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Seasonal influenza & vaccination in cancer patients
Seasonal influenza affects every country, community and, consequently, a large number of individuals [1]. Recent
estimates have recalculated the burden of global influenza. Each year, one billion people are affected by influenza,
with a high rate of hospitalization. Deaths associated with respiratory disease from influenza are between 290,000
and 645,000. Cardiovascular disease deaths, which are estimated to represent about half of deaths due to the
complications of influenza, must also be considered [2].
From a public health point of view, the adult or elderly cancer patient presents the same comorbidities as the
general population, which increases with age. It is estimated that more than 20% of the population aged 65 and
over have at least two comorbidities, a percentage that reaches more than 50% in people aged at least 75 years
of age [3]. Patients with malignancies are at increased risk of serious influenza-related complications, with higher
rates of hospitalization and mortality than healthy cohorts. In several studies conducted during the 2009–2010
influenza pandemic, high rates of hospitalization, pneumonia and death (9.5%) were reported among oncological
patients [4].
Although annual vaccination against influenza infection is recommended, vaccination rates among cancer patients
are apparently low [5]. Few patients with a diagnosis of a malignant disease are advised about influenza vaccination
by their treating oncologist. The main reasons for influenza vaccination denial are concerns about interaction with
the malignant disease, with cancer treatment and potential side effects [6].
A recent Cochrane revision reported lower mortality and infection-related outcomes with influenza vaccination,
with limited value to support the benefit of vaccination in cancer patients, due to the small number of studies.
According to the current evidence, it seems that the benefits of vaccinating adults with cancer against influenza
outweigh the potential risks. However, additional placebo or no treatment arms in randomized controlled trials of
influenza vaccination among adults with cancer are ethically questionable [7].
In addition to traditional vaccines produced in embryonated hen’s eggs, innovative vaccines are currently available,
such as the vaccine produced using a seed virus propagated exclusively in cell culture, the recombinant influenza
vaccine manufactured in insect cells and the inactivated mammalian cell-grown vaccine [8]. Manufacturing influenza
virus vaccines using a mammalian cell line rather than embryonated chicken eggs may carry certain advantages.
First, they overcome the difficulty of growing influenza viruses, in particular the subtype A/H3N2, in embryonated
hen’s eggs. Second, they help avoid adaptive mutations of the virus in the course of vaccine production. Finally, they
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accelerate timelines for vaccine composition to keep up with the pace of rapid wild virus evolution and respond
to potential future pandemics [8]. The potential benefits deriving from these new products could be translated
into a more effective influenza vaccination. Moreover, such new techniques will provide basic knowledge for
further studies on host-related immune factors and new vaccine formulations (higher doses, use of cell-based or
recombinant systems for a single antigen, etc.) and may also help to develop more targeted vaccination strategies
against the groups at greatest risk, such as cancer patients.
Cancer patients undergoing immune checkpoint blockade: a special population
As we previously reported in a systematic review, there are no solid data supporting the efficacy of influenza
vaccination in the subgroup of cancer patients receiving immune checkpoint inhibitors (ICIs) [9]. Despite some
evidence of good seroconversion rates following influenza vaccination during ICI, which were higher when compared
with both those of cancer patients receiving cytotoxic chemotherapy and even of healthy subjects [10,11], prospective
data about safety, clinical efficacy and possible interactions of the flu vaccine with anticancer therapy is still largely
unknown. In our opinion, serological efficacy is insufficient to support the routine administration of annual
influenza vaccination for ICI-treated patients. Looking for explorative data, our group conducted the INVIDIa
study, which was the first retrospective study reporting results about clinical efficacy and compatibility of influenza
vaccination with ICI therapy [12,13]. Soon after, other similar retrospective analyses [14,15] and limited prospective
experiences [16,17] were reported in the literature. Considering these studies all together, the evidence related to
influenza vaccination during ICI therapy in cancer patients is still scarce and controversial and there is a need for
more robust data about safety and efficacy in this population.
Given this unmet clinical need, a multicenter observational trial (the INVIDIa-2 study) is currently collecting
prospective data during the 2019–2020 flu season at more than 80 oncology centers in Italy, aiming to provide
for recommendations on influenza vaccination in cancer patients treated with ICIs. The INVIDIa-BIOS ancillary
study will also investigate, in a large INVIDIa-2 patient subgroup, the immunological background of the immune
response to vaccination during ICI, as well as the immune response to ICI during vaccination, with the aim of
identifying unexplored immunological interactions.
Immunological insights
The immunological balance during immune checkpoint blockade

The immune system is a complex network of cells and soluble mediators dedicated to the maintenance of organism
integrity. This means not only defending the body from the attacks of external pathogens, but also from possible
internal sources of danger (i.e., tumors). This is also known as ‘immune surveillance’ and it is fundamental for the
elimination of cancerous cells before they can grow and give rise to tumor masses. Immune surveillance can be
impaired due to the action of immune regulatory cells or due to mechanisms induced by the tumor itself and/or
cells of tumor stroma, leading to tumor growth [18–20]. The T-cell response is regulated by a balance between
stimulatory and inhibitory signals, called ‘immune checkpoints’. Under normal physiological conditions, immune
checkpoints are crucial for the maintenance of self-tolerance but also for the protection of tissues from immunemediated damage when the immune system is responding to exogenous antigens with excessive intensity and/or
duration. These immune checkpoints are also involved in the impairment of immunity against tumors, thus have
been used as targets for antitumor immune therapy. Treatment with ICIs removes inhibitions in the way between
the recognition of tumor antigens and the killing of cancerous cells. The blockade of a general immune-regulatory
mechanism not only favors the effector phase of the immune-response against cancer, but in general drives the
balance between immune regulation and immune activation in favor of activation. This altered balance can lead
the immune response toward autoimmunity, known to be one of the major concerns of ICI treatment.
Influenza vaccination/infection in patients undergoing immune checkpoint inhibitor therapy

The immunological balance described above can also result in hyperactivation of a physiological immune response
after vaccination during ICI therapy, along with a subsequent immune reaction once the host encounters the wild
virus he was vaccinated against. In fact, in normal conditions, the vaccine stimulates both T and B cells, providing
a protective humoral immunity with poor involvement of the cellular response during the second exposition to the
antigen. In the absence of mechanisms related to the regulation of T-cell activation (as seen during ICI therapy), the
second encounter of the antigen (i.e., flu infection after flu vaccination) can lead to the generation of T-cell-driven
systemic inflammations, which are responsible for the appearance of the clinical symptoms of flu infection in

106

Immunotherapy (2020) 12(2)

future science group

Influenza vaccination & immune checkpoint blockade

Commentary

vaccinated subjects [21]. This paradoxical immunological phenomenon could underlie the higher rate of influenza
infection among vaccinated cancer patients receiving ICI, as reported by the INVIDIa retrospective study [12]. On
the other hand, the immune hyperactivation after flu vaccination and/or influenza syndrome in patients treated
with ICIs may exert a direct positive effect on antitumor immunity, as suggested by the increase in overall survival
in vaccine/virus exposed subjects in the same study ([13], submitted manuscript). In this regard, it is well known
how the activation of the immune system against a foreign pathogen may awaken the antitumor immunity via
the presence of pathogens associated molecular patterns and pro-inflammatory cytokines. Pathogens associated
molecular patterns, pro-inflammatory cytokines and potentially vaccine adjuvants not only activate the response
against a pathogen’s antigens, but also against a tumor’s antigens via a ‘bystander’ mechanism. The first report of
this dates to WB Coley, now considered the initiator of cancer immunotherapy. At the end of 1800, he reported the
case of a patient affected by an inoperable osteosarcoma of the neck that completely healed from the tumor after
a spontaneous local erysipelas infection. After this observation, he published a case series of ten patients affected
by tumor, treated with germs obtained by erysipelas infections, now known to be the Streptococcus pyogenes [22]. In
1974, Zbar and Rapp described how to obtain an antitumor effective Bacillus Calmette–Guérin, an attenuated
strain of Mycobacterium bovis, which then resulted in the effective intravesical treatment of nonmuscle invasive
bladder cancer [23]. Nowadays, the identification of a safe and effective immune adjuvant for the stimulation of
antitumor immunity is a primary aim of the immunology research. A fundamental aspect of the bacterial-mediated
antitumor therapy is the administration of the microorganism/adjuvant at the tumor site, in order to activate APCs
and other cells of the immune system at the tumor level and in draining lymph nodes. This phenomenon does
not occur during vaccination but may occur during wild flu infection in lung cancer patients. In these patients,
the ongoing treatment with ICIs, which is responsible for an increased immune/inflammatory response, could
induce the activation of intratumoral APCs via a systemic release of cytokines induced by vaccination and/or by
spontaneous viral infection. This could be one of the biologic mechanisms underlying the clinical observation
reported within the INVIDIa study [12,13].
Focus on the immunological context

The tumor microenvironment (TME) is comprised of innate and adaptive immune cells. Although a predominant
role was reported for adaptive immune cells, with Th1 cells promoting a pro-inflammatory status versus Th2
cells orchestrating an immunosuppressive phenotype, the innate immune response contributes to the anticancer
immunity. Natural killer (NK) cells are circulatory, innate lymphoid cells recognized for their cytotoxic effector
functions. Generally, there are two subsets of NKs: CD56hiCD16, which secrete inflammatory cytokines and
CD56loCD16hi, which are specialized in cytotoxic functions, along with cell-mediated killing [24]. Within the
cancer framework, these cells are extremely efficient in eliminating malignant cells and limiting tumor metastases [24,25]. Tumors employ many mechanisms to evade destruction by NKs, engaging inhibitory NK receptors
and utilizing platelets as a shield to avoid NK detection [25]. Many cytokines commonly present in the TME
diminish NK effector functions through reduced cytotoxicity, arresting the proliferation and expansion of T cells,
enhancing their immune-suppressive properties. Another crucial T-cell type that infiltrates the TME is the Treg,
which is responsible for maintaining self-tolerance and impairing antitumor immune responses. The function of
Tregs includes direct killing of effector T cells, production of immunosuppressive cytokines and downregulation of
co-stimulation by APCs [26]. CTLA-4 and PD-1 are well characterized immune co-inhibitory receptors that have
been successfully targeted to promote and enhance immune responses against cancer. CTLA-4 and PD-1 are both
induced on T cells upon T-cell receptor signaling activation. On a hand, CTLA-4 is upregulated during the initial
stage of T-cell activation, competing with CD28 for the ligands CD86 and CD80 expressed on APCs, thus limiting
excessive T-cell priming. On the other hand, PD-1, which is induced later, controls previously activated T cells at
the effector sites of immune responses, thus its expression is the marker of T-cell exhaustion. CTLA-4 and PD-1
checkpoints are deregulated in tumor-bearing hosts, characterized by chronic predominating ineffective immune
responses, resulting in Treg induction and T-cell exhaustion [27].
In this complex context, vaccine stimulation may create new scenarios through interfering in the immunemediated innate and adaptive responses. The results reported in the INVIDIa study seem to emphasize the role
of added, extrinsic immune stimulation in modulating the efficacy of inhibitory molecules targeting immune
checkpoints [12,13]. In cancer patients, the immune status is often modified with prevalence of immunosuppression,
thus the direct/indirect viral induced response might impact on the immune patient status, resulting in an antiviral
response of which anticancer responses will also benefit from. The recent case of a patient with concomitant primary
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cutaneous anaplastic large cell lymphoma and melanoma progressing on anti-PD-1 therapy, who developed Kaposi’s
varicelliform eruption after receiving the first dose of herpes virus-based oncolytic viral therapy, appears to flow in
the same direction [28]. The fact that Tregs impair function and boost innate populations such as NK may explain
part of this process. Preliminary evidence shows that in renal cancer patients, a high basal percent of functional
NK and increased resistance of effector T cells to Treg suppression predicted a better clinical response to treatment
with the anti-PD-1 antibody nivolumab [29]. In melanoma, Tregs from anti-PD-1 responding patients showed a
reduction in Treg suppressive capacity [30]. In patients treated with the anti-CTLA4 blocking antibody ipilimumab,
higher baseline levels of circulating Tregs are associated with improved survival [31]. PD-1 blockade increased the
resistance of effector T cells to Treg suppression and directly reduced the suppressive function of Tregs in vitro [31,32].
Challenges with flu-vaccine or flu wild viruses could test this status. In addition, the immunological and clinical
response to flu infection and/or vaccine could be investigated as a possible biomarker of ICI response, as it is being
explored within the prospective INVIDIa-2 and INVIDIa-BIOS studies currently ongoing [33,34].
Conclusion
Cancer patients undergoing immune checkpoint blockade represents a new population still to be investigated from
the immunological viewpoint. The complex modifications occurring in the immune responses of these individuals
against noncancer antigens are largely unknown and they potentially influence the oncological outcome. The
intentional introduction of vaccinal antigens could contribute, as a further exogenous immunological stimulus,
to shift the balance between tolerance and activation, likely influencing both the tumor context and the complex
relationships between the tumor and the host. Moreover, the effect of exogenous wild stimuli such as viral or
bacterial infections may likely contribute to the immunological ensemble, even potentially interfering with the
immune escape from antitumor response. In conclusion, the cancer patient treated with ICI can no longer be
considered like the entire cancer population undergoing chemotherapy or targeted therapy, since the target of ICI
is no longer represented by the tumor, but instead by the immune system [35]. Considering this crucial paradigm,
the assumptions adopted up today with regard to concomitant medications, vaccinations, true risks from viral or
bacterial infections, should be completely discarded and rewritten for this special cancer patient population.
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