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BACKGROUND: Increased susceptibility to 5-fluorouracil (5-FU)/capecitabine can lead to rapidly occurring toxicity caused by im-

paired clearance, dihydropyrimidine dehydrogenase deficiency, and other genetic variations in the enzymes that metabolize 5-FU.

Life-threatening 5-FU overdoses occur because of infusion pump errors, dosage miscalculations, and accidental or suicidal ingestion

of capecitabine. Uridine triacetate (Vistogard) was approved in 2015 for adult and pediatric patients who exhibit early-onset severe

or life-threatening 5-FU/capecitabine toxicities or present with an overdose. Uridine triacetate delivers high concentrations of uridine,

which competes with toxic 5-FU metabolites. METHODS: In 2 open-label clinical studies, patients who presented with a 5-FU/capeci-

tabine overdose or an early onset of severe toxicities were treated. Patients received uridine triacetate as soon as possible (most

within the first 96 hours after 5-FU/capecitabine). Outcomes included survival, resumption of chemotherapy, and safety. Their survival

was compared with the survival of a historical cohort of overdose patients who received only supportive care. RESULTS: A total of

137 of 142 overdose patients (96%) treated with uridine triacetate survived and had a rapid reversal of severe acute cardiotoxicity

and neurotoxicity; in addition, mucositis and leukopenia were prevented, or the patients recovered from them. In the historical cohort,

21 of 25 patients (84%) died. Among the 141 uridine triacetate–treated overdose patients with a diagnosis of cancer (the noncancer

patients included 6 intentional or accidental pediatric overdoses), 53 resumed chemotherapy in<30 days (median time after 5-FU,

19.6 days), and this indicated a rapid recovery from toxicity. Adverse reactions in patients receiving uridine triacetate included vomit-

ing (8.1%), nausea (4.6%), and diarrhea (3.5%). CONCLUSIONS: In these studies, uridine triacetate was a safe and effective lifesaving

antidote for capecitabine and 5-FU overexposure, and it facilitated the rapid resumption of chemotherapy. Cancer 2017;123:345-56. VC
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INTRODUCTION
In 2007, the Institute for Safe Medication Practices (ISMP) released an alert that described a fatal 5-fluorouracil (5-FU) over-
dose, an error caused by a misprogrammed chemotherapy pump that resulted in an avoidable death. In this instance, a 43-
year-old patient received a 5250-mg dose of 5-FU over 4 hours instead of the intended 4 days and died 22 days later from
toxicity1 even after aggressive supportive care. Accidental overdoses with 5-FU continue to be a significant problem.2-5

Capecitabine is an orally bioavailable prodrug that is converted by 3 sequential enzymatic steps to yield 5-FU.6 The
most common toxicities caused by both agents are consequences of cytotoxic damage to rapidly dividing cells, and they in-
clude mucositis, diarrhea, and cytopenias. Cutaneous toxicities such as hand-foot syndrome are more common with cape-
citabine than 5-FU. Toxicities are generally cumulative over repeated treatment cycles. Capecitabine overdoses have
occurred in suicide attempts and in young children accidentally ingesting a relative’s tablets. Genetic enzyme variants,
resulting in either enhanced conversion of capecitabine to 5-FU or increased sensitivity to 5-FU toxicity, can result in life-
threatening and fatal toxicities from planned dosages of capecitabine or 5-FU.6-11

Corresponding author: Wen Wee Ma, MD, Mayo Clinic, 200 First Street Southwest, Rochester, MN 55905; ma.wen@mayo.edu

1Department of Oncology, Mayo Clinic, Rochester, Minnesota; 2GI Oncology Program, Tufts University School of Medicine, Boston, Massachusetts; 3Department of

Hematology and Oncology, Winship Cancer Institute, Emory University, Atlanta, Georgia; 4Department of Medical Oncology, City of Hope Medical Center, Duarte,

California; 5Medical Oncology and Hematology, Florida Cancer Affiliates, Ocala, Florida; 6Department of Medical Oncology, Thomas Jefferson University, Philadel-

phia, Pennsylvania; 7BTG International, Inc, West Conshohocken, Pennsylvania; 8Wellstat Therapeutics Corporation, Gaithersburg, Maryland.

Portions of these data were presented at the American Society of Clinical Oncology Gastrointestinal Cancers Symposium; January 21-23, 2016; San Francisco, CA.

We acknowledge Julie Searle Vanas, BS, for her assistance with the clinical trial and data.

DOI: 10.1002/cncr.30321, Received: June 29, 2016; Revised: August 3, 2016; Accepted: August 8, 2016, Published online September 13, 2016 in Wiley Online

Library (wileyonlinelibrary.com)

Cancer January 15, 2017 345

Original Article

http://creativecommons.org/licenses/by-nc/4.0/


The natural history of early-onset severe toxicity
from 5-FU and capecitabine is well documented.6,12-21

Patients with an exaggerated sensitivity to 5-FU or capeci-
tabine may quickly develop severe, life-threatening toxic-
ities during or after administration, which can manifest as

severe forms of common toxicities such as mucositis and
cytopenias but can also include central neurotoxicity and
acute cardiomyopathy. Early-onset severe toxicities can
occur during or after a patient’s first course of capecita-
bine or 5-FU treatment, and the virulence can rival or ex-
ceed cases of massive overdose. These early-onset patients
are more susceptible to toxicities due to the pharmacoge-
netics of 5-FU metabolism, including variations in
dihydropyrimidine dehydrogenase (DPD),17,22-24 thymi-
dylate synthase (TYMS),23,25 and orotate phosphoribosyl-
transferase (OPRT),6,17,23 or due to renal impairment or
other less well-defined causes.6

It has been demonstrated clinically and in animals
that uridine, through a simple mechanism of action, pre-
vents or reduces 5-FU–related mortality and toxicity to
the gastrointestinal tract and hematopoietic system.26-32

Exogenous uridine, when it is administered after 5-FU,
competes with the toxic 5-FU metabolite fluorouridine
triphosphate (FUTP) for incorporation into RNA in nor-
mal tissues (Fig. 1).26,29-33 Preclinical and clinical studies
have shown that a sustained uridine concentration of
70 lmol/L provides protection of normal tissues from the
toxic effects of FUTP.26-35 However, the oral administra-
tion of adequate doses of uridine is not clinically feasible
because of poor bioavailability, and parenteral infusion
presents safety issues, including phlebitis and fever.27,30-35

Uridine triacetate (Vistogard; Wellstat Therapeutics
Corporation, Gaithersburg, MD) is an oral pyrimidine an-
alogue of uridine. Uridine triacetate is lipophilic, is quickly
absorbed in the gut, and is rapidly deacetylated in the cir-
culation to yield free uridine.34,37-41 It provides 4- to 6-
fold more bioavailable uridine than equimolar doses of uri-
dine itself.34,37-41 The administration of uridine triacetate
to mice, in models of either lethal 5-FU overdosing or
clearance defects, significantly improved survival, especially
when it was administered within the first 24 hours after 5-
FU. Later administration provided a diminishing but still
significant benefit.37,41 The effectiveness of uridine triace-
tate as an antidote to 5-FU has been studied previously37-

41 in animals37,40 and in clinical trials of intentional 5-FU
dose escalation.41 This report presents the final overall safe-
ty and efficacy of uridine triacetate in 2 compassionate-use,
open-label clinical studies conducted in the United States
and outside the United States, including Europe, Canada,
and Australia, by Wellstat Therapeutics Corporation in
adult and pediatric patients overdosed with 5-FU or cape-
citabine or presenting with an early onset of severe toxici-
ty.38,39 The primary efficacy endpoint was patient survival
30 days after a 5-FU/capecitabine overdose or after the ap-
pearance of early-onset severe toxicity following the

Figure 1. 5-FU (see structure) is converted into 3 main active
metabolites: FdUMP, FdUTP, and FUTP. The main mechanism of
5-FU activation is conversion to FUMP; this occurs either directly
by OPRTwith PRPP as the cofactor or indirectly via FUR through
the sequential action of UP and UK. FUMP is then phosphorylat-
ed to FUDP, which can be either further phosphorylated to the
active metabolite FUTP or converted to FdUDP by RR. In turn,
FdUDP can be either phosphorylated or dephosphorylated to
generate the active metabolites FdUTP and FdUMP, respective-
ly. An alternative activation pathway involves the TP-catalyzed
conversion of 5-FU to FUDR, which is then phosphorylated by
TK to FdUMP. The DPD-mediated conversion of 5-FU to DHFU is
the rate-limiting step of 5-FU catabolism in normal and tumor
cells. Up to 80% of administered 5-FU is broken down by DPD in
the liver.56 Abbreviations: DHFU, dihydrofluorouracil; DPD, dihy-
dropyrimidine dehydrogenase; FdUDP, fluorodeoxyuridine di-
phosphate; FdUMP, fluorodeoxyuridine monophosphate; FdUTP,
fluorodeoxyuridine triphosphate; 5-FU, 5-fluorouracil; FUDP, flu-
orouridine diphosphate; FUDR, fluorodeoxyuridine; FUMP, fluo-
rouridine monophosphate; FUR, fluorouridine; FUTP,
fluorouridine triphosphate; OPRT, orotate phosphoribosyltrans-
ferase; PRPP, phosphoribosyl pyrophosphate; RR, ribonucleotide
reductase; TK, thymidine kinase; TP, thymidine phosphorylase;
TS, thymidylate synthase; UK, uridine kinase; UP, uridine phos-
phorylase. Longley et al.33 Used with permission.
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administration of a planned dose of 5-FU or capecitabine.
The standard treatment for a 5-FU overdose before uridine
triacetate was supportive care, including antiemetics, intra-
venous fluids, antibiotics, intensive care, and medications
to treat myelosuppression. Therefore, in this report, the
overall efficacy of treatment with uridine triacetate is com-
pared with a historical cohort of cases in which docu-
mented overdose patients received best supportive care.
The resumption of chemotherapy treatment within the 30-
day posttreatment period was also examined. Vistogard
was approved by the Food and Drug Administration
(FDA) in December 2015.42

MATERIALS AND METHODS
In both clinical trials, uridine triacetate was provided to
patients because of a 5-FU or capecitabine overdose and/
or a rapid early onset of serious toxicity within the first 96
hours after the administration of planned doses of 5-FU
or capecitabine. Because there were no existing antidotal
treatments for 5-FU toxicity and the use of a placebo
would have been unethical, a historical control cohort of
patients who overdosed on 5-FU and received only best
supportive care was sourced from all available literature
and used as a comparator.

Key inclusion criteria included consenting patients
who were determined to be at excess risk for 5-FU toxicity
due to a frank overdose (the administration of 5-FU at a
dose or infusion rate greater than the intended dose or
maximum tolerated dose for the patient’s intended regi-
men) or who demonstrated a rapid onset of severe toxicity
or were known or suspected to have increased susceptibili-
ty to 5-FU (eg, a patient known to be DPD-deficient).
Early-onset severe toxicities manifested during or within
the 96 hours after the administration of 5-FU or during a
standard 14-day course of capecitabine (days 3-9) and in-
cluded severe cytotoxic mucosal and/or hematologic tox-
icities as well as acute encephalopathy and/or
cardiomyopathy. Most early-onset toxicities in this study
occurred after a patient’s first exposure to 5-FU or capeci-
tabine, and this indicated an unusual susceptibility to the
toxicity of these chemotherapy drugs.

Patients began emergency treatment with uridine
triacetate (10 g orally every 6 hours for a total of 20 doses)
as soon as possible after 5-FU or capecitabine and the rec-
ognition of the need for antidotal treatment. The regimen
was based on previous pharmacokinetic and clinical stud-
ies of uridine triacetate; data from these studies established
that the proposed adult dose (fixed at 10 g) and pediatric
dose (6.2 g/m2 of body surface area up to a maximum of
10 g) given every 6 hours for a total of 20 doses for 5 days

would provide steady-state plasma uridine concentrations
of at least 70 lM, the threshold for protecting normal tis-
sues from the toxic effects of 5-FU.29-32 This concentra-
tion was maintained for 5 days to ensure the clearance of
5-FU metabolites from tissues and thus the optimum in-
hibition of the course of 5-FU toxicities.25-29,38-41

Collected data included overdose details (dose,
cause, infusion start and stop times, and symptoms associ-
ated with the overdose), the early onset of toxicities after
5-FU (or capecitabine), or known or suspected impaired
clearance and outcomes. Each patient’s course and out-
come, including survival, were assessed for 30 days after
the initial event. Investigators supplied deidentified medi-
cal records, dosing logs, and toxicity and adverse event
data to the sponsor, and independent study coordinators
completed all case report forms with the investigator-
supplied documentation.

The overall primary endpoint was survival or the re-
sumption of chemotherapy during the 30-day monitoring
period; all patients who resumed chemotherapy also sur-
vived beyond the 30-day monitoring period. The primary
safety endpoint was the monitoring of adverse events with
Common Terminology Criteria for Adverse Events (ver-
sion 4.03) within the same 30-day period. Adverse events
known to be associated with 5-FU, other chemotherapeu-
tic agents administered together with 5-FU, other anti-
cancer treatments received, and the patient’s underlying
diagnosis and medical history were documented.

All patients (or their legal representatives) provided
informed consent before the initiation of any study-
related procedure. Uridine triacetate was provided by
Wellstat Therapeutics Corporation after a review of eligi-
bility upon a physician’s request for the antidote under
emergency single-patient investigational new drug regula-
tions (or the equivalent outside the United States) or to
those meeting eligibility criteria for the expanded access
protocol. Both protocols were approved by a central insti-
tutional review board, and any use of uridine triacetate
was subject to institutional review board (or ethics com-
mittee) notification at the site. This study was approved
and conducted in compliance with good clinical practice
and is registered at ClinicalTrials.gov (NCT01432301).

No comparative analyses or inferential statistics were
performed.

Historical Case Cohort

In lieu of an active or placebo control, to permit a compar-
ison of active treatment with uridine triacetate and best
supportive care, case records of patients who experienced
5-FU overdoses were obtained from a review of the
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available literature, published medicolegal cases, the
FDA’s Manufacturers and User Facility Device Experi-
ence database (MAUDE), the FDA’s Adverse Event Data-
bases (FDAble), the FDA’s Medical Product Safety
Network (MedSun), and reports from the ISMP. This
search yielded 47 cases. Key data points sought from this
review included the total 5-FU dose administered, the
time and rate of administration, and the patient out-
comes; 25 of the 47 cases included all 3 data elements.

Acute 5-FU toxicity is proportional to the plasma 5-
FU exposure, which is a function of both the dose and the
infusion rate. To provide a graphical method of compari-
son of the current uridine triacetate–treated cases (this
study) and the historical cohort (best supportive care) and
to allow the comparison of levels of toxicity of disparate 5-
FU doses/infusion rates in the historical cohort, a severity
score was calculated for each uridine triacetate study case
and for the 25 cases of 5-FU overdose from the historical
cohort as follows:

Square root of ([Log10 Dose]2 1 [Log10 Infusion
Rate]2

The units were total milligrams delivered (combined
bolus and infusion) for the dose and milligrams per hour
for the infusion rate. Severity scores were assigned to the
historical cohort cases on the basis of the overdose dose
and/or rate and were correlated with the outcomes of cases
in the historical cohort. The same severity score calcula-
tion was then used for each of the cases in the study cohort
to provide a method for comparing the historical cohort
and the study cases. Historical cases with severity scores of
4.0 to 4.5 had high probabilities of severe, life-threatening
toxicities; severity scores> 4.5 indicated a high probabili-
ty of death. Severity scores for maximum tolerated dosages
of 5-FU in a variety of standard regimens are below 4.0
and, in the graphical representation, delineate the bound-
ary of the expected tolerated zone.

RESULTS

Patients

Details of the disposition of the patients are shown in Fig-
ure 2. For all 173 uridine triacetate–treated patients, the

Figure 2. Disposition of the patients. aThree of the 5 deaths in this group were attributed to progression of the underlying cancer;
1 death was attributed to septic shock associated with acute ischemic enteritis and ileus, gram-negative bacteremia, and respira-
tory failure; and 1 death was due to apparent tumor lysis syndrome. bIn all these patients, uridine triacetate was started more
than 96 hours after 5-fluorouracil or capecitabine was stopped. These deaths were attributed to sequelae of 5-fluorouracil toxic-
ities: acute respiratory distress syndrome (n 5 1), multisystem organ failure secondary to sepsis (n 5 1), and septic shock (n 5 3).
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median number of doses taken per subject was 20 of 20
(range, 1-23). Overall, more patients were male, and the
mean patient age was 58.1 years. Overall demographics,
including causes of overdoses, are listed in Table 1. The
most common causes of overdoses were infusion pump
programming errors and dose miscalculations. There were
a total of 6 pediatric cases, including 1 patient with auto-
immune disease who received 5-FU instead of cyclophos-
phamide, 3 patients aged 1 to 2 years who accidentally
ingested a family member’s capecitabine, and 2 pediatric
cancer patients who received a 5-FU overdose. There were
a total of 6 adult capecitabine suicide attempts with doses
ranging from 7000 to 28,000 mg ingested at once. All pe-
diatric and intentional-overdose patients were treated
with uridine triacetate. Fourteen patients were treated
with uridine triacetate via a nasogastric or gastrostomy
tube (1 via an orogastric tube) because they had severe
mucositis, were unable to swallow, and/or were comatose
or intubated.

A tabulation of case characteristics for the historical
case cohort is provided in Table 2.

Outcomes: Early-Onset Patients

Treatment was initiated within 96 hours for 18 of the 26
patients with early-onset severe toxicity (the early-onset
group). Notably, all surviving early-onset patients started
uridine triacetate within the protocol-specified 96 hours
after the termination of 5-FU or capecitabine (Fig. 2).

Three of the 8 early-onset patients (38%) who initi-
ated uridine triacetate beyond 96 hours survived. The
5 deaths occurred in early-onset patients who started
uridine triacetate beyond 96 hours. These deaths were
attributed to sequelae of 5-FU toxicities: acute respiratory
distress syndrome (n 5 1), multisystem organ failure sec-
ondary to sepsis (n 5 1), and septic shock (n 5 3).

Outcomes: Overdose Patients

All overdose patients (n 5 147) received 1.9 to 576 times
the planned infusion rate of 5-FU or doses up to 10 times
higher than intended. Of the 147 patients who received
uridine triacetate, 5 were lost to follow-up, leaving 142
evaluable patients in the 30 day survival evaluation. A to-
tal of 137 of these patients (96%) survived; in compari-
son, only 4 of the 25 historical (supportive-care) controls
(16%) survived. To aid in comparing the study patients
with the historical control patients, a nomogram showing
survival as a function of overdose severity is shown in Fig-
ure 3. Survival data for the study patients treated with uri-
dine triacetate were plotted as a function of severity scores
and are shown in Figure 4.

Resumption of chemotherapy

Of the 147 patients who received uridine triacetate, 6
were accidental or intentional overdoses. Fifty-three of the
141 evaluable overdose patients (38%) treated with uri-
dine triacetate resumed chemotherapy within the 30-day
observation period; the majority of these patients resumed

TABLE 1. Baseline Characteristics of Patients Treated With Uridine Triacetate

Characteristic Overdose (n 5 147) Early Onset (n 5 26) Overall (n 5 173)

Age, mean (SD), y 58.1 (15.10) 56.1 (16.07) 58.1 (15.14)

Female sex, No. (%) 60 (40.8) 15 (57.7) 75 (43.4)

Cancer diagnosis, No. (%)

Pancreatic 9 (6.1) 0 9 (5.2)

Colorectal 80 (54.4) 11 (42.3) 91 (52.6)

Head and neck 22 (15.0) 6 (23.1) 28 (16.2)

Breast 3 (2.0) 2 (7.7) 5 (2.9)

Gastric 11 (7.5) 1 (3.8) 12 (6.9)

Unknown 0 0 0

Not applicablea 6 (4.1) 0 6 (3.5)

Other 16 (10.9) 6 (23.1) 22 (12.7)

Cause of overdose, No. (%)

Pump programming error 56 (38.1) NA —

Pump malfunction 35 (23.8) NA —

Dose miscalculation 12 (8.2) NA —

Wrong pump/filter used 13 (8.8) NA —

Suicidal ingestion of capecitabine 6 (4.1) NA —

Accidental ingestion of capecitabine (pediatric) 3 (2.0) NA —

Unknown/other 22 (15.0) NA —

Abbreviation: NA, not applicable; SD, standard deviation.
a Patients with an accidental or intentional (suicidal) overdose.
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treatment in less than 3 weeks (mean time to resumption
of chemotherapy, 19.6 days). All of these patients also sur-
vived beyond the 30-day monitoring period.

Safety

The adverse reactions reported at a frequency� 2% were
vomiting (n 5 14 or 8.1%), nausea (n 5 8 or 4.6%) and
diarrhea (n 5 6 or 3.5%). One head and neck cancer pa-
tient with a history of serious nausea and vomiting experi-
enced grade 3 nausea and vomiting while receiving
uridine triacetate. These events are also consistent with
those observed generally in cancer patients receiving
chemotherapy.

DISCUSSION
Overdoses due to a variety of clinical mishaps, most often
the excessively rapid administration of 5-FU, can lead to
excessive 5-FU exposures.3 The frequency of overdoses is
unknown, but with at least 275,000 patients in the United
States receiving multiple cycles of 5-FU annually (most
adjusted for a patient’s body surface area), a substantial
number of unreported overdoses probably occur.44

Severe toxicity generally develops faster in predis-
posed patients than patients who receive overdoses.7,8,22-24

The best elucidated predisposing genetic factor is a DPD
deficiency (3%-5% of 5-FU patients).9,10 The National
Institutes of Health has estimated the number of deaths
due to a DPD deficiency to be approximately 1300
patients per year (0.5% of 5-FU patients).2,44 Approxi-
mately 80% of a standard dose of 5-FU is degraded by
DPD, with toxic overexposure occurring if DPD activity is
depressed. An overdose alone can saturate the capacity of
DPD to degrade 5-FU. Mutations in OPRT can increase
5-FU anabolism to form toxic intracellular 5-fluorouridine
nucleotides and are associated with an allele (Gly213Ala)
that has an incidence of 16% to 17% in the United
States,9 with homozygotes (2.5% of the US population) at
high risk for a rapid onset of serious toxicities.9 Particular
polymorphisms in the genes encoding TYMS and methy-
lene tetrahydrofolate reductase are also associated with in-
creased 5-FU toxicity.10,11,17,23,45-48 Life-threatening
capecitabine toxicity can be caused by the same gene var-
iants that exacerbate 5-FU toxicity6 and also by overactivity
of cytidine deaminase, which mediates the conversion of
capecitabine to 5-FU.17 In all of these forms of genetic sus-
ceptibility to 5-FU, the proximal cause of death or life-
threatening toxicity is tissue damage caused by 5-FU
metabolites; this tissue damage is often ulcerative mucositis

TABLE 2. Historical Case Data

Case 5-FU Time, h Rate, mg/h Severity Score Outcome Source

1 10,400 mg 2 5200 5.47 Death ISMP

2 10,000 mg 3 3333 5.33 Death ISMP

3 4370 mg 0.75 5827 5.24 Death Nevada Board of Pharmacy

4 7500 mg 2.5 3000 5.21 Death Legal document

5 27,200 mg 96 283 5.07 Death Nursing malpractice report

6 4800 mg 1.9 2526 5.01 Death ISMP

7 3000 mg 0.75 4000 5.01 Death ISMP

8 4400 mg 2 2200 4.94 Death ISMP

9 6000 mg 4 1500 4.94 Death ISMP

10 6000 mg 4 1500 4.94 Death FDA MAUDE

11 5250 mg 4 1313 4.85 Death ISMP

12 4500 mg 4 1125 4.76 Death Physician report

13 10,000 mg 36 278 4.69 Survived Hospital report

14 4800 mg 24 200 4.34 Survived Physician report

15 1500 mg 2 750 4.28 Death News report

16 2000 mg 24 83 3.82 Survived FDA MAUDE

17 5000 mg 26 192 4.35 Death Physician report

18 5040 mg 5 1008 4.77 Death Physician report

19 1000 mg/m2/d 3 5 — Bolus >5.31 Death Reference 43

20 1000 mg/m2/d 3 5 — Bolus >5.31 Death Reference 43

21 1000 mg/m2/d 3 5 — Bolus >5.31 Death Reference 43

22 1000 mg/m2/d 3 5 — Bolus >5.31 Death Reference 43

23 1000 mg/m2/d 3 5 — Bolus >5.31 Death Reference 43

24 1000 mg/m2/d 3 5 — Bolus >5.31 Death Reference 43

25 1000 mg/m2/d 3 5 — Bolus >5.31 Survived Reference 43

Abbreviations: FDA, Food and Drug Administration; 5-FU, 5-fluorouracil; ISMP, Institute for Safe Medication Practices; MAUDE, Manufacturers and User Facili-

ty Device Experience.

Patients 19 to 25 were supposed to have received a 5-day continuous infusion of 1000 mg/m2/d but instead were given 5 daily bolus doses of 1000 mg/kg/d.

These patients were not included in the nomogram in Figure 3 because the nomogram is based on a single infusion or bolus/infusion in order to compare the

relative severity of the most common overdose situations.
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with neutropenia leading to sepsis, shock, and organ fail-
ure. Genetic testing for a DPD deficiency before the initia-
tion of 5-FU or capecitabine chemotherapy has not been
widely adopted, perhaps because of low penetrance, and it
does not detect other consequential mutations (or the low
expression of genetically normal DPD) that may cause seri-
ous toxicity after planned dosages of 5-FU. DPD muta-
tions are found in 50% or fewer of severe 5-FU toxicity
cases.17 Other major risk factors for excess fluoropyrimi-
dine toxicity include mutations in OPRT and TYMS,
compromised renal function, older age, elevated pretreat-
ment uracil levels, and increased body surface area.6

Rare but potentially catastrophic side effects of 5-
FU include acute central neurotoxicity and cardiotoxicity,
which occur in patients with no identifiable predisposing
factors.49-51 In this study, 10 patients presented with seri-
ous central neurotoxicity, and 2 presented with acute, life-
threatening cardiotoxicity. Potential mediators of these
toxicities may be 5-FU catabolites such as fluoroacetate.
Central neurologic toxicities related to 5-FU and capecita-

bine treatment can range from confusion and altered
mental status to encephalopathy and coma. Reported car-
diotoxic effects include arrhythmias, transient vasospasm,
takotsubo syndrome, heart failure, cardiogenic shock, and
cardiac arrest49-51; these neurologic and cardiac toxicities
can rapidly become fatal.

The absence of a comparator antidote and obvious
ethical prohibitions against a placebo control in the study
made direct quantitative efficacy comparisons difficult.
The use of severity scores allowed a comparison of overdo-
ses and outcomes between cases in the historic cohort and
the clinical study cases. Although there was a possible se-
lection bias introduced by the overdose cases that were
publicly available (perhaps these reported cases were more
severe), the natural history of a severe 5-FU overdose typi-
cally ends with death, especially when the dosage exceeds
that planned by 3-fold or more. A countervailing bias is
based on medical liability issues that can keep these cases
from being publicly disseminated. During the review of
the new drug application for uridine triacetate, members

Figure 3. Historical case outcomes as a function of the 5-fluorouracil infusion rate and dose. The expected tolerated zone is de-
fined by the maximum tolerated doses of a variety of 5-fluorouracil regimens. Patients in the expected lethal zone would be
expected to die on the basis of the infusion rate and dose; patients in the expected tolerated zone as well as those in the
expected serious toxicity zone would be expected to survive. Patients 19 to 25 in Table 2 were supposed to have received a 5-
day continuous infusion of 1000 mg/m2/d but instead were given 5 daily bolus doses of 1000 mg/kg/d. These patients are not in-
cluded in the nomogram in this figure because the nomogram is based on a single infusion or bolus/infusion in order to compare
the relative severity of the most common overdose situations.
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of the FDA staff performed their own analysis of fluoro-
uracil toxicity cases from the FDA’s Adverse Event
Reporting System. The Adverse Event Reporting System
was searched for voluntary postmarketing reports of fatali-
ties in patients who experienced early-onset severe or life-
threatening toxicity after capecitabine or 5-FU. Fifty-
eight cases for 5-FU and 145 cases for capecitabine were
uncovered, and many of the cases had a spectrum of signs
and symptoms consistent with our description of early-
onset severe or life-threatening toxicity associated with 5-
FU or capecitabine. All cases were treated with supportive
care and had uniformly fatal outcomes.52 This case analy-
sis further bolsters the poor survival data observed for the
historical case patients who received only supportive care.

In the historical case cohort, 16% of the patients
who overdosed with 5-FU (and did not receive uridine tri-
acetate) survived. In contrast, 96% of similar patients who
received uridine triacetate survived. A large fraction of the
patients treated with uridine triacetate had received 5-FU
overdoses at least comparable in severity to overdoses that
were uniformly lethal in the historical group (Figs. 3 and
4). Importantly, the timing of the administration of uri-

dine triacetate proved to be a significant survival factor.
Patients who received uridine triacetate within the first 96
hours after the end of 5-FU or capecitabine had increased
survival. All 18 of the early-onset patients (100%) who
were started on uridine triacetate treatment within the 96
hours after the termination of 5-FU or capecitabine sur-
vived and recovered; 5 of the 8 patients who initiated
treatment beyond 96 hours died. This illustrates both the
potential severity of early-onset toxicities and the need for
prompt recognition and treatment.

Although direct statistical comparisons (beyond sur-
vival) of patients treated with uridine triacetate and
patients treated with best supportive care are difficult, in-
dividual case descriptions and comparisons further illus-
trate the agent’s efficacy. In one case that parallels the
aforementioned 43-year-old patient who died from a 5-
FU overdose (see the introduction),1 this study included a
43-year-old female patient who received an overdose of 5-
FU of a very similar magnitude (5000 mg over 0.17 hours
instead of the intended 96 hours). Unlike the patient in
the ISMP report, this patient received uridine triacetate
8 hours after the overdose, and she survived after

Figure 4. 5-Fluorouracil overdose case outcomes as a function of the 5-fluorouracil infusion rate and dose. The expected tolerat-
ed zone is defined by the maximum tolerated doses of a variety of 5-fluorouracil regimens. Patients in the expected lethal zone
would be expected to die on the basis of the infusion rate and dose; patients in the expected tolerated zone as well as those in
the expected serious toxicity zone would be expected to survive.
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experiencing only grade 1 and 2 anemia and thrombocy-
topenia. She was discharged from the hospital 6 days after
the overdose. In a separate case, a 46-year-old male pa-
tient, subsequently discovered to be severely DPD-
deficient, received an intended low 5-FU dose of 1710 mg
over 96 hours but experienced grade 4 mucositis, pancyto-
penia, and hand-foot syndrome as well as grade 3 fever
and diarrhea, but he survived a 15-day hospital stay after
receiving intensive supportive care. Months later, the
same patient was overdosed with a 1-minute bolus of
1000 mg of 5-FU instead of the intended 100 mg dose of
5-FU. He began treatment with uridine triacetate 8 hours
after the overdose and experienced only mild (grade 1/2)
cytopenia that was present before the 5-FU administra-
tion, and he did not require a change in his daily routines.
These individual cases illustrate well the profound thera-
peutic benefit of the early administration of uridine
triacetate.

All patients treated with uridine triacetate after sui-
cidal overdoses of capecitabine (acute ingestion of up to
28,000 mg) survived with minimal toxicities, as did young
children who accidentally ingested a relative’s capecita-
bine tablets. All of these patients received uridine triace-
tate within the first 96 hours after the ingestion of
capecitabine.

Recovery from severe 5-FU and capecitabine toxicity
generally causes a delay in subsequent treatment, and this
affects the patient’s cancer therapy.17,53 In these clinical
studies, a significant proportion (38%) of overdose
patients treated with uridine triacetate resumed chemo-
therapy within the 30-day observation period; most did so
in less than 3 weeks.

Generally, early-onset patients presented with severe
toxicity within hours or several days of the termination of
5-FU or capecitabine; many did so after or during their
very first cycle. In contrast, standard 5-FU toxicities typi-
cally develop over a period of weeks and multiple cycles.
Accordingly, many overdose patients did not show imme-
diate signs and symptoms upon the recognition of their
overdose, and they began treatment with uridine triacetate
emergently before symptoms appeared. The incidence of
grade 3 or 4 mucositis was extremely low in overdose
patients, and it was resolved completely in almost all
patients (overdose and early-onset patients) within the 30-
day observation period. This course parallels published
clinical experience with intentional 5-FU dose escalation
enabled by planned posttreatment uridine triacetate, in
which low frequencies of serious hematologic and gastro-
intestinal toxicities, including mucositis, were
noted.10,37,54

Uridine triacetate competitively inhibits compo-
nents of cytotoxicity attributable to 5-FU incorporation
into RNA; it does not interfere with thymidylate synthase
(TS) inhibition, which is established quickly and irrevers-
ibly.55 Uridine triacetate acts by augmenting intracellular
uridine triphosphate to compete with FUTP, a toxic
RNA precursor. Uridine catabolites derived from uridine
triacetate, including uracil and its breakdown products,
also dilute and compete with some 5-FU byproducts such
as fluoroacetate that have been implicated in neurotoxicity
and cardiotoxicity. RNA-directed cytotoxicities account
for a major proportion of dose-limiting and life-
threatening 5-FU toxicities after either an overdose or ear-
ly onset (whether due to pharmacogenetic susceptibility,
impaired clearance, or other underlying causes).

Treatment-emergent adverse events were consistent
with the setting of a 5-FU or capecitabine overdose. Of
the 10 deaths that occurred among the 173 patients in
these studies, 5 were among patients who received the an-
tidote more than 96 hours after 5-FU or capecitabine; this
agrees with a time window of approximately 96 hours for
effective treatment, as found in preclinical studies.37,40

Three deaths among overdose patients during the 30-day
monitoring period were attributed to progression of the
underlying cancer; 1 was attributed to septic shock associ-
ated with acute ischemic enteritis and ileus, gram-negative
bacteremia, and respiratory failure; and 1 was due to ap-
parent tumor lysis syndrome.

Uridine triacetate had a high rate of treatment com-
pliance. Most patients who took uridine triacetate started
treatment in the hospital, but because it is an oral agent
with general ease of use and administration, some of these
patients were able to complete their therapy at home.
Some patients who were unable to swallow or were uncon-
scious when treatment with uridine triacetate began re-
ceived the medication via nasogastric or gastrostomy
tubes; the administration of uridine triacetate in this man-
ner did not appear to affect its efficacy or safety in com-
parison with oral ingestion.

In this patient set, attempts to assign causality for
toxicity in specific patients resulted in the identification of
mutations in enzymes involved in 5-FU clearance (DPD),
anabolism (OPRT), or the conversion of capecitabine to
5-FU (cytidine deaminase), but often an associated defect
was not identified. The recognition of early-onset severe
5-FU or capecitabine toxicity is complicated by a lack of
diagnostic tools beyond the observation of signs and
symptoms contrasting with the expected degrees and types
of toxicities for individual patients. A grade 3/4 toxicity is
reported for approximately 30% of patients treated with
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systemic 5-FU (much of it is cumulative, but in some
cases it develops rapidly during and after a patient’s first
dose), and toxic death is reported for>0.5% of patients.56

A recent publication by Mazzuca et al57 described a tech-
nique for measuring the 5-FU degradation (or anabolism)
rate in peripheral mononuclear blood cells. This tech-
nique potentially allows better identification of patients at
increased risk for early-onset severe toxicity in comparison
with an assessment of the DPD mutation status. Accord-
ing to this method, there is a high risk of serious toxicity
in patients with either ultrahigh 5-FU metabolism (exces-
sive anabolism) or poor 5-FU metabolism (impaired deg-
radation), and on the basis of the data, the method
indicates that up to 10% of the population overall is at
high risk for developing severe toxicity.57 In the current
report, the number of patients with an overdose exceeded
the number of patients with an early-onset severe toxicity,
in part because the identification of overdose cases is
straightforward. If we assume that the overall incidence
for the risk of developing severe toxicity is >10%,9 it is
not unrealistic to conclude that the frequency of early-
onset patients in reality is probably much higher than the
frequency of patients with an overdose. This reinforces
the need for physicians, nurses, and patients to remain
vigilant for signs and symptoms of early-onset severe tox-
icity, especially during the initial course or courses of 5-
FU and capecitabine, and to be prepared to treat it urgent-
ly. The identification of a specific genetic cause for already
severe toxicities of 5-FU or capecitabine is not a prerequi-
site or even recommended before the initiation of antidot-
al treatment with uridine triacetate because its mode of
action (dilution of and competition with toxic 5-FU
metabolites) applies, regardless of the specific details un-
derlying the exaggerated toxicity. An early onset of serious
symptoms, especially during or after the first cycle of
treatment, often leads to rapid worsening of toxicities or a
fatal outcome that may occur before the identification of
an underlying molecular or metabolic defect is possible.

The safety of uridine triacetate has been established.
No safety issues were observed in any preclinical studies,
and the adverse events experienced by patients in the cur-
rent study were common in patients undergoing chemo-
therapy, especially after overexposure to toxic agents. The
adverse reactions at least possibly related to oral uridine
triacetate were almost entirely mild to moderate gastroin-
testinal events. Those experienced by� 2% of patients
were vomiting (8.1%), nausea (4.6%) and diarrhea
(3.5%), which occurred in the context of the emergency
treatment of patients, many of whom had mucositis or
other gastrointestinal distress, with an oral agent every 6

hours. The results from this study demonstrate that uri-
dine triacetate is a safe and highly effective antidote.
In comparison with historical cases, uridine triacetate sig-
nificantly improved the survival of patients overdosed
with 5-FU or capecitabine. Uridine triacetate (Vistogard;
https://www.vistogard.com/) was approved by the FDA
in December 2015 and is available commercially.
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