 52 of OCTAVE Sustain by prior TNFi fail-
ure status was assessed (Table 4). Among patients without prior
TNFi failure in the maintenance study, 310 patients were TNFi-
naive and 18 patients had previously received a TNFi without
treatment failure.

For patients receiving placebo, the predicted probabilities of
achieving each efficacy end point were similar between patients
with vs. without prior TNFi failure (4.3-13.3% and 5.3-13.3%,
respectively). In contrast, the probabilities of achieving these end
points were lower in patients with prior TNFi failure (tofacitinib
5 mg b.id., 24.1-28.0%; tofacitinib 10 mg b.i.d., 35.0-41.1%)
than in patients without prior TNFi failure (tofacitinib 5 mg
b.i.d., 39.4-42.4%; tofacitinib 10 mgb.i.d., 46.8—52.6%; Table 4).

The relative increase in efficacy between tofacitinib 5 and 10 mg
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avg’

b.i.d. was also assessed (Table 4). For each efficacy end point, pa-
tients with prior TNFi failure had a higher probability of response
to tofacitinib 10 vs. 5 mg b.id. (ratios: 40.6-46.5%). Although
tofacitinib 10 mg b.i.d. was also more efficacious than 5 mg b.i.d.
in patients without prior TNFi failure, the relative increases in effi-
cacy were smaller (ratios: 15.5-32.9%).

DISCUSSION

Previous E-R analyses of the 8-week, phase I induction study
characterized the relationship between tofacitinib dose and
plasma concentration, and provided the basis for sclection
of tofacitinib 10 mg b.i.d. in the phase III induction studies
(OCTAVE Induction 1 and 2)."*'® Induction efficacy estimates
for remission in patients without prior TNFi failure indicated
overall consistency between the phase IT study and the phase ITI
program, despite some differences between study populations.
Results from our E-R modeling analysis suggest clinically mean-
ingful induction efficacy may be achieved with tofacitinib 5 mg
b.i.d. in patients without prior TNFi failure. However, because
phase IIT induction studies evaluated tofacitinib 10 mg b.i.d. only,
confirmation of tofacitinib 5 mg b.i.d. induction efficacy in a
phase III study may be required. Findings from the E-R analysis
support the use of tofacitinib 10 mgb.i.d. as induction therapy for
patients with moderate to severe UC.
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Table 3 Probability estimates to achieve efficacy end points at week 52 of OCTAVE Sustain, predicted probability of
response (difference from placebo), and relative efficacy of tofacitinib 5 and 10 mg b.i.d. by baseline status using the

Markov transition model

A(tofacitinib-placebo)

Ratio (Atofacitinib 10 mg
b.i.d.: Atofacitinib 5 mg b.i.d.)

Treatment Baseline status Estimate 95% Cl Estimate 95% Cl Estimate 95% Cl
Probability estimates to achieve remission
Placebo In remission 0.135 0.073-0.196 — — — —
Not in remission 0.104 0.062-0.146 — — — —
5 mg b.i.d. In remission 0.427 0.344-0.509 0.29 0.19-0.40 — —
Not in remission 0.280 0.223-0.337 0.18 0.11-0.24 — —
10 mg b.i.d. In remission 0.543 0.464-0.621 0.41 0.31-0.51 1.27 1.02-1.53
Not in remission 0.365 0.302-0.428 0.26 0.18-0.34 1.30 1.00-1.61
Probability estimates to achieve sustained steroid-free remission
Placebo In remission 0.132 0.072-0.191 — — — —
Not in remission 0.105 0.062-0.147 — — — —
5 mg b.i.d. In remission 0.427 0.346-0.509 0.26 0.16-0.37 — —
Not in remission 0.279 0.223-0.335 0.09 0.05-0.13 — —
10 mg b.i.d. In remission 0.537 0.458-0.617 0.38 0.27-0.49 1.34 1.00-1.67
Not in remission 0.356 0.294-0.417 0.13 0.08-0.19 1.33 0.97-1.69
Probability estimates to achieve endoscopic improvement
Placebo In endoscopic 0.155 0.099-0.212 — — — —
improvement
Not in endoscopic 0.124 0.077-0.171 — — — —
improvement
5 mg b.i.d. In endoscopic 0.392 0.319-0.465 0.24 0.14-0.33 — —
improvement
Not in endoscopic 0.282 0.224-0.340 0.16 0.09-0.23 — —
improvement
10 mg b.i.d. In endoscopic 0.552 0.483-0.622 0.40 0.30-0.49 1.41 1.14-1.68
improvement
Not in endoscopic 0.406 0.341-0.472 0.28 0.20-0.37 1.44 1.15-1.74
improvement

A, difference; Cl, confidence interval.

Our findings show that tofacitinib 5 mg b.i.d. was efficacious as
maintenance therapy, with additional clinical benefit with 10 mg
b.i.d. in the overall population. Patients with lower baseline dis-
case activity were more likely to achieve efficacy endpoints after
52-week maintenance treatment. This is consistent with previous
E-R analyses of the phase II induction study, which also showed
that patients with lower disease activity were more likely to achieve
remission after 8 weeks of treatment.'” E-R analyses of mainte-
nance data also indicate that for patients with prior TNFi failure,
additional benefit of tofacitinib 10 mgb.i.d., relative to 5 mgb.i.d.,
is possible. These findings are consistent with a post hoc analysis
which found that for patients in OCTAVE Sustain, treatment ef-
fects were generally higher with tofacitinib 10 vs. 5 mg b.i.d., re-
gardless of prior TNFi failure.'”™® These results are also consistent
with a recent analysis of filgotinib (JAK 1 inhibitor) in patients
with UC who were stratified by line of therapy, which reported
that filgotinib 200 mg was effective in the induction and mainte-
nance of clinical remission in patients who were naive to biologic
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therapies (bio-naive), as well as those who had previously received
biologic therapy (bio-experienced). The proportion of patients
achieving clinical remission with filgotinib vs. placebo was nu-
merically higher in the bio-naive group compared with the bio-
experienced group, however, no direct comparisons were carried
out between groups."”

The importance of baseline disease activity and prior treatment
experience have also been demonstrated with other therapies for
UC. An E-R analysis of vedolizumab (integrin inhibitor) in pa-
tients with inflammatory bowel discase (including UC) reported
that patients who had lower baseline disease activity (as measured
by fecal calprotectin concentration) and no prior TNFi experience
had a higher probability of achieving clinical remission, regardless
of treatment (vedolizumab or placebo), and prior TNFi experience
was identified as the covariate with the greatest impact on clini-
cal outcome rates.” In addition, an E-R analysis of ustekinumab
(interleukin-12/23 inhibitor) in patients with UC reported that
the probability of achieving remission or endoscopic improvement

97



ARTICLE

Table 4 Probability predicted by logistic E

max

model for remission, sustained steroid-free remission among patients who

were in remission at baseline, or endoscopic improvement at week 52, and relative efficacy of tofacitinib 5 and 10 mg b.i.d.

Ratio (tofacitinib 10 mg b.i.d.:
tofacitinib 5 mg b.i.d.)

Treatment Prior TNFi failure Estimate 95% CI Estimate 95% CI
Probability estimates to achieve remission
Placebo No 0.109 0.059-0.159 — —
Yes 0.110 0.057-0.164 — —
Tofacitinib 5 mg b.i.d. No 0.394 0.308-0.480 — —
Yes 0.249 0.179-0.319 — —
Tofacitinib 10 mg b.i.d. No 0.468 0.383-0.553 1.19 0.87-1.51
Yes 0.350 0.285-0.416 1.41 1.08-1.73
Probability estimates to achieve sustained steroid-free remission among patients who were in remission at baseline
Placebo No 0.053 -0.019 to 0.126 — —
Yes 0.043 -0.042 t0 0.128 — —
Tofacitinib 5 mg b.i.d. No 0.424 0.271-0.576 — —
Yes 0.241 0.069-0.413 — —
Tofacitinib 10 mg b.i.d. No 0.489 0.325-0.653 1.16 0.57-1.75
Yes 0.353 0.173-0.533 1.47 0.49-2.44
Probability estimates to achieve endoscopic improvement
Placebo No 0.133 0.079-0.188 — —
Yes 0.133 0.077-0.190 — —
Tofacitinib 5 mg b.i.d. No 0.396 0.309-0.482 — —
Yes 0.280 0.206-0.355 — —
Tofacitinib 10 mg b.i.d. No 0.526 0.443-0.609 1.33 1.00-1.66
Yes 0.411 0.340-0.481 1.46 1.18-1.75

Cl, confidence interval; E

max’

after 8 weeks of induction therapy was higher in patients with lower
vs. higher baseline Mayo scores, and in those without vs. with prior
biologic treatment failure.”' The previous findings with other UC
therapies demonstrate the importance of baseline discase activity
and prior treatment as covariates of efficacy. Along with the results
of the current analysis, this suggests that patients who have previ-
ously received and/or failed TNFi or other biologic therapies, and
induction nonresponders, may respond differently to treatment,
and therefore may need an alternative therapeutic strategy with
respect to treatment options and/or dosing.

C, ¢ Was used as the predictor of efficacy in E-R models, based
in part on the observation that CogWasa better predictor than
C,oue in E-R models for the induction studies. Additionally,
the half-life of tofacitinib is short (~ 2.5 hours)** compared
with the half-lives of biologics (days to weeks)* 5, therefore,
variability associated with Crough 1 higher compared with Cog
Use of Crg s the predictor is consistent with E-R model predic-
tions for tofacitinib in rheumatoid arthritis."> Plasma concen-
trations of tofacitinib have been shown to be stable long-term
in patients with UC, providing there is no change in dose."!
In contrast, biologic therapies can be susceptible to clearance
mechanisms that result in low drug exposure and subsequent loss
of response in some paticnts.12 Trough plasma concentrations
have been shown to be useful as predictors of efficacy for TNFi
in patients with inflammatory bowel disease.”*>’ Therapeutic

98

maximum effect; TNFi, tumor necrosis factor inhibitors.

drug monitoring of trough plasma concentrations can inform on

changes to treatment dose that may be required to compensate
0 .

for loss of response due to drug clearance.’” However, in contrast

to biologic therapies,”®*!

the PK profile of tofacitinib in patients
with UC indicates that plasma concentrations of tofacitinib are
unaffected by colonic inflammation, and patient characteristics
(e.g. age, body weight, sex, race, or baseline discase severity) do
not impact tofacitinib exposure,'" suggesting that therapeutic
drug monitoring is unlikely to be of clinical value in patients re-
ceiving tofacitinib.°

A limitation of this analysis was the small sample size in the
phase II study, and a lack of clinical data at different doses in phase
IIT studies. For example, in OCTAVE Sustain, data were only avail-
able for tofacitinib 5 and 10 mg b.i.d. This may have limited the
ability to make predictions for tofacitinib 5 mg b.i.d. as mainte-
nance therapy; however, this may have been mitigated by the wide
range of exposures reported in patients who received tofacitinib 5
or 10 mgb.i.d. in OCTAVE Sustain, and the fact that E-R models
predict there would be suboptimal/clinically inadequate efficacy
for maintenance doses < 5 mg b.i.d.

E-R characterization of efficacy end points during induction
indicated that tofacitinib 10 mg b.i.d. was an appropriate induc-
tion dose, although clinically meaningful induction efficacy may
be achieved with tofacitinib 5 mg b.i.d. in patients without prior
TNFi failure. Tofacitinib 5 mgb.i.d. was efficacious as maintenance
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therapy; additional clinical benefit at 10 mg b.i.d. was seen in the
overall population but was most evident in patients with prior
TNFi failure. It is important to note that the recommended
tofacitinib dose for induction therapy is 10 mg b.i.d., followed by
maintenance at 5 mg b.i.d. For patients with loss of response during
maintenance therapy, tofacitinib 10 mg b.i.d. may be considered
and limited to the shortest duration possible.

SUPPORTING INFORMATION
Supplementary information accompanies this paper on the Clinical
Pharmacology & Therapeutics website (www.cpt-journal.com).
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