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ABSTRACT

Host immunity influences the impact of radiotherapy (RT) in cancer but mechanistic connections
remain obscure. In this study, we investigated the relationship of indoleamine 2,3-dioxygenase
(IDO) systemic activity on clinical outcomes in RT-treated non-small cell lung cancer (NSCLC).
IDO-mediated production of kynurenine and the kynurenine:tryptophan ratio in patient blood
serum were determined for stage Il NSCLC patients at times before, during and after RT
administration and then correlated to overall survival (OS), progression-free survival and disease
progression rate in patients. We found the impact of RT on these serum IDO markers to be
heterogeneous in patients. On average, kynurenine:tryptophan ratios were reduced during RT but
restored after RT. Notably, both baseline levels of kynurenine:tryptophan and changes in the levels
of kynurenine after RT were significantly associated with OS. When combined, favorable change
and favorable baseline corresponded with very long-term OS (median OS was not reached after
57 months median follow-up). Favorable change combined with unfavorable baseline still
corresponded with a lack of distant metastases. Our results suggest that RT alters IDO-mediated
immune status in NSCLC patients and that changes in this serum biomarker may be useful to

predict outcomes and perhaps personalize RT dosage to improve survival.



INTRODUCTION

Non-small cell lung cancer (NSCLC) accounts for 80-85% of lung cancer, which is the leading
cause of cancer death in the United States (1). Approximately 64% of patients with NSCLC
require radiotherapy (RT) at least once during their course of disease (2). Recently, it has been
reported that radiation induced tumor killing can activate the immune system by generating
tumor specific antigens and converting the tumor into an individualized in situ vaccine (3).
Animal studies have demonstrated that a combination of hypo-fractionated RT with
immunotherapy generated synergetic effects on local tumor control and even abscopal effects for
tumor Killing outside the treatment fields (3-5). The RT abscopal effect has been reported in a

few clinical cases, including one melanoma case in the New England Journal of Medicine (4).

Indoleamine 2, 3-dioxygenase (IDO) is an intercellular enzyme that converts the essential amino
acid tryptophan into kynurenine through the IDO/kynurenine pathway (6). IDO depletes
tryptophan in the tumor microenvironment and activates immune checkpoint via amino acid
sensor general control nonderepressible 2 (GCN2) (7,8). Kynurenine, the direct metabolite of
this pathway, and its further downstream metabolites, promotes potent immune suppression by
enhancing Foxp3-regulatory T cell functions and attenuating responses of effector T cells and
natural Killer cells (9,10). Previous studies have validated IDO as a potent immune checkpoint in
cancers and other chronic inflammatory diseases (11-13). Because tryptophan and kynurenine
concentrations can be measured from patients’ serum, IDO activity can be monitored by
computing kynurenine to tryptophan (K:T) ratio. Clinical studies have reported that IDO activity

correlated with the number of tumor infiltrating lymphocytes in esophageal and colorectal
3



cancers (14,15), and elevated IDO activity correlated with poor clinical outcomes in several
types of cancers (16-19), including lung cancer (20-22). These clinical data further support that
IDO is an immune checkpoint that mediates anti-tumor immune activity. However, it is not clear
how this IDO-mediated immune activity changes during or after RT in cancer patients, and

whether these changes have any impact on tumor control or survival.

In this study, we hypothesized that RT can alter the IDO-mediated anti-tumor immune activity
which will impact on tumor progression or survival in patients with NSCLC. To test this
hypothesis, we assessed IDO-mediated immune activity by quantifying the key molecules
associated with the IDO checkpoint, including kynurenine and the K:T ratio (a commonly used
surrogate for IDO activity), at pre-RT, 2-week (during-RT), 4-week (during-RT) and post-RT (3
months after RT completion). We then performed survival analysis to correlate these parameters
and their changes with progression free survival (PFS), overall survival (OS) and distant tumor

progression.

MATERIALS AND METHODS

Patients and Treatment

Patients with stage 111 inoperable/unresectable NSCLC enrolled institutional review board (IRB)
approved prospective protocols were eligible. The protocols were conducted according to

requirements of Belmont Report and U.S. Common Rules. All subjects signed informed written



consent before enroliment. All patients received conventionally fractionated daily RT, which was
given using 3D conformal radiotherapy (3DCRT) as previously described (23,24). Details of
these prospective trials were summarized in supplement Table S1. Equivalent dose at 2 Gy
fraction (EQD2) were computed for those received other than 2 Gy daily doses, using alpha/beta

of 10.

Patients Follow-up and Samples/Clinical Data Collection

Patients were examined weekly during the course of RT, followed up approximately every 3
months during the first year, every 6 months during the second year and then annually thereafter.
Clinical and follow-up data, including age, gender, smoking history, histology, clinical stage,
tumor volume, Karnofsky performance score (KPS), EQD2 and chemotherapy, were recorded
prospectively up to 2 years after completion of RT. Red top blood collection tubes without
anticoagulants were used for serum. Blood samples of patients were collected at up to four time
points of pre-RT, 2- and 4-week during-RT, and post-RT (generally first follow-up at 3 months

after RT completion).

Measurements of Serum Tryptophan and Kynurenine

Serum tryptophan and kynurenine concentrations were measured using a high performance
liquid chromatography system (Shimadzu LC20) as described before with minor modification

(25,26). 25ul of serum samples were diluted with equal volumes of 30mM NaAc pH4.0 and































































(A) Post/pre Kynurenine For Overall Survival
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(B) Post/pre Kynurenine For Progression Free Survival
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{D} Comparison Of Overall Survival For Patients Developed Distant Metastasis
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