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Urinary phenylacetylglutamine (U-PAGN) concentrations in spot urine samples were analyzed as a dosing
biomarker during glycerol phenylbutyrate (GPB) dosing in 68 healthy adults and 66 adult and pediatric patients
with urea cycle disorders who participated in GPB clinical trials. Age- and body surface area (BSA)-specific 25th
percentile cutoff points for spot U-PAGN concentrations (b~9000 μg/mL for b2 years old patients, b7000 μg/mL
for N2 years with BSA ≤1.3 m2, and b~5000 μg/mL for N2 years of age with BSA N1.3 m2) were determined as
an approach to identify patients for whom increased dosing and/or adherence to prescribed dosing should be
assessed.

© 2015 The Authors. Published by Elsevier Inc. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Urea cycle disorders (UCDs) are manifested by the accumulation of
toxic levels of ammonia in the blood and brain [1–3]. Patients whose
symptoms are not adequately controlled with diet alone are generally
treatedwith phenylacetic acid pro-drugs such as glycerol phenylbutyrate
(GPB) and sodium phenylbutyrate, which lower ammonia by enhancing
excretion of waste nitrogen in the form of urinary phenylacetylglutamine
(PAGN) [4,5].

Recent studies indicate that blood ammonia and phenylbutyrate
metabolite levels, including the plasma phenylacetate (PAA):PAGN
ratio and the total daily urinary PAGN (U-PAGN) output, are useful bio-
markers of GPB dosing [6,7]. However, measurement of daily U-PAGN
output involves timed urine collections [7] which are cumbersome in
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adults and generally not feasible in children on an outpatient basis. In
contrast, measurement of U-PAGN concentration can be readily per-
formed on spot urine samples in patients of all ages.

The objective of this studywas to evaluate theutility ofmorning spot
U-PAGN concentrations as a marker of GPB dosing across all age groups
of UCD patients.

2. Methods

A total of 500 spot urine samples, including 259 of which from the
first morning void (fasting), were collected from 68 healthy adults and
66 UCD patients (44 adult and 22 pediatric patients b6 years of age).
Samples were collected during dosing with GPB (RAVICTI®, Horizon
Pharma) in one of three clinical studies: a blinded crossover thorough
QTc study in healthy adults; a randomized, double-blind, active-
controlled, crossover study in adult UCD patients [8] and a short-term,
open-label, switchover study in UCD patients b6 years of age [9]
(ClinicalTrials.gov NCT01135680, NCT00992459, and NCT01347073).
the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

http://crossmark.crossref.org/dialog/?doi=10.1016/j.ymgmr.2015.09.003&domain=pdf
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://dx.doi.org/10.1016/j.ymgmr.2015.09.003
MMokhtarani@horizonpharma.com
http://dx.doi.org/10.1016/j.ymgmr.2015.09.003
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://www.sciencedirect.com/science/journal/22144269


13M. Mokhtarani et al. / Molecular Genetics and Metabolism Reports 5 (2015) 12–14
The protocol and informed consent for each study were reviewed and
approved by the Investigational Review Board of each participating insti-
tution and informed consent was obtained from all subjects prior to the
initiation of any study procedures.

Healthy adults received daily GPB (1 mL = 1.1 g PBA) doses of 12
and 18 mL/day in the thorough QTc study (mean of 8.16 mL/m2/day),
whereas adult UCD subjects received a mean total daily dose of 12.1
mL/day (range = 0.57–13.95 mL/m2/day) and pediatric UCD subjects
received a mean daily dose of 5.1 mL/day (range = 0.92–12.63 mL/
m2/day). Mean daily GPB doses were higher for subjects with a body
surface area BSA N1.3 m2 (14.4 mL/day) than for those with a BSA
≤1.3 m2 (5.1 mL/day), but mean GPB doses adjusted for BSA were sim-
ilar for these two groups (7.86 and 7.17 mL/m2/day, respectively).

Regression analyses were performed and Spearman rank-order
correlations computed based on all 500 urine samples to define the
relationship between overall dosing and U-PAGN concentration. To
further examine the relationship between dose, age, and BSA so as to de-
termine clinically useful cut off points to identify patients whomay ben-
efit from increased dosing and/or assessment of compliance, analyses
were restricted to spot urine samples at the 24-h time points (i.e. equiv-
alent to a first morning void after an overnight fast) obtained from pa-
tients N2 years of age (n = 259) but including all samples for patients
b2 years of age (n = 57). The rationale is that the youngest patients
were on frequent feeding schedules and morning spot samples cannot
be reliably categorized as fasting or distinguished from other daily
urine samples as is the case for older patients who feed less frequently.
U-PAGN concentrationsweremeasured by a validated liquid chromatog-
raphy tandemmass spectrometry method as previously described [7].

3. Results

Regression analyses demonstrated a positive correlation between
spot U-PAGN concentration and BSA-corrected total daily GBP dose
and (r = 0.13, p = 0.0036) and negative correlations between spot
U-PAGN and the total daily GBP dose (mL/day) (N = 500, r = −0.155,
p = 0.0005) as well as with BSA (r =−0.347, p b 0.0001).

To define possible clinically useful cut offs, further analyses were
carried out on morning (fasting) urine samples (259 of 500 samples)
from healthy adults and UCD patients and over 2 years of age and
from all samples in UCD patients b2 years of age. The mean, median
and percentile values were calculated and the lower 25th percentile
values determined for each category (Table 1). Mean (median) U-PAGN
Table 1
Dose, no. of samples and spot U-PAGN concentrations by BSA and age.

BSA N 1.3 m2 BSA ≤ 1.3 m2 2–5 years b2 years

Dosing and number
of urine samples

Mean total dose (mL/day)
14.38 5.09 5.8 3.2
Daily dose (mL/m2/day)
7.86 7.17 7.80 6.5
Number of samples (all time points)
290 210 229 57
Number of morning samples (24-h time point)
172 108 85 21
U-PAGN concentration (μg/mL)
N2 yearsa b2 yearsb

BSA N 1.3 m2 BSA ≤ 1.3 m2

N 172 87 57
Mean 8959 15,488 17,358
Median 7574 15,147 17,288
Minimum 642 119 348
10th percentile 3538 1369 3200
25th percentile 5038 6398 8996
75th percentile 11,276 23,779 25,019
90th percentile 15,994 30,629 28,295
Maximum 60,960 43,372 44,298

a Only samples taken in morning (fasting) were included.
b All available samples for subjects under 2 years were used.
concentrations in samples obtained from subjects N2 years and with
BSA ≤1.3 m2 (N = 87) and those with BSA N1.3 m2 (N = 172) were
15,488 (15,147) and 8959 (7574) μg/mL, respectively, and were highest
in subjects b2 years old (N= 57) at 17,358 (17,288) μg/mL.

4. Discussion

The principal objective of these analyses was to determine whether
the relationship between U-PAGN concentration and GPB dose is suffi-
ciently consistent as to allow U-PAGN concentration to serve as a useful
dosing biomarker. They build on a previous report [7] demonstrating
the utility of 24-h urinary PAGN output as a marker of drug mediated
waste nitrogen excretion and extend this work in two respects. First,
rather than dealing with 24 h U-PAGN output, the current analyses fo-
cused on urinary PAGN concentration taken from a single urine sample,
which is more convenient to use in clinical practice. Second, whereas
the prior report was restricted to UCD patients ages ≥6 years, the cur-
rent analyses include UCD patients down to 2 months of age as well
healthy adults. While urinary creatinine concentrations were not avail-
able for all samples and therefore U-PAGN concentrations were not
normalized by the concomitant creatinine concentration to correct for
hydration status, the vast majority of samples were taken in the morn-
ing when urine is maximally concentrated. Moreover, prior studies in
adult UCD patients [8] showed no difference in the correlation between
dose and either spot U-PAGN concentration or the ratio of the concen-
trations of U-PAGN to creatinine in a spot urine.

The finding that U-PAGN concentration varies inversely with BSA
and/or age likely reflects the fact that pediatric UCD patients, who
tend to be more severely affected and often receive proportionately
more drug than adults, also exhibit slower PAA to PAGN conversion
[10] and, therefore, more continuous PAGN output. In this regard, the
results of the present analyses are also consistent with the findings
previously reported by Monteleone et al. [10]. Based on population PK
analyses and dosing simulations reported by Monteleone, there is a
direct relationship between the PAA to PAGN conversion rate and BSA,
an inverse relationship between BSA and plasma PAA levels, and that
a BSA of ≤1.3 m2, which includes children less than 2 years of age
with the highest U-PAGN concentrations and corresponds closely to
the division between children (b11 years) and teenagers/adults (≥12
years), was a better differentiator of systemic PAA exposure than the
categories of ‘adult vs. ‘pediatric’.

Finally, these analyses suggest that spot U-PAGN concentrations fall-
ing into the lower end of the expected range may be useful in identify-
ing patients who may be receiving insufficient drug. While various
cutoff points could be used, a U-PAGN concentration falling into the bot-
tom 25th percentile for age and BSA (b~9000 μg/mL for b2 years old,
b~7000 μg/mL for N2 years with BSA ≤1.3 m2, and b~5000 μg/mL for
N2 years of age with BSA N1.3 m2) represents a clinically conservative
and reasonable cutoff. In this context, a U-PAGN concentration in the
bottom 25th percentile accompanied by elevated ammonia may repre-
sent a useful clue to the treating physician in identifying patients who
may benefit from an increase in dose, who are not compliant with the
prescribed dosing and/or, particularly in the case of small children and
infants, whose parents or caregivers are not effectively delivering the
drug.
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