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patients “with BRCA1/2 mutated carcinoma can be 

transitioned to maintenance olaparib, whereas those 

without mutations may remain on maintenance 

bevacizumab.”[7 p2326] 

We have some concerns with these conclusions. 

The blinding of the treatment assignments after disease 

progression was contested; also, the primary end point 

of the GOG-0218 trial was modified from OS to PFS, 

and any other comparison became a secondary 

objective [2]. Moreover, the only arm that reached the 

primary end point in the study, resulting in a PFS 

improvement, was the arm receiving concurrent 

bevacizumab and chemotherapy plus maintenance, 

whereas results for the arm in which bevacizumab was 

stopped after chemotherapy did not differ from those 

for the control group [2]. Therefore, before 

incorporating bevacizumab into the treatment of 

patients with ovarian cancer, we suggest waiting for the 

results of BRCA testing. 
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ABSTRACT 

The article is devoted to the use of clinical programs for profiling tumors in terms of improving the accuracy 

of cancer medicine. 

АННОТАЦИЯ  

Статья посвящена применению клинических программ профилирования опухолей с точки зрения 
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Systematic tumor molecular profiling of patients 

with cancer, using next-generation sequencing, has 

become an integrated part of current clinical oncology 

care, providing diagnostic, prognostic, therapeutic, and 

predictive utility and informing highly personalized 

molecular-based treatment decisions [1-3]. Until 

recently, most prospective tumor-profiling programs of 

patients with cancer had primarily focused on exploring 

clinically actionable somatic alterations (using tumor-

only or paired tumor-normal sequencing) and only used 

the concurrently generated or inferred germline data to 

achieve better variant filtration[3,4]. However, during 

the past few years, there has been a growing interest in 

exploring the clinical utility of germline genetic 

variants in these clinical contexts to achieve a more 

comprehensive characterization of the genomic events 

driving tumor initiation, progression, and resistance. 

Using whole-exome sequencing or selected gene 

panels, large tumor-normal sequencing efforts provided 

valuable insight into the prevalence of disruptive 

germline genomic alterations in various clinical 

settings. Depending on the cancer type, the sequencing 

platform, and the variant calling pipeline, prior studies 

have shown a germline pathogenic variant prevalence 

between 3% in patients with primary cancer from 

earlier studies and up to 18% in selected high-risk 

advanced and metastatic cancer cohorts [5-8]. Building 

on these studies, and as reported in the article 

accompanying this editorial, Dumbrava et al 

implemented a 201-gene panel to capture the somatic 

and germline coding variants of 1,000 patients (who 

had locally advanced or metastatic solid tumors and 

exhausted standard treatment options) and 

subsequently deployed a tier-wise analysis approach to 

explore oncology-related clinically actionable germline 

alterations. First, the authors identified 43 patients 

(4.3%) who carried high-penetrance highly actionable 

germline cancer predisposition alterations where the 

return of result is highly recommended by the 

American College of Medical Genetics regardless of 

the clinical phenotype [9,10]. Given the emerging 

evidence of potential clinical utility of several lowand 

moderate-penetrance cancer predisposition 

alterations,[11,12] the authors subsequently conducted 

an expanded analysis beyond the well-established 

American College of Medical Genetics gene set and 

identified 46 additional pathogenic variants, bringing 

the total number of patients with clinically informative 

germline alterations to 87 (8.7%). 

The identification of disruptive germline genomic 

changes in patients with cancer can have important 

implications for these patients and their at-risk families. 

First, some inherited alterations affecting critical 

cellular pathways, such as DNA damage and repair, 

have been shown to be reliable predictors of several 

clinically important outcomes in these gnomically 

distinct patient subsets. For example, men with prostate 

cancer who carry pathogenic germline variants in 

BRCA2 and CHEK2 are, respectively, 27 times and 

five times more likely to experience failure of initial 

hormonal therapy and progression to advanced 

metastatic disease [13]. Similarly, patients with 

colorectal cancer who have pathogenic germline 

alterations in ATM tend to be more likely to have an 

advanced (American Joint Committee on Cancer stage 

3 or stage 4) ATM-deficient tumors compared with 

patients with colorectal cancer carrying germline wild-

type ATM alleles [14]. The predictive utility of such 

germline biomarkers can be clinically informative 

when weighing various treatment options where, in 

selected clinical settings, a more interventional and 

aggressive treatment plan could be more appropriate 

than watchful waiting or active surveillance. 

Systematic germline genomic analysis of patients 

with cancer can also pinpoint patients with certain 

inherited genomic defects whose tumors tend to be 

exquisitely sensitive to specific targeted treatment 

interventions, thus providing a therapeutic silver lining 

for these highly burdened patients. For example, 

patients with germline pathogenic variants in BRCA1 

and BRCA2 who develop breast, prostate, pancreatic, 

or ovarian cancers [15-18] tend to have longer 

progression-free survival, higher objective response 

rates, and lower mortality rates when treated with poly 

(ADP-ribose) polymerase inhibitors, a synthetic 

lethality–exploiting class of medications that block 

accessory DNA-repair pathways leading to genomic 

instability and cellular apoptosis of homologous 

recombination–deficient tumors. Moreover, 

preliminary results from preclinical studies suggested 

that inherited defects in other canonical homologous 

recombination genes, such as ATM, ATR, PALB2, 

RAD51, and the FANC gene family, may also confer 

similar tumor sensitivity to poly (ADP-ribose) 

polymerase inhibitors, potentially expanding the 

therapeutic utility of germline genomic 

characterization in patients with cancer. Similarly, 

germline defects in the Lynch syndrome genes (MLH1, 

MSH2, MSH6, and PMS2) predispose to a whole array 

of DNA mismatch repair–deficient tumors that are 

selectively sensitive to immune checkpoint blockades 

(such as monoclonal antibodies against programmed 

cell death protein 1 [anti-PD-1] and programmed death-

ligand 1 [anti-PD-L1]) regardless of the cancer’s tissue 

of origin, underscoring the advantages of performing 

paired tumor-normal profiling that simultaneously 

explores germline mismatch repair defects in 

conjunction with somatic hypermutation and micro-

satellite instability. 

Identification of germline cancer-risk variants 

through tumor-focused molecular characterization also 

represents a unique opportunity to capture patients with 

inherited cancer predisposition syndromes, which has 

important ramifications. First, almost all germline 

cancer predisposition syndromes confer susceptibility 

to multiple cancer types, some of which have gene-

specific cancer surveillance recommendations aiming 

to improve survival through early detection and 

treatment of synchronous and metachronous primary 

tumors.23,24 So far, the National Comprehensive 
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Cancer Network has endorsed molecularspecific cancer 

screening and/or cancer risk reduction 

recommendations for patients with germline 

pathogenic variants in one or more of 31 different 

cancer pre-disposition genes. In addition, establishing 

the molecular diagnosis of a cancer predisposition 

syndrome in an individual triggers cascade testing of 

immediate family members whose risk of sharing the 

same pathogenic alteration could be as high as 50% and 

in whom implementing gene-specific cancer-

preventive recommendations can be lifesaving. 

Despite the clear clinical actionability of most 

germline cancer predisposition alterations, many 

patients discovered (through tumor-focused molecular 

profiling) to carry such alterations do not receive 

formal clinical genetics evaluation to confirm the 

presence of germline mutation, establish the diagnosis, 

or receive appropriate counseling for cancer-risk 

management. As highlighted by another study 

accompanying this editorial, Fishler et al 

retrospectively evaluated how their multidisciplinary 

genomic tumor board handled putative germline 

variants discovered from tumor-only sequencing of 34 

women with advanced breast cancer. Despite meeting 

the National Comprehensive Cancer Network criteria 

for germline testing and having strong clinical and 

molecular features suggestive of an underlying 

germline cancer predisposition syndrome, 

approximately 40% of these patients, including some 

patients with suspected pathogenic germline alterations 

in PTEN and CDH1 (where the overall lifetime cancer 

risk exceeds 80%), were not offered confirmatory 

germline testing or referred to clinical genetics, 

underscoring the importance of implementing a clear 

and easy-to-follow protocol to ensure full use of such 

results. Ideally, all patients who are found to carry 

germline cancer-risk variants should be evaluated in the 

medical genetics or genetic counseling clinic, 

regardless of the clinical context. However, this 

approach may not be feasible in all clinical oncology 

settings, given the already overburdened genetic 

counseling system and the severe national and 

international shortage of clinical cancer geneticists and 

genetic counselors. To mitigate this paramount 

challenge, treating oncologists could help triage 

germline results and only refer those patients with 

confirmed pathogenic variants for further evaluation. 

To achieve this, however, educational programs in 

germline cancer genetics should be implemented 

through easily accessible didactic sessions (during 

clinical oncology training), departmental seminars, 

hands-on workshops, online training modules, and 

conferencebased educational sessions. 

Germline data generated as part of the tumor-

focused genomic profiling efforts provided a much-

needed understanding of the diagnostic role and clinical 

utility of germline variant analysis in precision 

oncology. In addition, such programs provided large 

collections of thoroughly annotated clinical samples, 

which have been instrumental for exploring novel 

germline determinants of cancer risk, response to 

treatment, and disease progression. However, such 

programs face major technical, logistic, and clinical 

challenges that need to be addressed in a thorough and 

timely manner. Technically, germline variant calling, 

using the matched normal sample, requires a distinct set 

of bioinformatics expertise and tools to minimize false-

positive and false-negative results. Furthermore, 

germline variant analysis should take into consideration 

the ancestral background of the examined patients, 

especially when conducting enrichment analysis to 

identify clinically informative molecular predictors. 

Logistically, these programs should be 

multidisciplinary in nature, with a clear protocol for 

subsequent confirmatory germline testing and formal 

clinical genetics evaluation for all carriers of 

pathogenic germline variants. Also, adequate pretest 

counseling for the possibility of identifying a germline 

alteration (and its potential implications) is critical to 

minimize post-test emotional stress. Clinically, there is 

a substantial degree of uncertainty involving the 

clinical implications of some germline results. As 

reported by Dumbrava et al and several other studies, 

almost all enrolled patients had germline variants of 

unknown clinical significance, underscoring the 

importance of input from germline experts when 

evaluating such results. Moreover, the clinical 

implications of identifying pathogenic germline 

variants in some low- and moderatepenetrance cancer-

risk genes have not been fully delineated, making 

cancer-risk counseling far more challenging. 

Finally, using tumor-only profiling to extract 

putative germline variants introduces another layer of 

complexity where it can be very challenging to 

confidently identify true germline variants without a 

matching germline sample, thus leading to higher rates 

of germline and somatic variant misclassification, as 

previously shown. Given these sequential challenges 

and the ever-dropping cost of sequencing, tumor-only 

profiling may not be the best approach to accurately and 

cost-effectively inform decision making in clinical 

oncology. 
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Germline pathogenic mutations in BRCA1 and 

BRCA2 are associated with an increased lifetime risk 

of breast and ovarian cancers [1]. The tumors that arise 

in mutation carriers have almost always undergone loss 

of the wild-type allele, leading to loss of BRCA1/2 

function. This, in turn, leads to a profound defect in 

homology-mediated DNA repair and inappropriate use 

of error-prone repair pathways, which result in gross 

genomic instability that contributes to tumorigenesis 

[2]. This DNA-repair defect in BRCA1/2-mutant 

cancers renders them exquisitely vulnerable to certain 

kinds of DNA damage, including those caused by poly 

(ADP-ribose) polymerase (PARP) inhibitors and 

certain classic chemotherapy agents, including 
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