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The aim of this study is to describe rare variants of adrenocortical carcinoma (ACC) and to
compare the prognosis with that of conventional ACC. We retrospectively reviewed 8 cases
of myxoid variant, 1 sarcomatoid variant, and 14 cases of conventional ACC, who
underwent surgical resection at the Asan Medical Center between 1996 and 2014. An
analysis of the clinicopathological characteristics, including the Weiss score, Ki-67 labeling
index, and reticulin framework assessment is presented. The mean age of patients with
myxoid/sarcomatoid ACC was 45 years; 4 out of 9 patients were women. Mean primary
tumor size was 12.9 cm and the mean weight was 702.4 g. Seven patients presented in an
advanced stage (stage Il1/IV); 8 of these eventually developed distant metastasis. The mean
Weiss score was 5.0 points and the Ki-67 labeling index was 15.6%. The extent of myxoid
or sarcomatoid change on histological examination ranged from 10% to 75% of the
examined tumor areas; reticulin framework alteration was observed in all cases. Four
patients showed venous tumor thrombus. Most of the clinicopathological parameters were
not significantly different from those of conventional ACC. However, myxoid or
sarcomatoid variant (hazard ratios [HR], 3.59; 95% confidence intervals [Cl], 1.13-11.38;
P =0.030) and Ki-67 labeling index (HR, 3.97; 95% Cl, 1.18-13.41; P=0.030) were
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INTRODUCTION

Adrenocortical carcinoma (ACC) is an uncommon and hetero-
geneous endocrine malignant neoplasm with an estimated in-
cidence of 0.5-2.0 cases per million per year (1,2). It usually oc-
curs in adults with a peak incidence in the fifth decade of life;
females are more commonly affected than males (3). Function-
al ACC occur at a rate of approximately 42%-57% of all ACCs
and more frequently arise in women (4). In addition to conven-
tional ACC, distinct histological subtypes, such as oncocytic, myx-
oid, and sarcomatoid variants, have been described (5).

The myxoid variant of ACC was first reported in 1979 by Tang
et al. (6). A total of 42 cases of myxoid ACC have been reported
to date (6-17). The sarcomatoid variant of ACC was first report-
ed in 1987 by Okazumi et al. (18). Only 13 cases of sarcomatoid
ACC, including adrenocortical carcinosarcoma, have been re-
ported to date (18-30).

Patients with ACC generally show an unfavorable prognosis
and a marked inter-individual variability in disease progression,
recurrence, and overall survival (1,2). Because of the difficulty
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independent predictors of overall survival after adjusting for age and sex. Myxoid or
sarcomatoid histological features or an increased Ki-67 labeling index may be associated
with poor overall survival in patients with ACC.
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in differentiating the benign from malignant adrenocortical tu-
mors, various multi-parametric diagnostic algorithms, such as
the Weiss, Hough, van Slooten, modified Weiss scoring systems,
and reticulin algorithm, have been used (31,32). Although the
Weiss score is considered to be a simple and reliable system for
predicting malignant cases amongst conventional ACC, it has
some limitations in cases of oncocytic, myxoid or sarcomatoid
variant ACC, and also in pediatric adrenocortical neoplasm (3,4).

The rarity of the myxoid or sarcomatoid variants of ACC pre-
cludes a valid prognostic assessment in these patients. In addi-
tion to tumor stage and distant metastasis, the Ki-67 labeling
index has been reported as a reliable tool for prognostic assess-
ment in patients with ACC (1,2).

The aim of the present study was to describe the clinicopath-
ological characteristics of 9 cases of myxoid or sarcomatoid vari-
ants of ACC treated at a single tertiary care center using the Weiss
scoring system, Ki-67 labeling index, and reticulin framework
alteration algorithm. We compared the prognosis for these rare
variants of ACC with that of conventional ACC and identified
variables associated with poor clinical outcomes.
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MATERIALS AND METHODS

Study subjects

This retrospective study included 44 cases of ACC confirmed
on immunohistochemical (IHC) examination at the Asan Med-
ical Center, Seoul, Korea between January 1997 to May 2014, and
for whom the primary adrenal tumor specimens were available
for pathological review. There were 18 cases of conventional
ACC, 17 cases of the oncocytic variant, 8 cases of the myxoid
variant, and 1 case of the sarcomatoid variant of ACC. Patients
younger than 18 years or those having the oncocytic variant ACC
which uses other diagnostic algorithm besides Weiss scoring
system were excluded from this study.

We categorized the patients into 2 groups according to the
ACC subtype, i.e., 14 cases of conventional ACC and 9 cases of
variant ACC (including myxoid and sarcomatoid). Various clin-
icopathological variables, such as age at diagnosis, sex, initial
presentation (i.e., incidentaloma), size and weight of the prima-
ry tumor, status of hormone secretion, tumor stage, Weiss score,
Ki-67 labeling index, presence of venous tumor thrombus, mode
of metastasis, and therapeutic modality, were assessed.

The European Network for the Study of Adrenal Tumors Clas-
sification (ENSAT 2008) was used for tumor staging (33). Over-
all survival from the date of the initial surgery was determined.

Histopathological evaluation

All hematoxylin-and-eosin-stained slides of primary adrenal
tumor specimens were reviewed by an experienced endocrine
pathologist to assess malignancy using the Weiss scoring sys-
tem (34). Tumors with 10% or more myxoid or sarcomatoid ar-
eas were included as rare variants of ACC in this study. Repre-
sentative paraffin blocks of myxoid ACC were available for his-
tochemical staining (Alcian-Blue pH 2.5, periodic acid-Schiff
[PAS], and mucicarmine). Reticulin fiber alteration was evalu-
ated for the 8 myxoid variants using a commercially available
silver impregnation-based kit (Roche reticulum II staining kit;
Ventana Medical Systems, Tucson, AZ, USA). Quantitative and
qualitative assessment of the “altered” reticulin pattern was per-
formed and compared with the “intact” fishing net-like reticu-
lin architecture of the normal adrenal gland (32).

The Ki-67 IHC staining was performed for all 44 ACC cases
using a Benchmark device (Ventana Medical Systems). Whole-
tissue sections of 4-pum thickness obtained from formalin-fixed,
paraffin-embedded specimens were transferred to poly-L-ly-
sine-coated adhesive slides and dried at 74°C for 30 minutes.
After heat epitope retrieval for 1 hour in ethylene diamine tet-
raacetic acid, pH 8.0, slides were incubated with Ki-67 antibody
(clone MIB-1, 1:200 dilution; DAKO, Glostrup, Denmark). The
slides were subsequently incubated with a reagent from the Ul-
traView Universal DAB kit (Ventana Medical Systems) and coun-
terstained with Harris hematoxylin. Negative controls were pre-
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pared by omitting the primary antibody, and positive controls
were prepared using tonsil tissue. The Ki-67 labeling index was
evaluated semi-quantitatively by selecting the hottest spot with
positively-stained tumor cells. In all cases, 5-10 high-power fields
were selected; a minimum of 1,000 cells were independently
evaluated. The number of Ki-67 positive cells per 100 tumor cells
was designated as the Ki-67 labeling index.

Statistical analysis

All statistical analyses were performed using R (version 3.1.0)
and the R library package (R Foundation for Statistical Comput-
ing, Vienna, Austria; http://www.R-project.org). Continuous
variables are presented as medians (interquartile range [IQR]).
Categorical variables are presented as frequencies (percentag-
es). The Student’s t-test and Wilcoxon rank-sum test were used
to assess between-group differences with respect to continuous
variables. The y’ test or Fisher’s exact test were used to compare
categorical variables. Kaplan-Meier survival curves were con-
structed; between-group differences in survival were assessed
by log-rank test. Hazard ratios (HR) and 95% confidence inter-
vals (CI) for death or recurrence were calculated using Cox pro-
portional hazard model. A Pvalue of < 0.05 was considered sta-
tistically significant. All P values were 2-sided.

Ethics statement

The present study protocol was reviewed and approved by the
Institutional Review Board of Asan Medical Center, Seoul, Ko-
rea (No. 2015-0376). Informed consent was submitted by all sub-
jects when they were enrolled.

RESULTS

Clinicopathological parameters of myxoid or sarcomatoid
variant ACC
Nine patients (20%, 9/44) in our study series had rare histologi-
cal subtypes of ACC (8 myxoid variants and 1 sarcomatoid vari-
ant). Clinicopathological characteristics of these cases are sum-
marized in Table 1. The mean age was 45 years; 4 patients were
female. Mean primary tumor size was 12.9 + 5.7 cm; mean pri-
mary tumor weight was 702.4 + 785.9 g. Of the 3 patients for
whom functional data was available, 2 showed Cushing’s syn-
drome. Of the 9 patients, 7 presented with advanced tumor stage
(stage IT1/1V). Eight patients eventually developed distant metas-
tasis. The liver was the most common site of distant metastasis
followed by the lungs. The mean Weiss score was 5.0 + 1.7 points
and Ki-67 labeling index was 15.6% * 16.4%. The Ki-67 labeling
index ranged from 1% to 48% in the hottest spot. Four patients
showed a venous tumor thrombus. These clinicopathological
parameters were similar to those of conventional ACC (Table 2).
The histological characteristics according to the Weiss scor-
ing system and the modified Weiss scoring system for myxoid
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Table 1. Clinicopathological parameters of patients with myxoid or sarcomatoid variants of ACC

I Distant Overall
Age/ Initial Loca- Size, Weight, sarcomatoid Weiss Ki-67, Function- Metastasis )
Sex  presentation  tion cm g component,  score % UL al status SR met?‘s‘ site UG Stiel
% tasis mon
Myxoid variant
1 21/M Cortisol excess  Left 75 164.5 20 3 1 No Cushing 2 No None Resection, Mitotane ~ 42.0
symptoms syndrome Alive
2 48/F Mass Right 19.0 NA 75 4 4 No NA 2 Yes Liver, lung Resection, CTx 42.8
3 59/F Incidental Left 125 450.0 60 3 5 No NA 3 Yes Liver Resection, RTx 38.5
4 48/F  Nonspecific ~ Right 16.0 799.0 30 6 18 Yes NA 4 Yes Liver, lung  Resection, Mitotane ~ 20.8
5 38/M Mass Right 9.6 169.0 30 6 36 No No 4 Yes  Kidney, lung Resection 8.6
function
6 37/M Mass Left 11.0 1,004.0 10 8 48 Yes NA 4 Yes  Peritoneum  Resection, Mitotane, 6.7
CTx
7 46/F Mass Left 220 2,292.0 70 5 1 Yes NA 4 Yes Colon inva-  Resection, Mitotane, 6.3
sion, liver RTx
8 59/M Incidental Left 3.8 38.5 60 4 16 Yes Cushing 4 Yes Bone Resection, CTx 3.4
syndrome

Sarcomatoid variant

9 51/M  Nonspecific ~ Right 15.0 NA 60 6 12 No NA 4 Yes  Liver invasion, Resection 1.7

spleen, lung

ACC = adrenocortical carcinoma, VTT = venous tumor thrombus, M = male, F = female, NA = not available, CTx = chemotherapy, RTx = external radiation therapy.

Table 2. Clinicopathological parameters of ACCs disaggregated by histological sub-
type

Parameters Conventional Variants Pualue
(n=14) n=9
Age, yr 50.6 = 17.9 452 +11.9 0.43
Sex (female) 5 (36) 4 (44) 1.00
Initial presentation (incidentalomay) 4(29) 2(22) 1.00
Primary tumor size, cm 13.7 £ 5.6 129 £ 57 0.74
Weight, g 823.0 £ 7326 70247859 049
Functional status 5 (36) 2 (22) 1.00
Stage lI/IV 6 (43) 7(78) 0.20
Ki-67 labeling index 8.21 £837 1560+ 1640 0.23
Ki-67 >10% 4(29) 5 (56) 0.38
Weiss score 52 £1.3 50£ 1.7 0.73
Weiss score > 5 5 (36) 4 (44) 1.00
Venous tumor thrombus 3(21) 4 (44) 0.36

Data are shown as mean + standard deviation or number (%).
ACC = adrenocortical carcinoma.

or sarcomatoid variants of ACC are summarized in Table 3. The
most common histological feature of the Weiss scoring system
was the presence of necrosis in 8 cases (88.9%), followed by si-
nusoidal invasion in 7 cases (77.8%), and capsular invasion in 7
cases (77.8%). The least common histological features of the
Weiss scoring system were the presence of atypical mitotic fig-
ures and diffuse architecture in 2 cases each (22.2%). The mean
Weiss score was 5.0 + 1.7 and the mean modified Weiss score
was 3.89 + 1.60. According to the modified Weiss scoring system,
the features of myxoid ACC case 1 were not consistent with a
malignant status (Table 3).

Histological features of myxoid or sarcomatoid variant
ACC
Grossly, the myxoid or sarcomatoid variant ACCs examined in

Table 3. Histological characteristics according to the Weiss scoring system of myxoid or sarcomatoid variant ACC

Myxoid or o — . .
sayrcoma- Weiss MOdI.ﬂed High nucle- NG Atyplgal Clear cells Dn‘fgse : Venous  Sinusoidal  Capsular ;
Cases ; Weiss count mitotic architec-  Necrosis .~ L S Ki-67, %
toid Area, score ar grade ) (25%) invasion invasion invasion
% score (65/50) HPF  figures ture
Myxoid variant
1 20 3 1 + - - - - + - + - 1
2 75 4 4 - - - + - + - + + 4
3 60 3 4 - 6 - - - + - - + 5
4 30 6 4 + 19 - - - + + + + 18
5 30 6 4 + 36 - - + + - + + 36
6 10 8 7 + 32 + + - + + + + 48
7 70 5 3 + - - + + + + - - 1
8 60 4 3 - 17 - - - - + + + 16
Sarcomatoid variant
9 60 6 5 + 7 + - - + - + + 12

ACC = adrenocortical carcinoma, HPF = high power fields, + = present, — = absent.
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Fig. 1. Histological features of myxoid (A-D) and sarcomatoid (E, F) variants of ACC. Grossly, the myxoid variant ACC shows a variegated cut surface with yellowish tan, necrotic,
focally gelatinous and hemorrhagic foci (A). Tumor cells of myxoid ACC show various growth patterns, including inter-anastomosing cords, small clusters, and microcystic pat-
terns (B) in an Alcian-Blue positive myxoid stroma background (C) and also show reticulin network alterations (D). Grossly, the sarcomatoid variant of ACC shows a variegated
cut surface with yellowish tan, necrotic, and partially white fleshy foci (E). Tumor cells of the sarcomatoid variant ACC show a diffuse growth pattern with mainly spindle cells (F).
ACC = adrenocortical carcinoma.
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our current study were variably encapsulated masses with lob-
ulation, focally gelatinous and with translucent cut surfaces (myx-
oid variant, Fig. 1A), or yellow-tanned and partially white fleshy
cut surface (sarcomatoid variant, Fig. 1E). These tumors ranged
in size from 3.8 to 22.0 cm in their greatest dimension and weigh-
ed between 38.5 and 2,292.0 g. These showed immunopositivity
for inhibin, synaptophysin, melan-A, and immunonegativity
for chromogranin at the time of initial diagnosis, which is sup-
portive of the diagnosis of ACC. Microscopically, the extent of
myxoid or sarcomatoid change ranged from approximately 10%-
75% in the 8 cases of myxoid ACC and 60% in the lone case of
sarcomatoid ACC. The myxoid areas showed various growth
patterns, including trabecular, inter-anastomosing cords, small
clusters and microcystic patterns in a loose myxoid stromal com-
ponent background (Fig. 1B). Tumor cells in the myxoid areas
were relatively smaller than those in the non-myxoid areas and
showed mild nuclear atypia, hyperchromatic nuclei, inconspic-
uous nucleoli, and scant eosinophilic cytoplasm.

One case of myxoid ACC (case 7, Table 1) showed adipose
metaplasia, which mimicked immature adipocytes or lipoblasts.
The extracellular myxoid stromal component showed positive
staining for Alcian-Blue (Fig. 1C) and negative staining for PAS
and mucicarmine, which suggests the possibility of an acidic
mucopolysaccharide substance. There was no evidence of any
intracellular myxoid substance. A dense myxoid stromal com-

Table 4. Clinicopathological parameters associated with overall survival

ponent occasionally mimicked chondroid stromal changes. All
myxoid variants showed a disrupted reticulin network, which
contrasted with the intact reticulin fibers in the adjacent nor-
mal adrenal parenchyma. Areas of altered reticulin framework
showed both an extensive loss of reticulin fibers (Fig. 1D) and
irregularly thickened or frayed reticulin fibers in all cases with a
heterogeneous distribution. Sarcomatoid ACC showed a diffuse
growth pattern and consisted of mainly spindle cells (Fig. 1F)
with occasional epithelioid cells and giant cells. There was no
evidence of a heterologous sarcomatous component akin to that
seen in rhabdomyosarcoma, osteosarcoma, or chondrosarcoma.

Clinicopathological parameters associated with overall
survival

On univariate analyses, the tumor subtype (P = 0.070) and the
Ki-67 labeling index (P = 0.060) showed marginally significant
association with overall survival (Table 4). Log-rank test revealed
a similar marginal association of overall survival with the tumor
subtype (P = 0.060) and the Ki-67 labeling index (P = 0.050) (Fig.
2A and B). Median survival for conventional ACC was 1.9 years,
as opposed to 0.7 years for patients with myxoid or sarcomatoid
ACC. Median survival in patients with a Ki-67 labeling index
<10% was 3.2 years, as compared to 0.7 years for patients with
a Ki-67 labeling index > 10%. After adjusting for age and sex,
rare variants of ACC (HR, 3.59; 95% CI, 1.13-11.38; P = 0.030),

Univariate analysis

Multivariate analysis

Variables
HR (95% Cl) Pvalue HR (95% Cl) Pvalue
Age (> 50yr) 1.03 (0.37-2.85) 0.960 1.42 (0.48-4.22) 0.530
Sex (female) 0.36 (0.11-1.15) 0.080 0.22 (0.06-0.77) 0.020
Subtype (variant) 2.56 (0.92-7.14) 0.070 3.59 (1.13-11.38) 0.030
Primary tumor size (> 15.0 cm) 1.54 (0.52-4.55) 0.440
Weiss score (> 5) 2.39 (0.81-7.04) 0.110
Ki-67 labeling index (> 10%) 2.84 (0.95-8.53) 0.060 3.97 (1.18-13.41) 0.030
Venous tumor thrombus 2.56 (0.87-7.49) 0.090
HR = hazard ratio, Cl = confidence interval.
100 —L— Conventional type 100 3 —L Ki-67 <10
L,,‘ --4--- Myxoid or sarcomatoid variant L“ L. Ki-67 ;10
_80f i 80 i
S 60 g 60
= =
5 1 1 1 1 5
L w | .
s 40 s 40
s | 5
3 P=10.06 3 . ,
2~ 2 0 T P=0.05
0 | | | | J 0 | | | | J
1 2 3 4 1 2 3 4
Duration of follow-up (year) o Duration of follow-up (year) e

Fig. 2. Overall survival of patients with adrenocortical carcinoma disaggregated by tumor subtype (A) and Ki-67 labeling index (B) by the log-rank test. Presence of myxoid or
sarcomatoid histological features (A) and an increased Ki-67 labeling index (B) show a similar marginally significant association with overall survival on the log-rank test.
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and the Ki-67 labeling index (HR, 3.97; 95% CI, 1.18-13.41; P =
0.030) were found to be independent predictors of overall sur-
vival in ACC patients on multivariate analysis (Table 4).

DISCUSSION

In the present study, we first assessed the clinical impact of the
rare myxoid or sarcomatoid features in ACC by comparing the
prognosis of these rare variants with that of the conventional
ACC. Although our analysis was limited by its retrospective de-
sign, the small number of patients analyzed, and the potential
referral bias of a single tertiary center, we included only validat-
ed rare variants of ACC, i.e., those with > 10% myxoid or sarco-
matoid component, for the purpose of this analysis. The prog-
nosis of the myxoid or sarcomatoid variant ACC has remained
uncertain because of the small series of reported cases, limited
follow-up periods and insufficient clinical data. For cases of myx-
oid ACC, similarly aggressive (11,12) or more aggressive clinical
behavior than conventional ACC has been previously reported
(16).

In cases of sarcomatoid ACC, a very poor prognosis with fre-
quent metastases was reported, with the majority of patients
dying within 3-12 months after surgical treatment (25,29). The
longest reported postoperative survival with no evidence of me-
tastasis was 17 months in a 58-year-old male with adrenal sar-
comatoid carcinoma described by Mark et al. (29).

The mean Ki-67 labeling index for myxoid or sarcomatoid ACC
(15.6%) was higher than that for the conventional ACC cases
(8.21%) in our series, but lower than those reported previously
(31.8%) for adrenocortical tumors with myxoid features by Pa-
potti et al. (13). Patients in our present study with a rare variant
ACC or an increased Ki-67 labeling index ( > 10%) showed a sim-
ilar median survival of 0.7 and 0.8 years, respectively. After ad-
justing for age and sex, the presence of rare variant ACC (HR,
3.59; 95% CI, 1.13-11.38; P = 0.030) and an increased Ki-67 label-
ing index (HR, 3.97; 95% CI, 1.18-13.41; P = 0.030) was an inde-
pendent predictor of overall survival in patients with ACC (Ta-
ble 4). Thus, histological recognition and sub-classification of
myxoid or sarcomatoid features, and Ki-67 IHC staining might
be useful for predicting the prognosis in ACC patients. Myxoid
or sarcomatoid histological features in ACC ranged widely from
10% to 75% in our present analyses, which suggests the need for
a thorough histopathological examination for large bulky tumors
to arrive at a correct diagnosis.

The Weiss scoring system has been the most popular scoring
system of ACC because of its reproducibility and simplicity (34),
but it has some limitations for use in pediatric, oncocytic and
rare myxoid variants of ACC. Tumor cells of myxoid ACC dem-
onstrate relatively mild nuclear atypia, a lack of diffuse growth
pattern and equivocal sinusoidal invasion compared to conven-
tional ACC. The most common histological feature of the Weiss

https://doi.org/10.3346/jkms.2017.32.5.764

scoring system in our present study series was the presence of
necrosis (88.9%). More than half (75%) of the variant ACC cases
with predominant myxoid features showed a Weiss score of 3
or 4. Moreover, 1 case of myxoid ACC in our series was less of
histological features of malignancy according to the modified
Weiss scoring system, suggesting a risk of under-diagnosis of
ACC in the case of adrenocortical tumors with myxoid features.
However, all myxoid ACC analyzed herein demonstrated an al-
tered reticulin framework associated with at least 1 out of 3 of
the following parameters: necrosis, high mitotic rate, or vascu-
lar invasion, thus satisfying the “reticulin algorithm” for defin-
ing malignancy in rare myxoid variants of ACC (32). Reticulin
fiber architecture was found to be altered both quantitatively
and qualitatively with a heterogeneous distribution in our cur-
rent study cases. This finding is consistent with those reported
elsewhere (13). Extensive loss of reticulin fibers was more fre-
quently observed than irregularly thickened and frayed reticu-
lin fibers in this study.

Here, we present the fifth reported case of myxoid ACC with
adipose metaplasia to date. Only 4 cases of myxoid ACC with
adipose metaplasia are on record (9,16,17) including the first
case report by Izumi et al. (9). Adipose metaplasia in myxoid
ACC may represent a reactive degenerative or metaplastic pro-
cess in the tumor cells. Izumi et al. (9) described various stages
of lipid accumulation in tumor cells mimicking mature adipo-
cytes with a vacuolated cytoplasm in the case of myxoid ACC
with extensive adipose metaplasia, suggesting a possibility of
metaplastic process. In our current cases, foci of mature adipo-
cytes of variable sizes were scattered throughout the tumor in a
pattern similar to that reported previously (9,16,17).

The differential diagnoses for rare myxoid or sarcomatoid ACC
include metastatic tumors with myxoid or sarcomatoid features,
and various primary retroperitoneal myxoid tumors, including
chordoma, myxoma, extraskeletal myxoid chondrosarcoma, li-
poma, liposarcoma, benign or malignant nerve sheath tumors,
myxoid leiomyoma, myxoid leiomyosarcoma, gastrointestinal
stromal tumor, and primary retroperitoneal sarcomas. A com-
prehensive histopathological examination of such tumors, a full
assessment of the previous medical history, clinicoradiological
correlation, and IHC staining panel can be useful in distinguish-
ing between these various lesions.

In conclusion, we validated the utility of a reticulin algorithm
for predicting malignancy of myxoid variant ACC. The presence
of rare myxoid or sarcomatoid histological features, or an incre-
ased Ki-67 labeling index may be associated with a more aggres-
sive clinical behavior and poor overall survival in ACC patients;
however, a more extended further study is required.

DISCLOSURE

The authors have no potential conflicts of interest to disclose.

http://jkms.org 769



JKMS

Sung T-Y, et al. * Rare Variants of Adrenocortical Carcinoma

AUTHOR CONTRIBUTION

Conceptualization: Choi YM, Kim TY, Song DE. Formal analy-
sis: Choi YM, Lee YM. Investigation: Song DE. Project adminis-
tration: Kim TY, Shong YK, Kim WB. Writing - original draft: Sung
TY, Choi YM, Kim WG.

ORCID

Tae-Yon Sung http://orcid.org/0000-0002-2179-6269
Yun Mi Choi http://orcid.org/0000-0001-8209-874X
Won GuKim http://orcid.org/0000-0002-8404-7759
Yu-miLee http://orcid.org/0000-0002-8183-2604

Tae Yong Kim http://orcid.org/0000-0003-4982-4441
Young Kee Shong http://orcid.org/0000-0002-7911-9471
Won Bae Kim http://orcid.org/0000-0003-4544-1750
Dong Eun Song http://orcid.org/0000-0002-9583-9794

REFERENCES

—

2.

6.

10.

1

—

12.

13.

770

. Baudin E; Endocrine Tumor Board of Gustave Roussy. Adrenocortical

carcinoma. Endocrinol Metab Clin North Am 2015; 44: 411-34.

Else T, Kim AC, Sabolch A, Raymond VM, Kandathil A, Caoili EM, Jolly S,
Miller BS, Giordano TJ, Hammer GD. Adrenocortical carcinoma. Endocr
Rev 2014; 35: 282-326.

. de Krijger RR, Papathomas TG. Adrenocortical neoplasia: evolving con-

cepts in tumorigenesis with an emphasis on adrenal cortical carcinoma
variants. Virchows Arch 2012; 460: 9-18.

Erickson LA, Rivera M, Zhang J. Adrenocortical carcinoma: review and
update. Adv Anat Pathol 2014; 21: 151-9.

. Phan AT. Adrenal cortical carcinoma--review of current knowledge and

treatment practices. Hematol Oncol Clin North Am 2007; 21: 489-507;
Viii-ix.

Tang CK, Harriman BB, Toker C. Myxoid adrenal cortical carcinoma: a light
and electron microscopic study. Arch Pathol Lab Med 1979; 103: 635-8.

. Forsthoefel KE Myxoid adrenal cortical carcinoma. A case report with dif-

ferential diagnostic considerations. Arch Pathol Lab Med 1994; 118:1151-3.
Brown FM, Gaffey TA, Wold LE, Lloyd RV. Myxoid neoplasms of the adre-
nal cortex: a rare histologic variant. Am J Surg Pathol 2000; 24: 396-401.

. Izumi M, Serizawa H, Iwaya K, Takeda K, Sasano H, Mukai K. A case of

myxoid adrenocortical carcinoma with extensive lipomatous metaplasia.
Arch Pathol Lab Med 2003; 127: 227-30.

Suresh B, Kishore TA, Albert AS, Joy A. Myxoid adrenal cortical carcino-
ma--a rare variant of adrenocortical carcinoma. Indian J Med Sci 2005;
59:505-7.

. Karim RZ, Wills EJ, McCarthy SW, Scolyer RA. Myxoid variant of adreno-

cortical carcinoma: report of a unique case. Pathol Int 2006; 56: 89-94.
Raparia K, Ayala AG, Sienko A, Zhai QJ, Ro JY. Myxoid adrenal cortical neo-
plasms. Ann Diagn Pathol 2008; 12: 344-8.

Papotti M, Volante M, Duregon E, Delsedime L, Terzolo M, Berruti A, Ro-
sai J. Adrenocortical tumors with myxoid features: a distinct morphologic
and phenotypical variant exhibiting malignant behavior. Am J Surg Pathol
2010; 34:973-83.

http://jkms.org

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

Zhang J, Sun J, Liang Z, Gao J, Zeng X, Liu T. Myxoid adrenocortical neo-
plasms: a study of the clinicopathologic features and EGFR gene status of
ten Chinese cases. Am J Clin Pathol 2011; 136: 783-92.

Hsieh MS, Chen JH, Lin LW. Myxoid adrenal cortical carcinoma present-
ing as primary hyperaldosteronism: case report and review of the litera-
ture. Int ] Surg Pathol 2011; 19: 803-7.

Weissferdt A, Phan A, Suster S, Moran CA. Myxoid adrenocortical carci-
noma: a clinicopathologic and immunohistochemical study of 7 cases,
including 1 case with lipomatous metaplasia. Am J Clin Pathol 2013; 139:
780-6.

Gurzu S, Szentirmay Z, Bara T, Bara T Jr, Jung I. Myxoid variant of adreno-
cortical carcinoma: a report of two illustrative cases and a brief review of
the literature. Pathology 2014; 46: 83-5.

Okazumi S, Asano T, Ryu M, Nagashima T, Odaka M, Isono K, Nishizawa
T. Surgical resection of adrenal carcinoma extending into the vena cava,
right atrium and ventricle: case report and review of the literature. Nihon
Geka Gakkai Zasshi 1987; 88: 231-8.

Collina G, Maldarizzi E Betts CM, Eusebi V. Primary sarcomatoid carci-
noma of the adrenal gland. First case report. Virchows Arch A Pathol Anat
Histopathol 1989; 415: 161-7.

Decorato JW, Gruber H, Petti M, Levowitz BS. Adrenal carcinosarcoma. J
Surg Oncol 1990; 45: 134-6.

Fischler DE Nunez C, Levin HS, McMahon JT, Sheeler LR, Adelstein DJ.
Adrenal carcinosarcoma presenting in a woman with clinical signs of vir-
ilization. A case report with immunohistochemical and ultrastructural
findings. Am J Surg Pathol 1992; 16: 626-31.

Barksdale SK, Marincola FM, Jaffe G. Carcinosarcoma of the adrenal cor-
tex presenting with mineralocorticoid excess. Am J Surg Pathol 1993; 17:
941-5.

Lee MS, Park IA, Chi JG, Ham EK, Lee KC, Lee CW. Adrenal carcinosar-
coma--a case report. J Korean Med Sci 1997; 12: 374-7.

Sturm N, Moulai N, Laverriere MH, Chabre O, Descotes JL, Brambilla E.
Primary adrenocortical sarcomatoid carcinoma: case report and review
of literature. Virchows Arch 2008; 452: 215-9.

Coli A, Di Giorgio A, Castri E Destito C, Marin AW, Bigotti G. Sarcomatoid
carcinoma of the adrenal gland: a case report and review of literature. Pathol
Res Pract 2010; 206: 59-65.

Feng YC, Yang ZG, Chen TW, Su XY, Deng W, Wang QL. Adrenal sarco-
matoid carcinoma: a rare case depicted on multi-detector row computed
tomography. Indian ] Med Sci 2010; 64: 37-40.

Sasaki K, Desimone M, Rao HR, Huang GJ, Seethala RR. Adrenocortical
carcinosarcoma: a case report and review of the literature. Diagn Pathol
2010; 5:51.

28. Thway K, Olmos D, Shah C, Flora R, Shipley J, Fisher C. Oncocytic adrenal

29.

30.

31.

32.

cortical carcinosarcoma with pleomorphic rhabdomyosarcomatous me-
tastases. Am J Surg Pathol 2012; 36: 470-7.

Mark D, Boyd C, Eatock E Adrenal sarcomatoid carcinoma: a case report
and review of the literature. Ulster Med J 2014; 83: 89-92.

Yan JJ, Sun AJ, Ren Y, Hou C. Primary adrenocortical sarcomatoid carci-
noma: report of a case. Can Urol Assoc ] 2012; 6: E189-91.

Papotti M, Libe R, Duregon E, Volante M, Bertherat J, Tissier E The Weiss
score and beyond--histopathology for adrenocortical carcinoma. Horm
Cancer 2011; 2: 333-40.

Duregon E, Fassina A, Volante M, Nesi G, Santi R, Gatti G, Cappellesso R,
Dalino Ciaramella P, Ventura L, Gambacorta M, et al. The reticulin algo-

https://doi.org/10.3346/jkms.2017.32.5.764



Sung T-Y, et al. * Rare Variants of Adrenocortical Carcinoma JKMS

rithm for adrenocortical tumor diagnosis: a multicentric validation study international union against cancer-staging system: a North American val-
on 245 unpublished cases. Am J Surg Pathol 2013; 37: 1433-40. idation. Eur J Cancer 2010; 46: 713-9.

33.Lughezzani G, Sun M, Perrotte P, Jeldres C, Alasker A, Isbarn H, Budédus L, 34. Weiss LM. Comparative histologic study of 43 metastasizing and nonme-
Shariat SE Guazzoni G, Montorsi E et al. The European Network for the tastasizing adrenocortical tumors. Am J Surg Pathol 1984; 8: 163-9.

Study of Adrenal Tumors staging system is prognostically superior to the

https://doi.org/10.3346/jkms.2017.32.5.764 http://jkms.org 771



