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Abstract

:

Background: We present the case of a 50-year-old female whose metastatic pancreatic neuroendocrine tumor (pNET) diagnosis was delayed by the COVID-19 pandemic. The patient was in critical condition at the time of diagnosis due to the extensive tumor burden and failing liver functions. The clinical dilemma was to choose between two registered first-line molecularly-targeted agents (MTAs), sunitinib or everolimus, or to use chemotherapy to quickly reduce tumor burden. Methods: Cell-free DNA (cfDNA) from liquid biopsy was analyzed by next generation sequencing (NGS) using a comprehensive 591-gene panel. Next, a computational method, digital drug-assignment (DDA) was deployed for rapid clinical decision support. Results: NGS analysis identified 38 genetic alterations. DDA identified 6 potential drivers, 24 targets, and 79 MTAs. Everolimus was chosen for first-line therapy based on supporting molecular evidence and the highest DDA ranking among therapies registered in this tumor type. The patient’s general condition and liver functions rapidly improved, and CT control revealed partial response in the lymph nodes and stable disease elsewhere. Conclusion: Deployment of precision oncology using liquid biopsy, comprehensive molecular profiling, and DDA make personalized first-line therapy of advanced pNET feasible in clinical settings.
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1. Introduction


The right choice for first-line cancer treatment is crucial, especially for patients diagnosed at an advanced stage and with poor performance status. Precision oncology, the personalized, molecularly targeted treatment of every cancer patient based on the individual genetic alterations of their tumor, is a highly anticipated approach. However, it is still mostly confined to the use of molecularly targeted therapies (MTAs) based on single companion diagnostic tests or to off-label therapies after the exhaustion of standard therapies.



Neuroendocrine tumors (NETs) are a rare and heterogeneous group of tumors with highly diverse morphologies and behaviors. Pancreatic neuroendocrine tumors (pNETs) comprise a biologically distinct subset of NETs, which behave and respond to systemic treatments differently to NETs arising elsewhere in the gastrointestinal tract [1].



Multiple treatment options with MTAs have recently become available for first-line therapy in many indications, including pNET. The multi-tyrosine kinase (VEGFR, PDGFR) inhibitor sunitinib is approved for pancreatic neuroendocrine carcinoma. In a phase 3 trial, patients with advanced, well-differentiated pNETs received sunitinib treatment. The median progression-free survival (PFS) was 11.4 months in the sunitinib arm and 5.5 months in the placebo arm [2]. Somatostatin analogs are commonly used to treat symptoms associated with hormone hypersecretion in neuroendocrine tumors, and their antitumor effects were demonstrated in the CLARINET trial involving 204 patients with metastatic enteropancreatic tumors of grade 1 or 2 (a tumor proliferation index [on staining for the Ki-67 antigen] of <10%) and documented disease-progression status [3]. Treatment with lanreotide was associated with significantly prolonged PFS (at 24 months: 65.1% with lanreotide (95% CI, 54.0–75.1 months) and 33.0% with placebo (95% CI, 23.0–43.3 months)). However, the study did not prove a significant difference in overall survival (OS) between the two groups. Lutathera (lutetium Lu177 oxodotreotide), a radioactive targeted compound, is approved for advanced somatostatin receptor-positive gastroenteropancreatic neuroendocrine tumors (GEP-NETs). The approval was based on the phase 3 NETTER-1 trial, where lutathera reached 30+ months of median PFS compared to 8.4 months in the octreotide arm in patients with advanced, progressive, somatostatin-receptor–positive midgut neuroendocrine tumors [4]. The mTOR inhibitor everolimus is approved to treat advanced neuroendocrine tumors (NETs) originating in the lungs or gut when the cancer cells are well-differentiated, and the tumor is metastatic or cannot be removed by surgery. The RADIANT-3 study was conducted in patients with advanced pancreatic neuroendocrine tumors [5]. The median PFS was 11.0 months with everolimus as compared with 4.6 months with placebo (hazard ratio for disease progression or death from any cause with everolimus, 0.35; 95% confidence interval [CI], 0.27 to 0.45; p < 0.001), representing a 65% reduction in the estimated risk of progression or death. Everolimus treatment was associated with a low rate of severe adverse events.



Moreover, several multi-receptor tyrosine kinase inhibitors, such as nintedanib [6], lenvatinib [7], and surufatinib [8], demonstrated promising efficacy in NETs. On the other hand, many common pNET mutations are not considered effectively targetable (DAXX, ATRX, MEN1). Progress in targeted therapies also highlights the importance of informed treatment decision-making based on the individual tumor molecular profile.



The genetic and epigenetic alterations characteristic to pancreatic neuroendocrine tumors have been recently reviewed by Tirosh and Kebebew [9]. The most important driver alterations in pNET are mutations of DAXX, ATRX, MEN1, VHL, and mTOR pathway members, along with genes involved in DNA damage repair and chromatin modification. DAXX (death-domain associated protein) gene encodes a multifunctional protein that is involved in transcription coregulation, chromatin remodeling, and regulation of apoptosis. ATRX is a member of the SWI/SNF family of chromatin remodeling proteins. It is involved in the process of transcriptional regulation, DNA repair, and telomere length regulation. Loss of ATRX function leads to genetic instability and promotes tumorigenesis [10]. Loss-of-function mutations in the tumor suppressor MEN1 are associated with MEN1 syndrome, a disease that causes tumors in the pituitary, parathyroid, lung, and enteropancreatic endocrine tissues [11]. The VHL tumor suppressor gene plays a role in the oxygen-sensing pathway. Its inactivation leads to von Hippel–Lindau disease, a hereditary cancer syndrome [12]. The PI3K–AKT–mTOR pathway is a central regulatory mechanism controlling key cellular processes, such as metabolism, motility, growth, and proliferation [13]. It is one of the most frequently dysregulated pathways in cancers, supporting cancer cells’ survival, expansion, and dissemination [14]. The most prominently mutated pathway members are PIK3CA (Phosphatidylinositol 4,5-bisphosphate 3-kinase catalytic subunit alpha), PIK3R1 (Phosphatidylinositol 3-kinase regulatory subunit alpha), PTEN (Phosphatidylinositol 3,4,5-trisphosphate 3-phosphatase and dual-specificity protein phosphatase PTEN), AKT1 (RAC-alpha serine/threonine-protein kinase), TSC1/2 (Tuberous sclerosis 1/2), STK11 (Serine/threonine-protein kinase STK11), and mTOR (Serine/threonine-protein kinase mTOR).



Cell-free DNA (cfDNA) genotyping has the potential to become a powerful technology of cancer genomics in monitoring advanced cancer undergoing treatment and replacing certain tumor tissue biopsies [15,16]. This may be of special interest in pancreatic cancer, where adequate biopsy is still challenging due to poor anatomic location, often resulting in limited samples; thus, a noninvasive biomarker test is still required [16,17,18]. In cancers of the pancreas, cfDNA testing is considered to be still in the experimental stage in ductal adenocarcinomas [18,19]. In neuroendocrine tumors, cfDNA is also emerging as a biomarker, although it has not been incorporated into routine clinical practice [20]. The presence of tumor-specific alterations in cfDNA and their evolution during disease progression could be detected in metastatic pNET patients, using droplet digital PCR and shallow whole-genome sequencing to detect copy number variations (CNVs) [21]. A recent large-scale study involved 320 patients with neuroendocrine neoplasms (NEN), including 165 pancreatic NET cases. NGS analysis of ctDNA from liquid biopsies defined genomic alterations in 280 samples, most frequently TP53, KRAS, EGFR, PIK3CA, BRAF, MYC, and CCNE1 mutations [22].



Besides major advances in evidence-based cancer therapy, early diagnosis has been a key driving force behind reducing cancer mortality. The unprecedented worldwide occurrence of the coronavirus SARS-CoV-2 (COVID-19) pandemic has had a profound effect on the entire oncology community, especially during the spring of 2020, including the direct impact of infections and also indirect consequences through the increased burden on healthcare capacities. This led to requests to professionals in charge of chronic diseases, including cancer, to postpone diagnosis and treatment [23].



Digital drug-assignment (DDA) is a computational method for precision oncology [24]. DDA helps rapid clinical decisions by assigning a DDA score, the “aggregated evidence level” (AEL) to each genetic alteration and the associated targeted drugs, based on a network of evidence-based associations between all genetic alterations present in the tumor and the associated druggable targets, and targeted therapies.



Here we present the case of a patient whose diagnosis with advanced pancreas neuroendocrine carcinoma was delayed by months due to COVID-19, yet promptly applied targeted therapy based on NGS analysis of cfDNA achieved tumor responses.




2. Case Report


In February of 2020, a 50-year-old white female presented with epigastric pain, sensitivity beneath the right ribs, significant weight loss (8–9 kg), anorexia, diarrhea, and nighttime perspiration. Liver function tests in her blood sample showed increased values (AST: 152 IU/L, ALT: 65 IU/L, GGT: 168 IU/L). Due to the emerging pandemic situation, abdominal ultrasonography was delayed, and eventually, it was carried out in July 2020. Besides the existing ascites, it indicated multiple liver metastases and pathological lymph nodes. An urgently performed abdominal contrast-enhanced computed tomography (CT) on 7 July 2020 indicated multiple liver metastases and suspected primary tumor in the pancreas tail (Figure 1). By this time, her physical condition has severely deteriorated (ECOG: 2). A week later, a core biopsy was taken from one of the liver metastatic sites, and histology revealed a well-differentiated neuroendocrine tumor. Meanwhile, gastroscopy and colonoscopy were also performed and found no malignancy. On 29 July, somatostatin analogue treatment was started (lanreotide 120 mg injection) with continued monthly treatment during the disease. Liver test parameters were: AST:160, ALT:51, GGT:297. The second lanreotide injection was applied on 26 August when liver test values increased despite the therapy (AST: 840, ALT: 467).



In parallel, molecular diagnostics was initiated to identify targeted therapy options. However, after pathological validation, both FFPE tissue samples failed internal quality control due to insufficient tumor content and were excluded from further DNA extraction. Similarly, a previous attempt of the Ki-67 immunohistochemistry assay also failed due to the sample quality. As re-biopsy did not appear feasible, a blood liquid biopsy was taken for cfDNA analysis. 10 mL whole blood was collected in Cell-Free DNA BCT® (Streck) and stored at room temperature. cfDNA was isolated within 3 days using QIAamp MinElute ccfDNA Midi kit (Qiagen). The Oncompass All-In-One comprehensive genomic profiling test was performed, which fully covers the exons of 591 protein-encoding genes and includes 22 gene fusions and 4 promoter regions of key cancer-specific genes, and 24 miRNA genes. The validated cancer panel is optimized both for tissue and liquid biopsy.



Agilent SureSelect enrichment technology (Human All Exon enrichment) was used for library preparation. Paired-end sequencing was performed on NovaSeq 6000 S2 PE150 XP platform with 2 × 150 bp 15 million read pairs (+/−3%).



Filtering was carried out by using the QCI (QIAGEN Clinical Insight Interpret 8.0.20210827), according to the following parameters: call quality of at least 30.0 and pass upstream pipeline filtering and read depth of at least 10.0 and allele fraction of at least 1.0 with genotype quality of at least 30.0. Then variants that were observed with an allele frequency of 10.0%≤ of the genomes in the 1000 genomes project or at least 10.0% of the ExAC Frequency or present in dbSNP or of 10.0%≤ of the gnomAD frequency, unless established as pathogenic common variant, were excluded. Benign and likely benign variants (according to computed ACMG guidelines classification) were also excluded. Next, only exonic variants (up to 2 bases into the intron) were retained. In total, 5841 genetic variants were identified, following bioinformatical and functional filtering, 38 exonic variants were retained (Table 1), including PIK3CA p.P539R, TP53 p.C135F, TSC2 p.E532*, TSC2 p.P542R, DAXX p.E454*, SMO p.R726Q, KDM6A p.T584M, PTPRD p.V892A, and TET2 p.L34F. Tumor mutational burden (TMB) was low (2 mutations/megabase).



Interpretation of the identified alterations revealed that PIK3CA p.P539R is an activating driver mutation according to preclinical evidence [25,26,27]. It is classified as “likely pathogenic” in the ClinVar database, and it is also listed in the COSMIC database of somatic mutations in cancer. TP53 p.C135F is a loss-of-function variant [28,29,30,31]. In ClinVar, it is classified as “likely pathogenic”, according to the IARC-TP53 database, it is “non-functional” and listed in the COSMIC database. TSC2 p.E532* and TSC2 p.P542R are undescribed mutations. E532* is a truncating, nonsense mutation resulting in nonsense-mediated decay (NMD) targeted premature termination codon (PTC) [32]. Thus, the loss of function is highly likely. According to in silico predictions, P542R is classified as either probably damaging [33] or tolerated [34]. DAXX p.E454* is another truncating mutation. Although somatic DAXX mutations are common in pancreatic neuroendocrine tumors, their therapeutic relevance is obscure. SMO p.R726Q has been suggested as a non-driver mutation in gastric cancer [35]. KDM6A p.T584M is classified as benign/likely benign, and PTPRD p.V892A as benign, respectively, in ClinVar. TET2 p.L34F is a benign polymorphism [36,37,38]. It is noteworthy that the allele frequency of most variants was high (Table 1), indicating a high ctDNA ratio within the cfDNA fraction. Indeed, the concentration of isolated cfDNA was 8.065 ng/µL, whereas the mean value is 3.33 in our sample set. Moreover, fragment analysis revealed that the cfDNA fraction almost exclusively consisted of fragments of ~160 bp and ~320 bp, approximately the length of DNA wrapped around a nucleosome plus its linker and its dimer, respectively, which is the characteristic size of tumor origin [39]. The ratio of tumor-derived cfDNA can range from below 0.01% to as high as 93% [40], and this wide range in quantity is directly correlated with tumor burden [41,42].



All exonic variants were analyzed by our digital drug assignment (DDA) system (RealTime Oncology Treatment Calculator™ v1.64) [24]. Based on the scientific evidence in relation to the molecular profile, the system ranked the phosphatidylinositol-3-kinase (PI3K) inhibitors, alpelisib and copanlisib, and the mTOR inhibitor everolimus as of the highest relevance (Table 2). No resistance mutations to mTOR inhibition (e.g., KRAS, BRAF, MYC, CCNE1) were identified. Other pNET-associated targeted drugs, such as the approved multi-tyrosine kinase inhibitor sunitinib, were ranked lower. Based on these results, molecular tumor board discussion in August concluded that everolimus, which is approved in the tumor type and related positively to two important driver mutations of the patient (PIK3CA p.P538R and TSC2 p.E532*), appears to be the most suitable targeted therapy in this case.



Everolimus treatment commenced on 31 August with 1 × 2.5 mg Afinitor, considering the increased liver test values (AST: 601, ALT: 271, GGT: 335, SeBi: 29 μmol/L). On the same day, abdominal ultrasonography confirmed multiple liver metastases and advanced regional and retroperitoneal lymph node involvement. The liver test values on 7 September were AST: 451, ALT:195, GGT: 387, SeBi: 63. Due to the improving liver test results, the everolimus dosage was increased to 5 mg daily on 11 September (test of the day: AST: 206, ALT: 97, GGT: 322, SeBi: 42), then to 10 mg daily on 17 September. The liver test returned to normal range on 29 September 2020. Her physical condition rapidly improved in response to the treatment. By November, all physical symptoms improved significantly or disappeared (ECOG: 0–1).



Tumor response was evaluated by CT imaging, which detected regression in lymph nodes and stable tumor in the pancreas (Figure 1). In the pancreas, a 22 × 27 mm, inhomogeneous, oval soft-tissue mass could be observed behind the tail at diagnosis (7 July 2020). This mass could not be distinguished from the outline of the pancreas with certainty. On 27 November, the mass was detected unchanged and of the same size, indicating stable disease. The liver was significantly enlarged at diagnosis, and major parts of the liver area were filled with occasionally conflating hypodense regions of blurred outlines, indicating multiple metastases. By 27 November, morphology of the liver metastases was altered, due to changes in contrast agent dynamics, which is considered a consequence of the therapy without meaningful changes in size or number. At diagnosis, enlarged lymph nodes in increased numbers were detected in the retroperitoneal space, indicating lymph node metastases. Short diameter of the largest node was 20 mm. On 27 November lymph nodes were in regression, diameter of the largest node decreased to 17 mm. Taken together, radiological and liver tests, as well as rapid improvement of physical conditions, all indicated disease control in response to molecularly targeted therapy.



Nevertheless, on 9 March 2021 increased liver test values were detected again (AST:80, ALT:41, GGT:172, SeBi 5.4). Abdominal ultrasonography on 26 March indicated unaltered liver status, liver tests of the day were further increased (AST: 185, ALT: 107, GGT: 306, SeBi: 73). Due to her weakened condition, elevated liver test results and clinical jaundice, she was hospitalized, but despite all efforts, her general condition failed to improve. Restaging CT on 29 March detected progression both in the liver and lymph nodes, and novel malignancies between the inferior vena cava and the hepatic portal vein and in the peritoneum, prompting palliative care. Her liver tests deteriorated further (5 April: AST:3379, ALT:854, GGT:184, SeBi:184), and with her general condition continuously declining on 4 May she succumbed to the disease.




3. Discussion


Although targeted therapies clearly play an increasing role in treating pancreatic neuroendocrine cancer, the choice of the appropriate treatment can be challenging. A decision has to be made among different approved therapies. Yet, an insufficient tissue sample is a common issue, resulting in the lack of molecular information, while on the other hand, complex molecular profiles may present with a plethora of alterations. The ongoing COVID-19 pandemic further complicates oncological care through various effects, including delayed cancer diagnoses due to health care overload or reluctance to attend visits. Here we present a case where personalized, targeted therapy was applied for a belatedly diagnosed, heavily metastatic pancreatic neuroendocrine carcinoma, based on NGS of cfDNA, resulting in immediate response. Finding the right therapy among multiple available approved therapies was crucial, as the rapidly worsening status presented an imminent threat of losing the patient.



Treatment options for pancreatic neuroendocrine tumors have been reviewed by Akirov et al. [43]. For metastatic disease with high disease burden, there are three different main groups of medical therapies available to control tumor growth: somatostatin analogues (octreotide and lanreotide), molecularly targeted treatments (everolimus, sunitinib, and others), and chemotherapies (capecitabine, 5-fluorouracil, dacarbazine, oxaliplatin, streptozotocin, and temozolomide). Effective deployment of molecularly targeted therapies requires individual tumor molecular profile information, which can be limited in pancreatic cancer due to insufficient biopsies. As an alternative, liquid biopsies can provide access to tumor DNA in the form of cfDNA. As the amount of cfDNA increases with increased metastatic burden, this approach appears to be better suited for the metastatic setting. Accordingly, it was possible to isolate cfDNA of tumor origin in high quantity and quality in this case, highlighting the utility of cfDNA analysis for metastatic pancreatic tumors.



The unfortunate situation due to the COVID-19 pandemic provided unusual circumstances in clinical oncology. Yet, in the present case, the pandemic-inflicted necessity brought about clinical evidence for the utility of large-panel sequencing of cfDNA in advanced pNET. This case thus may indicate a valuable approach in suboptimal situations, where the need for urgent molecular diagnosis and scarcity of tissue samples coalesce.



Recent efforts to utilize liquid biopsy-based technologies in pancreatic cancer have mainly focused on ductal adenocarcinoma [17,18,19], but in neuroendocrine tumors, cfDNA has not been incorporated into routine clinical practice [20]. There are two basic methodologic approaches to cfDNA analysis. Polymerase chain reaction (PCR) based methods, of which droplet digital PCR (ddPCR) has gained popularity for diagnostic and monitoring purposes and next generation sequencing (NGS). ddPCR is more sensitive than most NGS-based methods. However, it is restricted to a few hotspots. In most studies evaluating cfDNA in PDAC, KRAS hotspot mutations were tested [17,18,19]. Although NGS provides more comprehensive mutational profiles, using large-panel sequencing in clinical practice is still uncommon. Here we provide clinical evidence that the high-quality cfDNA that is associated with advanced tumors is suitable for large-panel sequencing in advanced pNET. Thus, cfDNA-based comprehensive genomic analysis is a viable approach for personalized treatment stratification of this tumor type. It is noteworthy that two TSC2 mutations were detected. This gene is not included in many small gene panels, yet TSC2 loss-of-function profoundly impacted decision-making.



Genomic assays that enable the identification of genetic alterations in individual tumor samples are increasingly being used in clinical diagnostics as a means of identifying therapeutic options [44]. Moreover, non-personalized targeted therapies were associated with significantly poorer outcomes than cytotoxic agents, which in turn were worse than personalized, targeted therapy [45], highlighting the importance of molecular target matching in indications with more approved targeted therapies. NGS of a 591-gene panel identified several alterations characteristic to pNETs, such as mTOR pathway activating mutations, DAXX loss-of-function mutation, and ATRX copy loss, as well as several other mutations in various genes associated with tumorigenesis. Some identified mutations are certainly drivers, but not readily targetable (TP53 p.C135F, MUTYH p.Y179C, DAXX p.E454*) or non-driver alterations in known driver genes (SMO p.R726Q, KDM6A p.T584M, PTPRD p.V892A, TET2 p.L34F), and several VUS alterations were also detected. Analysis of the molecular profile prompted mTOR inhibition as the primary targeted approach because of the presence of a well-known PIK3CA activating mutation, an obvious TSC2 loss-of-function mutation, and an additional uncharacterized TSC2 point mutation, and also because everolimus is approved in this tumor type. This decision was supported by a digital drug assignment (DDA) system, which sorted and ranked all alterations and the associated drugs [24] (Table 1 and Table 2). With the ever-increasing complexities of genomic assays, incorporation of interpretation resources into clinical decision-making is crucial [44], and computational approaches will probably gain more relevance in the future. It is noteworthy that the PI3K pathway is central to somatostatin antiproliferative signaling and AKT1 overexpression was shown to block the antiproliferative action of octreotide in pituitary tumor cells [46], raising a possible explanation for the poor efficacy of somatostatin analogue treatment.



The present case clearly demonstrates the utility of large-panel NGS analysis of cfDNA in advanced pNET for personalized treatment. Such detailed molecular profiling enabled making an informed decision among alternative approved targeted therapies. Interpretation and ranking of the various identified alterations and the associated drugs were aided by the DDA system. Selecting the first treatment is of special importance in the case of advanced disease. This case suggests the importance of prospective studies further exploring detailed molecular profiling of cfDNA in advanced pancreatic tumors and points towards the potential of computer-aided drug assignment.
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Figure 1. Tumor response achieved by first-line molecularly targeted everolimus therapy in advanced pancreatic neuroendocrine carcinoma. (A–H) Representative contrast CT slices at two time points: 7 July 2020 (at diagnosis, left) and 27 Novermber 2020 (right). At diagnosis (7 July 2020), a 22 × 27 mm, inhomogeneous, oval soft-tissue mass could be observed behind the pancreas tail (arrows), which could not be distinguished from the outline of the pancreas with certainty (A). Two tiny spots of calcification were also present. On 27 Novermber, the mass was detected with unchanged status and of the same size (arrows), indicating stable disease (B). At diagnosis (7 July 2020), the liver was significantly enlarged. Major parts of the liver area were filled with occasionally conflating hypodense regions of blurred outlines (arrow), indicating multiple metastases (C). Morphology of the liver metastases was altered by 27 Novermber due to changes in contrast agent dynamics (arrow), which is a consequence of the therapy without meaningful changes in size or number (D). At diagnosis (7 July 2020), in the retroperitoneal space, lymph nodes (arrow) increased in number and size were detected, indicating lymph node metastases (E). At the lower part of the right kidney, the short diameter of the largest node was 20 mm. On 27 Novermber, lymph nodes (arrow) were in regression, the diameter of the largest node decreased to 17 mm (F). (G,H) Compared to the 7 July 2020 baseline (G), metastases in the lymph node and the liver (arrow) regressed and morphologically altered, respectively (H). 
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Table 1. Exonic alterations identified by 591-gene panel sequencing of cfDNA.
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	Position
	Gene Symbol
	Protein Alteration
	CDS Alteration
	dbSNP ID
	Driver AEL Score *
	Allele Frequency (%)





	chr3:179218286
	PIK3CA
	p.P539R
	c.1616C>G
	121913285
	70.81
	65.00



	chr17:7675208
	TP53
	p.C135F
	c.404G>T
	587781991
	53.7
	44.03



	chr1:45332803
	MUTYH
	p.Y179C
	c.536A>G
	34612342
	12.35
	89.92



	chr16:2064422
	TSC2
	p.E532*
	c.1594G>T
	
	2.68
	78.11



	chr16:2065544
	TSC2
	p.P542R
	c.1625C>G
	764191178
	2.68
	91.11



	chr3:37047638
	MLH1
	p.K617N
	c.1851G>T
	
	0.61
	76.68



	chr4:162111346
	FSTL5
	p.E17D
	c.51G>C
	140747357
	0.39
	46.97



	chr6:33320116
	DAXX
	p.E454*
	c.1360G>T
	
	0.34
	80.74



	chr7:99011389
	TRRAP
	p.A3717T
	c.11149G>A
	199541716
	0.25
	45.65



	chr20:53576056
	ZNF217
	p.R903Q
	c.2708G>A
	61748378
	0.24
	47.70



	chr2:140475231
	LRP1B
	p.A3178T
	c.9532G>A
	72899872
	0.21
	89.73



	chr5:256368
	SDHA
	p.L649fs*4
	c.1945_1946delTT
	112307877
	0.18
	13.11



	chr12:53215425
	RARG
	p.R115C
	c.343C>T
	
	0.05
	2.23



	chr16:56834405
	NUP93
	p.L567P
	c.1700T>C
	774760575
	0.04
	10.78



	chrX:67711447
	AR
	p.G644V
	c.1931G>T
	
	0.04
	78.93



	chr3:138946005
	FOXL2
	p.G240S
	c.718G>A
	767088367
	0.01
	11.41



	chr1:205661956
	SLC45A3
	p.V377M
	c.1129G>A
	150525587
	0
	88.35



	chr10:17071551
	CUBN
	p.N834D
	c.2500A>G
	759954219
	0
	90.93



	chr10:86892221
	BMPR1A
	p.Q109K
	c.325C>A
	
	0
	78.77



	chr14:95455532
	SYNE3
	p.R328G
	c.982C>G
	145141808
	0
	50.75



	chr18:33211925
	CCDC178
	p.V737L
	c.2209G>C
	117587736
	0
	52.54



	chr19:40843915
	CYP2A6
	p.V456I
	c.1366G>A
	201305272
	0
	27.02



	chr19:8946760
	MUC16
	p.P10004S
	c.30010C>T
	200869910
	0
	40.88



	chr19:8958984
	MUC16
	p.S5929F
	c.17786C>T
	74872724
	0
	44.66



	chr3:187729913
	BCL6
	p.E164D
	c.492G>T
	61752081
	0
	91.27



	chr3:49897319
	MST1R
	p.R715Q
	c.2144G>A
	777611015
	0
	87.90



	chr4:59457
	ZNF595
	p.I11V
	c.31A>G
	6834707
	0
	16.78



	chr5:14291211
	TRIO
	p.E346*
	c.1036G>T
	
	0
	45.38



	chr9:136475373
	SEC16A
	p.Y748S
	c.2243A>C
	201466249
	0
	48.75



	chrX:1193297
	CRLF2
	p.K258R
	c.773A>G
	1348007359
	0
	15.38



	chr12:31097896
	DDX11
	p.Q592E
	c.1774C>G
	2911826
	−0.01
	1.99



	chr7:129212264
	SMO
	p.R726Q
	c.2177G>A
	142495470
	−2.5
	47.40



	chr7:108180375
	NRCAM
	p.E900G
	c.2699A>G
	34721383
	−5
	51.18



	chrX:45063645
	KDM6A
	p.T584M
	c.1751C>T
	141353229
	−9.33
	89.78



	chr9:8486142
	PTPRD
	p.V892A
	c.2675T>C
	151005956
	−9.93
	9.66



	chr17:65538235
	AXIN2
	p.S390G
	c.1168A>G
	139871607
	−10
	48.85



	chrX:1196817
	CRLF2
	p.V244M
	c.730G>A
	151218732
	−24.22
	100.00



	chr4:105234042
	TET2
	p.L34F
	c.100C>T
	111948941
	-53.32
	49.29







* AEL: Aggregated Evidence Level, a computed driver evidence score according to the digital drug assignment system [24].
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Table 2. Prioritized compound list generated by digital drug assignment system, based on the tumor molecular profile.
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	Compound
	Associated Driver(s)
	Compound AEL Score *





	ALPELISIB
	PIK3CA p.P539R
	406.80



	COPANLISIB
	PIK3CA p.P539R
	397.10



	EVEROLIMUS
	PIK3CA p.P539R

TSC2 p.P542R

TSC2 p.E532*
	249.20



	SIROLIMUS
	PIK3CA p.P539R

TSC2 p.P542R

TSC2 p.E532*
	200.68



	BEVACIZUMAB
	TP53 p.C135F
	178.03



	TEMSIROLIMUS
	PIK3CA p.P539R
	171.96



	METFORMIN
	PIK3CA p.P539R
	171.15



	ASPIRIN
	PIK3CA p.P539R
	150.57



	SUNITINIB
	
	114.69



	PAZOPANIB
	
	113.91







* AEL: Aggregated Evidence Level, a computed compound evidence score according to the digital drug assignment system [24].
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