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Bimodal Age Distribution in Cancer Incidence
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Abstract

Cancer is caused by accumulation of genetic changes which include
activation of protooncogenes and loss of tumor suppressor genes. The
age-specific incidence of cancer in general increases with advanc-
ing age. However, some cancers exhibit a bimodal distribution. Com-
monly recognized cancers with bimodal age distribution include acute
lymphoblastic leukemia, osteosarcoma, Hodgkin’s lymphoma, germ
cell tumors and breast cancer. Delayed infection hypothesis has been
used to provide explanation for the early childhood peak in leuke-
mias and lymphomas, whereas the peak at an older age is associated
with accumulation of protooncogenes and weakened immune system.
Further genetic analysis and histopathological variations point to dis-
tinctly different cancers, varying genetically and histologically, which
are often combined under a single category of cancers. Tumor char-
acteristics and age distribution of these cancers varies also by popula-
tion groups and has further implications on cancer screening methods.
Although significant advances have been made to explain the bimodal
nature of such cancers, the specific genetic mechanisms for each age
distribution remain to be clucidated. Further distinction among the
different cancer subtypes may lead to improvements in individual risk
assessments, prevention and enhancement of treatment strategies.
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Introduction

In United States, the lifetime risk of developing cancer is sig-
nificant (39.24%) [1]. Persons of all ages are susceptible to
developing cancer, although the cumulative risk of cancer ap-
pears to rise with advancing age. Cancer in childhood is un-
common, representing approximately 2% of all cancer cases
[1]. Subsequently, the age-specific cancer incidence rate in-
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creases with advancing age until around age 85 years [2].

Cancer is caused by accumulation of genetic changes
which include the activation of protooncogenes as well as
the loss of tumor suppressor genes. The exact pathogenesis
by which some patients are at an increased risk of developing
these genetic mutations is being investigated. Alfred Knud-
son’s two-hit hypothesis, however, provides insight into the
genetic mutations which eventually lead to the development
of cancer phenotype [3]. The two-hit hypothesis was based in
the statistical analyses of children with retinoblastoma. It pos-
tulates that most tumor suppressor genes require both alleles
to be inactivated. In patients with inherited retinoblastoma, the
first hit is thought to be inherited via germinal cells with ac-
quired second mutation leading to development of retinoblas-
toma. In children with sporadic incidence, both “hits” were
thought to be acquired, causing delayed presentation [3]. The
first mutation later came to be identified as the RBI gene [4].
This two-stage model hypothesis also fits with development
of other childhood and adult cancers such as Wilm’s tumor,
neuroblastoma, and renal cell carcinoma [5]. However, cancer
epigenetic studies have shown that cancer development is not
simply explained by mutations in a single gene.

Hematopoietic tumors and central nervous system tumors
comprise of nearly 65% of all childhood cancers [6]. Although
these cancers are also seen in adults, childhood cancers have
distinct biological and genetic differences as well as treatment
outcomes. Childhood cancers are thought to have significantly
fewer driver genes and have nearly 14 times lower mutation
rate compared to adult tumors [7]. Approximately 5-8% of
childhood cancers are thought to be due to inherited germline
mutations such as TP53, APC, BRCA2, NF1 and RBI1, but
only 40% of the patients had family history of cancer [8]. The
risk of developing childhood cancer is hypothesized by several
other factors including intrauterine growth, exposure to ion-
izing radiation and possible role of delayed infection.

One hypothesis regarding development of childhood can-
cer centers on delayed infection hypothesis [9]. It is generally
believed that infections acquired early in life shape the devel-
opment of immune system. The delayed infection hypothesis
proposes that delayed exposure to common childhood infec-
tions may cause delayed immune modulation in neonatal and
infancy period, leading to abnormal function of immune sys-
tem when exposed to such infectious agents later in life pro-
moting carcinogenesis [9]. This hypothesis is supported by the
study of development of acute lymphoblastic leukemia (ALL)
in children. This theory may be further reinforced by the rela-
tively lower incidence of childhood leukemia in lower income
countries compared to higher income countries [10]. The risk
of ALL was found to be lower among children living in poor-
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er neighborhoods in lower income counties compared to the
wealthiest neighborhoods [11]. However, research so far has
failed to identify specific infections or viruses that predispose
to development of ALL [9]. Additionally, studies suggest that
in susceptible individuals, infections can cause abnormal im-
mune signaling causing series of genetic alterations leading to
increased malignancy susceptibility. For example, paired box
5 (PAXS5) is one of the transcription factors required for cor-
rect B-cell development and is found to be altered in nearly
one-third of ALL cases [12]. Mutations in PAX5 gene have
been shown to lead to vulnerable population of progenitor B
cells that are more prone to malignant transformation when
exposed to secondary mutations (which may be precipitated by
an infection) [13, 14]. The population mixing hypothesis also
relies on the premise that the development of ALL may be a
rare side effect of an otherwise unharmful virus in individuals
with delayed exposure [15, 16]. The hypothesis suggests that
immune systems of individuals in rural/isolated communities
are less likely to be exposed to variety of infectious agents
compared to immune systems of those living in dense popula-
tion. A large scale rural-urban population mixing can thus lead
to an increased level of contact between susceptible and infect-
ed individuals, leading to epidemic of certain viral infections
among the rural children with delayed exposure to infections.
The effect was most observed in children ages 0 - 4 years old
in rural areas [17-19].

In older adults, advancing age is considered to be the most
important risk factor for developing cancer [2] (Table 1 [1]).
Aging is associated with many altered host functions includ-
ing increased genomic instability, telomeric attrition, deregu-
lated nutrient sensing, epigenetic alterations, mitochondrial
dysfunction, cellular senescence and altered intercellular com-
munication [20, 21]. While most mutations are corrected by
the cellular mechanisms of DNA repair, the accumulated DNA
damage can lead to certain mutations which cannot be repaired
by the cell’s repair mechanisms. This process occurs over long
periods of time, contributing not only to aging but also to rise
of pro-oncogenic mutations which can then cause cancer [22].
Additionally, telomere dysfunction also appears to contrib-
ute to both cancer and aging. While short telomere length has
been found to be associated with increased complications of
aging such as heart disease and poor immune system, short-
ened telomere length can itself be associated with accelerating
aging process [23]. Many cancer cells also display shortened
telomere length; however, the telomerase activity is upregu-
lated compared to normal tissues, allowing the cancer cell’s
telomerase to divide beyond the Hayflick limit [24, 25]. The
relationship between telomere length and cancer has been long
speculated and while many studies including meta-analyses
point to some evidence of shortened length as a risk factor for
cancer, the results are conflicting across studies [26-28].

While cancer rates in general tend to rise with advancing
age, some cancers are shown to have bimodal age distribution
with first peak occurring in childhood/adolescence and second
peak occurring later in old age. Examples of commonly rec-
ognized cancers with bimodal age distributions include ALL,
osteosarcoma, craniopharyngioma and Hodgkin’s lymphoma
(HL) (Table 2 [29-39]). It is not well understood why some
cancers exhibit log rising slope in incidence while others have
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Table 1. List of Median Age of Diagnosis of Most Common
Cancers [1]

Site of cancer Median age of diagnosis

Breast 62 years
Bladder 73 years
Colon and rectum 67 years
Kidney and renal pelvis 64 years
Leukemia 67 years
Lung cancer 71 years
Skin melanoma 65 years
Non-Hodgkin’s lymphoma 67 years
Pancreas 70 years
Prostate 66 years
Thyroid 51 years
Uterine 63 years
Anal 62 years
Bone and joint 45 years
Brain and nervous system 59 years
Cervix 50 years
Esophagus 68 years
Larynx 66 years
Liver and intrahepatic bile duct 68 years
Myeloma 69 years
Oral cavity and pharynx 63 years
Ovarian 63 years
Small intestine 66 years
Soft tissue 61 years
Stomach 68 years
Testicular 33 years
Vulva 69 years

bimodal distribution. Hypotheses for such distribution differ
across different bimodal cancers.

Osteosarcoma

Osteosarcoma is an uncommon primary malignant tumor of
the bone originating from the transformation of marrow stro-
mal cells [29]. It has bimodal age distribution with first peak
in young adults/children and second peak in older adults [29].
Childhood osteosarcoma differs from adulthood osteosarcoma
in site of presentation, histology and overall survival. The os-
teosarcoma found in children is known as primary osteosarco-
ma which is commonly found in long bones near metaphyseal
growth plates [40]. In adults, it is often considered a secondary
neoplasm, occurring in axial sites, consisting of a sarcoma-
tous transformation from a pre-existing bone lesion such as
Paget’s disease [29]. The hypothesis behind such bimodal age
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Table 2. Bimodal Cancers With Early and Late Median Age of Diagnosis

Cancer Early median age of diagnosis Late median age of diagnosis References
1 Acute lymphoblastic leukemia 0 - 4 years > 60 years [30]
2 Hodgkin’s lymphoma 20 years > 70 years [31]
3 Kaposi sarcoma 30 - 36 years > 170 years [33]
4 Osteosarcoma 10 - 14 years > 65 years [29]
5 Nasopharyngeal carcinoma 15 - 24 years 65 - 79 years [36]
6 Olfactory neuroblastoma 10 - 20 years 50 - 60 years [37]
7 Breast cancer 45 years 65 years [34]
8 Cervical cancer 30 - 34 years 65 - 69 years [35]
9 Craniopharyngioma 5 - 14 years 50 - 75 years [32]
10 Fibrolamellar hepatocellular carcinoma 15 - 19 years 70 - 74 years [38]
11 Germ cell tumors 0 - 4 years 9 years (girls); 11 years (boys) [39]

distribution involves an imbalance in the supply and demand
of progenitor cells [41]. The hypothesis proposes that the peak
in childhood is due to the adolescent growth spurt causing im-
balance in supply/demand of progenitor cells whereas the sec-
ond peak among older patients is thought to be associated with
increased bone turnover and remodeling process in the elderly
[41]. One can then speculate whether the drop in incidence in
the middle age group is due to the lack of increased progenitor
cell requirement and lack of significant bone turnover.

ALL

Bimodal peaks observed in the incidence of ALL are thought
to occur due to ineffective lymphoid recovery in both children
and elderly. As the delayed hypothesis postulates, protections
from early childhood infections can cause a dysfunctional
immune response, leading to vulnerable progenitor B cells
prone to malignant transformation. One assumes that this risk
decreases with age, leading to drop in the incidence of ALL
after childhood [30]. However, incidence of ALL again peaks
in the elderly, and is then thought to be due to failing immune
suppressor mechanisms [12]. The bimodal distribution of the
cancer may also be due to different genomic changes causing
similar phenotype of cancer across age groups. For example,
adult patients with ALL have reduced prevalence of ETV-
RUNXI compared to childhood ALL which although produces
the same phenotype of ALL, can have significant impact on
prognosis and treatment outcomes [42].

HL

The delayed infection hypothesis is also used to explain the
bimodal distribution in HL. Classic HL is a heterogenous dis-
case with histological, genetic and virological differences. The
initial peak is seen among adults 21 - 30 years and second peak
in patients aged > 70 years, although the patterns of incidence
vary among levels of socioeconomic development, gender and
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race [31, 43, 44]. There are distinct histological differences in
HL cases among young adults and older patients with younger
adults more likely to have Epstein-Barr virus (EBV)-negative,
nodular sclerosing subtype whereas older adults are noted to
have higher occurrence of EBV-positive, mixed cellularity
subtype [31, 45, 46]. Additionally, lymphocyte depletion sub-
type is mostly observed in older adults [45]. In young adults,
the increased incidence of HL is hypothesized to be due to
delayed exposure to common, non-EBV childhood infections
[43]. Several studies have shown the relative risk of HL de-
creased with increasing sibship size and late birth order which
likely contributes to earlier exposure to common infections
via siblings [44, 47, 48]. Thus, HL may be a rare abnormal
immunological response due to delayed exposure to common
illnesses in childhood causing delayed maturation of cellular
immunity. The second peak among older adults is thought to
be due to loss of immunological control of latent EBV infec-
tion [49]. This is supported by the higher EBV positivity in
older HL patients [31, 45, 46, 49]. HL in this population may
be a rare effect of common EBYV infection with increasing
probability of oncogenesis with advancing age. Additionally,
genetic differences are noted among older patients compared
to young adults. Older age is found to be associated with de-
creased FOXP3 regulatory T cells and increased granzyme-B*
cells (P=0.02 and P = 0.01, respectively) with poor prognosis
in older patients [50].

Craniopharyngioma

Indeed, bimodal peaks in other cancers may also be explained
by the heterogeneity of tumors with different biological and
embryonic differences. Another example is that of craniophar-
yngioma which has a bimodal age distribution with peak in-
cidence rates in children of ages 5 - 14 years and adults ages
50 - 75 years [32]. Craniopharyngiomas are rare tumors of the
craniopharyngeal duct with two distinct histological subtypes:
adamantinomatous craniopharyngioma (ACP) and papillary
craniopharyngioma (PCP) [51]. It is primarily ACP which
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carries the bimodal age distribution as PCP is mainly found
in adults in their 50 - 60 years of age [51]. The embryonic
theory states that ACP arises from malignant transformation
of the remnant ectodermal cells which failed to involute af-
ter formation of the craniopharyngeal duct in embryogenesis
[52]. Whereas the metaplastic theory argues that craniophar-
yngioma develops from metaplasia of adenohypophyseal cells
leading to the formation of squamous cell nests. This theory is
supported by the increasing presence of metaplastic nests with
advanced age [51, 52]. What remains unclear is why the mid-
dle age group is not predisposed to metaplasia or malignant
transformation of remnant ectodermal cells. One hypothesis
may pertain to an increased presence of functional tumor sup-
pressor genes in young adults compared to the pediatric or el-
derly population.

Lung Cancer

While not exhibiting bimodal age distribution in childhood
and old age, lung cancer serves as a good example in which
multiple histologically different cancers may be classified
under one disease umbrella. Different mutations are found in
lung cancer of young patients versus older patients [53]. A rare
disease called the midline carcinoma of children and young
adults with NUT rearrangement was first described in the early
1990s and identified as an extension of thymic carcinoma or
laryngeal cancer [54]. Further analysis of this disease revealed
a translocation t(15;19)(q13, p13.1) which was associated with
a highly lethal course in young people despite a healthy body
[55]. The translocation results in either a BRD4-NUT fusion
protein or a pairing with an unknown gene leading to the NUT
variant [54]. This entity is now recognized as an aggressive
squamous cell epithelial cancer arising from the midline of
the body. Despite its recognition as a single entity, now called
NUT midline carcinoma, due to its low prevalence, it remains
largely unknown. Additionally, many of such cancers may pos-
sibly continue to be misidentified into other cancer categories.
However, misclassification into any of the other categories
due to a lack of complete evaluation from the unavailability
of resources or lack of awareness about this disease can cause
skewing of the data for other cancer groups. NUT midline car-
cinomas have been identified to occur primarily in the adoles-
cent and early adult age group, and misclassification of these
cancers may falsely cause a new earlier mode peak when the
incidence is charted [54].

Kaposi Sarcoma (KS)

In United States, the incidence of KS also follows a bimodal
distribution with peaks noted among ages 30 - 36 years and in
patients > 70 years [33]. It is generally understood that classic
KS tumors emerge as a result of compromised immune system
in patients previously exposed to human gamma herpesvirus
8 (HHVS) [56]. Among young patients, this immunocompro-
mised situation is thought to occur from prevalence of human
immunodeficiency virus (HIV) infection and development of
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acquired immune deficiency syndrome (AIDS). The proposed
mechanisms by which KS risk is increased include increased
HHVS viral replication and reactivation of latent HHVS infec-
tion [56]. Among older patients, the incidence of KS appears
to be unassociated with AIDS and includes classic variant ini-
tially described among patients of Mediterranean descent as
well as iatrogenic variants [57]. Mediterranean patients have
been found to have high HHVS prevalence, with incidence of
KS supported by the hypothesis that it develops in the setting
of age-related decline in immune function [58]. Additionally,
iatrogenic causes of KS may also contribute to higher inci-
dence of KS in older population, likely due to a longer duration
of immunosuppressive medication in combination with natural
decline in immune function [57]. It can thus be postulated that
middle age patients are less likely to develop KS in spite of
HHVS prevalence due to lower prevalence of AIDS and non-
age-related immune dysfunction.

Breast Cancer

Breast cancer also shows bimodal age distribution at diagno-
sis with early incidence peak at 45 years and late peak at 65
years [34]. This distribution is present across estrogen recep-
tor (ER) status, tumor characteristics and histological subtypes
with significant proportional variations, making breast cancer
extremely heterogenous disease [59]. The exception to the bi-
modal age distribution is medullary carcinoma of the breast,
associated with germline mutations in BRCA1, which follows
a single distribution [60]. Studies have shown basal-like, hu-
man epidermal growth factor receptor 2 (HER2)- enriched and
luminal B cancers to have predominantly early-onset peaks
whereas luminal A cancers had late-onset peak and minor
early onset peak [59]. Additionally, higher proportions of es-
trogen receptor (ER)- protein and ESR1-RNA categories were
seen among the patients with late age of onset. Such molecular
characterizations have led to hypothesis of two distinct causal
pathways of carcinogenesis from distinct progenitor cell types
[60]. This includes derivation of tumors from stem cells com-
mitted to luminal differentiation with ER expression versus the
development of tumors from stem cells committed to basal dif-
ferentiation lacking ER expression [34, 60].

Several hormonal factors impact an individual’s risk of de-
veloping breast cancer, including the age of first menarche, age
of menopause as well as age of first pregnancy [61]. While the
rates of breast cancer are lower in younger women, the tumors
characteristics were found to be more likely to be aggressive
with higher incidence of distant metastases compared to the
older patients [61]. An analysis of the SEER database showed
a higher percentage of black women with breast cancer at a
younger age compared to an older age (15.32% vs. 10.26%).
They were also noted to be less likely to have hormone posi-
tive cancers [61]. This aligns with similar tumor characteristics
seen in Jamaican women [62]. A retrospective analysis showed
that younger patients made a greater cohort of breast cancer di-
agnoses in Jamaica compared to United States, with the lower
mean age of diagnosis being 54 years [62]. Additionally, lu-
minal A subtype was less prevalent in Jamaica compared to
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overall rate seen on the US Databases (49% vs. 73%) [62].
This variation in age distribution of breast cancer is again ob-
served in Nigeria where younger premenopausal women again
accounted for the majority of breast cancer diagnoses 63]. Up
to 47.4% of the patients had triple negative subtype which
is associated with increased risk of tumor invasion and poor
prognosis [63]. This is in contrast to tumor subtypes of patients
in United States, where the rates of aggressive subtypes are
considerably lower [63].

Given the diverse age distribution of cancer and tumor het-
erogeneity among different populations, screening programs
can have significant implications. The current US Preventive
Services Task Force recommendations for breast cancer rec-
ommend routine screening in women over the age of 50 with
the decision to screen women between ages 40 and 49 years
old to be left between the patient and the physician [64]. It
is unclear whether the same screening strategies are benefi-
cial in patients of all backgrounds. Asian women in Japan, for
example, have the highest incidence of breast cancer in the
45 - 49 years age group with lower incidence in the older age
group [65]. Several differences in the distribution of risk fac-
tors including lower prevalence of obesity and lower use of
hormone replacement therapies may explain the lower rate of
postmenopausal breast cancer among Asian women [65]. Ad-
ditionally, breast tissues of Japanese women were reported to
have less ER-positivity, possibly explaining the lower preva-
lence of postmenopausal ER- positive breast cancer in Japa-
nese women compared to Western populations [65]. It remains
to be seen whether Asian populations within western countries
exhibit the same tumor characteristics and age distribution as
the women residing in Asian countries. Further stratification
and understanding of breast cancer tumor biology is warrant-
ed to individualize risk assessment, prevention and treatment
strategies in high-risk patients.

Cervical Cancer

Cervical cancer also shows bimodal age distribution with the
first peak at ages 30 - 34 years and second peak at 65 - 69
years of age [35]. Interestingly, this age distribution varies 5
- 15 years apart from the bimodal distribution of age-specific
human papillomavirus (HPV) infection prevalence at 25 years
and 45 years of age [66]. The time lapse is likely explained by
the time to malignant transformation after infection by HPV.
Such bimodal distribution of HPV infection is seen globally
which is considered atypical as HPV prevalence is expected to
decline with age [66-68]. Multiple hypotheses may explain the
bimodal occurrence of HPV prevalence and cervical cancer.
The first peak of HPV infection in younger cohort is possibly
due to primary exposure to HPV after sexual initiation, likeli-
hood of multiple sexual partners and possible lack of adap-
tive immune responses [35]. Higher rates of HPV infection in
older women may be due to viral persistence or reactivation
of latent HPV due to physiological and immunological dys-
regulation at the menopause transition [35, 69]. Additionally,
lack of screening in the elderly age group may also contribute
towards a higher incidence of cervical cancer in the elderly
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women, leading to a second peak. While one may expect HPV
infection rates and subsequently cervical cancer rates to reduce
as more women are vaccinated, some studies have shown that
older women are more likely to be infected with nonvalent
HPV strains compared to younger women, which may again
explain the rise in incidence [70]. Effective screening among
all age groups remains key for improving outcomes across all
age groups.

Conclusions

Although significant advances have been made to explain the
bimodal nature of certain cancers, questions remain regarding
the clinical application of the hypotheses. Bimodal cancers
represent a unique opportunity for understanding carcino-
genesis, impact of the immune system and the effect of en-
vironmental factors which cause the development of widely
heterogeneous group of cancers that are often classified under
a single category or are misclassified. Further stratifications of
these cancers and enhanced understanding of tumor character-
istics on a sub-population level may lead to improvements in
individual risk assessments, prevention and enhancement of
treatment strategies.
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