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Abstract
Frailty is a result of underlying physiologic
processes associated with aging that lead
to poor functional reserve. With increasing
degrees of frailty, the ability to recover from
major stresses on the body such as cancer treat-
ment becomes more difficult. Varying degrees
of frailty can be subtle, which explains the
difficulty of distinguishing which older adults
will have excess toxicity from cancer therapy
and ones will tolerate it well. Thus, a bio-
marker of aging would be a very useful tool
to predict toxicity and functional decline with

cancer treatment and guide treatment decisions
for older patients.

Based on the large body of work in the field
of aging research, several processes have
emerged as hallmarks of the aging process.
There is a decline of the lymphocyte compo-
nent of the total leukocyte count. Systemic
inflammation increases and likely contributes
to age-related diseases. Telomere length
decreases with cellular replication over time.
Finally, repeated exposure to environmental
stress results in cellular senescence.
Researchers are now exploring biomarkers of
these processes and their potential application
in geriatric oncology. While they may not be
pure aging biomarkers, they may be character-
ized as biomarkers of frailty that have the
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potential to identify patients at increased risk
for adverse events, functional decline, and
poorer survival related to cancer treatment.
This chapter will discuss the characteristics of
an aging biomarker, the various markers that
have been investigated, and the evidence for
the use of these biomarkers in older adults with
cancer.
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Introduction

Frailty exists on a continuum from pre-frail to
frail, eventually leading to disability. As a person
progresses on this continuum, their functional
reserve decreases, placing the patient at increased
risk for poor outcomes after major physiologic
stresses on the body such as injury, surgery, and
cancer therapy. While older age is a risk factor for
frailty, the development of frailty is not dependent
on chronologic age. Frailty is a result of underly-
ing physiologic processes leading to poor
functional reserve, and measurement of these
processes can give more of a sense of a person’s
biologic age.

Understanding a patient’s biologic age is a
large need in the field of oncology. Varying
degrees of functional reserve among older cancer
patients result in great heterogeneity in the ability
of older adults to tolerate cancer treatment. Some
older patients tolerate treatment well and derive as
much benefit from treatment as younger patients,
while others have increased rates of toxicity
resulting in treatment reductions and/or cessation
of treatment. This variation in treatment tolerance
is likely a reflection of varying degrees of frailty
among older patients, which is a known risk factor
for poor tolerance of cancer treatment. A number
of studies have shown that pre-frail and frail
patients, identified by a geriatric assessment, are
at increased risk of toxicity to cancer therapy
(Extermann et al. 2012; Hurria et al. 2011;
Cohen et al. 2016).

Currently, pre-frail and frail patients are iden-
tified by administering a geriatric assessment tool.
There is international consensus emphasizing the
importance of geriatric assessment in older adults,
although there is a lack of consensus on which
scale to use (Wildiers et al. 2014). Geriatric
assessment tools have a moderate ability to pre-
dict toxicity; however, the lack of financial
resources and expertise has limited the routine
use of these tools in routine clinical practice in
the United States. As the cancer incidence rises
with the rapidly aging population, this will
become an increasing problem.

Although useful for identifying frail patients,
geriatric assessments do not give us a measure of
the underlying physiologic mechanisms that con-
tribute to frailty. There is a known phenotype
associated with both aging and frailty, which
includes cellular and systemic inflammation,
shortened and/or dysfunctional telomeres, and
a decrease in muscle mass. These factors are likely
interconnected as part of an “inflammaging” pro-
cess and may be candidates for easily measuring
a patient’s degree of frailty and, therefore,
biologic age.

The Ideal Aging Biomarker

The American Federation for Aging provided
guidelines on four characteristics of an ideal
aging biomarker (Simm et al. 2008; Baker and
Sprott 1988; Johnson 2006). The biomarker of
aging should be associated with the following
abilities:

1. Predict the rate of aging.
2. Monitor the process of aging, not the biology

of a disease.
3. Be tested repeatedly without harming the

individual.
4. Be able to be tested in both human and animal

models.

The difficulty with identifying biomarkers of
frailty in the oncology population is that there is a
large interplay between the potential biomarkers,
disease, and treatment. Patients may be frail
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related to the disease itself. For instance, patients
with widely metastatic disease have a high degree
of systemic inflammation leading to anorexia,
cachexia, and poor physical performance. In
chemosensitive disease, treatment of these
patients with systemic therapy can result in
improvement of these processes. In addition, the
treatment of the disease may contribute to frailty
(Demaria et al. 2017; Bailur et al. 2017).

Since many processes related to aging and
frailty contribute to diseases associated with
aging, it is unlikely that we will find a pure bio-
marker of aging that is not affected by the under-
lying disease. However, these markers may be
very useful as predictive markers of toxicity
and/or functional decline from cancer therapy.
These biomarkers could be used to predict adverse
outcomes prior to initiating therapy and may be
a useful guide during the treatment of the disease.

The Ideal Frailty Biomarker
for Oncology

Given the interplay of biomarkers of frailty
between the patient, the disease, and the treat-
ment, it will be important to assess these markers
over time to determine their ability to predict
which patients are at risk. Biomarkers of frailty
need to be tested in prospective clinical trials to
determine the following:

1. Feasibility of rapid, repeated measurement
before, during, and after treatment.

2. Correlation with toxicity (development of
adverse events).

3. Correlation with adjustments in doses, with-
holding doses, or discontinuation of treatment.

4. Correlation with physical performance and
functional decline.

Identifying frailty among cancer patients is
extremely important for multiple reasons. First,
it is important to recognize upfront which
patients are at increased risk for toxicity and
decreased functional decline with cancer treat-
ment. This information helps guide the clinician
and patient to make informed choices regarding

the type and aggressiveness of cancer treatment
that patient should pursue. Second, while on
cancer treatment, it is important to recognize if
frailty is developing and/or worsening, so that
adjustments in doses and interventions such as
physical therapy and nutritional support can be
offered to prevent the transition into disability.
Third, investigating the underlying biology is
the identification of targets for the development
of therapeutic and/or pharmacologic
interventions.

Classes of Biomarkers of Aging

Cellular Markers of Inflammation

Increased age is associated with decreased cell-
mediated immunity termed immunosenescence.
In the peripheral blood, this manifests as an
increase in myeloid cells and a decrease in lym-
phoid cells (Sieburg et al. 2006). In the general
geriatric population, lymphopenia is considered to
be a marker of frailty. In the general geriatric
population, higher neutrophil and lower lympho-
cyte counts are associated with lower physical
activity and poor muscular strength (Fernandez-
Garrido et al. 2014).

Numerous studies have evaluated
lymphopenia as a marker for outcomes in oncol-
ogy patients. Lymphopenia is independently asso-
ciated with both progression-free and overall
survival in a variety of cancers (Ray-Coquard
et al. 2009). Low lymphocyte counts may also
be a predictor for hematologic toxicity. When
measured prior to treatment, lymphopenia has
been shown to be associated with higher levels
of chemotherapy-induced neutropenia and febrile
neutropenia (Blay et al. 1996; Ray-Coquard et al.
2003).

The exact mechanism is unknown, but there
is a suggestion that early lymphoid precursors
are the most sensitive to induction of differenti-
ation in response to DNA damage (Wang et al.
2012). Regardless of the cause, lymphopenia is
considered a marker of immunosenescence
(Falandry et al. 2013; Pawelec and Solana
1997). Multiple studies have evaluated the
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lymphocyte count in relation to other leukocytes
and platelets as a marker of aging and/or frailty
as well as a prognostic factor. The neutrophil-
lymphocyte ratio (NLR), the lymphocyte-
monocyte ratio (LMR), and the platelet-
lymphocyte ratio (PLR) all have robust data
showing an association with oncologic out-
comes. Because these ratios can be derived
from a complete blood count test routinely mea-
sured prior to treatment, they may be a readily
accessible, easily measured biomarker.

Neutrophil-Lymphocyte Ratio (NLR)
A recent meta-analysis of 100 studies including
40,559 patients with solid tumors reported by
Templeton et al. (2014a) evaluated the effect of
the neutrophil-lymphocyte ratio (NLR) on cancer-
specific and overall survival outcomes. The haz-
ard ratio for overall survival among all tumor
types and stages showed poorer outcomes for
patients with a high NLR (cutoff 4.0) in terms
of cancer-specific survival (HR 1.61, 95%
CI = 1.36–1.91; P <0.001), progression-free sur-
vival (HR 1.63, 95% CI = 1.39–1.91; P <0.001),
and overall survival (HR 1.81, 95%
CI = 1.67–1.97; P <0.001). These effects were
consistent regardless of the disease subtype, site
of disease, and stage of disease.

More recently, the relationship between
frailty and ratios of leukocyte counts was evalu-
ated in older adults with cancer (Nishijima et al.
2017). Using the Carolina Frailty Index (CFI),
133 patients who had a geriatric assessment
were characterized as robust (54%), pre-frail
(22%), and frail (24%). The CFI was positively
correlated with the NLR (r = 0.22, p = 0.025).
On multivariate analysis, those with an elevated
NLR were more likely to be frail or pre-frail
(OR 3.8, 95% CI = 1.1–12.8). Higher NLR
was also significantly associated with instru-
mental activity of daily living (IADL) scores
( p = 0.040) and a prolonged timed up and go
(TUG) test ( p = 0.016).

The relationship between the NLR both frailty
and survival outcomes in these studies warrants
further investigation to determine how best to
utilize this information to guide cancer treatment
for older adults.

Lymphocyte-Monocyte Ratio (LMR)
The aforementioned study reported by Nishijima
et al. (2017) also evaluated the relationship
between the LMR and frailty. The LMR was pos-
itively correlated with the IADL score (r= 0.197,
p = 0.046). Patients with prolonged TUG tests
also had a lower LMR ( p = 0.013).

The LMR has also been shown to correlate
with oncologic survival outcomes in multiple dif-
ferent malignancies. A meta-analysis involving
4260 patients with head and neck cancer demon-
strated a significant associated with elevated LMR
and improved DFS (HR 0.70; 95% CI 0.62–0.80)
as well as improved OS (HR 0.5; 95% CI
0.44–0.57) (Tham et al. 2018). Another meta-
analysis of 1795 patients with various stages of
pancreatic cancer also demonstrated improved
disease control DFS/RFS/TTP (HR =0.38, 95%
CI: 0.15–0.95, P = 0.04) and OS (HR = 0.56,
95% CI: 0.38–0.83, P = 0.004) for those with
an elevated LMR. These results were independent
of ethnicity, surgical treatment, and cancer stage
(Li et al. 2017).

The largest meta-analysis evaluating the rela-
tionship between LMR and non-hematologic
solid tumors was reported by Nishijima et al.
(2015). This analysis included 11,197 patients
from 29 studies. Patients that had a LMR <3.0
had poorer cancer-specific survival (HR, 1.73;
95% CI: 1.55–1.93; P <0.001), disease-free sur-
vival (HR, 1.56; 95% CI: 1.31–1.86; P <0.001),
and overall survival (HR, 1.56; 95% CI:
1.27–1.91; P <0.001). The LMR was prognostic
for survival for multiple tumor types and stages of
disease.

Platelet-Lymphocyte Ratio (PLR)
Templeton et al. (2014b) also performed a large
meta-analysis investigating the prognostic role
of the PLR in 12,574 patients with solid tumor
malignancies. Among the 12 studies with a
dichotomous definition for elevated PLR (median
cutoff 185), the hazard ratio for PLR on overall
survival was stronger for patients with metastatic
disease (HR 2.0; 95% CI: 1.6–2.7) than patients
with nonmetastatic disease (HR 1.5; 95% CI:
1.0–2.2). Within the eight studies that categorized
PLR into three groups (<150/150–300/>300),
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the association with poorer overall survival was
significant for metastatic disease (HR 1.6; 95%
CI: 1.1–2.4) but nonsignificant for early-stage
disease (HR 1.0; 95% CI: 0.8–1.3). The negative
prognostic association for PLR was significant
for colorectal, hepatocellular, gastroesophageal,
ovarian, and pancreatic carcinomas in the dichot-
omous group and for colorectal cancers among the
studies that categorized PLR into three groups.
Based on these results, PLR may also provide
prognostic information for older adults with can-
cer, especially for those with metastatic disease.

Circulating Markers of Systemic
Inflammation

Levels of circulating pro-inflammatory mediators
such as IL-6 and TNF-alpha D-dimer, and plas-
minogen activator inhibitor (PAI)-1, increase with
age (Ershler et al. 1993; Fagiolo et al. 1993;
Sindermann et al. 1993). These markers are
thought to accelerate the aging process and exac-
erbate multiple age-related diseases (Bruunsgaard
et al. 2001; Franceschi et al. 2007; Vasto et al.
2007). There is a co-stimulatory affect between
markers of inflammation and pro-thrombotic fac-
tors. Cytokines such as TNF-α and IL-6 stimulate
production of pro-thrombotic factors such as
PAI-1 and fibrinogen (Kanapuru and Ershler
2009). In turn, D-dimer, a marker of the clotting
process, has been shown to induce synthesis and
release cytokines IL-1B, IL-6, and PAI-1 (Robson
et al. 1994). Likewise, when vascular cell adhe-
sion molecule (VCAM) is exposed to inflamma-
tory markers TNF-α and IL-1B, it is cleaved to
soluble (s)-VCAM, which is elevated in patients
with age-related diseases (Carter and Wicks
2001).

Several studies have shown that inflammatory
mediators correlate with measures of physical
function and are elevated to a greater degree in
frail patients than in age-matched, non-frail con-
trols (Cesari et al. 2004; Ferrucci et al. 2002a;
Hubbard et al. 2009; Leng et al. 2007; Pieper
et al. 2000; Walston et al. 2002; Yao et al. 2011;
Collerton et al. 2012). A study of 110 patients
>75 years demonstrated that a combination of

inflammatory markers (TNF-α, IL-6, CRP) and
low albumin correlated with lower physical
function scores, independent of age, sex, body
mass index (BMI), smoking status, number of
comorbidities, and number of medications
(Hubbard et al. 2009).

In the general geriatric population, elevated
chronic inflammatory and pro-coagulant markers
predict functional decline (Cohen et al. 2003; De
Martinis et al. 2006; de Saint-Hubert et al. 2011;
Ferrucci et al. 1999, 2002b; Huffman et al. 2011;
Puts et al. 2005; Reuben et al. 2002). An analysis
of disabled women�65 years showed higher IL-6
levels at baseline were associated with higher
levels of functional decline including decreased
mobility, activities of daily living deficits,
increased walking limitations, and decreased
walking speed, compared to women with low
IL-6 levels (Ferrucci et al. 2002a). These markers
also correlate with functional decline after hospi-
talization and postoperative complications from
oncologic surgery (de Saint-Hubert et al. 2011;
Ronning et al. 2010).

Markers of chronic inflammation and coagula-
tion are also associated with all-cause mortality
risk in the elderly. In a population of community-
dwelling adults (mean age 78), soluble (s)-VCAM
was independently correlated with poorer func-
tional status at baseline (HR 1.2, p = 0.002)
(Huffman et al. 2011). After adjusting for
functional status, demographic factors, and
comorbidities, higher plasma s-VCAM, D-dimer,
and IL-6 concentrations were independently
related to mortality within 4 years. Inflammatory
mediators can have greater predictive ability
among patients without baseline functional
impairments, suggesting they may identify
pre-frail patients that may not otherwise have
been identified without extensive geriatric assess-
ment testing (Pieper et al. 2000; Cohen et al. 2003;
Reuben et al. 2002).

Circulating Inflammatory Markers
in Oncologic Studies
Markers of systemic inflammation correlate with
physical function, functional decline, and mortal-
ity in the general geriatric population. These cir-
culating inflammatory markers are felt to reflect
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underlying biologic aging and frailty. Multiple
studies have evaluated these biomarkers’ associa-
tion with frailty, toxicity, and survival outcomes
for cancer patients.

Systemic inflammatory markers have been
shown to correlate with frailty in cancer patients.
Browers et al. (2015) measured systemic markers
of inflammation felt to be related to aging and
frailty including telomere length, interleukin-6
(IL-6), regulated upon activation normal T cell
expressed and secreted (RANTES), monocyte
chemotactic protein 1 (MCP-1), and insulin-like
growth factor 1 (IGF-1) among young (n = 42)
and older (n = 162) patients with nonmetastatic
breast cancer. The biomarker levels were then
correlated with patients’ Leuven Oncogeriatric
Frailty Score (LOFS). The investigators found
that IL-6 levels correlated with frailty among
older patients. IL-6, telomere length, IGF-1, and
MCP-1 correlated with age.

Multiple studies have shown elevated inflam-
matory markers are associated with a poorer
prognosis among oncology patients. For example,
higher circulating IL-6 levels have been shown
to correlate with poorer survival in patients
with hormone-refractory metastatic breast
cancer (Bachelot et al. 2003). Likewise, elevated
C-reactive protein (CRP) is associated with worse
survival in multiple urologic cancers, including
renal, bladder, and prostate cancers as well as
colorectal and gastroesophageal cancers (Saito
and Kihara 2011; Roxburgh and McMillan 2010).

Investigators have shown that systemic inflam-
mation plays a major role in the decline of cancer
patients, especially in terms of nutrition and phys-
ical function. The systemic inflammation-based
Glasgow Prognostic Score (GPS), based on levels
of CRP and hypoalbuminemia, was derived as
a surrogate of systemic inflammatory status.
Data from 8333 patients from 28 studies in
patients with operable cancer demonstrate the
GPS was a predictor of survival independent of
stage, pathological features, and comorbidity
(HR range 1.5–5.1) (McMillan 2013). Similar
prognostic ability of the GPS was seen in 11 stud-
ies involving 1504 patients with metastatic cancer.
In a study of 56 patients with advanced-stage
colorectal cancer, the GPS not only predicted

survival, but it also predicted toxicity to chemo-
therapy (Sharma et al. 2008). A higher GPS score
correlated with higher grade 2/3 diarrhea and
higher incidence of grade 2/3 toxicity compared
to those with lower scores ( p = 0.023 and 0.015,
respectively).

One argument against using inflammatory
mediators has been that they may reflect other
underlying processes such as the response to sur-
gical intervention and the underlying cancer itself.
If used in the adjuvant setting, circulating acute
phase reactants from the surgery itself should be
resolved 6–8 weeks postoperatively (Baigrie et al.
1992; Wirtz et al. 2000). In addition, multiple
studies have associated inflammatory markers
with poorer prognosis and toxicity, independent
of tumor stage (Bachelot et al. 2003; Laird et al.
2013).

Although chronic inflammatory mediators
have not been established as true aging bio-
markers, the fact that they correlate with measures
of physical status, functional decline, and mortal-
ity in the older adult population suggests they may
reflect underlying biologic processes that could
predict a patient’s risk of toxicity from cancer
treatment and, therefore, their ability to tolerate
it. The levels of inflammatory mediators can be
measured with ELISA assays on plasma samples
collected during blood draws routinely done for
cancer management. Therefore, the measurement
of these levels could become an efficient way of
providing the oncologist insight into potential tol-
erance of cancer therapy as well as prognosis and
provide guidance as to the most appropriate regi-
mens and doses for the older cancer patient.

Telomere Shortening

Telomeres are DNA protein complexes capping
the end of chromosomes that provide chromo-
somal stability and prevent DNA degradation
and recombination. Telomeres shorten with each
cell division, eventually leading to cellular senes-
cence and apoptosis (de Lange 2002). Cawthon
et al. (2003) reported a pivotal study of
143 patients >60 years of age which showed
that shorter telomere length correlated with both

400 J. M. Hubbard



age and higher mortality. Subsequent studies have
not shown a consistent correlation with telomere
length and mortality, but several have shown pos-
itive association with telomere length and better
health in older age (Atzmon et al. 2010; Bekaert
et al. 2005; Njajou et al. 2009; Pallis 2013).
Various lifestyle factors, including obesity,
smoking, and marital status, also affect telomere
length (Mishra et al. 2012).

Because there appears to be associations with
telomere length and health status, investigators
have studied telomere length as a potential bio-
marker among cancer patients. Willeit et al.
(2010) evaluated telomere length of 787 individ-
uals. Shorter telomere length was associated with
developing cancer over the course of 10 years
(HR 1.60; 95% CI: 1.30–1.98; P <0.001). The
shortest telomere length also correlated with
higher cancer mortality (HR 2.13; 95% CI:
1.58–2.86; P <0.001). There have been reports
of shortened telomere length and poorer prognosis
in a number of different cancers including colo-
rectal, breast, lung, and sarcoma (Pallis et al.
2014). However, not all studies consistently
show a correlation between telomere length and
cancer incidence and/or mortality (Pooley et al.
2010; Prescott et al. 2012).

It does not appear that telomere length is asso-
ciated with frailty as measured by geriatric assess-
ment. A study reported by Falci et al. (2013)
evaluated telomerase activity and telomere length
of cancer patients �70 years of age (n = 52)
compared with 39 age-matched controls that
underwent a geriatric assessment. Telomere
length was significantly shorter in cancer patients,
but only correlated with age in non-cancer
patients. They did not find that telomere length
was associated with geriatric assessment scores.
Several other studies have not found a correlation
between measures of frailty and telomere length in
the general population (Lorenzi et al. 2018; Saum
et al. 2014).

Telomere length does not appear to be associ-
ated with frailty, which would potentially predict
an increased risk for toxicity. There are a few
studies on telomere length and toxicity. One
study in colorectal cancer did find an association
of telomere length with hematologic toxicity and

mucositis in patients receiving 5-fluorouracil
(Garg et al. 2012). Among breast cancer patients
receiving paclitaxel, those with a higher percent-
age of critically shortened telomeres had higher
toxicity, but there was no correlation with toxicity
and average telomere length (Quintela-Fandino
et al. 2017).

While telomere length plays a role in the aging
process, the conflicting results in studies related to
cancer incidence and mortality make the role of
this biomarker in geriatric oncology unclear. In
addition, there is not universal agreement on the
method of measuring of telomere length, which
can be complex (shortest telomere length by fluo-
rescent in situ hybridization, quantitative real-
time polymerase chain reaction [qPCR], measur-
ing cleaved fragments). Further studies are needed
to determine if telomere length can consistently
predict outcomes for cancer patients.

Cellular Senescence Markers

Senescent cells accumulate with age as a reaction
to lifelong cellular stress (Ressler et al. 2006; Liu
et al. 2009). Although senescent cells are not
mitotically active, they acquire a senescence-asso-
ciated secretory phenotype (SASP), with
increased production of proteins involved in
chronic inflammation and coagulation, very sim-
ilar to the markers associated with poorer physical
function and mortality in the elderly (Campisi
2005; Coppe et al. 2008). p16INK4a is considered
a marker of cellular senescence and is felt to be
a potential biomarker for aging.

The p16INK4a gene is a cell cycle regulator
that inhibits downstream activation of cyclin-
dependent kinases 4/6 leading to permanent cell
cycle arrest, otherwise known as cellular senes-
cence (Romagosa et al. 2011). p16INK4a is acti-
vated during cellular stress responses and
considered a tumor suppressor gene. Circulating
levels of p16INK4a can be measured in T lym-
phocytes by qPCR.

p16INK4a age levels increase with age and
age-related diseases (Lawrence et al. 2018;
Tsygankov et al. 2009). Higher levels of
p16INK4a expression in T lymphocytes are seen
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with lifestyle factors such as inactivity and
tobacco use (Song et al. 2010). p16INK4a levels
appear to be associated with frailty in the general
geriatric population. In a small study of older
women (n = 11) in a resistance training program,
higher levels of p16INK4a-positive cells in adi-
pose tissue were associated with poorer grip
strength, 400-meter walk time, gait speed, and
their perception of mobility (Justice et al. 2017).
Waaijer et al. (2017) found a stronger association
of p16INK4a levels with functional measures than
with age.

Transgenic mouse models allow researchers to
track and eliminate senescent cells. After expo-
sure to a cellular senescence-inducing agent such
as chemotherapy, Demaria et al. (2017) showed
senescent cells in mice contribute to local and
systemic inflammation leading to worsening side
effects, and clearing these cells reduces those
effects. They also found that humans with
increased senescent marker expression in T cells
prior to receiving chemotherapy had a greater
degree of chemotherapy-induced fatigue. These
results suggest that markers of senescence may
be able to predict greater toxicity to cancer
treatment.

Importantly, chemotherapy may also affect
p16INK4a expression in patients exposed to che-
motherapy. In a study of breast cancer patients
undergoing adjuvant anthracycline-based chemo-
therapy, chemotherapy exposures were associated
with an increase in p16INK4a expression that
would be found with 10.4 years of aging (Sanoff
et al. 2014). Therefore, this biomarker may also
predict accelerated aging in cancer survivors.

Discussion

It is likely that all of the aforementioned potential
markers of aging and/or frailty are interrelated.
For instance, telomere shortening and the resul-
tant dysfunction lead to cellular senescence
(Wang et al. 2012). Cellular senescence is felt to
be an underlying process contributing to the
increase in inflammation associated with func-
tional decline and mortality in the elderly
(Franceschi et al. 2007; De Martinis et al. 2006;
Freund et al. 2010). Inflammation can lead

to impaired lymphopoiesis (Wang et al. 2012).
Systemic inflammation is also associated with
sarcopenia, which can result in a more sedentary
lifestyle that is also associated with shortened
telomeres (Mishra et al. 2012).

Regardless of the underlying process that set
off the interrelated processes associated with bio-
logic aging, further study is needed to determine
which markers are the most easily measured, low
burden to patient and the financial system, and the
most reliable at identifying frail patients vulnera-
ble to the toxicities from cancer treatment. This
research will also provide valuable information on
the underlying biologic mechanisms contributing
to increased toxicity and poorer survival out-
comes. Ultimately, identifying the underlying
mechanisms of frailty leaves the potential for phar-
macologic interventions that may improve the tol-
erability of cancer treatment for frail patients.
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