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A B S T R A C T 

Introduction 

 

Neuroendocrine tumors (NETs) arise from cells of the diffuse endocrine 

system that exhibit a large spectrum of clinical features depending to 

anatomical site of the origin. The prevalence of NETs has increased over 

the past 40 years due to improved detection models and diagnostic 

protocols [1]. The most common origin of NETs is lung/bronchus 

(30.6%), followed by small intestine (22.2%), rectum (16.2%), colon 

(13.4%), pancreas (10.8%), and stomach (6.8%) [2]. NETs can be 

clinically symptomatic or silent and their medical management is aimed 

to control symptoms and limit tumor growth. According to both National 

Comprehensive Cancer Network (NCCN) and European 

Neuroendocrine Tumor Society (ENETs) guidelines, the histological 

examination, mitotic count, level of nuclear protein Ki67, and 

immunohistochemical analysis are mandatory to allow a correct 

classification, staging and grading of the tumor. However, different 

hormones or metabolites can be assayed, as specific NETs biomarkers, 

in serum or plasma and urine to discriminate the presence of disease and 
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Neuroendocrine tumors (NETs) are a group of neoplasms that originate from neuroendocrine cells. They 

can occur in various anatomic locations, most commonly in gastro intestinal tract, lungs and pancreas. In 

NETs associated to the carcinoid syndrome, the tumor cells produce hormones, such as serotonin. 5-

Hydroxyindoleacetic acid (5-HIAA), the main metabolite of serotonin, represents an useful urinary 

biomarker which is routinely determined to investigate and monitor patients with carcinoid syndrome by 

high performance liquid chromatography (HPLC). The chromatographic profile obtained by a standardized 

commercial HPLC method shows also the presence of 4-hydroxyphenylacetic acid (pHPAA), which is 

physiologically excreted in urine of healthy people. Interestingly, in some NETs profiles we observed a high 

pHPAA peak that was not resolved from 5-HIAA peak at higher concentrations of one or both metabolites.  

Therefore, we implemented and validated a HPLC method for the determination of urinary pHPAA 

improving the chromatographic separation between 5-HIAA and pHPAA. In addition, we determined 

pHPAA levels in 40 urine samples from patients with NETs that resulted significantly higher compared to 

healthy subjects. Our preliminary results showed that the modified HPLC method allows to quantify 

accurately pHPAA that could represent a useful marker, together with 5-HIAA, for the management of 

patients with NETs. 
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the tumor aggressiveness [3]. The determination of urinary 5-

hydroxyindoleacetic acid levels (5-HIAA), the main metabolite of 

serotonin, is routinely used as tumor secretory marker to investigate and 

monitor patients with carcinoid syndrome [4, 5]. The most common 

analytical method used for the quantification of urinary 5-HIAA is the 

liquid chromatography (HPLC) coupled to electrochemical detection 

(ECD) [6]. The accuracy of analysis should take into account the 

influence of pre-analytical and analytical factors such as diet and drug 

intake that could interfere with urinary excretion of 5-HIAA [7-10]. 

 

Today, we are able to simultaneously determine 5-HIAA, vanilmandelic 

acid (VMA), and homovanillic acid (HVA) by a commercial kit for 

HPLC. This procedure allows to detect also the presence of 4-

hydroxyphenylacetic acid (pHPAA), which is a tyrosine metabolite 

physiologically excreted in urine of healthy people [11, 12]. Some 

authors have shown a relationship between tyrosine metabolite levels 

and tumors [13, 14]. Interestingly, in some profiles of urine samples from 

NETs patients, we observed high pHPAA signals by VMA/HVA/5-

HIAA procedure. Unfortunately, the chromatographic peak of pHPAA 

was not resolved from 5-HIAA particularly at high concentrations of one 

or both metabolites.  

 

Therefore, we implemented and validated a HPLC method for the 

determination of urinary pHPAA using a different analytical column and 

a different mobile phase to improve the chromatographic separation of 

the metabolites. We applied this method to quantify pHPAA in urine 

samples collected from 40 patients with NETs and 18 healthy subjects. 

 

Table 1: HPLC parameters 

a citrate buffer pH 4.5; b acetonitrile 

 

Materials and Methods 

 

I Reagents and standard solutions 

 

The analytical solvents of HPLC grade, acetonitrile, citric acid and 

sodium citrate tribasic dehydrate were purchased from Carlo Erba 

reagent (Milan, Italy). Deionized water was generated by the deionizer 

ElixR Essential (Merk Millipore, Germany). The VMA/HVA/5-HIAA 

by HPLC Reagent Kit #195-4129 was supplied by Bio-Rad (Munchen, 

Germany) and contained all reagents necessary for the extraction. 5-

Hydroxy-iso-vanillic acid (internal standard, IS) was dissolved in 5 mL 

of reagent 1. The working solution of IS was prepared by dilution (1:8) 

of the stock solution with reagent 1. This solution was prepared freshly 

for each analytical batch. An aqueous stock solution of pHPAA (Santa 

Cruz Biotechnology, Santa Cruz, California) was prepared at a 

concentration of 1200 mg/L. 

 

II Patients and samples 

 

24-hour urine samples were collected from 18 healthy subjects (controls) 

and 40 patients with NETs who were followed at the Istituto Nazionale 

Tumori Fondazione G. Pascale IRCCS (Naples, Italy). NETs patients 

and controls were asked to avoid taking any food containing serotonin 

and any drugs containing phenothiazine, gentisic and homogentisic acid, 

which could interfere with the analysis [7]. The pH of urine samples was 

adjusted at 3.0 by adding 30 µL of 5 N HCl solution to 7 mL of urine 

and the samples were stored at -80 °C until analysis. The study was 

undertaken in accordance with the principles of the Declaration of 

Helsinki and Good Clinical Practice. The approval was obtained from 

the Technical Scientific Committee of the “Istituto Nazionale Tumori 

Fondazione G. Pascale IRCCS” (Naples, Italy), deliberation number 659 

of 20 August 2018 (current research projects “Original Grants”). 

 

III Preparation of calibrators and quality controls 

 

The calibrators were prepared by enriching a normal urine pool (used as 

blank) with 1200 mg/L pHPAA stock solution to obtain a spiked 

concentration of 100 mg/L and by serial dilutions of this enriched pool 

with the normal urine pool to obtain the following spiked pHPAA 

concentrations: 50, 25, 12.5, and 6.25 mg/L. The concentration of 

endogenous pHPAA in the normal urine pool was obtained calculating 

the average intercept of the calibration curves. The calibrators were 

prepared freshly for each analytical batch. 

Three levels of quality controls (QCs) were prepared by enriching the 

normal urine pool with pHPAA stock solution to obtain spiked pHPAA 

concentrations of 60 mg/L (H-QC), 20 mg/L (M-QC) and 4 mg/L (L-

QC). All QC samples were aliquoted and stored at -80 °C until analysis.  

 

IV Extraction procedure 

 

Urine samples were centrifuged at 2500 r.p.m. for 10 minutes. Samples 

were extracted by SPE contained in the kit. Briefly, 50 µL of 

calibrator/QC/sample and 50 µL of IS working solution were added to 1 

mL of reagent 1 and vigorously vortexed for 10 seconds. The mixture 

was loaded onto a disposable column filled with an anion exchange resin, 

which was pre-treated with reagent 1. Thereafter neutral and basic 

sample components and proteins were removed by 2 mL of reagent 1. In 

the next step 2 ml of reagent 2 were added to the column and the eluate 

was recovered and transferred to HPLC vials. 

 

V LC-ECD analysis 

 

Ten microliters of the extract were automatically injected into the HPLC 

system (Agilent 1260 Infinity). The separation was performed using a 

reverse phase column (Agilent Poroshell 120 EC-C18 2.7 µm, 4.6 x 100 

mm) maintained at room temperature without guard column. The 

separation has been optimized using an elution gradient of mobile phase 

constituted by solution A (citrate buffer pH 4.5) and solution B 

(acetonitrile) with flow gradient (Table 1) and column head pressure 

from 160 to 200 bar. The total run time was of 21 min, including column 

washing and equilibration (5 min). pHPAA detection was acquired by 

ECD model 1640 (Bio-Rad Laboratories, Segrate, Italy). The setting 

Time 

(min) 

Reagent Aa 

(%) 

Reagent Bb 

(%) 

Flow  

(mL/min) 

0.0 96 4 0.6 

13.0 93 7 0.6 

14.0 70 30 0.6 

15.0 70 30 0.6 

15.1 96 4 0.6 

16.0 96 4 0.7 
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parameters of the ECD detector were the following: potential = 0.80 V, 

filter = 5 s, sensitivity = 10 nA/V, baseline = 0.15 V, offset = 0.12 V. 

 

VI Method validation 

 

The method was validated for selectivity, linearity, extraction efficiency, 

imprecision, inaccuracy, carry-over, stability, LOD and LOQ. The 

selectivity of the method was evaluated by comparing the 

chromatograms of 5 different normal urine samples without IS with the 

chromatogram of the normal urine pool spiked with 25 mg/L pHPAA 

and mixed with IS.  

 

Calibration curves were obtained analyzing the 5 calibrators in 5 separate 

days. The linearity of each calibration curve was evaluated by linear 

regression analysis, plotting pHPAA/IS ratio (y) versus the spiked 

pHPAA concentration (x). LOD and LOQ were defined as the lowest 

concentrations that provide signal to noise (S/N) ratio higher than 3 and 

10, respectively. The extraction efficiency (%) of pHPAA was evaluated 

on the three QCs by the following formula: (measured concentration – 

endogenous concentration)/spiked concentration x 100. Within-day 

imprecision and inaccuracy were calculated analyzing the three QC 

levels 5 times in the same analytical run. For evaluation of between-day 

imprecision and inaccuracy, each QC was analyzed once a day for 12 

working days along two months. 

 

Carry-over was evaluated performing three consecutive 

chromatographic runs of the highest calibrator (100 mg/L) followed by 

three runs of a saline solution. The carry-over percentage was calculated 

for pHPAA and IS as ratio between the average area of analyte obtained 

from the saline solution and that of calibrator. pHPAA stability was 

evaluated analyzing the calibrator at the spiked concentrations of 50 

mg/L stored at -80 °C for 12 and 18 days. 

 

VII Statistical Analysis 

 

Data are reported as average and SD. The statistical significance of 

differences between groups was evaluated using the appropriate 

Student’s t-test and the significance was accepted at the level of p < 0.05. 

The linear regression analysis was employed for the evaluation of 

calibration. 

 

 

Results and Discussion  

 

I Method validation  

 

(Figure 1A) show the chromatogram obtained by the commercial method 

on a urine sample containing normal levels of both 5-HIAA and pHPAA. 

The difference between the retention times (RT) of the two metabolites 

was 0.65 min. Instead, the analysis of a urine with a high pHPAA level 

by the commercial method did not allow to separate pHPAA from 5-

HIAA (Figure 1B). The analysis of the same urine sample with high 

pHPAA by the modified method is shown in (Figure 1C). The RT 

(average ± SD, n = 20) of IS and pHPAA were 7 ± 0.5 min and 13 ± 0.5 

min, respectively, and the RT difference between 5-HIAA and pHPAA 

increased up to 2.5 min. Calibrators with a spiked pHPAA 

concentrations from 6.25 mg/L to 100 mg/L were prepared based on the 

normal values of literature [11, 12]. The average ± SD of slope and 

intercept of 5 different calibration curves were 0.030 ± 0.003 and 0.268 

± 0.026, respectively. The linearity was evaluated by the correlation 

coefficient (r2), which resulted 0.9994 (SD = 0.001). The concentration 

of endogenous pHPAA in the normal urine pool (blank of calibration 

curves) resulted equal to 8.8 ± 0.3 mg/L. Therefore, considering both 

endogenous and spiked pHPAA concentrations together with the 

carried-out dilutions, the total pHPAA concentrations of calibrators were 

the following: 8.8, 15, 21.2, 33.7, 58.5, and 108.1 mg/L. 

 

The LOD and LOQ were evaluated analyzing in triplicate two normal 

urine samples with pHPAA concentrations of 1.2 and 3.9 mg/L, which 

showed S/N ratio of 3.07 and 10.25, respectively. In addition, the 

imprecision, as CV%, at calibration level of 8.8 mg/L was less than 10% 

(n = 5). The evaluation of extraction efficiency evaluated on L-QC, M-

QC and H-QC resulted equal to 89.8%, 94.6% and 92.2%, respectively. 

The carry-over percentage was 0.64% for pHPAA and 0.34% for IS. The 

analysis of the calibrator containing 58.5 mg/L pHPAA, after a storage 

at -80 °C for 12 and 18 days, showed a variability ranging from 95 to 

104%, respectively.  

 

(Table 2) shows the within-day imprecision (CV%) and inaccuracy 

(bias%) for pHPAA quantification, which were less than 4.0% and -

11.4%, respectively (Table 2). The between-day imprecision and 

inaccuracy resulted lower than 10.6% and -6.3%, respectively (Table 2).   

 

Table 2: Within- and between-day imprecision (CV%) and inaccuracy (Bias%) for pHPAA evaluated on the three urinary QCs. 

 

Analyte Theoretical  

concentration 

(mg/L) 

Within-day (n=5) Between-day (n=12) 

Measured  

concentration 

(average ± SD) 

CV% Bias% Measured  

concentration 

(average ± SD) 

CV% Bias% 

pHPAA 12.8 11.4 ± 0.5 4.0 -11.4 12.4 ± 1.3 10.6 -3.3 

28.7 25.6 ± 0.7 2.7 -10.9 27.7 ± 2.3 8.3 -3.4 

68.4 64.3 ± 1.5 2.4 -5.9 64.1 ± 4.3 6.7 -6.3 
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Figure 1: HPLC chromatograms of a normal urine sample by the VMA/HVA/5-HIAA kit (panel A) and a urine sample with high pHPAA level by the 

VMA/HVA/5-HIAA kit (panel B) and by the modified method (panel C). 1, vanilmandelic acid; 2, internal standard 1; 3, 5-HIAA; 4, pHPAA; 5, 

homovanillic acid; 6, internal standard 2. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2: Dot-plot of urinary pHPAA levels (µmol/mmol creatinine) in healthy subjects (controls, n = 18) and in patients with NETs (n = 40). 

 

II Urine pHPAA levels in healthy subjects and NETs patients 

 

Human urines from 18 healthy subjects (controls) and 40 patients with 

NETs were analyzed. The pHPAA concentration (average ± SD) in the 

control group resulted 8.4 ± 3.0 mg/L (range: 4.0-15.3 mg/L). Instead, 

in NETs patients the pHPAA concentration was 44.7 ± 71.7 mg/L 

(range: 4.0-317.7 mg/L). The dot plots of the urinary levels of pHPAA 

normalized to urinary creatinine are shown in (Figure 2A). The average 

concentration of pHPAA in urine from controls was 9.3 µmol/mmol 

creatinine (range: 4.4-18.7 µmol/mmol creatinine), while in NETs 

patients was on average 48.1 µmol/mmol creatinine (range: 2-362.5 

µmol/mmol creatinine). The values of pHPAA found in our healthy 

subjects were in agreement with those reported in the literature [11, 12]. 

Furthermore, the average of pHPAA concentrations in NETs patients 

was significantly higher compared to controls (p=0.003). In particular, 

16/40 urine samples (40%) from patients with NETs showed significant 

higher levels of pHPAA, compared to the upper limit (95° percentile, 

15.1 mg/L) of controls group. The (Figure 2B) shows the pHPAA 

urinary excretion from patients with NETs in different organs. The high 

levels of pHPAA found in the samples from NETs patients could be due 

to different clinical conditions, such as alterations and/or resections of 

intestinal tract as well therapeutic treatments by antibiotics or other drugs 

that alter the intestinal microbiota. A retrospective analysis of clinical 

data of patients with NETs enrolled for this study showed that 2/40 

patients underwent bowel resection and the urinary pHPAA 

concentrations of the two patients were 49.3 and 220 mg/L.  

 

In addition, the highest pHPAA levels observed in some patients (16/40) 

could be due to primary and/or secondary defects of the enzyme p-

hydroxyphenylpyruvate dioxygenase in the tyrosine pathway. Moreover, 

the intracellular metabolism of tyrosine involves mainly two ways, the 

catabolic transformation into homogentisic acid or the transformation 

into dihydroxy-phenylalanine (L-DOPA) from which the metabolic 

transformation into dopamine, noradrenaline and adrenaline starts. In 

both metabolic pathways, vitamin C is necessary for the proper enzyme 

function in the different reactions downstream of the tyrosine. Vitamin 
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C deficiency can cause a reduction, even marked, of the conversion of 

para-hydroxyphenylpyruvic acid into homogentisic acid with the 

formation of its secondary metabolite, pHPAA, which is excreted in 

large amount in urine. Vitamin C also takes part in the metabolic 

pathway that leads to catecholamine formation. In this case, a significant 

vitamin deficiency induces the increase in urinary HVA and VMA 

excretion. Therefore, even the increase of HVA and VMA production 

rate may perhaps lead to a high consumption of vitamin C and therefore 

may also cause an increase of pHPAA in urine. Indeed, the retrospective 

analysis of HVA and VMA levels in the 16 NETs patients with highest 

pHPAA showed that HVA and VMA were higher than normal values in 

3/16 patients. Furthermore, the consumption of vitamin C could also be 

caused by the increase in the oxidative state in tumors which could lead 

to an indirect increase of pHPAA excretion in urines of these patients. 

 

Conclusions 

 

The accurate and precise determination of urinary pHPAA, implemented 

and validated in method, shows a good selectivity performance 

compared to the commercial method. The method here reported allows 

to separate pHPAA and 5-HIAA and it could potentially be applied for 

the simultaneous analysis of both compounds in urine. The excretion of 

pHPAA in urine samples from patients with NETs is significantly higher 

compared to controls. Although the relationship between tyrosine 

metabolites and tumors has been previously described, at present no 

studies reported the association between pHPAA and NETs. However, 

the high pHPAA levels found in NETs patients should be interpreted in 

the light of various clinical conditions that could cause an increase in the 

urinary levels of this metabolite. 
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