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TABLE 1: EPA Studies Included in These Analyses
Study Acronym Study Description
ECHO-301 Randomized, Phase 3 study of EPA (100 mg BID) with or without PEM (200 mg Q3W) in advanced melanoma
ECHO-202 Single arm, Phase 1/2 study of EPA (escalating doses) plus PEM (2 mg/kg or 200 mg Q3W) in multiple tumor types

ECHO-204 Single arm, Phase 1/2 study of EPA (100 mg BID or 300 mg BID) plus NIVO (240 mg Q2W or 480 mg Q4W) in 
multiple tumor types

ECHO-210 Randomized, Phase 2 study of EPA (600 mg BID) monotherapy versus tamoxifen (20 mg BID) in ovarian cancer
POD1UM-102 Single arm, Phase 1b study of EPA (escalating doses) plus retifanlimab (500 mg Q4W) in advanced solid tumors

BID, twice a day; EPA, epacadostat; NIVO, nivolumab; PEM, pembrolizumab; Q2W, every 2 weeks; Q3W, every 3 weeks; Q4W, every 4 weeks. 

Retrospective Pooled Analysis of Epacadostat Clinical Studies Identifies Doses Required for  
Maximal Pharmacodynamic Effect in Anti–PD-1 Combination Studies

Introduction
 ● Indoleamine 2,3-dioxygenase-1 (IDO1) is the initial rate-limiting enzyme in one breakdown pathway 
of tryptophan. It reduces tryptophan levels and generates the metabolites (eg, kynurenine [KYN]) that 
contribute to tumor-associated immune suppression

 ● Epacadostat (EPA) is a novel, potent, selective, reversible inhibitor of IDO1 investigated in clinical 
studies in combination with anti–programmed cell death protein 1 (PD-1) antibodies. EPA-induced 
decreases in plasma KYN have been used as a pharmacodynamic measure of drug activity and have 
aided in dose selection for clinical studies1

 ● Despite encouraging signs of efficacy in combination with pembrolizumab (PEM) in the ECHO-202 
study, a large phase 3 study in melanoma (ECHO-301) failed to reproduce this outcome2

 ● Preclinical studies in a mouse glioblastoma model indicated that treatment with an anti–PD-1 antibody 
could induce an increase in intratumoral KYN levels that was blocked by EPA co-administration3

 ● Because anti–PD-1 treatment can induce interferon-gamma (IFN-γ) production and because IDO1 
expression is IFN-γ inducible,4 we hypothesize that PEM-induced IFN-γ may be responsible for the 
observed increase of plasma KYN levels 

Methods
 ● Longitudinal plasma samples were obtained from participants in EPA clinical studies at a predose of 
cycle (C) 1, day (D) 1 and the indicated time points

 ● Plasma KYN and EPA concentrations were measured by validated liquid chromatography-tandem 
mass spectrometry at Worldwide Clinical Trials (Austin, TX) 

 ● Flash frozen biopsies for intratumoral KYN measurements were obtained at screening and at weeks 5 
and 6 on treatment 

 ● Quantitative mass spectrometry imaging (qMSI) of intratumoral tryptophan metabolites was performed 
by ImaBiotech (Cambridge, MA)

 ● EPA studies providing samples for these analyses are shown in Table 1

Results
 ● Analysis of plasma KYN levels demonstrated that PEM monotherapy significantly elevated 
KYN. While blocking the PEM-induced increase, EPA (100 mg twice a day [BID]) in 
combination with PEM failed to normalize KYN to healthy control levels as was reported for 
EPA monotherapy1 (Figure 1)

Conclusions
 ● Treatment with PEM monotherapy increases the production of plasma KYN
 ● Combined analysis of multiple EPA clinical studies demonstrated that, when 
combined with an anti–PD-1 agent, doses of EPA <600 mg BID are unable to maintain 
suppression of plasma KYN production

 ● The POD1UM-102 study demonstrates that the maximally tolerated dose of 600 mg 
BID of EPA is able to maintain suppression of plasma KYN through at least C4

 ● Quantification of KYN in paired biopsies from POD1UM-102 demonstrates inhibition 
of intratumoral KYN by EPA at 600 mg BID

 ● EPA doses ≥600 mg BID are projected to cover the EPA IC90 value for 24 hours
 ● These findings are now informing the initiation of additional proof-of-concept  
clinical studies

Figure 1:  EPA (100 mg BID) Did Not Decrease Plasma KYN in ECHO-301

Figure 2: Evidence for a “Rebound Effect” in Plasma KYN Levels in ECHO-202 and 
ECHO-204

Figure 4: Pooled Analysis of ECHO-202, ECHO-204, and ECHO-210 Figure 6: Intratumoral KYN Quantification by Mass Spectrometry Imaging

Figure 3:  ECHO-210 Ovarian Cancer, EPA 600 mg BID Monotherapy  

A. Example Images

ECHO-202: EPA 100 mg BID + PEM

EPA + PEM

B.  Quantification of intratumoral KYN in patients treated 
with retifanlimab + 600 mg BID epacadostat

ECHO-204: EPA 300 mg BID + NIVO

PBO + PEM

Figure 5: POD1UM-102 Retifanlimab (Anti–PD-1)+EPA

 ● Combined analysis of plasma KYN from additional EPA/anti–PD-1 combination therapy  
(ECHO-202, ECHO-204) and monotherapy (ECHO-210) studies, with EPA doses ranging from  
50 to 600 mg BID, suggested that higher EPA doses (≥600 mg BID) may be necessary to  
overcome the anti–PD-1–associated KYN elevation (Figures 2 and 3)

 ● Median KYN does not fall below normal 
(1.5 μM)

 ● Median KYN <1.5 μM at D8 
 ● Returns above 1.5 μM by D15

 ● Additionally, qMSI of paired pretreatment and on-treatment biopsies demonstrated intratumoral 
suppression of KYN production with EPA 600 mg BID (Figure 6)

 ● The POD1UM-102 study is currently evaluating the combination of a novel anti–PD-1 
monoclonal antibody (retifanlimab) plus EPA at doses up to 900 mg BID. Preliminary results from 
this study indicate that 600 mg BID is the maximally tolerated dose and is capable of maintaining 
suppression of KYN to healthy control levels through treatment cycle 4 (Figure 5)

EPA PBO
Cycle 1 Cycle 2 Cycle 1 Cycle 2

Count 332 330 331 325
Median 2.42308 2.3125 2.49038 2.89904
Average 2.59022 2.5707 2.66888 3.19265

50 mg BID 100 mg BID 300 mg BID 600 mg BID

C1D1 C1D8 C1D1 C1D8 C2D1 C1D1 C1D8 C1D15 C1D1 C1D15 C2D1

Count 18 18 275 144 127 134 62 71 16 11 4

Median 2.14 2.17 2.27 1.96 1.89 2.15 1.37 1.69 1.85 0.86 0.86

Refer to Table 1 for combinations and doses for individual studies. *C1D1-b includes baseline KYN results for patients with paired results at C2D1.
BID, twice a day; C, cycle; D, day; EPA, epacadostat; KYN, kynurenine; Mel, melanoma; NIVO, nivolumab; NSCLC, non-small cell lung cancer;  PEM, pembrolizumab; SCCHN, 
squamous cell cancer of the head and neck; TCC, transitional cell cancer.

Refer to Table 1 for combinations and doses for individual studies.
BID, twice a day; C, cycle; D, day; EPA, epacadostat; KYN, kynurenine; PD-1, programmed cell death protein 1. 

*Increase in plasma KYN was coincident with a dose interruption of EPA 600 mg BID after C1D8.
BID, twice a day; C, cycle; D, day; EPA, epacadostat; KYN, kynurenine; PD-1, programmed cell death protein 1. 

The median normal plasma KYN level was determined to be 1.5 µM in samples from 12 healthy volunteers.1

BID, twice a day; C, cycle; D, day; EPA, epacadostat; KYN, kynurenine; ns not significant; PBO, placebo; PEM, pembrolizumab; Q3W, every 3 weeks. 

BID, twice a day; C, cycle; D, day; EC50, half maximal effective concentration; H&E, hematoxylin and eosin; KYN, kynurenine; TRP, tryptophan. 

 ● In combination with anti–PD1, EPA 300 mg BID produced a reduction in KYN levels at C1D8 and 
a less pronounced reduction at C1D15, suggesting a “rebound effect” over time with these doses  
(Figure 4)

BID, twice a day; C, cycle; D, day; EPA, epacadostat; KYN, kynurenine; PD-1, programmed cell death protein 1; vs, versus.
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 ● EPA blunted the PEM-induced KYN, resulting in a 1% decrease in KYN at C2D1
 ● PEM alone increased plasma KYN by 20% (paired t-test)
 ● Insignificant (3%) difference in baseline KYN between cohorts
 ● EPA 100 mg BID in combination with PEM 200 mg Q3W did not normalize KYN levels to the median healthy 
control value (1.5 µM) at trough

 ● In the absence of anti–PD-1, no evidence of plasma KYN rebound through C4

 ● Dose-dependent decreases in plasma KYN suggest that EPA dosages ≥600 mg BID may be required 
for optimal suppression of KYN production when combined with anti-PD-1 therapies

 ● EPA 600 mg BID controls plasma KYN through C4 when combined with retifanlimab (anti–PD-1).

 ● 4 out of 5 patients with evaluable paired biopsies demonstrated decreased intratumoral KYN on 
treatment


