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Summary

Background—Diagnosis of phaeochromocytoma is commonly performed by measurements of
plasma free normetanephrine and metanephrine. Plasma deconjugated normetanephrine and
metanephrine have been proposed as alternative equivalent, but easier to measure biomarkers.

Objective—The aim of this study was to compare the diagnostic performances of plasma free
versus deconjugated normetanephrine and metanephrine in patients tested for
phaeochromocytoma.

Methods—The study population included a reference group of 262 normotensive and
hypertensive volunteers, 198 patients with phaeochromocytoma and 528 patients initially
suspected of having the tumour, but with negative investigations after at least 2 years of follow up.
Measurements were performed using liquid chromatography with electrochemical detection.

Results—Median plasma concentrations of free normetanephrine were 17-fold higher in patients
with phaeochromocytoma than in the reference population, a 72% larger (p<0.001) difference than
that for the 10-fold higher levels of plasma deconjugated normetanephrine. In contrast, relative
increases of plasma concentrations of free and deconjugated metanephrine were similar. Using
upper cut-offs established in the reference population, measurements of plasma free metabolites
provided superior diagnostic performance than deconjugated metabolites according to measures of
both sensitivity (97% vs92%, p=0.002) and specificity (93 vs89%, p=0.012). The area under the
receiver operating characteristic curve for the free metabolites was larger than that for the
deconjugated metabolites (0.986 vs50.965, p<0.001).

Conclusion—Measurements of plasma free normetanephrine and metanephrine are superior to
the deconjugated metabolites for diagnosis of phaeochromocytoma.
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Introduction

Phaeochromocytomas are catecholamine-producing tumours arising from chromaffin cells
of the adrenal medulla or extra-adrenal paraganglionic tissue and represent rare but
important usually curable causes of hypertension (1). Clinical presentation of the tumours
can be varied with nonspecific signs and symptoms, rendering the diagnosis crucially
dependent on demonstration of excessive production of catecholamines (2-5). An
undiagnosed phaeochromocytoma can result in life threatening cardiovascular consequences
(6). Thus, maximally sensitive and specific biochemical assays to reliably exclude or
confirm phaeochromocytoma are crucial.

Measurements of plasma or urinary metanephrines (metanephrine and normetanephrine), the
O-methylated extraneuronal metabolites of catecholamines, provide superior tests for
diagnosis of phaeochromocytoma than other tests and are currently recommended for initial
screening (7-13). Metanephrines in plasma or urine can be measured as free metabolites or
after a deconjugation step involving either acid hydrolysis or enzyme catalyzed conversion
of the sulphate conjugated to the free metabolites.

The free fractions of metanephrines are formed in considerable amounts in adrenal
medullary chromaffin cells whereas the sulphate-conjugated metabolites are formed from
the free amines by the actions of sulphate transferase 1A3 (SULT1A3), an enzyme located
primarily in the gastrointestinal tract (14-16). The free metanephrines are cleared rapidly
from the circulation so that their concentrations are low (17). In contrast, deconjugated
metanephrines are cleared slowly. Therefore, plasma levels of the deconjugated metabolites
are 15- to 30-fold higher than the free metabolites and much easier to measure. However,
whether determination of the deconjugated metanephrines offers any diagnostic advantage
over the free metabolites is not established. Recently Grouzmann et al., reported that plasma
free and deconjugated metanephrines are equivalent biomarkers for diagnosing
phaeochromocytoma (18).

The aim of the present study was to compare the diagnostic performances of plasma
deconjugated with plasma free metanephrines in patients tested for phaeochromocytoma.
The analysis took advantage of dataset from a previous cohort study of 1211 subjects (19),
in which measurements of both plasma free and deconjugated metabolites were performed
in a subset of patients, but in which up until this report there was no comparison of
diagnostic performance.

Materials and Methods

Study design and participants

The essential criterion for inclusion of subjects into the analysis was that the same plasma
sample analysed for concentrations of free metanephrines was also analysed for
deconjugated metanephrines. The study population therefore, consisted of 726 patients
tested for phaeochromocytoma. The analysis also included 262 normotensive and
hypertensive volunteers included as a reference population. Patients were investigated under
multicentre National Institute of Health (NIH) based protocols and all provided informed
consent.
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In order to avoid biasing the analyses of test performance, the results of biochemical tests
were not used to exclude or confirm phaeochromocytoma or for the purposes of selection of
patients into the study. Confirmation of phaeochromocytoma required histopathological
examination of surgically resected or biopsied tumor tissue or a diagnosis of inoperable
malignant disease based on functional imaging evidence of metastatic lesions. Exclusion of
phaeochromocytoma required either one or the combination of three criteria: 1. lack of
radiological evidence of a tumour by computed tomography or magnetic resonance imaging;
2. pathological examination of a surgically resected or biopsied adrenal mass; and 3. lack of
phaeochromocytoma on patient follow-up two or more years after initial testing. Follow-up
consisted of clinical evaluation and when indicated, repeated biochemical tests. Using the
above criteria, phaeochromocytoma was confirmed in 198 patients and excluded in 528, all
of whom were included in the final analyses (Table 1).

Collections of blood samples

Blood samples from subjects were collected using a forearm venous cannula after 30
minutes of supine rest. Subjects were instructed to fast and abstain from caffeinated and
decaffeinated beverages overnight and to avoid taking acetaminophen for 5 days before
blood sampling. Samples of blood were transferred into heparinised tubes and placed on ice
until centrifuged (4°C) to separate plasma, which was stored at —80°C until assayed.

Analyses of metanephrines

Measurements of plasma free and deconjugated normetanephrine and metanephrine
concentrations were performed using liquid chromatography with electrochemical detection
(LC-ECD) as described elsewhere (20). For determination of plasma deconjugated
metanephrines 200 ul samples of plasma were incubated for 30 minutes at 37°C with 0.5
units of sulphatase (Sigma, St. Louis, MO, USA). Samples of enzyme-processed plasma for
measurements of deconjugated metanephrines were then subjected to the same solid phase
extraction and LC-ECD procedures as samples of plasma free metanephrines.

Data analysis

Statistical analyses were carried out using R Version 2.15.2 (The R Foundation for
Statistical Computing, Vienna, Austria). For all differences a p<0.05 was considered
significant. Because plasma concentrations of metanephrines were non-normally distributed,
results for these parameters were presented as medians with reference intervals established
using the 2.5 and 97.5 percentiles of distributions (21). Comparisons of increases median
plasma concentrations of free versus deconjugated metanephrines among patients with
phaeochromocytoma were assessed with the non-parametric Wilcoxon related sample test. A
false negative result in a patient with phaeochromocytoma or a true negative result in a
patient without phaeochromocytoma was defined as a value for each measurement in the
pair (i.e., normetanephrine and metanephrine) lower than the upper cut-off of reference
intervals. A true positive result for pairs of measurements in a patient with
phaeochromocytoma or a false positive result in a patient without phaeochromocytoma was
defined as a value for either or both measurements higher than the upper cut-off of reference
intervals. Sensitivity was calculated from the percentage of true positive over the total of
true positive plus false negative test results in patients with phaeochromocytoma. Specificity
was calculated from the percentage of true negative over the total of true negative plus false
positive test results in patients without phaeochromocytoma. Differences in sensitivity and
specificity were examined using the McNemar test. From each parameter, using logistic
regression analysis, a receiver operating characteristic (ROC) curve was constructed from
the relationship between true positive and false positive results (that is sensitivity compared
with 1-specificity) for a diagnosis of phaeochromocytoma, based on different upper
reference limits for each variable (22). As summary measures of the diagnostic utility of
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each test independent of upper reference limits, areas under the ROC curves were calculated
and differences among tests examined according to the method of Hanley (23).

Results

Biochemical Results

Median plasma concentrations of deconjugated normetanephrine were increased by 10-fold
in patients with phaeochromocytoma relative to the reference population. This increase was
72% lower (p<0.001) than the 17-fold increase of plasma free normetanephrine (Table 2). In
contrast, the increase of median plasma concentrations of deconjugated metanephrine in
patients with phaeochromocytoma did not differ from that of plasma concentrations of free
metanephrine (2.3 vs2.6-fold increase, p=0.190)

Diagnostic Efficacy

Using upper cut-offs determined from the 97.5 percentiles of distributions of metabolite
concentrations in the reference population (Table 2), plasma concentrations of deconjugated
normetanephrine were falsely negative in 29 patients with phaeochromocytoma (Table 3). In
contrast, plasma concentrations of free normetanephrine were falsely negative in only 10
patients with the tumour. Measurements of plasma free normetanephrine thus provided
higher diagnostic sensitivity than measurements of plasma deconjugated normetanephrine
(95% vs85%, p<0.001). In contrast, respective diagnostic specificities for plasma
deconjugated and free normetanephrine were similar (93% vs95%, p=0.154). Diagnostic
sensitivities for plasma concentrations of deconjugated and free metanephrine were also
similar (51% vs54%; p=0.405). However, 32 patients without phaeochromocytoma had
elevated plasma concentrations of deconjugated metanephrine compared to only 12 patients
with elevated plasma concentrations of free metanephrine. Thus, diagnostic specificity of
plasma concentrations of free metanephrine was higher than for deconjugated metanephrine
(98% vs94%, p<0.001). Combinations of measurements of plasma free normetanephrine
and metanephrine provided both higher diagnostic sensitivity (97% vs92%, p=0.002) and
specificity (93% vs89%, p=0.012) than combinations of deconjugated metabolites.

Paired wise comparisons showed that the area under the ROC curve for plasma free
normetanephrine (0.983, C1 0.971-0.995), was higher (p<0.001) than that for plasma
deconjugated normetanephrine (0.949, CI 0.929-0.969), whereas areas under ROC curves
for plasma free metanephrine (0.816, Cl 0.775-0.856) and deconjugated metanephrine
(0.789, C1 0.746-.0.831) did not differ (Fig. 1). For the combinations of measurements of
normetanephrine and metanephrine areas under the curve were higher (p<0.001) for free
(0.986, C1 0.974-0.998) than for the deconjugated metabolites (0.965, Cl 0.951-0.980).

Discussion

The present study establishes that measurements of plasma free normetanephrine and
metanephrine provide a superior test for diagnosis of phaeochromocytoma than
measurements of the deconjugated metabolites. Furthermore our analysis shows that this
almost entirely reflects a larger diagnostic signal for free than deconjugated
normetanephrine.

The significantly larger diagnostic signal provided by free than by deconjugated
normetanephrine, but similar signals for free and deconjugated metanephrine can be
explained by different sources of the O-methylated metabolites. Free normetanephrine and
metanephrine are formed within chromaffin cells and other extraneuronal tissues by
catechol-O-methyltransferase while the sulphate-conjugated metabolites are formed from
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the free metabolites by the action of a specific sulphotransferase enzyme, SULT1A3, located
principally in the gastrointestinal tract (15, 16).

Although sulphated forms of both normetanephrine and metanephrine are formed by the
same enzyme, the sources of free metabolite precursors for each of the two sulphate-
conjugated products differ. For metanephrine, almost all the conjugated metabolite produced
by SULT1AS3 is derived from free metanephrine produced in chromaffin cells of the adrenal
medulla or tumours derived from these cells. Only a small proportion is derived from locally
O-methylated adrenaline and of this almost all represents adrenaline extracted from blood
passing through mesenteric organs (15, 24). Thus, the diagnostic signal for free and
deconjugated metanephrine differs little in patients with adrenaline-producing
phaeochromocytomas.

In contrast to metanephrine, for sulphate-conjugated normetanephrine, substantial amounts
are derived from noradrenaline synthesised and released locally within mesenteric organs,
these tissues contributing to nearly 50% of all the noradrenaline produced and metabolised
within the human body (15, 25). While the free normetanephrine produced from mesenteric
sources and entering the portal circulation is almost entirely extracted and metabolised
within the liver (ultimately to vanillylmandelic acid), the sulphate conjugates escape hepatic
extraction and enter the systemic circulation from where they are removed by the kidneys
for excretion in urine (15). Thus, plasma concentrations of sulphate-conjugated
normetanephrine reflect disproportionately more mesenteric organ metabolism of
noradrenaline compared to free normetanephrine. As a consequence, the substantial
mesenteric source of sulphate-conjugated normetanephrine acts to dilute any diagnostic
signal compared to free normetanephrine. Since normetanephrine represents the most
important metabolite for diagnosis, the overall lower diagnostic accuracy of the combination
of deconjugated compared to free normetanephrine and metanephrine can be accounted for
by the substantial mesenteric source of sulphate-conjugated normetanephrine from locally-
produced noradrenaline.

Higher diagnostic sensitivity and specificity for measurements of free versus deconjugated
metanephrines provides improved confidence using free than deconjugated metabolites that
a negative result excludes disease and that a positive result confirms disease. This
conclusion is at variance with the recent study of Grouzmann et al. (18) in which equivalent
diagnostic performance was reported for deconjugated and free metanephrines for the
diagnosis of phaeochromocytoma. The discrepancy between our findings and the above
study could be partially explained by the differences in approaches in the analysis of data. In
our study, upper cut-offs were established from a separate reference population, whereas in
the study by Grouzmann et al. cut-offs were established from the same population used for
estimation of diagnostic specificity. Furthermore, in our analysis diagnostic sensitivity and
specificity were defined according to whether either or both measurements of
normetanephrine returned positive or negative results according to the appropriate upper cut-
offs of reference intervals. In the study of Grouzmann et al., comparisons of sensitivity and
specificity values for the various markers were performed after expressing each value as
ratio over its upper reference limit, adding the ratios for normetanephrine and metanephrine
and defining cut-off values of 1 or 2 for this sum.

Although plasma concentrations of deconjugated metanephrine are much higher and thus
easier to measure than concentrations of the free metabolites, this technical advantage is
overridden by the lower diagnostic efficacy of the deconjugated than of the free metabolites.
An additional contributing factor to the limited diagnostic utility of the deconjugated
metabolites may relate to the different mechanisms in their circulatory clearance and
elimination from the body. In particular, as metabolic end-products the sulphate-conjugated
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metabolites are cleared by renal elimination (25, 26). Therefore, plasma concentrations of
the deconjugated metabolites depend on clearance by the kidneys and are consequently
increased in patients with renal insufficiency (27). Furthermore, the much slower circulatory
clearance of the conjugated than the free metabolites, although resulting in much higher
easier to measure concentrations of the former than the latter, also means that procedures for
minimising false positive results, such as sampling in the supine position, cannot be reliably
used for measurements of plasma deconjugated metabolites (28). Presumably the above
factors contribute to the lower diagnostic specificity of measurements of deconjugated than
free metanephrines.

In conclusion, the present study establishes that measurements of plasma concentrations of
free normetanephrine and metanephrine are superior to the deconjugated metabolites for the
diagnosis of phaeochromocytoma. Given the additional technical requirements of a
deconjugation step and the lack of commercially available sulphate-conjugated metabolites
for both calibration and quality control purposes, we see no overall benefit in measurements
of deconjugated over free metanephrines.
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Figure 1.

Individual comparison of ROC curves using all available data: plasma free normetanephrine
(NMN) vs. plasma deconjugated NMN, p<0.001 (a), plasma free metanephrine (MN) vs.

plasma deconjugated MN, p=0.188 (b), paired plasma free NMN and MN vs. paired plasma
deconjugated NMN and MN p<0.001(c)
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Patient Characteristics

Table 1

Reference Population

phaeochromocytoma Excluded  phaeochromocytoma Confir med

No. of patients 262
Age (mean +SD) 41+19
Gender
Females 134
Males 128

528
41+14

305
223

198
40+17

96
102
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Pamporaki et al.

Diagnostic sensitivities and specificities for plasma free and deconjugated normetanephrine (NMN) and

Table 3

metanephrine (MN) measured alone and in combination.

Upper referencelimits Sensitivities

Specificities

Deconjugated NMN
Free NMN
Deconjugated MN
Free MN

85% (169/198)
95% (188/198)
51% (100/198)
54% (107/198)

Deconjugated (NMN+MN)  92% (179/198)

Free (NMN+MN)

97% (193/198)

93% (493/528)
95% (503/528)
94% (496/528)
98% (516/528)
89% (472/528)
93% (493/528)
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