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Center

and

Case

Statement of translational relevance

Emerging evidence from preclinical and clinical studies indicates that radiotherapy can modulate
immune function. However, the relationship between radiation dose/fractionation schedules and
host anti-tumor immune status remains unclear. This study, involving patients with stage I/II
non-small cell lung cancer from four clinical trials, demonstrated that differing radiotherapy
dosing/fractionation regimens modulate indoleamine 2, 3-dioxygenase (IDO)-based measures of
immune status in different ways. IDO is a potentially promising biomarker of immune status
during RT and may assist in the design of individualized radiation fractionation regimens that
optimize radiation-induced immunostimulatory effects while decreasing the risk of
radiation-related immunosuppression.
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ABSTRACT
Purpose: We recently reported that indoleamine 2, 3-dioxygenase (IDO) activity is inversely
related to distant metastasis risk and survival in stage III non-small cell lung cancer (NSCLC).
The present study examined whether radiotherapy (RT) dose fractionation correlates with
IDO-mediated immune activity in patients with early-stage NSCLC.
Methods: Patients with newly diagnosed stage I-II NSCLC treated with either conventionally
fractionated 3-dimensional conformal radiotherapy (3DCRT) or stereotactic body radiotherapy
(SBRT) were analyzed. Levels of two key molecules associated with the IDO immune
checkpoint, serum kynurenine and the kynurenine:tryptophan ratio (K:T ratio), were measured at
pre-RT, during-RT, and 3-month post-RT. The relationship between disease control outcomes
[overall survival (OS), progression free survival, and local/regional/distant failure rates] and
absolute levels of these markers, as well as dynamic changes in their levels during RT, was
studied.
Results: Fifty-six patients (SBRT=28, 3DCRT=28) with early stage NSCLC were studied. In all
patients, higher kynurenine post-RT was significantly associated with worse OS (HR, 1.25, 95%
CI 1.01-1.55, P=0.044). No statistically significant differences in absolute kynurenine levels or
the K:T ratio were observed in patients treated with 3DCRT or SBRT at any of the three time
points. However, the absolute kynurenine levels rose significantly post-RT in the 3DCRT
patients with the median increase (0.721 ng/mL), whereas SBRT patients did not (0.115 ng/mL);
P=0.022.
Conclusions: This study validated that elevated IDO activity correlated with worse survival
outcomes in patients with early-stage NSCLC treated with definitive RT. Hypofractionated
SBRT may have less immune suppressive effect than 3DCRT, as measured by IDO.
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INTRODUCTION

Lung cancer is the leading cause of cancer-related death in the US and worldwide, with
non-small cell lung cancer (NSCLC) accounting for 80%-85% of cases (1). Definitive thoracic
radiotherapy (RT) is a standard treatment option in medically inoperable early stage NSCLC
patients and is associated with low treatment-related morbidity (2). However, treatment
outcomes for early stage NSCLC after RT remain suboptimal. RT has recently been reported to
activate the host immune system and induce an abscopal effect (3-5). Additionally, in a subgroup
analysis of a phase I trial in patients with metastatic NSCLC treated with pembrolizumab,
patients who received RT prior to immunotherapy had significantly better OS than those without
prior RT (6). Therefore, in addition to direct tumor killing via DNA damage, RT may modulate
the immune tumor microenvironment (TME). On the other hand, RT also causes
immunosuppression through direct toxicity to primary and secondary lymphoid organs as well as
circulating immune cells (7). RT fractionation schedule is directly related to the risk and severity
of RT-induced immunosuppression, as has been shown by studies comparing the risk of severe
radiation-induced lymphopenia following hypofractionated vs. conventionally fractionated RT
(8-10). However, the relationship between RT fractionation scheme and other biomarkers of
immune function is not well understood.

Indoleamine-2,3-dioxygenase (IDO) is a heme-containing endogenous enzyme which catalyzes
the initial and rate-limiting steps in the kynurenine pathway, which converts tryptophan into
kynurenines (11). IDO is expressed in many cancer types and has been established as an immune
suppressor in cancer initiation and progression (12). Furthermore, high IDO expression has
consistently been found to be associated with poor clinical outcomes in solid tumors (13). We
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recently demonstrated that chemoradiotherapy significantly reduced IDO activity during the
initial phase of treatment (2-4 weeks during a 6-week RT course) in 110 stage III NSCLC
patients. Moreover, baseline IDO activity and changes in IDO levels after RT significantly
correlated with survival and tumor progression (14). However, it is not clear how to optimize
clinical RT dose/fractionation regimens in order to maximize RT-induced immunostimulation
and/or minimize RT-related immunosuppression. Furthermore, the role of IDO immune status as
a biomarker for treatment outcome in early stage NSCLC treated with definitive thoracic RT
remains unknown.

In the present study, we examined the effect of RT dose fractionation on IDO-mediated immune
activity in patients with stage I-II NSCLC. We also examined differences in IDO dynamics
during RT in patients with early-stage NSCLC treated with different RT fractionation regimens.
Additionally, to validate previous findings suggesting that IDO is a biomarker for survival in
stage III NSCLC, we examined the association between circulating levels of IDO with overall
survival (OS), progression free survival (PFS), and local/regional/distant failure rates in patients
with early stage NSCLC treated with definitive RT.

MATERIALS AND METHODS

Patients and Treatment

From 2004 to 2015, patients with stage I-II inoperable/unresectable NSCLC who enrolled in
Institutional Review Board-approved prospective protocols were eligible. The protocols were
conducted according to requirements of the Belmont Report and U.S. Common Rules. All
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subjects signed informed written consent before enrollment. All patients received definitive
thoracic RT, which was given using either 3DCRT or SBRT as previously described (15,16).
Briefly, the RT dose fractionation regimens were typically 60-85.5 Gy in 2-Gy fractions for
3DCRT or 50, 55, or 60 Gy in 10-, 11-, or 20-Gy fractions for SBRT. Details of these
prospective trials are summarized in supplementary Table S1. Biological equivalent dose (BED)
was calculated for each patient using an alpha/beta of 10 in order to compare tumor prescription
doses for different RT fractionations.

Patient 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), BED, and chemotherapy, were recorded
prospectively for up to 2 years after RT completion. Red top blood collection tubes without
anticoagulants were used for serum. Blood samples of patients were collected at up to three time
points: before RT (pre-RT), during RT (generally at 2 week for 3DCRT and at fraction number
2/3 or 3/5 SBRT), and post-RT (generally at the time first follow-up, 3 months after RT
completion).The samples were stored in a –80 °C freezer immediately after collection until
testing.

Measurements of Serum Tryptophan and Kynurenine
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Serum tryptophan and kynurenine concentrations were measured using a high-performance
liquid chromatography system (Shimadzu LC20) as previously described, with minor
modifications (17,18). First, 25-µl serum samples were diluted with equal volumes of 30-mM
NaAc pH4.0 and deproteinated with perchloric acid. Kynurenine was detected on an UV channel
at 360 nm, and tryptophan was detected on a fluorescence channel at 285-nm excitation and
365-nm emission. Samples were analyzed using Lab SolutionTM software (Shimadzu). Samples
were quantified with external standards, and at least one quality control sample was randomly
inserted into every plate for reference. For quality control purposes, double-blinding
duplicate/triplicate testing verified the assay reproducibility to be over 95%.

Statistical Analysis

OS and PFS were the primary endpoints, and local/regional/distant failure rates were the
secondary endpoint. OS was calculated from RT start to the date of death of any cause. PFS was
defined from start of RT to the date of any progression or death. Patients were censored at last
follow-up if progression or death had not occurred. Progression was defined as the first failure
type of local/regional/distant progression or death. Non-cancer progression death was defined as
death without any evidence of tumor progression at local, regional, or distant sites. The
Kaplan-Meier log-rank test was used to compare between-group survival differences. Clinical
variables with P<0.05 by univariate analysis were selected as co-variates for adjustment in the
multivariate analysis. A multivariate Cox proportional hazards model was used to estimate
hazard ratios (HR) with 95% confidence intervals (95% CI). Levels of IDO-checkpoint
associated molecules at each of the 3 time points were compared using repeated analysis of
variance (ANOVA) (equivalent to paired t test for 2 groups). Two-tailed tests were performed
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for statistical significance at a P<0.05 level. All statistical analyses were performed using IBM®
SPSS Statistics 22.0 (IBM, Inc.). Scatterplot figures of IDO dynamics were generated using
GraphPad Prism® (version 5.01).

RESULTS

Study Population

Of 58 staged I-II NSCLC patients enrolled, 56 patients with adequate serum samples available
for IDO testing formed the primary study population; there were 51 white patients (91%) and 14
(25%) female patients. Median age was 68 years (range 46-85). Twenty-eight patients received
definitive-dose (≥ 60 Gy) 3DCRT, 5 (18%) of whom received concurrent platinum-based
chemotherapy. Twenty-eight patients underwent SBRT (10-20 Gy per fraction); only one SBRT
patient had prior chemotherapy history. Table 1 details patient demographic and clinical features
in the 3DCRT and SBRT groups. There was no difference in distributions of age, gender,
smoking status, histology type, clinical stage and KPS between the two groups. However, SBRT
patients had smaller tumor volume, higher BED and were less likely to receive chemotherapy
compared to 3DCRT patients (all P <0.05).

Clinical Factors and Outcomes

Median follow-up time was 49 (95% CI, 31-66), 73 (95% CI, 52-94), and 34 (95% CI, 23-45)
months for all patients, 3DCRT patients and SBRT patients, respectively. Median OS and PFS
were 30 (95% CI, 26-34) and 14 (95% CI, 11-18) months, 30 (95% CI, 25-35) and 14 (95% CI,
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10-18) months, and 32 (95% CI, 19-44) and 20 (95% CI, 12-27) months for all patients, 3DCRT
patients and SBRT patients, respectively. Univariate analysis showed that patients with smaller
tumor volume had better OS (P=0.017), while female patients had better PFS (P=0.023). Tumor
volume and gender were thus selected as clinical co-variates for further multivariate analysis of
IDO checkpoint-associated parameters. Chemotherapy and RT fractionation were not
significantly associated with OS or PFS in this small series (Table 2, Figure 1A-B). However,
compared to 3DCRT patients, local/regional and distant failure rates were significantly lower in
SBRT patients (P=0.002) (Figure 1C).

Baseline and Post-RT IDO Biomarkers and Outcomes

Baseline levels of kynurenine or K:T ratio were not significantly associated with OS or PFS in
this series. Post-RT kynurenine levels were significantly correlated with OS (HR=1.25,
95%CI=1.01-1.55; P=0.044) but not PFS (HR=1.11, 95% CI=0.90-1.36; P=0.334) (Figure 2A1,
Table 3) by multivariate analysis, after adjusting for clinically significant factors. Using median
as the cut-off for changes, higher post/pre kynurenine ratios were correlated significantly with
worse PFS (HR, 2.76, 95% CI, 1.17-6.52, P=0.021) (Figure 2B1, Table 3) but not OS (HR, 2.01,
95% CI, 0.82-4.96, P=0.129). For local/regional/distant failure rates, patients with greater ratios
of post/pre kynurenine had significantly higher rates of local/regional or distant failure,
compared to patients with lower levels of post/pre kynurenine, who were less likely to
experience progression but had significantly higher rates of death unrelated to cancer progression
(P=0.037) (Figure 1D).

Dynamics of Kynurenine and K:T Ratio at Different Time Points
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To avoid potential confounding effect of radiation to nodal disease, five patients with N1 disease
in the 3DCRT group were excluded during group comparison analysis because such patients
would be technically ineligible for SBRT. Serum kynurenine and K:T ratio changed
heterogeneously through 2 time points from pre-RT, to during-RT and post-RT. In 3DCRT
patients, mean concentrations of kynurenine (Figure 3A) and K:T ratio (Figure 3B) did not
change significantly at during-RT (P=0.165 and P=0.194), but increased sharply at post-RT
(P=0.006 and P=0.017). The concentrations of kynurenine and K:T ratio post-RT were
significantly higher than that at other time points. In SBRT patients, however, neither serum
kynurenine nor the K:T ratio changed significantly at during-RT or post-RT (compared with
baseline; all P>0.05). No statistically significant differences in IDO parameters were observed
between 3DCRT and SBRT patients at any of the studied time points (T-test). However, 3DCRT
patients had a significantly larger increase in the absolute kynurenine levels following RT than
SBRT patients, with a median increase of 0.721 ng/mL in 3DCRT patients vs. 0.115 ng/mL in
the SBRT group, P=0.022 (Table 1).

DISCUSSION

This study demonstrated that post-RT IDO activity/changes are significantly associated with
OS/PFS in stage I-II NSCLC and that RT dose fractionation has a significant effect on
IDO-mediated immune activity during- and post-RT in patients with early-stage NSCLC. Our
data are congruent with prior studies identifying IDO as a prognostic biomarker in stage III
NSCLC (14) and support the hypothesis that hypofractionated RT is less immunosuppressive
than more prolonged fractionation schemes.
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First, this study validated our previous findings that IDO is a potentially valuable biomarker in
stage III NSCLC (14). In the present study, which included only patients with early-stage disease,
we showed that fractionated RT induces significant changes in IDO-mediated immune activity,
and that IDO immune status after RT correlates with survival outcomes. Similar to stage III
NSCLC patients, low IDO activity, as reflected by low kynurenine levels or a low K:T ratio, was
significantly associated with improved OS or PFS, as well as low rates of local/regional/distant
failure in stage I-II NSCLC patients. This is in agreement with previous studies showing that
increased levels of kynurenine or IDO correlated with worse overall survival in various cancers
(19-22) including lung cancer (23-25).

Interestingly, as was previously described in stage III NSCLC, baseline kynurenine levels and
K:T ratio were not prognostic for either OS or PFS in early stage NSCLC. To explore the
potential mechanism, we conducted an additional exploratory analysis of the relationship
between clinical stage and IDO activity in the combined dataset. The results showed that with
increasing clinical stage, the kynurenine concentration or K:T ratio decreased; kynurenine levels
(2.32±1.25 µM, median±SD) in stage I patients were significantly higher than in stage III
patients (1.86±0.87) (P=0.002) (Figure S1). This indicates that IDO-mediated immune status
may vary depending on disease stage in patients with NSCLC. For patients with early-stage
NSCLC undergoing RT instead of surgery, baseline IDO immune status may not be a decisive
prognostic marker. IDO immune status may also reflect frailty in medically inoperable patients
with early stage NSCLC, who generally have serious medical comorbidities and worse overall
performance status, which is presumed to be associated with suppressed immune function.
Further study is required to better understand the mechanisms underlying the relationship
between IDO status and stage in NSCLC.

11

More importantly, in addition to validating our previous findings that RT can alter IDO-mediated
immune activity, this study demonstrated that RT dose fractionation affects IDO-immune status
in different ways. In 3DCRT patients, similar to previous work in stage III NSCLC, RT is
associated with both favorable and unfavorable changes in IDO immune activity, which vary
with dose level (time point) or patient level. During RT, median kynurenine concentration and
K:T ratio decreased slightly. The reduction at during-RT suggests that anti-tumor immunity is
enhanced contingently by suppressed IDO activity. Increased anti-tumor immunity in the TME
may be due to RT immunomodulation in the initial phase of RT. Possible mechanisms
underlying this finding include decreased tumor burden after massive radiosensitive tumor cell
killing by ionizing irradiation or RT-induced enhancement of anti-tumor immunity in the TME.
Although the changes at the during-RT time point were not significant, the trend of reduction
was consistent with the findings of our previous study (14), supporting the hypothesis that RT
can stimulate anti-tumor immunity, especially in the initial phase of RT. Following RT, IDO
activity significantly increased in most 3DCRT patients, suggesting an evolution from an initial
immunostimulatory effect of RT to an immunosuppressive phenotype that develops after a
prolonged treatment course. This could be due to either proliferation of radioresistant tumor cells,
which begin to dominate the TME and suppress anti-tumor immunity, or that longer courses of
RT themselves may lead to depressed anti-tumor immune responses. Therefore, monitoring IDO
immune status during RT may assist in determining an optimal individualized RT dose for each
patient, which balances RT-induced immunostimulatory and immunosuppressive effects. In
SBRT patients, however, changes in IDO biomarkers were not significant either during- or
post-RT. During RT, median kynurenine levels decreased, but the median K:T ratio increased
slightly. However, a slight increase of IDO activity during RT may not be an indication of
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unfavorable change; rather, such changes could reflect an acute immune response to normal
tissue radiation damage following high-dose radiation in SBRT patients. After RT, the levels of
kynurenine and K:T ratio increased consistently, but to a lesser extent than in 3DCRT patients.
This suggests that hypofractionated RT may be less immunosuppressive than longer treatment
schemes. Besides the biological effect of hypofractionation, differences in RT techniques may
also affect IDO dynamics. It is important to note that tumor volumes in the SBRT patients were
smaller than the 3DCRT patients (Table 1), and that SBRT is more conformal than 3DCRT, both
of which could affect IDO dynamics.

RT dose fractionation effects on anti-tumor immunity have not been adequately studied
previously in the clinic. However, the synergistic effect of RT and immune therapy has been
reported in several studies. To obtain optimal synergy, mathematical models have been
constructed in an attempt to identify the optimal timing for RT/immunotherapy combinations
(26). For example, based on a fitted animal model, Chakwizira et al developed a mathematical
model to predict the number of RT fractions needed to maximize the synergistic effect of
RT/IDO inhibitor combinations (27). Our data suggests that RT-induced changes in anti-tumor
immunity exhibit variability based on dose fractionation as well as inter-individual differences.
Monitoring IDO-mediated immune status could be a useful and practical way to identify patients
with differing anti-tumor immune status and deliver individualized RT treatment using optimal
dose fractionations to obtain the best chance of cancer control. Obviously, a larger prospective
study is needed to validate our findings.

Limitations of the present study include serum sample availability. The numbers of available
samples at different time points varied, which may affect study results, especially for inter-group
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comparisons. Also, this small series was not sufficiently powered to permit a subgroup survival
analysis for 3DCRT and SBRT. Although most patients did not receive chemotherapy during RT,
effects of chemotherapy on the immune system cannot be excluded completely because 5 of the
3DCRT patients in the present series received concurrent chemoradiation.

In conclusion, in addition to validating our previous findings that RT-induced alterations in
immune status are reflected in IDO activity, with an initial phase of immunostimulation followed
by post-RT immunosuppression, this study demonstrated that RT dose fractionation has a
significant effect on IDO-mediated immune status. IDO is a potentially valuable biomarker for
monitoring immune status during RT for NSCLC and tailoring treatment and fractionation
schedule accordingly.
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FIGURE LEGENDS
Figure 1. Comparison of treatment outcomes. RT fractionation for overall survival (A),
progression-free survival (B) and local/regional/distant failure rates (C). Changes of kynurenine
after radiotherapy (Post/pre kynurenine) for local/regional/distant failure rates (D). Non-cancer
progression death was defined as death without any evidence of tumor progression at local,
regional, or distant sites.
Figure 2. Post-RT IDO-mediated immune activity and treatment outcomes. Post-RT kynurenine
(A1) and K:T ratio (A2) for overall survival; Changes of kynurenine (post/pre kynurenine) (B1)
and K:T ratio (post/pre K:T ratio) (B2) after radiotherapy for progression-free survival.
Figure 3. Dynamic changes of IDO-associated molecular activity during and post radiotherapy.
The top panel shows individual and mean activity levels, and the bottom panel shows spaghetti
plots for kynurenine (A) and K:T ratio (B) at three time points in 3DCRT and SBRT patients.
P-values shown were from paired t-tests. Error bars at figures show 95% confidence interval (CI).
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Table 1. Comparison of Patient Characteristics between 3DCRT and SBRT Groups.
Clinical Variables
Age (median, years)
Gender
Male
Female
Smoking
No
Yes
Histology
Adenocarcinoma
Squamous cell
NOS
Clinical stage
I
II

3DCRT (n=28)

SBRT (n=28)

P*

68

69

0.426
0.064

24
4

18
10
0.245

2
26

2
26
0.126

5
14
9

7
12
9
0.094

15
13
41
80
70 (60-86)
84 (72-110)

21
7
20
90
55 (40-60)
116 (80-180)

14
1
8
5

27
1
0
0

Pre-RT
Kynurenine (median, ng/mL)
K:T ratio (median)

2.041
0.047

2.415
0.055

0.965
0.878

During-RT
Kynurenine (median, ng/mL)
K:T ratio (median)

1.890
0.044

2.275
0.054

0.374
0.086

Post-RT
Kynurenine (median, ng/mL)
K:T ratio (median)

2.983
0.069

2.760
0.061

0.119
0.070

Changes (post – pre)
Kynurenine (median, ng/mL)
K:T ratio (median)

0.721
0.021

0.115
0.008

0.022
0.073

Tumor volume (median, cc)
KPS (median)
RT Dose (median/range, Gy)
BED (median/range, Gy)
Chemotherapy
No
Chemotherapy history
Post-RT Consolidation chemotherapy
Concurrent chemotherapy

0.015
0.857
<0.001
<0.001
0.001

Abbreviations: 3DCRT, 3 dimensional conformal radiation therapy; SBRT, stereotactic body radiation therapy; KPS, Karnofsky
Performance Score; BED, biological equivalent dose; K:T ratio, kynurenine:tryptophan.
* P values were from t test for continuous variables and from Chi square test for categorical variables.
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Table 2. Comparison of Overall Survival and Progression Free Survival Based on Clinical Characteristics of Patients.
Overall Survival
Progression Free Survival
Clinical factors
Age (years)
≤ 68
> 68
Gender
Male
Female
Smoking
No
Yes
Histology
Adenocarcinoma
Squamous cell
NOS
Clinical Stage
I
II
Tumor volume (10 cc)
≤ 2.4
> 2.4
KPS
< 90
≥ 90
BED (Gy)
≤ 100
> 100
Chemotherapy
No
Yes
RT fractionation
3DCRT
SBRT

Patients
(n)

Death
n (%)

MST
(months)

P*

HR (95% CI)

Progression
n (%)

MPT
(months)

28
28

19 (68)
20 (71)

28
33

0.998

1.00 (reference)
1.00 (0.97-1.03)

21 (75)
22 (79)

42
14

31 (74)
8 (57)

30
32

0.533

1.00 (reference)
0.78 (0.36-1.70)

2
54

0 (0)
39 (72)

-

0.296

12
26
15

5 (42)
18 (69)
14 (93)

58
30
17

36
20

23 (64)
16 (80)

27
25

P*

HR (95% CI)*

14
14

0.624

1.00 (reference)
0.99 (0.96-1.03)

36 (86)
7 (50)

14
34

0.023

1.00 (reference)
0.39 (0.17-0.88)

1.00 (reference)
-

1 (50)
42 (78)

13
14

0.266

1.00 (reference)
3.18 (0.41-24.5)

0.119

1.00 (reference)
2.33 (0.85-9.45)
2.99 (1.05-8.50)

6 (50)
20 (77)
14 (93)

13
15
14

0.424

1.00 (reference)
1.47 (0.58-3.68)
1.90 (0.72-5.00)

33
17

0.069

1.00 (reference)
1.83 (0.95-3.52)

27 (75)
16 (80)

15
14

0.680

1.00 (reference)
1.14 (0.61-2.12)

15 (55)
20 (80)

57
16

0.017

1.00 (reference)
1.04 (1.01-1.08)

17 (63)
22 (88)

22
13

0.122

1.00 (reference)
1.03 (0.99-1.01)

27
29

20 (74)
19 (65)

28
33

0.442

1.00 (reference)
0.99 (0.96-1.02)

22 (81)
21 (72)

14
20

0.674

1.00 (reference)
1.00 (0.97-1.02)

30
26

23 (77)
16 (61)

30
28

0.524

1.00 (reference)
1.01 (0.99-1.01)

26 (87)
17 (65)

14
17

0.441

1.00 (reference)
0.99 (0.98-1.01)

41
15

27 (66)
12 (80)

28
31

0.894

1.00 (reference)
1.05 (0.53-2.08)

30 (73)
13 (87)

14
15

0.538

1.00 (reference)
1.23 (0.64-2.37)

28
28

25 (89)
14 (50)

30
32

0.623

1.00 (reference)
0.85 (0.43-1.66)

26 (93)
17 (61)

14
20

0.102

1.00 (reference)
0.60 (0.32-1.11)

Abbreviations: NOS, non-otherwise specified; MST, median OS; MPT, median PFS; KPS, Karnofsky Performance Score; BED, biologic equivalent dose; HR,
hazard ratio; 95% CI, 95% confidence interval.
*By univariate analysis. Age, tumor volume, KPS and BED were analyzed as continuous variables.
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Table 3. Association between IDO Activity and Changes with Overall Survival and Progression Free Survival of NSCLC.
Time points

Pre-RT
(n = 41)

IDO activity

Patient
s (n)

Overall Survival
Death
n (%)

MST
(months)

P*

Progression Free Survival
HR (95% CI)*

Progression
n (%)

MPT
(months)

P#

HR (95% CI)*

Kynurenine
≤ median
21
16 (76)
33
0.490
1.00 (reference)
18 (86)
14
0.954
1.00 (reference)
> median
20
12 (60)
28
1.08 (0.88-1.32)
14 (70)
19
0.99 (0.79-1.25)
K:T ratio
≤ median
21
14 (67)
33
0.107
1.00 (reference)
17 (81)
17
0.444
1.00 (reference)
> median
20
14 (70)
28
1.95 (0.87-4.39)
15 (75)
14
0.76 (0.37-1.55)
Post-RT
Kynurenine
≤ median
18
9 (50)
40
1.00 (reference)
12 (67)
20
0.334
1.00 (reference)
(n = 36)
0.044
> median
18
14 (78)
28
1.25 (1.01-1.55)
14 (78)
14
1.11 (0.90-1.36)
K:T ratio
≤ median
18
11 (61)
30
0.764
1.00 (reference)
14 (78)
14
0.554
1.00 (reference)
> median
18
12 (67)
32
1.15 (0.46-2.88)
12 (67)
14
0.79 (0.35-1.75)
Kynurenine
Post/Pre
≤ median
13
6 (46)
57
0.129
1.00 (reference)
8 (61)
40
1.00 (reference)
0.021
(n = 26)
> median
13
10 (77)
28
2.01 (0.82-4.96)
11 (85)
11
2.76 (1.17-6.52)
K:T ratio
≤ median
13
7 (54)
40
0.384
1.00 (reference)
9 (69)
19
0.550
1.00 (reference)
> median
13
9 (69)
40
0.64 (0.23-1.75)
10 (77)
9
0.81 (0.40-1.64)
Abbreviations: MST, median OS; MPT, median PFS; HR, hazard ratio; 95% CI, 95% confidence interval.
*# From multivariate Cox proportional hazards regression models by adjusting for tumor volume for overall survival* or gender for progression free survival#. IDO
parameters were analyzed as continuous variables.
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