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Abstract

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 

derived correlated between the prognosis of an individual patients and genetic alterations 

prognosis for adrenocortical carcinoma individuals. Our analysis demonstrated the disease 

months, with 90% survival being 180 months, but with the alterations in the 15 signature 

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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Adrenal Cortical Carcinomas or adenoid cystic carcinomas of 
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 

-
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-

-
sociated with adrenocortical carcinomas were previously identi-

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 

implicated in ACC tumorigenesis, in addition the genes involved 
in WNT signaling pathway like the proto-oncogene β-catenin 

also been implicated in ACC tumorigenesis[17].

Adrenocortical carcinoma is diagnosed mainly histologically, 

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 

-

for following features such as high nuclear grade, mitotic rate > 5 

-
sion, sinusoidal invasion and capsular invasion[26-28]. In order 

the patient should have at least 3 out of 9 features of Weiss cri-

can be increased with the use of immunostains such as Ki67, p53, 
steroidogenic factor I (SF-1), insulin-like growth factor-II (IGF-
II), cyclin E and β-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-

-

-

indicators like overall survival, disease free survival , progression 

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].

Cancer Genome Atlas database consists of genomic character-
ization of 1142 adrenocortical carcinoma tumors from nearly 

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 

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 

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).

Materials and Methods
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Our analysis picked up NOTCH1, 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 

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 

group vs > 153.63 months in unaltered group, with a sensitivi-
-

sion free median survival was 11.54 months in altered group vs 
> 153.63 months in unaltered group, with a sensitivity of 77% 

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).

Gene name
NOTCH1
TP53
 ZNRF3
LRP1
KIF5A
MDM2
LETMD1
MTOR
NOTCH3
RERE
SMARCC2
LDLR
HRNR
AVPR1A
PCDH15

Table 1:

Results

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 

-
ty for progression free survival, disease free survival and over-
all survival. Since overall survival measures overall mortality 

indicator for determining the prognosis pattern[47, 48],  and our 
set of signature genes are highly sensitive in identifying cases 

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-

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].

Discussion
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Overall median survival Altered group=52.7 months
Overall median survival Unaltered group= 217.09

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.
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Overall disease free survival Altered group=69 months
Overall disease free survival Unaltered group > 180 months

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.
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Overall progression free survival Altered group= 11.54 months
Overall progression free survival Unaltered group > 180 months

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.
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Figure 4:
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