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A Single Fasting Plasma 5-HIAA Value Correlates With

24-Hour Urinary

5-HIAA Values and Other Biomarkers in

Midgut Neuroendocrine Tumors (NETs)

Maria R. Tellez, PhD,* Gregg Mamikunian, MS,* Thomas M. O’Dorisio, MD,
Aaron 1. Vinik, MD, PhD,i and Eugene A. Woltering, MD$

Objectives: 5-Hydroxyindoleacetic acid (5-HIAA) is used for the
evaluation of neuroendocrine tumors (NETs) but currently requires a
24-hour urine collection.

Methods: We developed a gas chromatography mass spectroscopy—
based plasma 5-HIAA assay. We compared 24-hour urine 5-HIAA
values against plasma 5-HIAA values in 115 mixed-variety patients with
NETSs and in a subset of 72 patients with only small bowel NETs. We
also compared the information gained from urinary and plasma 5-HIAA
values with other biomarkers of midgut NET activity to determine the
plasma assay’s clinical implications.

Results: In a group of 115 patients with all types of NETS, in a subset of
patients with midgut NET and in a subgroup of midgut NETS with liver
metastasis, the correlation between the urine and fasting plasma 5-HIAA
values were statistically significant (P < 0.0001). Comparison of the
proportion of normal or abnormal urinary and plasma 5-HIAA values to
the proportion of chromogranin, serotonin, neurokinin, or pancreastatin
values that were in the normal or abnormal range yielded essentially
identical information.

Conclusions: Plasma fasting 5-HIAA values are proportional to uri-
nary 5-HIAA values and yielded identical clinical correlation with other
biomarkers.
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N euroendocrine tumors (NETs) are derived from Kulchitsky
cells and can originate from multiple sites. Small bowel
NETs are rare and generally are not diagnosed until they are at
an advanced stage.!> Neuroendocrine tumors, especially of the
midgut, have the ability to secrete serotonin and serotonin’s
degradation product, 5-hydroxyindoleacetic acid (5-HIAA).
The latter is used as a biomarker for the diagnosis and follow-up
of these tumors, especially when liver metastases are present.’
The rate-limiting step for the synthesis of serotonin in NETs is
the conversion of tryptophan into 5-hydroxytrytophan. In
midgut (small intestinal) tumors, 5-hydroxytrytophan is rap-
idly converted to serotonin, which is then either stored in the
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neurosecretory granules or secreted directly into the vascular
compartment. Most of the secreted serotonin is taken up and
stored by platelets, whereas the rest of the circulating serotonin
remains free in the plasma. This free serotonin is converted in-
to the urinary metabolite 5-HIAA by the enzymes monoamine
oxidase and aldehyde dehydrogenase* (Fig. 1). Most elevated
5-HIAA levels are seen in patients with midgut NETs that have
metastasized to the liver.>® Based on the potential influence of a
multitude of confounding factors such as stress, exercise, and
the dietary intake of tryptophan, many investigators recom-
mend the measurement of 5-HIAA in 24-hour urine collec-
tions rather than spot urine collections of 5-HIAA, which might
be influenced by a transient surge of serotonin.>

The reference range for a 24-hour urinary 5-HIAA varies
between laboratories but is approximately 2 to 8 mg per day.*
Measurement of plasma 5-HIAA is not a novel idea. Previous
groups have attempted to measure 5-HIAA in plasma via high-
performance liquid chromatography (HPLC) and liquid chro-
matography tandem mass spectrometry (LC-MS/MS). Both
methods demonstrated that plasma 5-HIAA is a reliable alter-
native to urinary 5-HIAA and produces comparable, if not more
sensitive, results. However, these studies were small, largely
nonhomogeneous and did not produce a patient-accessible
commercially viable testing method.”® The half-life of free
serotonin in plasma is 1 to 2 minutes, and the half-life of platelet
serotonin mirrors the half-life of platelets themselves (5 days).!%!!
While we cannot be certain that a plasma 5-HIAA measurement
is not affected by a transient surge in serotonin, we feel that this
is highly unlikely. We hypothesized that urinary and plasma
5-HIAA values collected simultaneously in a NET patient would
yield equivalent results. In this study, an overall group (n = 115) of
patients with NET who might be screened with a urinary 5-HIAA
test for tumor stage and functionality were evaluated. A subset
of this group (n = 72) were patients with midgut primary NETs
(all stages) who might either be initially screened with this test
or followed with serial 5-HIAA values to determine tumor per-
sistence or recurrence. A third group of patients (n = 47) in-
cluded only individuals with midgut primaries metastatic to the
liver. These patients would normally be followed with serial uri-
nary 5-HIAA determinations to watch for the progression of
their disease. This group of patients is expected to have the
highest 5-HIAA values. The convenience of measuring 5-HIAA
levels in plasma would decrease the use of the 24-hour urine
assay. In turn, this should offer significant increases in patients’
satisfaction and potentially an increase in patients’ compliance in
obtaining serial biomarkers.

MATERIALS AND METHODS

Development of Assay
Stock solutions of aqueous 5-HIAA were prepared in con-
centrations ranging from 1 mg/mL to 0.1 pg/mL. Calibrators were
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FIGURE 1. Biosynthesis of serotonin. Permission was received from Elsevier Limited (UK) and the figure author Gregg Mamikunian, MS.
This figure was originally published in Endocrinology and Metabolism Clinics of North America. All permission requests for this image

should be made to the copyright holder.

prepared by adding 5-HIAA from stock solutions to defibrillated,
delipidized human plasma (DDHP) to give the following con-
centrations: 1, 5, 10, 25, 50, 100, 500, 1000, and 10,000 ng/mL. A
5-HIAA derivative was used as an internal standard. Each cali-
brator was added to acetonitrile and the resulting suspension was
centrifuged. The acetonitrile/water supernatant was reduced in
volume by evaporation. To the aqueous phase, sodium chloride
was added and the suspension extracted with ether. The organic
phase extract was derivatized using N-methyl-N (trimethylsilyl)
trifluoroacetamide yielding fully silylated 5-HIAA. Derivatized
extracts were analyzed by gas chromatography mass spectrometry
on a Varian CP-3800 gas chromatograph coupled to a Varian
Saturn 2000 MS/MS (Varian, Inc, Walnut Creek, Calif; now a part
of Agilent Technologies, Palo Alto, Calif).

The derivatized extract yielded a single sharp peak.
Quantification of this peak gave us a limit of detection that was
defined as the amount that would be expected to afford a signal-
to-noise (S/N) ratio of 5. The limit of detection was calculated
from the S/N ratio generated by 10 replicate runs of the lowest
calibrator (1 pg/L) to be 0.2 pg/L. The limit of quantification
was set at 1 pg/L and gave an average S/N ratio of 26 (n = 10).
The percent CV (coefficient of variation) of multiple runs, over
separate days, of the 1-pg/L calibrator was 8.3%, which is well
below the 15% maximum allowed to establish a valid limit of
quantification.

Intra-assay variability was measured from 10 replicate
spiked DDHP samples at 3 different concentrations (low, normal-
high, and elevated). The percent CV calculated from these runs
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were 3.8% for low (3.7 pg/L) 5-HIAA concentrations, 2.3% for
the normal-high (18.7 pg/L) sample, and 10% for the elevated
(85.5 pg/L) sample. Interassay variability, calculated from assays
performed on 3 separate days, led to percent CVs of 4.8%, 5.3%,
and 4.3% for the low, normal-high, and elevated concentrations,
respectively. Assay linearity was good. Means of the results of
quadruplicate analysis of 10-, 100-, 1,000-, 5,000-, and 10,000-
fold dilutions of'a 10,000-pg/L spiked DDHP sample were never
more than 20% different from the theoretically predicted values.
The calibration curve had a relative SD of 16% over the whole
calibration range (1-10,000 pg/L) and an R* of 0.9997. Spiked
recoveries of a 2-ng/mL spiked DDHP sample ranged from 80%
for a 4-ng/mL spike to 98% for a 100-ng/mL spike.

Reagents

Acetonitrile, diethyl ether, sodium chloride, glacial acetic
acid, and 5-HIAA were obtained from Sigma-Aldrich. Ultra Resi-
Analyzed water suitable for organic trace analysis was obtained
from JT Baker (Avantor Performance Materials, Center Valley,
Pa). N-methyl-N (trimethylsilyl) trifluoroacetamide activated
with ethanethiol and ammonium iodide was obtained from
Fluka (Sigma-Aldrich, St Louis, Mo). Defibrinated, delipidized
human plasma was obtained from Golden West Biologicals
(Temecula, Calif).

Analysis of Patients’ Data

One hundred fifteen clinic patients with NETs were eval-
uated as part of a Louisiana State University Health Sciences
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Center, New Orleans, Louisiana, and Ochsner Medical Center,
New Orleans, Louisiana, Institutional Review Board—approved
protocol. Seventy-two of the 115 patients had small bowel
primaries of which 47 (65%) of the 72 patients had metastatic
disease to their liver. The remaining 43 patients (of 115) had
non—small bowel primaries and included primaries of the fol-
lowing: appendix, bile duct, cecum, colon, duodenum, lung,
pancreas, rectum, and stomach. All specimens from the patients
were collected as part of routine patient management, and the
5-HIAA plasma levels were measured on discarded clinical
samples that were properly frozen and maintained. No addi-
tional blood or urine samples were collected as part of this
study. For routine blood collections, these measurements fol-
lowed an overnight fast and were taken just before the admin-
istration of long-acting somatostatin analogs such as octreotide
or lanreotide in their depot formulations. No additional altera-
tions in diet or drug administration were used during the tradi-
tional collection of these biomarkers. Routine clinical care was
used in the collection of the urinary 5-HIA A values; instructions
were given to the patients on the appropriate diet and drugs that
could alter urinary 5-HIAA. Patients’ urine and plasma 5-HIAA
values were measured within + 3 months of each other and were
collected from January 2011 to September 2011.

Patients’ charts were used to collect their neurokinin A
(NKA), pancreastatin, chromogranin A (CGA), and serotonin
values from within the study period. Only pancreastatin values
and NKA values from Inter Science Institute (Inglewood, Calif)
were allowed in this study. In contrast, the urinary 5-HIAA,
CGA, and serotonin values were performed by multiple com-
mercial laboratories.!>!

Patients’ biomarker levels were entered into a Microsoft
Excel spreadsheet (version 97-2003), and scatter plots were cre-
ated using the log of the biomarker value. Data were transferred
from Excel into MedCalc (version 11.2.1, Mariakerke, Belgium)
to obtain coefficients of determination (+*) and P values.

The following cutoffs were used to delineate “normal”
from “abnormal” marker values: urinary 5-HIAA, less than
6 mg/24 hours; plasma 5-HIAA, less than 22 ng/mL (as pre-
viously described in the “Materials and Methods” section);
pancreastatin, less than 135 pg/mL; NKA, less than 40 pg/mL.
5-Hydroxyindoleacetic acid, NKA, and pancreastatin values
were used “as is”. Six milligrams per 24 hours is the most
common upper normal limit for urinary 5-HIAA. However,
some laboratories use 10 mg/24 hours or 15 mg/24 hours.
Owing to this variability in upper normal 5-HIAA limits, we
expressed our results using 6 mg/24 hours, 10 mg/24 hours, and
15 mg/24 hours as cutoffs. In this study, CGA and serotonin had
variable “high normal” cutoffs; therefore, if a patient’s value
fell within the assay’s normal limits, it was given a score of “1”.
If the biomarker’s value was greater than the test’s upper normal
limit, the clinical value was normalized against the individual
laboratory’s high normal value (clinical result/high normal
laboratory value).

RESULTS

Demographics

For the 72 patients with small bowel primaries, the mean +
SD age was 60 + 10 years, ranging from 41 to 89 years. Thirty-
three patients were men, and 39 patients were women. Sixty-
eight patients were white, and 4 patients were African American.
Two patients were classified as having localized disease, 14
patients had regional disease, and 56 patients had distant disease.
Of the 56 patients with distant disease, 47 patients had metastatic
disease to the liver.
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FIGURE 2. A, Urinary 5-HIAA values versus plasma 5-HIAA values.
Log-scale scatterplot of urinary 5-HIAA values versus plasma
5-HIAA values for any primary NET (n = 115). B, Urinary 5-HIAA
values versus plasma 5-HIAA values for small bowel primaries.
Log-scale scatterplot of urinary 5-HIAA values versus plasma
5-HIAA values for small bowel NET primaries only (n = 72).

C, Urinary 5-HIAA values versus plasma 5-HIAA values for small
bowel primaries with liver metastasis. Log-scale scatterplot of
urinary 5-HIAA values versus plasma 5-HIAA values for patients with
small bowel primary NETs with liver metastasis (n = 47).
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TABLE 1. Comparison of rand r? Values

Patient Group

No. Patients Coefficient of Correlation () Coefficient of Determination (rz)* Slope*

All primaries 115
Small bowel primaries 72
Small bowel primaries with liver metastasis 47

0.8638 0.7466 0.9527
0.8862 0.7982 0.9947
0.8802 0.7747 0.9953

*Log-scale graph values used for these calculations.

Urinary 5-HIAA Versus Plasma 5-HIAA

Correlation between urinary and plasma 5-HIAA values
was assessed for all patients (n = 115), regardless of their pri-
mary tumor site. Urinary 5-HIAA values were obtained from a
variety of commercial laboratories, and we chose 6 mg/24 hours
as the cutoff for the normal value. However, we recognize that
some laboratories’ normal values go up to as high as 15 mg/d.
Therefore, an additional subanalysis was performed using
10 mg/24 hours and 15 mg/24 hours as the normal cutoffs.
For the plasma 5-HIAA results, we used an upper limit of
22 ng/mL as the normal limit. With 6 mg/24 hours as the
upper normal limit for urinary 5-HIAA, in 98 (85%) of the
115 patients, the urinary and plasma 5-HIAA levels were in
agreement (ie, if patients had a normal urinary 5-HIAA, then
they also had a normal plasma 5-HIAA; conversely, if patients
had an elevated urinary 5-HIAA, then they also had elevated
plasma 5-HIAA). In 92 (80%) of the 115 patients, urinary and
plasma 5-HIAA were in agreement when 10 mg/24 hours was
used as the upper normal limit for urinary 5-HIAA. In 86 (75%)
of the 115 patients, urinary and plasma 5-HIAA were in agree-
ment when 15 mg/24 hours was used as the upper normal limit
for urinary 5-HIAA. The correlation between the urinary and
plasma 5-HIAA values for the entire group of 115 patients (re-
gardless of urinary 5-HIAA cutoff value) was statistically signif-
icant (P < 0.0001), with an * value of 0.7466 (Fig. 2A).

The correlation of the 2 assay results for the 72 patients
with small bowel primaries was also assessed. Again, the cor-
relation between urinary 5-HIAA and plasma 5-HIAA was
significant (P < 0.0001), with an 7* value of 0.7982 (Fig. 2B).

Lastly, the correlation between urinary and plasma 5-HIAA
for the 47 patients with small bowel primaries and liver metas-
tasis was assessed. The P value for the correlation between uri-
nary 5-HIAA and plasma 5-HIAA values was significant
(P < 0.0001), with an 7* value of 0.7747 (Fig. 2C; Table 1).

Urinary 5-HIAA and Plasma 5-HIAA Versus Other
Biomarkers

For patients with small bowel primaries, their urinary and
plasma 5-HIA A values were compared to their plasma NKA value
within the same time period (n = 71). A patient with an elevated
urinary 5-HIAA (>6 mg/24 hours) had an elevated NKA 14% of
the time, whereas a patient with an elevated plasma 5-HIAA had
an elevated NKA 13% of the time (Table 2).

For patients with small bowel primaries, their urinary and
plasma 5-HIAA values were compared to their plasma pan-
creastatin values from within the same time period (n = 71). A
patient with an elevated urinary 5-HIAA (>6 mg/24 hours) had
an elevated pancreastatin 47% of the time, whereas a patient
with an elevated plasma 5-HIAA had an elevated pancreastatin
53% of the time (Table 3).

In patients with small bowel primaries, their urinary and
plasma 5-HIAA values were compared to their plasma CGA
values from within the same time period. Chromogranin A
values were not available for one patient (n = 70). A patient with
an elevated urinary 5-HIAA (>6 mg/24 hours) had an elevated
CGA 42% of the time, and a patient with an elevated plasma
5-HIAA had an elevated CGA 41% of the time (Table 4).

For patients with small bowel primaries, their urinary and
plasma 5-HIAA values were compared to their plasma serotonin
values from within the same time period. Serotonin values were
not available for 11 patients (n = 61). A patient with an elevated
urinary 5-HIAA (>6 mg/24 hours) had an elevated serotonin 44%
of the time, whereas a patient with an elevated plasma 5-HIAA
had an elevated serotonin 48% of the time (Table 5).

DISCUSSION
Neuroendocrine tumors are generally not diagnosed until they
are at an advanced stage.> Neuroendocrine tumors, especially
metastatic midgut NETs, have the ability to secrete serotonin. The

TABLE 2. Comparison of the Percent of Patients With
Normal and Elevated NKA Values, Compared to Urinary
(<6 mg/24 Hours, Normal) or Plasma 5-HIAA Values

TABLE 3. Comparison of the Percent of Patients With
Normal and Elevated Pancreastatin Values, Compared to
Urinary (<6 mg/24 Hours, Normal) or Plasma 5-HIAA Values

Neurokinin A Pancreastatin
Normal Elevated Normal Elevated
Urinary 5-HIAA Normal 25 (34%) 0 (0%) 34.7% Urinary 5-HIAA Normal 17 (24%) 8 (11%)  34.7%
Elevated 37 (51%) 10 (14%)  65.3% Elevated 13 (18%) 34 (47%) 65.3%
86.1% 13.9% 41.7% 58.3%
Plasma 5-HIAA Normal 27 (38%) 1 (1%) 38.9% Plasma 5-HIAA Normal 24 (33%) 4 (6%) 38.9%
Elevated 35 (49%) 9 (13%) 61.1% Elevated 6 (8%) 38 (53%) 61.1%
86.1% 13.9% 41.7% 58.3%

Small bowel primaries only (n = 72).

Small bowel primaries only (n = 72).
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24-hour urinary concentration of the degradation product of sero-
tonin, 5-HIAA, is widely used as a critical biomarker for the
diagnosis and follow-up of these tumors.®> The collection of a
24-hour urine specimen is inconvenient and, for most indivi-
duals, embarrassing, especially if they have to collect and store
the urine container at work. Therefore, a different way to mea-
sure 5-HIAA is desirable and would be beneficial to both
patients and clinicians.

Previously, other groups have successfully measured 5-HIAA
in plasma and found it to be a reliable method that gives results
proportional to urinary 5-HIAA values. However, these studies
were small and performed in groups of patients with different
tumor types, and ultimately, they did not produce a feasible or a
commercially viable plasma 5-HIAA test.”” To test the equiva-
lence of the our 5 plasma 5-HIAA assay to the widely used
urinary 5-HIAA assay, we performed regression analysis of the
two assays in an overall group of 115 individuals, in a subset of
72 individuals with all stages of midgut carcinoids and finally,
in a group of 47 patients with midgut NETs and distant meta-
static disease to the liver. All of these yielded statistically sig-
nificant correlations (P < 0.001, P < 0.001, and P < 0.001,
respectively). We feel this is compelling evidence that these
assays are equivalent.

This study demonstrates that the results of simultaneous uri-
nary and plasma 5-HIAA assays from the same individual are
proportional. However, the clinical implications of a normal or
abnormal marker value also has to be viewed in context of the other
biomarkers used to diagnose the disease in new patients or to follow
existing patients who have the potential for tumor persistence or
recurrence after therapy. The choice of markers useful for diagnosis
and follow-up of NETs are often based on recommendations from
multiple national and international groups such as the North
American Neuroendocrine Tumor Society and the European Neu-
roendocrine Tumor Society.!>”!” To determine the clinical rele-
vance of the plasma and urinary 5-HIAA values, we compared
the proportion of individuals with normal or abnormal urinary
or plasma 5-HIAA values to the proportion of patients with
normal or abnormal levels of NKA, pancreastatin, CGA, and
serotonin. The recent guidelines published by the European
Neuroendocrine Tumor Society states that CGA and 5-HIAA
are the minimally necessary biochemical tests useful for di-
agnosis and long-term follow-up of midgut NETs.!” Based on
the information gained from our comparison of traditional
markers to urinary and plasma 5-HIAA levels, we believe that
the two have equivalent clinical relevance. A prospective study
of serially measured biomarker levels in patients with midgut

TABLE 4. Comparison of the Percent of Patients With
Normal and Elevated CGA Values, Compared to Urinary
(<6 mg/24 Hours, Normal) or Plasma 5-HIAA Values

Chromogranin A

Normal Elevated
Urinary 5-HIAA Normal 23 (32%) 2 (3%) 352%
Elevated 16 (23%) 30 (42%) 64.8%
54.9% 45.1%
Plasma 5-HIAA Normal 25 (35%) 3(4%) 39.4%
Elevated 14 (20%) 29 (41%)  60.6%
54.9% 45.1%

Small bowel primaries only. Note that CGA assayed by different
methods and the values were normalized. A CGA value was not avail-
able on one patient (n = 71).
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TABLE 5. Comparison of the Percent of Patients With
Normal and Elevated Serotonin Values, Compared to Urinary
(<6 mg/24 Hours, Normal) or Plasma 5-HIAA Values

Serotonin
Normal Elevated
Urinary 5-HIAA Normal 15 (25%) 8 (13%)  37.7%
Elevated 11 (18%) 27 (44%)  62.3%
42.6% 57.4%
Plasma 5-HIAA Normal 17 (28%) 6 (10%)  37.7%
Elevated 9 (15%) 29 (48%) 62.3%
42.6% 57.4%

Small bowel primaries only. Serotonin assayed by different methods
and the values were normalized. Serotonin values were not available in
11 patients (n = 61).

NET is needed to determine the relative sensitivity and speci-
ficity of each marker: to detect primary tumors, to detect early-
stage persistence or recurrence, or to monitor the progression of
metastatic disease over time.
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