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switching over from oral uridine to Xuriden.  In a treatment naïve patient, 
hematological endpoint showed no evidence of worsening, if not improvement. All 
patients demonstrated evidence of systemic uridine delivery with the oral 
administration of the prodrug, and had urinary orotic acid levels that remained 
within or close to normal range.  Patients’ growth showed improvement during the 
42 days main study and during the extension phase.  Data suggests that uridine 
triacetate provides a reasonable means of oral uridine replacement therapy in 
patients with HOA.  

Safety:  At the doses administered, uridine triacetate appears to have been well 
tolerated in HOA patients.  No serious adverse events occurred during the trial. 
Please see the medical officer’s review for an in depth assessment of safety of 
uridine triacetate in HOA.

Drug-drug interaction potential: In vitro data suggests that uridine triacetate or 
uridine do not inhibit or induce major CYP450 enzymes (CYP1A2, CYP2A6, 
CYP2B6, CYP2C8, CYP2C9, CYP2C19, CYP2D6, CYP2E1, and CYP3A).  The 
potential for uridine triacetate to act as a p-gp inhibitor at the gut level cannot be 
ruled out.

Food-effect on PK: Food did not impact the pharmacokinetics of uridine from a 
slightly different uridine triacetate granule formulation. While food-effect PK data 
from the to-be-marketed formulation is not available, at present there is no plan to 
request a new study in this regard as drug has a wide safety margin and is titrated to 
effect.  In addition both formulations are primarily comprised of active ingredient
(> 90 %).  Thus Xuriden can be dosed .  
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2 Summary of CPB Findings

2.1 General Attributes of the Drug

What pertinent regulatory background or history contributes to the current assessment of 
the clinical pharmacology and biopharmaceutics of this drug? 

Uridine for oral replacement therapy in hereditary orotic aciduria is not FDA approved, 
but has been allowed under compassionate use INDs. Uridine was supplied by Repligen 
Corporation, which plans to not manufacture this drug anymore.

At the request of FDA, including the Office of Drug Evaluation III, Division of
Gastroenterology and Inborn Errors Products, Office of Orphan Products Development,
Office of Drug Shortages and the Office of Rare Diseases (22 March 2013 teleconference 
and 7 August 2013 pre-IND meeting), Wellstat developed uridine triacetate (company 
code PN401; 2’, 3’, 5’-tri-O-acetyluridine) as uridine replacement therapy in pediatric 
patients with hereditary orotic aciduria (HOA).

FDA granted Orphan Drug Designation for uridine triacetate in the treatment of 
hereditary orotic aciduria (#13-4010) on August 9, 2013 as well as designation of uridine 
triacetate as a Potential New Drug for a Rare Pediatric Disease (#13-4010V) for the 
treatment of hereditary orotic aciduria on August 9, 2013. On April 30, 2014 FDA 
granted Breakthrough Therapy Designation for uridine triacetate for uridine replacement 
in pediatric patients with hereditary orotic aciduria, thus resulting in a priority review.

2.1.1. What are the highlights of the chemistry and physical-chemical properties of the 
drug substance and the formulation of the drug product as they relate to clinical 
pharmacology and biopharmaceutics review? 

Chemically, uridine triacetate is 2’,3’,5’-tri-O-acetyluridine and has the empirical 
formula C15H18N2O9 and a molecular weight of 370.31 g/mole. The drug substance is a 
white to off-white solid.  It is slightly to sparingly soluble in water. The solubility of 
uridine triacetate is unaffected by changes in pH.

The structure of uridine triacetate is as shown:
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uridine triacetate was periodically increased in these patients over ~1.5 years to 100 
mg/kg tid (300 mg/kg/day). Serial plasma samples for up to 8 hours post-dosing were 
taken after the first daily dosage. 

Study PN401.07.002: This was an open-Label, randomized, single-Dose, 2-way 
crossover study to evaluate the effect of food on uridine pharmacokinetics and relative 
bioavailability in healthy volunteers. A single 6 g dose of uridine triacetate granule 
formulation (  % active) was administered under fasted or fed conditions.  For fed 
conditions, following overnight fasting, subjects received a standardized high fat/high 
calorie meal 30 minutes prior to dose.  Drug product was sprinkled on ½ cup of apple 
sauce and immediately administered to subject. This was followed by water.

Publications: Finally, a compilation of published case reports of historic uridine usage in 
HOA patients was submitted by the sponsor on April-10, 2015 which helped to 
understand the clinical features of HOA, doses of uridine historically used, hematologic, 
and pharmacodynamic endpoints, response to treatment, and their inter-relationship if 
available.

2.2.2 What is the basis for selecting the response endpoints (i.e., clinical or surrogate 
endpoints) or biomarkers (collectively called pharmacodynamics (PD)) and how are they 
measured in clinical pharmacology and clinical studies? 

The primary efficacy endpoints in the trial are hematologic in nature and individualized 
for each patient. Secondary endpoints are urinary orotic acid (PD) and plasma uridine 
concentrations (PK). For patients who were on oral uridine at study entry, stability of 
their principal hematological parameter of concern following the switch to oral uridine 
triacetate was considered the primary efficacy endpoint.  For the treatment naïve patient, 
improvement and stability of their principle hematological endpoint at day 28 and day 42 
relative to baseline was evaluated instead.  

The criteria for stability were as follows:

• If the baseline (Day 0) principal hematologic parameter was within the laboratory
reference range (LRR) and remained within the LRR at Days 28 and 42 of treatment with 
uridine triacetate, the response was considered stable.

• If the baseline principal hematologic parameter was outside the LRR and improved or
worsened no more than 15% to 30% when compared to Day 0 at Day 28 and Day 42, the 
response was considered stable.

The following principal hematological endpoints were identified for each patient in the 
pivotal HOA clinical trial:
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information for the most part while demonstrated stability of response after switching the 
source of uridine, doesn’t provide further information on time to clinical benefit. 

Patient , whose clinical feature of interest was low neutrophils (%) prior to 
treatment, however appears to demonstrate a greater improvement on uridine triacetate 
suggesting that this patient may have needed higher exposure of uridine than  was 
receiving from his current oral uridine dose of ~ 200 mg/kg/day at the time.  Neutrophils 
(%) in this patient, improved over baseline by 47 % during the 6 month extension period. 
In addition, this patient continued to gain height and weight with treatment.  While in 
other patients the hematological endpoints remained stable after switching to the pro-
drug, there was no worsening either.  No time to onset of clinical benefit or resolution can 
be obtained from this information, although  and  demonstrated 
increase in their height and weight during the 6 month extension phase when they 
received an increased dose of 120 mg/kg/day. Doubling of dose in these patients doubled 
their exposure (AUC) but provided no further hematological or PD benefit.

Information regarding clinical features of HOA disease, doses of uridine and time to
onset of clinical benefit with treatment etc., can be gleaned from 14 published case 
studies of oral uridine therapy in HOA. Overall, published data suggests that the use of 
oral therapy to deliver uridine to plasma of HOA patients restores their hematological 
endpoints into normal ranges, thus providing evidence of clinical benefit. Limited 
information available from these case studies also suggests long-term beneficial effects in 
terms of overall growth and development and potential for a normal life in patients who 
continue to take uridine into adulthood. High pre-treatment urinary orotic acid (UOA) 
levels were noted which were reduced at post-treatment. In addition, with a reduction in 
dose, worsening of hematological outcomes occurred and in parallel, an increase in the 
urinary orotic acid levels also was seen, supporting the use of UOA as a PD endpoint. 
While data available data is small, there appears to be rapid improvement in 
hematological endpoints within 1 to 4 weeks (Becroft and Phillips, 1965; Hagarrd and 
Lockhart, 1967; Rogers et al, 1968; Bensen et al, 1991; Tubergen et al, 1969; Fox et al, 
1969; Fox et al, 1973) and PD outcome within ~1 week upon initiation of uridine 
treatment:

Disease characteristics: 14 published cases had information on uridine dose, pre- and 
post-treatment urinary orotic acid excretion (PD), hematological and clinical (growth) 
endpoints.  Anemia (low hemoglobin; 13/14 cases) and leukopenia (low WBCs; 8/14 
cases) appear to be the usually noted hematological abnormalities. 
Urinary orotic acid (UOA) excretion was higher at pre-treatment (data from 9/14 
patients), with some also showing symptoms such as crystalluria, hematuria, ureter 
obstruction etc.  n = 5 patients did not have quantitative UOA information, but had 
reported symptoms such as crystalluria, and obstructive uropathy. 

Treatment: Oral uridine dose generally ranged from 75 to 300 mg/kg/day, with most 
patients receiving 150 mg/kg/d.
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Clinical findings: Anemia typically resolved within 1 to 4 weeks after treatment initiation 
(time to resolution was available in n = 6 cases; anemia was also noted as resolved in 5 
more patients, but time to resolution was unavailable).  Data in one patient suggested 
worsening of hemoglobin within 3 weeks after stopping uridine therapy and was 
accompanied by increased urinary orotic acid.  No post-treatment hemoglobin data was 
available in n = 3 patients. WBC count was restored to normal in n = 5 patients, although 
the time to normalization was not noted. In one case, resolution was descriptively noted 
as ‘rapid’. WBC count was ‘unresolved’ or ‘below normal’ in n = 3 patients. WBC count 
was unavailable at post-treatment in n = 6 patients.

PD findings:  Relative to pre-treatment, the urinary orotic acid levels were lower in n = 8 
patients after initiation of uridine therapy, but time to resolution was not noted in these 
cases.  In one patient, it was noted that urinary orotic acid levels ‘decreased within one 
week’ after restoring uridine dose to 150 mg/kg/d after a dose-reduction, suggesting a 
rapid effect of treatment on this PD endpoint (Becroft et al, 1969).  No post-treatment 
UOA excretion data were available in n = 6 patients. The units for urinary orotic acid 
excretion varied across publications, but mostly it was reported in mg/day (in 6/8 cases 
with reported UOA).  

Relationship between dose, PD and clinical endpoints:  Post-treatment UOA levels 
ranging 23 - < 300 mg/day were associated with positive response in terms of 
improvements in hematological outcomes (Hb, WBC).  In patients (n = 2), where 
multiple dose levels of uridine were attempted there appeared to be a dose-response trend 
with respect to urinary orotic acid excretion (decreasing UOA was noted with increasing 
dose; Becroft and Phillips, 1965, Becroft et al, 1969) and with respect to resolution of 
anemia/leukopenia (hemoglobin increase and leucocytes within normal range occurred
with increasing doses; Suchi et al, 1997; Yazaki et al, 1987). However, with the 
exception of one patient who demonstrated no reported hematological improvement with 
post-dose UOA levels at 740 mg/d, there is not enough UOA data in patients or at dose 
levels of uridine that failed to provide adequate therapeutic response.  Hence, quantitative 
correlation between PD endpoint and clinical outcomes was not possible with this limited 
information. 

Developmental outcomes: Increase in BW percentile was noted within 6- 8 months of 
oral uridine therapy (data from n = 3). In 2 patients, growth/developmental issues 
remained unresolved.  In n = 9 patients, specific growth information was unavailable.  
However, descriptions of positive treatment outcomes were noted in several patients at 
follow-up, years after treatment initiation. One patient was reportedly able to walk 
unaided (after initially unable to crawl or walk at diagnosis/Treatment initiation) after 9 
months of treatment with uridine.  One patient remained ‘seizure-free’ on uridine for 8 
years at last follow up.  One patient did not need frequent transfusions to combat anemia.

Safety and efficacy of chronic use:  N= 3 patients (one male, two females) were noted to 
have become parents to children without HOA and continue to be on uridine therapy in 
adulthood. Limited data also suggests that in pregnant HOA patients, substantial 
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increases to uridine dose occurred (up to ~ 24 g/day; titrated to avoid anemia) and was 
reportedly well tolerated. 

2.2.4.2 Does this drug prolong the QT or QTc interval? 

Sponsor submitted a QT study-waiver request, which was granted by the QT-IRT team 
(see review in DARRTs dated 12/17/2014).

2.2.4.3 Is the dose and dosing regimen selected by the sponsor consistent with the known 
relationship between dose-concentration-response, and are there any unresolved dosing 
or administration issues? 

The proposed dose and dosing regimen are acceptable. The starting dose of the pro-drug 
is approximately 1/3rd the typical (historic) dose of oral uridine (on mg/kg basis), owing 
to the higher bioavailability of uridine from the prodrug as previously established.  
Switching from oral uridine to uridine triacetate was able to deliver bioavailable uridine
as evidenced by PK data, maintain hematological and PD endpoints at the patient’s 
baseline (on oral uridine) levels in the patients of the pivotal HOA trial. The dosing 
regimen used in this trial for the acetylated pro-drug was once-daily and the drug will be 
labeled as such.  While oral uridine itself was given in multiple daily doses (primarily to 
handle the large doses required, as well as to reduce incidence of osmotic diarrhea), with 
the overall lower dose load for the pro-drug and low incidence of diarrhea, a once-daily 
dose appears to be adequate.  Although the plasma levels decline to baseline by 8 h after 
once-daily dosing due to short half-life of ~ 1.5 to 2 h, uridine that is taken up and 
trapped intracellularly is primarily responsible for restoring pyrimidine nucleotides and 
their derivatives, and alleviating disease symptoms. There are no unresolved dosing
issues from a Clinical Pharmacology perspective with the proposed starting dose, dose 
range, and frequency of uridine triacetate.

2.2.5 What are the PK characteristics of the drug and its major metabolite? 

Pharmacokinetics in HOA patients:  Uridine concentrations were measured in the four 
patients enrolled into the pivotal HOA trial 401.13.001, all of whom received 
approximately 60 mg/kg/day once daily doses during the main study (6 weeks).  Plasma 
uridine was assessed at baseline (day 0) in n = 3 patients who were receiving oral uridine
(150 or ~200 mg/kg/day) at study entry.  Plasma uridine following oral uridine triacetate 
was assessed in all four patients on day 1, and on day 28.  Additional PK data was 
obtained from  subjects who received dose escalation to 120 mg/kg/day during the 
extension phase.

Plasma uridine concentration (µM)-time profiles are shown for each of the 4 patients:
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Day 1 
(Xuriden)
Cmax (µM) 91 137 69 69

Tmax (h) 2 2 2 1

AUCall
(µM.h)

301 547 270 185

Thalf (h) 1.06 2.01 2.03 1.18

Day 28 
(Xuriden)
Cmax (µM) 119 126 33 77

Tmax (h) 1 1 2.5 1.5

AUCall
(µM.h)

344 480 169 175

Thalf (h) 1.11 1.99 4.65 1.59

Following oral administration of uridine triacetate at 60 mg/kg/day, two patients 
demonstrated higher plasma uridine exposure ( , compared to their 
baseline PK on oral uridine at ~ 200 mg/kg/day, while one patient  had lower 
exposure to uridine after uridine triacetate compared to their baseline levels on oral 
uridine. Inexplicably, the baseline AUC0-8 h on uridine therapy was highest in patient

 (at uridine dose of 150 mg/kg/day), compared to subjects in site  who were 
receiving a comparable mg/kg/day [200 mg/kg/day] total dose of uridine.  

In addition, despite receiving comparable or higher total daily doses, patients
 and  in study site  had lower systemic exposure of uridine, 

after the starting dose of ~60 mg/kg/day, compared to patients in site .  While this 
could be due to normal variability in a small population, other factors such as dosing and 
sampling errors were considered. Dosing was standardized by the use of digital weighing 
spoon in all patients. In the treatment-naïve patient , the uridine levels fell to 
baseline sooner, compared to patients who were on uridine therapy, thus resulting in 
overall lower AUC.  Sponsor attributes this to potentially uridine-starved cells taking up 
uridine more rapidly.  Protocol deviations with respect to PK sampling times were noted 
on day 28 for  subjects at site All PK samples from 1 to 8 h post-dose were 
delayed by 30 minutes. PK was calculated using the appropriate time points. The delayed 
sampling may explain some of the PK differences as the peak may have been 
underestimated on day 28 in patients and . 

The average relative bioavailability based on AUC0-8 was 3.6-fold on an 
equiweight (mg/kg) basis, and 5.5-fold on an equimolar basis.  The treatment-naïve 
patient demonstrated evidence of systemic delivery of uridine from Xuriden. 
Doubling of the dose during the extension phase in two patients , ) 
approximately doubled their AUC.  Accumulation of uridine was minimal following 
once-daily administration in individual patients.  

Mean plasma uridine PK parameters are provided below:
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Baseline (Day 0); 

n = 3

[150-200 mg/kg/d 

Uridine]

Day 1 

n = 4

[60 mg/kg/d 

Xuriden]

Day 28

n = 4

[60 mg/kg/d 

Xuriden]

Extension phase

n = 2

[120 mg/kg/d

Xuriden]

Cmax (µM) 56 (16.6) 91.55 (32.15) 88.68 (43.2) 95, 67

AUC0-8 

(uM.hr)

245 (161) 326 (155) 292 (149) 532, 398

Tmax (Range) 2.00 [1 – 4] 2.00 [1 – 2] 1.25 [1 – 2.5] 4.00, 2.00

T1/2 (h) 1.24 (0.1) 1.57 (0.5) 2.3 (1.6) 3.2, 12.5

Inspection findings:  Subsequent to FDA data audit, a Form FDA 483 (voluntary action 
indicated, VAI-no response requested) was issued for inadequate and/or inaccurate 
records for 2 instances, both pertaining to discrepancy in documenting the time of dosing 
for one of the PK days (day 28) as noted:  

For subject , there were two different documents that had two different times for 
dosing: 7:55 (dosing log) and 7:45 (parent’s own log). 
For subject , there were no source documents to support a case report form change 
from 8:30 to 8:43 made to the dosing time for the Day 28 dose. 

Reviewer recalculated the pharmacokinetic parameters with both dosing times, and did 
not find the PK parameters to be affected by the dosing time differences.  

Plasma uridine triacetate was not assayed in this trial.  Per sponsor, the parent drug is not 
expected in systemic circulation due to its rapid conversion to uridine by the ubiquitous 
esterases. Sponsor determined based on a feasibility study (one hour incubations of low 
and high concentrations of uridine triacetate in human plasma and whole blood) that an 
assay for uridine triacetate determination couldn’t be developed due to instability of the 
prodrug in the biological matrices (see bioanalytical section).  Although an assay may 
potentially be developed and validated (for e.g. esterase activity can be inhibited during 
the development phase e.g. by pre-treatment with sodium fluoride), absence of PK 
information for the pro-drug and/or documentation of its absence from the systemic 
circulation as claimed, are not considered deterrents for the review of this drug’s potential 
to provide clinical benefit in this rare, potentially life-threatening disease and its potential 
to address current drug shortages for oral uridine. Our colleagues in the oncology division 
have been alerted to the absence of uridine triacetate assay as a rolling NDA has been 
submitted to that Division. For any planned clinical trials, we recommend that the 
sponsor consider developing an assay to evaluate the systemic concentrations of the 
prodrug.
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PK from Mitochondrial disease patients (Study 401.09.001-PK): 

Average PK data suggest approximately dose related increases in Cmax and AUC, with 
the exception of the highest dose (100 mg/kg), which demonstrated greater than dose 
proportional increase in AUC.  Based on the average data presented, uridine triacetate at 
~ 1/3rd the dose of oral uridine, provided approximately 45 % higher AUC0-8, 72 % 
higher Cmax, and 82 % higher Ctrough values following t.i.d. dosing.  Excluding an outlier, 
the plasma uridine from UTA was higher by ~3.8 fold on an equiweight basis and ~ 5.8 
on an equimolar basis, compared to baseline uridine treatment.  This is comparable to the 
relative bioavailabilty information from the HOA patients.

2.2.5.1 What are the ADME characteristics of the drug? 

Absorption
Following oral administration, uridine triacetate is deacetylated by nonspecific esterases, 
yielding plasma uridine. The prodrug delivers 4- to 6-fold more uridine into the systemic 
circulation compared to equimolar doses of uridine itself. This is believed to be due to 

, and lower extent of inactivation of 
uridine to uracil when administered as a prodrug. Maximum concentrations of uridine in 
plasma following oral uridine triacetate are generally achieved within 2 to 3 hours, and 
the half-life ranges from approximately 2 to 2.5 hours.  

Distribution
Circulating uridine is taken up into various cells via specific nucleoside transporters, and 
also is capable of crossing the blood brain barrier.  

Metabolism
Uridine triacetate is deacetylated by nonspecific esterases present throughout the body, 
yielding uridine in the circulation. Uridine enters into intermediary metabolism pathways 
that are present and active in mammalian cells.  Uridine uptake into cells via nucleoside 
transporters is generally linked to its phosphorylation by uridine kinase, forming 
intracellular uridine monophosphate (UMP), which is further anabolized to uridine 
diphosphate and uridine triphosphate.  

Excretion
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A representative plot of PD and hematological endpoint changes overtime are shown for 
patient :
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concentrations would exceed than the 500 uM highest concentration of uridine triacetate 
used in these induction experiments, hepatocyte viability issues were noted at 5 mM 
concentrations in preliminary experiments, which prevented the sponsor from evaluating 
higher concentrations of uridine triacetate.  However, across the uridine triacetate 
concentrations evaluated in this study (5, 50 and 500 uM), there was no evidence/trend 
for enzyme induction despite a 100-fold range in concentrations evaluated. Thus enzyme 
induction appears unlikely at higher concentrations.

2.4.3 Is the drug a substrate and/or an inhibitor of P-glycoprotein transport processes? 

Uridine triacetate appears to be a weak substrate of P-gp.  The P-gp substrate potential of 
uridine couldn’t be assessed.  While uridine is not a p-gp inhibitor, uridine triacetate has a 
potential to be a P-gp inhibitor at concentrations anticipated locally in the gut. 

P-gp substrate potential:  The P-gp substrate assessment of uridine was not conducted in 
the Caco-2 monolayer system. No test drug could be recovered from the receiver 
chamber (and ~ 50 % reduction of test material was also noted in the donor chamber) 
during independent experiments for non-specific binding with uridine in cell-free 
collagen-coated transwell plates. No such issues were noted with the triacetate and hence 
bidirectional permeability assays were successfully conducted for the pro-drug.  Uridine 
triacetate, appears to be a weak P-gp substrate (efflux ratios in Caco-2 cell monolayers 
were 3.08 and 2.05 at 5 uM, and 50 uM concentrations, which were reduced in presence 
of known p-gp inhibitor valspodar).

P-gp inhibition potential: Uridine doesn’t appear to be a P-gp inhibitor.  Uridine triacetate 
appears to inhibit P-gp with an IC50 value of 344 uM (using digoxin as a probe 
substrate). Due to high uridine triacetate concentrations at the gut level following oral 
dosing, a potential inhibitory effect on p-gp substrate drugs cannot be ruled out.  

2.5 General Biopharmaceutics

2.5.1 What is the effect of food on the bioavailability (BA) of the drug from the dosage 
form? What dosing recommendation should be made, if any, regarding administration of 
the product in relation to meals or meal types?

An open-label, randomized, single dose, two way crossover, food-effect PK study (with 7 

days washout) was conducted in 20 healthy males and females.  The study was conducted 

using an older granule formulation [containing  % active ingredient (uridine triacetate) 

vs. 95 % active ingredient in the pivotal HOA trial/ proposed commercial formulation].
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Sensitivity:  Lower limit of quantitation LLOQ (lowest calibration standard that meets 
acceptance criteria) was 2.5 ug/mL (10.2 µM) for uridine, and 0.25 µg/mL for uracil.  
The % RSD and % RE were < 5% at this LLOQ.

Specificity/Selectivity:  The ability of method to differentiate analytes of interest from 
potentially interfering compounds was established.  

Calibration standards:  Based on %RSD and %RE of the back calculated concentrations 
for uridine and uracil, the reproducibility of the calibration data was deemed acceptable:

Accuracy (%RE or Bias) and Precision (%RSD or %CV):  Precision and accuracy of the 
uridine and uracil assay were deemed acceptable as seen in the table:

Stability:  Uracil, uridine and internal standard in stock solutions were considered stable 
for up to 14 days of refrigerated storage.  Uracil, uridine and the internal standard in stock 
solutions were considered to be stable for 7.5 hours of room temperature storage.
Uracil and uridine in processed human plasma samples are stable for up to 15 days of 
refrigerated storage. Uracil and uridine in fortified frozen human plasma were considered 
to be stable for approximately 4 hours of room temperature storage after being frozen at 
either -20°C or -70°C. Uridine and uracil (with the exception of second F/T cycle) are 
stable for at least 3 freeze/thaw cycles when frozen at -20oC and -70oC.

Long term stability:  Human plasma samples were fortified at 0.300 μg uracil/mL and 
3.00 μg uridine/mL and 15.0 μg uracil/mL and 150 μg uridine/mL. The samples were 
stored frozen at approximately -70°C or -20°C for 10, 29 and 101 days, processed, and 
analyzed. Triplicate samples at each concentration level were analyzed at each time point. 
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