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Abstract
Botticelli et al. proposed the activity of indoleamine-2,3-dioxygenase 1 (IDO) as a potential mechanism and predictive marker for primary resistance against anti-PD-1 treatment in the context of non-small cell lung cancer. However,
there are a few points for the authors to address in order to strengthen their claims. First, there are many enzymes
that modulate the kynurenine to tryptophan ratio, thereby calling into question their use of the ratio as a proxy for
IDO activity. Second, the authors could compare IDO to other proposed markers in the literature, providing a better
understanding of its predictive value.
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Main text
In their recent study, Botticelli et al. investigated the association between indoleamine-2,3-dioxygenase 1 (IDO)
activity and resistance to anti-PD-1 treatment in the
context of non-small cell lung cancer (NSCLC) [1]. The
authors observed earlier tumor progression in individuals with higher serum kynurenine (KYN) to tryptophan
(TRP), their marker for IDO activity, and suggested that
IDO activity predicts resistance to anti-PD-1 treatment.
To strengthen the validity of this claim however, the
authors should consider investigating other modulators
of KYN/TRP as well as compare IDO to other reported
predictors of resistance.
Following the precedent set by previous studies [3, 13],
Botticelli et al. measured serum KYN/TRP, and used this
ratio and IDO activity interchangeably throughout their
paper. While IDO is indeed an important modulator of
this ratio, it is important to note that other enzymes significantly influence TRP and KYN levels, thereby altering
the ratio and potentially confounding the authors’ interpretations [11]. For example, kynurenine pathway (KP)
enzymes, kynureninase and kynurenine aminotransferases, are responsible for metabolizing KYN and
forming downstream metabolites [2, 7]. More notably,
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tryptophan-2,3-dioxygenase (TDO2), a KP enzyme predominantly expressed in the liver, also metabolizes TRP
to KYN [11]. Though IDO and its role at the intersection
between TRP and KYN has been the center of attention
with immunosurveillance in cancer, TDO2 has recently
emerged as another prominent enzyme that can alter the
KYN/TRP ratio in lung cancer [6, 9–11]. Indeed, Opitz
et al. and Hsu et al. demonstrate that TDO2 is equally
as effective as IDO in raising kynurenine levels within
certain tumors. Therefore, given that Botticelli et al.
measured general serum levels of KYN and TRP, a more
comprehensive and accurate approach would have been
to conduct a thorough analysis of the kynurenine pathway and examine contributions of KYN from both IDO
and TDO2, among other enzymes. To conclude that one
of the modulators has a more significant influence on the
ratio in the context of NSCLC, the authors could measure
the expression levels of each enzyme and track TRP flux
in using mass-labeled intermediates [2, 4]. Such followup experiments would provide clarity to the questions
regarding TRP metabolism and sources of anti-PD-1
resistance in NSCLC as well as clarify whether tumorassociated KYN is produced locally or systemically. Production of KYN by TDO2 and alternative sources may
help explain why KYN-depletion studies with artificially
engineered KP enzymes have had recent success, while
specific IDO inhibitors such as epacadostat have failed
phase III clinical trials [7, 14].

© The Author(s) 2019. This article is distributed under the terms of the Creative Commons Attribution 4.0 International License
(http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction in any medium,
provided you give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons license,
and indicate if changes were made. The Creative Commons Public Domain Dedication waiver (http://creativecommons.org/
publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated.

Moon et al. J Transl Med

(2019) 17:31

Furthermore, Boticelli et al.’s recent editorial offers
insight into potential avenues for further investigating the predictive value of IDO [12]. In the editorial, the
authors reference characteristics such as EGFR mutation
state [8] and tumor mutational load [5], potential predictors of resistance that were previously investigated by
other groups. Comparative analysis of these predictors
would allow the authors to more rigorously assess KYN/
TRP as a viable predictive marker and further evaluate
the usefulness of combining several markers to more
accurately predict early tumor progression as well as
anti-PD-1 resistance. Therefore, to lend more credence to
their assertion that IDO activity is a predictive marker for
resistance, Boticelli et al. should consider other modulators of KYN/TRP and compare the predictive value of
this ratio to other published markers.
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