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A randomized, open-label, phase 3 G

trial of pembrolizumab plus epacadostat
versus sunitinib or pazopanib as first-line
treatment for metastatic renal cell carcinoma
(KEYNOTE-679/ECHO-302)

Primo N. Lara Jr'", Luis Villanueva?, Carolina Ibanez®, Mustafa Erman®, Jae Lyun Lee’, Daniel Heinrich®”,
Oleg Nikolaevich Lipatov®, Craig Gedye®, Erhan Gokmen'?, Alejandro Acevedo'!, Andrey Semenov'?,

Se Hoon Park'?, Rustem Airatovich Gafanov'?, Fatih Kose', Mark Jones'®, Xiaogi Du'’, Mihaela Munteanu'®,
Rodolfo Perini'/, Toni K. Choueiri'® and Robert J. Motzer'®

Abstract

Background Immunotherapy-based combinations have emerged as standard therapies for patients with metastatic
renal cell carcinoma (mRCC). Pembrolizumalb, a PD-1 inhibitor, combined with epacadostat, an indoleamine 2,3-deox-
ygenase 1 selective inhibitor, demonstrated promising antitumor activity in a phase 1 study in advanced solid tumors,
including mRCC.

Methods KEYNOTE-679/ECHO-302 was a randomized, open-label, parallel-group, multicenter, phase 3 study
(NCT03260894) that compared pembrolizumab plus epacadostat with sunitinib or pazopanib as first-line treatment
for mRCC. Eligible patients had histologically confirmed locally advanced or metastatic clear cell RCC and had not
received systemic therapy. Patients were randomly assigned 1:1 to pembrolizumab 200 mg IV every 3 weeks plus
epacadostat 100 mg orally twice daily versus sunitinib 50 mg orally once daily (4 weeks on treatment followed by

2 weeks off treatment) or pazopanib 800 mg orally once daily. Original dual primary end points were progression-
free survival and overall survival. Enrollment was stopped when a phase 3 study in melanoma of pembrolizumab

plus epacadostat compared with pembrolizumab monotherapy did not meet its primary end point. This protocol was
amended, and primary end point was changed to investigator-assessed objective response rate (ORR) per RECIST 1.1.

Results One-hundred-twenty-nine patients were randomly assigned to receive pembrolizumab plus epacadostat
(n=64) or sunitinib/pazopanib (n=65). Median (range) follow-up, defined as time from randomization to data cutoff,
was 10.3 months (2.2-14.3) and 10.3 months (2.7-13.8) in the pembrolizumab plus epacadostat and sunitinib/pazo-
panib arms, respectively. ORRs were similar between pembrolizumab plus epacadostat (31.3% [95% Cl 20.2-44.1] and
sunitinib/pazopanib (29.2% [18.6-41.8]). Grade 3-5 treatment-related adverse events occurred in 34.4% and 42.9%

of patients in the pembrolizumab plus epacadostat and sunitinib/pazopanib arms, respectively. One patient in the
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dostat may be driven primarily by pembrolizumab.

Epacadostat

sunitinib/pazopanib arm died of septic shock (not treatment-related). Circulating kynurenine levels decreased in the
pembrolizumab plus epacadostat arm, but not to levels observed in healthy subjects.

Conclusions ORRs were similar between pembrolizumab plus epacadostat and sunitinib/pazopanib as first-line
treatment in patients with mRCC. Safety and tolerability appeared similar between treatment arms; no new safety
concerns were identified. Antitumor responses observed in patients with RCC receiving pembrolizumab plus epaca-

Clinical trial registration ClinicalTrials.gov; NCT03260894.
Keywords Renal cell carcinoma, Programmed death 1, PD-1, Indoleamine 2,3-deoxygenase 1, IDO1, Pembrolizumab,

Background

Cancer of the kidney and renal pelvis was estimated to
be diagnosed in 76,080 people in the United States in
2021, with 13,780 projected to die of the disease [1]. The
most common histologic subtype is clear cell renal cell
carcinoma (RCC) [2, 3]. For patients with relapsed or de
novo stage IV disease, the preferred first-line treatment
options include immune checkpoint inhibitor—based
therapies such as axitinib plus pembrolizumab, axitinib
plus avelumab, lenvatinib plus pembrolizumab, cabo-
zantinib plus nivolumab or ipilimumab plus nivolumab
[2, 4-8]. Specifically, in patients with disease considered
intermediate or poor risk per the International Metastatic
RCC Database Consortium (IMDC), options include
all 5 immunotherapy-based doublets and cabozantinib
monotherapy, whereas for all IMDC risk categories, axi-
tinib plus pembrolizumab, cabozantinib plus nivolumab,
or pembrolizumab plus lenvatinib have emerged as pre-
ferred standard regimens [2, 4-8]. In selected patients
not eligible for immunotherapy, treatment with a vascu-
lar endothelial growth factor receptor (VEGFR) tyrosine
kinase inhibitor (eg, sunitinib, pazopanib, cabozantinib)
is often offered [2].

Because of toxicities and disease progression with cur-
rently available therapies, there is an unmet medical need
for safer and more effective combination treatments for
metastatic RCC (mRCC). Both indoleamine 2,3-deoxyge-
nase 1 (IDO1) and programmed death 1 (PD-1) mediated
pathways suppress T-cell-mediated antitumor immunity,
and IDO1 and the PD-1 ligand (PD-L1) are co-expressed
in multiple cancer types and correlate with poor prog-
nosis [9-15]. Anti—-PD-1 agents block immunosuppres-
sive receptor PD-1 on T cells, thus enhancing immune
responses against tumors [16]. IDO is an enzyme that
catalyzes the rate-limiting step in the conversion of tryp-
tophan to kynurenine, which results in apoptosis of effec-
tor T cells and activation of regulatory T cells, thereby
promoting an immunosuppressive environment and
tumor growth [17]. Further, high expression of IDO1 may
be associated with resistance to PD-1 inhibition in non-
small cell lung cancer, melanoma, and RCC [18-21].

Combining an anti—-PD-1 agent with an IDO1 inhibi-
tor may therefore enhance antitumor immunity. In pre-
clinical models, anti—-PD-1 treatment combined with an
IDOL1 inhibitor showed synergistic antitumor activity in
models of melanoma and glioblastoma [22, 23].

Pembrolizumab is a potent and highly selective human-
ized monoclonal antibody directed against PD-1 that has
shown promising antitumor activity as monotherapy in
both advanced clear cell RCC and non-clear cell mRCC
and is approved, in combination with axitinib [4, 24, 25]
or with lenvatinib [26, 27], for the first-line treatment of
advanced mRCC. Epacadostat (formerly INCB024360)
represents a novel, potent, and selective inhibitor of
IDO1 in human tumor and dendritic cells [20, 28, 29]. In
a phase 1 study of patients with advanced solid tumors,
the combination of pembrolizumab plus epacadostat has
shown promising antitumor activity, including objective
responses in patients with treatment-naive and previously
treated melanoma, non-small cell lung cancer, urothelial
cancer, and mRCC (25 of 62 patients responded, includ-
ing 2 of 11 with RCC) [30]. These responses were durable
across tumor types, with 68% of responses (17 of 25) ongo-
ing at data cutoff.

The aim of the present study was to compare the anti-
tumor activity and tolerability of pembrolizumab plus
epacadostat with standard of care treatment (at the time
of study conduct) with either sunitinib or pazopanib as
first-line therapy in patients with mRCC.

Methods

This was a randomized, open-label, parallel-group, mul-
ticenter, phase 3 trial (KEYNOTE-679/ECHO-302;
NCT03260894; first registration: 8/24/2017). The study
was conducted at 74 centers in 14 countries in accord-
ance with the Declaration of Helsinki and Good Clinical
Practice guidelines, and independent institutional review
boards or ethics committees reviewed and approved the
protocol and applicable amendments for each institution
(Supplemental Table 1). All patients provided written
informed consent.


https://clinicaltrials.gov/ct2/show/NCT03260894
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Patients

Eligible patients had histologically confirmed locally
advanced or mRCC (stage IV per American Joint Com-
mittee on Cancer) with a clear cell component, with or
without sarcomatoid features, no prior systemic therapy
for mRCC, measurable disease per RECIST 1.1, and
Karnofsky performance status (KPS)>70. Patients were
excluded if they had previously received therapy with an
anti-PD-1, anti-PD-L1, or anti-PD-L2 agent, or with
epacadostat or any anti-IDO1 agent, or with an agent
directed to another stimulatory or co-inhibitory T-cell
receptor. Patients were ineligible if they had previously
received therapy with VEGF/VEGER or with mammalian
target of rapamycin—targeting agents for locally advanced
or metastatic cancer or if they received systemic anti-
cancer therapy, including investigational agents, within
4 weeks before randomization.

Treatments

Patients were randomly assigned 1:1 to receive pembroli-
zumab 200 mg IV every 3 weeks plus epacadostat 100 mg
orally twice daily continuously or sunitinib or pazopanib
(sunitinib 50 mg orally once daily [6-week cycles; 4 weeks
on treatment followed by 2 weeks off treatment] or paz-
opanib 800 mg orally once daily continuously). Dose
delays or dose reductions were performed per defined
criteria in the protocol. If pembrolizumab dosing was
held, dosing for epacadostat was also to be held. Patients
who required dose reduction of epacadostat because of
adverse events (AEs) remained at the lower dose; re-esca-
lation was not permitted.

Randomization was performed centrally using an inter-
active voice response system/integrated web response
system and stratified according to IMDC risk category
(favorable vs intermediate vs poor), physician’s intended
choice of comparator drug (sunitinib vs pazopanib), and
geographical region (United States, Canada, and Western
Europe vs rest of world).

Study conduct

The study was initiated on December 7, 2017, and on
May 2, 2018, the sponsor made a strategic decision to
stop enrollment permanently because a phase 3 study in
patients with unresectable or metastatic melanoma did
not meet the prespecified primary end point of improve-
ment in progression-free survival (PFS) for pembroli-
zumab plus epacadostat compared with pembrolizumab
plus placebo [31]. In that study, no new safety concerns
had arisen with pembrolizumab plus epacadostat com-
pared with pembrolizumab monotherapy. In the present
study, patients who experienced ongoing clinical benefit
could continue study treatment at the discretion of the
investigator and would continue to be monitored.
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End points

The original dual primary end points were comparison of
PES (as assessed by blinded, independent central review)
and overall survival (OS) between treatment arms. The
protocol was amended when enrollment was stopped,
and the primary end point changed to estimation of
objective response rate (ORR; as assessed per RECIST
v1.1 by the investigator) for each treatment arm after the
first on-study scan (week 12); PFS and OS were removed
as end points.

ORR was defined as the proportion of patients in the
analysis population whose best response was complete
response (CR) or partial response (PR). Protocol-spec-
ified efficacy imaging was stopped at week 12 with the
protocol amendment. Subsequent disease monitoring
was performed according to local standard of care. For
some patients imaging was completed beyond week 12 at
the time enrollment was stopped; thus, ORR was based
on all available imaging assessments.

Safety and tolerability were assessed as a secondary end
point and included the number of patients with an AE
and the number of patients who discontinued because of
an AE.

Pharmacodynamic activity, an exploratory end point,
was assessed as change from baseline to week 3 in serum
kynurenine in both treatment arms. Serum kynurenine
levels were determined using a proprietary, validated liq-
uid chromatography—mass spectrometry assay using cali-
brated standards (Worldwide Clinical Trials, Morrisville,
NC). Kynurenine serum levels at cycle 1, day 1 (C1D1)
and cycle 2, day 1 (C2D1) were compared using paired
t-tests within each treatment arm.

Statistical analysis
The original target enrollment was 630 patients; a subse-
quent amendment (June 15, 2018) resulted in enrollment
being stopped early after 129 patients had been randomly
assigned. In the original statistical analysis plan, PFS and
OS, dual original primary end points, were to be evalu-
ated using a stratified log-rank test, and hazard ratio was
to be estimated using a stratified Cox regression model.
Event rates over time were to be estimated within each
treatment group using the Kaplan—-Meier method. In
the amended protocol, ORR was estimated within each
treatment arm with 95% confidence intervals (CI) using
Clopper-Pearson exact method based on binomial dis-
tribution [32] and was summarized by study treatment
group. Counts and percentages of patients with AEs were
provided by treatment group. AEs were assessed using
Common Terminology Criteria for Adverse Events ver-
sion 4.0.

The intention-to-treat population was used for the
efficacy analysis and included all randomly assigned
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patients. The all-patients-as-treated population was used
for the safety analysis and included all randomly assigned
patients who received at least 1 dose of study treatment.
Safety and tolerability parameters were summarized by
descriptive statistics based on treatment group.

Results

Patients

The study was initiated on December 7, 2017, and
enrollment was stopped on May 2, 2018. Median (range)
follow-up, defined as time from randomization to data
cutoff, was 10.3 months (2.2-14.3) in the pembroli-
zumab plus epacadostat arm and 10.3 months (2.7-13.8)
in the sunitinib/pazopanib arm. A total of 129 patients
were randomly assigned to treatment (pembrolizumab
plus epacadostat, n=64; sunitinib/pazopanib, n=65);
10 patients discontinued in the pembrolizumab plus
epacadostat arm and 19 patients discontinued in the
sunitinib/pazopanib arm (11 primarily because of with-
drawal) (Fig. 1). The primary reason for discontinuation
in the pembrolizumab plus epacadostat arm was death
(n=6); none of these deaths were deemed treatment
related. Treatment arms were balanced with regard to
most patient characteristics (Table 1). Overall, 42.6%
were aged>65 years, and most patients were male
(72.9%), white (84.5%), had Eastern Cooperative Oncol-
ogy Group performance status 0 (58.9%) or 1 (39.5%).
Metastatic staging at initial diagnosis was MO (44.2%) or
M1 (55.0%). IMDC risk category was favorable in 29.5%
of patients, intermediate in 55.0%, and poor in 15.5% at
time of study entry.
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Response rates

Response rates were similar in both treatment arms
(Table 2). Objective responses were achieved by 20
patients (31.3% [95% CI 20.2-44.1]) receiving pem-
brolizumab plus epacadostat and by 19 patients (29.2%
[95% CI 18.6-41.8]) receiving sunitinib/pazopanib.
One patient, enrolled in the pembrolizumab plus epac-
adostat arm, achieved CR. The disease control rate
(CR+PR+stable disease) was similar in both treatment
arms (45 patients [70.3%] in the pembrolizumab plus
epacadostat arm vs 46 [70.8%] in the sunitinib/pazopanib
arm).

Change in tumor burden also indicated a similar pro-
file of tumor response in both treatment arms; 62% of
patients receiving pembrolizumab plus epacadostat and
78% of those receiving sunitinib/pazopanib therapy expe-
rienced a reduction in the sum of the diameter of target
lesions (Fig. 2).

In patients with favorable IMDC risk category, the
ORR was 21.1% (95% CI 6.1-45.6) with pembrolizumab
plus epacadostat versus 31.6% (95% CI 12.6-56.6) with
sunitinib/pazopanib. In patients with intermediate or
poor IMDC risk category, the ORR was 35.6% (95% CI
21.9-51.2) with pembrolizumab plus epacadostat versus
28.3% (95% CI 16.0—43.5) with sunitinib/pazopanib.

Safety

At least 1 AE occurred in all patients in both the pem-
brolizumab plus epacadostat arm and the sunitinib/
pazopanib arm (Table 3). Overall, 81.3% of patients in
the pembrolizumab plus epacadostat arm and 93.7% of

Randomized (N = 129)

!

Pembrolizumab and
epacadostat (n = 64)

Discontinued (n = 10)
« Death (n = 6)
« Withdrawal (n = 4)

Status not recorded® (n = 36)

Completed (n = 18)

l

Sunitinib/pazopanib?
(n=65)

Discontinued (n = 19)
« Death (n = 8)
« Withdrawal (n = 11)

Status not recorded® (n = 31)

Completed (n = 15)

Fig. 1 Patient disposition for trial. Sunitinib 50 mg orally once daily (6-week cycles; 4 weeks on treatment followed by 2 weeks off treatment)
or pazopanib 800 mg orally once daily continuously. BStatus was not reported as of the data cutoff date. Patients could be ongoing with study

or treatment



Lara Jr et al. BMC Cancer 2024, 23(Suppl 1):1253 Page 5 of 12
Table 1 Patient demographics
Pembrolizumab + Epacadostat Sunitinib or Pazopanib Total
n=64 n=65 N=129

Sex, n (%)

Male 44 (68.8) 50 (76.9) 94 (72.9)

Female 20 (31.2) 15(23.1) 35(27.1)
Age, n (%)

<65 years 35 (54.7) 39 (60.0) 74 (57.4)

>65 years 29 (45.3) 26 (40.0) 55(42.6)

Mean (SD) 629(10.9) 62.1(10.6) 62.5(10.7)
Race, n (%)

American Indian or Alaska native 1(1.6) 0(0) 1(0.8)

Asian 10 (15.6) 9(13.9) 19(14.7)

White 53(82.8) 56 (86.2) 109 (84.5)
Ethnicity, n (%)

Hispanic/Latino 19(29.7) 14 (21.5) 33(25.6)

Not Hispanic / Latino 43 (67.2) 47 (72.3) 90 (69.8)

Not reported 2(3.0) 4(6.2) 6 (4.7)
ECOG performance status, n (%)

0 41 (64.1) 35(53.9) 76 (58.9)

1 23(35.9) 28 (43.1) 51(39.5)

2 0(0) 2(3.1) 2(1.6)
Karnofsky Performance Scale, n (%)

100 32(50.0) 25(38.5) 57 (44.2)

80-90 29 (45.3) 34 (52.3) 63 (48.8)

70 3(4.7) 6(9.2) 9(7.0)
Geographic region, n (%)

us 5(7.8) 9(13.9) 14(10.9)

Non-US 59(92.2) 56 (86.2) 115 (89.2)
Metastatic staging at initial diagnosis, n (%)

MO 28 (43.8) 29 (44.6) 57 (44.2)

M1 36 (56.3) 35(53.8) 71 (55.0)

Missing 0(0) 1(1.5) 1(0.8)
Brain metastases, n (%)

Yes 1(1.6) 0(0) 1(0.8)

No 63 (98.4) 65 (100.0) 128(99.2)
IMDC risk category, n (%)

Favorable 19(29.7) 19(29.2) 38(29.5)

Intermediate 36 (56.3) 35(53.9) 71 (55.0)

Poor 9(14.1) 11(16.9) 20 (15.5)
Sarcomatoid histology, n (%)

Yes 4(6.3) 6(9.2) 10(7.8)

No 36 (56.3) 35(53.9) 71 (55.0)

Unknown 24 (37.5) 22 (33.9) 46 (35.7)

Missing 0(0) 2(3.1) 2(1.6)

Abbreviations: ECOG Eastern Cooperative Oncology Group, IMDC International Metastatic RCC Database Consortium

patients in the sunitinib/pazopanib arm had AEs that
were considered by the investigator to be related to
study drug. Grade 1/2 treatment-related AEs occurred
in 65.6% versus 57.1% of patients, and grade 3-5

treatment-related AEs occurred in 34.4% versus 42.9%
of patients in the pembrolizumab plus epacadostat
arm versus the sunitinib/pazopanib arm. There were
no treatment-related deaths in either treatment arm;
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Table 2 Objective response rate per RECIST v1.1. by investigator assessment®

Pembrolizumab + Epacadostat

Sunitinib or Pazopanib

n=64 n=65
n (%) 95% CIP n (%) 95% CIP
CR 1(1.6) 0.0-84 0(0) 0.0-55
PR 19(29.7) 18.9-424 19(29.2) 18.6—
418
Objective response rate (CR+PR) 20(31.3) 20.2-44.1 19(29.2) 18.6—
418
Stable disease 25(39.1) 27.1-52.1 27 (41.5) 294-
54.4
Disease control rate (CR+PR+SD) 45 (70.3) 57.6-81.1 46 (70.8) 58.2-
814
Progressive disease 17 (26.6) 16.3-39.1 12 (18.5) 9.9-30.0
Not evaluable 0 (0) 0.0-56 0(0) 0.0-5.5
No assessment 231 04-10.8 7(10.8) 44-209
ORR per IMDC risk category
Favorable 4/19(21.1) 6.1-45.6 6/19 (31.6) 12.6—-
56.6
Intermediate/poor 16/45 (35.6) 219-512 13/46 (28.3) 16.0—
435
Intermediate 14/36 (38.9) 23.1-56.5 10/35 (28.6) 14.6—
46.3
Poor 2/9(22.2) 2.8-60.0 3/11(27.3) 6.0-61.0

Abbreviations: CR complete response, ECOG Eastern Cooperative Oncology Group, IMDC International Metastatic RCC Database Consortium, PR partial response,

RECIST Response Evaluation Criteria in Solid Tumors, SD stable disease

2 Responses are based on investigator assessments per RECIST v1.1 without confirmation using all scans up to the cutoff date of February 28, 2019

b 95% Cl on objective response based on Clopper-Pearson (exact) method

1 patient in the sunitinib/pazopanib arm died of septic
shock (not treatment related (per AMA)). All-cause AEs
occurring in>10% of patients in the pembrolizumab
plus epacadostat arm and the sunitinib/pazopanib arm
were nausea (34.4% vs 31.7%), pruritus (25.0% vs 1.6%),
diarrhea (20.3% vs 47.6%), and fatigue (18.8% vs 23.8%)
(Table 4). Eighteen patients (28.1%) in the pembroli-
zumab plus epacadostat arm and 15 patients (23.8%) in
the sunitinib/pazopanib arm had serious AEs.

Eight patients (12.5%) in the pembrolizumab plus
epacadostat arm discontinued because of a treat-
ment-related AE; 5 patients (7.8%) discontinued
pembrolizumab and 8 patients (12.5%) discontinued
epacadostat. In the sunitinib/pazopanib arm, 5 patients
(7.9%) discontinued because of a treatment-related AE
(4 [6.3%] sunitinib and 1 [1.6%] pazopanib).

Pharmacodynamic endpoint

Samples were available for pharmacodynamic analy-
sis in 61 and 52 patients from the pembrolizumab
plus epacadostat and the sunitinib/pazopanib arms,
respectively. Serum kynurenine levels from baseline
to week 3 decreased by 10.3% with pembrolizumab

plus epacadostat (from 2.9 pM at baseline to 2.6 pM
at week 3; absolute change, —0.3 pM) but not to lev-
els previously reported in healthy volunteers (1.5 uM)
[28] (Supplemental Fig. 1). In contrast, serum kynure-
nine increased by 3.2% from baseline to week 3 with
sunitinib/pazopanib (from 3.1 uM to 3.2 uM; absolute
change, +3.2%).

Discussion

Despite advances in the treatment of patients with clear
cell mRCC, many patients experience disease relapse
or progression. Results from the ECHO-202/KEY-
NOTE-037 study indicated that pembrolizumab com-
bined with epacadostat was well tolerated and showed
evidence of durable objective responses in 2 patients
with mRCC, which warranted further investigation and
informed the design of the current study [30]. However,
the ECHO-301/KEYNOTE-252 study found that epaca-
dostat in combination with pembrolizumab did not
improve clinical benefit compared with pembrolizumab
monotherapy for unresectable or metastatic melanoma
[31]. Based on those findings, a decision was made to
stop the current study and to change the primary end
point to investigator-assessed ORR per RECIST v1.1.
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Fig. 2 Best tumor change from baseline in patients with measurable disease at baseline and at least 1 postbaseline measurement in the (a)
pembrolizumab plus epacadostat arm or the (b) sunitinib or pazopanib arm. ®Based on investigator assessment per RECIST v1.1 in the ITT
population which included all subjects with measurable disease at baseline and > 1 post-baseline measurement by cutoff date. Abbreviations: /TT

intention-to-treat, RECIST Response Evaluation Criteria in Solid Tumors

In the current study, response rates were similar
in patients with locally advanced or mRCC receiving
first-line pembrolizumab plus epacadostat compared
with response rates in those receiving treatment with
sunitinib or pazopanib. Sunitinib or pazopanib were
used as comparators because these were the stand-
ard treatments at the time the study was conducted.
Response rates reported in this study were similar to
those observed in KEYNOTE-427 with single-agent
pembrolizumab in 110 patients who had previously
untreated advanced clear cell RCC [24]. This suggests
that the addition of epacadostat to pembrolizumab has

little effect on response rates in RCC. Although inter-
pretation of the findings of this study are limited by its
relatively small sample size, response rates were numer-
ically higher in patients with an intermediate or a poor
IMDC risk category receiving pembrolizumab plus
epacadostat versus sunitinib/pazopanib; conversely,
response rates were lower in patients with a favora-
ble IMDC risk category receiving pembrolizumab plus
epacadostat versus sunitinib/pazopanib. Despite the
small subgroups of patients, this observation is consist-
ent with earlier observations and suggest greater benefit
of VEGF-targeted therapies in favorable risk [4, 5].
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Table 3 Summary of adverse events®
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Pembrolizumab + Epacadostat
n=64

Sunitinib or Pazopanib
n=63

Any AE

Grade 3-5 AEP

Any treatment-related AEC

Grade 3-5 treatment-related AEP<

Serious AE

Serious treatment-related AEC

Discontinued any drug because of a treatment-related AE
Discontinued pembrolizumab
Discontinued epacadostat
Discontinued sunitinib
Discontinued pazopanib

Death due to AE

Abbreviations: AE adverse event

2 Nonserious and serious AEs up to 90 days after last dose are included

b Grades are based on national cancer institute common terminology criteria for adverse events

¢ Determined by the investigator to be related to study drug

Table 4 Incidence of any-grade nonserious adverse events (incidence > 10% in either treatment group) regardless of attribution

Adverse event, n (%)

Pembrolizumab + Epacadostat
n=64

Sunitinib or Pazopanib
n=63

Nausea

Pruritus

Diarrhea

Rash

Fatigue

Anemia

Back pain

Decreased appetite
Constipation
Hypothyroidism

ALT increased

Amylase increased

Blood creatinine increased
Cough

Hypertension

Weight decreased

Blood alkaline phosphatase increased
Lipase increased

Vomiting

AST increased

Blood bilirubin increased
Dysgeusia

Headache

Palmar-plantar erythrodysesthesia
Hair color changes

20(31.7)
1(1.6)
30 (47.6)
5(7.9)
15(23.8)
12 (19.0)
9(14.3)
12(19.0)
3(4.8)
12 (19.0)
14(22.2)
9(14.3)
7(11.1)
6 (9.5)
23 (36.5)
2(32)
9(14.3)
9(14.3)
12 (19.0)
16 (25.4)
9(14.3)
8(127)
9(14.3)
14 (22.2)
7(11.1)

Abbreviations: ALT alanine transaminase, AST aspartate transaminase
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Immunotherapy combinations are effective in the
treatment of RCC. Pembrolizumab in combination with
axitinib [4, 33] or lenvatinib [26, 27] are approved first-
line treatment options for patients with locally advanced
RCC or mRCC. Pembrolizumab in combination with
lenvatinib also showed improved progression-free sur-
vival, overall survival, and objective response rate over
sunitinib in the phase 3 CLEAR study of patients with
advanced RCC [7]. Further, IDO1 expression may be a
valuable biomarker for response to immune therapy in
patients with mRCC. High IDO-1 expression in tumor
endothelial cells in patients with mRCC is associated
with better therapeutic response to nivolumab [10].

Epacadostat and other IDO-1 inhibitors, including
indoximod and navoximod, are also in clinical develop-
ment for other tumor types [17]. Several phase 3 studies
with linrodostat (BMS-986205), a selective IDO-1 inhibi-
tor, in combination with nivolumab for the treatment of
muscle-invasive bladder cancer (NCT03661320) [34] and
previously untreated metastatic or unresectable mela-
noma (NCT03329846) are ongoing.

Consistent with the results of the ECHO-301/KEY-
NOTE-252 study, pembrolizumab in combination with
epacadostat was generally well tolerated [31]. AEs and
AE rates were generally similar between the pembroli-
zumab plus epacadostat and sunitinib/pazopanib treat-
ment arms and were consistent with data from previous
studies evaluating this combination in other tumor types
[31]. The pembrolizumab plus epacadostat combina-
tion was manageable, and no new safety concerns were
identified. Study treatment discontinuations because of
treatment-related AEs were similar in both arms. More-
over, the pharmacodynamic data showed decreases in
serum kynurenine that did not reach those of healthy
subjects [28, 35], suggesting that higher doses of epaca-
dostat may be warranted. The observation that serum
kynurenine levels decreased in the pembrolizumab plus
epacadostat arm and slightly increased in the sunitinib/
pazopanib arm is consistent with an inhibitory effect of
epacadostat on IDO1 activity. Because IDOL1 is induced
by interferon-y [36], it is possible that the antitumor
response creates an environment in which IDO1 expres-
sion surpasses the ability of epacadostat 100 mg twice
daily to sufficiently inhibit kynurenine production. In
fact, a retrospective pooled analysis of epacadostat clini-
cal studies determined that when combined with an anti-
PD-1 agent, doses <600 mg twice daily were not able to
maintain inhibition of plasma kynurenine, suggesting
that doses > 600 mg twice daily warrant additional studies
in combination with checkpoint inhibitors to determine
any clinical benefit to normalizing kynurenine levels [35].
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Limitations

Given the early termination of this study, the sample size
was relatively small and the duration of follow-up was short,
which has to be considered when interpreting the results.

Conclusion

Pembrolizumab plus epacadostat demonstrated similar
response rates compared with sunitinib or pazopanib
in patients with locally advanced RCC or mRCC who
had not previously received systemic therapy. AE rates
were generally similar between treatment arms and no
new safety concerns were identified for either drug.
When taking into account the initial promising activ-
ity of single-agent pembrolizumab in advanced RCC
(KEYNOTE-427) [24, 25] and the lack of additional
benefit with pembrolizumab plus epacadostat over
pembrolizumab monotherapy in the melanoma setting
(ECHO-301/KEYNOTE-252) [31], the findings of the
current study provide further evidence that the antitu-
mor responses observed in patients with RCC receiving
pembrolizumab plus epacadostat 100 mg twice daily
may be driven primarily by pembrolizumab.

Abbreviations

AE Adverse event

ALT Alanine transaminase

AST Aspartate transaminase

a Confidence interval

CR Complete response

ECOG Eastern Cooperative Oncology Group

IDO1 Indoleamine 2,3-deoxygenase 1

IMDC International Metastatic RCC Database Consortium
ITT intention-to-treat

KPS Karnofsky Performance Scale

mRCC  Metastatic renal cell carcinoma

ORR Objective response rate

PD-1 Programmed death 1

PD-L1 Programmed death ligand 1

PFS Progression-free survival

PR Partial response

RCC Renal cell carcinoma

RECIST  Response Evaluation Criteria in Solid Tumors
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VEGFR  Vascular endothelial growth factor receptor

Supplementary Information

The online version contains supplementary material available at https://doi.
org/10.1186/512885-023-10971-7.

Additional file 1: Supplemental Table 1. List of investigators and
institutional review boards. Supplemental Figure 1. Box and whisker plot
showing change from baseline to week 3 in serum kynurenine among
patients in the both the pembrolizumab plus epacadostat arm and the
sunitinib/pazopanib arm. 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) [1] £pa ,
epacadostat, Pembro pembrolizumab, SoC standard of care.



https://doi.org/10.1186/s12885-023-10971-7
https://doi.org/10.1186/s12885-023-10971-7

Lara Jr et al. BMC Cancer 2024, 23(Suppl 1):1253

Acknowledgements

The authors thank the patients and their families and caregivers for participat-
ing in this trial, all the investigators and site personnel, Amy Blum and Michael
Bossio (employees of Merck Sharp & Dohme LLC, a subsidiary of Merck & Co.,
Inc., Rahway, NJ, USA) for their contributions in the development review of
this study protocol and study set up, and L. Rhoda Molife (employee of Merck
Sharp & Dohme LLC, a subsidiary of Merck & Co,, Inc,, Rahway, NJ, USA) for her
contributions in the development of this manuscript.

Medical writing assistance was provided by Matthew Grzywacz, PhD, of
ApotheCom (Yardley, PA, USA) and was funded by Merck Sharp & Dohme LLC,
a subsidiary of Merck & Co., Inc,, Rahway, NJ, USA and by Incyte Corporation,
Wilmington, DE, USA.

About this supplement

This article has been published as part of BMC Cancer Volume 23 Supplement
1,2023: Epacadostat, an IDO1 inhibitor, in combination with pembrolizumab:
results from clinical trials in patients with advanced solid tumors. The full
contents of the supplement are available online at https://bmccancerbiome
dcentral.com/articles/supplements/volume-23-supplement-1.

Authors’ contributions

PNL: Conception, design or planning of the study, acquisition and analysis of
the data, interpretation of the results, provision of study materials/patients
drafting of the manuscript, and reviewing or revising the manuscript for
important intellectual content. LV: Interpretation of the results, and critically
reviewing/revising the manuscript for important intellectual content. Cl:
Acquisition of the data, provision of study materials/patients and critically
reviewing/revising the manuscript for important intellectual content. ME:
Acquisition of the data, interpretation of the results, drafting of the manu-
script, and reviewing/revising the manuscript for important intellectual con-
tent. JLL: Acquisition and analysis of the data, interpretation of the results, and
critically reviewing/revising the manuscript for important intellectual content.
DH: Acquisition and analysis of the data, interpretation of the results, provision
of study materials/patients, and critically reviewing/revising the manuscript
for important intellectual content. ONL: Analysis of the data and critically
reviewing/revising the manuscript for important intellectual content. CG:
Interpretation of the results and critically reviewing/revising the manuscript
for important intellectual content. EG: Acquisition of the data, interpretation
of the results and critically reviewing/revising the manuscript for important
intellectual content. AA: Acquisition of the data, and critically reviewing/
revising the manuscript for important intellectual content. AS: Acquisition

of the data, and critically reviewing/revising the manuscript for important
intellectual content. SHP: Acquisition of the data, provision of study materials/
patients, and critically reviewing/revising the manuscript for important intel-
lectual content. RAG: Acquisition of the data, provision of study materials/
patients, and critically reviewing/revising the manuscript for important intel-
lectual content. FK: Acquisition of the data, and critically reviewing/revising
the manuscript for important intellectual content. MJ: Conception, design or
planning of the study, acquisition and analysis of the data, interpretation of
the results, and reviewing or revising the manuscript for important intellectual
content. XD: Analysis of the data, interpretation of the results, drafting of

the manuscript, and and reviewing or revising the manuscript for important
intellectual content. MM: Conception, design or planning of the study, analysis
of the data, interpretation of the results, drafting of the manuscript, provision
of study materials/patients, administrative, logistical or technical support and
reviewing or revising the manuscript for important intellectual content. RP:
Conception, design or planning of the study, analysis of the data, interpreta-
tion of the results, drafting of the manuscript, and reviewing or revising the
manuscript for important intellectual content. TKC: Conception, design or
planning of the study, interpretation of the results, provision of study materi-
als/patients, administrative, logistical or technical support and reviewing/
revising the manuscript for important intellectual content. RIM: Conception,
design or planning of the study, acquisition and analysis of the data, interpre-
tation of the results, drafting of the manuscript, and reviewing or revising the
manuscript for important intellectual content. All authors approved the final
version of the manuscript.

Funding
Funding for this study was provided by Merck Sharp & Dohme LLC, a subsidi-
ary of Merck & Co,, Inc,, Rahway, NJ, USA and Incyte Corporation, Wilmington,

Page 10 of 12

DE, USA. The funders participated in study design, data collection, data analy-
sis, data interpretation, and writing of the report.

Availability of data and materials

Merck Sharp & Dohme LLC, a subsidiary of Merck & Co,, Inc., Rahway, NJ, USA
(MSD), is committed to providing qualified scientific researchers access to
anonymized data and clinical study reports from the company’s clinical trials
for the purpose of conducting legitimate scientific research. MSD is also obli-
gated to protect the rights and privacy of trial participants and, as such, has a
procedure in place for evaluating and fulfilling requests for sharing company
clinical trial data with qualified external scientific researchers. The MSD data
sharing website (available at: http://engagezone.msd.com/ds_documentat
ion.php) outlines the process and requirements for submitting a data request.
Applications will be promptly assessed for completeness and policy compli-
ance. Feasible requests will be reviewed by a committee of MSD subject mat-
ter experts to assess the scientific validity of the request and the qualifications
of the requestors. In line with data privacy legislation, submitters of approved
requests must enter into a standard data-sharing agreement with MSD before
data access is granted. Data will be made available for request after product
approval in the US and EU or after product development is discontinued.
There are circumstances that may prevent MSD from sharing requested data,
including country or region-specific regulations. If the request is declined, it
will be communicated to the investigator. Access to genetic or exploratory
biomarker data requires a detailed, hypothesis-driven statistical analysis plan
that is collaboratively developed by the requestor and MSD subject matter
experts; after approval of the statistical analysis plan and execution of a data-
sharing agreement, MSD will either perform the proposed analyses and share
the results with the requestor or will construct biomarker covariates and add
them to a file with clinical data that is uploaded to an analysis portal so that
the requestor can perform the proposed analyses.

Declarations

Ethics approval and consent to participate

Independent institutional review boards or ethics committees reviewed and
approved the protocol and applicable amendments for each institution.

All patients provided written informed consent. Full details of the names of
IRB committees and participating sites are included in the Supplementary
Materials. The study was conducted in accordance with Good Clinical Practice
guidelines and the Declaration of Helsinki.

Consent for publication
Not applicable.

Competing interests

PNL: Received research funding to his institution during the conduct of the
study from Incyte.

LV: No conflicts to disclose.

Cl: No conflicts to disclose.

ME: Received personal fees in the form of consulting and/or lectures from
Pfizer, Merck Sharp & Dohme, Roche, Astellas, Janssen Novartis, Gen llac, Nobel
llac, Bristol Myers Squibb, Takeda, AstraZeneca, Deva llac, Abdi Ibrahim llac
and personal fees in the form of investigator fees from Pfizer, Merck Sharp &
Dohme, Roche, Janssen, Novartis, Bristol Myers Squibb, Beigene, AstraZeneca,
Merck, Abbvie, and Eli Lilly.

JLL: Received research funding outside the submitted work from Pfizer Korea,
Ipsen Korea, Bristol Myers Squibb, Merck Sharp & Dohme, Merck, Eisai, Roche,
AstraZeneca, Exelixis and SeaGen; received personal fees from Pfizer Korea,
Ipsen Korea, Sanofi Aventis, Novartis Korea, Astellas Korea, Bristol Myers
Squibb, Merck Sharp & Dohme, and AstraZeneca; is a member of advisory
boards for Pfizer Korea, lpsen Korea, Sanofi Aventis, Astellas Korea, Bristol
Myers Squibb, Merck Sharp & Dohme, Merck, and Eisai; and has stock owner-
ship of Myovant Science, Merck, Amgen, and Johnson & Johnson.

DH: Received research funding from Merck Sharp & Dohme for conduct of
the current study, received research funding outside the submitted work from
Eisai and Bristol Myers Squibb, and received personal fees from Eisai, Ipsen,
and Bristol Myers Squibb.

ONL: No conflicts to disclose.

CG: received personal fees recorded as paid to Dr Gedye but donated direct
and complete to third-party NFP from Astellas, Janssen, AstraZeneca, Bristol


https://bmccancer.biomedcentral.com/articles/supplements/volume-23-supplement-1
https://bmccancer.biomedcentral.com/articles/supplements/volume-23-supplement-1
http://engagezone.msd.com/ds_documentation.php
http://engagezone.msd.com/ds_documentation.php

Lara Jr et al. BMC Cancer 2024, 23(Suppl 1):1253

Myers Squibb, Pfizer/EMD Serono, and Ipsen, and received travel support, but
taken in lieu of taxpayer funded employment contract entitlement from Ipsen,
Astellas, and Merck Sharp & Dohme.

EG: No conflicts to disclose.

AA: received research funding from Merck Sharp & Dohme for conduct of the
current study.

AS: Received research funding outside the submitted work from Astellas, Jans-
sen, AstraZeneca, Merck Sharp & Dohme, and Hoffmann La-Roche.

SHP: No conflicts to disclose.

RAG: Received research funding from Merck Sharp & Dohme for conduct of
the current study.

FK: No conflicts to disclose.

MJ: Employee and stockholder of Incyte Corporation, Wilmington, DE, USA.
XD: Employee of Merck Sharp & Dohme LLC, a subsidiary of Merck & Co,, Inc,,
Rahway, NJ, USA at the time of the analysis.

MM: Employee and stockholder of Incyte Corporation, Wilmington, DE, USA.
RP: Employee of Merck Sharp & Dohme, LLC a subsidiary of Merck & Co,, Inc,
Rahway, NJ, USA, and a stockholder of Merck & Co., Inc.

TKC: Has served on advisory boards, provided consultation, and received clini-
cal trial grants from AstraZeneca, Bristol Myers Squibb, Exelixis, Pfizer, Janssen,
Merck Sharp & Dohme, Eli Lilly, Eisai, Novartis, GlaxoSmithKline, Infinity, Surface
Oncology, and EMD Serono; has stock ownership in Pionyr and Tempest;

has patents pending and issues related to biomarkers of immuno-oncology;
and sits on the NCCN kidney panel. He received royalties from Up-To-Date.

He received fees for CME-accredited activities from Medscape, Onclive, and
Research to Practice.

RJM: Received research funding during the conduct of the study from Incyte,
had a consultant/advisory role during the conduct of the study from Merck
and Incyte, received research funding outside the submitted work to his insti-
tution from Pfizer, Novartis, Genentech, Roche, and Bristol Myers Squibb, and
has a consultant/advisory role for Pfizer, Novartis, Exelixis, Genentech, Incyte,
Eli Lilly, Roche, AstraZeneca, EMD Serono, and Aveo Pharmaceuticals.

Author details

"University of California Davis Comprehensive Cancer Center, University of Cal-
ifornia Davis, 4501 X Street, Davis, Sacramento, CA 95817, USA. 2Oncology
Department, Instituto Oncologico Fundacion Arturo Lopez Perez, Santiago,
Chile. *Hematology and Oncology Department, Pontificia Universidad Catdlica
de Chile, Santiago, Chile. “Department of Medical Oncology, Hacettepe Uni-
versity Medical Faculty, Ankara, Turkey. >Department of Oncology and Internal
Medicine Asan Medical Center, University of Ulsan College of Medicine,

Ulsan, South Korea. *Department of Oncology, Akershus University Hospital,
Lerenskog, Norway. ’ Department of Oncology and Radiotherapy, Innlan-

det Hospital Gjavik, Gjevik, Norway. EDepartment of Oncology, Republican
Clinical Oncology Dispensary, Ufa, Russia. “Department of Medical Oncology,
Calvary Mater Newcastle, Waratah, NSW, Australia. '°Faculty of Medicine, Ege
University, Izmir, Turkey. ""ONCOCENTRO APYS Clinical Research Unit, Vifia del
Mar, Chile. "2lvanovo Regional Oncology Dispensary, lvanovo, Russia. '>Depart-
ment of Hematology and Oncology, Samsung Medical Center, Sungkyunkwan
University School of Medicine, Seoul, South Korea. "*Russian Scientific Center
of Roentgenoradiolog, Moscow, Russia. ' Department of Medical Oncol-

ogy, Baskent University, Ankara, Turkey. '®Incyte Corp, Wilmington, DE, USA.
"Merck & Co, Inc, Rahway, NJ, USA. "®Dana-Farber Cancer Institute, Boston,
MA, USA. "*Genitourinary Oncology Service, Department of Medicine, Memo-
rial Sloan Kettering Cancer Center, New York, NY, USA.

Received: 5 August 2022 Accepted: 16 May 2023
Published: 25 July 2024

References

1. Siegel RL, Miller KD, Fuchs HE, Jemal A. Cancer statistics, 2021. CA Cancer
JClin. 2021;71:7-33.

2. National Comprehensive Cancer Network. [http://www.nccn.org/profe
ssionals/physician_gls/pdf/kidney.pdf].

3. Choueiri TK, Motzer RJ. Systemic therapy for metastatic renal-cell carci-
noma. N Engl J Med. 2017;376:354-66.

4. Rini BI, Plimack ER, Stus V, Gafanov R, Hawkins R, Nosov D, et al. Pembroli-
zumab plus axitinib versus sunitinib for advanced renal-cell carcinoma. N
EnglJ Med. 2019;380:1116-27.

20.

21

22.

23.

24

Page 11 of 12

Motzer RJ, Tannir NM, McDermott DF, Aren Frontera O, Melichar B, Choue-
iri TK, et al. Nivolumab plus ipilimumab versus sunitinib in advanced
renal-cell carcinoma. N Engl J Med. 2018;378:1277-90.

Motzer RJ, Penkov K, Haanen J, Rini B, Albiges L, Campbell MT, et al. Ave-
lumab plus axitinib versus sunitinib for advanced renal-cell carcinoma. N
EnglJ Med. 2019;380:1103-15.

Motzer R, Alekseev B, Rha SY, Porta C, Eto M, Powles T, et al. Lenvatinib
plus pembrolizumab or everolimus for advanced renal cell carcinoma. N
Engl J Med. 2021,384:1289.

Choueiri TK, Powles T, Burotto M, Escudier B, Bourlon MT, Zurawski B, et al.
Nivolumab plus cabozantinib versus sunitinib for advanced renal-cell
carcinoma. N Engl J Med. 2021;384:829-41.

Jung KH, LoRusso P, Burris H, Gordon M, Bang YJ, Hellmann MD, et al.
Phase I study of the indoleamine 2,3-dioxygenase 1 (IDO1) inhibitor
navoximod (GDC-0919) administered with PD-L1 inhibitor (Atezoli-
zumab) in advanced solid tumors. Clin Cancer Res. 2019;25:3220-8.

. Seeber A, Klinglmair G, Fritz J, Steinkohl F, Zimmer KC, Aigner F, et al. High

IDO-1 expression in tumor endothelial cells is associated with response
to immunotherapy in metastatic renal cell carcinoma. Cancer Sci.
2018;109:1583-91.

. Zhang ML, Kem M, Mooradian MJ, Eliane JP, Huynh TG, lafrate AJ, et al. Dif-

ferential expression of PD-LT and IDO1 in association with the immune
microenvironment in resected lung adenocarcinomas. Mod Pathol.
2019;32:511-23.

. Kiyozumi'Y, Baba Y, Okadome K, Yagi T, Ishimoto T, Iwatsuki M, et al. IDO1

expression is associated with immune tolerance and poor progno-
sis in patients with surgically resected esophageal cancer. Ann Surg.
2019;269:1101-8.

. WuRY, Kong PF, Xia LP, Huang Y, Li ZL, Tang YY, et al. Regorafenib pro-

motes antitumor immunity via inhibiting PD-L1 and IDO1 expression in
melanoma. Clin Cancer Res. 2019;25:4530-41.

. Zhou S, Zhao L, Liang Z, Liu S, LiY, Liu S, et al. Indoleamine 2,3-dioxy-

genase 1 and programmed cell death-ligand 1 Co-expression predicts
poor pathologic response and recurrence in esophageal squamous

cell carcinoma after neoadjuvant chemoradiotherapy. Cancers (Basel).
2019;11:169.

Zhang W, Zhang J, Zhang Z, Guo Y, Wu Y, Wang R, et al. Overexpression of
indoleamine 2,3-dioxygenase 1 promotes epithelial-mesenchymal transi-
tion by activation of the IL-6/STAT3/PD-L1 pathway in bladder cancer.
Transl Oncol. 2019;12:485-92.

IwaiY, Ishida M, Tanaka Y, Okazaki T, Honjo T, Minato N. Involvement

of PD-L1 on tumor cells in the escape from host immune system and
tumor immunotherapy by PD-L1 blockade. Proc Natl Acad Sci U S A.
2002;99:12293-7.

Komiya T, Huang CH. Updates in the clinical development of epacadostat
and other indoleamine 2,3-dioxygenase 1 inhibitors (IDO1) for human
cancers. Front Oncol. 2018;8:423.

Botticelli A, Cerbelli B, Lionetto L, Zizzari |, Salati M, Pisano A, et al. Can IDO
activity predict primary resistance to anti-PD-1 treatment in NSCLC? J
Transl Med. 2018;16:219.

Holmgaard RB, Zamarin D, Munn DH, Wolchok JD, Allison JP. Indoleamine
2,3-dioxygenase is a critical resistance mechanism in antitumor T cell
immunotherapy targeting CTLA-4. J Exp Med. 2013;210:1389-402.

Li A, Barsoumian HB, Schoenhals JE, Cushman TR, Caetano MS, Wang X,
et al. Indoleamine 2,3-dioxygenase 1 inhibition targets anti-PD1-resistant
lung tumors by blocking myeloid-derived suppressor cells. Cancer Lett.
2018;431:54-63.

Li H, Bullock K, Gurjao C, et al. Metabolomic adaptations and correlates of
survival to immune checkpoint blockade. Nat Commun. 2019;10:4346.
Spranger S, Koblish HK, Horton B, Scherle PA, Newton R, Gajewski TF.
Mechanism of tumor rejection with doublets of CTLA-4, PD-1/PD-L1,

or IDO blockade involves restored IL-2 production and proliferation of
CD8(+) T cells directly within the tumor microenvironment. J Immu-
nother Cancer. 2014;2:3.

Ladomersky E, Zhai L, Lenzen A, Lauing KL, Qian J, Scholtens DM, et al.
IDOT inhibition synergizes with radiation and PD-1 blockade to durably
increase survival against advanced glioblastoma. Clin Cancer Res.
2018;24:2559-73.

McDermott DF, Lee JL, Bjarnason GA, Larkin JMG, Gafanov RA, Kochender-
fer MD, et al. Open-label, single-arm phase Il study of pembrolizumab


http://www.nccn.org/professionals/physician_gls/pdf/kidney.pdf
http://www.nccn.org/professionals/physician_gls/pdf/kidney.pdf

Lara Jr et al. BMC Cancer 2024, 23(Suppl 1):1253

25.

26.

27.

28.

29.

30.

31.

32.

33

34

35.

36.

monotherapy as first-line therapy in patients with advanced clear cell
renal cell carcinoma. J Clin Oncol. 2021;36:jc02002363.

McDermott DF, Lee JL, Ziobro M, Suarez C, Langiewicz P, Matveev VB, et al.

Open-label, single-arm, phase Il study of pembrolizumab monotherapy
as first-line therapy in patients with advanced non-clear cell renal cell
carcinoma. J Clin Oncol. 2021;36:jc02002365.

Merck Sharp & Dohme Corp. European Commission Approves
KEYTRUDA® (pembrolizumab) Plus LENVIMA® (lenvatinib) as First-Line
Treatment for Adult Patients With Advanced Renal Cell Carcinoma. News
release. Published November 29, 2021. Accessed 1 Mar 2022. https://
www.merck.com/news/european-commission-approves-keytruda-
pembrolizumab-plus-lenvima-lenvatinib-as-first-line-treatment-for-adult-
patients-with-advanced-renal-cell-carcinoma/.

US Food and Drug Administration. FDA approves lenvatinib plus
pembrolizumab for advanced renal cell carcinoma. Published August 11,
2021. Accessed 1 Mar 2022. https://www.fda.gov/drugs/resources-infor
mation-approved-drugs/fda-approves-lenvatinib-plus-pembrolizumab-
advanced-renal-cell-carcinoma.

Beatty GL, O'Dwyer PJ, Clark J, Shi JG, Bowman KJ, Scherle PA, et al. First-
in-human phase | study of the oral inhibitor of indoleamine 2,3-dioxy-
genase-1 Epacadostat (INCB024360) in patients with advanced solid
malignancies. Clin Cancer Res. 2017;23:3269-76.

Jochems C, Fantini M, Fernando RI, Kwilas AR, Donahue RN, Lepone LM,
et al. The IDO1 selective inhibitor epacadostat enhances dendritic cell
immunogenicity and lytic ability of tumor antigen-specific T cells. Onco-
target. 2016;7:37762-72.

Mitchell TC, Hamid O, Smith DC, Bauer TM, Wasser JS, Olszanski AJ,

et al. Epacadostat plus pembrolizumab in patients with advanced solid
tumors: Phase | results from a multicenter, open-label phase I/l trial
(ECHO-202/KEYNQTE-037). J Clin Oncol. 2018;36:JC02018789602.

Long GV, Dummer R, Hamid O, Gajewski TF, Caglevic C, Dalle S, et al.
Epacadostat plus pembrolizumab versus placebo plus pembrolizumab
in patients with unresectable or metastatic melanoma (ECHO-301/
KEYNOTE-252): a phase 3, randomised, double-blind study. Lancet Oncol.
2019,20:1083.

Clopper CJ, Pearson ES. The use of confidence or fiducial limits illustrated
in the case of binomial. Biometrika. 1934,26:404-13.

Atkins MB, Plimack ER, Puzanov |, Fishman MN, McDermott DF, Cho

DC, et al. Axitinib in combination with pembrolizumab in patients with
advanced renal cell cancer: a non-randomised, open-label, dose-finding,
and dose-expansion phase 1b trial. Lancet Oncol. 2018;19:405-15.
Sonpavde G, Necchi A, Gupta S, et al. ENERGIZE: a Phase Ill study of
neoadjuvant chemotherapy alone or with nivolumab with/without
linrodostat mesylate for muscle-invasive bladder cancer. Future Oncol.
2020;16(2):4359-68.

Taylor MW, Feng GS. Relationship between interferon-gamma,
indoleamine 2,3-dioxygenase, and tryptophan catabolism. FASEB J.
1991;5(11):2516-22.

Smith M, Newton R, Owens S, et al. Retrospective pooled analysis of
epacadostat clinical studies identifies doses required for maximal phar-
macodynamic effect in anti-PD-1 combination studies. J ImmunoTher
Cancer. 2020;8. https://doi.org/10.1136/jitc-2020-SITC2020.0028.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Page 12 of 12

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions



https://www.merck.com/news/european-commission-approves-keytruda-pembrolizumab-plus-lenvima-lenvatinib-as-first-line-treatment-for-adult-patients-with-advanced-renal-cell-carcinoma/
https://www.merck.com/news/european-commission-approves-keytruda-pembrolizumab-plus-lenvima-lenvatinib-as-first-line-treatment-for-adult-patients-with-advanced-renal-cell-carcinoma/
https://www.merck.com/news/european-commission-approves-keytruda-pembrolizumab-plus-lenvima-lenvatinib-as-first-line-treatment-for-adult-patients-with-advanced-renal-cell-carcinoma/
https://www.merck.com/news/european-commission-approves-keytruda-pembrolizumab-plus-lenvima-lenvatinib-as-first-line-treatment-for-adult-patients-with-advanced-renal-cell-carcinoma/
https://www.fda.gov/drugs/resources-information-approved-drugs/fda-approves-lenvatinib-plus-pembrolizumab-advanced-renal-cell-carcinoma
https://www.fda.gov/drugs/resources-information-approved-drugs/fda-approves-lenvatinib-plus-pembrolizumab-advanced-renal-cell-carcinoma
https://www.fda.gov/drugs/resources-information-approved-drugs/fda-approves-lenvatinib-plus-pembrolizumab-advanced-renal-cell-carcinoma
https://doi.org/10.1136/jitc-2020-SITC2020.0028

	A randomized, open-label, phase 3 trial of pembrolizumab plus epacadostat versus sunitinib or pazopanib as first-line treatment for metastatic renal cell carcinoma (KEYNOTE-679ECHO-302)
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 
	Clinical trial registration 

	Background
	Methods
	Patients
	Treatments
	Study conduct
	End points
	Statistical analysis

	Results
	Patients
	Response rates
	Safety
	Pharmacodynamic endpoint

	Discussion
	Limitations

	Conclusion
	Acknowledgements
	References




