] c E 0 S CENTER OF Open Access 8

/ EXCELLENCE FOR
OPEN SCIENGE Email: ccbr@ceospublishers.com

CEOS Cancer Biology and Research

15 Gene Signature as A Poor Prognostic Marker in

Research Article

Adrenocortical Carcinoma

Received Date: January 06, 2022 Dominik Dabrowski
Accepted Date: February 06, 2023

Department of Pathology, 23346Louisiana State University Health Sciences Center, Shreveport,
Published Date: February 08, 2023

LA, USA.

*Corresponding Author

Dominik  Dabrowski, Department
of Pathology, 23346Louisiana State
University Health Sciences Center,
Shreveport, LA, USA, Tel: 17186195421,

E-mail: dabrowskidom@gmail.com

Adrenocortical carcinoma, or Adrenal Cortical Carcinoma (ACC) is a rare malignant
neoplasms originating of adrenal cortical tissue with an annual incidence rate of 1 to 2
cases per million individuals[1, 2]. The tumors have poor prognosis with 5 year disease

free survival being 30% after complete resection in Stage I to III patients[3, 4]. We analyzed

Citation the data in The Cancer Genome Atlas of 1141 adrenocortical carcinoma individuals and
Dominik Dabrowski (2023) 15 Gene derived correlated between the prognosis of an individual patients and genetic alterations
Signature as A Poor Prognostic Marker in approximately 51,309 genes. We identified a set of top 15 genes which indicated poor
in Adrenocortical Carcinoma. CEOS prognosis for adrenocortical carcinoma individuals. Our analysis demonstrated the disease
Cancer Microbiol Res 1: 1-11 specific median survival for the patients of adrenocortical carcinoma was greater than 180

months, with 90% survival being 180 months, but with the alterations in the 15 signature
genes the disease specific median survival was reduced to 39.5 months with p value less
than 8 x 10 -9 with a sensitivity of 93%. In addition, our analysis of 15 signature genes
demonstrates reduced overall survival, disease free survival and progression free survival in
individuals having alterations in these 15 genes in adrenocortical carcinoma and indicate a
possibility of using our 15 gene set signature in determining the prognosis of patients with

adrenocortical carcinomas.
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Introduction

Adrenal Cortical Carcinomas or adenoid cystic carcinomas of

m(CEODS

the adrenal gland are a rare malignant tumors originating from
the cortical region of the adrenal cortex, with incidence rates
approximately equally in both genders at a rate between 0.5 to
2 cases per million[1, 2]. These tumors can be hormonally ac-
tive (40 to 60%) or inactive forms (30-45%)[5, 6]. Individuals
with hormonally active ACC present with virilization, Cushing
Syndrome and hypertension[6-10]. When inactive, the individ-
uals present as gastrointestinal symptoms due to mass effect (in
approximately 30% of all the ACCs) or are identified incidentally
(in approximately 20% of the ACCs)[9, 11, 12]. The genes as-
sociated with adrenocortical carcinomas were previously identi-
fied by the study of familial diseases and there were association
between ACC and germline p53 mutations in Li-Fraumeni syn-
drome and insulin like growth factor IGF2 in Beckwith-Weid-
mann syndrome[13-16]. Now with the advent of next generation
sequencing, mutations in p53 and IGF2 have identified that are
implicated in ACC tumorigenesis, in addition the genes involved
in WNT signaling pathway like the proto-oncogene B-catenin
(CTNNBI1) and ZNRF3 (Zinc and ring finger protein 3) have

also been implicated in ACC tumorigenesis[17].

Adrenocortical carcinoma is diagnosed mainly histologically,
since radiologically, an ACC may be difficult to distinguish from
an Adrenal Cortical Adenoma, as both present as encapsulated
adrenal masses[18,19]. Although clues such as necrosis and a
more heterogenous mass suggest ACC, but these are non-specif-
ic[20,21]. Grossly, observing an encapsulated, necrotic mass fur-
ther increases suspicion of ACC[1,22]. On routine hematoxylin
and eosin stain, ACCs are described as having pattern less sheets
or nests of cells possessing fibrosis, necrosis, and even inflamma-
tory cells[23-25]. The current standard for diagnosis on histology
is known as the modified Weiss criteria and evaluates specimen
for following features such as high nuclear grade, mitotic rate > 5
mitoses per 50 high powered (40x) fields , atypical mitotic figures
» < 25% clear cells , diffuse architecture, necrosis, venous inva-
sion, sinusoidal invasion and capsular invasion[26-28]. In order
for the diagnosis of adrenocortical carcinoma to be confirmed
the patient should have at least 3 out of 9 features of Weiss cri-
teria[29]. The sensitivity and specificity of the diagnosis of ACC
can be increased with the use of immunostains such as Ki67, p53,
steroidogenic factor I (SF-1), insulin-like growth factor-II (IGF-
IT), cyclin E and B-catenin. Weiss score and Ki67 are also used

as a prognostic markers in ACC patients[24, 30]. In general,
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higher Weiss score and Ki67 index over 7% are associated with
poor prognosis in ACC[31-33]. However, since ACC is very rare
cancer, the prognostic markers are infrequently studied. So we
looked at the correlation between the genetic alterations and dis-
ease specific survival in the genomic data of the 1142 adrenocor-
tical carcinoma tumors deposited in The Cancer Genome Atlas
database (TCGA). The Cancer Genome Atlas database consists of
genomic characterization of 7922 tumors from nearly 230 differ-
ent studies[34]. Also the database has patient specific prognostic
indicators like overall survival, disease free survival , progression
free survival and disease-specific survival matched to individual
patients, from whom the tumors have been derived[34-37]. The
datasets in the TCGA database can be explored and analyzed us-
ing cbioportal which is a web-based platform designed by Me-
morial Sloan Kettering Cancer Centers Computational Biology
Center, which enables the researchers to explore, visualize and
analyze the data in the TCGA datasets[38-40].

Materials and Methods

The human gene list was downloaded from Ensembl genes 99
database using Human genes (GRCh38.p13 dataset)[41, 42]. The
Cancer Genome Atlas database consists of genomic character-
ization of 1142 adrenocortical carcinoma tumors from nearly
two different studies. The pan cancer atlas study consisted of
94 cases and the prognostic marker data was published in the
literature [43], but the adenoid cystic carcinoma project study
which had 1049 samples was deposited as a raw data in TCGA
database[34]. We combined both the datasets and analyzed the
mutational profile of each individual genes in 44924 gene set and
determined whether each gene in our dataset is altered in the
ACCs, number of cases in which the gene in altered, whether
alteration is associated in reduced or increased survival and me-
dian overall survival associated with the alteration using cbio-
portal.org, which a web-based platform designed by Memorial
Sloan Kettering Cancer Centers Computational Biology Center
(Supplementary Table I). We identified 19536 genes in which the
survival was altered. Out of 19536 genes which had altered sur-
vival 5236 genes were associated with reduced survival p value
< 0.05. We selected 1607 genes with reduced survival and p val-
ue < 0.0005. And these genes were sub sorted depending on the
number of cases in which the corresponding genes were altered
and arranged in a decreasing order. Top 15 genes, with highest
number of altered in greatest number of patients, were selected
from this subset and analyzed using cbioportal.org platform for

over survival (Table 1).
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Table 1: List of 15 signature genes selected after analyzing 51,309 genes in 1141 ACC specimen dataset in TCGA atlas.

Gene name
NOTCHI1
TP53
ZNRF3
LRP1
KIF5A
MDM2
LETMD1
MTOR
NOTCH3
RERE
SMARCC2
LDLR
HRNR

AVPRIA

PCDH15

Our analysis picked up NOTCHI1, TP53, ZNRF3, LRP1, KI-
F5A, MDM2, LETMD1, MTOR, NOTCH3, RERE, SMARCC2,
LDLR, HRNR, AVPR1A and PCDH15 were the top 15 genes al-
tered in highest number of patients, with alterations leading to
reduced survival and p value less than 0.05. These genes were
altered in 39% of the overall cases, that includes 49 out of 91 cas-
es in TCGA Pan Cancer 2018 dataset and 395 out of 1049 cases
in AACRF 2019 dataset. We observed an overall median survival
of 52.7 months in altered group vs 217.09 months in unaltered
group, with a sensitivity of 72% and p value less than 0.05 (Figure
1). The disease free median survival was 69.01 months in altered
group vs > 153.63 months in unaltered group, with a sensitivi-
ty of 64.2% and p value less than 0.05 (Figure 2). The progres-
sion free median survival was 11.54 months in altered group vs
> 153.63 months in unaltered group, with a sensitivity of 77%
and p value less than 0.05 (Figure 3). The disease specific median
survival was 39.58 months in altered group vs > 153.63 months
in unaltered group, with a sensitivity of 93.1% and p value less
than 0.05 (Figure 4).

Discussion

Our analysis picked up 15 gene signature which can act as prog-
nostic signature in adrenocortical carcinoma. Our set of signa-
ture genes had a 93% sensitivity in identifying cases associated
with reduced disease specific survival, but had lower sensitivi-
ty for progression free survival, disease free survival and over-
all survival. Since overall survival measures overall mortality
(which can be influenced by other comorbid conditions)[44],
whereas disease specific survival measures mortality rate due to
a given disease[45, 46], the disease specific survival is a better
indicator for determining the prognosis pattern[47, 48], and our
set of signature genes are highly sensitive in identifying cases
with poor disease specific survival. Moreover, our set of 15 genes
belonged to 3 main MDM2-TP53 pathways, NOTCH signaling
pathway and mTOR pathway (which are involved DNA dam-
age response, cellular proliferation, apoptosis, angiogenesis and
immune response) and deregulation of the pathways can give
survival advantage to tumor cells and results in poor progno-
sis[49-53]. There are been small molecule modulators NOTCH
and mTOR pathways under research and development and our
set of signature genes might serve as a basis for identifying the
individuals who are candidates to targeted therapy with these
modulators[54, 55].
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Figure 1: Overall survival associated in individuals harboring ACC tumors having alterations in our 15 gene signature set
vs overall survival in individuals harboring ACC tumors having no alterations in our 15 genes signature set.

Deceased Survivi ng Total

Altered Group (Positive) 61 45 106

Unaltered group (Negative) 23 106 129
Total 84 151

Sensitivity = 72.61904762

Specificity = 70.1986755
Positive predictive value = 57.54716981
Negative predictive value = 82.17054264
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Disease free status since initial treatment.
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Figure 2: Disease free survival associated in individuals harboring ACC tumors having alterations in our 15 gene signature set vs disease free
survival in individuals harboring ACC tumors having no alterations in our 15 genes signature set.

No of cases recurred No of cases with no recurrence Total
Altered Group (Positive) 9 9 18
Unaltered group (Negative) 5 30 35
Total 14 39
Sensitivity = 64.28571429
Specificity = 76.92307692
Positive predictive value = 50

Negative predictive value = 85.71428571
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Figure 3: Progression free survival associated in individuals harboring ACC tumors having alterations in our 15 gene signature set vs progression
free survival in individuals harboring ACC tumors having no alterations in our 15 genes signature set.

No of cases progressed No of cases with no progression Total
Altered Group (Positive) 37 12 49
Unaltered group (Negative) 11 31 42
Total 48 43

Sensitivity = 77.08333333

Specificity = 72.09302326

Positive predictive value = 75.51020408
Negative predictive value = 73.80952381
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Disease-specific
The time period usually begins at the time of diagnosis or at the start of treatment and ends at the time of death.
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Figure 4: Disease specific survival associated in individuals harboring ACC tumors having alterations in our 15 gene signature set vs disease
specific survival in individuals harboring ACC tumors having no alterations in our 15 genes signature set.

No of cases deceased No of cases survived Total
Altered Group (Positive) 27 20 47
Unaltered group (Negative) 2 40 42
Total 29 60

Sensitivity = 93.10344828

Specificity = 66.66666667

Positive predictive value = 57.44680851
Negative predictive value = 95.23809524
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