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Preface

  As I write this preface, I am just back from an exciting 12th Annual Conference of the 
International Society of Geriatric Oncology (SIOG). The conference spanned every-
thing from basic science to public health and caregiving. These are great times for geri-
atric oncology as our field expands in all directions. This issue of the Interdisciplinary 
Topics in Gerontology series will, I hope, convey to you this excitement.

We start at the bench, with a chapter by Sharp et al., from San Antonio, Tex., USA, 
on mTOR inhibition. This is an important pathway in both aging and cancer, and 
the recent availability of mTOR inhibitors for clinical use in oncology opens a wide 
array of possibilities for interactive cancer and aging studies. We then explore how 
the tumor microenvironment can be altered by senescent cells with Velarde et al., 
from Berkeley, Calif., a group that has done a lot of work on the topic. We continue 
with two thorough chapters on immune senescence and how it affects cancer vaccine 
response (Gravekamp), and cancer development (Fulop et al.).

We then transition to a case example in translational research, namely the impact 
of the metabolic syndrome, which affects 40% of older Americans, on cancer devel-
opment and prognosis. This illustrates an important development in our understand-
ing of the interactions between comorbidity and cancer. Comorbidity used to be seen 
as mostly a competing cause of death, or something reducing tolerance to cancer 
treatment. Increasingly, however, we realize that comorbidities and their treatment 
can influence the behavior of the cancer itself, worsening or improving its prognosis. 
Dr. Balducci shares with us his expertise on frailty in the next chapter, another topic 
that links biology and clinic, and a hotly debated one in geriatrics. AML has a poor 
prognosis in the elderly, and numerous translational research studies target patients 
above the age of 60. Are we seeing progress? Dr. Vey tackles this question.

A key feature of geriatric oncology, like geriatrics in general, is its multidisciplinar-
ity. A comprehensive geriatric assessment and intervention is at the core of geriatric 
medicine and Dr. Mohile reviews the state of the art in adapting this approach to the 
older cancer patient. Several pharmacokinetic tests are offered to improve chemo-
therapy dosing in cancer patients. How helpful are they in the elderly? Dr. Lichtman 
weighs in. Van Leuwen et al. appraise the role of the new surgery techniques in improv-
ing the care of older cancer patients. Bringing multidisciplinary teams together raises 
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VIII Extermann

multiple practical organizational questions. Therefore our three next chapters explore 
how geriatricians and oncologists can interact (Holmes and Albrand), how geriatric 
oncology nursing differs from oncology nursing as usual (Overcash), and how exer-
cise programs can be implemented for older cancer patients (Klepin et al.).

Ultimately, if geriatric oncology is to benefit the entire population, it has to be orga-
nized on a large scale. Bréchot et al. share with us how the French National Cancer 
Institute has been instrumental and deliberate in building up the geriatric oncology 
capacity in France. Inspirational lessons for all of us.

I hope you will enjoy the reading, and even more, find a multitude of ideas to 
feed your research and practice, and foster your excitement for geriatric oncology. 
Who knows, you might contribute your experience to the next SIOG meeting . . . Good 
reading!

Martine Extermann
Tampa, Fla., USA
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Chronic Mechanistic Target of Rapamycin 
Inhibition: Preventing Cancer to Delay Aging, 
or Vice Versa?
 Zelton Dave Sharpa,c,d � Tyler Jay Curielb–d � Carolina Becker Livia,c,d

aDepartment of Molecular Medicine, Institute of Biotechnology, bDepartment of Medicine/Hematology and 
Medical Oncology, cBarshop Institute for Longevity and Aging Studies, and dCancer Therapy and Research 
Center, The University of Texas Health Science Center at San Antonio, San Antonio, Tex., USA

 Abstract 

Cancer and aging appear to be inexorably linked, yet approaches to ameliorate them in concert are 
lacking. Although not (easily) feasible in humans, years of preclinical research show that diet and 
growth factor restriction each successfully address cancer and aging together. Chronic treatment of 
genetically heterogeneous mice with an enteric formulation of rapamycin (eRapa) extended maxi-
mum lifespan of both genders when started in mid or late life. In part, cancer amelioration in treated 
mice suggested that long- term eRapa, like diet restriction, could be a pharmacological approach 
feasible for use in the clinic. We review the current understanding of the role of the mechanistic tar-
get of rapamycin (mTOR) in cancer and aging. We also discuss the tumor immune surveillance sys-
tem, and the need for a better understanding of its responses to mTOR inhibitors. We also address 
the issue of the misperception that rapamycin is a potent immunosuppressant. Finally, we review 
the current state of mTOR inhibitors in the cancer clinic. Because of the burgeoning elderly popula-
tion most at risk for cancer, there is a great need for our eRapa findings to be a proof of concept for 
the development of new and more comprehensive approaches to cancer prevention that are safe 
and also mitigate other deleterious effects of aging. Copyright © 2013 S. Karger AG, Basel

If we could magically cure all cancers, would this in fact address the aging prob-
lem? While true to a certain extent, attacking cancer without addressing aging is 
an economically shortsighted and questionable health policy. If we eliminated all 
adult cancers, the overall cost of healthcare would rise by 7.4% [1]. The 3- to 4-year 
extension of average lifespan would result in more healthcare dollars being spent 
treating other age-related diseases (e.g., Alzheimer disease, atherosclerosis, and 
diseases associated with immune senescence, to mention a few). This increase in 
healthcare cost also applies to other age-related diseases such as heart disease, the 
elimination of which would increase lifespan on average by 5.2 years and health 



2 Sharp · Curiel · Livi

costs by 8% [1]. Ignorance of these paradoxical economic effects of extending lifes-
pan contributes to the burgeoning cost of healthcare for the fastest growing seg-
ment of the US population (>65 years = 70 million individuals or a 20% increase 
by 2030; cf. http://www.aoa.gov/AoARoot/Aging_Statistics/future_growth/future_
growth.aspx#age).

It is thus imperative that we address the following questions: (1) Can we develop 
strategies to prevent cancer while mitigating the diseases associated with increased 
lifespan, and (2) can we do both at the same time, with one or a combination of 
intervention(s)?

At the same time, however, we must also address two potential barri-
ers to this  approach. First, a culture that promotes a ‘war on cancer,’ centered 
almost  entirely on treatment ignores the role of aging in the disease process. 
Second, there is a misconception that cancer is a disease while aging is not – that 
they should not be conflated. Contrary evidence suggests that, by far, age is the 
most significant risk factor for a wide range of diseases [2] (including cancer [3]), 
which consume  enormous amounts of time, energy and resources. A tenet of aging 
research posits that age-delaying interventions also delay and/or reduce the inci-
dence and severity of age-associated diseases. Cancer and aging, then, must be 
considered  alongside one another to make meaningful progress in the mitigation 
of the disease.

Can these barriers be surmounted so that we can begin to meet the formidable 
challenge of preventing and treating cancer in a manner that takes into account 
issues of aging? We think the answer is ‘yes’, which on the surface appears fan-
ciful. However, researchers in the aging field have, for a long time, been dem-
onstrating that it is possible to delay aging and its associated diseases. We are 
referring to the huge body of preclinical work showing that reducing dietary 
(caloric) intake improves most measures of health, including delaying and/or pre-
venting cancer [4], and, in the process contributes to the increase in maximum 
lifespan [5]. An increase in maximum lifespan occurs if cancer and other com-
peting causes of  mortality are all reduced (cf. D.E. Harrison: http://research.jax.
org/faculty/ harrison/ger1v Lifespan1.html). Pituitary dwarf mice also exhibit an 
extension in maximum  lifespan [reviewed in 6], and exhibit reduced cancer [7, 8]. 
Unfortunately however, translating these interventions to humans is not (easily) 
feasible in people. Is there a realistic way to mimic these conditions to achieve the 
same outcome in humans?

To get at this question it is useful to know what exactly the connection between 
aging and cancer is. Aging and age- related diseases (including cancer) probably share 
common underlying etiologic mechanisms. Currently, it is generally accepted that 
a continuing accumulation of damaged or aggregate macromolecules in somatic 
organs/tissues is an underlying mechanism driving the aging process, and is also pre-
sumed to be an overlapping factor in the cause of many of the age- associated diseases. 
It is argued that the elderly have more cancer (up to a point) because they have had 
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Chronic mTOR Inhibition: Preventing Cancer to Delay Aging, or Vice Versa? 3

a greater lifetime exposure to carcinogenic insults than the young. However, grow-
ing evidence indicates that aging in itself is an independent risk factor. For example, 
the development of cancer is about 50- fold more rapid in mice than humans, which 
closely parallels the difference in lifespan between these two species [9]. Campisi [10] 
proposes that aging senescent cells contribute to microenvironmental conditions that 
promote cancer. Importantly and discussed above, interventions that retard aging 
also retard cancer and decrease the incidence and/or severity of most types of cancer.

The proportion of elderly individuals in the population continues to explode in the 
21st century making understanding the aging/cancer connection a pressing problem. 
By the year 2030, projections show that 20% of the population in the USA will be over 
the age of 65 [11]. Projections also indicate that the number of people over the age of 
65 and 85 doubles in the USA to 72 and 10 million, respectively; after 2030 the oldest 
of the old will be the most rapidly expanding population [12].

In 2009, Jemal et al. [13] estimated the diagnosis of 1,479,350 new cancer cases 
associated with 562,340 deaths. Significantly, 60% of the cancer incidence and 70% 
of related mortality will occur in people 65 and over [13]. For the burgeoning over 
65 generation, these data indicate that cancer- related problems will be significant. 
Because persons over 65 years of age have an age- adjusted cancer mortality rate 15 
times greater than young people, the risk of developing cancer and dying from it 
becomes very significant as the population ages. For example, 92% of prostate cancer 
deaths occur in men over 65 years of age [14]. If projections prove correct and no 
mitigating interventions are developed, these numbers are going to get worse. A shift 
in the risk- benefit ratio of anti- cancer drugs caused by age- related decreases in toler-
ance plus clinical trial under- representation of this demographic worsens this picture 
[15]. What can be done to avert this situation?

A Potential Approach?

In 2004, one of us (Z.D.S.) proposed to the Intervention Testing Program (ITP) spon-
sored by the National Institute of Aging that a drug called rapamycin would mimic 
both diet and growth factor restriction, and, when given over a lifetime, would extend 
longevity. What was the rationale for such idea? Figure 1 summarizes the major stim-
uli that the cellular target of rapamycin (TOR) integrates in its role as a regulator of 
anabolic and catabolic processes. TOR, a member of a highly conserved family of 
stress response kinases, forms two complexes each with diverse cell autonomous and 
non- cell autonomous functions.

TOR research is an exploding field of studies with an average of about 40 papers 
reported weekly by Entrez PubMed. Although every month adds complexity to its 
signaling circuits (for a systems analysis, see Caron et al. [16]), the essential aspects 
of mechanistic (formerly mammalian [17]) TOR (mTOR) for our purposes here are 
illustrated in figure 1a. In addition to nutrient, energy and growth factor/cytokine 
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inputs, the field appears to be arriving at the conclusion that (almost) any stress placed 
on a cell (and thus organism) somehow impinges on mTOR to repress its activity (fig. 
1). Shown in figure 1 is only one of the complexes in which the mTOR kinase partici-
pates, mTOR complex 1 (mTORC1). mTORC2 (not shown) participates in cytoskel-
etal organization, cell survival and metabolism [reviewed in 17]. In this chapter we 
focus on mTORC1 since it is currently best understood.

Also indicated in figure 1 are some of the major downstream processes that 
mTORC1 effects in response to diet restriction (DR), growth factor restriction and 
rapamycin, and which processes that are postulated to result in extended survival and 
fewer age- related diseases. Laplante and Sabatini [17] provided an excellent review of 
the role mTOR plays in the integration of growth signals, in somatic growth regula-
tion and in diseases.

In 2005, Sharp’s proposal was approved by the ITP governing body, and in 2009 
Nature published results that tested a specially designed encapsulated formulation of 
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Fig. 1. mTOR complex 1 (mTORC1) signaling lifespan and cancer. a Major stimuli that mTORC1 inte-
grates in the execution of its cell autonomous functions are indicated. Laplante and Sabatini [17] 
provided an outstanding review of mTORC1 and role in metabolism. The level of mTORC1 activity 
toward downstream effectors (ribosomal protein subunit 6 (rpS6), kinase 1/2 (S6K1/2), eukaryotic 
translation initiation factor 4E binding proteins (4E- BPs)) are indicated by the size of arrows. In a 
replete state (including active growth factor/cytokine upstream stimulation), mTORC1 activity is 
upregulated resulting a pro- anabolic (growth in mass and cell cycle progressive) state as indicated in 
its key outputs (red = downregulated state; green = upregulated). In adult non- proliferating tissues, 
activity of mTORC1 is posited to contribute to cell senescence [93, 94]. b Pro- longevity interventions 
that lead to reductions in mTORC1 activity and decrease in downstream processes. This hypothetical 
shift in the state of mTORC1 and the related downregulation of its key outputs is posited to result in 
extended longevity, including the prevention, delay and/or reduction in severity of cancer. mTOR 
complex 2 (mTORC2), not shown, functions in cytoskeletal organization, cell survival and metabo-
lism [17], which in terms of aging and cancer is less well understood.
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Chronic mTOR Inhibition: Preventing Cancer to Delay Aging, or Vice Versa? 5

rapamycin (eRapa) developed by Dr. Randy Strong (ITP Site Director at the Barshop 
Institute for Longevity and Aging Studies at the University of Texas Health Science 
Center at San Antonio) in collaboration with the Southwest Research Institute in San 
Antonio, Texas. eRapa is stable in food and releases rapamycin in the intestinal tract 
[18], and extended maximum lifespan of old (equivalent to 60 in human years) genet-
ically heterogeneous mice of both genders [19]. A subsequent paper from the ITP 
showed that middle- aged mice also showed an increased maximum lifespan from 
chronic treatment with eRapa [20].

In this second cohort of mice, the end- of- life pathology showed that mice diag-
nosed with mammary, liver and lung cancer had greater mean age at death in the 
eRapa group. In addition, lymphoma and hemangiosarcoma as the cause of death 
was reduced in eRapa treated group. These data indicate that mTOR inhibition over 
the major portion of the life in mice pharmacologically mimics diet and/or growth 
factor restriction to prevent, delay and/or reduce the severity of cancer, while pro-
tecting against other age- associated diseases. Could this be applied to humans? 
This would depend on the biological TOR being a conserved regulator of aging and 
cancer.

TOR, Aging and Cancer

TOR and aging appear to have been linked during the evolution of life [21]. Although 
critical in development, accumulating evidence suggests that the continuation of TOR 
function may be dispensable, perhaps harmful, in adult somatic tissues. Reduced 
activity in Saccharomyces cerevisiae (budding yeast) [22], in adult round worms, 
Caenorhabditis elegans [23, 24], and fruit flies, Drosophila melanogaster [25], results 
in a longer lifespan. Reduced recombination of ribosomal DNA and mRNA trans-
lation, reduced acetic acid production, improved oxidative stress resistance, better 
mitochondrial function and improved removal of damaged proteins through autoph-
agy are phenotypes associated with reduced activity of mTOR in yeast [reviewed in 
26].

Two of the downstream signaling effectors for mTORC1 include a repressor of 
Cap- dependent translation called 4E- BP [27]. The other substrate for mTORC1 is 
ribosome subunit 6 kinase 1 (S6K1), which is thought to regulate protein synthe-
sis via its substrate ribosomal protein subunit 6 (rpS6). Overexpression of the 4E- 
BP translation repressor increased longevity of D. melanogaster [28]. Removal of a 
somatic isoform of eIF4E (IFE- 2), a regulatory factor for Cap- dependent translation 
[27], lowers global protein production resulting in an extended lifespan in C. elegans 
[29]. In addition, decreased levels of components comprising the translation initia-
tion complex in worms (e.g., ifg- 1, a homolog of mammalian eIF4G [30] and reduc-
tion of worm S6 kinase (rsk- 1)) extend lifespan [31]. In an RNAi screen of C. elegans, 
Hamilton et al. [32] reported that iff- 1, a homolog of the translation initiation factor 
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eIF5A, extends lifespan. These data argue that decreased translation in worms is one 
mechanism for extension of survival. What about bigger organisms?

Long- lived dwarf mice also have a signaling signature in liver and skeletal muscle 
consistent with downregulation in mTORC1 [33, 34]. S6K1–/– mice have gene expres-
sion profiles similar to those of diet (calorie)- restricted (DR) mice, and females have 
evidence of less age- related diseases and live longer than males [35]. In sum, mTORC1 
plays a major role in regulating lifespan in invertebrates and vertebrates.

Metazoan mTOR has cell autonomous and non- cell autonomous functions [36], 
a recent example being the regulation of intestinal stem cell renewal by extracellular 
signaling initiated by Paneth cells [37]. This is especially interesting in light of the 
finding that calorie restriction, the most robust anti- aging intervention, and rapamy-
cin (see below) increase intestinal stem cell self- renewal via an increase in extra-
cellular signaling (cADPR) by Paneth cells in response to a reduction of mTORC1 
signaling. These non- cell autonomous functions range from the regulation of organ-
ismal growth [17] to learning and memory where it has been proposed that mTOR 
inhibitors may have therapeutic potential for the treatment of varied forms of cogni-
tive deficiencies [38] and improved cognition [39]. These diverse functions make it a 
challenge to fully understand the precise role of mTOR in longevity regulation.

Rapamycin – A Pro- Longevity Drug That Mimics Diet Restriction – Or Does It?

Diet restriction is postulated to exert at least part of its inhibitory influence on 
mTORC1 through nutrient and/or energy signaling inputs (see Yilmaz et al. [37] for 
an example in intestinal crypt cells). A reduction in mTORC1 output also results from 
restricted growth factor signaling [33, 34]. Metformin indirectly inhibits mTORC1 
via an inhibition of the RagGTPase system [40], which functions in the amino acid 
sensing system associated with lysosomes (reviewed in Laplante and Sabatini [17]). 
Beginning 30 years ago with phenformin, metformin and other biguanide anti- 
diabetic drugs have been shown to extend survival in models of carcinogen- induced, 
genetically prone, and spontaneously arising tumors [reviewed in 41]. Would rapamy-
cin have the same type effect?

Adding rapamycin to yeast cultures results in the cells entering a state resem-
bling DR [42], which extends their lifespan [22]. Would this work in metazoans as 
a mimic of DR to increase survival? In Drosophila melanogaster, rapamycin treat-
ment increased lifespan [43]. In flies whose lifespan is maximized by DR, rapamycin 
afforded an additional extension while it extended the shortened lifespan of overfed 
flies. These and other data persuaded Bjedov et al. [43] that fruit fly mTORC1 plays a 
major player role in age regulation, at least in fruit flies.

Previously mentioned above were our results in genetically heterogeneous mice. 
eRapa is the first drug formulation that extends both median and maximum lifespan 
in a mammal, a feat previously achieved with DR and growth factor restriction models. 
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Regarding cancer in these experiments, we presume that chronically eRapa- treated 
mice either develop neoplasms later, these neoplasms grow and progress slower (e.g., 
by immune protection, see below), and/or eRapa- treated mice somehow tolerate their 
cancers better than controls. Clearly this is an area that needs further investigation. 
Regardless, we can now say that a pharmacological intervention is capable of extend-
ing life leading to the question: How does it do it? And, will it improve health span (as 
in the case of DR)? That is, will it remove the major hurdles impeding development of 
the new strategies to prevent and treat cancer while mitigating the diseases associated 
with the gain in lifespan?

Potential Mechanisms of Rapamycin Effects on Mammalian Lifespan and Cancer

The question of whether or not chronic mTORC1 inhibition mimics DR in an aging 
context, and if so, the potential mechanisms (such as translation regulation and 
autophagy) was previously discussed [21]. Here, we focus on issues related to can-
cer. The high growth state (mass and proliferation) of most cancer cells is to a large 
degree dependent on active mTORC1 [44]. For this reason, it and its associated 
pathways are increasingly targeted for the development of new oncology drugs to 
reduce mTOR activity. Laplante and Sabatini [17] provided an excellent review of 
the processes (e.g., ribosome biogenesis, translation of cell cycle regulators impor-
tant in proliferation, anti- apototic factors, angiogenic regulators, metastatic factors, 
and energy- promoting factors) that cancer cells exploit, and in which mTORC1 has 
a regulatory role.

A large body of data points to deregulated protein synthesis downstream of 
mTORC1 as a major requirement for cancer cell growth and proliferation. Deregulated 
phosphoinositide 3- kinase (PI3K) signaling pathways are frequently found in cancer. 
A serine/threonine kinase, Akt, is a major downstream target of PI3K [45], which 
is frequently hyperactive in human solid tumors and hematological tumors [46]. 
Eukaryotic (translation) initiation factor 4E (eIF4E) and its repressor 4E- BP have 
been shown to be critical players in Akt oncogenic promotion of tumor growth, while 
phosphorylation of rpS6 (a substrate of S6 kinase 1) appears dispensable [47, 48].

Hsieh et al. [49] recently used ribosome profiling [50] to compare the translational 
footprint of prostate cancer cells treated with rapamycin or ATP active- site inhibitors 
PP242 and clinical grade INK128 [49]. These studies revealed surprising transcript- 
specific control mediated by oncogenic mTORC1 signaling that included a specific 
set of pro- invasion and metastasis genes. These investigators also report that kinase 
inhibitors are more efficient in eliciting this response than rapamycin, an allosteric 
inhibitor. Whether these findings in prostate cancer cells are applicable to other types 
of cancer is a remaining question. Tumors driven by oncogenic signaling increase 
ribosome biogenesis linked to mTOR activation, which both of these types of inhibi-
tors repress, suggesting that they could elicit similar responses. Will these responses 
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be observed in tumors driven by a loss of tumor suppressor gene function? Our labo-
ratories are currently investigating this issue.

In addition to protein synthesis, another hallmark of cancer cells is an increase 
in de novo lipid synthesis [17, 51, 52]. mTORC1 relays oncogenic and growth factor 
signaling to pro- lipogenic transcription factor SREBP1, which also promotes nucleo-
tide biosynthesis [53]. Thus, inhibition of mTORC1 activity will likely repress these 
biosynthetic pathways upon which cancer cells depend.

The fact that rapamycin analogs are used therapeutically for cancer treatment (e.g., 
renal cell carcinoma) suggests that chronic rapamycin treatment could be beneficial 
in a cancer prevention setting. However, rapamycin is perceived as a potent immune 
suppressor, so how could it possibly be applicable to a clinical cancer prevention 
setting?

Tumor Immune Surveillance, mTOR and Effects of Rapamycin

Because eRapa might extend life, in part, by preventing cancer, it is worth examin-
ing how developing cancers could be eliminated before becoming clinically appar-
ent. Tumor immune surveillance is the active process of immune detection and rapid 
elimination of cells that have undergone malignant degeneration. Tumor immune 
surveillance was initially a hypothesis of a mechanism to prevent early cancers from 
becoming clinically apparent, but has moved from theory to generally accepted reality.

Cancer cells express antigens that subject them to recognition and elimination by 
the immune system. These cancer- associated antigens are processed and presented 
and displayed on the cell surface with major histocompatibility complex molecules 
plus immune co- signaling molecules that work together to generate an effective anti- 
tumor immune response. Specialized antigen- presenting cells called dendritic cells 
are key mediators in the process of initiating anti- tumor immunity as they process 
and present tumor antigens to the immune cells that mediate anti- tumor immunity. 
Dendritic cells capture tumor antigens and use them to prime anti- tumor immunity 
that includes tumor antigen- specific CD4+ and CD8+ T cells. This tumor- specific 
immunity should then identify and eliminate the cancer cells. Antigen- independent 
(innate) immunity that can kill tumor cells includes natural killer cells and mac-
rophages. Although this vast armamentarium of endogenous immune weapons 
is available for use, spontaneous rejection of clinically apparent cancers through 
naturally- occurring immunologically- mediated mechanisms is rare [54]. Further 
work in this area now makes plain that tumors employ an enormous variety of active 
immune escape mechanisms to evade immune elimination by host defenses [54, 55].

An important conceptual advance was the demonstration that tumor immune sur-
veillance was the initial phase of a larger process of immunoediting [56], characterized 
by three E’s [57]. The first ‘E’ is elimination of newly formed malignant cells. This 
phase most closely approximates what had previously been referred to as immune 
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surveillance. The second ‘E’ is equilibrium. During the equilibrium phase, the contin-
ued growth of malignant cells escaping immune elimination is balanced by the evolv-
ing immune response keeping pace with the mutating tumor clones trying to escape 
immune elimination. The evolution of the antigens expressed by the tumor cells, and 
hence their antigenicity (ability to elicit an immune response) as they work to evade 
immune destruction is the process of immunoediting. Sufficient immunoediting even-
tually results in the third ‘E’, escape. Eventually, the evolving antigens on the tumor cells 
will no longer be recognized well enough by remaining antigen- specific immune cells 
and the tumor will grow out (escape) to become clinically apparent. Immune equilib-
rium has been established to occur in mouse models [58]. In humans, corroborative 
evidence for immunoediting has been observed in solid organ transplant recipients 
who all received tissues from a common donor. All got the same cancer that originated 
from the donors with unsuspected cancers, generally melanoma [59, 60].

Remarkably, despite the well- known fact that age is the leading risk for develop-
ment of cancer and that most cancer patients are elderly (see above discussion), most 
preclinical evaluations of tumor immunology, including studies of tumor immu-
noediting and tumor immune surveillance, are done in young subjects, usually to 
reduce research costs associated with the study of older animals. Although anti- 
tumor immunity and other immune effector functions can decline with age [61, 62], 
the functional capacity of T cells and other immune effector arms can sometimes be 
therapeutically improved in aged hosts [63, 64].

Age- associated changes in immunity include reduced T cell function that could 
reduce anti- tumor immunity. Naive T cells in aged hosts exhibit functional defects 
including reduced capacity to proliferate, secrete cytokines, and undergo effector T 
cell differentiation [65–67]. These changes could reduce tumor immune surveillance. 
Nonetheless, some age- associated reductions in immune function can be reduced or 
reversed with specific interventions [64, 68, 69].

Chronic treatment with eRapa significantly extended the life of genetically hetero-
geneous mice when started at 9 [20] or 20 [19] months of age and appears to delay 
cancer onset [20]. mTOR inhibition has been proposed as cancer therapy largely 
based on its nutrient and metabolic altering properties [70]. mTOR inhibitors are 
approved to treat cancer or are in clinical trials. However, mTOR also has significant 
immune modulating properties, including effects on T cells, interferon- γ and other 
immune mediators critical to anti- cancer immune defenses [71–75]. Surprisingly 
little is known regarding how the immune modulating effects of mTOR affect can-
cer treatment, and nothing to our knowledge has been published regarding immune 
effects of mTOR inhibition in cancer delay or longevity extension.

Rapamycin is marketed as an immunosuppressive agent and carries an FDA black 
box warning for immunosuppression. However, rapamycin is usually used in combi-
nation with immunosuppressive agents to prevent organ allograft rejection, and thus 
its individual effects in humans are not well understood or studied. To our knowl-
edge, there is no published human study of normal subjects that shows that rapamycin 
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alone is immune suppressive. The fact that mice on chronic eRapa (achieving whole 
blood rapamycin levels of 10–50 ng/ml, often greatly exceeding human therapeu-
tic levels) live longer than controls, is not consistent with any clinically relevant 
immune suppression. In fact, recent publications specifically looking at rapamycin 
immune effects demonstrate that rapamycin boosts immunity to infections [76] and 
is not immunosuppressive as a single agent in a mouse organ transplant model [77]. 
Further, rapamycin immune effects are context dependent and differ in the transplant 
setting versus other settings [77]. Finally, rapamycin and other mTOR inhibitors are 
being tested as cancer treatments in a variety of human clinical trials and are FDA- 
approved to treat certain cancers. It is unlikely that rapamycin would have significant 
anti- cancer effects if it were immunosuppressive in these populations. All available 
data to date suggest that single- agent rapamycin in normal hosts is not immunosup-
pressive, and much data supports the concept that it is an immune enhancer and ben-
eficial to longevity as discussed and also in other settings, such as reducing coronary 
artery re- occlusion after balloon angioplasty in humans, and reducing Alzheimer’s 
disease symptoms in mouse models.

In our studies of naive mice fed eRapa for 6 months starting at 6 or 19 months of 
age, we found no evidence for significant immune suppression, including no signifi-
cant increases in immune suppressive cell populations or their function. We noted 
slight reductions in T cell numbers as has been reported previously, but these slight 
reductions were potentially offset by improvements in other factors that could aug-
ment cancer immune surveillance [manuscript in preparation]. As rapamycin has 
significant immune effects and can affect mediators of cancer immune surveillance, 
further investigations of eRapa immune effects in cancer prevention and longevity 
extension are warranted.

The Promise of mTOR Inhibitors in the Clinic

The first clinical use proposed for rapamycin was as an antifungal agent [78], which 
is its first discovered activity. Subsequent to the discovery of its anti- proliferative 
effects on immune cells, the FDA approved it in 1999 as an anti- rejection therapy 
for solid organ transplant patients. The anti- proliferative properties of rapamycin 
were also recognized early on making it a candidate as an antineoplastic agent. It is 
encouraging to find over 1,294 studies listed at the NIH site listing clinical trials (cf. 
ClinicalTrails.gov) using rapamycin (sirolimus (Rapamune) and its derivatives evero-
limus (RAD001, Affinitor), temsirolimus (CCI- 779, Torisel), and ridaformalimus, 
formerly deforolimus). These range from small phase I and phase II trials in combi-
nation with other compounds, to large multicenter trials for advanced stage cancers. 
The three most common areas in which mTOR inhibitors are being evaluated for 
clinical use are solid organ transplantation, cancer and surgical stents with a small 
number in the area of vascular anomalies, infectious diseases and others. Another 
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interesting trial planned, although not as of yet recruiting patients, is for patients with 
coronary artery disease over 70 years of age who will participate in cardiac rehabilita-
tion after surgical treatment (cf. ClinicalTrials.gov identifier: NCT01649960). This 
trial is explicitly looking at rapamycin as a treatment for patients of advanced age.

The single most prescribed drug in the world today, metformin, was also identi-
fied as a natural compound and is also an mTOR pathway inhibitor. It is important 
to point out that although the molecular pathway metformin regulates primarily, the 
AMPK axis, has been extensively studied, we do not as of yet have a detailed systems 
understanding of the metformin effects in different tissue types. Nonetheless, it is a 
widely prescribed drug with several currently open clinical trials testing its potential 
use in new applications including in combination with mTOR inhibitors. Metformin 
is currently being assessed for murine longevity by the ITP program as well as in 
combination with eRapa. It will be interesting to see the results of multiple studies 
assessing drug responses to metformin with respect to patient age as treatment tox-
icities (many gastrointestinal) occur at higher frequency in this group. In addition, 
this patient population is much more likely to be taking other medications and have 
additional health issues confounding analysis. Taking metformin appears to reduce 
cancer risk and some recent studies link this effect directly to inhibition of the mTOR 
pathway [79]. It is clear that given the majority of humans requiring pharmacologic 
intervention are getting older on average, an emphasis on studies assessing efficacy in 
aged populations is essential. This argues for rapamycin as a cancer preventive given 
the preclinical data discussed above.

Recently developed ATP- competitive mTOR inhibitors are widely anticipated to 
have greater efficacy for cancer treatment [17]. The rationale for the development 
of this class of inhibitors was that by completely inhibiting mTORC1 and having a 
greater effect on mTORC2, greater efficacy could be achieved because of the strong 
inhibition of 4E- BP1/eIF4E and protein synthesis and more global transcriptional 
responses. However, like rapamycin, it is now clear that feedback loops that reactivate 
Akt (Thr308 [80]) could also hinder the anticipated impact of kinase inhibitors. A 
number of kinase inhibitors of mTOR (e.g., WYE- 132, Torin1 and PP42/INK128 dis-
cussed above) and mTOR/PI3K dual kinase inhibitor (e.g., PI- 103, GNE477, WJD008 
and GSK2126458) have been described and tested in animal models with some hav-
ing proceeded to clinical trials. However, none have been approved for clinical use to 
date although a number are in late- stage clinical trials.

Several reviews describe clinical uses of mTOR and mTOR/PI3K dual inhibitors in 
the cancer setting [e.g. 81]. They include examples in renal cancer [82, 83], bladder 
cancer [84], prostate cancer [85], breast cancer [86], sarcomas [86] and lymphomas 
[87]. A common finding is that, although mTOR inhibitors prolong progression- free 
survival, as a monotherapy, current drugs are not curative. From these clinical trials 
it appears that mTOR inhibitors are capable of boosting the anti- tumor effects of che-
motherapies and in combination with other biologics such as targeted monoclonal 
antibody therapies have been particularly successful.
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Another scenario for combining rapamycin therapy already tested involves boost-
ing the efficacy of oncolytic virus treatment. There are a number of other preclinical 
models combining mTOR inhibitors with oncolytic viruses [88, 89] leading to clini-
cal trials particularly for glioma [as recently reviewed in reference 90]. A part of this 
effect is clearly to reduce the clearance of virus by the immune system as is observed 
by using cyclophosphamide or chemotherapies; however mTOR inhibitors uniquely 
also sensitize tumor cells to oncoviruses in a cell autonomous manner. A genetically 
engineered oncolytic Sindbis virus has been found itself to be an inhibitor of the Akt/
mTOR pathway late in infection cycle and holds promise as a single agent with two 
anti- tumor effects [91].

The co- opting of the mTOR pathway to promote viral replication and immune 
evasion has also been observed in studies of the herpes simplex virus and is likely not 
unique to these two examples. Preclinical work using vesicular stomatitis virus [92] 
in a rat model of malignant glioma showed rapamycin was able to increase tumor 
lysis at least in part by decreasing interferon production. In fact, rapamycin by itself 
was more effective at increasing mouse survival compared to the virus by itself and 
the combination extended the time to death almost three times. Interestingly, in vitro 
work showed that cells deficient in S6K, a target of mTOR, were more susceptible to 
vesicular stomatitis virus infection, consistent with the concept that boosting oncoly-
sis is a mechanism of rapamycin action in this setting. There are a number of clini-
cal trials combining rapamycin with immunotherapies. Bacillus Calmette- Guérin 
(BCG) therapy is currently standard of care in non- muscle invasive bladder cancer 
and is under investigation as part of a phase one clinical trial in stage IV metastatic 
melanoma by Dr. Alicia Terando as a phase III clinical trial at Ohio State University. 
Combining BCG treatment with rapamycin is an obvious next step in boosting this 
immunotherapeutic approach. One of us (T.J.C.) is currently conducting a clinical 
trial of adding rapamycin to boost BCG efficacy in bladder cancer, in conjunction 
with Dr. Rob Svatek here at the Cancer Therapy and Research Center.

Final Thoughts

In the cancer setting, because of the results from the eRapa ITP mouse life and health 
span studies described, we think rapamycin as a monotherapy has promise as a che-
moprevention agent for certain cancers. Although it is premature to extend this strat-
egy to populations with average risks of developing cancer, there are many patients 
with significantly increased risk of developing malignancies currently with very few 
options besides serial surgeries and frequent monitoring. Several investigators are 
also exploring clinical uses of rapamycin outside the cancer or transplantation set-
tings. Chronic rapamycin treatment using eRapa chow greatly extends what preclini-
cal animal experiments are feasible as it greatly facilitates administration and dosage 
control. We expect currently ongoing studies in non- human primates to expand our 
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knowledge of the effects this multi- use drug where so much safety information in 
administration to humans is already available and well understood. Finally, it remains 
to be determined whether other mTOR inhibitors have superior longevity- extending 
or cancer prevention properties compared to rapamycin, and what specific mecha-
nisms are involved. Understanding these issues will help facilitate clinical translation 
of mTOR inhibition to prevent cancer and extend life and health span.
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Abstract

Cancer is a devastating disease that increases exponentially with age. Cancer arises from cells that 
proliferate in an unregulated manner, an attribute that is countered by cellular senescence. 
Cellular senescence is a potent tumor- suppressive process that halts the proliferation, essentially 
irreversibly, of cells at risk for malignant transformation. A number of anti- cancer drugs have 
emerged that induce tumor cells to undergo cellular senescence. However, although a senescence 
response can halt the proliferation of cancer cells, the presence of senescent cells in tissues has 
been associated with age- related diseases, including, ironically, late- life cancer. Thus, anti- cancer 
therapies that can induce senescence might also drive aging phenotypes and age- related pathol-
ogy. The deleterious effects of senescent cells most likely derive from their senescence- associated 
secretory phenotype or SASP. The SASP entails the secretion of numerous inflammatory cytokines, 
growth factors and proteases that can render the tissue microenvironment favorable for tumor 
growth. Here, we discuss the beneficial and detrimental effects of inducing cellular senescence, 
and propose strategies for targeting senescent cells as a means to fight cancer.

Copyright © 2013 S. Karger AG, Basel

Cancer and Aging

Cancer is the second most common cause of mortality in the USA, according to a 
2007 report [1]. Nonetheless, cancer death rates have declined by more than 1% per 
year in men and women over the past 10 years, most likely due to advances in bio-
medical research; still, more than 1.6 million new cancer cases and half a million 
deaths from cancer are projected to occur in the USA in 2012 [2]. It is notable that 
the yearly decline in the cancer death rate is most prominent in younger, compared to 
older (>45 years of age), individuals [3].

Age is the single most significant risk factor for developing cancer, and the vast 
majority of malignant tumors that are treated in clinics today occur in older patients 
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[4, 5]. Moreover, age is an important variable that promotes a pro- carcinogenic tis-
sue environment [6]. Hence, in order to develop effective preventive and therapeutic 
strategies against cancer, it is crucial that we understand the relationship between 
aging and cancer.

Cellular Senescence during Aging

Normal human cells have a limited capacity to divide in culture [7]. This essentially 
irreversible loss of ability to proliferate, even in the presence of growth stimuli, is 
termed cellular senescence. Cellular senescence has been observed during the aging 
of several tissues [8, 9]. Senescent cells are linked to several age- associated tissue 
pathologies, such as osteoarthritis and cardiovascular diseases [10, 11]. Mutations 
and polymorphisms in senescence- associated genes, such as the cyclin- dependent 
kinase inhibitor 2A (CDKN2A) gene (p16INK4a and p14/p19ARF), are implicated 
in age- related diseases such as coronary heart disease and type 2 diabetes [12–14]. 
Moreover, the induction of cellular senescence by accelerating telomere shortening in 
mice can modulate several aspects of aging in numerous tissues and the intact organ-
ism [15]. Recently, the elimination of senescent (p16- positive) cells in a premature 
aging mouse model was shown to delay the progression of certain age- related pheno-
types and pathologies [16].

Numerous stimuli can induce cellular senescence. These stimuli include telomere 
shortening [17], oncogene activation [18], DNA damage [19], activation of tumor 
suppressor pathways [20], oxidative stress [21, 22], and disrupted chromatin organi-
zation [23]. An accumulation of insults resulting from one or more of these stimuli 
during aging is thought to play a role in the etiology of age- associated degenerative 
and hyperplastic diseases. Identifying the signaling pathways involved in trigger-
ing cellular senescence and understanding the consequences of the accumulation of 
senescent cells during aging may help design therapeutic strategies to mitigate age- 
related pathophysiology, including age- related cancer.

Cellular Senescence and Tumor Suppression

Cellular senescence is recognized as a potent tumor- suppressive mechanism [24]. 
The induction of cellular senescence prevents the proliferation of potential tumor 
cells (cells at risk for malignant transformation) by both cell autonomous and non- 
cell autonomous mechanisms. The presence of senescent cells in premalignant lesions 
in various mouse tumor models and human patients [25, 26] is consistent with cel-
lular senescence acting as a brake to the development of cancer. Indeed, tumor cells 
must bypass the mechanisms that impose cellular senescence response in order to 
proliferate.
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Cell Autonomous Tumor Suppression
The induction and maintenance of the senescence growth arrest depend on the 
functions of both the Arf/p53/p21 and p16/pRb tumor suppressor pathways [26]. 
Upregulation of either one or both of these pathways causes an essentially permanent 
senescence growth arrest. These tumor suppressor pathways inhibit the expression 
and/or function of genes that promote cell cycle progression. Mutation or epigenetic 
silencing of at least one crucial regulator of these tumor suppressor pathways allows 
cancer cells to bypass the senescence checkpoint and progress towards tumorigenesis 
[18].

Non- Cell Autonomous Tumor Suppression
In addition to the permanent cell cycle arrest, senescent cells show distinct changes 
in gene expression [27], including microRNA expression [28], and extracellular 
matrix composition [29]. These changes are distinct from those that typically occur 
during quiescence or terminal differentiation. Cellular senescence entails a robust 
increase in the expression and secretion of numerous cytokines, chemokines, 
growth factors and proteases, which are collectively referred to as the senescence- 
associated secretory phenotype (SASP) or senescence messaging secretome (SMS) 
[30, 31].

SASP components can potentially attract and activate immune cells, which can 
remove nearby senescent, damaged and/or potentially tumorigenic cells [32]. 
Senescent cells can recruit natural killer (NK) cells and T cells to the tissue micro-
environment. These immune cells can initiate cytolytic responses on senescent cells 
and neighboring tumor cells [33, 34]. These immune responses are important in vivo, 
as a recent report showed that the inactivation of NK cells by antibodies can block 
senescence- mediated tumor regression in a mouse model [34]. Moreover, the secre-
tion of chemokines and cytokines by senescent cells in premalignant lesions can acti-
vate an immune- dependent clearance, termed ‘senescence surveillance’, by a CD4+ 
T- cell- mediated adaptive immune response [35].

Other SASP factors have been shown to reinforce the senescence growth arrest 
in an autocrine manner. These factors include the chemokine (C- X- C motif) recep-
tor 2 (CXCR2) (also called interleukin- 8 receptor 2 [IL8R2]), the protease inhibitor 
plasminogen activator inhibitor- 1 (PAI- 1), and the pleiotropic protein insulin- like 
growth factor binding protein- 7 (IGFBP- 7) [36–38].

Cellular Senescence and Tumor Promotion and Progression

Tissue microenvironments can provide a milieu that is permissive for malignant 
tumorigenesis [39]. Such environments are generally characterized by a sustainable 
supply of growth factors and a mechanism for escaping the immune system and will 
favor the persistence and growth of cancer cells. Interestingly, senescent cells, by 
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virtue of the SASP, can enhance the proliferation of neoplastic epithelial cells [40]. 
The SASP can also promote an epithelial- to- mesenchyme transition (EMT) phe-
notype [41], which is a critical step in the development of metastatic cancer [42]. 
Further, SASP factors have been shown to promote malignant phenotypes in culture 
[40, 43] and tumor growth in vivo [44]. For example, senescent cells can stimulate 
growth and invasiveness of nearby premalignant cells in mouse xenograft models 
due in part to the secretion of matrix metalloproteinases by the senescent cells [45]. 
Hence, in ironic contrast to its tumor- suppressive action, SASP factors can also act as 
potent tumor promoters and thus fuel malignant tumorigenesis.

Tumor Cell Proliferation
Several SASP factors, such as GROα, IL- 6 and Wnts, can be potent stimulators of cell 
proliferation [44, 46]. The robust secretion of these growth factors by senescent cells 
can stimulate and sustain the proliferation of nearby premalignant or malignant cells. 
Sustained tumor growth can, in turn, eventually overwhelm the host’s ability to elimi-
nate cancer cells, tipping the balance in favor tumorigenic progression. The accu-
mulation of senescent cells with age could potentially serve as a significant source 
of sustaining growth factors for tumor cells. Hence, the increased risk of incurring 
cancer with age could in part be a consequence of the increased number of SASP- 
expressing senescent cells during aging. However, despite increasing circumstantial 
and supporting evidence, the impact of senescent cells that accumulate naturally dur-
ing aging has not yet been rigorously shown to promote late- life cancer progression 
in vivo.

Immunosenescence and Immunoediting
A deficient or subverted immune system has also been shown to play an important 
role in promoting cancer [47]. While immunosurveillance eliminates damaged and 
tumor cells, the decreased production of immune cells during aging (immunose-
nescence) can reduce the ability of the body to remove tumorigenic cells, thereby 
promoting the development of malignant tumors. In addition to immunosenescence, 
the ability of tumor cells to eventually adapt to and potentially escape immunosur-
veillance can further favor the persistence of cancer cells. This process, often termed 
immunoediting, is observed in tumor cells that are continually exposed to immune 
cells [48, 49]. Tumor cells isolated from immunocompetent (wild- type) mice, but 
not tumor cells isolated from immunodeficient (e.g. RAG2–/–) mice, were able to 
develop tumors when retransplanted into naive immunocompetent hosts [50]. This 
result suggests that tumors formed in the absence of an intact immune system are 
more immunogenic than tumors that arise in immunocompetent hosts. In the case 
of tumors that develop in immunodeficient environments, tumor cells are no lon-
ger recognized by the immune system as foreign. The presence of SASP- expressing 
senescent cells around tumors can potentially exacerbate tumor immunoediting and 
eventually permit the growth of immune- resistant cancer cells.

Extermann M (ed): Cancer and Aging. From Bench to Clinics. 
Interdiscipl Top Gerontol. Basel, Karger, 2013, vol 38, pp 17–27 (DOI: 10.1159/000343572)



Targeting Senescent Cells in Tumors 21

Cellular Senescence and Cancer Therapy

Therapies for patients with advanced cancer generally include surgical tumor resec-
tion, intensive multimodal chemotherapy, radiation therapy, or a combination of these 
regimens. Because the tumor- suppressive senescence growth arrest is so potent and 
essentially irreversible, regimens that induce tumor cells to senesce have been pro-
posed as potential anti- cancer therapies [51]. This pro- senescence therapy approach 
has been developed and refined over the past few years, and currently a number of 
compounds with senescence- inducing activities are in clinical trials. However, the 
induction of cellular senescence as an anti- cancer therapy strategy is complicated by 
the potential pro- tumorigenic properties of senescent cells and the SASP. Thus, the 
ability to harness the anti- tumor activity of the senescence growth arrest must be bal-
anced against the tumor- promoting potential of the SASP.

Senescence- Induction Therapy
Several of the widely used cancer treatments, such as certain chemotherapeutic 
agents, can promote cellular senescence both in culture and in vivo. Aside from their 
cytotoxic actions in some tumor cells, certain anti- cancer drugs, as well as ionizing 
radiation, can trigger cellular senescence primarily by inducing severe DNA damage 
[17]. The ability of these agents to promote cellular senescence could play a role in 
inhibiting tumor growth. Indeed, the induction of senescence in response to chemo-
therapy predicted a better outcome in human patients with advanced colon cancer 
[52]. Although many tumor cells have acquired mutations that allow them to bypass 
cellular senescence, reintroducing factors that can reactivate senescence pathways has 
the potential to repress cancer cell growth. Such factors, whether they be biologi-
cal or chemical molecules that induce and/or maintain the senescence growth arrest, 
remain promising as therapies against cancer, provided that the potentially deleteri-
ous SASP can be blunted or ablated.

PTEN, a key mediator of the AKT/PKB pathway, is one of the most commonly 
lost tumor suppressor genes in human tumors, particularly in prostate cancer [53]. 
Loss of one copy of the PTEN gene strongly predisposes to cancer development [54], 
while complete PTEN loss can lead to a p53- dependent cellular senescence response 
[55]. For this reason, human prostate cancer does not select for complete PTEN loss, 
highlighting the importance of PTEN haploinsufficiency for cancer initiation and 
progression [56]. Therapeutic interventions that severely compromise PTEN activ-
ity or the AKT/PKB pathway can be an effective strategy to induce senescence in 
vivo. Importantly, PTEN- induced cellular senescence does not trigger a DNA damage 
response or hyperproliferative stage [57], which is typically induced by the activation 
of many oncogenes, and thus avoids an accumulation of damaged cells that can favor 
cancer progression.

Preclinical trials of pharmacological agents that activate the senescence- inducing 
p53/p21 pathway in cancer cells have been initiated [58]. LY83583 (6- anilino- 5,8- 
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quinolinequinone), a pharmacological inducer of p21, can promote cellular senes-
cence and inhibit tumor cell proliferation in cultured colorectal cancer cells [59]. 
Small molecules, such as PRIMA- 1 and MIRA- 1, which can restore the function of 
mutated p53, can also promote tumor regression [60, 61]. PRIMA- 1MET (Aprea AB) 
is currently in phase II clinical trials for the treatment of refractory hematologi-
cal malignancies and prostate cancer. Enhancing stability and/or activity of wild- 
type p53 by disrupting p53/Mdm2(Hdm2) interaction has also been developed as 
a promising anti- cancer therapy [51, 62]. Serdemetan (JNJ- 26854165), an Mdm2 
inhibitor, is currently in phase I clinical trials (Johnson & Johnson Pharmaceutical 
Research & Development) for the treatment of advanced stage or refractory solid 
tumors. RO5045337, another Mdm2 inhibitor, is also in phase I clinical trial 
(Hoffmann- La Roche) for the treatment of hematologic neoplasms. Finally, a gene 
therapy approach for reintroducing p53 to fight cancer has been used in China 
since 2003. GendicineTM (Shenzhen SiBiono GeneTech), an adenovirus- based vec-
tor for expressing recombinant human p53, is used as a treatment for head and neck 
squamous cell carcinoma.

Tumor cells are thought to be dependent on one or more specific oncogenes in 
order to maintain their malignant phenotypes [63]. The inactivation of a single onco-
protein (e.g. Myc) in experimental mouse tumors can induce tumor cell senescence 
and eventual regression of the tumors [64]. Small molecules that downregulate Myc 
expression or target interactions between Myc and its obligatory partners (e.g. Max) 
are being developed as anti- cancer therapies [65]. Quarfloxin (CX- 3453), which 
inhibits Myc expression [66], is in phase II clinical trials (Cylene Pharmaceuticals) to 
treat low to intermediate grade neuroendocrine carcinomas.

Anti- SASP Therapy
While the induction of tumor cell senescence can halt tumor growth, the accom-
panying SASP can eventually promote the proliferation and/or invasion of neigh-
boring cancer cells that escape the senescence therapy and/or the immune system, 
resulting in cancer relapse (fig. 1a). It would therefore be highly desirable to develop 
strategies aimed at inhibiting the cancer- promoting components of the SASP (fig. 
1b). Drugs that specifically target the SASP have not yet been developed, certainly 
not for clinical use, but several strategies for the development of such drugs can be 
envisioned.

The SASP occurs as a delayed response to DNA damage [67, 68]. An important 
initiation event in development of the SASP is increased expression of the plasma 
membrane- bound form of the cytokine IL- 1α, which, through a juxtacrine mecha-
nism, activates signaling through the plasma membrane bound IL- 1 receptor [69]. 
Thus, compounds that interrupt IL- 1 receptor signaling may hold promise for pre-
venting or suppressing the SASP.

The SASP also depends upon activation of other intracellular signaling pathways, 
such as the p38MAPK (p38 mitogen- activated protein kinase)/NF- κB (nuclear 
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factor- κB) pathway [30, 70, 71]. Inhibition of p38MAPK is a potent repressor of 
the SASP, suggesting that small molecule p38MAPK inhibitors might be effective 
SASP suppressors in vivo [71]. Recently, as a result of a small molecule screen 
for SASP inhibitors, glucocorticoids (corticosterone and cortisol) were shown to 
inhibit the expression and secretion of several SASP factors [72]. Glucocorticoids, 
which are already used clinically to treat a variety of inflammatory diseases [73], 
may therefore be beneficial for restraining the cancer- promoting effects of the 
SASP.
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Fig. 1. Strategies to target cellular senescence for cancer therapy. a Cellular senescence can modu-
late tumor growth via cell autonomous and non- cell autonomous mechanisms. Senescent cells can 
express a SASP, components of which can stimulate the proliferation and/or invasiveness of neigh-
boring tumor cells. b Inhibition of the SASP, or SASP components, produced by senescent cells can 
limit the detrimental effects of cancer therapies that induce a senescence growth arrest accompa-
nied by a SASP. c Small molecules that specifically upregulate p16 and p21, without inducing DNA 
damage, can trigger senescence in tumors without an accompanying SASP. d Immunotherapy that 
increases immunosurveillance may help eliminate senescent cells and consequently their impact on 
the proliferation and/or invasion of nearby premalignant or malignant cells.
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Alternative Senescence- Based Therapy
While a SASP is observed in a variety of senescent cells in culture (fibroblasts, epithe-
lial cells, endothelial cells, etc.) and in vivo in both mice and humans, not all senes-
cent cells express the SASP [30, 74]. Cells that undergo senescence in response to 
oncogene activation, replicative exhaustion, and agents that damage DNA or disrupt 
the epigenome all develop a SASP. In contrast, cells that senesce owing to overexpres-
sion of the p16INK4a-  or p21 cell cycle inhibitors do not express the SASP [20]. One 
novel and potentially promising anti- cancer strategy, then, would be to develop bio-
logical or small chemical molecules that specifically upregulate p16 and p21 levels in 
cancer cells to induce a senescence growth arrest without inducing a SASP (fig. 1c).

Senescence- Elimination Therapy
While inhibition of the SASP following therapies that induce cellular senescence can 
be a potential strategy to fight cancer, the accumulation of senescent cells in aging tis-
sues may fuel the development of late life cancer in the absence of any pro- senescence 
anti- cancer therapies [16]. It may therefore be beneficial to develop strategies for 
eliminating senescent cells, either through the immune system or through biological 
or chemical interventions.

Senescent cells via their SASP have been shown to attract and activate immune cells 
to stimulate their own clearance [33, 34]. Senescent cells express ligands for cytotoxic 
immune cells such as NK cells, and thus can be specifically eliminated by the immune 
system [33]. The accumulation of senescent cells with age raises the possibility that 
the aging milieu may be permissive for the retention of senescent cells. Because the 
immune system declines in function during aging [75], the aging immune system 
may also become less capable of clearing senescent cells. Thus, therapies that boost 
the immune system in older patients may help eliminate senescent cells (fig. 1d). The 
creation of antibodies that specifically recognize and trigger the elimination of senes-
cent cells would be ideal, however such antibodies have not yet been developed.

Finally, the recent creation of a transgenic mouse model that allows the elimina-
tion of senescent cells provides proof- of- principle that the clearance of senescent cell 
can ameliorate the development of certain age- associated pathologies [16]. Although 
the effects of senescent cell clearance on the development of cancer is not yet known, 
this idea is now ripe for testing.

Conclusions

Aside from their cytotoxic actions, several cancer therapies that are currently in 
use or being tested clinically can also induce cellular senescence. While these types 
of therapies may prove successful in reducing tumor growth and progression, the 
SASP produced by senescent cells may increase the risk of cancer relapse. It is there-
fore important to follow the consequences of these therapies on cancer recurrence. 
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Inhibiting the SASP following induction of tumor cell senescence may be necessary to 
prevent cancer relapse. It may also be critical to develop pharmacological agents that 
can induce the senescence of tumor cells without triggering a SASP. In conclusion, 
whatever the choice of the cancer treatment, it is essential to take into consideration 
whether or not senescent cells are being produced, and, most importantly, whether or 
not these senescent cells express a SASP.
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Abstract

Cancer vaccination is less effective at old than at young age, due to T cell unresponsiveness. This is 
caused by various age- related changes of the immune system, such as lack of naïve T cells, defects in 
activation pathways of T cells and antigen- presenting cells, and age- related changes in the tumor 
microenvironment. Natural killer, natural killer T cells, and γδT cells of the innate immune system also 
change with age but these responses may be more susceptible for improvement than adaptive 
immune responses at older age. This chapter compares various studies involving adaptive and 
innate immune responses in elderly and cancer patients, as well as cancer vaccination at young and 
old age. Finally, potential new directions in cancer vaccination at older age are discussed.
 Copyright © 2013 S. Karger AG, Basel

With the current rise of the elderly population, cancer is becoming an increasingly 
frequent disease and cause of death. From 2010 to 2030, the total projected can-
cer incidence in the United States for older adults will increase by approximately 
67% [1]. Indeed, metastatic cancer has surpassed heart disease as the primary cause 
of death in people younger than age 85 [2]. Therefore, in spite of some improve-
ments in prevention and treatment, metastatic cancer is now the most frequent 
cause of death in the elderly, with co- morbid conditions complicating further treat-
ment. When metastatic, cancer often needs aggressive, second- line treatment, for 
which there are few options. This is particularly challenging for frail, elderly cancer 
patients in which co- morbidity plays an important role. Immunotherapy may be 
our best and most benign option for preventing or curing metastatic cancer in such 
patients. Unfortunately, cancer immunotherapy is less effective at old than at young 
age, due to T cell unresponsiveness, especially in the tumor microenvironment 
(TME) [3, 4]. Various age- related changes of the immune system, such as lack of 
naïve T cells, defects in activation pathways of T cells and antigen- presenting cells 
(APC), and immune suppression in the TME contribute to T cell unresponsiveness 
at older age [4].
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Analysis of various vaccine studies in preclinical cancer models at young and 
old age showed that vigorous anti- tumor responses could be obtained by tailoring 
vaccination to older age, but in most cases T cell responses were hardly detectable. 
Therefore, we questioned the feasibility of T cell activation in the TME by vaccina-
tion at older age, and whether activation of innate immune responses against cancer 
could be a more feasible approach since innate immune responses seems less affected 
by aging than adaptive immune responses. To answer these questions, we reviewed 
adaptive and innate immune responses in elderly and cancer patients, and compared 
vaccine studies in preclinical models at young and old age. These studies strongly 
suggest that adaptive and innate immune responses should be activated against can-
cer through vaccination or immunotherapy, respectively, at older age. Finally, we 
propose new vaccine and immunotherapeutic strategies focusing on improvement of 
adaptive and innate immune responses at older age, respectively.

Decreased Immune Responses in Elderly

Adaptive Immune Responses
One of the most important changes in the immune system at older age is the decline in 
responsiveness of T cells to new antigens. This is mainly caused by a strong decrease 
in the number of naïve T cells (capable of reacting to new antigens) and an increase 
in the number of memory T cells (capable of reacting to previously exposed antigens) 
at old compared to young age [5]. However, other possible causes for decreased T cell 
responses in aged humans and mice have also been described, such as defects in T 
cell receptor (TCR)/CD3- mediated phosphorylation events or aberrant regulation of 
tyrosine kinases associated with the TCR [6], and an age- related decrease in the αβ 
repertoire of the human TCR [7]. The TCR is expressed by T cells, and is required 
for recognition of foreign antigens in association with self- major histocompatibility 
complex (MHC) molecules, presented by APC to the immune system, and for sub-
sequent activation of T cells. In addition, an age- related decrease in the expression of 
CD28 on the cell membrane of T cells, which provides a secondary signal for T cell 
activation when ligated to the B7 molecule on APC, has been reported [8]. Decreased 
production of interleukin (IL)- 2 or interferon (IFN)γ at old compared to young age 
in individuals vaccinated with influenza virus or in vitro upon stimulation with influ-
enza virus has been shown as well [9].

Innate Immune Responses
Cumulative evidence indicates that aging exerts significant effects on all cells of the 
innate immune system [10]. This includes natural killer (NK) cells, natural killer 
T (NKT) cells, γδT cells, dendritic cells (DC), macrophages, and neutrophils. NK 
cells are the most well- known cells of the innate immune system. NK cell function 
has been extensively studied in relation to aging in mice and humans. Although in 
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25- month- old mice NK cell number and function, such as the production of IFNγ, 
IL- 2 of perforin, is decreased at old compared to 8- week- old mice, it has been reported 
that in human healthy centenarians NK cytotoxicity by activation with IL- 12, IFNα, 
and IFNγ is well preserved, but somewhat decreased in less healthy elderly [11]. In 
our studies we found that the production of IFNγ by NK cells induced by vaccination 
with an attenuated Listeria monocytogenes- based vaccine was almost as good in old as 
in young mice [unpubl. data].

NKT cells are considered to be a member from the innate immune system because 
of their early response against infection and perhaps against cancer. They represent a 
heterogeneous T cell population that shares some functional and phenotypical char-
acteristics with NK cells. It has been reported that the number of NKT cells increases 
with age [12], while their Th1 cytokines decreases with age [13]. However, liver NKT 
cells bearing TCRγδ are not only strongly increased in number but their functions are 
also well preserved in very old mice and humans [14].

γδT cells also belong to the innate immune system because of their early response 
against infection and perhaps against cancer. They are characterized by their ability to 
respond to non- processed and non- peptidic phosphoantigens in a MHC- unrestricted 
manner [15]. In human peripheral blood, two main populations of γδT cells have 
been identified based on their TCR composition. The predominant subset expresses 
the Vδ2 chain associated with Vγ9 and represents 70% of the circulating γδT cells 
in adults [15]. It has been reported that the percentage of TNFα- producing γδT cells 
increased with age, while the percentage of IFNγ- producing γδT cells did not alter 
with age [16].

DC in blood or Langerhans’ cells in skin play a central role in T cell activation, but 
the results reported so far are variable. For instance, it has been demonstrated that 
blood DC from old individuals can still function as powerful APC when exposed 
to purified protein derivate of Mycobacterium tuberculosis or influenza vaccine [17, 
18], while others have shown that DCs from aged individuals are more mature and 
have impaired ability to produce IL- 12 [19], or that secretion of tumor necrosis factor 
(TNF)α and IL- 6 significantly increased upon stimulation with lipopolysaccharide 
and ssRNA in DC of aged compared to young individuals [20].

Decreased Immune Responses in Cancer Patients

Adaptive Immune Responses
In cancer patients, cytotoxic T lymphocytes (CTL), recognizing tumor- associated 
antigens (TAA) in association with MHC molecules on the tumor cells through their 
TCR, and expected to destroy tumor cells when exposed simultaneously to both 
TAA/self- MHC complexes and co- stimulatory molecules, are often found at the site 
of the tumor, but have evidently been unable to destroy the tumor cells [21]. Multiple 
possible causes have been described for this unresponsiveness of the CTL in cancer 
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patients [for a review, see 3]. This includes decreased expression of MHC, TAA, or 
co- stimulatory molecules by tumor cells, and immune suppression induced by the 
primary tumors. In humans and mice, many tumors secrete lymphokines or factors 
that inhibit vaccine- induced T cell and NK cell responses. Examples are transforming 
growth factor (TGF)β, IL- 6, IL- 10, cyclooxygenase- 2, and its products prostaglandin 
E2, PD- 1 ligand, or indolamine 2,3- dioxygenase.

Immune cells in the TME attracted and activated by the primary tumor such as 
myeloid- derived suppressor cells (MDSC) also suppress T cell and NK cell responses 
by the production of IL- 6, IL- 10, TGFβ, reactive oxygen species, inducible nitric oxide 
synthase or arginase [22], while tumor- associated macrophages and M2 macrophages 
strongly suppress T cell responses through the production of IL- 6, IL- 10, TGFβ in 
the TME [23]. Interestingly, it has been reported that the TME changes with age, i.e. 
it appeared that the number of MDSC increases with age, and that this contributed to 
the T cell unresponsiveness at older age [24]. So far, little research has been performed 
on MDSC and T cell unresponsiveness in relation to aging. Inducible Tregs also play 
an important role in suppression of the immune system in cancer patients, through 
the production of soluble factors such as IL- 10 and TGFβ or through direct cell- cell 
contact, resulting in the inhibition of T cell and NK cell responses [25]. Moreover, 
evidence exists that the number of Tregs increases with age [26].

Innate Immune Responses
In vivo depletion of NK cells leads to a poor control of tumor growth in various 
cancer models, indicating the importance of NK cells in anti- tumor responses and 
tumor surveillance [27]. Evidence exists from mice and humans that NK cells alter 
with age, but that they still function at older age. However, the effect of aging on NK 
cells against cancer has been far less extensively studied than T cells. A few reports 
describe that NK cells of elderly had a lower ability to respond to IL- 2, lower spon-
taneous cytolytic activity towards tumors than young adults [28]. However, NK cells 
can also be used to kill tumor cells through other pathways than perforin- mediated 
tumor cell destruction. For instance, a clinical trial is ongoing with bortezomib 
which sensitizes tumor cells for TRAIL-  and FasL- mediated destruction by NK 
cells in cancer patients between 20 and 70 years (NCT00720785) [29]. We found 
NK cell responses (producing IFNγ) in vivo in old mice with metastatic breast can-
cer after vaccination with pcDNA3.1- Mage- b [3], or with Listeria- Mage- b [unpubl. 
results].

NKT cells also have anti- tumor activity in mice, including lung and hepatic can-
cer metastases when activated by α- galactosylceramide (αGalCer), by secreting large 
amounts of IFNγ and IL- 4, resulting in activation of other cells of the immune system 
including NK cells [30, 31]. In a phase I clinical trial with αGalCer in patients with 
solid tumors, the effect was dependent on the high number of NKT cells present pre-
treatment [32]. Since the number of NKT cells increases with age, αGalCer could be a 
potential candidate to activate NKT cells against cancer at older age.
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It has been reported that the percentage of γδT cells producing TNFα decreased 
in melanoma patients, but that the percentage of γδT cells producing IFNγ stayed 
unaltered independent of age [15]. Moreover, patients with lymphoid malignancies 
treated with IL- 2 showed improved γδT cell responses in correlation with improved 
objective responses to therapy [33]. The anti- tumor effect of γδT cells was confirmed 
by in vitro assays showing that γδT cells recognize and kill a broad spectrum of B- cell 
lymphomas in vitro. The absence of effect of aging on the production of IFNγ by γδT 
cells and their anti- tumor effect makes γδT cells a highly attractive target for immu-
notherapy against cancer at older age.

Improvement of Cancer Vaccination at Old Age in Preclinical Models

More than 50% of all cancer patients are 65 years or older. The vaccine studies dis-
cussed below show that cancer vaccination is less effective at old than at young age, 
but that tailoring cancer vaccination to older age is feasible. Moreover, innate immune 
responses may also be a potential target for immunotherapy against cancer.

The research group of Provinciali [34] reported that immunization with a highly 
engineered mammary adenocarcinoma TS/A- IL- 2, protected both young and old 
mice from TS/A challenge which was not possible without IL- 2. CD4 and CD8 T 
cells were present in tumors of young but hardly detectable in tumors of old mice, 
while macrophages and neutrophils were detected at both ages. However, protective 
memory responses that could reject tumor cells upon re- challenge of tumor- free mice 
was only obtained in young mice. Another study by Provinciali’s group [35] showed 
that vaccination with pCMV- neuNT against Her2/neu- expressing breast tumor cells 
(TUBO) completely protected young mice but only 60% of the old mice from TUBO 
challenge, and correlated with proliferation of spleen cells of young compared to 
old mice, in vitro upon re- stimulation with the Her/2 neu antigen. In a later study, 
Provinciali et al. [36] showed that cytotoxicity of CD8 T cells was improved at old age 
by improved DNA uptake using the combination of intramuscular immunization and 
electroporation, compared to intramuscular immunization only and that this corre-
lated with complete rejection of TUBO cells in old mice. These results suggest a poor 
uptake of DNA by APC at old age, and that this could be avoided by delivering the 
plasmid DNA by electroporation. 

The group of Lustgarten [37] also found that cancer vaccination was less effec-
tive at old than at young age. They showed that young but not old mice developed 
long- lasting memory responses to a pre- B- cell lymphoma (BM- 185). However, inclu-
sion of CD80 to the BM- 185 cell line (BM- 185- CD80) plus agonist anti- OX- 40 or 
anti- 4- 1BB (receptor for co- stimulation on T cells) mAb induced equally strong 
long- lasting memory responses at young and old age, suggesting the involvement of 
T cell responses. In another study they also found that adding anti- OX40 or anti- 4- 
1BB mAb to a DC vaccine resulted in vigorous anti- tumor responses in a syngeneic 
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TRAMP- C2 model at young and old age, while without anti- OX40 or anti- 4- 1BB, 
protection was significantly better in young than in old mice [38]. Moreover, immu-
nization of young and old mice with DC- TRAMP- C2 vaccine plus anti- OX40 or anti- 
4- 1BB mAb resulted in improved CTL responses to apoptotic TRAMP- C2 cells in 
vitro upon re- stimulation, compared to the same vaccination without OX40 or anti- 
4- 1BB mAb at old age, but the CTL responses were less vigorous compared to the 
same immunizations at young age.

Grolleau- Julius et al. [39] showed that vaccination with a DC- OVA vaccine derived 
from young mice was less effective against B16- OVA melanoma tumors in old than in 
young mice, indicating the altered TME at older age and its effect on vaccination. The 
group of Zhang [24] also found that the TME was altered at old compared to young 
age. They demonstrated that the number of MDSC increased in the tumor environ-
ment of old compared to young mice, and that this contributed to the age- related T 
cell unresponsiveness.

In our laboratory, we developed a DNA vaccine of Mage- b (pcDNA3.1- Mage- b) 
and tested this vaccine at young and old age in two syngeneic metastatic mouse 
breast tumor models, 4TO7cg and 4T1, both overexpressing Mage- b in metastases 
and primary tumors [3]. Vaccination of both models with Mage- b was highly effec-
tive against metastases at young but not at old age, and this correlated with strong 
Mage- b- specific T cell responses in vitro and in vivo at young but not at old age [3]. 
Interestingly, we found that Mage- b vaccination activated macrophages and NK cells 
(producing IFNγ) in old mice [3]. In another more recent vaccine study with Mage- b 
delivered through a highly attenuated L. monocytogenes, we found a dramatic effect on 
the metastases in the 4T1 model at young age [40]. However, we discovered that this 
was not solely due to Mage- b, but rather to the direct infection and kill of tumor cells 
by Listeria [40]. Since Listeria- infected tumor cells highly express Listeria proteins, 
the tumor cells become a highly sensitive target for NK cells and Listeria- specific CTL 
[40]. We found that the Listeria- based vaccine was equally effective against meta-
static breast cancer at young and old age [unpubl. results]. NK cell responses were 
also strongly activated by Listeria at young and old age, and may have contributed to 
the reduced growth of metastases at both ages as well.

Concluding Remarks

The main conclusion from the studies analyzed here is that the innate immune sys-
tem should also be considered for testing as a potential candidate for immunotherapy 
at older age. This is based on the following findings. While the effect of cancer vac-
cination on growth of tumors and metastases could be strongly improved by tailoring 
the vaccine to older age, as shown in the preclinical studies analyzed here, in most 
cases improvement was not the result of T cell activation but rather the result of other 
immune cells stimulated by the vaccine. Although various functions of NK, NKT, and 
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γδT cells are decreased at old age, it is far less dramatic than the age- related decline 
in T cell function, and these cells play an important role in anti- tumor responses. 
However, improvement of T cell activation against cancer through vaccination at 
older age should also be further optimized. Below, new strategies to improve adap-
tive and innate immune responses against cancer at older age through vaccination or 
immunotherapy, respectively, are proposed below and summarized in figure 1.

As mentioned above, innate immune responses should be considered as a potential 
target for improvement of immunotherapy against cancer at older age. For instance, 

Improvement of cancer vaccination at older age

Adaptive immune responses

Elimination or polarizing MDSC
Listeria

 chemotherapeutica

regs

 curcumin

Approaches at the tumor site

destruction

Innate immune responses

 products

 �

�� Listeria

Listeria
 chemotherapeutica

 responses: potential candidates are L. monocytogenes
L. lactis or E. coli

Fig. 1. Various approaches to improve adaptive and innate immune responses by cancer vaccina-
tion and immunotherapy, respectively, at older age, are summarized. This includes recruitment of 
naïve T cells or avoid the use of naïve T cells at older age, activation of adaptive and innate immune 
responses at older age, by elimination of MDSC or regulatory T cells that inhibit T cell activation, 
activation of co- stimulatory molecules, activation of NK, NKT or γδT cells, reduction of tumor- 
produced factors or cytokines that inhibits T cell activation, as well as approaches that involves the 
selective delivery of compounds or genes in the TME that improves anti- tumor responses or kill 
tumor cells directly without side effects in normal tissues, such as attenuated bacteria or magnetic 
beads.
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NK cells and NKT cells could be activated by attenuated Listeria or αGalCer, both 
cell types are present in sufficient numbers at older age, and both cell types exhibit 
anti- tumor activity. γδT cells could also be a new target for cancer immunotherapy 
at older age. The production of IFNγ by γδT cells seems to be unaffected by age. 
Moreover, patients infected with L. monocytogenes showed higher percentage of γδT 
cells than uninfected controls [41]. It has also been shown that γδT cells exhibit anti- 
cancer activity [33].

MDSC increases at older age and is responsible for the age- related T cell unre-
sponsiveness in the TME. Elimination of MDSC may result in reduced immune sup-
pression in the TME. It has been reported that CpG ODN, vitamin A, curcumin and 
several chemotherapeutica eliminate MDSC [42, 43]. It appears that CpG seems espe-
cially good at enhancing cellular and humoral immunity and promoting Th1- type 
responses in old mice [44]. We found that Listeria reduced the number of MDSC 
at young and old age [unpubl. results]. Elimination of immune suppressing tumor- 
associated and M2 macrophages may also lead to improved T cell activation in the 
TME at young and old age.

T cells could also be activated through other strategies. For instance, the problem 
of lack of naïve T cells, one of the most important changes at older age, could be 
avoided by immunizing at young age when sufficient naïve T cells are present, fol-
lowed by recall at old age to reactivate memory T cells. Such an approach has been 
successfully used for improving antibody production at older age [45]. Also, naïve 
T cells could be recruited by IL- 7 [46]. However, lack of naïve T cells is not the only 
hurdle to overcome. TAA are weakly immunogenic and T cells need help to become 
activated against TAA expressed by cancer cells. As shown in the studies discussed 
here, just adding IL- 2 to TS/A tumor cells will improve anti- tumor responses but not 
memory responses to the tumor at old age. The best results so far have been shown 
by the group of Lustgarten [38] by activating T cells against cancer through vaccina-
tion plus co- stimulation using anti- OX40 or 1- 4BB mAb at young and old age. Also, 
elimination of Tregs could improve T cell activation at older age [25].

Finally, we have shown that an attenuated L. monocytogenes can be used to deliver 
genes directly and selectively in tumor cells in vivo [40]. Also other non- pathogenic 
bacteria are currently under investigation for the delivery of genes selectively into 
tumor cells such as Lactococcus lactis and Escherichia coli [47]. Our results suggest 
that such an approach could be effective at young and old age. Also magnetic beads 
can be used to improve the selective delivery of agents at the tumor site that improves 
anti- tumor responses or kill tumor cells directly, with minor side effects on normal 
tissues [48].

In summary, despite all the obstacles that need to be overcome, vaccination against 
cancer is potentially the most promising approach. While cancer vaccination has 
limited success against late stage tumor development, it can be particularly effective 
where almost all other therapies struggle, i.e. against metastases and recurrence of 
cancer. The vaccine studies analyzed here show that improvement of vaccine efficacy 
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at older age is possible, but that in addition to activation of T cells, the innate immune 
system should also be considered as a possible target for immunotherapy against can-
cer at older age. The advantage of activating adaptive immune responses by vaccina-
tion is its prophylactic and therapeutic application, while activating innate immune 
responses by immunotherapy can only be applied therapeutically. Finally, the results 
of these studies demonstrate the need of testing and tailoring cancer vaccines to older 
age in preclinical models before entering the clinic.
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Abstract

The incidence and prevalence of most cancers increase with age. The immune system is a unique 
mechanism of defense against pathogens and possibly cancers, however there is a body of evidence 
that the immune system of the aged is eroded, a phenomenon termed immunosenescence. Each 
arm of the immune system, innate and adaptive, is altered with aging, contributing to increased 
tumorigenesis. Related to immunosenescence, a low- grade inflammation also develops with aging 
contributing also to increase carcinogenesis. Understanding the contribution of immunosenescence 
to cancer development and progression may lead to better interventions in the elderly.

Copyright © 2013 S. Karger AG, Basel

With aging the incidence and prevalence of cancer increase [1–3], which suggests a 
close association between aging and cancer [4, 5]. Although this relationship is not 
always well understood, most of the experimental data seem to sustain an essen-
tial role for time in the multihit development of cancer [1] due to accumulation 
of damages. Damages are induced either by free radicals or viruses rendering the 
oncogenes more active or the gatekeepers inactive [6]. There are well- known altera-
tions occurring in the immune response with aging [7, 8], collectively designated as 
immunosenescence. However, it is still unclear to what extent immunosenescence 
may contribute to the development, progression and treatment of cancer in elderly 
subjects [9, 10]. Recently, it has been demonstrated that aging is accompanied by 
a low- grade inflammation, inflamm- aging, due to a disequilibrium of the immune 
response with aging [11, 12]. The occurrence of inflamm- aging may underline the 
putative contribution of immunosenescence to the increased incidence of cancer 
with aging.
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Does the Immune System Play a Role in the Prevention of Tumorigenesis?

There are still many questions to be resolved before this question can be answered 
definitively. However, a variety of intrinsic tumor- suppressor mechanisms are recog-
nized as leading to senescence and/or apoptosis to prevent the acquired capability of 
cells to proliferate uncontrolled [13]. It is also recognized that there are cell extrinsic 
tumor- suppressor mechanisms by which cancer cells are stopped from invading and 
spreading to other tissues. There are three major mechanisms including the limitation 
of specific trophic signals, the modulation of the interaction between polarity genes 
and proliferation, and the immune response. The immune system may play a role 
in tumor prevention at various levels such as eliminating the cancer- inducing viral 
infections, by resolving the inflammation and finally directly fighting the emerging 
cancer cells [14, 15]. Classically, the latter is called the immunosurveillance by which 
process the immune cells track modified and non- self antigens and destroy the tar-
get upon recognition. For cancer, an efficient immunosurveillance is reached when 
cancer cells are eliminated before formation of a clinically recognizable tumor. The 
immune system is controlling both tumor quantity and quality. This signifies that the 
immune system not only protects (quantity) against cancer formation but also influ-
ences the tumor immunogenicity (quality) [16]. Then, the concept of tumor surveil-
lance complexified and became the cancer immunoediting hypothesis which states 
the dual role of the immune system toward cancer. The dynamic process of immu-
noediting is composed of three distinct phases: elimination, equilibrium, and escape 
[17]. The pre- malignant lesions appear at the stage when the immune system is able 
to eliminate the nascent cancer cells and this corresponds to the proper immunosur-
veillance. Mostly it consists of innate and adaptive immune responses against danger 
or stress signals originating from the pre- malignant lesion itself, e.g. DNA damage, 
apoptotic cells or the microenvironment. During the advanced oncogenesis there 
exists an immunoselection with an equilibrium status between the developing tumor 
and the immune system, as a consequence of the incomplete elimination of tumor 
cells during the previous phase. This remains still clinically unapparent. During 
this stage the immune system exerts a selective pressure on the evolving tumor cells 
and selects cells that become finally able to resist or suppress the immune response. 
The final stage of tumor growth corresponds to the escape phase where the tumor 
growth can be even favored by the immune system, the tumor growth [15] emerg-
ing ultimately as a clinically apparent disease. It also means that the tumor is actively 
suppressing the immune response by producing various inhibitory substances, e.g. 
NO, indoleamine- 2,3- dioxygenase (IDO), PGE2. Thus, experimental data strongly 
support that the immune system plays an essential role in the tumor elimination at 
its early stage requiring its full functionality from most of cells building the effec-
tor immune response such CD8, Th1, NK and macrophages [18]. There are several 
mechanisms of escape from immunosurveillance, including the alterations related to 
immunosenescence.
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What Is Immunosenescence?

With aging we assist to the erosion of the immune response called immunosenes-
cence [8, 19, 20] (table 1). This deregulation particularly affects the T cell compart-
ment of the adaptive immune response. The most important changes in the cellular 
immune response with aging are (i) phenotypic, such as the decrease of naïve CD4+ 
and CD8+ T cells, as well as the reduced expression of CD28 with the concomitant 
increase of the more and more terminally differentiated memory CD4+ and CD8+ T 
cells characterized by surface markers such as CD95, CD45RA, CD57 and CCR7, and 
(ii) functional, such as a decreased proliferation, IL- 2 production, telomere length 
with concomitantly increased DNA damage.

More and more experimental evidence shows that besides the changes in the adap-
tive immune response the innate immune response is also altered with aging. Each 
cell participating in the innate immune response is touched. Thus, natural killer cell 

Table 1. The most important changes in the immune system with aging

Innate/adaptive immunity Playing a specific role in carcinogenesis

Innate immunity
Neutrophils: decreased functions Chemotaxis +

Free radical production
Intracellular killing

Monocytes: decreased functions Phagocytosis +
Macrophages: decreased functions Phagocytosis

Free radical production
 increased functions Pro- inflammatory cytokine production +

NK cells: decreased functions Cytotoxicity +
IL- 2 production +

TLR signaling is defective on the innate 
immune system

+

Adaptive immunity
Phenotypic changes Increase of memory CD8+ T cells +

Decrease of naïve CD4+ T cells
Increase of TCR oligoclonality

Functional changes Decrease of clonal expansion +
Decrease of IL- 2 production
Decrease in signal transduction

Altered Th2 > Th1 balance: increased IL- 10, 
TGF- β

+

Decrease of telomere length
Increased Treg numbers +
Increased presence of CMV seropositivity
Low- grade inflammation +
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functions are altered such as IL- 2 production and cytotoxicity [21]. Phagocytic cells 
which are important in recognition and clearance through their Toll- like receptors 
(TLR) are also impaired with aging [22–24]. The functions of dendritic cells, being 
the main antigen- presenting cells, are also altered with aging [25].

The causes of these changes are not yet fully understood, but three main reasons 
can explain these changes. The first is the thymic involution with aging [26], the sec-
ond are intrinsic changes because of the membrane damages leading to altered signal-
ing [27] and thirdly the chronic antigenic stimulation occurring during life [28]. This 
antigenic stimulation can be of various nature – (i) from a viral source such as cyto-
megalovirus (CMV) of the herpes virus family, (ii) from constantly emerging tumor 
antigens, and (iii) from cell intrinsic sources [29]. This chronic antigenic stimula-
tion leads with time to a low- grade inflammation characterized by the increased level 
of CRP, IL- 6 and TNF- α [19, 30]. This low- grade age- associated inflammation was 
called ‘inflamm- aging’ by Franceschi et al. [31]. In the end, this impacts the develop-
ment of age- associated chronic diseases such as atherosclerosis, diabetes, Alzheimer’s 
disease and cancer.

Experimental evidence suggests more and more that one of the driving forces in 
immunosenescence is the chronic, continuous antigenic stimulation [28]. Several 
groups have shown an increased frequency of CD8+ T cells bearing a T cell receptor 
(TCR) specific for the pp65- HCMV (495- 503) epitope with aging. These CD8+ T 
cells are highly differentiated cells from the effector memory and the effector com-
partment characterized by changes in their surface markers CD45RA, CCR7, CD28, 
and CD27. These changes in T cell phenotypes may also be induced by tumor anti-
gens, as CD8+CD28– cells can be purified from several human tumors such as lung, 
colorectal [32, 33]. T cell homeostasis maintains constant numbers of T cells in the 
periphery and even if naïve cells continue to some extent to be generated from the 
thymus, the T cell repertoire will be shrunken because of the clonal expansion of 
these CMV- specific CD8+ T cells, contributing to increased susceptibility to infec-
tious diseases and cancer.

These findings were confirmed in two longitudinal studies of naturally aging 
(>85 year) populations: the Swedish longitudinal OCTO study (donors selected for 
good health) and NONA (donors not selected for good health; only 9% SENIEUR- 
compatible (i.e. of exceptional good health) completed by Wikby’s group [34, 35]. 
These investigations aimed at identifying factors predicting 2- , 4- , and 6- year mor-
tality and resulted in the emerging concept of an ‘immune risk profile’ [36]. The 
immune risk profile consists of a cluster of parameters including high CD8+, low 
CD4+ and poor T cell proliferative response predicting higher mortality at follow-
 up. Other, experimental studies also suggested a special role for CMV in the loss of 
naïve CD8 T cells, Th1 polarization and increase of CD8+ memory T cells [37–39]. 
Recently, two epidemiological studies supported the data that CMV may be a primary 
driving force in immunosenescence by showing a correlation between CMV sero-
positivity, increased inflammatory markers and morbidity in elderly subjects [40, 41]. 
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Although these experimental data clearly suggest a role for CMV, it is clear that other 
viruses can be implicated such as EBV [42]. Moreover, other experiments are clearly 
needed to understand further the effects of CMV on immunosenescence.

Furthermore, with aging we assist also to a decrease in the signal transduction of T 
cell surface receptors such as TCR, CD28 or cytokines. This manifests as a decrease of 
the phosphorylation cascade following receptor ligation, from the membrane to the 
nucleus (e.g. NF- κB, NFAT). Altered tyrosine kinases activation such as Lck, Fyn and 
adaptor molecules phosphorylation such as LAT or SLP76 at the very early stages of 
the receptor signal transduction are responsible for the overall reduced T cell signal-
ing with aging [27]. These alterations originate from changes in the physicochemical 
properties of the membrane leading to malfunctions of lipid rafts in the membrane 
[43] as well as from the inability to relieve the negative signals provided by tyrosine 
kinases such as SHP- 1.

Not only is the adaptive immune response altered, but also the innate immune 
response [44]. Recently it became evident that most functions of the innate immune 
response are affected by the aging process. Neutrophils, the first cells to arrive at the 
site of an aggression, have decreased chemotactic and phagocytic activities and free 
radical producing capacity [23]. The dendritic cells seem also to be altered not only 
in their basic functions such as phagocytosis, chemotaxis and production of IL- 12, 
but also in their ability to activate naïve CD4+ T cells via antigen presentation. In 
the mean time they retain the capacity to produce pro- inflammatory cytokines and 
to activate CD8+ T cells [45]. Moreover, experimental data suggest that most of the 
monocyte/macrophage functions are also changed with aging, leading to altered 
pathogen clearing, regulation of the adaptive immune response and the inflammatory 
process, contributing to the sustained low- grade chronic inflammation and increased 
age- related diseases such as infections, cardiovascular disease and cancers. More and 
more experimental data indicate that with aging there are phenotypic and functional 
changes in NK cells, such as cytotoxicity on a per cell basis [21].

What Could Be the Link between Immunosenescence and Cancer?

We have described that aging is one of the most important risk factors for cancer. As a 
consequence the prevalence and incidence of cancer increases and in the mean time, 
immunity is compromised. There is still a debate as to whether and how the immu-
nosenescence may contribute to this increased cancer incidence, thus the specific 
question that is raised: Which changes in the immune response (innate or adaptive) 
are responsible for the inefficient immune response against tumors?

Among the many changes in the immune response with aging are specific altera-
tions in the innate and adaptive immune responses which contribute more specifi-
cally to the development of cancers. The immune stimulation of T cells by dendritic 
cells is critical for their efficient activation and this is altered in aging through the 
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following co- receptors: B7.1, B7.2, OX40, CD27, CD30, CD40, 4- IBB [46, 47]. This 
leads to a weakened T cell response and even to anergy.

One important discovery of the last few years more specifically in the innate 
immune system is the existence of the TLR. These receptors are pattern recognition 
receptors (pathogen- associated molecular patterns) and can sense almost all types 
of antigens [48]. There are currently ten receptors which are more or less specific 
to various substances from bacteria, viruses or destroyed cells, which subsequently 
activate the innate immune system via TLR signal transduction. A wide variety of 
TLRs are expressed in immature or mature dendritic cells, macrophages, monocytes 
and neutrophils, and these receptors control the activation of these phagocytic and 
antigen- presenting cells [49, 50]. With aging the TLR signaling is defective in the 
innate immune system resulting in altered activation of the phagocytic cells which 
become less able to destroy the invading organisms or the transformed cells [51, 52]. 
Besides affecting the functions of the individual innate cells, these alterations further 
render neutrophils unable to activate and recruit macrophages as the next cells at the 
site of aggression or acute inflammation via secretion of various chemokines. In turn 
the cytokines released by activated macrophages should prolong the lifespan of neu-
trophils which is also altered with aging [53]. The described neutrophil and macro-
phage functional changes may as such contribute to the development and progression 
of tumors [23].

Aging, via the immunosenescence, favors the development and amplification of a 
network of immune suppressions hallmarked by increased frequency of regulatory T 
cells (Tregs: CD4+CD25+FoxP3+), myeloid- derived suppressor cells (MDSCs), IDO 
production, and B7 family molecules expression (B7- H1). Tregs maintain and induce 
immune cell tolerance by directly inhibiting T cells, NK cells and DCs through direct 
cell- cell contact [54] or by soluble mediator secretion such as IL- 10, TGF- β, as well as 
CTLA- 4 and PD- L1 expressions [55]. There is more and more evidence that the num-
ber of CD4+CD25+FoxP3+ T cells is increased in aged humans [56]. This could largely 
contribute to tolerance towards cancers in elderly subjects. Furthermore, MDSCs are a 
heterogeneous population comprised of macrophages, neutrophils and dendritic cells. 
They are mostly expanded in response to various soluble factors secreted by tumors 
such as GM- CSF, IL- 1β, VEGF or PGE2 [57]. These cells can suppress the activation of 
CD4+ and CD8+ T cells and inhibit the generation of antitumor responses by various 
mechanisms such as TGF- β secretion, TCR nitrosylation and also by the induction 
of Treg formation and expansion [58–60]. It is of note that these cells are activated by 
various anti- inflammatory factors such as IL- 10, TGF- β, and VEGF, which are known 
to increase with aging. This suggests that the increased anti- inflammatory response 
(Th2) or that secreted in the tumor environment favor the activation of these MDSCs 
which in turn can suppress the activation of an adequate immune response [61]. The 
IDO is an immunosuppressive molecule which is capable of inhibiting T cell activa-
tion by inhibiting CD8+ T cell proliferation and inducing CD4+ T cell apoptosis [62]. 
This was also shown to increase with age [63]. Thus, the increased level of IDO further 
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contributes to the decreased immune response to tumors with aging. Finally, the B7 
family molecules are involved in the regulation of T cell tolerance as well as in activa-
tion of T cell response. The accumulating data suggests that the expression of PD- L1 is 
altered with aging but will require further investigations to better dissect out their role 
in the age- related emergence of cancers.

In the adaptive arm of the immune system, alterations affect T cells, mainly naïve 
and cytotoxic T lymphocyte (CTL) cells with a contracted repertoire and activity 
shifted in favor of Th2 > Th1. This manifests in the increased production of Th2 cyto-
kines IL- 10, TGF- β, and IL- 6 [61] as described above. Thus, we can summarize that 
the age- related specific immune alterations favor tumor development. The tumor- 
derived antigens are not only interacting with the professional antigen- presenting 
cells for activating naïve CD8 T cells but also with the CD4 Tregs. The naïve CD8 
T cells will become cytotoxic and secrete IL- 2, IFN- γ and IL- 12. However, the con-
comitant stimulation of Treg is suppressing the cytotoxic activity of CTL by producing 
IL- 10, TGF- β and CTLA- 4. Moreover, the antigen- presenting capacity of the den-
dritic cells is also compromised by inhibitory factors such as PGE2, TGF- β, IL- 10, and 
VEGF secreted by tumor cells which can induce downregulation of the number of 
MHC molecules [64, 65] and expansion of MDMCs. This also leads chronically to the 
expansion of CD8+ memory T cells which further contribute to cancer development 
and progression [66] by inducing DC to become tolerant to helper T cells [67]. Thus, 
a very tight collaboration between the innate and adaptive immune response is neces-
sary to eliminate tumor cells. Since both arms are independently altered with aging it 
is obvious that this collaboration is also compromised.

It is now well appreciated that chronic inflammation can contribute to cancer 
development through initiation, promotion and progression [13]. Thus, one other 
important factor contributing to the development of cancer is the low- grade inflam-
mation with aging [11, 12]. This arises from the overproduction of pro- inflammatory 
cytokines such as IL- 6, TNF- α and IL- 1 by the innate immune cells. This is also asso-
ciated with other neuroendocrine changes such as the increased glucocorticoid or 
decreased IGF- 1 levels. This inflammation could damage cells through the increased 
production of cytokines and free radicals. If so, the activation of p53 is necessary 
for eliminating damaged cells. However, the p53 pathway is altered with aging lead-
ing to the accumulation of damaged and possibly senescent cells which can further 
progress to oncogenesis [6]. As such, there is a tight connection between the immune 
system via the low- grade inflammation, the neuroendocrine system and the tumor- 
suppressor network in the organism and cells.

Moreover, as chronic antigenic stimulation plays a role in immunosenescence and 
the consequent low- grade inflammation, we can make the hypothesis that chronic 
antigenic stimulation by CMV and by cancer antigens could be additive in the induc-
tion of pro- inflammatory molecules, low- grade inflammation, and lead to more rapid 
immune exhaustion of the adaptive immunity and dysregulation of the immune 
response with aging. This in turn reduces the capacity to respond to new antigens and 

Extermann M (ed): Cancer and Aging. From Bench to Clinics. 
Interdiscipl Top Gerontol. Basel, Karger, 2013, vol 38, pp 38–48 (DOI: 10.1159/000343599)



Immunology of Aging and Cancer Development 45

blunts immune responses to previously encountered antigens, including the chronic 
stressors. Ultimately, immunosenescence creates a favorable milieu for cancer devel-
opment [68, 69].

As we have discussed, specific aspects of immunosenescence prevent an effective 
immune response against cancer and result in the overall increased susceptibility to 
cancer with aging. What the exact contribution of each parameter is still requires 
deep investigations. Probably there is not only one but several of them. However, if 
the most important parameters could be characterized the treatment offered could be 
more specific and efficient.

Is There an Efficient Way to Restore the Immune Response with Aging?

Experimental data support the fact that a unique therapy against cancer is inexistent 
[65] and there are only therapies which can be used in combination to act as mul-
tiple hits [70, 71]. The most important hits are: induction of immunogenic cancer cell 
death, enhancement of tumor antigen presentation, increase of gastrointestinal tract 
immune efficiency and blockade of the numerous immunoregulatory checkpoints.

The administration of immune adjuvants such as CD40 agonists or CpG ODNs 
may increase antigen presentation. The most important immunoregulatory check-
points worthy of manipulation could be antagonists of immunosuppressive factors 
(e.g. VEGF, TGF- β, IL- 6, IL- 10, CTLA- 4, IDO) and oncogenes (e.g. STAT3) and anti- 
apoptotic molecules (e.g. Bcl- 2) and agonists to activating co- receptors (e.g. CD28, 
ICOS) [13]. There exist several ways to improve cancer vaccination in the elderly. 
Among these, the elimination of Treg or macrophages suppressing T cell activation, 
stimulation of macrophages which can kill tumor cells, improving DC antigen pre-
sentation and recruitment of naïve T cells by IL- 7 [72]. There is hope that with a 
better understanding of the interactions between immunosenescence and tumori-
genesis, we can design better vaccines in the elderly to combat cancers.

Conclusion

The incidence and prevalence of cancers increase with aging. The aging process per 
se can favor the occurrence of cancers. However, the deregulated immune response 
also contributes. There is more and more circumstantial evidence linking immu-
nosenescence to cancer development. However, there is no well- established study on 
the contribution of immunosenescence to cancer and for this reason researchers are 
encouraged to conduct them. A better knowledge of this interaction would help in 
designing better interventions. Future clinical work is urgently needed to improve 
the efficacy of our interventions in the growing elderly populations suffering from 
cancers for better treatment and quality of life.
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Abstract

As older patients present with an average of three comorbidities beside their cancer, geriatric oncol-
ogy can provide unique clues to translational research in aging and cancer. We illustrate this 
approach with the example of the metabolic syndrome and cancer. Epidemiologic and clinical 
cohorts highlighted an association between the metabolic syndrome and a higher risk and worse 
prognosis of various cancers. In a bedside- to- bench transition, this led to an interest in analyzing the 
potential mechanisms underlying this association. At least ten potential mechanisms could be impli-
cated, with the challenge of understanding which are the dominant ones in human patients. Bench- 
to- bedside studies are beginning to shed some light on that aspect, and some therapeutic trials are 
beginning to exploit the lessons learned. Copyright © 2013 S. Karger AG, Basel

Translational research is a bidirectional endeavor and often merges knowledge from 
several disciplines. An excellent illustrative example is the interaction between meta-
bolic syndrome and cancer. Such a topic is highly relevant to geriatrics, as the preva-
lence of metabolic syndrome increases with age to reach about 40% of the population 
aged 60 and older [1]. It also illustrates an increasingly recognized phenomenon: the 
impact of comorbidity on cancer risk and prognosis. Here again, this example illus-
trates the principle that a patient’s diseases cannot be considered in isolation and need 
to be addressed in an integrated manner.

Research about metabolic syndrome and cancer started from the observation 
that patients with diabetes had a higher risk of cancer [2, 3] and a worse progno-
sis [4–9] once diagnosed. The observation was extended to the metabolic syndrome. 
Associations were found for example with the risk of brain [10], breast (in postmeno-
pausal women) [11], cervical [12], colorectal [13–16], liver [17, 18], lung, pancreatic 
[19, 20], and prostate cancer [21], and the prognosis of breast [22], colorectal [23, 
24], and prostate cancer [25, 26]. Although these associations were first described in 
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middle- aged patients, they also apply to elderly patients [27]. However, epidemiologic 
studies provide mixed results as to which components of the metabolic syndrome 
matter most (insulin resistance, hypertension, hypercholesterolemia/hyperlipidemia, 
or obesity) [10, 12–15, 19–21, 24, 28]. Therefore, going from bedside to bench might 
provide some clues as to the potential mechanisms involved (table 1).

From Bedside to Bench

Several mechanisms can be postulated for the association of metabolic syndrome and 
cancer. They may affect the tumor, the host, or both.

(1) The most explored pathway is the insulin- like growth factor- 1 (IGF- 1) path-
way. This pathway consists of IGF- 1, IGF- 2, several binding proteins, and the IGF- 1 
receptor. This receptor in turn activates the PI3K- Akt pathway and its subsequent 
consequences in cell growth and apoptosis. This pathway is of interest in insulin 
resistance syndromes because of the interactions with the insulin pathway. Insulin 
has some cross- activating effect on the IGF- 1 receptor. The insulin- receptor and the 
IGF- 1 receptor can also form heterodimers. This receptor is overexpressed in more 
than 90% of colon cancer cells [29, 30]. Its level of expression is associated with tumor 
grade and stage and it induces resistance to apoptosis in colon cancer cells through 
the Akt/Bcl- xL pathway, as demonstrated by some Moffitt work [29, 31]. Its blockade 
inhibits growth and angiogenesis in colon cancer [32]. Elevated plasma insulin levels 
activate insulin, and possibly IGF- 1, receptors, and insulin itself might stimulate the 
IGF- 1R [33]. The activity of plasma IGF- 1 is modulated by its binding to IGF- binding 
proteins. Total IGF- 1 levels and IGFBP levels decrease with age [34, 35]. However, 
free IGF- 1 levels were found increased in subjects above the age of 70 [35]. Elderly 
patients may also have a small rise in the number of IGF type 1 receptors per cell 
[36]. IGF- 1 decreases with higher BMI [34]. IGF- 1 and IGFBP- 1 appear to be both 
decreased in metabolic syndrome patients (no data on the resulting impact on free 
IGF- 1) [37]. Diabetic patients also have decreased IGF- 1 levels, correlated with poor 

Table 1. Potential mechanisms by which metabolic syndrome interacts with the behavior of cancer

Insulin- like growth factor- 1 pathway activation
Hyperinsulinemia/insulin resistance
Hyperglycemia, advanced glycation end- products and their receptor (RAGE)
Atypical PKC dysregulation
Leptin and adiponectin
Vascular damage and VEGF increases
Inflammation
Impaired immunity
Peroxisome proliferator- activated receptor modulation
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glycemic control and a worse outcome of cardiovascular disease [38]. No data on free 
IGF- 1 in metabolic syndrome or diabetes are to our knowledge available, but some 
indirect evidence suggests it might be elevated [39]. These results point toward a 
somewhat complex but potentially important implication of the IGF- 1/IGF- 1R path-
way in cancer patients with metabolic syndrome.

(2) Hyperinsulinemia and insulin resistance. Hyperinsulinemia might by itself 
activate cell multiplication. This finding is consistent with the increasing body of lit-
erature suggesting that hyperinsulinemia seems to be the critical factor in the asso-
ciation of metabolic syndrome and colon cancer. Increased risk of colon cancer or 
excess of colon cancer deaths were found in patients with recently diagnosed diabe-
tes or impaired glucose tolerance [40]. C- peptide concentrations, which are a mea-
sure of insulin secretion, were found to be a stronger predictor of colorectal cancer 
risk than was the metabolic syndrome [41]. Postprandial insulin [42] and nonfasting 
C- peptide [41, 43], a measure of hyperinsulinemia rather than insulin resistance, are 
stronger predictors of colon cancer risk than is the fasting insulin concentration [42, 
44]. Finally, in one study, chronic insulin therapy was associated with a significantly 
increased risk of colorectal cancer among patients with type 2 diabetes [45]. In addi-
tion to the epidemiologic evidence, mechanistic studies have also suggested direct 
mitogenic and proliferative effects of insulin on tumors [46]. Insulin has two recep-
tors: IR- A and IR- B. The first one mediates the mitogenic effects and the second one 
the metabolic effects of insulin. IR- A can be aberrantly expressed in tumor cells, and 
has a high affinity for IGF- 2 as well [47]. These receptors can dimerize with the IGF- 1 
receptor. It is also interesting to note that peritumoral vessels express a high level of 
insulin receptors [48]. Another way hyperinsulinemia might stimulate cancer growth 
is through the NF- κB pathway, as IKK- β appears to be a key mediator in insulin resis-
tance. High- dose salicylates, which inhibit IKK- β, can reverse hyperglycemia, hyper-
insulinemia and dyslipidemia in obese rodents in a COX- independent fashion [49].

(3) Hyperglycemia and advanced glycation end- products (AGEs). Sustained 
hyperglycemia by itself might favor cancer growth. Most tumors are glucose- avid, 
as demonstrated by the diagnostic effectiveness of PET scanning. This may be 
true for example if protein kinase C (PKC)- ζ is not turned down in tumors from 
metabolic syndrome patients (see below). Oral antidiabetics such as phenformin, 
buformin, and diabenol have been shown to inhibit colon carcinogenesis and shift 
phenotype to more differentiated tumors in rats [50]. Their postulated mechanism 
of action is a calorie restriction- like action, decreasing hyperinsulinemia, hyper-
glycemia, and oxidative stress. This effect may be mediated by the restoration of 
PKC- ζ function in the muscle. Another potential mechanism of action by hyper-
glycemia is AGEs. These increase with age and diabetes [51] and induce similar 
‘aging’ changes. AGEs are produced by nonenzymatic glycation of proteins with 
reducing sugars and subsequent metal- catalyzed oxidations. Oxidation of glycated 
proteins or interaction of AGEs with cell surface receptors produces superoxide 
radicals, contributing to oxidative stress and cell damage. As mentioned above, 
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in colon cancer the receptor for AGE expression is linked with metastatic disease. 
Several methods exist to dose AGEs, each of which has limitations. In at least 
one study, HbA1c had the closest relationship with clinical complications of diabe-
tes, when compared with Nε- carboxymethyllysine and pentosidine, as AGE prod-
ucts were mainly influenced by the quality of diabetes control [52]. The receptor 
for advanced glycation end- products (RAGE) is a member of the immunoglobulin 
superfamily. It binds multiple ligands, such as AGEs, β- amyloid, and, of interest 
to cancer progression, amphoterin [53]. This binding triggers a sustained period 
of cellular activation. The receptor exists at low levels in normal tissues except 
for lung tissue and becomes upregulated where its ligands accumulate. RAGE is 
implicated in a broad spectrum of diabetic complications. In the animal, blocking 
RAGE activation by using soluble RAGE appears to prevent or decrease compli-
cations. Colon cancer cells express RAGE, and its ligation activates the ras path-
way [54]. RAGE positivity was observed in 19, 81, and 100% of Dukes B, C, and 
D colorectal cancers in nondiabetic patients [55]. Amphoterin was expressed in 
most tumors regardless of stage. Animal experiments suggest that RAGE binding 
to amphoterin in the tumor bed enhances cell migration and invasion, while not 
markedly altering cell viability and angiogenesis, and that RAGE blockade creates 
less invasive phenotypes [53]. Binding of AGEs to RAGE appears genotoxic via 
oxidative mechanisms [56]. Therefore, one can hypothesize that RAGE upregula-
tion and binding could be a potential mechanism by which metabolic syndrome 
worsens the prognosis of colon cancer, and could be targeted with inhibitors such 
as sRAGE or RAGE Fab�. RAGE is also overexpressed in other cancers, such as 
pancreatic and prostate cancers. Notable exceptions are lung and esophageal can-
cer, in which a higher stage is associated with a downregulation of RAGE.

(4) Animals and humans with metabolic syndrome have a markedly decreased 
activation of the atypical PKC- ζ in their muscle, but not in their liver. PKC- ζ is impli-
cated in glucose uptake, apoptosis, and is also an activator of JUN- B, and therefore 
is connected to the VEGF signaling pathway. With failure of muscle glucose uptake, 
resultant hyperinsulinemia increases activity of liver PKC- ζ, which controls lipid syn-
thesis. Thus, lipid production by liver is increased, thereby causing VLDL- associated 
hypertriglyceridemia and reciprocal decreases in HDL lipids. On the other hand, 
PKB/Akt activity in the liver is diminished as the metabolic syndrome worsens and 
this loss of PKB/Akt activation leads to increases in hepatic glucose output, and there-
fore contributes to hyperglycemia and the appearance of overt diabetes.

The level of PKC- ζ and its responsiveness to insulin, IGF- 1 and other growth 
factors in cancer cells of patients with metabolic syndrome is unknown. Whether 
insulin/IGF- 1 action is impaired or enhanced in cancer cells is uncertain. As anti- 
apoptotic factors that further increase glucose uptake and VEGF production, PKC- ζ 
and PKB may both be particularly important in tumor progression and metastatic 
activity. Interestingly, treatment with oral antidiabetics such as rosiglitazone and met-
formin increases muscle AMPK activity and this restores PKC- ζ activity in skeletal 
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muscle. These muscle insulin sensitizers diminish hyperinsulinemia and this may 
decrease insulin- dependent actions in cancer cells [57–59]. On the other hand, atypi-
cal PKC- ζ might also impair tumorigenesis by repressing IL- 6 production [60]. The 
closely related atypical PKC- ι/λ has also been described as an oncogene, but the 
impact of metabolic syndrome on its level in humans is unknown [61, 62].

(5) Leptin and adiponectin. Obese patients have increased levels of leptin and 
decreased levels of adiponectin compared to normal weight subjects [47]. Adiponectin 
is also reduced in diabetic individuals [63]. Leptin mediates the feeling of satiety, 
improves insulin resistance and hyperglycemia. Obese people appear to demonstrate 
leptin resistance [64]. Adiponectin regulates energy homeostasis, glucose and lipid 
metabolism, and has anti- inflammatory and anti- angiogenic properties. Breast can-
cer patients with metabolic syndrome have higher levels of leptin in their mammary 
tissue and higher levels of leptin receptors on their tumors than obese patients with-
out metabolic syndrome [65].

(6) Vascular damage and VEGF. As noted above, the levels of VEGF may be 
increased in metabolic syndrome patients [66–68]. VEGF is a key promoter and sus-
tainer of the tumoral neovascularization. Its inhibition by bevacizumab prolongs the 
survival of metastatic colon cancer patients [69].

(7) Insulin- mediated vascular proliferation. Peritumoral vessels overexpress the 
insulin receptor [48, 70]. In vitro and in vivo experiments demonstrated that insu-
lin can stimulate angiogenesis [70, 71]. These effects occur independently of VEGF/
VEGFR signaling, but are dependent upon the insulin receptor itself. Downstream 
signaling pathways involve PI3K, AKT, sterol regulatory element- binding protein 1 
(SREBP- 1) and Rac1 [71]. Zhang et al. [72] showed that IR downregulated cancer 
cells induced xenograft tumors in mice had reduced growth, angiogenesis, lymphan-
giogensis and metastasis compared with wild- type cells xenografts.

(8) Inflammation. Patients with metabolic syndrome are in a state of chronic low- 
level inflammation. Their IL- 6 levels are elevated [73]. Their ability to produce the 
anti- inflammatory cytokine IL- 10 appears impaired [74, 75]. Levels of IL- 6 increase 
with age as well. To what extent this is an effect of age itself, or of the accumulation 
of clinical and subclinical morbidity is debated [76]. These high levels of IL- 6 appear 
to be associated with insulin resistance and prognosis in colon cancer patients as well 
[77–79].

(9) Impaired immunity. Patients with metabolic syndrome have a decreased cellu-
lar immunity [80]. In this study, half of patients had thyroid dysfunction. In patients 
with normal thyroid function, there was a low relative number of CD3 cells, and 
hypergammaglobulinemia. There was a close correlation between the levels of free 
T3 and CD3, CD4, and CD8 lymphocytes, and an inverse correlation of free T4 with 
IgA and IgG levels. It should be noted that intratumoral immune modulation likely 
plays a large role in immunologic tumoral control. For example, increased ampho-
terin expression is associated with a depletion of tumor- infiltrating macrophages in 
colon cancer [81].
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(10) The peroxisome proliferator- activated receptors (PPAR). The three PPARs (α, 
β/δ, γ) are nuclear hormone receptors interacting with multiple cellular pathways. 
PPAR- γ is overexpressed in the muscle of obese and type 2 diabetic subjects and this 
is insulin- induced [82]. Activation of PPAR- γ by thiazolinediones improves insu-
lin sensitivity, has an antiproliferative effect on cancer cells in vitro, and an anti- 
inflammatory effect. In a cohort of diabetic veterans, thiazolinediones users had 
a 33% reduction in risk of lung cancer. In another cohort study, the use of rosigli-
tazone or pioglitazone by diabetic patients was associated with a decrease in the risk 
of liver cancer, but not lung and bladder cancer. Rosiglitazone was associated with a 
decreased risk of colon cancer [83]. The risk of colon and prostate cancer was not sta-
tistically different [84]. Chronic activation of PPAR- α can induce hepatocellular car-
cinoma in rats [85]. PPAR- β/δ is a mediator of EGFR- induced carcinoma cell growth 
[86]. However, while chemical PPAR agonists have anti- tumoral properties, the link 
between endogenous overexpression/activation of the receptors and cancer risk in 
metabolic syndrome patients is unclear at this point.

In summary, metabolic syndrome might favor cancer development and progres-
sion via the IGF- 1 receptor pathway, hyperinsulinemia itself, hyperglycemia and 
AGEs, atypical PKC dysregulation, leptin/adiponectin balance alterations, vascu-
lar damage and VEGF activation, Insulin- mediated angiogenesis, inflammation, 
impaired immunity, and/or PPAR modulation. These effects might be compounded 
in the elderly by synergistic aging- related changes such as higher free IGF- 1 and 
IGF- R levels, increase in AGEs, and IL- 6 levels. Such a list of potential factors leads to 
an important question that lends itself to a bench- to- bedside process that we address 
next.

From Bench to Bedside

Comparative Studies
Since patients with metabolic syndrome cumulate several risk factors, an important 
clinical question is: what is the dominant mechanism by which metabolic syndrome 
interferes with cancer? Identifying such a mechanism is important, since it will be the 
basis to design effective interventions aiming at the right target for maximum impact. 
For this we need to move back from laboratory models and return to the patients.

Several results point towards hyperinsulinemia itself being the key driver, although 
uncertainty remains about the dominant downstream mechanism of action. In a fol-
low- up of the Cremona cohort study, insulin resistance was associated with cancer 
mortality, independently from diabetes, obesity/visceral obesity, and the metabolic 
syndrome [28]. In a study by Goodwin et al. [87], insulin- related factors and obesity- 
related variables had a different impact on the prognosis of breast cancer. Baseline 
hyperinsulinemia had most correlation with progression- free survival and overall 
survival during the first 5 years, whereas the effect of BMI and leptin levels had a 
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constant but quadratic association with outcome. C- peptide concentrations, which 
are a measure of insulin secretion, were found to be a stronger predictor of colorec-
tal cancer risk than was the metabolic syndrome [41]. Postprandial insulin [42] and 
nonfasting C- peptide [41, 43], a measure of hyperinsulinemia rather than insulin- 
resistance, are stronger predictors of colon cancer risk than is the fasting insulin con-
centration [42, 44]. Finally, in one study, chronic insulin therapy was associated with 
a significantly increased risk of colorectal cancer among patients with type 2 diabe-
tes [45]. Our group conducted a pilot in colorectal cancer patients undergoing their 
initial surgery. We assessed group differences between metabolic syndrome patients 
(WHO definition) and those without. We explored six potential mechanisms: hyper-
insulinemia, hyperglycemia, increased VEGF levels, AGE levels and RAGE expres-
sion, IL- 6 levels, and immune tumor infiltration. Blood samples were taken before 
surgery and 6 months after. Tissue samples were taken from the tumor and normal 
mucosal tissue. Our results indicated plasma insulin levels as the only significant lab-
oratory difference between groups [48]. Of note was also a diffuse overexpression of 
IGF- 1 R in the tumors, and a high level of expression of the vascular insulin receptors 
in the peritumoral area of many samples in both groups of patients.

Clinical Trials
In the next step building up from bench to bedside, therapeutic trials are under way 
based on some of the postulated mechanisms of interaction. Several IGF- 1 receptor 
inhibitors are in clinical trials. They subdivide into anti IGF- 1 receptor antibodies, 
such as figitumumab or cixutumumab, or small molecules with dual IGF- 1R and IR 
inhibitory effect. Figitumumab decreased PSA levels in prostate cancer patients [88], 
but results in lung [89], head and neck [90], and colon [91] cancer patients have been 
disappointing. A subset of patients with high IGF- 1 levels at baseline might benefit 
[89]. Cixutumab studies have also been focusing on prostate cancer patients, with 
results that need further evaluation [92, 93]. A sarcoma study suggests activity in 
liposarcomas with 1 PR and 21 stable diseases in 37 patients [94]. It had no effect in 
hepatocellular carcinoma [95]. Small molecule inhibitors are in phase I/II studies. 
A major side effect of IGF- 1 pathway inhibition is the feedback hyperglycemia can 
potentially cause hyperinsulinemia and dampen the anti- tumor effect of the primary 
therapy. This might be an issue in metabolic syndrome patients who already have an 
impaired glucose tolerance [89]. Since hyperinsulinemia by itself might have direct 
proliferative effects, strategies aiming primarily at a reduction of insulin levels might 
be of interest. Several studies are testing the impact of metformin. Biguanides prolong 
survival, delay cancer, and reduce its incidence in animal models [96]. A retrospec-
tive study did demonstrate an increased response rate to neoadjuvant chemotherapy 
in diabetic breast cancer patients receiving metformin [97]. Likewise, retrospective 
cohorts reveal a 30% improvement in overall survival for colorectal and pancreatic 
cancer patients with a diabetes treated with metformin [98, 99]. Presently, a large 
multicentric phase III trial – MA.32 – is testing metformin versus placebo in women 
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receiving adjuvant treatment for their breast cancer. This study does not include dia-
betic patients, but does stratify patients by body mass index. Thiazolinediones have 
also been tested for their anti- tumoral properties. A clinical trial randomized 106 men 
with prostate cancer and rising PSA to rosiglitazone versus placebo [100]. Treated 
diabetics were excluded. There was no difference in PSA doubling time or time to 
progression. A small phase II study of rosiglitazone in liposarcoma patients did not 
find a correlation between PPAR mRNA induction and clinical response [101].

Conclusions

The bedside- to- bench- to- bedside approach illustrated here in the context of meta-
bolic syndrome and cancer can be extended to other comorbidities such as cardiovas-
cular or inflammatory diseases. They illustrate how the coexistence of several diseases 
in a population of older patients can provide unique insights in the mechanisms of 
aging and cancer and contribute to the broader field of oncology by uncovering 
unique unsuspected mechanisms that can be approached with targeted therapies.
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Abstract

The construct of frailty is germane to that of aging, but a clinical definition of frailty is still wanted. In 
the geriatric literature, frailty has been conceived in two different ways. The first one is a threshold 
beyond which the functional reserve of a person is critically reduced and the tolerance of stress neg-
ligible. The second is as a progressive reduction of functional reserve due to a progressive accumula-
tion of deficit. In this construct it may be hard to distinguish frailty from aging. Neither concept has 
at present a clear application in the management of older cancer patients. Studies are needed to 
establish whether the construct of frailty proposed by Fried et al. may be predictive of decreased 
cancer- independent survival and of decreased treatment tolerance in older cancer patients.

Copyright © 2013 S. Karger AG, Basel

Aging, Cancer, and Frailty

Age and frailty have been associated for a long time in the medical as well as in the lay 
literature [1]. The idea of frailty conjures images of increased susceptibility to stress, 
which is also the hallmark of aging, yet it is becoming clearer and clearer that many, 
may be the majority, of older individuals are able to tolerate a significant amount of 
stresses without compromise of their life expectancy or of their function [2]. This 
observation is particularly relevant to cancer treatment. Properly selected older indi-
viduals may undergo aggressive treatment without long- lasting consequences. Hence 
the need to define frailty in more restrictive terms than simple age [3].

There is universal agreement on three areas concerning frailty: (1) Frailty is a con-
dition of critically reduced functional reserve that leads to enhanced vulnerability to 
stress [1, 4–8]. (2) Frailty is a clinical syndrome that may result from different and 
interactive mechanisms related to age, including chronic inflammation, sarcopenia, 
comorbidity, and dysregulation of multiple physiologic systems. The causes of frailty 
are both environmental and inherited. (3) Frailty is a chronic condition.
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Currently, two different constructs of frailty are entertained [1]. According to one, 
frailty is a phenotype that identifies among functionally independent individuals 
those at increased risk of death and dependence [5]. Though able of independent 
living, the frail person may experience both loss of independence and shortening of 
life expectancy when subjected to a stress that would be negligible for other persons. 
Examples of these stresses may include elective cancer surgery or standard radia-
tion therapy and chemotherapy. The alternative construct sees frailty as an ongoing 
decline of one’s functional reserve between fully independent living and death. In lieu 
of a frailty phenotype, this construct identifies different degrees of frailty, assessed as 
a frailty index [9]. These views are not mutually exclusive but rather represent differ-
ent ways to recognize and assess frailty. Both of them are tested in the clinical arena 
to establish whether there are circumstances in which one form of assessment is more 
appropriate.

In this chapter we will explore the current clinical definitions of frailty and their 
applications to the management of cancer.

Clinical Definition of Frailty

Physiologic and Chronologic Age
It is commonly accepted that chronologic age is a poor reflection of physiologic age at 
least up to age 90–95. Physiologic age is defined currently as risk of mortality, and of 
functional dependence (need of assistance in the activities of daily living) [2]. Frailty 
may be considered as an intermediate status between independence and functional 
dependence (fig. 1). In this construct, individuals with functional dependence are 
in a condition beyond frailty. Alternatively, frailty may be defined as the degree of 
susceptibility to stress. In this construct even individuals who are already functionally 
dependent may experience different degrees of frailty, expressed as increasing risk of 
death and of further functional decline.

Several indices have been developed to estimate one’s risk of death and of func-
tional decline that is to assess a person’s physiologic age (table 1).

Aging may be seen as a chronic and progressive inflammation [10]. The concentra-
tion of inflammatory markers in the circulation may then reflect functional age [11]. 
In addition to inflammatory cytokines, these markers include products of fibrinolysis 
and in particular D- dimer, as inflammation is associated with chronic disseminated 
intravascular coagulation [12, 13]. Interleukin- 6 (IL- 6) has been the most extensively 
studied inflammatory cytokine. Its circulatory levels are increased in the presence of 
virtually all geriatric syndromes, such as dementia, delirium, depression, osteopo-
rosis, and failure to thrive [13]. Almost 10 years ago, Cohen et al. [11] assessed the 
concentration of D- dimer and IL- 6 in individuals who were independent, without 
significant comorbidity, and lived at home. When the levels of both markers were 
normal, the risk of functional dependence or death at 10 years was less than 10%. 
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This risk increased to 20 and 40% respectively when the concentration of one or both 
substances was increased. The same data demonstrate however that a one- time deter-
mination does not have adequate sensitivity to assess the physiologic age of a person, 
as more than 60% of those with both abnormal markers were alive and independent 
at 2 years. Furthermore, these markers may not be utilized in the course of acute 
diseases, as their concentration is likely to be increased in patients of any age. For 
the same reason, they are of limited utility in patients with advanced cancer that is 
associated both with inflammation and disseminated intravascular coagulation. It is 
reasonable to assume that serial levels of these substances may reflect physiologic age 
as well as rate of aging, in individuals who are otherwise healthy, but this hypothesis 
has not been confirmed as yet in a clinical investigation.

The length of the leukocyte telomeres also reflects the functional age of a per-
son. Several studies have shown that the shorter the telomeres in patients of the same 

Non-frail Frail Dependent Dead

Mild stress

Fig. 1. Conceptualization of 
frailty as a phenotype. A mild 
stress does not affect the func-
tion of a fit person, but precip-
itates functional dependence 
in a frail one.

Table 1. Instruments of current use for the assessment of physiologic age

Comprehensive Geriatric Assessment (CGA)
Function expressed as activities of daily living (ADL) and instrumental activities 
of daily living (IADL)
Comorbidity
Geriatric syndromes
Nutrition
Living conditions and social support
Laboratory tests
 Circulating inflammatory markers
 Length of leukocyte telomeres
Functional examinations
 Timed up- and- go test
Combination
 Allostatic load
 Frailty Index
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chronologic age, the higher the risk of death and of other manifestations of aging 
such as cancer [14, 15], geriatric syndromes [16], and functional dependence [16, 17]. 
It is impossible to make an individual estimate of functional age based on telomere 
length, however, due to high interindividual variability.

Several functional tests, including the popular timed ‘get up and go’ predict the 
risk of mortality and functional dependence [18]. Most investigators are reluctant 
however to trust the determination of a complex phenomenon such as aging to a 
single test. Yet these tests are helpful to predict individual risk of disability. They have 
not been studied to predict the response to stress including surgery or antineoplastic 
chemotherapy.

The allostatic load is based on the assumption that age represents a loss of homeo-
static control that is of the ability of an organism to reverse to basic levels of function 
after a stress [19]. It requires the assessment of physical, laboratory, and functional 
parameters. Chronic inflammation is a form of allostasis and the determination of 
inflammatory markers in the circulation is indeed an assessment of the allostatic 
load. This instrument appears too complex for routine clinical use at present.

The frailty index and its many variations are based on the number or the degrees of 
functional deficits accumulated by a person. In its original form the frailty index may 
provide the most accurate determination of physiologic age (fig. 2) [20]. It appears 
too laborious for clinical use though, as it involves the assessment of about 70 param-
eters including disease, loss of physical function and of social support.

The Comprehensive Geriatric Assessment (CGA) including function, expressed 
as instrumental activities of daily living (IADL) and activities of daily living (ADL), 
comorbidity, presence or absence of geriatric syndromes, represents the best vali-
dated instrument for the determination of mortality risk [2, 21] and of stress toler-
ance [22–24]. Figure 3 illustrates how these elements can be integrated in a prediction 
of mortality risk for people aged 50–90 [21]. Elements of the CGA, and in particular 
dependence in one or more IADL, are also predictive of the complication of cancer 
surgery and cancer chemotherapy [22–25].

Frailty and Aging. Frailty Phenotype
If frailty is considered an intermediate status between independent aging and func-
tional dependence, it should be possible to identify a frailty phenotype [5] or a frailty 
syndrome [8] using the same parameters that reflect physiologic aging.

The frailty phenotype first described by Fried et al. [5] is still considered by many 
as the golden standard of frailty (table 2). It was obtained from an analysis of the data 
of the Cardiovascular Health Study (CHS), a longitudinal study of more than 8,500 
individuals aged 65 and over for an average of 11 years. The individuals belonging 
to the three- phenotype non- frail, pre- frail, and frail had a different risk of mortality, 
of functional dependence, of hospitalization and of admission to assisted living over 
a median 8- year follow- up. In the Woman Health and Aging Study II involving 707 
women aged 70–79, Fried et al. [5] analyzed the relation between the frailty phenotype 
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and allostasis [26]. They found that individuals judged frail and pre- frail had a four-  
and twofold increased risk respectively to have three or more comorbid conditions or 
dysregulation of three or more physiologic systems with respect to those who were fit. 
Thus the phenotype may be considered a reflection of both comorbidity and physi-
ologic abnormalities. More recently the authors established a relationship between 
frailty and comorbidity in the CHS [27]. They found that frailty was associated with 
depression, stroke, dementia, arthritis, and pulmonary diseases, and disease burden 
attenuated the association between frailty and age. In other words, disease burden 
was an independent risk factor for frailty.
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Fig. 2. Determination of an 
individual’s physiologic age 
based on frailty index. From 
Mitnitski et al. [20], with per-
mission.
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Fig. 3. Four- year mortality estimate of patients in different age groups according to a score based 
on CGA [21].
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Table 2. Elements that define the CHS frailty phenotype

• Involuntary weight loss ≥10 lb in 6 months
• Decreased grip strength for sex and age
• Decreased walking speed for sex and age
• Exhaustion, measured as two statements from the CES- D depression scale
•  Physical activity, measured on the short version of the Minnesota Leisure Time activity (see 

below): men <383 kcal/week, females <270 kcal/week

Grip strength by BMI (BMI derived from height and body surface)

BMI cut- off grip strength (kg)

Male
 <24  <29
 24.1–26  <30
 26.1–28  <30
 28  <32

Female
 <23  <17
 23.1–26  <17.3
 26.1–29  <18
 >29  <21

Walk time

Height cut- off point (s)

Men
 <173 cm  >7
 >173 cm  >6

Women
 <159 cm  >7
 >159 cm  >6

Exhaustion: score 2 or 3 on two questions of the CES- D
 a. I felt everything I did was an effort
 b. I could not get going
Scores: 0 = never; 1 = 1–2 days/week; 2 = 3–4 days/week; 3 = most of the time

Physical activity: Patients will be asked whether they engaged in any of the following activity in 
the past 2 weeks:
High- intensity activities
 Swimming
 Hiking
 Anaerobics
 Tennis
 Jogging
 Racquetball
  Walked for exercise for at least 1 h >4 mph

Moderate or light- intensity activity
 Gardening, mowing, raking
 Golfing
 Bowling
 Biking
 Dancing
 Calisthenics
 Exercise cycle
  Walked for exercise for at least 1 h at a strolling pace

Patients who did not engage in any of these activities over the past 2 weeks will be considered at 
low physical activity
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A number of modifications of the original phenotype have been proposed includ-
ing the insertion of IL- 6 levels [28] and of cognitive decline [29] among the assess-
ment parameters. It is not clear at present if they present any advantage with respect 
to the original phenotype.

The importance of the CHS definition cannot be overstated as it was the first 
successful attempt to predict different outcomes in functional aging individuals. 
It definitely identifies individuals with different functional reserve based on a sim-
ple phenotype. It also provides a reference to study the possibility to reverse or 
delay the aging process by focusing the effort on individuals who are pre- frail and 
frail.

It is legitimate to ask whether these criteria really define frailty and how much 
they need to be fine tuned. After a follow- up of 8 years, 60% of the so- called ‘frail’ 
and 75% of the so- called pre- frail individuals were still alive, and a significant por-
tion of them were still living independently. So far there is no direct evidence that 
frail or pre- frail individuals are more susceptible to stress than the non- frail ones. 
Kristjansson et al. [24] studied the predictive value for surgical complications and 
survival in 172 cancer patients aged 70–94. The phenotype predicted survival but 
not the risk of surgical complications that were best predicted by dependence in 
ADL or presence of a geriatric syndrome. The frailty phenotype does not seem to be 
as sensitive as the CGA in estimating the risk of therapeutic complications, at least 
in surgical patients.

More recently an alternative frailty phenotype has been proposed by the investiga-
tors of the osteoporosis by the investigators of the Study of Osteoporotic Fractures 
(SOF) in older men [30, 31]. This phenotype that has been inappropriately called 
index, is based on three elements: weight loss, inability to raise from a chair five 
times without using the arms, and exhaustion. Individuals are classified as robust (no 
abnormalities), intermediates (1 abnormality) and frail (2 or more abnormalities). 
In 3,132 men aged 67 and over [30] and in 735 men and women aged 70–79 [31], 
the predictive accuracy of the CHS and the SOF phenotype were compared. A ROC 
showed that both phenotypes were equally reliable in predicting death, disability, 
hospitalization, and institutionalization. The SOF instrument is very appealing as it 
is much simpler to assess than the CHS one. However, the SOF follow- up is only 3 
years.

Table 2. continued

Non- frail: no abnormality present 
Pre- frail: 1–2 abnormalities
Frail: ≥3 abnormalities
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Frailty Indices
A group of Canadian investigators proposed an index based on 70 ‘deficits in health’ 
obtained from the assessment of 10,263 individuals included in the first Canadian 
Study of Health and Aging (CSHA1) [32]. Deficits included diseases, dependence in 
ADL and IADL, physical and neurological signs and symptoms, laboratory tests and 
radiographic examinations. The index was obtained by  dividing by 100 the number of 
deficits. For example, if a person had 7 deficits, his/her frailty index would have been 
0.07. This index proved to be very accurate in predicting the  individual risk of death 
and institutionalization. Comparing the index in individual subjects with the aver-
age index of subjects of the same chronologic age, that authors devised for the first 
time an assessment of the so- called ‘physiologic age’ [20]. The authors and others also 
demonstrated that frailty indices obtained from patients’ self- reports were equally 
reliable [21, 33–36] even when different deficits from those originally described were 
included and even when it was based on subjects’ self- reports. Recently the same 
investigators established some  standard procedures for creating a frailty index [37–
39]. In a secondary analysis of the Yale Precipitating Event Project (PEP) in which 754 
elderly aged 70 and over were included, they established five criteria to select a deficit 
as well as a grading of the severity of each deficit. In 2 cohorts of patient the indices 
proved highly  reproducible as well as highly predictive of mortality and survival. The 
authors emphasized that the frailty index is not meant as a model to predict the risk 
of mortality, but as an instrument to describe the degree of vulnerability of older indi-
viduals to stress. This intention is reflected in the five criteria to select the parameters 
that compose the index. In particular, the items selected need to cover a wide range of 
systems. For example, not more than two or three deficits should be pertaining at the 
same domain (cognition, motility, muscular strength, etc.), whereas in a pure mortal-
ity index all the items that predict mortality independently should be included.

In an analysis of a subgroup of 4,721 individuals included in the CHS, the investi-
gators of Duke University demonstrated that a frailty index based on 48 deficits was 
more accurate in predicting the mortality risk than the frailty phenotype [40]. In par-
ticular, among the 1,073 frail individuals, according to the phenotypic classification, 
the phenotypic classification underestimated the risk of death for 720 and the frailty 
index for 134.

Aware of the fact that a frailty index may be too laborious for a busy clinical 
practice and may also be redundant, the Canadian investigators have also proposed 
the use of frailty scales. The first of these scales scored elderly individuals from 0 
through 3. Those scored as 0 had the lowest and those scored 3 the highest risk 
of mortality and functional dependence over 80 months’ follow- up. The scale was 
obtained from a retrospective analysis of a random sample of 9,008 community 
residents aged 65+ included in the Canadian provincial comprehensive sampling 
frame. It was based on presence of incontinence, dementia, dependence in IADL and 
ADL [41]. More recently, they proposed a scale of frailty based on pure clinical 
impression (table 3) [42]: 30 family physicians, 30 geriatricians and  internists, 11 
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neurologists and 6 psychiatrists were asked to do a clinical  evaluation of a sub-
group of 2,305 subjects of the CAHS and to classify them according to the scale. 
The clinical impression was highly predictive of mortality and functional depen-
dence and bore a close relationship with the original frailty index.

Frailty and Vulnerability
The term ‘vulnerability’ has been frequently used in the geriatric literature [43]. 
The relationship between frailty and vulnerability is not clear. The term has been 
used in two contexts. The first is to describe a condition of aging associated with 
increased risk of mortality and functional dependence that is identified and scored 
with the Vulnerable Elders Survey- 13 (VES- 13). This survey includes 13 items, 
given a different weight, and the final score predicts the risk of adverse outcome. 
In this respect, vulnerability is conceptually identical to frailty and the VES- 13 may 
be considered as a form of frailty index.

The second context includes a number of health domains, such as falls, incon-
tinence, impair mobility or cognitive decline where age is a risk factor for impair-
ment [44] and that should represent a special focus of care for older individuals 
[45]. In this construct, vulnerability is an attribute of aging that should be used to 
direct the care as well as to assess the quality of care of older individuals [46]. In 
this context, vulnerability is clearly distinct for frailty as it is defined as an area of 
intervention rather than as a clinical syndrome.

Frailty and Cancer

Cancer is a disease of aging and frailty is an aging- related syndrome. The interactions 
of cancer and frailty are then of interest to the practitioner. In particular one may ask: 

Table 3. Scale of fitness and frailty based on clinical impression

1. Very fit

2.  Well – person without active disease but who does not appear as active and energetic as the 
fit one

3. Well – with treated comorbid diseases

4.  Apparently vulnerable – independent but complaining of fatigue and of symptoms related to 
disease

5. Mildly frail – dependent in some IADL

6. Moderately frail – dependent in both ADL and IADL

7. Frail – completely dependent on others or terminally ill
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(1) Is cancer a cause of frailty? (2) Is cancer treatment a cause of frailty? (3) Is frailty a 
risk factor for the complications of cancer treatment? (4) Is frailty reversible with the 
treatment of cancer? 

While it is reasonable to assume that cancer and cancer treatment may cause frailty 
and that frail individuals are more susceptible to the complications of both cancer and 
cancer treatment, these hypotheses were never proved. In part, the confusion related 
to the definition and the assessment of frailty may be responsible for the scarcity of 
data related to aging and cancer.

In the meantime one may ask how the definition of a frailty phenotype (or of 
a frailty syndrome) and how the determination of a frailty index may impact the 
treatment of cancer in the older aged person. Recent studies have shown that the 
CGA may be utilized to predict the risk of mortality [2, 21], and the risk of surgical 
and chemotherapy complications [22–25]. Seemingly, the CGA may be utilized as 
well to monitor the medical, functional, emotional and cognitive consequences of 
cancer and cancer treatment. Only future clinical studies will tell us whether the 
determination of frailty may add unique information to that already provided by 
current instruments. Certainly the assessment of the risk of mortality and thera-
peutic complications needs to be made both simpler and more accurate, but it is 
not clear whether the assessment of frailty is the proper instrument toward this 
goal.
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Abstract

The prognosis of acute myeloid leukemia (AML) in the elderly is poor with overall less than 5% of the 
patients expected to be alive after 5 years. In many studies, age was an independent poor prognostic 
factor. In the elderly, the frequency of secondary forms of AML, of unfavorable cytogenetics, expres-
sion of multidrug resistance genes in part explains the poor outcome. However, based on genetic 
and molecular studies, there is no evidence for specific biological features of the disease in the 
elderly. Host- related factors including comorbidity and reduced functional reserves also account for 
the severity of the disease. Finally, population- based studies show that approximately 30% of 
patients older than 65 years are offered intensive chemotherapy. This chapter summarizes the recent 
advances in the biology of AML, in particular the impact of new molecular markers. An overview of 
the studies that have evaluated comorbidities and results of geriatric assessments in these patients 
are also presented. Copyright © 2013 S. Karger AG, Basel

Acute myeloid leukemia (AML) is the most common form of leukemia in adults. Its 
age- related incidence increases steeply after the age of 60 [1] and is about 75/100,000 
in patients older than 75 [2]. Given the aging of the general population in Western 
countries, its incidence is expected to increase over time. Büchner et al. [3] recently 
reported that the proportion of patients older than 60 years included in the German 
AML Cooperative Group (AMLCG) went from 25% in the 1981 study to 53% in the 
1999 study. This suggests that beyond quantitative changes, qualitative changes have 
also occurred, including improvement in the elderly health condition, willingness to 
receive intensive therapies, to participate in clinical trials. This also reflects societal 
changes and different views on what type of treatment elderly people want.

Since the 1970s, and thanks to the progress of intensive chemotherapy and allo-
geneic hematopoietic stem cell transplantation (SCT), AML is a curable disease. 
However, since most elderly patients cannot tolerate such therapeutic strategies and 
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since they often present with chemoresistant diseases, their prognosis remains poor 
with few of them being cured. Appelbaum et al. [4] showed that over the 1973–1997 
time period, unlike in younger patients, no improvement in survival was achieved in 
the elderly patients included in the consecutive ECOG trials. A similar observation 
was made from the results of MRC trials between 1970 and 2005 [5].

The development of successful therapeutic approaches in elderly patients with 
AML is thus a major challenge for hematologists. However, the recent advances in 
the understanding of the disease biology, the identification of new prognostic factors 
and the development of molecularly targeted therapies should contribute to improv-
ing treatments. In addition, the better understanding of the management of the oldest 
patients which have to be integrated into AML treatment strategies might also trans-
late into substantial progress.

What Is AML?

AML is a clonal disease of hematopoietic stem cell which is characterized by a dif-
ferentiation block, excessive self- renewal and proliferation, genetic instability, cell 
cycle deregulation, abnormal cell metabolism, adhesion or migration and resistance 
to apoptosis. According to the current model [6], the disease results from coop-
eration of type I mutations that affect proliferation (such as FLT3, RAS gene muta-
tions) and type II mutations that affect differentiation (such as CEBPA, RUNX1 
gene mutations). More recently, a third type of mutation has been described that 
affects epigenetic regulation (such as IDH1&2, DNMT3A). Some of these gene rear-
rangements are due to chromosome translocation, inversion or deletion and can be 
detected using conventional cytogenetics. The prognostic impact of cytogenetic cat-
egories has been clearly identified and used for treatment stratification in patients 
with AML and recently integrated in the WHO classification of myeloid neoplasms 
[7]. In addition, with the development of genomic technologies such as global gene 
expression analysis, next- generation sequencing and single nucleotide polymor-
phism (SNP) array analysis, a growing number of gene or gene expression abnormal-
ities have been described including mutations of FLT3, NPM1, CEBPA, DNMT3A, 
IDH1&2, TET2 [for a review, see 8]. Based on this, the European Leukemia Net 
recently proposed a standardized reporting system for correlation of cytogenetic 
and molecular genetic data presented in table 1 [9] and risk- adjusted therapeutic 
strategies have been developed. For young patients, treatment intensity modulation 
according to risk, essentially rely on allogeneic SCT indications – a strategy which 
is associated with the highest relapse prevention potential offset by higher mortal-
ity risk. For instance, patients with t(8;21), inv(16) or t(16;16) or their molecular 
equivalents (also referred to as CBF- AMLs) have a favorable prognostic impact 
and are curable with high- dose cytarabine- including protocols. These patients are 
therefore no more considered candidates for allogeneic SCT in first CR. Recently, 
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Schlenk et al. [10] showed that the patients who have no FLT3 mutation and have 
NPM1 or CEBPA mutation, have a comparable prognosis as those with CBF- AML 
and do not benefit from allogeneic SCT in first complete remission. Besides their 
critical role in risk- adjusted therapies, molecular alterations also represent targets 
for selected treatments such as anti- FLT3 kinase inhibitors [8] or all- trans retinoic 
acid for NPM1 mutated AMLs [11].

Biological Specificities of AML in the Elderly

Many factors concur to make AML in elderly a poor prognosis disease. Host- related 
factors are obvious explanations and are discussed below. Several differences in the 
disease biology have been described. They include: 

(1) The frequency of forms arising from a preceding MDS which represent more 
than 20% of cases above the age of 60 [12] and are associated with resistance to 
chemotherapy. 

(2) The frequency of multilineage dysplasia (which also reflects secondary forms 
to MDS and probably undiagnosed prior MDS). When assessed using 2008 WHO 
criteria, multilineage dysplasia was shown to increase in frequency with age and was 
associated with a poor outcome. 

(3) Less proliferative disease reflected by lower median white blood cell (WBC) 
counts at diagnosis [3, 12] and fewer patients with hyperleukocytosis >20 g/l (40% 

Table 1. ELN genetic/molecular reporting system [9]

Genetic group Subsets

Favorable t(8;21)(q22;q22); RUNX1- RUNX1T1
inv(16)(p13.1q22) or t(16;16)(p13.1;q22); CBFB- MYH11
Mutated NPM1 without FLT3- ITD (normal karyotype)
Mutated CEBPA (normal karyotype)

Intermediate I Mutated NPM1 and FLT3- ITD (normal karyotype)
Wild- type NPM1 and FLT3- ITD (normal karyotype)
Wild- type NPM1 without FLT3- ITD (normal karyotype)

Intermediate II t(9;11)(p22;q23); MLLT3- MLL
Cytogenetic abnormalities not classified as favorable or
adverse

Adverse inv(3)(q21q26.2) or t(3;3)(q21;q26.2); RPN1- EVI1
t(6;9)(p23;q34); DEK- NUP214
t(v;11)(v;q23); MLL rearranged
- 5 or del(5q); - 7; abnl(17p); complex karyotype
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vs. 50% in younger adults) [3]. One study also showed reduced LDH levels [3]. These 
differences are usually attributed to the increased frequency of secondary forms of 
AML in the elderly. However, lower WBC counts and LDH levels in the study of 
Büchner et al. [3] were observed after exclusion of secondary cases. 

(4) An immature blast phenotype reflected by increased expression of CD34 and 
CD7 [13]. CD34 has been shown to predict poor CR rate in some studies [14] but not 
in all [15]. This effect might be related to association with MDR gene overexpression 
[16, 17] or to the fact that favorable prognosis NPM1 gene mutated AMLs do not 
express CD34 [18]. 

(5) The expression of drug resistance- associated genes such as MDR1, BRCP in 
increased in elderly patients [17]. Although conflicting data have been reported, the 
overexpression of these genes is considered as a poor prognostic feature in AML. 

(6) A peculiar distribution of cytogenetic categories with less favorable cytogenet-
ics (<5% vs. 20–25% in young adults). Table 2 presents the cytogenetic distribution in 
1,289 elderly patients with AML who were included in three large multicenter trials 
all having received intensive induction chemotherapy [19–21].

Contrary to cytogenetic distribution, the frequency of the different gene muta-
tions associated with a prognostic impact in young patients does not seem different. 
Specifically, FLT3 and NPM1 mutations frequency did not show age- related dif-
ferences among patients with normal cytogenetics [3, 18]. In two CALBG series of 
elderly patients (>60 years) with normal karyotypes (169 and 243 patients), the fre-
quency of other less frequent gene mutations such as CEBPA, IDH1, IDH2 or WT1 
was in the range of that observed in younger patients [22, 23]. However, other stud-
ies showed conflicting results. Schneider et al. [24] reported that the proportion of 
patients with NPM1 mutations decreased after the age of 60 in their AMLSG series 
(40% NPM1 mutations in patients older than 60). This was also the case for FLT3 

Table 2. Cytogenetic categories distribution in 1,435 elderly AML patients [data 
were pooled from 19–21]

Cytogenetic abnormality Risk group Number Number by risk group

t(8;21)/inv(16) favorable 62 (4%) 62 (4%)

Diploid intermediate 606 (42%) 772 (53.5%)

Tri(8) intermediate 166 (11.5%)

Complex unfavorable 219 (15%) 601 (41.5%)

- 5/5q- unfavorable 168 (11.5%)

- 7/7q- unfavorable 180 (12.5%)

11q23 unfavorable 34 (2%)
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ITD (23% with FLT3- ITD) in that study and in another [24, 25]. On the other hand, 
in a recently published Chinese series, mutations of NPM1, CEBPA were more fre-
quent in elderly patients [26]. Interestingly, this study also showed that nearly all of 
the genes regulating epigenetics tested (DNMT3A, IDH1, IDH2, and TET2, but not 
MLL) were also more frequently mutated in patients with higher median age.

Molecular epidemiology of AML in the elderly is still immature and explains the 
described discrepancies. However, the data suggests that there is no difference in 
the distribution of major gene mutations between younger and older patients. This 
observation does not support the hypothesis of intrinsic differences into the biology 
of AML in the elderly [3]. This has recently been confirmed by the comparison of the 
gene expression profile of NPM1 mutated AML between age groups which failed to 
show any difference [18].

It is thus likely that differences between young and old AML rely on the higher 
frequency of forms that arise from a previously recognized or not MDS as outlined 
by data from morphologic, phenotypic or cytogenetic analyses. For the other patients 
presenting with de novo AML, there is currently no data showing intrinsic biological 
age- related differences. Differences in patient outcome should thus be explained by 
differences in host- related factors and in the therapy.

Host- Disease Interactions in Elderly AML

Age is a major, if not the most important prognostic factor of AML and different 
therapeutic strategies are offered to patients younger or older than 60 years (a thresh-
old that varies between 55 and 65 years in different AML cooperative groups) [9]. 
Even among the elderly population, age as a continuous variable is an independent 
prognostic factor [27, 28]. However, in the current practice, arbitrary age cut- offs are 
used and patients aged 75 and older are generally deemed not eligible for intensive 
treatments [28]. Age is in fact a surrogate for many patient- related covariates which 
include comorbidities, functional reserves, organ dysfunction. It is worth noting 
that AML differs from other cancers in that it often progresses rapidly, causes bone 
marrow failure which is responsible for infections, anemia and bleeding complica-
tions and can be associated with metabolic complications (renal dysfunction due 
tumor lysis syndrome) or involvement of organs (central nervous system, liver...). 
All these life- threatening complications can be responsible for rapid deterioration 
of the patients’ general condition. It is therefore difficult to determine the respec-
tive role of the disease itself (reversible using anti- leukemic therapies) and of aging 
(essentially irreversible) in this deterioration at diagnosis [29]. For instance, a statis-
tically significant association between high WBC counts (a marker of proliferative 
and therefore more aggressive forms of AML) and poor performance status (PS) was 
observed [27]. As a consequence, AML in the elderly is associated with a substantial 
rate of early deaths. Overall, large cooperative group studies of patients treated with 
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intensive chemotherapy show an early death rate of approximately 20% (as compared 
to 5% in younger patients) [9]. Death rates are also high in elderly patients who are 
not treated intensively: in a group of 93 elderly patients who received palliative che-
motherapy or best supportive care at Institut Paoli- Calmettes, the median survival 
was 90 days [28]. Walter et al. [30] studied the kinetics of deaths in a large cohort of 
intensively treated patients and showed a peak in the risk of death within the first 4 
weeks following diagnosis. In that study, age was a strong risk factor for early death, 
but other covariates such as PS, platelet counts, WBC counts, albumin, peripheral 
blast percentage, serum creatinine and secondary AML (yes/no) were also indepen-
dent predictors of the 4- week treatment- related mortality (TRM). Interestingly, the 
model generated using these variables kept its predictive value for TRM even when 
age was withdrawn, indicating that age should be viewed as a surrogate for many 
other variables [30].

However, in that study as in others which evaluated prognostic factors in elderly 
AML [31], except for PS and creatinine, no parameters relating to the patients’ comor-
bidities or functional alteration were analyzed. Available data regarding comorbidities 
in elderly AML patients are summarized in table 3 [14, 27, 32–34]. These studies used 
the hematopoietic stem cell transplantation comorbidity index (HCT- CI) which is an 
adaptation of the original Charlson Comorbidity Index developed in a large cohort of 
patients with hematologic malignancies (including 46% with AML). HCT- CI is pre-
dictive of TRM and survival after SCT [35, 36]. In these studies, different median age, 
selection criteria (cohorts of patients treated intensively or not) may explain incon-
sistencies in the distribution of the HCT- CI groups. In most of the studies however, 

Table 3. Comorbidities evaluated using HCT- CI and revised HCT- CI

Giles et al. 
[32]

Etienne et al. 
[14]1

Malfuson et al. 
[27]

Harb et al. 
[33]

Savic et al. [34]

Patients, n 177 133 416 92 100

Median age (range) 70 (60–89) 73 (70–85) 72 (65–85) 83 (80–96) 69 (61–85)

HCT- CI

0 22% 68% 25% 8% 29%

1–2 30% 29% 70% 33% 32%

≥3 48% 4% 5% 59% 39%

Prognostic value CR/ED/OS CR OS NA ED/CR/OS

HCT- CI = Hematopoietic stem cell transplantation comorbidity index; CR = complete remission; 
ED = early death; OS = overall survival.
1 Note that Sorror initial HCT- CI [36] was used while the revised version [35] was used in the other.
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only 25–30% of the patients had no comorbidity (score = 0) and cardiac disease rep-
resented the most frequent comorbidities. Interestingly, in one study [27], HCT- CI 
was shown to be independent from both age and PS, confirming previous results in 
solid tumors [37]. HCT- CI was correlated with various patient outcomes such as early 
death rate, complete remission achievement or overall survival (see table 3).

Little attention has been paid to other dimensions of vulnerability in AML patients. 
Notably, the use of Comprehensive Geriatric Assessment developed in elderly patients 
with cancers [38] has not yet been widely evaluated in AML. One study [39] evaluated 
prospectively instrumental activities of daily living as a marker of functional status 
impairment in a small series of AML from any age. Impairment of instrumental activ-
ities of daily living was predictive of survival. More recently, Klepin et al. [40] showed 
the feasibility of a Comprehensive Geriatric Assessment in a prospective study of 54 
elderly AML patients (median age 70 years) among whom 63% had impairments of 
more than one functional domain. The impact of functional decline on patient out-
come remains to be confirmed.

Treatment Options for Elderly Patients with AML

Intensive chemotherapy is the standard treatment for AML patients. It is based on 
combination of anthracyclines and cytarabine which are associated with CR rates of 
50% and median overall survival of approximately 1 year [9]. A recent study of the 
HOVON group showed that intensified daunorubicin dose of 90 mg/m2 was tolerable 
by elderly patients and was associated to better outcomes in the youngest old patients 
(60-  to 65- year- old group) [41]. In general, attempts to intensify the postremission 
chemotherapy failed in this age group in most studies [42–45] but not all [46]. For a 
review, see Dombret et al. [47].

In a survey of the Surveillance, Epidemiology and End Results (SEER) US registry, 
only 30% of patients older than 65 years received intensive chemotherapy [48]. When 
compared to intensive chemotherapy, supportive care was inferior [49] while less 
intensive chemotherapy with low- dose cytarabine showed comparable CR duration 
and overall survival [50]. The issue for the clinicians is therefore to determine which 
patients will benefit from intensive approaches and which will not.

Currently, there is no effective nontoxic alternative therapy for the ‘unfit’ patients 
and this remains a field for clinical investigations. Among recently developed drugs, 
new cytotoxic agents such as clofarabine and laromustine, which produced CR rates 
of 32 and 28% respectively [51, 52] in patients not eligible for intensive chemotherapy, 
failed approval by regulation agencies both in Europe and in the USA. Demethylating 
agents have shown promising initial results [53, 54] which need confirmation in 
prospective randomized studies that are ongoing. The use of targeted therapies that 
are currently under investigation is attractive for the elderly AML population and 
might represent alternatives to conventional cytotoxic agents or be combined with 
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chemotherapy. In addition, new forms of immunotherapy using WT1 vaccines or 
anti- KIR antibodies [55] are other promising approaches aiming at controlling post-
chemotherapy residual disease.

How Can We Stratify Elderly Patients with AML?

The objective of any stratification system for elderly AML patients would be the accu-
rate identification of those who could benefit from intensive chemotherapy. For those 
who could not, the alternative currently is the administration of palliative treatments 
(low- dose chemotherapy) with no expected impact on survival.

Cytogenetics remains the most significant prognostic factor for elderly AML. 
Different collaborative groups have developed classification systems. Basically, the 
favorable group is comprised of patients with inv(16) or t(8;21) (except for the AMLSG 
[20]), unfavorable of patients with complex cytogenetics, and the intermediate group 
of patients with normal or other karyotypes [19–21, 56]. Continuing analyses of large 
cytogenetic database allow for improvement of cytogenetic classifications. Recently, 
autosomal monosomy (i.e. one autosomal monosomy associated with another mono-
somy or one structural abnormality seen in less than 10% of adults) was associated 
with an extremely poor prognosis (4- year OS = 4%) [57, 58].

The use of new molecular markers might improve prognostication, especially in 
the group with normal cytogenetics. The prognostic impact of NPM1 and FLT3 muta-
tions is retained in elderly patients when analyzed independently [18, 23] or in com-
bination [3]. NPM1 mutations were associated with improved CR rate, relapse- free 
and overall survival [3, 18] while the unfavorable impact of FLT3- ITD was on overall 
and disease- free survival only [23]. In another series of 158 elderly patients with nor-
mal cytogenetics who received intensive chemotherapy, NPM1 mutations impacted 
the CR rate but not overall survival, while FLT3- ITD impacted only disease- free sur-
vival by multivariate analysis [22]. The same study found low expression of ERG and 
BAAL- C genes to be associated with a favorable outcome [22].

When using cytogenetic or molecular risk stratification models, it should be kept 
in mind that in each category, the outcome of elderly patients is worse than that of 
younger patients in the same category [3]. This is illustrated by the results of the 
French Intergroup study of elderly patients with CBF- AMLs which showed that, 
although considered as ‘favorable’, 2- year overall survival in that group was only 27% 
[59].

Patient- related risk factors have a prognostic impact independent from that of 
cytogenetic or molecular factors. They include PS, WBC counts, LDH levels and 
serum creatinine levels. In addition, use of comorbidity scoring with HCT- CI was 
shown to predict patient outcome in five studies shown in table 3 [14, 27, 32–34].

Several groups have proposed prognostic models aiming at helping in treatment 
decision- making. It is worth noting that the proposed scoring systems were generated 
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from databases which included elderly patients treated with intensive chemotherapy 
who represent only 30–45% of patients older than 65 years diagnosed with AML [48]. 
This selection bias represents an obvious limitation to the conclusions of these studies 
and explains the relatively low proportion of patients with high comorbidity scores 
in these series [14, 27, 32–34]. Different prognostic models have thus been proposed 
with the objective of identifying the subset of patients who do not benefit from the 
use of intensive chemotherapy [14, 27, 31]. Despite the differences in variables, end-
points and methods used in these studies which are presented in table 4, these models 
identify a group of patients representing 30–40% of the entire population who have 
an early mortality rate (defined as 8- week mortality) higher than 30%.

Have the Patients Seen the Progress?

The answer is no, since the overall survival of elderly patients with AML remains 
extremely poor, since intensive chemotherapy is at yet the only active approach which 
can be offered to less than 40% of the patients, and since there are no established criteria 
for the definition of the patient population likely to benefit from intensive chemother-
apy. However, the use of molecular markers together with the use of geriatric assess-
ment might help in refining the current prognostic models and improve their accuracy. 

Table 4. Prognostic models for elderly AML patients

Endpoint Variables High- risk group

criteria % of HR 
patients

outcome of HR patients

Malfuson
et al. [27]

D100 
mortality

unfavorable K
age >75
PS ≥2
WBC ≥50 g/l

unfavorable K
or ≥2 other 
factors

24% 19% 1- year OS

Kantarjian
et al. [31]

8- week 
mortality

age >80 years 
complex K
PS >1
creatinine >1.3

>3 factors 9% 8- week mortality = 71%

Etienne
et al. [14]

CR WBC ≥30 g/l
CD34+
HCT- CI >1
unfavorable K

score >2 37% 8- week mortality = 34%
2- year OS = 15%

HCT- CI = Hematopoietic stem cell transplantation comorbidity index; CR = complete remission; 
OS = overall survival; HR = high- risk; K = karyotype.
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In addition, new therapies currently being developed for the treatment of AML include 
many drugs with a low toxicity profile which could be given to elderly patients. 926 clini-
cal trials including AML patients older than 65 are currently registered at ClinicalTrials.
gov, reflecting the interest and new possibilities for this group of patients.

The patients might soon see the progress...
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Abstract

The incidence of cancer increases with advanced age and the majority of cancer deaths are in 
patients aged ≥65. The geriatric population is a heterogeneous group and a patient’s chronologic 
age does not always correlate with underlying physiologic status. Oncologists need to be able to 
obtain information on physiologic and functional capacity in older patients in order to provide safe 
and effective treatment recommendations. The Comprehensive Geriatric Assessment (CGA) is a 
compilation of validated tools that predict morbidity and mortality in community- dwelling older 
adults. The various components of the CGA have also been shown to influence clinical decision- 
making and predict outcomes in older cancer patients. The combined data from the CGA can be 
used to stratify patients into risk categories to better predict their tolerance to treatment and risk for 
chemotherapy toxicity. However, the CGA is a comprehensive tool requiring significant time and 
training to perform. A variety of screening tools have been developed which may be useful in the 
general oncology practice setting to identify patients that may benefit from further testing and 
intervention. This chapter will review the components and predictive value of CGA in older cancer 
patients, with emphasis on how CGA can practically be incorporated into clinical practice.

Copyright © 2013 S. Karger AG, Basel

Older patients commonly have health status issues that can affect cancer outcomes. 
For example, up to 50% of cancer patients require assistance with independent activi-
ties of daily living, which measure the ability for an older person to complete tasks 
necessary to live independently in the community [1]. Additionally, one quarter of 
patients have some form of cognitive impairment which can impact cancer- related 
outcomes [2]. The Comprehensive Geriatric Assessment (CGA) is an evaluation tool 
utilized by geriatricians to assess overall health status. The CGA includes validated 
tools of functional status, comorbidities, cognition, social support system, nutrition 
and medication review. In community- dwelling older adults, impairments in these 
domains predict morbidity and mortality. In cancer patients, measures within geri-
atric assessment can predict postoperative morbidity, toxicity of chemotherapy, and 
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mortality [1]. CGA can aid oncologists in predicting outcomes and selecting appro-
priate treatment regimens and interventions for their patients. However, it is a com-
prehensive tool requiring significant time and manpower to adequately perform, and 
may not be practical for the general oncologist in the outpatient setting. Therefore, a 
variety of screening tools which aim to assess patients for potential areas of impair-
ment are being researched.

In this chapter, we will provide an overview of the components of the CGA. We will 
provide information on validated tools that can help identify impairments in geriatric 
domains within the CGA and also describe the predictive value of each of these tools 
in identifying vulnerability in older adults with cancer. We will also provide practical 
considerations on how to utilize CGA in clinical practice to inform decision- making 
for treatment, identify those patients most likely to develop chemotherapy toxicity, 
and to guide interventions to improve outcomes.

Components of Geriatric Assessment (table 1)

Functional Status
Traditionally, oncologists have used performance status (i.e., ECOG or Karnofsky 
performance status scales) as an assessment of functional status. Poor performance 
on the ECOG scale has been associated with decreased survival in older patients 
being treated with palliative chemotherapy for advanced cancer [3, 4]. Functional 
assessment using oncology performance status measures alone, however, is inade-
quate when determining risk for many older adults with cancer. Scores of 0–2 encom-
pass a broad range of functions in older adults. Many older patients present with an 
ECOG score of <3 in clinical practice [5]. Extermann and Hurria [1] demonstrated 
that although only 20% of geriatric oncology patients present with a performance 
status of ≥2, more than half of this population needs assistance with instrumental 
activities of daily living (IADLs), which measure the ability of a person to perform 
tasks that allow for living independently in the community (e.g., shopping, managing 
money). Repetto et al. [5] studied 363 elderly cancer patients and found that of those 
with good performance status, 37.7% had IADL limitations.

In geriatrics, functional status is commonly assessed using activities of daily living 
(ADL) and IADL scales [6, 7]. ADLs are skills required for basic self- care, such as the 
ability to bathe, feed, dress, toilet and transfer oneself as well as maintain continence 
[6]. These skills are necessary to maintain independence in one’s own home whereas 
IADLs are the skills necessary to maintain independence in the community. IADLs 
include the ability to perform housekeeping and laundry, meal preparation and gro-
cery shopping, medication administration, finance management, ability to access 
transportation systems, and use the telephone [7]. These task- specific scales have 
been proposed for use in a geriatric assessment for older cancer patients, since they 
add vital information to the ECOG and Karnofsky performance scales. Dependence 
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on others for ADL and IADL assistance has been shown to be predictive of mortality 
in geriatric oncology patients [8] and it has been observed that older patients with 
cancer have a higher incidence of ADL and IADL deficiencies when compared to age- 
matched controls [9].

In studies of geriatric assessment of older patients with cancer, a substantial num-
ber presented with ADL or IADL disabilities [10–12]. For example, Girre et al. [11] 
evaluated 105 patients aged ≥70 with breast cancer, and reported that 42% required 

Table 1. CGA domains and measurement options

Domains Definition Measurement options

Function/
physical 
performance

–  Ability to take care of one’s self- 
care needs to live 
independently at home

–  Ability to care for tasks that 
allow independence in the 
community

–  Physical performance is an 
objective evaluation of mobility, 
balance, and fall risk

Activities of daily living
Instrumental activities of daily living
History of falls
Timed up and go
Short Physical Performance Battery
Handgrip testing

Comorbidity/
pharmacy

–  Chronic diseases that influence 
life expectancy and may 
influence tolerance to cancer 
treatment

–  Medications can increase risk of 
adverse events with cancer 
treatment

Charlson Comorbidity Scale
Cumulative Illness Rating Scale- Geriatrics
Comorbidity count and severity
Medication Count
Beers Criteria

Cognition –  Common in older patients and 
may affect decision- making 
capacity and interfere with 
cancer treatment

Mini- Mental Status Examination
Blessed Orientation Memory Scale
Short Portable Mental Status 
Questionnaire
Montreal Cognitive Assessment

Psychological 
status

–  Depression and anxiety are 
independently associated with 
adverse outcomes in cancer 
patients

Geriatric Depression Scale
Hospital Anxiety and Depression Scale

Nutrition –  Weight loss and anorexia affect 
tolerance to treatment and 
survival in older cancer patients

Mini- Nutritional Assessment
Weight loss
Body mass index

Social support –  Adequate social support 
necessary for older patients to 
successfully undergo treatment

Needs assessment of financial capabilities, 
transportation, and caregiver status
Medical Outcomes Survey Social Support
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assistance with ADLs and 54% required assistance with IADLs, despite the fact that only 
7% of patients received an ECOG score >2. A significant proportion (>40%) of patients 
had functional deficits as measured by IADLs in two large studies developed to examine 
factors that predict chemotherapy toxicity [13, 14]. Predictive models for chemotherapy 
toxicity and survival are discussed later in the chapter. At the time of this review, there is 
no consensus regarding how to modify treatment plans according to underlying func-
tional status and more studies are needed to evaluate the safety and efficacy of standard 
treatment approaches for cancer in patients with baseline IADL deficits.

Objective Physical Performance
Physical performance measures are standardized objective measures that provide a 
quantitative and reproducible assessment of specific functional tasks such as walking 
speed, lower extremity strength, or grip strength. These tests complement self- report 
functional assessment by detecting subclinical changes that may also predict mor-
bidity and mortality. Objective physical performance measures have been shown to 
predict hospitalizations, disability, and mortality in the ambulatory geriatric popula-
tion [15, 16]. These measures include the Short Physical Performance Battery (SPPB) 
and the ‘Timed Get Up and Go’ test, and isometric grip strength [15–17]. The SPPB 
measures balance, chair stands (strength), and gait speed. This tool has been vali-
dated in community- dwelling older adults and is highly predictive of future disability, 
nursing home placement, and mortality [18]. Although the predictive value of the 
SPPB for predicting adverse outcomes in older cancer patients is yet unknown, spe-
cific populations of older cancer patients have been shown to have significant issues 
with physical performance as measured by the SPPB. For example, in a study of 50 
older men with prostate cancer on androgen deprivation therapy, 56% had abnormal 
SPPB findings and deficits occurred within all subcomponents (balance, walking, and 
chair stands) [19]. The Timed Get Up and Go test has been evaluated as part of a geri-
atric assessment in older cancer patients and has been shown to be feasible in both 
the clinical and cooperative (clinical trial) group setting [20]. This test measures how 
many seconds it takes an individual to stand from a seated position, walk a distance of 
10 ft, turn, walk back to the chair and sit down again [17]. The simplicity of this test 
makes it a practical choice for the clinical setting.

Consensus guidelines, including the NCCN, do recommend physical performance 
assessments in addition to oncology performance scales in making decisions about 
treatment [21–23]. Future prospective studies will help to validate these measures 
and provide clinical cutoff scores to be used in different clinical settings.

Comorbidity
The relative incidence of comorbid conditions increases with age. This holds true for 
cancer patients as well. Yancik [24] evaluated 7,600 patients with cancer and found 
that those aged ≥75 years had an average of 4.2 comorbid conditions, whereas those 
<75 years had an average of 2.9 comorbid conditions. Several studies have shown 
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similar associations between the presence of comorbid conditions and prognosis in 
older cancer patients [25–28].

Comorbid conditions may affect a patient’s toxicity risk from treatment for their 
cancer. In a study by Wildes et al. [29], 152 patients who underwent BEAM condi-
tioning followed by autologous stem cell transplantation were studied to evaluate the 
impact of comorbidity on toxicity and mortality. Comorbid conditions, as assessed 
by the Charlson Comorbidity Index, significantly correlated with treatment- related 
mortality. Several studies have reported that hormonal treatment (i.e., androgen 
deprivation therapy) is associated with increased mortality in patients with underly-
ing heart disease [30, 31]. In a randomized adjuvant chemotherapy trial of patients 
with high- risk stage II and III colon cancer, those with diabetes mellitus experienced a 
significantly higher rate of overall mortality and cancer recurrence [32]. One nation-
ally representative population- based study reported a significantly higher number of 
comorbidities in cancer survivors compared to those without cancer [33].

Analysis of a patient’s life expectancy from comorbid conditions versus the 
malignancy- related mortality must be considered when evaluating treatment options. 
If an alternative comorbid condition portends a shorter survival time than expected 
from the malignancy, the risks of cancer therapy could outweigh the benefit. Life 
expectancy can be obtained from life expectancy tables published by multiple national 
organizations [34] and from Walters et al. [35].

Polypharmacy
Age- related changes in physiology can influence the pharmacodynamics and phar-
macokinetics of cancer- related drugs, thus affecting the efficacy as well as toxicity 
[36, 37]. Predicting drug efficacy and tolerance is even more complicated because of 
the high prevalence of polypharmacy in this population [38, 39]. The prevalence of 
polypharmacy in the elderly ranges widely and depends on the population studied 
as well as the definition of polypharmacy used. In studies evaluating community- 
dwelling individuals over the age of 65 in the ambulatory care setting, the prevalence 
of polypharmacy ranged between 15.6 and 94.3% [40–43]. Studies of older adults 
with cancer report the average number of medications ranges from 4 to 9, depending 
on the population sampled [38, 39, 44, 45].

Polypharmacy is associated with adverse drug reactions, increased risk of drug- drug 
interactions, and decreased compliance with medications [38]. These risks are particu-
larly important considerations in older adults who are challenged with chemotherapy 
treatments. There are no evidence- based guidelines for evaluation and management of 
polypharmacy in older cancer patients. The Beers Criteria identifies specific drugs or 
drug classes which may have increased side effect profiles in older patients in general, 
particularly when a safer alternative drug option exists [46]. It is also important to 
assess a patient’s non- prescription medication, including all herbals and supplements. 
Recent studies suggest the prevalence of complimentary/alternative medication use in 
the elderly population is 26–36% [47, 48]. Herbal supplements increase the risk for 
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drug interactions and may affect clearance rates of chemotherapy [49]. Studies have 
shown that incorporating a pharmacist into clinical care decreases suboptimal pre-
scribing and potentially lead to a decrease of adverse drug events [42, 50–52].

Cognition
One fifth of geriatric cancer patients screened positively for cognitive disorders in an 
academic setting [53, 54]. The prevalence of dementia increases to 25–48% in samples 
of community- living populations over 80 years of age [55]. The prevalence of early or 
mild cognitive impairment is estimated to be even higher [55, 56]. Cognitive impair-
ment is associated with an increased risk for progression to dementia, with progres-
sion rates of 10–15% per year as compared with 1–2.5% in persons who are cognitively 
intact [56–58]. Cognitive disorders such as dementia limit life expectancy [59].

Cognitive impairments in geriatric patients with cancer often are under- recognized 
and undiagnosed. Patients with mild cognitive impairment are often more difficult to 
identify and deficits may only be recognized on cognitive assessment. In studies of 
patients undergoing CGA, approximately 20% of patients screen positive for some 
degree of cognitive disorder [24, 60]. The presence of cognitive disorders, particularly 
more advanced disease, may limit life expectancy [59] and influence the decision to 
institute cancer- related treatment. The diagnosis of dementia can have major impact 
on cancer diagnosis and treatment patterns [61–63]. The presence of cognitive disor-
ders affects compliance to medications, consent to treatment, and caregiver burden. 
Cognitive impairment has been shown to affect cancer treatment with impaired per-
sons receiving less definitive cancer care than other patients [61, 63, 64]. For exam-
ple, a population- based study of patients with colon cancer and comorbid dementia 
found that patients with dementia were less likely to receive definitive treatment and 
that many did not even undergo initial diagnostic procedures [61]. Additionally, 
patients with cognitive disorders may have a higher risk of treatment toxicity and 
hospitalizations due to having more difficulty with following complex instructions, 
taking medications, and reporting treatment- related side effects.

Over the last several years, investigators have prospectively studied the impact of 
cancer treatment on cognitive functioning following up on patients’ complaints of 
changes in memory and concentration. In one longitudinal prospective study of older 
patients with breast cancer, 51% of 45 evaluable patients perceived a decline in cogni-
tive function after 6 months of chemotherapy [65]. Other studies demonstrated no 
significant change in Mini- Mental Status Examination (MMSE) scores after chemo-
therapy or hormonal therapy over a short period of time [10, 66]. Although more 
prospective, long- term, larger studies are necessary to elucidate the true impact of 
cancer treatment on the cognitive function, one population- based study suggests that 
women with breast cancer who receive chemotherapy have a higher likelihood of 
developing a dementia diagnosis after long- term follow- up [62]. Clinical trials and 
observational studies should consider including measures of cognitive functioning to 
examine the impact of cancer treatment longitudinally.
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A cognitive assessment tool within the CGA for older cancer patients should be able 
to screen for baseline impairment and potentially follow effects of therapy on cogni-
tive functioning. Clinical suspicion of dementia is not as sensitive as available screen-
ing tools [67]. Cognitive screening tools that have been studied include the Blessed 
Dementia Rating Scale [68], MMSE [69] Mini- Cog [70], and Short Portable Mental 
Status Questionnaire [71]. The purpose of screening is to assess cognitive capacity and 
to stratify risk. Abnormal scores on screening tools should trigger a comprehensive 
work- up with cognitive specialists. These tools have not yet demonstrated sufficient 
ability to detect changes in cognition that may be due to treatment, and a more detailed 
neuropsychological evaluation may be needed to accomplish this goal [65].

Nutrition
Nutritional status is in important prognostic indicator in the geriatric population. 
Weight loss is a marker for declining nutritional status and often observed in the geri-
atric population, particularly in those who are frail. Weight loss is one of the criteria 
for frailty as developed through the Cardiovascular Health Study, which established 
the phenotype of frailty in community- dwelling older adults [72]. In the non- cancer 
population, studies of community- dwelling geriatric patients found a twofold 
increased risk of mortality in those patients with a weight loss of 5% body weight 
[73]. In the cancer population, weight loss [74] and malnutrition [4] prior to diagno-
sis have been associated with worse overall survival rates.

A variety of screening tools are available to identify malnutrition. These tools 
include self- reported weight loss, calculation of body mass index (BMI) with BMI 
≤20 associated with adverse outcomes, and the Mini- Nutritional Assessment (MNA). 
The MNA has been validated in the geriatric population and includes anthropo-
metric measurements as well as questions related to diet and lifestyle, self- perceived 
health, mobility and medications. It has been shown to be a sensitive and specific tool 
for identifying malnutrition in the elderly population as well as recognizing those 
patients at higher risk for malnutrition [75].

Social Support and Financial Considerations
Consideration of a patient’s social support network is an important component of a 
CGA. In both geriatric and oncology literature, social isolation has been associated 
with increased risk of mortality [76, 77]. Cancer patients, in general, require consid-
erable support from a caregiver. They often require assistance with transportation for 
treatment sessions and support with symptom management if they experience side 
effects from their therapy. A study by Osborne et al. [78] evaluated a retrospective 
cohort of breast cancer patients using linked Medicare and SEER cancer registry data. 
The sample included 32,268 women, aged 65 and older. They found that unmarried 
women were more likely to be diagnosed with advanced stage cancer as compared to 
married women. Additionally, they were less likely to receive definitive care for their 
disease and more likely to die from their breast cancer.
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Social support may be assessed in a variety of ways [79]. The most commonly 
used method to evaluate social support within a CGA is the Medical Outcomes Study 
Social Support Survey. This is a survey of 20 items assessing a patient’s perceived 
availability of social support. Additionally, the impact of overall health on social 
functioning is important to assess, given the increased association with mortality 
in patient with social isolation. This is often measured using the Medical Outcomes 
Study Social Activity Limitations Measure, which is 4- item questionnaire evaluating 
the extent that a patient’s physical or emotional problems interfere with their social 
activities.

Cancer care is expensive [80]. Older patients with Medicare face significant ‘out- 
of- pocket’ cancer costs [81, 82]. Many gaps exist within Medicare coverage for health-
care including private nursing, physical therapy or rehabilitation, transportation, 
dental care, eyeglasses, and hearing aids. These services are often inherently neces-
sary for adequate cancer care and can be prohibitively expensive for some elderly. 
Many elderly persons must pay for their medications out- of- pocket because prescrip-
tion drug coverage including those drugs needed for supportive care like pain man-
agement and nausea control are not always fully covered. The copayments for newer 
oral targeted therapies can be prohibitively expensive. As a result, seniors with limited 
fixed incomes may forgo supportive medications such as anti- nausea or pain medica-
tions if faced with a decision of affording either an anti- cancer drug or the adjunctive 
supportive medications [80].

Evaluation of social support and financial barriers in older adults with cancer is 
essential as it informs providers of strategies for appropriate care and should allow for 
early recognition of potential problems/needs of the patient with initiation of preven-
tative intervention measures [83]. A social worker with a background in aging should 
be involved in the assessment of an older patient in order to identify community and 
financial resources that could help meet the patient’s needs.

Psychological Distress
Older adults with cancer reportedly experience similar or less distress than younger 
adults [84]. Distress is defined as a ‘multifactorial, unpleasant emotional experience 
of a psychological (cognitive, emotional), social, and/or spiritual nature that may 
interfere with the ability to cope effectively with cancer, its physical symptoms and 
its treatment’ [85]. Socially isolated older patients are most vulnerable to the impact 
of distress, which frequently goes unrecognized [86]. The NCCN guidelines endorse 
a simple distress ‘thermometer’, which consists of a single question asking the patient 
to characterize their level of distress on a scale of 0–10 [87]. A score of ≥4 on the dis-
tress thermometer correlates with scores on other standardized depression scales, and 
warrants further evaluation [88–90].

Distress is a term that encompasses a variety of psychological states including 
depression. Studies have demonstrated that 20–25% of older adults with cancer have 
unrecognized and undiagnosed depression. Depression in older adults is associated 
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with functional decline, a need for a caregiver and caregiver stress, and increased 
utilization of healthcare resources [91, 92]. Screening tools include the Geriatric 
Depression Scale [93] and Hospital Anxiety and Depression Scale [94]. Depression 
in older adults can be mistaken for tumor-  and treatment- related symptoms. Recent 
studies have identified depression as a significant prognostic factor in patients under-
going treatment for cancer [4].

Geriatric Syndromes
The term ‘geriatric syndrome’ is used to capture those clinical conditions in older per-
sons that do not fit into discrete disease categories [95]. Many of the most common 
conditions that geriatricians treat, including delirium, falls, frailty, dizziness, and uri-
nary incontinence, are classified as geriatric syndromes. Nevertheless, the concept 
of the geriatric syndrome remains poorly defined. Common themes amongst these 
syndromes are their prevalence amongst older frail individuals, multifactorial etiolo-
gies, and adverse impact on health outcomes. Shared risk factors for the development 
of geriatric syndromes include older age, baseline cognitive impairment, baseline 
functional impairment, and impaired mobility [95]. Koroukian et al. [96] evaluated 
older patients with incident breast, colon, or prostate cancer and found that greater 
than a third had at least one geriatric syndrome (as captured through administrative 
billing/database) at diagnosis. Using self- report, Mohile et al. [97] found that cancer 
survivors had a higher prevalence of geriatric syndromes than those without cancer. 
Geriatric syndromes were also found to be highly prevalent in hospitalized older can-
cer patients [98]. In older populations, the presence of geriatric syndromes predicts 
further functional decline, hospitalizations, and mortality [95, 99]. One study of colon 
cancer patients found that having two or more geriatric syndromes increased the like-
lihood of death after cancer treatment [100]. As there is limited research regarding 
the impact of geriatric syndromes individually or in concert on the outcomes of older 
patients with cancer, the CGA can help to identify geriatric syndromes that may com-
plicate cancer care [1, 101].

Risk Stratification

Information for the CGA can be utilized to create a comprehensive review of a 
patient’s overall health and well- being. Patients can then be risk stratified based upon 
deficits in the CGA, although more information is required to validate these risk- 
stratification schemes. Patients who have good functional and nutritional status, 
low level of comorbidity and strong social support are classified as ‘fit’ for treatment. 
Patients with multiple CGA deficits are considered ‘frail’ and would have high risk 
for toxicity with treatments. Those patients in- between may have modifiable risk fac-
tors and are considered ‘vulnerable’. These patients are at increased risk of treatment- 
related toxicity as compared to ‘fit’ patients and should be evaluated for potential 

Extermann M (ed): Cancer and Aging. From Bench to Clinics. 
Interdiscipl Top Gerontol. Basel, Karger, 2013, vol 38, pp 85–103 (DOI: 10.1159/000343608)



94 Mohile · Magnuson

modification or dose reduction of their treatment (with escalation as tolerated) to 
facilitate completion of therapy with minimum toxicity.

Several recent studies have evaluated elements of the CGA to identify factors 
which may independently predict increased risk of chemotherapy toxicity. Hurria et 
al. [13] sought to identify baseline characteristics of the geriatric oncology popula-
tion which would predict increased risk for grade 3, 4, or 5 toxicity. They collected 
pre- chemotherapy data including tumor characteristics, basic laboratory data, treat-
ment characteristics, and CGA results on 500 patients and followed them throughout 
their treatment course, monitoring for toxicity events. Patients with all tumor types 
were included and the majority (61%) had stage IV disease. A large percentage of 
patients developed chemotherapy- related toxicity (39% with grade 3, 12% with grade 
4, and 2% with grade 5). Nearly a third required dose reduction (31%) or had a dose 
delay (31%) and almost one- quarter were hospitalized during their treatment (23%). 
Baseline characteristics that predicted an increased risk for toxicity included age ≥72, 
cancer type (GI or GU malignancy), standard dosing of chemotherapy, polychemo-
therapy regimen, decreased hemoglobin (males <11, females <10), creatinine clear-
ance <34, hearing impairment, one or more falls in the past 6 months, limited ability 
to walk one block, need for assistance with taking medications and decreased social 
activities. Hurria et al. [13] were able to develop a risk stratification schema by assign-
ing a risk score for each of these factors. They demonstrated that the total risk score 
for a patient correlated with the incidence of treatment- related toxicity events. This 
tool is currently in the process of being validated in an external cohort.

A second study which developed The Chemotherapy Risk Assessment Scale 
for High- Age Patients (CRASH) score in over 500 patients was led by Dr. Martine 
Extermann [14]. In this study, patients aged ≥70 years who were starting chemo-
therapy completed a geriatric assessment. Toxicity of the chemotherapy regimen 
was adjusted using an index to estimate the average per- patient risk of chemother-
apy toxicity (the MAX2 index): severe toxicity was observed in 64% of patients. The 
best model included IADL score, LDH level, diastolic blood pressure, and chemo-
therapy toxicity: risk categories: low, 7%; medium- low, 23%; medium- high, 54%, and 
high, 100%, respectively (ptrend <0.001). Predictors of non- hematologic toxicity were 
hemoglobin, creatinine clearance, albumin, self- rated health, Eastern Cooperative 
Oncology Group performance, MMSE score, MNA score, and toxicity of the che-
motherapy regimen. The best predictive model included performance status, MMSE 
score, MNA score, and chemotherapy toxicity: risk categories: 33, 46, 67, and 93%, 
respectively (ptrend <0.001). Information from two- thirds of the patients was used to 
develop the risk stratification scheme, and the tool was validated in the remaining 
one- third of patients. This study offers oncology the first validated tool for chemo-
therapy toxicity in older cancer patients.

An additional study performed by Kanesvaran et al. [4] evaluated the impact of 
CGA domains on overall survival and developed a prognostic scoring system includ-
ing these elements for use by clinicians. This study included patients of any cancer 
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type, stage and functional status. The majority of patients had GI, GU or lung can-
cer and 84.7% had advanced stage malignancy. The majority of patients (66.7%) had 
an EGOC PS ≥2. They performed a retrospective analysis of 249 patients to deter-
mine items from the CGA which independently affected overall survival. Factors they 
identified included low albumin, EGOG PS ≥2, positive geriatric depression screen, 
advanced stage disease, malnutrition, and advanced age were. They developed a 
nomogram for use by clinicians to predict 1- , 2- , and 3- year overall survival for indi-
vidual patients by weighting each of these independent variables [4].

Deficits in various areas of the CGA can help identify patients who may be at 
increased risk with treatment or may impact overall survival. Additional research is 
needed to identify the optimal mode of implementing the CGA and its results into 
daily clinical practice and to identify interventions to improve outcomes.

Are Shorter Screening Tools for Geriatric Impairment Available for Oncology Clinics?

Despite recent studies demonstrating feasibility of CGA in oncology, adoption as the 
standard of care has been slow due to lack of resources and the length of time to com-
plete [20, 102–104]. A short, simple, validated screening procedure could that could 
identify those patients who are at risk for further morbidity or mortality would be 
valuable. While impaired patients could then be offered referral to more comprehen-
sive geriatric programs for interventions, older patients who are not at risk would be 
spared the time- consuming CGA. A short screening tool should exclude the possibil-
ity of vulnerability with a high negative predictive value and positive results should 
indicate the need for a more complete geriatric evaluation [105].

Vulnerable Elders Survey- 13
The Vulnerable Elders Survey- 13 (VES- 13) is a self- administered survey that consists 
of one question for age and an additional 12 items assessing self- related health, func-
tional capacity, and physical performance [106, 107]. In the national sample of elders 
from the Medicare Current Beneficiary Survey (1993–1995) used to derive the VES- 
13, a score of ≥3 identified 32% of individuals as vulnerable [106, 107]. This identi-
fied group had over four times the risk of death or functional decline over 2 years 
when compared to elders scoring <3. Higher scores on the VES- 13 predict increasing 
risk for functional decline and/or death in community- dwelling older adults [108]. In 
validation studies, the VES- 13 was administered over the telephone or in person and 
the average time elders took to complete the VES- 13 was less than 5 min [109].

Because of the predictive value of the VES- 13 for identifying at- risk elders in the 
community, further work was carried out to determine whether the VES- 13 was 
useful as a screening tool for identifying at elders who may benefit from a CGA. A 
population- based analysis found that a high proportion of elders with a history of 
cancer also scored as ‘vulnerable’ on the VES- 13 (45.8%) and that this prevalence 
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was statistically significantly higher than the proportion of elders without a history 
of cancer who scored as ‘vulnerable’ (39.5%, p < 0.001) [33]. In this analysis, a can-
cer diagnosis was associated with an increased likelihood of having a VES- 13 score 
of ≥3 (adjusted OR 1.26, 95% CI 1.13–1.41, RR 1.14) compared with those without 
cancer. In another study, 50% of older patients with prostate cancer who were receiv-
ing androgen deprivation therapy were reported to have scored as ‘vulnerable’ on the 
VES- 13 [54]. In these studies, it is unclear whether a personal history of cancer or 
other comorbidities was independently associated with the increase in factors that are 
related to vulnerability. In the older prostate cancer cohort on androgen deprivation 
therapy [54], the VES- 13 had high predictive value for identifying impairment when 
compared to the CGA using a cut- point of ≥3.

Other studies to further clarify the testing characteristics of the VES- 13 in a more 
heterogeneous population of cancer patients have also been conducted. Luciani et 
al. [110] conducted a study to establish the accuracy of the VES- 13 in predicting the 
presence of abnormalities revealed by CGA. The population included a group of 419 
patients aged ≥70 with any history of solid or hematologic malignancy. 53% of the 419 
elderly patients with cancer (mean age 76.8 years) were vulnerable on VES- 13; the 
rates of disabilities on CGA and ADL/IADL scales were 30 and 25%, respectively. The 
sensitivity and specificity of VES- 13 were 87 and 62%, respectively, compared to CGA.

Groningen Frailty Indicator
The Groningen Frailty Indicator (GFI) is a screening instrument developed in 1991 in 
the community- dwelling geriatric population. It is a 15- item survey including ques-
tions focusing on mobility/physical fitness, vision/hearing, nutrition, comorbidity, 
cognition, and psychosocial. The score ranges from 0 to 15 and a score of 4 or higher 
is considered predictive of frailty, based upon consensus of a panel of geriatric experts 
[111]. The GFI has been shown in studies to demonstrate high internal consistency 
and construct validity [112]. The GFI has been shown to moderately correlate with 
CGA (Pearson correlation coefficient (R2) = 0.45) [113].

A study by Aaldriks et al. [114] evaluated the predictive value of GFI in patients 
scheduled to undergo chemotherapy treatment. Patients of all types and stages of cancer 
were included in this study and initial evaluation included screening with the GFI. The 
authors found that the mortality rate after initiation of chemotherapy was increased for 
patients with higher baseline GFI scores (hazard ratio 1.80, 95% CI 1.17–2.78). The GFI 
has also been evaluated as a predictive tool in a cohort of geriatric patients with lung 
non- small cell lung cancer treated with platinum- based doublet chemotherapy. GFI 
score and Geriatric Depression Scale scores predicted overall outcomes [115].

G8
The G8 is a screening tool which was developed in a cohort of geriatric cancer 
patients. Variables are extrapolated from the MNA, which is a nutritional assess-
ment tool developed in the 1990s specifically for the geriatric population. The MNA 
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has been shown to have prognostic significance for functional status, morbidity, and 
mortality of the elderly in a variety of settings [116]. The G8 is an 8- item question-
naire assessing domains of nutrition, mobility, cognition, polypharmacy, age and self- 
perceived health status. Scoring ranges from 0 (poor status) to 17 (good prognosis) 
and authors recommend a score of 14 as a predictor of CGA deficits (90% sensitivity 
and 60% specificity). This was validated in a study comparing the G8 to the VES- 13 
as a predictive tool for CGA deficits in geriatric cancer patients. Sensitivity of the G8 
was found to be superior to the VES- 13 (76.6 vs. 68.7%). However, the specificity for 
CGA deficits was inferior to the VES- 13 (64.4 vs. 74.3%) [117].

Due to lack of consistent results and inadequate data in specific cancer types, tools 
should not serve as a substitute for a full CGA. Because comparisons with CGA are 
fraught with limitations, prospective evaluation of the utility of screening tools to pre-
dict adverse outcomes in older patients with specific cancer types and stages is necessary.

Moving Forward Utilizing CGA to Improve Outcomes of Older Cancer Patients

A few studies have demonstrated that combining geriatric and oncologic approaches 
can affect decision- making for treatment in patients with advanced cancer. In the 
ELCAPA study, a geriatrician performed an extensive CGA for older patients to 
start cancer treatment and proposed a geriatric intervention plan for overall patient 
management (e.g., social support, nutrition, psychological support, physiotherapy, 
memory assessment, modification of current drugs, and/or investigations) [118]. A 
multidisciplinary meeting was held for discussion of each patient and decisions about 
the cancer treatment. After the CGA, the initial cancer treatment plan was modi-
fied for 78 (20.8%) of 375 patients (95% CI 16.8–25.3), usually to decrease treatment 
intensity (63 (80.8%) of 78 patients). By multivariate analysis, factors independently 
associated with cancer treatment changes were a lower ADL score and malnutrition. 
In another study of 161 patients (>50% with advanced cancer), geriatric consulta-
tions impacted treatment decisions in the majority of patients; cancer treatment was 
changed in 79 patients (49%), including delayed therapy in 5 patients, less intensive 
therapy in 29 patients and, interestingly, more intensive therapy in 45 patients [119]. 
Patients for whom the final decision was delayed or who underwent less intensive 
therapy had significantly more frequent severe comorbidities (23/34, p < 0.01) and 
dependence for at least one ADL (19/34, p < 0.01). In a pilot study, Horgan et al. 
[120] demonstrated that the majority of eligible older patients were not referred for 
geriatric assessment, but that geriatric assessment did guide initial decision- making 
in those that were referred. In a study by McCorkle et al. [121], geriatric nurse practi-
tioners conducted in- home assessments of cancer patients treated surgically, and this 
led to a survival advantage: a 2- year survival rate of 67% in the intervention group 
compared with 40% in the control group. Goodwin et al. [122] assessed the impact of 
nurse care management in the treatment of older women with breast cancer. Patients 
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in the intervention arm received a geriatric assessment along plus interventions such 
as emotional and social support to the patient and family, help in communication of 
patient concerns to the treating physicians, teaching about cancer and its treatment, 
and referrals to other resources (e.g., support groups, home healthcare). The patients 
in the geriatric assessment- driven interventions group were significantly more likely 
to return to normal functioning than the controls.

It is likely that support from a multidisciplinary team can help develop interventions 
for an at- risk older adult with cancer. This team could include expertise from social work, 
physical therapy, occupational therapy, and nutrition. More research is now needed on 
how to incorporate CGA results into clinical interventions to improve outcomes.

Conclusion

The incidence of cancer increases with advanced age. The geriatric population is a 
heterogeneous group and a patient’s chronologic age does not reflect their overall 
health status. Therefore, oncologists need to be adept at assessing physiologic and 
functional capacity in older patients. The CGA is the gold standard for evaluation 
of the geriatric patient. The various components of the CGA have been shown to 
help identify deficits missed by standard performance status and to predict outcomes 
including chemotherapy toxicity and survival. The combined data from the CGA 
can be used to stratify patients into risk categories to better predict their tolerance to 
treatment and risk for chemotherapy toxicity. However, the CGA is a comprehensive 
tool requiring significant time and training to perform. Therefore, a variety of screen-
ing tools have been developed which may be useful in the general oncology practice 
setting to identify patients that may benefit from further testing and intervention. 
Further research is still needed to evaluate whether these screening tools can predict 
cancer- related outcomes in older patients. Further research is also needed to help 
identify interventions based on CGA results that could improve outcomes of older 
patients with cancer.
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Abstract

The elderly comprise the majority of patients with cancer and are the recipients of the greatest 
amount of chemotherapy. Unfortunately, there is a lack of data to make evidence- based deci-
sions with regard to chemotherapy. This is due to the minimal participation of older patients in 
clinical trials and that trials have not systematically evaluated chemotherapy. This chapter reviews 
the available information with regard to chemotherapy and aging. Due to the lack of prospective 
data, the conclusions and recommendations made are a consensus of the available information. 
Extrapolation of data from younger to older patients is necessary, particularly to those patients 
older than 80 years, for which data is almost entirely lacking. The classes of drugs reviewed 
include alkylators, antimetabolites, platinum compounds, anthracyclines, taxanes, purine ana-
logues, antimicrotubule agents, camptothecins, and epipodophyllotoxins. Clinical trials need to 
incorporate an analysis of chemotherapy in terms of the pharmacokinetic and pharmacodynamic 
effects of aging. In addition, data already accumulated need to be re- analyzed by age to aid in the 
management of the older cancer patient. Copyright © 2013 S. Karger AG, Basel

Background

The study of the pharmacokinetics of chemotherapy in older patients has truly been 
lacking. This has been primarily due to a general exclusion of the elderly from clini-
cal trials. This has been a persistent underrepresentation of older patients from trials 
which has resulted in the approval of drugs by the Food and Drug Administration [1, 
2]. This has led to a paucity of data available to the clinician to make rational treat-
ment decisions. Most, but certainly not all, of the available literature is based on ret-
rospective, subset analyses in which older patients represent a small proportion of the 
total population. Patients reported generally do not have significant comorbidity and 
may not be truly representation of the average patient seen in practice. There is very 
little prospective pharmacokinetic data. Many papers focus on toxicity, which reflects 
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pharmacodynamic changes in the older patient. In addition to age, there have been 
a number of publications regarding end- organ dysfunction. While this is not specifi-
cally for the elderly, the data can be utilized for this purpose as older patients have a 
higher incidence of comorbidity. Because of the overall lack of data, particularly for 
patients over the age of 80 years, the clinician will continue to have the task of extrap-
olating data to fit the individual patient. Clinical judgment will always be important. 
Modification of toxicity and appropriateness of dosing will also be affected by the use 
of hematopoietic growth factors and change in the schedule of drug administration 
[3]. The assessment of renal function is extraordinarily important in dosing chemo-
therapy. There is controversy which formula is the most accurate in the elderly. It is 
clear that serum creatinine should not be the sole determinant of renal function in 
the elderly or in patients with cachexia [4–7].

Should We Study Pharmacokinetics and Pharmacodynamics in Older Patients?

Is there a need to study pharmacokinetics in older patients? If we say that it is not 
necessary, then we are saying that our current clinical trials structure is adequate for 
older patients. It is definitely not, as indicated by the underrepresentation of these 
patients in trials. In terms of drug trials, the pharmacokinetics of current chemo-
therapy has been primarily studied in the ‘typical’ patients. That is, those patients 
without significant comorbidity and good performance and functional status. End- 
organ dysfunction studies have been performed on many drugs such as irinotecan, 
paclitaxel, gemcitabine, pemetrexed [8–11]. To date, there are few studies which have 
shown a difference between the ‘typical’ patients and elderly. Few age- related changes 
have been reported. Pharmacokinetic differences, when present, have not been clini-
cally relevant. In addition, there are virtually no studies which look at changes in 
pharmacokinetics over multiple cycles. Heterogeneity makes studies in the elderly 
difficult and results in too much variability to be clinically applicable. Some differ-
ences in clinical toxicity have often been a result of drug scheduling, not age [12]. An 
example, whether 5- fluorouracil (5- FU) toxicity differs if administered weekly, as a 
bolus monthly or as infusion.

One rationale in the past to do pharmacokinetics studies was the avoidance of tox-
icity. Hematologic toxicity has been minimized due to hematopoietic growth factors. 
Dose- limiting toxicity is often due to non- hematologic toxicities which are not related 
to significant differences in pharmacokinetics, i.e. neuropathy from oxaliplatin.

One main issue is to determine which subset of elderly patients should be chosen 
to do pharmacokinetic studies. Are they the healthy, vulnerable, frail, anemic, hypo-
albuminemic, those dependent in activities of daily living (ADL) or instrumental 
ADL (IADL) and multiple comorbidities? Many older patients have had previous 
chemotherapy and radiation for treatment of other cancers. In addition, comorbid-
ity may causes further change in organ function and change the patients’ sensitivity 
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to toxicity, i.e., diabetes- neuropathy, atherosclerotic heart disease- cardiomyopathy. 
We should be studying pharmacokinetic tests in these different elderly popula-
tions. The factors to be studied should also include oral therapy, compliance, bio-
logic therapy, and drug interactions. The other factors which should be included 
in data acquisition include longitudinal effects of treatment, changes in cognition, 
changes in function with treatment, dependency, chronic toxicities, scheduling dif-
ferences which can effect toxicity, and correlation of toxicity and function. The 
inclusion of pharmacogenomics is also critical [13]. In evaluating toxicity, one 
question which needs to be answered is: Are our toxicity scales adequate for older 
patients? Do they capture enough information, particularly function, such as the 
effect of neuropathy.

Therefore, pharmacokinetics should be studied but the trials need to be novel and 
include these aforementioned factors. Regulatory agencies should require the inclu-
sion of older patients before drugs can be approved.

The pharmacokinetics of common chemotherapeutic agents are discussed with 
emphasis on older patients.

Alkylating Agents

Alkylating agents have been the foundation of therapy for decades, particularly for 
breast cancer and hematologic malignancies. Their main dose- limiting toxicity is 
the hematologic. The large interindividual variability in bone marrow reserves is 
well known among older patients depending on comorbidity. Metabolism represents 
the main route of elimination for most compounds. Hepatic enzymatic processes 
are often involved [14]. Cytotoxic effects correspond to metabolites rather to parent 
compounds.

Melphalan
Melphalan is administered to elderly patients for treatment of multiple myeloma. 
Drug excreted unchanged in the urine represents about one third of the administered 
dose [15]. Positive correlation has been observed between melphalan area under the 
curve (AUC) and the degree of renal insufficiency [16, 17]. However, renal insuffi-
ciency did lead to a limited decrease in melphalan clearance compared to the interin-
dividual variations in systemic clearance [18, 19].

High- dose chemotherapy is being increasingly utilized for the treatment of mul-
tiple myeloma in older patients [20–23]. Doses up to 200 mg/m2 by intravenous infu-
sion have become a standard. Higher toxicity, mainly myelosuppression, has been 
observed in patients over the age of 70 years [23, 24]. There is no recommendation of 
melphalan dosing based on renal function, but there is a consensus that reduction of 
the melphalan dose should be considered in patients with a glomerular filtration rate 
(GFR) of <30 ml/min. There are a number of treatment options available for elderly 
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patients with multiple myeloma ineligible for high- dose chemotherapy [25, 26]. The 
treatment of myeloma has evolved and there other treatments not involving tradi-
tional alkylating agents [27].

Cyclophosphamide
Metabolism of cyclophosphamide to active metabolites is initiated by cytochrome 
P450 (subfamily 3A and 2B) mainly in the liver. An accumulation of toxic alkyl-
ating metabolites is expected in renal insufficiency justifying a dose reduction of 
20–30% depending on the degree of the renal insufficiency [28]. Cyclophosphamide 
is administered in combination with methotrexate and 5- FU (CMF) for treatment of 
breast cancer. A prospective study in patients over 70 years of age concluded that the 
dose of CMF in patients over 70 years should not exceed 75% of the standard dose 
[29]. The combination cyclophosphamide/doxorubicin for the treatment for breast 
cancer was evaluated [30]. There was moderate evidence of an age- related decrease 
in the nadir absolute neutrophil count. Pharmacokinetic analyses did not demon-
strate age- related differences in the either cyclophosphamide or doxorubicin plasma 
exposure, but only the pharmacokinetics of the parent drug (unchanged cyclophos-
phamide) was explored. Overall, regarding the modest effect of age on toxicity, the 
authors concluded that healthy older patients should not be denied adjuvant chemo-
therapy. The available evidence indicates that dose modification is not required due 
to age alone.

Bendamustine
Bendamustine is a novel chemotherapeutic agent comprised of a bifunctional mech-
lorethamine alkylating group, a purine- like benzimidazole ring, and a butyric acid 
side chain. The drug has been shown to be a potent cytotoxic agent, with in vitro 
studies demonstrating extensive and durable DNA damage. It has activity in various 
hematologic malignancies [31–34]. In a pharmacokinetic trial, bendamustine was 
administered as a 60- min 120 mg/m2 intravenous infusion on days 1 and 2 of six 21- 
day cycles [35]. Pharmacokinetic models were developed with covariate assessment. 
Following a single dose of bendamustine HCl, concentrations declined in a triphasic 
manner, with rapid distribution, intermediate, and slow terminal phases. The inter-
mediate t1/2 (40 min) was considered the pharmacologically relevant (β elimination) 
t1/2 since the initial phases accounted for 99% of the AUC. Age, sex, mild/moderate 
renal, or mild liver impairment did not alter pharmacokinetics.

Fluoropyrimidines
Fluoropyrimidines are one of the most widely used groups of agents in the medi-
cal treatment of solid malignancies. There are marked intraindividual variations in 
plasma levels of the parent drug and metabolites, and that toxicities can vary widely 
among individuals [36]. In the elderly, these drugs are commonly reduced in dosage 
often arbitrarily [37].

Extermann M (ed): Cancer and Aging. From Bench to Clinics. 
Interdiscipl Top Gerontol. Basel, Karger, 2013, vol 38, pp 104–123 (DOI: 10.1159/000343618)



108 Lichtman 

Studies Suggesting an Effect of Age on Toxicity
Stein et al. [38] reported increased toxicity with age in a phase III trial of the 
Gastrointestinal Study Group treatment of metastatic colorectal cancer. This was 
based on a logistic regression analysis using age, gender, treatment, performance 
status, and length of therapy. These conclusions are also supported by data derived 
from a meta- analysis of six randomized trials of patients with colorectal carcinoma 
with a total of 1,219 patients comparing infusional 5- FU with bolus 5- FU [39]. Older 
patients and those with poorer performance status had significantly higher risks of 
diarrhea, mucositis, nausea and vomiting, and older female patients having the high-
est incidence of this toxicity. Grade 3 or greater hematologic toxicity was sevenfold 
more common with bolus 5- FU (31 vs. 4%, p < 0.0001) [39].

Studies Suggesting That Age Is Not Determinant of Toxicity
An overview of seven phase III trials involving 5- FU with either leucovorin or levam-
isole showed that no interaction between age and outcome could be identified. Age 
greater than 70 years correlated with the occurrence of treatment- related leukopenia 
with borderline significance [40]. In an attempt to minimize the bias of patient selec-
tion for a protocol study, Delea et al. [41] retrospectively examined a 5% sample of 
Medicare patients who had undergone colorectal surgery. There was no difference 
in the incidence of hospitalization but drug dosage and comorbid conditions were 
not identified. In a retrospective analysis of clinical trials testing FOLFOX 4 (5- FU, 
leucovorin, oxaliplatin), older age was not associated with an increased overall inci-
dence of grade ≥3 toxicity or 60- day mortality except that there was a higher inci-
dence of grade 3 neutropenia and thrombocytopenia. The benefit of FOLFOX4 did 
not differ by age [42]. In an Intergroup study with adjuvant 5- FU for high- risk stage 
II and stage III colon cancer, the secondary analysis of this trial demonstrated that the 
elderly are as likely to tolerate the benefit from adjuvant chemotherapy as are younger 
patients [43]. In an evaluation of the Surveillance Epidemiology and End Results 
Medicare- linked database for resected stage III colorectal cancer, adjuvant 5- FU was 
well tolerated even among the very old patients without a major comorbidity [44]. A 
retrospective analysis of European trials has shown equivalent benefit and toxicity in 
‘fit’ elderly patients who benefit to the same extent as younger patients [45].

Capecitabine
Studies have compared capecitabine with 5- FU in patients with a median age over 60 
years [46–51]. From this literature it appears that capecitabine at the recommended 
dosage of 1,250 mg/m2 twice daily for days 1–14 every 21 days is better tolerated than 
5- FU administered as per Mayo schedule 425 mg/m2 days 1–5 every 28 days. Hand- 
foot syndrome is more common with the capecitabine therapy and myelosuppression 
more common in the 5- FU therapy. Feliu et al. [52] studied prospectively 51 patients 
with advanced colorectal cancer who were older than 70 years of age with doses 
adjusted based on creatinine clearance (CrCl). Only 12% of patients experienced 
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grade 3 or 4 treatment- related adverse events, such as diarrhea, hand- foot syndrome 
and thrombocytopenia. No treatment- related deaths were reported. The median dose 
intensity was 88% of that predicted. Sharma et al. [53] studied the effect of fixed- dose 
oral capecitabine 2,000 mg twice daily on days 1–14 every 3 weeks in patients with 
advanced colorectal cancer with a median age of 72 years. Grade 2 and 3 treatment- 
related toxicities were diarrhea 34%, fatigue 27%, stomatitis 15%, and hand- foot syn-
drome 22%. The median overall survival was 11.2 months and the response rate was 
28%. The patients with the higher pretreatment levels of serum folate experienced the 
greater treatment toxicities over the entire treatment period (p = 0.04). The toxicities 
reported could be just a consequence of impaired renal function that occurs with 
aging. In a prospective evaluation, Cassidy et al. [54] have found that patients with 
moderate renal impairment at baseline (estimated CrCl 30–50 ml/min) experienced 
a higher incidence of grade 3 or 4 toxicities. Therefore, the authors recommended a 
lower starting dose in patients with moderate renal impairment at baseline (calcu-
lated CrCl 30–50 ml/min) and a contraindication in patients with severely impaired 
CrCl at baseline (<30 ml/min). For patients with normal or mildly impaired renal 
function at baseline, the standard starting dose is well tolerated. In efforts to further 
improve the therapeutic index, studies have been performed which alter the schedule 
to 7 days on and 7 days off. This schedule may be preferable in older patients in terms 
of toxicity and compliance [55–57].

Data has been published giving conflicting results as to whether fluoropyrimi-
dines are more toxic in elderly patients. A main determinant of this difference is the 
schedule utilized. It is clear that the weekly 5- FU regimen is better tolerated than the 
monthly regimen [43]. Infusional therapy likely has a more favorable toxicity profile 
[45]. Intravenous fluoropyrimidines should be given by a weekly schedule or by the 
published infusional regimens. Recent data suggest no reason to dose reduce fluoro-
pyrimidines unless there is severe renal dysfunction, poor performance status, prior 
radiation therapy, or comorbidity. The dose of capecitabine should be adjusted to CrCl 
and a starting dose of no greater than 1,000 mg/m2 twice daily be strongly considered. 
The interaction with coumadin needs to be emphasized in older patients [58].

Platinum Compounds

Oxaliplatin
The kidneys eliminate approximately 30–50% of the drug. Clearance of total and 
free platinum is decreased in patients with renal impairment. However, in studies of 
patients with mild to moderate renal impairment (GFR >20 ml/min), no increased 
toxicity was seen [59, 60]. Clearance of ultrafilterable platinum after administration 
of oxaliplatin is not influenced by impairment of hepatic function, sex or age [61].

Principal dose- limiting toxicities are peripheral neuropathy and bone marrow sup-
pression. Few studies have been performed specifically in the elderly population. The 

Extermann M (ed): Cancer and Aging. From Bench to Clinics. 
Interdiscipl Top Gerontol. Basel, Karger, 2013, vol 38, pp 104–123 (DOI: 10.1159/000343618)



110 Lichtman 

retrospective meta- analysis of 3,742 patients (614 ≥70 years) performed by Goldberg 
et al. [42] of patients receiving FOLFOX was mentioned previously. A retrospective 
review of 44 patients (median age 78) concluded that treatment in this population was 
feasible with manageable toxicity [62]. The combination of oxaliplatin/capecitabine 
has been studied in patients over 70 years of age. No relationship was seen between 
response and patient age, ECOG performance status, or the ability to perform ADL 
or IADL [63, 64]. The rate of neurotoxicity secondary to oxaliplatin- based chemo-
therapy has not been shown to be any greater in the elderly than in younger patients; 
a bifractionated protocol was developed in an attempt to minimize this side effect. 
Grade 3 sensory neuropathy occurred in 6% of patients. ADL and IADL scores did 
not change significantly during treatment [65]. Other trials with oxaliplatin combi-
nations in patients over 70 years of age showed acceptable toxicity and efficacy [66–
68]. Future studies need to perform prospective evaluations of neuropathy and aging 
needs to be performed with an emphasis on the possibility of functional impairment 
and long- term toxicity.

Cisplatin
Cisplatin has triphasic elimination and shows half- life of the initial phase is 20–30 
min, second- phase half- life is 48–67 min, with a terminal half- life of 24 h. Cisplatin 
pharmacokinetics is dependent on normal renal function due to the contribution 
of renal elimination for cisplatin [69]. However, the non- reversible plasma protein 
binding of cisplatin should be also considered as an elimination process since only 
the unbound plasma cisplatin concentrations represent the active fraction. Plasma 
protein binding of cisplatin is larger than that of other platinum compounds (e.g. 
carboplatin). However, renal function should be considered as the major pharmaco-
dynamic parameter since renal insufficiency represents the major toxicity together 
with magnesium wasting, nausea and vomiting, peripheral neuropathy, auditory 
impairment, and myelosuppression. Severe nausea and vomiting has been markedly 
reduced as a significant toxicity by the premedication of patients with a serotonin 
receptor type- 3 antagonist. Intravenous hydration has reduced acute nephrotoxic-
ity to 5% but intensive hydration regimens may be difficult in older patients [70]. 
Dose modification based on age alone is not required. It needs to be emphasized that 
patients receiving cisplatin in clinical trials are a highly selected group with minimal 
comorbidity. Calculation of renal function is critical using one of the available formu-
lae, but should be used with caution [4, 6, 71].

Carboplatin
Carboplatin, compared with cisplatin, has a similar mechanism of action with antineo-
plastic activity against cervical, lung, and ovarian cancers. Carboplatin is completely 
eliminated through the kidneys. The Cockcroft- Gault, Calvert, and Chatelut formu-
lae allow for accurate and safe dosing, taking into account renal function changes 
with age and a targeted AUC [72–74]. Carboplatin exhibits biphasic elimination with 
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an initial half- life of 1.1–2 h, and final half- life of 2.6–5.9 h with CrCl >60 ml/min. 
Because of the low incidence of non- hematologic toxicity, it can replace cisplatin in 
the palliative setting, particularly in older patients. Obesity, which is more common 
in the elderly, may affect the calculation of renal function [7, 75, 76].

Anthracyclines
Anthracyclines are part of regimens for the treatment of many malignancies 
encountered in the elderly [77–80]. Toxicity that is observed more frequently is a 
form of cardiomyopathy that manifests itself during the therapy with doxorubicin 
in the greatest part of the cases [81], and it has been reported that the incidence 
of congestive heart failure following treatment with anthracyclines increases pro-
gressively with age after 70 years [82]. This may explain why many elderly patients 
are either excluded from chemotherapy treatment or receive less aggressive chemo-
therapy. Dose modification of the adjuvant chemotherapy regimen due to obesity 
is not necessary [83]. For anthracyclines, some studies suggest that the drug’s peak 
concentration correlates with efficacy when toxicity is most likely a function of 
both peak and exposure [84–89]. The limited sampling strategies developed for sev-
eral anthracyclines would facilitate the implementation of pharmacokinetic studies 
[90–93]. The best example is the case of epirubicin. The studies described a triex-
ponential model for epirubicin behavior. In one study, variability in clearance could 
be attributed to gender and also to age in women [94]. If severe renal impairment 
leads to a decrease in epirubicin clearance, no dose reduction guidelines have been 
proposed. The pharmacokinetic profile of epirubicin is modified in case of hepatic 
impairment [95, 96]. Dosing modifications based on aspartate aminotransferase 
levels have been proposed [97–99].

Liposomal Anthracyclines
Liposomal formulation completely alters the pharmacokinetics, pharmacodynamics 
and toxicity profile of these agents. Palmar- plantar erythrodysesthesia syndrome is 
seen more frequently with these drugs; conversely, mucositis, alopecia, and cardiac 
toxicity are markedly diminished compared with non- liposomal formulations [100]. 
The reduced toxicity of this class of drugs may be particularly beneficial in older 
patients with anthracycline- sensitive diseases [101–105].

Antimicrotubule Agents (Spindle Poisons) in Elderly Cancer Patients

Vinca Alkaloids

Vincristine is excreted primarily by the liver and requires dose reduction, or even 
avoidance, in liver failure [106–108]. There are no data for dose modification based 
on age alone.
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Vinorelbine is a semisynthetic vinca alkaloid and causes less neurotoxicity than 
the older compounds in this group. It is highly bound to human platelets (78%) [109] 
and thrombocytopenia seems to correlate with increased hematologic toxicity, prob-
ably due to an increased unbound fraction, although high inter-  and intraindividual 
variability in AUC (20–65%) can be present [110]. Vinorelbine undergoes substantial 
hepatic elimination but dose modification might only be necessary in patients with 
severe liver dysfunction, when the liver volume has been replaced by tumor by more 
than 75% [111]. There are conflicting data on the effect of age on pharmacokinetics 
of intravenous vinorelbine [112–114]. In the largest study, CrCl and hepatic clearance 
were independent factors of vinorelbine clearance while age was not [114]. Several 
studies in breast and lung cancer and non- Hodgkin’s lymphoma show that full- dose 
vinorelbine (e.g. 25–30 mg/m2 weekly with rest points) has a very favorable tolerance 
profile [112, 115–117], and improved quality of life has been demonstrated in a large 
phase III trial in NSCLC in the elderly (median age 74 years) [118]. Although there 
are conflicting data on the impact of age on vinorelbine exposure, several trials show 
that vinorelbine is generally well tolerated in elderly cancer patients. There is no evi-
dence that dose modification is required on the basis of age.

Taxanes: Paclitaxel and Docetaxel

Paclitaxel
The majority of paclitaxel is protein bound (97%) and it is extensively metabolized 
in the liver by the cytochrome P450 system and is excreted in bile, more specifically 
by the cytochrome P450 isozymes CYP2C8 and CYP3A. Awareness of drug interac-
tions is needed when given concomitantly with drugs metabolized by the same path-
ways, e.g. ketoconazole [119]. It is preferable not to use paclitaxel in liver dysfunction 
because of significantly increased AUC and toxicity (mostly neutropenia) [10, 106], 
but if it is necessary, the dose should be greatly reduced. A CALGB trial shows a mod-
est but significant decrease in clearance of total paclitaxel with increasing age [120]. 
This decrease seems partly induced by decreased clearance of the formulation vehicle 
Cremophor EL [121]. Moreover, unbound paclitaxel might be a better predictor of 
clinically relevant exposure than total paclitaxel. Many studies have shown the feasi-
bility and efficacy of administering paclitaxel in elderly patients with various cancer 
types. Both weekly and 3- weekly regimens have been studied. The every 3- week regi-
men can be used in fit elderly patients such as those with ovarian and bladder cancer 
[122]. There is a preference for weekly administration in some patients, particularly 
breast cancer, as this causes less hematological toxicity without loss of efficacy [123–
125], possibly as a result of the more effective antiangiogenic activity in this fraction-
ated regimen [126].

There are somewhat conflicting data on the impact of age on paclitaxel clear-
ance. Moreover, the importance of unbound versus total paclitaxel clearance is 
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not fully determined. However, several trials indicate the feasibility of both every 
3- week weekly paclitaxel in elderly patients. There is no basis for a dose reduction 
based on age alone for any standard dose or schedule. Neurotoxicity has emerged 
as a significant toxicity and seems to be more significant in older patients [127, 
128].

Docetaxel
The majority of docetaxel is protein bound (94%), and it is extensively metabolized 
in the liver by the cytochrome P450 system (CYP3A4) and excreted in bile, result-
ing in increased toxicity when administered to patients with impaired liver function 
[10]. There is a large interpatient variability in exposure (AUC) and drug clearance. 
Hepatic CYP3A4 is by far the strongest predictor of total docetaxel clearance, and 
together with α1- acid glycoprotein (AAG) accounts for 72% of the interpatient varia-
tion in clearance [129]. In serum, docetaxel is extensively bound to albumin, lipopro-
teins and AAG; indeed, the latter is the main determinant of docetaxel serum binding 
variability. There have been attempts in elderly patients to predict variation in AUC 
of docetaxel through correlations with plasma (AAG) or urinary cortisol ratio [130]. 
Many studies have investigated the efficacy and toxicity of docetaxel in relation to 
age, mainly in breast cancer [131–133] lung and prostate cancer [134]. In a specific 
phase I trial in elderly cancer patients treated with docetaxel every 3 weeks, max-
imal tolerated dose was not reached at 80 mg/m2, and accrual was continued. On 
the other hand, another phase I trial in elderly breast cancer patients was stopped 
after 4 patients at the first level of 75 mg/m2 every 3 weeks because of excessive tox-
icity. The Japanese population might be more vulnerable due to ethnic differences 
in metabolism; the MTD in a phase I trial was 30 mg/m2/week. As with paclitaxel, 
weekly dose docetaxel regimens have being investigated, and seem to decrease toxic-
ity without loss of efficacy except maybe in prostate cancer where 3- weekly might be 
slightly more effective than weekly docetaxel [134]. Neutropenia was limited with 
weekly regimens, but fatigue was often invalidating. Various dosages (e.g. 20–35 mg/
m2 weekly or 60–100 mg/m2 every 3 weeks) and regimens (rest weeks at various time 
points) have been used.

There is no significant data to support dose modification based on age alone. 
Docetaxel pharmacokinetics is at most only minimally influenced by age. Any age- 
related changes are minimal compared to interpatient variability in metabolism. 
However, elderly patients are somewhat more vulnerable to side effects, but also here, 
interpatient variability is larger than age- related variability. Improvement in predict-
ing unbound docetaxel clearance and toxicity by pharmacogenomic- based treatment 
optimization will hopefully improve correct dosing for the (elderly) cancer patients. In 
principal, standard regimens of docetaxel can be used, e.g. 30–36 mg/m2 weekly with 
a rest week at regular time points, or 75 mg/m2 3 times weekly. The choice between 
weekly and 3- weekly can depend on the setting (e.g. in prostate cancer, 3- weekly at 75 
mg/m2 is the standard) and on potential side effects.

Extermann M (ed): Cancer and Aging. From Bench to Clinics. 
Interdiscipl Top Gerontol. Basel, Karger, 2013, vol 38, pp 104–123 (DOI: 10.1159/000343618)



114 Lichtman 

Purine Analogues

Fludarabine
The elimination half- life of this drug ranges from 6.9 to 12.4 h. The total body clear-
ance of this agent is related to both the serum creatinine and the CrCl. After initial 
dephosphorylation, the subsequent metabolite, 2- fluoro- araA, is eliminated primar-
ily be renal excretion, with approximately 60% of the administered dose excreted in 
the urine within 24 h after administration [135]. Dose modifications based on vary-
ing degrees of renal dysfunction have been proposed [136]. The most significant tox-
icities with fludarabine are related to the therapy- related myelosuppression from this 
agent, as well as the impact on cellular immune function. The severity of fludarabine- 
related neutropenia is related not only to the total body clearance of this agent, but 
also to AUC and half- life β. No association was found between age and the incidence 
of either hematologic toxicity or infection during the first cycle of fludarabine ther-
apy. However, patients with an estimated CrCl of <80 ml/min had an increased risk 
of toxicity during their treatment course [137]. Fludarabine may be used efficaciously 
and safely in an older patient population. Response rates tend to be lower in these 
older patients as compared to a younger cohort. Dose reductions are recommended 
in the setting of reduced CrCl, in an effort to limit treatment- related toxicities.

Cytarabine
Cytarabine is rapidly metabolized in the liver to inactive metabolites and 90–96% 
is excreted in the urine [138]. Due to increased neurotoxicity in patients with renal 
insufficiency, dose adjustments are required for high- dose therapy.

Gemcitabine
Pharmacokinetic data indicate that small age-  and sex- related differences exist. 
These differences corresponded to differences in mean half- life for men at 42 ver-
sus 61 min in the over- 65 age group, and women at 49 versus 73 min in the over- 65 
group. Despite these differences, dosing guidelines are the same based on age and 
sex for gemcitabine. Toxicities primarily include neutropenia and thrombocytope-
nia. Dosing modifications for hepatic and renal dysfunction have been reported [9]. 
Gemcitabine as a single agent displays minimal toxicity in older patients [139].

Pemetrexed
Pemetrexed is primarily excreted unchanged in the urine (70–90% in the first 24 h). 
It is contraindicated in patients with CrCl <45 ml/min. In patients with impaired 
renal function, pemetrexed plasma clearance positively correlated with GFR, which 
resulted in increased drug exposures. Pemetrexed 600 mg/m2 was well tolerated (with 
vitamin supplementation) in patients with GFR >80 ml/min. In patients with GFR 
40–79 ml/min, a dose of 500 mg/m2 along with vitamin supplementation was toler-
ated [11]. Further studies are needed to determine dosing in renally impaired patients.
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Camptothecins

Topotecan
Topotecan is a topoisomerase I inhibitor approved for the treatment of recurrent or 
refractory ovarian cancer and small cell lung cancer, and it has activity in myelodys-
plastic syndromes and acute myeloid leukemia. Topotecan renal clearance accounts 
for 30% of its elimination and it has a half- life of 3 h. A large interindividual vari-
ability was observed, with clearance varying from 9.1 to 42.51 per hour (mean 21.0). 
Topotecan clearance was related to serum creatinine level, and age [140]. Dose adjust-
ments are required in patients with moderate renal impairment. Severe myelosup-
pression can occur if dose adjustments are not made. A specific dose modification 
based on CrCl has been recommended, particularly for older patients [141]. A review 
of patients with small cell lung cancer showed no difference in efficacy and minimal 
toxicity differences in patients 65 years and older compared with younger patients 
[142].

Irinotecan
Irinotecan is a topoisomerase I inhibitor approved for the treatment of metastatic 
colorectal cancer alone or in combination with 5- FU and leucovorin. It has activity 
in glioblastoma multiforme, non- small cell and small cell lung cancer, and gastric, 
esophageal, and pancreatic cancer. It can be given as a weekly and every- 3- week dose 
[143, 144]. The weekly and once- every- 3- week regimen showed similar efficacy and 
quality of life. Patients aged 70 years or older independently predicted occurrence of 
grade 3/4 diarrhea. Treatment with the every- 3- week schedule was associated with a 
lower rate of grade 3/4 diarrhea [144]. SN- 38, the major metabolite of irinotecan, is 
approximately 1,000 times more potent than the parent compound. The major toxic-
ity of irinotecan therapy is delayed diarrhea and myelosuppression. Late diarrhea may 
be caused by intestinal accumulation of SN- 38. The biliary concentration of SN- 38 
may be predictive of gastrointestinal toxicity, leading to the proposal of a biliary index 
as a surrogate measure to predict the severity of diarrhea [145]. Delayed diarrhea 
was increased in patients with advanced age. Pharmacokinetic parameters, such as 
mean irinotecan, SN- 38, SN- 38G, Cmax, AUC0–24, and biliary index values in patients 
65 years or older, were within 3% of those in younger patients. In addition, response 
rates do not vary based on age [146]. It is recommended that patients over the age of 
70 years, patients with prior pelvic irradiation, or poor performance status start at 
reduced doses [143].

Etoposide
Etoposide is a topoisomerase II inhibitor used in the treatment of refractory non- 
Hodgkin’s lymphoma, lung cancer, germ cell tumors, and a multitude of other malig-
nancies. It is typically given through the intravenous route, although oral therapy 
is also used. Oral therapy occasionally poses problems with oral absorption and 
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tolerance [147]. Etoposide displays bi-  or triphasic pharmacokinetic characteris-
tics with an initial half- life of 0.6–2 h (mean 0.25 –2.5), and a terminal half- life of 
5.3–10.8 h (mean 2.9–19). Etoposide absorption is highly variable estimated at 50%, 
but ranging from 25 to 75% [136, 148]. Impaired renal function leads to a decrease 
in drug clearance rates. Increasing age has been correlated to increased free eto-
poside concentrations during oral therapy correlating with leucopenia [149]. Poor 
performance status may place older patients at higher risk for grade 4 dose- limiting 
toxicities such as myelosuppression and mucositis [149]. Etoposide is eliminated 
to some degree via hepatic cytochrome P450 metabolism, but dosage adjustments 
based on liver dysfunction are controversial. The pharmacokinetics of oral etoposide 
in patients with liver dysfunction does not differ from patients with normal liver 
function [150].

Conclusion

The data presented will hopefully be able to aid clinicians in the treatment of 
elderly patients. Unfortunately, prospective data, particularly pharmacokinetic 
data, correlated with patient’s functional status and clinical status does not exist. 
Particularly for those patients aged 80 years and older, extrapolation and most 
importantly, good clinical judgment are an absolute necessity. In general, age- 
related differences in pharmacokinetics have been demonstrated on a consistent 
basis. Pharmacokinetic changes that are seen are usually a reflection of end- organ 
dysfunction (hepatic, renal), hypoalbuminemia and anemia. The more important 
clinical issue is the increased toxicity that is seen particularly in those patients 
with poor function. Also, there is data which already exists from completed clini-
cal trials which has never undergone an analysis by age. This situation needs to 
be remedied by a re- analysis and journal editors insisting that submitted publica-
tions include an age- related analysis where appropriate. Clinical trials evaluating 
and defining the treatment needs and the goals of therapy in elderly cancer patients 
are being performed. Methods for identifying high- risk individuals for developing 
side effects from chemotherapy are being developed. Chemotherapy approaches 
for several common malignancies, both in the adjuvant setting and for metastatic 
disease, are changing rapidly at this time. Optimizing therapeutic strategies for 
cancer patients who are over 65 years of age remains a challenge. Choosing the 
correct regimen and dose for the older patient can be extremely difficult as there 
are no accepted algorithms to guide management decisions in this patient group. 
Older cancer patients who have an adequate performance status and functional sta-
tus and a reasonable life expectancy should receive the same therapies as younger 
patients. For those older patients with a poor performance status or functional sta-
tus, single- agent reduced- dose chemotherapy options and non- chemotherapeutic 
approaches should be considered, together with palliative and supportive care 
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options. Pegfilgrastim and filgrastrim can reduce the incidence of neutropenia and 
its sequelae [3]. The effectiveness of growth factor support has often made non- 
hematologic toxicity dose limiting. The National Comprehensive Cancer Network 
has published Senior Adult Oncology guidelines, which can greatly aid the physi-
cians treating [151]. Investigators need to be encouraged to developed appropriate 
clinical trials for older patients which will be acceptable to these vulnerable indi-
viduals and their families.
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Abstract

Recent developments in oncogeriatric surgery focus on several items – preoperative risk estimation 
and identification of frail patients and optimalization of perioperative care. New screening tools are 
being evaluated and show promising results. There is increasing evidence that preoperative training 
of frail patients might decrease the rate of postoperative complications and increase survival. The 
recent trend towards individualized treatment schemes will certainly be of benefit for the elderly 
population. More tools are becoming available to answer the most difficult question of all, namely 
whether surgery is the optimal treatment in this individual frail elderly oncogeriatric patient.

Copyright © 2013 S. Karger AG, Basel

The majority of cancer patients are treated either with surgery alone or as part of 
a multimodality treatment regime. Although the number of elderly patients in sur-
gical oncological practice is increasing, many questions remain about the optimal 
decision- making and treatment planning for the oncogeriatric patient. Over recent 
years there has been an increase in the number of reports on outcome after onco-
logical surgery and tools to allow a preoperative esteem of frailty. In this chapter we 
discuss recent results and ways to optimize treatment in the future and also discuss 
general consideration in the decision- making process when considering older cancer 
patients for a surgical operation.

Preoperative Decision- Making

The first thing a surgeon is faced with in clinic is the decision whether or not to operate 
the patient he is confronted with. To this purpose the appreciation of the patient’s health 
status and associated operative risks is essential, as well as an evaluation of predicted 
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outcomes. In spite of the increasing number of older cancer patients seen in clinic, sur-
geons, different from anesthetists, show no routine use of assessment tools for func-
tional status, comorbidities or geriatric syndromes as a routine part of everyday practice 
[1]. Several tools are now available to assist in the preoperative decision- making process.

A correct assessment of frailty is the main target: to this purpose, several frailty 
scales have been tested on surgical patients.

Kristjansson et al. [2] tried a slightly different approach in patients undergoing elec-
tive surgery for colorectal cancer. Using a Comprehensive Geriatric Assessment (CGA), 
185 patients ≥70 years were included in this prospective study. Postoperative mortality 
was low (2%) but 60% of patients suffered complications (most of them severe). When a 
patient was defined as frail, the risk of experiencing a severe complication increased by 
1.75 and the risk of experiencing delirium and anastomotic leakage increased by 4.92 
and 5.37, respectively. A CGA was superior to ASA scores in predicting postoperative 
morbidity. The author suggested that the use of CGA allows predicting problems such 
as depression, malnutrition and polypharmacy, for them to be corrected and treated in 
order to minimize operative risks. Conducting a CGA took 20–80 min in this study.

In everyday practice, surgeons and supporting staff are often pressed for time and 
there is a need for quick screening tools in order to identify those patients in need for 
a geriatric assessment and support.

An interesting report from Asia by Tan et al. [3] showed that frailty measured by 
weight loss, gait speed, grip strength, physical activity and physical exhaustion (the 
criteria first described by Fried) was a more accurate way to predict postoperative 
complications for patients undergoing major colorectal surgery than ASA, comorbid-
ity index and POSSUM score. Of the 83 patients included in this trial, 22 experienced 
a major complication (26.5%) but there was no postoperative mortality.

Frailty is not only predictive of postoperative complications but it also relates to 
the need for postoperative institutionalization [4]. After major elective surgical pro-
cedures requiring ICU admission, roughly 30% of patients over the age of 65 years 
are discharged to an institution. Timed Up & Go (TUG) in excess of 15 s, functional 
dependence, a Charlson comorbidity index of ≥3 and a hematocrit level of ≤35% are 
most predictive of negative outcomes. In the presence of a frail phenotype (≥6) the 
rate of postoperative discharge to an institution is increased to more than 80%. Also, 
with advancing frailty, healthcare costs during the first 6 months after colorectal sur-
gery increase, as does the readmission rate [5].

Recently, Kwok et al. [6] published a report using a targeted risk prediction tool to 
accurately assess the mortality risk in elderly patients undergoing emergency colon 
surgery. A set of 39 selected preoperative predictors was used to retrospectively esti-
mate the mortality risk in 1,358 emergency colectomies for patients over the age of 80 
years. The predictors most significantly associated with mortality were patient’s age, 
total functional dependence, COPD, congestive heart failure, steroid use, SIRS and a 
preoperative creatinine level >1.5 mg/dl. This targeted risk prediction score correctly 
predicted mortality 56% of the time with a specificity of 80%. As the authors state 
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in the discussion, this tool still does not perfectly predict mortality and the question 
remains how useful these tools are in everyday practice. Would and should a surgeon 
ever decline treatment to a patient based on a predictive tool?

Outcome Reports

When discussing elderly patients and outcomes after surgery, the emphasis has usu-
ally been on short- term outcomes and survival [7, 8]. This is not without reason; 
surviving surgery used to be an accomplishment in itself. However, in past decades, 
anesthesiological techniques and perioperative care have evolved to such an extent 
that early postoperative death is rare, even in the geriatric population. Reports on 
outcomes after major surgical interventions in the elderly population have been posi-
tive, emphasizing that for the fit elderly patient there is no limit to which surgical 
interventions can be effected and successfully performed, and outcomes are compa-
rable to those in younger comparable groups [9, 10]. Several major problems remain 
when interpreting these seemingly positive results. Firstly, there is the problem of 
patient selection. As discussed above, there is no uniform definition of fit or frail, 
and even less uniform are the screening tools used to identify whether the patient fits 
into one of the two groups. Secondly, there is certainly more to life after surgery than 
survival. This holds true for every age category, but especially for the elderly as the 
remaining lifespan is shorter than in the younger age category. Preserving functional 
independence is key in maintaining an acceptable quality of life in older patients, yet 
this outcome is rarely included in surgical reports. Lawrence et al. [11] showed that a 
substantial group experienced protracted disability at 6 months after major abdomi-
nal operations in a group of patients aged 60 years or more. Several components of 
physical and mental functioning did not return to preoperative levels. One interesting 
example of postoperative functional decline is postoperative cognitive dysfunction 
(POCD). This phenomenon may affect several aspects of cognitive functioning such 
as memory and concentration and occurs in patients of all ages. In contrast to what 
is generally believed, knowledge of the incidence and impact of POCD on quality of 
life is limited [12]. The definition of POCD in the literature is not uniform, and there 
are no standardized diagnostic criteria. Although a few studies describe its incidence 
in an elderly surgical population, it has been studied more extensively in a younger 
population and in younger patients undergoing open heart surgery requiring cardio-
pulmonary bypass [13, 14]. The causes of POCD are postulated to be multifactorial, 
but there is increasing evidence that the inflammatory response caused by the surgi-
cal procedure plays a role [15, 16]. A relation between POCD and the development of 
Alzheimer’s disease has been suggested, but so far solid evidence is lacking [17, 18]. 
The older brain has a reduced potential for recovery compared to the younger brain, 
and it is therefore to be expected that postoperative cognitive decline in the elderly 
patient will have major implications in terms of loss of independent functioning and 
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quality of life. Part of our elderly population is only just able to function indepen-
dently preoperatively, any functional postoperative loss will go hand in hand with 
increased consumption of care and increased costs.

A factor closely related with POCD is postoperative delirium. This acute cognitive 
complication is rarely recorded and seldom reported in the surgical literature.

A wide range of estimates of prevalence for postoperative delirium is reported, 
depending on the type of surgical procedure. It is estimated to affect 13–33% of 
patients undergoing elective abdominal aneurysm surgery [18, 19] and up to 60% of 
patients undergoing hip surgery [20]. Frail elderly are at increased risk of delirium 
with an incidence of up to 60% [21]. Although all elderly patients may be at some risk 
for the development of delirium, it is possible to identify patients at highest risk pre-
operatively and focus interventions on this group [22]. This is especially interesting as 
postoperative delirium is predictive of the development of long- term POCD.

Long- term survival is seldom reported among outcomes after major surgical 
procedures in elderly patients. Rutten et al. [23] showed that, especially in the older 
patient categories (≥75 years), the occurrence of complications after rectal surgery is 
associated with a higher postoperative mortality even at 6 months postoperatively. 
They go as far as to recommend non- surgical treatment for the frail elderly patient 
with rectal cancer. Similarly, Legner et al. [24] showed that postoperative complica-
tions after abdominopelvic surgery increase the rate of discharge to an institutional 
care facility for elderly patients. Both 30- day and 1- year mortality were increased in 
this patient group to 4.3 and 22.2%, respectively. These potential risks of a surgical 
intervention require more research, and surgeons treating patients in the older age 
groups should be made aware of this risk when consented.

Postoperative Complications

There is an interesting link between inflammation, age and cancer. Not only does 
aging go hand in hand with inflammation, but many comorbidities seen in the aging 
patient are associated with systemic inflammation such as diabetes, arthritis and ath-
erosclerosis [25, 26]. Chronic inflammation is also associated with the development of 
cancer. Viewed from this perspective, it is interesting that elderly patients who suffer 
from a postoperative complication are more likely to either die from these complica-
tions or suffer long- term functional loss. Typical postoperative problems occurring in 
the geriatric population are delirium, urinary tract infections or incontinence, pneu-
monia and cardiovascular complications [27]. The treatment of postoperative pain 
is responsible for further complications in the elderly. Not only is pain differently 
perceived and reported from the younger group and therefore often undertreated, 
but elderly patients also react differently to pain treatment and benzodiazepines. 
Unfortunately, both the level of pain and prescribed medication are associated with 
an increased risk of developing postoperative delirium [28].
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Several studies have recently explored the association between surgery, inflam-
mation and age. Preoperative biomarkers such as CRP, IL- 6 and TNF- α associate 
to frailty; higher levels of preoperative CRP and IL- 6 also associate to an increased 
occurrence of severe postoperative complications. Bautmans et al. [29] found that 
older age was related to higher surgery- induced levels of IL- 6 at the second and 
fourth day following elective abdominal surgery and worse self- perceived fatigue and 
muscle endurance [30]. This reduced muscle strength makes elderly patients more 
susceptible to persistent functional decline after major surgery.

Alternatives to Surgery

Technically speaking, there is no difference between the surgical removal of a solid 
tumor in an octogenarian or a 30- year- old patient. The occurrence of atherosclerosis 
might make resection more difficult; on the other hand, the softness of tissues can 
make the resection easier. The response to the operation, however, may be extremely 
different, depending on the age and frailty group.

In view of the above, the Hippocratic oath ‘first do no harm’ seems perfectly appli-
cable to the elderly surgical population. Containing the harm by limiting the surgical 
intervention, whilst maintaining oncological principles (i.e. still aiming at a radical 
resection of the tumor), appears to be a logical school of thought when facing doubts 
about the treatment choice. And this is exactly where the heart of the problem is. 
How do we decide which patient to operate on and which to deny a risky but possi-
bly life- saving procedure? It has been reported that declining standard breast surgery 
(including lymph node evaluation) to elderly women (even the octogenarians) sub-
stantially decreases breast cancer survival [31, 32]. As previously mentioned for the 
treatment of rectal cancer in frail elderly patients, surgically induced negative short- 
term outcomes may be too high to justify surgery. An interesting alternative to sur-
gery for the treatment of patients with rectal tumors is chemoradiation only [33] with 
a substantial proportion of the patients treated in this way not showing any evidence 
of tumor recurrence, even after several years of follow- up.

In parallel to this approach, it has been shown that the wait- and- see approach for 
the surveillance of renal masses prevents overtreatment especially in the older and 
frail patient category [34]. The surgical removal of renal cell carcinomas <4 cm does 
not lead to a decrease in mortality, a fact that warrants consideration, especially in the 
frail elderly patient with decreased life expectancy.

Elderly people with small renal masses are up to 3.5 times more likely to have 
a benign lesion [35]. This group of patients can then be offered several treatment 
options. Surgical management is not to be neglected, whenever appropriate or fea-
sible in all fit elderly patients, however frail individuals could be handled more con-
servatively. Since 50% of patients >70 years have a creatinine clearance <50 ml/min, 
nephron sparing is to be preferred when surgical ablation is the treatment plan [36]. 
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Careful monitoring is an option. Meanwhile, repeated bioptic sampling is advisable, 
as the complications rate and the risk of seeding are negligible.

Limiting the surgical resection to part of the affected organ may also be a good 
alternative in the treatment of some tumors. Transanal endoscopic microsurgery for 
T1 and T2 rectal tumors is a far less invasive procedure than rectal resection in elderly 
frail patients [37]. For intra- abdominal tumors in general, the laparoscopic approach 
seems to be associated with better immune and inflammatory responses and earlier 
postoperative recovery. Although the evidence is scarce, this minimally invasive surgical 
approach may especially benefit the elderly patient [38]. In the earlier mentioned report 
by Kristjansson et al. [2], the complication rate after laparoscopic surgery was less then 
after open surgery [39]. Limited lung resections such as wedge resections for stage IA 
lung cancer (tumors ≤2 cm), instead of a formal lobectomy, have recently been shown 
not to decrease cancer- specific survival whilst causing less postoperative complications 
[40]. Again, this is an interesting alternative, especially for the frail elderly patient.

Every effort should be made to avoid the emergency setting which associates to 
doubled morbidity and mortality rates. In this context, self- expanding metal stents 
appear to be a safe alternative to emergency surgery for obstructive colorectal can-
cer [40]. They may be safely used as a bridge to surgery to avoid emergency surgery. 
Stents may also be a suitable alternative in the palliative setting.

Education and Training

A broad outlook of future investments and innovative surgical approaches for the 
management of older cancer patients should also include a note on education and 
training. Geriatric education is underrepresented in the medical curriculum and sur-
gical training programs. The need for dedicated tutorials in Care of the Elderly within 
a curriculum in Surgical Oncology is obviously evident. Based on a recent publica-
tion by Biese et al. [40], it stands to reason that based on increased geriatric knowl-
edge, doctors would be more likely to make appropriate decisions when working with 
oncogeriatric patients.
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Abstract

Cancer in elderly patients is becoming a global issue, with the aging of the population and increased 
incidence of cancer with aging. Older patients with cancer have unique needs that can best be 
addressed by the integration of geriatrics principles and oncology care. Unfortunately, the worsen-
ing shortage of oncologists and geriatricians makes the care of the older patient with cancer increas-
ingly challenging. Practical issues to consider when creating a geriatrics/oncology partnership 
include the available resources in terms of interdisciplinary team members, the patient population 
in need, and the ability to provide primary, consultative, and/or shared care. Ultimately, creative 
strategies will be needed to maximize the limited availability of the geriatrician and oncologist.

Copyright © 2013 S. Karger AG, Basel

The worldwide cancer burden is increasing, in part due to the aging of the population 
[1]. In the United States, 21% of the population – more than 80 million people – will 
be over the age of 65 by the year 2050 [2]. More than half of new cancers are diag-
nosed in people over age 65, and more than 70% of cancer deaths occur in people 
65 and older [3]. In the coming decades, the increased incidence of cancer will be 
primarily due to the aging population [4]. As a consequence, there will be a critical 
and increasing need to understand the unique problems that face older people with 
cancer, in order to provide more effective, safe, and patient- centered care.

There are a number of reasons why future cancer care will require more than just 
an expansion of our current capacity, but rather a shift towards care centered on the 
unique needs of the elderly population. Healthcare professionals caring for older per-
sons with cancer will need to appreciate the differences in cancer biology and out-
come in older persons. Comorbid conditions, disability, and geriatric syndromes have 
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a significant impact on cancer treatment and survivorship, and caring for older per-
sons with cancer requires expertise in these areas (fig. 1). There are significant dif-
ferences in treatment patterns for older versus younger persons with cancer [5, 6]. 
Furthermore, older persons may be more likely to experience toxicity from cancer 
therapy and thus require highly individualized treatment [7, 8]. Outcomes of treat-
ment, including the likelihood of benefit, may be different in older patients. Finally, 
the preferences for outcomes that are important to older people with cancer may be 
different, focusing more on issues of quality of life, functional status, and indepen-
dence in the community.

The Shortage of Oncologists and Geriatricians

There exists now a shortage of oncologists and particularly of geriatricians, and 
thus, planning for the care of older persons with cancer will require a clear stra-
tegic dialogue between these two disciplines. Currently, there are approximately 
13,000 board- certified oncologists in the United States. By the year 2020, an ongo-
ing shortfall in the number of oncologists available to care for the increasing popu-
lation with cancer will result in a doubling of the demand/supply gap for cancer 
care [9]. Without increasing the number of fellowship spots, increasing the use of 
mid- level providers, or taking earlier advantage of hospice care, this shortage could 
be even more critical.

 
Geriatrics Oncology

Biology of aging
Demographics of aging
Comprehensive geriatric
   assessment
Geriatric syndromes
Multimorbidity
Frailty syndrome
Long-term care

Screening and
prevention of cancer

Cancer diagnosis
Pharmacology

Palliative medicine
Ethical/legal aspects

of care

Biology of cancer
Epidemiology of cancer

Cancer treatment
Toxicities of treatment

Survivorship issues

Fig. 1. Unique expertise and overlapping content areas in geriatrics and oncology.
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In geriatrics, the discrepancy is even greater. There are around 7,000 board- 
certified geriatricians in the United States. By the year 2050, this shortage will equate 
to one geriatrician for every 10,000 people in the United States 75 years and older 
[10]. With ongoing problems of recruitment of graduating physicians into geriatrics 
and poor compensation, the shortage of geriatricians will worsen in the decades to 
come [11].

The French situation is a little bit different with at present about 2,800 board- 
certified geriatricians for a total population of one- fifth of the US population, but 
their distribution on the territory is very heterogeneous.

Current Partnerships in Geriatrics and Oncology

The International Society of Geriatric Oncology (SIOG) 10 Priorities Initiative high-
lighted the global need for advancement in geriatric oncology in clinical care, edu-
cation and research. Pertinent to the growth of the geriatrics- oncology partnership, 
integration of geriatrics and oncology into interdisciplinary care clinics is particularly 
needed at academic medical centers and comprehensive cancer centers. Geriatric 
evaluation should be incorporated into oncology care and guidelines [12].

To realistically address the burgeoning number of older people with cancer and the 
subsequent overwhelming number of older cancer survivors, care of the older patient 
with cancer will need to be shared in a collaborative model between both disciplines. 
Shared care models that have been proposed acknowledge the fact that the role of 
the primary care provider and/or geriatrician and of the oncologist is dynamic, and 
may depend greatly on the phase of cancer treatment and survivorship of the patient 
[13]. Ultimately, given the workforce shortages, both the geriatrician and the oncolo-
gist may end up assuming a much more consultative/specialist role than is currently 
practiced, leaving the main responsibility of care to primary care physicians. It will 
be fundamental that the primary care physicians insure a policy of early diagnosis of 
cancers to the elderly. With oncologic care being more efficient in early and localized 
cancers, early diagnosis will facilitate care and follow- up.

In Europe, geriatrics has been formally integrated in cancer care in models in 
which the geriatrician provides a consultative role that helps to inform the oncolo-
gists’ decision- making [14]. The National Cancer Institute of France initiated Pilot 
Oncogeriatric Coordination Units (UPCOGs) to create an infrastructure for coor-
dination of medical care between geriatricians and oncologists. In this program, 
geriatricians’ input was used upstream or downstream of a multidisciplinary care 
management conference (analogous to tumor board meetings in the United States) 
for all patients 75 years and older with cancer. The geriatricians’ roles were to screen 
for geriatric syndromes, provide more accurate sense of physiologic age or prog-
nosis, and suggest preventive care. A survey of physicians involved in this program 
revealed some variation across different programs in the structure of care and the 
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roles of the geriatrician and oncologist. Geriatricians were in a more supportive role, 
and lacked autonomy in care decision- making, and oncologists were unclear as to the 
geriatricians’ roles [14]. In 2011, the National Cancer Institute of France pursued this 
action by labeling 15 Oncogeriatric Coordination Units (UCOG) whose objective 
is to develop partnerships between geriatrician and oncologist covering the whole 
national territory. The geriatricians and the oncologists are associated to equal part 
for the development of this new program.

In the United States, where geriatric oncology is a younger field, formal programs 
that integrate geriatrics and oncology do exist. In one such model, patients that meet 
a certain age criterion or meet screening for additional needs are seen in a separate 
clinical care center specifically geared towards issues of aging and cancer. Other mod-
els include geriatricians as part of the multidisciplinary cancer team, serving a sup-
portive care role for those whose needs are identified in the oncology clinic. Another 
model is that of the geriatrician consultant, who may assist with patients referred 
from any oncology clinic to a general geriatrics practice.

Evidence of a growing collaboration is also seen in research settings. Geriatrics 
principles are advocated to be included in oncology trials, with the inclusion of mea-
sures and outcomes that are more important to the older patient. Geriatric assessment 
measures could be more routinely incorporated into the design of existing coopera-
tive group trials [15]. Prospective cohort studies that evaluate treatment response and 
geriatrics specific measures could also provide a much needed evidence base for the 
impact of cancer treatment on more frail elderly [16].

Building a Program That Integrates Geriatrics and Oncology

Not all geriatric patients need to be seen by oncologists – indeed, though a large pro-
portion of older patients will have cancer, many will not. Similarly, not all oncology 
patients need to be seen by geriatricians. Many will have geriatric syndromes such as 
functional loss, cognitive impairment, and falls, as well as multiple comorbidities and 
polypharmacy, and many will not have such problems. Thus, regardless of the model 
proposed for a geriatrics/oncology partnership, some common themes emerge (table 
1), namely (1) the usefulness of a screening tool to identify patients who need to be 
seen by both oncologists and geriatricians [17, 18]; (2) the necessity of age criteria 
from which to select a population for both specialists; (3) the value of Comprehensive 
Geriatric Assessment (CGA) in patients dually evaluated by oncologists and geriatri-
cians, and (4) the need to establish the main physician guiding the treatment plan.

Bring the Geriatrician to the Cancer Setting
In most academic settings, the geriatrician will be scarcer than the oncologist. 
Geriatricians may have multiple roles to play in their institution, including clinical care 
and teaching in inpatient, outpatient, and long- term care settings. In such situations 
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it may be most feasible to incorporate geriatricians into oncology care centers or to 
establish a strictly consultative role for the geriatrician. The optimal timing of referral 
to geriatricians by oncologists is unclear. In one study of geriatric assessment, the only 
significant difference between patients referred prior to treatment and patients referred 
during treatment among 65 patients ranging in age from 71 to 95 was weight loss of 
>10%. Otherwise, a similar number of patients were referred before compared to dur-
ing treatment, and all other geriatric assessment factors were similar [19].

Table 1. Examples of geriatrics/oncology partnerships

Setting Structure Facilitators Barriers

Community 
clinic

Geriatrician and 
oncologist exist in 
separate clinics, possibly 
within a hospital- 
affiliated system.
The primary care doctor 
or the geriatrician likely 
consults the oncologist 
when a cancer is 
suspected or diagnosed.

Patients may be well 
known to geriatricians 
already, facilitating the 
use of CGA before cancer 
treatment is even 
considered.
Common hospital system 
could have electronic 
record that could 
facilitate shared care.

Shortage of geriatricians 
in the community to 
provide a consultative 
role to the oncologist for 
a patient who needs 
CGA.
Lack of communication 
between disciplines in a 
timely manner to aid 
with decision- making for 
cancer treatment.

Academic 
medical center

Partnership structure 
may be determined by 
the size of the geriatrics 
and oncology 
departments/centers.
Consultation could 
occur between the 
geriatrician or the 
oncologist, depending 
on the referral base and 
entry into the hospital 
system.

Opportunity for standard 
processes to create a 
collaborative clinical 
environment.
Research environment 
could serve as a 
foundation for 
collaboration.

Time constraints, with 
clinical, teaching, and 
research obligations of 
faculty members.
Lack of understanding 
between the two 
disciplines about their 
unique expertise as well 
as their shared goals.

Comprehensive 
cancer center

Oncologists serve as a 
patient’s primary care 
doctor during cancer 
care, and other 
specialists provide a 
consultative role.
Consultation to a 
geriatrician could occur 
before, during, or after 
cancer care.

Use of brief screening 
tools (such as the CARG 
tool or CRASH score) to 
determine patients at 
increased toxicity risk 
could help the oncologist 
make appropriate 
geriatrics referrals.

High volume of older 
patients with cancer 
could overwhelm 
geriatrics capacity. 
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Bring the Oncologist to the Geriatrics Setting
Integrated management of the older cancer patient could also be achieved by bringing 
the oncologist (medical, surgical, or radiation) to settings in which primarily geriatric 
patients are managed [20]. This could occur in outpatient settings or inpatient units 
in which primarily geriatric patients are treated, and could even extend into nursing 
home consultations on the part of oncologists. Such a model of care might be neces-
sary in a setting where geriatrics is more established, with a larger patient base, and 
where an oncology practice is a more recent addition to the available medical care. 
The advantage of such an approach is that the referral to an oncologist would occur 
after a CGA, providing the oncologist with valuable information on physiologic age 
before seeing the patient. However, such an approach would require criteria for con-
sultation so that oncology referrals are appropriate; there could be a risk of overuse 
and underuse of care. In addition, the reimbursement structure for the oncologist 
could be unfavorable in healthcare systems such as that in the United States.

Filling the Educational Gap

Addressing the workforce shortages in both oncology and geriatrics will not be an 
easy task. One way to address the shortage of geriatricians despite the need for many 
medical disciplines to better understand the care of the older patient is to ‘geriatricize’ 
other fields, through formal, brief training programs and through education from 
fellowship- trained geriatricians, who will be most useful in academic clinical settings. 
Geriatrics has been formally integrated into medical education. The ACGME has also 
required geriatrics education as part of oncology fellowship training in the United 
States. Geriatric oncology fellowship programs have also provided the dual master 
clinician who can adequately care for the older patient with cancer, but more vitally, 
can diffuse this knowledge into both fields. Such programs have generated a small 
group of dual- trained, dual- certified geriatric oncologists who pave the way in terms 
of clinical care, education, and research, for their colleagues. In France, the choice is 
made towards the creation of mixed university education, oncologists- geriatricians, 
so that both disciplines acquire common knowledge to exchange better on the clini-
cal, organizational plan and some clinical research.

Conclusion

Ultimately, caring for older patients with cancer will require, at a minimum, a cross- 
dialogue between oncology and geriatrics; geriatricians need to be oncologized and 
oncologists need to be geriatricized. Clinical care will increasingly require collabor-
ative practice models with physicians, mid- level providers, and other allied health 
disciplines.
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Abstract

Geriatric oncology nursing is a specialization that requires unique knowledge and education to 
care for the older person diagnosed with cancer. Understanding principles of functioning in a mul-
tidisciplinary team setting, assessment of an older patient, and cancer- related issues are central 
elements of the role of the geriatric oncology nurse. Additionally, education of patients and fami-
lies are important in helping the older person navigate the healthcare system. The purpose of this 
chapter is to review the current literature in geriatric oncology nursing.

Copyright © 2013 S. Karger AG, Basel
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Geriatric oncology nursing care requires patience, specialized knowledge and 
an interest in understanding aging as it intertwines with cancer care. Combining 
the principles of geriatrics and gerontology with the science of oncology nursing 
provides the foundation for the intricate care many older cancer patients require. 
Maintaining independence and quality of life of the older cancer patient despite 
complex diagnoses is a prime role for the geriatric oncology nurse. The geriatric 
oncology nurse has roles in leadership, psychosocial care, assessment and screening, 
physical follow- up, discharge planning and research. Combining principles associ-
ated with geriatric care such as working in a multidisciplinary team (MDT), conduct-
ing and coordinating the Comprehensive Geriatric Assessment (CGA), appreciating 
physical and mental decline, understanding how functional status and life expec-
tancy relate to cancer treatment decisions with specialized oncology knowledge such 
as cancer treatment options, staging, and potential side effects are the essence of 
geriatric oncology nursing. This chapter will highlight some of the functions of the 
geriatric oncology nurse.
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Multidisciplinary Team

The geriatric oncology nurse is a core member of the MDT; working to blur roles 
and professional boundaries, foster cooperation among team members and inspire 
professional dialogue. The integration of expertise from disciplines such as nursing, 
pharmacy, medicine, surgery, rehabilitation therapy, physical therapy, social work, 
dietary and many others who understand the needs of the older person is impor-
tant to the complex care often required by older cancer patients. A role often per-
formed by the geriatric oncology nurse is to coordinate the information provided by 
the MDT by inspiring team dialogue and compiling all the clinical and psychosocial 
information into an individualized plan of care. The nurse is the central depository 
for patient information for dissemination to team members, community providers, 
patients and families.

MDT interaction in the clinical setting is essential to providing the comprehensive 
care necessary to address the needs of the older cancer patient [1]. Discussion among 
the MDT concerning clinical impressions, social support issues and cancer treatment 
decisions all common examples of vital communication topics. Regular MDT meet-
ings must occur after initiation of the plan of care in order to address potential health 
and/or functional status changes, social support issues that may affect cancer treat-
ment and other events that may have impact on oncology care. Often, the geriatric 
oncology nurse is responsible to motivate and coordinate MDT communication and 
reflect all care information in the plan of care. In geriatric oncology, the MDT plan 
of care is a comprehensive plan that addresses physical, emotional, functional, psy-
chosocial, and cancer- related issues [2]. Coordinating the development and ongoing 
maintenance of the MDT plan of care are within the scope of practice of the geriatric 
oncology nurse. Constant updates and changes to the plan of care are common and 
become a large part of the nurse’s daily activities.

Teams require constant nurture to function productively. The leadership role of 
the geriatric oncology nurse must extend to the construction and ongoing mainte-
nance of the MDT. Teams must be constructed with prudent forethought with respect 
to including the necessary disciplines (social work, dietary, physical therapy) provid-
ing adequate team training and defining specific goals and objectives. Often, team 
members only function as part of the geriatric oncology team during scheduled clinic 
times or meetings. It is important for the nurse to preserve the integrity of the team 
by creating an atmosphere of positive teamwork, acceptance and gratitude for par-
ticipation. In addition to a positive atmosphere, the John A. Hartford Foundation 
suggests that teamwork requires training in order for all team members to effectively 
work together [3]. Team training can occur with programs such as the Geriatric 
Interdisciplinary Team Training program (GITT) [4] where awareness of role, com-
munication strategies, and attitude are components of the curriculum. Team train-
ing is effective in establishing positive attitudinal change among team members [5] 
and addressing problems associated with discipline specific differences and cultural 
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traditions or each profession [6]. A disciplinary split among team members associ-
ated with academic preparation, role and incorrect perceptions of role can be a bar-
rier to effective teamwork [6]. Frequent meetings and open communication must be 
facilitated in order for each member to feel valued.

An essential element to the effectiveness of the team is organizational leadership. 
Each member of the geriatric MDT must have proper time allocation to participate 
in clinical practice and perform operational activities such as weekly meetings to dis-
cuss patients and other issues. Negotiating with hospital administration the neces-
sary time requirements for each team member is an important leadership role for the 
nurse. Procuring protected clinical time and time for team meetings are central for 
the proper functioning of the MDT.

Comprehensive Geriatric Assessment

The CGA is a battery of assessment instruments used to screen older patients for prob-
lems or limitations that may go unnoticed by a general examination [7, 8]. In oncology, 
the CGA is used to determine cancer treatment options based on issues such as func-
tional status, performance status and available social support [9]. The CGA provides 
information not often included in the traditional oncology assessment which helps 
predict risk [10] postoperative complications [11] and toxicity to cancer chemotherapy 
treatment [12]. The CGA is often performed by the MDT with each discipline con-
ducting a different part of the assessment. The role of the geriatric oncology nurse is 
to orchestrate the MDT to conduct each aspect of the CGA in a timely and efficient 
manner, to compile the findings and arrange discussion at the regular team meetings.

The CGA addresses problems not traditionally assessed as part of oncology care 
[8]. Nonmalignant problems or syndromes such as falls, incontinence, dementia, and 
depression can be potentially identified using the CGA and must be further diag-
nosed or treated with a primary care provider in the community. Partnerships with 
community providers are necessary to maintain the continuity of care for the older 
patient. The treatment plan of outside providers should be discussed with the cancer 
MDT and considered in the cancer treatment plan. Patients who have several health 
limitations, considered frail and/or have multiple comorbid conditions tend to gain 
more benefit from the MDT approach to care [13]. Frail patients often require more 
services upon discharge, more comprehensive interventions and a tailored interdis-
ciplinary plan of care to address the complexities of physical and or mental decom-
pensation [14]. The geriatric oncology nurse is often the conduit between community 
providers, MDT members and patient and families.

Regular team meetings are necessary to discuss CGA results, oncology care and 
any specific challenges to new and established patients. Team members can become 
familiar with each aspect of the comprehensive care plan during the meetings and have 
better understanding of each MDT member’s role and individual expertise. The nurse 
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often assumes a central role during the team meetings in communicating among team 
members, taking note of information necessary for the community providers and pro-
viding follow- up information from previous comprehensive care plans. For inpatients, 
discharge planning discussions during the team meeting are critical for a smooth tran-
sition to reduce rehospitalizations up to 3 months following hospital discharge [15].

The patient and family are prime members of the MDT. Findings resulting from 
the CGA should be presented to the patient and family so that joint healthcare deci-
sions can occur. Health management strategies that are not favored by the caregiver 
or patient tend to receive poor adherence [13, 16]. Integrating the patient and fam-
ily into the decision- making process and the MDT discussions are functions of the 
geriatric oncology nurse. Empowering the patient and family to be vital members of 
the team will help develop a reasonable comprehensive plan of care that is realistic 
for actual implementation. For people diagnosed with cancer over the age of 80 years, 
family involvement in cancer treatment decisions tend to increase as compared to 
people who are younger [17].

Patient and Family Education

Education is important to patients and families of all ages, however older patients 
tend to require more medications and have multiple comorbid conditions in addi-
tion to the diagnosis and treatment of cancer [9]. The geriatric oncology nurse must 
work with other members of the team to educate the patient and family about medi-
cations that may be reasonable to discontinue, alter or maintain while undergoing 
cancer treatment. Educational needs of patients and families often focus on the can-
cer diagnosis, treatment, physical care, investigative tests and psychosocial needs [5]. 
After surgery, fear of recurrence, anxiety and physical limitations are all commonly 
reported problems that can be addressed with postsurgical education [18].

Other educational foci aside from cancer- related topics are important to patients 
and families. Orientation to the cancer facility to familiarize patients and families 
with the areas where treatments and clinical assessment will occur tends to reduce 
anxiety [1]. Cancer survivors have educational needs that surround supportive care 
options such as support groups, disease progression and general health [6]. For care-
givers, cancer education improves notions of well- being [19], quality of life, burden of 
patient symptoms and task burden [20].

Patient and Family Advocate

A strong role for the geriatric oncology nurse is that of patient/family advocate. 
Promoting treatment decisions by coaching the patients and families to participate 
in the MDT discussions can result in a treatment plan consistent with the patient 
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preferences [21]. Nurses can provide a voice to patients and family who may feel 
inadequate in communicating with the MDT. In terms of complementary and alter-
native medicine (CAM) interventions, nurses as patient advocates can help patients 
select CAM options patients and families may feel are important [22]. Nurses have 
the expertise to provide geriatric oncology education and patient advocacy that can 
empower patients and families to partake in the MDT discussions and feel a valuable 
part of the team [23].

Nursing Research in Geriatric Oncology

Nurses have many roles in the care of the older cancer patient that provide the infra-
structure for evidence- based practice and clinical research. Reviewing the published 
literature to critically understand the most appropriate screening instruments to 
detect common age- related problems and identify nursing best practices in symptom 
management are examples of evidence- based practice which will lead to improved 
patient outcomes and a high quality of patient care [24].

Some examples of nurse- led research are detailed as part of the Senior Adult 
Oncology Program at the H. Lee Moffitt Cancer Center & Research Institute. One 
of the first nursing research projects addressed the issue of identifying patients who 
were in most need of the CGA. This project was significant in that the MDT wanted a 
prescreening CGA measure that would reduce patient/respondent burden for people 
who did not require the entire CGA and reduce clinic wait times [25, 26]. The CGA 
instruments that were examined in order to construct the prescreening measure were 
the Geriatric Depression Scale [27], the Mini- Mental State Examination [28], the 
Activities of Daily Living Scale [29] and the Instrumental Activities of Daily Living 
Scale [30]. Through the work of the MDT, the Abbreviated Comprehensive Geriatric 
Assessment (aCGA) and scoring cut- points were developed to address the needs of 
the older cancer patient.

Another example of nursing research was to understand the extent to which older 
people who are diagnosed with cancer experience falls and how can falls be predicted. 
For older people diagnosed with cancer and ongoing chemotherapy, 33% reported 
that they experienced a fall in 3 months prior to the interview compared to 25% of 
older cancer patients not receiving chemotherapy [31]. Another nurse- led research 
project found that older patients who reported a compromised functional status were 
at greater risk for falls [32]. Further investigation on the topic of falls found that the 
Timed Up & Go [33] was a more sensitive and specific predictor of falls compared 
to the Simmonds Performance Test Battery [34] and required less clinical time to 
administered [35].

The role of the geriatric oncology nurse as a researcher is robust in that many 
facets of assessment remain unexplored. Understanding how to assess the older can-
cer patient in a timely manner, exploring when to administer assessments (during 

Extermann M (ed): Cancer and Aging. From Bench to Clinics. 
Interdiscipl Top Gerontol. Basel, Karger, 2013, vol 38, pp 139–145 (DOI: 10.1159/000343610)



144 Overcash

chemotherapy, following treatment) and understanding how to integrate the findings 
into the comprehensive plan of care are critical elements of geriatric oncology care 
and well within the scope of nursing research.

Conclusions

Cancer is a disease of aging [36] and the combination of geriatric and oncology nurs-
ing science is critical to meet the needs of the growing aging population of the United 
States. Funding is necessary in order to provide educational opportunities to nurses 
who want to specialize in geriatric oncology nursing. Further support is necessary to 
support geriatric and oncology graduate and undergraduate curriculum. Specialized 
knowledge in geriatrics must be stressed in all aspects of nursing education in order 
to care for the demographically aging population in the United States.
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Abstract

Older adults are at high risk for functional decline after a cancer diagnosis. Physiologic changes of 
aging which negatively impact body composition, strength, and fitness increase vulnerability to 
the development of short-  and long- term disability when stressed with cancer burden and treat-
ments. Treatment- associated physical disability impairs quality of life, limits therapeutic options, 
and contributes to the social and economic burden of cancer care in the elderly. Despite this, few 
clinical trials capture disability as an outcome or focus on whether it can be ameliorated in this 
population. Exercise has multiple positive effects on physical health and well- being in non- cancer 
elderly populations and holds promise as a supportive care intervention to improve physical func-
tion and symptoms during and after cancer treatments. The majority of studies supporting the 
positive benefits of exercise among cancer survivors have been performed in younger patients. 
Results from limited elderly- specific trials suggest that physical activity interventions are safe and 
effective in older cancer survivors, with prostate cancer survivors representing the best studied 
cohort of older persons with cancer. Many questions remain unanswered with respect to optimal 
timing, mode, intensity, and delivery of exercise interventions for older patients. While available 
data support the potential benefit of exercise for elders with cancer, recommendations will need to 
be individualized to optimize participation, safety, and efficacy.

Copyright © 2013 S. Karger AG, Basel

Aging is associated with declines in physical health and well- being which can be 
further exacerbated by cancer burden and cancer treatment. Cancer treatments 
can cause both functional decline and symptoms during and after therapy that may 
preclude completion of optimal treatment and impair quality of life and indepen-
dence. Developing and promoting interventions that improve function and minimize 
symptoms during receipt of cancer treatments, as well as after treatment in longer 
term cancer survivors, is critical for maximizing outcomes in older adults with can-
cer. Exercise interventions hold promise to improve physical health, well- being and, 
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potentially, treatment tolerance for older adults. This chapter will review the rationale 
and evidence supporting exercise in older cancer patients and highlight special chal-
lenges in this population.

Older Adults Are at Risk for Functional Decline after a Cancer Diagnosis

Many changes associated with aging increase the risk of developing functional decline 
and decreased quality of life during and after cancer treatment. Older adults are par-
ticularly vulnerable to impairments in physical function. Aging is associated with 
changes in body composition including decreased muscle mass, strength and qual-
ity, and increased adiposity. Sarcopenia is a term used to describe the combination 
of low muscle mass and function (strength and performance) associated with aging 
[1]. Increasing age is also associated with decreased flexibility and loss of bone mass. 
Functional capacity reflecting cardiorespiratory fitness declines significantly with age 
beginning as early as the second or third decade of life. On average, patients ≥75 
years of age have lost over half of the functional capacity of the cardiovascular system 
(defined as the maximal oxygen consumption (Vo2max)) [2]. Taken together, these 
changes in body composition, strength, flexibility, and functional capacity result in 
varying degrees of limitations in daily function, inactivity, and increased risks for 
adverse events such as falls.

In addition to changes related to physical function, older adults are at increased 
risk for decline in cognition and symptoms related to mood disorders. Depressive 
symptoms are common among older adults as are anxiety- related symptoms. These 
conditions can negatively impact well- being and quality of life and can also contribute 
to declines in physical function and increased inactivity. In summary, physiologic and 
psychosocial changes, and common conditions associated with aging, may decrease 
resilience in times of stress and increase vulnerability to adverse outcomes during and 
after cancer treatment.

Impact of Cancer Treatment on Physical Health and Well- Being

Physical Function
Cancer treatment may contribute to short-  and long- term disability in older can-
cer patients. Multiple studies have demonstrated increased reported physical limi-
tations including problems with mobility and activities of daily living among older 
cancer survivors compared to age- matched non- cancer controls [3–5]. This trend 
is reported irrespective of cancer treatments received, although the trajectory and 
duration of functional decline may differ significantly in each clinical scenario. For 
example, indolent, early stage cancers may impact function less than more aggres-
sive or advanced stage malignancies. In addition, surgery, radiation, chemotherapy 
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and hormonal therapy all have differing short-  and long- term side effects which may 
exacerbate age- associated functional declines acutely or chronically.

The short- term impact of cancer treatment on task- specific functional abilities and 
objective physical performance has not been well studied in older patients. One of the 
best studied models is in the setting of androgen deprivation therapy (ADT) for pros-
tate cancer. Men receiving ADT demonstrate measurable declines in strength com-
pared to age- matched patients with or without cancer after only 3 months of therapy 
[6]. The impact of cytotoxic chemotherapy, which can reflect a more acute stress, on 
physical function for older patients has not been well studied but is frequently observed 
in clinical practice. Multiple factors likely contribute to post- chemotherapy- related 
functional decline, including increased acute and chronic side effects among older 
adults [7], decreased physical activity during and after treatment [8], and changes in 
body composition. Unfortunately, oncology clinical trials to date have not routinely 
addressed preservation of function as an outcome of therapy. The degree to which 
each cancer treatment modality (surgery, chemotherapy, radiation) impacts physical 
function, including the trajectory of decline and recovery, has been poorly studied.

Symptoms
Cancer and its treatments have been consistently associated with symptoms which 
impair functional status and quality of life in both older and younger patients. Fatigue 
is the most common complaint among cancer patients. In one study of older cancer 
patients, almost all (99%) reported fatigue within a week of the assessment, with 84% 
reporting fatigue significant enough to interfere with their general level of activity [9]. 
The etiology of fatigue in this setting is multifactorial, and it is associated with global 
quality of life, depressive symptoms, and functional status.

The stress of a cancer diagnosis and subsequent treatments is also associated with 
mood disturbances including depressive symptoms, distress, and anxiety. Depression 
is a common symptom among older community- dwelling adults with rates increas-
ing significantly among older adults requiring institutionalization. Older adults, how-
ever, may be at risk for under- recognition of this disorder. It is estimated that up to 1 
in 4 older adults with cancer may have symptoms of depression [10]. Psychological 
distress may be even more common with up to 41% of older cancer patients reporting 
significant symptomatology [11]. Significant distress is associated with poor physical 
function, highlighting the link between psychological symptoms and physical disabil-
ity in older adults with cancer.

Rationale for Exercise to Improve Physical Health and Well- Being

Exercise is known to have multiple positive effects which may minimize functional 
loss and improve quality of life in older cancer patients. The majority of data sup-
porting the role of exercise in cancer patients is derived from studies of younger or 

Extermann M (ed): Cancer and Aging. From Bench to Clinics. 
Interdiscipl Top Gerontol. Basel, Karger, 2013, vol 38, pp 146–157 (DOI: 10.1159/000343597)



Exercise for Older Cancer Patients 149

middle- aged adults. There is a paucity of elderly- specific trials or trials which have 
included large proportions of older patients. Studies in younger cancer patients and 
in non- cancer elderly populations provide a foundation to examine the current evi-
dence and highlight some of the challenges of extrapolating this into an elderly cancer 
population.

Benefits of Exercise in Non- Cancer Elderly Populations

Multiple benefits of exercise have been demonstrated among non- cancer elderly 
populations including those with significant comorbid conditions such as chronic 
pulmonary disease, cardiovascular disease, and arthritis. Exercise can improve both 
muscle mass and strength which can attenuate age- related declines that increase 
risks for future disability [12]. Exercise improves both self- reported and objective 
physical function such as walking speed. Improvements in strength, endurance, and 
balance decrease fall risk. Even among frail elders, exercise can improve physical 
performance and decrease self- reported disability [13]. The degree to which exer-
cise can improve long- term independence is currently under investigation in a 
large randomized controlled trial. Additional health benefits include improved car-
diovascular health, decreased mood disorders, and potential attenuation of cogni-
tive decline [14, 15]. The American College of Sports Medicine and the American 
Heart Association Older Adults guidelines recommend a graduated program of 
aerobic activity, strength training, flexibility, and balance exercises for community- 
dwelling older adults [16]. Evidence is limited for older adults who are hospitalized 
or institutionalized.

Exercise for Cancer Survivors

There is substantial evidence to support the benefits of exercise on physical function 
and quality of life in non- elderly adults with cancer. Speck et al. [17] conducted a 
meta- analysis of 82 high- quality controlled clinical trials investigating physical activ-
ity interventions in cancer patients. Most of the interventions were post- treatment 
and focused on women with breast cancer. The average sample size was small and 
ranged from single digits to approximately 600 subjects with a mean of 41. Most 
interventions were longer than 5 weeks in duration and primarily focused on aerobic 
activities of a moderate to vigorous intensity delivered 3–5 times per week. No safety 
concerns were identified. The largest positive effects of interventions post- treatment 
were improvements in upper and lower body strength with moderate improvement in 
fatigue. A smaller effect was demonstrated for improved functional quality of life and 
decreased anxiety. Another meta- analysis analyzed 15 randomized exercise interven-
tions that reported on depressive symptoms as an outcome. Exercise had a modest 
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positive effect on depressive symptoms overall with larger effects seen if the program 
was supervised, located outside the home and at least 30 min in duration [18].

Consensus guidelines, such as those from the American Cancer Society, recom-
mend adopting a physically active lifestyle during and after treatment for cancer. 
Guidelines are intentionally vague during active treatment, with recommendations to 
individualize interventions in this setting. Recommendations are more specific dur-
ing the post- treatment survivorship period including ≥30 min of moderate to vigor-
ous physical activity at least 5 days per week [19].

Exercise in Older Cancer Patients – Rationale Is Strong but Evidence Is Lacking

Elderly- specific data for exercise during and after treatment for cancer are scarce 
(table 1). Courneya et al. [20] reviewed 48 exercise intervention studies that provided 
information on age and found that almost 20% specifically excluded older adults 
from participation. Only two studies enrolled patients over the age of 75 years. Most 
exercise interventions have enrolled primarily middle- aged patients with a mean age 
of approximately 50 years and excluded patients with significant comorbidity.

The first large study to investigate physical activity among older adults specifically 
used survey methods to examine the relationship between exercise and self- reported 
physical functioning among 688 older breast and prostate cancer survivors (mean 
age 71 years) in a cross- sectional design [21]. Approximately 45% of those sampled 
reported meeting guidelines for vigorous exercise (at least 3 times per week for 20 
min). Older cancer survivors who met criteria for vigorous exercise reported signifi-
cantly higher scores on physical functioning than those not meeting guidelines. This 
study led to two additional home- based interventions designed to improve physical 
functioning among older cancer survivors.

Project LEAD randomized elders (≥65 years) within 18 months of cancer diagnosis 
(locoregional breast or prostate cancer) to a 6- month home- based lifestyle interven-
tion including telephone counseling and tailored print materials designed to increase 
physical activity and improve overall diet [22]. Outcomes including self- reported 
physical function, physical activity, and diet quality were assessed at baseline, 6 and 12 
months. The study recruited less than 50% of targeted enrollment due to a response 
rate of 34% and a large proportion of ineligible subjects, many of whom were already 
exercising. Among enrolled subjects, however, attrition was low. At 6 months there 
was a significant improvement in diet quality with a trend towards improved physical 
function. A second home- based intervention randomized 641 overweight older (aged 
65–91) long- term survivors of colorectal, breast, and prostate cancer to telephone 
counseling/print materials versus a delayed intervention (control) to prompt exercise, 
improve diet quality, and weight loss [23]. The primary outcome of this 12- month 
intervention was improved self- reported physical function. The majority of subjects 
enrolled (mean age 73 years) were white, college educated, and had a low number of 
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Table 1. Randomized physical activity interventions for older cancer survivors

Reference 
(first author)

n Population Mean 
age

Intervention Duration Positive 
outcomes1

Comments

Home- based interventions

Demark- 
Wahnefried 
[22]

182 Locoregionally 
staged breast and 
prostate survivors 
within 18 months 
of diagnosis

71 Home- based 
telephone 
counseling and 
print materials 
targeting 
physical activity 
and diet

6 months Improved diet 
quality
↑ Self- efficacy 
for exercise

Trend towards 
improved self- report 
physical function
Unable to achieve 
accrual target
Recruitment response 
rate 34%
Low attrition among 
participants

Morey [23] 641 Overweight long- 
term (>5 years) 
survivors of 
colorectal, breast, 
prostate cancer

73 Home- based 
telephone 
counseling and 
print materials

12 
months

↑ Self- report 
physical 
function
↑ Physical 
activity
↑ Quality of life
↑ Weight loss

Positive response rate 
to mailed study 
invitation 11%

Payne [24] 20 Breast cancer 
survivors on anti- 
estrogen therapy 

65 Home- based 
walking

12 weeks Improved 
sleep quality

Adherence unknown 
due to self- report 
outcome

Supervised interventions

LaStayo [25] 40 Breast, prostate, 
colorectal, 
lymphoma 
survivors at least 6 
months post- 
treatment

74 Supervised 
progressive 
resistance 
using eccentric 
stepper

12 weeks ↑ Lower 
extremity 
strength
↑ 6- min walk 
distance
↓ Time to 
safely descend 
stairs

Recruitment response 
rate of 33%
Excluded subjects 
participating in 
exercise

Segal2 [26] 121 Prostate cancer 
patients initiating 
radiation therapy

66 Supervised 
aerobic (A) 
versus 
resistance (R)

24 weeks ↓ Fatigue (A 
and R)
↑ Quality of life 
(R)
↑ Fitness (A 
and R)
↑ Strength (R)

Resistance training 
resulted in longer term 
improvements 
compared to aerobic
Recruitment rate 37%
One serious adverse 
event (A)

Galvao2 [30] 57 Prostate cancer 
patients receiving 
androgen 
suppression 
therapy

70 Supervised 
combined 
resistance and 
aerobic

12 weeks ↑ Lean mass
↑ Walk time
↑ Strength
↑ Quality of life
↓ Fatigue

Recruitment rate 59%
No serious adverse 
events
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comorbid conditions (mean 2) representing a selected sample of older cancer sur-
vivors. There was significantly less self- reported functional decline in the interven-
tion group with a significant increase in targeted behaviors including exercise and 
improved dietary intake. Intervention subjects also reported improved quality of life. 
These few studies provide preliminary support for the potential benefits of home- 
based interventions for elderly cancer survivors and also highlight challenges related 
to recruitment and selection bias.

There are only a handful of small elderly- specific trials that have evaluated super-
vised outpatient or inpatient exercise interventions in cancer patients [24, 25] and 
none that have focused exclusively on elderly patients (≥65 years of age) actively 
receiving chemotherapy. Interventions during treatment are particularly challenging 
but could serve to maintain function and quality of life when patients are most vul-
nerable to short-  and long- term disability (fig. 1). Most of the available data support-
ing the benefits of exercise interventions during or shortly after treatment in older 
cancer patients were collected in prostate cancer survivors. While these trials were 

Table 1. continued

Reference 
(first author)

n Population Mean 
age

Intervention Duration Positive 
outcomes1

Comments

Bourke2 [29] 50 Advanced prostate 
cancer patients 
receiving 
androgen 
suppression 
therapy

72 Supervised 
and self- 
directed 
exercise 
(combine 
aerobic and 
resistance) 
and dietary 
advice

12 weeks ↑ Exercise 
behavior
↑ Aerobic 
tolerance
↑ Strength
↑ Diet quality

Recruitment rate 
64%
Supervised session 
attendance was 
high (95%)
Attrition was high 
(44%)

Monga2 [28] 21 Localized prostate 
cancer patients 
receiving radiation

683 Supervised 
aerobic

8 weeks ↑ Cardiac 
fitness
↑ Strength
↑ Flexibility
↑ Self- report 
physical 
function and 
well- being

Recruitment rate 
86% among eligible 
patients
Nearly 50% 
screened were 
excluded due to 
comorbidity
30% enrolled 
subjects did not 
complete study

1 p < 0.05.
2 Trials were not elderly- specific but mean age >65 years.
3 Represents mean age of exercise group, control group mean age 71 years.
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not designed as elderly- specific trials, a large proportion of patients enrolled were 
over 65 years of age.

Among patients receiving radiation therapy for prostate cancer, a randomized trial 
(mean age 66 years) of a 24- week intervention comparing supervised aerobic versus 
resistance training with usual care demonstrated decreased fatigue over time in both 
intervention arms [26]. Resistance training improved multiple secondary outcomes 
including quality of life, fitness, strength, and triglyceride levels with longer term 
improvements in symptoms seen in the resistance group compared to aerobic. Over 
half of the 121 subjects enrolled in this trial were over age 65. A second analysis from 
this trial compared outcomes by age (≤65 vs. >65 years). Older subjects appeared 
to derive similar benefit from exercise as younger patients enrolled in this trial. 
However, significant changes in body composition were only seen in the older cohort. 
Specifically, resistance exercise appeared to attenuate an age- related decrease in lean 
mass and increase in body fat which was seen in both the aerobic training and usual 
care arms [27]. A second study (mean age 68 for intervention group) investigating the 
benefit of aerobic exercise during radiation therapy showed improvements in fitness, 
leg strength, fatigue, and well- being compared to usual care [28]. The pilot study was 
limited by a small sample size and highlighted recruitment challenges when design-
ing intervention trials for older adults. Almost half of the patients screened for this 
study were considered ineligible due to comorbid medical problems.

Studies have also investigated the benefit of exercise in the setting of ADT. 
Supervised exercise programs combining aerobic and resistance training for 12 
weeks have shown positive effects on body composition (increased lean body mass), 
strength, walk time, as well as improved quality of life and fatigue [29, 30]. Available 
evidence supports the use of exercise including resistance training as a safe and effec-
tive supportive care intervention to attenuate the negative effects of ADT on body 
composition, strength, and function.

F Self-reported
functional limitations

f Strength/balance and
physical performance

Death 

Disability 

f Quality of life
F Symptoms
(fatigue, distress
depression)

Physical function decline Potential consequences

Chemotherapy
treatment
- Side effects
- Symptoms
- Inactivity

Factors contributing to
physical function decline
post-chemotherapy

Intervention to minimize
declines in physical function

Fig. 1. Conceptual model of benefit of exercise during cancer chemotherapy treatment for older 
adults.
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Unique Challenges for Older Adults

Many questions remain for clinicians and patients regarding the implementation 
of exercise programs for older patients diagnosed with cancer (table 2). While it is 
clear that older patients may stand to benefit most from interventions designed to 
maximize functional outcomes, they also present unique challenges for the design 
and administration of these interventions. A primary concern is safety, particularly 
among frailer older adults. No safety concerns have been reported in clinical trials 
evaluating exercise interventions among cancer patients, including those limited tri-
als focused specifically on an elderly cohort. Most trials, however, excluded patients 
with significant comorbidity such as cardiovascular disease. This limits generalizabil-
ity of findings to many older adults treated for cancer who suffer from multimorbid-
ity. In addition, most have studied longer term cancer survivors rather than newly 
diagnosed patients and no elderly- specific trials have investigated exercise as an 
adjunct to aggressive therapy (i.e. chemotherapy). Further studies among frail older 
cancer patients are needed to guide recommendations for this cohort in particular.

Recruitment to exercise intervention studies is a challenge as is changing physical 
activity behavior in clinical practice. It is unclear if willingness to participate in exer-
cise differs significantly by age among patients with cancer, although older patients 
have multiple risk factors for poor participation and may be less likely to continue 
exercise behavior long term [31]. In addition to comorbidity, older adults are more 
likely to have lower levels of physical activity, worse functional status, and social limi-
tations including transportation issues. These all represent challenges in designing 
and recommending practical exercise programs that can be maintained long term.

Table 2. Potential benefits and challenges of exercise for older cancer survivors

Potential benefits Challenges/barriers

Positive effects on body composition 
(increased lean mass)

Optimal intensity, mode, duration of exercise for older 
cancer patients is unknown

Increased strength, flexibility, and 
fitness resulting in decreased risks of 
short-  and long- term disability and 
increased independence

Exercise in the setting of multimorbidity and frailty has 
been understudied. Individualized programs are 
essential

Decreased fatigue and depressive 
symptoms

Timing of interventions for optimal benefit is unknown 
(i.e. during treatment versus post- treatment)

Enhanced sense of well- being, self-
efficacy, and quality of life

Maintaining motivation and long- term behavior change

Improved treatment tolerance Transportation, social support, and resources may limit 
long- term success of supervised exercise programs
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Research in non- cancer elderly populations suggests that some of these challenges 
can be overcome by tailoring the intervention to the individual’s condition [32]. For 
example, the Lifestyle Interventions and Independence for Elderly Pilot (LIFE- P) ran-
domized sedentary elderly non- cancer patients (aged 70–89) to an outpatient physi-
cal activity intervention and demonstrated both acceptable adherence to the protocol 
and improved physical performance at 6 and 12 months in the intervention group 
[32, 33]. Tailoring the intervention to the participants’ baseline status could enhance 
efficacy [34]. Providing for flexibility in the delivery of the intervention may also be 
important for successful implementation in older patient populations. While super-
vised programs administered in controlled environments are ideal for execution of 
multimodal exercise activities, it may not be practical or sustainable for many older 
adults given competing demands on their time, transportation issues, and limitations 
of community resources. Simple home- based interventions may be well suited to 
many elders due to its practicality. Ongoing creativity will be required to develop and 
promote the most practical and efficient methods of exercise that can be individual-
ized to older adult cancer patients in multiple different settings.

Conclusion

Older adults are at high risk for functional decline and impairments in quality of life after 
a cancer diagnosis, particularly during periods of active treatment. Exercise holds prom-
ise to attenuate declines in physical function and improve symptoms such as fatigue, 
distress, and depression. Available evidence demonstrates a benefit for increased physi-
cal activity among older cancer survivors and specifically among patients diagnosed 
and treated for prostate cancer. Few studies have focused exclusively on older adults and 
evidence to support exercise during chemotherapy is lacking in this population. The 
optimal mode, intensity, and duration of exercise are not defined for older adults with 
cancer and recommendations need to be individualized. Development of tailored inter-
ventions adaptable to the heterogeneous elderly population will provide much needed 
practical information to inform standard of care recommendations in the future.
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Abstract

The incidence of cancer will increase dramatically among elderly people in the 21st century. The first 
French National Cancer Plan (2003–2006) with the French Ministry of Health supported the creation 
of 15 pilot coordination units in oncogeriatrics (UPCOG) in 13 out of the 27 French regions. The sec-
ond French National Cancer Plan (2009–2013) continues to support oncogeriatrics. Based on evalua-
tion of the pilot experiment in 2010, requirement specifications for an oncogeriatric coordination 
unit were defined and rolled out nationwide. The following missions were set out: to adjust cancer 
treatment in elderly people and enable all elderly cancer patients to benefit from this oncogeriatric 
approach; to stimulate specific research in oncogeriatrics; to promote training of health profession-
als, and to promote information. The clinical use of a geriatric prescreening tool as a routine proce-
dure needs to become more widespread. Lastly, recommendations for treatment strategies tailored 
to elderly persons with high- incidence cancer must be developed. Fifteen oncogeriatrics coordina-
tion units were founded since 2011, covering 11 regions. Roll- out continues in 2012.

Copyright © 2013 S. Karger AG, Basel

In France, the estimated cancer incidence in the elderly (≥75 years) in 2011 was 
65,000 (32% of all new cancer cases) in males and 52,000 (33%) in females [1]. Elderly 
cancer patients accounted for 29% of patients admitted to hospitals in 2010. For the 
whole population, cancer deaths between 2003 and 2007 were the leading cause of 
death in males (33%) with a median age of 72 years and the second cause of death in 
females (23%) with a median age of 76 years [2].

With the increase of life expectancy, half of the cancers will occur in elderly people 
in 2050.
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Health Policy in Oncogeriatrics in France

Worldwide, the management of cancer in the elderly is gaining in portent. The ben-
efits of a comprehensive geriatric assessment (CGA) are clearly recognized, mak-
ing it possible to adapt cancer treatment and patient care to functional, emotional, 
socioeconomic and cognitive changes, as well as comorbidity and polymedication [3, 
4]. Taking into account the growing importance of a better collaboration between 
oncologists and geriatricians on patient care, the first French National Cancer Plan, 
carried out from 2003 to 2006, dedicated one measure to oncogeriatrics. Fifteen pilot 
coordination units in oncogeriatrics (UPCOG) were created in 13 of the 27 regions in 
France and received funding.

Lessons from the Pilot Phase

An evaluation of the UPCOG’s activity was conducted by the French National Cancer 
Institute (INCa) in 2010, after the organizations had been running for 4 or 5 years. 
Great heterogeneity was observed between the different pilot units. The main suc-
cessful approaches were the following:

(1) Increased use of geriatric screening, either a prescreening test or a CGA. 
The benefit of a geriatric consultation with CGA for patients for whom treatment 
decisions appear subjectively complex was evaluated in one of the pilot units: for 
34 patients (21%) a decrease in dose intensity or a delay was proposed and for 45 
patients (27%) an increase was proposed; however, close follow- up was necessary 
and the vast majority of these patients required inpatient treatment. The final out-
come is not yet available [5]. A very similar prospective study was conducted in 
another pilot unit, systematically using a CGA in 375 consecutive elderly patients 
with cancer and comparing the initial treatment proposal with the final treatment 
decision: treatment was modified in 20.8% of the patients, with a decrease of treat-
ment intensity in the vast majority [6]. A survey evaluating the care pathway in 
elderly cancer patients was performed among 2,337 GPs and 481 specialist physi-
cians and showed poor referral, worsening with patients’ age, large agreement on 
the usefulness of a geriatric assessment, and the development of social aids at home 
identified as the major need [7].

(2) Clinical research dedicated to older cancer patients. As highlighted in recent 
publications, there is a lack of data to make evidence- based decisions with regard to 
chemotherapy [8], and to decide which older patients can benefit from adjuvant ther-
apy [9]. A large multicenter open- label phase 3 randomized trial was conducted to 
compare a platinum- doublet chemotherapy to gemcitabine or vinorelbine monother-
apy in patients aged 70–89 years with locally advanced or metastatic non- small- cell- 
lung cancer and demonstrated a survival benefit despite increased toxic effects with 
the carboplatin- paclitaxel doublet [10]. However, no CGA was performed before the 
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treatment, despite the well- known benefit of such an approach [11, 12]. Human and 
social science research was conducted in two pilot units. A qualitative social survey 
concluded that even in such a structure, the geriatrician’s tools, expertise and know-
how were often perceived ambiguously: they could be reduced to making simple assess-
ments at the time of initial diagnosis, and their opinions and proposals often went 
ignored [13].

(3) The development of university training programs.
(4) Meetings, websites and papers promoting widespread information to elderly 

patients and their families, as well as the senior population about the improvement 
of cancer prognosis, even in the elderly, and the potential benefit of an appropriated 
treatment.

However, this pilot experience shows several limits: (a) In most UPCOGs, experi-
ence was limited to one or two healthcare institutions, or even one or two depart-
ments in these institutions. Indeed, access to a geriatrician was provided in some 
oncology departments, but many cancer patients continue to be addressed to aca-
demic or general hospitals and did not benefit from this organization. (b) University 
training in oncogeriatrics organized with the contribution of several pilot units was 
followed by the vast majority of geriatricians, but very few oncologists. (c) No data-
base was set up to track the characteristics of the cancers and the patients followed 
in these pilot units. (d) This organization did not boost the rate of large clinical trials 
dedicated to this population.

Requirement Specifications of an Oncogeriatric Coordination Unit for the Next 3 

Years

The second French National Cancer Plan (2009–2013), developed under the supervi-
sion of the French Ministry of Labor, Employment and Health, in conjunction with 
the Ministry of Higher Education and Research, continues this approach through 
Measure 23: ‘Develop specific care management for patients with rare forms of cancer 
or genetic predispositions as well as for children, adolescents and the elderly’. The 
23.4 action is specifically dedicated to oncogeriatrics: ‘Improve care management for 
elderly cancer patients’ and composed of three sub- actions: (1) assess the oncoge-
riatrics pilot coordination units and develop recommendations on setting them up 
nationwide; (2) finalize the clinical study on the geriatric assessment tool (Oncodage 
study) and expand its use beginning in 2011, and (3) develop recommendations for 
treatment strategies tailored to the elderly for cancers with the highest incidence, 
starting in 2010.

The major goal, considered as a nation’s challenge, is to offer each older cancer 
patient appropriate care, suited to his cancer characteristics as well as his health sta-
tus (age, comorbidities, long- term treatment, cognitive status.  .  .). This approach is 
incorporated into a global quality of care approach for all cancer patients. As a result, 
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in France, several quality measures are now required for the authorization given to 
healthcare institutions to treat cancer patients. They include an announcement proce-
dure, a multidisciplinary, individualized care plan, access to supportive care, access to 
innovative treatments and clinical trials, and detection of social frailty and instability.

Analysis of the pilot phase was used to define the requirements of oncogeriatrics 
coordination units (UCOGs) and plan their nationwide roll- out. A call for projects 
was launched by INCA and the Ministry of Health at the beginning of 2011, with 
the aim of creating one UCOG in each of the 22 metropolitan regions and the 5 
overseas departments and territories. Fifteen UCOGs covering 11 regions were 
funded since 2011, with a global budget of EUR 3,150 million (EUR 150,000–
200,000/UCOG/year); out of these, 10 participated in the pilot phase. Roll- out will 
continue in 2012.

These UCOGs, coordinated by an oncologist and a geriatrician (most of them 
MD- PhD in university hospitals authorized to treat patients with cancer), have six 
missions:

(1) Adjust cancer treatments for the elderly. The first step is to systematically 
perform a geriatric prescreening test by the oncology team for ≥75- year- old cancer 
patients: this will make it possible to select those who should benefit from a CGA 
before the treatment decision and offer appropriate geriatric support if required. The 
next step is a multidisciplinary discussion with the presence of a geriatrician, when 
needed, to discuss the treatment modalities and to choose the most appropriate can-
cer treatment with the optimal supportive care. In a survey conducted in five EU 
countries, multidisciplinary discussions about treatment patterns for elderly cancer 
patients were not part of standard procedure everywhere [14].

(2) Allow each elderly cancer patient to benefit from this oncogeriatric approach. 
It is a major challenge to prevent undertreatment in elderly patients, mostly because 
of age, or overtreatment, not taking into account the frailty or vulnerability, comor-
bidities, and polymedication. Organizing such an approach for all elderly cancer 
patients in a region induces close collaboration with the regional health agencies: for 
each region or territory coordinated by an UCOG, a list of healthcare institutions 
authorized to treat cancer patients and the full range of geriatric healthcare services, 
including mobile geriatric units, will be available for all healthcare providers in order 
to favor active collaboration around the patient between oncologists and geriatricians. 
Regional cancer networks will also participate by circulating information about can-
cer therapy in accordance with geriatric evaluation, the principle and the modalities 
of a prescreening geriatric test, access to CGA and/or geriatricians, and disseminating 
national guidelines dedicated to elderly patients.

(3) Stimulate specific research projects in oncogeriatrics. The development of 
new treatment strategies and the risks and benefits of using new drugs should be 
addressed in clinical trials dedicated to this population. This is critically important 
towards improving knowledge about appropriate cancer treatments. The National 
Cancer Plan targets a 5% participation rate among elderly cancer patients in clinical 
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trials within 5 years. UCOGs should also foster basic research, in particular studies 
on the biological mechanisms common to aging and cancer genesis, and humanity 
and social science research.

(4) Promote professional academic as well as continuous training for oncolo-
gists, geriatricians, as well as GPs, pharmacists, nurses, and mobile geriatric unit 
professionals.

(5) Promote information dedicated to patients, caregivers and the public. 
Communication should point out the benefit of a personalized treatment adjusted to 
the cancer and the patient, decided outside emergency situations, following appro-
priate evaluation of the risks and benefits; the dramatic effectiveness of some of the 
innovative treatments when given to the right patients (targeted therapies) should be 
described. The importance of participating in clinical trials should be explained to 
patients and their families.

(6) Implement databases enabling the prospective collection of data about the 
active cases in the UCOGs and describe patients and cancer characteristics. The 
French Society of Thoracic and Cardiovascular Surgery database, Epithor, created in 
2002, with more than 135,000 procedures from 93 institutions registered, made it 
possible to compare the surgical treatment of lung cancer in octogenarians versus 
younger patients and to point out that surgical treatment should not be denied on 
chronological age alone [15].

Geriatric Assessment

In order to avoid the systematic need for a full CGA, the development of prescreen-
ing tools validated for cancer patients appears essential. Therefore, CGA should be 
offered to selected patients, but according to objective criteria. A preliminary study 
conducted in the Bordeaux pilot unit evaluated the G- 8 screening tool: with a cut- 
off value of 14, it showed good screening properties for identifying elderly cancer 
patients who could benefit from CGA [16].

Following this preliminary study, a multicenter prospective study was conducted 
in France (and funded by INCa) between 2008 and 2010 to validate the G- 8 screen-
ing geriatric tool in cancer patients (ASCO 2011). Most of the pilot units partici-
pated; 1,668 patients were included, 1,590 were eligible, and 1,425 deemed suitable 
for evaluation. The 8 items tool (G- 8) was confirmed to be quick and easy to per-
form. Abnormal G- 8 was observed in 68.4% of the 1,425 patients, and abnormal 
CGA was observed in 80.1%. Compared to CGA, its sensitivity was 76.6%, 95% CI 
74–79% and its specificity 64.4%, 95% CI 58.6–70.0%. Therefore, the G- 8 can be 
used as a screening tool before treatment for cancer patients older than 70, mak-
ing it possible to predict at least one abnormal CGA test among the Cumulative 
Illness Rating Scale for Geriatrics (CIRS- G), Activities of Daily Living (ADL) and 
Instrumental Activities of Daily Living (IADL) questionnaires, the Mini- Mental 
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Status Examination (MMSE), the Mini- Nutritional Assessment (MNA), the 
Geriatric Depression Scale (GDS- 15) and the ‘Timed Get Up and Go’ evaluation 
[17].

The use of this screening tool is expanding in France. However, as this study has 
not been published yet, some UCOGs currently recommend other geriatric tools, 
such as the Vulnerable Elders Survey (VES- 13).

Conclusion

The organization of oncogeriatrics in France is a real challenge for several reasons: 
(1) Oncogeriatrics is neither a new specialty nor a new healthcare setting. It is based 
on active collaboration between oncologists and geriatricians, fostering more global 
improvement of the quality of care for cancer patients. Announcement procedures, 
multidisciplinary treatment planning meetings, and the definition of criteria mak-
ing it possible to set up an authorization framework for the delivery of cancer care 
services are some of the key milestones of this quality process. (2) Clinical research 
dedicated to elderly cancer patients must be developed, making it possible to evaluate 
the benefit- risk ratio of standard or innovative treatments, taking into account the 
specificities of this population. Research in some other aspects, particularly social 
or ethical, such as advance guidelines (making it possible for competent patients to 
record the nature and type of medical procedures they wish to receive, should they 
become incompetent) must be developed [18].
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