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Abstract 

Background Mifepristone, also known as RU‑486, is an anti‑progestational steroid with similar chemical structure 
to anabolic steroids. Given as a single dose in conjunction with misoprostol, mifepristone is used to induce medical 
abortion. Mifepristone administered chronically at a higher dose is also approved for the management of hypercor‑
tisolism. There have been only 2 reported cases of mifepristone associated liver injury, in both cases, in the setting 
of Cushing syndrome. We report a third patient with Cushing syndrome with mifepristone induced liver injury with 
unique histological findings that provide insight to the pathophysiology of liver injury in mifepristone and anabolic 
steroids.

Case presentation Patient is a 63‑year‑old Caucasian female Cushing disease with no prior history of liver disease. 
She was started on mifepristone and semaglutide. Ninety days after initiating mifepristone, she developed deep 
jaundice, severe pruritus, fatigue, and nausea. Liver tests revealed a mixed hepatocellular/cholestatic pattern. Viral and 
autoimmune serologies were negative and there was no biliary dilatation on imaging. Liver biopsy showed severe 
cholestasis but no bile duct injury. Focal endothelialitis was present within a central venule. Cholestatic symptoms 
persisted for one month after presentation before slowly subsiding. Four months after stopping mifepristone, the 
patient’s symptoms completely resolved, and liver tests became normal. Compilation of Roussell Uclaf Causality 
Assessment Method score indicated probable causality.

Conclusions Mifepristone shares a similar chemical structure as synthetic anabolic/androgenic steroids and there are 
many similarities in the clinical presentation of liver injury. This case and the 2 other reported cases share similar clini‑
cal characteristics. The observation of endothelialitis in our patient may provide a mechanistic link between mifepris‑
tone, or anabolic steroids in general, and the development of vascular complications such as peliosis.

Keywords Drug‑induced liver injury, Cholestasis, Endothelialitis, Anabolic steroids, Roussell Uclaf Causality 
Assessment Method

Background
Mifepristone, also known as RU-486, is an anti-proges-
tational steroid administered in a single 600 mg dose in 
conjunction with misoprostol that is used to induce abor-
tion in up to 10  weeks of gestation [1]. Mifepristone is 
also approved and marketed as Korlym, prescribed at a 
dose of 300 mg to 1200 mg daily, for the management of 
hypercortisolism associated with glycemic abnormalities 
in patients for whom surgery is not an option [2]. The 
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most common side effects of mifepristone are abdominal/
stomach pain, uterine cramping, back pain, diarrhea, diz-
ziness, headache, nausea, and vomiting [3]. The average 
elimination half-life of mifepristone is 18 hour. Metabo-
lism of mifepristone is primarily via the cytochrome P450 
system involving N-demethylation and terminal hydroxy-
lation of the 17-propynyl chain [3, 4].

There have been only 2 reported cases of mifepris-
tone associated liver injury [5, 6]. In both cases, patients 
were taking mifepristone for the management of Cush-
ing syndrome. The Food and Drug Administration (FDA) 
Adverse Event Reporting System (FAERS) is a database 
that comprises serious adverse events, medication error 
reports and product quality complaints that are submit-
ted to the FDA. There were over 6800 adverse events for 
mifepristone (Korlym) reported to the FAERS up through 
early 2022. When the inquiry was limited to liver-related 
adverse events (using the terms: jaundice, hepatic fail-
ure, cholestasis, liver injury, drug-induced liver injury, 
liver function test increased, liver function test abnormal, 
liver function test decreased, hepatic function abnor-
mal, hepatic enzyme increase, hepatitis, hepatitis acute, 
and hepatitis cholestatic) a total of 49 documented cases 
were identified in the database. Three of these 49 cases 
(6.1%) cases resulted in deaths. Despite multiple attempts 
using the Freedom of Information Act, we were unable to 
obtain information on these cases from the FDA.

We report a third patient with mifepristone induced 
liver injury and used the updated Roussel Uclaf Causal-
ity Assessment Method (RUCAM) to determine causal-
ity [7]. The clinical and histology findings of this patient 
were compared to the 2 prior cases of mifepristone liver 
injury.

Case report
Patient is a 63-year-old Caucasian female with history of 
hypothyroidism who developed insulin resistant diabetes 
mellitus manifested by 20-pound weight gain and anxi-
ety. She was diagnosed with pituitary microadenoma and 
Cushing disease. Her baseline liver tests were normal. The 
patient declined pituitary surgery and she was started on 
mifepristone 300 mg per os daily and semaglutide 0.5 mg 
subcutaneous injection weekly. Seven and a half weeks 
later, the dose of mifepristone was increased to 300  mg 
twice daily. Alkaline phosphatase level had increased to 
187 U/dL but the rest of her liver tests including biliru-
bin level and aminotransferase activities were initially 
normal. Five weeks after dose increase of mifepristone, 
she developed jaundice, fatigue, and nausea. The patient 
did not have abdominal pain, fever, or chills. Semaglutide 
and mifepristone were discontinued. The patient drank 
moderately. Her vital signs were normal, and her physi-
cal exam was significant for deep jaundice and the liver 

edge was palpable at the costal margin. Laboratory stud-
ies; alkaline phosphatase 147 U/L, total protein 6.3 g/dL, 
albumin 4.1  g/dL, total bilirubin 11.3  mg/dL, aspartate 
aminotransferase (AST) 68 U/L, alanine aminotrans-
ferase (ALT) 73U/L, lactate dehydrogenase (LDH) 390 
U/L, international normalizing ratio (INR) 1.1, white 
blood count 8600, 4% eosinophil, hemoglobin 11.8 g/dL, 
platelet 397,000. Viral (anti-HAV IgM, HBsAg, anti-HBc 
IgM and anti-HCV) and autoimmune (anti-nuclear anti-
body, anti-smooth muscle antibody, anti-mitochondrial 
antibody) serologies were negative, IgA 86  mg/dL, IgM 
60 mg/dL, IgG 567 mg/dL, thyroid stimulating hormone 
7.69 µIU/mL, free T4 1.0  ng/dL. Magnetic resonance 
imaging and cholangiography showed liver measuring 
17.5  cm, contracted gallbladder with no intra- or extra-
hepatic biliary ductal dilatation. Liver biopsy showed 
cholestasis with inflammation characterized by marked 
centrilobular canalicular cholestasis, mild neutrophilic 
infiltrates of the lobules and portal tracts with rare eosin-
ophils and minimal apoptotic hepatocytes (Fig.  1A). 
There was no significant lymphoplasmacytic infiltrates 
or steatosis. Importantly, there was no bile duct injury 
identified within the core biopsy material. Interestingly, 
focal endothelialitis was present within a central venule 
(Fig.  1B). Only minimal fibrosis was appreciated in the 
sinusoidal space by Trichrome stain (Fig. 1C).

She developed worsening pruritus despite taking urso-
deoxycholic acid for 2 weeks. Her cholestatic symptoms 
persisted for one month before slowly subsiding. (Fig. 2) 
Four months after stopping mifepristone, the patient’s 
symptoms completely resolved, and liver tests became 
normal (Table  1). Rechallenge was not performed. 
Compilation of Roussell Uclaf Causality Assessment 
Method (RUCAM) score indicated probable causality [7] 
(Table 2).

Discussion
We are reporting a third case of drug induced liver injury 
(DILI) caused by mifepristone. Like the 2 previous cases, 
mifepristone was prescribed for the treatment of Cushing 
disease. Using the updated RUCAM, the score indicated 
probable causality [7] (Table  2). There are no reported 
cases of liver injury where mifepristone was taken as an 
emergency contraception. Our patient was also taking 
semaglutide, a glucagon-like peptide inhibitor, which 
has been associated with an increased risk of cholelithi-
asis, cholecystitis and biliary disease when used in longer 
duration and for weight loss [8]. However, there has not 
been a single reported case of DILI associated with sema-
glutide [4] although its role in this case cannot be entirely 
excluded.

The clinical course and pattern of liver injury of this 
patient and the 2 previously reported cases are similar [5, 
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Fig. 1 Histopathology of cholestasis with inflammation: A The portal tracts are mostly unremarkable but show scattered areas of mild neutrophilic 
infiltrates (Arrow head) and the lobules show marked cholestasis and rare apoptotic hepatocytes (arrows). B shows a rare focus of central venule 
with endothelialitis (arrows demonstrate lifting of endothelium by inflammatory cells). C Trichrome stain reveals mild pericellular fibrosis in the 
central lobular areas without significant portal fibrosis
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6] (Table 3). All 3 patients were women, and the latency 
period was 90  days. Our patient developed increasing 
alkaline phosphatase prior to the onset of jaundice. These 
patients all experienced deep jaundice (bilirubin > 20 mg/
dL) and pruritus. The R factor was low (mixed cholestatic 
hepatocellular liver injury) but was < 2 in only one case 
(cholestatic liver injury) [9]. Prothrombin time was intact 
and none of the patients had mental status changes. All 
patients recovered, but the time from presentation to 
recovery was protracted; lasting 3 months for symptoms 
resolution, and 40 weeks for normalization of liver tests.

The histology of this case differs somewhat from 
previous reports. The reports by Funke et al. [5], and 
Shah et al. [6], describe a bland cholestasis, which is 
typically defined as cholestasis without significant 
necro-inflammatory activity. In contrast, the liver his-
tology of our patient shows cholestatic hepatitis with 
significant neutrophilic and eosinophilic inflamma-
tion that accompanies the cholestasis along with rare 
apoptotic hepatocytes and a focus of central venular 
endothelialitis. The liver histology is consistent with 
the biochemical pattern of liver injury of this patient. 
Mifepristone, also known as 11β-(4-(dimethylamino)

Fig. 2 Chemical structure comparison between testosterone and mifepristone

Table 1 Liver tests of patient

Alkaline 
Phosphatase 
(U/L)

Total Bilirubin 
(mg/dL)

Alanine 
Aminotransferase 
(U/L)

Aspartate 
Aminotransferase 
(U/L)

Comments

Baseline liver tests 82 0.7 21 26 Start mifepristone 300 mg daily

Week 7 187 0.6 15 26

Week 8 Increase mifepristone 300 mg bid

Week 13 147 11.3 73 68 Mifepristone discontinued

Week 14 178 23.0 46 76 Start Ursodiol 300 mg daily

Week 15 234 28.3 38 76 Peak bilirubin

Week 19 299 7.1 192 172 Peak alkaline phosphatase and 
aminotransferase activities

Week 21 233 3.6 142 103

Week 25 124 1.2 71 52

Week 35 105 0.5 36 36

Week 40 84 0.4 30 36 Complete resolution
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phenyl)-17α-(1-propynyl)estra-4,9-dien-17β-ol-3-one, 
is a  synthetic estrange steroid. In having a 17-Carbon 
ring structure, mifepristone shares this fundamental 
chemical structure similar to synthetic anabolic–andro-
genic steroid. In addition to having a phenyl-amino-
dimethyl group on Carbon 11, mifepristone has a 
propynyl group on Carbon 17, making it a C-17α 
alkylated steroid [10] (Fig. 2).

As previously noted [3], the clinical picture of mife-
pristone liver injury is almost identical to cholestasis 
caused by anabolic/androgenic steroids with respect 
to latency, biochemical pattern of liver injury and his-
tology. Duration of cholestasis observed in the 3 cases 
of mifepristone liver injury is also similar to the pro-
tracted course in anabolic/androgenic steroids [11–15] 
Endothelialitis is typically associated with liver allograft 
rejection, immune checkpoint inhibitor mediated inju-
ries, viral hepatitis, COVID-19 infection, and radiation 

Table 2 RUCAM for liver injury

Possible score Study patient

Time to onset

 5–90 days + 2 + 2

 < 5 or > 90 days + 1

Course of alkaline phosphatase after cessation of drug

 Decrease > 50% within 8 days + 3 0

 Decrease > 50% within 30 days + 2

Risk factors

 Alcohol + − 1

 Alcohol − 0 0

 Age ≥ 55 years + 1 + 1

 Age < 55 years 0

No concomitant drugs/herbs 0

All causes‑group I and II‑ruled out + 2

Previous hepatotoxicity

 Reaction labeled in the product characteristics + 2 + 1

 Reaction published but not labeled + 1

Response to unintentional re‑exposure 0

Total score for the case + 6

Table 3 Summary of demographic and laboratory of patients with mifepristone‑induced liver injury

ALT alanine aminotransferase, AST aspartate aminotransferase; INR international normalizing ratio

Patient characteristics Patient in this case report Ref Funke [5] Ref Shah [6]

Age 63 65 35

Gender Female Female Female

Ethnicity Caucasian Caucasian Not available

Time to onset (days) 90 90 90

Peak bilirubin (mg/dL) 28.3 33 21.4

Peak alkaline phosphatase (U/L) 299 188 258

Peak ALT (U/L) 231 169 68

Peak AST (U/L) 189 53 56

Presentation to peak bilirubin (weeks) 3 8 Not available

Presentation to peak alkaline phosphatase (weeks) 8 8 Not available

Presentation to peak ALT (weeks) 8 8 Not available

Peak INR 1.2 1.44 “within normal limits”

R factor 2.3 2.7 1.6

Time from peak to resolution (weeks) 40 40
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hepatitis [16, 17]. However, anabolic steroid use has 
been traditionally associated with the complication 
of peliosis hepatis, a condition in which the endothe-
lial lining of the sinusoids is lost and large blood-filled 
lakes form masses within the hepatic parenchyma [18]. 
The observation of endothelialitis in our patient may 
provide a mechanistic link between mifepristone, or 
anabolic steroids in general, and the development of 
vascular complications such as peliosis.

Conclusion
In summary, we report the third case of cholestatic liver 
injury associated with mifepristone prescribed for the 
management of Cushing syndrome. This case and the 2 
other reported cases share similar characteristics; 90-day 
latency, deep jaundice, and a protracted recovery. Addi-
tional cases of mifepristone cases have been reported in the 
FDA MedWatch database. Mifepristone shares a similar 
chemical structure as synthetic anabolic/androgenic ster-
oids and there are many similarities in the clinical presenta-
tion of liver injury. The observation of endothelialitis on the 
liver biopsy of our patient may provide a mechanistic link 
between mifepristone, or anabolic steroids in general, and 
the development of vascular complications such as peliosis.

Acknowledgements
None.

Author contributions
TAA Collected and analyzed data, wrote, and approved final version of 
manuscript. DRB Interpreted the histology, wrote, and approved final version 
of manuscript. RAW Compared the biochemical structure of mifepristone 
and anabolic steroids, wrote, and approved final version of manuscript. AOM 
Collected and analyzed data, wrote, and approved final version of manuscript. 
T‑LF Designed study, collected, and analyzed data, wrote, and approved final 
version of manuscript. All authors read and approved the final manuscript.

Funding
None.

Availability of data and materials
The datasets during and/or analyzed during the current study available from 
the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
The local IRB waived review.

Consent for publication
Written informed consent was obtained from the patient for publication of 
this case report and any accompanying images. A copy of the written consent 
is available for review by the Editor‑in‑Chief of this journal.

Competing interests
The authors declare that they have no competing interests.

Received: 7 September 2022   Accepted: 28 November 2022

References
 1. Autry BM, Wadhwa R. Mifepristone. [Updated 2022 Jan 11]. In: StatPearls 

[Internet]. Treasure Island (FL): StatPearls Publishing; 2022. Available from: 
https:// www. ncbi. nlm. nih. gov/ books/ NBK55 7612/.

 2. Morgan FH, Laufgraben MJ. Mifepristone for management of Cushing’s 
syndrome. Pharmacotherapy. 2013;33(3):319–29. https:// doi. org/ 10. 1002/ 
phar. 1202.

 3. Gallagher P, Young AH. Mifepristone (RU‑486) treatment for depression and 
psychosis: a review of the therapeutic implications. Neuropsychiatr Dis Treat. 
2006;2(1):33–42.

 4. LiverTox: Clinical and Research Information on Drug‑Induced Liver Injury 
[Internet]. Bethesda (MD): National Institute of Diabetes and Digestive and 
Kidney Diseases; 2012‑. Mifepristone. [Updated 2018 Mar 10]. Available from: 
https:// www. ncbi. nlm. nih. gov/ books/ NBK54 8328/.

 5. Funke K, Rockey DC. Cholestatic drug‑induced liver injury caused by 
mifepristone. Hepatology. 2019;69(6):2704–6. https:// doi. org/ 10. 1002/ hep. 
30465.

 6. Shah I, Putnam T, Daugherty E, Vyas N, Chuang KY. Mifepristone: an 
uncommon cause of drug‑induced liver injury. Gastroenterology Res. 
2019;12(3):181–4. https:// doi. org/ 10. 14740/ gr1188.

 7. Danan G, Teschke R. RUCAM in drug and herb induced liver injury: the 
update. Int J Mol Sci. 2015;17(1):14. https:// doi. org/ 10. 3390/ ijms1 70100 14.

 8. He L, Wang J, Ping F, et al. Association of glucagon‑like peptide‑1 recep‑
tor agonist use with risk of gallbladder and biliary diseases: a systematic 
review and meta‑analysis of randomized clinical trials. JAMA Intern Med. 
2022;182(5):513–9. https:// doi. org/ 10. 1001/ jamai ntern med. 2022. 0338.

 9. Chalasani NP, Hayashi PH, Bonkovsky HL, et al. The diagnosis and manage‑
ment of idiosyncratic drug‑induced liver injury. Am J Gastroenterol. 
2014;109:950–66. https:// doi. org/ 10. 1038/ ajg. 2014. 131.

 10. PubChem [Internet]. Bethesda (MD): National Library of Medicine (US), 
National Center for Biotechnology Information; 2004‑. PubChem Com‑
pound Summary for CID 55245, Mifepristone; [cited 2022 Nov. 20]. Available 
from: https:// pubch em. ncbi. nlm. nih. gov/ compo und/ Mifep risto ne accessed 
November 20, 2022.

 11. Flores JE, Chitturi S, Walker S. Drug‑induced liver injury by selective andro‑
genic receptor modulators. Hepatol Commun. 2020;4(3):450–2. https:// doi. 
org/ 10. 1002/ hep4. 1456.

 12. Stolz A, Navarro V, Hayashi PH, Fontana RJ, Barnhart HX, Gu J, Chalasani 
NP, Vega MM, Bonkovsky HL, Seeff LB, Serrano J, Avula B, Khan IA, Cirulli 
ET, Kleiner DE, Hoofnagle JH, DILIN Investigators. Severe and protracted 
cholestasis in 44 young men taking bodybuilding supplements: assess‑
ment of genetic, clinical and chemical risk factors. Aliment Pharmacol Ther. 
2019;49(9):1195–204. https:// doi. org/ 10. 1111/ apt. 15211.

 13. Stępień PM, Reczko K, Wieczorek A, Zarębska‑Michaluk D, Pabjan P, Król T, 
Kryczka W. Severe intrahepatic cholestasis and liver failure after stano‑
zolol usage—case report and review of the literature. Clin Exp Hepatol. 
2015;1(1):30–3. https:// doi. org/ 10. 5114/ ceh. 2015. 51376.

 14. Boks MN, Tiebosch AT, van der Waaij LA. A jaundiced bodybuilder Chole‑
static hepatitis as side effect of injectable anabolic‑androgenic steroids. J 
Sports Sci. 2017;35(22):2262–4. https:// doi. org/ 10. 1080/ 02640 414. 2016. 
12656 59.

 15. Nadell J, Kosek J. Peliosis hepatis. Twelve cases associated with oral andro‑
gen therapy. Arch Pathol Lab Med. 1977;101(8):405–10.

 16. Kleiner DE. Recent advances in the histopathology of drug‑induced liver 
injury. Surg Pathol Clin. 2018;11(2):297–311. https:// doi. org/ 10. 1016/j. path. 
2018. 02. 009.

 17. McConnell MJ, Kondo R, Kawaguchi N, Iwakiri Y. Covid‑19 and liver injury: 
role of inflammatory endotheliopathy, platelet dysfunction, and thrombosis. 
Hepatol Commun. 2022;6(2):255–69. https:// doi. org/ 10. 1002/ hep4. 1843.

 18. Bagheri SA, Boyer JL. Peliosis hepatis associated with androgenic‑
anabolic steroid therapy. A severe form of hepatic injury. Ann Intern Med. 
1974;81(5):610–8. https:// doi. org/ 10. 7326/ 0003‑ 4819‑ 81‑5‑ 610.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub‑
lished maps and institutional affiliations.

https://www.ncbi.nlm.nih.gov/books/NBK557612/
https://doi.org/10.1002/phar.1202
https://doi.org/10.1002/phar.1202
https://www.ncbi.nlm.nih.gov/books/NBK548328/
https://doi.org/10.1002/hep.30465
https://doi.org/10.1002/hep.30465
https://doi.org/10.14740/gr1188
https://doi.org/10.3390/ijms17010014
https://doi.org/10.1001/jamainternmed.2022.0338
https://doi.org/10.1038/ajg.2014.131
https://pubchem.ncbi.nlm.nih.gov/compound/Mifepristone
https://doi.org/10.1002/hep4.1456
https://doi.org/10.1002/hep4.1456
https://doi.org/10.1111/apt.15211
https://doi.org/10.5114/ceh.2015.51376
https://doi.org/10.1080/02640414.2016.1265659
https://doi.org/10.1080/02640414.2016.1265659
https://doi.org/10.1016/j.path.2018.02.009
https://doi.org/10.1016/j.path.2018.02.009
https://doi.org/10.1002/hep4.1843
https://doi.org/10.7326/0003-4819-81-5-610

	Mifepristone induced liver injury in a patient with Cushing syndrome: a case report and review of the literature
	Abstract 
	Background 
	Case presentation 
	Conclusions 

	Background
	Case report
	Discussion
	Conclusion
	Acknowledgements
	References


