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Drug-Induced Liver Injury Secondary to Enobosarm:
A Selective Androgen Receptor Modulator

Daniel Weinblatt® ¢, Satyajeet Roy®

Abstract

Selective androgen receptor modulators (SARMs) are compounds that
bind to androgen receptors and have similar anabolic properties to ana-
bolic steroids. Unlike anabolic steroids, which bind to androgen recep-
tors in many tissues all over the body, individual SARMs selectively
bind androgen receptors in certain tissues, but not in others. This selec-
tivity has attracted researchers due to the possibility of using SARMs
for the potential benefits of androgen receptor stimulation, such as in-
creased muscle mass and increased bone density, while minimizing the
adverse effects, such as erythrocytosis and hepatotoxicity. Enobosarm,
a SARM, has been studied for use in treatment of cachexia, osteo-
porosis, breast and prostate cancers, and stress urinary incontinence.
Enobosarm can be found in some over-the-counter muscle-building
supplements. We report a 31-year-old man with no significant personal
or family medical history who presented with itching and dark-colored
urine for 1 week. Three weeks prior to presentation, he had begun us-
ing a muscle-building supplement containing enobosarm. Diagnostic
workup concluded a drug-induced hepatocellular liver injury second-
ary to enobosarm, which subsequently improved after discontinuation
of enobosarm-containing muscle-building supplement use. As enobo-
sarm and other SARM s are increasingly found in the over-the-counter
supplements and being studied for other clinical applications, it is im-
portant to recognize their potential for liver toxicity.
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Introduction

Drug-induced liver injury (DILI) is a condition that is fairly
common, potentially severe, but occasionally difficult to di-
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agnose, as it is a diagnosis of exclusion. By some estimates,
DILI may account for 10-50% of all cases of acute hepatitis
and nearly 25% of cases of fulminant hepatic failure [1]. When
acetaminophen overdose is excluded, DILI is reported to be
the cause of 7-15% cases of acute liver failure in the United
States and Europe [2]. DILI can be classified as intrinsic or idi-
osyncratic. In intrinsic DILI, drug hepatotoxicity is predictable,
dose-related, and occurs within hours to days after ingestion.
In idiosyncratic DILI, the injury is unpredictable, rare, and can
occur even weeks after exposure. While idiosyncratic DILI may
occur infrequently for a given drug, it is still a significant con-
cern, particularly in drug development. Hepatotoxicity was the
basis for 32% of drug withdrawals from the USA between 1975
and 2007 [3]. The diagnosis of DILI requires a clear history of
drug ingestion and exclusion of other potential causes of liver
injury. There has long been a link between the use of androgenic
anabolic steroids and liver injury [4]. However, there are only
a few reports of DILI related to the use of selective androgen
receptor modulators (SARMs), and only one reported second-
ary to enobosarm, a SARM. We present a case of a patient who
developed DILI after using an over-the-counter muscle-building
supplement that contained enobosarm. In this case presentation,
we aim to present the limited but growing evidence of the liver
toxicity of SARMs that can be found in many over-the-counter
muscle-building supplements.

Case Report
Investigations

A 31-year-old man presented to our primary care office with
itching and dark-colored urine for 1 week. He had no personal
or family history of liver disease. He reported consuming one
alcoholic drink, either one beer or 2 oz of liquor, on average
per week. He reported no sick contacts, no current or previ-
ous illicit drug use, no unprotected sexual intercourse, and no
recent travel. The patient denied abdominal pain, nausea, vom-
iting, diarrhea, fevers or chills. He had never experienced simi-
lar symptoms before. The patient reported that 3 weeks prior
to the presentation, he had started taking an over-the-counter
muscle-building supplement that contained the main ingredi-
ent enobosarm, a SARM. There were no other ingredients in
the supplement. After taking the supplement for 2 weeks, he
developed itching throughout his body and dark-colored urine.
He did not have a rash or yellowing discoloration of his skin
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Figure 1. Timeline of presenting illness.

or eyes (Fig. 1).

On physical exam, the patient appeared healthy without
distress. His vital signs were normal with blood pressure of
118/76 mm Hg, pulse of 63 beats per minute, respiratory rate
of 16 breaths per minute, oral temperature of 98 °F, and room
air SpO, of 98%. His body mass index (BMI) was 33.86 kg/
m?. The abdominal exam revealed no hepatomegaly or spleno-
megaly, no tenderness, and no distention. There was no jaun-
dice or scleral icterus. The remainder of the physical exam was
unremarkable.

Diagnostic tests at the patient’s initial presentation were
notable for elevated serum alanine aminotransferase (ALT) of
346 U/L, elevated aspartate aminotransferase (AST) of 110
U/L, alkaline phosphatase of 123 U/L, and total bilirubin of
0.5 mg/dL. The serum albumin was 4.9 g/dL and international
normalized ratio (INR) was 1.0, both within normal limits. The
rest of his comprehensive metabolic panel, and complete blood
count showed no abnormality.

Diagnosis

The differential diagnosis of our patient’s initial presentation
included DILI, non-alcoholic fatty liver disease, autoimmune
hepatitis, primary biliary cirrhosis, hereditary hemochromato-
sis, primary sclerosing cholangitis, Wilson’s disease, biliary
obstruction secondary to malignancy, choledocholithiasis, Mi-
rizzi syndrome, Budd-Chiari syndrome, and acute hepatitis A
virus infection.

Hepatitis A and C virus antibody tests were negative. Hep-
atitis B virus surface antibody was positive while hepatitis B
surface antigen, core antibody and e-antigen were negative, con-
sistent with prior vaccination. His baseline liver tests conducted
3 years prior as part of routine blood tests were all within normal
limits. Toxicology screening tests were negative. A right upper
quadrant abdominal ultrasound with venous Doppler demon-
strated an enlarged fatty liver, with a length of 199 mm at the
mid-clavicular line. There was normal venous flow and there
were no discrete lesions, gallstones, or bile duct dilation.

The other results were notable for normal serum iron
level, serum ferritin level of 447 ng/mL, negative anti-smooth
muscle antibody, negative anti-mitochondrial antibody, nor-
mal ceruloplasmin level, negative anti-nuclear antibody, nega-
tive human homeostatic iron regulator (HFE) gene testing, and
normal gamma-glutamyl transferase.

We conducted a detailed analysis of the differential di-
agnosis. Non-alcoholic fatty liver disease was a possibility in
this patient given a BMI of 33 kg/m?, though it is typically
asymptomatic and would not cause this degree of elevation in
liver enzymes. Other, less common conditions such as auto-
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immune hepatitis, primary biliary cirrhosis, hereditary hemo-
chromatosis, and Wilson’s disease were excluded on the basis
of negative laboratory testing. While the ferritin was slightly
elevated at 447 ng/mL, the transferrin saturation was 21%. In
men with hereditary hemochromatosis, the transferrin satura-
tion is typically greater than 45%. This suggests that ferritin
was elevated as an acute phase reactant rather than due to iron
overload. This was also supported by a negative HFE gene
testing. Primary biliary cirrhosis was less likely due to the
alkaline phosphatase level being less than 1.5 times the up-
per limit of normal. Primary sclerosing cholangitis was also
thought to be less likely due to the hepatocellular pattern of
liver injury, with an R factor of 7.5. Choledocholithiasis and
Mirizzi syndrome could cause elevations in aminotransferases,
but would typically present with a right upper quadrant pain in
addition to symptoms and laboratory findings of cholestasis.
Moreover, these diagnoses were ruled out due to negative ul-
trasonographic findings. Biliary obstruction secondary to ma-
lignancy was thought to be less likely in an otherwise healthy
young man and there was more of a hepatocellular injury pat-
tern rather than cholestasis. Acute biliary obstruction was also
ruled out based on the ultrasonographic findings. Budd-Chiari
syndrome was also less likely given the lack of abdominal pain
in the patient’s presentation, and a normal flow through the he-
patic vein on the ultrasonography. An acute viral hepatitis was
also ruled out based on the negative serological test results. We
finalized the diagnosis as DILI secondary to enobosarm inges-
tion, given the appearance of the patient’s symptoms shortly
after ingestion of the over-the-counter muscle-building supple-
ment which contained enobosarm as the main ingredient.

Treatment

The muscle-building supplement containing enobosarm was
discontinued. A short course of cyproheptadine was prescribed
to alleviate itching which offered symptomatic improvement.
The patient was advised to avoid consumption of alcohol-con-
taining beverages and over-the-counter supplements.

Follow-up and outcomes

The patient was followed up in the office weekly for 2 weeks
followed by monthly for 3 months, and subsequently at 6 - 12
months. Both the itching and dark-colored urine resolved in
the weeks following the patient’s discontinuation of enobo-
sarm supplement use. A repeat laboratory testing was obtained
3 days after the initial presentation. Aminotransferases showed
improvement, with ALT 184 U/L, AST 36 U/L, alkaline
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Figure 2. Course of liver injury.

phosphatase 101 U/L, and total bilirubin 0.2 mg/dL. Another
follow-up liver profile after 7 days showed further improve-
ment, with ALT 90 U/L, AST 24 U/L, alkaline phosphatase 95
U/L, and total bilirubin 0.5 mg/dL. A liver biopsy was initially
planned, however due to the rapid improvement of his symp-
toms after cessation of enobosarm and the favorable trend of
the follow-up diagnostic studies, the patient and the care team
decided not to pursue the liver biopsy. A follow-up liver profile
10 months later showed normalization of the ALT and AST at
25 U/L and 18 U/L, respectively (Fig. 2).

Discussion

Diagnosis of DILI can be challenging, as it requires exclusion
of other causes of liver disease, as well as a clear history of
drug exposure. There should also be improvement in liver in-
jury following cessation of the drug, and recurrence of injury
with repeat challenge with the drug, though this is generally
not recommended. There are numerous drugs and chemicals
either proven or implicated as causes of liver injury. Many
herbal and dietary supplements contain chemical compounds
that are included on that list. Androgenic anabolic steroids
(AAS) are among the compounds that are known to cause a
range of liver injuries, from transient transaminase elevations,
to acute “bland cholestasis”, to peliosis hepatis. Long-term use
of AAS has also been linked to the development of hepatic tu-
mors [4]. SARMs, on the other hand, are compounds that bind
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to androgen receptors, akin to the action of selective estrogen
receptor modulator (SERMs) on estrogen receptors.

Enobosarm, also known as Ostarine or MK-2866, was
first discovered in the 1990s, and has been studied for use in
treatment of cachexia, osteoporosis, breast and prostate can-
cers, and stress urinary incontinence [5, 6]. In animal studies,
enobosarm increased muscle mass and bone density while
having limited effects on other androgen-responsive tissues
including the prostate and seminal vesicles. The animal stud-
ies also found that the prostate size was reduced in male rats
at doses that increased muscle mass. In a phase I study in 48
healthy 18- to 45-year-old males and 23 elderly males with
truncal obesity, Dalton and associates administered enobosarm
for 14 days and reported increased lean body mass and favora-
ble tolerability profile without clinically apparent adverse ef-
fects [7]. Interestingly, in the phase II trial of enobosarm for
treatment of cachexia, increases in ALT were noted in 20.8%
of the individuals taking the highest and most effective study
dose of 3 mg [7]. In 2017, the United State Food and Drug
Administration (FDA) issued a warning to several supplement
manufacturers for including SARMs in products marketed and
labeled as dietary supplements. The warning not only noted the
potential for liver toxicity, but it also suggested an increased
risk of heart attack and stroke [8].

There are only a few published case reports of SARMs
being implicated as the causes of liver injury. Flores et al pub-
lished a case series of two patients who developed liver injury
after taking SARMs. In the first of those cases, an otherwise
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healthy 24-year-old patient consumed the gym product Ligan-
drol for 9 weeks. He also had an additional history of binge-
consumption of alcohol. The patient had similar elevations in
ALT and AST as observed in our patient, along with elevation
of total bilirubin [9]. However, our patient’s bilirubin levels
were in the normal range, and he consumed alcohol socially
and occasionally. In the second case, a 49-year-old man con-
sumed RAD-140 for 4 weeks, 4 months prior to presentation.
He was also on venlafaxine for 11 months. He had a mixed
hepatocellular-cholestatic liver injury, and was treated with ur-
sodiol and cholestyramine after cessation of venlafaxine and
RAD-140. Both patients’ liver enzymes normalized in the sub-
sequent months [9]. Lastly, there is one recently published re-
port of a patient developing liver injury following enobosarm
use. In that report, the patient had been using a supplement
containing enobosarm for 2 months. Interestingly, analysis of
the liver tests revealed an R factor of 0.8, indicating a predomi-
nant cholestatic liver injury. He also underwent a liver biopsy,
with histopathologic findings of hepatic ductular reaction with
minimal inflammation and significant cholestasis. The patient
in that case had a similar improvement in liver injury over sev-
eral months after he stopped taking the supplement [10]. The
discrepancy between the types of liver injury observed in that
case and the one presented here may be due to the duration or
quantity of enobosarm use.

A liver biopsy in the case of our patient could have helped
to define the mechanism of liver injury caused with enobosarm
either by demonstrating a similar histopathology, or by reveal-
ing an alternative pattern of damage. However, a biopsy would
have been invasive and would not have been likely to change
the diagnosis or management in this case, given the improve-
ments in the patient’s liver enzymes. For these reasons as well
as the patient’s preference, a liver biopsy was not pursued. Ad-
ditionally, our patient’s causality assessment scores by Roussel
Uclaf Causality Assessment Method was 7, which falls into
the category of “probable” (score 6 - 8) [11]. When compar-
ing RUCAM to other causality assessment instruments, the
other terminology that corresponds with “RUCAM probable”
is documented as “highly probable” [11]. Further analysis of
the study by Dalton and associates, in which they recruited
120 healthy elderly men (aged greater than 60 years) and post-
menopausal women and conducted a 12-week double-blind,
placebo-controlled phase II clinical trial to evaluate the role of
enobosarm in lean body mass and physical function, revealed
noteworthy observations [7]. Although the authors concluded
a dose-dependent improvement in total lean body mass and
physical function, and found similar adverse effects between
the intervention group and the placebo group, nevertheless one
subject in the intervention group discontinued the trial due to
rise in a four times upper limit of normal rise in the ALT. Ad-
ditionally, there were seven other subjects in the intervention
group who demonstrated smaller rise in the ALT, as well. The
effects of 1.0 or 3.0 mg of enobosarm on lean body mass have
also been studied in another randomized, controlled phase II
trial; however, the study did not report any particular liver-
related adverse events [12].

Although the exact mechanism of liver injury due to eno-
bosarm is unclear, several possible mechanisms have been
suggested based on the observations made in the DILI associ-
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ated with other SARMs. Idiosyncrasy happens to play a major
role in the majority of the cases of DILI due to other SARMs.
The rarity of reported cases of DILI secondary to enobosarm,
a predominantly lymphocytic infiltrate in the liver tissue in the
few reported cases of other SARMs, and lack of association
between the length of use and the severity of the liver injury
make the idiosyncratic immune response as the most plausible
mechanism of liver injury. The biochemical response in the
form of mixed-type hepatocellular-cholestatic injury and the
reported histological findings in the few reported cases with
other SARMs indicate combined targeting of hepatocytes and
cholangiocytes by the immune response, which can be ex-
plained by the idiosyncratic immune response [13].

We conclude that our patient suffered a DILI caused by
the muscle-building supplement containing enobosarm. The
laboratory findings on presentation suggested a hepatocellular
pattern with predominant transaminase elevation. Our case re-
port highlights the need for further study of the liver damage
caused by SARMs in light of their increasing popularity and
potential for misuse as body-building products.

Learning points

SARMs, such as enobosarm, are an emerging class of com-
pounds that have the potential for both therapeutic and recrea-
tional use, but appear to carry a risk of liver injury.

Patients presenting with abnormal liver enzymes should
be asked about their use of supplements, particularly those pa-
tients involved in weight-lifting and muscle or body building.

Further research is needed to characterize the effects of
enobosarm on the liver.
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