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RELAZIONE:  
 
Adrenocortical cancer (ACC) is a rare malignant neoplasm that originates in the cortex of the 
adrenal gland, with an annual incidence of 0.5-2.0 patients per million in the general population. 
The tumor stage at diagnosis is the most predictive marker of survival [1]. The prognosis of ACC is 
variable but more than 60% of patients are diagnosed in stages III and IV with a 5-year survival of 
<50% and <15%, respectively. For these patients, the proposed algorithm of treatment includes 
systemic treatment with the adrenolytic drug mitotane alone or in combination with platinum-
based chemotherapy (e.g., etoposide-doxorubicin-platinum, EDP-M schedule) [1, 2] or with 
gemcitabine-capecitabine [3, 4] or with streptozotocin [5]. In a few cases, locoregional strategies 
including surgery or radiotherapy are also used [1]. However, progression of advanced disease 
occurs almost invariably after less than 18 months and there are no defined follow-up lines of 
treatment. In the past 20 years, the therapeutic scenario has not changed substantially and 
neither molecular target therapies nor immunotherapy with immune-checkpoint inhibitors (ICI) 
have led to the expected breakthrough [6]. Extensive genomic analyses of ACC have revealed 
numerous signal transduction pathway aberrations (IGFR, VEGFR, and Wnt/β-catenin pathways 
that have been explored as potential therapeutic targets for drug development even if the trials 
with the respective tyrosine kinase inhibitors in ACC were disappointing [7]. In addition, genetic 
studies have identified disturbances in other signaling pathways such as the fibroblast growth 
factor (FGF)/FGF receptor (FGFR) cascade [7-13]. 
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FGF/FGFR signaling regulates the development of the adrenal gland, enhances proliferation in 
adrenocortical cells and, if deregulated, can be regarded as a driver in the formation of many 
cancer types, including ACC [14]. Several studies have indeed demonstrated that particularly FGFR 
1 and 4 were upregulated in malignant compared to benign adrenocortical tumors and that their 
high expression was significantly associated with worse patient prognosis, suggesting that they are 
potentially interesting therapeutic targets [15, 16]. 
However, until now, no single study has been published that focused on the FGF/FGFR pathway as 
a central mechanism that can potentially be druggable. Therefore, the aim of this project is to 
evaluate the in vitro cytotoxic and antiproliferative effects of drugs inhibiting the FGF/FGFR 
pathway, alone and in combination with established ACC chemotherapeutic drugs. Before starting 
the experiments, we looked at the current active or completed clinical trials (Clinicaltrials.gov, last 
update January 30th, 2022) that investigate the use of different FGFR inhibitors in several solid 
tumors with FGFR genomic alterations. Among the FGFR-inhibitors, we used erdafitinib and 
rogaratinib, which are pan-FGFR inhibitors with potential antineoplastic activity already used for 
urothelial carcinoma, and fisogatinib that is a selective FGFR4 inhibitor. Moreover, we used other 
two multi-targeted receptor tyrosine kinase inhibitors dovitinib and sunitinib, which interfere in 
addition to FGFR also with VEGFR pathway. This is because the simultaneous inhibition of these 
two signaling should enhance the antitumoral effects through targeting also potential immune 
evasion and angiogenesis in the tumor microenvironment, probably improving the modest results 
obtained until now. Among the combination drugs, we selected those currently used in the clinical 
practice of advanced ACC: mitotane, etoposide, cisplatin, gemcitabine, streptozotocin, and 
another drug, such as olaparib, Palbociclib, and linsitinib, for which efficacy on ACC has been 
demonstrated. To establish the optimal drug concentration range and length of treatment, 
preliminary experiments of concentration-response curves were conducted using different 
experimental cell lines representative of a heterogeneous disease such as ACC: NCI-H295R, MUC-
1, CU-ACC2, and JIL-2266 [17]. 
To calculate the IC50 value, cells were treated with increasing concentrations of each drug for four 
days and cell viability was evaluated using CellTiter-Glo® 2.0 Cell Viability Assay (Promega). 
Successively, we started to perform combination experiments according to the Chou and Talalay 
method [18]. Cells are treated for four days using increasing concentrations of erdafitinib and each 
of the other drugs listed before, as single drug and in combination, as recommended for the most 
efficient data analysis [18]. Data are then converted to Fraction affected (Fa, range from 0 to 1 
where Fa = 0 indicating 100% of cell viability and Fa = 1 indicating 0% of cell viability) and analyzed 
using the CompuSyn software (ComboSyninc, Paramus, NJ, USA) to calculate the Combination 
Index (CI). A CI value <1, =1 and >1 indicates synergism, additive effect, and antagonism, 
respectively.These combination therapy experiments are ongoing and preliminary results show 
some promising drug combinations. At the same time, we performed several tests to find the 
optimal condition to establish the 3D cell cultures from all four ACC cell lines. This approach 
represents an additional step that can bridge the gap between conventional 2D monolayer 
cultures and animal models, and, in the next steps, we will use these 3D models to further test the 
individual drugs and drug combinations in these more physiological cell-models. Furthermore, the 
hope is that this project generates robust results that will lead to potential clinical application by 
providing the basis for a future clinical study to evaluate the clinical efficacy of single and 
combined therapy with FGF/FGFR inhibitors in this rare disease with otherwise dismal outcome. 
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