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Abstract: Over the past 50 years, the world has experienced a progressive demographic shift resulting
in a higher proportion of older adults in the general population. Aging itself is a complex biological
phenomenon, characterized in part by changes in the immune system, known as "immunosenescence," that
make older adults more susceptible to infections, cardiovascular and autoimmune diseases, and cancer.
Several strategies have been proposed to reverse immunosenescence. These include the use of hormones,
cytokines, and thymic factors. Biomodulina T (BT) is a polypeptide fraction derived from bovine thymus.
Intervention with BT expands naive CD4+ T cells while decreasing the frequency of CD4+ and CD8+ T
cells expressing PD1 in older adults and patients diagnosed with advanced lung cancer. This brief review
aims to present the most recent evidence on the effect of BT on the immune system in older adults and
patients diagnosed with advanced lung cancer.
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1. Introduction

n the coming years, the number of older adults

is projected to exceed the number of children for

the first time in recorded history. Latin America,
and Cuba in particular, are also expected to see a
large increase. Cuba has one of the oldest populations
in the Americas "', The aging of an individual is
known to be associated with functional changes in
immunity resulting from age-related alterations in
both the innate and adaptive branches of the immune
system™. Dysregulation of the immune system with
age is commonly referred to as “immunosenescence”.
Cellular senescence, an irreversible exit from the
cell cycle due to aberrant or extensive replication
or different types of damage and stress, including
genotoxic and oxidative damage and inflammatory
stress, may be associated with some manifestations of
immunosenescence. Of note, senescent cells acquire
an inflammatory senescence-associated secretory
phenotype (SASP) which comprises heterogeneous
constellations of several families of soluble factors
such as interleukins, chemokines, growth factors and
proteases, as well as extracellular matrix components.
These may contribute to the commonly observed
low level chronic inflammatory state referred to
as “inflammaging” ¥, thought to mediate some
aspects of organismal aging *. Positive feedback
between immunosenescence and inflammaging may
exacerbate the effects of both, and help to explain older
adults' particular susceptibility to new infections and
chronic disease, including cardiovascular, metabolic,
neurodegenerative and cancer " *.

The growing prevalence of cancer is a major health
problem around the world. The global burden of
cancer is projected to be on the rise for at least the
next 2 decades . Recently it has been proposed that
both aging and cancer are characterized by partially
overlapping "hallmarks"; these shared characteristics
are referred to as "meta-hallmarks". Indeed, more than
60% of newly diagnosed cancer patients and more than
70% of cancer-related deaths occur in older adults ™),
Due to their comorbidities and different functional
status, older patients present a heterogeneous
population. This makes them more challenging for
oncologists and scientists seeking personalized cancer
therapies .

Several strategies have been proposed to reverse

the changes that occur in the immune system with age
and thus potentially contribute to improving quality
of life in older adults. The critical question is if the
process of immunosenescence can be therapeutically
modified. In such a case, immunosenescence could
become a target for therapeutic intervention, beyond
the specific molecular targets related with oncogenic
transformation. One of the proposed strategies is
devoted to restoring and maintaining a normal thymic
microenvironment and is defined as “restoration”, as
part as the so called “3Rs of immune rejuvenation”"".
It is postulated that thymic rejuvenation would
increase naive T cell generation, hence increasing the
T cell antigen receptor repertoire and facilitating the
recognition of cancer neoantigens " '*.

In the present paper we review the current and most
recent knowledge regarding the effect of Biomodulina

3

T on the immune system in older adults " and in

patients diagnosed with lung cancer treated with

chemotherapy .

2. Aging, cancer and the immune system

Aging is the single most important risk factor for
several non-communicable disease of the adulthood
and, by definition, of the geriatric syndromes.
However, the aging process varies widely among
individuals, which means that aging is not uniform
from person to person . The most studied changes
in the immune system with age consist of those that
occur in the adaptive branch. Although the use of
specific biomarkers to characterize immunosenescence
is intensely debated, there is consensus on the decrease
of naive cells and the increase of memory (senescent/
exhausted) cells, principally in the so-called terminally-
differentiated T cells " which downregulate membrane
expression of the CD28 coreceptor '), and re-express
the CD45RA marker "

As a consequence of thymic involution, beginning
at puberty, reserves of naive T cells are depleted
throughout life, and additionally due to the conversion
of naive cells to memory cells over a lifetime of
exposure to immune challenges (pathogens, but
potentially including autoantigens and cancer
antigens)'"". There is considerable evidence to suggest
that chronic antigenic stimulation, induced by the
presence of persistent infections or by altered tissues

and molecules, plays an important role in driving
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the peripheral T cell compartment into a state that
is different in older individuals. The accumulation
of late-stage differentiated CD8+ T cells specific for
cytomegalovirus (CMV) is a classic example of this
process, which is caused by this latent herpesvirus

1 As age increases, the proportion of the

infection
population infected with CMV increases in most
countries, which eventually includes the majority of
older people *”. Although most of the literature on
immunosenescence has focused on T cell changes with
age, other immune compartments such as B cells and
innate populations such as NK cells and dendritic cells
also differ between older and younger people "> .

Most types of cancer can be considered age-
related diseases, suggesting that the mechanisms of
control of aging and cancer are intimately related ™*'.
In a previous study, our group has reported a cancer-
associated decrease in the CD4/CDS ratio and higher
percentage of patients with an inverted CD4/CD8
ratio in patients diagnosed with advanced lung cancer,
but not in age and sex-matched healthy volunteers.
In addition, we described a greater proportion of
terminally differentiated (CD28—) CD4+ and CD8+
T cell subpopulations in patients treated with first-
line platinum-based chemotherapy . Collectively,
this evidence suggested that advanced cancer and
chemotherapy adversely affect the immune status of
these patients. In addition, many other factors that
play a role in the pathogenesis of cancer, such as low-
grade inflammation, decreased immunosurveillance,
apoptosis resistance, and others, also become more
prevalent as part of the aging process *.

Cancer immunotherapy has continued to evolve, with
several forms of treatment advancing. However, the most
convincing evidence that the immune system can control
cancer has come from the outstanding clinical success
of immune checkpoint inhibitors (ICI). Nevertheless, a
proportion of patients treated with ICI fails to respond to
this promising therapy, demonstrating that tumors escape
immunity. A lack of tumor-specific T cells, which may
be a consequence of immunosenescence, may be one
possible explanation .

In addition to checkpoint blockade immunotherapies to
boost anti-cancer T cell responses, several avenues have
been explored to improve T cell function and restore a
normal thymic environment in the elderly population !,
These strategies include non-pharmacological approaches

such as physical activity and healthy nutrition, but also the
use of hormonal products, growth factors, cytokines and
thymic peptides ">\

Lang and colleagues proposed the 3Rs of
rejuvenation: restoration, replacement and
reprograming strategies. The restoration strategy
is defined as the preservation of a normal thymic
environment by the administration of growth
hormone, sex steroids, growth factors, nutrients, and

191" Although there may be potential negative

cytokines
consequences of rejuvenating an organ selected by
evolution to involute with age, thymic regeneration
and also age-specific immune interventions, certainly
could contribute to preserve/restore immune protection,
and to potentiate the immune system to better resist
infections and cancer, likely relevant for the aging

population.

3. Biomodulina T

Since the second half of the last century, several
thymus-derived pharmaceuticals have been studied for
the treatment of primary immunodeficiencies and other
diseases and conditions such as cancer ****. Thymus-
derived products can be divided into two groups: (i)
purified extracts from animal thymus glands containing
peptide mixtures, and (ii) synthetically produced

1831 Extracts from calf thymus are

thymic peptides
further processed through various steps of purification,
fractionation, and filtration to produce mixtures of
peptides. Of particular note is thymosin fraction
5, which was first described in 1966 and has been
extensively studied in clinical trials .

Biomodulina T is another example of natural
immunomodulator composed of polypeptide fractions
obtained from the bovine thymus (Centro Nacional
de Biopreparados (BIOCEN), Havana, Cuba).
Development of this product began in 1984, followed
by a series of experiments confirming its biological
activity. An extensive series of toxicological studies
were also performed, confirming that it is a safe thymic
factor. Several clinical trials have been conducted in
patients with immunodeficiency disorders, recurrent
infections, autoimmune diseases, cancer and other
diseases . In 1994, the Cuban Regulatory Agency
(CECMED) granted a license for the treatment of
recurrent infections in elderly patients 7.

When BT was used in elderly patients with Chronic
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Obstructive Pulmonary Disease, it was reported a
decrease in bronchopneumonia recurrences in these
patients "' **1. After treatment with BT in children
with thymic atrophy or hypoplasia, the recovery of
thymic mass evaluated by thymic echography, as
well as the reduction of recurrent infectious processes
have been reported *”. In a clinical trial in patients
with relapsing-remitting multiple sclerosis (RRMS),
clinical parameters improved and immunological
parameters normalized and remained normal after BT
administration "*. More recently, Biomodulina T has
also been used during the covid outbreak and has been
shown to contribute to reduction of mortality in aged
patients °"). In addition, BT induced immune restoration
of T and B lymphocyte populations in institutionalized

older adults %

, as well as expansion of B and NKT
subsets when administered at a lower dose of 3 mg
three times a week for one week to older adults .

BT has very low toxicity, which is supported by the
preclinical and clinical studies presented in the registration

7 All of the clinical studies mentioned above

[1,13]

dossier
confirm the safety profile of this drug
burning at the injection site, fever, headache and asthenia

, with pain and

being the most common side effects reported 7.

4. Biomodulina T partially restores CD4+ and
CD8+ T cell compartments in older adults

Several strategies have been investigated to improve
thymopoietic potential and reduce the effects of thymic
involution. These treatments enhance thymic output and

B4 Therapies such

induced expansion of naive T cells
as zinc supplementation, leptin treatment, keratinocyte
growth factor administration, sex steroid ablation, and
citokine administration have been studied in animals

15, 34, 35 .
: ! Human clinical

and in various clinical scenarios
trials for IL7 demonstrated the expansion of peripheral T
cells including the naive T cell compartment " as well
as higher TCR diversity and augmentation of effector
memory cells, with no effect on T regulatory cells "

A study conducted in older adults with a history
of recurrent respiratory infections (and no other
previously diagnosed chronic disease), revealed that BT
transiently expanded naive CD4+ T cells, recent thymic
emigrants (RTE), and stem cell-like memory CD8+
T cell production, and also decreased the proportions
of CD4+PD1+ and CD8+PDI1+ T cells, suggesting a

potential “anti-exhaustion” effect of BT for the immune

response of older people "*. Additionally, BT treatment
increased the expression of the Ki67 nuclear marker in
CD4+ T cells, which was interpreted as an enhancement
of the proliferative capacity of helper T cells in older
adults induced by this thymic factor. There was also
an increase in the intracellular expression of IFN-y,
indicating that BT may have a role in the restoration of
the Th1 response in older adults ",

All of the immune benefits of BT described above
occur in the absence of regulatory T cell expansion.
This is noteworthy because BT would be expected to
stimulate thymic production of several different cellular
subpopulations, including natural regulatory T cells "',

Taken together, these results pointed to the impact of
BT as a promising strategy for immune restoration in
older adults and for enhancing the immunotherapeutic

potential in cancer patients.

5. Biomodulina T decreases exhausted and
terminally-differentiated EMRA T Cells in
advanced lung cancer patients treated with
platinum-based chemotherapy

Impairment of the immune system after chemotherapy

9, 38, 39 3
). In previous work, our

has been well studied '
group has shown that chemotherapy significantly
reduces the frequency of naive and early-differentiated
T cells and increases late-stage T cell populations “*),
Recovery of immune populations after chemotherapy
has been reported to be variable, usually slow and
progressive ") Naive CD8+ T cells increased and
terminally differentiated effector T cells normalized
after 12 months in patients treated with docetaxel and
cyclophosphamide Y. Similarly, thymic recovery, as
assessed by CD31+RTE T cells, was observed 1 year
after the end of treatment in patients diagnosed with
Hodgkin lymphoma and B-cell lymphoma **. Another
study, conducted in patients with multiple cancer sites
and treatment types, found that B and NK cells have
recovered to pretreatment levels in as little as 3 months,
while overall T cell compartment recovery occurred
6 months after treatment, with the exception of helper
and naive subpopulations, which recovered on average
by 12 months after chemotherapy **'.

In a recent work, BT was administered (intramuscularly
three times a week for four weeks) to patients diagnosed
with advanced lung cancer, five to seven days after

completing first-line platinum-based chemotherapy.
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Terminally differentiated T cells (CD4+EMRA and
CD8+EMRA) decreased after BT treatment while
CD4+ naive T cells increased, confirming the ability of
BT to expand naive or early differentiated T cells in the
periphery. In addition, CD4+ and CD8+ T cells expressing
PD1 were reduced after BT administration, highlighting
its likely effects countering “exhaustion” not only in
healthy older adults "*' but also in cancer patients "*.

Five to seven days after finishing BT administration,
patients started treatment with CIMAvax-EGF ",
This is an EGF-depleting immunotherapy that induces
neutralizing anti-EGF antibodies that recognize
circulating EGF, preventing it from binding to EGFR,
and thereby disrupting the signal transduction cascade
associated with proliferation and survival signals in tumor
cells ™. The sequential combination treatment of BT
and CIMAvax-EGF was found to be safe; as previously
reported, neither BT nor CIMAvax-EGF were related to
grade 3 or 4 adverse events (AE) and no serious AE were
observed !"*. The proposal of sequential combination of
BT and CIMAvax-EGF, both after completion of first-
line chemotherapy, administered as switch maintenance,
benefited a larger percentage of patients than previously
described for CIMAvax-EGF alone, met the good
antibody response criteria (i.e. developed anti-EGF
antibody titers equal or higher than 1:4000 **'). Therefore,
the combination was successful and enhanced the specific

anti-EGF antibody response "*.
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6. Conclusions

Approaches to immune "rejuvenation" in older adults
may be necessary, despite the likelihood that many
of the hallmarks of “immunosenescence” reflect
the adaptive nature of immunity. Given that natural
evolution is unlikely to promote substantial survival
beyond reproductive age, and that solid cancers
expressing neoantigens mostly occur at older age, one
mechanism contributing to failed immunosurveillance
may be immunosenescence. In such a case, further
strategies to improve the immune response in older
adults may be desirable. This is of particular interest
to enhance the immunotherapeutic potential in
patients diagnosed with cancer, where the immune
system is further compromised by chronic disease.
Administration of BT helps to improve the immune
response, increasing thymic output and partially
compensating for the depletion of naive T cells, as well
as countering T cell exhaustion. Therefore, this thymic
factor could be a useful therapeutic tool positively
contributing to the transient restoration of the immune
environment to potentiate immunity and to improve
cancer immunotherapy in certain older patients
(Figure 1). Further research should be done in order
to explore the effects of long-term administration, the
optimal therapeutic schedule and the combinations of
Biomodulina T with other anti-aging interventions.

()
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Figure 1: Squematic effect of Biomodulina T on the immune system in older adults and patients diagnosed with advanced lung

cancer treated with base-line chemotherapy
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