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ARTICLE INFO ABSTRACT

Keywords: Background: Conversion of tryptophan to kynurenine may promote glioma growth and suppress antitumor im-
Glioma mune response through activation of the aryl hydrocarbon receptor. Expression of the enzymes indoleamine 2,3-
Glioblastoma dioxygenase and tryptophan 2,3-dioxygenase-2 in the glioma microenvironment has been shown to mediate
;;33::;1;2: tryptophan catabolism, and the ratio between kynurenine and tryptophan is considered an indirect measure of

this enzyme activity.

Methods: We explored whether tryptophan, kynurenine, and the ratio of kynurenine to tryptophan (KTR) in pre-
diagnostic blood samples was related to risk of glioma in a nested case-control study of 84 cases and 168 matched
controls from two cohort studies — the Nurses’ Health Study, and the Health Professionals Follow-Up Study.
Tryptophan and kynurenine were measured by liquid chromatography-tandem mass spectrometry. Conditional
logistic regression models were used to estimate risk ratios (RRs) and 95% confidence intervals (95%CI) for the
associations between tertiles of these analytes and glioma risk.

Results: We observed no significant associations for either analyte or the ratio for risk of glioma overall. The RR
for the highest KTR tertile compared to the lowest for all gliomas was 0.74 (95% CI: 0.34-1.59). All results were
essentially unchanged in lagged analyses excluding the first two or four years of follow up, though data were
sparse.

Conclusion: Our findings do not provide support for an association between pre-diagnostic circulating KTR and
risk of glioma.

Cohort studies

1. Introduction

Malignant gliomas comprise nearly 80% of primary malignant brain
tumors in adults [1] and arise from glial tissues in the brain. The etiology
of glioma is poorly understood, and there are no well-established
modifiable risk factors [2]. Gliomas may be broadly classified into
glioblastoma multiforme (GBM), the most aggressive grade IV tumors,
and lower grade (grade II and III) gliomas (non-GBM). GBMs account for

~60% of gliomas, and have a poor prognosis regardless of treatment,
with a median survival time of 15 months [3]. High morbidity and
mortality in glioma highlight need to identify factors influencing glioma
development.

Catabolism of tryptophan (TRP), an essential amino acid, in the
tumor microenvironment leads to generation of kynurenine (KYN),
which can promote tumor progression and suppress antitumor immune
response through varied mechanisms [4-6]. Key enzymes involved in
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the catabolism of TRP include indoleamine 2,3-dioxygenase (IDO1) and
tryptophan 2,3-dioxygenase-2 (TDO) [6]. Expression of both IDO1 and
TDO in the glioma microenvironment has been shown to mediate con-
version of TRP to KYN [7]. Binding of KYN to aryl hydrocarbon receptors
(AhR) on effector T cells suppresses their activity, helping tumors to
evade immune response [7-9]. In addition, KYN generated by a tumor
cell can bind to AhRs on the same cell, causing the receptor to move into
the nucleus where it regulates transcription of genes related to tumor
cell migration. Elevated levels of AhR in gliomas have been correlated
with poor patient prognosis [9].

The ratio between KYN and TRP (KTR) is considered an indirect
measure of IDO/TDO expression activity [10,11] and a higher KTR was
observed in serum or plasma from cases compared to noncases for lung
[4,12], bladder [13], and colorectal [14] cancers, whereas a lower KTR
was observed in plasma from breast cancer cases compared to noncases
[15]. Among cervical cancer patients [16], the KTR was higher in tissue
from cervical cancer tissue compared to normal cervix tissue. Two
prospective studies have reported suggestive associations between
plasma KTR and subsequent risk of colorectal [17] and lung [18] cancer.

Few studies have reported on the KTR in glioma. In one study, the
mean KTR was significantly higher in plasma from 18 GBM cases
compared to 18 healthy controls [6]. In another, serum KTR was higher
in 11 patients with grade III/IV gliomas when compared to 5 patients
with grade I/II glioma and 18 non-glioma patients [7]. However, the
influence of prevalent tumor on KTR levels among the glioma patients in
these studies is unclear. Other studies have found KTR to be a potential
prognostic biomarker of improved overall survival in GBM patients
treated with surgery followed by immunotherapy [18,19]. To further
investigate the relationship between the KTR and glioma, we examined
the associations of pre-diagnostic circulating TRP, KYN, and the KTR
with glioma incidence in two prospective cohorts — the Nurses’ Health
Study (NHS), and the Health Professionals Follow-Up Study (HPFS).

2. Methods

The NHS was established in 1976 and included 121,701 female
nurses aged 30-55 years. The HPFS began in 1986 and enrolled 51,529
male health professionals aged 40-75 years. All participants completed
baseline questionnaires on demographics, lifestyle factors, and medical
and other health-related information, and were followed biennially.
Age, cigarette smoking habits, body weight, height, and physical ac-
tivity, were assessed from questionnaires returned prior to blood
collection. Energy expenditure of eight reported types of physical ac-
tivity was first quantified by the metabolic equivalent task (MET) score,
and then quantified as MET-hours per week by multiplying the corre-
sponding MET score by the hours per week spent in each activity. Total
physical activity was calculated by summing MET-hours per week over
all eight activities.

Blood samples were returned by 32,826 NHS [20] participants from
1989 to 1990 and by 18,018 HPFS [21] participants from 1993 to 1995,
through overnight mail. On arrival at a centralized laboratory, the
samples were centrifuged to separate plasma from the buffy coat and red
cells and were stored in well-monitored liquid nitrogen freezers until
analyzed. Over 95% of samples arrived within 26 hours of phlebotomy.
The study protocol was approved by the Institutional Review Boards of
the Brigham and Women’s Hospital and Harvard T.H. Chan School of
Public Health, as well as participating registries, and all participants
provide written informed consent.

Glioma cases were identified initially through self-report with
additional cases confirmed by vital status or medical review post-death.
Written consent for medical record review was collected from partici-
pants or their next of kin. Cases with confirmed ICD-9-CM diagnoses of
191.x were included, and information on tumor subtype (GBM, non-
GBM) was extracted directly from medical records. This study includes
first incident primary glioma diagnoses ascertained through 2006.

Among participants with available blood samples, two controls were
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randomly selected for each glioma case via incidence-density sampling
among participants who were still alive and free of cancer at the date of
the case diagnosis. Controls were individually matched to the cases on
year of birth (£1 year; 2 years was used for 10 matched sets), month of
blood collection (+1 month), race (white vs. non-white), fasting status
(fasting vs. non-fasting), and, by study design, gender.

3. Measurement of TRP and KYN

Circulating levels of TRP and KYN were measured in plasma by liquid
chromatography tandem mass spectrometry at Bevital (Bergen, Nor-
way). Limits of detection were 400 nmol/L for TRP and 7 nmol/L for
KYN. Coefficients of variation ranged from 2.5% to 6.0% for TRP and
3.1%-8.7% for KYN [22]. The laboratory staff were blinded to
case-control status of the samples.

4. Statistical analysis

Conditional logistic regression models were used to estimate risk
ratios (RRs) and 95% confidence intervals (95%CI) for the associations
between tertiles (defined by the distribution in the controls) of TRP,
KYN, and KTR and glioma risk. In addition to conditioning on matching
factors, we adjusted for body mass index (BMI, defined as weight in kg/
height in meters squared) because KTR has been reported to increase
with BMI [23-25]. We also examined associations for men and women
separately, and for GBM only. Data were too sparse to examine associ-
ations separately in non-GBMs. To examine potential reverse causation,
we performed lagged analysis by excluding patients diagnosed within
two and four years of blood draw. Analyses were conducted using SAS
version 9.4 (SAS Institute, Cary, NC). Statistical tests were two-sided
with p-values < 0.05 considered statistically significant.

5. Results

The final analysis included 84 glioma cases (54 GBM, 30 non-GBM)
and 168 matched controls (Table 1). The distributions of TRP, KYN, and
the KTR were similar between glioma cases and controls (Fig. 1). We
observed no significant associations between TRP, KYN, or KTR and
overall glioma risk (Table 2). For all three biomarkers, inconsistent and
nonsignificant associations were observed when comparing the highest
tertile of the biomarker concentrations to the lowest tertile or when
modeling biomarker concentrations continuously for risk of glioma
overall and for men and women separately. Results were similarly

Table 1

Selected characteristics of glioma cases and controls from a nested case-control
study of pre-diagnostic circulating tryptophan and kynurenine, and the kynur-
enine/tryptophan ratio in the Nurses’ Health Study (NHS) and Health Pro-
fessionals Follow-Up Study (HPFS).

Women (NHS) Men (HPFS)
Characteristic Cases Controls Cases Controls
N 52 104 32 64
Age (years), mean (SD) 57.8 (6.1) 58.0 (6.1) 63.8 (9.2) 63.9 (9.1)
Body mass index (kg/mz), 24.5 (4.8) 26.6 (5.4) 25.7 (4.8) 25.3 (3.4)
mean (SD)
Physical activity (MET- 18.5 14.3 335 39.1
hours/week), mean (SD) (24.1) aaz.n (31.4) (43.8)
Current smokers, N (%) 7 (13.5) 11 (10.6) 1@3.1) 1(1.6)
Past smokers, N (%) 25 (48.1) 46 (44.2) 18 (56.3) 22 (34.4)
Tryptophan (uM), mean 67.6 70.4 71.9 69.5
(SD) (11.9) (11.9) (12.8) (13.7)
Kynurenine (uM), mean 1.5 (0.3) 1.6 (0.3) 1.7 (0.4) 1.6 (0.4)
(SD)
Kynurenine/Tryptophan 0.022 0.023 0.024 0.024
ratio (KTR), mean (SD) (0.005) (0.005) (0.005) (0.005)

Abbreviations: NHS=Nurses’ Health Study; HPFS=Health Professionals Follow-
up Study; MET=metabolic equivalent task.
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Fig. 1. Violin plots for tryptophan, kynurenine, and the kynurenine/tryptophan ratio (KTR) for 84 glioma cases and 168 controls. Shading corresponds to analyte
distributions in tertiles (light blue=lowest tertile, dark blue=highest tertile). (For interpretation of the references to color in this figure legend, the reader is referred

to the web version of this article.)

Table 2

Relationship between pre-diagnostic circulating tryptophan and kynurenine, and the kynurenine/tryptophan ratio (KTR), by tertiles and continuously, with risk of

glioma overall, by gender, and for glioblastoma (GBM)®.

All glioma, overall

All glioma, women

All glioma, men

GBM, overall

# Gliomas RR (95%CI) # Gliomas RR (95%CI) # Gliomas RR (95%CI) # GBM RR (95%CI)
Tryptophan, pM
<64.33 30 Ref 22 Ref 8 Ref 22 Ref
> 64.33-73.53 28 0.86 (0.45-1.66) 14 0.49 (0.20-1.21) 14 1.85 (0.65-5.28) 20 0.71 (0.33-1.54)
>73.53 26 0.80 (0.41-1.55) 16 0.50 (0.21-1.20) 10 1.21 (0.39-3.70) 12 0.52 (0.21-1.26)
p-value 0.50 0.13 0.70 0.14
Continuous 84 0.91 (0.69-1.19) 52 0.68 (0.45-1.03) 32 1.18 (0.79-1.75) 54 0.83 (0.58-1.20)
Kynurenine, uM
<1.39 24 Ref 20 Ref 4 Ref 14 Ref
> 1.39-1.70 36 1.61 (0.83-3.11) 23 1.17 (0.50-2.74) 13 3.46 (1.03-11.69) 24 1.66 (0.75-3.65)
> 1.70 24 1.13 (0.57-2.26) 9 0.47 (0.18-1.21) 15 4.11 (1.12-15.07) 16 1.18 (0.52-2.71)
p-value 0.89 0.11 0.05 0.74
Continuous 84 0.98 (0.74-0.28) 52 0.72 (0.48-1.08) 32 1.21 (0.82-1.77) 54 1.03 (0.75-1.40)
KTR
< 0.0210 33 Ref 22 Ref 11 Ref 17 Ref
> 0.0210-0.0243 29 0.94 (0.49-1.81) 21 1.18 (0.52-2.70) 8 0.58 (0.18-1.85) 23 1.99 (0.83-4.77)
> 0.0243 22 0.74 (0.34-1.59) 9 0.47 (0.15-1.51) 13 0.83 (0.26-2.62) 14 1.05 (0.39-2.79)
p-value 0.46 0.34 0.84 0.87
Continuous 84 1.07 (0.81-1.43) 52 1.07 (0.70-1.63) 32 1.05 (0.70-1.57) 54 1.21 (0.84-1.75)

Abbreviations: KTR=kynurenine/tryptophan ratio; GBM=glioblastoma; OR=0dds ratio; CI=confidence interval.
@ Controls were matched to cases on year of birth (+1 year; 2 years was used for 10 matched sets), month of blood collection (+1 month), race (white vs. non-white),
and, by study design, gender. Conditional logistic regression models adjusted for body mass index (continuous, kg/m?).

nonsignificant in analyses restricted to GBM. However, data in all ana-
lyses were sparse and confidence limits were wide. Results did not
materially change after excluding cases (and their matched controls)
identified within two and four years of blood draw (n = 4 and 17 cases
excluded, respectively; data not shown).

6. Discussion

We observed no statistically significant associations between pre-
diagnostic TRP, KYN, or the KTR and risk of glioma in two nested case-
controlled studies of health professionals including 84 glioma cases. All
results were essentially unchanged in lagged analyses excluding cases

diagnosed within two or four years of blood draw to rule out reverse
causation, though data were sparse.

Strengths of this study include the prospective design and use of pre-
diagnostic blood samples. TRP and KYN were measured in blood drawn
on average 8.3 years prior to glioma diagnosis, reducing the possibility
of protopathic bias. Results did not materially change after excluding
cases diagnosed within two and four years of blood draw, leaving 80 and
67 glioma cases, respectively. An important limitation of this study is the
small sample size and resulting limited power to detect associations
between KTR and glioma overall or for GBM, and data were too limited
to consider associations in lower grade gliomas (comprising 30 of the 84
cases). In addition, we could not examine other key proteins and
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enzymes in this pathway (including IDO and TDO) or factors that control
TRP disposition by influencing plasma free TRP availability and its flux
through the KYN pathway, in particular albumin and nonesterified fatty
acids that are impacted by diet [26,27]. We relied instead on the KTR,
which may not be directly correlated with IDO/TDO activation [27]. In
summary, our results do not support an association between the KTR and
subsequent glioma risk.

CRediT authorship contribution statement

Claudine M. Samanic: Conceptualization, Methodology, Formal
analysis, Writing — original draft, Writing — review & editing. Yiyang
Yue: Data curation, Formal analysis, Writing — review & editing. David
J. Cote: Writing — review & editing. Meir J. Stampfer: Funding
acquisition, Resources, Methodology, Writing — review & editing. Molin
Wang: Methodology, Writing — review & editing. Adrian McCann:
Methodology, Data curation, Writing - review & editing. @ivind Mid-
ttun: Methodology, Data curation, Writing — review & editing. Per
Magne Ueland: Methodology, Data curation, Writing — review & edit-
ing. Stephanie A. Smith-Warner: Conceptualization, Funding acquisi-
tion, Resources, Methodology, Writing — review & editing. Kathleen M.
Egan: Conceptualization, Funding acquisition, Methodology, Writing —
review & editing.

Conflict of interest
The authors have no conflicts of interest.
Acknowledgements

This project was supported by the H. Lee Moffitt Cancer Center &
Research Institute, an NCI-designated Comprehensive Cancer Center
(P30-CA076292), the Nutrition Round Table of the Harvard T.H. Chan
School of Public Health, and National Institutes of Health (NIH) PO1
CA87969, U01 CA167552, UM1 CA186107, UM1 CA176726, UM1
CA167552, F30 CA235791 (DJC).

References

[1] B.A. Kohler, E. Ward, B.J. McCarthy, et al., Annual report to the nation on the
status of cancer, 1975-2007, featuring tumors of the brain and other nervous
system, J. Natl. Cancer Inst. 103 (9) (2011) 714-736, https://doi.org/10.1093/
jnci/djr077.
Q.T. Ostrom, L. Bauchet, F.G. Davis, et al., The epidemiology of glioma in adults: a
“state of the science” review, Neuro Oncol. 16 (7) (2014) 896-913, https://doi.
org/10.1093/neuonc/nou087.
R. Stupp, W.P. Mason, M.J. van den Bent, et al., Radiotherapy plus concomitant
and adjuvant temozolomide for glioblastoma, N. Engl. J. Med. 352 (10) (2005)
987-996, https://doi.org/10.1056/NEJMo0a043330.
[4] S.C. Chuang, A. Fanidi, P.M. Ueland, et al., Circulating biomarkers of tryptophan
and the kynurenine pathway and lung cancer risk, Cancer Epidemiol. Biomarkers
Prev. 23 (3) (2014) 461-468, https://doi.org/10.1158/1055-9965.EPI-13-0770.
P. Puccetti, F. Fallarino, A. Italiano, et al., Accumulation of an endogenous
tryptophan-derived metabolite in colorectal and breast cancers, PLoS One 10 (4)
(2015), 0122046, https://doi.org/10.1371/journal.pone.0122046.
[6] S. Adams, C. Teo, K.L. McDonald, et al., Involvement of the kynurenine pathway in
human glioma pathophysiology, PLoS One 9 (11) (2014), e112945, https://doi.
org/10.1371/journal.pone.0112945.

[2

—

[3

—

[5

[}

[71

[8]

[91

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

Cancer Epidemiology 76 (2022) 102075

L. Du, Z. Xing, B. Tao, et al., Both IDO1 and TDO contribute to the malignancy of
gliomas via the Kyn-AhR-AQP4 signaling pathway, Signal Transduct. Target. Ther.
5 (1) (2020) 10, https://doi.org/10.1038/s41392-019-0103-4.

M. Platten, W. Wick, B.J. Van den Eynde, Tryptophan catabolism in cancer: beyond
IDO and tryptophan depletion, Cancer Res. 72 (21) (2012) 5435-5440, https://doi.
org/10.1158/0008-5472.CAN-12-0569.

C.A. Opitz, U.M. Litzenburger, F. Sahm, et al., An endogenous tumour-promoting
ligand of the human aryl hydrocarbon receptor, Nature 478 (7368) (2011)
197-203, https://doi.org/10.1038/nature10491.

K. Schrocksnadel, B. Wirleitner, C. Winkler, D. Fuchs, Monitoring tryptophan
metabolism in chronic immune activation, Clin. Chim. Acta 364 (1-2) (2006)
82-90, https://doi.org/10.1016/j.cca.2005.06.013.

J.M. Gostner, S. Geisler, M. Stonig, L. Mair, B. Sperner-Unterweger, D. Fuchs,
Tryptophan metabolism and related pathways in psychoneuroimmunology: the
impact of nutrition and lifestyle, Neuropsychobiology 79 (1) (2020) 89-99,
https://doi.org/10.1159/000496293.

Y. Suzuki, T. Suda, K. Furuhashi, et al., Increased serum kynurenine/tryptophan
ratio correlates with disease progression in lung cancer, Lung Cancer 67 (3) (2010)
361-365, https://doi.org/10.1016/j.lungcan.2009.05.001.

S.H. Lee, R. Mahendran, S.M. Tham, et al., Tryptophan-kynurenine ratio as a
biomarker of bladder cancer, BJU Int. (2020), https://doi.org/10.1111/bju.15205.
A.B. Engin, B. Karahalil, A.E. Karakaya, A. Engin, Helicobacter pylori and serum
kynurenine-tryptophan ratio in patients with colorectal cancer, World J.
Gastroenterol. 21 (12) (2015) 3636-3643, https://doi.org/10.3748/wjg.v21.
i12.3636.

C.E. Onesti, F. Boemer, C. Josse, S. Leduc, V. Bours, G. Jerusalem, Tryptophan
catabolism increases in breast cancer patients compared to healthy controls
without affecting the cancer outcome or response to chemotherapy, J. Trans. Med.
17 (1) (2019) 239, https://doi.org/10.1186/512967-019-1984-2.

J. Hascitha, R. Priya, S. Jayavelu, et al., Analysis of Kynurenine/Tryptophan ratio
and expression of IDO1 and 2 mRNA in tumour tissue of cervical cancer patients,
Clin. Biochem. 49 (12) (2016) 919-924, https://doi.org/10.1016/j.
clinbiochem.2016.04.008.

H. Zuo, G.S. Tell, S.E. Vollset, et al., Interferon-gamma-induced inflammatory
markers and the risk of cancer: the Hordaland Health Study, Cancer 120 (21)
(2014) 3370-3377, https://doi.org/10.1002/cncr.28869.

L. Zhai, M. Dey, K.L. Lauing, et al., The kynurenine to tryptophan ratio as a
prognostic tool for glioblastoma patients enrolling in immunotherapy, J. Clin.
Neurosci.: Off. J. Neurosurg. Soc. Australas. 22 (12) (2015) 1964-1968, https://
doi.org/10.1016/j.jocn.2015.06.018.

A. Lenzen, L. Zhai, K.L. Lauing, et al., The kynurenine/tryptophan ratio and
glioblastoma patients treated with Hsppc-96 vaccine, Immunotherapy 2 (3) (2016),
https://doi.org/10.4172/2471-9552.1000125.

G.A. Colditz, S.E. Hankinson, The Nurses’ Health Study: lifestyle and health among
women, Nat. Rev. Cancer 5 (5) (2005) 388-396, https://doi.org/10.1038/
nrc1608.

B.M. Wolpin, A.T. Chan, P. Hartge, et al., ABO blood group and the risk of
pancreatic cancer, J. Natl. Cancer Inst. 101 (6) (2009) 424-431, https://doi.org/
10.1093/jnci/djp020.

O. Midttun, S. Hustad, P.M. Ueland, Quantitative profiling of biomarkers related to
B-vitamin status, tryptophan metabolism and inflammation in human plasma by
liquid chromatography/tandem mass spectrometry, Rapid Commun. Mass
Spectrom. 23 (9) (2009) 1371-1379, https://doi.org/10.1002/rcm.4013.

1. Wolowczuk, B. Hennart, A. Leloire, et al., Tryptophan metabolism activation by
indoleamine 2,3-dioxygenase in adipose tissue of obese women: an attempt to
maintain immune homeostasis and vascular tone, Am. J. Physiol. Regul. Integr.
Comp Physiol. 303 (2) (2012) R135-R143, https://doi.org/10.1152/
ajpregu.00373.2011.

S. Cussotto, I. Delgado, A. Anesi, et al., Tryptophan metabolic pathways are altered
in obesity and are associated with systemic inflammation, Front. Immunol. 11
(2020) 557, https://doi.org/10.3389/fimmu.2020.00557.

G.F. Oxenkrug, Metabolic syndrome, age-associated neuroendocrine disorders, and
dysregulation of tryptophan-kynurenine metabolism, Ann. N. Y. Acad. Sci. 1199
(2010) 1-14, https://doi.org/10.1111/j.1749-6632.2009.05356.x.

A.A. Badawy, Kynurenine pathway of tryptophan metabolism: regulatory and
functional aspects, 1178646917691938, Int. J. Tryptophan Res. 10 (2017), https://
doi.org/10.1177/1178646917691938.

A.A. Badawy, G. Guillemin, The plasma [kynurenine]/[tryptophan] ratio and
indoleamine 2,3-dioxygenase: time for appraisal, 1178646919868978, Int. J.
Tryptophan Res. 12 (2019), https://doi.org/10.1177/1178646919868978.


https://doi.org/10.1093/jnci/djr077
https://doi.org/10.1093/jnci/djr077
https://doi.org/10.1093/neuonc/nou087
https://doi.org/10.1093/neuonc/nou087
https://doi.org/10.1056/NEJMoa043330
https://doi.org/10.1158/1055-9965.EPI-13-0770
https://doi.org/10.1371/journal.pone.0122046
https://doi.org/10.1371/journal.pone.0112945
https://doi.org/10.1371/journal.pone.0112945
https://doi.org/10.1038/s41392-019-0103-4
https://doi.org/10.1158/0008-5472.CAN-12-0569
https://doi.org/10.1158/0008-5472.CAN-12-0569
https://doi.org/10.1038/nature10491
https://doi.org/10.1016/j.cca.2005.06.013
https://doi.org/10.1159/000496293
https://doi.org/10.1016/j.lungcan.2009.05.001
https://doi.org/10.1111/bju.15205
https://doi.org/10.3748/wjg.v21.i12.3636
https://doi.org/10.3748/wjg.v21.i12.3636
https://doi.org/10.1186/s12967-019-1984-2
https://doi.org/10.1016/j.clinbiochem.2016.04.008
https://doi.org/10.1016/j.clinbiochem.2016.04.008
https://doi.org/10.1002/cncr.28869
https://doi.org/10.1016/j.jocn.2015.06.018
https://doi.org/10.1016/j.jocn.2015.06.018
https://doi.org/10.4172/2471-9552.1000125
https://doi.org/10.1038/nrc1608
https://doi.org/10.1038/nrc1608
https://doi.org/10.1093/jnci/djp020
https://doi.org/10.1093/jnci/djp020
https://doi.org/10.1002/rcm.4013
https://doi.org/10.1152/ajpregu.00373.2011
https://doi.org/10.1152/ajpregu.00373.2011
https://doi.org/10.3389/fimmu.2020.00557
https://doi.org/10.1111/j.1749-6632.2009.05356.x
https://doi.org/10.1177/1178646917691938
https://doi.org/10.1177/1178646917691938
https://doi.org/10.1177/1178646919868978

	A prospective study of pre-diagnostic circulating tryptophan and kynurenine, and the kynurenine/tryptophan ratio and risk o ...
	1 Introduction
	2 Methods
	3 Measurement of TRP and KYN
	4 Statistical analysis
	5 Results
	6 Discussion
	CRediT authorship contribution statement
	Conflict of interest
	Acknowledgements
	References


