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Abstract

One of the most important determinants of aging-related changes is a complex biological process emerged recently
and called “immunosenescence”. Immunosenescence refers to the inability of an aging immune system to produce an
appropriate and effective response to challenge. This immune dysregulation may manifest as increased susceptibility to
infection, cancer, autoimmune disease, and vaccine failure. At present, the relationship between immunosenescence
and lymphoma in elderly patients is not defined in a satisfactory way.
This review presents a brief overview of the interplay between aging, cancer and lymphoma, and the key topic of
immunosenescence is addressed in the context of two main lymphoma groups, namely Non Hodgkin Lymphoma
(NHL) and Hodgkin Lymphoma (HL). Epstein Barr Virus (EBV) plays a central role in the onset of neoplastic
lymphoproliferation associated with immunological changes in aging, although the pathophysiology varies vastly
among different disease entities. The interaction between immune dysfunction, immunosenescence and Epstein Barr
Virus (EBV) infection appears to differ between NHL and HL, as well as between NHL subtypes.
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Background
Immunosenescence is a peculiar remodeling of the
immune system, caused by aging, associated with a wide
variety of alterations of immune functions. Mounting
biological evidence supports the potential clinical rele-
vance and impact of immunosenescence [1, 2]. Indeed, it
is has been implicated in pathophysiology of dementia,
frailty, cardiovascular diseases, and it is cause of in-
creased susceptibility to infectious disease, autoimmun-
ity and cancer. Hematological malignancies and
lymphoma are diseases that typically affect the elderly,
with a median age for the most common lymphoma
type, Diffuse Large B-cell Lymphoma (DLBCL), of >
70 years at diagnosis [3]. With the profound changes in
demographic profiles of western countries and a steadily
rising life expectancy, the number of elder patients with
lymphoma is increasing [4, 5].
Although the risk of developing these neoplasms is

higher in individuals with inherited predisposition or
subjected to environmental risk factors, most cases
cannot be associated with identifiable underlying
conditions. In fact, lymphomagenesis is proven to be a

molecularly complex process resulting in a broad cat-
egory of different lymphoproliferative disorders. On the
basis of histologic features, the pathogenetic events in-
volved in disease initiation and/or progression may vary
significantly [6].
Information regarding global burden of immunosenes-

cence in lymphomagenesis is limited and requires a de-
tailed understanding by the type of lymphoma
considered, because the mechanism might vary in differ-
ent specific cases [7].
This review aims to summarize the current state of

understanding about the role of immunosenescence and
development of lymphoma in older age.
We conducted a systematic research on PubMed,

without filtering the results by date, language, or article
type. Several studies have shown the potential to address
the problem; however, no reports were found of studies
in which clinically relevant relationships between the de-
velopment of lymphoma and the complex underlying
immunosenescence were elucidated.

Aging, cancer and immunosenescence
Age-related changes and cancer
It is commonly accepted that aging is the main risk fac-
tor for major chronic diseases such as cardiovascular
diseases, cancer and neurodegenerative diseases [8].
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Recently, nine candidate hallmarks of aging were de-
scribed in relation to genetic, epigenetic and environmen-
tal events [Table 1] [9, 10]. The resulting aging process
and the aging phenotype, characterized by loss of fitness,
create a favorable condition for aberrant neoplastic prolif-
eration [11]. The strong association between cancer and
age is supported by epidemiological data, indicating an in-
creased incidence of malignancies in elderly patients. In-
deed, about 55% of tumors affect subjects who are over
65 years of age https://seer.cancer.gov/archive/csr/
1975_2005/. Aging reflects the sum of all changes accu-
mulating with time by effect of genetic and environmental
causes [12, 13]. The more prolonged exposure to carcino-
gens in older people and the increase in mutational load,
epigenetic gene silencing, telomere dysfunction, unre-
stricted replicative potential, altered stromal milieu, apop-
tosis evasion, all contribute to an altered environment that
promotes neoplastic proliferation [14–17].

Biological basis of immunosenescence
Among the spectrum of hallmarks, the changes of the
immune response during aging now emerge as an
expanding field of research, supported by copious ex-
perimental data [18]. Immunosenescence is a complex
biological process that occurs in both the innate and
adaptive components of the immune system [19]. Most
of the effector functions of neutrophils, monocyte/
macrophage lineage and natural killer (NK) cells
decrease, concomitantly with a basal activation state
[20–22]. Chronic antigenic stimulation probably under-
lies the marked changes in the adaptive immune system
[23]. The ultimate consequence is a shift from loss of di-
versity of the T-cell receptor (TCR) repertoire to an in-
crease in number of exhausted CD28− T cells, and
profound functional changes in CD4 T cell subpopula-
tions [8, 24, 25]. Together, these alterations of the innate
and adaptive immunity favor the gradual development of
a state of chronic inflammatory process called “inflam-
maging” [26, 27]. It is not perfectly clear if the state of
slightly raised inflammatory mediators is really part of
immunosenescence or an independent phenomenon

with additive effects on morbidity and mortality [28, 29].
To this regard, a basic characteristic of the immune sys-
tem is plasticity, the capability of immune cells to
undergo modification and adapt to different situations
[30]. There is limited knowledge on whether immunose-
nescence is really associated with detrimental clinical
outcomes or whether changes in immune parameters of
older people reflect adaptive responses to the clinical
and immunological history of the subject [31–33].
Therefore, it is necessary to reconsider some conclusions
on the basis of many disparate findings in the literature.
Against certain generalizations related to immunosenes-
cence, context-dependent immune ageing processes
need to be identified, with a detailed understanding of
those diseases that are of major health interest [34].

Immunosenescence and defects in cancer protection
It is well known that both the innate and the adaptive
immune system protect the host against carcinogen-
esis by a process called “immunosurveillance”. By
means of this process, the immune cells identify and
eliminate cancerous cells before tumor develops [35].
In some cases, the functional ability of immunosur-
veillance cannot prevent the tumors from escaping
and growing because the pressure exerted by the im-
mune system can select many variants of resistant
tumor cells. Immunosenescence can be considered as
an additional factor which further promotes the tu-
mor’s escape mechanism [36].
Dysregulated function of the immune system affecting

older people involves both innate and adaptive parts,
with many mechanisms sharing molecular pathways im-
plicated in the carcinogenesis process [37]. Among
age-related alterations, the impairment of apoptotic cell
death and the immunosuppressive role of some cyto-
kines, such as interleukin-10 (IL-10) and transforming
growth factor-β (TGF-β) which increasing in the elderly,
could be relevant in the relationship between ageing and
risk of tumor development [38, 39]. Therefore, immuno-
senescence may be linked to immune tolerance and con-
tribute to an increased incidence of cancer with age.

Some evidence suggests that tumor-induced immuno-
suppression, through active mechanisms that can avoid
or evade immune attack, might be more effective in age-
ing. Regarding the Fas ligand/Fas receptor (FasL/FasR)
mechanism, the increased FasR expression observed in
aged leukocytes might facilitate the immune escape of
tumors expressing FasL [40]. A further example is the
release of immunosuppressive cytokines by tumor cells
such as TGF- β, IL-10 and others, that can suppress T
cell responses and, in old subjects, may synergize with
immunosuppressive cytokines overproduced by aged
leukocytes [38].

Table 1 The hallmarks of aging

Genomic instability

Telomer attrition

Epigenetic alterations

Loss of proteostasis

Deregulated nutrient-sensing

Mitochondrial dysfunction

Cellular senescence

Stem cell exhaustion

Alterated intercellular communication
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Immunosenescence and non-Hodgkin lymphoma
Non-Hodgkin lymphoma and aging
The current available data focuses on B cell Non
Hodgkin Lymphomas (NHL), which represent more
than 90% of lymphoid neoplasms worldwide [41]. They
are a heterogeneous group of clonal tumors of mature B
cells that have distinctive clinical and biological behav-
iors [42–44]. NHL subtypes tend to mimic stages of nor-
mal B cell differentiation so that they can be classified
according to the corresponding normal stage. In the
context of NHL, a stepwise increase in the incidence of
DLBCL over the last 20 years has been observed, par-
ticularly for patients older than 65 years [45]. The
current increase in life expectancy naturally results in a
higher number of elderly patients. Between lymphoma
and aging, a complex interplay can be described [46]. B
cell NHLs develop by a multistep process closely related
to normal B cell counterpart that can be favored with
aging [47]. Many potential factors can play a role in lym-
phomagenesis in the elders. As with all other cancer
types, chronological ageing is associated with the
accumulation of DNA damage particularly in stem cells
[48]. Recently, significant large scale studies by
whole-exome sequencing data have reported age-related
clonal hematopoiesis, with somatic mutations in genes
that are recurrently mutated in hematological neoplasms
[49–51]. Also, epigenetic abnormalities that have a role
in lymphoma development as in leukemia can accumu-
late with aging [52].

Immunosenescence, chronic infection and
lymphomagenesis in non-Hodgkin lymphoma of the
elderly
In addition to abnormal genetic events, also age-related
impairment in cancer protection is expected to promote
B cell lymphomagenesis. The phenotype called “immu-
nosenescence” is associated with a complex dysfunction
that increases sensitivity to infections. Chronic infection
with Cytomegalovirus (CMV) and EBV in the elderly
caused by restricted T cell response can alter the B cell
immune repertoire, leading to infection-linked diseases
as well as some types of lymphoma [53]. It is known
how B lymphomagenesis can be driven by microbial
pathogens through chronic antigenic stimulation, and
several examples are available in this regard. Some lym-
photropic oncogenic viruses, EBV, Human-Herpesvirus-
8 (HHV8), Human T-lymphotropic virus HTLV1) are
directly responsible for lymphoid cell neoplastic trans-
formation and are causative agents of different histologic
entities, with varying aggressiveness. Other pathogens,
indirectly via chronic inflammation of the mucosa-asso-
ciated lymphoid tissue (MALT), have been associated
with MALT Marginal Zone Lymphoma in various organs:
Helicobacter pyloric, Campylobacter jejeuni, Chlamydia

psittaci and Borrelia burgdorferi [54, 55]. Also, a causal re-
lationship between Hepatitis C Virus (HCV) and NHL has
been demonstrated and the most plausible molecular
mechanism is lymphoma development by continuous anti-
genic stimulation. However, an increased incidence of NHL
hystotypes linked to infections in the elderly has not been
reported. A specific provisional entity in 2008’s World
Health Organization (WHO) classification of tumors of
hematopoietic and lymphoid tissue has been described as
“EBV-positive DLBCL of the elderly” (EBV-DLBCL-E) [56,
57]. This lymphoproliferative disease occurs in absence of
any primary or secondary immune deficiency and tends to
have a post germinative center (GC)-phenotype and a poor
prognosis [58]. The possible pathogenetic mechanism is
lymphoma development as a consequence of immunose-
nescence and as part of the normal aging process, with a re-
duction in T cell repertoire. Immune modification can
facilitate a second genetic event favored by EBV chronic in-
fection in genetically instable B cell compartment.
EBV-positive DLBCL thus represents a significant proof of
the complex interplay between immunosenescence and
lymphoma, and supports the leading role played by viruses
in this setting. In 2016’s updated WHO classification of
lymphoid neoplasia, this entity is now recognized as defin-
ite and the term “elderly” has been substituted by “not
otherwise specified” (NOS) in such that these lymphomas
can be present in younger patients as well [59]. In this pa-
tient group, EBV-positive DLBCLs usually have a positive
outcome in contrast to EBV-DLBCL-E [60]. Nevertheless,
EBV-DLBCL-E is a relatively rare lymphoid malignancy (<
5% in Western countries) and cannot explain the increased
incidence of B-NHL in older patients.

Diffuse large B cell lymphoma and aging-related
molecular changes
Few studies have investigated whether a signature of
aging can be seen in B cell NHL. Histopathologic fea-
tures of DLBCL do not differ between age groups. How-
ever, studies of gene expression profiling (GEP) have
described a higher frequency of activated B cell (ABC)
DLBCL subtype in the elderly together with an increased
B-cell lymphoma-2 (BCL2) expression and more
genomic abnormalities [61–63]. These specificities can
provide a basic understanding of the biological and clin-
ical characteristics as well as the worst prognosis of
DBCL in older patients.
Potential molecular alterations based on age in DLBCL

patients have been described. Beheshti et al. identified
significant age-related molecular changes after examin-
ing global transcriptome DLBCL data from The Cancer
Genome Atlas, and striking transcriptional differences
were associated with decreased metabolism and telo-
mere dysfunction. The greatest functional changes oc-
curring in older populations were related to key genes
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that strongly regulate the immune system [64]. These
molecular factors influence tumor size and tumor pro-
gression in older DLBCL patients, but it is not clear if
these findings may improve our understanding of lym-
phomagenesis as well as the role of immunosenescence.

Immunosenescence and Hodgkin’s lymphoma
Epidemiology and biology of Hodgkin lymphoma
Classical Hodgkin Lymphomas (cHL) are unusual B
cell-derived malignancies and the majority of them
manifest clinically in young adults, even though a
bimodal age curve is described, with a second peak later
in life. They account for 30% of all lymphomas. In con-
trast with NHL, their absolute incidence has not appar-
ently changed and no increase has been observed in
aged population [65, 66].
Neoplastic tissues include rare malignant Hodgkin and

Reed-Stenberg (HRS) cells within an extensive but inef-
fective inflammatory/immune cell infiltrate composed of
macrophages, eosinophils, mast cells and T cells [67].
Although HRS cells have lost expression of certain B cell
surface proteins and, particularly, B cell receptors, they
do not die by apoptosis, so alternative pathways for sur-
vival and growth are exploited [68]. Key strategies lever-
age different mechanisms, such as nuclear factor
kappa-light-chain-enhancer of activated B cells (NF-κB)
signaling, Janus kinase/signal transducers and activators
of transcription (JAK/STAT) pathway, AP-1 transcrip-
tion factor, tumor necrosis factor (TNF) receptor family
protein expression but latest data support the major role
of immune evasion [69–72]. Malignant HRS cells escape
immune attack using multiple stratagems, including en-
hanced PD-1 signalling, secretion of soluble factors with
inhibitory effects such as IL-10 and recruitment of abun-
dant immunosuppressive C-C chemokine receptor type
4 regulatory T-cells (CCR4 Tregs) [73–75]. These fea-
tures are highly informative for the position of immuno-
surveillance to tumor cells in cHL pathogenesis.

Epstein-Barr virus and lymphomagenesis of Hodgkin
lymphoma in the elderly
The biology and origin of cHL can be related to the
oncogenic role of EBV [57]. EBV is a human virus, etio-
logically linked to a significantly wide range of lympho-
proliferative diseases of B, T and NK cells. The role of
EBV as growth-transforming agent is not linked to a sin-
gle and simple oncogenic mechanism, but to a complex
interplay between different patterns of viral gene expres-
sion, cellular genetic changes and immunity of the host.
cHL is one of the major B cell malignancy types linked
to EBV although it can occur in EBV-positive and nega-
tive form, both in apparently immunocompetent
subjects [76]. But virus-specific immune surveillance
should not be viewed as secondary. Indeed, immune

impairment enhances lymphoma risk and the incidence
of lymphoma and proportion of cHL cases that are
EBV-positive are increased in Human Immunodeficiency
Virus (HIV)-infected individuals. Furthermore, the pro-
portion of cHL cases associated to EBV varies signifi-
cantly with age and is more prevalent in older adults.
The cases arising in the elderly appear as a different dis-
ease compared to cHL in young patients [77]. There are
more patients who are found in advanced stages with
B-symptoms and poor performance status, outlining a
different pattern of histology subtypes with mixed cellu-
larity that appear more evident if compared with youn-
ger individuals. EBV-associated disease was recognized
as a poor prognostic factor and was also associated with
an advanced-stage lymphoma [78]. The peak of cHL in
adults may be attributed, at least partially, to senescence
of EBV immunity and to an increased viral load. The
prominent role of immunosenescence compared to
other aging-related factors can explain why the increase
in incidence of diffuse large B cell lymphoma over the
last decades due to aging population has not been
reflected in the incidence of cHL, which appears to stay
constant [79]. cHL of the elderly, because of morpho-
logical features and association with EBV, is probably
similar to cHL during HIV infection. In HIV-infected
people, the incidence of cHL is 10-fold higher than in
the general population, and the development of
HIV-related cHL is not dependent on profound T-cell
depletion, but only a modest impairment of CD4 lym-
phocytes is sufficient to elevate EBV viral load in the B
cell system [80]. Indeed, after the introduction of Highly
Active Antiretroviral Therapy (HAART) in the treat-
ment of HIV infection, cHL incidence among HIV–in-
fected cohorts has slightly increased [81, 82]. These
common features between lymphomagenesis of cHL in
older patients and in HIV-infected subjects reflect many
similarities between biology of immunosenescence in
aging and residual immunological defects in treated HIV
infection [83]. Indeed, long-term therapy with HAART
is associated with an increased risk of complications
with degenerative nature and of cancer types that are
similar to those observed among the elderly [84].

Other links between immunosenescence and
lymphoma in the elderly
In addition to the role of immunosenescence in the patho-
genesis of lymphomas, still little is known about the inter-
actions between aging immune system changes and other
aspects of lymphoma biology as well as lymphoma man-
agement. Recently, some reports have emerged on the
possible role of immunosenescence in the progression of
cancer; furthermore, immunosenescence-associated
changes are exacerbated by chemotherapy. Older patients’
immune background could play a critical role for higher
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risk of infections as a side effect of chemotherapy. Immu-
nosenescence might, therefore, contribute to negative out-
comes in patients with lymphoma and could be a target
for therapy.
Finally, whether, or to what extent, immunosenescence

plays a role in response or toxicity to anti-neoplastic
therapy with immune checkpoint inhibitors is still a
matter of debate, representing a relevant unmet need.

Conclusion
The phenomenon of immunosenescence plays an essen-
tial, but poorly defined, role in the development of
lymphoma. Older people are a heterogeneous portion of
population that experiences various degrees of ageing
and immune system remodeling. In addition, the mech-
anism of lymphomagenesis might vary by the type of
lymphoma considered. In this setting, impairment of im-
mune functions can predispose to development of
lymphoma related to oncovirus infection, through re-
duced ability to clear infectious agents, chronic antigenic
stimulation, lymphoma growth, immune evasion. EBV
plays a central role in the onset of neoplastic lympho-
proliferation, associated with immunological changes in
aging. Current clinical and epidemiological findings,
confirmed by molecular evidence, have generally re-
vealed the oncogenic role of EBV only in a small size
sample of lymphoma subtypes of elderly: EBV-
DLBCL-E and cHL [85–87].
Since aging, as well as immunosenescence, is heteroge-

neous, both inter-individually and intra-individually, the
assessment of this decline should be done individually
and adapted not solely on chronological age. Currently,
aging assessment is clinical and based upon a geriatric
evaluation [88–90]. The challenging question is to find
key biomarkers of immunaging that can help to better
estimate the role of the aging phenotype and to include
a measure of immunosenescence in studies by collecting
data on elderly patients with cHL and EBV-DLBCL [91].
Thus far, of all the age-associated immune parameters
found to be informative, it is not possible to select those
that are crucial for clinical relevance.
Looking to the future, the new understanding of

immunosenescence will have an impact on the treatment
of lymphomas to further individualize therapy. Lastly,
for research agenda, HIV-infected patients receiving
HAART provide a model for a better understanding of
how immune dysfunction with limited immune defi-
ciency can promote lymphoma development [92].

Abbreviations
(ABC) subtype: Activated B cell subtype; (GC)-phenotype: Germinative center
phenotype; BCL2: B-cell lymphoma-2; CCR4 Tregs: C-C chemokine receptor
type 4 regulatory T-cells; cHL: Classical Hodgkin Lymphomas;
CMV: Cytomegalovirus; DLBCL: Diffuse Large B-cell Lymphoma; DLBCL,
NOS: Diffuse Large B-cell Lymphoma, not otherwise specified; EBV: Epstein
Barr Virus; EBV-DLBCL-E: EBV-positive DLBCL of the elderly; FasL: Fas ligand;

FasR: Fas receptor; GEP: Gene expression profiling; HAART: Highly Active
Antiretroviral Therapy; HCV: Hepatitis C Virus; HHV8: Human-Herpesvirus-8;
HIV: Human Immunodeficiency Virus; HL: Hodgkin lymphoma; HRS
cells: Hodgkin and Reed-Stenberg; HTLV1: Human T-lymphotropic virus;
IL-10: Interleukin-10; JAK/STAT: Janus kinase/signal transducers and activators
of transcription; MALT: Mucosa-associated lymphoid tissue; NF-κB: Nuclear
factor kappa-light-chain-enhancer of activated B cells; NHL: Non Hodgkin
lymphoma; NK cells: Natural killer cells; TCR: T-cell receptor; TGF-
β: Transforming growth factor-β; TNF: Tumor necrosis factor; WHO: World
Health Organization

Acknowledgements
Francesco Moscato, University of Glasgow, revised English language. The
University of Palermo (IT), Doctoral Course of Experimental Oncology and
Surgery, Cycle XXXII support Melania Carlisi, PhDst, for this research. The
University of Palermo (IT), Doctoral Course of Experimental Oncology and
Surgery, Cycle XXXIII support Marco Santoro, PhDst, for this research. The
University of Palermo (IT), Doctoral Course of Experimental Oncology and
Surgery, Cycle XXXIII support Simona Raso, PhDst, for this research.

Authors’ contributions
SM contributed to conception and design, designed the review, carried out
the literature research, and manuscript preparation. MC carried out the
manuscript editing and manuscript review. All authors read and approved
the final manuscript.

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Author details
1Haematology, Biomedical Department of Internal Medicine and Medical
Specialties, University of Palermo, Palermo, Italy. 2Department of Surgical,
Oncological and Stomatological Disciplines, University of Palermo, Palermo,
Italy.

Received: 1 May 2018 Accepted: 7 September 2018

References
1. Caruso C, Accardi G, Virruso C, Candore G. Sex, gender and

immunosenescence: a key to understand the different lifespan between
men and women? Immun Ageing. 2013;10(1):20.

2. Accardi G, Caruso C. Immune-inflammatory responses in the elderly: an
update. Immun Ageing. 2018;15:11.

3. Thieblemont C, Coiffier B. Lymphoma in older patients. J Clin Oncol. 2007;
25(14):1916–23.

4. Edwards BK, Brown ML, Wingo PA, Howe HL, Ward E, Ries LA, et al. Annual
report to the nation on the status of cancer, 1975-2002, featuring
population-based trends in cancer treatment. J Natl Cancer Inst. 2005;97(19):
1407–27.

5. Morton LM, Wang SS, Devesa SS, Hartge P, Weisenburger DD, Linet MS.
Lymphoma incidence patterns by WHO subtype in the United States,
1992-2001. Blood 2006;107(1):265–276.

6. Morton LM, Slager SL, Cerhan JR, Wang SS, Vajdic CM, Skibola CF, et al.
Etiologic heterogeneity among non-Hodgkin lymphoma subtypes: the
InterLymph non-Hodgkin lymphoma subtypes project. J Natl Cancer Inst
Monogr. 2014;2014(48):130–44.

7. Sarkozy C, Salles G, Falandry C. The biology of aging and lymphoma: a
complex interplay. Curr Oncol Rep. 2015;17(7):32.

Mancuso et al. Immunity & Ageing  (2018) 15:22 Page 5 of 7



8. Fülöp T, Dupuis G, Witkowski JM, Larbi A. The role of
Immunosenescence in the development of age-related diseases. Rev
Investig Clin. 2016;68(2):84–91.

9. López-Otín C, Blasco MA, Partridge L, Serrano M, Kroemer G. The Hallmarks
of Agin. Cell. 2013;153(6):1194–217.

10. Faragher R, Frasca D, Remarque E, Pawelec G, ImAginE Consortium. Better
immunity in later life: a position paper. Age (Dordr). 2014;36(3):9619.

11. Campisi J. Cancer and ageing: rival demons? Nat Rev Cancer. 2003;3(5):339–49.
12. Finkel T, Serrano M, Blasco MA. The common biology of cancer and ageing.

Nature. 2007;448(7155):767–74.
13. Falandry C, Bonnefoy M, Freyer G, Gilson E. Biology of cancer and aging: a

complex association with cellular senescence. J Clin Oncol. 2014;32(24):2604–1.
14. Malaguarnera L, Cristaldi E, Malaguarnera M. The role of immunity in elderly

cancer. Crit Rev Oncol Hematol. 2010;74(1):40–60.
15. Wang J, Geiger H, Rudolph KL. Immunoaging induced by hematopoietic

stem cell aging. Curr Opin Immunol. 2011;23(4):532–6.
16. Song Z, Wang J, Guachalla LM, Terszowski G, Rodewald HR, Ju Z, Rudolph

KL. Alterations of the systemic environment are the primary cause of
impaired B and T lymphopoiesis in telomere-dysfunctional mice. Blood.
2010;115(8):1481–9.

17. Ju Z, Jiang H, Jaworski M, Rathinam C, Gompf A, Klein C, Trumpp A,
Rudolph KL. Telomere dysfunction induces environmental alterations limiting
hematopoietic stem cell function and engraftment. Nat Med. 2007;13(6):742–7.

18. Franceschi C, Bonafè M, Valensin S. Human immunosenescence: the
prevailing of innate immunity, the failing of clonotypic immunity, and the
filling of immunological space. Vaccine. 2000;18(16):1717–20.

19. Castelo-Branco C, Soveral I. The immune system and aging: a review.
Gynecol Endocrinol. 2014;30(1):16–22.

20. Montgomery RR, Shaw AC. Paradoxical changes in innate immunity in
aging: recent progress and new directions. J Leukoc Biol. 2015;98(6):937–4.

21. Drew W, Wilson DV, Sapey E. Inflammation and neutrophil
immunosenescence in health and disease: Targeted treatments to improve
clinical outcomes in the elderly. Exp Gerontol. 2017;105:70–7.

22. Linton PJ, Thoman ML. Immunosenescence in monocytes, macrophages,
and dendritic cells: lessons learned from the lung and heart. Immunol Lett.
2014;162(1 Pt B):290–7.

23. Fülöp T, Larbi A, Pawelec G. Human T cell aging and the impact of
persistent viral infections. Front Immunol. 2013;4:271.

24. Palmer DB. The effect of age on thymic function. Front Immunol. 2013;4:316.
25. Hadrup SR, Strindhall J, Køllgaard T, Seremet T, Johansson B, Pawelec G,

thor Straten P, Wikby A. Longitudinal studies of clonally expanded CD8 T
cells reveal a repertoire shrinkage predicting mortality and an increased
number of dysfunctional cytomegalovirus-specific T cells in the very elderly.
J Immunol. 2006;176(4):2645–53.

26. Franceschi C, Bonafè M, Valensin S, Olivieri F, De Luca M, Ottaviani E, De
Benedictis G. Inflamm-aging. An evolutionary perspective on
immunosenescence. Ann N Y Acad Sci. 2000;908:244–54.

27. Fulop T, Dupuis G, Baehl S, Le Page A, Bourgade K, Frost E, et al. From
inflamm-aging to immune-paralysis: a slippery slope during aging for
immune-adaptation. Biogerontology. 2016;17(1):147–57.

28. Goto M. Inflammaging (inflammation + aging): a driving force for human
aging based on an evolutionarily antagonistic pleiotropy theory? Biosci
Trends. 2008;2(6):218–30.

29. Pawelec G, Goldeck D, Derhovanessian E. Inflammation, ageing and chronic
disease. Curr Opin Immunol. 2014;29:23–8.

30. Grignolio A, Mishto M, Faria AM, Garagnani P, Franceschi C, Tieri P. Towards
a liquid self: how time, geography, and life experiences reshape the
biological identity. Front Immunol. 2014;5:153.

31. Nilsson BO, Ernerudh J, Johansson B, Evrin PE, Löfgren S, Ferguson FG,
Wikby A. Morbidity does not influence the T-cell immune risk phenotype in
the elderly: findings in the Swedish NONA immune study using sample
selection protocols. Mech Ageing Dev. 2003;124(4):469–76.

32. Hakim FT, Gress RE. Immunosenescence: deficits in adaptive immunity in
the elderly. Tissue Antigens. 2007;70(3):179–89.

33. Shanley DP, Aw D, Manley NR, Palmer DB. An evolutionary perspective on
the mechanisms of immunosenescence. Trends Immunol. 2009;30(7):374–81.

34. Pawelec G. Does the human immune system ever really become
“senescent”?. F1000Res. 2017;6.

35. Koebel CM, Vermi W, Swann JB, Zerafa N, Rodig SJ, Old LJ, Smyth MJ,
Schreiber RD. Adaptive immunity maintains occult cancer in an equilibrium
state. Nature. 2007;450(7171):903–7.

36. Kim R, Emi M, Tanabe K. Cancer immunoediting from immune surveillance
to immune escape. Immunology. 2007;121(1):1–1.

37. Fulop T, Larbi A, Witkowski JM, Kotb R, Hirokawa K, Pawelec G.
Immunosenescence and cancer. Crit Rev Oncog. 2013;18(6):489–513.

38. Zhou D, Chrest FJ, Adler W, Munster A, Winchurch RA. Increased production
of TGF-beta and Il-6 by aged spleen cells. Immunol Lett. 1993;36(1):7–11.

39. Hanahan D, Weinberg RA. The hallmarks of cancer. Cell. 2000;100(1):57–70.
40. Walker PR, Saas P, Dietrich PY. Role of Fas ligand (CD95L) in immune

escape: the tumor cell strikes back. J Immunol. 1997;158(10):4521–4.
41. Skrabek P, Turner D, Seftel M. Epidemiology of non-Hodgkin lymphoma.

Transfus Apher Sci. 2013;49(2):133–8.
42. Balague Ponz O, Ott G, Hasserjian RP, Elenitoba-Johnson KS, de Leval L, de

Jong D. Commentary on the WHO classification of tumors of lymphoid
tissues (2008): aggressive B-cell lymphomas. J Hematop. 2009;2(2):83–7.

43. Martelli M, Ferreri AJ, Agostinelli C, Di Rocco A, Pfreundschuh M, Pileri SA.
Diffuse large B-cell lymphoma. Crit Rev Oncol Hematol. 2013;87(2):146–71.

44. Puvvada S, Kendrick S, Rimsza L. Molecular classification, pathway addiction,
and therapeutic targeting in diffuse large B cell lymphoma. Cancer Genet.
2013;206(7–8):257–65.

45. Sarkozy C, Coiffier B. Diffuse large B-cell lymphoma in the elderly: a review
of potential difficulties. Clin Cancer Res. 2013;19(7):1660–9.

46. Klapper W, Kreuz M, Kohler CW, Burkhardt B, Szczepanowski M, Salaverria I,
et al. Molecular Mechanisms in Malignant Lymphomas Network Project of
the Deutsche Krebshilfe. Patient age at diagnosis is associated with the
molecular characteristics of diffuse large B-cell lymphoma. Blood. 2012;
119(8):1882–7.

47. Lenz G, Nagel I, Siebert R, Roschke AV, Sanger W, Wright GW, et al. Aberrant
immunoglobulin class switch recombination and switch translocations in
activated B cell-like diffuse large B cell lymphoma. J Exp Med. 2007;204(3):633–43.

48. Morrison SJ, Wandycz AM, Akashi K, Globerson A, Weissman IL. The aging of
hematopoietic stem cells. Nat Med. 1996;2(9):1011–6.

49. Porter CC, Baturin D, Choudhary R, DeGregori J. Relative fitness of
hematopoietic progenitors influences leukemia progression. Leukemia. 2011;
25(5):891–5.

50. Genovese G, Kähler AK, Handsaker RE, Lindberg J, Rose SA, Bakhoum SF,
et al. Clonal hematopoiesis and blood-cancer risk inferred from blood DNA
sequence. N Engl J Med. 2014;371(26):2477–87.

51. Bowman RL, Busque L, Levine RL. Clonal hematopoiesis and evolution to
hematopoietic malignancies. Cell Stem Cell. 2018;22(2):157–70.

52. Wada T, Koyama D, Kikuchi J, Honda H, Furukawa Y. Overexpression of the
shortest isoform of histone demethylase LSD1 primes hematopoietic stem
cells for malignant transformation. Blood. 2015;125(24):3731–46.

53. Weltevrede M, Eilers R, de Melker HE, van Baarle D. Cytomegalovirus
persistence and T-cell immunosenescence in people aged fifty and older: a
systematic review. Exp Gerontol. 2016 May;77:87–95.

54. Suarez F, Lortholary O, Hermine O, Lecuit M. Infection-associated
lymphomas derived from marginal zone B cells: a model of antigen-driven
lymphoproliferation. Blood. 2006;107(8):3034–44.

55. Zucca E, Bertoni F, Vannata B, Cavalli F. Emerging role of infectious
etiologies in the pathogenesis of marginal zone B-cell lymphomas. Clin
Cancer Res. 2014;20(20):5207–16.

56. Campo E, Swerdlow SH, Harris NL, Pileri S, Stein H, Jaffe ES. The 2008 WHO
classification of lymphoid neoplasms and beyond: evolving concepts and
practical applications. Blood. 2011;117(19):5019–32.

57. Shannon-Lowe C, Rickinson AB, Bell AI. Epstein-Barr virus-associated
lymphomas. Philos Trans R Soc Lond B Biol Sci. 2017;372(1732). https://doi.
org/10.1098/rstb.2016.0271.

58. Castillo JJ, Beltran BE, Miranda RN, Young KH, Chavez JC, Sotomayor EM.
EBV-positive diffuse large B-cell lymphoma of the elderly: 2016 update on
diagnosis, risk-stratification, and management. Am J Hematol. 2016;91(5):529–37.

59. Swerdlow SH, Campo E, Pileri SA, Harris NL, Stein H, Siebert R, et al. The
2016 revision of the World Health Organization classification of lymphoid
neoplasms. Blood. 2016;127(20):2375–90.

60. Nicolae A, Pittaluga S, Abdullah S, Steinberg SM, Pham TA, Davies-Hill T,
et al. EBV-positive large B-cell lymphomas in young patients: a nodal
lymphoma with evidence for a tolerogenic immune environment. Blood.
2015;126(7):863–72.

61. Rosenwald A, Wright G, Chan WC, Connors JM, Campo E, Fisher RI, et al.
Lymphoma/Leukemia Molecular Profiling Project. The use of molecular
profiling to predict survival after chemotherapy for diffuse large-B-cell
lymphoma. N Engl J Med. 2002;346(25):1937–47.

Mancuso et al. Immunity & Ageing  (2018) 15:22 Page 6 of 7

https://doi.org/10.1098/rstb.2016.0271
https://doi.org/10.1098/rstb.2016.0271


62. Mareschal S, Lanic H, Ruminy P, Bastard C, Tilly H, Jardin F. The proportion
of activated B-cell like subtype among de novo diffuse large B-cell
lymphoma increases with age. Haematologica. 2011;96(12):1888–90.

63. Dubois S, Viailly PJ, Mareschal S, Bohers E, Bertrand P, Ruminy P, et al.
Next-generation sequencing in diffuse large B-cell lymphoma highlights
molecular divergence and therapeutic opportunities: a LYSA study. Clin
Cancer Res. 2016;22(12):2919–28.

64. Beheshti A, Neuberg D, McDonald JT, Vanderburg CR, Evens AM. The
impact of age and sex in DLBCL: systems biology analyses identify distinct
molecular changes and signaling networks. Cancer Inform. 2015;14:141–8.

65. Parkin DM, Muir CS. Cancer incidence in five continents. Comparability and
quality of data. IARC Sci Publ. 1992;120:45–173.

66. Taylor PR, Angus B, Owen JP, Proctor SJ. Hodgkin’s disease: a population-
adjusted clinical epidemiology study (PACE) of management at
presentation. Northern Region Lymphoma Group. QJM. 1998;91(2):131–9.

67. Mathas S, Hartmann S, Küppers R. Hodgkin lymphoma: pathology and
biology. Semin Hematol. 2016;53(3):139–47.

68. Schwering I, Bräuninger A, Klein U, Jungnickel B, Tinguely M, Diehl V, et al.
Loss of the B-lineage-specific gene expression program in Hodgkin and
reed-Sternberg cells of Hodgkin lymphoma. Blood. 2003 Feb;101(4):1505–12.

69. Weniger MA, Küppers R. NF-κB deregulation in Hodgkin lymphoma. Semin
Cancer Biol. 2016;39:32–9.

70. Joos S, Küpper M, Ohl S, von Bonin F, Mechtersheimer G, Bentz M, et al.
Genomic imbalances including amplification of the tyrosine kinase gene
JAK2 in CD30+ Hodgkin cells. Cancer Res. 2000;60(3):549–52.

71. Mathas S, Hinz M, Anagnostopoulos I, Krappmann D, Lietz A, Jundt F, et al.
Aberrantly expressed c-Jun and JunB are a hallmark of Hodgkin lymphoma
cells, stimulate proliferation and synergize with NF-kappa B. EMBO J. 2002;
21(15):4104–13.

72. Aldinucci D, Celegato M, Casagrande N. Microenvironmental interactions in
classical Hodgkin lymphoma and their role in promoting tumor growth,
immune escape and drug resistance. Cancer Lett. 2016;380(1):243–52.

73. Gordon SR, Maute RL, Dulken BW, Hutter G, George BM, McCracken MN,
et al. PD-1 expression by tumour-associated macrophages inhibits
phagocytosis and tumour immunity. Nature. 2017;545(7655):495–9.

74. Skinnider BF, Mak TW. The role of cytokines in classical Hodgkin lymphoma.
Blood. 2002;99(12):4283–97.

75. Ishida T, Ishii T, Inagaki A, Yano H, Komatsu H, Iida S, Inagaki H, Ueda R.
Specific recruitment of CC chemokine receptor 4-positive regulatory T cells
in Hodgkin lymphoma fosters immune privilege. Cancer Res. 2006;66(11):
5716–22.

76. Glaser SL, Lin RJ, Stewart SL, Ambinder RF, Jarrett RF, Brousset P, et al.
Epstein-Barr virus-associated Hodgkin’s disease: epidemiologic characteristics
in international data. Int J Cancer. 1997;70(4):375–82.

77. Erdkamp FL, Breed WP, Bosch LJ, Wijnen JT, Blijham GB. Hodgkin disease in
the elderly. A registry-based analysis. Cancer. 1992;70(4):830–4.

78. Asano N, Yamamoto K, Tamaru J, Oyama T, Ishida F, Ohshima K, et al.
Age-related Epstein-Barr virus (EBV)–associated B-cell lymphoproliferative
disorders: comparison with EBV-positive classic Hodgkin lymphoma in
elderly patients. Blood. 2009;113(12):2629–36.

79. Proctor SJ, Wilkinson J, Sieniawski M. Hodgkin lymphoma in the elderly: a
clinical review of treatment and outcome, past, present and future. Crit Rev
Oncol Hematol. 2009;71(3):222–32.

80. Cesarman E. Pathology of lymphoma in HIV. Curr Opin Oncol. 2013;25(5):
487–94.

81. Carroll V, Garzino-Demo A. HIV-associated lymphoma in the era of
combination antiretroviral therapy: shifting the immunological landscape.
Pathog Dis. 2015;73(7).

82. Clifford GM, Polesel J, Rickenbach M, Dal Maso L, Keiser O, Kofler A, Swiss
HIV Cohort, et al. Cancer risk in the Swiss HIV cohort study: associations
with immunodeficiency, smoking, and highly active antiretroviral therapy. J
Natl Cancer Inst. 2005;97(6):425–32.

83. Fülöp T, Herbein G, Cossarizza A, Witkowski JM, Frost E, Dupuis G, Pawelec
G, Larbi A. Cellular Senescence, Immunosenescence and HIV. Interdiscip Top
Gerontol Geriatr. 2017;42:28–46.

84. Hart BB, Nordell AD, Okulicz JF, Palfreeman A, Horban A, Kedem E, et al.
INSIGHT SMART and ESPRIT Groups. Inflammation-related morbidity and
mortality among HIV-positive adults: how extensive is it? J Acquir Immune
Defic Syndr. 2018;77(1):1–7.

85. Engert A, Ballova V, Haverkamp H, Pfistner B, Josting A, Dühmke E, Müller-
Hermelink K, Diehl V, German Hodgkin’s Study Group. Hodgkin’s lymphoma

in elderly patients: a comprehensive retrospective analysis from the German
Hodgkin’s study group. J Clin Oncol. 2005;23(22):5052–60.

86. Jarrett RF, Stark GL, White J, Angus B, Alexander FE, Krajewski AS, Scotland
and Newcastle Epidemiology of Hodgkin Disease Study Group, et al. Impact
of tumor Epstein-Barr virus status on presenting features and outcome in
age-defined subgroups of patients with classic Hodgkin lymphoma: a
population-based study. Blood. 2005;106(7):2444–51.

87. Evens AM, Helenowski I, Ramsdale E, Nabhan C, Karmali R, Hanson B, et al. A
retrospective multicenter analysis of elderly Hodgkin lymphoma: outcomes
and prognostic factors in the modern era. Blood. 2012;119(3):692–5.

88. Kenis C, Bron D, Libert Y, Decoster L, Van Puyvelde K, Scalliet P, et al.
Relevance of a systematic geriatric screening and assessment in older
patients with cancer: results of a prospective multicentric study. Ann Oncol.
2013;24(5):1306–12.

89. Wildiers H, Heeren P, Puts M, Topinkova E, Janssen-Heijnen ML,
Extermann M, et al. International Society of Geriatric Oncology
consensus on geriatric assessment in older patients with cancer. J Clin Oncol.
2014;32(24):2595–603.

90. Tucci A, Martelli M, Rigacci L, Riccomagno P, Cabras MG, Salvi F, et al.
Comprehensive geriatric assessment is an essential tool to support
treatment decisions in elderly patients with diffuse large B-cell lymphoma: a
prospective multicenter evaluation in 173 patients by the lymphoma Italian
Foundation (FIL). Leuk Lymphoma. 2015;56(4):921–6.

91. Falandry C, Gilson E, Rudolph KL. Are aging biomarkers clinically relevant in
oncogeriatrics? Crit Rev Oncol Hematol. 2013;85(3):257–65.

92. Wong NS, Chan KCW, Cheung EKH, Wong KH, Lee SS. Immune recovery of
middle-aged HIV patients following antiretroviral therapy: an observational
cohort study. Medicine (Baltimore). 2017;96(28):e7493.

Mancuso et al. Immunity & Ageing  (2018) 15:22 Page 7 of 7


	Abstract
	Background
	Aging, cancer and immunosenescence
	Age-related changes and cancer
	Biological basis of immunosenescence
	Immunosenescence and defects in cancer protection

	Immunosenescence and non-Hodgkin lymphoma
	Non-Hodgkin lymphoma and aging
	Immunosenescence, chronic infection and lymphomagenesis in non-Hodgkin lymphoma of the elderly
	Diffuse large B cell lymphoma and aging-related molecular changes

	Immunosenescence and Hodgkin’s lymphoma
	Epidemiology and biology of Hodgkin lymphoma
	Epstein-Barr virus and lymphomagenesis of Hodgkin lymphoma in the elderly

	Other links between immunosenescence and lymphoma in the elderly
	Conclusion
	Abbreviations
	Acknowledgements
	Authors’ contributions
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Publisher’s Note
	Author details
	References

