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Immunology and cancer: gender differences
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Cancer immunotherapy, a very long-standing
concept

The concept that immunotherapy could be useful in the
treatment of cancer is a long-held hope coming from the
observation that patients with cancer who developed bac-
terial infections experienced remission of their malignan-
cies. The earliest mention of cancer-fighting infections
dates to a citation from Ebers papyrus (1550 B.C.) at-
tributed to the Egyptian physician Imhotep (2600 B.C.),
who recommended to treat tumors (swellings) with a
poultice followed by an incision which would result in
infection of the tumor and therefore its regression. In
1896, the surgeon William Coley locally injected strep-
tococcal broth cultures to induce erysipelas in an Italian
patient (Mr. Zola) with an inoperable neck sarcoma, ob-
taining a tumor regression. Although therapy was toxic,
the patient’s tumor ultimately regressed, and he lived
disease-free for 8 years before succumbing to his cancer.

The cancer immunoediting concept

Cancer immunoediting is an extrinsic tumor suppressor
mechanism that engages only after cellular transforma-
tion has occurred and intrinsic tumor suppressor mech-
anisms have failed. In its most complex form, cancer
immunoediting consists of three sequential phases:
elimination, equilibrium, and escape. In the elimination
phase, innate and adaptive immunity work together to
destroy developing tumors long before they become
clinically apparent. Many of the immune molecules and
cells that participate in the elimination phase have been
identified, but more work is needed to determine their
exact sequence of action. If this phase goes to comple-
tion, then the host remains free of cancer, and elimina-
tion thus represents the full extent of the process. If,
however, a rare cancer cell variant is not destroyed in the
elimination phase, it may then enter the equilibrium
phase, in which its outgrowth is prevented by immuno-
logic mechanisms. T cells, IL-12, and IFN-y are required
to maintain tumor cells in a state of functional dor-
mancy, whereas NK cells and molecules that participate
in the recognition, or effect, or function of cells of innate

immunity are not required; this indicates that equilib-
rium is a function of adaptive immunity only. Editing
of tumor immunogenicity occurs in the equilibrium
phase. Equilibrium may also represent an end stage of
the cancer immunoediting process and may restrain
outgrowth of occult cancers for the lifetime of the host.
However, as a consequence of constant immune selec-
tion pressure placed on genetically unstable tumor cells
held in equilibrium, tumor cell variants may emerge that
(i) are no longer recognized by adaptive immunity (an-
tigen loss variants or tumor cells that develop defects in
antigen processing or presentation), (ii) become insen-
sitive to immune effector mechanisms, or (iii) induce
an immunosuppressive state within the tumor micro-
environment. These tumor cells may then enter the es-
cape phase, in which their outgrowth is no longer
blocked by immunity. These tumor cells emerge to cause
clinically apparent disease (Figure 1).

The Immune-checkpoint-based immunotherapy

The physiologic homeostasis of immune responses is
controlled both by co-stimulatory (agonistic) and co-
inhibitory (antagonistic) signals delivered by cell surface
receptors belonging mainly to the immunoglobulin-like
superfamily or to the tumor necrosis factor receptor su-
perfamily?. Therefore, therapeutic mAb to agonistic or
antagonistic immune check-points have been generated
due to their potential to enhance anti-tumor immunity.
Among co-stimulatory receptors in clinical development
are OX40 and CD137, while CTLA-4 and PD-1 are
among the co-inhibitory ones (Figure 2). Treatment with
mAb to CTLA-4 or to PD-1/PD-L1, as well as their com-
bination, has already shown significant clinical activity
across a wide range of tumor types (i.e.,, melanoma,
NSCLC, renal cell carcinoma, being under clinical de-
velopment in the majority of solid and hemopoietic
malignancies®. In light of these meaningful clinical re-
sults several studies aim to assess the role of different
clinical and tumor molecular features that could help
identifying the best candidates to immunotherapy.
Among these, tumor burden, molecular subtyping,
age, and gender were evaluated to define their potential
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Figure 1. The cancer immunoediting concept.

role in patient’s selection. To date, the available retrospec-
tive subgroup analyses performed in several clinical stud-
ies conducted in different tumor histotypes (melanoma,
NSCLC, RCC, etc.), and with different immune-check-
points inhibitors (anti-CTLA-4, anti-PD1/PDL1) have
not reported statistically significant differences in age or
gender. However, gender differences in immune-regula-
tion of T cell response have been identified; thus, pro-
spective clinical and translational studies are needed to
define potential mechanism(s) involved in gender dif-
ferences with regards to immunotherapy. This could be
also relevant to identify specific immunological targets
to design studies exploring novel immunotherapy-based
combinations, in different subgroups of cancer patients.
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Figure 2. T-cell checkpoint and co-stimulatory pathways.



