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Abstract

World population has experienced continuous growth since 1400 A.D. Current projections
show a continued increase - but a steady decline in the population growth rate - with the
number expected to reach between 8 and 10.5 billion people within 40 years. The elderly
population is rapidly rising: in 1950 there were 205 million people aged 60 or older, while in
2000 there were 606 million. By 2050, the global population aged 60 or over is projected to
expand by more than three times, reaching nearly 2 billion people [1]. Most cancers are age-
related diseases: in the US, 50% of all malignancies occur in people aged 65-95. 60% of all




cancers are expected to be diagnosed in elderly patients by 2020 [2]. Further, cancer-related
mortality increases with age: 70% of all malignancy-related deaths are registered in people
aged 65 years or older [3]. Here we introduce the microscopic aspects of aging, the pro-
inflammatory phenotype of the elderly, and the changes related to immunosenescence. Then
we deal with cancer disease and its development, the difficulty of treatment administration in
the geriatric population, and the importance of a comprehensive geriatric assessment. Finally,
we aim to analyze the complex interactions of aging with cancer and cancer vaccinology, and
the importance of this last approach as a complementary therapy to different levels of
prevention and treatment. Cancer vaccines, in fact, should at present be recommended in
association to a stronger cancer prevention and conventional therapies (surgery,
chemotherapy, radiation therapy), both for curative and palliative intent, in order to reduce
morbidity and mortality associated to cancer progression.

Introduction

Elderly patients represent a unique and challenging group of patients to the practicing
oncologist. They represent a heterogeneous group in terms of comorbidities and functional
status which makes it difficult to establish management recommendation. One of the cancer
pathways that is of interest in the elderly is the immune system and its role in oncogenesis
and as potential therapeutic targets. In this review we present an overview of the changes in
the immune system and the use of cancer vaccines in the elderly. We will also discuss the
assessment of elderly patient with cancer.

Aging and immunosenescence

Aging is a process characterized by progressive functional decrease in all organs,
morphological changes, and immune system-related changes at the cellular and molecular
levels, which determine less adaptive biologic functions. The immune system alterations in
the elderly are comprehensively known as immunosenescence [1]. This phenomenon is
characterized by an accumulation of changes that progressively results in dysfunctional or
compromised immune responses [2,3]. Multiple aspects are involved: thymic involution [1],
shifts in the number, distribution, and activity of T- [4] and B-lymphocytes [5-10], reduced
availability of naive CD4" and CD8" T-cells [1] and impaired production of naive B-cells in
bone marrow [11-13], dysfunction of antigen presenting cells (APCs) [3], alterations in
cytokines production [9-13], frequent oligoclonal and monoclonal immunoglobulin
production [10-23], skewing of B cell production to CD5" B cells that are more likely to
generate auto-antibodies [11-15].

In detail, overall diversity of the total T-cell repertoire is skewed by oligoclonal expansions
of memory CD4", CD8"[10-23] and CD95" T-cells, and a limited production of naive cells.
Additionally, the increased memory and activated effector CD8" T-cells [24,25] show a
restricted TCR repertoire diversity, have shorter telomeres [26] and a limited proliferative
potential [27]. They are largely represented by clonally expanded populations reactive
towards cytomegalovirus (CMV) and Epstein-Barr virus (EBV) determinants [24]. Such
expansion significantly reduces T-cells available for responses against other infections or
cancer. Although the thymus remains in part functionally competent [2], the diminished
export rate associated with aging is insufficient to replace peripheral naive T-cells lost.




There is also evidence of an increased concentration of IL-6, TNF-a, and various acute-phase
proteins, suggesting that aging is associated with low-grade inflammatory phenotype [10-
13,28,29], despite the absence of any particular disease [30,31].

Consequently, due to these alterations in the adaptive immune function, the elderly shows
increased sensitivity to infectious diseases and cancer, and poor responses to vaccination
[32,33]. Different studies have proven also that cancer vaccines are less effective in older
individuals than in young adults [3,10-23,34,35].

The chronic antigenic stress theory

Naive T-cells able to specifically recognize a particular antigen are usually very few. In order
to efficiently respond to an antigenic stimulus, they are able to rapidly perform many cell
divisions, producing multiple clones. Once the acute antigenic challenge is resolved, excess
clones undergo apoptosis, and the organism retains a certain number of memory cells [34]. If
the exposure of T-cells is prolonged, the antigenic stimulation could become chronic,
potentially contributing to a pro-inflammatory phenotype [35] and determining persistent T-
cell clonal expansion. This scenario is commonly observed in the case of cancer (tumor-
associated antigens), autoimmunity, and during the aging process (prevalently due to chronic
stimulation by CMV antigens) [28,36]. The accumulated clones, whose number (absolute
number and number of expanded cell lines) represents an important component to determine
the immune risk profile of an individual [28,29], physically occupy a part of the
“immunological space” [3] and probably alternate/suppress the immune responses of other
specific clones [2]. Moreover, CMV-reactive clones are dysfunctional: they present the
characteristics of anergic cells and a marked apoptosis resistance [32,33]. A study from
Mazzatti DJ et al. has also demonstrated that chronic antigenic stress leads to gene expression
changes in cultured T-cell clones [37]. Researchers have initially paid particular attention to
the CD8+ anti-viral effectors, but also the CD4+ T-helper arm of the immune response seems
to suffer the consequences of chronic CMV stimulation [38]. Whether this chronic exposition
to a number of antigens (CMV, EBV [39], HIV [40], HCV [41], tumor antigens such as in
melanoma [42,43]) has a role in driving immunosenescence needs to be further investigated,
but the presence of expanded dysfunctional T-cell clones and the comprehension of this
phenomenon probably represents a key factor for the development of new strategies of
immune intervention in the elderly.

Cancer immunoediting

Cancer Immunoediting

is a term coined by Schreiber and colleagues to describe a process originating from the
interaction between the host immune system and tumor cells [6-23].

Although aimed to prevent auto-immunity, tolerance can be directed towards non-self
antigens, following a process called induced tolerance. Cancer originates from the
transformation of the host cells: during this process, multiple accumulating mutations turn the
“self” into a “non-self”. This transformation is expected to trigger an immune response, but
tumor immunity is different because of a number of possible mechanisms of immune evasion.
The cancer cells often display weak immunogenicity, especially due to the lack or low
expression of co-stimulatory molecules (such as B7) or inefficient antigen presentation



ability. Therefore, potentially tumor-reactive T-cells could be induced to mount ineffective
immune responses or even to present anergy.

At advanced stages of carcinogenesis, the immune system exerts a selective pressure on the
genetically unstable tumor cells: those able to resist to or suppress the immune response are
selected. This phenomenon, known as immunoselection, represents the first cause of immune
escape.

Later in the process of tumor progression, inefficient immune responses can even favor tumor
growth, in a process known as immunosubversion [39].

This complex sequence of events is known as cancer immunoediting: effective recognition
corresponds to the elimination of transformed cells, but tumor cell variants can survive this
process and enter an equilibrium phase, followed by an uncontrolled tumor expansion termed
escape.

It is evident that elimination (firstly described as “immune surveillance hypothesis” by
Burnet M. in 1957 [44] represents a critical factor controlling carcinogenesis, and that
immunosenescence plays an essential role in promoting cancer immunoediting.

Cellular senescence

Combined mechanisms are responsible of cellular senescence in vivo. It has been
hypothesized that aging could be the result of the progressive addition of molecular damages,
or that could be genetically pre-determined.

A number of evidences support the pre-determination of cellular senescence. One of the most
relevant factors affecting cell aging is telomere shortening through multiple cell cycles.
Accordingly telomerase, a specific enzyme preserving telomeres length, is poorly expressed
in most human non-dividing cells and its levels decline with cell aging. Because telomeres
protect chromosomal DNA from damages activating programmed cell death pathways
(apoptosis), their shortening is thought to function as a “sensor” of cells age [13-23,40].
Perhaps not surprisingly, tumor cells abnormally express telomerase, which allows the
maintenance of telomeres’ length even after repeated replications. This potentially results in
tumor “immortality”. Other cellular senescence-related mechanisms are telomere-
independent. Environmental modifications (e.g. increments of oxygen concentration and free
oxygen radicals, DNA damage) can induce the aging process independently from telomere
length. [41] [42,43].

In conclusion, cellular senescence is a genetically determined process that can also be
induced by various alterations in the tumor environment. Studies on advanced cancer disease
have rarely demonstrated the presence of senescent cellular phenotypes [45,46]. Furthermore,
inflammation has also been shown as a promoter cellular senescence. Still too many
interactions remain to be clarified, considering that the accelerated aging phenotype has also
been evidenced in other diseases, e.g. in atherosclerosis, COPD [47] and liver fibrosis [48].



Inflammaging

Not only adaptive responses, but also innate immune system is dysregulated during the
senescence. The term “inflammaging” has been coined in 2000 by Franceschi C. et al. [35] to
describe the phenomenon, triggered by the unspecific innate immunity, of chronic low-grade
systemic inflammation which accompanies the aging process. Moreover, this condition
represents a “common soil” for different age-associated chronic diseases, such as diabetes,
atherosclerosis, Alzheimer’s disease [32,35], arthrosis/arthritis, cardiovascular diseases, and
cancer [32].

The association between chronic inflammation and cancer has been widely described in
different organs: inflammatory bowel diseases (IBDs) determine an increased incidence of
colorectal cancer, while chronic gastritis is associated with gastric adenocarcinoma, and
chronic viral hepatitis often leads to liver cancer. Various mechanisms account for
inflammation-related carcinogenesis (Figure 1).

Figure 1 Pro-inflammatory mechanisms probably involved in cancer development and
progression at old age

1. inflammatory leukocytes generate reactive oxygen and nitrogen species (ROS and RNS,
respectively), causing local tissue alterations and DNA damage

2. enhanced proliferative signals mediated by cytokines released by inflammatory cells
increase the risk of mutations

3. alterations in epigenetic mechanisms alter gene expression patterns

4. inflammatory mediators affect suppressor cell populations, particularly MDSCs and T-
regulatory (Treg) cells, able to inhibit CD4" and CD8" T-cell proliferation, to block NK
cell activation, to limit DC maturation, and to polarize immunity towards a type-2 helper
response

5. the inflammatory microenvironment favors tumor-associated angiogenesis

6. cytokines generate a preferential niche supporting cancer stem cells (e.g. 1L-4 for colon
carcinoma stem cells).

In this scenario, where a number of alterations involve multiple cellular mechanisms, there is
a growing need to identify one or a few target molecules shared by all cancer cells, in order to
synthesize new and more efficient treatments. One of the mechanisms that could be targeted
for this purpose is represented by telomere shortening/elongation.

The importance of telomerase

Telomeres maintain chromosomal stability through repeated cellular divisions. Their repeated
sequence of non-coding DNA (TTAGGG) has the crucial function to preserve genomic
information during cell replication, but it results in progressive telomere shortening. Once the
limiting length is reached, signaling of chromosomal instability triggers cellular senescence
and apoptosis, unless the cell has the ability to preserve telomere length.

The enzyme telomerase is a reverse transcriptase responsible for the maintenance of
telomeres length. Since telomerase discovery in 1984 by C.W. Greider and E. Blackburn, it
represented an attractive therapeutic target because of its role in aging and cancer.



Telomerase has recently gained attention for its potential applications in cancer therapy, anti-
aging research and treatment of chronic diseases.

Telomerase expression makes cells potentially “immortal”, including cancer stem cells.
Accordingly, telomerase has been found in a variety of human cancers (80-90%), a condition
that satisfies the need for a tumor specific target and could define this enzyme as a hallmark
of cancer disease because telomerase activity also is poorly or non-expressed in normal
somatic cells.

Telomerase-based therapies

Different approaches have been tailored to telomerase synthesis or activity.

1. Direct enzyme inhibition, through antagonists of different components of the
macromolecular complex (such as hTERT or TERC)

2. Active immunotherapy, aiming to stimulate immune responses against tumor cells
expressing hTERT. For instance, Antigen-Presenting Cells (APCs) displaying hTERT
epitopes, are able to stimulate specific T-cells to react towards telomerase-expressing
tumors, also activating hTERT-specific memory T-cells

3. Telomere disruption/alteration: blocking or altering telomere structure (e.g. by using
mutant engineered forms of hTERC) may quickly induce a DNA damage response and
consequent apoptosis. However, this approach could target telomeres in normal cells or G-
rich chromosome regions, resulting in potentially lethal toxicities

4. Delivery of telomerase promoter-controlled suicide genes, able to induce apoptosis
selectively in telomerase-positive cells

5. Blocking telomerase expression or functions would result in reduced enzyme activity in
tumor cells. The potential disadvantage of these approaches is the need for prolonged
therapies to maintain a clinical response.

Examples of drugs recently under clinical trials are GRN163, GVV1001 and GRNVAC1. The
first, from Geron Corporation™ (www.geron.com), belongs to the class of direct telomerase
inhibitors blocking the hnTERC. GRN163 intracellular distribution has been recently
improved by lipid conjugation [49] (GRN163—GRN163L).

GV1001 (GemVax/Pharmexa™) and GRNVACI1 (Geron Corporation™) are two active
immunotherapy options, both able to elicit CD8" and CD4" T-cell responses. GV1001 is a
hTERT peptide activating CD8" T cells (through MHC class 1). GRNVAC1 consists in
autologous DCs transduced with TERT-LAMP encoding mRNA. LAMP (lysosomal-
associated membrane protein) favours lysosomal processing and presentation on MHC class

).
Vaccine strategies in the elderly

Adoptive vaccination seems the most promising strategy to improve cancer vaccines in the
geriatric population. It consists of transferring immunity through the administration of
specific antibodies or immune cells, such as T-cells [50-52] or DCs [53]. DCs are the most
relevant cellular determinants of vaccine-induced immunity through adaptive responses, but



DC-mediated reaction is linked with innate immunity, since the induced antibody response
activates the complement cascade [5-23,44,54-57].

However, even DC populations undergo important changes with advancing age.

Aging and dendritic cells

Lots of studies have been conducted on animal models and in humans, demonstrating the
decrease of DCs in number, distribution, and potentially, their generation and development
from hematopoietic precursors [5-23,44,53,55-57]. Other observations showed that human
thymic DCs decline in number (because of reduced thymic cellularity) but not in proportion
in respect to young individuals [50-53]. Epidermal Langerhans Cells (LC), a skin and
conjunctival subtype of DCs, also decrease in number with age and UV exposure, playing a
permissive role in the development of skin cancers in the aged or sun-damaged skin [5-
23,44,50-58]. In human blood, peripheral DCs are identified in two subsets: DC1, expressing
CDl1c and called “myeloid” (mDC), and DC2, expressing CD123 and called “plasmacytoid”
(pDC). Teig N. et al. [53] revealed that CD11c + DC1 subpopulation did not change in the
elderly, while CD123+ DC2 decreased.

In vitro studies found that DCs from young and old subjects expressed the same molecular
patterns on their surface. Furthermore, DCs generated in vitro from elderly donors survived
better under culture conditions. DCs from different healthy individuals were also equally
effective with age in stimulating T cell responsiveness in vitro [50-54,58]. However, in vivo
studies showed that DCs in elderly individuals are less able to stimulate immune responses.
Finally, a comparison with DCs generated ex vivo from precursor cells evidenced their
complete functionality; it seems that DC precursors are still able to differentiate into
functionally active DCs in the elderly, with an appropriate stimulation. This was an evident
and attractive potential target for therapeutic approaches in age-associated malfunctions of
the immune system [5-23,44,50-58]. The problem is that unhealthy elderly patients, e.g. with
cancer disease, may present with multiple impairments, both in T-cell responses and in APCs
functions [5-23,44,50-58]. Further investigations are necessary to clarify the activation and
differentiation signaling, to improve DC functionality when altered, and increase vaccine
efficacy in the elderly.

DC-based vaccines
In order to stimulate tumor-specific CTLs [58], DC vaccines may be performed by using:

whole tumor lysates

viral, bacterial or yeast vectors
specific proteins/peptides
nucleic acids

M owobdhe

Autologous or allogenic tumor cells can be modified and administered in association with
adjuvants or as tumor-cell lysates. The advantage of this method is the possibility that
multiple and still unknown antigens can be simultaneously targeted. Moreover, whole tumor
cell vaccines elicit MHC-I and 11 responses. On the contrary, unfavorable aspects include a
probability that unknown weak TAAs may trigger auto-immune responses.



Vectors are the more immunogenic way to deliver recombinant genes into DCs, which are
better than direct administration with adjuvants. Issues include the choice of an efficient
vector, and a balance between the stimulation of innate versus adaptive responses.

Proteins can be administered as single agents, in combinations, or as fusion proteins, and also
peptides as single agents, agonist peptides, and anti-idiotype antibodies.

Advantages include cost-effective production, storage, and distribution. The identification
and administration of TSAs is more accurate, leading to a low risk of inducing auto-immunity
respect to tumor cells. On the other hand, single proteins or peptides are weakly
immunogenic, and tumor antigen mutations or loss can easily escape immune recognition.
Another disadvantage is represented by HLA-restricted responses that limit their use to
selected patients. Finally, their poor ability to induce balanced activation of CD4* CD8"
subsets leads to a less effective long-term anti-tumor immunity.

The consecutive administration of different TSAs, in different time points, has shown better
outcomes than the simultaneous one.

DNA-based vaccines are a strategy capable of activating strong immunity against weak
TAAs. Approaches to enhance their potency include improved delivery systems, co-
administration of cytokines, or the use of separate plasmids encoding non-self antigens;
MRNA vaccines are based on transient transfection of non-dividing cells: the transfected
MRNA does not integrate into the host genome [59], determining an high grade of safety.
Further transfection efficiency may be obtained by a procedure called electroporation [60].
The rationale of these vaccines is the translation into protein of mMRNA-coding TAA
transfected into DCs; then, after protein processing, the synthesized antigen is loaded on
MHC molecules for antigen presentation, activating an antigen-specific CTL-response [61,
74-77].

However, triggering the immune response alone seems to be an incomplete strategy of
vaccination because of multiple cited factors harming the immune system.

Assessment of elderly patients with cancer

The heterogeneity of the elderly makes managing the older patient with cancer very
challenging. Chronological age does not correlate with better response or increased toxicity
to treatment. There are no known criteria to help decide management plan as older adults are
underrepresented in oncology clinical trials that set the standard of care. The Comprehensive
Geriatric assessment (CGA) has been suggested as a tool to evaluate elderly patients with
cancer. It includes multidimensional assessments, including comorbidities, functional status,
cognition, psychological state, nutrition, social conditions and medications. This provides a
detailed assessment of the patient which helps to individualize management. Malnutrition and
functional statuses were found to independently predict change in cancer management
especially in the vulnerable elderly [56].

Cancer therapy in the elderly



The flow-chart highlights the different possibilities of treatment administration and
association, focusing on cancer vaccination handiness, independently from disease staging
and treatment purpose.

When the risk of morbidity and mortality from neoplastic disease is low considering life
expectancy and severity of co-morbidities, the choice should be palliation, including:

« Management of co-morbidities
« Symptomatic approaches (control of pain and cancer-related symptoms)
 Supportive medical and psycho-social care.

If the estimate of life expectancy and the assessment of co-morbidities and functional status
determine a moderate to high risk of morbidity and mortality from cancer during the lifespan,
then a complete clinical and psycho-social evaluation should be performed in order to
estimate a realistic risk/benefit ratio (Figure 2).

Figure 2 The importance of estimating life expectancy and comorbidities, in association
with the Comprehensive Geriatric Assessment, in order to guide cancer therapy in the
elderly. Independently from the intent, the maintenance of Quality of Life and the control of
cancer-related symptoms should be the first aim of the treatment

Apart from the patient’s underlying medical characteristics and the number of conditions
affecting the immune system during cancer disease, the true risk factors for a cancer therapy
are represented by its inefficacy and side effects (Figure 3).

Figure 3 Potential risks and benefits of cancer therapy in the elderly

If risk/benefit ratio is acceptable, conventional curative options include surgery, radiation
therapy and chemotherapy, usually dose-adjusted (Figures 4 and 5).

Figure 4 Possible decisional algorithm for cancer therapy in the elderly, from screening
to treatment, Step 1-2

Figure 5 Possible decisional algorithm for cancer therapy in the elderly, Step 3. The
entire flow-chart enlightens the possibilities of administration and association of cancer
vaccines at different steps of the evaluation of malignancies, from prevention to curative and
palliative treatments

Surgical approaches may represent the first option for solid tumors; elective surgery in the
elderly cancer patients, and in the geriatric population in general [62,73], have shown similar
outcomes as in the younger ones [63]. This consideration warrants performing a CGA and
preoperative assessment is required [64]. Geriatric surgery is about disease and functional
status, not age. Early mobilization and rehabilitation after surgery were shown to reduce the
incidence of post-operative complications. In association with this option, cancer vaccination
could find application both in neo-adjuvant and adjuvant strategies, co-administered with
Radiation Therapy (RT) or CT.

Both brachytherapy and external beam source can be proposed either in the curative or
palliative setting. RT is usually effective and well tolerated. However standard protocols



and/or doses sometimes need to be modified according to patient’s conditions or to the onset
of complications [65]. As for surgery, age per se does not represent a limiting factor to the
prescription of RT [66,67].

Chemotherapy may be considered as a first-line approach, as well as an adjuvant in
combination with RT, or as palliative treatment. In any case, it should always be
individualized in the elderly. Clinical trials have focused mainly on young and adult
populations, and in a few cases, on a selected, much healthier population of “young old” (65—
75 years old) or “old” patients (76—85 years old). However, only a relatively small percentage
of the geriatric population is actually fit and capable of tolerating standard dose CT regimens
[68]. The increased incidence and prevalence of multiple co-morbidities, their severity, and
the presence of functional impairment (measured by the means of ADL scale), act as
potential additional risk factors or contraindications involving dose/schedule adjustments or
drug substitution at baseline. Patients with poor functional statuses, decreased social
activities,and poor hearing were found to be at increased risk of chemotherapy toxicity [57],
Moreover, once CT is established, it is also affected by an high incidence of multiple side
effects: hydration and electrolyte imbalances, gastrointestinal effects (nausea, vomiting,
diarrhea) and consequences (malnutrition), infections (with or without leucopenia), functional
decadence and dependence, delirium and/or accelerated cognitive dysfunction,
myelosuppression (causing anemia, thrombocytopenia, neutropenia), mucositis, organ-
specific toxicity (cardiac, renal), sense organ deficits (hearing-visual impairment), peripheral
and/or central neurotoxicity. All these factors contribute to the eventual discontinuation of
CT, adjusted doses or a change in the regimen used. A number of studies have been
performed in order to decrease, prevent, and treat these conditions. Several recommendations
produced in recent years resulted in a better control of CT-related complications, but these
conditions remained serious problems, sometimes refractory to all kinds of treatments.
Comprehensive supportive care (aggressive intravenous rehydration, nutritional and vitamin
supplements, prophylactic hematopoietic growth factors [69-71], blood transfusions, iron
therapy, organ-specific monitoring [72,73], hospitalization if necessary) is therefore crucial
throughout the CT course.

“Targeted therapies™ represent a recent therapeutic pharmacological option for a number of
malignancies, and are based on the concept that molecular changes responsible for malignant
transformation can be targeted by specific agents. The aim of these treatments is to
discriminate cancer cells, reducing adverse effects on healthy cells and improving overall
benefits. This option captured increasing interest in geriatric cancer patients’ care, yet
beneficial and adverse effects should be further analyzed in this segment of the population,
also for those patients who are unable to tolerate cytoreductive CT. Once more, cancer
vaccination could be associated with this option or also administered alone in this group of
patients.

However, inclusion of the elderly (fit and unfit individuals) in cancer vaccine clinical trials is
warranted, and a careful selection of patients who would benefit from this treatment is critical
[5-23,44,55-57]. Biological drugs can also be used in association with RT, CT, or both, only

after an accurate re-evaluation of the risk/benefit ratio because of the important reported side

effects [37,55].

Conclusion



Cancer prevention remains critical in the geriatric, as well as in the young population [5-
23,44,55-57].

The development and use of cancer vaccines also should be widely encouraged [5-23,44,55-
57]. The immune system in elderly cancer patients is weakened by age-related changes and
usually by the immunosuppressive effects of conventional treatments: this condition may
suggest the use of cancer vaccination approaches before or together with other treatments. In
any case, to identify and understand which alterations occur in the senescent immune system
is the only way for individualizing, optimising and enhancing the antitumor immune
responses in the geriatric population. Although further and great improvements in cancer
vaccines are warranted, at present this approach should be suggested in association with
systematic cancer prevention and conventional therapies (surgery, chemotherapy, radiation
therapy). When cancer is involved, both in the young and in the elderly population, the
strategy should be: “treat early, treat often”.

Abbreviations

CGA, Comprehensive Geriatric Assessment; IBD, Inflammatory Bowel Disease; MDSC,
Myeloid-Derived Suppressor Cell; QOL, quality of life; TAA, Tumor-Associated Antigen;
TCR, T-Cell Receptor; TSA, Tumor-Specific Antigen; TNF, Tumor Necrosis Factor

Competing interests

The authors declare that they have no competing interests.

Authors' contributions

PM, LM,SR, MCI and EC reviewed the current literature. PM wrote the manuscript and MCI,
GA, SR, LM, EC, MJ revised the manuscript. MCI conceived and drafted the manuscript.
MCI, EC, GA approved the final version.

Acknowledgments

We thank Marjorie Jenkins, Executive Director of the Laura W. Bush Institute for Women's
Health, the Billy and Ruby Power Family and Everardo Cobos, Associate Dean of the
Oncology Programs at TTUHSC. We thank Teri Fields for her assistance in editing this
manuscript.

Funding

This project was supported by the Billy and Ruby Power Endowment for Cancer Research
and Laura W. Bush Institute for Women's Health and Center for Women's Health and
Gender-Based Medicine. The Division of Hematology /Oncology and the office of the
Associate Dean of the Oncology Programs at TTUHSC.



References

1. Yancik R, Ries LA: Aging and cancer in America. Demographic and epidemiologic
perspectives. Hematol Oncol Clin North Am 2000, 14:17-23.

2. Pawelec G, Barnett Y, Forsey R, Frasca D, Globerson A, McLeod J, Caruso C, Franceschi
C, Fulop T, Gupta S, et al: T cells and aging, January 2002 update. Front Biosci 2002,
7:d1056-1183.

3. Provinciali M: Immunosenescence and cancer vaccines. Cancer Immunol Immunother
2009, 58:1959-1967.

4. Pawelec G, Derhovanessian E, Larbi A: Immunosenescence and cancer. Crit Rev Oncol
Hematol 2010, 75:165-172.

5. Hakim FT, et al: Constraints on CD4 recovery postchemotherapy in adults: thymic
insufficiency and apoptotic decline of expanded peripheral CD4 cells. Blood 1997,
90:3789-3798.

6. Douek DC, et al: Assessment of thymic output in adults after haematopoietic stem-cell
transplantation and prediction of T-cell reconstitution. Lancet 2000, 355:1875-1881.

7. Lyman GH, Kuderer N, Agboola O, Balducci L: Evidence-based use of colony-
stimulating factors in elderly cancer patients. Cancer Control 2003, 10:487—-499.

8. Germain RN: Vaccines and the future of human immunology. Immunity 2010, 33:441—
450.

9. Thiers BH, Maize JC, Spicer SS, Cantor AB: The effect of aging and chronic sun
exposure on human Langerhans cell populations. J Invest Dermatol 1984, 82:223-226.

10. Teig N, Moses D, Gieseler S, Schauer U: Age-related changes in human blood
dendritic cell subpopulations. Scand J Immunol 2002, 55:453-457.

11. Steger MM, Maczek C, Grubeck-Loebenstein B: Peripheral blood dendritic cells
reinduce proliferation in in vitro aged T cell populations. Mech Ageing Dev 1997,
93:125-130.

12. Uyemura K, Castle SC, Makinodan T: The frail elderly: role of dendritic cells in the
susceptibility of infection. Mech Ageing Dev 2002, 123:955-962.

13. O'Reilly RJ, Dao T, Koehne G, Scheinberg D, Doubrovina E: Adoptive transfer of
unselected or leukemia-reactive T-cells in the treatment of relapse following allogeneic
hematopoietic cell transplantation. Semin Immunol 2010, 22:162-172.

14. Melief CJ: Cancer immunotherapy by dendritic cells. Immunity 2008, 29:372-383.

15. Weiner LM, Surana R, Wang S: Monoclonal antibodies: versatile platforms for
cancer immunotherapy. Nat Rev Immunol 2010, 10:317-327.



16. Nagaraj S, Gabrilovich DI: Tumor escape mechanism governed by myeloid-derived
suppressor cells. Cancer Res 2008, 68:2561-2563.

17. Chiriva-Internati M, et al: Cancer testis antigen vaccination affords long-term
protection in a murine model of ovarian cancer. PLoS One 2010, 5:e10471.

18. Myers CE, Mirza NN, Lustgarten J: Immunity, cancer and aging: lessons from mouse
models. Aging Dis 2011, 2(6):512-523.

19. Tchkonia T, Morbeck DE, Von Zglinicki T, Van Deursen J, Lustgarten J, Scrable H,
Khosla S, Jensen MD, Kirkland JL: Fat tissue, aging, and cellular senescence. Aging Cell
2010, 9(5):667—684.

20. Lustgarten J: Cancer immunotherapy: focusing on the young, neglecting the old.
Future Oncol 2010, 6(6):873-876.

21. Mirza N, Dugue MA, Dominguez AL, Schrum AG, Dong H, Lustgarten J: B7-H1
expression on old CD8+ T cells negatively regulates the activation of immune responses
in aged animals. J Immunol 2010, 184(10):5466-5474.

22. Pawelec G, Lustgarten J, Ruby C, Gravekamp C: Impact of aging on cancer immunity
and immunotherapy. Cancer Immunol Immunother 2009, 58(12):1907-1908.

23. Lustgarten J: Cancer, aging and immunotherapy: lessons learned from animal
models. Cancer Immunol Immunother 2009, 58(12):1979-1989.

24. Ouyang Q, Wagner WM, Wikby A, Walter S, Aubert G, Dodi Al, Travers P, Pawelec G:
Large numbers of dysfunctional CD8+ T lymphocytes bearing receptors for a single
dominant CMV epitope in the very old. J Clin Immunol 2003, 23:247-257.

25. Wikby A, Johansson B, Olsson J, Lofgren S, Nilsson BO, Ferguson F: Expansions of
peripheral blood CD8 T-lymphocyte subpopulations and an association with
cytomegalovirus seropositivity in the elderly: the Swedish NONA immune study. Exp
Gerontol 2002, 37:445-453.

26. Valenzuela HF, Effros RB: Divergent telomerase and CD28 expression patterns in
human CD4 and CD8 T cells following repeated encounters with the same antigenic
stimulus. Clin Immunol 2002, 105:117-125.

27. Brenchley JM, Karandikar NJ, Betts MR, Ambrozak DR, Hill BJ, Crotty LE, Casazza JP,
Kuruppu J, Migueles SA, Connors M, et al: Expression of CD57 defines replicative
senescence and antigen-induced apoptotic death of CD8+ T cells. Blood 2003, 101:2711—
2720.

28. Miki C, Kusunoki M, Inoue Y, Uchida K, Mohri Y, Buckels JA, McMaster P:
Remodeling of the immunoinflammatory network system in elderly cancer patients:
implications of inflamm-aging and tumor-specific hyperinflammation. Surg Today 2008,
38:873-878.



29. Vasto S, Carruba G, Lio D, Colonna-Romano G, Di Bona D, Candore G, Caruso C:
Inflammation, ageing and cancer. Mech Ageing Dev 2009, 130:40-45.

30. Franceschi C, Capri M, Monti D, Giunta S, Olivieri F, Sevini F, Panourgia MP, Invidia
L, Celani L, Scurti M, et al: Inflammaging and anti-inflammaging: a systemic perspective
on aging and longevity emerged from studies in humans. Mech Ageing Dev 2007, 128:92—
105.

31. Ahmad A, Banerjee S, Wang Z, Kong D, Majumdar AP, Sarkar FH: Aging and
inflammation: etiological culprits of cancer. Curr Aging Sci 2009, 2:174-186.

32. Provinciali M, Barucca A, Cardelli M, Marchegiani F, Pierpaoli E: Inflammation,
aging, and cancer vaccines. Biogerontology 2010, 11:615-626.

33. Gravekamp C: The importance of the age factor in cancer vaccination at older age.
Cancer Immunol Immunother 2009, 58:1969-1977.

34. Provinciali M, Smorlesi A, Donnini A, Bartozzi B, Amici A: Low effectiveness of DNA
vaccination against HER-2/neu in ageing. Vaccine 2003, 21:843-848.

35. Gravekamp C: Cancer vaccines in old age. Exp Gerontol 2007, 42:441-450.

36. Edwards BK, Howe HL, Ries LA, Thun MJ, Rosenberg HM, Yancik R, Wingo PA,
Jemal A, Feigal EG: Annual report to the nation on the status of cancer, 1973-1999,
featuring implications of age and aging on U.S. cancer burden. Cancer 2002, 94:2766—
2792.

37. Agostara B, Carruba G, Usset A: The management of cancer in the elderly: targeted
therapies in oncology. Immun Ageing 2008, 5:16.

38. Balducci L, Extermann M: Cancer and aging. An evolving panorama. Hematol Oncol
Clin North Am 2000, 14:1-16.

39. Zitvogel L, Tesniere A, Kroemer G: Cancer despite immunosurveillance:
immunoselection and immunosubversion. Nat Rev Immunol 2006, 6:715-727.

40. Deng Y, Chan SS, Chang S: Telomere dysfunction and tumour suppression: the
senescence connection. Nat Rev Cancer 2008, 8:450-458.

41. Serrano M, Lin AW, McCurrach ME, Beach D, Lowe SW: Oncogenic ras provokes
premature cell senescence associated with accumulation of p53 and p16INK4a. Cell
1997, 88:593-602.

42. von Zglinicki T, Saretzki G, Ladhoff J, d'Adda di Fagagna F, Jackson SP: Human cell
senescence as a DNA damage response. Mech Ageing Dev 2005, 126:111-117.

43. Campisi J, d'Adda di Fagagna F: Cellular senescence: when bad things happen to
good cells. Nat Rev Mol Cell Biol 2007, 8:729-740.



44. Burnet M: Cancer; a biological approach. I. the processes of control. Br Med J 1957,
1:779-786.

45. Collado M, Gil J, Efeyan A, Guerra C, Schuhmacher AJ, Barradas M, Benguria A,
Zaballos A, Flores JM, Barbacid M, et al: Tumour biology: senescence in premalignant
tumours. Nature 2005, 436:642.

46. Chen Z, Trotman LC, Shaffer D, Lin HK, Dotan ZA, Niki M, Koutcher JA, Scher HI,
Ludwig T, Gerald W, et al: Crucial role of p53-dependent cellular senescence in
suppression of Pten-deficient tumorigenesis. Nature 2005, 436:725-730.

47. Yao H, Yang SR, Edirisinghe I, Rajendrasozhan S, Caito S, Adenuga D, O'Reilly MA,
Rahman I: Disruption of p21 attenuates lung inflammation induced by cigarette smoke,
LPS, and fMLP in mice. Am J Respir Cell Mol Biol 2008, 39:7-18.

48. Krizhanovsky V, Yon M, Dickins RA, Hearn S, Simon J, Miething C, Yee H, Zender L,
Lowe SW: Senescence of activated stellate cells limits liver fibrosis. Cell 2008, 134:657—
667.

49. Herbert BS, Gellert GC, Hochreiter A, Pongracz K, Wright WE, Zielinska D, Chin AC,
Harley CB, Shay JW, Gryaznov SM: Lipid modification of GRN163, an N3'-> P5' thio-
phosphoramidate oligonucleotide, enhances the potency of telomerase inhibition.
Oncogene 2005, 24:5262-5268.

50. Brenner MK, Heslop HE: Adoptive T cell therapy of cancer. Curr Opin Immunol 2010,
22:251-257.

51. Cartellieri M, Bachmann M, Feldmann A, Bippes C, Stamova S, Wehner R, Temme A,
Schmitz M: Chimeric antigen receptor-engineered T cells for immunotherapy of cancer.
J Biomed Biotechnol 2010, 956304:5.

52. O'Reilly RJ, Dao T, Koehne G, Scheinberg D, Doubrovina E: Adoptive transfer of
unselected or leukemia-reactive T-cells in the treatment of relapse following allogeneic
hematopoietic cell transplantation. Semin Immunol 2010, 22:162-172.

53. Melief CJ: Cancer immunotherapy by dendritic cells. Immunity 2008, 29:372—383.

54. Weiner LM, Surana R, Wang S: Monoclonal antibodies: versatile platforms for
cancer immunotherapy. Nat Rev Immunol 2010, 10:317-327.

55. Barni S, Cabiddu M, Petrelli F: Toxicity of targeted therapies in elderly patients.
Expert Rev Anticancer Ther 2008, 8:1965-1976.

56. Caillet P, Canoui-Poitrine F, Vouriot J, Berle M, Reinald N, Krypciak S, Bastuji-Garin S,
Culine S, Paillaud E: Comprehensive Geriatric Assessment in the Decision-Making
Process in Elderly Patients With Cancer: ELCAPA Study. J Clin Oncol 2011,
29(27):3636-3642.

57. Hurria A, Togawa K, Mohile SG, Owusu C, Klepin HD, Gross CP, Lichtman SM, Gajra
A, Bhatia S, Katheria V, Klapper S, Hansen K, Ramani R, Lachs M, Wong FL, Tew WP:



Predicting chemotherapy toxicity in older adults with cancer: a prospective multicenter
study. J Clin Oncol 2011, 29(25):3457-3465.

58. Vergati M, Intrivici C, Huen NY, Schlom J, Tsang KY: Strategies for cancer vaccine
development. J Biomed Biotechnol 2010, pii: 596432

59. Yamamoto A, Kormann M, Rosenecker J, Rudolph C: Current prospects for mRNA
gene delivery. Eur J Pharm Biopharm 2009, 71:484-489.

60. Ponsaerts P, van der Sar S, Van Tendeloo VF, Jorens PG, Berneman ZN, Singh PB:
Highly efficient mRNA-based gene transfer in feeder-free cultured H9 human
embryonic stem cells. Cloning Stem Cells 2004, 6:211-216.

61. Pascolo S: Messenger RNA-based vaccines. Expert Opin Biol Ther 2004, 4:1285-1294.

62. Preston SD, Southall AR, Nel M, Das SK: Geriatric surgery is about disease, not age.
J R Soc Med 2008, 101:409-415.

63. Audisio RA, Bozzetti F, Gennari R, Jaklitsch MT, Koperna T, Longo WE, Wiggers T,
Zbar AP: The surgical management of elderly cancer patients; recommendations of the
SIOG surgical task force. Eur J Cancer 2004, 40:926-938.

64. Ramesh HS, Pope D, Gennari R, Audisio RA: Optimising surgical management of
elderly cancer patients. World J Surg Oncol 2005, 3:17.

65. Zachariah B, Balducci L, Venkattaramanabalaji GV, Casey L, Greenberg HM,
DelRegato JA: Radiotherapy for cancer patients aged 80 and older: a study of
effectiveness and side effects. Int J Radiat Oncol Biol Phys 1997, 39:1125-1129.

66. Mitsuhashi N, Hayakawa K, Yamakawa M, Sakurai H, Saito Y, Hasegawa M, Akimoto
T, Niibe H: Cancer in patients aged 90 years or older: radiation therapy. Radiology 1999,
211:829-833.

67. Mell LK, Mundt AJ: Radiation therapy in the elderly. Cancer J 2005, 11:495-505.

68. Chen H, Cantor A, Meyer J, Beth Corcoran M, Grendys E, Cavanaugh D, Antonek S,
Camarata A, Haley W, Balducci L, Extermann M: Can older cancer patients tolerate
chemotherapy? a prospective pilot study. Cancer 2003, 97:1107-1114.

69. Lyman GH, Kuderer NM, Djulbegovic B: Prophylactic granulocyte colony-
stimulating factor in patients receiving dose-intensive cancer chemotherapy: a meta-
analysis. Am J Med 2002, 112:406-411.

70. Lyman GH, Kuderer N, Agboola O, Balducci L: Evidence-based use of colony-
stimulating factors in elderly cancer patients. Cancer Control 2003, 10:487-499.

71. Repetto L, Biganzoli L, Koehne CH, Luebbe AS, Soubeyran P, Tjan-Heijnen VC, Aapro
MS: EORTC Cancer in the Elderly Task Force guidelines for the use of colony-
stimulating factors in elderly patients with cancer. Eur J Cancer 2003, 39:2264-2272.



72. Launay-Vacher V, Chatelut E, Lichtman SM, Wildiers H, Steer C, Aapro M: Renal
insufficiency in elderly cancer patients: International Society of Geriatric Oncology
clinical practice recommendations. Ann Oncol 2007, 18:1314-1321.

73. World Population Prospects: the 2008 Revision: Population Division of the Department
of Economic and Social Affairs of the United States Secretariat. 2009. June.

74. De Rosa SC, Herzenberg LA, Roederer M: 11-color, 13-parameter flow cytometry:
identification of human naive T cells by phenotype, function, and T-cell receptor
diversity. Nat Med 2001, 7:245-248.

75. Schwab R, Szabo P, Manavalan JS, Weksler ME, Posnett DN, Pannetier C, Kourilsky P,
Even J: Expanded CD4+ and CD8+ T cell clones in elderly humans. J Immunol 1997,
158:4493-4499.

76. Salvioli S, Capri M, Valensin S, Tieri P, Monti D, Ottaviani E, Franceschi C: Inflamm-
aging, cytokines and aging: state of the art, new hypotheses on the role of mitochondria
and new perspectives from systems biology. Curr Pharm Des 2006, 12:3161-3171.

77. Kundu JK, Surh YJ: Inflammation: gearing the journey to cancer. Mutat Res 2008,
659:15-30.



Inflammatory DNA damage:
> leukocytes generating > chromosome
ROS and RNS instability

Trigger for increased cell
> proliferation: increased
risk of mutations

V Epigenetic events: CANCER
Aberrant promoter DNA
INFLAMMATION 31 o e DEVELOPMENT
silencing AND PROGRESSION

Inhibition of antitumor
> immunity by activation of
MDSCs and T4

S| Activation of tumor
angiogenesis

Protective inflammatory
> microenvironment for
cancer stem cells

Figure 1



Figure 2

AIMED BENEFITS

» Maintenance/improvement of
functional status

CANCER THERAPY
IN THE ELDERLY QOL

« Control/palliation of cancer-
related symptoms
* Prolonged survival

—_— Maintenance/improvement of —

Analysis of life
expectancy and
assessment of
comorbidities/functional
status

!

MODERATE TO
HIGH RISK OF
MORBIDITY AND
MORTALITY FROM
CANCER

|

Completion of CGA

|
v v

CURATIVE INTENT PALLIATIVE

-Evaluate every treatment with

curative intent INTENT
- Supportive medical and
psycho-social care

!

LOW RISK OF
MORBIDITY AND
MORTALITY FROM
CANCER COMPARED
TO THE SEVERITY
OF COMORBID
CONDITIONS

!

PALLIATIVE
INTENT

-Management of
comorbidities
-Symptomatic approach
- Supportive medical and
psycho-social care



Figure 3

RISKS

BENEFITS

Inefficacy

Treatment-related
complications

Prolonged survival

Maintenance/improvement of
QOL and functional status

Control of symptoms
Palliation, better pain control
Reduced hospital stay



STEP 2
LOW RISK of PALLIATIVE INTENT
morbidity and Remember: palliative
> mortality from associations are usually
cancer in relation more effective than
to life expectancy monotherapy
A
[}
STEP 1 CANCER
VACCINATION
CANCER . .
PREVENTION N 3;AC(21\1T\I (():SEIIS{ N Estimates of life
AND SCREENING expectancy
A PALLIATIVE
! INTENT
l A
i STEP 3 |
CANCER MODERATE TO CANCER
VACCINATION HI%I'Z'I:ISIEOf Evaluation of VACCINATION
o MOTDICITY an Risks/Benefits —
mortality from ratio
cancer in relation
to lif t
o life expectancy CURATIVE
INTENT
4
CANCER
VACCINATION

Figure 4



/~ Neo-adjuvant

strategy
DOSE-ADJUSTED
RADIATION T.
CANCER
VACCINATION SURGERY
DOSE-ADJUSTED (LI (eI T
- VACCINATION
CONVENTIONAL - CHEMOTHE v
CANCER TREATMENT RAE
CANCER
\_ VACCINATION Y,
DOSE-ADJUSTED
STEP 3 RADIATION T.
CURATIVE CANCER
Y INTENT VACCINATION
DOSE-ADJUSTED
CHEMOTHERAPY
TARGETED CANCER
THERAPY VACCINATION
NON-CONVENTIONAL CANCER
CANCER TREATMENT VACCINATION

CANCER
VACCINATION

Figure 5



	Start of article
	Figure 1
	Figure 2
	Figure 3
	Figure 4
	Figure 5

