
Introduction and hypothesis

Hereditary cancer that has a monogenic inheritance affects 
fewer than every tenth patient diagnosed with cancer, and 
it has been suggested in twin studies that approximately 
30% of all cancer patients have a genetic predisposition 
for cancer [1, 2]. Presently, it is unknown why different 
predisposing genes or familial syndromes affect the cancer 
risk according to the different organ patterns. In this 
article, the author hypothesized that familial syndromes 
become more organ-specific with increasing age at tumor 
presentation; as a result, only a few (or one) organs are 
affected by tumors.

Materials, methods and results
Familial/hereditary cancer supporting the hypothesis
In a population-based study from the Swedish cancer 
registry of patients with 4 or more tumors of which at 
least one was melanoma, individuals and families who 
presented with melanomas alone or a mixture of non-
melanoma skin cancers and melanomas late in life were 
evaluated. Tumors presenting earlier in life affected a 
more diverse set of organs in the individual and family, 
such as presenting as adenocarcinoma in different organs 
or as brain tumors [3, 4].

Comparing families with melanoma who had a CDKN2A 
mutation with families with wild type CDKN2A, CDKN2A 
families had an earlier age at tumor diagnosis, and several 
organs (e.g., skin, upper GI, lung, breast, and pancreas) 
were affected by a tumor, while the wild type families only 
had melanomas or non-melanoma skin cancer late in life 
[5, 6].
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Abstract

Hereditary cancer that has monogenic inheritance affects every tenth patient, on average, who is diagnosed with cancer, and it has been 
suggested, based on twin studies, that approximately 30% of all cancer patients have a genetic predisposition to developing cancer. In this 
article, the author posited that familial syndromes become more organ specific with increasing age at tumor presentation to the point that 
very late in life, only a few organs are affected by tumors. The reason for this could be that the tumor originates from a more differentiated, 
organ-specific progenitor/stem cell later in life, while the progenitor/stem cell might be involved in organogenesis in different organs 
earlier in life. Examples are given for skin cancer, colon, endometrial and breast cancer. Patients with familial cancer who present with 
cancer at an older age have a more organ-restricted disease. This could be because the tumor has a more differentiated progenitor/stem 
cell origin. Examples are given for families with breast cancer, melanoma, non-melanoma skin cancer, endometrial and colon cancer.
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Patients carrying the BRCA1 mutation also have a high risk 
for breast and ovarian cancer, and patients with the BRCA2 
mutation have a high risk for breast, ovarian, prostate and 
pancreatic cancer and melanoma. Wild type BRCA families 
often present with breast cancer late in life [7]. The breast 
tumors in wild type families are often hormone receptor 
positive [8]. Breast cancer in families carrying a predisposing 
p53 germline mutation (Li Fraumeni syndrome) presents 
at a very early age, and mutation carriers can present 
with tumors in other organs, such as the soft tissue, brain, 
adrenal gland and hematopoietic system [10]. Studies of 
other tumor types (Table 1) for this hypothesis are scarce, 
and only indirect data thus far support it.

Patients who have a germ line mutation in any of the 
mismatch repair genes have the hereditary non-polyposis 
colon cancer syndrome (HNPCC), and they can present with 
tumors that affect a number of organs, such as the colon, 
rectum, and other parts of the GI tract, endometrium and 
urinary tract. Wild type colon cancer families generally 
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Table 1 The median age at diagnosis for melanoma (*) and breast cancer (**) in the studies referenced within the text.

Patient type Median age at 
diagnosis  Reference

Families with melanoma

CDKN2A positive melanoma cases 39* 5

CDKN2A negative melanoma cases 48* 6

Individuals with four or more tumors in the cancer 
registry, at least one of which is a melanoma

Multiple melanoma cases with other tumors and 
CDKN2A mutations             

60* 3(4)

Melanoma, other tumors and adenocarcinomas 67* 3(4)

Melanoma and skin cancer 78* 3(4)

Families with breast cancer

Li Fraumeni syndrome <40** 7

BRCA1 44** 8

BRCA2 45** 8

BRCAX (majority breast only families) 48** 8

Vertical inheritance 52** 9

Horizontal inheritance (possible recessive 
inheritance, breast cancer only families)

63** 9

present with colon cancer alone later in life than for 
HNPCC families [11]. Synchronous tumors of the colon are 
also more common in individuals older than 65years of 
age [12]. Patients with endometrial cancer and associated 
ovarian cancer were more likely to be younger and have 
superficially invasive endometrial cancer, a family history 
of HNPCC-related tumors, and a family history of breast or 
ovarian cancer [13].

Discussion

In this article, the author posited that familial syndromes 
become more organ specific with increasing age at tumor 
presentation; as a result, very late in life, only a few organs 
are affected by tumors. One explanation could be that late 
in life, the tumor originates from a more differentiated, 
organ-specific progenitor/stem cell, while the progenitor/
stem cell might be involved in organogenesis in different 
organs earlier in life. An alternative explanation is that 
polygenic genes affect and modify the penetrance of the 
disease, and the tumor spectra are more important in 
patients who present with tumor early in life. Examples 
have been provided for melanoma and non-melanoma 
skin cancer, breast cancer, colon cancer, and endometrial 
cancer.

More studies of the cell of origin are needed in the familial 
setting to determine whether there is a different stem cell/
progenitor cell of origin for the tumors in families with early 
or late disease onset. There is evidence supporting that the 
cells populations differ in the non-familial setting of breast 
cancer [14, 15]. Additionally, for cancer syndromes that 
present early in life, it should be determined whether the 
individuals who develop tumors later in life have tumors in 
a more restricted organ pattern. This would imply that the 
progenitor/stem cells with contrasting differentiation are 
responsible for the observations.

What is the clinical implication of the hypothesis
It may be that older patients with a familial disease only 
need to be screened for cancer in a limited number of 
organs or in one organ. Likewise, prophylactic operations 
for a risk organ may be more successful or easy to 
undertake in older patients in whom few organs are 
affected. Additionally, chemoprevention, if possible, may 
be more effective for tumors that only involve one or a few 
organs.

Conclusion

Patients with familial cancer who present with cancer at 
an older age have a more organ-restricted disease. This 
could be because the tumor has a more differentiated 
progenitor/stem cell origin. Examples are given for families 
with breast cancer, melanoma, non-melanoma skin cancer, 
endometrial and colon cancer. To further substantiate 
the findings in this study, patients with other familial 
tumor types should be studied to determine whether the 
hypothesis is a generalized phenomenon. Our preliminary 
data support this possibility.
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