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9.1 Introduction

Over the last decade, tryptophan catabolism has
been firmly established as a powerful mechanism
of innate and adaptive immune tolerance. The
catabolism of tryptophan is a central pathway
maintaining homeostasis by preventing autoim-
munity or immunopathology that would result
from uncontrolled and overreacting immune
responses. This is driven by the key and rate-
limiting enzymes indoleamine-2,3-dioxygenase
1 (IDO1) and tryptophan-2,3-dioxygenase 2
(TDO), resulting in local depletion of tryptophan,
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while tryptophan catabolites accumulate, includ-
ing kynurenine and its derivatives, depending on
the presence of downstream enzymes in the kyn-
urenine pathway. These metabolic modifications
result in a local microenvironment that is pro-
foundly immunosuppressive, as a result of vari-
ous mechanisms whose respective role remains
incompletely characterized. Drugs targeting this
pathway, specifically IDOI1, are already in clini-
cal trials with the aim at reverting cancer-induced
immunosuppression. Recent studies have dem-
onstrated favorable pharmacokinetics profiles for
first-generation (Indoximod NLG8189) and
second-generation IDO1 inhibitors (INCB024360
and NLG919). Targeting tryptophan catabolism
in combination with additional methods of ther-
apy may improve efficacy of cancer immunother-
apy. These methods include, but are not limited to
vaccination, adoptive cellular therapy, check-
point inhibitor blockade, and cyclooxygenase-2
(COX2) inhibition. Over the last decade, there
has been a considerable increase in our under-
standing of the regulation and downstream medi-
ators of tryptophan metabolism. This detailed
understanding will expand opportunities to inter-
fere with the pathway therapeutically on multiple
levels. The object of this chapter is to highlight
current and past key findings that implicate tryp-
tophan catabolism as an important mediator of
cancer immunity and discuss the development of
multiple therapeutic targets.
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9.2 Tryptophan Catabolism

and the Role of IDO

Indoleamine 2,3 dioxygenase has be identified as
a major source of immune regulation. The enzy-
matic activity of IDO is mediated by catabolism
of the essential amino L-tryptophan (Trp) into
L-kynurenine (Kyn) via the kynurenine pathway
metabolic cascade [1, 2] (Fig. 9.1). The amino
acid tryptophan is required by all forms of life for
protein synthesis and additional significant meta-
bolic functions [2]. The first and rate-limiting step
of kynurenine catabolism is facilitated by three
distinct enzymes: indoleamine 2,3-dioxygenase
(IDOT1), indoleamine 2,3-dioxygenase 2 (IDO2),
and tryptophan 2,3-dioxygenase 2 (TDO) [1-8].
Of this family of genes, IDO1 is a potent immu-
noregulatory enzyme. Gene expression of the
non-reductant IDO2 is not induced by interferons
that regulate IDO1 gene expression [4, 9, 10].
Moreover, the structurally distinct enzyme, TDO
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Fig.9.1 Metabolic modulation result in a local microen-
vironment becoming profoundly immunosuppressive.
Indoleamine 2,3-dioxygenase (IDOI1) is an enzyme that
catalyzes the essential amino acid, tryptophan, in the ini-
tial rate-limiting step along the kynurenine pathway. IDO
is expressed by tumor cells, tolerogenic dendritic cells
(DCs) and myeloid derived suppresser cells (MDSCs)
mediate tryptophan deprivation leading to T cell cycle
arrest; and the immunosuppressive catabolite, kynurenine
mediates differentiation of CD4* T cells into regulatory T
cells, as well as T cell cycle arrest

is a hepatic enzyme that catabolizes tryptophan
selectively expressed in the liver [6, 11]. Stress-
related glucocorticoids, as opposed to inflamma-
tory signals induce the TDO gene [12]. These data
suggest that unlike IDO1, IDO2 and TDO may
have distinct functional roles [13]. Therefore,
IDO1 is the major focus of this editorial, and will
be referred to as “IDO”, unless otherwise speci-
fied in this review.

IDO is encoded by the INDO gene and has a
molecular weight of 45 kDa. Additionally, the
gene contains 10 exons and is located on chromo-
some 8 in human and mice [14, 15]. The IDO
gene is tightly regulated by inflammatory media-
tors such as type I and type II interferons, lipo-
polysaccharide (LPS), and tumor necrosis
factor-alpha (TNF-o). Likewise, the IDO gene
promoter region is comprised of the interferon
stimulated response element (ISRE) and
interferon-gamma activated sequence (GAS) ele-
ment. Upregulation of the IDO gene is expressed
in a wide range of tissues and cellular subsets,
such as in the placenta during pregnancy, in a
variety of tissues during an infection, transplanta-
tion [16], autoimmunity, and cancer [16—19]. In
regulatory dendritic cells, IDO expression is
upregulated by negative signaling from cytotoxic
T lymphocyte protein 4 (CTLA-4) and the gluco-
corticoid induced tumor necrosis factor receptor
(GITR) ligand [20, 21]. This reverse negative sig-
naling was described for the CTLA-4 receptor
present on T regulatory cells that binds to its
ligands, CD80 and CD86 on dendritic cells and
mediated induction of IDO in an interferon-
gamma (IFN-y) dependent manner [20, 22].
Likewise, the toll-like receptor 9 (TLR9) ligand,
CpG oligodeoxynucleotides (ODNs) mediate the
induction of IDO expression in dendritic cell sub-
sets via type I interferon signaling pathway [23].
Moreover, T regulatory cells are generated by
human plasmacytoid dendritic cells via IDO
catabolism of tryptophan [24, 25]. These signal-
ing pathways are critical for establishing toler-
ance to tumor antigens. Additionally, inflammatory
stimuli from the signal transducer and activator of
transcription 3 (STAT3) stimulated IDO upregula-
tion in myeloid-derived suppressor cells [26]. The
initial indication of a role for IDO in immune tol-
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erance was demonstrated when it was ascertained
that IDO enzyme activity mediated immune privi-
lege and was required to prevent T cell-driven
rejection of allogeneic fetuses during pregnancy
in mice [27]. Inhibition of the enzymatic activity
of IDO by 1-methyl-tryptophan resulted in the
rejection of allogeneic, as opposed to syngeneic
fetuses. These findings proposed that IDO-
medicated depletion of local tryptophan prevented
T cell responses to the fetus by limiting the amino
acid to proliferating T cells [28]. Likewise, stud-
ies performed in the context of IDO genetic
knockout mouse models or IDO pharmacological
inhibitors have confirmed that the enzyme plays a
crucial role in immune tolerance and inflamma-
tory tumorigenesis [27, 29, 30].

IDO modulates of immune responses by two
distinct mechanisms. These mechanisms include
immune cells deprivation of tryptophan which
leads to activation of stress response pathways
[19, 28, 31], and through the generation of kyn-
urenine pathway suppressive metabolites [32]. T
cells are highly sensitive to tryptophan depletion
[33]. A decreased in local tryptophan availability
leads to the accumulation of uncharged trypto-
phan transfer ribonucleic acids (tRNAs).
Subsequently, an increase in uncharged tRNAs
results in the induction of an integrated stress
response kinase general control non-derepressible
2 (GCN2) in T cells. GCN2 kinase acts as a
molecular sensor in T cells, and upon activation
triggers a stress response program that can result
in cell cycle arrest, T cell differentiation, or apop-
tosis [34]. Amino acid withdrawal modifies the
phenotype of dendritic cells and macrophages in
GCN2 kinase-dependent manner [35-37]. IDO
expressing macrophages acquire the capacity to
suppress natural killer (NK) cells and CD8 T
cells proliferation. Moreover, GCN2 activation
in CD8 effector T cells has been proved to inhibit
cell proliferation and induce anergy following T
cell receptor stimulation by down regulating the
TCR zeta-chain [38, 39]. Likewise, naive CD4+
T cells GCN2 appears to be important for the dif-
ferentiation and activation of regulatory T cells
(Tregs) [40]. We show that these IDO* pDCs
directly activate resting CD4*CD25*Foxp3*
Tregs for potent suppressor activity. Additionally,

data from in vitro studies suggest that tryptophan-
derived catabolites also inhibit the ability of T
cell and natural killer cell proliferation [41].

A second mechanism of IDO-mediated
immune suppression is dependent on the accumu-
lation of the tryptophan catabolites, kynurenine.
The kynurenine pathway generates several metab-
olites, including L-kynurenine, kynurenic acid,
anthranilic acid, 3 hydroxykynurenine, 3-hydroxy-
anthranilic acid, quinolinic acid, picolinic acid
and nicotinamide adenine dinucleotide [42]. IDO
expressing cells release L-kynurenine, 3-hydroxy-
anthranilic acid (3-HAA) and other tryptophan
metabolites into circulation. As a result, innate
and adaptive immune responses are modulated in
the cells that sense these amino acid catabolites.
Moreover, kynurenine is an endogenous ligand of
the aryl hydrocarbon receptor (AHR) [43]. The
AHR is a ligand-activated member of the basic
helix-loop-helix (bHLH) family of transcription
factors, originally identified as a receptor for envi-
ronmental xenobiotic toxin 2,3,7,8-tetrachlorod-
ibenzo-p-dioxin (TCDD). Upon ligation, the
inactive form of AHR dissociates from cytoplas-
mic chaperone molecules, associates with the
AHR nuclear translocator and binds to the target
gene in the nucleus to modulate gene transcription
[43, 44]. Tumors select for IDO-mediated trypto-
phan catabolism that produces kynurenine that
binds to AHR and assist the tumor to evade
immune surveillance. Moreover, an elevated level
of AHR present in tumors is a poor prognostic
factor in patients [43, 45]. The role of AHR in
immune regulation, inflammation and tumorigen-
esis genetic studies was defined in genetic mice
studies. These experiments confirmed that regula-
tory T cells (Tregs) generation differentiation
from naive CD4*CD25~ T cells is dependent on
kynurenine activation of the AHR in the present
of transforming growth factor beta (TGF-f) [46].
Activation of AHR mediated immune suppres-
sion, by promoting FoxP3 differentiation, sup-
pression effector T cell anti-tumor immunity, and
decreasing immunogenicity of dendritic cells [11,
43, 47]. However, effect is not seen in AHR null T
cells. Specifically, Mezrich et al. demonstrated
that naive T cells exposed to KYN leads to mRNA
transcription of the downstream targets of AHR



132

A. Amobi et al.

activation, cytochrome P450 family 1 subfamily
A polypeptide 1 (CYP1lal), and cytochrome P450
family 1 subfamily B polypeptide 1 (CYPIbl)
[46]. AHR plays a role in the generation of Th17
cells in vitro and in vivo [48, 49]. Kynurenine
metabolites, via the IDO pathway, also tip the bal-
ance of Th17 cell to Treg cells, in favor of Treg
cells by suppression of pro-inflammatory Th17
pathway and promoting Treg differentiation [50].
In addition, activation by endogenous AHR
ligands, exogenous ligand, 6-formlindolo [3,2-b]
carbazole (FICZ), mediates Th17 cell formation
upon AHR activation [51]. Further work is needed
to understand the mechanisms by which AHR
ligation by K'YN regulation transcriptional regu-
lation of immune suppressive factors (Fig. 9.2).

Ad
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Fig.9.2 Ligation and activation of the aryl hydrocarbon
receptor regulate gene transcription. IDO catabolism of
tryptophan leads to the generation of kynurenine (Kyn),
an endogenous ligand of the aryl hydrocarbon receptor
(AhR). The aryl hydrocarbon receptor (AhR) is a ligand-
activated transcription factor that modulates gene tran-
scription. The AhR is present in its inactive form

binding

IDO is a potent immunoregulatory enzyme
[17, 33, 39], and a major source of immune sup-
pression within the tumor microenvironment of
ovarian cancer and other tumor types [19, 52]
(Fig. 9.3). Constitutive IDO expression in human
tumors creates a suppressive microenvironment
due to the depletion of typtophan and the synthe-
sis of immune suppressive kynurenine metabo-
lites [53, 54]. Elevated levels of IDO enzyme
activity correlates with reduced frequency of
tumor infiltrating T lymphocytes in murine can-
cer models [19]. Studies investigating the role of
TILs in ovarian cancer, demonstrated that the
presence of intra-epithelial CD8* infiltrating
lymphocytes favor overall survival in epithelial
ovarian cancer (EOC) patients [52]. A meta-
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accompanied by Heat Shock Protein 90 chaperones in the
cytoplasm of the cell. Following ligation, the cytosolic
Kyn-AhR complex undergoes transformation and translo-
cates to the nucleus. In the nucleus the AhR forms a het-
erodimer with the AhR nuclear translocator (ARNT)
which interacts with the core-binding motif of the respon-
sive elements located in regulatory regions of AhR target
genes and gene transcription occurs
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Fig. 9.3 Indoleamine 2,3-dioxyenase is a potent immu-
noregulatory enzyme within the tumor microenviron-
ment. Immune suppression within the tumor
microenvironment is orchestrated by the functions of the
cells present that promote tumor growth. Tumors have
diverted an immune suppressive role of IDOI to their own
benefit in order to continue to evade immune attack.
IDO1 expression by the tumor and tolerogenic dendritic
cells (DCs) is associated with a reduced effector T cell

analysis study confirmed a significant survival
advantage associated with tumor-infiltrating
lymphocytes (TILs) in several tumor types [55—
59]. Additionally, these studies indicate that: (1)
the beneficial prognostic effect of CD8* tumor
infiltrating lymphocytes in human EOC is nega-
tively affected by CD4'CD25'FOXP3* Treg
cells; (2) IDO expression in human ovarian can-
cer correlates with poor prognosis and decreases
overall survival; (3) IDO mediated depletion of
tryptophan results in suppression of T cell
responses in ovarian cancer patients; and (4)
tumor-derived antigen specific CD8* T lympho-
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function, and an increased frequency of regulatory T cells
(Tregs) at the tumor site. Additional immunosuppressive
mechanisms within the tumor microenvironment are
mediated by: myeloid derived suppressor cells (MDSC),
macrophages with an ‘M2’ phenotype, arginase (Argl),
inducible nitric oxide synthase (iNOS), nitric oxide (NO),
prostaglandin E2 (PGE,), interleukin-10 (IL-10), trans-
forming growth factor feta (TGF-f), and programmed
cell death ligand 1 (PD-L1)

cytes from human ovarian cancer demonstrate
impaired effector function and enriched expres-
sion of the inhibitory molecule, programmed
cell death—1 (PD-1), a marker of T cell exhaus-
tion [60]. These results suggest that the regula-
tory influences of IDO via arrest of T cell
proliferation, expansion of CD4* Tregs, or pro-
motion of T cell exhaustion may dampen the
efficacy of tumor reactive effector CD8" T lym-
phocytes. Collectively, these findings provide
impetus to characterize the molecular and cellu-
lar basis of how IDO induced tryptophan catabo-
lism leads to T cell exhaustion; and test novel
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strategies for overcoming IDO mediated immune
tolerance.

9.3  Cancer Immunotherapy
Targeting Tryptophan

Catabolism

Several tumor types express IDO, providing them
the ability to evade anti-tumor immune surveil-
lance and facilitate immune escape. Consequently,
this has motivated the development of IDO inhib-
itors. Preclinical data demonstrated that a com-
petitive inhibitor of IDO, I-methyl-tryptophan
[61] prevented anergic T cells and suppressed
tumor growth in murine carcinoma models. There
are multiple approaches targeting tryptophan
catabolism in cancer across different levels: (1)
blocking IDO expression utilizing strategies
which interfere with upstream pathways that reg-
ulation IDO transcription and/or translation; (2)
enzymatic inhibition by suppressing IDO and/or
TDO enzyme activity; (3) and combinatory ther-
apies which target inhibition of tryptophan catab-
olism with other therapies.

9.4 Inhibitors of IDO Expression

A recent study has linked the therapeutic effects
of imatinib, a tyrosine-kinase inhibitor drug, in
gastrointestinal stromal tumors (GIST) to
inhibition of IDO1 expression, which is driven by
the oncogenic KIT signaling. Treatment of exper-
imental tumors with imatinib suppressed IDO
expression, resulting in the reversal of IDOI1-
mediated immunosuppression and thus activation
of T effector cells and suppression of Tregs [62].
This finding is striking, because it lends credence
to the notion that IDOI targeting may already be
providing a benefit in the context of imatinib
treatment of GIST and advocate for conduction
preclinical studies in tumor models involving
immunocompetent hosts. Based on the associa-
tion between CTLA-4 and IDO, a rational thera-
peutic consequence of this observation is to
combine KIT blockade with an anti-CTLA-4

approach in GIST, which is currently tested in a
clinical trial NCT01643278 (source http://clini-
caltrials.gov). Based on COX2-IDO regulatory
connection, antitumor implications have been
analyzed in a preclinical model of breast cancer
treatment with cyclooxygenase-2 (COX2) inhibi-
tors [63], illustrating its therapeutic relevance in
principle. T regulatory cell functions disrupted
by COX2 inhibition have also been found to be
mediated by IDO1 inhibition, possibly contribut-
ing to the anticancer properties of COX2 inhibi-
tors [64]. One interesting aspect of IDO is that its
enzyme appears to be spontaneously recognized
by specific CD8* T cells that are present in
humans [65]. Along this line are preclinical and
clinical studies targeting IDO-expressing cells by
a peptide vaccine, where early evidence was
obtained of long-lasting disease stabilization and
a partial response against liver metastasis in met-
astatic lung cancer patients vaccinated with an
IDO-derived peptide, in the absence of notable
toxicity [66].

9.5 IDO1 Enzyme Inhibitors

The IDO1 blocking agent 1-methyl-tryptophan
(1-MT) has been shown to have significant abil-
ity to inhibit IDOI activity, and co-operate with
chemotherapy in mediating regression of estab-
lished tumors in murine models [30]. In the
murine models, the effect of 1-MT was lost in
immunodeficient Ragl-knockout (Ragl-KO)
hosts, indicating that the antitumor effect of
1-MT was immune mediated. The overall effects
of 1-MT include enhanced T cell responses
against tumor antigen, allograft antigen, and
autoantigens in vivo [67, 68]. Additionally, by
blocking IDO, 1-MT inhibits the production of
tryptophan catabolites such as kynurenine that
have been shown to directly reduce T cell and
NK cell proliferation [31, 69-71]. 1-MT is a mix-
ture of the two racemic isoforms 1-methyl-D-
tryptophan (D-1-MT) and 1-methyl-L-tryptophan
(L-1-MT). In previous studies, while the L ste-
reoisomer of 1-MT was a more potent inhibitor
of IDO, the D stereoisomer was shown to be less
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active in inhibiting IDOI, but to have superior
antitumor activity and to be more effective in
inhibiting IDO-expressing tolerogenic DCs in
pre-clinical models [72]. In addition, IDO2 was
reported to be preferentially targeted by D-1-MT
[73]. These findings have been challenged by
other groups [7, 74-76]. Nevertheless, D-1-MT
is being developed clinically as an IDO-inhibitor
(indoximod, NLG8189) for the treatment of sev-
eral cancers with the aim at reversing cancer-
associated immunosuppression.

It is reported that in addition or alternatively to
direct IDO1 inhibition, D-1-MT may interfere
with transcellular tryptophan transport [77].
Tryptophan transport system L is commonly
overexpressed in tumor cells and seems to be the
main route for transcellular tryptophan transport
in T cells [78]. Myeloid antigen presenting cells
have been shown to express an additional high-
affinity tryptophan transport mechanism [78]
thus being able to take up tryptophan efficiently
in a low tryptophan containing microenviron-
ment. Hence, under tryptophan depleting condi-
tions, such as cancer, it seems likely that T cells
are more affected by tryptophan starvation and
tryptophan is efficiently being shifted toward
tryptophan consuming cells. D-1-MT may act as
a tryptophan mimetic, provide via mammalian
target of rapamycin (mTOR), an intracellular
tryptophan sufficiency signal to the cell, maintain
mTOR activity also in T cells, thus restore their
activity [79]. These findings identify mTOR sup-
pression as an IDOI effector mechanism and
D-1-MT acts as a high-potency tryptophan
mimetic in reversing mTOR inhibition and
autophagic induction by IDOI through trypto-
phan transport interfering. Since L-1-MT is prin-
cipally capable of exerting the same effects, it is
not yet entirely clear why D-1-MT is more effec-
tive in restoring T cell activity under physiologi-
cal conditions [79].

In addition to directly inhibiting IDO enzy-
matic activity, second-generation IDO1 inhibi-
tors such as INCB024360 and NLG919 have
entered clinical trials. These new inhibitors may
have a more favorable pharmacokinetic profile.
Phase I clinical trials with these orally available
compounds have demonstrated safety and indi-

cated biological efficacy based on serum param-
eters demonstrating reversal of tryptophan
depletion and kynurenine accumulation, comple-
menting in vitro experiments data [80].

In order to improve the efficacy of cancer
immunotherapy, it has become clear that clinical
studies targeting tryptophan catabolism should
combine with other anti-cancer therapies, based
on preclinical animal works. For instance, in
spontaneously arising aggressive mammary
tumors in the MMTV-new/HER2 transgenic
mouse model of breast cancer, 1-MT had little
effect on tumor outgrowth but it could dramati-
cally empower the efficacy of a variety of chemo-
therapeutic agents, triggering stable regressions
of otherwise mainly recalcitrant tumors [30]. As
a result, clinical phase I trials have combined
indoximod with chemotherapy agents, including
the first-in-man phase I trial of indoximod and
docetaxel therapy for solid metastaic tumors
(NCT02835729; NCT01792050; NCT02077881;
NCTO01191216; NCTO01042535) [81, 82]. A
recent preclinical study suggested that IDO1 is a
critical resistance mechanism attenuating the
efficacy of immunotherapies by antibodies dis-
rupting CTLA-4, PD-1 or GITR, and that I-MT
can safely leverage the antitumor properties of
these antibodies [22]. Trials combining indoxi-
mod  (NCT02073123) or INCB024360
(NCT01604889) with the anti-CTLA-4 antibody
ipilimumab in patients with melanoma are under-
way. Conceptually, and supported by preclinical
studies, IDO1 inhibition may enhance the effi-
cacy of active cancer vaccines as it may break
cancer-induced tolerance. Two phase II studies
are currently evaluating this combination
approach (NCT01560923; NCT01042535 and
NCTO01302821) [83].

Additionally, in an on-going trial by the
Cancer  Immunotherapy  Trials  Network
(NCT02042430), to determine the magnitude by
which INCB024360 alters the frequency of
tumor-infiltrating CD8* T cells once IDO block-
ade is administered prior to surgery in patients
whom are newly diagnosed Stage III-IV with epi-
thelial ovarian, fallopian tube, or primary perito-
neal cancer (Fig. 9.4). In this study, ovarian
cancer patients receive INCB024360 orally for
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Inclusion criteria
newly diagnosed stage Ill or IV
women of all races and ethnicities

-------- { Assessed for eligibility j--------» .

Exclusion criteria
prior systemic therapy
active brain disease

age = 18 yrs old

ECOG performance status 0 — 1

any HLA type

wiling to undergo ascites and biopsy
collection pre- and post-treatment
normal organ and marrow function
life expectancy > 6 mo

negative pregnancy test

able and willing to consent

Enrollment *
(n=12) .

» uncontrolled intercurrent ilnesses
+ pregnant or unwilling to take birth
L 4 control

known HIV+ or immunodeficiency
disorder

history of cardiovascular,
pulmonary, autcimmune, or liver

v disease,

Pre-treatment samples
blood, ascites, biopsy

+ concurrent immunosuppressive
) therapy or steroidal therapy

Immunophenotype
T cell response
Immune gene expression profile

I
INCB024360 400 mg PO BID

2 wks

¥

Tumor gene expression profile
Tumor infiltrating immune
composition

al

Post-treatment samples

unable & unwilling to participate

blood

Ascites cytokine profile
Kyn/Trp levels

v

Post-surgery samples
blood, ascites, biopsy

)

Fig.9.4 Clinical Trial, NCT02042430, study scheme uti-
lizing an IDOV1 inhibitor. This is a pilot clinical trial which
studies indoleamine 2,3-dioxygenase (IDOI1) inhibitor,
INCB024360, before surgery in newly diagnosed stage
III-1V epithelial ovarian, fallopian tube, or primary perito-
neal cancer patients. Presented here is the clinical trial

up to 3 weeks and undergo surgery at the comple-
tion of treatment with the IDO1 inhibitor. In
another approach, IDO inhibitors are combined
with other immunotherapeutic strategies. In one
example, the Roswell Park Cancer Institute-
University of Pittsburgh Cancer Institute Ovarian
Cancer SPORE investigators testing whether
concomitant inhibition of IDO-mediated immune
tolerance and vaccination against NY-ESO-1 will
enhance the generation of durable anti-tumor
CD8* T cells in patients (Fig. 9.5). The success-
ful completion of these studies will result in the
generation of critical data that will bring about
further evaluation of IDO blockade to relieve

scheme which includes the patient eligibility criteria,
number of enrollment, IDOI inhibitor treatment dosage
and schedule, and tissue samples that are collected pre-
and post IDOI1 inhibitor treatment, as well as after
surgery

Treg cell-mediated immune tolerance, promote
conditions that favor durable host immunity, and
prolong disease free survival in ovarian cancer
patients  (http://trp.cancer.gov/spores/abstracts/
roswell_ovarian.htm). An overview of IDOI1

inhibitors in clinical trial is described in
(Table 9.1).
9.6 Conclusions

The tryptophan catabolism is a central driver of
malignant development and progression. It acts
in tumor, stromal and immune cells to support
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Inclusion criteria
+ patients in remission
+ tumor expression of NY-ESO-1

Exclusion criteria
metastatic disease to CNS
uncontrolled intercurrent ilinesses

+ age =18 yrs old + chemotherapy, radiotherapy, or
+ ECOG performance status 2 immunotherapy within 4 weeks
+ npormal organ and marrow A 4 + pregnant or nursing patients
f_unction Enrollment . kpown HIV+, HC\H, or HBV+
+ life expectancy > 6 mo (n=98) + history of cardiovascular,
+ agree to use contraception pulmonary, autoimmune, or liver
+ able and wiling to consent disease
AR + concurrent immunosuppressive
therapy or steroidal therapy
Pre-treatment samp|es + unable & unwilling to partICIpate

blood, tumor

randomization

2a

Cycles 1-7 |

1. DEC-205mAb-NY-ESO-1 1mg i.c. Day 1 +
2. INCB024360 300 mg PO BID +

y

I
2b

+

Immunophenotype

NY-ESO-1 specific T cell immunity
NY-ESO-1 specific B cell immunity
Immune gene expression profile
Tumor gene expression profile
Tumor infiltrating immune
composition

. s s s s e

y .

Post-treatment samples
blood, recurrent tumor

Kyn/Trp levels, INCB024360
PK/PD

Fig.9.5 NCT02166905 study scheme. This clinical trial
is designed to test whether inhibition of IDO will augment
vaccine induced immune responses in patients with ovar-
ian cancer in remission. Presented here is the clinical trial

pathogenic inflammatory processes that engen-
der immune tolerance to tumor antigens.
Mechanistic investigations have defined the aryl
hydrocarbon receptor, the master metabolic reg-
ulator mTOR1 and the stress kinase GCN2 as
key effector signaling elements for tryptophan
metabolism. The opportunity to interfere with
tryptophan metabolism have expanded well
beyond inhibiting IDO1 due to the advances in
understanding the regulation, as well as the cel-
lular and molecular targets of this pathway.
There is an interest in pharmacological targeting

scheme which includes the patient eligibility criteria, the
study size, the treatment cycles schedule, and the tissue
samples that are collected pre- and post treatment

of TDO for cancer immunotherapy. Downstream
effectors such as AHR and tryptophan transport
mechanisms will have to be taken into consider-
ation for future therapeutic strategies. Since it is
questionable whether these IDO1/TDO inhibi-
tors will be effective by themselves, rational
combinations with already available and/or yet
to be identified immunomodulators, such as
cancer vaccines or checkpoint inhibitors,
deserve thorough basic research and preclinical
studies.
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