
Review article

Evaluating the physiological reserves of older
patients with cancer: The value of potential
biomarkers of aging?

Athanasios G. Pallisa,⁎,1, Sigrid Hatseb,1, Barbara Brouwersb, Graham Pawelecc,
Claire Falandryd,e, Ulrich Weddingf, Lissandra Dal Lagog, Lazzaro Repettoh,
Alistair Ringi, Hans Wildiersa,b

aEuropean Organization for Research and Treatment of Cancer Elderly Task Force, Brussels, Belgium
bLaboratory of Experimental Oncology (LEO), Department of Oncology, KU Leuven, and Department of General Medical Oncology,
University Hospitals Leuven, Leuven Cancer Institute, Leuven, Belgium
cCenter for Medical Research, ZMF, University of Tübingen Medical School, Waldhörnlestr. 22, D-72072 Tübingen, Germany
dGeriatrics Unit, Lyon Sud University Hospital, Pierre-Benite, France
eLaboratoire de Biologie Moléculaire de la Cellule, Lyon Sud Medicine Faculty, Lyon University, Lyon, France
fJena University Hospital, Department of Internal Medicine, Erlanger Allee 101, 07747 Jena, Germany
gMedicine Department, Institut Jules Bordet, Université Libre de Bruxelles, Belgium
hDipartimento Oncologia, Ospedale di Sanremo, Via G Borea, 56, 18038 Sanremo, Italy
iBrighton and Sussex Medical School, UK

A R T I C L E I N F O A B S T R A C T

Article history:
Received 16 April 2013
Received in revised form
11 June 2013
Accepted 5 September 2013
Available online 29 September 2013

Aging of an individual entails a progressive decline of functional reserves and loss of
homeostasis that eventually lead to mortality. This process is highly individualized and is
influenced by multiple genetic, epigenetic and environmental factors. This individualization
and the diversity of factors influencing aging result in a significant heterogeneity among people
with the same chronological age, representing a major challenge in daily oncology practice.
Thus, many factors other than mere chronological age will contribute to treatment tolerance
and outcome in the older patients with cancer. Clinical/comprehensive geriatric assessment
can provide information on the general health status of individuals, but is far from perfect as a
prognostic/predictive tool for individual patients. On the other hand, aging can also be assessed
in terms of biological changes in certain tissues like the blood compartment which result from
adaptive alterations due to past history of exposures, as well as intrinsic aging processes. There
aremajor signs of ‘aging’ in lymphocytes (e.g. lymphocyte subset distribution, telomere length,
p16INK4A expression), and also in (inflammatory) cytokine expression and gene expression
patterns. These result from a combination of the above two processes, overlaying genetic
predispositions which contribute significantly to the aging phenotype. These potential “aging
biomarkers” might provide additional prognostic/predictive information supplementing
clinical evaluation. The purpose of the current paper is to describe the most relevant potential
“aging biomarkers” (markers that indicate the biological functional age of patients) which focus
on the biological background, the (limited) available clinical data, and technical challenges.
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Despite their great potential interest, there is a need for much more (validated) clinical data
before these biomarkers could be used in a routine clinical setting. This manuscript tries to
provide a guideline on how these markers can be integrated in future research aimed at
providing such data.

© 2013 Elsevier Ltd. All rights reserved.
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1. Introduction

The incidence of most malignant diseases increases with
age.1 Data from the Surveillance, Epidemiology, and End
Results (SEER) database show that approximately 55% of
all newly diagnosed cancer cases and 70% of cancer-related
deaths occur in patients aged 65 years or older.2 Median
age at death for the major tumors common to both males
and females (lung, colorectal, lymphoma, leukemia, pan-
creas, stomach, urinary bladder) ranges from 71 to 77 years.2

Thus, as the world population ages, it is expected that
the number of older patients with cancer will increase
and therefore clinicians will be frequently confronted with
older patients with cancer and treatment decisions in this
population.3

Aging may contribute to carcinogenesis in two ways: first
the passage of time simply leads to accumulations of cells
with different molecular aberrations, eventually resulting in
overt tumors; second, aging is associated with substantial
alterations in internal homeostasis, especially in immune and
endocrine systems that play a significant role in cancer
control. Hence, aging is associated with numerous events at
the molecular, cellular and physiological levels that increase

susceptibility to carcinogens, promote carcinogenesis and
decrease protective mechanisms.4

Cellular senescence is a fundamental cellular program that
can be activated by different mechanisms. Deoxyribonucleic
acid (DNA) damage is considered one of the most important
triggers. If the amount of DNA damage after exposure to either
endogenous or exogenous toxins is beyond the capacity of repair
mechanisms, but fails to initiate apoptosis, the cell can activate a
DNA damage response,5 ultimately leading to permanent cell
cycle arrest, i.e. senescence.6,7 A second, in some ways related,
trigger of cellular senescence is replicative exhaustion, i.e. cells
can only undergo a finite number of divisions under some sort of
genetic control, most often shortening of the repeats at the ends
of the chromosomes (telomeres).When these reach a critical low
number after numerous cell divisions, a signaling cascade is
initiated (a DNA damage cascade — hence the similarities with
the first mechanism above) and the cell is driven into a state of
irreversible growth arrest.5 Third mechanism is excessive
exposure of the cell to oxidative stress can also lead to a similar
response to that observed with replicative exhaustion, resulting
in a permanently growth arrested senescent status.8 Finally,
another mechanism that can lead to activation of the senes-
cence pathway and result in cellular senescence is the activation
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