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Abstract

Background and Aims:  Oral systemic pan-Janus kinase [JAK] inhibition is effective for ulcerative 
colitis [UC] but is limited by toxicities. We describe preclinical to clinical translation of TD-1473—an 
oral gut-selective pan-JAK inhibitor—from in vitro characterization through a Phase 1b study in 
patients with UC.
Methods:  TD-1473 JAK inhibition potency was evaluated in vitro; plasma pharmacokinetics, safety 
and efficacy were assessed in mice. In a first-time-in-human study, plasma pharmacokinetics and 
safety were assessed after single and multiple [14 days] ascending doses administered orally to 
healthy subjects. The Phase 1b study randomized patients with moderately to severely active UC 
to receive once-daily oral TD-1473 20, 80 or 270 mg, or placebo for 28 days. Plasma and colonic 
tissue concentrations were measured; safety was assessed; and efficacy was evaluated by UC 
clinical parameters, disease-surrogate biomarkers, endoscopy, histology and colonic tissue JAK 
signalling.
Results:  TD-1473 exhibited potent pan-JAK inhibitory activity in vitro. Oral TD-1473 administration 
to mice achieved high, biologically active colonic tissue concentrations with low plasma exposure 
and decreased oxazolone-induced colitis activity without reducing blood cell counts vs placebo. 
TD-1473 administration in healthy human subjects and patients with UC yielded low plasma 
exposure and was generally well tolerated; treatment in patients with UC resulted in biologically 
active colonic tissue concentrations and descriptive trends toward reduced clinical, endoscopic 
and histological disease activity vs placebo.
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Conclusion:  Gut-selective pan-JAK inhibition with TD-1473 administration resulted in high 
intestinal vs plasma drug exposure, local target engagement, and trends toward reduced UC 
disease activity. [Clinicaltrials.gov NCT02657122, NCT02818686]

Key Words: Ulcerative colitis; gut-selective; JAK inhibitor

1.   Introduction

Oral Janus kinase [JAK] inhibitors offer a promising treatment op-
tion for patients with moderate to severe ulcerative colitis [UC]. 
The JAK family comprises four tyrosine kinases, JAK 1–3 and tyro-
sine kinase 2 [TYK2], which associate with intracellular domains 
of the class  I and II cytokine receptor superfamily.1 Upon binding 
their cytokine ligands, these receptors activate specific JAK pairings, 
resulting in phosphorylation-mediated activation of signal trans-
ducer and activator of transcription [STAT] proteins, which regu-
late expression of genes that drive immune cell activation.1 The JAK 
proteins thereby mediate proinflammatory responses to cytokines 
implicated in UC, including interleukin [IL]-6, IL-23, IL-13, IL-15 
and interferon [IFN]γ.2

Tofacitinib, a systemically active pan-JAK inhibitor, is approved 
for induction and maintenance therapy for patients with moderate 
to severe UC.3 However, tofacitinib use is associated with systemic 
adverse events [AEs]. Reductions in leukocyte subset numbers, 
serious and/or opportunistic infections, elevations in low-density 
lipoprotein [LDL] cholesterol, non-melanoma skin cancer and 
other neoplasms have been observed in patients receiving chronic 
tofacitinib treatment.4–6 In an ongoing safety trial, pulmonary em-
bolism and death were reported in patients with rheumatoid arthritis 
taking tofacitinib 10 mg twice daily.7 Based on these data, a recent 
black box warning was issued, and tofacitinib use for UC in the 
USA is now restricted to patients who have failed tumour necrosis 
factor [TNF] antagonists.3 Despite early results suggesting enhanced 
efficacy of tofacitinib 15 mg dosed twice daily in Phase 2 and 3 in-
duction clinical trials for UC, tofacitinib 15 mg was not pursued fur-
ther due to safety signals.8,9 Thus, the currently approved induction 
[10 mg twice daily] and maintenance [5 or 10 mg twice daily] doses 
of tofacitinib3 may not achieve maximal efficacy.

We previously demonstrated that tofacitinib dosed directly to the 
large intestine in mice limited colitis with minimal systemic exposure.10 
These data provided proof-of-concept for the potential therapeutic 
value of a gut-selective JAK inhibitor in patients with UC. To capture 
the efficacy of JAK inhibition in UC treatment while minimizing sys-
temic toxicity, we designed TD-1473 as a novel, orally administered, 
gut-selective pan-JAK inhibitor. The goal of TD-1473 treatment is to 
inhibit inflammatory bowel disease [IBD]-related proinflammatory 
cytokine signalling locally in the gastrointestinal tract with minimal 
systemic exposure. Here we report the results of a preclinical and 
translational medicine programme describing the preclinical pharma-
cology, pharmacokinetics [PK], efficacy results and safety profile for 
TD-1473 from preclinical studies, a first-time-in-human [FTIH] Phase 
1 study in healthy subjects, and a first-in-patient Phase 1b study in 
patients with moderately to severely active UC.

2.   Materials and Methods

2.1.   Study materials
TD-1473 and tofacitinib sources and formulation are detailed in the 
Supplementary methods.

2.2.   In vitro and human tissue ex vivo studies
Human and mouse recombinant JAK biochemical kinase assays used 
LanthaScreen assays with recombinant human JAK1, JAK2, JAK3 
and TYK2, and mouse JAK1 proteins [Life Technologies; details in 
Supplementary methods]. Measurement of JAK inhibitory potency in 
cell-based assays is described in the Supplementary methods. Briefly, 
test compound potencies were assessed using a variety of cytokine/
phosphorylated STAT [pSTAT] pairings to provide comprehen-
sive characterization of JAK inhibitory activity. Inhibition of JAK-
mediated cytokine signalling was tested in human and mouse colonic 
epithelial cells (human colorectal adenocarcinoma-derived HT-29 
or Balb/C mouse primary colonic epithelial cells [Cell Biologics]), 
human monocytic THP-1 cells [ATCC], human peripheral blood 
mononuclear cells [PBMCs; Stanford Blood Center] and human 
whole blood [Stanford Blood Center]. Cells were preincubated 
with test compounds for 1  h, then stimulated with cytokines at 
10× the predetermined concentration producing 50% maximal ac-
tivity [EC50]. Target levels were quantified after an assay-specific 
incubation period. Compound potencies for all in vitro functional 
assays were expressed as −log10 of the concentration required for 
half-maximal inhibition [pIC50] via iterative curve fitting [GraphPad 
Prism, GraphPad Software]. In vitro measurement of TD-1473 off-
target activity, activity in colonic tissue from patients with IBD, and 
bidirectional transport of TD-1473 and tofacitinib in Caco-2 cell 
monolayers are described in the Supplementary methods.

2.3.   Mouse studies
All ex vivo and in vivo mouse studies were conducted in 15–27 g 
Balb/C males [aged approximately 6–8  weeks] [Envigo] at 
Theravance Biopharma US, Inc., using protocols approved by its 
Institutional Animal Care and Use Committee. Mice were group 
housed in individually ventilated cages with pellet paper bedding 
and mouse igloos for enrichment; Envigo Teklad Global 18% pro-
tein rodent diet and water were provided ad libitum. All interven-
tions were performed during the light cycle, and mice were not fasted 
for this study. Measurement of inhibition of JAK-mediated signalling 
in mouse colon is described in the Supplementary methods.

2.3.1.   Oral pharmacokinetics in mice
These procedures are described in the Supplementary methods. 
Briefly, mice were orally dosed with TD-1473 or tofacitinib [10 mg/
kg]. At 0.25, 1, 2, 4, 6 and 24 h after dosing, animals were anaes-
thetized, and terminal blood samples and colon tissue samples were 
collected and processed to plasma and colon homogenate, respect-
ively. Plasma and colon concentrations of TD-1473 and tofacitinib 
were determined by liquid chromatography-tandem mass spec-
trometry [LC-MS/MS] analysis [details in the Supplementary 
methods].

2.3.2.   Oxazolone-induced colitis model
Mice were anaesthetized with isoflurane [2%], and oxazolone [4%, 
150 µL] or vehicle [4:1 acetone/olive oil] was applied to interscapular 
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skin. Seven days later, mice were anaesthetized with isoflurane 
[2–4%], and oxazolone [1%, 50 µL] or vehicle [1:1 ethanol/water] 
was injected intrarectally. Oral TD-1473 (0.1–30 mg/kg twice daily 
[BID]) or tofacitinib (5–30  mg/kg three times daily [TID]) or ve-
hicle (0.5% carboxymethylcellulose [CMC]) was initiated 1  day 
before intrarectal oxazolone challenge. Two days after intrarectal 
oxazolone, colitis disease activity index [DAI] and its subscores 
[stool consistency, gross bleeding, weight loss] were measured as pre-
viously described.10 Assessment of target engagement in mouse colon 
is described in the Supplementary methods.

2.3.3.   Splenocyte studies
Mice were dosed orally with TD-1473 [1, 10 and 100 mg/kg, BID], 
tofacitinib [10, 15 and 30  mg/kg, TID] or vehicle [0.5% CMC] 
BID or TID for 3 days. In an effort to demonstrate the gastrointes-
tinal selectivity of TD-1473 following oral administration, higher 
doses than those used in the oxazolone model were chosen for the 
splenocyte studies. The mice were killed via CO2 inhalation, and 
then spleens were removed and processed for counting of natural 
killer [NK] and T and B cells by flow cytometry [BD LSR II, FCS 
Express 4 Flow Research program, Becton Dickinson], as previ-
ously described.10

2.4.   Clinical studies
2.4.1.   Study design and treatment
The FTIH trial [clinicaltrials.gov NCT02657122] was a 
double-blind, placebo-controlled, randomized, single-ascending dose 
[SAD] and multiple-ascending dose [MAD] study in healthy subjects 
conducted at the Phase 1 unit (Celerion). Participants were sequen-
tially randomized to five single-dose cohorts receiving TD-1473 10, 
30, 100, 300 or 1000 mg, or placebo once, and four multiple-dose 
cohorts receiving TD-1473 10, 30, 100 or 300 mg, or placebo once 
daily for 14 consecutive days. The study drug was administered or-
ally under fasting conditions. Participants remained in the Phase 1 
unit throughout study drug administration. Each cohort included 
eight participants randomized to active drug or placebo [3:1], for a 
total of 40 SAD and 32 MAD subjects.

The Phase 1b study [clinicaltrials.gov NCT02818686] was a 
multicentre, randomized, double-blind, placebo-controlled study 
evaluating three doses of TD-1473 [20, 80 and 270 mg] adminis-
tered orally once daily after an overnight fast for 28  days in pa-
tients with moderately to severely active UC [Supplementary Figure 
1]. The selection of these dose levels was based on [1] pre-clinical 
models, which provided an estimated human efficacious dose range 
of 30–60 mg once daily and [2] the safety and PK data from the 
Phase 1 study in healthy subjects, with TD-1473 administered at 
doses up to 300 mg once daily. Three doses were selected in order 
to establish a dose–response relationship to inform the next stage of 
clinical development.

The study was conducted at six study centres, three in the US 
and three in Eastern Europe [Georgia, Moldova and Romania; one 
each]. Patients were enrolled sequentially into three cohorts random-
ized to receive TD-1473 20 mg vs placebo [10:3], TD-1473 80 mg 
vs placebo [10:4], or TD-1473 270 mg vs placebo [10:3]. Endoscopy 
was performed at screening [colonoscopy or sigmoidoscopy] and 
day 28 [sigmoidoscopy only], following two enemas without oral 
bowel preparation to minimize drug washout. There was an end-of-
study safety and biomarker assessment 14 days after the last dose of 
TD-1473 or placebo [day 42].

Both studies were approved by the Institutional Review Board 
and were conducted in agreement with the principles of the 

Declaration of Helsinki. Participants gave written consent. All au-
thors had access to the study data and reviewed and approved the 
final manuscript.

2.4.2.   Participants
In the FTIH study, healthy male and female adults [19–55 years old] 
were eligible to enroll subject to standard inclusion and exclusion 
criteria [Supplementary methods]. Eligible patients for the Phase 
1b study were male and female adults [18–75 years old] with UC 
diagnosed by endoscopy ≥3  months before screening and moder-
ately to severely active disease (Mayo rectal bleeding subscore ≥1, 
Mayo stool frequency subscore ≥1, and modified Mayo endoscopic 
subscore ≥2 [presence of any degree of friability was scored as 2 
points]) [Supplementary Table 1] with ≥10  cm of disease extent. 
Patients who received immunomodulators ≤28  days, tofacitinib 
or biologics ≤60 days [120 days for vedolizumab], or intravenous 
or rectal corticosteroids or rectal mesalamines ≤14  days before 
screening were ineligible.

2.4.3.   Samples collected
In the FTIH study, blood samples were collected from predose to 
72 h postdose for the SAD portion; in the MAD portion, blood was 
collected predose to 24 h after the day 1 dose; predose on days 1, 2, 
3, 5, 7, 9 and 11; and predose to 72 h after the day 14 dose. In the 
Phase 1b study, blood samples were collected predose and 0.5, 1, 2 
and 4 h postdose on days 1 and 14; and once on day 28 after the pa-
tient took TD-1473 at home, without regard to time of day. Sigmoid 
colon and rectal tissues were obtained at screening and from day 28 
endoscopies. Stool samples were collected on days 1 and 28.

2.4.4.   Pharmacokinetic analysis
Plasma and colonic tissue concentrations of TD-1473 were deter-
mined using high-performance LC-MS/MS methods [details in 
Supplementary methods].

2.4.5.   Pharmacodynamic analysis
Frozen biopsy tissues were lysed and levels of pSTAT1 and pSTAT3 
were measured by enzyme-linked immunosorbent assay as previ-
ously described.11

2.4.6.   Efficacy assessments
Phase 1b study clinical efficacy assessments included changes in total 
and partial Mayo scores and rates of clinical response, clinical re-
mission, improvement in Mayo subscores, and endoscopic improve-
ment assessed on days 1, 14 and 28 [endoscopy on day 1 and 28 
only] [Supplementary Table 1]. Stool frequency and rectal bleeding 
subscores on days 1, 14 and 28 were determined from patient daily 
diaries. Luminal and systemic signs of inflammation were assessed via 
faecal calprotectin [predose and day 28] and serum C-reactive protein 
[CRP; screening part 2 and days 1, 14, 28 and 42] levels, respectively. 
Histological disease activity, measured by the Robarts Histopathology 
Index [RHI] and Geboes score,12 was assessed in colonic biopsies at 
screening and day 28. Endoscopic subscore and histological indices 
were evaluated by central readers [Robarts Clinical Trials]. Summaries 
of clinical response, endoscopic response (terminology updated from 
“mucosal healing” in study protocol), improvement in rectal bleeding 
subscore, and improvement in endoscopic subscore (terminology up-
dated from “endoscopic response” in study protocol) imputed missing 
data as treatment failure. Otherwise, summaries (including stool fre-
quency and Physician Global Assessment [PGA] subscores, partial 
Mayo Score, and total Mayo score) were based on collected data.

1204� W. J. Sandborn et al.
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2.4.7.   Safety and tolerability
In both studies, safety and tolerability were monitored at screening, 
during study drug administration and at follow up 2  weeks after 
the last dose of the study drug. Safety assessments in both human 
studies included: serum electrolytes, blood urea nitrogen, creatinine, 
hepatic panel and creatinine phosphokinase; complete blood count 
with differential; fasting lipid panel; vital signs; and 12-lead elec-
trocardiograms [ECGs]. In the Phase 1b study, peripheral blood 
immunophenotyping was performed to assess absolute numbers of 
NK cells and T and B lymphocytes.

2.5.   Statistical analysis
In vitro and ex vivo assay results and clinical PK parameters were 
summarized using descriptive statistics; no formal hypothesis 
testing was performed. Composite PK parameters for TD-1473 and 
tofacitinib in mice and PK parameters for TD-1473 in human sam-
ples were determined by non-compartmental analysis using Phoenix 
WinNonlin Version 6 [Certara USA, Inc.].

In mouse oxazolone-induced colitis studies, DAI and 
subscores for each animal were normalized to the control mean 
[i.e. vehicle/vehicle and vehicle/oxazolone] in each study to fa-
cilitate combining data and comparing activities of TD-1473 
and tofacitinib. The DAI and subscores of the vehicle/vehicle 
and vehicle/oxazolone groups were compared using Student’s 
unpaired t-test. Scores were compared between the vehicle/
oxazolone and TD-1473 or tofacitinib/oxazolone groups using 
one-way analysis of variance [ANOVA] with a Fisher’s Least 
Significant Difference [LSD] post hoc test. Splenic cell numbers 
were compared using one-way ANOVA with Fisher’s LSD post 
hoc test. For all mouse studies, statistical significance was de-
fined as p ≤ 0.05.

The Phase 1b clinical study efficacy and safety results in patients 
with UC were summarized using descriptive statistics. No formal 
hypothesis testing was performed.

3.   Results

3.1.   Preclinical studies
3.1.1.   Potency at human recombinant Janus kinases
The mean  ±  standard deviation [SD] TD-1473 inhibitory po-
tency (−log10 dissociation constant [pKi] values) for human recom-
binant JAK1, JAK2, JAK3 and TYK2, respectively, were 10.0 ± 0.1, 
10.0 ± 0.1, 8.8 ± 0.2 and 9.5 ± 0.1 [Supplementary Table 2]. The cor-
responding potencies for tofacitnib for human recombinant JAK1, 
JAK2, JAK3 and TYK2, respectively, were 9.1  ±  0.1, 9.1  ±  0.1, 
9.5 ± 0.2 and 7.9 ± 0.2 [all n = 10] [Supplementary Table 2]. The 
mean ± SD pKi values for mouse recombinant JAK1 for TD-1473 
[10.2 ± 0.1, n = 2] and tofacitinib [8.9 ± 0.1, n = 3] were similar to 
those for human JAK1.

3.1.2.   Human and mouse cellular Janus kinase inhibitory 
potency
TD-1473 produced potent JAK inhibition in a variety of functional 
assays comprising different cytokine/pSTAT combinations in human 
THP-1 monocytes, PBMCs or whole blood [Table  1]. TD-1473 
and tofacitinib potencies were generally similar except for 10-fold 
higher potency for TD-1473 vs tofacitinib for inhibition of IL-12-
induced phosphorylation of STAT4 in human CD3+ T cells [pIC50 6.9 
and 5.9, respectively] [Table 1]. TD-1473 and tofacitinib inhibited 
cytokine-induced phosphorylation of STAT1 in mouse primary co-
lonic epithelial cells; pIC50 values for inhibition against IL-6, IFNα 
and IFNγ were 7.3, 6.8 and 7.0 for TD-1473, and 7.9, 6.7 and 6.9 
for tofacitinib, respectively [Table 1]. Off-target activity of TD-1473 
in vitro is described in the Supplementary results and Supplementary 
Table 3. Results of screening for the potential of limited gastrointes-
tinal absorption in polarized Caco-2 cell monolayer assays are de-
scribed in the Supplementary results and Supplementary Table 4. 
TD-1473 demonstrated JAK inhibitory activity in ex vivo mouse 
colon and human IBD patient colonic tissue [Supplementary results].

Table 1.  Inhibitory potency for TD-1473 and tofacitinib with respect to cytokine-induced pSTAT, IL-8 or IFNγ elevation in human epithelial 
cells, monocytes, PBMCs or whole blood

Cell type Cytokine stimulus/end point JAK pairing Mean ± SD inhibitory potency [pIC50]

TD-1473 Tofacitinib

Human epithelial cells [HT-29] IL-13/pSTAT6 JAK1/JAK2 7.1 ± 0.2 [n = 9] 7.3 ± 0.1 [n = 14]
IL-13/IL-8 JAK1/JAK2 7.1 ± 0.3 [n = 4] 7.6 ± 0.2 [n = 12]

Human monocytes [THP1] IL-4/pSTAT6 JAK1/JAK3 7.5 ± 0.1 [n = 2] 7.4 ± 0.1 [n = 12]
IL-6/pSTAT3 JAK1/JAK2 7.3 ± 0.0 [n = 2] 7.5 ± 0.1 [n = 10]
GM-CSF/pSTAT5 JAK2/JAK2 7.0 ± 0.1 [n = 2] 6.8 ± 0.1 [n = 4]

Human PBMCs [T cells] IL-2 [+ anti-CD3]/pSTAT5 JAK1/JAK3 7.5 ± 0.4 [n = 5] 7.7 ± 0.3 [n = 5]
IL-4/pSTAT6 JAK1/JAK3 7.5 ± 0.3 [n = 8] 7.8 ± 0.3 [n = 8]
IL-6/pSTAT3 JAK1/JAK2 7.1 ± 0.3 [n = 4] 7.2 ± 0.3 [n = 4]
IFNα/pSTAT1 JAK1/TYK2 7.5 ± 0.1 [n = 6] 7.5 ± 0.2 [n = 6]
GM-CSF/pSTAT5 JAK2/JAK2 7.2 ± 0.3 [n = 2] 6.6 ± 0.2 [n = 3]
IL-12/pSTAT4 JAK2/TYK2 6.9 ± 0.1 [n = 4] 5.9 ± 0.2 [n = 4]
IL-2 [+ anti-CD3]/IFNγ JAK1/JAK3 7.2 ± 0.3 [n = 8] 7.5 ± 0.3 [n = 8]

Human whole blood GM-CSF/pSTAT5 JAK2/JAK2 6.7 ± 0.4 [n = 4] 6.9 ± 0.4 [n = 4]
Mouse colonic epithelial cells IL-6/pSTAT1 JAK1/JAK2 7.3 ± 0.0 [n = 2] 7.9 ± 0.3 [n = 3]

IFNα/pSTAT1 JAK1/TYK2 6.8 ± 0.1 [n = 2] 6.7 ± 0.1 [n = 3]
IFNγ/pSTAT1 JAK1/JAK2 7.0 ± 0.1 [n = 2] 6.9 ± 0.0 [n = 3]

CD, cluster of differentiation; GM-CSF, granulocyte-monocyte colony stimulating factor; JAK, Janus kinase; IFN, interferon; IL, interleukin; PBMCs, peripheral 
blood mononuclear cells; pIC50, −log10 concentration producing 50% maximal inhibition; pSTAT, phosphorylated signal transducer and activator of transcription; 
SD, standard deviation; TYK, tyrosine kinase 2.
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3.1.3.   Absorption of TD-1473 and tofacitinib: Evidence of gut 
selectivity of TD-1473
Following oral dosing of TD-1473 [10 mg/kg] in mice, plasma ex-
posure was limited at 0.5–6  h and below the limit of quantifica-
tion [BLQ; <0.00025 µM] by 24 h postdose. The maximal plasma 
concentration [Cmax] of 0.003  µM [0.00140  µg/mL] was observed 
1  h postdose [Figure  1A]. Colonic exposure was comparatively 
high, with Cmax of 9.168 µM [3.69 µg/g] at 3 h postdose [Table 2]; 
the colonic concentration was above the mouse colonic epithelial 
IL-6/pSTAT1 IC50 [0.05 µM, 0.020 µg/g] [Table 1], whereas plasma 
levels were approximately 100-fold below the IC50, from 1 to 6 h 
postdose. In contrast, tofacitinib [10 mg/kg] was rapidly absorbed 
following oral dosing, with plasma Cmax of 0.62 µM [0.193 µg/mL] 
at 30 min and colonic Cmax of 8.25 µM [2.57 µg/mL] at 2 h postdose 
[Figure 1B, Table 2]. Plasma and colonic tofacitinib levels were de-
tectable from 0.5 to 6 h but BLQ [0.00025 µM, 0.000078 µg/mL] 
by 24  h postdose. Tofacitinib colonic and plasma exposure were 
above the mouse colonic epithelial IL-6/pSTAT1 IC50 [0.013  µM, 
0.00406 µg/g] [Table 1] from 1 to 6 h postdose. The Cmax and area 
under the concentration–time curve [AUC] from 0 to 24 h colon/
plasma exposure ratios for TD-1473 [2636 and 3883, respectively] 
were markedly higher compared with corresponding values for 
tofacitinib [13 and 41, respectively].

3.1.4.   Efficacy in the oxazolone-induced colitis model
Oral dosing of TD-1473 [0.3–10  mg/kg, BID] and tofacitinib [10 
and 15 mg/kg, TID] attenuated the oxazolone-induced elevated DAI, 
reduction in body weight and stool consistency, and increase in stool 
blood content [Figure 2 and Supplementary Figure 2A–C]. TD-1473 
[1  mg/kg BID] and tofacitinib [10 and 15  mg/kg TID] achieved 
similar maximum inhibition, with U-shaped dose–response curves; 
the highest doses of tofacitinib and TD-1473 tested [i.e. 30 mg/kg] 
did not significantly attenuate the effects of oxazolone [Figure  2 
and Supplementary Figure 2A–C]. Orally administered TD-1473 
and tofacitinib [both 30  mg/kg BID] vs vehicle engaged JAK tar-
gets and significantly inhibited pSTAT3 levels in colonic mucosa of 
oxazolone-treated mice while preventing T cell infiltration into the 
mucosa [Supplementary results and Supplementary Figures 3 and 4].

3.1.5.   Effect of TD-1473 on splenic NK, B and T cell 
populations
Oral dosing of TD-1473 [1, 10 and 100 mg/kg BID; i.e. up to 100-
fold higher relative to the maximally effective dose in the oxazolone 
model] vs vehicle did not affect numbers of splenic NK, B or T 
cells, with statistically non-significant variations ranging from −4% 
to 14% [Figure  3]. Tofacitinib treatment [10, 15 and 30  mg/kg 
TID] did not affect splenic T and B cell numbers but resulted in a 

dose-dependent reduction in NK cell counts relative to vehicle by up 
to 60% [Figure 3].

3.2.   Clinical studies
3.2.1.   Disposition and baseline demographics
In the FTIH study in healthy subjects, 39/40 enrolled SAD partici-
pants and 31/32 enrolled MAD participants completed the study; 
two participants assigned to placebo withdrew from the study 
for reasons unrelated to treatment. In the SAD portion, 55% of 
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Figure 1.  Plasma and colon tissue homogenate levels of [A] TD-1473 and [B] 
tofacitinib following oral administration of TD-1473 [10 mg/kg] or tofacitinib 
[10  mg/kg] to mice. Data are expressed as mean  ±  SD [n  =  4]. Samples 
collected from 0 to 24 h; lower limit of quantification = 0.00025 µM plasma or 
colon. IC50, concentration producing 50% maximal inhibition of mouse colonic 
epithelium interleukin-6/phosphorylated signal transducer and activator of 
transcription [STAT]-1 signalling; JAK, Janus kinase; SD, standard deviation.

Table 2.  Composite TD-1473 and tofacitinib plasma and colonic tissue pharmacokinetic parameters [n = 4 per time point] following oral 
administration of TD-1473 [10 mg/kg] or tofacitinib [10 mg/kg] in male Balb/c mice.

Analyte TD-1473 Tofacitinib

Dose 10 mg/kg 10 mg/kg
Matrix Plasma Colon Plasma Colon
Cmax [µM] 0.003 ± 0.002 9.168 ± 10.293 0.62 ± 0.075 8.252 ± 2.740
AUC [µM·h] 0.006 ± 0.002 22.186 ± 21.888 0.720 ± 0.117 29.385 ± 14.597
Tissue/plasma ratio [Cmax] 2636 13
Tissue/plasma ratio [AUC] 3883 41

Cmax and AUC values are expressed as the mean ± SD.
AUC, area under the concentration–time curve; Cmax, maximal plasma concentration; SD, standard deviation.
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participants were male with a mean ± SD age of 32 ± 10.25 years 
and mean body mass index [BMI] of 25.9  kg/m2. In the MAD 
portion, 78% of participants were male with mean  ±  SD age of 
31.7  ±  8.66  years and mean BMI of 26.3  kg/m2. Baseline demo-
graphics are shown in Supplementary Table 5.

In the Phase 1b study in patients with moderately to severely 
active UC, 39/40 enrolled patients completed the study; one pa-
tient discontinued TD-1473 20 mg on day 5 due to lack of efficacy 
and was hospitalized for UC exacerbation on day 7. The majority 
were male [65%] and White [95%] [Supplementary Table 6]. 
Mean ± SD age was 43.8 ± 12.28 years and mean BMI was 27.1 kg/
m2 across treatment arms. Median time since UC diagnosis ranged 
from 2.9 to 5.0  years across treatment arms; individual patient 

range was 0.3–21.4 years [Supplementary Table 6]. None of the re-
cruited patients received immunomodulators or anti-TNF therapies 
≤60  days before screening. However, 5/40 patients previously re-
ceived immunomodulators and 2/40 underwent anti-TNF antibody 
therapy; all were randomized to TD-1473. Concomitant steroid 
treatment was used in 60% of patients receiving TD-1473 80 mg 
and 22%–30% of patients across the remaining treatment arms. 
Baseline disease extent and biomarker levels varied, with a tendency 
toward longer extent of disease in those receiving TD-1473 270 mg 
vs other treatment arms.

3.2.2.   Pharmacokinetics of TD-1473
In the FTIH study, plasma TD-1473 after single dosing was low 
but detectable at 12 h postdose in all but one participant receiving 
TD-1473 10 mg, and detectable at 72 h postdose in one participant 
receiving TD-1473 30  mg and all participants receiving TD-1473 
100–1000 mg. Plasma PK parameters are shown in Supplementary 
Table 7. After multiple dosing, plasma TD-1473 concentrations were 
low but detectable at 12 h postdose on days 1 and 14 [Figure 4A] 
except in two participants receiving TD-1473 10 mg on day 1. All 
available plasma samples from participants receiving TD-1473 
30–300 mg had detectable TD-1473 concentrations at 72 h postdose 
on days 1 and 14. PK parameters after the initial MAD dose were 
comparable to SAD results; TD-1473 Cmax accumulation ratio [day 
14/day 1] ranged from 0.516 to 2.27, and TD-1473 AUC accumula-
tion ratio ranged from 1.34 to 1.69 [Supplementary Table 7].

In the Phase 1b study in UC patients, plasma TD-1473 levels 
were also low following oral administration at all dose levels, with 
a median time to maximal plasma concentration of approximately 
1 h [Figure 4B]. Plasma concentrations of TD-1473 following once-
daily oral TD-1473 20, 80 or 270 mg for 28 days were similar to 
FTIH study results and low relative to JAK IC50 values [Figure 4B]. 
Individual plasma trough concentrations on day 14 were BLQ in 
4/9 patients receiving TD-1473 20 mg, and geometric mean trough 
concentrations on day 14 in subjects receiving TD-1473 80 and 
270 mg were 3.57% and 5.79%, respectively, of the corresponding 
Cmax values [Supplementary Table 8]. Little to no plasma accumula-
tion of TD-1473 was observed after once-daily multiple dosing; geo-
metric mean Cmax and AUC from 0 to 4 h [AUC0-4] values in subjects 
receiving TD-1473 20 and 270  mg were similar or slightly lower 
on day 14 relative to day 1 [Supplementary Table 8]. In subjects 
receiving TD-1473 80 mg, geometric mean AUC0-4 was similar be-
tween days 1 and 14, but geometric mean Cmax was approximately 
40% higher on day 14 relative to day 1 [Supplementary Table 8].

Geometric mean colonic tissue concentrations [average of 
sigmoid and rectum samples] on day 28 were 4090, 65  300 and 
43 500 pg/mL in patients receiving TD-1473 20, 80 and 270 mg, 
respectively [Figure 4C]. Subjects receiving TD-1473 80 and 270 mg 
had high tissue/plasma concentration ratios [day 28 tissue relative to 
day 14 plasma trough concentration] of approximately 802 and 62. 
The tissue/plasma ratio for 20 mg TD-1473 was not estimable due 
to BLQ plasma trough concentrations.

3.3.   Pharmacodynamic effects of TD-1473
Levels of pSTAT1 and pSTAT3 in lysate prepared from tissue biopsy 
at baseline and week 4 were used as pharmacodynamic markers 
for JAK inhibition. Because pSTAT expression levels generally vary 
among individuals and over time, the treatment effect for each 
cohort was assessed using the geometric mean  ±  95% confidence 
interval. In TD-1473-treated patients, pSTAT levels at week 4 were 
either stable [following TD-1473 80  mg] or reduced [following 
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Figure 2.  Effects of orally dosed [A] TD-1473 [0.1–30  mg/kg BID] and [B] 
tofacitinib [5–30  mg/kg TID] on the disease activity index following Oxa 
challenge to sensitized mice. Data are expressed as mean ± SD [n = 5–34]. 
****p < 0.0001 vs Veh/Veh using Student’s unpaired t-test; #p < 0.05 vs Veh/
Oxa using one-way ANOVA with Fisher’s LSD; ##p < 0.01 vs Veh/Oxa using 
one-way ANOVA with Fisher’s LSD; ###p < 0.001 vs Veh/Oxa using one-way 
ANOVA with Fisher’s LSD; ####p < 0.0001 vs Veh/Oxa using one-way ANOVA 
with Fisher’s LSD. ANOVA, analysis of variance; BID, twice daily; LSD, least 
significant difference; Oxa, oxazolone; SD, standard deviation; TID, three 
times daily; Veh, vehicle.
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TD-1473 20 and 270 mg] relative to baseline; in contrast, pSTAT 
levels increased from baseline to week 4 in placebo-treated patients 
[Supplementary Figure 5].

3.3.1.   Descriptive analyses of the efficacy of TD-1473
As the Phase 1b study was not powered for efficacy analyses, all 
comparisons are descriptive, and no formal statistical analyses 
were performed. For this reason, all efficacy data are exploratory. 
With this caveat, the descriptive analyses demonstrated numeric-
ally higher rates of clinical response by total Mayo score, endo-
scopic response and endoscopic improvement in patients receiving 
TD-1473 [all doses] vs placebo at day 28 [Figure  5A]; numer-
ically more frequent improvement in rectal bleeding following 
TD-1473 80 and 270 mg at day 28 vs placebo [Figure 5B]; nu-
merically larger reductions from baseline in rectal bleeding in pa-
tients receiving TD-1473 [all doses] at day 14 and TD-1473 80 
and 270 mg at day 28 vs placebo [Supplementary Table 9]; and 

numerically greater decreases in the modified Mayo endoscopic 
subscores from baseline to day 28 in patients receiving TD-1473 
20, 80 and 270 mg vs placebo [Supplementary Table 9]. Reduction 
in stool frequency from baseline was similar or smaller in patients 
receiving all doses of TD-1473 compared with placebo-treated pa-
tients [Supplementary Table 9]. Only patients receiving TD-1473 
270 mg had numerically larger reduction in PGA subscore com-
pared with patients receiving placebo [Supplementary Table 9]. 
Similarly, numerically greater mean improvement in composite 
clinical scores [including total and partial Mayo scores] over time 
occurred following TD-1473 270 mg vs placebo [Supplementary 
Table 10]. No patient achieved clinical remission after the 28-day 
treatment. Both Geboes score and RHI showed trends for larger 
reductions from baseline following treatment with TD-1473 20 
and 270  mg, but not TD-1473 80  mg, vs placebo [Figure  5C 
and Supplementary Table 11]; notably, 3/10 patients receiving 
TD-1473 80 mg had RHI scores of 0 and Geboes’ major grade of 
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Figure 3.  Effects of orally dosed TD-1473 [1, 10 and 100 mg/kg BID] and tofacitinib [5, 10, 15 and 30 mg/kg TID] on splenic NK, T and B cells following 3 days 
of dosing to mice. All data are expressed as mean ± SD [n = 5–8]. All statistical analyses used one-way ANOVA with Fisher’s LSD. **p = 0.003 vs vehicle; 
***p = 0.0004 vs vehicle; ****p < 0.0001 vs vehicle. ANOVA, analysis of variance; BID, twice daily; LSD, least significant difference; NK, natural killer; SD, 
standard deviation; TID, three times daily.
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2A or less at screening, inconsistent with their respective screening 
endoscopic subscores of 2.

The proportion of patients demonstrating a reduction in faecal 
calprotectin level—either ≥75% reduction or faecal calprotectin 
level reduced from >150 mg/L on day 1 to ≤150 mg/L on day 28—
was numerically higher in patients receiving TD-1473 80 or 270 mg 
[38% and 45%, respectively] vs placebo or TD-1473 20 mg [25% 
and 22%, respectively] [Figure 6A]. Serum CRP levels numerically 
decreased from baseline during treatment with TD-1473 vs placebo; 
a treatment effect was evident by day 14 and increased further by 
day 28, followed by a rebound in serum CRP levels 14 days after the 
last dose [day 42] [Figure 6B]. Reductions in serum CRP were largest 
in patients receiving TD-1473 270 mg relative to other treatments.

3.3.2.   Safety of TD-1473
In the FTIH study, TD-1473 was generally well tolerated as a single 
dose up to 1000 mg and continuous daily doses up to 300 mg for 
14  days. There were no clinically meaningful treatment-emergent 
AEs [TEAEs] or changes in vital signs, clinical laboratory or ECG 
parameters in participants receiving TD-1473 vs placebo; details are 
presented in the Supplementary results and Supplementary Table 12.

In the Phase 1b study, TD-1473 was generally well tolerated. 
TEAEs were reported in <50% of patients, with similar incidence 
between TD-1473 treatment arms [38.7% overall] and placebo 
[44.4%] [Supplementary results and Supplementary Table 13].

There were no vital sign or ECG changes related to study 
treatment. TD-1473 treatment did not adversely affect laboratory 
parameters, including haematological [haemoglobin, reticulocytes, 
leukocytes and leukocyte subsets], renal and hepatic parameters; 
creatinine phosphokinase; and lipid parameters including total chol-
esterol and triglyceride levels. High variation in high-density lipo-
protein [HDL] and LDL cholesterol levels was observed between 
biweekly measurements in patients receiving placebo [Supplementary 
Figure 6A, E]. Per-patient changes in HDL cholesterol levels fol-
lowing treatment with TD-1473 were within the biological variation 
for HDL cholesterol informed by placebo-treated patients, except 
in one patient treated with TD-1473 270 mg who demonstrated an 
increase in HDL cholesterol beyond normal variation on day 14 but 
not day 28 or 42 [Supplementary Figure 6B–D]. One patient each re-
ceiving placebo and TD-1473 80 mg had an increase in LDL choles-
terol beyond the upper limit of biological variation [Supplementary 
Figure 6F, G]. No patient receiving TD-1473 270  mg had post-
treatment change in LDL cholesterol greater than biological vari-
ation in placebo-treated patients [Supplementary Figure 6H].

4.   Discussion

TD-1473 was designed as an orally administered, gut-selective, po-
tent, pan-JAK inhibitor to treat IBD locally while minimizing potential 
for AEs associated with systemic exposure. This was achieved through 
application of structure-based drug design, in conjunction with a 
physicochemical property-focused strategy to optimally balance cel-
lular penetration and inhibition of the JAK targets in gastrointestinal 
tissue, while simultaneously minimizing the potential for systemic ab-
sorption [Supplementary results and Supplementary Table 4].

Like tofacitinib, TD-1473 inhibited JAK1, JAK2, JAK3 and 
TYK2 in vitro, decreased JAK-dependent responses in mouse and 
human cells, and, consistent with its PK profile, reduced JAK-
mediated signalling in inflamed colonic tissue from mice and from 
human patients with IBD.
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Figure 4.  Concentrations of TD-1473 following oral administration. [A] Steady-
state plasma concentrations on day 14 in first-time-in-human study; [B] steady-
state plasma concentrations on day 14 in Phase 1b UC study; [C] colonic 
tissue concentrations on day 28 in Phase 1b study. Geometric mean [95% 
confidence interval] TD-1473 colonic tissue concentration was 4090 [2270–
7380] pg/g, 65 300 [28 200–151 000] pg/g, and 43 500 [15 200–124 000] pg/g 
for TD-1473 20, 80 and 270  mg, respectively. Grey shading represents IC50 
values [nM] of cellular cytokine/pSTAT assays in human epithelial and 
immune cells representing all JAK pairings [compare to Table 1]. IC50, 50% of 
the concentration producing half-maximal inhibition; JAK, Janus kinase; QD, 
once daily; SD, standard deviation; UC, ulcerative colitis.
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Compared with tofacitinib, TD-1473 demonstrated approxi-
mately 40-fold stronger potency for TYK2. Because IL-23 and IL-12 
signal via JAK2 and TYK2 but not JAK1 or JAK3,2 a pan-JAK in-
hibitor with higher potency for TYK2 might provide additional 

clinical benefits. These include potential for modulation of IL-12/
IL-23-mediated inflammation through TYK2, which raises the pos-
sibility for TD-1473 to be effective in treating Crohn’s disease as 
seen for ustekinumab, an anti-IL-12/IL-23 monoclonal antibody.13 
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Figure 5.  Efficacy of TD-1473 in subjects with moderately to severely active ulcerative colitis. [A] Rates of clinical response and endoscopic response on day 28; 
[B] rates of modified Mayo endoscopic and Mayo rectal bleeding subscore improvement from baseline at day 28; [C] change in Robarts Histopathology Index 
from baseline to day 28. Clinical response, decrease in total Mayo score of ≥3 points and ≥30% with decrease in rectal bleeding subscore by ≥1 or an absolute 
rectal bleeding subscore of ≤1. Endoscopic response, endoscopic subscore of ≤1. Endoscopic and rectal bleeding subscore improvement, reduction by ≥1 point. 
SD, standard deviation.
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As expected, TD-1473 reduced JAK-dependent responses in mouse 
and human cells, with approximately 10-fold higher potency over 
tofacitinib for inhibiting IL-12-induced pSTAT4 via JAK2/TYK2 
signalling in human whole blood.

Oral administration to mice yielded markedly higher colon/
plasma exposure ratios for TD-1473 vs tofacitinib; TD-1473 con-
centrations were well above the ex vivo IC50 values in colon but 
100-fold below plasma levels. Consistent with low systemic ex-
posure, treatment with TD-1473, unlike tofacitinib, did not reduce 
NK cell numbers in mice compared with vehicle. The highest dose 
of TD-1473 evaluated in the splenocyte model [i.e. 100 mg/kg] was 
100-fold higher than the maximally efficacious dose in the mouse 
oxazolone colitis model.

As these preclinical results supported the anticipated gut select-
ivity, potency and anti-inflammatory activity of TD-1473, the de-
velopment programme progressed to an FTIH SAD–MAD study to 
assess PK and safety in healthy human subjects. Plasma concentra-
tions of TD-1473 were low and a favourable safety profile was ob-
served following individual doses up to 1000 mg and multiple doses 
up to 300 mg.

Proceeding with the planned translational progression, the Phase 
1b study examined TD-1473 activity in patients with moderately 
to severely active UC. Plasma PK in these patients was consistent 
with results from healthy subjects, and colonic tissue exposure was 
within the range of cellular JAK IC50 values. Despite the 28-day 
study period, which may be too short to allow clinical remission, 
TD-1473 demonstrated descriptive evidence of numerical trends to-
ward reduced colonic and systemic inflammation vs placebo. The 
safety profile remained favourable, with no change from baseline 
in leukocyte or reticulocyte counts and a reassuring lipid profile. 
Collectively, these results validate TD-1473 as a gut-selective pan-
JAK inhibitor that can accumulate in the colon of patients with UC 

at concentrations sufficient to inhibit pSTAT signalling. These pre-
clinical results and Phase 1 clinical data in healthy subjects and pa-
tients with UC provide a rationale for further evaluation of TD-1473 
in patients with IBD. Phase 2/3 clinical trials of TD-1473 in patients 
with UC and a Phase 2 study in Crohn’s disease are now underway 
to better characterize the clinical efficacy of this novel therapeutic 
approach.

Successful approaches to gut-selective drug action in IBD 
treatment include delayed release or rectal administration of 
5-aminosalicylates14 or steroids such as budesonide,15 and biochem-
ical targeting of vedolizumab to a gut-restricted integrin.16 Limiting 
bioavailability by decreasing gastrointestinal absorption and/or 
increasing susceptibility to gastrointestinal or hepatic metabolism 
is also feasible.17 TD-1473 was discovered through application of 
structure-based drug design, in conjunction with a physicochemical 
property-focused strategy to afford a gut-selective profile. In both 
mice and humans, oral administration of TD-1473 achieved high 
colon tissue exposures with low systemic concentrations, even in the 
setting of colonic inflammation.

Consistent with preclinical results, descriptive efficacy results of 
the Phase 1b study showed numerical trends toward higher rates of 
clinical response, endoscopic response and endoscopic improvement, 
and decreased serum CRP levels, following all doses of TD-1473 
vs placebo at day 28. Rectal bleeding subscores also decreased to 
a numerically greater extent from baseline to day 14 following all 
doses of TD-1473 vs placebo, suggesting potential onset of TD-1473 
action within 2 weeks. Mean changes in clinical scores from base-
line numerically favoured TD-1473 270 mg vs placebo. In patients 
receiving lower doses of TD-1473 vs placebo, changes from base-
line were generally favourable for rectal bleeding and endoscopy 
subscores but mixed for stool frequency and PGA subscores. Of 
note, rectal bleeding has been shown to correlate better than stool 
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frequency with endoscopic response and remission, presumably due 
to multiple potential factors beyond UC activity that could affect 
stool frequency.18 Mixed results for stool frequency and PGA in 
the current study are likely to be due to high rates of placebo re-
sponse and small sample size. These results demonstrate that these 
subscores may not be useful end points in early-phase clinical trials 
with small populations. An inconsistent dose effect was observed in 
histological end points, which trended toward greater improvement 
with TD-1473 20 and 270 mg but not 80 mg vs placebo. Histological 
results for patients receiving TD-1473 80 mg were potentially con-
founded by low pretreatment histological scores inconsistent with 
pretreatment endoscopic scores in 3/10 patients, which suggested 
their screening endoscopy biopsies were possibly not taken from the 
area of worst inflammation. Overall, despite the limitations of the 
Phase 1b UC study—including small sample size, which precluded 
formal statistical analysis, and short treatment duration—the data 
generally showed numerical trends toward TD-1473 clinical activity 
after only 4 weeks of treatment.

Chronic tofacitinib use is associated with reduced haemoglobin 
level and immune cell counts, and increased infection risk.5 TD-1473 
treatment did not decrease immune cell counts in mice or humans. 
There were no reductions in leukocytes or leukocyte subsets or haemo-
globin level in patients treated with TD-1473 compared with placebo. 
Systemically available JAK inhibitors, including tofacitinib, baricitinib, 
upadacitinib and filgotinib, have been associated with increases in total, 
LDL and/or HDL cholesterol levels within 2–4 weeks of treatment in 
patients with rheumatoid arthritis.4,5,19–21 The present study showed 
no dose-related adverse changes in total cholesterol, HDL cholesterol, 
LDL cholesterol or triglyceride levels after treatment with TD-1473 
for up to 4  weeks. In the Phase 1b study, mean HDL cholesterol 
seemed to increase from baseline to day 28 with increasing TD-1473 
dose. However, changes in most individuals were within expected bio-
logical variation in HDL cholesterol based on placebo-treated patients, 
and changes in LDL cholesterol levels were also within the range of 
intrastudy variability. Taken together, clinical study data suggest the 
low plasma exposure of TD-1473 limits changes in lipid parameters 
observed with systemically bioavailable JAK inhibitors.

In conclusion, TD-1473 exhibited gut-selective pharmacology 
with low systemic oral bioavailability, and high colon tissue expos-
ures within the range of cellular JAK IC50 values. Oral administra-
tion of TD-1473 decreased oxazolone-induced colitis disease activity 
in mice, and descriptive analyses suggested numerical trends toward 
clinical efficacy in patients with UC. TD-1473 treatment did not re-
duce leukocyte subset counts in mice and was generally well tol-
erated in healthy human participants and patients with UC for up 
to 4 weeks, with no clinically significant changes in haematological 
or lipid parameters. These results demonstrate the potential of gut-
selective pan-JAK inhibition for treatment of IBD. Clinical studies 
are underway to evaluate the clinical efficacy and safety of TD-1473 
in UC and Crohn’s disease.
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