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Abstract

Background: Neopterin may be relevant for colorectal cancer (CRC) development, as a biomarker of cellular immune 
activity exerting pleiotropic effects on cellular ageing, oxidative stress, and inflammation. So far, the association between 
prediagnostic neopterin and colon and rectal cancer risk has not been evaluated in human populations.

Methods: A nested case-control study was conducted within the European Prospective Investigation into Cancer and 
Nutrition cohort using data on plasma concentrations of total neopterin (T-N, sum of neopterin and 7,8-dihydroneopterin) 
in 830 incident CRC case patients (561 colon and 269 rectal) matched within risk sets to 830 control participants. 
A subsequent replication study used data from the Hordaland Health Study, where 173 CRC case patients have been 
diagnosed among 6594 healthy participants over 12 years of follow-up.

Results: After multivariable adjustment for a priori chosen CRC risk factors, a “U-shaped” association of T-N with CRC 
was revealed. Compared with the second quintile of the T-N distribution, the relative risks for the first, third, fourth, 
and fifth quintiles were 2.37 (95% CI = 1.66 to 3.39), 1.24 (95% CI = 0.87 to 1.77), 1.55 (95% CI = 1.08 to 2.22), and 2.31 (95% 
CI = 1.63 to 3.27), respectively. Replication of these associations within the Hordaland Health Study yielded similar results. 
No differences have been observed when the associations were explored by colon and rectal cancer site (two-sided 
Pdifference = .87) and after excluding case patients diagnosed within the first four follow-up years.

Conclusions: These novel findings provide evidence of the role of both suppressed and activated cell-mediated immunity as 
reflected by prediagnostic T-N concentrations in the development of CRC.

Chronic inflammation and immunity are suggested to play 
a role in the pathogenesis of colorectal cancer (CRC) (1,2); 
however, evidence from human studies on the plausible path-
ways through which inflammation promotes CRC carcinogen-
esis is scarce. Biomarkers of cellular immune activation may 
act as potential mediators linking immunity, inflammation, 
and CRC.

One such candidate biomarker is neopterin. Neopterin and 
its reduced form 7,8-dihydroneopterin are synthesized and 
released primarily by monocyte-derived macrophages and den-
dritic cells upon stimulation with interferon-gamma (INF-γ), a 
cytokine produced by the Type 1 helper T (Th1) cells (3,4). Higher 
levels of neopterin in body fluids have been associated with 
advanced age (5,6), as well as with diseases related to activation 
of the cellular immune mechanisms, such as certain malignan-
cies, autoimmune diseases, and viral infections, and infections 
by intracellularly living bacteria or parasites (7–10). High neop-
terin concentrations are associated with increased production 
of reactive oxygen species and with low serum concentrations 
of antioxidants; thereby, neopterin can also be regarded as a 
biomarker of oxidative stress formed by the activated cellular 
immune system (11). Taken together, neopterin may play a role 
for CRC development through exerting pleiotropic effects on cel-
lular aging (6,12), inflammation (13), and oxidative stress (14), 
but may also serve as an indicator for an infection by external 
pathogens (ie, bacterial or viral) (15).

So far, one epidemiological study recently reported data on 
the possible link between neopterin and CRC risk (16). However, 
that study was designed to investigate associations between 
neopterin with overall cancer and did not differentiate between 
CRC subtypes. This information may be important, given the 
known differences in the etiologies of colon and rectal can-
cers (17). Furthermore, this previous study did not account 
for potential factors on the causal pathway for CRC risk such 
as inflammatory, metabolic, and oxidative stress biomarkers, 
thereby it remains unclear whether neopterin acts indepen-
dently or merely reflects related etiological pathways. Therefore, 
we aimed to investigate the association between prediagnostic 
concentrations of total neopterin (T-N, sum of neopterin and 
7,8-dihydroneopterin) with risk of colorectal cancer in a prospec-
tive nested case-control study within the European Prospective 

Investigation into Cancer and Nutrition (EPIC) study cohort. In 
an attempt to validate our findings, we repeated the main asso-
ciation analyses in an independent replication sample within 
the Hordaland Health Study.

Methods

Study Population

The EPIC study population and recruitment procedures have 
been described in detail elsewhere (18–20). All participants gave 
written informed consent. The study was approved by the Ethics 
Committee at the International Agency for Research on Cancer 
(IARC), Lyon, France, as well as by the local ethics committees 
of the study centers (Supplementary Table 1, available online). 
Concrete details of the EPIC cohort and follow-up are provided 
in the Supplementary Methods (available online).

Selection of Case Patients and Control Participants

Case subjects were men and women who developed colon 
or rectal cancers after their recruitment into the EPIC study 
and before the end of the study period (defined for each study 
center by the latest end date of follow-up). For the present 
study, cancers were defined according to the 10th Revision of 
the International Statistical Classification of Diseases, Injury 
and Causes of Death with coding C18.0-C18.7, C18.8, and C18.9 
for colon cancer and C19 and C20 for rectal cancer (21). A total 
of 830 incident case patients with CRC (561 colon, 269 rectal) 
with available measurements on T-N were included in the pre-
sent analyses. For each case patient, one control participant 
was chosen at random among appropriate risk sets consist-
ing of all cohort members alive and free of cancer (except 
nonmelanoma skin cancer) at the time of diagnosis of the 
index case. Matching characteristics were: the study center, 
sex, age at blood collection, time of the day at blood collec-
tion, and fasting status, and among women menopausal sta-
tus. Premenopausal women were further matched on phase 
of menstrual cycle at blood collection, and postmenopausal 
women were matched on current hormone replacement ther-
apy (HRT) use (22).

http://jnci.oxfordjournals.org/lookup/suppl/doi:10.1093/jnci/djv010/-/DC1
http://jnci.oxfordjournals.org/lookup/suppl/doi:10.1093/jnci/djv010/-/DC1
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Lifestyle and Dietary Assessment

Participants provided written informed consent, underwent 
anthropometric measurements, and completed question-
naires on sociodemographic and lifestyle characteristics, medi-
cal history, alcohol consumption, physical activity, and diet, 
as described elsewhere (23). Further details regarding lifestyle 
and dietary assessment in the EPIC cohort are provided in the 
Supplementary Methods (available online).

Laboratory Analyses

Detailed information on blood collection and storage protocols 
within EPIC is provided in the Supplementary Methods (avail-
able online). Plasma concentrations of T-N were determined by 
liquid chromatography-tandem mass spectrometry (LC-MS/MS) 
at Bevital A/S (http://www.bevital.no), Bergen, Norway (24). This 
method yields T-N as a sum of neopterin and 7,8-dihydroneop-
terin, and the concentrations are therefore higher than those 
obtained using assays, which measure only plasma neopterin 
(25,26). Since INF-γ induce a step that precedes formation of 
7,8-dihydroneopterin in the neopterin pathway, both neop-
terin and T-N have been suggested to be of equal value for the 
assessment of immune activity (24,26). Samples were analyzed 
in batches of 86, and quality control included six calibration 
samples, two control samples, and one blank sample in each 
batch. Samples from case and control participants were kept at 
-800C and analyzed within the same batches in random order. 
The within-day coefficients of variance (CV-s) were 3% to 5%, 
between-day CVs were 6% to 10%, and the limit of detection was 
0.7 nmol/L for T-N (24).

The laboratory staff performing the biochemical analyses 
was blinded to the case-control status of the blood samples. The 
laboratory procedures for the measurements of other biomark-
ers included in the analysis, C-reactive protein (CRP), C-peptide, 
glycated haemoglobin (HbA1c), triglycerides (TG), high density 
lipoprotein cholesterol (HDL-C), reactive oxygen metabolites 
(ROM), and ferric-reducing ability of plasma (FRAP), have been 
described elsewhere (22,27–30).

Replication Study – The Hordaland Health Study

In order to validate the observed association between plasma T-N 
and CRC, we conducted a subsequent replication study using data on 
plasma neopterin measurements from the Hordaland Health Study, 
a prospective cohort study in Norway where 173 CRC (124 colon, 49 
rectal) case patients have been diagnosed among 6594 participants 
over a follow-up of 12 years. The study protocol was approved by the 
Regional Committee for Medical Research Ethics and the Norwegian 
Data Inspectorate. All participants provided written informed con-
sent. Concrete details on study design, recruitment protocols, case 
ascertainment, and follow-up have been described elsewhere 
(15,31) (also see the Supplementary Methods, available online). The 
Hordaland Health Study was used as an independent replication 
study, and the data were not pooled together with the EPIC data.

Statistical Analysis

The associations between T-N and risk of CRC were analyzed 
using multivariable conditional logistic regression. Relative risks 
(RRs), estimated from the hazard ratios as derived from the risk 
set sampling design (32) and 95% confidence intervals (CIs), 
were computed. The associations were examined according to 

quintiles based on T-N distributions among control participants. 
In analyses aimed to assess potential nonlinearity of the asso-
ciations, a cubic nonlinear term added statistically significant 
information to the models for CRC, colon and rectal cancer, thus 
suggesting that the shape of the observed associations was cur-
vilinear. We then used regression splines (with five knots at the 
5th, 25th, 50th, 75th, and 95th percentiles of the T-N distribution) 
to model the shape of the association between T-N and CRC.

Multivariable models accounted for matching factors with 
additional adjustment for a priori–chosen CRC risk factors, 
including smoking status, physical activity, alcohol, fiber, red 
and processed meat, fruits and vegetables, fish and shellfish, 
and waist circumference. We additionally adjusted the multivari-
able model for factors potentially on the causal pathway of the 
association between T-N and CRC—inflammatory (CRP), meta-
bolic (C-peptide, Hba1c, HDL-C, adiponectin, leptin, soluble leptin 
receptor), and oxidative stress (ROM and FRAP)—and evaluated 
the potential mediating effects of these factors as described in 
the Supplementary Methods (available online). The associations 
were also analyzed according to different strata of CRC risk fac-
tors, and effect modification was tested using interaction terms of 
the variables for T-N (in quintiles) multiplied by the stratum vari-
ables. Similarly, we examined whether the associations differed 
by sex or length of follow-up (continuously). To test whether the 
associations were different by cancer site (colon vs rectum, proxi-
mal colon vs distal colon) we performed competing risk analyses 
by using the model of Lunn-McNeil (33). In addition, to evaluate 
any difference between the risk estimates across EPIC countries 
and the Hordaland Health Study, we estimated the proportion of 
total variation in study estimates that is because of heterogeneity 
(I2). To account for potential reverse causality, we repeated main 
analyses after excluding cases that occurred in the first two years 
(n = 114), three years (n = 360), and four years (n = 486) of study 
follow-up. Finally, we repeated the main multivariable-adjusted 
analyses after excluding individuals with extreme biomarker lev-
els defined as values below or above the first and last decile of 
T-N distribution and those with self-reported diabetes at study 
baseline.

P values of less than .05 were considered to indicate statisti-
cal significance. All statistical tests were two-sided. All statisti-
cal analyses were performed using Statistical Analysis System 
version 9.2 software (SAS Institute, Inc., Cary, NC).

Results

Descriptive Characteristics of Study Population

The median study follow-up time was 7.2  years and ranged 
between 3.4 months to 9.7 years. Table 1 presents the baseline 
characteristics of CRC case patients and their corresponding 
control  participants. Compared with control participants, case 
patients had higher median T-N concentrations, higher body 
mass index (BMI) and waist circumference, and higher intakes 
of alcohol. Among control participants, T-N concentrations were 
increasing with age, BMI and waist circumference, CRP, and 
FRAP concentrations and were decreasing with current smok-
ing, HRT use, and HDL-C concentrations (Table 2).

Plasma Concentrations of T-N and Risk for 
Colorectal Cancer

Table 3 presents the association of T-N concentrations with risk 
of CRC, colon and rectal cancer in men and in women. In con-
ditional logistic regression analysis, in a multivariable-adjusted 

http://jnci.oxfordjournals.org/lookup/suppl/doi:10.1093/jnci/djv010/-/DC1
http://jnci.oxfordjournals.org/lookup/suppl/doi:10.1093/jnci/djv010/-/DC1
http://www.bevital.no
http://jnci.oxfordjournals.org/lookup/suppl/doi:10.1093/jnci/djv010/-/DC1
http://jnci.oxfordjournals.org/lookup/suppl/doi:10.1093/jnci/djv010/-/DC1
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model, a “U-shaped” association of T-N with CRC was revealed 
with a higher risk near both the lowest (median = 12.7 nmol/L) 
and the highest (median = 30.7 nmol/L) quintile of T-N distribu-
tion. Thus, compared with the second quintile of the T-N dis-
tribution, the relative risks for the first, third, fourth, and fifth 
quintiles were 2.37 (95% CI  =  1.66 to 3.39), 1.24 (95% CI  =  0.87 
to 1.77), 1.55 (95% CI = 1.08 to 2.22), and 2.31 (95% CI = 1.63 to 
3.27), respectively (Table  3). Restricted multivariable cubic 
spline plot of CRC for all participants is presented in Figure 1. 
The associations were not statistically significantly different by 
sex (Pdifference = .94). The nonlinear shape of the association was 
seen both for colon cancer (Pnonlinearity < .001) and rectal cancer 
(Pnonlinearity < .001, Figure 2), and no statistically significant dif-
ferences by cancer site have been detected (Pdifference =  .87). The 

associations did not seem to differ also according to proximal 
and distal colon cancer site (Pdifference =  .28). Finally, adjustment 
for inflammatory, metabolic, and oxidative stress biomarkers 
did not materially alter the observed associations between T-N 
and CRC risk (Figure 3). In addition, these factors did not statisti-
cally explain the association between T-N and CRC risk, argu-
ing against their role as biological mediators (Supplementary 
Table 2, available online).

Stratified and Sensitivity Analyses

When we stratified the analyses according to the EPIC partici-
pating country, similar elevated risks in the lowest and high-
est quintiles of T-N distribution for each country were observed 

Table 1. Baseline characteristics of incident colorectal cancer case patients and matched control participants, The European Prospective Inves-
tigation into Cancer and Nutrition (1992–2003)

Characteristics Case patients Control participants Pdifference*

No. study participants 830 830
Female sex†, No. (%) 464 (55.9) 464 (55.9)
Age†, y 58.4 58.4 .65
Smoking, % .37
 Never 45.3 47.6
 Former 32.5 32.2
 Current 21.2 19.3
 Missing 0.96 0.96
Education, % .85
 No school degree or primary school 39.5 44.3
 Technical or professional school 20.8 20.3
 Secondary school 17.9 13.7
 University degree 17.3 18.2
 Missing 4.3 3.4
Physical activity, % .42
 Inactive 12.3 11.1
 Moderately inactive 27.9 26.3
 Moderately active 46.8 47.4
 Active 10.0 11.2
 Missing 3.0 4.1
BMI, kg/m2, mean (SD) 26.8 (4.3) 26.2 (3.8) .003
Waist circumference, cm 89.8 (13.1) 87.8 (12.1) <.001
Baseline alcohol intake, g/d, median (IQR) 7.7 (0.82–21.8) 6.2 (0.9–18.3) .02
Red and processed meat intake, g/d, median (IQR) 74.2 (48.8–112.2) 70.7 (45.2–103.4) .06
Fibre intake, g/d, median (IQR) 22.1 (17.5–27.6) 22.4 (18.2–27.4) .20
Fruits and vegetables intake, g/d, median (IQR) 393.4 (264.0–557.2) 411.1 (277.5–581.5) .32
Fish and shellfish, g/d, median (IQR) 22.6 (10.1–39.8) 22.5 (10.2–42.3) .47
Menopausal status†, % .70
 Premenopausal 12.3 12.7
 Postmenopausal 70.0 69.6
 Perimenopausal/unknown 12.3 12.2
 Surgically postmenopausal 5.4 5.4
HRT in postmenopausal women†, % 13.8 13.4 .47
Total neopterin, nmol/L, median (IQR) 20.2 (14.2–27.2) 19.6 (15.4–24.2) <.001
CRP, mg/L, median (IQR) 2.9 (1.1–5.2) 2.3 (1.1–4.3) .003
C-peptide, ng/mL, median (IQR) 3.5 (3.0–5.0) 3.1 (3.0–3.7) <.001
HbA1c, %, median (IQR) 5.8 (5.5–6.1) 5.7 (5.5–6.0) <.001
HDL-C, mmol/L, median (IQR) 1.3 (1.1–1.6) 1.4 (1.-1.6) .002
Triglycerides, mmol/L, median (IQR) 1.4 (0.9–2.1) 1.4 (0.9–2.0) 0.21
ROM, U/mL, median (IQR) 401.0 (354.0–452.0) 383.0 (335.0–427.0) <.001
FRAP, µmol/L, median (IQR) 1028.0 (853.0–1226.0) 1007.0 (859.5–1175.5) 0.07

* Pdifference between case patients and control participants were determined by Student’s paired t test for variables expressed as means; by Wilcoxon’s signed rank test 

for variables expressed as medians, by Mc Nemar’s test and Bowker’s test of symmetry for variables expressed as percentages. All statistical tests were two-sided. 

BMI = body mass index; CRP = C-reactive protein; FRAP = ferric-reducing ability of plasma; HbA1c = glycated haemoglobin; HDL-C = high-density lipoprotein-choles-

terol; HRT = hormonal replacement therapy; IQR = interquartile range; ROM = reactive oxygen metabolites.

† Sex, age, menopausal status, and HRT use were among the matching criteria.

http://jnci.oxfordjournals.org/lookup/suppl/doi:10.1093/jnci/djv010/-/DC1
http://jnci.oxfordjournals.org/lookup/suppl/doi:10.1093/jnci/djv010/-/DC1
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(Supplementary Figure  1, available online). In analyses strati-
fied according to established CRC risk factors, statistically sig-
nificant interaction was suggested for stratification by HDL-C 
(Pinteraction  =  .03), but not for the rest of the CRC risk factors 
(Supplementary Table 3, available online); however, because of 
the low number of case patients in stratified analyses, these 
results should be interpreted with caution.

Replication Study – The Hordaland Health Study

In order to determine whether the U-shaped association 
between neopterin and CRC risk was restricted to the EPIC 
study populations and whether it may also be true for plasma 
neopterin, as compared with T-N, we repeated the main 

association analyses in an independent sample of 173 CRC case 
patients diagnosed over a median follow-up of 12 years among 
6594 participants in the Hordaland Health Study in Norway 
with available baseline measurements of plasma neopterin. In 
logistic regression analysis, in a multivariable-adjusted model, 
compared with the second quintile, the risk ratios for the first 
and last quintiles of T-N distribution were 1.18 (95% CI = 0.67 to 
2.09) and 1.66 (95% CI = 1.01 to 2.70), respectively (Table 4). The 
consistency of the associations was supported by the lack of 
statistical heterogeneity for the elevated risks in the first and 
last quintile within the EPIC centers, as well as in the Hordaland 
Health Cohort (I2 = 0%; P = .53 and I2 = 22.1%; P = .25 for the first 
and last quintile, respectively) (Supplementary Figure 2, avail-
able online).

Table 2. Age- and sex-adjusted characteristics among control participants at baseline by quintiles of total neopterin concentrations, The Euro-
pean Prospective Investigation into Cancer and Nutrition (1992–2003)

Characteristics

Quintiles of total neopterin concentrations (nmol/L)

Ptrend*1 (<14.6) 2 (14.6-<17.8) 3 (17.8-<21.1) 4 (21.1-<25.8) 5 (≥25.8)

No. of control participants 221 104 122 149 234
Mean age†, y 55.9 58.1 58.2 58.7 61.0 <.001
Female sex‡, % 55.9 58.3 57.5 55.8 51.9 .21
Smoking status, %
 Never smoker 44.9 43.2 46.7 48.5 45.4 .69
 Former smoker 33.1 35.0 27.1 32.2 39.5 .05
 Current smoker 21.4 20.5 24.8 18.5 13.7 .02
Education, %
 No school degree or primary school 46.1 38.5 38.7 49.2 50.6 .03
 Technical or professional school 20.7 22.7 21.0 18.5 18.3 .19
 Secondary school 13.6 14.5 15.9 10.6 9.9 .10
 University degree 16.3 20.4 20.5 16.7 19.2 .81
Physical activity, %
 Inactive 9.9 11.9 13.2 9.7 13.2 .68
 Moderately inactive 25.4 27.2 27.3 23.1 27.9 .40
 Moderately active 40.0 50.3 45.3 49.8 47.3 .09
 Active 12.2 8.4 10.3 14.6 10.9 .72
Menopausal status among women, %
 Premenopausal 14.2 11.4 13.7 11.7 12.4 .005
 Postmenopausal 75.4 66.9 69.8 71.0 64.3 .10
 Perimenopausal/unknown 5.7 14.4 13.3 15.0 13.9 .11
 Surgically postmenopausal 5.5 7.2 3.1 2.1 9.2 .51
HRT in postmenopausal women, % 13.6 15.2 14.7 12.6 8.6 .01
Mean BMI§, kg/m2 25.7 25.5 26.6 26.6 27.2 <.001
Mean waist circumference, cm 87.3 87.0 88.8 89.4 90.6 <.001
Mean alcohol consumption, g/d 10.9 16.7 14.2 18.2 11.6 .65
Mean fiber intake, g/d 23.3 23.0 22.9 24.6 23.8 .21
Mean fish and shellfish intake, g/d 34.3 29.8 30.6 35.5 32.2 .84
Mean fruit and vegetable intake, g/d 464.0 419.0 443.6 483.5 472.1 .23
Mean red and processed meat intake, g/d 78.7 77.7 82.0 81.6 76.0 .71
Mean CRP, mg/L 2.84 2.70 3.38 3.97 5.40 <.001
Mean C-peptide, ng/mL 3.80 3.50 3.63 3.86 3.78 .11
Mean HbA1c, % 5.7 5.7 5.7 5.7 5.7 .85
Mean HDL-C, mmol/L 1.48 1.53 1.41 1.37 1.30 <.001
Mean triglycerides, mmol/L 1.49 1.57 1.65 1.71 1.70 .004
Mean ROM, U/mL 380.5 377.2 378.8 384.9 380.1 .74
Mean FRAP, µmol/L 975.0 1032.5 1053.7 1072.4 1102.4 <.001

* Ptrend from a linear model, calculated by using the median total neopterin concentrations within quintiles as a continuous variable, adjusted for age (years, as 

a continuous variable), and sex. All statistical tests were two-sided. BMI = body mass index; CRP = C-reactive protein; FRAP = ferric-reducing ability of plasma; 

HbA1c = glycated haemoglobin; HDL-C = high-density lipoprotein-cholesterol; HRT = hormonal replacement therapy; IQR = interquartile range; ROM = reactive oxy-

gen metabolites.

† The analysis for age is adjusted for sex only.

‡ The analysis for sex is adjusted for age only.

§ Weight (kg)/height (m)2.

http://jnci.oxfordjournals.org/lookup/suppl/doi:10.1093/jnci/djv010/-/DC1
http://jnci.oxfordjournals.org/lookup/suppl/doi:10.1093/jnci/djv010/-/DC1
http://jnci.oxfordjournals.org/lookup/suppl/doi:10.1093/jnci/djv010/-/DC1
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Sensitivity Analyses

In sensitivity analyses, the strength of the association remained 
unchanged after excluding individuals diagnosed with can-
cer within the first two, three, or four years of study follow-
up (Table 5). Similarly, the associations were not substantially 
altered after excluding participants with self-reported prevalent 
diabetes or with extreme T-N concentrations (data not shown).

Discussion

In this prospective nested case-control study, we found a 
U-shaped association between T-N concentrations and risk 
of CRC independent of established CRC risk factors, as well 
as of inflammatory, metabolic, and oxidative stress biomark-
ers. Compared with the baseline median T-N concentration 
of 16.1  nmol/L, the concentrations below 12.7  nmol/L (lowest 

Table 3. Relative risks and 95% confidence intervals* of colorectal cancer across quintiles of total neopterin concentrations by sex and cancer 
subsite, The European Prospective Investigation into Cancer and Nutrition Study (1992–2003)

Cancer subsite, sex

Quintiles of total neopterin concentrations (median, nmol/L)

1 (12.7) 2 (16.1) 3 (19.6) 4 (22.8) 5 (30.7)

Colorectal cancer, overall
No. of case patients/control  
participants

221/166 104/166 122/165 149/167 234/166

Crude model† 2.23 (1.58 to 3.13) 1.00 (referent) 1.21 (0.86 to 1.69) 1.44 (1.02 to 2.03) 2.27 (1.63 to 3.17)
MV-adjusted model (95% CI)‡ 2.37 (1.66 to 3.39) 1.00 (referent) 1.24 (0.87 to 1.77) 1.55 (1.08 to 2.22) 2.31 (1.63 to 3.27)

Colorectal cancer, men
No. of case patients/control  
participants

100/72 44/69 49/70 65/74 108/81

Crude model† 2.66 (1.55 to 4.58) 1.00 (referent) 1.14 (0.68 to 1.92) 1.46 (0.86 to 2.49) 2.38 (1.40 to 4.03)
MV-adjusted model‡ 2.91 (1.60 to 5.30) 1.00 (referent) 1.47 (0.82 to 2.65) 1.71 (0.94 to 3.11) 2.48 (1.37 to 4.47)

Colorectal cancer, women
No. of case patients/control  
participants

121/94 60/97 73/95 84/93 126/85

Crude model† 1.99 (1.27 to 3.11) 1.00 (referent) 1.24 (0.79 to 1.94) 1.43 (0.91 to 2.26) 2.23 (1.46 to 3.43)
MV-adjusted model‡ 2.29 (1.43 to 3.69) 1.00 1.22 (0.76 to 1.96) 1.58 (0.98 to 2.55) 2.31 (1.48 to 3.61)

Colon cancer, overall
No. of case patients/control  
participants

146/101 69/122 77/115 102/117 167/106

Crude model† 2.58 (1.69 to 3.94) 1.00 (referent) 1.20 (0.78 to 1.83) 1.52 (0.99 to 2.34) 2.84 (1.88 to 4.27)
MV-adjusted model‡ 2.74 (1.76 to 4.27) 1.00 (referent) 1.17 (0.75 to 1.82) 1.68 (1.07 to 2.63) 2.79 (1.81 to 4.31)

Colon cancer, men
No. of case patients/control  
participants

68/45 24/50 30/46 48/46 68/54

Crude model† 4.18 (2.03 to 8.60) 1.00 (referent) 1.41 (0.68 to 2.90) 2.47 (1.23 to 4.98) 3.44 (1.69 to 7.00)
MV-adjusted model‡ 4.95 (2.23 to 11.00) 1.00 (referent) 1.71 (0.76 to 3.86) 3.24 (1.44 to 7.29) 3.31 (1.49 to 7.33)

Colon cancer, women
No. of case patients/control  
participants

146/101 69/122 77/115 102/117 167/106

Crude model† 1.89 (1.11 to 3.23) 1.00 (referent) 1.02 (0.60 to 1.76) 1.11 (0.64 to 1.94) 2.60 (1.56 to 4.34)
MV-adjusted model‡ 2.11 (1.18 to 3.75) 1.00 (referent) 0.95 (0.53 to 1.68) 1.30 (0.72 to 2.35) 2.59 (1.52 to 4.42)

Rectal cancer, overall
No. of case patients/control  
participants

75/65 35/44 45/50 47/50 67/60

Crude model‡ 1.55 (0.85 to 2.80) 1.00 (referent) 1.14 (0.65 to 2.00) 1.20 (0.66 to 2.16) 1.41 (0.79 to 2.51)
MV-adjusted model‡ 1.58 (0.82 to 3.08) 1.00 (referent) 1.21 (0.64 to 2.30) 1.18 (0.61 to 2.24) 1.49 (0.78 to 2.82)

Rectal cancer, men
No. of case patients/control  
participants

32/27 20/19 19/24 17/28 40/30

Crude model‡ 1.55 (0.85 to 2.80) 1.00 (referent) 1.14 (0.65 to 2.00) 1.20 (0.66 to 2.16) 1.41 (0.79 to 2.51)
MV-adjusted model‡ 1.14 (0.35 to 3.64) 1.00 (referent) 1.32 (0.46 to 3.74) 0.58 (0.18 to 1.79) 2.24 (0.70 to 7.16)

Rectal cancer, women
No. of case patients/control  
participants

43/38 15/25 26/26 30/22 27/30

Crude model‡ 1.54 (0.85 to 2.80) 1.00 (referent) 1.14 (0.65 to 2.00) 1.20 (0.66 to 2.16) 1.41 (0.79 to 2.51)
MV-adjusted model‡ 2.83 (1.07 to 7.46) 1.00 (referent) 1.77 (0.67 to 4.69) 2.08 (0.84 to 5.10) 1.56 (0.63 to 3.89)

* Relative risks, estimated from the odds ratios as derived from the risk set sampling design (32) and 95% confidence intervals based on conditional logistic regres-

sion. CI = confidence interval; MV = multivariable-adjusted; RR = relative risk.

‡ The crude model takes into account matching factors: age, sex, study center, follow-up time since blood collection, time of the day at blood collection and fasting 

status. Women were further matched by menopausal status, phase of menstrual cycle at blood collection, and postmenopausal women were matched by hormone 

replacement therapy use.

‡ The MV-adjusted model is based on the crude model and is further adjusted for smoking status, education, alcohol consumption, physical activity, fiber intake, 

consumption of fruits and vegetables, red and processed meat, fish and shellfish, and waist circumference.
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quintile of T-N distribution) and above 30.7  nmol/L (highest 
quintile) were associated with a higher CRC risk. The nonlin-
ear shape of the association was present also after excluding 

case patients diagnosed with cancer within the first four years 
of study follow-up, arguing against the possibility that results 
were driven by an existing preclinical disease. These results 

Figure 1. Association of total neopterin with colorectal cancer in a spline regression model including all participants. Based on cubic spline regression with five knots 

at the 5th, 25th, 50th, 75th, and 95th percentiles of total neopterin distribution in a multivariable-adjusted model taking into account matching factors, age, sex, study 

center, follow-up time since blood collection, time of the day at blood collection and fasting status. Women were further matched by menopausal status and phase of 

menstrual cycle at blood collection, and postmenopausal women were matched by hormone replacement therapy use and with additional adjustment for smoking 

status, education, alcohol consumption, physical activity, fiber intake, consumption of fruits and vegetables, red and processed meat, fish and shellfish, and waist cir-

cumference. Median total neopterin concentration among control participants is the reference standard. Dashed lines indicate 95% confidence intervals. The two-sided 

Wald Chi-Square test was used to test for nonlinearity. The null hypothesis is that the effect of total neopterin on colorectal cancer risk is linear. A P value of less than 

.001 indicates a nonlinear association.

Figure 2. Association of total neopterin with colorectal cancer in a spline regression model by cancer site: (A) colon cancer and (B) rectal cancer. Based on cubic spline 

regression with 5 knots at the 5th, 25th, 50th, 75th, and 95th percentiles of total neopterin distribution in a multivariable-adjusted model taking into account matching 

factors, age, sex, study center, follow-up time since blood collection, time of the day at blood collection, and fasting status. Women were further matched by meno-

pausal status and phase of menstrual cycle at blood collection, and postmenopausal women were matched by hormone replacement therapy use and with additional 

adjustment for smoking status, education, alcohol consumption, physical activity, fiber intake, consumption of fruits and vegetables, red and processed meat, fish and 

shellfish, and waist circumference. Median total neopterin concentration among control participants is the reference standard. Dashed lines indicate 95% confidence 

intervals. The Wald Chi-Square test was used to test for nonlinearity. The null hypothesis is that the effect of total neopterin on colorectal cancer risk is linear. A P value 

of less than .001 indicates a nonlinear association. All statistical tests were two-sided.
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were consistent within each of the EPIC countries and were con-
firmed also for the associations of plasma neopterin in a repli-
cation study within the prospective Hordaland Health Study. To 
our knowledge, this is the first epidemiological study to report 
on the existence of a U-shaped association between prediagnos-
tic T-N concentrations and CRC risk.

Previous studies suggested that urinary excretion of neop-
terin as characteristic of systemic immune activation was 
elevated in patients with CRC (34) and provided prognostic infor-
mation for CRC survival (35,36). To account for potential influ-
ence of preclinical disease, we excluded cancer case patients 
diagnosed within the first four years of study follow-up. In these 

analyses, the associations remained unchanged, suggesting that 
neopterin metabolism is involved not only in tumor progression, 
but potentially also in tumor initiation.

In humans, neopterin has been shown to exert pleiotropic 
effects, therefore we statistically evaluated influences by a num-
ber of factors on the potential causal pathway between T-N and 
CRC. Finding stable associations after accounting for potential 
influences of inflammatory, metabolic, and oxidative stress bio-
markers suggested that T-N represents an independent pathway 
linking cell-mediated immunity with CRC risk.

Our results suggest both very low and very high levels of 
T-N distribution to be associated with higher risk of CRC. We 

Figure  3. Multivariable-adjusted relative risks and 95% confidence intervals according to quintiles of neopterin concentrations after additional adjustment for 

C-reactive protein, metabolic and oxidative stress biomarkers. The multivariable-adjusted model takes into account matching factors, age, sex, study center, follow-

up time since blood collection, time of the day at blood collection, and fasting status. Women were further matched by menopausal status and phase of menstrual 

cycle at blood collection, and postmenopausal women were matched by hormone replacement therapy use and with additional adjustment for smoking status, 

education, alcohol consumption, physical activity, fiber intake, consumption of fruits and vegetables, red and processed meat, fish and shellfish, and waist circumfer-

ence. The error bars represent 95% confidence intervals. Please note median T-N concentrations for the 1st, 2nd, 3rd, 4th, and 5th quintiles are 12.7, 16.1, 19.6, 22.8, 

and 30.7 nmol/l, respectively. *The list of metabolic biomarkers included: HDL-cholesterol, C-peptide, Hba1c, leptin, solube leptin receptor, adiponectin. †The list of 

oxidative stress biomarkers included: reactive oxygen metabolites and ferric-reducing ability of plasma. All statistical tests were two-sided. CRP = C-reactive protein; 

MV = multivariable-adjusted.

Table 4. Hazard ratios and 95% confidence intervals for incident colorectal cancer across sex-specific quintiles of plasma neopterin concentra-
tions, the Hordaland Health Study, 1998–2010

Model

Sex-specific quintiles of neopterin concentration*

1 2 3 4 5

No. of case patients/control participants 27/1281 24/1285 27/1281 36/1273 59/1249
Sex and age-adjusted model 1.36 (0.78 to 2.36) 1.00 (referent) 0.99 (0.57 to 1.73) 1.14 (0.67 to 1.92) 1.74 (1.07 to 2.83)
MV-adjusted model† 1.18 (0.67 to 2.09) 1.00 (referent) 0.93 (0.53 to 1.62) 1.08 (0.64 to 1.84) 1.66 (1.01 to 2.70)

* Median neopterin concentrations (nmol/L) in sex-specific quintiles: 5.34, 6.46, 7.41, 8.61 and 11.31 for men; 5.47, 6.69, 7.71, 8.97 and 11.69 for women, respectively. 

HR = hazard ratio; MV = multivariable-adjusted.

† The MV-adjusted model in Cox regression analysis is adjusted for sex, age (46–49 years vs 70–74 years), body mass index (normal, overweight, or obese), smoking 

status (never, former, or current smokers), and physical activity (none/light or moderate/vigorous).
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could see that this tendency consistently exist within all EPIC 
participating countries, as well as in an independent replication 
study in Norway. Given that low neopterin may be indicative of 
reduced immune response at cellular level (37) and given high 
neopterin levels, an indicator of activated immune response (ie, 
because of infection), our findings likely reflect these dual path-
ways for CRC carcinogenesis. Both animal models and human 
studies have previously suggested that low immune state may 
be associated with higher cancer risk (38,40). Thus, in mouse 
models, the adaptive immune system was not efficiently sup-
pressing gastrointestinal tract tumor formation in immune-
deficient mice compared with wild-type mice (38). Furthermore, 
immunosuppressed patients have been shown to have an 
increased incidence of CRC and adenomatous polyps (39). In line 
with these observations, our findings possibly reflect the role of 
lowered immunity in CRC risk (40).

We also observed that highly elevated, but not moderately 
elevated, T-N concentrations were associated with higher risk of 
CRC. High levels, compared with moderately high neopterin lev-
els, have been associated with viral rather than bacterial infec-
tions (41), which may provide a basis to speculate on the potential 
involvement of a viral infection as an underlying explanation of 
this relation; however, our data does not allow us to test such a 
hypothesis. By contrast, with other cancers of the gastrointesti-
nal tract (gastric carcinoma, mucosa-associated lymphoid-tissue 
lymphoma), a direct causal link between microbial infection (bac-
teria and viruses) and CRC has not been established (42). Thus, 
despite emerging evidence supporting the involvement of viral 
organisms in oncogenesis, for CRC clinical data are lacking (42). 
Further studies—both experimental and in human populations—
are needed to test potential plausibility of such an interpretation.

We should also note that the risk seemed at minimum and 
even reached protective values at median T-N concentration of 
16.1 nmol/L. This may be explained by the fact that in contrast 
to the proinflammatory effects of IFN-γ at relatively high con-
centrations, low-dose IFN-γ appears to exert global suppressive 
effects on T cell trafficking and anti-inflammatory effects (43).

Neopterin was evaluated as a single biomarker of cell-
mediated immune response reflecting INF-γ production by 
Th1 cells. Since Th1 cells produce also other cytokines such as 

interleukin-2 and tumor necrosis factor–beta (44), it will be of 
interest for the future research to examine the potential interac-
tions of these biomarkers with neopterin in CRC development.

Strengths of our study include its prospective design and 
large sample size, which allowed performing detailed analyses 
by CRC subsite. Using the unique availability of multiple expo-
sure information in the EPIC study—anthropometric, dietary, 
lifestyle, and biomarker data—we were able to control our anal-
yses for important determinants of CRC, as well as to evaluate 
effect of biomarkers on the potential causal pathway between 
T-N and CRC. Finally, the main results were reproduced within 
the EPIC countries and in an independent replication study 
in Norway, therefore results are likely generalizable to these 
European populations.

Some limitations should be taken into account when inter-
preting the results. Our assay measures T-N, which is the sum 
of 7,8-dihydroneopterin and neopterin, in contrast to the ELISA 
method, which measures only neopterin. Nevertheless, both 
neopterin and T-N reflect inflammation and are shown to have 
similar clinical utility in assessment of immune activity (27) and 
we were able to observe similar results in an independent rep-
lication study using plasma neopterin. Furthermore, the asso-
ciations between T-N and CRP, as well as the other metabolic 
biomarkers in our data, were comparable with previous reports 
(45). A single assessment of T-N concentrations at baseline may 
be susceptible to short-term variation, which could bias results 
toward the null. However, T-N showed good reproducibility in a 
recent validation study, where the within-person and between-
person CVs ranged from 24.6% to 25.7% and 19.1% to 27.4%, and 
the overall intraclass correlation coefficients (ICCs) ranged from 
0.52 (95% CI = 0.26 to 0.71) for a period of one to two years and 
0.67 (95% CI = 0.64 to 0.70) for a period of over 3.5 years, respec-
tively (46). In our study, we were not able to control the analyses 
for CRC screening. However, it is unlikely that screening history 
would have largely influenced our results, because at the time 
of study recruitment population-wide CRC screening programs 
were not available in most of the EPIC countries (47).

In conclusion, we found a U-shaped association between T-N 
concentrations and risk of CRC, independent of established CRC 
risk factors, as well as of inflammatory, metabolic, and oxidative 

Table 5. Relative risks and 95% confidence intervals of colorectal cancer across quintiles of total neopterin concentrations in sensitivity analy-
ses excluding colorectal cancer case patients in the first years of study follow-up, The European Prospective Investigation into Cancer and 
Nutrition Study (1992–2003)

Study follow-up years excluded from the 
analysis

Quintiles of total neopterin concentrations (median, nmol/L)

1 (12.7) 2 (16.1) 3 (19.6) 4 (22.8) 5 (30.7)

Two years*
No. of case patients/control participants 153/166 76/166 88/165 110/166 169/166
MV-adjusted RR (95% CI)† 1.98 (1.32 to 2.96) 1.00 (referent) 1.20 (0.81 to 1.78) 1.42 (0.94 to 2.14) 2.08 (1.42 to 3.06)

Three years*
No. of case patients/control participants 121/166 57/166 76/165 89/165 127/164
MV-adjusted RR (95% CI)† 2.15 (1.34 to 3.42) 1.00 (referent) 1.29 (0.84 to 2.00) 1.58 (0.99 to 2.52) 1.95 (1.26 to 3.01)

Four years*
No. of case patients/control participants 91/164 44/164 59/164 69/165 81/164
MV-adjusted RR (95% CI)† 1.95 (1.11 to 3.40) 1.00 (referent) 1.12 (0.68 to 1.83) 1.34 (0.78 to 2.30) 1.40 (0.83 to 2.37)

* Excluded from the analysis were 114 case patients diagnosed in the first two years of study follow-up; 360 case patients diagnosed in the first three years of study 

follow-up, and 486 case patients diagnosed in the first four years of study follow-up. CI = confidence interval; MV = multivariable-adjusted; RR = relative risk.

† The MV-adjusted model in conditional logistic regression analysis takes into account matching factors: age, sex, study center, follow-up time since blood 

collection, time of blood collection, and fasting status), with additional adjustment for smoking status, education, alcohol consumption, physical activity, fiber 

intake, consumption of fruits and vegetables, consumption of red and processed meat, consumption of fish and shellfish, and waist circumference. Women were 

further matched by menopausal status and phase of the menstrual cycle at blood collection; postmenopausal women were matched by use of hormone replacement 

therapy.
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stress biomarkers. These novel findings suggest that both sup-
pressed and activated cell-mediated immunity as reflected by 
the T-N concentrations may play an important role for CRC 
development. Further research to confirm and extend current 
findings is warranted for understanding the underlying pathol-
ogy behind these associations.
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