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The oncology consultation is enriched by genetics. This new 
science is revolutionizing oncological clinical practice. It 
contributes with elements to understand the pathophysiol-
ogy of cancer, and enables comprehensive diagnosis and pa-
tient management from the knowledge of new therapeutic 
targets, passing through hereditary cancer and new clinical 
diagnoses integration, and up to the prognosis and treat-
ment of sporadic cancers.

Currently, there are a wide variety of genetic studies 
and tools available: tests for hereditary cancer, expression 
studies for the prediction of metastasis, pharmacogenetics, 
microarrays, comparative genomic hybridization, etc. But, 
what do these studies consist in? When should they be or-
dered? Which patients are candidates? Is it better to request 
individual studies or gene panels? What requirements should 
the laboratories that perform these tests meet? In what 
cases should consultation with the genetics department be 
requested? The oncologist asks him/herself these and other 
questions when faced with the decision to prescribe a ge-
netic study.

However, these questions are not that easy to answer 
since many of them require knowledge on the basic con-
cepts of clinical genetics and on the specific areas where the 
knowledge is applied. 

In view of the above, in this issue we will start with a se-
ries of bimonthly articles intended to update oncologists on 
the application of genetics to oncological clinical practice. 
We will start with an article appearing in this issue entitled 
“Clinical genetics: Basic concepts for oncology practice”. 
As with any other specialty, clinical genetics uses its own 

terminology and some of it can be foreign to the oncolo-
gist. This article gives an introduction to this world in simple 
language and with educational examples for better under-
standing. 

In future issues we will further address subjects such as: 
genetic counseling, genetic alterations in cancer, biomark-
ers in oncology, international recommendations for the use 
of genetic tests in oncology practice, hereditary cancer syn-
dromes, genes vs. panels, pharmacogenetics, gene expres-
sion tests, assessment and risk management in hereditary 
breast and colon cancer, prophylactic surgery and surgical 
approaches based on molecular studies, cost-effectiveness 
in the management of hereditary cancer, the patient’s point 
of view, and the hereditary cancer management approach 
by interdisciplinary teams. 

There are several examples of the usefulness of genetics 
in oncological practice, since over the last years, medica-
tions used in oncology have changed, based on the knowl-
edge of molecular pathways and biomarkers (specific mole-
cules that are over-expressed in cancer)1, which are of great 
value in the prediction of response to therapy and have ac-
quired relevance in oncological daily practice, such as the 
use of HER2 or EGFR, to the benefit of a large subgroup of 
patients over the past few years (Table 1). 

Currently, there are more than 50 oncologic drugs with 
FDA-approved genetic biomarker information included in the 
summaries of product characteristics or patient information 
leaflets. This list includes some drugs that are specially pre-
scribed when there is some genetic alteration, as in the case 
of the treatment of non-small cell lung cancer with afatinib, 
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erlotinib, gefitinib, osimertinib; chemotherapy in metastat-
ic melanoma with cobimetinib, dabrafenib, pembrolizumab, 
trametinib, and vemurafenib; and advanced ovarian cancer 
with olaparib. Conversely, some mutations are a contraindi-
cation for the prescription of certain drugs such as cetuxi-
mab and panitumumab2 (Table 2).

The use of gene expression panels such as MammaPrint® 
and OncotypeDx® is increasingly common in patients with 
breast cancer at early stages with the purpose to discern 
which patients can benefit from adjuvant chemotherapy and 
which patients do not require it. 

MammaPrint® is a 70-gene assay that uses microarray 
technology, requires frozen tissue, and is used in patients 
with stage I and II breast cancer with negative lymph nodes 
or 1-3 positive lymph nodes to identify those patients who 
may benefit from adjuvant chemotherapy based on high or 
low genomic risk for cancer distant recurrence and at five 
and 10 years. The MINDACT prospective trial, which is fol-
lowing a cohort of more than 6,000 patients, has found that 
patients with post-surgery clinical high risk and genomic low 
risk without chemotherapy have a five-year survival without 
distant metastasis of 94.7% (95% CI: 92.5-96.2)3.

On the other hand, OncotypeDx® is a 21-gene expression 
assay that includes ER, PR, HER2 and Ki67 in breast can-
cer for ER-positive, HER2-negative and lymph node-nega-
tive women. The technology used is reverse transcription 
polymerase chain reaction (RT-PCR), which requires paraf-
fin-embedded tissue. Patients are classified according to a 
recurrence score to distinguish those who may benefit from 
adjuvant chemotherapy: patients with a 0-10 score are as-
signed to receive endocrine therapy, those with a score high-

er than 26 are given chemotherapy and endocrine therapy, 
and patients with 11 to 25 points remain in an unspecified 
group (since benefit of chemotherapy has not been defined 
for them). This expression profile is considered to be pre-
dictive of tamoxifen and adjuvant chemotherapy efficacy. 
The TAILORx prospective trial, carried out in over 10,000 
patients, showed that 15.9% of patients belong to the 0-10 
recurrence risk group, which received endocrine therapy 
alone and have a five-year invasive disease-free survival 
rate of 93.8% (95% CI: 92.4-94.9)4.

In addition to genetic studies as a tool in the prescription 
of chemotherapy, a very interesting field is the use of genet-
ic testing in patients with hereditary cancer; between 5-10% 
of cancers are estimated to be hereditary, and their clinical 
management is different to that of sporadic cancer.

For example, in the breast and ovary cancer hereditary 
syndrome positive to BRCA mutation, where the risk for 
having breast cancer and/or ovarian cancer is as high as 
41-90%, there is also an increased recurrence of contralat-
eral breast cancer as high as 32% at 10 years and 44% at 
70 years of age and, therefore, bilateral mastectomy is 
recommended in newly-diagnosed patients, and owing to 
a risk for ovarian cancer of up to 44% at 70 years of age, 
the risk-reduction salpingo-oophorectomy option is recom-
mended after 35 years of age with satisfied parity. These 
procedures help to reduce the risk of breast and ovarian 
cancer by 95 and 90%, respectively5. It should be noted that 
some patients do not prefer the risk-reducing surgery option 
and, consequently, close surveillance with imaging studies 
and serum marker determination every six months is the 
option. The drug olaparib is currently available for patients 

Table 1.	 Commonly used biomarkers in oncology

FDA Approval Cancer Benefited patients Drug Biomarker

Nov, 2004 Lung CA 15% Erlotinib EGFR 
April, 2003 Chronic myeloid 

leukemia
95% Imatinib BCR-ABL 

Sept, 1998 Breast CA 15-20% Trastuzumab HER2 

CA: cancer; FDA: Food and Drug Administration.

Table 2.	 US Food and Drug Administration-approved drugs indication or contraindication according to the presence  
of mutations

Drug Type of cancer Gene Mutation Implication

Afatinib
Erlotinib
Gefitinib
Osimertinib

Metastatic non-small 
cell lung cancer

EGFR Exon 19 and 21 
deletion (L858R)

Indication

T790M

Cobimetinib
Dabrafenib
Pembrolizumab
Trametinib
Vemurafenib

Metastatic melanoma BRAF V600E/K Indication

Olaparib Advanced ovarian 
cancer

BRCA1/2 Germline mutations 
(inherited)

Indication

Cetuximab
Panitumumab

Metastatic colorectal 
cancer

KRAS Exons 2, 3, 4 deletion 
(codons 12,13, 59, 

61, 117, 147)

Contraindication
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with advanced ovarian cancer positive to inherited muta-
tion in the BRCA genes, and 3 poly(ADP-ribose) polymerase 
(PARP)-inhibitor drugs are in phase III studies for BRCA-posi-
tive breast cancer. 

Clinical criteria in hereditary cancer are increasingly less 
rigorous as a primary screening method in order to include 
the largest number of patient candidates to genetic stud-
ies. In hereditary breast and ovarian cancer syndrome, the 
National Comprehensive Cancer Network (NCCN) criteria in-
clude, among others, patients with breast cancer younger 
than 45 years, ovarian cancer at any age, triple-negative 
breast cancer prior to 60 years of age, and two cancers of 
the spectrum ovarian, fallopian tube, prostate, pancreas or 
peritoneum in the family5. 

There are studies available on high-penetrance genes 
such as BRCA; however, there are also panels of several 
genes containing up to 30 genes related to hereditary can-
cer, and the clinician should know the degree of penetrance 
of different genes in hereditary cancer, as well as the dif-
ferential diagnoses to know if prescribing a genetic panel is 
convenient, since not all results are clinically applicable. 

Genetics is a fascinating science and it is very promis-
ing for oncology. We illustrate some relevant applications of 

genetics in oncological daily practice, and in future issues 
we will complement the provided information. We will start 
in this issue with the bases of clinical genetics in the arti-
cle entitled “Clinical genetics: Basic concepts for oncology 
practice”; we hope it will be of interest and serve as a con-
tribution to a current clinical practice update.
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