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Genetics and Inherited Cancers

INTRODUCTION
Hereditary cancer syndromes (HCSs) are a heterogeneous 
group of genetic diseases, with significantly increased 
risk of tumor development. Cancer susceptibility is 
found in multiple syndromes such as Bloom syndrome, 
Fanconi anemia, Nijmegen breakage syndrome, ataxia-
telangiectasia, etc. In most of these syndromes, there 
is biallelic inactivation of deoxyribonucleic acid (DNA) 
repair genes. The “genuine” HCSs, however, have no  
phenotypic malfunctions, only an increased risk of 
development of organ-specific malignant disease. 

Genes involved in cancer are of two types—tumor suppres­
sor genes and oncogenes.
1.	 Oncogenes: They are mutated copies of certain 

normal cellular genes called proto-oncogenes. Proto-
oncogenes regulate normal cellular growth, division, 
and apoptosis. Oncogenes may lead to uncontrolled 
cell growth and the escape from cell death, which may 
result in cancer development. 

	 Examples: HER2, RAS, EGFR, etc.
2.	 Tumor-suppressor genes normally inhibit cell prolif

eration and tumor development. If mutated or deleted, 

these genes cannot function as negative regulators of 
cell proliferation allowing abnormal proliferation of 
tumor cells. 

	 Examples: p53, Rb, PTEN, BRCA1, BRCA2, etc.

MECHANISMS OF HEREDITARY  
CANCER PREDISPOSITION

Most of the HCS genes are tumor-suppressor genes, 
requiring biallelic inactivation to manifest as cancer.  
When inactivating pathogenic variant (PV) is inherited in 
a single allele, the remaining copy of the gene retains its 
function; thereby the normal health status is preserved. 
The process of malignant transformation is usually 
triggered by the “second hit”, i.e., the remaining allele is 
inactivated by a somatic mutation. RB1, BRCA1, BRCA2, 
MLH1, MSH2—these HCS genes work in this way1  
(Fig. 1).

Sometimes, mutated suppressor genes, in monoallelic 
form, may cause malignancy by reduced gene dosage 
(haploinsufficiency). A few cancers are caused by the 
inheritance of activated oncogene, e.g., multiple endo
crine neoplasia (MEN) type 2A and 2B, associated with 
gain-of-function PVs in RET gene.

C h a p t e r
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Fig. 1: Knudson’s two-hit hypothesis for hereditary cancer syndrome (HCS).
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MAJOR TYPES OF HEREDITARY  
CANCER SYNDROMES

Hereditary Breast and Ovarian Carcinomas
Families with a history of multiple breast or ovarian cancers 
approximately account for 15% of all patients with breast 
cancer.2 Certain mutations in BRCA1 or 2 are responsible 
for most cases of hereditary breast and ovarian cancer 
(HBOC) syndrome. HBOC patients may also have an 
increased propensity for developing other types of cancer, 
such as melanoma, pancreatic, and prostate cancers. 
Hereditary breast cancer (BC) and hereditary ovarian 
cancer (OC) are represented by PVs located within the same 
genes, BRCA1 and BRCA2, both of which are involved in 
double-strand DNA repair by homologous recombination. 
BC may also be a part of multiorgan cancer syndrome like 
Li–Fraumeni syndrome, diffuse stomach cancer. More 
than 2,900 variants of BRCA1 and more than 3,400 variants 
of BRCA2 pathogenic germline mutations are registered 
in ClinVar, a public archive of human genetic variants and 
interpretations of their significance to disease.3 

BRCA1-related breast cancer has the following features: 
	■ Histopathologically resembling medullary carcinoma 
	■ High histological nuclear grade 
	■ No expression of either estrogen and progesterone 

receptors or HER2 overexpression. 

BRCA2-mutated breast cancer has the following features:
	■ Almost similar to those with BRCA1 mutations 
	■ Histologically high nuclear grade 

High-grade serous adenocarcinoma has been found as 
a pathological feature of BRCA1/2 ovarian cancer. Small 
cell carcinomas of the ovary, hypercalcemic type are 
related to germline PV in the SMARCA4 gene, associated 
with chromatin remodeling. 

Colorectal Cancer 
Lynch syndrome, also called hereditary nonpolyposis 
colorectal cancer (HNPCC), is the most common genetic 
risk for colorectal cancer (CRC). Besides CRC, there is 
increased risk of endometrial cancer, gastric, small bowel, 
biliary, urothelial, ovarian, brain malignancies in Lynch 
syndrome.4 

Some germline PVs predispose to polyposis of 
gastrointestinal tract; these polyps are commonly found 
to become malignant. Adenomatous polyposis coli 
(APC) is a tumor-suppressor gene, its inactivation results 
in upregulation of the WNT signaling pathway. APC is 

associated with highly increased risk of malignancy in 
the gastrointestinal (GI) tract. The incidence of APC is  
around 1:10,000.

Gastric Cancer
Gastric cancer (GC) risk is significantly increased when 
there is Helicobacter pylori infection, low hygienic 
standard, high consumption of salt, “Northern” diet, 
excessive alcohol intake. The role of heredity is obtained 
only for diffuse GC. This type of GC is poorly differentiated, 
with presence of signet-ring cells. The causative gene, 
CDH1, is associated with severely increased incidence of 
diffuse GC.5 Other genes involved in GCs include PALB2, 
and the Lynch syndrome genes. The lifetime GC risk in 
carrier of MLH1 or MSH2 PVs is ~7–8%. 

Other hereditary cancers include pancreatic cancer, 
prostate cancer, lung cancer, renal cancer, melanoma and 
the MEN1 and MEN2 syndromes (Table 1).

Hereditary Cancer Syndromes
Li–Fraumeni syndrome: In the pediatric population, Li– 
Fraumeni syndrome is associated with adrenal cortical 

TABLE 1: Genes involved with different types of hereditary 
cancers.

Malignancy Genes involved

Breast and ovarian 
cancer

BRCA1, BRCA2, PALB2, ATM, and CHEK2, 
NBN (NBS1), BLM, RECQL, FANCM, BARD1

Ovarian cancer ANKRD1, POLE, ERCC3, and SMARCA4

Lynch syndrome 
(HNPCC)

MLH1, MSH2, MSH6, PMS2, and EPCAM

Polyposis syndrome 
(polyposis in GIT)

APC, POLE, POLD1, STK11, SMAD4, 
BMPR1A, PTEN, GREM1, RNF43 
(autosomal dominant)
MUTYH, NTHL1, MSH3, and MBD4 
(autosomal recessive)

Diffuse gastric cancer CDH1 

Renal cancer VHL, FH, and FLCN

Lung cancer EGFR

Prostate cancer HOXB3, BRCA2, and ATM

Pancreatic cancer PALB2 and BRCA2

Melanoma CDKN2A, CDK4, POT1, and TERT 

(HNPCC: hereditary nonpolyposis colorectal cancer)
Source: Imyanitov EN, Kuligina ES, Sokolenko AP, Suspitsin EN, Yanus 
GA, Iyevleva AG, et al. Hereditary cancer syndromes. World J Clin 
Oncol. 2023;14(2):40-68.
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carcinomas, choroid plexus carcinomas, rhabdomyo
sarcomas, and medulloblastomas. In adults, Li–Fraumeni 
syndrome involves very young-onset BC in females, lung 
carcinomas, osteosarcomas, soft-tissue sarcomas, and 
brain tumors. 

PTEN hamartoma tumor syndrome (Cowden syndrome): 
PTEN hamartoma tumor syndrome (PHTS) features 
multiple benign and malignant tumors of breast, thyroid, 
endometrium, skin, kidney, and colon. 

Peutz–Jeghers syndrome (PJS): PJS is an autosomal 
dominant disease shows characteristic mucocutaneous 
pigmentations in the lips, eyes, nostrils, perianal area, 
mouth and of the buccal mucosa, and various polyps.

Multiple gastrointestinal hamartomatous polyps in the 
affected patients are located mainly in the small bowel, 
most commonly in jejunum and ileum. Stomach and 
colon polyps are also seen.

Gorlin syndrome: Gorlin syndrome, also called Gorlin–
Goltz syndrome, basal cell nevus syndrome (BCNS), or 
nevoid basal cell carcinoma syndrome, is an autosomal 
dominant familial cancer syndrome. It is characterized 
by the appearance of BCCs and the development of 
odontogenic keratocysts. There is also increased risk  
of medulloblastoma. 

Pediatric tumors: Retinoblastoma, Wilms’ tumor 
(nephroblastoma), DICER1 syndrome

Hematological malignancies: Hereditary acute lympho
blastic leukemia, hereditary Hodgkin lymphoma.

The genes associated with hereditary cancer 
syndromes are listed in Table 2.

MANAGEMENT OF HEREDITARY TUMORS
Cancer Detection and Prevention 
Female carriers of BRCA1, BRCA2: 

	■ Breast self-examination, starting from 18 years of age 
	■ Clinical breast examination annually
	■ Magnetic resonance imaging, starting from 25 years, 
	■ Annual mammography between 30 and 75 years

Ovarian cancer screening: 
	■ Transvaginal ultrasound examination annually to 

detect ovarian tumors
	■ CA-125 serum marker measurement yearly, starting at 

30–35 years

Patients with lynch syndrome: 
	■ Colonoscopy should be performed every 1–2 years 

beginning from 20–25 years of age to detect suspicious 
ulcer

	■ Upper GI endoscopy every 3–5 years starting at  
30–35 years 

	■ Endometrial cancer screening by dilation and 
curettage (D&C) and endometrial sampling from 
35 years, annually.

Carriers of highly-penetrant BC-predisposing pathogenic 
variants (BRCA1, BRCA2, PALB2, TP53, etc.) are 
encouraged to undergo: 

	■ Mastectomy
	■ Prophylactic salpingo-oophorectomy at the age of 

35–45 years (or after the completion of childbearing).

Advances in cytotoxic and targeted therapy: Several 
discoveries, made within the past 10–15 years have helped 
recognize specific drug vulnerabilities in hereditary 
cancers. Thus targeted therapies, aimed to the susceptible 

TABLE 2: Genes involved with different types of hereditary 
cancers syndromes.

Syndromes Genes

Li–Fraumeni syndrome TP53

Multiple endocrine neoplasia (MEN)
	• MEN1—affects parathyroid glands, 

pancreatic islet cells and the anterior 
pituitary

	• MEN2—medullary thyroid carcinoma 
(MTC), pheochromocytoma

	• MEN3—highly metastatic and potentially 
fatal MTC, pheochromocytomas

MEN1
RET
RET M918T allele, 
A883F allele

PTEN hamartoma tumor syndrome PTEN

Peutz–Jeghers syndrome STK11/LKB1 PVs

Gorlin syndrome PTCH1, SUFU or 
PTCH2

Retinoblastoma Rb

Neurofibromatosis NF1

Wilms’ tumor (nephroblastoma, WT) WT1

DICER1 syndrome (pleuropulmonary 
blastomas, gynandroblastomas, sarcomas, 
Sertoli–Leydig cell tumors)

DICER1

Source: Imyanitov EN, Kuligina ES, Sokolenko AP, Suspitsin EN, Yanus 
GA, Iyevleva AG, et al. Hereditary cancer syndromes. World J Clin 
Oncol. 2023;14(2):40-68.

JA
YPEE BROTHERS



Genetics and Inherited Cancers 65

pathways of the genetic mutations, are the new line of 
medical management of cancers4 (Table 3). 

CONCLUSION
In those families in which multiple members have cancers 
in different/same target organs, genetic testing by whole 
exome or multigene sequencing should be offered to 
at-risk family members, after careful pretest counseling. 
Identifying the mutations in specific genes will help to 
screen at-risk family members, plan specific drug therapy 
for the patients and keep a strict vigilance on the target 
organs so that the cancer detection happens at the earliest 
stage. However, carrying the mutation does not mean 
developing the malignancy in the target organ, only the 
risk is increased, compared to the general population.

REFERENCES
1. Peltomäki P, Olkinuora A, Nieminen TT. Updates in

the field of hereditary nonpolyposis colorectal cancer. 
Expert Rev Gastroenterol Hepatol. 2020;14:707-20. 

2. Ford D, Easton DF, Bishop DT, Narod SA, Goldgar DE.
Risks of cancer in BRCA1-mutation carriers. Breast Cancer
Linkage Consortium. Lancet. 1994;343:692-5.

3. National Center for Biotechnology Information. ClinVar.
[online] Available from: https://www.ncbi.nlm.nih.gov/
clinv ar. [Last accessed October, 2023].

4. Imyanitov EN, Kuligina ES, Sokolenko AP, Suspitsin EN,
Yanus GA, Iyevleva AG, et al. Hereditary cancer syndromes.
World J Clin Oncol. 2023;14(2):40-68.

5. Guilford P, Hopkins J, Harraway J, McLeod M, McLeod N,
Harawira P, et al. Ecadherin germline mutations in familial
gastric cancer. Nature. 1998;392:402-5.

TABLE 3: Cytotoxic and targeted therapy for tumors arising in carriers for cancer—predisposing alleles.

Tumor type Target Drugs 

BRCA1/2-driven carcinomas Deficiency of DNA repair by 
homologous recombination

Platinum derivatives, mitomycin C, 
bifunctional alkylating agents, PARPi

Microsatellite-unstable cancers, including tumors 
arising due to Lynch syndrome, POLE/POLD1, and 
MUTYH-related malignancies

Excessive number of somatic 
mutations and consequently, high 
tumor antigenicity

Immune checkpoint
inhibitor—pembrolizumab

RET associated malignancies RET tyrosine kinase RET inhibitors—selpercatinib and 
pralsetinib

Neurofibromatosis, type 1 Upregulation of RAS/RAF/MEK 
pathway due to NF1 inactivation

MEK inhibitor—selumetinib

Gorlin syndrome Hedgehog pathway Smoothened (SMO) inhibitor—
vismodegib

Tumors arising in patients with tuberous sclerosis mTOR pathway mTOR inhibitors 

Renal cell carcinomas associated with Von Hippel–
Lindau syndrome 

Upregulation of HIF-2α due to VHL 
gene inactivation

HIF-2α inhibitor—belzutifan

(mTOR: mammalian target of rapamycin; PARPi: poly (ADP-ribose) polymerase inhibitor)
Source: Imyanitov EN, Kuligina ES, Sokolenko AP, Suspitsin EN, Yanus GA, Iyevleva AG, et al. Hereditary cancer syndromes. World J Clin Oncol. 
2023;14(2):40-68.
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