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Abstract Adrenocortical carcinoma is a rare malignancy.
Medical treatment including op’DDD or mitotane with or
without platinum-based cytotoxic chemotherapy is frequently
administered to the patients in an adjuvant setting following
surgery or in advanced disease, because of aggressive clinical
behavior in some cases. Potential roles of pathologists in
determining the clinical algorithm of medical therapy are
histopathological confirmation of adrenocortical carcinoma,
both malignant features using the criteria of Weiss and adre-
nocortical origin applying immunohistochemistry of steroid
factor-1 (SF-1); providing the relevant pathological informa-
tion to determine the precise pathological stage in individual
patients; and providing the accurate Ki67 labeling index of the
patients. There are no established pathological surrogate
markers for response to mitotane or op’ DDD therapy avail-
able at this juncture but as in other malignancies, Ki67 LI
could provide information as to the potential clinical response
to platinum-based cytotoxic chemotherapy. Epidermal growth
factor receptor (EGFR) is significantly overexpressed in ad-
renocortical carcinoma but the absence of gene mutations
could limit the therapeutic application of anti-EGFR antibody
and/or EGFR tyrosine kinase inhibitor in the patients.
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Introduction

Adrenocortical carcinoma is a relatively rare malignancy that
demonstrates aggressive clinical behavior in some patients
resulting in dismal clinical outcome. There are bimodal peaks
in its incidence, at relatively young and elderly ages.
Therefore, the clinical management can be sometimes difficult
and challenging and clinicians ask for comments other than
histopathological diagnosis from the pathologists regarding
the management of the patients. In these circumstances, three
of the most common questions asked of surgical pathologists
are summarized as follows:

1. Whether the adrenocortical mass represents a benign ade-
noma or a malignant carcinoma? On what basis can the
diagnosis be reached?
2. Whether the lesion is of adrenocortical origin or not? In
cases of advanced malignancy with primary unknown or large
retroperitoneal masses.
3.Whether the patient could respond to the medical therapy or
not? In cases of proven adrenocortical carcinoma with adju-
vant therapy settings after the surgery or in advanced stages
with multiple distant metastasis.

Malignancy or not in resected adrenocortical neoplasm?

In the differential diagnosis between adrenocortical adenoma
and carcinoma, the histopathological criteria of Weiss [1, 2],
possibly in conjunction with some of recently reported mod-
ifications [3–5], still represents the gold standard of reliable
differentiation between adult adrenocortical adenoma and car-
cinoma in surgically resected adrenocortical neoplasms, de-
spite the marked recent evolution or improvement of various
molecular diagnostics. Therefore, it is important for patholo-
gists to be very familiar with these criteria because
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interpretation of these nine factors is essentially straightfor-
ward but could be subjective, resulting in inter-observer dif-
ferences, as many clinicians have grumbled. However, it is
also important for clinicians to be well aware of the validity
and utility as well as limitation of this scoring system when
they receive the surgical pathology report of a patient with
adrenocortical neoplasm.

Adrenocortical origin or not?

When diagnosing whether the lesions are of adrenocortical
origin or not, a detailed histopathological evaluation of
hematoxylin-eosin-stained tissue slides is still sufficient in
the majority of the cases. However, it is also true that some
malignancies such as renal cell carcinoma, especially clear
cell type, malignant melanoma, hepatocellular carcinoma,
large cell type neuroendocrine carcinoma of the lung and
others, could pose diagnostic difficulties in pathological eval-
uation of biopsy or surgical materials. This differential diag-
nosis is clinically important in patients with advanced stages
because of availability of target-specific therapy in other ma-
lignancies such as clear cell type renal cell carcinoma or
melanoma. Immunohistochemical evaluation of markers rela-
tively specific for adrenocortical parenchymal cells, such as
inhibin alpha, calretinin, and steroid factor-1 (SF-1) [6–10],
especially SF-1 [7, 8] could be certainly of value in this
differential diagnosis. However, it is also important for pa-
thologists to recognize that SF-1 immunohistochemistry is the
most specific because, apart from the adrenal cortical tumors,
only gonadotropin-producing pituitary adenoma and certain
sex cord stromal cell tumors express this nuclear transcription
factor in the nuclei [7]. However, its sensitivity is markedly
influenced by pre-analytical factors such as fixation of the
specimen.

Aderenocortical carcinoma, aggressive type or not? Response
to therapy?

When pathologists are asked by clinicians, especially medical
oncologists or endocrinologists about the clinical problem
above, the situation is not as straightforward as in questions
no. 1 and 2. The most important prognostic factor of patients
with adrenocortical carcinoma is obviously the clinical and
pathological stage [11, 12], and application of the staging
system proposed by ENSAT could provide more accurate
information as to the clinical outcome of the patients [12].
Therefore, for the sake of the patients, pathologists should also
attempt to do their best to provide the necessary information
toward accurate staging to the clinicians. However, it is also
true that there are no other established histopathological or
other parameters in carcinoma cells of predicting clinical
outcome at this juncture, although some factors such as Ki67
LI and the combination of factors in Weiss criteria have been

reported promising [13, 14]. In addition, since Terzolo et al.
reported the value of op’DDD to the patients with adrenocor-
tical carcinoma as an adjuvant therapy not only in improving
their disease free survival but also prognosis itself [15], an
increasing number of clinicians managing patients with adre-
nocortical carcinoma have been asking the pathologists to
provide any information as to whether there are any histopath-
ological, immunohistochemical, or molecular findings sug-
gestive of response to the mitotane or op’ DDD with or
without chemotherapy in resected specimens of the tumor.

In this review, we will first cover the reported histopatho-
logical surrogate markers predicting the response to conven-
tional therapy such as mitotane or op’DDD with or without
platinum-based chemotherapy in patients with adrenocortical
carcinoma.Wewill then report the potential surrogate markers
to which target-specific therapy is being developed or has
been employed in other human malignancies, reported to be
detected in adrenocortical carcinoma.

Surrogate Markers of Conventional Medical Therapy
in Adrenocortical Carcinoma

Op’ DDD and mitotane combined with platinum based che-
motherapy have been reported to yield objective responses but
their impact upon actual prognosis of the patients still remains
unestablished [16]. Cytotoxic chemotherapy regimens com-
bining platinumwith doxorubicin–etoposide or streptozotocin
have been reported to yield highest objective response rates in
patients with adrenocortical carcinoma [16]. Therefore, the
administration of mitotane and cytotoxic chemotherapy is
currently considered a well-established therapeutic regimen
of the adrenocortical carcinoma patients with advanced-stage
disease.

Potential pathological markers of response to platinum-based
chemotherapy

In adjuvant settings, it was reported that those with a Ki67
labeling index of greater than 10 %, considered high risk
patients expected to have aggressive clinical course, could
benefit from this combined therapy following surgery of the
primary tumor and those with less than 10 %, considered low
to intermediate risk group, could receive only mitotane treat-
ment as a postoperative adjuvant therapy [13, 14]. Thus,
clinicians have recently asked pathologists to perform Ki67
immunohistochemistry and obtain the labeling index of the
resected adrenocortical carcinoma specimens. However, it is
also to be noted that the clinical studies based on this proposal
of cutting off value of 10 % have been well and carefully
executed but the major limitation is that the immunostaining
and evaluation of Ki67 labeling index had not been centrally
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performed and so many pre- and post-analytical factors of
Ki67 evaluation appear to have compromised the results [17,
18]. Therefore, at this juncture, there are no doubts that
postoperative course is definitely different between low/
intermediate and high grade adrenocortical carcinoma patients
and the latter could receive clinical benefits from being treated
with mitotane and cytotoxic chemotherapy but Ki67 LI of
10 % is by no means the magic number and further investi-
gations are required for further consolidation of this subclas-
sification or stratification of the patients.

The same concept is also reported in NET or neuroendo-
crine tumor [19]. Among NET G3 or neuroendocrine carci-
noma (NEC) with Ki67 LI of more than 20 %, those with
more than 55 % of Ki67 LI had significantly worse clinical
outcome but better response to platinum-based chemotherapy
and those with less than 55 % had better clinical outcome but
less response to the same chemotherapy [19]. Those results
did indicate that it is also important for pathologists to stan-
dardize the evaluation of Ki67 LI in adrenocortical carcinoma
in order to make maximum use of this marker identifying the
proliferative cells in surgical pathology specimens and pivotal
for clinicians to recognize that there has been no definitive
magic number of Ki67 LI to definitively stratify patients
following surgery in the adrenocortical carcinoma.
Currently, clinical judgment could be more important that
mere Ki67 LI in contrast to other malignancies such as breast
or NET.

For the response to platinum-based chemotherapy in adre-
nocortical carcinoma patients, Ronchi et al. reported that the
expression of excision repair cross complementing group 1 in
the tumor cells could predict the response to cisplatinum
therapy [20]. However, Malandrino [21] reported the absence
of such a correlation and it also awaits further investigations
for clarification.

Surrogate markers of response to mitotane or op’DDD
treatment?

As noted above, mitotane is currently recommended as an
adjuvant therapy essentially in all patients with adrenocortical
carcinoma when clinically applicable. However, mitotane is
associated with various side effects, some of them serious [22]
and it then becomes important to discern the factors predicting
the response to mitotane administration. Mitotane or op’DDD,
an adrenolytic agent, has been used for a relatively long period
of time, mostly in advanced adrenocortical carcinoma with
various clinical response rates but at this juncture, there have
been no established pathological or biological parameters in
adrenocortical carcinoma cells or tissues which could predict
the clinical response to mitotane, although Volante et al. re-
ported the possible value of ribonucleotide reductase large
subunit gene expression in the carcinoma cells as a surrogate
marker for response to mitotane treatment [23] . Therefore, the

reasonable response when asked by clinicians about the sur-
rogate markers specific for mitotane treatment is that none are
available at present, other than the fact that the lesion is an
adrenocortical carcinoma.

Surrogate markers of potential target-specific therapy
in adrenocortical carcinoma

Target-specific therapy has been more widely administered in
an increasing number of human malignancies, and the roles of
surgical pathologists are becoming more important in identi-
fying the specific surrogate markers of these targets in surgical
pathology specimens, whether biopsies or resections. There
are no established target-specific therapies available in the
medical treatment of adrenocortical carcinoma patients at
present but many basic, translational, and clinical research
studies, including clinical trials of some agents, are being
conducted and it is not entirely surprising that agent(s) based
upon these cutting edge studies will be approved and incor-
porated into clinical practice in the very near future.

The development of target-specific therapy in adrenocorti-
cal carcinoma has been mostly performed by the following
two different approaches. The first is to attempt to administer
the agents which have been approved in other human malig-
nancies to the patients with adrenocortical carcinoma with
pathological exploration of corresponding surrogate markers.
The other is to identify the potential targets by using genome-
wide screening or other relevant methods. We will cover the
first approach in this mini-review because a considerable
number of relevant reviews have been reported in the latter.

The Application of Existing Target-Specific Therapy
to Medical Treatment of Adrenocortical Patients

Epidermal Growth Factor Receptor (EGFR)

Nakamura was the first to explore the ten well established or
potential surrogate markers of target-specific therapies, locat-
ed in the Ras/extracellular signal-regulated kinase and
phosphatidylinositol-3 kinase/Akt pathways in 41 cases of
surgical pathology specimens of adrenocortical carcinoma
using immunohistochemistry and compared the results with
those in 54 adrenocortical adenomas [24]. Results of their
analysis demonstrated that only EGFR was more significantly
overexpressed in carcinoma compared to adenoma.

EGFR was firstly demonstrated to be overexpressed in
adrenocortical carcinoma in 1994 by Sasano et al. [25].
Therefore, it is interesting to note that monoclonal anti-
EGFR antibody and/or EGFR tyrosine kinase inhibitor could
provide therapeutic benefits to the patients of adrenocortical
carcinoma as in lung or colon cancer cases. However, Adam
et al. reported in 2010 that the analysis of 169 cases of
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adrenocortical carcinoma cases demonstrated no significant
correlation with clinical outcome and absence of point muta-
tions of EGGR gene, which could serve as important surrogate
markers in EGFR tyrosine kinase inhibitors [26]. Very recent-
ly, Zhang et al. also reported the overexpression of the EGFR
protein and polysomy of chromosome 7 in which the EGFR
gene is located but the absence of any of 29 specific mutations
in exons 18 to 21 in adrenocortical carcinoma patients [27].
These results all indicated some roles of EGFR-mediated
intracellular signaling pathways in adrenocortical carcinoma
cells but it is considered highly unlikely that the current
therapies aimed at EGFR pathways could provide therapeutic
benefits to patients with adrenocortical carcinoma. The iden-
tification of EGFR overexpression could rather serve as a
potential auxiliary or confirmatory marker of discerning ma-
lignancy in adrenocortical neoplasm [26].

mTOR inihibitors

Insulin-like growth factor (IGF) system has been demonstrated
to play important roles in the biology of adrenocortical cells by
the results of various genome-wide screening studies [28].
However, it is true that specific agents inhibiting this IGF-
related pathway are promising but not available for clinical
practice at this juncture. Mammalian target of rapamycin
(mTOR) inhibitor, which has been used in the treatment of
NET, breast cancer, and clear cell type renal cell carcinoma,
was reported to be administered to the advanced stages of
adrenocortical carcinoma patients despite little clinical im-
provement [29]. In addition, De Martino et al. very recently
evaluated the expression of mTOR as well as S6K1 and 4
EBP1, both of which are important downstream factors in the
mTOR pathway, in adrenocortical carcinoma patients and re-
ported that subsets of the patients did demonstrate the activa-
tion of mTOR pathways in carcinoma cells, which could lead
to the potential efficacy of mTOR inhibitor [30]. However, the
major limitation of this research is that the identification of
S6K1 and 4EBP1, even in phosphorylated forms, does by no
means serve as an established surrogate marker of mTOR
inhibitor efficacy in any human malignancy, although immu-
nohistochemical overexpression of pmTOR, pS6K1, and
p4EBP1 does suggest the presence of mTOR activation in
the cells. Therefore, it is important for pathologists to inform
clinicians of this, but to indicate that this testing is still at the
stage of research or academic exercise if they ask for immu-
nohistochemical evaluation of mTOR pathway-related factors
in surgical pathology specimens of adrenocortical carcinoma.

Conclusion

Unless new therapeutic agents are being administered in a
clinical trial, the current roles of surgical pathologists in

providing information to help with decisions on the medical
therapy of patients with adrenocortical carcinoma patients are
as follows: (1) accurate pathology diagnosis of adrenocortical
carcinoma, (2) determination of adrenocortical origin if appli-
cable, (3) providing the relevant findings for the accurate
determination of TNM stages, and (4) evaluation of Ki67
labeling index. However, one should follow the development
of novel target-specific therapeutic agents for patients with
adrenocortical carcinoma with companion diagnostic means
of identifying their surrogate markers.
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