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Introduction: Adrenocortical carcinoma rarely secretes estrogens, and little is known

regarding the mechanism of intra-tumor estrogen production. We report an estrogen-

secreting adrenocortical carcinoma in a postmenopausal woman, where comprehensive

immunohistochemical analyses of the resected tumor revealed disorganized

steroidogenesis.

Case presentation: A 68-year-old woman presented with postmenopausal vaginal

bleeding and was found to have a left adrenal tumor. Serum estradiol and testosterone

were elevated but they normalized after resection of the tumor, suggestive of

adrenocortical carcinoma with disorganized steroidogenesis. Immunohistochemical

analyses revealed that the tumor expressed aromatase which converts androgens into

estrogens. Furthermore, the tumor lacked 17bHSD2, which converts estradiol to estrone,

suggesting that estradiol accumulated as the final product of the tumor’s steroidogenic

pathway.

Conclusion: The capability of adrenocortical carcinoma to produce estrogen can be

demonstrated by comprehensive immunohistochemical analyses of steroidogenic

enzymes, such as those reported here.
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Keynote message

Adrenocortical carcinoma rarely secretes estrogens; however, immunohistochemical analyses
of steroidogenic enzymes can reveal the details of estrogen production within the tumor.
Estrogen-secreting adrenocortical carcinoma should be considered in the presence of vaginal
bleeding in a postmenopausal woman.

Introduction

ACC is rare and highly malignant, with a poor prognosis. Approximately 60% of ACCs are
hormone secreting, and the steroid profile typically exhibits a disorganized steroidogenesis
pattern, further exacerbating the morbidity in ACCs.1 ACCs most commonly secrete cortisol
and androgens. ACCs secreting estrogens are rare, with an incidence of 1–2%,2 and the
source and mechanism of estrogen overproduction in ACCs remain unclear. Physiologically,
the adrenal cortex has minimal capacity to produce estrogens, since they lack P450arom
(CYP19A1), which converts androgens into estrogens. Previous studies have shown aromatase
overexpression at the mRNA and protein levels in estrogen-secreting ACCs.3–6 This may con-
tribute to ectopic estrogen production in ACCs. However, performing detailed analyses of the
steroidogenesis pathway by immunohistochemical analysis is difficult due to its low sensitiv-
ity and tumor heterogeneity.7,8 We report the result of a comprehensive immunohistochemical
analysis of disorganized steroidogenesis in estrogen-secreting ACC.
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Case presentation

A 68-year-old woman presented with a 3-month history of
postmenopausal vaginal bleeding. On transvaginal ultrasound,
the uterus was enlarged, but the left and right ovaries were
normal. Hormonal study revealed elevated serum estradiol
(95.9 pg/mL, normal range in postmenopausal women
<5.0 pg/mL). The pelvic magnetic resonance imaging find-
ings suggest endometrial cancer, but the endometrial cytology
and biopsy revealed proliferating endometrial tissue without
signs of malignancy. Computed tomography revealed a 7-cm
left adrenal tumor (Fig. 1a,b). FDG-PET CT revealed avid
FDG uptake in the adrenal tumor, but no metastatic lesion
(Fig. 1c). The hormonal test was performed again (Table 1),
and it showed elevated serum estradiol (147.7 pg/mL) and
testosterone (3.58 ng/mL, normal range in postmenopausal
women 0.1–0.6 ng/mL), suggestive of ACC with disorga-
nized steroidogenesis. Based on the large tumor size and
abnormal hormonal analysis results, we suspected tumor
malignancy and performed left adrenalectomy. The postopera-
tive course was uneventful. After surgery, her serum estradiol
and testosterone normalized, and vaginal bleeding was allevi-
ated. She has been well and disease-free, with adjuvant mito-
tane therapy, for 6 months. Histologically, the tumor was
heterogeneously composed of large and small cell compo-
nents with eosinophilic cytoplasm. The tumor exhibited high
nuclear grade foci, mitosis, necrosis, and venous and capsular
invasions. Seven of the 9 items in the Weiss Criteria were
met, suggesting a malignancy. A comprehensive immunohis-
tochemical analysis of disorganized steroidogenesis was per-
formed (Fig. 2). All tumor cells tested positive for SF-1,
suggesting an adrenocortical origin. The tumor expressed
3bHSD, P450c21, P450c17, DHEA-S, and 17bHSD5, sug-
gesting that the tumor could produce androgens. Furthermore,
the tumor expressed P450arom, which enables the conversion
of androgens to estrogens. The tumor was negative for
17bHSD2, which converts estradiol to estrone. Based on this,
estradiol was expected to accumulate as the final product of
the tumor’s steroidogenic pathway. The tumor cells were also
positive for STS, which converts serum estrone sulfate into
estrone, suggesting that the tumor could convert serum
estrone sulfate into estradiol. Although 3bHSD was heteroge-
neously expressed in the tumor, a substantial proportion of
tumor cells was negative. This explained why the tumor pre-
dominantly produced sex steroids, instead of cortisol and
aldosterone.

Discussion

We reported a case with estrogen-secreting ACC, where com-
prehensive immunohistochemical analyses revealed the details
of disorganized steroidogenesis within the tumor. Adrenocor-
tical adenomas have homogeneous expression of steroido-
genic enzymes, while ACC cells show heterogeneous
expression of these enzymes, which is referred to as disorga-
nized steroidogenesis, resulting in the secretion of various
intermediate metabolites.9 Two possible mechanisms have
been proposed for elevated serum estrogen in ACC patients.
First, the conversion of serum androgens, which is produced
by ACC cells, to estrogens by aromatase at the peripheral
adipose tissues.10 Second, the intra-tumor conversion of
androgens to estrogens, since intra-tumor aromatase activity
has been reported in ACC cases recently.3–7,11 However,
detecting aromatase activity within the tumor using immuno-
histochemistry is sometimes difficult due to the low sensitiv-
ity and tumor heterogeneity.7,8 In this case, ACC cells were
proven to be capable of not only androgen production, but
also converting androgens into estrogens. To the best of our
knowledge, this is the first case report of estrogen-secreting
ACC where the intra-tumor estrogen production pathway was
revealed using immunohistochemical analysis. Due to the low
sensitivity of immunohistochemical analyses, there could be a
discrepancy between immunohistochemical results and clini-
cal symptoms. In such situations, the detection of transcripts
associated with aromatase promoter by RT-PCR would be
diagnostically helpful.12 Hatano et al. reported a case of

(a) (b) (c)

Fig. 1 Computed tomography (CT) findings of the left adrenal tumor. (a) Plain CT; (b) Contrast-enhanced CT; (c) Fluorodeoxyglucose-positron emission tomogra-

phy (FDG-PET) CT.

Table 1 Hormonal status before and after adrenalectomy

Normal range in

menopausal

women

Before

adrenalectomy

After

adrenalectomy

LH (mIU/mL) 5.72–64.31 2.35 32.01

FSH (mIU/mL) <157.79 6.37 103.05

Progesterone (ng/mL) 0.0–0.3 0.16 0.08

Aldosterone (pg/mL) 38.9–307 83.8 107

Testosterone (ng/mL) 0.1–0.6 3.58 0.07

Estradiol (pg/mL) < 5.0 147.74 11.8

Prolactin (ng/mL) 3.1–15.4 15.57 10.02

PRA (ng/mL/h) 0.2–3.9 2 3.6

Adrenaline (pg/mL) <100 26 31

Noradrenaline (pg/mL) 100–450 239 465

Dopamine (pg/mL) <20 9 13
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clinically estrogen-producing, but pathologically testosterone-
producing, ACC where overexpression of the aromatase
promoter was observed upon RT-PCR.7 Similarly, immuno-
histochemical analysis revealed a relatively low intensity
expression of P450arom by tumor cells in the current case.
Therefore, we speculate that intensity on immunohistochemi-
cal analysis is not necessarily correlated with aromatase

activity, and that positive staining for P450arom, irrespective
of intensity, is enough to suggest aromatase activity.

Adrenal precursor cells and bipotential gonadal precursor
cells arise from a common ancestor. Previous studies have
revealed the combined steroidogenic characters of fetal adre-
nal cells and Leydig cells in androgen-producing ACC.13

ACCs may have acquired pluripotential steroidogenic
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Fig. 2 Comprehensive immunohistochemical analysis revealing disorganized steroid genesis in adrenocortical carcinoma. (a) HE staining, (b) SF-1, (c) 3bHSD, (d)

P450c21, (e) P450c17, (g) 17bHSD5, (h) 17bHSD2, (i) P450arom, (j) STS, (k) EST, and (l) 17bHSD1.

320 © 2021 The Authors. IJU Case Reports published by John Wiley & Sons Australia, Ltd on behalf of the Japanese Urological Association

M YOKOYAMA ET AL.



function via dedifferentiation of the adrenocortical cells
toward their common adrenal-gonadal precursor.14 This leads
to the production of sex steroids in ACCs.

Disorganized steroidogenesis can be useful for assessing
the presence of malignancy. At initial adrenal tumor diagno-
sis, feminization is considered almost pathognomonic of
malignancy. Furthermore, feminizing ACCs tend to be larger
and have worse prognosis compared with non-feminizing
ACCs.2 Therefore, in cases of suspected ACC, an extensive
steroid hormone work-up, including glucocorticoid, mineralo-
corticoid, sex hormone, and precursor-steroid analysis, should
be performed.

As more than half of ACC patients who undergo complete
tumor resection develop local recurrence or metastases, adju-
vant therapy is often provided. Mitotane has been the reference
drug for metastatic ACC management and is increasingly used
in adjuvant settings. Recent guidelines15 recommend adjuvant
mitotane for patients at high risk of recurrence (stage III-IV,
incomplete resection, and/or high Ki-67 index or mitotic rates).
In the current case, we provided adjuvant mitotane therapy
because the tumor had a high mitotic rate.

Endometrial carcinoma is the most likely diagnosis in post-
menopausal women with vaginal bleeding. Cytology and
biopsy of the endometrial tissue must be performed. With
findings of endometrial hyperplasia suggesting a high estro-
genic activity, thorough hormonal examination and imaging
studies must be performed to investigate the presence of
estrogen-secreting ovarian tumors or ACCs. The capability of
ACCs to produce estrogen can be demonstrated by compre-
hensive immunohistochemical analyses of steroidogenic
enzymes, as performed in the current case.
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