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Abstract: Androgens have long been recognized as oncogenic agents. They can induce both benign
and malignant hepatocellular neoplasms, including hepatocellular adenoma (HCA) and hepato-
cellular carcinoma, though the underlying mechanisms remain unclear. Androgen-induced liver
tumors are most often solitary and clinically silent. Herein, we reported an androgen-induced HCA
complicated by spontaneous rupture. The patient was a 24-year-old male presenting with fatigue,
diminished libido, radiology-diagnosed hepatocellular adenomatosis for 3 years, and sudden-onset,
severe, sharp, constant abdominal pain for one day. He used Aveed (testosterone undecanoate injec-
tion) from age 17 and completely stopped one year before his presentation. A physical exam showed
touch pain and voluntary guarding in the right upper quadrant of the abdomen. An abdominal
CT angiogram demonstrated multiple probable HCAs, with active hemorrhage of the largest one
(6.6 × 6.2 × 5.1 cm) accompanied by large-volume hemoperitoneum. After being stabilized by a
massive transfusion protocol and interventional embolization, he underwent a percutaneous liver
core biopsy. The biopsy specimen displayed atypical hepatocytes forming dense cords and pseudog-
lands. The lesional cells diffusely stained β-catenin in nuclei and glutamine synthetase in cytoplasm.
Compared to normal hepatocytes from control tissue, the tumor cells were positive for nuclear AR
(androgen receptor) expression but had no increased EZH2 (Enhancer of Zeste 2 Polycomb Repressive
Complex 2 Subunit) protein expression. The case indicated that androgen-induced hepatocellular
neoplasms should be included in the differential diagnosis of acute abdomen.

Keywords: hepatocellualr adenomatosis; β-catenin; androgen; liver rupture; EZH2

1. Introduction

Hepatocellular adenomas (HCAs) are benign liver tumors consisting of monoclonal
neoplastic hepatocytes arranged in single-cell plates, with an incidence of 3/1,000,000 per
year [1]. Four HCA subtypes are classified on both 2010 and 2019 WHO classifications:
hepatocyte nuclear factor 1α inactivated HCA (H-HCA), inflammatory HCA (I-HCA),
β-catenin-activated HCA (b-HCA), and unclassified HCA (u-HCA) [2,3], though other
rarer subtypes have now been identified, such as sonic hedgehog activation-HCA(sh-
HCA) [4] and myxoid HCA [5]. H-HCA and I-HCA are the most common subtypes.
Immunohistochemical staining with appropriate antibodies can aid in the correct diagnosis.

HCAs occur most commonly in women of reproductive age. Several etiologies can
cause them: (1) estrogen, including use of oral contraceptives (OCPs) [6]; (2) anabolic
androgen steroids [7]; and (3) abnormal carbohydrate metabolism, including glycogen
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storage disease type I and III, obesity, glucose intolerance, and diabetes, especially maturity-
onset diabetes of the young type 3 (MODY3) [8,9]. It is known that long-term use of OCPs
is strongly linked to the development of HCAs; for example, 88% of cases of hepatocyte
nuclear factor 1alpha (HNF1A)-mutated HCA (H-HCA) and 77% of cases of I-HCA are
women taking OCPs [8]. Accumulating data indicate that estrogen plays a multi-faceted
role in the pathogenesis of HCAs. First, catechol estrogens can be oxidized to quinone,
which mediates the formation of DNA adducts, leading to direct DNA damage and causing
inactivating mutations of HNF1A [10]. This can explain the role of OCPs in the development
of H-HCA. Second, it is speculated that estrogen promotes I-HCA by directly activating
the IL-6/JAK/STAT/p130 pathway [8,11]. Another contributory genetic factor for the
formation of H-HCA in OCP-taking women is mutations of the CYP1B1 gene [12]. However,
the mechanisms underlying androgen-induced HCAs have not been elucidated yet.

HCAs carry two major risks. First, they are commonly complicated by hemor-
rhage/rupture due to hormone-dependent tumor growth, sinusoidal dilatation, and the
lack of a capsule. The rate of hemorrhage and rupture is reportedly up to 52%, and
the symptomatic hemorrhage rate is 14% [13]. Particularly, special attention should be
given to pregnant women with HCA, as tumor rupture is life-threatening for both mother
and fetus [14,15]. Among the molecular subtypes, b-HCA with mutations in CTNNB1
exons 7 and 8 has the highest hemorrhage rate of 92%, followed by sh-HCA, which is
associated with hemorrhage in 81% of the cases, while hemorrhage risk in b-HCAs with
mutations in CTNNB1 exon 3 is 69%. Specifically, most hemorrhages in b-HCAs are internal,
resulting from rupture inside the tumor, and for this reason, intraperitoneal hemorrhage is
relatively rare. Second, HCAs harbor a significant risk of malignant transformation. The
highest risk of this transformation is due to mutations in the TERT promoter. Other risk
factors are, in descending order, male gender, CTNNB1 exon 3 mutations, unique nodules
at imaging, high alcohol intake, fibrosis in the non-tumor liver, and diabetes type 2 [8].

It is well documented that androgen overstimulation can cause hepatocellular ade-
noma, liver adenomatosis, and hepatocellular carcinoma [16,17]. This association was
first brought to attention in patients taking exogenous androgens for hematologic diseases
such as Fanconi anemia (FA) [18,19]. It is not surprising that the association has also been
seen in bodybuilders, gender identity disorder, conditions with overproduction of endoge-
nous androgens such as polycystic ovary syndrome, and androgen therapy for non-FA
anemia [20–22]. Androgen-induced HCA most commonly occurs in males and is often
β-catenin activated due to somatic mutations in CTNNB1 exon 3 [16]. So far, more than
10 cases of anabolic androgen-induced HCA without FA have been reported [16,21,23–28].
Most of the patients had multiple lesions. Although internal hemorrhage was seen in one
patient [28], none was complicated by intraperitoneal rupture.

Herein, we report that a 24-year-old male bodybuilder presented with massive
hemoperitoneum resulting from intraperitoneal rupture of hepatocellular adenomato-
sis. The tumor was diagnosed as b-HCA by standard immunostaining assays, which also
showed expression of AR (androgen receptor) in the lesional cells, indicating receptor acti-
vation, but with no increase in EZH2 (Enhancer of Zeste 2 Polycomb Repressive Complex 2
Subunit) protein expression.

2. Case Presentation

A 24-year-old male, radiographically (contrast-enhanced abdominal CT) diagnosed
with hepatocellular adenomatosis 3 years previously, now presented with fatigue, dimin-
ished libido, and sudden-onset, severe, sharp, constant abdominal pain for one day. The
pain was localized to the right upper quadrant, non-radiating, and associated with chills,
but not accompanied by fever, nausea, or vomiting. His past medical history was significant
for asthma, use of Aveed (testosterone undecanoate injection) from age 17, and secondary
hypogonadism likely due to anabolic steroid use. Androgen administration was completely
withdrawn one year prior to presentation, but there were no changes in tumor number
or size on radiological studies at a 6-month follow-up. Physical exam: non-obese, body
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mass index (BMI) 20, body temperature 37 ◦C, heart rate 130, respiratory rate 28, blood
pressure 98/59 mmHg, abdomen with touch pain, and voluntary guarding in the right
upper quadrant.

Laboratory results showed the following: white blood cell count 11.5 (normal
4–10.8 K/uL), platelet 433 (normal 140–400 K/uL), aspartate aminotransferase 147 (AST,
normal 10–35 U/L), alanine transaminase 389 (ALT, normal 10–35 U/L), lipase 105 (normal
0–160 U/L), C-reactive protein 114.6 (normal 0–5 mg/L), alpha-fetoprotein < 2 (AFP, nor-
mal < 8.8 ng/mL), total protein 5.2 (normal 6.7–8.6 g/dL), albumin 3.0 (normal 3.5–5.2 g/dL),
and alkaline phosphatase 34 (ALP, normal 40–150 U/L). Endocrine lab data: testos-
terone > 1500 (normal 300–1000 ng/dL), follicle-stimulating hormone < 0.7 (FSH, nor-
mal adult male 1.5–12.4 mIU/mL), luteinizing hormone < 0.2 (LH, normal adult male
1.7–8.6 mIU/mL), estradiol 365 (normal 14–43 pg/mL), prolactin 37.2 (normal 5–18 ng/mL),
and 5(OH)D 18.7 (normal 20–40 ng/mL).

Although bedside FAST (Focused Assessment with Sonography in Trauma) examina-
tion was negative, abdominal CT angiography demonstrated: (1) an internally ruptured
6.6 × 6.2 × 5.1 cm heterogenous lesion in segment 6, most likely representing hepatocel-
lular adenoma, with a blush of contrast within the lesion which pooled on the delayed
venous phase, indicating active hemorrhage into the lesion (Figure 1, arrow); (2) multiple
additional hypervascular lesions with washout within segments 3, 4B, and 5 measuring up
to 4.3 × 5.4 cm in segment 5, likely also representing hepatocellular adenomas; and (3) a
large-volume abdominal and pelvic hemoperitoneum.
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The patient underwent a massive transfusion protocol and interventional embolization
of subsegmental hepatic artery branches in segment 6 with embospheres. A simultaneous
drainage of 1.5 L of intraperitoneal blood was also carried out. The patient was complicated
by post-operative small bowel obstruction 10 days later, which was successfully managed
with laparotomy for lysis of adhesions. A percutaneous core biopsy was performed to
sample the lesions in segments 3 and 4B.

3. Pathologic Findings

Lesional tissue on the biopsy cores was comprised of mature and uniform-appearing
hepatocytes with mild cytologic atypia, growing in dense cords with occasional foci of
pseudogland formation (Figure 2A,B). Evidence of hemosiderin, giant cell reaction, hyalin-
ization, and necrosis in tissue from segment 4B, consistent with status post-embolization
therapy, was also seen (Figure 2C).
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Figure 2. Histologic changes of the lesions on H&E stain. Lesions on segments 3 (A) and 4B (B) were
both composed of uniform hepatocytes with mild cytologic atypia, growing in dense cords with
occasional foci of pseudoglandular architecture. Hemosiderin, giant cell reaction, hyalinization, and
necrosis in tissue from segment 4B suggested prior embolization therapy (C).

The lesional tissue from segments 3 and 4B also shared similar immunophenotype: β-
catenin immunostains (Ventana Medical Systems, Santa Clara, CA, USA, catalog # 760-4242)
showed diffuse nuclear staining, glutamine synthetase (Ventana Medical Systems, Santa
Clara, CA, USA, catalog # 760-4898) was strongly and diffusely positive, and glypican-
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3 (Roche, Indianapolis, IN, USA, catalog # 05973864001) was negative in lesional cells,
compatible with the CTNNB1 non-S45 exon 3 mutation pattern (Figure 3A–C) [29]. The
simultaneous diffuse and strong expression of both β-catenin and glutamine synthetase
indicated β-catenin activation in the lesional cells. Reticulin stains in both parts high-
lighted a predominantly preserved reticulin network with patchy foci of disruption and
loss (Figure 3D). CD34 immunostains (Roche, Indianapolis, IN, USA, catalog # 05278210001)
displayed a patchy sinusoidal pattern of staining in both parts, while C-reactive protein im-
munostains (Abcam, Waltham, MA, USA, catalog # Ab32412) were negative (Figure 3E,F).
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Figure 3. The lesional tissue from segments 3 and 4B shared similar immunophenotypes. The
β-catenin immunostains showed diffuse nuclear staining in lesional cells (A), while glutamine syn-
thetase was strongly and diffusely positive (B). Lesional cells were stained negative for glypican-3
(C). Although reticulin stains highlighted patchy foci of disruption and loss (D), CD34 immunos-
tain displayed a patchy sinusoidal pattern of staining (E). C-reactive protein immunostains were
negative (F).

The overall morphologic and immunophenotypic features favor the diagnosis of b-
HCA in both parts. However, given the inherent sampling error associated with a biopsy, a
more advanced unsampled lesion (hepatocellular carcinoma) could not be excluded based
on the current specimens.

To investigate androgen pathway activation in this case, we assessed the activation of
the AR-EZH2 (enhancer of zeste homolog 2) signal pathway by evaluating the expression of
AR and EZH2 proteins immunohistochemically with two repeat experiments. The results
consistently showed that the lesional cells had scattered nuclear expression of AR (Roche,
catalog # 06523838001) with moderate staining intensity (Figure 4A). No nuclear staining of
AR was revealed in the normal control hepatocytes from the non-lesional tissue of a resected
liver specimen harboring focal nodular hyperplasia (Figure 4B). These results indicated
specific activation of the AR signal pathway in this patient’s tumor. In contrast to the
observed differential expression of AR in the tumor and normal liver tissue, no difference
in EZH2 expression (ThermoFisher, Waltham, MA, USA, catalog # TA803011) was noticed—
both the HCA and the normal liver tissue displayed rare, faintly stained cells (Figure 4C,D)—
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the staining displayed likely represents a background signal. Cananlicular staining of AR
was noted in both HCA and normal liver tissue (Figures 4A and 4B, respectively).
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Figure 4. Androgen pathway activation in the lesions. AR and EZH2 expression was examined
with immunohistochemistry in the lesions ((A) AR, (C) EZH2, respectively) and normal liver tissue
((B) AR, (D) EZH2, respectively). The rare positive signal was distributed in sinusoidal cells in (C).
Insets for higher resolution of nuclear staining.

4. Discussion

The involvement of androgen in the carcinogenesis of liver tumors is evidenced by
multiple lines of observation: First, extra exogenous or endogenous androgen is associated
with the development of hepatocellular neoplasms, including both benign and malignant
tumors [30,31]. Second, the prevalence of hepatocellular carcinoma is higher in males
than females globally [32,33]. Lastly, androgen initiates carcinogenesis in hepatitis B virus-
related HCC [34,35], likely by enhancing telomerase reverse transcriptase gene (TERT)
expression [36]. In our case, the upregulated nuclear expression of AR in the lesional cells
indicated activation of the AR signal pathway due to the administration of anabolic steroids.
To our knowledge, this is the first direct observation of AR-EZH2 pathway signaling in
androgen-driven HCA.

Although available clinical data consistently indicate an ominous role of AR in the
development of HCC, the results of AR expression in human lesional tissues are limited
and conflicting. In the early observations, AR was overexpressed in 60–80% of human
HCCs, not only in the tumor but also in the peritumor liver tissue [37]. Of note, HCC
tumor cells also express the estrogen receptor (ER). In addition, both androgen and estrogen
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receptors expressed in the neoplastic cells affect intrahepatic recurrence and recurrence-
free 5-year survival [38]. Further study demonstrates that AR is usually expressed in
HCC tumors smaller than 3 cm in diameter but not in later stages, and this temporal
pattern of AR expression is not associated with postoperative survival. In contrast, AR
expression level in the peritumoral parenchyma is associated with prognosis [39]. Similarly,
ER and progestin receptors are expressed in both HCA and adjacent liver parenchyma
as well [40]. Furthermore, anti-androgen therapy fails to show efficacy in unresectable
HCC. These results imply that androgen may promote HCC in the initiation stage but
not in the progression stage, which could explain the failure of therapy targeting the
androgen pathway. In line with this point, just like in our case, most androgen-induced
HCAs do not regress after hormone withdrawal [41–43]. Moreover, a recent study shows
that AR expressed in the liver inhibits HCC metastasis [44]. Further complicating this
topic, androgen pathways in the liver can also be activated by factors other than androgen,
including, but not limited to, Her-2 and β-catenin [45,46]. The real role of hepatocytic
androgen in hepatic carcinogenesis indeed needs further investigation.

Androgen-driven hepatocellular neoplasms commonly display architectural and cy-
tologic atypia and are therefore called well-differentiated hepatocellular neoplasms of
uncertain malignant potential (HUMP) by some authors [16]. These tumors can harbor
CTNNB1 mutations in exon 3 or 7, which result in self-phosphorylation of β-catenin, lead-
ing to activation of the Wnt pathway [16,23,47]. Inflammatory and other pathways are
also possibly involved. Oral contraceptives were speculated 40 years ago to be able to
upregulate the expression of estrogen and androgen receptors in the liver [48]. Although
immunohistochemical assessment of AR is seen in scattered literature [31], the association
between androgen use and AR expression is still not well established, as is the relation-
ship between androgen–AR signaling and β-catenin activation [49]. In fact, there is still
no widely accepted cutoff for AR and β-catenin immunohistochemical positivity in liver
pathology so far. So, there is no wonder why the reported AR and β-catenin positivity in
liver tumors is remarkably varied among the limited literature, making direct comparison
of the results difficult and assessment of the dose effect of androgen on hepatocellular
oncogenesis impossible. In our case, immunohistochemical studies demonstrated diffuse
and homogeneously intense nuclear staining of β-catenin, in addition to disproportional,
scattered AR expression in the lesional cells. The results imply an amplification of the action
of androgen in the androgen–β-catenin cascade in the tumor cells. Because molecular-
classified non-b-HCAs can contain some tumor cells with positive nuclear staining of
β-catenin [50], we cannot exclude the possible role of other β-catenin inducers in the malig-
nant transformation of the tumor cells in our case. We believe that molecular profiling will
help provide valuable information on the molecular pathway(s) involved in this process.

Nevertheless, recent studies have shown that androgen–AR signaling may trigger two
pathways mediating activation of β-catenin in hepatocellular carcinogenesis. The first one
is led by the CCRK4 protein (cell cycle-related kinase 4, also known as cyclin-dependent
kinase 20), which can serve as an oncogenic effector of AR in HCC [51]. The second one
is conveyed by the EZH2 protein (enhancer of zeste homolog 2), whose expression is
inducible upon AR signaling [52]. Intercommunication between these two pathways is
also implied in hepatocarcinogenesis [53]. In our case, the increased AR expression in
the absence of upregulation of EZH2 protein in the HCA cells suggests activation of the
β-catenin pathway by androgen–AR signaling via a mechanism mediated by molecules
other than EZH2. Exploration of the CCRK4 pathway was not attempted due to limited
research resources. It is known that AR signaling can regulate the interaction between HBx
and CCRK molecules, leading to HBV (hepatitis B virus) carcinogenesis [54]. The exact AR
signaling cascade leading to β-catenin activation in our case needs further investigation.

Another unusual observation in our study is the canalicular pattern of AR staining in
both the lesional and normal liver tissue, repeatedly shown in separate experiments. This
pattern has not been reported elsewhere, and we have no explanation for it as yet. The
nature of the antibody or the antigen used to generate the antibody might contribute to it,
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perhaps with a specific cross-reaction to a canalicular protein, as is seen, for example, with
polyclonal anti-CEA antibodies [55].

5. Conclusions

In summary, we reported a case of androgen/AR signaling-induced hepatocellular
adenomatosis complicated by spontaneous external rupture. This condition should be
considered in patients with acute abdomen, especially those with androgen exposure.

Author Contributions: J.H. put all the data together and wrote the manuscript. T.A. helped interpre-
tation of the radiologic image. D.M.F. encountered the patient and provided a detailed clinical history.
N.D.T. did the pathologic evaluation and interpreted the histologic findings. All authors have read
and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Written informed consent for publication has been obtained from
the patient.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author. The data are not publicly available due to being clinical data.

Conflicts of Interest: The authors declare no conflicts of interest.

References
1. Barthelmes, L.; Tait, I.S. Liver cell adenoma and liver cell adenomatosis. HPB 2005, 7, 186–196. [CrossRef] [PubMed]
2. Shen, X.Y.; Hu, X.G.; Kim, Y.B.; Kim, M.N.; Hong, S.Y.; Kim, B.W.; Wang, H.J. Molecular classification of hepatocellular adenoma:

A single-center experience. Ann. Hepatobiliary Pancreat. Surg. 2019, 23, 109–114. [CrossRef]
3. Nagtegaal, I.D.; Odze, R.D.; Klimstra, D.; Paradis, V.; Rugge, M.; Schirmacher, P.; Washington, K.M.; Carneiro, F.; Cree, I.A.; The

WHO Classification of Tumours Editorial Board. The 2019 WHO classification of tumours of the digestive system. Histopathology
2020, 76, 182–188. [CrossRef]

4. Chopra, S.; Dhall, D. Pathologic Diagnosis of Well-differentiated Hepatocellular Lesions: A Practical Approach to Diagnosis with
Particular Focus in Core Needle Biopsies and Utilization of Ancillary Techniques. Adv. Anat. Pathol. 2023, 30, 307–319. [CrossRef]

5. Rowan, D.J.; Yasir, S.; Chen, Z.E.; Mounajjed, T.; Erdogan Damgard, S.; Cummins, L.; Zhang, L.; Whitcomb, E.; Falck, V.; Simon,
S.M.; et al. Morphologic and Molecular Findings in Myxoid Hepatic Adenomas. Am. J. Surg. Pathol. 2021, 45, 1098–1107.
[CrossRef] [PubMed]

6. Ishak, K.G. Hepatic neoplasms associated with contraceptive and anabolic steroids. Recent Results Cancer Res. 1979, 66, 73–128.
[CrossRef]

7. Westaby, D.; Portmann, B.; Williams, R. Androgen related primary hepatic tumors in non-Fanconi patients. Cancer 1983, 51,
1947–1952. [CrossRef]

8. Nault, J.C.; Couchy, G.; Balabaud, C.; Morcrette, G.; Caruso, S.; Blanc, J.F.; Bacq, Y.; Calderaro, J.; Paradis, V.; Ramos, J.; et al.
Molecular Classification of Hepatocellular Adenoma Associates with Risk Factors, Bleeding, and Malignant Transformation.
Gastroenterology 2017, 152, 880–894.e6. [CrossRef]

9. Bioulac-Sage, P.; Sempoux, C.; Balabaud, C. Hepatocellular adenoma: Classification, variants and clinical relevance. Semin. Diagn.
Pathol. 2017, 34, 112–125. [CrossRef]

10. Yager, J.D.; Liehr, J.G. Molecular mechanisms of estrogen carcinogenesis. Annu. Rev. Pharmacol. Toxicol. 1996, 36, 203–232.
[CrossRef]

11. Yamamoto, T.; Matsuda, T.; Junicho, A.; Kishi, H.; Saatcioglu, F.; Muraguchi, A. Cross-talk between signal transducer and activator
of transcription 3 and estrogen receptor signaling. FEBS Lett. 2000, 486, 143–148. [CrossRef]

12. Jeannot, E.; Poussin, K.; Chiche, L.; Bacq, Y.; Sturm, N.; Scoazec, J.Y.; Buffet, C.; Van Nhieu, J.T.; Bellanne-Chantelot, C.; de Toma,
C.; et al. Association of CYP1B1 germ line mutations with hepatocyte nuclear factor 1alpha-mutated hepatocellular adenoma.
Cancer Res. 2007, 67, 2611–2616. [CrossRef]

13. Julien, C.; Le-Bail, B.; Ouazzani Touhami, K.; Frulio, N.; Blanc, J.F.; Adam, J.P.; Laurent, C.; Balabaud, C.; Bioulac-Sage, P.; Chiche,
L. Hepatocellular Adenoma Risk Factors of Hemorrhage: Size Is Not the Only Concern!: Single-center Retrospective Experience
of 261 Patients. Ann. Surg. 2021, 274, 843–850. [CrossRef] [PubMed]

14. Kent, D.R.; Nissen, E.D.; Nissen, S.E.; Chambers, C. Maternal death resulting from rupture of liver adenoma associated with oral
contraceptives. Obstet. Gynecol. 1977, 50 (Suppl. S1), 5s–6s.

15. Gryspeerdt, F.; Aerts, R. Laparoscopic liver resection for hemorrhagic hepatocellular adenoma in a pregnant patient. Acta Chir.
Belg. 2018, 118, 322–325. [CrossRef]

https://doi.org/10.1080/13651820510028954
https://www.ncbi.nlm.nih.gov/pubmed/18333188
https://doi.org/10.14701/ahbps.2019.23.2.109
https://doi.org/10.1111/his.13975
https://doi.org/10.1097/PAP.0000000000000402
https://doi.org/10.1097/PAS.0000000000001711
https://www.ncbi.nlm.nih.gov/pubmed/34232602
https://doi.org/10.1007/978-3-642-81267-5_3
https://doi.org/10.1002/1097-0142(19830515)51:10%3C1947::AID-CNCR2820511034%3E3.0.CO;2-5
https://doi.org/10.1053/j.gastro.2016.11.042
https://doi.org/10.1053/j.semdp.2016.12.007
https://doi.org/10.1146/annurev.pa.36.040196.001223
https://doi.org/10.1016/S0014-5793(00)02296-1
https://doi.org/10.1158/0008-5472.CAN-06-3947
https://doi.org/10.1097/SLA.0000000000005108
https://www.ncbi.nlm.nih.gov/pubmed/34334644
https://doi.org/10.1080/00015458.2017.1379790


Diagnostics 2024, 14, 1473 9 of 10

16. Gupta, S.; Naini, B.V.; Munoz, R.; Graham, R.P.; Kipp, B.R.; Torbenson, M.S.; Mounajjed, T. Hepatocellular Neoplasms Arising in
Association with Androgen Use. Am. J. Surg. Pathol. 2016, 40, 454–461. [CrossRef]

17. Fankhauser, C.D.; Wettstein, M.S.; Reinhardt, M.; Gessendorfer, A.; Mostafid, H.; Hermanns, T. Indications and Complications of
Androgen Deprivation Therapy. Semin. Oncol. Nurs. 2020, 36, 151042. [CrossRef]

18. Mulvihill, J.J.; Ridolfi, R.L.; Schultz, F.R.; Borzy, M.S.; Haughton, P.B. Hepatic adenoma in Fanconi anemia treated with
oxymetholone. J. Pediatr. 1975, 87, 122–124. [CrossRef]

19. Johnson, F.L.; Lerner, K.G.; Siegel, M.; Feagler, J.R.; Majerus, P.W.; Hartmann, J.R.; Thomas, E.D. Association of androgenic-
anabolic steroid therapy with development of hepatocellular carcinoma. Lancet 1972, 300, 1273–1276. [CrossRef] [PubMed]

20. Wang, L.; Wang, C.; Li, W.; Meng, F.; Li, Y.; Fan, H.; Zhou, Y.; Bharathi, G.; Gao, S.; Yang, Y. Multiple hepatocellular adenomas
associated with long-term administration of androgenic steroids for aplastic anemia: A case report and literature review. Medicine
2020, 99, e20829. [CrossRef] [PubMed]

21. Kato, K.; Abe, H.; Hanawa, N.; Fukuzawa, J.; Matsuo, R.; Yonezawa, T.; Itoh, S.; Sato, Y.; Ika, M.; Shimizu, S.; et al. Hepatocellular
adenoma in a woman who was undergoing testosterone treatment for gender identity disorder. Clin. J. Gastroenterol. 2018, 11,
401–410. [CrossRef] [PubMed]

22. Toso, C.; Rubbia-Brandt, L.; Negro, F.; Morel, P.; Mentha, G. Hepatocellular adenoma and polycystic ovary syndrome. Liver Int.
2003, 23, 35–37. [CrossRef] [PubMed]

23. Solbach, P.; Potthoff, A.; Raatschen, H.J.; Soudah, B.; Lehmann, U.; Schneider, A.; Gebel, M.J.; Manns, M.P.; Vogel, A. Testosterone-
receptor positive hepatocellular carcinoma in a 29-year old bodybuilder with a history of anabolic androgenic steroid abuse: A
case report. BMC Gastroenterol. 2015, 15, 60. [CrossRef] [PubMed]

24. Hardt, A.; Stippel, D.; Odenthal, M.; Holscher, A.H.; Dienes, H.P.; Drebber, U. Development of hepatocellular carcinoma
associated with anabolic androgenic steroid abuse in a young bodybuilder: A case report. Case Rep. Pathol. 2012, 2012, 195607.
[CrossRef]

25. Socas, L.; Zumbado, M.; Perez-Luzardo, O.; Ramos, A.; Perez, C.; Hernandez, J.R.; Boada, L.D. Hepatocellular adenomas
associated with anabolic androgenic steroid abuse in bodybuilders: A report of two cases and a review of the literature. Br. J.
Sports Med. 2005, 39, e27. [CrossRef]

26. Creagh, T.M.; Rubin, A.; Evans, D.J. Hepatic tumours induced by anabolic steroids in an athlete. J. Clin. Pathol. 1988, 41, 441–443.
[CrossRef] [PubMed]

27. Hernandez-Nieto, L.; Bruguera, M.; Bombi, J.; Camacho, L.; Rozman, C. Benign liver-cell adenoma associated with long-term
administration of an androgenic-anabolic steroid (methandienone). Cancer 1977, 40, 1761–1764. [CrossRef]

28. Martin, N.M.; Abu Dayyeh, B.K.; Chung, R.T. Anabolic steroid abuse causing recurrent hepatic adenomas and hemorrhage. World
J. Gastroenterol. 2008, 14, 4573–4575. [CrossRef]

29. Sempoux, C.; Gouw, A.S.H.; Dunet, V.; Paradis, V.; Balabaud, C.; Bioulac-Sage, P. Predictive Patterns of Glutamine Synthetase
Immunohistochemical Staining in CTNNB1-mutated Hepatocellular Adenomas. Am. J. Surg. Pathol. 2021, 45, 477–487. [CrossRef]

30. Abdel-Hamid, N.M.; Al-Quzweny, R.M. Prevalence of Hepatocellular Carcinoma in Men and the Contribution of Androgen and
its Receptor in Pathogenesis and Therapy. Curr. Mol. Pharmacol. 2023, 16, 559–563. [CrossRef]

31. Gonzalez, I.A.; Torbenson, M.; Sharifai, N.; Byrnes, K.; Chatterjee, D.; Kakar, S.; Yeh, M.M.; Wu, T.T.; Zhang, X.; Jain, D.
Clinicopathologic characterization of hepatocellular adenomas in men: A multicenter experience. Hum. Pathol. 2023, 138, 24–33.
[CrossRef]

32. Toh, M.R.; Wong, E.Y.T.; Wong, S.H.; Ng, A.W.T.; Loo, L.H.; Chow, P.K.; Ngeow, J. Global Epidemiology and Genetics of
Hepatocellular Carcinoma. Gastroenterology 2023, 164, 766–782. [CrossRef]

33. Singal, A.G.; Kanwal, F.; Llovet, J.M. Global trends in hepatocellular carcinoma epidemiology: Implications for screening,
prevention and therapy. Nat. Rev. Clin. Oncol. 2023, 20, 864–884. [CrossRef]

34. Ma, W.L.; Hsu, C.L.; Wu, M.H.; Wu, C.T.; Wu, C.C.; Lai, J.J.; Jou, Y.S.; Chen, C.W.; Yeh, S.; Chang, C. Androgen receptor is a new
potential therapeutic target for the treatment of hepatocellular carcinoma. Gastroenterology 2008, 135, 947–955.e5. [CrossRef]
[PubMed]

35. Wang, S.H.; Yeh, S.H.; Chen, P.J. The driving circuit of HBx and androgen receptor in HBV-related hepatocarcinogenesis. Gut
2014, 63, 1688–1689. [CrossRef]

36. Li, C.L.; Li, C.Y.; Lin, Y.Y.; Ho, M.C.; Chen, D.S.; Chen, P.J.; Yeh, S.H. Androgen Receptor Enhances Hepatic Telomerase Reverse
Transcriptase Gene Transcription after Hepatitis B Virus Integration or Point Mutation in Promoter Region. Hepatology 2019, 69,
498–512. [CrossRef]

37. Nagasue, N.; Ito, A.; Yukaya, H.; Ogawa, Y. Androgen receptors in hepatocellular carcinoma and surrounding parenchyma.
Gastroenterology 1985, 89, 643–647. [CrossRef]

38. Nagasue, N.; Yu, L.; Yukaya, H.; Kohno, H.; Nakamura, T. Androgen and oestrogen receptors in hepatocellular carcinoma and
surrounding liver parenchyma: Impact on intrahepatic recurrence after hepatic resection. Br. J. Surg. 1995, 82, 542–547. [CrossRef]

39. Boix, L.; Castells, A.; Bruix, J.; Sole, M.; Bru, C.; Fuster, J.; Rivera, F.; Rodes, J. Androgen receptors in hepatocellular carcinoma
and surrounding liver: Relationship with tumor size and recurrence rate after surgical resection. J. Hepatol. 1995, 22, 616–622.
[CrossRef]

40. Cohen, C.; Lawson, D.; DeRose, P.B. Sex and androgenic steroid receptor expression in hepatic adenomas. Hum. Pathol. 1998, 29,
1428–1432. [CrossRef]

https://doi.org/10.1097/PAS.0000000000000576
https://doi.org/10.1016/j.soncn.2020.151042
https://doi.org/10.1016/S0022-3476(75)80087-4
https://doi.org/10.1016/S0140-6736(72)92649-9
https://www.ncbi.nlm.nih.gov/pubmed/4117807
https://doi.org/10.1097/MD.0000000000020829
https://www.ncbi.nlm.nih.gov/pubmed/32664077
https://doi.org/10.1007/s12328-018-0854-4
https://www.ncbi.nlm.nih.gov/pubmed/29589251
https://doi.org/10.1034/j.1600-0676.2003.01776.x
https://www.ncbi.nlm.nih.gov/pubmed/12640725
https://doi.org/10.1186/s12876-015-0288-0
https://www.ncbi.nlm.nih.gov/pubmed/25986067
https://doi.org/10.1155/2012/195607
https://doi.org/10.1136/bjsm.2004.013599
https://doi.org/10.1136/jcp.41.4.441
https://www.ncbi.nlm.nih.gov/pubmed/2835401
https://doi.org/10.1002/1097-0142(197710)40:4%3C1761::AID-CNCR2820400454%3E3.0.CO;2-C
https://doi.org/10.3748/wjg.14.4573
https://doi.org/10.1097/PAS.0000000000001675
https://doi.org/10.2174/1874467215666221010092825
https://doi.org/10.1016/j.humpath.2023.05.010
https://doi.org/10.1053/j.gastro.2023.01.033
https://doi.org/10.1038/s41571-023-00825-3
https://doi.org/10.1053/j.gastro.2008.05.046
https://www.ncbi.nlm.nih.gov/pubmed/18639551
https://doi.org/10.1136/gutjnl-2013-306678
https://doi.org/10.1002/hep.30201
https://doi.org/10.1016/0016-5085(85)90463-9
https://doi.org/10.1002/bjs.1800820435
https://doi.org/10.1016/0168-8278(95)80217-7
https://doi.org/10.1016/S0046-8177(98)90011-9


Diagnostics 2024, 14, 1473 10 of 10

41. Svrcek, M.; Jeannot, E.; Arrive, L.; Poupon, R.; Fromont, G.; Flejou, J.F.; Zucman-Rossi, J.; Bouchard, P.; Wendum, D. Regressive
liver adenomatosis following androgenic progestin therapy withdrawal: A case report with a 10-year follow-up and a molecular
analysis. Eur. J. Endocrinol. 2007, 156, 617–621. [CrossRef]

42. Buhler, H.; Pirovino, M.; Akobiantz, A.; Altorfer, J.; Weitzel, M.; Maranta, E.; Schmid, M. Regression of liver cell adenoma. A
follow-up study of three consecutive patients after discontinuation of oral contraceptive use. Gastroenterology 1982, 82, 775–782.
[PubMed]

43. Chiche, L.; Dao, T.; Salame, E.; Galais, M.P.; Bouvard, N.; Schmutz, G.; Rousselot, P.; Bioulac-Sage, P.; Segol, P.; Gignoux, M. Liver
adenomatosis: Reappraisal, diagnosis, and surgical management: Eight new cases and review of the literature. Ann. Surg. 2000,
231, 74–81. [CrossRef] [PubMed]

44. Ma, W.L.; Hsu, C.L.; Yeh, C.C.; Wu, M.H.; Huang, C.K.; Jeng, L.B.; Hung, Y.C.; Lin, T.Y.; Yeh, S.; Chang, C. Hepatic androgen
receptor suppresses hepatocellular carcinoma metastasis through modulation of cell migration and anoikis. Hepatology 2012, 56,
176–185. [CrossRef] [PubMed]

45. Truica, C.I.; Byers, S.; Gelmann, E.P. Beta-catenin affects androgen receptor transcriptional activity and ligand specificity. Cancer
Res. 2000, 60, 4709–4713.

46. Yeh, S.; Lin, H.K.; Kang, H.Y.; Thin, T.H.; Lin, M.F.; Chang, C. From HER2/Neu signal cascade to androgen receptor and its
coactivators: A novel pathway by induction of androgen target genes through MAP kinase in prostate cancer cells. Proc. Natl.
Acad. Sci. USA 1999, 96, 5458–5463. [CrossRef]

47. Cappellen, D.; Balabaud, C.; Bioulac-Sage, P. A difficult case of beta-catenin-mutated hepatocellular adenoma: A lesson for
diagnosis. Histopathology 2019, 74, 355–357. [CrossRef]

48. Rooks, J.B.; Ory, H.W.; Ishak, K.G.; Strauss, L.T.; Greenspan, J.R.; Hill, A.P.; Tyler, C.W., Jr. Epidemiology of hepatocellular
adenoma. The role of oral contraceptive use. JAMA 1979, 242, 644–648. [CrossRef]

49. Torbenson, M.; Lee, J.H.; Choti, M.; Gage, W.; Abraham, S.C.; Montgomery, E.; Boitnott, J.; Wu, T.T. Hepatic adenomas: Analysis
of sex steroid receptor status and the Wnt signaling pathway. Mod. Pathol. 2002, 15, 189–196. [CrossRef]

50. Torbenson, M. Hepatic Adenomas: Classification, Controversies, and Consensus. Surg. Pathol. Clin. 2018, 11, 351–366. [CrossRef]
51. Feng, H.; Cheng, A.S.; Tsang, D.P.; Li, M.S.; Go, M.Y.; Cheung, Y.S.; Zhao, G.J.; Ng, S.S.; Lin, M.C.; Yu, J.; et al. Cell cycle-related

kinase is a direct androgen receptor-regulated gene that drives beta-catenin/T cell factor-dependent hepatocarcinogenesis. J. Clin.
Investig. 2011, 121, 3159–3175. [CrossRef]

52. Song, H.; Yu, Z.; Sun, X.; Feng, J.; Yu, Q.; Khan, H.; Zhu, X.; Huang, L.; Li, M.; Mok, M.T.S.; et al. Androgen receptor drives
hepatocellular carcinogenesis by activating enhancer of zeste homolog 2-mediated Wnt/beta-catenin signaling. EBioMedicine
2018, 35, 155–166. [CrossRef]

53. Feng, H.; Yu, Z.; Tian, Y.; Lee, Y.Y.; Li, M.S.; Go, M.Y.; Cheung, Y.S.; Lai, P.B.; Chan, A.M.; To, K.F.; et al. A CCRK-EZH2 epigenetic
circuitry drives hepatocarcinogenesis and associates with tumor recurrence and poor survival of patients. J. Hepatol. 2015, 62,
1100–1111. [CrossRef] [PubMed]

54. Yu, Z.; Gao, Y.Q.; Feng, H.; Lee, Y.Y.; Li, M.S.; Tian, Y.; Go, M.Y.; Yu, D.Y.; Cheung, Y.S.; Lai, P.B.; et al. Cell cycle-related kinase
mediates viral-host signalling to promote hepatitis B virus-associated hepatocarcinogenesis. Gut 2014, 63, 1793–1804. [CrossRef]
[PubMed]

55. Beatty, B.G.; Paxton, R.J.; Sheibani, K.; Duda, R.B.; Williams, L.E.; Shively, J.E.; Beatty, J.D. Testis imaging with 111In-labeled
anticarcinoembryonic antigen monoclonal antibody: Identification of carcinoembryonic antigen in normal germ cells. Cancer Res.
1986, 46 Pt 1, 6503–6508. [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1530/EJE-07-0020
https://www.ncbi.nlm.nih.gov/pubmed/6277724
https://doi.org/10.1097/00000658-200001000-00011
https://www.ncbi.nlm.nih.gov/pubmed/10636105
https://doi.org/10.1002/hep.25644
https://www.ncbi.nlm.nih.gov/pubmed/22318717
https://doi.org/10.1073/pnas.96.10.5458
https://doi.org/10.1111/his.13751
https://doi.org/10.1001/jama.1979.03300070040020
https://doi.org/10.1038/modpathol.3880514
https://doi.org/10.1016/j.path.2018.02.007
https://doi.org/10.1172/JCI45967
https://doi.org/10.1016/j.ebiom.2018.08.043
https://doi.org/10.1016/j.jhep.2014.11.040
https://www.ncbi.nlm.nih.gov/pubmed/25500144
https://doi.org/10.1136/gutjnl-2013-305584
https://www.ncbi.nlm.nih.gov/pubmed/24440987
https://www.ncbi.nlm.nih.gov/pubmed/3779658

	Introduction 
	Case Presentation 
	Pathologic Findings 
	Discussion 
	Conclusions 
	References

