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treatment period where the efficacy was evaluated. The primary endpoint was the dif-
ference in slope of %FVC decline at Week 13 from baseline. Safety was also evaluated.

Results: Between June 2018 and July 2019, 46 patients were enrolled, and 30 (65.2%) patients
completed the 13-week treatment. Of these, 22 (47.8%) proceeded to extension treatment.
For the primary endpoint, TAS-115 treatment lowered the slope of the %FVC decline of
0.0750%/day (95% confidence interval: 0.0341-0.1158%/day) at Week 13. Efficacy was also
demonstrated at Week 26. Treatment-related adverse events were reported in 40 (88.9%)
patients, but most were manageable by dose reduction, dose interruption, or symptomatic

Conclusions: TAS-115 treatment was effective, assessed using intra-patient change in slope
of %FVC decline as a surrogate endpoint in patients with IPF pre-treated with pirfenidone

or nintedanib and treatment-naive patients. TAS-115 showed acceptable tolerability and a

Trial registration: Japic-Clinical Trials Information, JapicCTI-183898 (first registered: March

© 2023 [The Author/The Authors] Published by Elsevier B.V. on behalf of The Japanese
Respiratory Society. This is an open access article under the CC BY-NC-ND license (http://

creativecommons.org/licenses/by-nc-nd/4.0/).

TAS-115 is an oral multi-kinase inhibitor that competes

Phase 2
treatment.
manageable safety profile.
15, 2018).

1. Introduction

Idiopathic pulmonary fibrosis (IPF) is the most common type
of idiopathic interstitial pneumonia, showing chronic, pro-
gressive fibrogenesis in the lungs [1,2]. The incidence of IPF
has been reported to be 2.8—18 per 100,000 worldwide [1-3].
Patients with IPF show gradual deterioration of respiratory
function, leading to a poor prognosis and survival time of
33-51 months [1-3].

The cause of IPF is not clear, but persistent damage to
alveolar epithelial cells, precipitated by a range of factors,
contributes to the activation of profibrotic responses. These
responses include enhanced production of platelet-derived
growth factor (PDGF) and transforming growth factor-f by
immune cells, such as macrophages or lymphocytes, injured
alveolar epithelial cells, and fibrocytes [4,5]. Profibrotic re-
sponses activate lung fibroblast and myofibroblast differen-
tiation, inducing the deposition of pathological matrixes in
the lungs [5]. In Japan, pirfenidone and nintedanib are
currently used for the treatment of IPF [6-8]. However, these
antifibrotic drugs are not sufficiently effective; >40% of pa-
tients treated with pirfenidone or nintedanib had a >5%
annual decline in forced vital capacity (FVC) [9-11].
Furthermore, treatment-related adverse events (TRAEs),
including gastrointestinal intolerance, rash, and photosen-
sitivity with pirfenidone and diarrhea and hepatic enzyme
elevation with nintedanib, require dose reduction, drug
suspension, or symptom management [12,13]. International
guidelines on the treatment of IPF recommend the adminis-
tration of pirfenidone and nintedanib; however, this recom-
mendation is conditional due to less than moderate
confidence in effect estimates [14]. In addition, no clinical
studies of second line agents for use after pirfenidone and
nintedanib have been evaluated, and no further drugs are
available. Therefore, there is a clear need for treatment op-
tions for IPF following pirfenidone and nintedanib.

with adenosine triphosphate and exhibits an inhibitory effect
on PDGF receptor (PDGFR), vascular endothelial growth factor
receptor (VEGFR), colony stimulating factor-1 receptor (FMSR),
and other receptors [15]. The potent inhibition of PDGFR and
VEGEFR blocks the proliferation and migration of fibroblasts,
and FMSR inhibition suppresses macrophage activation that
promotes fibrosis. Previous studies have shown that TAS-115
inhibition of PDGFR phosphorylation and profibrotic func-
tion of lung fibroblasts in vitro to a degree comparable or su-
perior to nintedanib [15]. In a bleomycin-induced pulmonary
fibrosis model in mice, TAS-115 significantly inhibited the
development of pulmonary fibrosis and collagen deposition
[15]. A phase 1 clinical trial of TAS-115 in patients with cancer
reported that the most common TRAEs were laboratory ab-
normalities, gastrointestinal symptoms, general disorders
and skin disorders [16], indicating a profile different from
those of pirfenidone and nintedanib.

Based on these findings, we performed an exploratory
phase 2 clinical trial of TAS-115 to evaluate its therapeutic
effect and safety in patients with IPF [17].

2. Patients and methods
2.1. Study design and ethics

This open-label, non-randomized, multi-center, exploratory
phase 2 study of TAS-115 was completed at ten sites in Japan
from April 2018 to June 2020. The study protocol was based on
a previously described method [17]. The study was conducted
in accordance with ethical principles of or derived from the
Declaration of Helsinki and Good Clinical Practice guidelines.
The study protocol and informed consent form were approved
by the institutional review board at each participating study
site. All patients gave written informed consent before initi-
ation of any study-specific procedures.
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2.2. Patients

Eligibility was described in the previous report [17]. Briefly, we
enrolled patients aged 40—80 years who were diagnosed with
IPF within the preceding 5 years, based on the guidelines from
the 2011 American Thoracic Society, European Respiratory
Society, Japanese Respiratory Society, and Latin American
Thoracic Association. Other key inclusion criteria were IPF
patients whose %FVC and diffusing capacity of the lungs for
carbon monoxide (DLco) were >50% and >30% predicted,
respectively. Patients met one or more of the following pre-
treatment conditions: (1) monotherapy with either pirfeni-
done or nintedanib had been continued for >3 months as IPF
treatment, and %FVC had declined >5% within the previous 6
months; (2) monotherapy with pirfenidone or nintedanib was
discontinued due to safety concerns, and a %FVC decline was
identified during the previous 3 months; or (3) the patient had
not been treated with pirfenidone or nintedanib, did not
request treatment with these drugs, and a %FVC decline >5%
during the previous 6 months.

2.3. Procedures

The study consisted of three cohorts: patients previously
treated with pirfenidone (Cohort P) or nintedanib (Cohort N),
and pirfenidone—nintedanib treatment-naive patients
(Cohort U; Supplementary Fig. S1). A single oral dose of 200 mg
TAS-115 was administered daily. The dosing regimen was 5-
day on and 2-day off per week, repeated for 13 weeks. After
the 13-week treatment period, patients entered a 13-week
extension treatment period if the slope of %FVC decline at
Week 13 was lower than that at baseline. The dosage of TAS-
115 was reduced in the event of severe TRAEs that did not
remit or resolve after symptomatic treatment.

The primary endpoint was the difference in the rate of
change of %FVC (slope of %FVC decline) at Week 13 compared
with the baseline (Supplementary Fig. S2). The treatment was
considered effective when the slope of the decline in %FVC
during the evaluation period was lower than that at baseline.
Key secondary endpoints were: (1) difference in slope of %FVC
decline at Week 6 and 26 compared with the baseline; (2)
proportion of %FVC responders at Week 6, 13, and 26. Re-
sponders were defined as patients with an absolute reduction
of %FVC <5% and <10%; and (3) change in %FVC, FVC, VC, and
%DLco from baseline levels at Week 6, 13, and 26. As an
exploratory endpoint, lung fibrosis scores were assessed
based on high-resolution computed tomography (HRCT) using
a data-driven texture analysis (DTA) with independent central
radiological review. The extent of fibrotic abnormality was
calculated as the percentage of total lung volume classified as
fibrotic at baseline, Week 13, and Week 26 by DTA.

2.4. Statistical analysis

Analyses of the primary and secondary endpoints were per-
formed on the per protocol set (PPS). Summary statistics of
variables relative to baseline were calculated at Week 6, 13,
and 26. The change in %FVC, FVC, VC, and %DLco were
calculated using a simple regression model. Correlation co-
efficients between %FVC and DTA fibrosis score at baseline,

Week 13, and Week 26 were analyzed by Pearson's method.
Correlations were analyzed between the change from baseline
in %FVC at Week 13 or Week 26, and the DTA fibrosis score.
Safety was assessed in all treated patients who received at
least one dose of TAS-115. All analyses were performed using
SAS ver. 9.4 and SAS/STAT 15.1 for Windows (SAS Institute,
Cary, NC, USA).

3. Results

Among the 46 enrolled patients, 30 (65.2%) patients completed
the 13-week treatment with TAS-115, and 22 (47.8%) patients
entered the extension treatment period. A total of 45 (97.8%)
patients received TAS-115 and 31 (67.4%) patients were
included in the PPS (Fig. 1). The demographics and other
baseline characteristics were similar among the cohorts in the
PPS population (Table 1). The reasons for discontinuation of
prior pharmacotherapy were disease progression and adverse
events (AEs). The mean adherence in the PPS was 90.2% at
Week 13 and 89.0% at Week 26. The median relative dose in-
tensities at Week 13 and 26 were 87.7% and 68.9%,
respectively.

For the primary endpoint, the mean (standard deviation;
SD) slope of %FVC decline at baseline and Week 13 were
—0.0798 (0.0646) and —0.0049 (0.0665), respectively (Table 2).
The mean (SD) difference in the slope of %FVC decline from
baseline at Week 13 was 0.0750 (0.1113)%/day (95% CI: 0.0341,
0.1158%/day). The difference in the slope of %FVC decline
from baseline at Week 13 was positive compared to that at
baseline. The individual changes in the estimated %FVC dur-
ing the 13-week treatment with TAS-115 are shown in
Fig. 2(A). In patients who had three or more %FVC data at
baseline, the mean (SD) estimated slope of %FVC decline at
baseline was calculated using a simple regression model, and
the difference between the estimated slope at baseline and at
Week 13 was 0.047 (0.081)%/day. With respect to the second-
ary endpoints, an effect was observed in seven of eight pa-
tients at Week 13 and five of six patients at Week 26, who had
an early dose reduction within 6 weeks (Fig. 2(B) and
Supplementary Fig. S3). Changes in %FVC, FVC, VC, and %DLco
from baseline at Week 6, 13, and 26 are shown in Table 3. The
proportion of responders with %FVC <5% was 93.5% (29/31
patients) at Week 6, 80.6% (25/31 patients) at Week 13, and
80.0% (16/20 patients) at Week 26. The mean (SD) absolute
change in FVC from baseline at Week 6, 13, and 26 were 37.3
(192.5), —8.1 (219.0), and —25.6 (119.7) mL, respectively.

Significant correlations between the %FVC and the DTA
fibrosis score were observed at baseline, Week 13, and Week
26 (Pearson correlation: —0.720 at baseline [p < 0.001],
—0.680 at Week 13 [p < 0.001], —0.813 at Week 26 [p < 0.001]).
No significant correlation between the changes from baseline
in %FVC and the DTA fibrosis score was observed
(Supplementary Fig. S4).

Safety analyses were assessed in all treated patients
(n = 45). The overall incidence of treatment-emergent AEs
(TEAEs) was 97.8% (44/45 patients) and TRAEs was 88.9% (40/45
patients) (Table 4). Severe TEAEs and TRAEs were reported in
42.2% (19/45 patients) and 26.7% (12/45 patients), respectively.
Most TEAEs and TRAEs occurred within the first treatment
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|
7 n=10 n=10 (100%) n=>5(50.0%)
Discontinuation: n =5 (50.0%)
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Adverse Event/Serious Adverse Event: n= 3 (30.0%)
Clinical Disease Progression: n =1 (10.0%)
Withdrawal of Consent for Study Treatment: n = 1 (10.0%)
Enroliment Cohort N Treated Treatment Completion
= = 579 - o
N=d6 n=23 n=22(95.7%) n =19 (86.4%)
Discontinuation: n =3 (13.6%)
Untreated
n=1(4.3%) Reason
Adverse Event/Serious Adverse Event: n=2 (9.1%)
Withdrawal of Consent for Study Treatment: n = 1 (4.5%)
X Cohort U Treated Treatment Completion
n=13 n=13 (100%) n=06(46.2%)

Discontinuation: n =7 (53.8%)

Reason
Adverse Event/Serious Adverse Event: n= 3 (23.1%)
Clinical Disease Progression: n = 1 (7.7%)
Continuous 28 days of Dose Interruption: n= 1 (7.7%)
Withdrawal of Consent for Study Treatment: n = 2 (15.4%)

Patients Treated in

Discontinuation: n =1 (7.1%)
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Adverse Event/Serious Adverse

Event: n=1 (7.1%)

Treatment Completion

Period
n=4

n =3 (75.0%)

Discontinuation: n =1 (25.0%)

Reason

Adverse Event/Serious Adverse

Event: n=1 (25.0%)

Fig. 1 — Patient disposition. Cohort P = patients previously treated with pirfenidone, Cohort N = patients previously treated
with nintedanib, and Cohort U = treatment-naive patients.

period (Supplementary Tables S1 and S2). TEAEs and TRAEs
leading to discontinuation of TAS-115 treatment were re-
ported in 22.2% (10/45 patients) and 17.8% (8/45 patients),
respectively. During the study, a total of 3/45 patients (6.7%)

died due to TEAES; no deaths resulted from TRAEs. The most
frequently reported TEAEs (>20% of patients) were rash and
eyelid oedema, which were also the most frequently reported
TRAEs (>20% of patients) (Table 4).

Table 1 — Demographic and other baseline characteristics in the per protocol set.

Cohort P Cohort N Cohort U Total
(N =5) (N =19) N=7) (N =31)
Gender
Male 4 (80.0) 15 (78.9) 4 (57.1) 23 (74.2)
Female 1 (20.0) 4(21.1) 3 (42.9) 8 (25.8)
Age (years) 71.0 (2.7) 68.3 (5.5) 68.3 (9.7) 68.7 (6.3)
BMI (kg/m?) 25.2 (4.0) 225 (2.8) 26.1 (4.0) 23.7 (3.6)
Smoking history
Never smoked 1 (20.0) 5 (26.3) 2 (28.6) 8 (25.8)
Former smoker 4 (80.0) 14 (73.7) 5(71.4) 23 (74.2)
Duration of disease (days)® 1288.0 (491.5) 887.2 (541.4) 370.3 (352.4) 835.1 (565.0)
Duration of antifibrotic therapy (days) N=5 N =19 N=0 N=124
591.2 (556.9) 640.7 (434.9) (=) 630.4 (449.8)
FVC (mL) 2104.0 (494.7) 2238.9 (574.6) 2667.1 (1339.5) 2313.9 (793.5)
%EVC (%) 63.9 (10.1) 66.5 (15.1) 81.3 (21.7) 69.4 (17.0)
VC (mL) 2250.0 (539.9) 2242.6 (563.0) 2758.6 (1425.7) 2360.3 (826.7)

DLco (mL/min/mmHg)
%DLco (%)

8.576 (2.519)
51.3 (12.8)

8.938 (2.663)
56.5 (20.4)

11.499 (5.365)
64.4 (22.0)

9.458 (3.483)
57.4 (19.6)

Analysis set: Per protocol set.
Data are presented as n (%) or mean (SD).

BMI = body mass index, DLco = diffusing capacity of the lungs for carbon monoxide, FVC = forced vital capacity, and SD = standard deviation.
Cohort P = patients previously treated with pirfenidone, Cohort N = patients previously treated with nintedanib, and Cohort U = treatment-

naive patients.

@ Date of enrolment - date of initial diagnosis +1.
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Table 2 — Difference in slope of %FVGC decline from baseline at Week 13.

Cohort P (N =5) Cohort N (N = 19) Cohort U (N = 7) Total (N = 31)
Slope of %FVC
Baseline Mean (SD) —0.0863 (0.0647) —0.0884 (0.0740) —0.0520 (0.0220) —0.0798 (0.0646)
Median —0.059 —0.068 —0.048 —0.059
min, max [-0.195, —0.034] [-0.325, —0.030] [-0.092, —0.029] [-0.325, —0.029]
Week 13 Mean (SD) 0.0201 (0.0395) —0.0077 (0.0726) —0.0150 (0.0678) —0.0049 (0.0665)
Median 0.025 0.000 —0.020 0.000
min, max [-0.041, 0.059] [-0.120, 0.199] [-0.134, 0.073] [-0.134, 0.199]
Difference in slope of %FVC decline from baseline
Week 13 Mean (SD) 0.1065 (0.0957) 0.0806 (0.1260) 0.0371 (0.0753) 0.0750 (0.1113)
95% CI [-0.0123, 0.2253] [0.0199, 0.1414] [-0.0325, 0.1067] [0.0341, 0.1158]
Median 0.0843 0.0517 0.038 0.0569
min, max [-0.007, 0.244] [-0.045, 0.524] [-0.086, 0.140] [-0.086, 0.524]

Analysis set: Per protocol set.

CI = confidence interval, FVC = forced vital capacity, max = maximum, min = minimum, and SD = standard deviation.

Cohort P = patients previously treated with pirfenidone, Cohort N = patients previously treated with nintedanib, and Cohort U = treatment-
naive patients.

Serious TEAEs were reported in 26.7% (12/45 patients),
including acute exacerbation of IPF in 6.7% (3/45 patients), and
bacterial pneumonia in 4.4% (2/45 patients). Serious TRAEs
were reported in 8.9% (4/45 patients), including pyrexia, acute
exacerbation of IPF, interstitial lung disease (which did not
meet the diagnostic criteria for acute exacerbation of IPF [18]),
and rash in 2.2% (1/45 patient) each. There were no clinically
significant abnormalities on 12-lead electrocardiogram (ECG)
or in vital signs.

4, Discussion

This exploratory phase 2 study demonstrated that TAS-115
delayed IPF progression in patients with %FVC decline who
had not responded adequately to pirfenidone or nintedanib
treatment, as well as treatment-naive patients. The safety and
tolerability were acceptable, and most AEs of TAS-115 could be
managed by dose reduction, drug interruption, or symptom-
atic treatment.

(A) ®)

Pre-treatment period Treatment period

50 . Coiort P
Cohont N
Cohort U

Week

g from Estimate for %FVC Measurement Value

Fig. 2 — Individual change in (A) the estimated %FVC from baseline at Week 13 and (B) %FVC pre-treatment and after
treatment with TAS-115. Analysis set: Per protocol set; mm : Cohort P (patients previously treated with pirfenidone); =< :
Cohort N (patients previously treated with nintedanib); and xxx : Gohort U (treatment-naive patients). FVC = forced vital
capacity. * Patients experienced early dose reduction within 6 weeks.

The patients who experienced early dose reduction with TAS-115 in the first six weeks are indicated by the red line.
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Table 3 — Summary of the secondary endpoints.

Cohort P Cohort N Cohort U Total
(N =5) (N =19) N=7) (N =31)
Difference in slope of %FVC decline (%/day) from baseline
Week 6 n 5 18 7 30
Mean 0.1303 (0.1063) 0.1028 (0.2151) 0.0714 (0.1003) 0.1001 (0.1764)
[-0.0017, 0.2622] [-0.0041, 0.2098] [-0.0213, 0.1641] [0.0342, 0.1659]
Week 13 n 5 19 7 31
Mean 0.1065 (0.0957) 0.0806 (0.1260) 0.0371 (0.0753) 0.0750 (0.1113)
[-0.0123, 0.2253] [0.0199, 0.1414] [-0.0325, 0.1067] [0.0341, 0.1158]
Week 26 n 4 12 2 18
Mean 0.1034 (0.0678) 0.0730 (0.0619) 0.0494 (0.0520) 0.0772 (0.0610)

Proportion of %FVC responders (%)

Week 6

Week 13

Week 26

%EVC (%)
Week 6

Week 13

Week 26

FVC (ml)
Week 6

Week 13

Week 26

n
<5% of %FVC response rate

<10% of %FVC response rate

n
<5% of %FVC response rate

<10% of %FVC response rate

n
<5% of %FVC response rate

<10% of %FVC response rate
n

Mean

Mean change from baseline

n
Mean

Mean change from baseline

n
Mean

Mean change from baseline
n

Mean

Mean change from baseline

n
Mean

Mean change from baseline

n
Mean

Mean change from baseline

[-0.0045, 0.2113]

5
5 (100.0)
[47.8, 100.0]
5 (100.0)
[47.8, 100.0]
5

5 (100.0)
[47.8, 100.0]
5 (100.0)
[47.8, 100.0]
4

4 (100.0)
[39.8, 100.0]
4 (100.0)
[39.8, 100.0]

5
65.8 (9.9)
[53.5, 78.1]
1.9 (2.8)
[-15,5.3]
5

65.8 (8.2)
[55.6, 76.0]
1.9 (3.7)
[-2.7, 6.5]
4

63.6 (11.1)
[45.9, 81.3]
0.8 (0.5)
[-0.1, 1.6]

5
2164.0 (472.3)
[1577.5, 2750.5]
60.0 (98.7)
[-62.6, 182.6]

5

2160.0 (403.9)
[1658.5, 2661.5]
56.0 (137.2)
[-114.4, 226.4]
4

1947.5 (322.6)
[1434.1, 2460.9]
22.5 (17.1)
[-4.7, 49.7]

[0.0337, 0.1124]

19
17 (89.5)
[66.9, 98.7]
17 (89.5)
[66.9, 98.7]
19

14 (73.7)
[48.8, 90.9]
18 (94.7)
[74.0, 99.9]
13

10 (76.9)
[46.2, 95.0]
11 (84.6)
[54.6, 98.1]

18
67.5 (16.2)
[59.5, 75.6]
0.5 (6.2)
[-2.6, 3.6]
19

65.8 (16.8)
[57.7, 73.9]
—0.7 (6.7)
[-3.9, 2.5]
12

68.4 (18.4)
[56.7, 80.1]
~1.7 (4.8)
[-4.8, 1.3]

18
2283.9 (674.0)
[1948.7, 2619.1]
30.0 (228.8)
[-83.8, 143.8]
19

2220.5 (655.4)
[1904.6, 2536.4]
—18.4 (250.8)
[-139.3, 102.5]
12

2199.2 (669.1)
[1774.1, 2624.3]
—47.5 (136.5)
[-134.2, 39.2]

[-0.4177, 0.5165]

7
7 (100.0)
[59.0, 100.0]
7 (100.0)
[59.0, 100.0]
7

6 (85.7)
[42.1, 99.6]
6 (85.7)
[42.1, 99.6]
3

2 (66.7)
[9.4, 99.2]

2 (66.7)
[9.4, 99.2]

7
82.1 (24.5)
[59.4, 104.7]
0.8 (4.2)
[-3.1, 4.7]

7

79.9 (25.2)
[56.6, 103.2]
—1.4(6.2)
[-7.1, 4.4]

2

66.5 (12.2)
[-42.8, 175.8]
0.3 (4.6)
[-41.1, 41.6]

7
2707.1 (1429.4)
[1385.2, 4029.1]
40.0 (153.7)
[-102.2, 182.2]

7

2641.4 (1421.5)
[1326.7, 3956.1]
—25.7 (185.1)
[-196.9, 145.5]

2

2055.0 (445.5)
[-1947.5, 6057.5]
10.0 (141.4)
[-1260.6, 1280.6]

[0.0468, 0.1075]

31
29 (93.5)
[78.6, 99.2]
29 (93.5)
[78.6, 99.2]
31

25 (80.6)
[62.5, 92.5]
29 (93.5)
[78.6, 99.2]
20

16 (80.0)
[56.3, 94.3]
17 (85.0)
[62.1, 96.8]

30
70.6 (18.3)
[63.8, 77.4]
0.8 (5.3)
[-1.2, 2.8]
31

69.0 (18.5)
[62.2, 75.8]
—0.5 (6.1)
[-2.7, 1.8]
18

67.1 (15.9)
[59.2, 75.1]
~1.0 (4.2)
[-3.0, 1.1]

30
2362.7 (871.2)
[2037.3, 2688.0]
37.3 (192.5)
[-34.5, 109.2]
31

2305.8 (847.4)
[1995.0, 2616.6]
—8.1(219.0)
[-88.4, 72.3]

18

2127.2 (575.8)
[1840.9, 2413.6]
—25.6 (119.7)
[-85.1, 34.0]

(continued on next page)
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Table 3 — (continued)

Cohort P Cohort N Cohort U Total
(N =5) (N =19) (N=7) (N =31)
VC (mL)
Week 6 n 5 18 7 30
Mean 2210.0 (472.6) 2268.3 (634.5) 2722.9 (1395.6) 2364.7 (843.0)
[1623.2, 2796.8] [1952.8, 2583.9] [1432.1, 4013.6] [2049.9, 2679.4]
Mean change from baseline —40.0 (70.0) 10.6 (142.3) —35.7 (79.8) —8.7 (120.2)
[-126.9, 46.9] [-60.2, 81.3] [-109.5, 38.1] [-53.5, 36.2]
Week 13 n 5 19 7 31
Mean 2238.0 (524.3) 2226.3 (649.2) 2645.7 (1411.0) 2322.9 (848.0)
[1587.0, 2889.0] [1913.4, 2539.2] [1340.8, 3950.7] [2011.8, 2634.0]
Mean change from baseline —12.0 (55.4) —16.3 (245.3) —112.9 (145.6) —37.4 (206.1)
[-80.8, 56.8] [-134.5, 101.9] [-247.5, 21.8] [-113.0, 38.2]
Week 26 n 4 12 2 18
Mean 2005.0 (375.7) 2163.3 (634.2) 2085.0 (431.3) 2119.4 (548.4)
[1407.1, 2602.9] [1760.4, 2566.3] [-1790.4, 5960.4] [1846.7, 2392.1]
Mean change from baseline —100.0 (129.4) —83.3 (114.2) —25.0 (120.2) —80.6 (112.7)
[-305.8, 105.8] [-155.9, —10.8] [-1105.0, 1055.0] [-136.6, —24.5]
%DLco
Week 6 n 5 18 7 30
Mean 49.4 (9.7) 50.2 (17.4) 66.9 (18.2) 54.0 (17.7)
Mean change from baseline —1.8 (5.5) —6.7 (9.3) 2.5 (6.4) —3.8(8.9)
Week 13 n 5 19 7 31
Mean 491 (9.2) 49.4 (17.1) 64.9 (18.7) 52.8 (17.3)
Mean change from baseline -2.1(6.2) -7.1(11.1) 0.5 (9.4) —4.6 (10.4)
Week 26 n 4 11 2 17
Mean 459 (7.1) 58.9 (22.6) 67.9 (39.9) 56.9 (21.8)
Mean change from baseline —3.5(11.7) —7.3(8.9) 2.1(5.2) —5.3(9.4)

Analysis set: Per protocol set.
Data presented as mean (SD) [95% CI] or n (%) [95% CI].

CI = confidence interval, DLco = diffusing capacity of the lungs for carbon monoxide, FVC = forced vital capacity, SD = standard deviation, and

VC = vital capacity.

Cohort P = patients previously treated with pirfenidone, Cohort N = patients previously treated with nintedanib, and Cohort U = treatment-

naive patients.

For the primary endpoint, TAS-115 significantly slowed the
slope of %FVC decline at Week 13 compared to that at base-
line. The slope of %FVC decline was improved from —0.0798%/
day at baseline to —0.0049%/day at Week 13; the mean (SD)
change in %FVC from the estimated value was 4.11 (6.76)% at
Week 6, 6.91 (10.27)% at Week 13, and 14.21 (11.19)% at Week
26. Treatment efficacy was observed from Week 6 and lasted
until Week 26. It is noteworthy that efficacy was seen
regardless of pre-treatment cohort (nintedanib, pirfenidone,
or treatment-naive) before starting TAS-115. Even in patients
whose dose was reduced during the first six weeks of treat-
ment, TAS-115 slowed the slope of %FVC decline, suggesting
potential efficacy of TAS-115 at a dose of 100 mg.

In assessment of the primary endpoint, baseline slope of %
FVC was calculated using two %FVC data points during the six
months prior to treatment with TAS-115. As there were pa-
tients who had three or more %FVC data points prior to
administration, we estimated the baseline slope using a sim-
ple regression model to obtain a similar result.

It is well recognized that slope of the decline in glomerular
filtration rate is a strong surrogate endpoint and can be used
as an endpoint for clinical trials of kidney disease progression
in both early and late chronic kidney disease, instead of con-
ventional composite endpoints [19,20]. Similarly, our study
showed that the slope of %FVC decline can be used as an
adequate surrogate endpoint in clinical trials of IPF within a

short time. Meanwhile, it was reported that change in FVC
over time was associated with IPF prognosis, and FVC and %
FVC have been accepted as adequate surrogate endpoints in
establishing a primary endpoint, even in phase 3 studies [21-
23]. In a phase 3 study of nintedanib (INPULSIS study) [8],
changes in FVC from baseline at Week 12 and 24 were
—25.4 mL and —52.8 mlL, respectively, among patients who
took nintedanib [24]. Similarly, in our study, changes in FVC
from baseline at Week 6, 13, and 26 were 37.3 mL, —8.1 mL, and
—25.6 mlL, respectively. These results suggested that TAS-115
is as effective as the approved drug nintedanib. There were
no notable differences in patient characteristics between the
two studies except body weight and BMI. The mean %FVC in
the nintedanib and placebo groups was 79.8% and 79.3%,
respectively, in the INPULSIS study, while it was only 69.4% in
our study. It is noteworthy that most patients in our
study were non-responders to nintedanib and pirfenidone;
enrolled patients were at a more advanced stage of the
disease. The favorable clinical outcomes we have described
might be attributed to the potent inhibitory activity against
PDGFR in vitro and better pharmacokinetic profiles than
nintedanib [15,25]. No significant difference in the slope of
DLco between baseline and Week 13 was observed in this
study or previous studies with pirfenidone and nintedanib
[26,27], suggesting DLco is not useful as an endpoint in clinical
studies of IPF.
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Table 4 — Most commonly reported treatment-emergent and treatment-related adverse events in all treated patients.

Treatment-related
adverse events (N = 45)

Treatment-emergent
adverse events (N = 45)

Total Severe Total Severe
Any Event 44 (97.8) 19 (42.2) 40 (88.9) 12 (26.7)
Eye disorders 19 (42.2) 0 (0.0) 19 (42.2) 0 (0.0)
Eyelid oedema 19 (42.2) 0 (0.0) 19 (42.2) 0 (0.0)
Gastrointestinal disorders 19 (42.2) 1(2.2) 10 (22.2) 0 (0.0)
Constipation 5(11.1) 0 (0.0) 0 (0.0) 0 (0.0)
General disorders and administration site conditions 24 (53.3) 1(2.2) 22 (48.9) 0 (0.0)
Face oedema 6 (13.3) 0 (0.0) 6 (13.3) 0 (0.0)
Malaise 7 (15.6) 0 (0.0) 6 (13.3) 0 (0.0)
Oedema 5 (11.1) 0(0.0) 5 (11.1) 0 (0.0)
Oedema peripheral 6 (13.3) 0 (0.0) 6 (13.3) 0 (0.0)
Pyrexia 6 (13.3) 0(0.0) 6 (13.3) 0(0.0)
Hepatobiliary disorders 8 (17.8) 0 (0.0) 8 (17.8) 0 (0.0)
Liver disorder 5(11.1) 0 (0.0) 5(11.1) 0 (0.0)
Infections and infestations 21 (46.7) 2 (4.4) 0 (0.0) 0 (0.0)
Bronchitis 5 (11.1) 0(0.0) 0 (0.0) 0 (0.0)
Nasopharyngitis 7 (15.6) 0 (0.0) 0 (0.0) 0 (0.0)
Investigations 18 (40.0) 4 (8.9) 15 (33.3) 3 (6.7)
Platelet count decreased 5(11.2) 0 (0.0) 5(11.1) 0 (0.0)
Metabolism and nutrition disorders 10 (22.2) 3(6.7) 7 (15.6) 3(6.7)
Hypophosphatemia 3(6.7) 3(6.7) 3(6.7) 3(6.7)
Decreased appetite 6 (13.3) 0 (0.0) 4(8.9) 0 (0.0)
Respiratory, thoracic, and mediastinal disorders 9 (20.0) 4 (8.9) 2 (4.4) 2 (4.4)
Idiopathic pulmonary fibrosis 3 (6.7) 3(6.7) 1(2.2) 1(2.2)
Skin and subcutaneous tissue disorders 29 (64.4) 5(11.1) 28 (62.2) 5(11.2)
Rash 22 (48.9) 1(2.2) 21 (46.7) 1(2.2)

MedDRA (ver. 22.1).
Data are presented as n (%).

Treatment-emergent and treatment-related adverse events were listed if reported in >10% of patients.
Severe treatment-emergent and treatment-related adverse events were listed if reported in >5% of patients.

Associations between the quantitative fibrosis score and
the change in pulmonary function have been previously re-
ported for nintedanib [28] and FG-3019 [29]. In this study, a
significant correlation was found between the DTA fibrosis
score and the %FVC at baseline, Week 13, and Week 26.
However, there was no significant correlation between the
DTA fibrosis score and the difference in %FVC from baseline at
Week 13 and Week 26. Further studies with a large number of
patients on long-term treatment may be required to confirm
this association. The dose of TAS-115 in this study was
200 mg/day, which was the dose recommended for long-term
continuous treatment without safety concerns based on a
phase 1 study in patients with solid tumors [16]. This study
was not intended to explore dose-response, rather one of our
major objectives was to assess adherence to TAS-115 use in
IPF patients over an extended period. However, efficacy was
observed in the sub-group of patients whose dose was
reduced to 100 mg/day. Although the number of patients was
limited, the results suggest that TAS-115 has potential activity
at a lower dose level.

Regarding safety, one of the most common AEs was a rash,
which occurred in 50% of the patients, and was usually either
mild or moderate in severity. AEs which led to dose reduction
and interruption were mainly due to rashes. In three patients,
the dose was reduced due to rashes, which were further
managed using antihistamines, topical steroids, dose reduc-
tion, or drug interruption. The next most frequent AE was

eyelid oedema; in most cases this was tolerable and did not
require treatment or dose modification. Onset of reported AEs
was most often within the first thirteen weeks of treatment,
suggesting there were no safety concerns related to extension
of the administration period. Four serious TRAEs were re-
ported, but all recovered or improved during the study. In the
combined data of the TOMORROW and INPULSIS studies, the
most frequently reported AE in patients treated with ninte-
danib was diarrhea, which was reported in 61.5% of patients
[30]. Other disorders such as nausea (24.3%), nasopharyngitis
(12.9%), cough (12.9%), vomiting (11.8%), and hepatic enzyme
elevations were common AEs with nintedanib [13,30]. In pre-
vious studies with pirfenidone, rashes (25.0%) and gastroin-
testinal events including nausea (37.6%), diarrhea (28.1%),
dyspepsia (18.4%), and vomiting (15.9%) were common AEs
[31]. Elevated liver enzymes and photosensitivity were also
previously reported as AEs of pirfenidone. In contrast, the rate
of diarrhea in this study was 6.7%, and other gastrointestinal
disorders were rare, with no established causal relationship
with TAS-115. These data suggest that the safety profile of
TAS-115 is different from that of nintedanib, despite both
being multi-kinase inhibitors. TAS-115 is a potential alterna-
tive to these drugs for treatment of patients with IPF who
cannot tolerate nintedanib or pirfenidone.

This study has several limitations. First, the design of the
study was open-label with no control group, a relatively short
duration, and small number of patients. This limits the
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conclusions able to be drawn. Second, only a dose of 200 mg/
day was assessed. Although a dosage reduction to 100 mg/day
was effective in patients whose dose was reduced due to AEs,
no information was provided about the optimal dose. In order
to evaluate the dose-response of TAS-115, a randomized,
active-controlled, double-blind phase 2b study is planned,
enrolling patients with chronic fibrosing interstitial lung dis-
eases with a progressive phenotype who have been treated
with pirfenidone or nintedanib.

5. Conclusions

This study demonstrated that TAS-115 was effective in
delaying progression of IPF in patients pre-treated with pir-
fenidone or nintedanib, or in treatment-naive patients,
assessed using the intra-patient change in the slope of %FVC
decline as a surrogate endpoint. The absolute change in FVC
from baseline to Week 13 suggested that the efficacy of TAS-
115 was similar to that of the approved drugs for IPF, consid-
ering that a majority of patients in this study had been treated
with nintedanib or pirfenidone. The tolerability of TAS-115
was acceptable and the safety profile was manageable.
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