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General and Internal Medicine

Unusual or unexpected effect of treatment

Non-alcoholic fatty liver disease (NAFLD) is the most common cause of chronic liver disease in the United
States, and 25% of patients with NAFLD progress to non-alcoholic steatohepatitis (NASH). NAFLD is predicted
to be the most common indication for liver transplantation by 2030. Despite associated high morbidity and
mortality, there is currently no approved therapy for NASH. PCSK9 inhibitors are approved for reducing LDL in
patients who are statin-intolerant or need further LDL reduction. Increased LDL levels are independently asso-
ciated with an elevated risk of NAFLD.

We present a case of a 39-year-old woman with acute NASH with familial hypercholesterolemia that was re-
fractory to lifestyle modifications and HMG-CoA reductase inhibitors. An episode of rhabdomyolysis warranted
a search for alternatives to statin therapy. Results of a liver biopsy showed microvesicular and macrovesicular
steatosis with ballooning degeneration, indicating acute NASH. She was started on PCSK9 inhibitors as salvage
therapy. Three monthly doses resulted in a more than an 80% reduction in ALT and AST and a 48% reduction
in LDL levels. A liver biopsy done 8 months after the first biopsy showed normalization of liver histology.

The use of PCSK9 inhibitors showed a dramatic response in this patient who failed conventional therapies,
and the encouraging results seen in this case merit further research into the use of PCSK9 inhibitors as first-
line therapy for the acute phase of NASH.
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Background

Non-alcoholic fatty liver disease (NAFLD) is estimated to be
the most common cause of chronic liver disease in the United
States. It affects from 80 million to 100 million individuals,
among whom nearly 25% progress to non-alcoholic steatohepa-
titis (NASH) [1]. About 20% of NASH ases progress to end-stage
liver disease or cirrhosis [2]. NAFLD is predicted to be the most
common indication for liver transplantation by 2030 [3]. Despite
it having high morbidity and mortality, there is no approved
therapy for NASH. We present a case of NASH with statin- re-
fractory hypercholesterolemia in which liver enzymes, choles-
terol indices, and liver histology normalized after proprotein
convertase subtilisin/kexin type 9 (PCSK9) inhibitor treatment.

Case Report

A 39-year-old woman with familial hypercholesterolemia had
suboptimal control of cholesterol indices despite HMG-CoA re-
ductase inhibitor therapy (Table 1). She had a body mass in-
dex of 25 kg/m? (normal range, 18-25 kg/m?). She had been
on rosuvastatin 10 mg for 10 years along with lifestyle modi-
fications, including vigorous physical activity 4 to 5 times per
week and a low-fat diet, with minimal results. Subsequently, in
April 2019, the patient developed rhabdomyolysis (creatinine
kinase 131 632 U/L [reference range, 22-269 U/L] and myo-
globin 325 ng/mL [range, 14-66 ng/mL]) secondary to statin
use, requiring cessation of her rosuvastatin regimen. During
this time, she had an increase in her liver function tests (LFTs)
(Table 2), which was deemed secondary to rhabdomyolysis. Six
months after this episode, persistent elevation of her LFTs ne-
cessitated ultrasound imaging, which showed a 1.3-cm septated
lesion of the right hepatic lobe. The patient was consequently

Table 1. Lipid panel from initial diagnosis.

TC (<200 mg/dL)

TG (<150 mg/dL)
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diagnosed with a liver hemangioma, and her oral contracep-
tive pills were stopped.

Additional tests were performed to determine the underlying
etiology of her persistently elevated LFTs. The hepatitis pan-
el, ceruloplasmin levels, autoimmune panel, alpha-1 antitryp-
sin antibody, ferritin levels, hemoglobin Alc, and thyroid pan-
el all came back within normal limits (Table 3). Genetic testing
for the solute carrier organic anion transporter family member
1B1 genotype showed normal organic anion transporter poly-
peptide 1B1 function, suggesting a typical risk for myopathy
and no excessive circulating levels of statins. She had a fibrosis
score of 0.46, classified as stage F1-F2, with portal and bridging
fibrosis with few septa, and moderate steatosis grade S2, with
a steatosis score of 0.63. Her occasional alcohol consumption
and an aspartate transaminase/alanine transaminase (AST/ALT)
ratio of less than 2 suggested against alcoholic liver disease.

Later, she developed nausea and elevated gamma-glutamyl
transpeptidase (GGT) (212 U/L; reference range <40 U/L), sec-
ondary to chronic cholelithiasis. She underwent a laparoscop-
ic cholecystectomy and a liver biopsy in December 2019. Liver
histology showed mixed microvesicular and macrovesicular ste-
atosis with megamitochondria and foci of ballooning degener-
ation, pointing to a diagnosis of NASH (Figure 1).

The patient’s LFTs continued to rise despite the cholecystecto-
my, with ALT levels reaching 1862 U/L (range, 5-40 U/L). She
was then referred to a hepatologist and learned that her condi-
tion could either reverse and resolve or progress from NASH to
end-stage liver disease, eventually requiring a liver transplant.

Owing to the lack of desired results with the standard of
care and her statin intolerance, the patient was started on

HDL (539 mg/dL) LDL (<100 mg/dL)
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Table 2. Liver function tests from initial diagnosis.
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evolocumab, a monoclonal antibody that inhibits PCSK9, as
salvage therapy. After receiving evolocumab, she had a signif-
icant improvement in her lipid and LFT levels. After the first
dose, ALT decreased by 89% (1251 to 133 U/L), AST by 86%
(366 to 53 U/L [range, 9-40 U/L]), alkaline phosphatase (ALP)
by 16% (140 to 118 U/L [range, 40-112 U/L]), total cholesterol
(TC) by 36% (306 to 197 mg/dL [range, <200 mg/dL]), and low-
density lipoprotein (LDL) by 48% (226 to 117 mg/dL [range,
<100 mg/dL]). Liver enzymes and cholesterol indices normal-
ized after the third dose of evolocumab (ALT of 33 U/L, AST of
33 U/L, ALP of 93 U/L, TC of 173 mg/dL, and LDL of 98 mg/dL).
Since then, the values have stayed within normal limits, and
she has continued to tolerate evolocumab well (Figures 2, 3).
A follow-up liver biopsy in August 2020, performed 8 months
after the initial biopsy, was negative for active and chronic
hepatitis and steatosis (Figure 4). There was no pericellular
fibrosis or hepatocyte ballooning on histology, but only occa-
sional histiocytes containing debris, suggestive of prior hepatic
injury and indicating a successful PCSK9 inhibitor treatment.

Discussion

NAFLD encompasses the entire spectrum of fatty liver disease
in individuals lacking significant alcohol consumption, rang-
ing from fatty liver to steatohepatitis to cirrhosis. The patho-
logical progression of NAFLD follows a “3-hit” process, name-
ly steatosis, lipotoxicity, and inflammation. NASH is defined

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)

€932961-3

as the presence of >5% hepatic steatosis with inflammation
and hepatocyte injury (ballooning), with or without fibrosis.
NASH can progress to cirrhosis, decompensated liver failure,
and liver cancer [4]. NASH has an all-cause mortality rate of
25.6 per 1000 person-years and a liver-specific mortality rate
of 11.8 per 1000 person-years [5]. Younossi et al described a
9% annual increase of hepatocellular carcinoma cases relat-
ed to NAFLD over a period of 6 years, from 2004 to 2009 [6].
According to the World Gastroenterology Organization (WGO),
American Association for the Study of Liver Diseases (AASLD),
and European Association of Study of Liver (EASL), the current
mainstay of treatment for NAFLD/NASH includes lifestyle mod-
ifications, such as diet, exercise, and weight loss. Weight loss >
5% of the current body weight has been linked to improvement
in hepatic steatosis, while > 7% weight loss is linked to histo-
logical improvement in NASH [7]. Johnson et al demonstrat-
ed that aerobic exercises might lower the hepatic and visceral
lipids in individuals with obesity even without weight loss [8].

Pharmacological therapy is indicated only in patients with
progressive fibrosis, in patients with biopsy-proven NASH,
and in patients who fail lifestyle interventions after a period
of 6 months [4,9]. Currently, there is no universally approved
treatment for NASH; however, EASL and AASLD recommend
HMG-CoA reductase inhibitors for NASH patients with hyper-
cholesterolemia to reduce LDL cholesterol, despite no prov-
en improvement in liver histology. Pioglitazone has been
shown to improve histology, metabolism, and ALT levels in
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Table 3. Laboratory studies before first liver biopsy.

Test Result Reference range Test Result Reference range
Ferritin 72 ng/mL 13-200 ng/mL Sjogren’s SS-A <0.2 Al <1.0 Al
""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" antibody ’ '
Ceruloplasmin 42.9 mg/dL 16-45 mg/dL T S [
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, Sjogren’s SS-B
) : <0.2 Al <1.0 Al
LKM antibody 1.2U <20 U ~antbody ¢
Alpha-1-antitrypsin 212 mg/dL 90-200 mg/dL _ Smith (Sm) antibody ©02A <LOAL
“smooth muscle AB RNP antibody <02 Al <1LOAI
(F-Actin) 80U 20U e R oo
sty e SCL-70 antibody <0.2 Al <1.0 Al
Pt o B Jo-1 antibody 0.2 Al <LOAl
GGT 777777777777777777777777777777777 ZIZU/L 777777777777777777 < 4OU/L 77777777777 Centromere B antibody <0.2 Al <1.0 Al
Arpmarker  IEECEEAEN ©Oong/mb Ribosomal P antibody <02 Al <LoAl
Hepatitis A total Ab Reactive Non-reactive Chromatlnantlbody 777777777777 < 02AI 77777777777777777777 < 10 AI 7777777777777
Hepatitis A IgM Non-reactive Non-reactive ~ Thyro d veroxidase
,,,,,,, A i ::i’lr&j PRl <1 1U/mL <9 1U/mL
Hep B core total Ab Non-reactive Non-reactive T L —
''''''''''''''''''''''''''''''''''''''''''''''''''''''''''' Rheumatoid Factor,
Hepatitis B surface Ag  Non-reactive Non-reactive Quant <10 IU/mL <14 1U/mL
Hepatitis B surface Ab Reactive Non-reactive Complement C3 145 mg/dL 90-180 mg/dL
Hepatitis Bs AB Quant 25.30 MIU/mL >11.50 MIU/mL Complement C4 22 mg/dL 10-40 mg/dL
Hepatitis C antibody Non-reactive Non-reactive dsDNA antibody <1.0 IU/mL <4 IU/mL
Hepatitis C antibody 0.11 <0.80 TSH 2.370 UIU/mL 0.4-4.1 UIU/mL
Mitochondrial M2 AB 19U <20.0U T4 (thyroxine) 7.3 UG/dL 4.5-10.5 UG/dL
TTG 1gG <1.2 U/L <6.0 U/L Corrected T4 (FTI) 6.6 UG/dL 4.2-11.6 UG/dL
TTG IgA <1.2 U/L <4.0 U/L T-uptake 30.2% 24.3-39.0%
Ant.l-nuc.lear Negative Negative Thyro?(me binding 1.1 0.8-1.3
antibodies capacity

Figure 1. Liver histology pretreatment with PCSK9 inhibitor in 2019 showing (A) ballooning degeneration of hepatocytes and
(B) Mallory hyaline, which is a characteristic of cytoplasmic hyaline inclusion in hepatocytes and thus resemble a peculiar
manifestation of liver cell injury. (Hematoxylin-eosin staining, original magnification x200).

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)

Indexed in: [PMC] [PubMed] [Emerging Sources Citation Index (ESCI)]
[Web of Science by Clarivate]

€932961-4




Sekhon AK. et al:
Treatment of NASH
© Am J Case Rep, 2021; 22: €932961

LFTs with initiation of therapy
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Figure 2. Liver function test (LFT) values in a graph showing
rapidly increasing LFTs in the acute phase of non-
alcoholic steatohepatitis and decreasing after PCSK9
inhibitor treatment.
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Figure 4. Liver histology after PCSK9 inhibitor treatment in 2020
showing (C) normal liver parenchyma (hematoxylin-

eosin staining, original magnification x200).
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NASH [6,10]. The Pioglitazone, Vitamin E, or Placebo for Non-
Alcoholic Steatohepatitis (PIVENS) trial demonstrated that vi-
tamin E improved the histological features of NASH in 43% of
patients, compared with in 19% of patients who received pla-
cebo for 94 weeks [11]. Various drugs, including elafibranor,
obeticholic acid, glucagon-like peptide-1 (GLP-1) agonists, ur-
sodeoxycholic acid, and antifibrotic agents (anti-lysyl oxidase-
like monoclonal antibodies), are being tested in late-phase clin-
ical trials for the treatment of NASH [4,12,13]. Semaglutide,
a GLP-1 agonist in a phase 2 trial, showed NASH resolution,
compared with placebo [14]. Bariatric surgery-induced weight
loss has been proven to improve NASH in 85% of patients af-
ter 1 year [15]. Surgical intervention is recommended by the
WGO, AASLD, and EASL only in patients with morbid obesity
who fail to improve with lifestyle changes and pharmacolog-
ical measures. Liver transplantation is advocated in patients
with end-stage liver disease and liver fibrosis despite cardio-
vascular mortality, NASH recurrence, and transplant failure.
Thus far, there is no recognized pharmacological treatment
for the acute phase of NASH.
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There is growing interest in the use of the PCSK9 inhibitor in
alcoholic liver disease and NAFLD. PCSK9 is an enzyme that
plays a crucial role in cholesterol metabolism [16]. LDL recep-
tors, which are proteins on the surface of hepatocytes, bind
to LDLs and remove them from the bloodstream. The LDL re-
ceptor, at that point, will either be recycled or targeted for de-
struction by PCSK9 [16]. PCSK9 inhibitors, which are primarily
monoclonal antibodies, function by binding to PCSK9, there-
by allowing recycling of LDL receptors to the cell surface [16].
This increases availability of LDL receptors on the cell surface
to further facilitate reduction in circulating LDL. The PCSK9 in-
hibitors evolocumab and alirocumab significantly lowered LDL
levels in 2 recent randomized controlled trials: The Open-Label
Study of Long-Term Evaluation Against LDL Cholesterol (OSLER)
study and the ODYSSEY Outcomes study [17].

The OSLER extension study program showed a 61% reduc-
tion in LDL when patients were placed on adjuvant therapy
with evolocumab as opposed to standard of care alone [18].
In 2015, the U.S. Food and Drug Administration (FDA) ap-
proved the use of PCSK9 inhibitors for the prevention of major
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adverse cardiac events in adults with established atheroscle-
rotic cardiovascular disease on maximally tolerated statin ther-
apy who require further reduction in LDL [19]. These medica-
tions also play a significant role in LDL reduction in patients
who are statin intolerant, as statin-related myopathy is an is-
sue that is reported by 5% to 20% of the patient population.
The Goal Achievement after Utilizing an Anti-PCSK9 Antibody
in Statin Intolerant Subjects-3 (GAUSS-3) randomized clinical
trial found that the use of evolocumab in statin-intolerant pa-
tients, compared with ezetimibe, resulted in a significant de-
crease in lipid levels after a 24-week period [20].

Evolocumab and alirocumab can both be administered as a bi-
weekly or monthly subcutaneous injection for primary hyper-
lipidemia as well as cardiovascular event prevention, which
makes patient compliance easier, compared to oral medica-
tions that need to be taken every day. A recent study done by
Lee et al in rat models showed that anti-PCSK9 treatment with
alirocumab decreases alcohol-induced hepatocellular steatosis,
inflammation, and oxidative injury; however, PCSK9 inhibitors
are not currently indicated or approved for the treatment of
NASH [21]. Ruscica et al suggested that PCSK9 levels are asso-
ciated with severity of steatosis and lipogenesis and might be
associated with the pathogenesis of NAFLD [22]. By contrast,
a meta-analysis by Wargny et al suggested that PCSK9 levels
have no correlation with the severity of hepatic fat accumula-
tion and histological markers of NASH [23]. A recent study in
Wenzhou, China, by Sun et al has hinted at a significant corre-
lation between LDL-C levels and the incidence of NAFLD [24].
To the best of our knowledge, the successful use of PCSK9
inhibitors for NAFLD has not been reported in the literature.

This present case illustrates a novel indication for PCSK9 in-
hibitor to reverse NASH-related liver changes. The patient had
familial hypercholesterolemia, with more than 10 years of life-
style modifications and HMG-CoA reductase inhibitor use, and
her cholesterol and liver enzymes did not normalize, nor was
the progression of NAFLD to NASH halted. She was then start-
ed on PCSK9 inhibitors as salvage therapy, and after the first
dose of evolocumab, her liver enzymes and cholesterol indices
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started trending down. Eight months after the initial biopsy
and evolocumab treatment, a repeat biopsy was negative for
NASH-related histologic changes.

There are limitations to this case report, as it was observed
in 1 patient, and we need more patients to corroborate these
results. High cost and prior authorization from insurance pro-
viders are some of the other barriers in the accessibility of
PCSK9 inhibitors. Therefore, they are currently used for sec-
ondary prevention in high-risk groups only.

PCSK9 inhibitors have been evaluated for safety for up to 5
years in clinical trials. Immunologic effects, such as local injec-
tion site reactions, are the most commonly reported adverse
effects, which include erythema, pain, and bruising. Post-hoc
analysis and post-marketing surveillance will shed light on se-
rious adverse effects that were noticed in animal studies, but
additional data are needed in humans [21].

Conclusions

PCSK9 Inhibitors are FDA approved for major adverse cardiac
event prevention and they play a significant role in cholester-
ol metabolism. In the present case, the use of PCSK9 inhibi-
tors in the management of acutely progressive NASH showed
reversal of liver histology in a patient that failed convention-
al therapies, with normalization of both liver enzymes and
cholesterol indices. Further research, including clinical trials,
is warranted on PCSK9 inhibitor use as a first-line therapy in
NAFLD, as it is expected to become the leading cause of chron-
ic liver disease in the foreseeable future and there is no ap-
proved therapy for the acute phase of NASH, which has high
morbidity and mortality.
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