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Abstract Background. We describe severe and un-
expected multisystem toxicity that occurred during a
study of the antiviral nucleoside analogue fialuridine (1-
(2-deoxy-2-fluoro-B-p-arabinofuranosyl)-5-iodouracil, or
FIAU) as therapy for chronic hepatitis B virus infection.

Methods. Fifteen patients with chronic hepatitis B
were randomly assigned to receive fialuridine at a dose
of either 0.10 or 0.25 mg per kilogram of body weight per
day for 24 weeks and were monitored every 1 to 2 weeks
by means of a physical examination, blood tests, and
testing for hepatitis B virus markers.

Results. During the 13th week lactic acidosis and liv-
er failure suddenly developed in one patient. The study
was terminated on an emergency basis, and all treatment
with fialuridine was discontinued. Seven patients were
found to have severe hepatotoxicity, with progressive lac-
tic acidosis, worsening jaundice, and deteriorating hepat-

ORLDWIDE, chronic infection with the hepatitis

B virus (HBV) is a major cause of morbidity and
mortality from liver disease, cirrhosis, and hepatocel-
lular carcinoma.' In the United States, approximately
1 million people have chronic hepatitis B, the compli-
cations of which account for 5 to 10 percent of cases of
cirrhosis and liver transplantation.

There is no completely satisfactory therapy for chron-
ic hepatitis B. Interferon alfa is now approved for use in
this disease, but a four-to-six-month course produces
long-term remissions in only one third of patients.”?
Furthermore, interferon must be given parenterally, is
often poorly tolerated, and is expensive. Clearly, better
antiviral therapies are needed.

Among antiviral agents, the nucleoside analogues
have been most widely evaluated as potential thera-
pies for chronic hepatitis B. Adenine arabinoside (vi-
darabine)® and its monophosphate,’ acyclovir,® didan-
osine,? zidovudine,!® and ribavirin'' have been studied
in chronic hepatitis B, but all were either ineffective
or too toxic for prolonged use. Recent in vitro and in
vivo models of HBV infection'*”® have permitted the
identification of several new, orally bioavailable anti-
viral agents with marked inhibitory activity against
HBV. These second-generation nucleoside analogues
include 3’-thiacytidine (lamivudine),"* famciclovir,"
and fialuridine (1-(2-deoxy-2-fluoro-B-D-arabinofuran-
osyl)-5-iodouracil, or FIAU).!%7
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ic synthetic function despite the discontinuation of fial-
uridine. Three other patients had mild hepatotoxicity.
Several patients also had pancreatitis, neuropathy, or
myopathy. Of the seven patients with severe hepatotox-
icity, five died and two survived after liver transplantation.
Histologic analysis of liver tissue revealed marked accu-
mulation of microvesicular and macrovesicular fat, with
minimal necrosis of hepatocytes or architectural chang-
es. Electron microscopy showed abnormal mitochondria
and the accumulation of fat in hepatocytes.

Conclusions. In patients with chronic hepatitis B,
treatment with fialuridine induced a severe toxic reaction
characterized by hepatic failure, lactic acidosis, pancre-
atitis, neuropathy, and myopathy. This toxic reaction was
probably caused by widespread mitochondrial damage
and may occur infrequently with other nucleoside ana-
logues. (N Engl J Med 1995;333:1099-105.)

In two preliminary dose-finding studies, two- and
four-week courses of fialuridine led to prompt and
marked suppression of serum HBV DNA levels by 65 to
95 percent.'®¥ However, there was sustained loss of vi-
ral DNA in only a few patients. The possibility that
longer courses would be more efficacious led to a trial
of a six-month course of fialuridine, an investigational
drug. This study was begun in March 1993 but was ter-
minated on an emergency basis 13 weeks later when he-
patic failure and lactic acidosis suddenly occurred in
one of the patients. In this report, we describe the clin-
ical features of this toxicity, which, despite immediate
discontinuation of the medication, eventually led to he-
patic failure, lactic acidosis, and pancreatitis in seven
patients, of whom five died. Two others survived after
emergency liver transplantation.

METHODS

This phase 2 trial was designed to evaluate the safety and efficacy
of a six-month course of fialuridine in 24 patients with chronic hepa-
titis B. Patients were randomly assigned to receive either 0.10 or 0.25
mg of fialuridine per kilogram of body weight per day given orally in
two or three divided doses. Fialuridine was provided as a liquid for-
mulation by Oclassen Pharmaceuticals (San Rafael, Calif.) and ad-
ministered under an Investigational New Drug Application held by Eli
Lilly and Company (Indianapolis) for use in chronic hepatitis B.

Entry criteria included the presence of chronic hepatitis B without
hepatic decompensation or other serious medical illnesses. All pa-
tients had histologic evidence of chronic hepatitis B on the basis of
liver biopsy (performed within one year of entry), persistent eleva-
tions in serum aminotransferase activities, and the presence of hepa-
titis B surface antigen (HBsAg), hepatitis B e antigen (HBeAg), and
HBV DNA in serum for at least six months. Exclusion criteria includ-
ed serologic evidence of hepatitis C, hepatitis D, or human immuno-
deficiency virus (HIV) infection.

While receiving therapy, the patients were seen in the outpatient
clinic every one to two weeks, were questioned regarding symptoms
and side effects, and underwent a physical examination and a battery
of blood and urine tests. The blood tests included measurements of
serum alanine and aspartate aminotransferases, creatine kinase, alka-
line phosphatase, bilirubin, albumin, blood urea nitrogen, and creat-
inine; a complete blood count; and assays for HBV markers. Radio-
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immunoassays (Abbott Laboratories, North Chicago, Ill.) were used
to test for HBsAg, HBeAg, anti-HBs, and anti-HBe, and liquid-phase
hybridization was used to test for HBV DNA (Genostics, Abbott)
(limit of detection, approximately 2 pg per milliliter).?’

Details of the protocol were approved by the institutional review
board of the National Institute of Diabetes and Digestive and Kidney
Diseases, and all patients gave written informed consent.

RESULTS

Characteristics of the Patients

Between March 24 and June 16, 1993, we enrolled 15
patients (13 men and 2 women) in the trial, ranging in
age from 29 to 64 years (mean, 44). Twelve were white,
two Asian, and one black. The source of hepatitis was
believed to be sexual contact in seven, occupational ex-
posure In three, and familial exposure in two and was
unknown in three. The patients had had documented
chronic hepatitis B for 1.1 to 11.7 years (mean, 5.2). Elev-
en had participated in a study involving a 4-week course
of fialuridine and had completed therapy 7 to 13 months
earlier. Eight patients had previously received recombi-
nant interferon alfa, and six had received other nucleo-
side analogues without sustained beneficial responses.

Aminotransferase Levels and HBV Markers

Levels of HBV DNA decreased in all patients during
therapy, the average decline by week 4 being 92 percent
in the group given 0.10 mg of fialuridine per kilogram
per day and 93 percent in the group given 0.25 mg of
fialuridine per kilogram per day. Among the 10 patients
who were treated for at least eight weeks, HBV DNA
became undetectable in 6 during therapy (Fig. 1). In
one patient (Patient 9), HBeAg became undetectable
and anti-HBe developed, along with a decrease in se-
rum aminotransferase levels into the normal range. In
the other patients, alanine aminotransferase levels were
relatively unchanged and HBsAg and HBeAg remained
detectable.

Early Side Effects

During the first eight weeks of treatment there were
few side effects. One patient had intermittent crampy
abdominal pain; another had paresthesias in the feet.
Thereafter, increasing fatigue developed in six patients,
nausea in five, numbness and tingling in the feet or
hands in four, crampy lower abdominal pain in three,
constipation in two, and mild thrombocytopenia in one.
These clinical changes led to a reduction in the dose in
four patients between weeks 9 and 11 and discontinua-
tion of the drug in three between weeks 10 and 12.
Thirteen weeks into the trial, Patient 2, in whom fialur-
idine therapy had been stopped 17 days earlier because
of paresthesias, was admitted to a local community hos-
pital because of the sudden onset of hepatic failure,
shock, and lactic acidosis (Fig. 2). The study was termi-
nated immediately. All patients were contacted and told
to stop taking fialuridine and to return for evaluation.

Severe Fialuridine-Induced Toxicity

Hepatic Failure and Lactic Acidosis

Follow-up evaluations of the patients in the days af-
ter treatment was stopped revealed that seven (includ-
ing Patient 2) had varying degrees of hepatic failure
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Figure 1. Mean Serum Levels of HBV DNA and Alanine Amino-
transferase (ALT) in 10 Patients Who Were Treated with Fialur-
idine for at Least Eight Weeks.

Fialuridine was stopped after 9 to 13 weeks of therapy; the num-

bers above the shaded area indicate the numbers of patients

still receiving treatment. Values for weeks 14 and 16 were ob-
tained from seven and five patients, respectively.

and lactic acidosis (Table 1). All seven had received fi-
aluridine for at least nine weeks, with cumulative doses
ranging from 551 to 1753 mg. Most of the seven pa-
tients had fatigue, nausea, constipation, and abdominal
pain. All seven had steadily worsening jaundice (Fig.
3A), decreasing hepatic synthetic function, gradually
worsening prothrombin times (Iig. 3B), and increasing
serum ammonia and lactate levels (Fig. 4). Frank aci-
dosis with hyperpnea and increased anion gaps became
evident after lactate levels exceeded 12 mmol per liter.

All seven patients were treated with intravenous in-
fusions of thymidine (8 g per kilogram per day) in an
attempt to reverse the effects of fialuridine, which is a
thymidine-based nucleoside analogue,? and with oral
uridine (24 g per day) to replenish intracellular pyrim-
idine stores.” Neither thymidine nor uridine produced
obvious clinical improvement. The patients also re-
ceived intravenous glucose. In several instances serum
lactate levels decreased with daily infusions of 2 to 3 li-
ters of 20 percent glucose.

The hepatic failure and lactic acidosis were rapidly
progressive in Patients 2 and 7, who were transferred
to liver-transplantation centers within four days of ad-
mission. After initial treatment with a hepatic-assist
device? did not reverse the hepatic failure, these two
patients underwent emergency liver transplantation.?
The condition of both was hemodynamically unstable
at the time of transplantation, and the patients died 22
and 36 hours later with relentless lactic acidosis, pro-
found hypotension, and little evidence of graft function.

Five patients (Patients 1, 3, 4, 6, and 10) had a more
gradual progression of hepatic failure and lactic acido-
sis (Fig. 3 and 4). Their condition deteriorated over a
period of several weeks, and they were transferred to
transplantation centers 10 to 29 days after admission
and 13 to 48 days after fialuridine was stopped. In all
five, hepatic decompensation and profound lactic acido-
sis ultimately developed. Two patients (Patients 1 and
4) died of hemodynamic collapse due to pancreatitis
and lactic acidosis before liver transplantation could be
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performed, and a third (Patient 6)
died of complications of pancreatitis
after transplantation. Transplanta-
tion was successful in the remaining
two patients, resulting in a prompt
reversal of the lactic acidosis as well
as other signs of hepatic failure.?*
They were discharged from the hos-
pital 16 and 94 days after transplan-
tation. During 24 months of follow-
up, they have had no evidence of
residual fialuridine-induced toxicity
except for a mild peripheral neurop-
athy. Both have been treated with
high doses of hepatitis B immune
globulin, and neither has had evi-
dence of recurrence of hepatitis B.

Pancreatitis

All seven patients with severe
hepatotoxicity had biochemical evi-
dence of pancreatitis, with progres-
sive increases in serum lipase levels
(up to a 50-fold increase). Concomi-
tantly measured serum amylase lev-
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Figure 2. Clinical Course of Patient 2, in Whom Hepatic Failure and Severe Lactic
Acidosis Developed after Treatment with Fialuridine for Chronic Hepatitis B.

The dose of fialuridine was decreased at week 10, and treatment was discontinued

at week 11 because of paresthesias. Two weeks after therapy was stopped, nausea,

vomiting, and weakness developed and the patient was hospitalized with jaundice,

lactic acidosis, and shock. He died two days after orthotopic liver transplantation

with hemodynamic collapse unresponsive to high doses of inotropic agents. ALT de-

notes alanine aminotransferase. To convert values for bilirubin to micromoles per li-
ter, multiply by 17.1.

els remained normal except in three patients who had
severe abdominal pain and clinically apparent pancre-
atitis, which ultimately contributed to their deaths. All
five patients who died had both gross and microscopi-
cal evidence of pancreatitis at autopsy.

Neuropathy and Myopathy

Five patients with severe hepatotoxicity had symp-
toms or signs of peripheral-nerve injury. These consist-

ed of paresthesias and dysesthesias in the feet or toes
that were mild to moderate in severity. Clinical findings
were subtle, consisting of mild reductions in vibratory
sensation and responses to light touch and decreased
ankle reflexes. Two patients reported muscle pain or
weakness. Muscle and nerve biopsies were performed in
two patients with severe hepatotoxicity (Patients 3 and
10). Histologic analysis of muscle showed rare ragged-
red fibers, occasional subsarcolemmal cracks, and in-

Table 1. Characteristics of the Patients at Base Line and at the Termination of the Study.*

BASE-LINE FEATURES

FEATURES AT TERMINATION OF STUDY

PATIENT No. OUTCOME
INTERVAL
PREVIOUS ~ BETWEEN TOTAL
HISTOLOGIC ~DOSE OF FIAU DOSE OF DURATION OF  DOSE DEGREE OF PROTHROMBIN
FINDINGS FIAU  TREATMENTS FIAU TREATMENT OF FIAU TOXICITY  BILIRUBIN TIME ALBUMIN  AMMONIA  LACTATE
mg wk mg/kg/day wk mg mg/dl sec g/dl pmol/liter mmol/liter

1 CAH 247 47 0.25 11 1366 Severe 16.0 13.8 3.1 44 6.9 Died
2 CAH 476 41 0.25 11 1218 Severe 5.8 15.4 2.8 77 18.8 Transplanta-
tion, died
3 CAH, BHF 121 39 0.10 13 678 Severe 1.6 15.0 3.9 45 33 Transplanta-
tion, alive

Cirrhosis 134 37 0.10 10.5 628 Severe 1.7 14.4 3.4 71 2.2 Died

5 CAH 663 41 0.10 11.5 743 Mild 0.8 11.3 4.4 22 1.6 Alive
6 CAH 115 35 0.10 10.5 551 Severe 43 15.1 2.8 48 6.4 Transplanta-
tion, died
7 CAH 1353 32 0.25 11 1753 Severe 10.5 15.1 2.6 57 8.3 Transplanta-
tion, died

8 CAH 89 43 0.10 10 420 Mild 0.8 12.5 3.7 30 1.9 Alive

9 CAH 1050 36 0.25 10 1216 Mild 0.8 11.5 4.5 24 1.8 Alive
10 CAH, BHF 154 38 0.25 9.5 1716 Severe 3.9 13.2 35 11 2.9 Transplanta-
tion, alive

11 CAH 0 — 0.10 3 185 None 0.7 11.0 4.2 19 1.9 Alive

12 Cirrhosis 0 — 0.10 3 156 None 0.9 114 4.0 42 1.1 Alive

13 CPH 0 — 0.25 1.5 176 None 0.8 10.9 4.4 19 2.4 Alive

14 CAH 0 — 0.25 1.5 193 None 0.5 10.8 4.0 38 0.8 Alive

15 CAH 210 54 0.10 1.5 66 None 0.5 11.9 4.1 21 1.6 Alive

Normal values <1.2 <13.7 >3.8 <35 <22

*FIAU denotes fialuridine, CAH chronic active hepatitis, BHF bridging hepatic fibrosis, and CPH chronic persistent hepatitis. To convert values for bilirubin to micromoles per liter, multiply by 17.1.
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creased amounts of lipid. These changes are similar
to, but milder than, those observed with zidovudine-
induced myopathy.” Nerve biopsies revealed a mild
focal loss of myelin and mild interstitial fibrosis.

Mild Fialuridine-Induced Toxicity

Mild hepatotoxicity occurred in three patients (Pa-
tients 5, 8, and 9) who had received fialuridine for 10 to
11.5 weeks and had received cumulative doses of 420 to
1216 mg, which were comparable to the cumulative
doses in the seven patients with severe hepatotoxicity
(Table 1). These patients had nausea and abdominal
discomfort along with increasing aminotransferase ele-
vations and slight decreases in serum albumin and fi-
brinogen. These abnormalities were mild, developed
two to three weeks after fialuridine was stopped, and
generally resolved within 4 to 12 weeks. Patient 5 had
mild epigastric discomfort and slight increases in serum
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Figure 3. Results of Serial Determinations of Serum Bilirubin
(Panel A) and Prothrombin Time (Panel B) in Seven Patients
with Severe Hepatotoxicity Due to Fialuridine.

Values are plotted for each patient (identified by the number giv-
en in Table 1) beginning the day of admission after the discon-
tinuation of fialuridine. The outcome for each patient — ortho-
topic liver transplantation (OLT) or death — is shown at the
approximate time of occurrence. Dotted lines indicate the ab-
sence of values or times when the values were obscured by in-
terventions (hepatic-assist device or plasma exchange). To con-
vert values for bilirubin to micromoles per liter, multiply by 17.1.
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Figure 4. Results of Serial Measurements of Serum Lactate in
Seven Patients with Severe Hepatotoxicity Due to Fialuridine.

Values are plotted for each patient (identified by the number giv-

en in Table 1) beginning the day of admission after the discon-

tinuation of fialuridine. Final values for some patients are given
in parentheses.

amylase and lipase levels that persisted for eight
months but ultimately resolved completely. In Patient 9
HBV DNA and HBeAg became undetectable during
treatment; the other two patients remained positive for
HBV DNA, HBeAg, and HBsAg.

Absence of Fialuridine-Induced Toxicity

Five patients (Patients 11, 12, 13, 14, and 15) received
fialuridine for less than four weeks (Table 1), with total
doses of less than 200 mg. None had obvious clinical
or biochemical evidence of fialuridine-induced toxicity.
Serum aminotransferase levels remained unchanged and
serum bilirubin, albumin, and lactate levels were nor-
mal on multiple occasions. During 24 months of follow-
up, these five patients have had no evidence of fialuri-
dine-induced toxicity.

Histologic Evidence of Fialuridine-Induced Hepatotoxicity

Liver tissue was available from the explants of the
five patients who underwent transplantation and was
obtained at autopsy from the two patients who died
without transplantation. Histologic analysis revealed
moderate to marked microvesicular and macrovesicu-
lar steatosis and cholestasis (Fig. 5A). The degree of in-
flammation and hepatocellular necrosis was largely un-
changed from that present in liver-biopsy specimens
obtained before treatment. Electron microscopy docu-
mented abnormalities of mitochondria and the accumu-
lation of small droplets of fat (Fig. 3B). All seven pa-
tients with severe hepatotoxicity had evidence of chronic
hepatitis, and three had cirrhosis. Immunoperoxidase
staining for hepatitis B core antigen was positive in six
of the seven patients.

Percutaneous liver biopsies were done within two to
six weeks of the discontinuation of fialuridine in all
three patients with mild hepatotoxicity and in two of
the five patients with no evidence of hepatotoxicity. As
compared with the histologic findings before treatment,
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Figure 5. Photomicrographs of Liver-Tissue Explant from Patient
2, Who Received Fialuridine (0.25 mg per Kilogram per Day) for
11 Weeks.

Lactic acidosis and hepatic failure developed 17 days after fial-
uridine was stopped, and the patient required emergency liver
transplantation 1 week later. In Panel A histologic examination
under light microscopy revealed pale and swollen hepatocytes
with marked accumulation of microvesicular fat (hematoxylin
and eosin, X450). The hepatic architecture was preserved, and
there was only focal and mild necrosis of hepatocytes and mild
cholestasis. The degree of necrosis and inflammation was sim-
ilar to that present before fialuridine therapy.

In Panel B, electron microscopy of the cytoplasm of a single

hepatocyte shows swollen, misshapen mitochondria that have

decreased numbers of cristae (X19,000). Non—membrane-bound
fat droplets of various sizes are present.

there was a mild-to-moderate increase in microvesicu-
lar and macrovesicular steatosis in Patients 5 and 8 but
no appreciable change in the degree of steatosis, necro-
sis, or inflammation in the other three patients (Pa-
tients 9, 11, and 12).

DISCUSSION

In this phase 2 study of the antiviral agent fialuri-
dine, a severe and progressive form of hepatic failure
and lactic acidosis developed in 7 of the 15 study pa-
tients. This severe toxic reaction was seen after 9 to
13 weeks of therapy and with cumulative doses of only
351 to 1753 mg of fialuridine. Five patients died of re-
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lentless lactic acidosis with or without hemorrhagic
pancreatitis. Two patients survived after successful
emergency liver transplantation. The syndrome of fial-
uridine-induced toxicity did not resemble typical fulmi-
nant hepatic failure in that serum aminotransferase lev-
els were minimally elevated, bilirubin increases were
initially slight, and lactic acidosis was severe and re-
lentless. Instead, the fialuridine-induced toxic reaction
resembled the fulminant hepatic steatosis that occurs
with Reye’s syndrome, acute fatty liver of pregnancy,
and toxic reactions produced by high-dose tetracycline
and valproic acid.?®

The severe toxicity of fialuridine was not predicted
by preclinical studies in laboratory animals, which had
shown no evidence of hepatic, pancreatic, skeletal-mus-
cle, or nerve damage. Furthermore, pilot studies of fial-
uridine given for two to four weeks to 43 patients with
HIV infection'® and 24 patients with chronic hepatitis
B had not revealed obvious hepatotoxicity on initial
analysis. However, the underlying chronic hepatitis B
and HIV infection may have obscured fialuridine-
induced hepatotoxicity. Among the 67 patients treated
in the pilot studies, 3 died of liver disease and 1 of pan-
creatitis within six months of completing therapy. Ex-
tensive reevaluation of these pilot studies by an expert
committee of the Institute of Medicine concluded that
some of these events may have represented delayed tox-
ic effects of fialuridine.?’ Indeed, three months after a
one-month course of fialuridine and several weeks after
a cholecystectomy, intractable ascites followed by lactic
acidosis developed in one patient. Autopsy revealed mi-
crovesicular fat in the liver, which — in retrospect —
makes it likely that fialuridine-induced toxicity played
a part in the worsening hepatic function. The other pa-
tients who died within six months of receiving fialuri-
dine in the pilot studies were infected with HIV; two
died of end-stage liver disease attributed to the progres-
sion of viral hepatitis, and one died of pancreatitis at-
tributed to didanosine therapy; none had microvesicu-
lar fat in the liver on autopsy.

The onset of the severe hepatotoxicity in the present
study was sudden. In most instances, the results of liver-
biochemistry tests remained unchanged from pretreat-
ment values in the one to two weeks before the onset of
hepatic failure. Most patients with severe hepatotoxici-
ty, however, had a one-to-two-week prodromal period
of increasing fatigue, nausea, and crampy abdominal
pain. Despite the discontinuation of therapy, the lactic
acidosis, hepatic failure, and pancreatitis worsened re-
lentlessly.

Several features of the multisystem toxicity suggest-
ed that it was related, at least in part, to widespread,
severe mitochondrial injury. First, the clinical picture
of hepatic failure resembled that of Reye’s syndrome in
its progression of symptoms and in the early appear-
ance of hepatic synthetic dysfunction, hyperammone-
mia, and lactic acidosis, despite minimal increases in
aminotransferase levels and mild jaundice.?® Second,
the toxicity predominantly affected organs and tissues
that have a slow turnover of cells and a major depend-
ence on mitochondrial function. Finally, light microsco-
py of liver specimens showed marked accumulation of
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microvesicular fat, with scant hepatocellular necrosis.
Electron microscopy revealed abnormal mitochondria
and confirmed the presence of microvesicular fat.

In vitro studies suggest that some toxic reactions in-
duced by the nucleoside analogues may be caused by
mitochondrial injury.?** Zidovudine, didanosine, and
zalcitabine inhibit the DNA polymerase y of mitochon-
dria. Serving as chain terminators, these drugs block
the elongation of the mitochondrial DNA chain and de-
plete mitochondrial DNA to varying degrees. In con-
trast, recent short-term in vitro studies indicate that
fialuridine has minimal effects on the amount of mito-
chondrial DNA* but becomes efficiently incorporated
into cellular and mitochondrial DNA and causes in-
creased lactate production by cells.**% Fialuridine dif-
fers from most other antiviral nucleoside analogues in
having a hydroxyl group and thus being unblocked at
the 3’ position of the deoxyribose molecule, which per-
mits its incorporation into nascent DNA chains. Thus,
the cellular injury caused by fialuridine may be due to
the synthesis of defective mitochondrial DNA, leading
to reduced amounts of mitochondrial DNA or to abnor-
mal enzymes encoded by mitochondrial genes.

Clinically, the multisystem toxicity of fialuridine re-
sembles that of several of the other nucleoside ana-
logues. For instance, zidovudine has been associated
with a toxic myopathy characterized by the depletion of
mitochondrial DNA in myocytes.*> More recently, treat-
ment with zidovudine has been linked to “idiopathic”
lactic acidosis and cases of severe fatty liver and hepatic
failure.’*" A similar syndrome of hepatic failure and
fatty liver has been reported after treatment with
didanosine**? and zalcitabine.”’ Finally, pancreatitis as
a toxic consequence of didanosine treatment is well
known, and “chemical” pancreatitis occurs in as many
as 50 percent of patients treated with didanosine for pro-
longed periods.*

Thus, the multisystem toxicity associated with fialur-
idine in our patients resembled the recognized but un-
common toxic reactions produced by other nucleoside
analogues. This suggests that the toxicity of this class
of compounds might be related to generalized mito-
chondrial injury, with individual agents having a pro-
pensity to injure particular target tissues: muscle in the
case of zidovudine, peripheral nerves in the case of zal-
citabine, pancreas in the case of didanosine, and liver
in the case of fialuridine. The greater toxicity of fial-
uridine may relate to its chemical structure, which per-
mits its incorporation into DNA. Confirmation of this
hypothesis and further elucidation of the drug’s toxicity
may have important implications for patients treated
with antiviral nucleoside analogues.

We are indebted to a large number of persons who provided invalu-
able help and advice during this episode, including the nursing and
social service staff of the Clinical Center of the National Institutes of
Health, as well as Drs. William Balistreri, John Lake, Roger Wil-
liams, William Stevenson, Stephen Caldwell, E. Rolland Dickson, Jr.,
Michael Gaffey, Forrest Dodson, Hector Ramos, John Fung, Jake
Demetrius, Richard Nichols, Thomas Boyer, Robert Gorden, Hyman
Zimmerman, Kamal Ishak, Zachary Goodman, Yung-Chi Cheng,
Jean-Pierre Sommadossi, Karen Lindsay, Robert Perrillo, Norman
Sussman, James Kelly, Bud Tennant, Carlos Lopez, Ronald Browsher,

Oct. 26, 1995

James Balow, Howard Austen, Marinos Dalakas, Edward Cupler, Jean
Grem, Daniel Martin, Michael Montello, Mel Sorensen, and Phillip
Gorden.

REFERENCES

1. Dusheiko G, Hoofnagle JH. Hepatitis B. In: McIntyre N, Benhamou JP,
Bircher J, Rizzetto M, Rodes J, eds. Oxford textbook of clinical hepatology.
New York: Oxford University Press, 1991:571-92.

2. Hoofnagle JH, Peters M, Mullen KD, et al. Randomized, controlled trial of
recombinant human alpha-interferon in patients with chronic hepatitis B.
Gastroenterology 1988;95:1318-25.

3. Perrillo RP, Schiff ER, Davis GL, et al. A randomized, controlled trial of
interferon alfa-2b alone and after prednisone withdrawal for the treatment
of chronic hepatitis B. N Engl J Med 1990;323:295-301.

4. Lok ASF, Wu P-C, Lai C-L, et al. A controlled trial of interferon with or
without prednisone priming for chronic hepatitis B. Gastroenterology 1992;
102:2091-7.

5. Wong DKH, Cheung AM, O’Rourke K, Naylor CD, Detsky AS, Heathcote
J. Effect of alpha-interferon treatment in patients with hepatitis B e antigen-
positive chronic hepatitis B: a meta-analysis. Ann Intern Med 1993;119:
312-23.

6. Scullard GH, Andres LL, Greenberg HB, et al. Antiviral treatment of chron-
ic hepatitis B virus infection: improvement in liver disease with interferon
and adenine arabinoside. Hepatology 1981;1:228-32.

7. Garcia G, Smith CI, Weissberg JI, et al. Adenine arabinoside monophos-
phate (vidarabine phosphate) in combination with human leukocyte inter-
feron in the treatment of chronic hepatitis B: a randomized, double-blind,
placebo-controlled trial. Ann Intern Med 1987;107:278-85.

8. Alexander GIM, Fagan EA, Hegarty JE, Yeo J, Eddleston ALWF, Williams
R. Controlled clinical trial of acyclovir in chronic hepatitis B virus infection.
J Med Virol 1987;21:81-7.

9. Fried MW, Korenman JC, Di Bisceglie AM, et al. A pilot study of 2',3"-
dideoxyinosine for the treatment of chronic hepatitis B. Hepatology 1992;
16:861-4.

10. Janssen HLA, Berk L, Heijtink RA, ten Kate FJW, Schalm SW. Interfer-
on-alpha and zidovudine combination therapy for chronic hepatitis B: re-
sults of a randomized, placebo-controlled trial. Hepatology 1993;17:383-
8.

11. Fried MW, Fong T-L, Swain MG, et al. Therapy of chronic hepatitis B with
a 6-month course of ribavirin. J Hepatol 1994;21:145-50.

12. Korba B, Gerin JL. Use of a standardized cell culture assay to assess activ-
ities of nucleoside analogs against hepatitis B virus replication. Antiviral
Res 1992;19:55-75.

13. Korba BE, Cote PJ, Tennant BC, Gerin JL. Woodchuck hepatitis virus in-
fection as a model for the development of antiviral therapies against HBV.
In: Hollinger FB, Lemon SM, Margolis HS, eds. Viral hepatitis and liver dis-
ease. Baltimore: Williams and Wilkins, 1991:663-5.

14. Doong S-L, Tsai C-H, Schinazi RF, Liotta DC, Cheng Y-C. Inhibition of the
replication of hepatitis B virus in vitro by 2’,3'-dideoxy-3'-thiacytidine and
related analogues. Proc Natl Acad Sci U S A 1991;88:8495-9.

15. Vere Hodge RA, Perkins RM. Mode of action of 9-(4-hydroxy-3-hydroxy-
methylbut-1-yl)guanine (BRL 39123) against herpes simplex virus in MRC-
5 cells. Antimicrob Agents Chemother 1989;33:223-9.

16. Fourel I, Li J, Hantz O, Jacquet C, Fox JJ, Trepo C. Effects of 2'-fluorinated
arabinosyl-pyrimidine nucleosides on duck hepatitis B virus DNA level in
serum and liver of chronically infected ducks. J Med Virol 1992;37:122-
6.

17. Staschke KA, Colacino JM. Priming of duck hepatitis B virus reverse tran-
scription in vitro: premature termination of primer DNA induced by the
5’ triphosphate of fialuridine. J Virol 1994;68:8265-9.

18. Paar DP, Hooten TM, Smiles KA, et al. The effect of FIAU on chronic
hepatitis B virus (HBV) infection in HIV-infected subjects (ACTG 122b).
In: Program and abstracts of the 32nd Interscience Conference on Anti-
microbial Agents and Chemotherapy, Anaheim, Calif., October 1014,
1992. Washington, D.C.: American Society for Microbiology, 1992:264.
abstract.

19. Fried MW, Di Bisceglie AM, Straus SE, Savarese B, Beames MP, Hoofna-
gle JH. FIAU, a new oral anti-viral agent, profoundly inhibits HBV DNA in
patients with chronic hepatitis B. Hepatology 1992;16:127A. abstract.

20. Kuhns MC, McNamara AL, Perrillo RP, Cabal CM, Campbel CR. Quanti-
tation of hepatitis B viral DNA by solution hybridization: comparison with
DNA polymerase and hepatitis B e antigen during antiviral therapy. J] Med
Virol 1989;27:274-81.

21. Grem JL, King SA, Sorensen JM, Christian MC. Clinical use of thymidine
as a rescue agent from methotrexate toxicity. Invest New Drugs 1991;9:281-
90.

22. Seiter K, Kemeny N, Martin DS, et al. Uridine allows dose escalation of
S-fluorouracil when given with N-phosphonacetyl-L-aspartate, methotrex-
ate, and leucovorin. Cancer 1993;71:1875-81.

23. Sussman NL, Chong MG, Koussayer T, et al. Reversal of fulminant hepatic
failure using an extracorporeal liver assist device. Hepatology 1992;16:60-
5.

Downloaded from www.nejm.org on November 12, 2009 . For personal use only. No other uses without permission.
Copyright © 1995 Massachusetts Medical Society. All rights reserved.



Vol. 333 No. 17

24.

25.

26.

27.

28.

29.

30.

31.

32.

Stevenson W, Gaffey M, Ishitani M, et al. Clinical course of four patients
receiving the experimental antiviral agent fialuridine for the treatment of
chronic hepatitis B infection. Transplant Proc 1995;27:1219-21.

Dalakas MC, Illa I, Pezeshkpour GH, Laukaitis JP, Cohen B, Griffin JL. Mi-
tochondrial myopathy caused by long-term zidovudine therapy. N Engl
J Med 1990;322:1098-105.

Balistreri WF. Idiopathic Reye’s syndrome and its metabolic mimickers. In:
Balistreri WF, Stocker JT, eds. Pediatric hepatology. New York: Hemi-
sphere, 1990:183-202.

Manning FJ, Swartz M, eds. Review of the fialuridine (FIAU) clinical trials.
Washington, D.C.: National Academy Press, 1995.

Chen CH, Vazquez-Padua M, Cheng Y-C. Effect of anti-human immunode-
ficiency virus nucleoside analogs on mitochondrial DNA and its implication
for delayed toxicity. Mol Pharmacol 1991;39:625-8.

Chen CH, Cheng Y-C. The role of cytoplasmic deoxycytidine kinase in the
mitochondrial effects of the anti-human immunodeficiency virus com-
pound, 2',3’-dideoxycytidine. J Biol Chem 1992;267:2856-9.

Lewis LD, Hamzeh FM, Lietman PS. Ultrastructural changes associated
with reduced mitochondrial DNA and impaired mitochondrial function in
presence of 2’,3'-dideoxycytidine. Antimicrob Agents Chemother 1992;36:
2061-5.

Lewis W, Gonzalez B, Chomyn A, Papoian T. Zidovudine induces molecu-
lar, biochemical, and ultrastructural changes in rat skeletal muscle mito-
chondria. J Clin Invest 1992;89:1354-60.

Arnaudo E, Dalakas M, Shanske S, Moraes CT, DiMauro S, Schon EA. De-
pletion of muscle mitochondrial DNA in AIDS patients with zidovudine-
induced myopathy. Lancet 1991;337:508-10.

. Colacino JM, Malcolm SK, Jaskunas SR. Effect of fialuridine on replication

of mitochondrial DNA in CEM cells and in human hepatoblastoma cells in
culture. Antimicrob Agents Chemother 1994;38:1997-2002.

HEPATIC FAILURE AND LACTIC ACIDOSIS DUE TO FIALURIDINE

34.

35.

36.

37.

38.

39.

40.
41.

42.

43.

1105

Cui L, Yoon S, Schinazi RF, Sommadossi J-P. Cellular and molecular events
leading to mitochondrial toxicity of 1-(2-deoxy-2-fluoro-1-B-D-arabino-
furanosyl)-5-iodouracil in human liver cells. J Clin Invest 1995;95:555-
63.

Klecker RW, Katki AG, Collins JM. Toxicity, metabolism, DNA incorpora-
tion with lack of repair, and lactate production for 1-(2’-fluoro-2’-deoxy-
beta-p-arabinofuranosyl)-5-iodouracil in U-937 and MOLT-4 cells. Mol
Pharmacol 1994;46:1204-9.

Richardson FC, Engelhardt JA, Bowsher RR. Fialuridine accumulates in
DNA of dogs, monkeys, and rats following long-term oral administration.
Proc Natl Acad Sci U S A 1994;91:12003-7.

Chattha G, Arieff AI, Cummings C, Tierney LM Jr. Lactic acidosis compli-
cating the acquired immunodeficiency syndrome. Ann Intern Med 1993;
118:37-9.

Freiman JP, Helfert KE, Hamrell MR, Stein DS. Hepatomegaly with severe
steatosis in HIV-seropositive patients. AIDS 1993;7:379-85.

Gopinath R, Hutcheon M, Cheema-Dhadli, Halperin M. Chronic lactic ac-
idosis in a patient with acquired immunodeficiency syndrome and mito-
chondrial myopathy: biochemical studies. ] Am Soc Nephrol 1992;3:1212-
9.

Gradon JD, Chapnick EK, Sepkowitz DV. Zidovudine-induced hepatitis.
J Intern Med 1992;231:317-8.

Lai KK, Gang DL, Zawacki JK, Cooley TP. Fulminant hepatic failure asso-
ciated with 2’,3’-dideoxyinosine (ddI). Ann Intern Med 1991;115:283-4.
Bissuel F, Bruneel F, Habersetzer F, et al. Fulminant hepatitis with severe
lactate acidosis in HIV-infected patients on didanosine therapy. J Intern
Med 1994;235:367-71.

Maxson CJ, Greenfield SM, Turner JL. Acute pancreatitis as a common
complication of 2’,3’-dideoxyinosine therapy in the acquired immunodefi-
ciency syndrome. Am J Gastroenterol 1992;87:708-13.

Downloaded from www.nejm.org on November 12, 2009 . For personal use only. No other uses without permission.
Copyright © 1995 Massachusetts Medical Society. All rights reserved.



