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Abstract

Background—*Fenofibrate is a commonly used hypolipidemic associated with rare instances of
hepatotoxicity and routine liver biochemistry monitoring is recommended.

Aims—The aim of this study is to describe the presenting clinical features, liver histopathology
and outcomes of 7 cases of acute liver injury associated with fenofibrate.

Methods—All cases of definite, very likely and probable drug induced liver injury (DILI)
attributed to fenofibrate enrolled in the DILI Network study between 2004-15 were reviewed.

Results—Among 1229 patients with confirmed DILI, 7 cases (0.6%) were attributed to
fenofibrate. The median age was 43 (range 37-61) years, and latency to onset was short (5-8
weeks) in 4 patients but more prolonged (18-56 weeks) in the rest. Laboratory results at
presentation showed hepatocellular, mixed and cholestatic injury but 6 cases presented with
jaundice. No patient had undergone routine monitoring. Four patients required hospitalization and
2 in whom drug discontinuation was delayed, had a severe outcome, 1 undergoing liver
transplantation and 1 developing chronic injury and death. Liver biopsy was available in 4 patients
and showed diverse injury patterns. Genetic studies showed the presence of the rare HLA-A*33:01
in 3 patients (43% vs 1% in control populations). The causality scores were highly likely in 5 and
probable in 2.

Conclusions—L.iver injury after fenofibrate exposure occurs with variable latency, enzyme
elevation and histology. Although most cases are self-limited, severe injury and mortality can
occur, particularly if drug withdrawal is delayed. Jaundice or abnormal laboratory tests during
fenofibrate therapy should trigger prompt discontinuation.
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Introduction

Although hypertriglyceridemia is an independent risk factor for coronary artery disease [1—
3], U.S. guidelines focus largely on cholesterol lowering and do not specifically recommend
agents to decrease serum triglycerides [4]. These recommendations are based, in part, on
large placebo controlled trials of fibrates which demonstrated no reduction in overall
coronary events with treatment in patients with hypertriglyceridemia, although there was a
reduction in the rate of non-fatal myocardial infarction [5]. Despite this, agents such as
nicotinic acid and fibrates are increasingly prescribed for their ability to lower triglyceride
levels with an estimated 440 fenofibrate prescriptions per 100,000 population in the U.S. in
2009, an increase of 160% from 2002 [6].

Fenofibrate is a peroxisome proliferator receptor alpha (PPAR-a) activator which was
originally approved by the FDA in 1993 as an adjunct to diet for primary
hypercholesterolemia or mixed dyslipidemia and for the treatment of severe
hypertriglyceridemia. It is given orally at a dose of 48 to 200 mg daily. Since mild liver
biochemistry abnormalities develop during fenofibrate therapy in 5-10% of patients, the
product label (package insert) recommends baseline and regular periodic monitoring of liver
tests for the duration of therapy and discontinuing therapy if serum aminotransferase levels
persist above three times the upper limit of normal (ULN). However, the effectiveness of
these recommendations in preventing untoward liver toxicity in clinical practice is unknown.
Fenofibrate can also lead to CPK elevation in 3% of subjects and long-term use can lead to
cholelithiasis and carries a risk of pancreaticobiliary disease.

Fenofibrate has also been linked to cases of clinically apparent idiosyncratic hepatotoxicity.
The clinical pattern of fenofibrate associated liver injury has ranged from hepatocellular to
cholestatic or mixed hepatitis and from an acute, self-limited hepatitis to a more persistent
and even chronic liver injury [7-11]. Clinically significant liver injury from fenofibrate is
very rare; indeed less than 0.3% of patients developed serum aminotransferase levels greater
than five times the ULN in the FIELD trial that was conducted in almost 5000 patients
treated with fenofibrate for an average of 5 years, a rate that was similar to placebo [5]. In
addition, fenofibrate is now being investigated as a potential treatment for several liver
diseases including primary biliary cholangitis (PBC), fatty liver disease and cirrhosis due to
its potential beneficial effects on hepatic steatosis, endothelial dysfunction and fibrosis [12—
15].

This study describes the presenting features, liver histopathology and outcomes of 7 patients
with liver injury attributed to fenofibrate in a large prospective cohort of patients with drug
induced liver injury (DILI) in the United States.
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The Drug-Induced Liver Injury Network (DILIN) prospective study is a National Institutes
of Health (NIH) funded multicenter observational cohort study that enrolls patients with
suspected DILI. Eligible patients must meet at least one of four predefined laboratory
criteria for study entry on two consecutive blood draws: (1) a serum aspartate
aminotransferase (AST) or alanine aminotransferase (ALT) level that exceeded 5 times the
ULN (or 5 times a pretreatment baseline value if abnormal), (2) a serum alkaline
phosphatase (Alk P) that exceeded 2 times the ULN (or 2 times the pretreatment value if
abnormal), (3) any elevation of ALT, AST or Alk P with a total bilirubin of 2.5 mg/dL, or
(4) any such enzyme elevations with an international normalized ratio (INR) greater than
1.5. Subjects had to be enrolled within 6 months of DILI onset. Patients with acetaminophen
hepatotoxicity and those with liver or bone marrow transplant are excluded.

All patients underwent a detailed medical history and laboratory and radiological testing to
exclude other causes of liver injury including testing for hepatitis A, B, C, E, HIV, markers
of autoimmune disease, cytomegalovirus, Epstein-Barr virus, and biliary tract disease.
Patients were asked to return for a follow-up visit at 6 months after enrollment, and those
with persistent evidence of liver injury at 6 months to return again at 12 and 24 months.

To assess causality between the drug and liver injury, two methods were employed: a
consensus expert opinion by committee using a standardized scoring system [16]: 1
(definite: = 95% likelihood), 2 (highly likely: 75%-94% likelihood), 3 (probable: 50%—74%
likelihood), 4 (possible: 25%—-49% likelihood) or 5 (unlikely: <25% likelihood); and the
standardized Roussel Uclaf Causality Assessment Method (RUCAM) [17]. By convention,
RUCAM scores were grouped into likelihood levels as “excluded” (= 0), “unlikely” (1-2),
“possible” (3-5), “probable” (6—8) and “highly probable” (= 9). In subjects where there was
more than 1 implicated drug, an overall causality score was assigned and then a causality
score was also determined for each individual suspect drug.

To categorize the pattern of liver injury we used the R-ratio: [ALT/ULN] + [Alk P/ULN].
Cases were categorized as hepatocellular when R is greater than 5, cholestatic when less
than 2 and mixed when between 2 and 5. A 5-point scale was used to define severity,
ranging from 1 (mild), 2 (moderate), 3 (moderate and hospitalized), 4 (severe), and 5 (death
or liver transplantation due to DILI within 6 months of onset) [18].

When available, liver biopsy material was reviewed by the DILIN liver histopathologist
(DEK) and scored in a formulaic manner for multiple histological features as well as an
overall pattern of liver injury [19].

The patients presented here have been included in prior publications of the overall features
and outcomes of DILI in the prospective DILIN study [20, 21]. Of the 7 fenofibrate cases
presented here, 3 were included in the genome-wide association study (GWAS) phase of the
earlier publication, and 3 in the replication phase, where the proxy single nucleotide
polymorphism (SNP) rs114577328 was genotyped. The seventh patient was of Hispanic
ancestry and not included in the previous European ancestry-focused publication, although
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this sample had been GWAS genotyped with the Illumina IMDuo chip. The HLA types for
these patients were imputed from the GWAS data using HIBAG.

The study was approved by the Institutional Review Boards at each clinical site and data
coordinating center and by a central Data Safety and Monitoring Board appointed by the
NIDDK specifically for this study. All enrolled subjects provided written informed consent.
The locations and principal investigators of the DILIN participating sites are given in the
supplementary material.

Between September, 2004 and September, 2015, 1723 patients were enrolled in the DILIN
Prospective Study and 1512 underwent adjudication (Figure 1). 1229 cases were scored as
definite, highly likely or probable DILI. Of these, 7 (0.6%) cases of fenofibrate
hepatotoxicity were identified. The subjects included 5 men and 2 women, with a median
age of 43 (range: 37-61 years).

Demographic and clinical features of the 7 patients are shown in Table 1. All patients were
prescribed fenofibrate for dyslipidemia, and specifically for elevated triglyceride levels in 6.
The doses were all in the prescribed range, 48-160 mg daily. The duration of treatment
ranged from 5-56 weeks. Four patients had a short time to onset of 5-8 weeks, the
remaining 3 had a more prolonged latency of 18, 43 and 56 weeks, none of whom had had a
recent dose increase. All patients were either overweight (body mass index [BMI] 25-30
kg/mZ2) or obese (BMI > 30 kg/m?) and 2 patients had diabetes mellitus. None had a history
of excessive alcohol use or alcoholism. Six patients had been taking medications other than
the implicated agent within 2 months of onset, ranging from 1 to 10 medications, but in only
two cases (2 and 4) were these agents considered even “possibly” related to the liver injury.
All 7 patients were symptomatic at presentation, the most common symptoms being
jaundice (n=6), fatigue (n=3), nausea (n=3), itching (n=3) and abdominal pain (n=2). One
patient gave a history of rash and one of fever, but these symptoms were not prominent and
no patient had documented eosinophilia.

The pattern of liver enzyme elevations (based upon R ratios) was hepatocellular in 2,
cholestatic in 3 and mixed in 2 (Table 2). The median initial serum ALT was 533 U/L (range
78-2297), AST 245 U/L (63-917) and Alk P 218 U/L (79-518). Six patients presented with
jaundice (peak bilirubin levels of 4.7-37.3 mg/dL). No patient had evidence of acute
hepatitis A, B, C or E. Initial abdominal imaging was available in 6 patients and showed no
evidence of biliary obstruction. However, 3 patients had evidence of hepatic steatosis and 1
patient had questionable coarsened hepatic echotexture on ultrasound. Long-term fenofibrate
use has been associated with cholelithiasis but of the 6 patients that had abdominal imaging
only 1 patient (case 2) had evidence of gallstones in the gallbladder. Autoantibody testing
was negative for ANA in all 7 patients, while two had SMA reactivity.

The clinical course was considered mild in one patient, moderate in 4, and severe in 2 (Table
3). The two patients with severe liver injury both had a delay after onset of symptoms in
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stopping fenofibrate (8 weeks in case 2 and at least 1 week in case 5). Both had persistent
liver test abnormalities beyond 6 months, one subsequently undergoing liver transplantation
at 8 months (case 5) and one dying of renal failure at 26 months at which time the ALT was
19 U/L, Alk P of 325 U/L and total bilirubin 0.2 mg/dL (case 2).

Liver Histopathology

Genetics

Liver biopsy from 4 patients was available for central review, including 6 biopsies and an
explant (Table 4). The initial biopsies were taken a mean of 16 days after DILI onset, (range
3 to 35 days). The patterns of injury were diverse, with one case showing chronic hepatitis,
two showing cholestasis (one with mild hepatitis and one with steatohepatitis), and one
showing chronic cholestasis and prominent zone 3 bile accumulation. Although there was
not a single pattern of injury observed, there were common themes. Three patients showed
zone 3 cholestasis associated with duct injury that was characterized by reactive epithelial
changes rather than direct inflammatory injury. In the 3 cases that did not go to transplant
there were eosinophils present in the portal areas but these were rare, similar to the numbers
seen in case 5 who underwent liver transplant. The inflammation overall was mild in 3 cases.
The one case that showed features of chronic hepatitis had autoimmune hepatitis-like
changes with severe inflammatory activity, bridging necrosis, plasma cells and eosinophils.
The chronic cholestatic case had two subsequent biopsies and an explant. The follow-up
biopsies and the explant showed progressively worsening features of bile accumulation and
chronic cholestasis. The explant did not show duct loss or duct injury suggestive of PBC,
sclerosing cholangitis or vanishing bile duct syndrome.

The overall causality scores by the DILIN expert consensus were definite in 1, highly likely
in 5 and probable in 1 case; but fenofibrate was assigned causality scores of highly likely in
5 and probable in 2, the difference being in cases where another agent was implicated as
“possibly” related (cases 2 and 4).

The injury in case 5 involved a 41 year-old male started on fenofibrate 160 mg daily for
hypertriglyceridemia. He was on no other medications at the time. Six months later he
underwent uneventful cholecystectomy for symptomatic gallbladder disease. He did well but
3 months later he developed abdominal pain, nausea, vomiting and jaundice and the
fenofibrate was held. Laboratory studies showed ALT 78 U/L, AST 72 U/L, Alk P 195 U/L
and total bilirubin 8.0 mg/dL. Liver imaging showed fatty liver without ductal dilation and
he underwent endoscopic retrograde cholangiography which was normal. Viral and
autoimmune studies (including AMA) were negative. His symptoms persisted and laboratory
studies worsened despite a trial of prednisone. Serial liver histology (Figure 2) showed
chronic cholestasis with mild inflammation and no duct loss or sclerosis. He underwent
successful liver transplantation 8 months after his initial symptoms and diagnosis of DILI
with the explant showing chronic cholestasis and bridging fibrosis without bile duct loss.
After transplantation, jaundice resolved rapidly and all liver tests were normal 3 weeks later.

Three of the 7 fenofibrate patients were found to be carriers of the low-frequency HLA type
HLA-A*33:01, which has been associated with DILI and has a frequency of 1.1% in
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European ancestry controls (Table 5). Additionally, the one Hispanic ancestry fenofibrate
patient was a carrier for the related HLA types HLA-B*14:02 and HLA-C*08:02, which
were found in 8% of Hispanic controls but were found in all of the DILI cases who were
carriers of HLA-A*33:01 [22].

Discussion

Fenofibrate accounted for 7 of 1229 patients (0.6%) with DILI enrolled during the first 12
years of the DILIN Prospective study. The 7 cases were enrolled at 6 different medical
centers and during 5 different calendar years. The injury did not appear to be dose related, 2
patients receiving the minimal recommended dose and none receiving the maximum dose of
200 mg daily or an overdose. Four cases occurred with a short latency of 5 to 8 weeks and 3
with a longer latency, but none with a recent history of dose escalation. The clinical pattern
of injury (based on the R ratio) was variable, but was cholestatic or mixed in 5 and
hepatocellular in 2. The two hepatocellular cases had long latency and both had features of
autoimmune hepatitis, one with SMA positivitiy and a second with a biopsy interpreted as
compatible with autoimmune hepatitis. In both cases, however, the liver injury resolved
without corticosteroid therapy once fenofibrate was stopped and did not relapse.

The 5 cholestatic and mixed cases were self-limited in 3 instances, but were prolonged and
progressive in 2 others. Both severe cases had an initial delay after onset of jaundice in
stopping fenofibrate. Both progressive cases presented in a manner that could be interpreted
as “acute-on-chronic” liver failure with early appearance of ascites and features of hepatic
dysfunction but without a previous bout of acute liver failure or marked serum
aminotransferase elevations. One patient had pre-existing abnormalities in serum enzymes
and likely had asymptomatic nonalcoholic steatohepatitis. While vanishing bile duct
syndrome was suspected in both cases, liver biopsies did not demonstrate bile duct paucity.
One patient (case 5) underwent liver transplantation 8 months after onset and the explant
showed severe cholestasis but no ductopenia. The second patient (case 2) recovered from the
severe and progressive injury with resolution of jaundice 6 months after onset but had
persistence of symptoms of fatigue and weakness, marked elevation in AIkP and ascites.
This patient died of renal failure complicated by the accompanying liver dysfunction.

Thus, fenofibrate usually causes an acute cholestatic or mixed hepatitis which rapidly
resolves with stopping the drug, but occasionally can lead to progressive cholestasis and
hepatic failure that may require liver transplantation. Fenofibrate associated liver injury can
also present with a hepatocellular pattern of injury, usually with a longer latency and
sometimes with autoimmune features.

The variability in presentation of fenofibrate associated DILI in this cohort mirrors that seen
in the published literature. Acute cholestatic injury [9-11] has been described shortly after
initiation of therapy with rapid improvement on dechallenge although one case developed a
chronic injury. An autoimmune type reaction was seen in a French series of 5 patients [7]
with elevated aminotransferase levels, hypergammaglobulinemia and high titers of ANA
with liver biopsy demonstrating a lymphoplasmacytic infiltrate. Several patients already had
cirrhosis and those who did not went on to develop cirrhosis. Interestingly all the patients
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had resolution of injury when fibrate therapy was discontinued although immunosuppressive
therapy was required in 2 patients.

Given the variability in presentation the mechanism underlying fenofibrate hepatotoxicity is
unclear. Hepatic PPAR-a activity has complex effects on lipid metabolism including
controlling expression of genes encoding peroxisomal and mitochondrial fatty acid -
oxidation enzymes. There is experimental evidence this may be a useful effect in fatty liver
disease [13] and also protection against acetaminophen-induced hepatotoxicity [23].

Recent evidence suggests that altered lipid metabolism involving PPAR-a may also be
involved in the pathogenesis and chronicity of cholestatic disease [24]. This finding has led
to studies investigating the role of fenofibrate in PBC where activation of PPAR-a. has
beneficial effects by down-regulating multiple enzymes involved in the synthesis of toxic
bile acids [14, 15].

A recent study has examined the association of DILI with polymorphisms in HLA genes and
included the 7 cases reported here [22]. Cases 1, 3 and 4 were associated with HLA-
A*33:01, and these cases shared a similar short latency of 5-7 weeks, were not taking
concomitant HMG-CoA reductase inhibitors and recovered uneventfully (although case 4
was lost to follow up). Interestingly, this HLA type was not seen in the 2 severe cases nor in
the 2 with long latency to onset and autoimmune features.

Strengths of the current study include the prospective collection of data and a standardized
causality assessment procedure [18] with exhaustive exclusion of other causes of liver
disease. Limitations of this study include the lack of an objective diagnostic biomarker for
DILI although the available liver histology is typical of what has been reported in other
patients with suspected DILI. In addition, pretreatment baseline liver biochemistries were
not available in 5 of the 7 treated patients.

Despite the concern for hepatotoxicity and the recommendation to monitor liver tests while
on fenofibrate, the FIELD study found no difference in liver test abnormalities between
fenofibrate and placebo [5] suggesting that DILI from fenofibrate is a rare event probably
arising in fewer than 1:10,000 exposed persons, arguing against routine monitoring of liver
tests, particularly as the appropriate interval and frequency is unclear. In addition, while
cases of fenofibrate associated liver injury have been prolonged and severe, there have been
no instances of acute liver failure attributed to fibrates in the LiverTox database [26].
However, the severe injury in cases 2 and 5 was only noted several weeks after the onset of
jaundice. Earlier recognition of the symptoms of liver injury may have led to an opportunity
to discontinue the medication and perhaps prevented further deterioration.

In conclusion, fenofibrate is associated with idiosyncratic acute liver injury with a typical
latency of 5-8 weeks although this can be more prolonged. The pattern and severity of
injury is variable but a chronic progressive cholestatic disease can occur. Although rare, the
injury can be severe and patients treated with fenofibrate should be alerted to the possibility
of liver injury and importance of discontinuing therapy for unexplained symptoms or signs
of possible liver injury.
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1723 patients enrolled in DILIN Prospective Study between September
2004 and September 2015

211 patients not adjudicated

1512 patients undergone formal adjudication

283 patients with possible or unlikely DILI

1229 patients scored as definite, highly likely or
probable DILI

1222 patients with non-Fenofibrate DILI

7 patients with DILI attributed to Fenofibrate

Figurel.
Flow diagram of selection of patients with Fenofibrate DILI in the DILIN Prospective Study
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Figure2.
Representative histological changes in case 5.

A. The initial biopsy showed swelling in zone 3 consistent with cholate stasis. Mild
inflammation was present, mainly in portal areas (H&E, 100x). B. Masson trichrome
staining showed scant fibrosis (Masson, 100x). C. At the time of transplant, the hepatocytes
showed diffuse swelling with cytoplasmic clearing. Mild portal inflammation persisted, but
the bile ducts remained intact being found in 20 of 20 consecutive portal tracts. D. Portal-
portal and portal-central bridging fibrosis with nodularity were present but without
progression to cirrhosis (Masson, 40x).
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Table 4

Histopathologic features of patients with Fenofibrate DILI

Description

Case 1 | Steatohepatitis with cholestasis and duct injury. Moderate macrovesicular steatosis in zone 3 associated with mild perisinusoidal
fibrosis and small balloon cells. Also mild canalicular cholestasis. The portal areas are expanded with fibrosis and a mild infiltrate
with occasional eosinophils. The ducts show injury without loss.

Case 4 | Zone 3 cholestasis with mild portal and lobular inflammation, classified as an acute (bland) cholestasis. Eosinophils noted in portal
areas. Duct injury present, but no duct loss and no chronic cholestatic features. No fibrosis.

Case 5 | Initial biopsy with chronic cholestasis with prominent zone 3 bile accumulation and hepatocyte swelling. Features of chronic
cholestasis included both pseudoxanthomatous change and copper accumulation. Duct injury was noted although there were no florid
duct lesions or sclerotic lesions. Ducts appeared to be present in most of the portal areas. Inflammation is mild overall.

Follow-up biopsies showed similar changes with some worsening of cholestatic features. The explant shows severe cholestasis in the
parenchyma along with features of chronic cholestasis. There is no convincing duct paucity and no sclerosing lesions. Inflammation
remained mild through the explant.

Case 6 | Marked interface hepatitis with bridging necrosis and perivenular hepatitis with hepatocyte drop-out. Numerous foci of lobular

inflammation. Plasma cells and eosinophils are prominent in the infiltrate. Duct injury is present, but more like Poulsen lesions than
destructive injury. There were no features of chronic cholestasis and the copper stain was negative. There is both periportal and
perivenular fibrosis without perisinusoidal fibrosis. Looks very much like autoimmune hepatitis.
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Table 5

HLA genotypes in seven patients with Fenofibrate DILI

Case | HLA-A*33:01 | HLA-B*14:02 | HLA-C*08:02 | Ancestry
1 Yes Yes Yes European
2 No No No European
3 Yes Yes Yes European
4 Yes Yes Yes European
5 No No No European
6 No Yes Yes Hispanic
7 No No No European
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