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Simple Summary

Real-world evidence data on the clinical impact of comprehensive genomic profiling (CGP) remains
limited. The FRONTAL study, a multicenter national registry in Portugal, evaluated the use of CGP
in patients with advanced solid tumors who underwent testing with FoundationOne CDx, Liquid
CDx, or FoundationOne Heme. Among 205 patients enrolled between 2020 and 2025, actionable
genomic alterations were identified in half of the cases, and CGP results influenced treatment
decisions in about one-quarter of patients. Importantly, approximately 15% of the total cohort
achieved disease control at 16 weeks following CGP-guided therapy. Overall, this study provided
real-world evidence supporting the clinical relevance of CGP in informing treatment strategies for
advanced solid tumors in Portugal.

Abstract

Comprehensive genomic profiling (CGP) is a tool used in precision oncology to identify genomic
alterations and match them with targeted therapies across several tumor types. However, real-world
data on its clinical utility and impact remains limited. The FRONTAL study (Foundation Medicine
Real wOrld evideNce in porTugAL) is a multicenter academic initiative that established a national
registry of Portuguese patients with solid tumors who underwent CGP with FoundationOne CDx,
Liquid CDx or FoundationOne Heme assays. Methods: Eligible patients had advanced solid tumors
not suitable for curative treatment at the time of recruitment. Prior CGP testing was permitted if taken
within 12 months before study initiation. Genomic profiling data were extracted from
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FoundationOne Medicine reports, and clinical information was extracted from medical records.
Actionable alterations were defined as those associated with approved treatments or with clinical
evidence of benefit in other cancers, per NCCN guidelines. Variant interpretation was also reviewed
according to ESMO Scale for Clinical Actionability of Molecular Targets (ESCAT) guidelines. The
primary outcome was disease control at 16 weeks, defined by the absence of progression. Results:
The study included 205 patients between 2020 and 2025 across 10 sites, with colorectal (40, 19.5%),
sarcomas (28, 13.7%), and other gastrointestinal tumors (22, 10.7%) being the most common
pathologies. Actionable alterations were identified in 104 cases (50.7%). Genomic findings guided
therapy decisions in 50 patients (24.4%), of whom 30 achieved disease control at 16 weeks (14.6%).
Conclusions: The FRONTAL study highlighted the clinical relevance of CGP in advanced solid
tumors. Over half of the patients had actionable alterations, a quarter had therapy changes based on
CGP results, and improved disease outcome was observed in approximately 15% of the cohort.

Keywords: precision oncology; comprehensive genomic profiling; solid tumors

1. Introduction

The paradigm of precision oncology has fundamentally transformed cancer therapeutics,
emphasizing the integration of molecular characterization into clinical decision-making [1,2].
Comprehensive genomic profiling (CGP) enables the simultaneous detection of a wide spectrum of
genomic alterations across multiple cancer-related genes, providing a broader molecular landscape
than conventional targeted gene testing, which is inherently limited by its focus on predefined
alterations.

Among the most established diagnostic tools, the FoundationOne® platforms—CDx [3], Liquid
CDx [4], and Heme [5]—offer analytically and clinically validated CGP assays for solid tumors,
circulating tumor DNA, and sarcomas, respectively. These platforms facilitate the identification of
actionable genomic alterations and support the implementation of targeted therapies within routine
clinical practice.

Currently, the European Society for Medical Oncology (ESMO) recommends the use of tumor
CGP testing for several advanced solid tumors initially, including non-squamous non-small cell lung
cancer, prostate, colorectal, cholangiocarcinoma, and ovarian cancers [6]. Updated guidance has
expanded these recommendations to include advanced breast cancer and selected rare tumors such
as gastrointestinal stromal and thyroid tumors, sarcoma, and cancers of unknown primary [6]. In
addition, CGP is advised to identify tumor-agnostic alterations in metastatic cancers when matched
targeted therapies are available [6].

Several studies have been investigating evidence to support the use of CGP in the management
of oncology patients. Studies such as SHIVA[7], MOSCATO-01 [8], and ProfiLER [9] have
demonstrated that 40%, 49%, and 52% of patients, respectively, had at least one actionable molecular
alteration with the potential to guide targeted therapy. However, these studies did not demonstrate
significant improvements in clinical outcomes among patients treated with CGP-matched therapies.
Importantly, many of these prospective trials of multigene sequencing shared the limitation of
excluding patients whose tumors harbor genomic alterations for which approved targeted therapies
already exist. In addition, basket trials have also been conducted to evaluate the activity of targeted
therapies across multiple tumor types that share a common molecular alteration. The NCI-MATCH
trial demonstrated that large-scale, multi-site molecular screening is feasible, enabling testing of
investigational therapies for a range of molecular targets, and successfully met its signal-seeking goal,
with 25.9% of substudies showing a positive result [10]. The TAPUR trial (NCT02693535), which is
currently recruiting, aims to evaluate the antitumor activity of commercially available targeted agents
in patients with advanced cancers harboring genomic alterations known to be drug targets [11].
Within the European context, the Danish ProTarget trial (NCT04341181) is currently evaluating the
antitumor activity and safety of 13 EMA-approved targeted agents used beyond their approved
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indications in patients with advanced cancers harboring specific actionable genomic alterations [12].
Similarly, the Dutch DRUP trial (NCT 02925234) employs a comparable basket-trial design, further
underscoring the need to assess the clinical utility of CGP in routine oncology practice [13].

Given the increasing incorporation of CGP into oncology workflows, generating real-world
evidence (RWE) is also essential to evaluate its clinical utility, assess patient outcomes, and inform
evidence-based precision oncology [14]. Recent studies have reported favorable outcomes in patients
receiving targeted therapies guided by CGP testing. In 2023, a comprehensive review of more than
6,000 publications identified 31 studies that evaluated progression-free and overall survival in
patients with advanced tumors treated according to CGP findings [15]. This review concluded that
CGP-guided therapy can positively impact survival across tumor types [15]. More recently, in 2025,
a RWE meta-analysis including 144 studies demonstrated that nearly 60% of patients harbored at
least one actionable alteration, with approximately 15% ultimately receiving targeted therapy [14].
About one-fourth of patients treated with CGP-matched therapy achieved an objective response, and
CGP-guided treatment was associated with prolonged progression-free survival (pooled hazard ratio
[HR] = 0.63; 95% CI = 0.56-0.70; 18 studies) as well as overall survival (pooled HR = 0.60; 95% CI =
0.51-0.70; 21 studies) [14].

In this study, we aimed to establish a national registry to better understand health outcomes
resulting from the integration of CGP in clinical practice in Portugal. We characterized the clinical
and demographic profile of Portuguese patients with malignant solid tumors that underwent CGP
analysis by FoundationOne testing to describe their genomic landscape (including both actionable
and non-actionable variants), assess the relevance of CGP results for subsequent therapeutic decision-
making, and evaluate patient outcomes under therapies selected based on CGP results.

2. Materials and Methods

2.1. Study Cohort and Workflow

The Foundation Medicine Real wOrld evideNce in PorTugAL (FRONTAL) study is a
multicenter observational study conducted at the national level between 2020 and 2025. Patients with
confirmed diagnosis of solid malignant neoplasms unsuitable for curative treatment at the time of
recruitment and who had undergone CGP were considered for inclusion. For patients with CGP
results already available at inclusion, testing must have been performed within 12 months prior to
study initiation. Informed consent from the patient or their legal representative was mandatory for
living patients, in accordance with local regulatory requirements. For deceased patients, informed
consent was waived in accordance with applicable ethical guidelines. All centers had the study
protocol approved by their respective Ethics Committee.

At the time of inclusion, baseline data were collected for each patient. This included
demographic information, details of the primary tumor diagnosis (e.g., date of diagnosis, tumor type,
grade, and stage), curative treatments received prior to study entry, and palliative treatments until
the CGP testing. After baseline data collection, follow-up real-world clinical data were retrieved from
the medical records. The initial follow-up focused on the medical visit during which CGP results
were reviewed. It was documented whether a targeted treatment was proposed based on the genomic
findings and if a discussion had taken place in a Molecular Tumor Board. Subsequent follow-up data
was retrieved every four months to assess treatment response until death, loss to follow-up,
withdrawal of consent, or discontinuation from the registry. In addition, quality of life was assessed
during follow-up consultations with medical oncologists (when possible) using the EORTC QLQ-
C30, a validated 30-item instrument designed to evaluate quality of life in all cancer patients.

2.2. Comprehensive Genomic Profiling

All samples were tested using FoundationOne® CDx [3], FoundationOne Liquid Biopsy [4], and
FoundationOne Heme [5] (Foundation Medicine, Inc.,, Cambridge, MA). FoundationOne CDx
detected substitutions, insertions and deletions alterations (indels), and copy number alterations
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(CNAs) in 324 genes. It also identified selected gene rearrangements and genomic signatures,
including microsatellite instability (MSI), tumor mutational burden (TMB), and loss of heterozygosity
(LOH) score. DNA was isolated from formalin-fixed, paraffin-embedded (FFPE) tumor tissue.

FoundationOne Liquid Biopsy detected substitutions and indels in 311 genes, CNAs in 310
genes, and rearrangements in 324 genes. It also detected blood tumor mutational burden (bTMB),
MSI, and tumor fraction. This test used circulating cell-free DNA (cfDNA) isolated from plasma
collected from anticoagulated whole blood of cancer patients. Both FoundationOne CDx and
FoundationOne Liquid CDx are FDA-approved companion diagnostics for all solid tumors, with
indications covering 15 to 35 targeted therapies.

FoundationOne Heme was used to test sarcoma patients in the FRONTAL study. It detected
substitutions, indels, CNAs, and rearrangements in 406 genes. It also analyzed selected introns of 31
genes using FFPE tumor tissue. In addition, RNA sequencing of 265 genes was used to detect gene
fusions, which are common drivers of sarcomas and other hematologic malignancies.

2.3. Variant Interpretation

FoundationOne reports summarized publicly available evidence matching specific molecular
alterations, or their absence, to drugs with potential clinical benefit, including investigational
therapies [16]. Each report was curated based on international clinical guidelines (e.g., National
Comprehensive Cancer Network (NCCN), American Society of Clinical Oncology (ASCO), ESMO,
World Health Organization (WHO)), peer-reviewed literature, conference resources, and genomic
databases (e.g., PubMed, ClinVar, and COSMIC) [16].

In addition to the data provided in the FoundationOne report, variant interpretation was
reviewed as part of this study using the ESMO Scale for Clinical Actionability of Molecular Targets
(ESCAT) [17]. Molecular alterations were classified into six tiers based on clinical evidence and
relevance to patient management, ranging from tier I (ready for routine clinical use) to tier X (no
evidence of actionability). Tier Il included targets with likely clinical benefit but requiring additional
data, while tier III referred to targets with benefit demonstrated in other tumor types or for analogous
molecular alterations. Additionally, tier IV was supported by preclinical evidence, and tier V
encompassed targets with a rationale for co-targeting strategies rather than standalone therapeutic
relevance. Within the aim of this study, variants classified with tiers I to III were considered
actionable variants.

2.4. Outcome and Clinical Data Assessment

Therapeutic response was retrospectively assessed using electronic health records and classified
according to standard clinical practice and physician decision-making. The primary outcome was
disease control at 16 weeks, defined by the absence of progression.

3. Results

3.1. Clinical Characteristics of Patients

A total of 205 patients were enrolled in the study between 2020 and 2025 from 10 participating
sites distributed across different regions of Portugal (Figure 1).
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Figure 1. Regional distribution of the participating sites in the study.

The distribution of recruited patients according to the type of healthcare institution can be found
in Table 1.

Table 1. Number of patients recruited by healthcare institutions.

Health System Category # of pts
University Hospital® 128
General Hospital® 32
Private Hospital© 27
Oncology Institute@ 18

Total 205

@ sites: Unidade Local de Saude (ULS) Sao Joao, ULS Santa Maria, and ULS Coimbra; ® sites: ULS
Loures-Odivelas, ULS Gaia e Espinho, and Hospital de Cascais; © sites: Hospital Luz Lisboa, CUF,
and Lusiadas; @ site: IPO Coimbra.

Data on biological sex, race, patient status (alive vs. deceased), family history of cancer, tobacco
use, and alcohol consumption were collected for all patients and are shown in Table 2.

Table 2. Number of patients recruited by healthcare institutions.

N Percentage (%)
Total 205 100
Biological Sex
Male 110 53.7
Female 95 46.3
Race
White 168 82.0
Black or African Descent 4 2.0
Asian 1 0.5
Unknown/Not reported 32 15.6
Patient Status
Deceased 161 78.5
Alive 44 21.5

Family History of Cancer

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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N Percentage (%)
Yes 87 424
No 77 37.6
Unknown 41 20.0
Tobacco Use
Never 120 58.5
Previous or Current 66 32.2
Unknown 19 9.3
Alcohol Consumption
Never 174 84.9
Previous or Current 13 6.3
Unknown 18 8.8

Biological sex distribution was balanced, with 110 males (53.7%) and 95 females (46.3%). Most
patients were identified as White (n = 168, 82.0%), while Black or African Descent individuals
accounted for 4 cases (2.0%), and Asian individuals for 1 case (0.5%). Race was not recorded for 32
patients (15.6%). Regarding patient status, 161 individuals were deceased (78.5%), and 44 were alive
(21.5%) at final data review. A family history of cancer was reported in 87 cases (42.4%), absent in 77
(37.6%), and unknown in 41 (20.0%). Regarding tobacco use history, 120 patients (58.5%) had never
used tobacco, while 66 (32.2%) were previous or current users. Tobacco use status was unknown for
19 patients (9.3%). Alcohol consumption was absent in 174 cases (84.9%), present in 13 (6.3%), and
undocumented in 18 (8.8%).

Figure 2 illustrates the distribution of cancer types among patients included in the study cohort.

Lung Cancer (3)| Endocrine Cancer (2)
Gynecological Cancer (6)

Other Genitourinary Tumors (7)

Prostate Cancer (7) .« Colorectal

Unknown Primary (8) -4 . Cancer (40)

Others (8)

Central Nervous
System (9)

Cholangiocarcinoma

(10)
Head & Neck
Cancer (14)

Sarcomas (28)

Other
Gastrointestinal
Tumors (22)

Breast Cancer (20)

Pancreatic Cancer (21)

Figure 2. FRONTAL cohort according to tumor types.

The most prevalent malignancy was colorectal cancer (n =40, 19.5%), followed by sarcomas (n =
28, 13.7%), other gastrointestinal tumors (n =22, 10.7%), and pancreatic cancer (n =21, 10.2%) (Figure
2). Breast cancer accounted for 20 cases (9.8%), while head and neck cancers comprised 14 cases
(6.8%). Cholangiocarcinoma was identified in 10 patients (4.9%), and central nervous system tumors
in nine (4.4%). Cancers of unknown primary were recorded in eight cases (3.9%). Prostate cancer and
other genitourinary tumors each represented seven cases (3.4%), gynecological cancers were
identified in six cases (2.9%), lung cancer in three cases (1.5%), and endocrine cancer in two cases
(1.0%). Finally, a combined category labeled as Others were classified in eight cases (3.9%), which
included the following tumor types: ameloblastoma, porocarcinoma of the skin, undifferentiated
carcinoma of the mediastinum, squamous cell carcinoma of the skin, melanoma of the ciliary body,
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melanoma not otherwise specified, basal cell carcinoma of the skin, synchronous carcinomas of the
cecum (ileocecal region) and sigmoid colon.

All patients presented with metastatic or unresectable disease at the time of the CGP test.
However, at initial diagnosis, 39.5% of the cohort had stage I-III disease, and 49.3% had stage IV
disease (Table 3). The disease stage at diagnosis was unknown or not reported in the electronic health
records for 11.2% of patients.

Table 3. Disease and treatment characteristics of the FRONTAL cohort.

Tumor stage at diagnosis %
I-1II 81 39.5
v 101 49.3
Unknown/ Not reported 23 11.2
Initial therapeutic intention %
Curative Intent 119 58.0
Palliative Intent 86 42.0
# of Palliative Lines of %
Treatment until CGP
0 17 8.3
1 52 25.4
2 52 25.4
3 42 20.5
>3 42 20.5
3 (median) 0-11 (range)

At the time of diagnosis, 58% of patients in the cohort received treatment with curative intent,
whereas 42% started a palliative treatment line as their initial therapeutic approach (Table 3). The
median number of palliative lines of treatment until the CGP was three, within a range of zero and
11. Seventeen patients in the cohort performed CGP without having received any prior line of
palliative treatment. Among these, nine had sarcomas, three presented with head and neck tumors,
and one case each corresponded to breast cancer, cholangiocarcinoma, pancreatic cancer, endometrial
carcinoma, and an undifferentiated carcinoma of the mediastinum.

Information regarding the clinical purpose of CGP was also collected throughout the study.
Table 4 presents this data stratified by aggregated tumor categories.

Table 4. Purpose of the comprehensive genomic test by tumor type.

Purpose of the test
Tumor Type Few tre'atment Rare tumor Unllcnown Advanced tumor  Total
options Primary at young age

Gastrointestinal 86 6 NA 1 93
Sarcomas 27 1 NA NA 28

Breast & Gynecological 25 NA NA 1 26
HEZ‘:;;TE:; / 11 6 NA NA 17
Urological 11 3 NA NA 14
Others 5 5 NA NA 10

Central Nervous System 8 1 NA NA 9

Unknown Primary NA NA 8 NA 8
Total 173 (84.4%) 22 (10.7%) 8 (3.9%) 2 (1.0%) 205

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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For the tumor aggregation, colorectal, pancreatic, cholangiocarcinoma, and other
gastrointestinal tumors were combined under the Gastrointestinal category (n=93). Breast and
gynecologic malignancies were combined into a single Breast & Gynecological group (n=26), while
prostate tumors were grouped with other urological neoplasms under Urological (n=14). Head and
neck cancers were combined with lung tumors as the Head & Neck / Respiratory category (n=17).
The remaining tumor types, including sarcomas (n=28), central nervous system tumors (n=9), cancers
of unknown primary (n=8), and a heterogeneous group labeled as Others (n=10), were retained as
previously defined. As shown in Table 4, most tests (84.4%) were performed in cases with few
available treatment options, followed by rare tumors that accounted for 10.7% of tests. Testing for
cancers of unknown primary origin comprised 3.9% of cases, and only 1.0% of tests were performed
for advanced tumors diagnosed at a young age.

3.2. Molecular Testing

Regarding the CGP specimen type, most of the testing was derived from primary tissue tumors
(n = 84, 41.0%), followed by peripheral blood samples (n = 62, 30.2%), and metastatic tissue samples
(n = 53, 25.9%). Local recurrences accounted for seven specimens (3.4%). One patient had both
primary and metastatic samples tested. Although no major clinically significant differences were
observed between the two tests, the primary tumor sample revealed a greater number of gene
alterations, resulting in a slightly higher tumor mutational burden. Interestingly, the additional
alterations consisted exclusively of amplifications. These were identified in the following genes:
CDKé6, HGF, MYC, CDKS, CUL4A, DIS3, FGF14, FLT3, and IRS2. Single-nucleotide variants and/or
frameshifts in KRAS, APC, and TP53, as well as a wild-type profile in NRAS, were identified in both
samples.

In total, 117 patients (56.8%) underwent testing with the FoundationOne CDx assay, 62 (30.1%)
with the FoundationOne Liquid Biopsy, and 27 (13.1%) with the FoundationOne Heme assay. The
most commonly altered genes are presented in Table 5, stratified by aggregated tumor categories.

Table 5. Most commonly altered genes by aggregated tumor type.

Gastrointestinal Sarcomas Breast & Gynecological Head & Neck /
93 cases 28 cases 26 cases Respiratory 17 cases
(643 alterations, 100%) (96 alterations, 100%) (156 alterations, 100%) (77 alterations, 100%)

Genes Yo Genes Yo Genes Y% Genes Y%
TP53 11.7 TP53 16.7 TP53 8.3 TP53 15.6
APC 11.7 CDKN2A 52 PIK3CA 7.7 BRAF 52
KRAS 9.5 ATRX 42 ESR1 4.5 TERT 39
NRAS 44 CDKN2B 42 FGF3 3.8 ARID1A 2.6
PIK3CA 3.3 PTEN 42 FGF4 3.8 ASXL1 2.6

Urological Others Central Nervous System  Unknown Primary
14 cases 10 cases 9 cases 8 cases

(83 alterations, 100%) (60 alterations, 100%) (83 alterations, 100%) (46 alterations, 100%)

Genes % Genes % Genes % Genes %
TP53 10.8 TP53 6.7 TP53 9.6 TP53 8.7
MYC 6.0 APC 5.0 EGFR 6.0 ALK 8.7
APC 3.6 BRAF 5.0 CDKN2A 4.8 TET? 6.5
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AR 3.6 TERT 5.0 CDKN2B 4.8 CDKN2A 4.3
EGFR 3.6 ASXL1 3.3 PIK3CA 4.8 CDKN2B 4.3

As shown in Table 5, in gastrointestinal tumors, the most frequent alterations were APC and
TP53, each detected in 11.7% of cases, followed by KRAS (9.5%), NRAS (4.4%), and PIK3CA (3.3%).
Among sarcomas, TP53 was also the predominant alteration (16.7%), with additional findings in
CDKN2A (5.2%), ATRX (4.2%), CDKN2B (4.2%), and PTEN (4.2%). In breast and gynecological
tumors, TP53 (8.3%) and PIK3CA (7.7%) were the most frequently altered genes, followed by ESR1
(4.5%), FGF3 and FGF4 (each 3.8%). Head and neck and respiratory tumors showed alterations in
TP53 (15.6%) and BRAF (5.2%), with lower frequencies observed for TERT (3.9%), ARID1A, and
ASXL1 (each 2.6%).

In addition, in urological tumors, the most frequently altered gene was TP53 (10.8%), followed
by MYC (6.0%), with APC, AR, and EGFR each observed in 3.6% of cases. Among tumors classified
as Others, alterations were most commonly found in TP53 (6.7%), APC, BRAF, and TERT (each 5.0%),
and with ASXL1 present in 3.3% of cases. In central nervous system tumors, TP53 was again the most
frequently altered gene (9.6%), followed by EGER (6.0%), CDKN2A, CDKN2B, and PIK3CA (each
4.8%). Finally, for cancers of unknown primary, the most frequent alterations were in TP53 and ALK
(8.7% each), followed by TET?2 (6.5%), and CDKN2A/B (each 4.3%).

Regarding molecular signatures, tumor mutational burden (TMB) and microsatellite instability
(MSI) status were assessed in all cases, while homologous recombination deficiency (HRD) was
additionally evaluated in gynecological tumors. A total of 28 patients (13.7%) were identified with
either TMB >10 mutations/Mb, MSI-high status, or HRD-associated loss of heterozygosity (HRD-
LOH). Among these, three patients presented with both TMB-high and MSI-high profiles, 24 had
TMB-high only, and one case was positive for HRD-LOH.

3.3. Outcomes

Overall, among the 205 patients profiled, 104 (50.7%) presented with at least one actionable
molecular alteration, while the remaining 101 (49.3%) had no actionable molecular alterations
identified. Of the 104 patients with actionable molecular alterations, 56 received targeted treatment
recommendations due to the CGP finding, corresponding to 27.3% of the cohort. Importantly, five
patients died before they could begin the recommended therapy and one patient refused the
proposed targeted treatment. Consequently, a total of 50 patients ultimately received targeted
therapy aligned with their CGP findings (24.4%). Of the 50 patients who received therapy guided by
CGP, 30 maintained disease control at 16 weeks — representing 60.0% of those treated with CGP-
matched therapy and 14.6% of all patients included in the study. Table 6 highlights the patients with
disease control and their characteristics.

Table 6. List of patients with disease controlled in the FRONTAL study.

Disease
FRONTAL CGP-T ted
Cancer Type Actionable Alteration argete control
1D Treatment ]
(in weeks)
220 Head and Neck NTRK3 fusion Entrectinib 149
Cancer
219 Head and Neck BRAF nor}-V600 Trametinib 126
Cancer mutation
124 Head and Neck FBXW?7 mutation Everolimus 95
Cancer
1 Head and Neck BRAF V600E mutation Dabrafenl'b 'and 84
Cancer Trametinib
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149 Head and Neck ERBB2 amplification Trastuzumab 80
Cancer
138 Others ATM mutation Niraparib 52
108 Gynecological Cancer TMB high Pembrolizumab 45
Head and Neck . Sorafenib &
159 Cancer BRAF V60OE mutation Dabrafenib-Trametinib °
52 Others BRAF V600E mutation Dabrafenib & 45
Trametinib
Dabrafeni
123 Pancreatic Cancer =~ BRAF V600E mutation abra er.u}? & 37
Trametinib
179 Colorectal Cancer BRCAL2 & BRIP1 Talazoparib 36
mutations
153 Colorectal Cancer PIK3CA mutation Alpelisib 35
p  OtherGastrointestinal o) o3 1 g pioh Pembrolizumab 35
Tumors
213 Cholangiocarcinoma HRAS mutation Trametinib 35
207 Endocrine Cancer TMB high Pembrolizumab 33
210 Colorectal Cancer NF1 large deletion Trametinib 30
90 Cholangiocarcinoma TMB high Pembrolizumab 30
161 Unknown Primary ALK rearrangement Entrectinib 26
Tumors
76 Others EGFR amplification Anti-EGFR 25
189 Cholangiocarcinoma FGFR2 rearrangement Pemigatinib 25
Durvalumab plus
120 Cholangiocarcinoma TMB high Gemcitabine and 24
Cisplatin
151 Colorectal Cancer PIK3CA mutation Alpelisib 22
h i inal
217 Other Gastrointestina BRCA2 mutation Olaparib 20
Tumors
5 Head and Neck TMB high NlV(.)l'umab and 20
Cancer Ipilimumab
111 Breast Cancer ESRI mutation Abemaciclib and 19
Fulvestrant
172 Pancreatic Cancer BRCA2 mutation Olaparib 19
E li
112 Gynecological Cancer ~ PIK3CA mutation verolimus and 19
Letrozole
182 Colorectal Cancer VEGFA amplification Sorafenib 18
70 Sarcomas ALK fusion Alectinib 17
h i inal
145 Other Gastrointestina KIT mutation Sorafenib 17

Tumors

d0i:10.20944/preprints202512.1740.v1

Among patients with controlled disease, the most frequently observed molecular alterations
were MSI and/or TMB high, accounting for 20.0% of all alterations. These were followed by BRAF
mutations (16.7%), mutations in BRCA1/2 and BRIP1 (10.0%), PIK3CA mutations (10.0%), and ALK
alterations (6.7%).

In addition, we compared disease outcomes according to each molecular alteration identified in
these patients who received CGP-matched therapy (Table 7).
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Table 7. Disease outcome comparison by molecular alterations in patients who received CGP-matched therapy.

Molecular Controlled o Not Controlled o Total

Alteration disease ° disease ’ ota
MSI and/or TMB High 6 50.0 6 50.0 12
BRAF mutations 5 83.3 1 16.7 6
BRCA1/2 & BRIP1 mutations 3 50.0 3 50.0 6
PIK3CA mutations 3 75.0 1 25.0 4
ATM mutations 1 33.3 2 66.7 3
ALK alterations 2 100.0 0 0.0 2
ERBB?2 amplification 1 50.0 1 50.0 2
NF1 mutations 0 0.0 2 100.0 2
EGFR amplification 1 100.0 0 0.0 1
ESR1 mutation 1 100.0 0 0.0 1
FBXW7 mutation 1 100.0 0 0.0 1
FGFR2 rearrangement 1 100.0 0 0.0 1
HRAS mutation 1 100.0 0 0.0 1
KIT mutation 1 100.0 0 0.0 1
NF1 large deletion 1 100.0 0 0.0 1
NTRKS3 fusion 1 100.0 0 0.0 1
VEGFA amplification 1 100.0 0 0.0 1
GNA11 mutation 0 0.0 1 100.0 1
KRAS mutation 0 0.0 1 100.0 1
PDGFRA mutation 0 0.0 1 100.0 1
PTCH1 mutation 0 0.0 1 100.0 1
Total 30 60.0 20 40.0 50

Among the genomic alterations evaluated in patients who received CGP-matched therapies,
tumors with BRAF mutations, PIK3CA mutations, and ALK alterations demonstrated higher rates of
disease control (Table 7). In addition, alterations such as MSI and/or high TMB, BRCA1/2 and BRIP1
mutations, and ERBB2 amplification were evenly distributed between controlled and uncontrolled
disease cases. Poorer outcomes were observed in patients with ATM and NF1 mutations, where
disease control was less frequent. The remaining 13 cases showed a diverse range of genomic
alterations. Of these, nine cases with controlled disease included EGFR amplification, ESR1 mutation,
FBXW?7 mutation, FGFR2 rearrangement, HRAS mutation, KIT mutation, NF1 large deletion, NTRK3
fusion, and VEGFA amplification. The remaining four cases with uncontrolled disease were
characterized by GNA11, KRAS, PDGFRA, and PTCH1 mutations.

The average number of prior palliative treatment lines was also assessed in patients with
controlled disease compared to those without disease control. Both groups showed a mean value of
2.1 prior treatment lines, suggesting that the number of previous treatment lines did not influence
outcomes in the FRONTAL cohort.

In addition, we investigated whether patients without any prior palliative treatment at the time
of CGP had actionable alterations and subsequently received targeted therapy. As shown in Table 3,
17 patients had received no palliative lines before CGP testing. Among these, eight patients were
found to have actionable alterations, and three received targeted treatment. One case was a BRAF-
mutated head and neck tumor treated with dabrafenib and trametinib, achieving disease control for
84 weeks. The other two cases were PIK3CA-mutated tumors treated with everolimus: a
gynecological case with disease control for 19 weeks, and a sarcoma case without disease control
(progressed within 13 weeks).
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3.4. Molecular Tumor Boards

For this cohort, Molecular Tumor Boards (MTB) were not consistently established across all
centers during the study period. Therefore, of the 205 patients included in this study, 48 cases were
discussed at MTB, accounting for 23.4% of the cases. Of those 48 cases, 25 (12.2%) had an actionable
alteration according to the CGP, and 13 (6.3%) were offered a targeted therapy. Two patients
deceased before receiving the targeted therapy.

To further explore these findings, outcomes were compared between cases discussed in MTB
and those that were not. Among the 48 cases reviewed in MTB, 25 (52.1%) had actionable alterations,
and 11 (22.9%) received targeted treatment. Of these, seven cases achieved disease control, while four
did not. Similarly, of the 157 cases not discussed in MTB, 79 (50.3%) harbored at least one actionable
alteration, and 39 (24.8%) received targeted therapy. Of these 39 patients, 23 achieved disease control.
Although the total number of cases differed substantially between the two groups, the relative
frequencies were consistent between the groups and with the overall cohort: approximately half of
the cases carried actionable alterations, and about one-quarter received targeted treatment based on
CGP results. The same trend was observed in treatment outcomes, with both MTB-discussed and
non-discussed cases demonstrating a higher proportion of disease control at 16 weeks, consistent
with the overall cohort findings described previously.

3.5. Quality of Life Evaluation

One of the aims of the FRONTAL study was to assess quality of life in patients who received
targeted therapy based on CGP compared with those who did not. However, the collection of EORTC
QLQ-C30 questionnaires was challenging in routine hospital practice. Quality-of-life data were
available for only 38 patients (18.5% of the cohort) and importantly, these assessments were not
consistently obtained at each follow-up visit. In addition, only four of the patients with reported
quality-of-life data had received targeted therapy, which did not allow comparative analysis as part
of this study.

4. Discussion

Among the 205 patients enrolled in the FRONTAL study between 2020 and 2025 across 10 sites,
actionable alterations were identified in 104 patients (50.7%), and these genomic findings guided
therapy decisions in 50 patients (24.4%). Among patients receiving targeted therapy based on CGP,
30 (14.6%) achieved disease control at 16 weeks.

The FRONTAL study demonstrated results that were relatively consistent with previously
published data, reinforcing the reliability of its findings. A recent retrospective analysis of 79 breast
and gynecological tumors reported that next-generation sequencing informed treatment
recommendations in 63.3% of cases, whereas the corresponding rate in the FRONTAL study was
50.7% [18]. Furthermore, 29.1% of patients in the referenced research received molecularly matched
therapy, compared to 24.4% in our cohort [18]. Additionally, a recent meta-analysis of 144 real-world
evidence studies reported that 59.8% of CGP-tested patients were identified with actionable genomic
alterations, while 15.6% ultimately received molecularly matched therapies [14]. Importantly, it is
known that the proportion of patients receiving targeted therapy following CGP varies across
published studies due to several factors [19-21]. Not receiving a certain molecularly matched
treatment despite its CGP finding could be due to physician or patient preference for alternative
therapeutic options, lack of reimbursement, limited drug availability, and disease progression
leading to poor performance status or death prior to treatment initiation [19-21]. These barriers
underscore the complexity of translating genomic findings into clinical benefit and highlight the need
to integrate CGP results into therapeutic decision-making in a timely manner.

The results of this study were also consistent with the existing literature regarding the most
frequently detected genes overall and across different tumor types. Although the included
pathologies were heterogeneous and, for the purposes of this study, broadly grouped into larger
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categories, the findings aligned with what is known and expected. Overall, the most commonly
altered gene was TP53, which is well established as the most frequently mutated gene across tumor
types [22]. When stratified by tumor type, high frequency of TP53 mutations was also observed as
expected, including in colorectal cancer [23], sarcomas [24], as well as in breast [25,26], gynecological
[27-29], head and neck [30], prostate [31], central nervous system tumors such as glioblastomas [32],
and cancers of unknown primary origin [33]. In gastrointestinal tumors (mostly colorectal and
pancreatic cancers), which represented the largest cancer cohort in the FRONTAL study, the other
most frequently mutated genes were APC [34] and KRAS [35], in line with what is expected for these
tumor types. Additionally, a high frequency of PIK3CA mutations was observed in breast cancers
[26], further supporting consistency with published data.

In the Portuguese context, the use of CGP testing to support therapeutic decision-making is
endorsed by the national Medical Council. In 2023, a national guideline was published in alignment
with the recommendations of the ESMO Translational Research Group, providing guidance for
medical oncologists in defining treatment strategies [36]. In our national cohort, nearly half of the
patients were found to have at least one targetable molecular alteration.

Another important area of interest is the use of CGP in clinical trials. According to ESMO
guidelines, CGP testing should be used to facilitate patient enrolment and to support drug
development [6]. In a recently published Belgian cohort, out of 756 patients with successful CGP
analysis, 422 (55.8%) were recommended to participate in biomarker-driven clinical trials [37]. This
contrasts with the Portuguese reality, where, despite the fact that the number of clinical trials has
been increasing in recent years, as documented by the Portugal Clinical Studies database
(https://portugalclinicalstudies.com/index.php/en/portugal-numbers) [38], trial opportunities are
scarce and regional asymmetries remain a challenge, particularly regarding early-phase basket trials,
which could substantially expand access for patients with actionable genomic alterations to receive
targeted therapies within clinical trial settings. These data reinforce the importance of investigating
how CGP results may enhance patient recruitment into Portuguese clinical trials.

The best timing in the course of cancer disease to perform comprehensive genomic testing is still
debatable. In our cohort, only 8.3% of patients were tested in the first line setting. Recent data showed
that performing a CGP in patients with previously untreated advanced solid tumors can detect
actionable mutations in 100% of patients, druggable alterations in 63.4% and molecular-based
recommended therapies can be offered in molecular tumor boards in 61.0% [39]. We can question
whether performing CGP early in the advanced course of the disease can provide relevant
information in a timely manner to consider the most appropriate therapeutic sequencing. Moreover,
this topic can be further complicated by the choice of tumor sample for genomic profiling, namely
whether CGP should be performed on the primary tumor, on an initial metastatic lesion, or on
metastatic tissue obtained after failure of standard-of-care therapies. Still, data regarding the clinical
benefit obtained with these targeted therapies will be critical to assess the relevance of early CGP use.

In addition, our data showed that in 84.4% of the cases, CGP testing was requested when few
treatment options were available. Given this high proportion, it might be worth considering that for
tumors with limited therapeutic options and rapid growth patterns, CGP testing likely needs to be
performed at earlier disease stages to provide better opportunities for patients. In our study, for
instance, five patients underwent CGP testing and were identified as eligible for matched targeted
therapy; however, they died before the CGP-matched treatment could be initiated.

Lastly, although evaluating quality of life was one of the objectives of the FRONTAL study, data
were successfully collected in only a small subset of patients, corresponding to 18.5% of the entire
cohort. This limitation highlighted the need for a more structured implementation of the protocol. In
future studies, it may be more feasible and efficient to restrict quality-of-life assessments to the subset
of patients who undergo therapeutic modification based on genomic profiling, which in our study
represented 24.4% of the cohort, although some of these cases were recruited retrospectively. For
patients recruited prospectively, this targeted approach could more effectively capture whether CGP-
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driven decisions translate into measurable improvements in patients’ quality of life, an area where
evidence remains critically needed.

5. Conclusions

The FRONTAL study was the first real-world evidence study in Portugal to establish a national
registry of patients with malignant solid tumors who underwent CGP analysis, aiming to describe
their clinical characteristics and tumor genomic profiles, as well as to assess the relevance of CGP
findings for subsequent therapeutic decision-making. These results may support clinicians in
determining whether comprehensive genomic profiling is the most appropriate diagnostic approach
and in identifying the optimal timing for its implementation within the oncology care pathway.
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The following abbreviations are used in this manuscript:

ASCO American Society of Clinical Oncology

bTMB Blood tumor mutational burden

cfDNA  Circulating cell-free DNA

cGp Comprehensive genomic profiling

CNA Copy Number Alterations

ESCAT  ESMO Scale for Clinical Actionability of Molecular Targets
ESMO European Society for Medical Oncology

FFPE Formalin-Fixed Paraffin-Embedded
FRONTAL Foundation Medicine Real wOrld evideNce in PorTugAL
HR Hazard Ratio

HRD Homologous Recombination Deficiency
Indels Insertion and deletion alterations

LOH Loss of Heterozygosity

MSI Microsatellite Instability

MTB Molecular Tumor Boards

NCCN National Comprehensive Cancer Network
RWE Real-World Evidence

TMB Tumor Mutational Burden

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202512.1740.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 19 December 2025 d0i:10.20944/preprints202512.1740.v1

15 of 17

References

Hyman, D.M,; Taylor, B.S.; Baselga, J. Implementing Genome-Driven Oncology. Cell 2017, 168, 584-599.

2. Berger, M.F.,; Mardis, E.R. The emerging clinical relevance of genomics in cancer medicine. Nat. Rev. Clin.
Oncol. 2018, 15, 353-365.

3. Milbury, C.A;; Creeden, J.; Yip, W.K,; Smith, D.L,; Pattani, V.; Maxwell, K.; Sawchyn, B.; Gjoerup, O.; Meng,
W.; Skoletsky, J.; et al. Clinical and analytical validation of FoundationOne®CDx, a comprehensive
genomic profiling assay for solid tumors. PLoS One 2022, 17, e0264138.

4. Woodhouse, R.; Li, M.; Hughes, J.; Delfosse, D.; Skoletsky, J.; Ma, P.; Meng, W.; Dewal, N.; Milbury, C.;
Clark, T.; et al. Clinical and analytical validation of FoundationOne Liquid CDx, a novel 324-Gene cfDNA-
based comprehensive genomic profiling assay for cancers of solid tumor origin. PLoS One 2020, 15,
e0237802.

5. He, J.; Abdel-Wahab, O.; Nahas, M.K.; Wang, K.; Rampal, RK.; Intlekofer, A.M.; Patel, J.; Krivstov, A.;
Frampton, G.M.; Young, L.E,; et al. Integrated genomic DNA/RNA profiling of hematologic malignancies
in the clinical setting. Blood 2016, 127, 3004-3014.

6. Mosele, M.F.; Westphalen, C.B.; Stenzinger, A.; Barlesi, F.; Bayle, A.; Bieche, I.; Bonastre, J.; Castro, E.;
Dienstmann, R.; Kramer, A.; et al. Recommendations for the use of next-generation sequencing (NGS) for
patients with advanced cancer in 2024: a report from the ESMO Precision Medicine Working Group. Ann.
Oncol. 2024, 35, 588-606.

7.  Le Tourneau, C.; Delord, ].P.; Gongalves, A.; Gavoille, C.; Dubot, C.; Isambert, N.; Campone, M.; Trédan,
O.; Massiani, M.A.; Mauborgne, C.; et al. Molecularly targeted therapy based on tumour molecular
profiling versus conventional therapy for advanced cancer (SHIVA): a multicentre, open-label, proof-of-
concept, randomised, controlled phase 2 trial. Lancet Oncol. 2015, 16, 1324-1334.

8. Massard, C.; Michiels, S.; Ferté, C.; Le Deley, M.C.; Lacroix, L.; Hollebecque, A.; Verlingue, L.; Ileana, E.;
Rosellini, S.; Ammari, S.; et al. High-Throughput Genomics and Clinical Outcome in Hard-to-Treat
Advanced Cancers: Results of the MOSCATO 01 Trial. Cancer Discov. 2017, 7, 586-595.

9. Trédan, O.; Wang, Q.; Pissaloux, D.; Cassier, P.; de la Fouchardiére, A.; Fayette, J.; Desseigne, F.; Ray-
Coquard, L; de la Fouchardiere, C.; Frappaz, D.; et al. Molecular screening program to select molecular-
based recommended therapies for metastatic cancer patients: analysis from the ProfiLER trial. Ann. Oncol.
2019, 30, 757-765.

10. Flaherty, K.T.; Gray, R.J.; Chen, A.P.; Li, S.; McShane, L.M.; Patton, D.; Hamilton, S.R.; Williams, P.M.;
Iafrate, A.J.; Sklar, J.; et al. Molecular Landscape and Actionable Alterations in a Genomically Guided
Cancer Clinical Trial: National Cancer Institute Molecular Analysis for Therapy Choice (NCI-MATCH). |.
Clin. Oncol. 2020, 38, 3883-3894.

11. Mangat, P.K.; Halabi, S.; Bruinooge, S.S.; Garrett-Mayer, E.; Alva, A.; Janeway, K.A,; Stella, P.J.; Voest, E.;
Yost, K.J.; Perlmutter, ].; et al. Rationale and Design of the Targeted Agent and Profiling Utilization Registry
Study. JCO Precision Oncology 2018, 1-14.

12.  Kringelbach, T.; Hejgaard, M.; Rohrberg, K.; Spanggaard, 1.; Laursen, B.E.; Ladekarl, M.; Haslund, C.A,;
Harslof, L.; Belcaid, L.; Gehl, J.; et al. ProTarget: a Danish Nationwide Clinical Trial on Targeted Cancer
Treatment based on genomic profiling - a national, phase 2, prospective, multi-drug, non-randomized,
open-label basket trial. BMC Cancer 2023, 23, 182.

13. vander Velden, D.L.; Hoes, L.R.; van der Wijngaart, H.; van Berge Henegouwen, ].M.; van Werkhoven, E.;
Roepman, P.; Schilsky, R.L.; de Leng, W.W.]J.; Huitema, A.D.R.; Nuijen, B.; et al. The Drug Rediscovery
protocol facilitates the expanded use of existing anticancer drugs. Nature 2019, 574, 127-131.

14. Zerdes, I; Filis, P.; Fountoukidis, G.; El-Naggar, A.L; Kalofonou, F.; D’Alessio, A.; Pouptsis, A.; Foukakis,
T.; Pentheroudakis, G.; Ahlgren, J.; et al. Comprehensive genome profiling for treatment decisions in
patients with metastatic tumors: real-world evidence meta-analysis and registry data implementation.
JNCI: Journal of the National Cancer Institute 2025, 117, 1117-1124.

15. Gibbs, S.N.; Peneva, D.; Cuyun Carter, G.; Palomares, M.R.; Thakkar, S.; Hall, D.W.; Dalglish, H.; Campos,
C.; Yermilov, I. Comprehensive Review on the Clinical Impact of Next-Generation Sequencing Tests for the
Management of Advanced Cancer. JCO Precis Oncol 2023, 7, e2200715.

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202512.1740.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 19 December 2025 d0i:10.20944/preprints202512.1740.v1

16 of 17

16. Heilmann, A.M.; Riess, ].W.; McLaughlin-Drubin, M.; Huang, R.S.P.; Hjulstrom, M.; Creeden, J.; Alexander,
B.M.; Erlich, R.L. Insights of Clinical Significance From 109 695 Solid Tumor Tissue-Based Comprehensive
Genomic Profiles. Oncologist 2024, 29, e224-e236.

17. Mateo, J.; Chakravarty, D.; Dienstmann, R.; Jezdic, S.; Gonzalez-Perez, A.; Lopez-Bigas, N.; Ng, CK.Y,;
Bedard, P.L,; Tortora, G.; Douillard, ].Y.; et al. A framework to rank genomic alterations as targets for cancer
precision medicine: the ESMO Scale for Clinical Actionability of molecular Targets (ESCAT). Ann. Oncol.
2018, 29, 1895-1902.

18. Gremke, N.; Rodepeter, F.R.; Teply-Szymanski, J.; Griewing, S.; Boekhoff, ].; Stroh, A.; Tarawneh, T.S,;
Riera-Knorrenschild, J.; Balser, C.; Hattesohl, A.; et al. NGS-Guided Precision Oncology in Breast Cancer
and Gynecological Tumors-A Retrospective Molecular Tumor Board Analysis. Cancers (Basel) 2024, 16.

19. Bruzas, S.; Kuemmel, S.; Harrach, H.; Breit, E.; Ataseven, B.; Traut, A.; Riiland, A.; Kostara, A.; Chiari, O.;
Dittmer-Grabowski, C.; et al. Next-Generation Sequencing-Directed Therapy in Patients with Metastatic
Breast Cancer in Routine Clinical Practice. Cancers (Basel) 2021, 13.

20. Sohal, D.P.; Rini, B.I.; Khorana, A.A.; Dreicer, R.; Abraham, J.; Procop, G.W.; Saunthararajah, Y.; Pennell,
N.A,; Stevenson, ].P.; Pelley, R.; et al. Prospective Clinical Study of Precision Oncology in Solid Tumors. J.
Natl. Cancer Inst. 2015, 108.

21. Westphalen, C.B.; Bokemeyer, C.; Biittner, R.; Frohling, S.; Gaidzik, V.I; Glimm, H.; Hacker, U.T,;
Heinemann, V.; Illert, A.L.; Keilholz, U.; et al. Conceptual framework for precision cancer medicine in
Germany: Consensus statement of the Deutsche Krebshilfe working group 'Molecular Diagnostics and
Therapy'. Eur. ]. Cancer 2020, 135, 1-7.

22. Sinkala, M. Mutational landscape of cancer-driver genes across human cancers. Sci. Rep. 2023, 13, 12742.

23. Su, Z.; El Hage, M.; Linnebacher, M. Mutation patterns in colorectal cancer and their relationship with
prognosis. Heliyon 2024, 10.

24. Damerell, V.; Pepper, M.S,; Prince, S. Molecular mechanisms underpinning sarcomas and implications for
current and future therapy. Signal Transduction and Targeted Therapy 2021, 6, 246.

25. Zhang, Y.; Xiong, S.; Liu, B.; Pant, V.; Celii, F.; Chau, G.; Elizondo-Fraire, A.C.; Yang, P.; You, M.].; El-
Naggar, A.K; et al. Somatic Trp53 mutations differentially drive breast cancer and evolution of metastases.
Nat Commun 2018, 9, 3953.

26. Comprehensive molecular portraits of human breast tumours. Nature 2012, 490, 61-70.

27. Ahmed, A.A.; Etemadmoghadam, D.; Temple, J.; Lynch, A.G.; Riad, M.; Sharma, R.; Stewart, C.; Fereday,
S.; Caldas, C.; Defazio, A.; et al. Driver mutations in TP53 are ubiquitous in high grade serous carcinoma
of the ovary. J. Pathol. 2010, 221, 49-56.

28. Kandoth, C.; Schultz, N.; Cherniack, A.D.; Akbani, R.; Liu, Y.; Shen, H.; Robertson, A.G.; Pashtan, I.; Shen,
R.; Benz, C.C,; et al. Integrated genomic characterization of endometrial carcinoma. Nature 2013, 497, 67-73.

29. Kuno, I; Takayanagi, D.; Asami, Y.; Murakami, N.; Matsuda, M.; Shimada, Y.; Hirose, S.; Kato, M.K,;
Komatsu, M.; Hamamoto, R.; et al. TP53 mutants and non-HPV16/18 genotypes are poor prognostic factors
for concurrent chemoradiotherapy in locally advanced cervical cancer. Sci. Rep. 2021, 11, 19261.

30. Gasco, M.; Crook, T. The p53 network in head and neck cancer. Oral Oncol. 2003, 39, 222-231.

31. Ofner, H.; Kramer, G.; Shariat, S.F.; Hassler, M.R. TP53 Deficiency in the Natural History of Prostate Cancer.
Cancers (Basel) 2025, 17, 645.

32. McLendon, R.; Friedman, A.; Bigner, D.; Van Meir, E.G.; Brat, D.J.; M. Mastrogianakis, G.; Olson, ].J.;
Mikkelsen, T.; Lehman, N.; Aldape, K.; et al. Comprehensive genomic characterization defines human
glioblastoma genes and core pathways. Nature 2008, 455, 1061-1068.

33. Ross, ].S;; Wang, K.; Gay, L.; Otto, G.A.; White, E.; Iwanik, K.; Palmer, G.; Yelensky, R.; Lipson, D.M,;
Chmielecki, ].; et al. Comprehensive Genomic Profiling of Carcinoma of Unknown Primary Site: New
Routes to Targeted Therapies. JAMA Oncol 2015, 1, 40-49.

34. Rowan, A.J; Lamlum, H,; Ilyas, M.; Wheeler, J.; Straub, J.; Papadopoulou, A.; Bicknell, D.; Bodmer, W.F,;
Tomlinson, I.P. APC mutations in sporadic colorectal tumors: A mutational "hotspot" and interdependence
of the "two hits". Proc. Natl. Acad. Sci. U. S. A. 2000, 97, 3352-3357.

35. Saoudi Gonzalez, N.; Patelli, G.; Crisafulli, G. Clinical Actionability of Genes in Gastrointestinal Tumors.
Genes 2025, 16, 1130.

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202512.1740.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 19 December 2025 d0i:10.20944/preprints202512.1740.v1

17 of 17

36. Utilizagdo de testes genémicos no apoio a decisado terapéutica em Oncologia. Ordem dos Médicos versio
revista 2023.

37. Volders, P.-J.; Aftimos, P.; Dedeurwaerdere, F.; Martens, G.; Canon, ]J.-L.; Beniuga, G.; Froyen, G.; Van
Huysse, J.; De Pauw, R.; Prenen, H.; et al. A nationwide comprehensive genomic profiling and molecular
tumor board platform for patients with advanced cancer. npj Precision Oncology 2025, 9, 66.

38. Bogas, M.; Antas, ].; Magalhaes, C.; Revige, M.; Guerra, L.; Ribeiro, C.; Eca, R.C.; Nunes, F.; Lopes, A.; Costa,
L.; et al. Assessment of competencies of clinical research professionals and proposals to improve clinical
research in Portugal. Front. Pharmacol. 2025, Volume 16 - 2025.

39. Matsubara, J.; Mukai, K,; Kondo, T.; Yoshioka, M.; Kage, H.; Oda, K.; Kudo, R.; Ikeda, S.; Ebi, H.; Muro, K.;
et al. First-Line Genomic Profiling in Previously Untreated Advanced Solid Tumors for Identification of
Targeted Therapy Opportunities. JAMA Network Open 2023, 6, €2323336-e2323336.

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those
of the individual author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s)
disclaim responsibility for any injury to people or property resulting from any ideas, methods, instructions or
products referred to in the content.

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202512.1740.v1
http://creativecommons.org/licenses/by/4.0/

