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Abstract

Influenza virus infection leads to severe and complicated disease particularly in lung cancer
patients. It alters the tumor microenvironment (TME), which may potentiate lung cancer
progression and disrupt responses to anti-tumoral treatments. Consequently, flu vaccination and

antiviral treatments should be recommended to all lung cancer patients.



Influenza infection and cancer

Patients with cancer, and particularly those with lung cancer, are at a higher risk of morbidity and
mortality from seasonal influenza. Monthly mortality rates for low and high flu months activity
are 4.9 and 5.7% in lung cancer patients[1]. Additionally, the appearance of malignant cancer is
linked to the prevalence of influenza infection that occurred one year before the detection of
cancer[2] and a higher risk of developing lung cancer is related to cumulative exposure to the
virus[3]. Recent studies have suggested that treatment with antivirals or vaccination against
influenza may provide clinical benefit, including reduced hospitalization and reduced mortality,
to patients with cancer [4] and current recommendations from Centers for disease control and
prevention (CDC) and American Society for Clinical Oncology (ASCO) is to vaccinate cancer
patients (https://www.cdc.gov/cancer/flu/basic-info.htm;
https://ascopost.com/issues/september-25-2019/flu-vaccine-effectiveness-in-patients-with-
cancer). Mechanistically, vaccination may limit tumor progression by modulating anti-tumor
immune responses. Herein, we stress the importance of vaccination against influenza in reducing
lung cancer progression and incidence and discuss the mechanisms that may contribute to this
reduced mortality.

Influenza induced inflammation and associated tumor microenvironment changes

Cancer patients display higher persistent viral replication that may result in chronic inflammation,
which is considered a hallmark of cancer and is strongly associated with tumor induction and/or
progression. In lung cancer, chronic inflammation induced by influenza is dues to systemic and
lung immunosuppression that results in lower viral clearance, and influenza specific RNA

persistence in the lungs for more than one hundred days post-infection[5]. The prolonged



infection and the resulting chronic inflammation lead to profound alteration of the tumor
microenvironment (TME), which worsens tumor progression and disrupts responses to
treatments.

Toll-like receptor (TLR) signaling in immune cells plays an essential role in immune surveillance
and activation through recognition of pathogen-associated molecular patterns and stimulation
of downstream proinflammatory cytokines. However, when expressed by cancer cells similar
stimulation can promote tumor progression and survival [6]. Viral RNA detected by TLR7, which
is highly expressed by lung tumor cells in many patients [6], activates interferon regulatory factor
(IRF), nuclear factor-kappa B (NF-kB) and mitogen-activated protein kinase (MAPK) signaling
pathways, followed by induction of inflammatory responses and the production of type |
interferons (IFN-1), which promotes the expression of interferon-stimulated genes (ISGs). The
persistence of viral RNA in the lungs following influenza infection may induce a prolonged
stimulation of TLR7 in tumor cells — as we observed with repeated stimulation with synthetic
TLR7 agonists- leading to overactivation of NF-kB and overexpression of Bcl2. This activation

increases tumor cell survival and metastasis, and induces poor response to chemotherapy [6].

Influenza may also alter the anti-tumor immune response through T cell exhaustion and
immunosuppression. Influenza infection of tumor bearing mice shunted anti-tumor CD8* T cells
to the infection site, where they express high levels of the inhibitory receptor programmed cell
death 1 (PD-1) resulting in inhibition of T cell function [7]. Influenza virus-infected cancer cells
also downregulate class | major histocompatibility complex (MHC-I) expression, which promotes
both tumor escape from cytotoxic CD8* T cells leading to tumor progression and delayed viral

clearance[8].



Influenza virus favors the establishment of an immunosuppressed TME, which promotes tumor
growth. In a cohort of lung cancer patients from the cancer genome atlas (TCGA), a high I1SGs
score correlates with upregulation of multiple immunosuppressive factors including PD-L1, PD-
L2, IDO1 and LGALS9. This finding suggests that an additional mechanism by which infected lung

cancer cells can evade immune control[9].

Viral persistence can also lead to development of resistance to anti-tumoral treatments via TME
changes. Tumors resistant to immunotherapy exhibit sustained IFN-I signaling [9], similar to
changes induced by viral persistence in the TME. Sustained IFN signaling in tumor cells induces
STAT1-related epigenomic changes and increases the expression of PDL1 and NOS2 in antigen
presenting cells, leading to increased resistance to immune checkpoint blockade of the PD1/PDL1
axis[10]. Moreover, a high ratio of ISGs in tumor cells versus ISGs in immune cells (T cells, NK
cells, and macrophages) correlates with resistance to radiation, chemotherapy, and immune

checkpoint blockade[11] (Figure 1).

Antiviral treatment and influenza vaccine

Considering the multiple, deleterious impacts of influenza infection on cancer progression,
strategies to optimize influenza prevention among patients with cancer are highly warranted.
Influenza vaccines and specific antiviral, flu medications are two suggested preventive
therapeutics to be considered.

The optimal strategy to prevent influenza infection in cancer patients is vaccination. As the use
of the live attenuated vaccine is contra-indicated in cancer patients, inactivated Influenza
vaccines are the only available vaccine platform. Influenza vaccination correlates with reduced

incidence of lung cancer as exampled in patients with chronic obstructive pulmonary disease



(COPD), which is a well-known risk factor for lung cancer [12]. In patients undergoing curative
surgery for solid cancers, giving a flu vaccine in the postoperative period results in less overall
mortality and cancer-related mortality, compared with patients never receiving a vaccine [13].
Vaccination not only prevents influenza from modulating the TME directly, but it could also
promote anti-tumor immunity in cancer patients. This has been demonstrated in murine studies
where intra-tumoral flu vaccination reactivates CD8* T cell-mediated antitumor immunity and
sensitizes resistant tumors to immune checkpoint blockade (anti-PD-L1) [14].

However, few studies have shown that the immunogenicity of Influenza vaccines, based on
clinical efficacy, is lower in cancer patients than in healthy individuals since it prevents infection
in 10 to 60% cancer patients and in 70 to 90% in healthy people [4]. This suggests that healthy
individuals, especially patient relatives and healthcare providers should also be encouraged to
get the flu vaccine to prevent those with cancer from catching the virus. In order to improve
influenza vaccine immunogenicity in lung cancer patients, different vaccination strategies should
be investigated, such as using adjuvanted vaccine, two vaccine doses in the same influenza
season, intranasal vaccine injections, different timing of vaccination, and high-dose vaccines.

In addition, flu vaccination reduces the number of oncologic treatment interruptions compared
to non-vaccinated cancer patients. Of note, receiving active chemotherapy doesn’t change
significantly the vaccine effectiveness among patients with solid tumor cancer [4]. Additionally,
influenza vaccination in patients treated with immune checkpoint inhibitors seems safe and
effective (https://www.esmo.org/oncology-news/influenza-vaccination-in-cancer-patients-

treated-with-immune-checkpoint-inhibitors); However complementary studies that investigate



the impact of Flu vaccination on targeted or immunotherapy should be performed to bring a
strong conclusion.

For cancer patients who are not vaccinated, antiviral treatment such as neuraminidase inhibitor,
(oseltamivir: Tamiflu), is recommended as early as possible for cancer patients with confirmed or
suspected influenza, to reduce viral load and consequently limit the pro-tumoral effect of virus,
with a probable impact on morbidity and mortality. However, because of viral persistence in
cancer patients, the virus accumulate mutations during the course of infection, which leads to
acquire resistance against antiviral treatments [15]. This emphasizes the recommendation of
timely identifying resistant mutations that arise in the neuraminidase in infected cancer patients,
and the importance to prevent the transmission of resistant influenza strains among cancer
patients.

Concluding remarks

Influenza infection is more frequent, severe and complicated in cancer patients. Finding
strategies to prevent and treat these infections can improve infection-related mortalities, and
reduce the health, social and economic burden that arise from them. We must understand the
impact of these infections on tumor progression, their short and long-term outcomes and define
an optimal strategy to treat patients in such conditions. This is especially important since the
same issue is currently seen with SARS-CoV-2 infection of lung cancer patients, that develop a
more complicated and severe COVID-19 disease than the global population, with a probable
similar pro-tumoral effect. For these patients, COVID-19 vaccination is therefore also highly

recommended



(https://perspectives.esmo.org/news/covid-19-vaccination-in-patients-with-cancer-esmo-
releases-ten-statements; https://www.esmo.org/oncology-news/majority-of-patients-with-
cancer-are-willing-to-be-vaccinated-against-covid-19).
A better understanding of the mechanistic effects of influenza infection in different cells within
the tumor-suppressive microenvironment may enable the development of novel therapeutic
strategies to treat cancer patients. This knowledge would help adapt therapies in susceptible
patients, for a better chance of success, and should be integrated into the arsenal of personalized
therapies under development in lung cancer (Figure 2). Annual influenza vaccination, inexpensive
and relatively safe preventive, in addition to early initiation of antiviral therapy should be highly
recommended in this high-risk population, their relatives and healthcare providers. The capacity
to improve the immunogenicity of vaccine is even expected to give a better protection in lung
cancer patients.
Despite efforts to understand the impact of influenza infection in lung cancer patients, there are
still many unanswered questions:
What are the short and long-term outcomes of influenza infection in lung cancer patients?
How should physicians personalize lung cancer therapeutic protocols, in the case of influenza
infection?
What is the best anti-influenza medication to be added to the therapy strategy of lung cancer
patients? How can we avoid the development of drug resistance? Considering that influenza

can cause viremia, does influenza infections influence the progression of other cancers?



Figure legends

Figure 1: Summary of the impact of influenza infection on the tumor immune microenvironment.
Influenza virus may infect tumor and immune cells leading to modulation of numerous immune
characteristics: viral infection increases chemokine secretion (that are involved in immune cell migration),
increases sustained type | IFNs and ISGs production (leading to resistance to treatments), increases
reactive oxygen species (ROS) (involved in oxidative stress), increases immunosuppressive molecules

(leading to immunosuppression), and increases inflammatory cytokines.

Figure 2: Consequences of influenza infection in patients with lung cancer. Influenza infection of lung
tumor patients have multifactorial impacts in economy, health, flu vaccine strategies and anti-viral and

anti-tumoral treatments.
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-Longer and more complicated disease
-Prolonged viral shedding

-More hospitalization -Higher rates of pneumonia

-Higher hospitalization costs -Higher mortality

-Immunogenicity -More anti-viral drugs resistance

-Lower mortality -Interruptions to anti-tumor chemotherapy
-Potential impact on reducing the -Resistance to chemotherapy, radiotherapy
aggravation of cancer and immunotherapy




