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Abstract

Background: Epacadostat, an oral, selective inhibitor of IDO1, has shown activity when administered with pembrolizumab. We evaluated the
addition of chemotherapy to epacadostat and pembrolizumab in patients with advanced or metastatic solid tumors. One proposed mechanism
of resistance to PD-1 checkpoint inhibition is through immunosuppression mediated by l-kynurenine. IDO1, indoleamine-2,3-dioxygenase 1 is
the rate-limiting enzyme catalyzing the conversion of L-tryptophan to L-kynurenine. If IDO1 is a mechanism of tumor escape from checkpoint
inhibition, then addition of an IDO1 inhibitor with a PD-1 checkpoint inhibitor could enable tumor response to immunotherapy.

Methods: Patients received one of 7 tumorappropriate chemotherapy regimens. Pembrolizumab 200 mg was infused intravenously every 3
weeks. Epacadostat 100 mg was administered orally twice daily. The primary objectives of phase | were determining safety/tolerability and defin-
ing the maximum tolerated or pharmacologically active dose of epacadostat. Phase Il of the study was designed to enroll efficacy-expansion
cohorts and to assess changes in the tumor and tumor microenvironment via mandatory-biopsy cohorts.

Results: A total of 70 patients were enrolled. Twelve patients were enrolled in the phase |l mandatory-biopsy cohorts. Due to early study clo-
sure, efficacy expansion did not enroll. Grades 3 and 4 treatment-emergent adverse events (TEAEs) occurred in 78.6% of patients. Neutropenia
and disease progression were the only grades 3 and 4 TEAEs reported in 210.0% of patients. One treatment-related death was reported. The
ORR was 31.4% across all treatment groups.

Conclusion: The combination of epacadostat 100 mg bid with pembrolizumab and chemotherapy had an acceptable safety profile. This regimen
showed antitumor activity across multiple types of advanced or metastatic solid tumors (ClinicalTrials.gov Identifier: NCT03085914).

Key words: epacadostat; pembrolizumab; solid tumors; chemotherapy; cancer.

Lessons Learned

e Epacadostat safely combines with the PD-1 inhibitor pembrolizumab and tumorappropriate chemotherapy in solid tumors, and
together, combination therapy produces tumor responses in some patients.

e Further investigation with higher doses of epacadostat to assess optimal IDO1 inhibition in combination with a PD-1 inhibitor and
chemotherapy are warranted.
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Discussion

This study investigated the addition of epacadostat 100 mg
BID to a pembrolizumab and tumor-appropriate chemo-
therapy regimen in patients with advanced solid tumors
(Fig. 1). The combinations were generally well tolerated,
and no new safety concerns were identified. The proportion
of patients experiencing AEs leading to dose reduction of
epacadostat (4.3%) or to discontinuation of epacadostat
or pembrolizumab (15.7%) was low. The overall ORR was
31.4%. However, in the absence of a control arm, assess-
ing the contribution of epacadostat to responses is not
possible. PD-L1 status was not a requirement for enroll-
ment, and data were unavailable to correlate with treat-
ment responses. Overall, the study population was highly
heterogeneous, but does provide early data on the activity
of epacadostat-based combination therapy in several tumor
types. Pharmacokinetic data showed that plasma exposure
to epacadostat administered in combination with pembroli-
zumab and chemotherapy were comparable to epacadostat
monotherapy.

The current study was closed to accrual after considering
the results of the ECHO-301/KEYNOTE-252 phase III study,
which did not show significant improvements in PFS or OS
with epacadostat 100 mg BID plus pembrolizumab versus
placebo plus pembrolizumab in patients with advanced mel-
anoma.! Early termination prevented analysis of biological
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correlates of response. In addition, given the small number
of patients with any given tumor type, we could not conclu-
sively assess responses by tumor histology, and the optimal
chemotherapy agent(s) to combine with epacadostat remains
unknown. Also, >30% of patients had tumor types histor-
ically associated with poor responsiveness to checkpoint
inhibition (eg, PDAC, CRC, cholangiocarcinoma, gastro-
esophageal cancer).

Epacadostat 100 mg BID was predicted to achieve 1C90
inhibition of IDO1 in peripheral blood, but the effect in
tumor tissue remains unclear. Epacadostat dosing may have
been insufficient to achieve optimal intratumoral IDO1 inhi-
bition.? In a retrospective analysis, pembrolizumab increased
production of plasma kynurenine levels and required epaca-
dostat 600 mg BID for suppression of plasma kynurenine pro-
duction.® Future pharmacodynamic/biomarker studies with
higher epacadostat dosing should provide further insights,
especially given the anticipated importance of sustained sup-
pression of intratumoral kynurenine. It will also be import-
ant to consider inhibition of parallel pathways of tryptophan
metabolism, such as tryptophan 2,3-dioxygenase 2.

Taken together, despite a relatively small sample size (N
= 70), short duration of follow-up, and limited numbers of
each tumor histology, this study shows that epacadostat can
be administered in combination with pembrolizumab plus
chemotherapy and that this combination may have clinical
activity across multiple types of advanced solid tumors.

Phase 1: 3 + 3 + 3 Design in Advanced or Metastatic Solid Tumors

Efficacy Expansion
(Combination treatment)

y

Stage 1

[ Stage 2

Treatment Group A
Epacadostat +
Pembrolizumab +
mFOLFOX6

Treatment Group B
Epacadostat +

Pembrolizumab +
nab-Paclitaxel/
Gemcitabine

Treatment Group C
Epacadostat +
Pembrolizumab +
Paclitaxel/Carboplatin

Treatment Group D
Epacadostat +
Pembrolizumab +
Pemetrexed/
Platinum agent

Treatment Group E
Epacadostat +
Pembrolizumab +
Cyclophosphamide

Epacadostat MTD or PAD*

Phase 2: Efficacy Expansi

Treatment Group F
Epacadostat +
Pembrolizumab +
Gemcitabine/
Platinum agent

nd Mandatory Biopsy Cohorts in Selected Solid Tumors

Treatment Group G
Epacadostat +
Pembrolizumab +
Platinum agent/
5-Fluorouracil

|

Biopsy

CRC'
Treatment Group A:
Epacadostat +
Pembrolizumab +
mFOLFOX6
(n=12)

PDAC'
Treatment Group B:
Epacadostat +
Pembrolizumab +
nab-Paclitaxel/
Gemcitabine
(n=15)

NSCLC Squamous’
Treatment Group C:
Epacadostat +

26
responses

25
responses

Enroll 26 additional
CRC subjects’

Enroll 12 additional
PDAC subjects’

+
Paclitaxel/Carboplatin
(n=33)

NSCLC Nonsquamous'
Treatment Group D:
Epacadostat +
Pembrolizumab +
Pemetrexed/
Platinum agent
(n=33)

Previous PD-1 or PD-L1
inhibitor therapy
Treatment Group E:
Epacadostat +
Pembrolizumab +
Cyclophosphamide
(n=33)

uc'
Treatment Group F:
Epacadostat +
Pembrolizumab +
Gemcitabine/
Platinum agent
(n=33)

SCCHN'
Treatment Group G:
Epacadostat +
Pembrolizumab +
Platinum agent/
5-Fluorouracil
(n=33)

Sequential t

reatment

Mandatory paired biopsies
in 2 10 CRC subjects*

Mandatory paired biopsies
in 210 PDAC subjects®

*If epacadostat 100 mg BID is not tolerated within a treatment group, epacadostat 50 mg BID will be evaluated. For all treatment groups, a minimum of 6 subjects must be treated with epacadostat 100 mg BID before opening Phase 2 at that dose.

Sequential treatment

Mandatory paired biopsies '

in 2 10 Squamous
NSCLC subjects"¢

| Mandatory paired biopsies |
| in 210 Nonsquamous
NSCLC subjects**

‘On-treatment biopsies are optional for all subjects enrolled in the Phase 2 efficacy expansion cohorts who receive IV chemotherapy.

*For the Phase 2 mandatory biopsy cohorts with

ial treatment: IV

only will be

for Cycle 1;

“Cohorts may be opened at sponsor’s discretion. If opened, paired biopsies are mandatory in subjects enrolled in these cohorts.

Figure 1. Original study design with final groups enrolled highlighted in green.

Combination treatment

Mandatory paired biopsies
in 25 subjects

Sequential treatment

Mandatory paired biopsies
in 2 10 UC subjects®

Mandatory paired biopsies
in 210 SCCHN subjects®

pembrolizumab, and IV chemotherapy will be administered starting on Cycle 2 Day 1.

Author disclosures and references available online.
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TRIAL INFORMATION

Disease

Stage of disease/treatment
Prior therapy

Type of study

Primary endpoint
Secondary endpoints
Investigator’s analysis

Additional Details of Endpoints or Study
Design

Patients

Study participants were adults (aged >18 years) with advanced
or metastatic solid tumors. Eligible patients had >1 lesion that
was measurable per Response Evaluation Criteria in Solid
Tumors (RECIST) version 1.1 and an Eastern Cooperative
Oncology Group performance status score of 0-1. Patients
enrolled in the phase I portion of the study had confirmed
locally advanced or metastatic solid tumors and had either
experienced disease progression during prior treatment with
>1 standard therapy or refused or were intolerant to the
standard-of-care for their tumor. Patients enrolled in the
phase II portion of the study had either (1) confirmed
advanced or metastatic CRC, pancreatic ductal adenocarci-
noma (PDAC), non-squamous or squamous non—small cell
lung cancer (NSCLC), urothelial carcinoma (UC), or squa-
mous cell carcinoma of the head and neck (SCCHN) that was
not previously treated in the advanced/metastatic setting or
(2) any confirmed advanced or metastatic solid tumor that
had progressed during prior treatment with a PD-1/PD-L1
inhibitor. Key exclusion criteria included abnormal laboratory
measurements (eg, absolute neutrophil count <1.5 x 10%/L;
platelet count <100 x 10°/L; hemoglobin <9 g/dL; aspartate
aminotransferase, alanine aminotransferase, or alkaline phos-
phatase 2.5 times the upper limit of normal), radiotherapy
within 14 days of starting study treatment, symptomatic cen-
tral nervous system metastases and/or carcinomatous men-
ingitis, lack of recovery to grade <1 from the toxic effects
of prior therapy and/or complications from a previous sur-
gical intervention before starting study treatment, clinically
significant cardiac disease (eg, unstable angina, arrhythmia
requiring therapy), and use of monoamine oxidase inhibitors
(MAOIs) or drugs that have significant MAOI activity (eg,
meperidine, linezolid, methylene blue) in the 21 days prior to
screening.

Study Design and Treatment

ECHO-207/KEYNOTE-723 (NCT03085914) was an
open-label, nonrandomized phase I/Il study performed at
9 sites in the US (Fig. 1). The phase I portion of the study
used a 3+3+3 design. Participants received one of 7 distinct
chemotherapy regimens in combination with epacadostat
and pembrolizumab (treatment groups A-G). All treat-
ment groups were tested in parallel during phase 1. The
chemotherapy regimen most appropriate for the present-
ing tumor type was selected by the treating investigator.
Pembrolizumab 200 mg was infused intravenously every 3
weeks. Epacadostat 100 mg was administered orally twice
daily. Patients received study treatment until the comple-
tion of 35 pembrolizumab infusions (approximately 2

Solid tumors

Metastatic/advanced

No designated number of regimens

3+3

Safety, tolerability, maximum tolerated dose
Investigator-assessed objective response rate

Inconclusive due to early study termination

years), disease progression, unacceptable toxicity, or other
discontinuation criterion was met. Dose modification of
epacadostat, pembrolizumab, or both was permitted for
the management of immune-related adverse events (AEs).
Dose interruptions and discontinuation were permitted for
pembrolizumab, but not changes in dose. Chemotherapy
dose adjustment followed standard guidelines. The phase I
portion of the study sought to determine the maximum tol-
erated dose (MTD) or pharmacologically active dose (PAD)
of epacadostat when combined with pembrolizumab and
chemotherapy.

To further evaluate the safety, tolerability, and efficacy
of epacadostat at the MTD or PAD identified in phase I,
the phase II portion of the study was designed to enroll
efficacy-expansion cohorts in select tumor types (treatment
groups A, B, C, D, F, and G) and of patients with advanced
or metastatic solid tumors who experienced progression
during prior treatment with a PD-1/PD-L1 inhibitor (treat-
ment group E). To assess changes in the tumor and tumor
microenvironment, mandatory-biopsy cohorts were planned
for phase II.

Study Conduct

The study was conducted in compliance with the
Declaration of Helsinki, the International Conference on
Harmonization Guidelines for Good Clinical Practice, and
applicable national and local regulatory requirements. The
study protocol was approved by the independent ethics
committee/institutional review board at each participating
site, and all patients provided written informed consent.
The first patient was dosed on May 2, 2017. On October
25,2018, a decision was made to permanently stop enroll-
ment. This decision was based on results from the phase
I ECHO-301/KEYNOTE-252 study, which compared
epacadostat (100 mg twice daily) plus pembrolizumab ver-
sus placebo plus pembrolizumab in patients with advanced
melanoma.

Endpoints

The primary endpoint of the phase I portion of the study was
safety and tolerability. The secondary endpoint was investi-
gator-assessed objective response rate (ORR), defined as the
proportion of patients with a complete response (CR) or
partial response (PR) per RECIST version 1.1. In the phase
II portion of the study, the primary endpoint was investiga-
tor-assessed ORR, and the secondary endpoint was safety and
tolerability. Adverse events (AEs) were coded per Medical
Dictionary for Regulatory Activities version 20.0 and graded
per Common Terminology Criteria for Adverse Events
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version 4.03. Exploratory endpoints in phase I and phase
IT included (1) the pharmacokinetics of epacadostat and
(2) analysis of changes in immune status and of biomarkers of
treatment response. Plasma samples for the pharmacokinetic
analyses were obtained pre- and post-dose of epacadostat on
cycle 1/day 1, cycle 1/day 8, and cycle 2/day 1. Whole blood
and plasma samples for the immune status/biomarkers anal-
yses were obtained on days 1, 8, and 15 of cycle 1; day 1
of cycles 2 and 3; and every 3 cycles thereafter starting with
cycle 6. Tumor biopsies were obtained at screening and on
treatment from patients in the mandatory-biopsy cohorts.

DRuG INFoOrRmATION: GROUP A
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Following study termination, on-treatment biopsies were no
longer required. Thus, analyses of changes in immune status
and biomarkers of treatment response were not conducted.

Statistics

The analysis population was comprised of patients who
received >1 dose of any study drug. All outcomes were sum-
marized using descriptive statistics. Data collected from phase
I and phase II were pooled and summarized by treatment

group.

Generic/working name
Company name

Drug type

Drug class

Dose

Unit

Route

Schedule of administration

Epacadostat

Incyte Corporation
Small molecule
IDO1 inhibitor
100

mg

Oral (po)
Twice-daily (bid)

Generic/working name
Company name

Drug type

Drug class

Dose

Unit

Route

Schedule of administration

Pembrolizumab
Merck & Co., Inc.
Antibody
Immunotherapy
200

mg

Intravenous

Every 3 weeks for up to 35 infusions

Generic/working name
Company name

Drug type

Dose

Unit

Route

Schedule of administration

Oxaliplatin

Generic

Platinum compound

85

mg/m?*

Intravenous

Days 1 and 15 of each 28-day cycle

Generic/working name
Company name

Drug type

Dose

Unit

Route

Schedule of administration

Leucovorin

Folic acid analog

400

mg/m?>

Intravenous

Days 1 and 15 of each 28-day cycle

Generic/working name
Company name

Drug type

Dose

Route
Schedule of administration

S-Fluorouracil
Generic
Antimetabolite

400 mg/m2 IV bolus, then 1200 mg/m?2 per day IV infusion
over 46 hours for a total dose of 2400 mg/m?

Intravenous
Days 1 and 15 of each 28-day cycle
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DRruc INFOrRmATION: GROUP B

Generic/working name Epacadostat
Company name Incyte Corporation
Drug type Small molecule
Drug class IDO1 inhibitor
Dose 100

Unit mg

Route Oral (po)

Schedule of administration Twice-daily (bid)

Generic/working name Pembrolizumab

Company name Merck & Co., Inc.

Drug type Antibody

Drug class Immunotherapy

Dose 200

Unit mg

Route Intravenous

Schedule of administration Every 3 weeks for up to 35 infusions

Generic/working name nab-Paclitaxel

Company name Celgene

Drug type Drug conjugate

Drug class Tubulin/microtubules targeting agent

Dose 125

Unit mg/m?

Route Intravenous

Schedule of administration Days 1, 8, and 15 of each 28-day cycle
CDmugd

Generic/working name Gemcitabine

Company name Generic

Drug type Small molecule

Drug class DNA synthesis inhibitor

Dose 1000

Unit mg/m?

Route Intravenous

Schedule of administration Days 1, 8, and 15 of each 28-day cycle

DRruG INFormATION: GROUP C

Generic/working name Epacadostat
Company name Incyte Corporation
Drug type Small molecule
Drug class IDO1 inhibitor
Dose 100

Unit mg

Route Oral (po)

Schedule of administration Twice-daily (bid)

Generic/working name Pembrolizumab
Company name Merck & Co., Inc.
Drug type Antibody

Drug class Immunotherapy
Dose 200

Unit mg

Route Intravenous

Schedule of administration Every 3 weeks for up to 35 infusions
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Generic/working name
Company name

Drug type

Drug class

Dose

Unit

Route

Schedule of administration

Paclitaxel

Generic

Small molecule
Tubulin/microtubule targeting agent
200

mg/m?

Intravenous

Day 1 of each 21-day cycle for a minimum of 4 cycles and a maximum of 6 cycles

Generic/working name
Company name

Drug type

Drug class

Dose

Unit

Route

Schedule of administration

DRuG INFormATION: GROUP D

Carboplatin

Generic

Platinum compound

Alkylating agent

6

AUC

Intravenous

Day 1 of each 21-day cycle for a minimum of 4 cycles and a maximum of 6 cycles

Generic/working name
Company name

Drug type

Drug class

Dose

Unit

Route

Schedule of administration

Epacadostat

Incyte Corporation
Small molecule
IDO1 inhibitor
100

mg

Oral (po)
Twice-daily (bid)

Generic/working name
Company name

Drug type

Drug class

Dose

Unit

Route

Schedule of administration

Pembrolizumab
Merck & Co., Inc.
Antibody
Immunotherapy
200

mg

Intravenous

Every 3 weeks for up to 35 infusions

Generic/working name
Company name

Drug type

Drug class

Dose

Unit

Route

Schedule of administration

Pemetrexed
Generic

Small molecule
Antimetabolite

mg/m?
Intravenous

Day 1 of each 21-day cycle for a minimum of 4 cycles and a maximum of 6 cycles

Generic/working name
Company name

Drug type

Drug class

Dose/unit

Route

Schedule of administration

Carboplatin or cisplatin

Generic

Platinum compound

Alkylating agent

Carboplatin AUC 5 or cisplatin 75 mg/m?*
Intravenous

Day 1 of each 21-day cycle for a minimum of 4 cycles and a maximum of 6 cycles
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DRruc INFormATION: GROUP E

Generic/working name Epacadostat
Company name Incyte Corporation
Drug type Small molecule
Drug class IDO1 inhibitor
Dose 100

Unit mg

Route Oral (po)

Schedule of administration Twice-daily (bid)

Generic/working name Pembrolizumab

Company name Merck & Co., Inc.

Drug type Antibody

Drug class Immunotherapy

Dose 200

Unit mg

Route Intravenous

Schedule of administration Every 3 weeks for up to 35 infusions

Generic/working name Cyclophosphamide
Company name Generic

Drug type Small molecule
Drug class Alkylating agent
Dose 50

Unit mg

Route Oral

Schedule of administration Daily

DRruG INFOrRmATION: GROUP F

Generic/working name Epacadostat
Company name Incyte Corporation
Drug type Small molecule
Drug class IDO1 inhibitor
Dose 100

Unit mg

Route Oral (po)

Schedule of administration Twice-daily (bid)

Generic/working name Pembrolizumab

Company name Merck & Co., Inc.

Drug type Antibody

Drug class Immunotherapy

Dose 200

Unit mg

Route Intravenous

Schedule of administration Every 3 weeks for up to 35 infusions

Generic/working name Gemcitabine

Company name Generic

Drug class DNA synthesis inhibitor
Dose 1000

Unit mg/m?

Route Intravenous

Schedule of administration Days 1 and 8 in a 21-day cycle for a maximum of 6 cycles
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Generic/working name
Company name

Drug type

Drug class

Dose/unit

Route

Schedule of administration

DRruG INFormATION: GROUP G

Carboplatin or cisplatin

Generic

Platinum compound

Alkylating agent

Carboplatin AUC 5 or cisplatin 70 mg/m?*
Intravenous

Day 1 of a 21-day cycle for a maximum of 6 cycles

Generic/working name
Company name

Drug type

Drug class

Dose

Unit

Route

Schedule of administration

Epacadostat
Incyte Corporation
Small molecule
IDO1 inhibitor
100

mg

Oral (po)
Twice-daily (bid)

Generic/working name
Company name

Drug type

Drug class

Dose

Unit

Route

Schedule of administration

Pembrolizumab

Merck & Co., Inc.

Antibody

Immunotherapy

200

mg

Intravenous

Every 3 weeks for up to 35 infusions

Generic/working name
Company name

Drug class

Dose

Unit

Route

Schedule of administration

S-Fluorouracil
Generic
Antimetabolite
1000

mg/m?
Intravenous

Each day on days 1-4 in a 21-day cycle for a maximum of 6 cycles

Generic/working name
Company name

Drug type

Drug class

Dose/unit

Route

Schedule of administration

Carboplatin or cisplatin

Generic

Platinum compound

Alkylating agent

Carboplatin AUC $ or cisplatin 100 mg/m?
Intravenous

Day 1 in a 21-day cycle for a maximum of 6 cycles

PATIENT CHARACTERISTICS (FOR ALL PATIENTS; TABLE 1 SHOWS CHARACTERISTICS BY TREATMENT GROUP)

Number of patients, male

Number of patients, female

Stage

Age: median (range)

Number of prior systemic therapies: median (range)
Performance status: ECOG

69 patients had metastatic disease; 1 patient had advanced disease

59 (28-80) years

1(1-7)

0 or 1: all patients had ECOG performance status less than or equal to 1
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Adrenal cancer

Anal cancer

Breast cancer

Cervical cancer
Cholangiocarcinoma

Colorectal cancer

Endometrial cancer

Esophageal cancer

Gall bladder cancer

Gastric cancer
Gastroesophageal/gastroesophageal junction cancer
Head and neck squamous cell carcinoma
Melanoma

Mesothelioma

Nasopharyngeal cancer
Non-small cell lung cancer
Opvarian cancer

Pancreatic ductal adenocarcinoma
Renal cell carcinoma

Salivary gland cancer

Sarcoma

Small cell lung cancer

Urothelial cancer

Uterine cancer

Other

NP = W N =

—_

0

A== R R W R 0 WO =N R R WD = O

PRrRIMARY AsSeSSMENT METHOD: ALL PATIENTS

Title

Number of patients screened

Number of patients enrolled

Number of patients evaluable for toxicity
Number of patients evaluated for efficacy
Evaluation Method

Response assessment, CR

Response assessment, PR

Response assessment, SD

Response assessment, PD or death

Outcome notes

Response evaluation

RECIST 1.1
1(1.4%)
21 (30%)
23 (32.9%)
24 (34.3%)

Table 2 shows a summary of AEs.

Table 3 shows response by treatment group.
Table 4 shows pharmacokinetic parameters.
Table 5 shows response by tumor histology.

ASSESSMENT, ANALYSIS, AND Discussion

Completion

Investigator’s assessment

The phase /Il ECHO-207/KEYNOTE-723 study investigated
epacadostat in combination with pembrolizumab plus che-
motherapy for the treatment of patients with advanced solid
tumors (Fig. 1). Epacadostat is an orally available selective
inhibitor of indoleamine 2,3-dioxygenase (IDO1),a key enzyme
involved in the metabolism of tryptophan to kynurenine.
Whereas tryptophan supports T-cell antitumor functions,
kynurenine has been shown to trigger immunosuppression.

Study terminated prior to completion

Inconclusive due to early study termination

Preclinical models show that IDO1 and immune checkpoints
have complementary roles in regulating the antitumor activity
of tumor-specific T cells.*® Although this biology has not been
demonstrated in humans, whole blood assays have shown that
epacadostat effectively inhibits the metabolism of tryptophan
to kynurenine in patients with advanced solid tumors.”

A CONSORT diagram summarizing all enrolled patients is
shown in Fig. 2. The addition of epacadostat (100 mg twice
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daily) to pembrolizumab plus a tumor-appropriate chemo-
therapy regimen was associated with acceptable safety/tol-
erability and preliminary clinical activity. The proportion of
patients who experienced AEs leading to dose reduction of
epacadostat (4.3%) or to discontinuation of epacadostat or
pembrolizumab (15.7%) was low (Table 2). No new safety
concerns were identified for any of the 7 treatment regimens
studied. The ORR was 31.4%, with the highest response rate
(55.6%) observed in treatment group A (epacadostat + pem-
brolizumab + mFOLFOX6) and treatment group B (epaca-
dostat + pembrolizumab + nanoparticle albumin-bound
[nab]-paclitaxel + gemcitabine) (Table 3). However, in the
absence of a control arm (ie, chemotherapy plus pembroli-
zumab only), it is not possible to assess the extent to which
epacadostat contributed to the observed treatment responses.
Pharmacokinetic data showed that plasma exposures to
epacadostat when administered in combination with pem-
brolizumab and chemotherapy were comparable to epaca-
dostat monotherapy’ (Table 4). The general similarity of
the pharmacokinetics of epacadostat across the 7 treatment
groups suggests that chemotherapy does not impact the phar-
macokinetic profile of epacadostat. The lower exposures
observed in treatment group D relative to treatment group C
and treatment group E were likely due to variability, because
no mechanistic basis for a drug-drug interaction has been
identified. The clearance mechanisms of epacadostat and
pemetrexed (treatment group D) do not overlap, with epaca-
dostat cleared predominantly by hepatic glucuronidation and
pemetrexed cleared by renal excretion. Overall, the findings
from this study show that epacadostat can be safely combined
with pembrolizumab and chemotherapy in the treatment of
multiple solid tumor histologies.

Following the sponsor’s review of combination treatment
with epacadostat and pembrolizumab and considering the
results from the ECHO-301/KEYNOTE-252 phase III study,
this phase I/Il study was closed to accrual and terminated.
ECHO-301/KEYNOTE-252 randomized patients with
advanced melanoma to receive epacadostat (100 mg twice
daily) plus pembrolizumab or placebo plus pembrolizumab.!
Although no new safety concerns were seen with epacadostat
plus pembrolizumab compared with pembrolizumab mono-
therapy, no statistically significant differences between the
2 treatment arms were observed for either of the dual pri-
mary endpoints: PFS (epacadostat plus pembrolizumab, 4.7
months; placebo plus pembrolizumab, 4.9 months, one-sided
P = .52) and OS (median not reached in either arm after a
median follow-up of 12.4 months).

The early termination of this phase I/Il study prevented anal-
ysis of biological correlates of response. In addition, given the
small number of patients within any given tumor type, it was
not possible to conclusively assess responses by tumor histol-
ogy, and the optimal cytotoxic agent(s) to combine with epaca-
dostat remains unknown. Also, >30% of enrolled patients had
tumor types that have been historically associated with poor
responsiveness to immune checkpoint inhibition (eg, PDAC,
CRC, cholangiocarcinoma, gastroesophageal cancer) (Table
5). Overall, these preliminary safety and efficacy data support
further exploration of epacadostat in combination with pem-
brolizumab plus chemotherapy in patients with solid tumors.

Epacadostat 100 mg twice daily was selected for clinical
evaluation because it was predicted to achieve IC90 inhibi-
tion of IDO1 in peripheral blood, but it is unclear whether
this dose results in IC90 inhibition of IDO1 in tumor tissues.
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Thus, the 100 mg twice-daily dose of epacadostat may have
been insufficient to achieve optimal blockade of IDO1, par-
ticularly within the tumor microenvironment.? In a phase 1
study of epacadostat in patients with advanced solid tumors,
the percentage decrease in kynurenine levels from baseline
to day 15 was found to be dose dependent, suggesting that
doses higher than 100 mg twice daily may result in more
potent antitumor immune effects.” Consistent with this,
pembrolizumab has been found to increase the production
of plasma kynurenine levels requiring epacadostat dosing at
600 mg BID, the maximally tolerated dose, for suppression
of plasma kynurenine production.’ Future studies assess-
ing pharmacodynamic markers, such as serum and tumor
kynurenine levels, should provide further insight into this
research question, especially given the anticipated impor-
tance of sustained suppression of intratumoral kynurenine.
It will also be important to consider inhibition of parallel
pathways of tryptophan metabolism, such as tryptophan
2,3-dioxygenase 2.3

In contrast to epacadostat,” both pembrolizumab and
chemotherapy have single-agent antitumor activity. In this
study, we hypothesized that epacadostat would improve the
therapeutic efficacy of pembrolizumab plus chemotherapy.
Analyses of biomarkers and of the effects of epacadostat
would be needed to understand the impact on the immuno-
modulatory activity of pembrolizumab plus chemotherapy.
Such studies could also inform patients most likely to bene-
fit from treatment."”! In our study, PD-L1 expression was
not a requirement for enrollment and PD-L1 status was not
available on patients to correlate with treatment responses.
Overall, the study population was highly heterogeneous,
but does provide early data on the activity of epacado-
stat-based combination therapy and in several uncommon
tumor types.

Despite a relatively small sample size (N = 70), short dura-
tion of follow-up, and limited numbers of each tumor histol-
ogy enrolled, this phase I/I study shows that epacadostat can
be administered in combination with pembrolizumab plus
chemotherapy and that this combination may have clinical
activity across multiple types of advanced solid tumors.
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Figure 2. Patient disposition.
Table 1. Baseline demographics and disease characteristics.
Treatment group Total
(N =70)
A B C D E F G
(n=9) (n=9) (n=11) (n=29) (n=13) (n=38) (n=11)
Male, 7 (%) 6 (66.7) 5 (55.6) 5 (45.5) 5 (55.6) 3(23.1) 3(37.5) 7(63.6) 34 (48.6)
Age, mean (SD), years 55.8(8.03)  46.0 (14.98) 63.7 (12.11) 58.2(12.96) 62.0 (10.21) 60.3 (12.01) 59.4 (12.24) 58.3 (12.54)
Age 265 years, 1 (%) 1(11.1) 1(11.1) 5 (45.5) 3(33.3) 5 (38.5) 3(37.5) 4(36.4)  22(31.4)
Race, 1 (%)
White 7(77.8) 7(77.8) 9 (81.8) 8 (88.9) 10 (76.9) 6 (75.0) 8(72.7)  55(78.6)
Black/African American 2(22.2) 1(11.1) 0 0 1(7.7) 0 2(18.2) 6 (8.6)
Other® 0 1(11.1) 2 (18.2) 1(11.1) 2 (15.4) 2(25.0) 1(9.1) 9 (12.9)
Disease stage, 7 (%)
Advanced 0 0 1(9.1) 0 0 0 0 1(1.4)
Metastatic 9 (100.0) 9 (100.0) 10 (90.9) 9 (100.0) 13 (100.0) 8 (100.0) 11 (100.0) 69 (98.6)
Solid tumor type, 7 (%)
Adrenal cancer 0 0 0 0 1(7.7) 0 0 (1.4)
Anal cancer 0 0 1(9.1) 0 0 0 1(9.1) 2(2.9)
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Table 1. Continued

Treatment group Total
(N=70)
A B C D E F G
(n=9) (n=9) (n=11) (n=9) (n=13) (n=8) (n=11)

Breast cancer 0 1(11.1) 0 0 1(7.7) 1(12.5) 0 3(4.3)

Cervical cancer 0 1(11.1 0 0 0 0 0 1(1.4)

Cholangiocarcinoma 1(11.1) 0 0 0 0 1(12.5) 0 2(2.9)

Colorectal cancer 4 (44.4) 0 0 2(22.2) 2 (15.4) 0 2(18.2 10 (14.3)

Endometrial cancer 0 0 1(9.1) 0 1(7.7) 1(12.5) 2 (18.2) 5(7.1)

Esophageal cancer 0 1(11.1) 0 0 0 0 0 1(1.4)

Gall bladder cancer 1(11.1) 0 0 0 1(12.5) 0 2(2.9)

Gastric cancer 1(11.1) 0 0 1(7.7) 0 0 2(2.9)

Gastroesophageal/gas- 1(11.1) 0 0 0 1(7.7) 0 1(9.1) 3(4.3)

troesophageal junction

cancer

Head and neck squa- 0 0 0 0 0 0 1(9.1) 1(1.4)

mous cell carcinoma

Melanoma 0 0 0 0 1(7.7) 0 0 1(1.4)

Mesothelioma 0 0 1(11.1) 0 1(12.5) 0 2(2.9)

Nasopharyngeal cancer 0 0 0 0 1(12.5) 0 1(1.4)

Non-small cell lung 0 0 4 (36.4) 3(33.3) 2(15.4) 0 0 9(12.9)

cancer

Ovarian cancer 0 (9.1) 2(22.2) 0 0 0 3 (4.3)

Pancreatic ductal adeno- 1(11.1) 4 (44.4) 1(9.1) 0 1(7.7) 0 2 (18.2) 9(12.9)

carcinoma

Renal cell carcinoma 0 0 0 0 0 1(12.5) 0 1(1.4)

Salivary gland cancer 0 0 2 (18.2) 0 0 1(12.5 0 3(4.3)

Sarcoma 0 0 0 0 1(7.7) 0 0 1(1.4)

Small cell lung cancer 0 1(11.1) 0 0 0 0 0 1(1.4)

Urothelial cancer 0 0 1(9.1) 0 0 0 0 1(1.4)

Uterine cancer 0 0 1(11.1) 0 0 0 1(1.4)

Other® 0 1(11.1) 0 1(7.7) 0 2 (18.2) 4(5.7)

Prior treatment, 7 (%)

Systemic therapy 6 (66.7) 7(77.8) 6 (54.5) 6 (66.7) 13 (100.0) 6 (75.0) 11 (100.0) 55 (78.6)
Monoclonal antibody 2(22.2) 1(11.1) 2 (18.2) 4 (44.4) 7(53.8) 2 (25.0) 3(27.3) 21 (30.0)
Protein kinase inhib- 0(0.0) 2(22.2) 1(9.1) 1(11.1) 2 (15.4) 2 (25.0) 2 (18.2) 10 (14.3)
itor
Anthracyclines and 0 1(11.1) 0 2(22.2) 0 0 2 (18.2) 5(7.1)
related substances
Platinum compounds 4 (44.4) 6 (66.7) 5(45.5) 5(55.6) 7 (53.8) 4 (50.0) 9 (81.8) 40 (57.1)
Pyrimidine analogs 6 (66.7) 3(33.3) 2 (18.2) 3(33.3) 6 (46.2) 2 (25.0) 6 (54.5) 28 (40.0)
Taxanes 1(11.1) 4 (44.4) 2(18.2) 3(33.3) 5(38.5) 3(37.5) 5 (45.5) 23 (32.9)

Radiotherapy 3(33.3) 6 (66.7) 6 (54.5) 4 (44.4) 5(38.5) 4 (50.0) 9 (81.8) 37 (52.9)

Surgery 5(55.6) 5(55.6) 9 (81.8) 7(77.8) 10 (76.9) 5(62.5) 7 (63.6) 48 (68.6)

Median prior lines of 1 1 1 1 2 2 2 1
therapy,

Treatment group A, mFOLFOXG6 (oxaliplatin, leucovorin calcium [folinic acid], and S-fluorouracil); treatment group B, nab-paclitaxel and gemcitabine;
treatment group C, paclitaxel and carboplatin; treatment group D, pemetrexed and platinum agent; treatment group E, cyclophosphamide; treatment group
F, gemcitabine and platinum agent; treatment group G, 5-fluorouracil and platinum agent.

*Asian, Native Hawaiian/Pacific Islander, or Other.

"The “other” tumor types were malignant fibrous tumor of the left pleura, basal cell carcinoma, mucoepidermoid carcinoma, and adenoid cystic carcinoma.
Abbreviations: Nab, nanoparticle albumin-bound; SD, standard deviation.
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Table 2. Safety summary.
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Patients, 7 (%) Treatment group Total
(N=70)
A B C D E F G
(n=9) (n=9) (n=11) (n=9) (n=13) (n=8) (n=11)

Any-grade TEAE? 9(100.0)  9(100.0)  11(100.0)  9(100.0) 13 (100.0) 8 (100.0) 11 (100.0) 70 (100.0)
Nausea 2(22.2) 6 (66.7) 8 (72.7) 7(77.8) 5(38.5) 4(50.0) 8 (72.7) 40 (57.1)
Fatigue 7(77.8) 5(55.6) 6 (54.5) 6 (66.7) 6 (46.2) 4 (50.0) 4 (36.4) 38 (54.3)
Diarrhea 4 (44.4) 6 (66.7) 6 (54.5) 4 (44.4) 4(30.8) 0 5(45.5) 29 (41.4)
Anemia 3(33.3) 5(55.6) 4 (36.4) 3(33.3) 6 (46.2) 4 (50.0) 3(27.3) 28 (40.0)
Neutropenia 2(22.2) 5(55.6) 5(45.5) 2(22.2) 2(15.4) 6 (75.0) 3(27.3) 25 (35.7)
Vomiting 1(11.1) 4 (44.4) 4 (36.4) 3(33.3) 4 (30.8) 3 (37.5) 4 (36.4) 23 (32.9)
Neuropathy peripheral 6 (66.7) 3(33.3) 5(45.5) 3(33.3) 0 0 1(9.1) 18 (25.7)
Stomatitis 3(33.3) 3(33.3) 2 (18.2) 2(22.2) 1(7.7) 0 6 (54.5) 17 (24.3)
ALT increased 3(33.3) 3(33.3) 3(27.3) 3(33.3) 1(7.7) 2 (25.0) 1(9.1) 16 (22.9)
Thrombocytopenia 1(11.1) 7(77.8) 0 1(11.1) 0 5(62.5) 2(18.2) 16 (22.9)
AST increased 3(33.3) 3(33.3) 3(27.3) 3(33.3) 1(7.7) 1(12.5) 0 14 (20.0)
Leukopenia 1(11.1) 1(11.1) 3(27.3) 2(22.2) 1(7.7) 5(62.5) 1(9.1) 14 (20.0)

Treatment-related AE 9(100.0)  9(100.0)  11(100.0)  9(100.0) 10 (76.9) 8(100.0) 11 (100.0) 67 (95.7)

Grades 3 and 4 TEAE® 7(77.8) 9(100.0) 10 (90.9) 5(55.6) 8 (61.5) 8 (100.0) 8 (72.7) 55(78.6)
Neutropenia 1(11.1) 5(55.6) 2 (18.2) 1(11.1) 1(7.7) 4 (50.0) 3(27.3) 17 (24.3)
Disease progression 1(11.1) 0 2(18.2) 1(11.1) 1(7.7) 1(12.5) 1(9.1) 7(10.0)

Serious TEAE 5(55.6) 5(55.6) 4 (36.4) 2(22.2) 6 (46.2) 4 (50.0) 6 (54.5) 32 (45.7)

TEAE leading to death 1(11.1) 3(33.3) 3(27.3) 1(11.1) 4(30.8) 2 (25.0) 2(18.2) 16 (22.9)

TEAE leading to dose reduction of 1 (11.1) 1(11.1) 0 0 1(7.7) 0 0 3(4.3)

epacadostat

TEAE leading to dose interruption 6 (66.7) 9 (100.0) 7 (63.6) 5(55.6) 4 (30.8) 6(75.0) 6 (54.5) 43 (61.4)

of epacadostat or pembrolizumab

TEAE leading to discontinuation 0 2(22.2) 2 (18.2) 2(22.2) 2(15.4) 1(12.5) 2(18.2) 11 (15.7)

of epacadostat or pembrolizumab

Dose-limiting toxicity 0 2(22.2) 0 0 0 0 3(27.3) 5(7.1)

*Only preferred terms were used. Specific AEs are shown if they occurred in 220% (any-grade) or 210% (grades 3 and 4) of patients.

Table 3. Objective response rate.

Patients, 7 (%) Treatment group Total

(N=70)
A B C D E G
(n=9) (n=9) (n=11) (n=9) (n=13) (n=8) (n=11)

Best response
Complete response 0 0 1(9.1) 0 0 0 0 1(1.4)
Partial response 5(55.6) 5(55.6) 2 (18.2) 3(33.3) 2 (15.4) 3(37.5) 1(9.1) 21 (30.0)
Stable disease 2(22.2) 2(22.2) 7 (63.6) 4 (44.4) 2 (15.4) 2 (25.0) 4 (36.4) 23 (32.9)
Progressive disease or death 2(22.2) 2(22.2) 0 2(22.2) 9 (69.2) 3(37.5) 6 (54.5 24 (34.3)
Not evaluable 0 0 1(9.1) 0 0 0 0 1(1.4)

Objective response rate 5(55.6) 5(55.6) 3(27.3) 3(33.3) 2 (15.4) 3(37.5) 1(9.1) 22 (31.4)
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Table 5. Responses by tumor histology.?

The Oncologist, 2022,Vol. 27, No. 11

Tumor type, 1 (%) Responders
A B C D E F G
(n=35) (n=35) (n=3) (n=3) (n=2) (n=3) (n=1)

Breast cancer 1(20.0) 1(50.0)

Colorectal cancer 4 (80.0)

Esophageal cancer 1(20.0)

Gallbladder cancer 1(20.0) 1(33.3)

Gastric cancer 1(50.0)

Mesothelioma 1(33.3) 1(33.3)

Nasopharyngeal cancer 1(33.3

Non-small cell lung cancer 2 (66.7) 1(33.3)

Ovarian cancer 1(33.3) 1(33.3

Pancreatic cancer 3 (60.0)

Mucoepidermoid carcinoma 1 (100.0)

Treatment group A, mFOLFOXG6 (oxaliplatin, leucovorin calcium [folinic acid], and S-fluorouracil); treatment group B, nanoparticle albumin-bound
(nab)-paclitaxel and gemcitabine; treatment group C, paclitaxel and carboplatin; treatment group D, pemetrexed and platinum agent; treatment group E,

cyclophosphamide; treatment group F, gemcitabine and platinum agent; treatment group G, S-fluorouracil and platinum agent.

“With the exception of one patient with non-small cell lung cancer in treatment group C who developed a complete response, all other responses were

partial responses.



