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Abstract

A good and accessible biomarker is of great clinical value in neuroendocrine tumor

(NET) patients, especially considering its frequently indolent nature and long-term

follow-up. Plasma chromogranin A (CgA) and 5-hydroxyindoleacetic acid (5-HIAA)

are currently used as biomarkers in NET, but their sensitivity and specificity are

restricted. 5-HIAA is the main metabolite of serotonin, an important neurotransmitter

of the tryptophan pathway. The aim of this study is to estabish a sensitive and accu-

rate method for the quantification of tryptophan pathway metabolites in plasma. We

further aimed to evaluate its utility as a clinical tool in NET disease. We obtained

plasma samples from NET patients and healthy controls recruited from the University

Hospital of North Norway, Tromsø. Samples were analyzed by liquid

chromatography-tandem mass spectrometry (LC–MS/MS), and eight metabolites of

the tryptophan pathway were quantified. We included 130 NET patients (72/130

small intestinal [SI] NET, 35/130 pancreatic NET, 23/130 other origin) and 20 healthy

controls. In the SI-NET group, 26/72 patients presented with symptoms of carcinoid

syndrome (CS). We found that combining tryptophan metabolites into a serotonin/

kynurenine pathway ratio improved diagnostic sensitivity (92.3%) and specificity

(100%) in detecting CS patients from healthy controls compared with plasma 5-HIAA

alone (sensitivity 84.6%/specificity 100%). Further, a clinical marker based on the

combination of plasma serotonin, 5-HIAA, and 5OH-tryptophan, increased diagnostic

capacity identifying NET patients with metastasized disease from healthy controls

compared with singular plasma 5-HIAA, serotonin, or CgA. In addition, this marker

was positive in 61% of curatively operated SI-NET patients compared with only 10%

of healthy controls (p < .001). Our results indicate that simultaneous quantification of

several tryptophan metabolites in plasma, using LC–MS/MS, may represent a clini-

cally useful diagnostic tool in NET disease.
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1 | INTRODUCTION

Neuroendocrine tumors (NET) are a relatively rare disease originating

from neuroendocrine cells with the gastroenteropancreatic (GEP) system

and lungs as their main localizations. The incidence of NET is increasing

worldwide, in Norway the incidence of NET was 4.01/100,000 per year

in 2006–2010.1 NETs are often indolent tumors with few clinical symp-

toms, making early diagnosis challenging, and �40% of NET patients

have metastasized disease at diagnosis.1 Consequently, a good and

accessible tumor marker for diagnosis is of great value. In addition, a

good clinical tool in NET follow-up is needed, as the majority of patients

have an indolent disease course requiring several years of follow-up.

Current biomarkers used in the diagnosis and follow-up of NET

disease are plasma chromogranin A (CgA) and 5-hydroxyindoleacetic

acid (5-HIAA) in urine or blood. Although CgA has demonstrated a

correlation with tumor burden, there is conflicting evidence of its use

as a marker of response to therapy. CgA alone in a diagnostic setting,

is not recommended due to low specificity.2 In addition, several GEP-

NETs show normal levels of CgA, indicating impaired sensitivity.2–5

5-HIAA is the main metabolite from serotonin (5-hydroxytryptamine),

primarily secreted from small intestinal NETs (SI-NETs). Urinary

5-HIAA has demonstrated high specificity, but low sensitivity in NET

disease, possibly due to diverse expression.6,7 Serum and plasma

5-HIAA have shown results comparable to urine analyses.8–10

Serotonin is derived from the dietary essential amino acid trypto-

phan.11 Tryptophan is metabolized via three main pathways. The

majority (about 90%) is metabolized through the kynurenine pathway

and <5% via the serotonin pathway, Figure 1. In total, 95% of seroto-

nin is synthesized and released in the gastrointestinal tract.

Carcinoid syndrome (CS) is a constellation of symptoms present in

about 19%–35% of SI-NET patients, and is a result of increased secre-

tion of bioactive substances from the tumor, with serotonin as a pivotal

contributor.12–14 Main symptoms of CS are flushing and diarrhea, and

its presence represents a negative prognostic factor reducing median

overall survival to 4.7 versus 7.1 years without CS.14 In NETs and CS,

the tryptophan metabolism is altered, and up to about 70% of dietary

tryptophan may be utilized in the serotonin pathway.12,13

In this study, we quantified tryptophan metabolites in plasma from

NET patients and healthy controls using liquid chromatography-tandem

mass spectrometry (LC–MS/MS). Our aim is to establish a sensitive and

accurate method for quantification of tryptophan metabolites in

plasma, and further evaluate its utility as a clinical tool in NET patients.

2 | METHODS

2.1 | Materials

All solvents, acids, and salts used for sample preparation and analytical

work were purchased from Sigma-Aldrich (St. Louis, Missouri, USA)

and were of LC–MS quality or better. Ultrapure water was obtained

from Milli-Q equipment (SINTEF Industry, Trondheim, Norway). All

analytical standards were bought from Sigma-Aldrich and isotope

labeled internal standards were bought from Merch (Darmstadt,

Germany) or TRC (Toronto Research Chemicals, Toronto, Canada).

Analyses were performed at SINTEF Trondheim, Norway.

2.2 | Study population

We obtained plasma samples from NET patients (n = 130) and

healthy controls (n = 20) from November 2016 to March 2022. NET

patients were recruited from the Gastrointestinal Department at the

University Hospital of North Norway, Tromsø. Patients were included

if they were 18 years or above and had a histologically confirmed

NET diagnosis based on the WHO Classification of Digestive System

Tumours 201915 into well-differentiated NETs Grade 1 (G1, Ki-67

index <3%), Grade 2 (G2, Ki-67 index 3%–20%), or Grade 3 (G3, Ki67

index >20%). All cases were reviewed by gastroenterologists and ded-

icated pathologist. Patients with CS were included and were defined

based on typical clinical symptoms such as cutaneous flushing and/or

diarrhea. Patients with neuroendocrine carcinoma (poorly differenti-

ated tumors with Ki-67 >20%) were excluded from the study. Plasma

samples were drawn at time point of scheduled clinical controls, and

they were nonfasting and with no prior diet restrictions. Healthy con-

trols were recruited from hospital staff. Nine of these controls gave

fasting samples in addition to sampling 2–3 h after a breakfast meal.

All study participants were informed and gave written consent.

The study was approved by the Regional Committee for Medical and

Health Research Ethics, Northern Norway (ref: no. 2016/1664)

and conducted according to the Helsinki Declaration.

2.3 | Sampling and sample preparation

Blood samples were drawn from the antecubital vein into 9 mmol/L EDTA

tubes. Good blood flowwas emphasized and the first tube was discharged.

Samples were aliquoted into four small tubes and, without delay,
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F IGURE 1 The kynurenine and serotonin pathway of tryptophan
metabolism. Metabolites in orange are quantified in our study.
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centrifuged at 12,000g for 5 min at 22�C. Two thirds of the supernatant

was aliquoted to new clean tubes and stored at�70�C until analysis.

Sample stability was evaluated using four quality control

(QC) plasma samples. QC samples were aliquoted into five tubes,

stored at room temperature, and analyzed at Days 0, 1, 3, 5, or 7. Sam-

ples were considered stable if the mean concentration of QC samples

were between 85% and 115% of the mean concentration at Day 0.

Samples were analyzed at the Department of Biotechnology and

Nanomedicine, SINTEF Industry, Trondheim, Norway. After thawing

of samples, 100 μL of plasma was added 400 μL ice-cold methanol

and vortexed vigorously. After 5 min of incubation, the samples were

centrifuged at 14,000g for 10 min at 4�C. 100 μL sample was

removed for analysis of tryptophan and metabolites.

2.4 | Liquid chromatography-tandem mass
spectrometry

Quantification of tryptophan metabolites was conducted by an Agi-

lent 1290 Infinity II LC-system (Agilent, Santa Clara, USA) coupled to

an Agilent 6495 triple quadrupole utilizing two different methods. The

triple quadrupoles were operated in multiple-reaction monitoring

mode with unit resolution of both quadrupoles. For all analytes and

internal standards, two transitions were used, one transition for quan-

tification and one transition for qualification.

Quantification of tryptophan and metabolites were conducted by

diluting the samples 1:10 and 1:100 prior to isotope labeled internal

standards were added to the samples. Calibration curves of all ana-

lytes were made in the range from 0.5 to 5000 ng/mL. Satisfactory

chromatography was achieved by utilizing an Ascentic Express

2.1 � 150 mm fluorophenyl columna and 25 mM ammonium format

in water and methanol as solvents.

2.5 | Assay validation

Eight metabolites of the tryptophan pathway were quantified in

plasma: tryptophan, 5-OH-tryptophan, N-acetyl-5-hydroxytryptamine,

5-hydroxytryptamine (serotonin), 5-HIAA, melatonin, kynurenine, and

3-hydroxy-kynurenine. Analysis on melatonin and N-acetyl-

5-hydroxytryptamine were below lower limit of quantification (LLOQ)

in all patients and controls (<2.15 and <2.29 nmol/L, respectively) and

where thus not used further. Residue stability is shown in Figure S1.

Plasma serotonin, 5-HIAA, and 5OH-tryptophan were stable for

3 days at room temperature. Hydroxykynurenine was stable only Day

1 at room temperature and plasma tryptophan and kynurenine dem-

onstrated stable values within Day 7.

2.6 | CgA sampling

In total, 123/130 of patients had plasma analyzed for CgA as part of

their clinical follow-up. CgA samples were drawn the same day, or

within 2 weeks, of the tryptophan metabolite sampling, and consecu-

tively analyzed by enzyme-linked immunosorbent assay at the Oslo

University Hospital, Rikshospitalet, Oslo, Norway. In addition, CgA

analysis was performed in healthy controls.

2.7 | Statistical methods

We used IBM SPSS version 29.0 (Armonk, New York, USA) and

GraphPad Prism 9.1.2 for Windows (La Jolla, CA, USA) for statistical

analyses including descriptive statistics, Receiver operating character-

istic (ROC) analysis, Chi-Square test for categorical variables, indepen-

dent samples t-test for normally distributed continuous variables and

Mann–Whitney or Wilcoxon Ranked Sum test for non-normally dis-

tributed variables.

3 | RESULTS

3.1 | Baseline characteristics

Patient characteristics are given in Table 1. Median time from diagno-

sis to study inclusion in the whole NET patient cohort (n = 130) was

10.5 months (interquartile range 4–58.5 months, range 1–

373 months). At the time of study inclusion/plasma sampling, 61%

(44/72) of SI-NET and 37% (13/35) of pancreatic NET patients pre-

sented with metastasis. 26/72 SI-NET patients had symptoms of

flushing and/or diarrhea interpreted as CS.

At inclusion, 68/130 patients were curatively operated and had no

detectable disease at radiological examination. The patients included in

this group (n = 68) had radical surgery performed at a median of

6 months (range 1–154) prior to plasma sampling, and 65/68 patients

had no signs of residual disease on dedicated computed tomography

(CT) or magnetic resonance imaging (MRI) performed within 1 month

prior until 12 months after sampling. The remaining 3 patients dis-

played negative somatostatin receptor imaging (SRI) within 3 months

after sampling. In addition, SRI was performed in the majority of cura-

tively operated patients (65/68) at a median of 4 months (range 0–98)

prior to sampling. SRI demonstrated either no residual disease, or the

primary tumor only in case of preoperative examination.

At the time of inclusion 47/130 patients were treated with

somatostatin analogues (SSA). Of these, 38 had distant metastasis,

whereas 9 had no detectable tumor (radically operated). No significant

difference in tryptophan metabolite levels was found when comparing

patients treated with or without SSA in the respective subgroups; dis-

tant metastasis (n = 60) or no detectable tumor (n = 68).

3.2 | Tryptophan metabolite concentrations

The highest levels of serotonin, 5-HIAA, and 5OH-tryptophan were

found in SI-NET patients with metastasized disease and in patients

with CS. Results of the different tryptophan metabolites in all NET

JOHANSEN ET AL. 3 of 11
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patients, as well as subgroups of patients, are summarized in Table 2

and illustrated in Figure 2 (SI-NETs) and Figure S2 (all NET patients).

Amongst NET patients with metastasized disease (n = 60), we found

highest levels of serotonin in G1 tumors compared with G2, and G3

tumors (p = .20 and .28, respectively). Contrary, slightly higher

5-HIAA results were found in G3 tumors compared with G1/G2.

Focusing only on SI-NET with metastasis (n = 44), we found the same

pattern with higher 5HIAA, in addition to increased 5OH tryptophan

levels, in G3 tumors compared with G1 (p = .07 and .32, respectively),

Figure S4A and S4B.

In curatively operated NET patients without radiologically detect-

able disease at plasma sampling, median values of plasma

serotonin,5-HIAA, and 5OH-tryptophan were below LLOQ. Although,

interestingly, 15/68 patients had levels of serotonin above LLOQ

(range 24.5–612.7 nmol/L), 19/68 patients displayed 5-HIAA levels

above the LLOQ (range 134.2–1248.3 nmol/L), and 23/68 patients

had levels of 5OH-tryptophan above LLOQ (range 11.3–368.3 nmol/

L). In comparison, 6/20 healthy controls had increased levels of sero-

tonin (range 6.8–28.0 nmol/L), none had 5-HIAA detectable above

the LLOQ, and 2/20 controls had levels of 5OH-tryptophan

above LLOQ (range 7.1–12.3 nmol/L).

Plasma samples were drawn before, and 2–3 h after meal, in nine

healthy controls. Slightly increased serotonin levels were detected in

3/9 individuals (mean serotonin 6.53 nmol/L before and 8.18 nmol/L

after meal), but no significant differences were found in neither

plasma serotonin (p = .11) nor levels of the other metabolites.

3.3 | Plasma tryptophan metabolites as a
diagnostic tool in NET patients

We created a ratio between the sum of quantified serotonin- and

kynurenine pathway metabolites (serotonin +5-HIAA +5OH-

tryptophan divided by the sum of kynurenine +3-OH kynurenine) and

examined its relationship with distinct stages of NET disease. We

found significantly higher values of this ratio (p < .0001) in patients

with metastasized disease and/or CS compared with healthy controls

and radically operated patients. Figure 3 illustrates the serotonin/

kynurenine pathway ratio in subgroups of SI-NET patients (Figure 3A)

as well as in the whole NET patient cohort (Figure 3B).

Further, we assessed the ability of plasma serotonin, 5-HIAA,

5OH-tryptophan, and the serotonin/kynurenine pathway ratio to dif-

ferentiate NET patients from healthy controls by performing an ROC

analysis, Figure 4. Plasma CgA was included in the ROC analysis for

comparison. The area under the curve (AUC), ROC derived cutoff

values and test performances are summarized in Table 3.

The serotonin/kynurenine pathway ratio displayed a sensitivity of

82% and specificity of 100% in detecting SI-NET patients with metas-

tasis from healthy controls, Figure 4B. Plasma serotonin and 5-HIAA

demonstrated lower sensitivities, but high specificity (90%–100%).

Performing the same analysis in all NET patients with distant metasta-

sis, Figure 4C, we found slightly lower test attributes. Comparing CS

patients to healthy controls, Figure 4A, the serotonin/kynurenine

pathway ratio was able to distinguish patients from controls with

TABLE 1 Patient clinical characteristics at study inclusion.

Characteristic

Healthy
controls,
n = 20 NET, n = 130

Subgroups

SI, n = 72
Pancreas,
n = 35

Rectum,
n = 6

Colon,
n = 4

Other,
n = 13

Age in years, median

(range)

49.5 (33–75) 60* (20–86) 63 (30–86) 59 (26–73) 48 (26–66) 65 (55–73) 60 (20–69)

Sex, n (%) female 15 (75%) 60 (46%)** 26 (36%) 18 (51%) 5 (83%) 2 (50%) 9 (69%)

Distant/regional

metastasis, n (%)

N/A 60 (46%) 44 (61%) 13 (37%) 1 (17%) 1 (25%) 1 (8%)

Detectable disease (no

metastasis), n (%)

N/A 2 (2%) 0 1 (3%) 0 0 1 (8%)

Curatively operated,

n (%)

N/A 68 (52%) 28 (39%) 21 (60%) 5 (83%) 3 (75%) 11 (84%)

Ki67 (%), median

(range)

N/A 2% (0.1–60) 2% (0.1–60) 5% (1.0–30) 2% (1.0–5.0) 2% (1.0–2.0) 2% (1.0–10)

NET G1, n (%) N/A 75 (58%) 43 (60%) 13 (37%) 5 (83%) 4 (100%) 10 (77%)

NET G2, n (%) 46 (35%) 25 (34.5%) 17 (49%) 1 (17%) 0 3 (23%)

NET G3, n (%) 9 (7%) 4 (5.5%) 5 (14%) 0 0 0

CgA, nmol/L median

(range)

2.05 (1.6–3.9) 4.0 (1.6–
8932.0)***

5.1 (1.6–
5418.0)

3.7 (1.6–
8932.0)

2.5 (2.0–
13.3)

3.4 (2.5–
111.3)

3.7 (1.6–
19.1)

Missing data (CgA) 7 3 3 0 1 0

Note: The subgroup other (n = 13) consists of gastric-NET (n = 6), appendix-NET (n = 5), and pulmonary carcinoid (n = 2). CgA values were missing in

seven patients. *Significant difference between pooled NET patients and controls in age* (p = .005), gender distribution** (p = .016), and CgA

levels*** (p < .001).

Abbreviations: CgA, chromogranin A; G1–G3, Grades 1–3; NET, neuroendocrine tumor; SI, small intestinal.
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92.3% sensitivity and 100% specificity (area under the ROC

[AUROC] = 0.93).

Plasma serotonin, 5-HIAA, 5OH-tryptophan, and the serotonin/

kynurenine ratio did not significantly differ between curatively oper-

ated NET patients and healthy controls.

We further investigated a combined marker based on three

metabolites of the serotonin pathway (serotonin, 5-HIAA, and/or

5-OH tryptophan), for simplicity we named this marker Combo1/3.

This test was regarded positive if minimum one of these metabolites

was elevated above a chosen ROC-derived cutoff value. If none of

the metabolites were elevated above cutoff, the test was negative.

This test performed better than singular metabolites in distinguishing

NET patients with metastasized disease, as well as patients with CS,

from healthy controls (Table 3). Further, we found the Combo1/3 test

to be positive in a majority of patients curatively operated without

radiologically detectable disease at sampling (17/28 SI-NET and

35/68 of all NET patients) compared with only 2/20 of healthy con-

trols (p < .001). Figure 5 illustrates the results of the Combo1/3 test

in different NET subgroups and healthy controls.

Figure S3A–F illustrates the diagnostic attributes of the plasma

serotonin/kynurenine pathway ratio, the Combo1/3 test,

plasma-serotonin, 5-HIAA, and 5-OH tryptophan, in addition to CgA,

in different NET subgroups and healthy controls.

4 | DISCUSSION

In this study, we quantified plasma serotonin, 5-HIAA, 5OH-trypto-

phan, and five other metabolites of the tryptophan metabolism in

NET patients and healthy controls using LC–MS/MS. Our results

showed that using several metabolites simultaneously in a serotonin/

kynurenine pathway ratio increased diagnostic sensitivity (92.3%) and

specificity (100%) identifying NET patients with CS from healthy con-

trols. In addition, this ratio as well as our Combo1/3 test, identified SI-

NET patients with metastasized disease from healthy controls with

82%–88.5% sensitivity and 100%–90% specificity, respectively. In

addition, the Combo1/3 test was positive in 61% of curatively oper-

ated SI-NET patients compared with only 10% of healthy con-

trols (p < .001).

To our knowledge, our study investigating these combinations

of tryptophan metabolites in plasma using LC–MS/MS has not ear-

lier been evaluated as a clinical tool in NET patients. Our results

indicate that the combination of metabolites is preferred to the

use of singular analytes, which is currently used in clinical practice.

The diagnostic accuracy of our tests was highest when applying

them to the SI-NET patient group, which is not surprising consider-

ing SI-NETs are the main source of serotonin secretion in NET

patients.
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LC–MS/MS has been shown to give the most reliable results ana-

lyzing plasma serotonin.16 The concentration of free serotonin in

plasma is extremely low, and care must be taken to avoid preanalytical

leakage of serotonin from platelets.16,17 Our plasma serotonin results

in SI-NET patients with metastasized disease (median 79.6 nmol/L,

range <2.84–256.4) are similar to findings by de Jong et al.18 (mean

60.8 nmol/L, range 3.7–244.7). Our plasma serotonin in healthy

controls is also comparable to other studies applying the same

methodology.18–20 Others have investigated the ability of serum sero-

tonin in detecting patients with metastasized SI-NET from healthy

controls reporting slightly better, but comparable, diagnostic perfor-

mance (sensitivity 75%/specificity 97% vs. our 73%/90%).20 Studies

on urine and plasma 5-HIAA have reported similar test performances

to ours, with high specificity and lower sensitivities.9,21–25
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F IGURE 3 Violin plots of the serotonin/kynurenine pathway ratio in subgroups of (A). small intestinal neuroendocrine tumor (SI-NET)
patients (n = 72) and (B) the whole NET patient cohort (n = 130). Data are presented in 10-logarithmic scale. *Significant difference from healthy
controls. ** Significant difference from radically operated patients.
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F IGURE 4 Receiver operating
characteristic (ROC) analysis of
plasma serotonin,
5-hydroxyindoleacetic acid
(5-HIAA), 5OH-tryptophan,
serotonin/kynurenine pathway
ratio, and Chromogranin A (CgA)
performance differentiating

neuroendocrine tumor (NET)
patients from healthy controls.
(A) NET patients with carcinoid
syndrome (CS, n = 26), (B) small
intestinal NET (SI-NET) patients
(n = 44) with metastasis. (C) All
NET patients with
metastasis (n = 60).
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Although CgA demonstrated the highest AUROC in NET patients

with metastasized disease in our study, its diagnostic performance

was not superior to our combinational markers when applying cutoff

levels used in clinical practice. In differentiating between CS patients

and healthy controls, our combined tryptophan metabolite markers

performed even better compared with CgA. Our CgA findings were

comparable to data from other studies.6,26,27

Our median plasma tryptophan concentrations in healthy controls

were higher than reported in earlier studies using similar LC–MS/MS

methodology and nonfasting plasma samples (226.6 vs. 45–88 μmol/

L).11,28–30 The other analyte concentrations (5OH-tryptophan,

kynurenine, 3OH-kynurenine) were comparable to those found by

others.11,26–28

The presence of CS significantly worsen prognosis in NET

patients.12,31,32 Measurements of urine- or plasma 5-HIAA is recom-

mended in the diagnostics and follow-up of these patients. Our results

displayed higher capability detecting CS patients from healthy controls

compared with findings by de Mestiere (sensitivity 72.2% and specificity

64.9%) applying the same methodology.21 Our results may indicate an

advantage of the simultaneous quantification of tryptophan pathway

metabolites projecting the metabolic profile of the secreting tumor. This

should be further validated as a potential clinical tool in CS patients.

TABLE 3 Plasma serotonin, 5-HIAA, 5OH-tryptophan, serotonin/kynurenine pathway ratio, Chromogranin A, and the Combo1/3 test
differentiating patients from healthy controls.

Clinical setting Metabolite

Cutoff

(nmol/L) AUC (95% CI)

p-

Value

Sensitivity

(95% CI)

Specificity

(95% CI)

SI-NET with metastasis versus controls

(n = 44)

Serotonin 17.1 0.81 (0.71–
0.92)

<.0001 72.7% (58.2–
83.7)

90% (69.9–98.2)

5-HIAA 79.3 0.85 (0.76–
0.94)

<.0001 70.5% (55.8–
81.8)

100% (83.9–
100)

5-OH

tryptophan

13.2 0.76 (0.65–
0.88)

.0008 56.8% (42.2–
70.3)

100% (83.9–
100)

Ratio 0.014 0.86 (0.77–
0.95)

<.0001 81.8% (68.0–
90.5)

100% (83.9–
100)

CgA (n = 42) 3.7 0.94 (0.88–
1.0)

<.0001 78.6% (64.1–
88.3)

95% (76.9–99.7)

Combo1/3 <.0001 88.6% 90%

NET with metastasis versus controls (n = 60) Serotonin 17.1 0.75 (0.65–
0.85)

.0008 61.7% (49.0–
72.9)

90% (69.9–
98.2%)

5-HIAA 79.3 0.83 (0.74–
0.91)

<.0001 65.0% (52.4–
75.8)

100% (83.9–
100)

5OH-

tryptophan

13.2 0.76 (0.66–
0.86)

.0005 56.7% (44.1–
68.4)

100% (83.9–
100)

Ratio 0.014 0.84 (0.76–
0.93)

<.0001 76.7% (64.6–
85.6)

100% (83.9–
100)

CgA (n = 56) 3.7 0.94 (0.89–
0.99)

<.0001 76.8% (64.2–
85.9)

95% (76.4–99.7)

Combo1/3 <.0001 83.2% 90%

NET with carcinoid syndrome versus controls

(n = 26)

Serotonin 21.0 0.87 (0.76–
0.98)

<.0001 80.8% (62.1–
91.5)

90% (69.9–98.2)

5-HIAA 84.6 0.92 (0.84–
1.0)

<.0001 84.6% (66.5–
93.9)

100% (83.9–
100)

5OH-

tryptophan

13.2 0.81 (0.68–
0.94)

.0004 65.4% (46.2–
80.6)

100% (83.9–
100)

Ratio 0.014 0.93 (0.84–
1.0)

<.0001 92.3% (75.9–
98.6)

100% (83.9–
100)

CgA (n = 25) 3.5 0.87 (0.75–
0.99)

<.0001 76.0% (56.6–
88.5)

95% (76.4–99.7)

Combo1/3 <.0001 92.3% 90%

Note: Cutoff values are derived by ROC curve analysis. Respective area under the curve (AUC), sensitivity and specificity with confidence interval (95% CI)

and levels of significance (p-value) are listed for each metabolite. CgA results were missing in four patients.

Abbreviation: 5-HIAA, 5-hydroxyindoleacetic acid; CgA, chromogranin A; SI-NET, small intestinal neuroendocrine tumor; ROC, receiver operating

characteristic.
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Despite curative treatment, a significant proportion of radically

operated NET patients experience relapse at a later time. Besides liq-

uid biopsies like the NETest, measuring NET gene expression in

blood,33–35 no other good predictive marker is available in presumed

radically operated patients. Our Combo1/3 marker was positive in

more than half of the radically operated patients, significantly more

frequent compared with healthy controls. Whether the simultaneous

quantification of several tryptophan pathway metabolites may

increase the chance of detecting residual microscopic disease is hypo-

thetical, but would be of interest to investigate prospectively.

The strengths of this study include simultaneous testing and ana-

lytical validation of several tryptophan metabolites in a well-stratified

NET patient group. We included a subgroup of CS patients where ear-

lier studies have described changes in tryptophan metabolism.12,13

We found plasma samples to be simple, accessible and can be per-

formed at routine visits at the outpatient clinics without fasting or

prior diet restrictions. In addition, plasma sampling compared with

24-h urine 5-HIAA, relieves patients of burdensome urine sampling.

The availability of LC–MS/MS is increasing and reduces costs for anal-

ysis, increasing the potential for implementing this in routing clinical

practice. In addition, and in contrast to other biomarker studies,26,36

our patient cohort includes a large proportion of radically operated

disease where great interest exists to find a marker of future relapse.

Weaknesses of our study are our relatively small patient cohort.

This may increase the risk of Type 2 errors missing possible relevant

effects in the NET population. The patient cohort is also heteroge-

nous, as to tumor localization and dissemination. Another important

issue is the treatment with SSA, which several patients were receiving

at study inclusion. This may have resulted in reduced values of

tryptophan metabolites in this patient group and further underesti-

mating a more pronounced effect in this patient population.

Future prospective studies should validate the prognostic

implications of elevated combinational tryptophan metabolites in

CS patients, as well as in other NET subgroups including possi-

ble early detection of residual disease in radically operated

patients.

5 | CONCLUSION

Our study demonstrates a benefit from simultaneously quantifying

several tryptophan metabolites in NET diagnostics, especially in CS, as

compared to using 5-HIAA or CgA alone.
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