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Background. Patients with central nervous system (CNS) malignancies represent an “at-risk” population for contracting influenza,
particularly if they are receiving ongoing chemotherapy, radiation, and/or glucocorticoid treatment. The Centers for Disease Control
endorses vaccination for these patients, although data are not available to indicate whether they mount an immunologic response
adequate to achieve clinical protection.

Methods. A pilot prospective cohort study was designed to evaluate the immunogenicity of the standard-dose trivalent inactivated
influenza vaccine in patients with malignant CNS tumors. Baseline data collection included diagnosis, chemotherapy, timing of chemo-
therapy or radiation relative to vaccination, and glucocorticoid dose. Serum samples were collected at baseline, day 14, day 28, and
month 3 following vaccination. Samples were tested using hemagglutinin inhibition to determine seroconversion (4-fold rise in titer)
and seroprotection (titer >1:40).

Results. A total of 38 patients were enrolled (mean age, 54 years +13.5 years, 60.5% male, 94.7% Caucasian, and 5.3% African Ameri-
can). CNS tumor diagnoses included glioblastoma multiforme (55.2%), other high-grade glioma (13.2%), low-grade glioma (15.8%),
and primary CNS lymphoma (15.8%). At enrollment, 20 patients (52.6%) were taking glucocorticoids, 25 (65.8%) were on active
chemotherapy, and 3 (7.9%) were undergoing radiation. Seroconversion rates at day 28 for the A/HIN1, A/H3N2, and B strains
were 37%, 23% and 23%, respectively. Seroprotection was 80%, 69%, and 74%, respectively. All rates were significantly lower
than published rates in healthy adults (P < .001).

Conclusion. Influenza vaccine immunogenicity is significantly reduced in patients with CNS malignancies. Future studies are needed to
determine the causative etiologies and appropriate vaccination strategies.
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Influenza is a common RNA virus that causes yearly epidemics
with anillness typically presenting with fever, myalgias, constitu-
tional symptoms, and upper and/or lower respiratory tract symp-
toms. Patients with malignancies receiving chemotherapy are at
increased risk for influenza-related illness®? and have been
shown to have higher complication and mortality rates.? > The
Centers for Disease Control (CDC) recommends annual influenza
vaccination for all persons older than 6 months.® The CDC

endorses the practice of influenza vaccination for patients with
malignancies, although little concrete evidence exists to suggest
that patients with malignancies and/or those undergoing active
chemotherapy mount a sufficient immunologic response to
achieve clinical protection.

In the general population, influenza vaccination results in
prevention of infection in ~70%-90% of healthy young adults.”®
Serologic response is high, with seroconversion rates of
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75%-80% and seroprotection rates of around 95% based on
hemagglutinin inhibition (HI) titer assessment.>'° Studies have
demonstrated reduced immunogenicity in elderly populations,
with seroconversion rates of 23%-51% and seroprotection
rates of 68%-97%,'" as well as other groups including patients
with end-stage renal disease,'? renal transplants,*** liver trans-
plants,'> and lung transplants,*® HIV populations,’” and others.

Investigation of influenza vaccine efficacy in patients with ma-
lignancies has been limited. Cancer patients are vaccinated at
rates well below 50%. Lack of awareness of the current recom-
mendations, fear of side effects, and concerns about vaccine ef-
ficacy have been cited as the primary reasons for not offering
vaccination.'® Studies have demonstrated seroconversion and
seroprotection rates similar to healthy adults following vaccin-
ation of patients with lung cancer® as well as those with a variety
of solid tumors.?® In patients with hematologic malignancies,
seroconversion rates have been reported to be lower (21%).21
Some studies have evaluated the efficacy of single vaccination,
while others have suggested additional efficacy using a multidose
regimen.”?

The efficacy of influenza vaccination has not been evaluated in
patients with central nervous system (CNS) malignancies. Never-
theless, this is a potentially robust population for study given the
immunosuppressive effects of gliomas and its associated
treatment,*® variable degrees of therapy-induced lymphopenia
and neutropenia, and the inclusion of glucocorticoids into
pharmocotherapeutic regimens. The current study pilots an
investigation into influenza vaccine immunogenicity in a group
of patients with CNS malignancy.

Materials and Methods

This pilot prospective study was designed at a single institution
for patients with a clinical or histopathological diagnosis of pri-
mary CNS malignancy. The study was approved by the local insti-
tutional review board, and each patient provided informed
consent. All patients presenting in the year of study who had
not received the standard yearly influenza vaccine were eligible
and were offered enrollment. Exclusion criteria included standard
contraindications to influenza vaccination. Baseline data were
collected on age, sex, diagnosis, chemotherapeutic regimen,
glucocorticoid use, timing of treatment, and other clinical indica-
tors. Participants received the standard-dose trivalent inactivated
vaccine by intramuscular injection as per national recommenda-
tions.?* Sera were obtained at baseline, as well as at day 14 (+3
days), day 28 (+3 days), and month 3 (4+2 weeks) after
immunization.

Postvaccination titers to each strain contained within the
seasonal 2011-12 influenza vaccine (A/California/7/2009
[HIN1]), A/Perth/16/2009 [H3N2]), and B/Brisbane/60/2008)
were measured by hemagglutination inhibition (HI) assay, as pre-
viously described.?® Sera pretreated overnight with receptor-
destroying enzyme underwent serial 2-fold dilutions on V-bottom
96-well microtiter plates, starting at 1:10 dilution. An equal vol-
ume of inactivated influenza vaccine antigen was added to the
wells and subsequently incubated with chicken red blood cells
(0.5% suspension in phosphate-buffered saline) at room tem-
perature for 1 hour. The highest serum dilution at which hem-
agglutination was still completely inhibited was reported as the

HI antibody titer for each strain. Seroconversion was defined as
a 4-fold increase in HI titer between baseline and 28-day sample.
Seroprotection was defined as a 28-day titer of at least 1:40. HI
was also measured at 3 months to determine the longevity of the
serologic response. Additional laboratory investigations on base-
line samples included immunologic assessment for CD4 count,
CD8 count, CD4/CD8 ratio, CD28 expression on CD8 positive T
cells (CD28+CD8+ TC)—a measure of immune senescence—
and quantitative immunoglobulin levels (IgM, IgA, and IgG).
Data on seroconversion and seroprotection rates were com-
pared with published values for healthy adults®!° and groups
known to respond poorly to the vaccine.!! Data analysis was per-
formed using SAS Version 9.3. Descriptive statistics were calcu-
lated for the study population. Geometric mean titers were
calculated at each time interval. Univariate analyses were per-
formed to assess differences in seroconversion and seroprotec-
tion. CD4, CD8, CD4/8 ratio, CD28+CD8+ TCs, and quantitative
Ig levels were categorized into tertiles to assess immunologic
associations. Frequencies and percentages were calculated
using categorical variables, and statistical significance was
assessed using Fisher’ exact tests. For continuous variables,
means and standard deviations were calculated, and statistical
significance was assessed using Wilcoxon rank sum tests.
Predetermined statistical significance for all tests was .05.

Results

A total of 38 participants were enrolled. Descriptive statistics are
provided in Table 1 and show mean age of 54 years (+13.5 years),
60.5% male, 94.7% Caucasian, and 5.3% African American. Diag-
noses included glioblastoma multiforme (55.2%), other high
grade glioma (13.2%), low grade glioma (15.8%), and primary
CNS lymphoma (15.8%). Mean duration of diagnosis was 2
years (4+2.9 years). At enrollment, 20 participants (52.6%) were
taking glucocorticoids, 17 were taking dexamethasone, and 3
were on prednisone. A total of 25 participants (65.8%) were on
active chemotherapy including temozolomide, bevacizumab,
cilengitide, methotrexate, rituximab, and IMC-3G3. Three partici-
pants (7.9%) were receiving active radiation therapy. Prior
treatments varied (Supplemental Table 1). Both relatively treat-
ment-naive and heavily treated patients were represented, with
76% of participants having been treated with 1 prior chemother-
apy regimen and 24% having >1 prior regimen. Most participants
were previously radiated (79%), but the timing of such radiation
varied (median, 6 months; range, 1-135 months) including 18
who had received radiation within 1 year. Three individuals
were excluded from further analysis due to death or disease
progression.

At 28 days, seroconversion rates for the A/HIN1, A/H3N2, and
B strains were 37%, 23%, and 23%, respectively (Table 2). These
rates were significantly lower than published seroconversion rates
for healthy adults (P values <.001, Figure 1). Seroprotection rates
at day 28 were 80%, 69%, and 74%, for each strain respectively.
While these rates were greater than those for seroconversion,
they were significantly lower than the published seroprotection
rates for healthy adults (P values <.001). Baseline seroprotection
in our population was 28% for all 3 strains and 46%, 49%, and
51% for the A/HIN1, A/H3N2, and B strains, respectively. There
was no significant difference in seroconversion or seroprotection
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Table 1. Baseline demographics

Characteristic n=38
Age (years) 544135
Sex (male, %) 23 (60.5%)
Race, n (%)
Caucasian 36 (94.7%)
African American 2 (5.3%)

Diagnoses (n, %)
Glioblastoma multiforme
Anaplastic astrocytoma

21 (55.3%)
2 (5.3%)

Low grade astrocytoma 4 (10.5%)
Pontine glioma 1(2.6%)
High-grade oligodendroglioma 1 (2.6%)
Low-grade oligodendroglioma 1(2.6%)
High-grade mixed glioma 2 (5.3%)
Primary central nervous system lymphoma 6 (15.8%)
Glucocorticoids (n, %) 20 (52.6%)
Prednisone 3 (15%)
Dexamethasone 17 (85%)
Chemotherapy (n, %) 25 (65.8%)
5-day temozolomide 13 (52%)
21-day temozolomide 2 (8.0%)
Bevacizumab 3 (12.0%)
Cilengitide 1 (4.0%)
IMC-3G3 1 (4.0%)
Temozolomide, bevacizumab 1 (4.0%)
Temozolomide, cilengitide 3 (12.0%)
Methotrexate, rituximab 1 (4.0%)
Radiation (n, %) 3 (7.9%)

Baseline demographics for the population including patients actively
receiving glucocorticoids, chemotherapeutic agents, or radiation at the
time of or within 1 week of vaccine administration.

Table 2. Seroresponse data

Baseline Day 28 3 Month

GMT

A/HIN1 29.1 65.6 62

A/H3N2 26.9 46.9 42.9

B 30.9 48.8 49.2
Seroconversion

A/HIN1 37.1%

A/H3N2 22.9%

B 22.9%
Seroprotection

A/HIN1 45.7% 80.0% 73.3%

A/H3N2 26.9% 68.6% 56.7%

B 51.4% 74.3% 66.7%

Serologic response to trivalent inactivated influenza vaccination
including geometric mean titer (GMT), seroconversion (at day 28) and
seroprotection.

by age, sex, diagnosis, or grade of tumor (high vs low). There was
no difference in serologic response based on glucocorticoid use,
active chemotherapy, or the combination of glucocorticoids and
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Fig. 1. Influenza vaccine immunogenicity. Comparison of influenza
vaccine seroconversion and seroprotection between the study
population, healthy controls (mean values, averaged over the indicated
years of study), and elderly adults (who are known to respond poorly to
the standard trivalent inactivated vaccine).

chemotherapy. The size of each subgroup limited assessment of
the effects of radiation, specific chemotherapeutic agent, or dose
of glucocorticoid, but no significant differences in seroconversion
or seroprotection were observed for any prior radiation, radiation
within 1 year of vaccination, or number of prior chemotherapies.

When comparing these data with published seroconversion
and seroprotection rates in an elderly population, which has
been previously reported to have substandard serologic response
rates, there was no significant difference in seroconversion or ser-
oprotection rates for the A/H1IN1 and B strains between groups.*
For the A/H3N2 strain, seroconversion and seroprotection rates in
our population were significantly less than those in the previously
reported elderly population (23% vs 50.7%; P=.002 and 69% vs
96.5%; P < .001, respectively).

Overall, only 3 participants (8.6%) seroconverted to all 3
strains, and only 54.3% of participants were seroprotected to
all 3 strains at day 28. Long-term seroprotection at 3 months
was similar to 28-day seroprotection with rates of 73%, 57%,
and 67% for the respective strains (Figure 2).

When stratified into lowest, middle, or highest tertile by CD4
count, CD4/8 ratio, CD28+4CD8+ TC values, or quantitative Ig
levels, no statistical difference was observed in seroconversion
or seroprotection. When stratified by CD8 count, those partici-
pants in the middle (CD8 282-534 cells/mm?) or highest
(>534 cells/mm?) tertiles had a trend toward higher rates of ser-
oprotection to the A/H3N2 and B strains (P=.068 and P=.073,
respectively), but this was not observed for the A/HINT strain.

Discussion

In this pilot study, influenza vaccination immunogenicity in parti-
cipants with primary CNS malignancies was significantly reduced
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Fig. 2. Long-term seroprotection. Graphical depiction of the
seroprotection from baseline, day 28 to 3 months following vaccination
for each of the 3 strains contained within the vaccine and a composite

of all strains.

from that seen in normal healthy adults. Seroconversion rates of
23%-37% and seroprotection rates of 69%-80% are compar-
able to those in populations known to respond poorly to the vac-
cine. Long-term immunogenicity also remained poor, with
seroprotection rates as low at 57% at 3 months. Seroprotection
rates are likely higher than seroconversion rates, owing to a sig-
nificant degree of baseline seroprotection (46%-51%) in this
population likely resulting from prior vaccination or influenza
exposure. The reduced immunogenicity was not associated
with age or grade of tumor.

Between 10% and 40% of adult oncology patients are infected
with seasonal influenza annually.?® Influenza-related upper re-
spiratory infections in cancer patients result in costly hospitaliza-
tions, delays in treatment of the underlying malignancy, and
death.> Concern also exists for the tendency of immune-
suppressed patients to shed virus for prolonged periods during
infection.?’ Based on work using algorithmic mathematical mod-
eling, it has been suggested that vaccination of cancer patients
with life expectancy of >3 months within 5 years of a can-
cer diagnosis may reduce hospitalization and increase life
expectancy.’®

In noncancer patients known to respond poorly to the vaccine,
a variety of alternative vaccination strategies have been consid-
ered. In both elderly and HIV-infected patients, high-dose
(60 mcg/strain) trivalent influenza vaccination was found to in-
duce a significantly greater seroprotection than standard-dose
vaccination'*?93% without affecting tolerability.** In a case-
control study comparing 1 and 2-dose regimens of ASO3-
adjuvanted pandemic influenza vaccination to A/HIN1 in cancer
patients, of which glioma patients accounted for 13% of the
population, a statistically nonsignificant difference was observed
in seroconversion (15.8% difference, 89.5% vs 73.7%) and sero-
protection (21% difference, 94.7% vs 73.7%).>? To date, studies
investigating high-dose or 2-dose regimens have not been
performed specifically in glioma populations.

An underappreciated strategy for protecting vulnerable
patients is to ensure immunization of the family members and

caregivers who have frequent contact with at-risk patients. This
practice has been termed “cocooning” and has proven particular-
ly useful for prevention of pertussis and other infectious diseases
in infants.33 Of course, immunization of health care workers is
also recommended due to frequent contact with these patients
and documented transmission of influenza to immunocomprom-
ised adults by health care personnel.*

Evaluation for causative factors associated with reduced im-
munogenicity is limited by the small sample size. No difference
was observed by age or tumor grade. Subgroup analysis also
failed to show significant associations with active glucocorticoid
use, prior or active chemotherapy, or radiation. Recent studies
suggest an immunosuppressing role of radiation therapy, al-
though in this study, no differences in seroconversion or seropro-
tection were observed with any prior radiation, radiation within 1
year, or by CD4 count.>® It may be that the immunobiology
underlying CNS malignancy, as opposed to treatment-specific
factors, is driving impaired immunogenicity, but a much larger
sample is necessary to explore this hypothesis. Since the 1970s,
suppressed cellular and humoral immunologic responses have
been repeatedly demonstrated in patients with CNS malignan-
cies.?® While the extent of response has often correlated with
the degree of anaplasia, significant immunosuppression has
been demonstrated across tumor types from glioblastoma multi-
forme to meningioma.®” Numerous immunosuppressing factors
have been implicated including tumor production of transforming
growth factor-B, (which suppresses lymphocyte function),*® pro-
duction of prostaglandin E, (which suppresses cellular immun-
ity),>® downregulation of human leukocyte antigen class I
antigens (which are important in intracellular antigen presenta-
tion),*® and others. Immunologic evaluation showed a trend to-
ward higher seroprotection for 2 strains in patients with higher
CD8 counts, but this was not statistically significant. Further
large-scale, multicenter studies with a broader array of immuno-
logic monitoring are required to confirm the causative factors
associated with impaired immunogenicity.

This study does have limitations. This is a single-center pilot
study that cannot be generalized to other populations. Prior vac-
cination history was not available, which limits correlation of
these findings with baseline immunity. While prevaccination ser-
oprotection ranged from 46%-51%, this is similar to the varying
rates that have been reported previously and is not felt to signifi-
cantly limit the determination of seroconversion.*! This study was
not sufficiently powered to determine factors that may be asso-
ciated with reduced immunogenicity in this population. As with
many serologic studies of influenza vaccine, the clinical implica-
tions of these results in terms of the impact on influenza infec-
tion, morbidity and mortality related to influenza infection, and
other clinical outcomes cannot be determined. In patients with
CNS gliomas, the decreased life expectancy from the underlying
pathology may prohibit such large-scale studies with clinical end-
points of influenza acquisition or secondary bacterial infection.

In conclusion, influenza vaccine immunogenicity is significant-
ly reduced in patients with CNS malignancies and is similar to
populations for which alternative strategies have been consid-
ered. Indications for annual vaccination remain at the discretion
of the treating oncologist. Further investigation into alternative
vaccination strategies is necessary to determine a regimen suffi-
cient to induce adequate immunologic response in those with
CNS tumors.
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Supplementary Material

Supplementary material is available online at Neuro-Oncology
(http://neuro-oncology.oxfordjournals.org/).
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