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Tumours can express genes that suppress host immune 
responses to their own tumour antigens,  and the 
modulation of these immune responses has become a target 
for cancer therapeutics. Indoleamine 2,3-dioxygenase 
(IDO) is an enzyme that catalyses the conversion of 
tryptophan to kynurenine. This is the first step in the 
kynurenine metabolism pathway, which contributes to local 
immunosuppression in the tumour microenvironment by 
inhibition of effector T cells and activation of regulatory T 
cells (1). IDO expression in melanoma has been associated 
with worsened prognosis (2), and IDO1 inhibitors such 
as epacadostat have become the subject of recent trials in 
patients with stage III and IV melanoma, with the hope that 
they may be combined with other current treatments to 
improve outcomes. 

The PD-1 (programmed death protein 1) inhibitors 
pembrolizumab and nivolumab have become standard 
therapies in advanced melanoma, after they were shown to 
improve overall survival compared to the CTLA-4 (cytotoxic 
T-lymphocyte-associated protein 4 inhibitor) ipilimumab 
(3,4). Given that tumours may use multiple pathways to 
evade immune surveillance, there has been interest in 
combination immunotherapy with CTLA-4 and PD-1 
inhibitors. While there was slightly numerically superior 
overall survival in patients treated with nivolumab plus 
ipilimumab compared to nivolumab alone in CheckMate 
067, the trial was not designed or powered to compare 
these two treatments (4). On the other hand, patients with 
asymptomatic brain metastases appear to get considerable 

benefit from combination immunotherapy, with intracranial 
response rates around 50% to ipilimumab plus nivolumab 
compared to 20% with single-agent nivolumab (5,6). 
A deterrent to combination immunotherapy is the 
significantly higher rate of treatment-related adverse events; 
grade 3 or 4 events occur in 59% of patients treated with 
nivolumab plus ipilimumab, compared to 21% of patients 
on nivolumab monotherapy, and 28% of patients on 
ipilimumab monotherapy (4). 

Given the toxicity and lack of clear benefit of combining 
PD-1 inhibitors with CTLA-4 inhibitors, interest has 
turned to examining novel agents in combination with 
an anti PD-1 backbone. Many recently completed, 
ongoing and planned trials are looking to find therapeutic 
combinations that are superior to single agent anti PD-1 
without adding greatly to the toxicity. Examples of agents 
being tested include oncolytic viruses (such as T-Vec), other 
checkpoint inhibitors (LAG-3, TIM-3), co-stimulatory 
agents (GITR, OX40) and many other strategies. One 
of these strategies has been to combine IDO1 inhibitors 
with either pembrolizumab or nivolumab. Initial trials 
suggested that the combination of IDO1 inhibitors and 
PD-1 inhibitors might confer a survival benefit. A single-
arm phase I/II trial of 64 patients with advanced melanoma 
combining pembrolizumab with the oral IDO1 inhibitor 
epacadostat showed encouraging results, with overall 
response rates of 56%, and median progression-free survival 
of 12.4 months (7). As a historical comparator, response 
rates were 36% and median progression-free survival was  
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4.1 months in patients taking 3-weekly pembrolizumab in 
the KEYNOTE-006 trial (8). A phase I/II trial evaluating the 
combination of nivolumab with epacadostat in 50 patients 
found an overall response rate of 62%. Forty-eight percent 
of these patients had grade 3 or 4 adverse events at a dose of 
300 mg bd, compared to 13% for the 100 mg bd dose (9).

Disappointingly, the first large phase III trial combining a 
PD-1 inhibitor with epacadostat has shown no benefit over 
PD-1 inhibitor monotherapy. ECHO-301/KEYNOTE-252 
was an international, placebo-controlled trial which 
randomly assigned 706 patients with unresectable stage 
III or IV melanoma to receive either epacadostat 100 mg 
orally twice daily plus pembrolizumab (n=354) or placebo 
plus pembrolizumab (n=352), having first been stratified 
by PD-L1 expression and BRAFV600 mutation status. Pre-
specified primary endpoints were progression-free survival 
and overall survival in the intention-to-treat population. 
With regard to power, the study had approximately 98% 
power to detect a progression free-survival hazard ratio of 
0.65 favouring epacadostat over placebo, and 79% power 
to detect a favourable overall survival hazard ratio of 0.7. 
Notably, the study was only powered for one-sided analysis, 
suggesting a high degree of optimism that the addition of 
epacadostat would confer a significant survival advantage. 

Long et al. found that patients treated with epacadostat 
plus pembrolizumab had no significant difference in 
progression-free survival or overall survival compared to 
those treated with placebo plus pembrolizumab. Median 
progression-free survival was 4.7 months (95% CI, 2.9–6.8) 
for epacadostat plus pembrolizumab, and 4.9 months 
(95% CI, 2.9–6.8) for placebo plus pembrolizumab. The 
study was stopped after the second interim analysis due to 
the primary objectives of prolonged progression-free or 
overall survival not being met in the epacadostat group. 
Due to the early cessation and resultant short follow-up of  
12.4 months, median overall survival has not been reached 
in either treatment group, with the hazard ratio for overall 
survival of 1.13 (95% CI, 0.86−1.49; one-sided P=0.81).

The lack of a survival benefit for patients taking 
epacadostat in addition to pembrolizumab was surprising, 
given initial promising results in the phase I/II study. 
However, the phase III trial population may have 
differed from this group in a number of important ways. 
Uncontrolled selection of patients with more favourable 
characteristics may have occurred in the phase I/II trials. 
The exclusion criteria differed slightly, but potentially 
significantly; the phase I/II trials excluded patients 
previously treated with BRAF-targeted treatment, who were 

included in the phase III trial. Historically, treatment naïve 
patients have had a superior response to immunotherapy (3).  
The phase I/II trial was small, non-randomised and easily 
weighted towards favourable patient selection, and on the 
basis of promising results from this trial a much larger, 
more resource-intensive phase III study was undertaken.

Further research into IDO1 inhibitors might examine 
higher doses, combination blockade with IDO2 and TDO 
(tryptophan 2,3-dioxygenase) inhibitors, selection of 
patients on the basis of IDO biomarkers, combination with 
other immunotherapy agents, or use in other tumour types. 
There is uncertainty as to whether the 100 mg bd dose 
was sufficient; a dose of 300 mg bd have previously been 
suggested as the dose that would inhibit >90% of IDO1 
activity (10). Additionally, measurements of IDO1 activity 
in response to different doses have so far been based on 
the proxy serum markers of plasma kynurenine levels and 
kynurenine/tryptophan ratios, rather than on intratumoral 
IDO1. Potentially useful analyses of pharmacokinetics 
and pharmacodynamics were not performed on the trial 
population due to a decision from the sponsor against 
devoting more resources to this negative study. There is a 
concern that perhaps IDO1 inhibition is easily bypassed by 
rapidly mutating tumours, that can instead express other 
tryptophan-degrading enzymes such as IDO2 and TDO 
(tryptophan 2,3-dioxygenase) (11). These enzymes could be 
targets for co-inhibition in future trials.

A lesson learnt from this noteworthy phase III negative 
trial is the need for larger, randomised phase II trials prior 
to proceeding to costly phase III studies, understanding 
that small benefits may well be missed in phase II studies. 
Significant patient expectations and hope, economic 
resources and highly skilled researchers’ and clinicians’ 
time is invested into an international multicentre trial of 
706 patients. The opportunity cost of running such a trial is 
weighed against investing those resources into other worthy 
research and clinical care. 

With regard to implications for the current standard of 
care, this study reinforces that an appropriate treatment 
for most patients with metastatic melanoma remains 
single-agent PD-1 inhibitor. The implications for future 
research are wide-reaching. The results from the ECHO-
301/KEYNOTE-252 study led to the announcement 
from Incyte (epacadostat’s drugmaker) to cease phase III 
clinical development of combination epacadostat with anti-
PD-1/PD-L1 immunotherapy. This meant converting 
two pembrolizumab combination trials in lung cancer 
to phase II status, closing enrolment into four trials 
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with pembrolizumab and two trials with nivolumab, and 
cancelling a planned trial with durvalumab (12). There 
are also implications for how trials are conducted and 
progressed. Significant confidence exists in the field of 
melanoma research, attributable to large positive trials that 
have significantly prolonged many patients’ lives. However, 
caution in progression to large phase III trials is still 
warranted in this age of optimism, given the implications of 
haste for patients, researchers and clinicians. 
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