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ARTICLE INFO ABSTRACT

Keywords: Chronic health conditions are commonplace in older populations. The process of aging impacts many of the
Oldest-old world’s top health concerns. With the average life expectancy continuing to climb, understanding patterns of
Ageing morbidity in aging populations has become progressively more important. Cancer is an age-related disease,
Neurodegeneration whose risk has been proven to increase with age. Limited information is published about the epidemiology of

Cancer incidence

. cancer and the cancer contribution to mortality in the 85+ age group, often referred to as the oldest-old. In this
Cancer mortality

review, we perform a comprehensive assessment of the most recent (2011-2016) literature on cancer
prevalence, incidence and mortality in the oldest-old. The data shows cancer prevalence and cancer incidence
increases until ages 85-89, after which the rates decrease into 100 + ages. However the number of overall cases
has steadily increased over time due to the rise in population. Cancer mortality continues to increase after age
85 +. This review presents an overview of plausible associations between comorbidity, genetics and age-related
physiological effects in relation to cancer risk and protection. Many of these age-related processes contribute to
the lowered risk of cancer in the oldest-old, likewise other certain health conditions may “protect” from cancer in
this age group.

1. Introduction incidence of all cancers is lower, and highest in the WHO European

regions (76.8 years) where incidence of all cancers is higher. Regional

Cancer is the leading cause of death in developed countries and the
2nd leading cause in developing countries (Torre et al., 2015a).
Presently 57% of the global cancer burden and 65% of cancer deaths
are from less developed regions in Africa, Asia (excluding Japan), Latin
America and the Caribbean (Torre et al., 2015a; Jemal et al., 2011).
Cancer incidence is expected to increase 75% by 2030 due to risk-
associated lifestyle behaviors and the westernization of economically
developing countries (Torre et al., 2015a). However, most important is
the attributable risk of cancer associated with aging and the growth of
the world’s population (Torre et al., 2015a; Bray et al., 2012). The
World Health Organization (WHO) estimates the 2015 average global
life expectancy at birth is 71.4 years. That is a 5-year increase from the
year 2000 and marks the fastest increase since the 1960’s. Life
expectancy is lowest in the WHO African regions (60.0 years) where

differences in cancer incidence indicate aging is essential to under-
standing cancer epidemiology.

Cancer risk increases with advancing age. Individuals aged 65 years
and older make up 58% of newly diagnosed cancers in developed
countries and 40% in developing countries (Torre et al., 2015b). Within
the older population, the group referred to as the oldest-old, which
include individuals aged 85 years and older are considered the fastest
growing segment of the population in developed countries (Gardner
et al,, 2013; Ortman et al., 2014). Within this group are smaller
subgroups of nonagenarians (90-99 years) and centenarians
(= 100 years). The oldest-old exceed the current human life expectancy
by 20-25 years. They represent an adequate model of human longevity
in which to study the beneficial and adverse ramifications of progres-
sive aging on cancers. Studies of this nature will have sufficient
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Table 1

Selected Primary Research Studies on Cancer Prevalence in the Oldest-old.
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Reference Source of Data Age Cancer Type Cancer Prevalence
USA SEER 9 and 2000 US Census 85-99; 100+ 1. All sites 1. Female: |85+
Harding et al. (2012) (1998-2002) II. Breast Male: |85+
1II. Lung II. Female: |85+
IV. Colorectal Male: |100+
V. Prostate III. Female: |85+
Male: |85+
IV. Female: stable at 85+
Male: {100+
V. Female: N/A
Male: |85+
USA SEER 13 100-115 1. Lung, Prostate, Breast, Urinary and Colorectal I. Female: |100 +
Joseph et al. (2014) (1973-2007) cancers Male: |{100+
1I. Breast 1I. Female: [100+
III. Lung Male: [100+
1V. Colorectal III. Female: |100 +
V. Prostate Male: |100+
VI. Urinary IV. Female: |100+
Male: {100+
V. Female: N/A;
Male: |100+
VI. Female: 100+
Male: {100+
USA * SEER 18 — Medicare Linked 85+ 1. Lung, Prostate, Breast and Colorectal cancers  I. Female: |85+
Gundrum and Ronald (2012) Database (2000-2007) 1I. Breast Male: |85+
III. Lung 1. All: |85+
1V. Colorectal IIL. All: |85+
V. Prostate IV. All: |85+
V. Male: 185+
USA, UK SEER 13 and 85+ 1. Chronic lymphocytic leukemia (CLL) I All: |85+
Dianne Pulte et al. 2014 National Cancer Registry
Pulte et al. (2014) (1996-2010)
Denmark NORDCAN, Danish Cancer Register, 85+ 1. All sites (excluding non-melanoma skin cancer) I. Female: stable at 85+
Pedersen et al. (2016) Danish Cause of Death register Male: |90+
(1978-2012)
Denmark NORDCAN, Danish Cancer Register, 85+ L. All sites (excluding non-melanoma skin cancer) 1. Female: |85+
Ewertz et al. (2016) Danish Cause of Death register Male: |85+
(1980-2012)
Denmark NORDCAN, Danish Cancer Register, 85+ 1. Breast 1. Female: |85+
Song and Jeon (2015) Danish Cause of Death register Male: |85+
(1980-2012)
Denmark NORDCAN, Danish Cancer Register, 85+ 1. Colon 1. Female: |85+
Kristiansen et al. (2016) Danish Cause of Death register II. Rectum and Anus Male: |85+
(1980-2012) 1I. Female: |85+
Male: |85+
Denmark NORDCAN, Danish Cancer Register, 85+ 1. Prostate 1. Female: N/A
Braendegaard Winther et al. (2016) Danish Cause of Death register Male: |85+
(1980-2012)
USA SEER, NPCR, USCS 85+ 1. Renal Cell Carcinoma (RCC) 1. All: |85+
Andersen et al. (2012) (2001-2010)
USA " SEER, UCR, US Census, NCHS 85-99 1. All sites 1. Female: |85+

Thakkar et al. (2014)

(1973-2002)

Male: |85+

Abbreviations: (SEER) Surveilance, Epidemiology and End Results Program, (NPCR) National Program of Cancer Registries, (USCS) United States Cancer Statistics, (UCR) Utah Cancer

Registry, (NCHS) National Center for Health Statistics.
@ Stage IV cancers only, no multiple primary cancer diagnoses.

b State of Utah only.

implications on public health strategies.

In 2012 Nicholas Pavlidis et al. published the first systemic review
on cancer prevalence and mortality in centenarians (Pavlidis et al.,
2012). At that time the oldest-old and the subgroup of centenarians had
historically been under-studied, primarily due to inherently small
sample sizes and difficulties in recruitment. Their examination of the
limited literature on cancer epidemiology in centenarians from 1918 to
2012 in 10 separate countries revealed six important conclusions. (1)
There is a decreased prevalence of cancer in the oldest-old, with
incidence rates dropping off at age 80 and reaching close to zero
around age 100. (2) There is an increased incidence of incidental
tumors at advanced ages. (3) Centenarians are characterized by low
metastatic rates. The metastatic rate is almost double in younger

114

populations then at older ages. This can be a result of slow growing
less aggressive tumors at older ages or the assumption that older adults
may die from something else before their tumor has had time to spread.
(4) Centenarians have an apparent higher frequency of multiple
primary tumors. (5) Cancer mortality or cancer as a cause of death
decreases with age. Mortality rates were around 25-46% in <80 years
of age, 21% for 90-99 years of age and 4% for 100+ years of age. The
cause of death in centenarians was more attributed to other complica-
tions and causes than tumor spread. (6) The etiology is unclear as to
how centenarians and the oldest-old preserve protection against cancer.
Multiple mechanisms related to aging, immune response, cell survival
and signaling, stress and frailty have been implicated as potential
explanations for this phenomenon.
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New information pertaining to cancer in the oldest-old has become
available since the completion of the 2012 review. Therefore the
current review will determine if their conclusions have sustained their
validity overtime as the age and growth of the population have
increased. We reviewed recent literature between 2011-2016 on cancer
incidence, prevalence, and mortality in the oldest-old. We also looked
at literature evidence of genes, comorbidities, and other health condi-
tions, which could “protect” or lower the risk of cancer at older ages.

2. Methods

Several literature searches for English language articles on human
subjects written in the last 5 years were conducted using PubMed in
June 2016. The electronic database identified 272 articles matching the
criteria “Cancer incidence” AND “oldest-old” OR “centenarians.” We
then substituted “incidence” for “prevalence” and “mortality” sepa-
rately and searched the database, identifying 24 other studies. An
extended search using multiple keywords such as “nonagenarians,” “old
age,” “morbidity, ‘cancer registries, ’ and “age-specific” identified a few
hundred more. All studies with stratified age-specific cancer incidence,
prevalence, or mortality were considered for evaluation. Articles
pertaining to single cancers were included, but evaluated separately
from all cancer studies. Articles pertaining to a singular gender or
ethnic group were also included, but evaluated separately from all-
inclusive studies. Articles listed without an age category of 85+ or
above were excluded.

In September 2016, several additional literature searches were
conducted on PubMed to identify potential factors associated with
cancer risk in older adults. 4 articles on cancer incidence and multiple
morbidities were found using the same search criteria mentioned
above. Another search using “cancer,” “dementia,” “Alzheimer’s dis-
ease,” and “oldest-old” identified 164 published articles addressing
neurodegeneration and tumorigenesis. We identified multiple other
articles using the keywords “inverse cancer mortality” “frailty,” “genet-
ics” “cancer risk,” “elderly” and “oldest-old.”

The articles we reviewed reported data from autopsy reports, vital
statistics, cancer registries, questionnaires and surveys across all
continents. Secondary searches were conducted for articles with data
from countries with high life expectancy and a more prominent oldest-
old population. These places included but were not limited to Australia,
Japan, New Zealand, North America and many countries in Europe.

3. Results
3.1. Data collection

17 articles were identified from 4 different countries and 2 separate
regions of Europe (see Tables 1-3): United States, Denmark, United
Kingdom (UK), Korea, Western Europe and Northern Europe. Subjects
in studies were 85+ years. The data ranged from 1920 to 2012. There
were 8 USA articles (1973-2010), 6 Denmark (1978-2012), 1 Korea
(1999-2011) and 2 combined articles from the US, UK, and parts of
Europe (1995-2010). 10 articles only reported information on a
singular cancer or group of related cancers, whereas 6 articles reported
on all cancers. Multiple datasets from different sources were used in
individual articles to construct a more inclusive study design. Articles
using data from the Surveillance, Epidemiology and End Results (SEER)
Program 9 included 9.5% of the U.S., SEER 13 included 14% of the U.S.
and SEER 18 included 28% of the U.S. Articles using United States
Cancer Statistics (USCS) included 91.3% of the U.S. and data from the
Center for Disease Control (CDC) National Program of Cancer Registries
(NPCR) included 96% of the U.S. The Indian Health Service (IHS) data
includes 62% of AI/AN people in the U.S and the NORDCAN data
includes close to 100% of cancer cases in all Nordic countries. Some
articles from Tables 1-3 did not comment on information pertaining to
the included study population for the sources of data used in the study.
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The WHO released reports of the 2015 life expectancy estimates for
195 countries. The countries in our study were ranked in the top 15%
for highest life expectancy. The life expectancy and each countries rank
compared to other regions are as follows: Republic of Korea 82.3 years
(11), UK 81.2 years (20), Denmark 80.6 years (27), and United States
79.3 years (31).

3.2. Cancer prevalence

The global prevalence of cancer and the overall number of reported
cases have continued to increase over time with the growth of the
population. The largest increase has been exhibited in the 90+ age
group, ® likely a result of the rise in global life expectancy. Evidence
shows higher cancer prevalence at older ages in more recent time
periods compared to earlier time periods (Ewertz et al., 2016; Pedersen
et al., 2016). When measured for age-specific rates, the trend of cancer
prevalence appears to decrease with increasing age, peaking at ages
65-85 years and declining after age 90 (Pedersen et al., 2016; Joseph
et al., 2014; Harding et al., 2012; Pulte et al., 2015). At more recent
time periods cancer prevalence peaks later in age, also likely due to
global life expectancy shifting these peaks forward into older ages.

Certain types of cancers are more prevalent in older age groups. The
most common cancer types amongst the oldest-old are breast, color-
ectal, prostate, and lung/bronchus cancers (Gundrum and Ronald,
2012). In our review of the literature colorectal cancer had the highest
prevalence in individuals 85-99 from SEER 9 data (Harding et al.,
2012), whereas a separate study on individuals with Medicare from
SEER 18 data reported lung cancer (47%) prevalence as the highest
followed by colorectal (29%), prostate (16%), breast (8%) cancers in
85+ (Wong et al., 2014). The differences between study populations
could account for the difference we see in prevalence rates. Amongst
centenarians breast cancer (29.24%) had the highest rate of prevalence
followed by colorectal (19.28%), prostate (18.34%), and lung/bronchus
(17.83%) cancers (Joseph et al., 2014). The transition from high
prevalence of lung and colorectal cancers for 85+ to high prevalence
of breast cancer in 100+ is likely due to the women to male ratio of
centenarians. Women live longer than men, therefore more women
with cancer will survive to centenarian age and the high majority of
those women will have breast cancer than any other cancer.

Figs. 1 and 2 show the pattern of cancer prevalence is decreasing in
the oldest-old populations for all cancers. The only change we see is for
prostate cancer in 1 USA study (Wong et al., 2014), which only reported
on stage IV cancers in individuals with Medicare from the SEER data,
and therefore excludes a selection of the population at risk. We
conclude that cancer prevalence in the oldest-old continues to rise with
the growth of the population and the rise in life expectancy, but within
the population the oldest-old have the lowest prevalence of cancer than
any other age group.

3.3. Cancer incidence

Literary evidence suggests that cancer incidence is characterized by
delayed onset of disease and decreased cancer risk as age increases
(Andersen et al., 2012). Current studies show that cancer incidence
peaks closer to age 90 before decreasing at advanced ages (Ewertz et al.,
2016; Pedersen et al., 2016; Harding et al., 2012), as compared to
previously reported work that showed cancer incidence increased with
age until about the 8th decade of life and then plateaued after age 90,
trending towards zero in centenarians (Harding et al., 2012). This is
again the likely result of the rise in life expectancy pushing the
incidence peak forward into older ages.

Rates of cancer incidence can be type-, region-, and sex- specific.
Subtypes of cancer can have higher or lower incidence rates that peak
at different age groups than is reported for all-cancer incidence. In the
US, incidence of urological cancers like kidney, peak at much earlier
ages before starting to decrease with increasing age (King et al., 2014),
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Table 2

Selected Primary Research Studies on Cancer Incidence in the Oldest-old.

Mechanisms of Ageing and Development 164 (2017) 113-126

Reference Source of Data Age Cancer Type Cancer Incidence
USA SEER 9 and 2000 US Census 85-99; 100+ 1. All sites 1. Female: |85+
Harding et al. (2012) (1998-2002) II. Breast Male: |85+

1II. Lung II. Female: |85+
IV. Colorectal Male: |85+
V. Prostate I1I. Female: |85+
Male: |85+
IV. Female: stable at 85+
Male: |100+
V. Female: N/A
Male: |85+
USA® SEER 18 and CBTRUS 85+ 1. All sites (excluding non malignant meningiomas) L All: |85+
Wong et al. (2014) (2000-2010, 2004-2008) 1I. Colorectal 1. All: 185+
III. Pancreas 11 All: 185+
IV. Stomach IV. All: 185+
UsA SEER 9, 13 and 18 85+ 1. Breast L. All: 185+
Daniel Becker et al. 2014 (1973-2009) 1. Lung 1. All: 185+
Moller et al. (2011) III. Colorectal III. All: 185+
IV. Prostate IV. Male: 185+
Denmark NORDCAN, Danish Cancer Register, 85+ 1. All sites (excluding non-melanoma skin cancer) I. Female: |85+
Pedersen et al. (2016) Danish Cause of Death register Male: |85+
(1978-2012)
Denmark NORDCAN, Danish Cancer Register, 85+ 1. All sites (excluding non-melanoma skin cancer) I. Female: |85+
Ewertz et al. (2016) Danish Cause of Death register Male: |90+
(1980-2012)
Denmark NORDCAN, Danish Cancer Register, 85+ 1. Breast I. Female: |85+
Song and Jeon (2015) Danish Cause of Death register Male: |90+
(1980-2012)
Denmark NORDCAN, Danish Cancer Register, I. Lung 1. Female: |85+
Jensen et al. (2016) Danish Cause of Death register Male: |85+
(1980-2012)
Denmark NORDCAN, Danish Cancer Register, 1. Colon 1. Female: |90+
Kristiansen et al. (2016) Danish Cause of Death register II. Rectum and Anus Male: |90+
(1980-2012) II. Female: |85+
Male: |85+
Denmark NORDCAN, Danish Cancer Register, I. Prostate 1. Female: N/A
Braendegaard Winther et al. (2016) Danish Cause of Death register Male: |90+
(1980-2012)
USA SEER, NPCR, USCS 85+ 1. Renal Cell Carcinoma (RCC) I. All: |85+
Andersen et al. (2012) (2001-2010)
UsA® SEER, UCR, US Census, NCHS 85-99 1. All sites 1. Female: |90+
Thakkar et al., (2014) (1973-2002) Male: |90+
Korea Korea National Cancer Incidence 85+ 1. Prostate I. Female: N/A
King et al. (2014) Database 1I. Kidney Male: |85 +
(1999-2011) II1. Bladder 1L All: |85+
Female: |85+
Male: |85+

III. All: |85+
Female: |85+
Male: |85+

Abbreviations: (SEER) Surveillance, Epidemiology and End Results Program, (CBTRUS) Central Brain Tumor Registry of the United States, (NPCR) National Program of Cancer Registries,
(USCS) United States Cancer Statistics, (UCR) Utah Cancer Registry, (NCHS) National Center for Health Statistics.

@ Invasive cases only, increasing cancers only.
" State of Utah only.

whereas for invasive cases of cancers such as colorectal, pancreatic and
stomach, incidence continues to rise with increasing age (Thakkar et al.,
2014). In Figs. 1 and 2, incidence rates of colorectal cancer peaks later
in age compared to prostate, breast, or lung cancers.

Different geographical areas show various rates of cancer incidence
(Figs. 1 and 2). Denmark had a higher rate of all-cancer incidence
compared to the US. For both countries the lowest rates of all-cancer
incidence were recorded in the 90+. The US had higher rates of
prostate cancer in the oldest-old than in Korea or Denmark. Prostate
cancer was fairly stable across all age groups in Denmark (Poulsen
et al., 2016), but steadily declined in the US and Korea after ages 70-74
(Harding et al., 2012; Song and Jeon, 2015). The lowest rates of breast
and lung cancers were in the 90 +, with peak rates of incidence being in
the 80-84 age range before decreasing at 85+ in Denmark and US
(Harding et al., 2012; Jensen et al., 2016; Kristiansen et al., 2016).
Colorectal cancer incidence peaked at later ages in both Denmark
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(85-89) and US (90-94) before decreasing at older ages.

Aging changes the makeup of the population. There are gender
differences in the oldest-old that inherently effect cancer incidence
rates. In 2012, a study using SEER data determined all-cancer incidence
was higher in males than females for 85+ (Gundrum and Ronald,
2012). Our review of the literature determined the same. For males
(Fig. 2) prostate cancer incidence is the highest for 85+. In the US, lung
cancer rates are 2nd highest in 85-89 and 100+ age groups. Colorectal
cancer is 2nd highest for ages 90-94 and presumably ages 95-99. In
Denmark, colorectal cancer is 2nd highest for all males 85+. For
females (Fig. 1), breast and colorectal cancers are similar at ages 85-89
in the US. Colorectal cancer is however the highest in the 90-94 group,
whereas breast is the highest in the 100+ group. In Denmark, rates of
colorectal cancer are the highest in the 85-89 groups, but breast cancer
incidence is higher in the 90+.

Notably, cancer incidence in the oldest-old has been decreasing
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Table 3

Selected Primary Research Studies on Cancer Mortality in the Oldest-old.
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Reference Source of Data Age Cancer Type Cancer Mortality
USA SEER 9 and 2000 US Census 85-99; 100+ I All sites 1. Female: |100+
Harding et al. (2012) (1998-2002) II. Breast Male: 1100+

III. Lung II. Female: |85+
IV. Colorectal Male: [100+
V. Prostate I1I. Female: |85+
Male: |85+
IV. Female: |100+
Male: |100+
V. Female: N/A
Male: [100+
USA * SEER 18 and CBTRUS 85+ I. All sites (excluding non malignant meningiomas) I All: 185+
Wong et al. (2014) (2000-2010, 2004-2008) II. Colorectal 1. All: 185+
USA SEER 9, 13 and 18, NCHS 85+ I. Breast 1. All: 185+
Moller et al. (2011) (1973-2009) II. Lung I All: 185+
III. Colorectal IIL. All: 185+
V. Prostate 1V. Male: 185+
Denmark NORDCAN, Danish Cancer Register, 85+ I. All sites (excluding non-melanoma skin cancer) 1. Female: stable at 90 +
Pedersen et al. (2016) Danish Cause of Death register Male: 190+
(1978-2012)
Denmark NORDCAN, Danish Cancer Register, 85+ I. All sites (excluding non-melanoma skin cancer) 1. Female: 190 +
Ewertz et al. (2016) Danish Cause of Death register Male: 190 +
(1980-2012)
Denmark NORDCAN, Danish Cancer Register, 1. Breast 1. Female: 190 +
Song and Jeon (2015) Danish Cause of Death register Male: |90+
(1980-2012)
Denmark NORDCAN, Danish Cancer Register, I. Lung I. Female: 90+
Jensen et al. (2016) Danish Cause of Death register Male: 90 +
(1980-2012)
Denmark NORDCAN, Danish Cancer Register, 1. Colon 1. Female: 190 +
Kristiansen et al. (2016) Danish Cause of Death register II. Rectum and Anus Male: 190 +
(1980-2012) II. Female: 190 +
Male: 190+
Denmark NORDCAN, Danish Cancer Register, 1. Prostate 1. Female: N/A
Braendegaard Winther et al. (2016) Danish Cause of Death register Male: 190+
(1980-2012)
UK, USA, Western Europe, WHO Mortality Database 85+ L. All sites UK
Northern Europe (1995-97, 2003-05) 1. Breast 1. All: 185+
Poulsen et al. (2016) III. Lung Female: 185+
IV. Colorectal Male: 185+
V. Prostate II. Female: 185+
Male: N/A

III. All: |85+
Female: |85+
Male: 185+

IV. All: 185+
Female: 185+
Male: 185+

V. Female: N/A
Male: 185+
USA

I All: 185+
Female: 185+
Male: 185+

II. Female: 185+
Male: N/A

III. All: |85+
Female: |85+
Male: |85+

IV. All: 185+
Female: 185+
Male: 185+

V. Female: N/A
Male: 185+
Western Europe
I All: 185+
Female: 185+
Male: 185+

1II. Female: 185+
Male: N/A

III. All: |85+
Female: |85+
Male: |85+

IV. All: 185+
Female: 185+

(continued on next page)
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Table 3 (continued)
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Reference Source of Data Age

Cancer Type Cancer Mortality

Male: 185+

V. Female: N/A
Male: 185+
Northern Europe
I All: 185+
Female: 185+
Male: 185+

II. Female: 185+
Male: N/A

III. All: |85+
Female: |85+
Male: |85+

V. All: 185+
Female: 185+
Male: 185+

V. Female: N/A
Male: 185+

Abbreviations: (SEER) Surveillance, Epidemiology and End Results Program, (CBTRUS) Central Brain Tumor Registry of the United States, (NVSS) National Vital Statistics System, (NDI)
National Death Index, (NCHS) National Center for Health Statistics, (WHO) World Health Organization.

2 Invasive cases only, increasing cancers only.

overtime as a result of increased colorectal screening in the general
population (Gundrum and Ronald, 2012). The gap between male and
female cancer incidence rates in the oldest-old has been steadily
declining since the introduction of the prostate specific antigen test
(psa) in 1990 and is projected to continue decreasing until, at
minimum, year 2030 (Gundrum and Ronald, 2012). Overall the
evidence shows that cancer incidence has type-, region- and sex-
specific differences in rates for the oldest-old, who have the lowest
rates of newly diagnosed cancers than any other age group and a higher
rate of late-onset disease.

3.4. Cancer mortality

Cancer mortality refers to cancer as the cause of death. It does not
include individuals with cancer who die from other causes. The most
recent literature (Figs. 1-3) show all cancer mortality is the highest in
the oldest-old (Ewertz et al., 2016; Pedersen et al., 2016; Thakkar et al.,
2014; Moller et al., 2011), with rates steadily increasing until age
100+, and then declining at centenarian ages (Harding et al., 2012).
Mortality rates were higher in men than women. Prostate cancer
mortality was highest in men and colorectal cancer mortality was
highest in women, except in the UK where breast cancer mortality was
highest. The pattern of mortality for prostate and colorectal cancers are
similar to all cancer mortality. However, breast cancer rates continue to
increase into centenarian ages. Rates of lung cancer mortality were
mixed based on sex and geographical location. Lung cancer decreased
after age 85 in the US, Western Europe, northern Europe and in women
from the UK and Denmark. In Denmark the decline in men was after age
90 and the UK showed an increase in lung cancer mortality for men
85+.

In 2008 the distribution of cancer deaths amongst the oldest-old
were approximately 20% lung, 13% colorectal, 8% prostate, 6% breast
and 6% pancreatic (Anand et al., 2014). Death rates since 2000 showed
a substantial increase in lung cancer and drastic declines in colorectal
cancer. Several other cancers had consistent rates. Time trends show
that overall cancer mortality is increasing over time in the oldest-old
and decreasing in younger age groups (Ewertz et al., 2016; Moller et al.,
2011). It is projected that by 2030 the absolute number of cancer deaths
may rise by 90% annually and the top 5 causes of cancer death will be
lung (22%), prostate (10%), breast (10%), bladder (8%) and colorectal
(8%) (Gundrum and Ronald, 2012). This suggests that treatments for
cancer are ineffective in the oldest old or they are not being treated for
their disease at all. This could explain why we see mortality going down
in younger groups and not in older groups. Currently men are more

118

likely to die from cancer than woman (Ewertz et al., 2016; Pedersen
et al., 2016; Kristiansen et al., 2016; Breendegaard Winther et al., 2016;
Moller et al., 2011). Stage at diagnosis also plays a significant role in
cancer mortality for 85+, with later stage disease causing more
mortality in this group (Becker et al., 2014) likely due to the absence
of treatment and the tumors aggressive and invasive behavior. Cancer
mortality increases at advancing ages compared to younger groups and
do not plateau like rates for prevalence or incidence.

4. Discussion
4.1. Why is cancer incidence/prevalence decreased in oldest-old?

The absence of cancer in this population could be a result of
fundamental age-related physiological changes, involving rates of
metabolism, cell proliferation, and information processing. Aging is
characterized by decreased cellular proliferation and cellular metabo-
lism, both of which impact cancer’s ability to evade the body
(Ukraintseva and Yashin, 2003; Anisimov, 2003). With increasing age
tumor cells double at a much slower rate decreasing the rate of tumor
growth (Ukraintseva and Yashin, 2003), as a result slow growing
cancers are more common in older adults with late onset tumor growth.
Furthermore, cells have a finite lifespan of limited cellular division that
decreases with age until they reach a level of irreversible growth arrest
where senescent cells have little to no probability of malignant
transformation (Ukraintseva and Yashin, 2003; Anisimov, 2003).
Essentially, extreme aging can result in age-related declines of physio-
logical processes and decreased risk of cancer at older ages.

On the contrary, aging and senescent cells may play a secondary
role in tumorigenesis, favoring tumor growth, reoccurrence, and
metastasis through changes in the tissue microenvironment (Remi-
Martin et al., 2015). As aging occurs senescent cells accumulate,
secreting cytokines, chemokines and proteases in a process called
senescence-associated secretory phenotype (SASP). SASP is character-
ized by low-level chronic inflammation referred to as inflammaging,
which has been shown to increase the risk of age-related physiologies,
including cancer and degenerative disorders in the elderly (Remi-
Martin et al., 2015; Barajas-Gomez et al., 2017). Elements of SASP,
interleukin 6 (IL-6) and 8 (IL-8) are proven pathogenic factors in tumor
development (Remi-Martin et al., 2015; Barajas-Gémez et al., 2017).

Several studies on cancer models done in vitro and in mice provide
evidence that SASP stimulates angiogenesis and activates cancer stem
sells and epithelial-mesenchymal transition (Ghosh and Capell.,
2016). A 2016 study showed the removal of senescent cells delayed
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Fig. 1. Cancer prevalence, incidence and mortality rates in females (5-year age groups).

Rates of cancer prevalence, incidence and mortality in females by 5-year age categories, from articles selected from the review. Figure shows all-cancer, prostate cancer, lung cancer and
colon cancer rates. Prevalence rates are reported as percents, except lung cancer prevalence which is per 100, 000. Incidence and mortality rates are all per 100, 000.

tumorigenesis and increased longevity in normal mice models, which
could be a result of decreased SASP (Baker et al., 2016). Similar results
were found in a study on Rapamycin, a mammalian TORC1 (MTOR)
inhibitor that suppresses SASP in senescent cells (Barajas-Gomez et al.,
2017). The use of Rapamycin decreased prostate tumor growth and
increased longevity in mice.

Natural aging is not the only process to stimulate senescent cell
production. Ultraviolet radiation (sunlight), stress and anti-cancer
therapies can cause genotoxicity and DNA damage similar to that of
the aging process (Ghosh and Capell., 2016). This can have deleterious
effects on cells, pushing them into senescence and causing further SASP.
A study in Glioblastoma (GBM) patients, who have a high rate of tumor
reoccurrence, showed an increase number of senescent cells and SASP
after radiotherapy (Bonafe et al., 2002). This is evidence of the
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potential role of genotoxicity and SASP in cancer reoccurrence and
resistance to treatment.

The role of SASP and senescent cells is not fully understood in the
oldest-old. Barajas-Gomez et al. performed a study in Mexico using a
geriatric cohort between 60 and 83 years of age (Barajas-Gémez et al.,
2017). Blood samples from 64 people were converted into individual
Elderly Patient Serum (EPS) separated by age. The EPS was then treated
against MCF-7 breast cancer cell lines and tested for cellular prolifera-
tion. The results showed some EPS (23.4%) increased MCF-7 prolifera-
tion. Similar to the response of MCF-7 cells treated with SASP. The
concentration of cytokines in EPS when adjusted for age did not differ
by age group in the study cohort. However, there was a higher
concentration of pro-inflammatory cytokines present in EPS than what
is reported in serum from younger populations. Furthermore, an
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Fig. 2. Cancer prevalence, incidence and mortality rates in males (5-year age groups).

Rates of cancer prevalence, incidence and mortality in males seperated by 5-year age categories, from articles selected from the review. Figure shows all-cancer, breast cancer, lung cancer
and colon cancer rates. Prevalence rates are reported as percents, except lung cancer prevalence which is per 100, 000. Incidence and mortality rates are all per 100, 000.

examination of proliferation by age group showed significantly higher
numbers between ages 66-75. Proliferation was low for ages under 65
and over 76. When adjusted for gender, men and women were similar.

There is still not enough available information to suggest SASP
alone is responsible for increased tumorigenesis during extreme aging.
The results of the Mexico study warrant a closer look at the process in
the oldest-old. Some evidence suggests the oldest-old may be geneti-
cally inclined to protect or delay against the deleterious effects of
inflammaging. Which could explain why incidence and prevalence are
declining in this population. More information on the mechanisms of
SASP in the oldest-old is needed.

A developing hypothesis regarding trends in cancer incidence in the
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oldest-old, refer to restructuring of the immune system caused by germ-
line variability of the genes that control deoxyribonucleic acid (DNA)
repair, stress response, apoptosis and other fundamental cellular
activities (Anisimov, 2003). One proposed point of view is that the
oldest-old lack the genes that predispose them to chronic diseases
(Bonafe et al., 2002; Miyaishi et al., 2000). Literary evidence shows the
oldest-old have unique protective genetic variations, which induce a
genetic predisposition to prolonged aging, demonstrated by centenarian
offspring who survive longer with less health complications (Ruiz et al.,
2012; Terry et al., 2004). Polymorphisms of tumor protective genes like
tumor protein p53 and the lack of deleterious genes like breast cancer 1
(BRCA1) and transforming protein p21 (HRAS1) in this population may
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Fig. 3. Cancer mortality rates in male and females (10-year age groups).

Rates of male and female cancer mortality by 10-year age categories from 1 article selected from the review. Mortality rates reported as per 100, 000.

make them cancer resistant (Jeon et al., 2016; Bonafée et al., 2002).
Tumor suppressor gene p53 plays a major role in cell division,
apoptosis, malignant transformation, and DNA repair. Current data
speculates that p53 polymorphisms impact individual risk of cancer

when associated with environmental stress and other factors (Anisimov,
2003). In the oldest-old only a minute portion of the population would
have been subjected to enough environmental factors to exert selective
loss of the p53 genotype (Anisimov, 2003). BRCAL1 is a breast cancer
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susceptibility gene involved in recombinational repair. Data in the
oldest-old show slight differences in BRCA1 genotype frequencies
compared to younger populations, but not a big enough sample size
to show significance or suggest its role in cancer risk (Perls et al., 2007).
HRASI gene regulates various mechanisms involved with proliferation,
stress response, energy metabolism, and apoptosis. More recently it has
been identified in processes of immunosenescence, insulin resistance
and neurodegeneration. Its a3 allele is decreased in centenarians in
respect to younger populations, indicating that a3 allele carriers are
potentially at a disadvantage for human longevity, although the
mechanism is not yet clear (Anisimov, 2003; Vijg et al., 2001). This
allele has been characterized as a frailty allele. Furthermore HRAS1 has
a familial relationship with RAS2, a gene that controls yeast lifespan via
modulation of stress response. It has been theorized that HRAS1 could
potentially regulate lifespan in humans using the same evolutionary
pathway to conserve stress response (Anisimov, 2003; Vijg et al., 2001).

Information on human longevity identified age-related cytokine
changes that influence functionality of the immune system.
Centenarians exhibit higher levels of cytoxic T cells CD8 and CD28 —
and an increased percent of natural killer (NK) cells (Anisimov, 2003).
In this environment high amounts of interferon gamma (INF-) and
interleukin 4 (IL-4) are produced, which is not conducive for tumor
growth (Anisimov, 2003). Researchers hypothesize that the age-related
changes that restructure the immune system creating an adverse
environment for cancer cells to accumulate may explain the decreased
cancer incidence in the oldest-old.

Another explanation is that there is decreased cancer screening or
detection bias in the elderly and thus many diagnoses are missed in this
population. The oldest-old are at a greater risk of falling, cardiovascular
disease, stroke, etc. associated with their age. They are more likely to
suffer side effects from procedures and anesthesia, and may not benefit
from identification of cancer if they are not expected to live for decades
after cancer diagnosis. A health care provider will most likely opt out of
cancer screening in the elderly to avoid complications resulting from
screening techniques. Screening methods have also played an important
role in determining cancer incidence. Reports on cancer incidence
during terms of heavy cancer screening show a decrease in incidence for
breast, colorectal and prostate cancer at ages 85+ after the introduc-
tion of screening tools. For cancers with screening tools, the higher
incidence rates are found at younger ages because it can be detected
sooner. On the contrary, conditions like lung cancer have higher
incidence rates in older ages because they do not screen for it early
(Becker et al., 2014). A recent study looking at cervical cancer in
American Indian and Alaska Native (AI/AN) women compared to white
women found that the differences in incidence rates for those 85+ had
moderately to do with higher screening practices in white women than
in AI/AN women (Meg et al., 2014). White women showed decreased
incidence at age 85+ compared to ages 65-84 and AI/AN women had
an increase in incidence at age 85+ compared to ages 65-84. Access to
cancer screening resources may contribute to the patterns of incidence
in different age populations.

4.2. All cause mortality and cancer as a cause of death

Our review is consistent with the overall findings of the previous
2012 review on centenarians, which found that cancer mortality
decreases at 100+ ages. However, because we found only 1 article
where separate rates for centenarians were included more information
is needed to determine a definite conclusion. An earlier article from
2000 on cancer mortality under age 100, reported that age-specific
cancer mortality rates increased with age with the exception being in
lung and pancreatic cancer for both men and women, which decreased
in those =95 years (de Rijke et al., 2000). Our review supports the
previous findings.

It has become commonplace to combine information on individuals
85+ to compensate small sample sizes but evidence of their differences
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should push future researchers to aim to separate the 85+ into 5- or 10-
year age categories. Surveillance programs and census data should also
aim to standardize the categories so information can be shared and
compared. Additionally, differing results of age-specific cancer mortal-
ity could be a result of discrepancies between the definition of cancer
death by region and how each individual country determines cause of
death. The cause of death on a death certificate or as determined by an
autopsy report can be inaccurate.

The risk of cancer mortality is low compared to the risk of death
from other causes in the oldest-old. 85+ individuals are more likely to
die from old age/frailty (28.1%) and pneumonia (17.7%) than cancer
(4.4%) (Evans et al., 2014). Prognoses for the oldest-old after a cancer
diagnosis should consider complications due to age and comorbidity as
major risk factors for death. Younger people have less contributing
health factors to consider and it should be easier to determine the actual
cause of death in a young person than in someone who is older. As a
result cancer mortality can vary as age increases and people have more
health problems.

4.3. Cancer and neurodegeneration

Inverse cancer comorbidity is the phenomenon that demonstrates
the protective effects of other diseases to reduce cancer risk. A recent
review has described multiple studies demonstrating an inverse rela-
tionship between dementia and cancer in the elderly (Ganguli, 2014).
In particular, Alzheimer’s disease has shown evidence of not only
confounding cancer incidence rates but also lowering the risk for cancer
in older age individuals (Driver, 2012). This same phenomenon is not
observed in vascular dementia (Roe et al., 2010) where the cancer risk
is higher in people with vascular dementia (Driver, 2014), and there-
fore points to biological mechanisms that are not just a consequence of
cognitive dysfunction (Roe et al., 2010; Driver, 2014; Benito-Leon et al.,
2014; Driver et al., 2012). In fact the relationship was stronger when
non-Alzheimer’s and mixed dementias were excluded (Driver et al.,
2012).

Limited data compiled from a few sources point to cellular processes
involved with shared similar pathways between neurodegeneration and
tumorigenesis as a potential explanation (Driver, 2012). A substantially
large cohort study of 1 million northern Italy residents showed the risk
of cancer was 50% less in patients with AD Dementia and AD Dementia
risk was 35% in patients with cancer (Musicco et al., 2013). When
adjusted for age, the 85+ group had lower incidence of cancer in the
AD cohort and lower incidence of dementia in the cancer cohort
compared to the general population. A similar study done in Taiwan
showed that patients with dementia had significantly lower rates of
cancer over a 7-year period compared to matched controls (Lin et al.,
2016). They stratified for ages 80-89 and 90-99, the results were not
reported. The Framingham Heart study conducted in the US found
cancer survivors had a 33% decreased risk of Alzheimer’s compared to
those without cancer (Driver et al., 2012). Participants with probable
Alzheimer’s had a 61% decreased risk of incident cancer compared to
those without Alzheimers. To eliminate the possibility that the relation-
ship between cancer and dementia was due to selective mortality,
initial analysis of participants was restricted to those surviving to at
least age 80. The relationship did not change (Driver et al., 2012) —
indicating the pattern could apply to the oldest-old if examined
separately. Studies on cancer and neurodegenerative disorders could
partly be explained by selective mortality or under diagnosis of either
disease in elderly populations. Selective mortality is less likely due to
work on vascular dementia, which disputes this idea. Moreover, the
inverse relationship between cancer and neurodegeneration is better
explained by mechanisms of genetics, biology and physiology.

Extreme aging is a primary risk factor for cancer and neurodegen-
eration. Their strong association with age suggests multiple phases in
the biology of aging are linked to shared pathways and genes in
tumorigenesis and neurodegeneration. However, these genes and path-
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ways are controlled in opposing directions for each disease. Although
age-related changes in metabolic regulation may act as an initiating
event for both tumorigenesis and neurodegeneration, cancer is still
defined as unrestricted cellular proliferation, whereas neurodegenera-
tion is a system of premature cell death. Each individual neuron is
invaluable and is required to survive and sustain connections with
different neurons for as long as it can. But in tissues with proliferative
potential apoptosis is important to regulate cellular growth, and no cell
is invaluable, another can easily replace it. Researchers have proposed
that increased apoptosis may lower cancer risk but aid neurodegenera-
tion, while increased cell survival may decrease neurodegeneration but
stimulate tumor growth (Benito-Ledn et al., 2014). Other physiological
processes shared between cancer and neurodegeneration, induced by
extreme aging, are mitochondrial dysregulation and oxidative stress.

Metabolic dysregulation can contribute to age-related sporadic
forms of AD and cancer. The role of the Warburg effect in cellular
growth and neuronal cell death explains an inverse relationship
between tumorigenesis and neurodegeneration (Demetrius and
Simon., 2013). Aging causes a decrease in the homeostatic stability of
mature cells. This creates competition between cells for energy
resources and they will undergo either an increase in glycolysis or an
increase in oxidative phosphorylation (OxPhos), metabolic alterations
to compensate for any loss in energy production (Demetrius and
Simon., 2013). Cancer cells thrive in conditions of increased glycolysis
because it causes an upregulation of the glycolytic enzyme 6-phospho-
fructo- 2-kinase/fructose-2, 6-biphosphatase-3 (PFKFB3), which sup-
presses apoptosis, promotes angiogenesis and cellular proliferation
(Yalcin et al., 2014). The metabolization of glucose by glycolysis in
cancer cells is the Warburg effect (Demetrius and Simon., 2013).
Neurodegeneration is induced in conditions of increased OxPhos which
down regulates (PFKB3), contributing to neuronal cell death. The
catabolization of glucose by OxPhos in normal cells and neurons is
the inverse Warburg effect (Demetrius and Simon., 2013). The meta-
bolic activity that characterizes cancer and AD, functions in opposing
directions for tumorigenesis and neurodegeneration demonstrating an
inverse relationship. Overall an increase in glycolysis (upregulation of
PFKFB3) increases the risk of cancer and an increase in OxPhos
(downregulation of PFKFB3) increases the risk for AD (Yalcin et al.,
2014).

Literature on the genetics of age-related diseases has identified
several genes and protein—protein interactions shared between cancer
and AD pathways (Bonafe et al., 2002; Driver, 2012; Driver, 2014;
Driver et al., 2012). Peptidyl-prolyl cis-trans isomerase NIMA-interact-
ing 1 (Pinl) plays a role in cell division and is overexpressed in many
human tumors. Its function is inactivated in the brain tissue of AD
patients (Driver, 2014; Driver et al., 2012). Inhibition of Pinl reverses
tumor expression, decreasing the risk of cancer (Driver et al., 2012).
Upregulation of Pinl in neurons reverses neurodegeneration and
decreases the risk of AD (Driver et al.,, 2012). Pinl works simulta-
neously in both diseases but in different directions. The tumor
suppressor gene p53 induces apoptosis in cells with DNA damage.
Upregulation of p53 reduces cancer risk but induces aging through
cellular senescence and cell death (Driver, 2014). As a result some p53
polymorphisms protect from cancer but may increase the risk of
neurodegeneration (Driver, 2014). The wingless-type mouse mammary
tumor virus (Wnt) signaling pathway, responsible for cell survival and
proliferation, is also inactive in AD, but upregulated in many cancers
(Driver, 2014). Finally, human Apolipoprotein E (ApoE) is a genetic risk
factor for AD. Carriers of the gene have increased metabolic dysfunction
compared to non-carriers (Capri et al., 2006). Reports of associations
between cancer and ApoE have been inconclusive (Anand et al.,
2014).A recently conducted meta-analysis found no overall association
between cancer and ApoE (Anand et al., 2014). However, there was a
weak but significant negative association between the ApoE4+ geno-
type and cancer risk (Anand et al., 2014). ApoE4 has significantly lower
frequencies in centenarians compared to younger cohorts and the
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presence of ApoE4 reduces life expectancy (Capri et al., 2006). Much
of the available data on neurodegeneration and cancer is not available
on the oldest-old. Future studies should examine the oldest-old because
the age structure of the world’s population is changing.

4.4. Age-related medical conditions and cancer

At older ages the prevalence of the clinical phenotype of frailty
increases and is characterized by functional limitations, reduced
physiologic reserve, adverse outcomes and a high risk of mortality
(Kanapuru et al., 2013). It is possible that the presence of frailty results
in lower cancer incidence. A recent article identified a negative
association between frailty and cancer incidence in elderly men
(Kanapuru et al., 2013). The women were found to have a higher
prevalence of frailty and an overall lower rate of cancer incidence
comparative to men, however it was insignificant (Kanapuru et al.,
2013). The results support the notion of frailty as a protective
mechanism against cancer, but it may be more true for men than
women. It is hypothesized that cellular senescence could potentially
inhibit tumorigenesis in frail populations (Evans et al., 2014). The
prevalence of frailty in the oldest-old increases with advancing age (Lee
et al., 2016) and the existence of frailty in the oldest-old suggests the
possibility that biological implications of frailty may impact cancer
incidence.

Type 2 diabetes (T2DM) is an adult-onset diabetes whose risk
increases with age. The process of aging has been linked to lower
insulin levels and decreasing islet function, which are common indica-
tions of T2DM in patients (Driver et al., 2012). According to the CDC,
the prevalence and incidence of T2DM increases until age 65 and levels
off at older ages (US Data & Trends Redirect, 2012). Although, there is
some evidence to suggest there is a slight decrease in prevalence after
age 85 (Dunning et al., 2014). Rates of T2DM in the older age groups
may impact cancer occurrence in the oldest-old. Diabetes has been
shown to be inversely associated with cancer risk (Akushevich et al.,
2013; Tabarés-Seisdedos et al., 2011; Hu et al., 2016). The literature
proposes many biological mechanisms characteristic of T2DM (Lin
et al., 2013) that could be responsible for the inverse association. A
mutation in the transcription factor 7-like 2 (TCF7L2) is a known risk
factor for T2DM (Chen et al., 2013). TCF7L2 is activated in the Wnt
pathway, which is associated with tumorigenesis. A recent meta-
analysis on cancer risk and the TCF7L2 gene showed no association
with overall cancer risk (Chen et al., 2013). When stratified by specific
cancers, there was a positive association with colon, prostate, and
breast cancers. Specifically, the T allele of the TCF7L2 gene showed an
inverse association with prostate cancer. The literature on TCF7L and
its association with T2DM and cancer is inconsistent and more
information is needed in the future. Moreover, certain anti-diabetic
drugs such as thiazolidinediones (Bosetti et al., 2013) and metformin
(Noto et al., 2012) may also reduce the risk of all-site and type-specific
cancers like liver (Bosetti et al., 2013), colorectal (Bosetti et al., 2013;
Noto et al., 2012), and lung cancer (Tabarés-Seisdedos et al., 2011; Hu
et al., 2016; Noto et al., 2012). However, there are some type-specific
cancers like pancreatic cancer whose risk is increased by diabetes
(Akushevich et al., 2013).

An acute cerebrovascular accident (CVA) or stroke may potentially
reduce cancer risk at older ages. The Framingham study measured the
probability of staying cancer free in males and females with and
without stroke. No observed differences were found for women,
however in men there was a higher probability of being cancer free
for 80+ individuals (Ukraintseva et al., 2010). Suggesting that aging
could be influencing cancer risk after stroke occurrence. A similar study
using the National Long Term Care Survey looked at the incidence of
cancer in males and females with and without stroke. They found
similar results in females as the Framingham study, but in males they
reported a higher risk of cancer among men with stroke at age 90, but
do not say if the data is statistically significant.
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In a recent study they reported the occurrence of site-specific
cancers in individuals with health conditions more prominent in older
ages. Breast cancer risk was reduced in people with angina pectoris and
hip fractures (Akushevich et al., 2013). Colon cancer risk decreased in
patients with arthritis (Akushevich et al., 2013). More information on
these conditions in the oldest-old and whether they protect from certain
cancers should be studied further.

4.5. Genetics of longevity and reduced cancer burden in the oldest-old

Genetic profiles that slow the aging process also impede the
development of age-related diseases (Kenyon, 2010). It has been
estimated that 25 percent of the variability associated with longevity
is explained by genetic contributions (Hjelmborg et al., 2006; Deelen
et al., 2014). The genetic profiles associated with longevity have
increasing influence with advanced age (Hjelmborg et al., 2006; Tan
et al., 2012). A recent meta-analytic GWAS study confirmed the role of
the previously identified APOE locus in longevity and identified an
additional region on chromosome 5q33.3 associated with survival
beyond 90 years of age (Deelen et al., 2014). APOE encodes for
apolipoprotein E (APOE), an essential component of lipoproteins that
is involved in cholesterol and triglyceride transport in the blood. APOE
has three different isoforms identified in humans (E2, E3 and E4)
(Mahley and Rall, 2000). The APOE4 allele has been associated with
reduced longevity, while the APOE2 allele has been associated with
prolonged longevity (Schichter et al., 1994; Deelen et al., 2011). In
addition to being associated with serum cholesterol levels, SNPs in
linkage disequilibrium with the APOE locus have been associated with
reduced serum IGF-1 levels (Deelen et al., 2011). Other human studies
have supported this finding by demonstrating that centenarians have
higher expression of deactivating mutations of IGF-1 (Suh et al., 2008).
Further, genetic variants in the insulin receptor are associated with
longevity in humans (Kojima et al., 2004). Hence, it seems likely that
aberrant metabolic profiles, similar to those of calorie restriction, are
important for postponing the cellular aging process. Polymorphisms in
the downstream FOXO3 transcription factor in the Insulin/IGF-1
signaling pathway, have also been associated with increased longevity
(Kenyon, 2010; Willcox et al., 2008; Anselmi et al., 2009). Reduced
IGF-1 levels following calorie restriction have also been associated with
reduced cancer burden (Juul, 2003) and subsequently may partially
mediate the relationship between extreme longevity and reduced
cancer risk.

Recent pathway network analysis performed in the largest GWAS
study to date, identified genetic polymorphisms associated with long-
evity to be clustered in the following four general pathways: 1)
metabolism, 2) immunity, 3) calcium signaling and 4) MAPK signaling
(Zeng et al., 2016). This GWAS analysis also confirmed previously
identified APOE (discussed above) and IL6 polymorphisms to be
implicated in extreme longevity (Zeng et al., 2016; Soerensen et al.,
2013). It is hypothesized for immune regulators to be implicated in the
aging process since cellular hallmarks of aging include the decline in
certain immune functions (immunosenescence) and activation of others
(inflammaging). Since IL-6 regulates chronic inflammation, it could
play a role not only in aging by also in establishing a microenvironment
conducive to cancer growth (Heikkild et al., 2008). IL6 has also been
observed to be a growth factor for various cancers (Aggarwal et al.,
2006). Therefore, studying genetic variations in IL6 contributing to
longevity may deeper our understanding of the inverse relationship
between advanced age and reduced cancer incidence and prevalence.

Inhibition of the mTOR pathway most closely mimics the physiolo-
gical mechanism of calorie restriction that has been observed to extend
lifespan across different species (Kenyon, 2010; Fontana et al., 2010).
mTOR, the mechanistic target of Rapamycin, is a serine/threonine
kinase that serves as a major regulator of cell growth and metabolism in
response to metabolic and hormonal signals (Stanfel et al., 2009). Upon
reduced metabolic demands, mTOR is down-regulated leading to the
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down-regulation of DNA translation, which has been associated with
increased longevity in model organisms including worms, flies and mice
(Johnson et al., 2013). Recent GWAS analyses support the role of mTOR
signaling in longevity. Certain MAPK (an upstream regulator in the
mTOR pathway) polymorphisms were more commonly observed in the
oldest old (Zeng et al., 2016). Recent drug trials have demonstrated that
Rapamycin may extend longevity by reducing cancer burden (Ehninger
et al.,, 2014). Hence, mTOR genetic polymorphisms may increase
longevity by increasing cancer resistance.

5. Conclusion

The literature reviewed here suggests three main conclusions about
aging and measures of cancer risk or burden. First, after age 85
incidence and prevalence decline, compared to younger groups.
Prevalence appears to peak between age 85 and 90, but approaches
zero by age 100. Second, the specific trajectory of incidence across age
groups can vary by gender, geographic regions, and cancer type, but
when all cancer types are pooled risk seems to decline after age 85.
Third, cancer mortality increases with age, although cancers may not be
the leading cause of death among the oldest old.

The current literature offers several, not unrelated, classes of
notions toward explaining a reduced risk of cancer among the elderly.
One set of ideas is that tumorigenesis and neurodegeneration share
cellular and genetic pathways, but in opposing, perhaps mutually
exclusive, directions. Thus an active neurodegenerative process could
preclude tumorigenesis, and vice versa. Another view is that the
immune system fluctuates among the very old, such that, tumor
surveillance and control is better than among younger people. Other
possible explanations involve the interaction of certain genes with
accumulated environmental and biologic stressors, in such a way as to
prevent cancers and other morbidities. The majority of research
focusing on genetics of age-related conditions has been focused on
genetic heterogeneity related to specific disease etiology. An exciting
new avenue is focused on pleiotropic effects, where certain genetic
variants are associated with protection from various diseases of aging,
including cancer (Kulminski et al., 2016). Further examination of these
genes could provide a clearer understanding of genetic components of
reduced cancer incidence and prevalence in the oldest-old. Clearly
there is overlap among these ideas, and much potential for important
research. However, at present there are significant obstacles to medical
research on the oldest old, including underreporting of conditions.

There are very few resources to evaluate illness in the oldest-old. It
is particularly difficult to study cancer in this population. A substantial
amount of information is unreported because patients and their
caregivers may choose to defer treatment. Much of the data comes
from a variety of sources including, but not limited to cancer registries,
autopsies, death certificates, and patient reported surveys. However no
standardized method has been established to detect or study cancer in
this population. It can be difficult to compare results across studies over
various regional and demographic areas if the sources of information
are incomplete or too dissimilar.

Due to the current make-up and the inherent socio-economic
disparities of the U.S. population of people aged 85 and over, current
epidemiological studies on the oldest-old contain small sample sizes
encompassing mostly whites, women, and highly educated individuals
(Ukraintseva et al., 2010). These 3 groups also encompass character-
istics of countries with the highest life expectancy. Therefore any
conclusions from current studies may have limited applications to the
changing demographics of the United States, specifically the increased
numbers of ethnicities that are gaining better access to healthcare and
are likely to be more represented in the future. Our findings may not be
generalizable to other countries — particularly in the developing world
where there are more people of color and life expectancy is lower. We
should also consider the differences in environmental health and public
health policy in different geographical regions, which could contribute
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to the reduction of cancer risk or increased human longevity in specific
areas around the world. However despite the many challenges to study
cancer in the oldest-old, we can continue to build a clearer under-
standing of the issue by looking at more detailed information available
on prevalence, incidence and mortality. Future investigations targeting
risk/protective factors related to successful aging with and without
cancer in this population may provide unique information on how the
oldest-old appear to escape cancer. Further prospective research on
these topics is needed in the future.
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