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Abstract: Patients with cancer can be immunocompromised because of their disease and/or due
to anticancer therapy. In this population, severe influenza virus infections are associated with an
elevated risk of morbidity and mortality. Influenza vaccination is therefore highly recommended in
cancer patients, including those receiving anticancer therapy. However, vaccination coverage remains
far below the recommended target for vulnerable subjects. Six specialists in oncology, hematology,
immunology, and public health/vaccinology convened with the objective of developing strategies,
based on evidence and clinical experience, for improving influenza vaccination coverage in cancer
patients. This viewpoint provides an overview of current influenza vaccination recommendations in
cancer patients, discusses barriers to vaccination coverage, and presents strategies for overcoming
said barriers. New immunization issues raised by the COVID-19 pandemic are also addressed. Future
directions include improving public education on influenza vaccination, providing the media with
accurate information, improving knowledge among healthcare professionals, improving access to
vaccines for cancer patients, co-administration of the influenza and COVID-19 vaccines, increased
collaboration between oncologists and other health professionals, increased accessibility of digital
vaccination registries to specialists, shared information platforms, and promoting immunization
campaigns by healthcare systems with the support of scientific societies.
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1. Introduction

Vaccines are the most powerful weapons against infectious diseases. Vaccinations are
not only important for protecting individuals from diseases and their complications but also
for limiting the circulation and transmission of pathogens [1]. Over the past two decades,
vaccination programs have become increasingly complex due to the growing number of
available vaccines, the need to establish the cost-effectiveness of recommended vaccinations,
and uncertainties regarding vaccine effectiveness and adverse effects. Additionally, the
role of vaccinations has expanded from directly fighting acute and often deadly diseases
to the prevention of infection-related complications (e.g., human papillomavirus (HPV),
where vaccination is recommended for the prevention of cervical cancer [2]), which is
more difficult to quantify and appreciate [1]. Furthermore, due to the 2020 pandemic of
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coronavirus disease 2019 (COVID-19) and the subsequent rapid development of vaccines
against severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) [3], vaccination
programs and immunization schedules will require extensive revision.

Regarding immunization against seasonal influenza, safe and effective influenza
vaccines have been available for over 60 years at the time of this article. According to
the World Health Organization (WHO), vaccination is the most effective strategy for the
prevention of seasonal influenza and its complications [4]. The morbidity and mortality
burden of influenza-related complications on high-risk individuals, including those with
impaired immune function, can be substantial and is well documented [5].

Vaccination against influenza in patients with cancer is a serious issue that presents
many challenges, mainly in association with the immunocompromised state of these pa-
tients [6]. Owing to disease and/or treatment-associated immunosuppression, patients
with cancer are vulnerable to infectious diseases and are at high risk of developing infection-
related complications, including those associated with influenza [7]. Vaccination against
common preventable diseases, including seasonal influenza, is therefore highly recom-
mended in these patients [5,8-12]. However, evidence suggests that the rates of influenza
vaccination in this high-risk group are far below the recommended goal of >75% cov-
erage [13,14]. There are many reasons for these suboptimal vaccination rates, including
cultural and practical reasons. For example, negative sentiments about vaccination on social
media, as well as the widespread attitude that influenza is neither serious nor as harmful as
other infectious diseases, are associated with lower vaccination rates [15]. Moreover, some
people have expressed reluctance to receive the influenza vaccine because of concerns about
its safety or efficacy [16], access to healthcare, and the cost of vaccination. In addition, the
highly polarized stance of anti-vaccine conversations among social media users contributes
to the issue of vaccine hesitancy [16]. In patients with cancer, the ability to generate an
immune response to influenza vaccination largely depends on the time of vaccine adminis-
tration in relation to chemotherapy treatment schedules and in relation to other antitumor
treatments, as well as the type of vaccine (i.e., safety considerations dictate that only inac-
tivated vaccines are indicated for patients with solid tumors receiving myelosuppressive
chemotherapy) [6]. Thus, several important aspects need to be evaluated with respect to the
clinical benefits of influenza vaccination during the management of patients undergoing
systemic chemotherapy for cancer. Ideally, this evaluation would be a multidisciplinary
decision-making process that involves all specialists caring for these patients.

2. Materials and Methods

Between January and May 2021, a group of six specialists from the fields of oncology,
hematology, immunology, and public health/vaccinology convened in two web-based
meetings to discuss issues related to influenza vaccination in patients with cancer in Italy,
and the strategy based on evidence and clinical experience to improve vaccination coverage
and its implementation. Participants were selected as experts in the aforementioned fields
and acted as representatives of scientific societies. Each meeting was 3 h in duration and
based on a predetermined agenda (Table S1). During each meeting, best practices were
shared, and all participants were involved in discussions regarding the topics presented.

This paper reports the results of these two meetings and provides an overview of the
specific issues discussed, including current influenza vaccination recommendations in Italy
(Sections 3 and 4), the barriers against ideal vaccination coverage in patients with cancer
(Section 5), and practical suggestions on how to improve vaccination coverage based on
these identified barriers (Section 6). New immunization issues raised by the COVID-19
pandemic and how the influenza and COVID-19 vaccination campaigns may help each
other are also addressed (Section 7).

3. Annual Vaccination Plans and Influenza Vaccines

Based on WHO recommendations, national health systems publish an annual vaccina-
tion calendar that reports all recommended vaccinations. Such calendars are continuously
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updated to include novel vaccines and to reflect changes in the epidemiology of infectious
diseases, although the Ministry of Health in Italy is slower than other national health
systems in updating the National Vaccination Calendar, partly due to the fact that, histori-
cally, the calendar was strictly connected to the Triennial National Vaccination Plan and
followed its updates [17]. Since 2022, the vaccination calendar has been independent of the
new Plan, hopefully allowing the Ministry of Health to include important new vaccines
without delays. The main objective of national vaccination plans is to increase the number
of people being vaccinated, rather than increasing the number of vaccines included in
annual calendars [18,19]. Thus, great effort is devoted to identifying individuals at risk
of developing infection-related complications. Recommended vaccination schedules for
high-risk individuals are usually developed in collaboration with specialists from relevant
medical areas; general practitioners and pediatricians play a pivotal role in the promotion
of vaccinations.

The WHO Strategic Advisory Group of Experts (SAGE) updates influenza vaccina-
tion recommendations annually and identifies individuals at risk of influenza-related
complications. These typically include pregnant women and women up to 2 weeks post-
partum, children under the age of 59 months, individuals aged less than 19 years on
long-term aspirin- or salicylate-containing medications, individuals with a body mass
index of >40 mg/kg?, older adults (>65 years), and individuals with underlying health
conditions such as chronic cardiac disease, asthma, chronic pulmonary disease, chronic re-
nal disease, liver disease, hematological diseases, metabolic disorders, endocrine disorders
(e.g., diabetes), neurological and neurodevelopmental disorders, and immunosuppressive
disorders (e.g., HIV/AIDS) [4,20]. Influenza vaccination is also highly recommended for in-
dividuals at increased risk of exposure to or transmission of influenza virus, which includes
healthcare workers and family members/caregivers of vulnerable individuals [4]. Due to
the high mutation rate of the influenza virus, vaccine composition is also updated annually
by the WHO based on virus strains in circulation in the prior winter season in the opposite
hemisphere [21]. In the European Union/European Economic Area, the recommended rate
of influenza vaccination coverage is >75% in high-risk groups [22].

The recommendations on influenza vaccination for the 2021-2022 season, issued by
the WHO Regional Office for Europe, included the co-administration of influenza and
COVID-19 vaccines, based on initial evidence supporting its feasibility and safety [4].
Furthermore, co-administration is highly recommended to combat the increasing burden
these concomitant infections have on patients and healthcare systems [4].

4. Influenza Vaccination for Patients with Cancer
4.1. Rationale and Evidence

Influenza viruses are transmitted efficiently via small airborne aerosols or larger
respiratory droplets, by direct person-to-person contact, or via contaminated surfaces and
are responsible for a large global healthcare burden that accounts for millions of lost school
or work hours, as well as millions of physician visits each year [23]. Influenza viruses
can be particularly severe for certain populations such as young children, elderly people,
immunocompromised individuals, and those with underlying diseases, with sometimes
fatal consequences [23]. In particular, the consequences of influenza-related infections are
dire for people with cancer, especially those undergoing chemotherapy [17]. According to
the WHO, seasonal influenza is responsible for an estimated 650,000 deaths globally each
year on average [24], although some researchers believe that global influenza-associated
mortality estimates may underestimate the disease burden [25].

Patients with solid tumors and hematologic malignancies can be immunocompro-
mised because of their disease and/or as a consequence of anticancer therapy [26]. It is
well recognized that the efficacy of anticancer agents involves direct cytostatic/cytotoxic
effects and that chemotherapeutic agents can promote the (re)activation of tumor-targeting
immune responses by increasing the immunogenicity of malignant cells or by inactivat-
ing immunosuppressive circuits established by progressing neoplasms [27]. Conversely,
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these cytostatic/cytotoxic effects of chemotherapeutics also induce immunosuppressive
side effects that are commonly associated with bone marrow suppression, including lym-
phopenia and thrombocytopenia, and other hematologic issues such as neutropenia [28],
while radiation-induced lymphopenia is a common side effect of radiotherapy, with some
patients experiencing profound and enduring depletion of circulating lymphocytes after
irradiation [29].

The immunosuppressive activity of cytotoxic agents, targeted therapies, and systemic
corticosteroids in patients with cancer suppresses their innate immune responses and
increases their risk of infections from various pathogens, including respiratory infections
that typically manifest as a common cold in immunocompetent people but can be life-
threatening for those who are immunocompromised [30,31]. In particular, chemotherapy-
and radiation-induced neutropenia is a well-recognized risk factor for cancer-associated
bacterial pneumonias and secondary complications and infection-associated deaths in
cancer patients compared with the general population [32].

The literature has documented the fact that cancer patients infected with influenza are
more likely to experience serious complications than cancer patients without influenza [31],
and severe influenza virus infections requiring hospitalization are associated with increased
morbidity and mortality in cancer patients compared with the general population [7]. It is of
great concern that patients with cancer are highly susceptible to developing pulmonary com-
plications of influenza, and particularly the development of bacterial pneumonias, which
are associated with disproportionate morbidity and mortality in this population [32,33].

Notably, fatality rates ranging from 5% to 33% have been reported for cancer and
hemopoietic stem cell transplant (HSCT) recipients with influenza [31,34-36]. Furthermore,
influenza infection often delays the initiation of anticancer treatment or interrupts ongoing
treatment, worsening the oncologic outcome [6].

In patients with cancer, the degree of immunosuppression can vary from mild to
severe, an aspect that should be considered when deciding whether or not to vaccinate
against influenza [37]. For instance, evidence suggests that this immunosuppressive state
impacts the development of post-vaccination antibodies, with cancer patients not generat-
ing the same antibody responses as immunocompetent individuals [38]. Reduced antibody
production against common pathogens has been well documented in patients with mul-
tiple myeloma [39]. Notably, reports have documented much higher serious infection
rates in patients with multiple myeloma compared with those with either Waldenstrom’s
macroglobulinemia or monoclonal gammopathy of undetermined significance (MGUS) [39].
In one study, patients with multiple myeloma or Waldenstrom’s macroglobulinemia had
significantly lower baseline antibody titers to pneumococci compared with healthy con-
trols, which reflects their susceptibility to pneumococcal infections and emphasizes the
significance of vaccination for these patient populations [39].

Live vaccines are not recommended for immunocompromised patients [37]; inacti-
vated or subunit vaccines are generally preferred. However, depending on the degree of
immune dysfunction, inactivated vaccines may not induce an adequate immune response
in patients with cancer. Before initiating immunosuppressive treatments or performing
transplantation procedures, the patient’s immunization status with regard to required vac-
cines should be part of routine assessments [37]. According to the guidelines issued by the
Infectious Diseases Society of America (IDSA) in 2013, recommended vaccinations should
be planned prior to immunosuppressive treatments [40]. With regard to influenza, the
limited recommended time for vaccine administration (October-December in the Northern
Hemisphere) may overlap with unfavorable immunity conditions that could undermine
immunization. In such cases, alternative strategies can be adopted, as described in detail in
the 2013 IDSA guidelines [40].

Overall, the published evidence suggests that influenza vaccines are safe and, with
some adjustments (e.g., increased dose), are capable of inducing an effective immune
response and reducing the impact of influenza in cancer patients treated with a wide
range of anticancer therapies, such as cytotoxic chemotherapy, targeted therapy, and
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immunotherapy [41-50]. The recent Italian multicenter INVIDIa-2 study prospectively
evaluated 1188 patients with advanced cancer treated with immune checkpoint inhibitor
immunotherapy; 581 of these patients (48.9%) had received influenza vaccination [45].
The incidence of influenza-like illness (primary endpoint) was similar in vaccinated and
unvaccinated patients. However, vaccinated patients had significantly fewer influenza-
related complications (11.8% vs. 38.3% in unvaccinated patients) and a consequent need
for influenza-like illness-related intravenous treatments (11.8% vs. 29.8%, respectively).
Additional treatments targeting influenza complications may further delay surgery or other
pharmacological interventions in patients with cancer. A clear illustration of this point to
patients is likely to increase their motivation to comply with vaccination procedures.

4.2. Current Recommendations

Specific evidence-based recommendations on influenza vaccination in patients with
cancer were issued in 2014 by the Italian Society of Medical Oncology (AIOM) [8]. These
recommendations, which are regularly updated [9,10,12], state that influenza vaccination is
an effective, safe, non-invasive, and relatively inexpensive measure to prevent influenza-
associated complications in patients with cancer [8]. According to the AIOM guidelines,
influenza vaccination should be given to all patients with cancer, regardless of whether
they are receiving anticancer therapy or not, including those receiving biologics for solid
tumors. While both trivalent and quadrivalent vaccines can be administered, use of the
latter appears to be increasing. The introduction of personalized, or at least targeted,
vaccination programs to groups of patients with similar characteristics and the type of
influenza vaccines could elevate vaccination effectiveness in patients with cancer. The
ideal timing for vaccination in relation to cancer therapy is currently unknown. Family
members and caregivers of patients with cancer should also be vaccinated against influenza
to efficiently block virus spread.

The COVID-19 pandemic further highlights the importance of influenza vaccination
in patients with cancer, as the two infections have similar initial symptoms, and the
occurrence of symptoms that suggest a SARS-CoV-2 infection may preclude these patients
from receiving appropriate care and anticancer treatment. Furthermore, concomitant
respiratory infections may have synergistic effects, although the interactions between
SARS-CoV-2 and other respiratory viruses and their effects on disease severity and new
viral variants are not yet fully understood [51].

Despite growing evidence supporting the effectiveness of influenza vaccination in
cancer patients [41,43-50] and current recommendations, the rate of vaccination in cancer
patients remains far below the recommended coverage rate of >75% in many countries [52].
For example, in the retrospective INVIDIa-2 study mentioned above, fewer than 50% of
the cancer patients enrolled had received an influenza vaccination [45]. This low uptake
may reflect, in part, a general trend for suboptimal vaccination rates in the wider popu-
lation, as shown by recent national influenza vaccination survey findings from 49 WHO
European Member States covering the period 2008/2009 to 2014/2015 showing suboptimal
influenza vaccination uptake across the European Region, despite widespread national
policy recommendations [52]. A potential method to increase vaccine coverage may be to
expand vaccination recommendations towards individuals living and /or working with
cancer patients. Increased vaccination rates in individuals around cancer patients may
increase patient motivation for vaccination as well.

4.3. COVID-19 Vaccination in Patients with Cancer

SARS-CoV-2/COVID-19 is associated with increased morbidity and mortality in the
cancer population [53-56]. Data on the efficacy and safety of COVID-19 vaccines in this
population, which is generally excluded from trials evaluating COVID-19 vaccines, are
limited but steadily growing [38,57-59]. Emerging findings are promising, warranting
further research. Several practical issues, including the optimal timing of vaccination
with respect to anticancer therapies, remain to be established. These uncertainties have
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been addressed in guidance issued by the COVID19 and Cancer Clinical Trials Working
Group, which advises that patients with cancer, including those enrolling into or currently
enrolled in oncology clinical trials, should be prioritized for COVID-19 vaccination [60].
The guidance recommends that for such individuals, the vaccination schedules can vary
according to the type of trial, disease, and cancer treatment [60]. The only exception to this
scheduling applies to patients on clinical trials involving transplantation or adoptive cell
treatments; in such cases, vaccine administration may need to be delayed for 3 months or
more to enable these patients to regain adequate immune function [60]. Many scientific
societies have recognized the importance of vaccinating all patients with cancer, including
those receiving active therapy, against COVID-19 [60]. These scientific societies include
the American Society of Clinical Oncology (ASCO), the Association of American Cancer
Institutes (AACI), the American Association for Cancer Research (AACR), the AIOM, the
European Society for Medical Oncology (ESMO), the Society for Immunotherapy of Cancer
(SITC), and the Spanish Medical Oncology Society (SEOM) [60].

Approval of the COVID-19 vaccine booster dose in 2021 and the inclusion of cancer
patients among the priority groups raised questions about how the booster program may
be implemented without disruption or delay to the influenza vaccination program. In
the 2020-2021 season, the Advisory Committee on Immunization Practices (ACIP) of
the US Centers for Disease Control and Prevention (CDC) recommended an interval of
at least 2 weeks between COVID-19 and any other vaccinations [61]. This measure of
caution is no longer deemed necessary, and the CDC, along with the European Centre
for Disease Prevention and Control (ECDC), the UK Joint Committee on Vaccination and
Immunization (JCVI), and other public health authorities have stated that COVID-19
and influenza vaccines can be co-administered [62,63]. According to the WHO-Europe
recommendations on influenza vaccination for the 2021-2022 season, “the co-administration
of COVID-19 vaccines with certain seasonal influenza vaccines is acceptable in terms of
immunogenicity and reactogenicity”, based on the emerging evidence [4,64,65]. The WHO
guidelines have also underlined the convenience of co-administration in terms of reduced
number of visits, timely protection against both infections, and the possibility of successfully
implementing both vaccination programs [4].

5. Barriers to Influenza Vaccination

Many barriers to influenza vaccination have been identified. Primarily, the need for
influenza vaccination is not widely recognized. This lack of recognition is illustrated by
a Polish survey that explored the influence of the COVID-19 pandemic on the decision
to be vaccinated against seasonal influenza in a cohort of 236 cancer patients who were
receiving chemotherapy between June and September 2020 [66]. In that survey, half (50.8%)
of the respondents were unsure about the effectiveness of the influenza vaccine; only 33.5%
of the respondents believed that the influenza vaccine was effective, while only one in
five respondents (19.9%) thought it was safe [66]. Although general practitioners have
played a major role in improving rates of vaccinated cancer patients, a general lack of
medical education around vaccination still constitutes a major obstacle to the widespread
administration of influenza vaccines. It is possible that the COVID-19 pandemic and
its associated vaccination campaigns may improve the public’s general attitude towards
vaccines; however, ‘vaccine fatigue’ may remain a challenge to increasing the uptake of any
vaccine, including that for influenza [67,68].

Despite influenza vaccines having been used successfully for decades, there is still
a sense of uncertainty about their efficacy and safety. Physicians may have an important
role in fostering this misperception, as they often fear side effects, disregard benefits, and
fail to convey both a convincing and clear message about the elevated risk of morbidity
and mortality to vulnerable patients and the favorable benefit-risk balance of vaccination.
Indeed, healthcare workers” own influenza immunization status may impact vaccination
rates in patients with cancer. While a lack of correlation between vaccination status among
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healthcare workers and patient vaccination has been reported in a general population
cohort in Spain [69], data in this regard that are specific to cancer patients would be useful.

Several practical issues may also constitute barriers. In many countries, including
Italy, vaccinations are not integrated into the care pathway of patients with cancer, which
significantly complicates access to vaccination. Problems with vaccine availability (e.g., as
was experienced during the 2020-2021 influenza season in Lombardy, Italy) may also limit
the number of cancer patients being vaccinated.

Finally, anti-vaccination movements also contribute to reluctance in accepting vaccina-
tions in Italy and elsewhere. Although anti-vaccination groups are a minority (2% of the
Italian population), their arguments are widespread and easily accessible online. Conse-
quently, individuals who have never received clear and correct information from healthcare
professionals and are therefore unsure about vaccination benefits may be easily influenced.

6. Strategies to Overcome Barriers

There is an urgent need to greatly improve and intensify the quantity and quality of
available information and education surrounding the effectiveness and safety of vaccines,
targeting both the public and healthcare professionals. Educational efforts should not
aim to convince anti-vaccination groups (minorities) but should instead try to provide
clearer and more comprehensive information to people who are simply uncertain about
vaccination benefits and constitute a much larger proportion of the general population [70].
Information on the benefits of vaccination should be introduced early in the education
system (primary school) and should have a more prominent place in science and in the
medical curriculum within secondary and tertiary education [71,72].

Regarding influenza vaccination in patients with cancer, general practitioners need
to be better informed about the oncologic setting, including main treatment options
(chemotherapy, targeted therapy, immunotherapy), type of disease, and patient characteris-
tics. A survey conducted during the period 2010-2011 examined the practice of general
practitioners towards influenza vaccination in patients receiving ongoing chemotherapy
for breast cancer or colorectal cancer in The Netherlands [73]. The survey findings revealed
that 49 of the 107 (46%) participating general practitioners were apparently not aware of
the national guidelines recommending annual influenza vaccination for all patients treated
with chemotherapy or other immunosuppressive agents [73]. Moreover, approximately
half (48%) of the general practitioners stated that they would not approach patients treated
with chemotherapy, reasoning that vaccination against influenza is the responsibility of the
treating medical oncologist [73].

Improving access to vaccination is also crucial. Patients with cancer often do not know
where and when to receive recommended vaccinations. For instance, vaccines could be
administered when patients visit hospitals for therapies or follow-up visits. What has been
learned and achieved with the COVID-19 vaccination campaign will hopefully promote the
development of strategies for widespread immunization against other infectious diseases.
Influenza vaccination by appointment (widely implemented in the 2020-2021 season for
safety reasons) may help underline the importance of vaccination to individual patients,
improve organizational issues, and eventually lead to the implementation of influenza and
COVID-19 vaccine co-administration.

An increasing number of clinics in Italy are implementing new strategies for improv-
ing immunization rates in high-risk patients. A good example of this is the San Martino
Hospital in Genova. This hospital has facilitated increased access to vaccination by estab-
lishing a dedicated vaccination center. This center provides all recommended vaccines,
including influenza vaccines, to patients belonging to high-risk groups (mostly patients
receiving HSCT). Patients are vaccinated during their stay in hospital or at discharge. The
introduction of this strategy has resulted in a substantial shortening of time from HSCT
to administration of the first post-transplant vaccination. Multidisciplinary collabora-
tions among many specialists have been crucial in achieving these results. Other factors
contributing to increased vaccine coverage include the active offer of free vaccination to
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patients; the creation of digital vaccination registries; offers of in-hospital vaccinations,
or at centers of diagnosis and treatment; sharing of immunization programs with other
specialists; and specific inclusion of vaccinations in disease care programs. To improve
multidisciplinary collaborations, the Public Health Department has developed a platform
which may be used by all hospital units to provide vaccination consulting. Notably, the
strategy developed by the San Martino Hospital has also been very useful in managing
COVID-19 vaccination in vulnerable patients. It is hoped that the success of this approach
will encourage the adoption of similar strategies by other hospitals and regions. However,
it should be noted that regulatory and administrative differences between regions and even
between local districts within the same region may necessitate vaccination strategies being
custom-made for each hospital. Furthermore, it should be emphasized that such strategies
require a multidisciplinary approach, which should include an educational phase and col-
laboration of all specialists involved in the care of patients with cancer (e.g., radiotherapists,
surgeons, nurses).

Suggested measures for overcoming barriers to influenza vaccination in cancer patients
are summarized in Table 1.

Table 1. Suggestions on how to reduce the barriers to influenza vaccination in patients with cancer.

Barrier Strategy
e  Improve the information to the target population (cancer
patients, their families, and caregivers) and to the media, with
o . . clear and comprehensive messages that explain the risks of
. Need for vaccination is not recognlzed; uncertainty

about the efficacy and safety of influenza vaccines;
anti-vaccination movements contribute to vaccine

hesitancy

influenza for vulnerable subjects and the favorable
benefit-risk profile of influenza vaccination;

e  Vaccination campaigns should be promoted by healthcare
systems with the support and engagement of scientific
societies

. University curricula in medicine and continuing education

° Lack of medical education around vaccination programs for physicians should have courses devoted to

vaccines and immunization.

e The access of cancer patients to influenza vaccines can be
facilitated by scheduling the vaccination within the oncologic
care pathway, for example during planned follow-up visits;

. Co-administration of vaccines is feasible and may simplify
operational issues. The co-administration of influenza vaccine
and COVID-19 vaccine, in particular, may increase the
number of cancer patients being vaccinated against seasonal

. Vaccination is not integrated into care pathway influenza;

e The collaboration between oncologists and general
practitioners needs to be increased, for example by creating
networks, so that messages about vaccination are consistent
and reinforced;

. Digital tools (e.g., digital vaccination registries, shared
information platforms) may be very powerful in promoting
multidisciplinary collaborations and should also be used for
identifying candidates for influenza vaccination.

7. Future Directions

As mentioned above, improving public education on influenza vaccination and the
risk of infection in vulnerable groups is crucial, as is providing the media with accurate
information and improving knowledge among healthcare professionals through continuing
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medical education programs. Increased access to vaccines may be facilitated by ensuring
that vaccinations are delivered within the care program of oncologic patients, for example
during hospital stays, at discharge from hospital, or during scheduled follow-up visits.
Given that COVID-19 vaccination is also highly recommended for cancer patients [74] and
that COVID-19 vaccination campaigns have been effective, influenza vaccination could
be administered with COVID-19 vaccination during the same visit [75-77]. This should
simplify operational issues considerably and increase the number of cancer patients receiv-
ing the recommended vaccinations. Co-administration of influenza with pneumococcal
vaccines (conjugate and polysaccharide) is supported by specific studies, as well as in-
fluenza together with zoster vaccines, in addition to COVID and influenza vaccines, as
already mentioned [78]. However, in general, according to the US Pink Book [79], all
co-administrations are possible, unless specifically discouraged due to safety or immuno-
logical interference issues. It is recommended that oncologists and all other specialists
involved in the care of patients with cancer should network and collaborate more closely
with general practitioners so that information surrounding vaccinations is consistent and
reinforced. Digital vaccination registries that are accessible to all specialists involved in
the care pathway of patients with cancer and shared information platforms facilitate eas-
ier multidisciplinary collaboration, help to identify candidates for vaccination, and aid
in implementing vaccination programs, as shown by the COVID-19 pandemic. Finally,
immunization campaigns should be promoted by healthcare systems with the support of
scientific societies that can play a crucial role in promoting initiatives to specialists so that
they can provide the best support to patients and overcome barriers to vaccination.

Supplementary Materials: The following supporting information can be downloaded at: https:
/ /www.mdpi.com/article/10.3390 /vaccines12040420/s1, Table S1: Agendas for two web-based
advisory board meetings regarding strategies for improving influenza vaccination coverage in
patients with cancer in Italy.

Author Contributions: Conceptualization—P.B., M.M., G.D.B., G.I,, AR. and S.C.; Writing—critical
review and editing of manuscript drafts: P.B., M.M., G.D.B., G.I,, A.R. and S.C. All authors have read
and agreed to the published version of the manuscript.

Funding: This work: editorial assistance for the preparation of this article, and the article processing
charge were supported by Sanofi. The funding source was involved in the editing of the manuscript.
Sanofi organized and funded the two web meetings; none of the authors received financial support
for the writing of this article.

Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.
Data Availability Statement: No underlying data were collected or produced in this study.

Acknowledgments: The authors would like to thank Lorenza Lanini, who wrote the outline and
the first and second drafts of the manuscript on behalf of Springer Healthcare Communications. We
would also like to thank Nireshnee Ramchundar of Springer Healthcare Communications, who styled
the manuscript for submission, and Kate Palmer, also of Springer Healthcare Communications, who
assisted with post-submission revisions. This medical writing assistance was funded by Sanofi.

Conflicts of Interest: Paolo Bonanni received grants for epidemiological and HTA research from
GSK, MSD, Sanofi Pasteur, Pfizer, Seqirus, and AstraZeneca; fees for taking part in advisory boards
for GSK, MSD, Sanofi Pasteur, Pfizer, Seqirus, AstraZeneca, Janssen, and Moderna. Michele Maio has
received consulting fees from GSK, Bristol Myers Squibb, AstraZeneca, Roche, MSD, Merck, Pierre
Fabre, Alfasigma, Eli Lilly, Sanofi, Amgen, Sciclone, and Incyte; received payment or honoraria for
lectures, presentations, speaker bureaus from GSK, Bristol Myers Squibb, AstraZeneca, Roche, MSD,
Merck, Pierre Fabre, Alfasigma, Eli Lilly, Sanofi, Amgen, Sciclone, and Incyte; received support for
attending meetings and/or travel from GSK, Bristol Myers Squibb, AstraZeneca, Roche, MSD, Merck,
Pierre Fabre, Alfasigma, Eli Lilly, Sanofi, Amgen, Sciclone, and Incyte; participated on data safety
monitoring boards or advisory boards for Sanofi, Alfasigma, Amgen, Sciclone, Incyte, Pierre Fabre,
Eli Lilly, GSK, Bristol Myers Squibb, AstraZeneca, Roche, and Merck; and has stock or stock options


https://www.mdpi.com/article/10.3390/vaccines12040420/s1
https://www.mdpi.com/article/10.3390/vaccines12040420/s1

Vaccines 2024, 12, 420 10 of 13

in Epigen Therapeutics and Theravance. Giancarlo Icardi has received grants or contracts from Pfizer,
Seqirus, Sanofi Pasteur, MSD, and GSK; received support for attending meetings and/or travel from
Pfizer, MSD, and GSK; and participated on data safety monitoring boards or advisory boards for
Pfizer, Seqirus, Sanofi Pasteur, MSD, and GSK. Alessandro Rossi has received payment or honoraria
for lectures, presentations, and speaker bureaus from Sanofi Pasteur and GSK. Giordano D. Beretta
and Saverio Cinieri declare that they have no conflicts of interest regarding the publication of this
paper. None of the interests declared influenced the current work.

References

1.

i

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Rodrigues, C.M.C.; Plotkin, S.A. Impact of vaccines; health, economic and social perspectives. Front. Microbiol. 2020, 11, 1526.
[CrossRef] [PubMed]

Gupta, G.; Glueck, R; Patel, PR. HPV vaccines: Global perspectives. Hum. Vaccin. Immunother. 2017, 13, 6. [CrossRef] [PubMed]
Lundstrom, K. COVID-19 vaccines: Where did we stand at the end of 2023? Viruses 2024, 16, 203. [CrossRef] [PubMed]

World Health Organization. WHO Regional Office for Europe Recommendations on Influenza Vaccination for the 2021 /2022
Season during the Ongoing COVID-19 Pandemic. Available online: https:/ /www.who.int/europe/publications/i/item/WHO
-EURO-2021-3920-43679-61434 (accessed on 5 May 2022).

Bosaeed, M.; Kumar, D. Seasonal Influenza Vaccine in Immunocompromised Persons. Hum. Vaccin. Immunother. 2018, 14,
1311-1322. [CrossRef]

Shehata, M.A.; Karim, N.A. Influenza vaccination in cancer patients undergoing systemic therapy. Clin. Med. Insights Oncol. 2014,
8, 57-64. [CrossRef] [PubMed]

Cooksley, C.D.; Avritscher, E.B.; Bekele, B.N.; Rolston, K.V.; Geraci, ].M.; Elting, L.S. Epidemiology and outcomes of serious
influenza-related infections in the cancer population. Cancer 2005, 104, 618-628. [CrossRef] [PubMed]

Pedrazzoli, P.; Baldanti, F.; Donatelli, I.; Castrucci, M.R.; Puglisi, F; Silvestris, N.; Cinieri, S. Vaccination for seasonal influenza in
patients with cancer: Recommendations of the Italian Society of Medical Oncology (AIOM). Ann. Oncol. 2014, 25, 1243-1247.
[CrossRef]

Pedrazzoli, P,; Piralla, A.; Valentino, F,; Cinieri, S.; Baldanti, F. Update of the recommendations of the Italian Society of Medical
Oncology on vaccination for seasonal influenza and pneumococcal infection in patients with cancer: Focus on prevention of
pneumonia. Eur. |. Cancer Care 2018, 27, €12817. [CrossRef]

Pedrazzoli, P; Baldanti, F.; Cinieri, S.; Bersanelli, M. Raccomandazioni per la Vaccinazione Antinfluenzale e Antipneumococcica
in Oncologia. Available online: https:/ /www.aiom.it/wp-content/uploads/2021/01/2021_Racc_vacc_antiinfluenzale_ AIOM_
agg.pdf (accessed on 5 May 2022).

Pedrazzoli, P.; Lasagna, A.; Cassaniti, I.; Ferrari, A.; Bergami, F.; Silvestris, N.; Sapuppo, E.; Di Maio, M.; Cinieri, S.; Baldanti,
F. Vaccination for herpes zoster in patients with solid tumors: A position paper on the behalf of the Associazione Italiana di
Oncologia Medica (AIOM). ESMO Open 2022, 7, 100548. [CrossRef]

Pedrazzoli, P.; Lasagna, A.; Cassaniti, I; Piralla, A.; Squeri, A.; Bruno, R.; Sacchi, P.; Baldanti, F.; Di Maio, M.; Beretta, G.D.; et al.
Vaccination for seasonal influenza, pneumococcal infection and SARS-CoV-2 in patients with solid tumors: Recommendations of
the Associazione Italiana di Oncologia Medica (AIOM). ESMO Open 2023, 8, 101215. [CrossRef]

European Centre for Disease Prevention and Control. Seasonal Influenza Vaccination and Antiviral Use in EU/EEA Member
States. Available online: https://www.ecdc.europa.eu/en/publications-data/seasonal-influenza-vaccination-antiviral-use-e
u-eea-member-states (accessed on 5 May 2022).

Bersanelli, M.; Giannarelli, D.; Castrignano, P.; Fornarini, G.; Panni, S.; Mazzoni, F.; Tiseo, M.; Rossetti, S.; Gambale, E.; Rossi, E.;
et al. Influenza Vaccine Indication during therapy with Immune checkpoint inhibitors: A transversal challenge. The INVIDIa
study. Immunotherapy 2018, 10, 1229-1239. [CrossRef] [PubMed]

Wojczyk, M.; Rutecka, P.; Wolak, D.; Zieba, Z.; Zattoka, D.; Klimas, F; W¢jsik, U.; Wéjtowicz, K. Vaccination against influenza and
attitudes towards seasonal vaccination of medical students from the Medical University of Silesia. Postepy Hig. Med. Dosw. 2023,
77,133-142. [CrossRef]

Ng, Q.X,; Lee, D.Y.X.; Ng, C.X;; Yau, C.E; Lim, Y.L.; Liew, T.M. Examining the negative sentiments related to influenza vaccination
from 2017 to 2022: An unsupervised deep learning analysis of 261,613 Twitter posts. Vaccines 2023, 11, 1018. [CrossRef] [PubMed]
Ministero della Salute. Vaccination Calendar. Available online: https://www.salute.gov.it/portale/vaccinazioni/dettaglioCont
enutiVaccinazionijsp?lingua=italiano&id=4829&area=vaccinazioni&menu=vuoto (accessed on 18 March 2024). (In Italian)
Ministero della Salute. Prevention and Control of Influenza: Recommendations for the 2023-2024 Season. Available online: https:
/ /www.trovanorme.salute.gov.it/norme/renderNormsanPdf?anno=2023&codLeg=93294&parte=1%20&serie=null (accessed on
18 March 2024). (In Italian)

Ministero della Salute. Communication Campaign on Vaccination against COVID and Seasonal Flu. Available online:
https:/ /www.salute.gov.it/portale/influenza/dettaglioCampagnelnfluenza jsp?lingua=italiano&menu=campagne&p=dacam
pagne&id=178 (accessed on 18 March 2024). (In Italian)

World Health Organization. Vaccines against influenza: WHO Position Paper—May 2022. Wkly Epidemiol. Rec. 2022, 97, 185-208.


https://doi.org/10.3389/fmicb.2020.01526
https://www.ncbi.nlm.nih.gov/pubmed/32760367
https://doi.org/10.1080/21645515.2017.1289301
https://www.ncbi.nlm.nih.gov/pubmed/28362244
https://doi.org/10.3390/v16020203
https://www.ncbi.nlm.nih.gov/pubmed/38399979
https://www.who.int/europe/publications/i/item/WHO-EURO-2021-3920-43679-61434
https://www.who.int/europe/publications/i/item/WHO-EURO-2021-3920-43679-61434
https://doi.org/10.1080/21645515.2018.1445446
https://doi.org/10.4137/CMO.S13774
https://www.ncbi.nlm.nih.gov/pubmed/24855405
https://doi.org/10.1002/cncr.21203
https://www.ncbi.nlm.nih.gov/pubmed/15973737
https://doi.org/10.1093/annonc/mdu114
https://doi.org/10.1111/ecc.12817
https://www.aiom.it/wp-content/uploads/2021/01/2021_Racc_vacc_antiinfluenzale_AIOM_agg.pdf
https://www.aiom.it/wp-content/uploads/2021/01/2021_Racc_vacc_antiinfluenzale_AIOM_agg.pdf
https://doi.org/10.1016/j.esmoop.2022.100548
https://doi.org/10.1016/j.esmoop.2023.101215
https://www.ecdc.europa.eu/en/publications-data/seasonal-influenza-vaccination-antiviral-use-eu-eea-member-states
https://www.ecdc.europa.eu/en/publications-data/seasonal-influenza-vaccination-antiviral-use-eu-eea-member-states
https://doi.org/10.2217/imt-2018-0080
https://www.ncbi.nlm.nih.gov/pubmed/30326787
https://doi.org/10.2478/ahem-2023-0019
https://doi.org/10.3390/vaccines11061018
https://www.ncbi.nlm.nih.gov/pubmed/37376407
https://www.salute.gov.it/portale/vaccinazioni/dettaglioContenutiVaccinazioni.jsp?lingua=italiano&id=4829&area=vaccinazioni&menu=vuoto
https://www.salute.gov.it/portale/vaccinazioni/dettaglioContenutiVaccinazioni.jsp?lingua=italiano&id=4829&area=vaccinazioni&menu=vuoto
https://www.trovanorme.salute.gov.it/norme/renderNormsanPdf?anno=2023&codLeg=93294&parte=1%20&serie=null
https://www.trovanorme.salute.gov.it/norme/renderNormsanPdf?anno=2023&codLeg=93294&parte=1%20&serie=null
https://www.salute.gov.it/portale/influenza/dettaglioCampagneInfluenza.jsp?lingua=italiano&menu=campagne&p=dacampagne&id=178
https://www.salute.gov.it/portale/influenza/dettaglioCampagneInfluenza.jsp?lingua=italiano&menu=campagne&p=dacampagne&id=178

Vaccines 2024, 12, 420 11 0of 13

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

World Health Organization. Global Influenza Programme: Recommendations for Influenza Vaccine Composition. Available
online: https://www.who.int/teams/global-influenza-programme/vaccines/who-recommendations (accessed on 2 August
2022).

Council of the European Union. Council Recommendation of 22 December 2009 on Seasonal Influenza Vaccination (Text with EEA
Relevance). Available online: https:/ /eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX:32009H1019&qid=1649670283539
(accessed on 18 March 2024).

Richard, M.; Fouchier, R.A. Influenza A virus transmission via respiratory aerosols or droplets as it relates to pandemic potential.
FEMS Microbiol. Rev. 2016, 40, 68-85. [CrossRef] [PubMed]

World Health Organization. Estimating Disease Burden of Influenza. Available online: https:/ /www.who.int/europe/activities/
estimating-disease-burden-of-influenza (accessed on 25 January 2024).

Iuliano, A.D.; Roguski, K.M.; Chang, H.H.; Muscatello, D.J.; Palekar, R.; Tempia, S.; Cohen, C.; Gran, ].M.; Schanzer, D.; Cowling,
B.J.; et al. Estimates of global seasonal influenza-associated respiratory mortality: A modelling study. Lancet 2018, 391, 1285-1300.
[CrossRef]

Ludwig, H.; Boccadoro, M.; Moreau, P.; San-Miguel, J.; Cavo, M.; Pawlyn, C.; Zweegman, S.; Facon, T.; Driessen, C.; Hajek, R.;
et al. Recommendations for vaccination in multiple myeloma: A consensus of the European Myeloma Network. Leukemia 2021,
35, 31-44. [CrossRef] [PubMed]

Galluzzi, L.; Buque, A.; Kepp, O.; Zitvogel, L.; Kroemer, G. Immunological effects of conventional chemotherapy and targeted
anticancer agents. Cancer Cell 2015, 28, 690-714. [CrossRef] [PubMed]

Kuter, D.J. Treatment of chemotherapy-induced thrombocytopenia in patients with non-hematologic malignancies. Haematologica
2022, 107, 1243-1263. [CrossRef]

De Kermenguy, F.; Meziani, L.; Mondini, M.; Clemenson, C.; Morel, D.; Deutsch, E.; Robert, C. Radio-induced lymphopenia in the
era of anti-cancer immunotherapy. Int. Rev. Cell Mol. Biol. 2023, 378, 1-30. [CrossRef]

Von Lilienfeld-Toal, M.; Berger, A.; Christopeit, M.; Hentrich, M.; Heussel, C.P.,; Kalkreuth, J.; Klein, M.; Kochanek, M.; Penack, O.;
Hauf, E.; et al. Community acquired respiratory virus infections in cancer patients-Guideline on diagnosis and management by
the Infectious Diseases Working Party of the German Society for haematology and Medical Oncology. Eur. ]. Cancer 2016, 67,
200-212. [CrossRef]

Li, J.; Zhang, D.; Sun, Z.; Bai, C.; Zhao, L. Influenza in hospitalised patients with malignancy: A propensity score matching
analysis. ESMO Open 2020, 5, €000968. [CrossRef] [PubMed]

Wong, J.L.; Evans, S.E. Bacterial pneumonia in patients with cancer: Novel risk factors and management. Clin. Chest Med. 2017,
38,263-277. [CrossRef] [PubMed]

Seo, S.K,; Liu, C.; Dadwal, S.S. Infectious disease complications in patients with cancer. Crit. Care Clin. 2021, 37, 69-84. [CrossRef]
[PubMed]

Kodde, C.; Bonsignore, M.; Schondube, D.; Bauer, T.; Hohenstein, S.; Bollmann, A.; Meier-Hellmann, A.; Kuhlen, R.; Nachtigall, L.
Mortality in cancer patients with SARS-CoV-2 or seasonal influenza: An observational cohort study from a German-wide hospital
network. Infection 2023, 51, 119-127. [CrossRef] [PubMed]

Atalla, E.; Kalligeros, M.; Mylona, E.K.; Tsikala-Vafea, M.; Shehadeh, F.; Georgakas, J.; Mylonakis, E. Impact of influenza infection
among adult and pediatric populations with hematologic malignancy and hematopoietic stem cell transplant: A systematic
review and meta-analysis. Clin. Ther. 2021, 43, e66-€85. [CrossRef] [PubMed]

Angeles—Sistac, D.; Martin-Onraet, A.; Cornejo-Judrez, P.; Volkow, P.; Pérez-Jimenez, C.; Vilar-Compte, D. Influenza in patients
with cancer after 2009 pandemic AHIN1: An 8-year follow-up study in Mexico. Influenza Other Respir. Viruses 2020, 14, 196-203.
[CrossRef] [PubMed]

Health and Safety Executive. Immunisation Guidelines: Immunisation of Inmunocompromised Persons. Available online:
https:/ /www.hse.ie/eng/health /immunisation /hcpinfo/guidelines/chapter3.pdf (accessed on 7 February 2022).

Monin, L.; Laing, A.G.; Mufioz-Ruiz, M.; McKenzie, D.R.; Del Molino Del Barrio, I.; Alaguthurai, T.; Domingo-Vila, C.; Hayday,
T.S.; Graham, C.; Seow, J.; et al. Safety and immunogenicity of one versus two doses of the COVID-19 vaccine BNT162b2 for
patients with cancer: Interim analysis of a prospective observational study. Lancet Oncol. 2021, 22, 765-778. [CrossRef] [PubMed]
Karlsson, J.; Andreasson, B.; Kondori, N.; Erman, E.; Riesbeck, K.; Hogevik, H.; Wenneras, C. Comparative study of immune
status to infectious agents in elderly patients with multiple myeloma, Waldenstrom’s macroglobulinemia, and monoclonal
gammopathy of undetermined significance. Clin. Vaccine Immunol. 2011, 18, 969-977. [CrossRef]

Rubin, L.G; Levin, M.]J.; Ljungman, P.; Davies, E.G.; Avery, R.; Tomblyn, M.; Bousvaros, A.; Dhanireddy, S.; Sung, L.; Keyserling,
H.; et al. 2013 IDSA clinical practice guideline for vaccination of the immunocompromised host. Clin. Infect. Dis. 2014, 58,
e44-e100. [CrossRef] [PubMed]

Ayoola, A.; Sukumaran, S.; Jain, K.; Kumar, R.; Gordon, D.; Honda-Okubo, Y.; Quinn, S.; Roy, A.; Vatandoust, S.; Koczwara, B.;
et al. Efficacy of influenza vaccine (Fluvax) in cancer patients on treatment: A prospective single arm, open-label study. Support.
Care Cancer 2020, 28, 5411-5417. [CrossRef]

Bayle, A.; Khettab, M.; Lucibello, F.; Chamseddine, A.N.; Goldschmidt, V.; Perret, A.; Ropert, S.; Scotté, F.; Loulergue, P.; Mir, O.
Immunogenicity and safety of influenza vaccination in cancer patients receiving checkpoint inhibitors targeting PD-1 or PD-L1.
Ann. Oncol. 2020, 31, 959-961. [CrossRef] [PubMed]


https://www.who.int/teams/global-influenza-programme/vaccines/who-recommendations
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX:32009H1019&qid=1649670283539
https://doi.org/10.1093/femsre/fuv039
https://www.ncbi.nlm.nih.gov/pubmed/26385895
https://www.who.int/europe/activities/estimating-disease-burden-of-influenza
https://www.who.int/europe/activities/estimating-disease-burden-of-influenza
https://doi.org/10.1016/S0140-6736(17)33293-2
https://doi.org/10.1038/s41375-020-01016-0
https://www.ncbi.nlm.nih.gov/pubmed/32814840
https://doi.org/10.1016/j.ccell.2015.10.012
https://www.ncbi.nlm.nih.gov/pubmed/26678337
https://doi.org/10.3324/haematol.2021.279512
https://doi.org/10.1016/bs.ircmb.2023.03.002
https://doi.org/10.1016/j.ejca.2016.08.015
https://doi.org/10.1136/esmoopen-2020-000968
https://www.ncbi.nlm.nih.gov/pubmed/33093022
https://doi.org/10.1016/j.ccm.2016.12.005
https://www.ncbi.nlm.nih.gov/pubmed/28477638
https://doi.org/10.1016/j.ccc.2020.09.001
https://www.ncbi.nlm.nih.gov/pubmed/33190776
https://doi.org/10.1007/s15010-022-01852-5
https://www.ncbi.nlm.nih.gov/pubmed/35657531
https://doi.org/10.1016/j.clinthera.2021.03.002
https://www.ncbi.nlm.nih.gov/pubmed/33812700
https://doi.org/10.1111/irv.12704
https://www.ncbi.nlm.nih.gov/pubmed/31747133
https://www.hse.ie/eng/health/immunisation/hcpinfo/guidelines/chapter3.pdf
https://doi.org/10.1016/S1470-2045(21)00213-8
https://www.ncbi.nlm.nih.gov/pubmed/33930323
https://doi.org/10.1128/CVI.00021-11
https://doi.org/10.1093/cid/cit684
https://www.ncbi.nlm.nih.gov/pubmed/24311479
https://doi.org/10.1007/s00520-020-05384-2
https://doi.org/10.1016/j.annonc.2020.03.290
https://www.ncbi.nlm.nih.gov/pubmed/32224150

Vaccines 2024, 12, 420 12 of 13

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

Beck, C.R.; McKenzie, B.C.; Hashim, A.B.; Harris, R.C.; Nguyen-Van-Tam, ].S. Influenza vaccination for immunocompromised
patients: Systematic review and meta-analysis by etiology. |. Infect. Dis. 2012, 206, 1250-1259. [CrossRef]

Bersanelli, M.; Buti, S.; Banna, G.L.; De Giorgi, U.; Cortellini, A.; Rebuzzi, S.E.; Tiseo, M.; Fornarini, G.; Mazzoni, F.; Panni, S.;
et al. Impact of influenza syndrome and flu vaccine on survival of cancer patients during immunotherapy in the INVIDIa study.
Immunotherapy 2020, 12, 151-159. [CrossRef] [PubMed]

Bersanelli, M.; Giannarelli, D.; De Giorgi, U.; Pignata, S.; Di Maio, M.; Clemente, A.; Verzoni, E.; Giusti, R.; Di Napoli, M.;
Aprile, G.; et al. INfluenza Vaccine Indication during therapy with Immune checkpoint inhibitors: A multicenter prospective
observational study (INVIDIa-2). J. Immunother. Cancer 2021, 9, €002619. [CrossRef] [PubMed]

Bitterman, R.; Eliakim-Raz, N.; Vinograd, I.; Zalmanovici Trestioreanu, A.; Leibovici, L.; Paul, M. Influenza vaccines in immuno-
suppressed adults with cancer. Cochrane Database Syst. Rev. 2018, 2, CD008983. [CrossRef] [PubMed]

Blanchette, P.S.; Chung, H.; Pritchard, K.I.; Earle, C.C.; Campitelli, M.A.; Buchan, S.A.; Schwartz, K.L.; Crowcroft, N.S.; Gubbay,
J.B.; Karnauchow, T.; et al. Influenza vaccine effectiveness among patients with cancer: A population-based study using health
administrative and laboratory testing data from Ontario, Canada. J. Clin. Oncol. 2019, 37, 2795-2804. [CrossRef] [PubMed]
Grijalva, C.G.; Zhu, Y.; Williams, D.J.; Self, WH.; Ampofo, K,; Pavia, A.T.; Stockmann, C.R.; McCullers, J.; Arnold, S.R.; Wunderink,
R.G,; et al. Association between hospitalization with community-acquired laboratory-confirmed influenza pneumonia and prior
receipt of influenza vaccination. JAMA 2015, 314, 1488-1497. [CrossRef] [PubMed]

Mulder, S.E; Jacobs, ].F.; Olde Nordkamp, M.A.; Galama, ].M.; Desar, LM.; Torensma, R.; Teerenstra, S.; Mulders, PF,; Vissers,
K.C,; Punt, C.J.; et al. Cancer patients treated with sunitinib or sorafenib have sufficient antibody and cellular immune responses
to warrant influenza vaccination. Clin. Cancer Res. 2011, 17, 4541-4549. [CrossRef] [PubMed]

Rousseau, B.; Loulergue, P.; Mir, O.; Krivine, A.; Kotti, S.; Viel, E.; Simon, T.; de Gramont, A.; Goldwasser, F.; Launay, O.; et al.
Immunogenicity and safety of the influenza A HIN1v 2009 vaccine in cancer patients treated with cytotoxic chemotherapy
and/or targeted therapy: The VACANCE study. Ann. Oncol. 2012, 23, 450-457. [CrossRef]

The Academy of Medical Sciences. COVID-19: Preparing for the Future. Looking Ahead to Winter 2021/22 and Beyond. Available
online: https://acmedsci.ac.uk/file-download /4747802 (accessed on 5 May 2022).

Jorgensen, P.; Mereckiene, J.; Cotter, S.; Johansen, K.; Tsolova, S.; Brown, C. How close are countries of the WHO European
Region to achieving the goal of vaccinating 75% of key risk groups against influenza? Results from national surveys on seasonal
influenza vaccination programmes, 2008 /2009 to 2014 /2015. Vaccine 2018, 36, 442—452. [CrossRef] [PubMed]

Bersanelli, M.; Giannarelli, D.; De Giorgi, U.; Pignata, S.; Di Maio, M.; Verzoni, E.; Clemente, A.; Guadalupi, V.; Signorelli, D.;
Tiseo, M.; et al. Symptomatic COVID-19 in advanced-cancer patients treated with immune-checkpoint inhibitors: Prospective
analysis from a multicentre observational trial by FICOG. Ther. Adv. Med. Oncol. 2020, 12, 1-12. [CrossRef] [PubMed]

Desai, A.; Gupta, R.; Advani, S.; Ouellette, L.; Kuderer, N.M.; Lyman, G.H.; Li, A. Mortality in hospitalized patients with cancer
and coronavirus disease 2019: A systematic review and meta-analysis of cohort studies. Cancer 2021, 127, 1459-1468. [CrossRef]
[PubMed]

Kuderer, N.M.; Choueiri, TK.; Shah, D.P.; Shyr, Y.; Rubinstein, S.M.; Rivera, D.R,; Shete, S.; Hsu, C.Y.; Desai, A.; de Lima Lopes, G.,
Jr.; et al. Clinical impact of COVID-19 on patients with cancer (CCC19): A cohort study. Lancet 2020, 395, 1907-1918. [CrossRef]
Passamonti, E; Cattaneo, C.; Arcaini, L.; Bruna, R.; Cavo, M.; Merli, F.; Angelucci, E.; Krampera, M.; Cairoli, R.; Della Porta, M.G;
et al. Clinical characteristics and risk factors associated with COVID-19 severity in patients with haematological malignancies in
Italy: A retrospective, multicentre, cohort study. Lancet Haematol. 2020, 7, e737-e745. [CrossRef]

Di Giacomo, A.M.; Giacobini, G.; Gandolfo, C.; Lofiego, M.E,; Cusi, M.G.; Maio, M. Severe acute respiratory syndrome coronavirus
2 vaccination and cancer therapy: A successful but mindful mix. Eur. J. Cancer 2021, 156, 119-121. [CrossRef] [PubMed]

Sadoff, ].; Le Gars, M.; Shukarev, G.; Heerwegh, D.; Truyers, C.; de Groot, A.M.; Stoop, J.; Tete, S.; Van Damme, W.; Leroux-Roels,
I; et al. Interim results of a phase 1-2a trial of Ad26.COV2.S COVID-19 vaccine. N. Engl. ]. Med. 2021, 384, 1824-1835. [CrossRef]
[PubMed]

Thakkar, A.; Gonzalez-Lugo, J.D.; Goradia, N.; Gali, R.; Shapiro, L.C.; Pradhan, K.; Rahman, S.; Kim, S.Y.; Ko, B.; Sica, R.A,;
et al. Seroconversion rates following COVID-19 vaccination among patients with cancer. Cancer Cell 2021, 39, 1081-1090.e1082.
[CrossRef]

Desai, A.; Gainor, ].F.; Hegde, A.; Schram, A.M.; Curigliano, G.; Pal, S.; Liu, S.V.; Halmos, B.; Groisberg, R.; Grande, E.; et al.
COVID-19 vaccine guidance for patients with cancer participating in oncology clinical trials. Nat. Rev. Clin. Oncol. 2021, 18,
313-319. [CrossRef]

Rubin, R. Influenza’s unprecedented low profile during COVID-19 pandemic leaves experts wondering what this flu season has
in store. JAMA 2021, 326, 899-900. [CrossRef]

European Centre for Disease Prevention and Control. Interim Public Health Considerations for the Provision of Additional
COVID-19 Vaccine Doses. Available online: https://www.ecdc.europa.eu/sites/default/files/documents /Interim-public-health
-considerations-for-the-provision-of-additional-COVID-19-vaccine-doses.pdf (accessed on 5 May 2022).

Joint Committee on Vaccination and Immunisation. JCVI Statement Regarding a COVID-19 Booster Vaccine Programme for
Winter 2021 to 2022. Available online: https://www.gov.uk/government/publications/jcvi-statement-september-2021-covid-19-
booster-vaccine-programme-for-winter-2021-to-2022 /jcvi-statement-regarding-a-covid-19-booster-vaccine-programme-for-
winter-2021-to-2022 (accessed on 5 May 2022).


https://doi.org/10.1093/infdis/jis487
https://doi.org/10.2217/imt-2019-0180
https://www.ncbi.nlm.nih.gov/pubmed/32089035
https://doi.org/10.1136/jitc-2021-002619
https://www.ncbi.nlm.nih.gov/pubmed/34016723
https://doi.org/10.1002/14651858.CD008983.pub3
https://www.ncbi.nlm.nih.gov/pubmed/29388675
https://doi.org/10.1200/JCO.19.00354
https://www.ncbi.nlm.nih.gov/pubmed/31465264
https://doi.org/10.1001/jama.2015.12160
https://www.ncbi.nlm.nih.gov/pubmed/26436611
https://doi.org/10.1158/1078-0432.CCR-11-0253
https://www.ncbi.nlm.nih.gov/pubmed/21712444
https://doi.org/10.1093/annonc/mdr141
https://acmedsci.ac.uk/file-download/4747802
https://doi.org/10.1016/j.vaccine.2017.12.019
https://www.ncbi.nlm.nih.gov/pubmed/29287683
https://doi.org/10.1177/1758835920968463
https://www.ncbi.nlm.nih.gov/pubmed/33224275
https://doi.org/10.1002/cncr.33386
https://www.ncbi.nlm.nih.gov/pubmed/33378122
https://doi.org/10.1016/S0140-6736(20)31187-9
https://doi.org/10.1016/S2352-3026(20)30251-9
https://doi.org/10.1016/j.ejca.2021.07.038
https://www.ncbi.nlm.nih.gov/pubmed/34428684
https://doi.org/10.1056/NEJMoa2034201
https://www.ncbi.nlm.nih.gov/pubmed/33440088
https://doi.org/10.1016/j.ccell.2021.06.002
https://doi.org/10.1038/s41571-021-00487-z
https://doi.org/10.1001/jama.2021.14131
https://www.ecdc.europa.eu/sites/default/files/documents/Interim-public-health-considerations-for-the-provision-of-additional-COVID-19-vaccine-doses.pdf
https://www.ecdc.europa.eu/sites/default/files/documents/Interim-public-health-considerations-for-the-provision-of-additional-COVID-19-vaccine-doses.pdf
https://www.gov.uk/government/publications/jcvi-statement-september-2021-covid-19-booster-vaccine-programme-for-winter-2021-to-2022/jcvi-statement-regarding-a-covid-19-booster-vaccine-programme-for-winter-2021-to-2022
https://www.gov.uk/government/publications/jcvi-statement-september-2021-covid-19-booster-vaccine-programme-for-winter-2021-to-2022/jcvi-statement-regarding-a-covid-19-booster-vaccine-programme-for-winter-2021-to-2022
https://www.gov.uk/government/publications/jcvi-statement-september-2021-covid-19-booster-vaccine-programme-for-winter-2021-to-2022/jcvi-statement-regarding-a-covid-19-booster-vaccine-programme-for-winter-2021-to-2022

Vaccines 2024, 12, 420 13 of 13

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

Lazarus, R.; Baos, S.; Cappel-Porter, H.; Carson-Stevens, A.; Clout, M.; Culliford, L.; Emmett, S.R.; Garstang, J.; Gbadamoshi, L.;
Hallis, B.; et al. Safety and immunogenicity of concomitant administration of COVID-19 vaccines (ChAdOx1 or BNT162b2) with
seasonal influenza vaccines in adults in the UK (ComFluCOV): A multicentre, randomised, controlled, phase 4 trial. Lancet 2021,
398, 2277-2287. [CrossRef] [PubMed]

Toback, S.; Galiza, E.; Cosgrove, C.; Galloway, J.; Goodman, A.L.; Swift, PA.; Rajaram, S.; Graves-Jones, A.; Edelman, J.; Burns,
F.; et al. Safety, immunogenicity, and efficacy of a COVID-19 vaccine (NVX-CoV2373) co-administered with seasonal influenza
vaccines: An exploratory substudy of a randomised, observer-blinded, placebo-controlled, phase 3 trial. Lancet Respir. Med. 2022,
10, 167-179. [CrossRef] [PubMed]

Bartoszkiewicz, M.; Kufel-Grabowska, J.; Litwiniuk, M. Seasonal influenza vaccination among cancer patients during the
COVID-19 pandemic in Poland. Contemp. Oncol. 2021, 25, 168-173. [CrossRef] [PubMed]

Skyles, T.J.; Stevens, H.P,; Obray, A.M.; Jensen, ].L.; Miner, D.S.; Bodily, R.J.; Nielson, B.U.; Poole, B.D. Changes in attitudes and
barriers to seasonal influenza vaccination from 2007 to 2023. |. Community Health 2023, 49, 207-217. [CrossRef]

Su, Z.; Cheshmehzangi, A.; McDonnell, D.; da Veiga, C.P.,; Xiang, Y.T. Mind the “vaccine fatigue”. Front. Immunol. 2022, 13,
839433. [CrossRef] [PubMed]

Bengoa Terrero, C.; Bas Villalobos, M.; Rodriguez-Monino, A.P.; Lasheras Carbajo, M.D.; Perez-Villacastin, J.; Garcia Torrent,
M.].; Sanchez-Del-Hoyo, R.; Bengoa San Sebastian, E.; Garcia Lledo, A. Effect of primary care center characteristics, healthcare
worker vaccination status and patient economic setting on patient influenza vaccination coverage rates. Vaccines 2023, 11, 1025.
[CrossRef]

World Health Organization. Vaccine Hesitancy: A Growing Challenge for Inmunization Programme. Available online: https:
/ /www.who.int/news/item/18-08-2015-vaccine-hesitancy-a-growing-challenge-for-immunization-programmes (accessed on
22 September 2022).

World Health Organization. Global Vaccine Action Plan 2011-2020. Available online: https://www.who.int/publications/i/ite
m/global-vaccine-action-plan-2011-2020 (accessed on 22 September 2022).

European Centre for Disease Prevention and Control. Let’s Talk about Hesitancy. Available online: https://www.ecdc.europa.
eu/sites/default/files/media/en/publications/Publications/lets-talk-about-hesitancy-vaccination-guide.pdf (accessed on 22
September 2022).

Wumkes, M.L.; van der Velden, A.M.; van der Velden, A.W,; Stouthard, ] M.; Nijziel, M.R.; Westerman, M.; Beeker, A.; Meerveld-
Eggink, A.; Rijkers, G.T.; Biesma, D.H. Influenza vaccination coverage in patients treated with chemotherapy: Current clinical
practice. Neth. . Med. 2013, 71, 472-477.

Istituto Superiore di Sanita. 2023-2024 Recommendations for COVID-19 Vaccination. Available online: https://www.epicentro.is
s.it/vaccini/vaccini-covid-19-raccomandazioni-23-24 (accessed on 18 March 2024). (In Italian).

Ministero della Salute. COVID-19 Vaccination Campaign 2023/2024. Available online: https://www.salute.gov.it/portale/nuov
ocoronavirus/dettaglioContenutiNuovoCoronavirus.jsp?lingua=italiano&id=6110&area=nuovoCoronavirus&menu=vuoto (ac-
cessed on 18 March 2024). (In Italian)

Ministero della Salute. Indications and Recommendations for the 2023/2024 Autumn/Winter Anti COVID-19 Vaccination
Campaign. Available online: https://www.trovanorme.salute.gov.it/norme/renderNormsanPdf?anno=2023&codLeg=96278
&parte=1%20&serie=null (accessed on 18 March 2024). (In Italian)

Ministero della Salute. Integration of the Indications and Recommendations for the 2023/2024 Autumn/Winter Anti COVID-19
Vaccination Campaign. Available online: https://www.trovanorme.salute.gov.it/norme/renderNormsanPdf?anno=2023&codL
eg=97783&parte=1%20&serie=null (accessed on 18 March 2024). (In Italian)

Bonanni, P; Steffen, R.; Schelling, J.; Balaisyte-Jazone, L.; Posiuniene, I.; Zatonski, M.; Van Damme, P. Vaccine co-administration
in adults: An effective way to improve vaccination coverage. Hum. Vaccin. Immunother. 2023, 19, 2195786. [CrossRef]

Centers for Disease Control and Prevention. Epidemiology and Prevention of Vaccine-Preventable Diseases, 14th ed.; Hall, E., Wodi,
A.P,, Hamborsky, J., Morelli, V., Schillie, S., Eds.; Public Health Foundation: Washington, DC, USA, 2021.

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1016/S0140-6736(21)02329-1
https://www.ncbi.nlm.nih.gov/pubmed/34774197
https://doi.org/10.1016/S2213-2600(21)00409-4
https://www.ncbi.nlm.nih.gov/pubmed/34800364
https://doi.org/10.5114/wo.2021.109417
https://www.ncbi.nlm.nih.gov/pubmed/34729036
https://doi.org/10.1007/s10900-023-01277-7
https://doi.org/10.3389/fimmu.2022.839433
https://www.ncbi.nlm.nih.gov/pubmed/35359948
https://doi.org/10.3390/vaccines11061025
https://www.who.int/news/item/18-08-2015-vaccine-hesitancy-a-growing-challenge-for-immunization-programmes
https://www.who.int/news/item/18-08-2015-vaccine-hesitancy-a-growing-challenge-for-immunization-programmes
https://www.who.int/publications/i/item/global-vaccine-action-plan-2011-2020
https://www.who.int/publications/i/item/global-vaccine-action-plan-2011-2020
https://www.ecdc.europa.eu/sites/default/files/media/en/publications/Publications/lets-talk-about-hesitancy-vaccination-guide.pdf
https://www.ecdc.europa.eu/sites/default/files/media/en/publications/Publications/lets-talk-about-hesitancy-vaccination-guide.pdf
https://www.epicentro.iss.it/vaccini/vaccini-covid-19-raccomandazioni-23-24
https://www.epicentro.iss.it/vaccini/vaccini-covid-19-raccomandazioni-23-24
https://www.salute.gov.it/portale/nuovocoronavirus/dettaglioContenutiNuovoCoronavirus.jsp?lingua=italiano&id=6110&area=nuovoCoronavirus&menu=vuoto
https://www.salute.gov.it/portale/nuovocoronavirus/dettaglioContenutiNuovoCoronavirus.jsp?lingua=italiano&id=6110&area=nuovoCoronavirus&menu=vuoto
https://www.trovanorme.salute.gov.it/norme/renderNormsanPdf?anno=2023&codLeg=96278&parte=1%20&serie=null
https://www.trovanorme.salute.gov.it/norme/renderNormsanPdf?anno=2023&codLeg=96278&parte=1%20&serie=null
https://www.trovanorme.salute.gov.it/norme/renderNormsanPdf?anno=2023&codLeg=97783&parte=1%20&serie=null
https://www.trovanorme.salute.gov.it/norme/renderNormsanPdf?anno=2023&codLeg=97783&parte=1%20&serie=null
https://doi.org/10.1080/21645515.2023.2195786

	Introduction 
	Materials and Methods 
	Annual Vaccination Plans and Influenza Vaccines 
	Influenza Vaccination for Patients with Cancer 
	Rationale and Evidence 
	Current Recommendations 
	COVID-19 Vaccination in Patients with Cancer 

	Barriers to Influenza Vaccination 
	Strategies to Overcome Barriers 
	Future Directions 
	References

