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Abstract

Background Pembrolizumab is a first-line therapy for certain patients with advanced/metastatic non-small cell lung
cancer (NSCLC). Combining pembrolizumab with other immunotherapies may enhance tumor cell killing and clini-
cal outcomes. Epacadostat is a selective inhibitor of indoleamine 2,3-dioxygenase 1, an immuno-regulatory enzyme
involved in tryptophan to kynurenine metabolism that inhibits T cell-mediated immune responses.

Methods In this randomized phase Il study, patients with metastatic NSCLC expressing high (= 50%) programmed
death-ligand 1 (PD-L1) levels received pembrolizumab 200 mg every 21 days plus oral epacadostat 100 mg twice daily
(combination) or matching placebo (control). The primary objective was objective response rate (ORR); secondary
objectives were progression-free survival (PFS), overall survival (OS), duration of response (DOR) and safety/tolerability.

Results 154 patients were randomized (77 per group). Median (range) follow-up was 6.8 months (0.1-11.4)

and 7.0 months (0.2-11.9) in the combination and control groups, respectively Confirmed ORR was simi-

lar between groups (combination: 32.5%, 95% Cl 22.2-44.1; control: 39.0%, 95% Cl 28.0-50.8; difference:—6.5,
95% Cl—21.510 8.7; 1-sided P=0.8000). Median (range) DOR was 6.2 months (1.9+to 6.5+) and not reached
(1.9+10 8.6+) in the combination and control groups, respectively. Although not formally tested, median PFS
was 6.7 and 6.2 months for the combination and control groups, respectively, and median OS was not reached

in either group. Circulating kynurenine levels increased from C1D1 to C2D1 (P<0.01) in the control group

and decreased from C1D1 to C2D1 (P<0.01) in the combination group but were not normalized in most patients.
The most frequent serious adverse events (AEs) (= 2%) were pneumonia (4.0%), anemia (2.7%), atelectasis (2.7%)
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and pneumonitis (2.7%) in the combination group and pneumonia (3.9%), pneumonitis (2.6%) and hypotension
(2.6%) in the control group. Two deaths due to drug-related AEs were reported, both in the control group.

Conclusions Addition of epacadostat to pembrolizumab therapy for PD-L1-high metastatic NSCLC was gener-
ally well tolerated but did not demonstrate an improved therapeutic effect. Evaluating higher doses of epacadostat
that normalize kynurenine levels when given in combination with checkpoint inhibitors may be warranted.

Trial registration ClinicalTrials.gov, NCT03322540. Registered 10/26/2017.
Keywords Epacadostat, Combination immunotherapy, Non-small cell lung cancer, Pembrolizumab, PD-L1 high

Background

Approximately 84% of all lung cancers are non-small cell
lung cancers (NSCLC) [1]. At diagnosis, most patients
with NSCLC have advanced disease, which is generally
not curable [1, 2]. Pembrolizumab monotherapy is the
current first-line standard-of-care therapy for patients
with advanced or metastatic NSCLC tumors express-
ing programmed death-ligand 1 (PD-L1) and with no
EGFR or ALK genomic tumor aberrations [3—6]. How-
ever, there are multiple ways cancer cells escape the host
immune response [7]. Combining pembrolizumab with
other immunotherapy approaches may provide enhanced
immune-mediated killing of tumor cells and further
increase therapeutic benefit.

Indoleamine 2,3-dioxygenase 1 (IDO1) is an immuno-
regulatory enzyme involved in the metabolism of tryp-
tophan to kynurenine [8]. Upregulated expression of
the IDO1 enzyme is associated with dampened antican-
cer T-cell immunity [8, 9]). Many human tumor types
constitutively express IDO1 [8, 10]. Co-expression of
IDO1 and PD-L1 is found in some NSCLC tumors, but
different studies have reported varying degrees of co-
expression [11-13]. Furthermore, regardless of baseline
expression levels, IDO1 can counter anticancer inflam-
matory immune responses because it is induced by inter-
feron-y [8, 14—17]. Thus, IDO1 inhibition may facilitate
the activity of checkpoint inhibitors by preventing this
resistance mechanism. Epacadostat is a potent selective
oral inhibitor of IDO1 [18, 19]; twice-daily (BID) epaca-
dostat monotherapy at doses>100 mg in patients with
advanced solid tumors reduced plasma kynurenine to
levels observed in healthy volunteers [19].

A number of clinical trials were initiated to investigate the
potential of combining epacadostat and pembrolizumab to
improve outcomes in several cancers, including NSCLC.
Promising efficacy was observed in the melanoma and a
NSCLC cohort of the phase I/Il ECHO-202/KEYNOTE-037
study [20] assessing epacadostat plus pembrolizumab for
advanced tumors. For patients with previously treated
NSCLC, the objective response rate (ORR) was 24.4% in the
PD-L1 tumor proportion score (TPS) <50% group. In a small
number of patients with NSCLC and PD-L1 TPS>50%,

the ORR was 30.8% [21]. Here, we present results from the
primary analysis of a randomized phase II study assessing
the safety and efficacy of epacadostat plus pembrolizumab
(combination) versus placebo plus pembrolizumab (control)
in patients with metastatic NSCLC expressing high levels of
PD-L1 (TPS>50%) (NCT03322540).

Methods
Study design and conduct
ECHO-305/KEYNOTE-654 was a multicenter, active-
controlled, double-blind, parallel-group randomized
phase II study. This study was originally designed as
a phase III study. On May 31, 2018, the protocol was
amended to a phase II study after emerging data from
the phase III ECHO-301/KEYNOTE-252 study in unre-
sectable or metastatic melanoma showed that addition
of epacadostat to pembrolizumab did not improve the
primary endpoint of progression-free survival (PES) [22].
Specific changes made in this protocol amendment are
detailed in the relevant methods sections below.

This study conformed to the ethical principles of the
Declaration of Helsinki, Good Clinical Practice, and
applicable country and/or local statutes and regulations.

Study population

Patients > 18 years old with previously untreated, con-
firmed stage IV NSCLC not suitable for primary EGFR-,
ALK- or ROS1-directed therapy and measurable disease
per Response Evaluation Criteria in Solid Tumors ver-
sion 1.1 (RECIST v1.1), an Eastern Cooperative Oncol-
ogy Group performance status (ECOG PS) of 0 or 1, and
tumor tissue with PD-L1 TPS >50% were eligible. Exclu-
sion criteria included any prior treatment for metastatic
NSCLC and untreated central nervous system metastases
and/or carcinomatous meningitis.

Study procedure and interventions

Patients were randomized to receive treatment in one of
two arms: epacadostat plus pembrolizumab (combina-
tion) or placebo plus pembrolizumab (control). The strat-
ification factors in the original study design were tumor
histology (squamous vs. nonsquamous), ECOG PS and



Tokito et al. BMC Cancer 2024, 23(Suppl 1):1251

geographical region. The protocol amendment changing
the study to a phase II study updated the study design so
that tumor histology (squamous vs. nonsquamous) was
the only stratification factor.

Pembrolizumab 200 mg was administered intravenously
every 21 days (day 1 of each cycle) for up to 35 doses and
epacadostat 100 mg or matching placebo was adminis-
tered orally BID. Pembrolizumab could be withheld for up
to 12 weeks from the last dose to mitigate immune-related
adverse events (AEs). Epacadostat could be reduced to 50
or 25 mg BID to mitigate immune-related AEs. Discon-
tinuation of study therapy due to disease progression was
based on immune-related RECIST criteria (iRECIST) as
evaluated by investigators. Blood was drawn from fasted
patients before dosing, on day 1 of cycle 1 (C1D1) and
day 1 of cycle 2 (C2D1). Serum kynurenine levels were
determined by a proprietary validated liquid chromatog-
raphy—tandem mass spectrometry assay using calibrated
standards at Worldwide Clinical Trials, Morrisville, NC.

Study objectives and endpoints

In the original study design, the primary endpoints were
overall survival (OS) and PFS. The protocol amend-
ment changed the study to a phase II study with the
primary objective comparing ORR of the combination
and control groups. Response and disease progression
were assessed by blinded independent central review
(BICR) based on modified RECIST v1.1 criteria allow-
ing a maximum of 10 target lesions in total and five per
organ. The secondary objectives were PFS, OS, dura-
tion of response (DOR) and safety/tolerability. National
Cancer Institute Common Terminology Criteria for
Adverse Events (NCI CTCAE) version 4.0 was used to
grade and record AEs. The pharmacodynamic activity of
epacadostat, assessed by changes in circulating kynure-
nine levels from baseline, was among the exploratory
objectives.

Statistical analyses

Originally, 588 patients were planned for enrollment in
the phase III study. Target enrollment was reduced to 148
patients when the study was amended to a phase II study.
The efficacy analysis included all randomized patients
(i.e., the intention-to-treat population), and the safety
analysis included all patients who received at least one
treatment dose. ORR was compared between treatment
arms using the Miettinen and Nurminen method [23]
stratified by predominant tumor histology (squamous
vs. non-squamous). Based on the number of patients
planned to be randomized (N=148), the study had 81.7%
power to detect a 20-percentage point difference in ORR
between combination and control groups at a=5% (one-
sided). PFS and OS were compared between treatment
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arms using a stratified log-rank test. Event rates were
estimated using the Kaplan—Meier method, and hazard
ratios (HRs) were estimated using a stratified Cox regres-
sion model with Efron’s method of tie handling. Cir-
culating kynurenine levels were compared within each
treatment arm using paired t-tests.

Results

Patient characteristics

A total of 154 patients were randomized (1:1) to combi-
nation (n=77) or control (n=77) treatment arms (Fig. 1).
Most patients remained in the study at data cutoff. The
majority were male, white, non-Hispanic or Latino, older
than 65 years of age, former smokers, with an ECOG PS
of 1 and a metastatic stage of M1c (with a slightly higher
occurrence in the combination group) (Table 1). More
patients were older than 65 years in the control group
compared with the combination group. The predominant
tumor histology was balanced between the combination
and control groups.

Treatment duration

The median number of days on treatment, days on
pembrolizumab, and days on epacadostat/placebo were
all similar for both treatment groups (see Additional
file 1). The median follow-up was 6.8 months (range
0.1-11.4) in the combination group and 7.0 months
(range 0.2-11.9) in the control group. Upon study
termination, treatments were unblinded and epaca-
dostat was discontinued. All remaining patients had
the option to continue open-label pembrolizumab
monotherapy.

Efficacy

The confirmed ORR based on BICR was similar in both
treatment groups at 32.5% (95% confidence interval
[CI] 22.2-44.1) in the combination group compared
with 39.0% (95% CI 28.0-50.8) in the control group
(Table 2). The difference in estimated ORR percentage
between groups was — 6.5 (95% CI—21.5 to 8.7; one-sided
P=0.8000). More patients in the control group (39.0%)
had a best overall response of partial response compared
with the combination group (32.5%), while more patients
in the combination group had a best overall response of
stable disease (41.6%) compared with the control group
(29.9%). The disease control rate was numerically higher
in the combination group compared with the control
group. The median DOR in the combination and con-
trol group was 6.2 months (range 1.9+to 6.5+) and not
reached (range 1.9+to 8.6+), respectively (plus symbols
indicate no progressive disease at the time of last disease
assessment) (Table 2).
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Screened
n =582

Randomized
N =154

v

Epacadostat + pembrolizumab (n = 77)
« Received treatment (n = 75)
« Did not receive treatment (n = 2)

Discontinued trial (n = 14)
« Death (n=12)
« Withdrawal by subject (n = 2)

Discontinued intervention (n = 35)
« AE (n=6)

« Clinical progression (n = 6)

« Non-study anti-cancer therapy (n = 1)
« Physician decision (n = 3)

*« PD(n=18)

« Protocol violation (n = 1)

Fig. 1 Patient disposition. AE adverse event, PD progressive disease

At data cutoff, PFS data were not conclusive, with 71
of the 95 required PFS events having been reported
(37/77 [48.1%)] in the combination group; 34/77 [44.2%]
in the control group) (Fig. 2A, Table 3). Median PFS was
6.7 months for the combination group and 6.2 months
for the control group (HR 1.10, 95% CI 0.69-1.76). The
PES rates at 3 and 6 months were similar for both groups.
The median OS was not reached in either group (com-
bination: 13 events; control: 17 events; HR 0.74, 95% CI
0.36-1.52) (Fig. 2B, Table 3).

Subgroup analyses showed results similar to those from
the overall analyses (ORR, PFS and OS) (data on file).
Subgroups included predominant tumor histology, age,
gender, race (white vs. nonwhite), smoking status, geo-
graphic region (East Asian vs. non-East Asian), baseline
ECOG status, baseline metastatic stage and history of
brain metastasis. Investigator assessments were consist-
ent with BICR assessments for ORR, PFS and DOR.

Safety and tolerability

The proportions of patients with AEs, drug-related AEs,
grade>3 AEs, drug-related grade>3 AEs, serious AEs
(SAEs) and drug-related SAEs were similar between
treatment groups (Table 4). The most frequent SAEs
(>2%) in the combination group were pneumonia (4.0%),
anemia (2.7%), atelectasis (2.7%) and pneumonitis (2.7%)
and in the control group pneumonia (3.9%), pneumoni-
tis (2.6%) and hypotension (2.6%). All drug-related SAEs

v

Placebo + pembrolizumab (n = 77)
« Received treatment (n = 77)
< Did not receive treatment (n = 0)

Discontinued trial (n = 18)

« Death (n=15)

« Lost to follow-up (n =1)

« Physician decision (n = 1)

« Withdrawal by subject (n = 1)

Discontinued intervention (n = 35)
« AE(n=9)

« Clinical progression (n = 6)

* Lost to follow-up (n = 1)

« Non-study anti-cancer therapy (n = 1)
« PD(n=16)

« Protocol violation (n = 1)

« Withdrawal by subject (n = 1)

were reported by <2 patients. Two deaths due to drug-
related AEs were reported in the control group, one
from pneumonia and the other from respiratory failure.
No deaths due to drug-related AEs were reported in the
combination group.

Pharmacodynamic activity of epacadostat

Median baseline levels of circulating kynurenine in both
treatment arms (Fig. 3) were numerically above that
observed in healthy subjects (1.5 uM) [19]. Compared
with baseline levels (C1D1), median circulating kynure-
nine levels were reduced after one cycle of treatment
(C2D1) in the combination group (2.3 pM vs. 1.8 pM;
P<0.01), albeit not to levels reported in healthy volun-
teers. The opposite was observed for the control group
where compared with C1D1, median circulating kynure-
nine levels were increased at C2D1 (2.1 uM vs. 2.6 pM;
P<0.01).

Discussion

In the ECHO-305/KEYNOTE-654 study, the addition
of epacadostat 100 mg BID to pembrolizumab did not
improve ORR in patients with previously untreated met-
astatic PD-L1 TPS >50% NSCLC. The PFES data were not
conclusive to confirm an effect of combination therapy
with epacadostat plus pembrolizumab. Although baseline
characteristics were generally balanced between treat-
ment arms, a higher proportion of M1C patients in the
combination arm may have affected ORR comparisons
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Table 1 Patient and disease characteristics
Epacadostat + pembrolizumab Placebo + pembrolizumab
(n=77) (n=77)

Gender

Male 53 (68.8) 59 (76.6)

Female 24 (31 18 (23.4)
Age, years

<65 40(51.9) 31(40.3)

>65 37 (48.1) 46 (59.7)

Median (range) 64.0 (37-89) 69.0 (40-85)
Race

White 52 (67.5) 54 (70.1)

Asian 25(32.5) 23(29.9)
Ethnicity

Not Hispanic or Latino 66 (85.7) 73 (94.8)

Hispanic or Latino 7(9.1) 4(52)

Not reported 3(3.9) 0

Unknown 1(1.3)
Smoking status

Never 8(104) 9(11.7)

Former 51 (66.2) 54 (70.1)

Current 18 (234) 14 (18.2)
ECOG PS

0 23(29.9) 20 (26.0)

1 54 (70.1) 57 (74.0)
Predominant tumor histology

Squamous 20 (26.0) 22 (28.6)

Nonsguamous 57 (74.0) 55(71.4)
Metastatic stage

MO 1(1.3) 0

M1a 19 (24.7) 22 (28.6)

M1b 17 (221 22 (28.6)

Mic 40(51.9) 33 (42.9)
Brain metastasis status at baseline

Yes 7(9.1) 6(7.8)

No 70(90.9) 71(92.2)
Prior adjuvant therapy

Yes 5(6.5) 2(26)
Prior radiation

Yes 16 (20.8) 14 (18.2)

No 61(79.2) 63 (81.8)

ECOG PS Eastern Cooperative Oncology Group performance status

Data are n (%) unless otherwise noted
No patients had prior neoadjuvant therapy

between arms. The combination of epacadostat plus
pembrolizumab was generally well tolerated with an
acceptable safety profile that was generally consistent
with that of pembrolizumab monotherapy with respect
to AEs and treatment discontinuations due to AEs. No

new safety concerns were identified.

This study was based on the phase III KEYNOTE-024
[5] and the phase I/II ECHO-202/KEYNOTE-037 [20]
studies. The ORR of the epacadostat plus pembrolizumab
group in the current study (32.5%) was similar to that in
the open-label PD-L1 TPS>50% group in ECHO-202/
KEYNOTE-037 (30.8%) [21]. Also, the ORR of the placebo
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Table 2 Summary of objective response
Epacadostat + pembrolizumab Placebo + pembrolizumab
(n=77) (n=77)
n % (95% Cl) n % (95% Cl)
CR 0 0.0(0.0-4.7) 0 0.0 (0.0-4.7)
PR 25 32.5(22.2-44.1) 30 39.0 (28.0-50.8)
Overall response® 25 32.5(22.2-44.1) 30 39.0 (28.0-50.8)
SDP 32 41.6(304-534) 23 29.9(20.0-41.4)
Disease control® 57 74.0 (62.8-83.4) 53 68.8 (57.3-78.9)
PD 12 15.6 (8.3-25.6) 15 19.5(11.3-30.1)
NEC 1 1.3 (0.0-7.0) 2 2.6(0.3-9.1)
No assessment® 7 9.1(3.7-17.8) 7 9.1(3.7-17.8)
Patients with a responsef n=25 n=30
Median TTR, months (range) 21(1.1-4.2) 21(1.1-4.2)
Median DOR? months (range) 62(19+t065+) NR (1.9+t0 8.6+)
Patients with an ongoing response, n (%) 21 (84.0) 27 (90.0)
>6 months 1(4.0) 13 (43.3)

BICR blinded independent central review, Cl confidence interval, CR complete response, DOR duration of response, NE not evaluable, NR not reached, PD progressive
disease, PR partial response, RECIST v1.1 Response Evaluation Criteria in Solid Tumors version 1.1, SD stable disease, TTR time to response

Responses based on BICR assessment per RECIST v1.1
@ Overall response includes CR and PR

b SD includes both SD and Non-CR/Non-PD

¢ Disease control includes CR, PR and SD

d Postbaseline assessment(s) available but not evaluable or CR/PR/SD < 6 weeks from randomization

€ No postbaseline assessment available

fIncludes patients with best objective response as confirmed CR or PR

9 From product-limit (Kaplan-Meier) method for censored data. " +" indicates no PD was reported by the time of last disease assessment

plus pembrolizumab group in this study (39.0%) was simi-
lar to that in the pembrolizumab monotherapy group of the
phase III KEYNOTE-024 study (44.8%), which also included
patients with previously untreated, PD-L1 TPS>50%
NSCLC [5]. Finally, OS rates at 6 months were also simi-
lar between the placebo plus pembrolizumab group in this
study (81.5%) and the pembrolizumab monotherapy group
of the KEYNOTE-024 study (80.2%) [5].

The findings of this study are consistent with results
reported in this supplement from the ECHO-306/
KEYNOTE-715 study in NSCLC [24] and also with
the previously published ECHO-301/KEYNOTE-252
study in metastatic melanoma [22]. ECHO-306/
KEYNOTE-715 assessed epacadostat 100 mg BID
plus pembrolizumab with chemotherapy in NSCLC
[24]; however, enrollment did not require PD-L1
TPS>50%. The ECHO-301/KEYNOTE-252 study
in metastatic melanoma showed that the addition of
epacadostat 100 mg BID to pembrolizumab did not
improve the primary endpoint of PES [22].

The pharmacodynamic findings reported here show
that circulating kynurenine levels were increased

after treatment with pembrolizumab monotherapy.
This is consistent with reports suggesting that anti-
PD-1 treatment may stimulate IDO1 expression by
inducing interferon production [16, 25]. Although
epacadostat (>100 mg BID) monotherapy was pre-
viously shown to normalize circulating kynurenine
levels in patients with solid tumors [19], the addi-
tion of epacadostat 100 mg BID to pembrolizumab
in our study only reduced pembrolizumab-associ-
ated increases in circulating kynurenine levels but
did not normalize these levels, and durability of the
effect was not evaluated. Similar findings and their
interpretation regarding the effects of epacadostat
and pembrolizumab on circulating kynurenine levels
were reported in patients with urothelial carcinoma
[26]. To overcome pembrolizumab-induced kynure-
nine production, higher doses of epacadostat than
those tested in prior monotherapy studies may be
needed, and this may be investigated in future com-
bination clinical trials. This rationale is supported by
longitudinal plasma kynurenine data from a retro-
spective pooled analysis of clinical studies evaluating
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Progression-free survival (%)

Pembrolizumab + epacadostat
— — — Pembrolizumab + placebo

T

Il censored
10
0 T T T
0 1 2 3
At risk
Pembrolizumab + epacadostat 77 70 62 56
Pembrolizumab + placebo 77 73 62 53

b

T T T T T T T T

4 5 6 7 8 9 10 11 12
Time (months)

54 34 28 13 10 1 0 0 0

48 31 24 16 15 4 4 0 0

< 70 H-+HHH
_g 60
% 50 1
»n
© 40
—_
g
o 30
20
Il censored
10 Pembrolizumab + epacadostat
— — — Pembrolizumab + placebo
0 T T T T T T T T T T T T
0 1 2 3 4 5 6 7 8 9 10 11 12
Time (months)
At risk
Pembrolizumab + epacadostat 77 75 72 71 71 62 49 36 27 16 6 4 0
Pembrolizumab + placebo 77 74 70 68 65 57 46 36 24 19 9 3 0

Fig. 2 Kaplan—-Meier curves for a PFS? and b OS. “Based on BICR assessment per RECIST v1.1. BICR blinded independent central review, OS overall
survival, PFS progression-free survival, RECIST v1.1 Response Evaluation Criteria in Solid Tumors version 1.1

epacadostat in combination with a checkpoint inhibi-
tor. These data showed that epacadostat 100 or
300 mg BID in combination with a checkpoint inhibi-
tor did not control plasma kynurenine levels, whereas
epacadostat > 600 mg BID durably controlled plasma
and intratumoral kynurenine levels [27]. It should
be noted that limitations of plasma kynurenine as a
pharmacodynamic biomarker have been described,

[28] and studies evaluating other markers to guide
epacadostat dose selection may be warranted.
Combined inhibition of IDO1 and programmed cell
death protein-1 (PD-1)/PD-L1 were also evaluated in
other advanced solid tumors, including the phase I/
II ECHO-204 study assessing epacadostat plus PD-1
inhibitor nivolumab [29] and a phase I study assess-
ing IDO1 inhibitor navoximod with PD-L1 inhibitor
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Table 3 Analysis of PFS and OS

PFS 0s
Epacadostat + pembrolizumab  Placebo + pembrolizumab Epacadostat + pembrolizumab  Placebo +pembrolizumab
(n=77) (n=77) (n=77) (n=77)

Number of events, n (%) 37(48.1) 34 (44.2) 13(16.9) 17(22.1)

Median? (95% Cl), months 6.7 (43-8.2) 6.2 (43-NE) NE (NE-NE) NE (NE-NE)

Rate at month 6in %% (95% Cl) ~ 58.0 (45.2-68.8) 51.9(38.9-63.4) 86.4 (76.2-92.5) 81.5(70.7-88.6)

Hazard ratio (95% CI)° 1.10 (0.69-1.76) 0.74(0.36-1.52)

Pvalue 0.659¢ 0.205¢

BICR blinded independent central review, Cl confidence interval, NE not evaluated, OS overall survival, PFS progression-free survival, RECIST v1.1 Response Evaluation
Criteria in Solid Tumors version 1.1

Disease progression based on BICR assessment per RECIST v1.1

2 From product-limit (Kaplan-Meier) method for censored data

b Based on Cox regression model with Efron’s method of tie handling with treatment as a covariate stratified by tumor histology (squamous vs. nonsquamous)
€ One-sided P value based on log-rank test stratified by tumor histology (squamous vs. nonsquamous)

Table 4 Summary of adverse events

Epacadostat -+ pembrolizumab Placebo + pembrolizumab
(n=75) (n=77)
Any AE, n (%) Drug-related AE, n (%) Any AE, n (%) Drug-
related AE,
n (%)
Any AE? 69 (92.0) 53 (70.7)° 72(93.5) 49 (63.6)°
Constipation 18 (24.0) 4(5.3) 16 (20.8) 4(5.2)
Decreased appetite 14(18.7) 9(12.0) 8(104) 3(3.9)
Diarrhea 13(17.3) 7(9.3) 15(19.5) 10 (13.0)
Nausea 12 (16.0) 8(10.7) 709.1) 3(3.9
Pruritus 9(12.0) 8(10.7) 12 (15.6) 11 (4.3)
Fatigue 7(9.3) 5(6.7) 14 (18.2) 8(104)
Grade>3 AE 37 (49.3) 16 (21.3) 34 (44.2) 19 (24.7)
SAE 25(33.3) 7(9.3) 26 (33.8) 10 (13.0)
Discontinued due to an AE 10(13.3) 7 (9.3) 9(11.7) 6(7.8)
Pembrolizumab 5(6.7) 3(4.0) 8(104) 5(6.5)
Epacadostat/placebo 10(13.3) 7(9.3) 9(11.7) 6(7.8)
Epacadostat/placebo and pembrolizumab 5(6.7) 3(4.0) 8(104) 5(6.5)
Discontinued due to an SAE 5(6.7) 22.7) 6(7.8) 3(3.9)
Pembrolizumab 4(5.3) 22.7) 6(7.8) 3(3.9)
Epacadostat/placebo 5(6.7) 202.7) 6(7.8) 3(3.9)
Epacadostat/placebo and pembrolizumab 4(53) 22.7) 6(7.8) 3(3.9)
Deaths 3(4.0) 0 79.1) 2(26)

AE adverse event, CTCAE Common Terminology Criteria for Adverse Events, MedDRA Medical Dictionary for Regulatory Activities, NC/ National Cancer Institute, SAE
serious adverse event

Nonserious AEs up to 30 days of last dose and serious AEs up to 90 days of last dose are included

Grades are based on NCI CTCAE version 4.0

MedDRA preferred terms "Neoplasm progression", "Malignant neoplasm progression" and "Disease progression" not related to the drug are excluded
2 AEs (any grade) in > 15% of patients in the combination or control treatment arms

b Determined by the investigator to be related to the drug

atezolizumab [30]. These studies have reported pre- identification of associated biomarkers could guide
liminary antitumor activity in certain cancers. Clari- further investigation in clinical trials.

fication of patient populations that could benefit from This study was limited by its small sample size and short
combined IDO1 and PD-1/PD-L1 inhibition through median follow-up. Other limitations include that the
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Fig. 3 Circulating kynurenine levels at baseline (C1D1) and after one cycle of treatment (C2D1). The number of samples assessed was 56
in the pembrolizumab plus placebo group and 57 in the pembrolizumab plus epacadostat group. Kynurenine levels at C1D1 and C2D1 were
compared using paired t-tests within each treatment arm. The dotted line indicates median kynurenine levels in healthy subjects (1.5 uM) [19]. C

cycle, D day

study design was changed from phase III to phase II dur-
ing the study and that the study was discontinued early.

Conclusions

In this primary analysis, addition of epacadostat
100 mg BID to pembrolizumab therapy for metastatic
NSCLC was generally well tolerated but did not dem-
onstrate improved outcomes when compared with
placebo plus pembrolizumab. However, the pharma-
codynamic findings suggest that further combination
studies testing higher doses of epacadostat and using
circulating kynurenine levels or other appropriate
pharmacodynamic biomarkers to guide dose selection
are warranted.
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CR Complete response

DOR Duration of response
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IDO1 Indoleamine 2,3-dioxygenase 1
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PFS Progression-free survival
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