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ABSTRACT

Cancer patients are among high-risk individuals for whom seasonal influenza vaccine (SIV) is recom-
mended, but rates of vaccination in this subpopulation remain suboptimal; even in jurisdictions with uni-
versal influenza vaccination programs. We sought to summarize the evidence to better understand the
determinants of SIV uptake (vaccine receipt) among cancer patients. We searched MEDLINE, Embase, and
CINAHL from 2000 to February 12, 2020, focusing on articles on the determinants of seasonal influenza
vaccination among cancer patients, published in English. Study selection was conducted independently by
2 reviewers. One reviewer extracted data from the included studies and another reviewer checked the ex-
tracted data for errors. Outcomes were sociodemographic and health-related factors. We pooled adjusted
results from studies using the inverse variance, random-effects method, and reported the odds ratios (OR)
and their 95% confidence intervals (CI). Out of 2664 citations, 10 studies (mostly from USA and South Ko-
rea) met our eligibility criteria. Overall, being older (OR 2.23, 95% CI 1.46-3.38; 12 92.3%, [6 studies]), a
nonsmoker (1.43, 1.32-1.51; I> 0%, [4 studies]), having a chronic illness (1.18, 1.07-1.29; I> 15.7%, [5 stud-
ies]), having had a medical check-up in the past year (1.75, 1.65-1.86; I 0%, [2 studies]), and having health
insurance (1.39, 1.13-1.72; 12 21.8%, [3 studies]) were associated with increased SIV uptake. Compared with
being African-American, being Caucasian was also associated with increased SIV uptake (1.79, 1.47-2.13;
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I2 10.7%, [3 studies]). Limited evidence suggests seasonal influenza vaccination among cancer patients may
be determined by some sociodemographic and health-related factors.

© 2020 Elsevier Inc. All rights reserved.
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Introduction

The impact of cancers on the body, and the immunosuppression caused by cancer treat-
ments, put cancer patients at increased risk of infections and infection-related complications.
Infections such as influenza can cause significant morbidity and mortality in this patient pop-
ulation. During seasonal influenza peaks, the rate of influenza-related pneumonia among can-
cer patients ranges from 21% to 80%, with associated fatality rate of 11%-38%.!"% These statis-
tics may even be worse in seasons during which markedly drifted or highly virulent influenza
viruses are in circulation. Influenza therefore places a substantial burden on the health of cancer
patients.

Vaccination is the best form of prevention against influenza. However, while it has been
shown to decrease the risk of influenza infection in individuals whose immune system is
intact,” the effectiveness of influenza vaccination in immunosuppressed individuals such as
cancer patients remains debatable.®’” Studies have demonstrated impaired influenza vaccine
response in cancer and immunosuppressed patients compared with age-matched healthy
controls.®-? In response to this finding, high-dose and adjuvanted influenza vaccines have
been proposed and developed for vaccination of those with a suppressed immune system,
including cancer patients.!?!2 Active influenza vaccination (adherence to vaccination) has also
been shown to confer some protection on cancer patients at similar rates to healthy individ-
uals'3; thus, translating to reduced severity and duration of influenza infection among this
subpopulation.

Various governments have implemented annual influenza vaccination programs. Influenza
vaccination is mostly recommended for subpopulations at increased risk of complications, in-
cluding cancer patients."*> In some jurisdictions, vaccination has been made free-of-charge to
all individuals 6 months old or older, irrespective of health status (universal vaccination). Despite
availability of these programs, seasonal influenza vaccine (SIV) uptake among cancer patients has
not been optimal in many populations.'®!” The proportion of cancer patients who consistently
receive SIV is likely even lower.

Knowledge, perceptions and attitudes are known to influence vaccine acceptance'®:; how-
ever, some sociodemographic and health-related factors may facilitate or hinder vaccine uptake.
Knowledge of the impact of these factors on SIV uptake among cancer patients is vital for de-
signing more effective public health intervention programs to optimize vaccination in this sub-
population. While published data on the effectiveness of influenza vaccine in cancer patients
has been well-summarized,®2° we are not aware of any systematic review on the determinants
of influenza vaccination in this important subpopulation. Currently, there is a gap in knowledge
with regard to understanding the factors that may facilitate influenza vaccination among cancer
patients.

To help decision-making regarding policy on influenza vaccination, we systematically iden-
tified, appraised and summarized findings from published studies on the determinants of SIV
uptake in cancer patients.
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Methods

We followed the Cochrane Handbook for Systematic Reviews of Interventions guidelines
when undertaking the review,?! and reported our findings following the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses guidelines (PRISMA).22

Literature search

A health sciences librarian (CJ.N.) designed a comprehensive search strategy for Ovid MED-
LINE, based in part on the search strategy used in our previous similar publications (on older
adults).>3-2* We limited the search results to publications in English since 2000. The decision to
limit to 2000 was because a publicly funded influenza vaccination program was first introduced
around the end of the 20th century; for example, in 1999 in Canada,?® and 1993 in the United
States of America.”® The search strategy was peer reviewed by a second, independent librarian
(Z.P.) using the Peer Review of Electronic Search Strategies checklist.?” The finalized search strat-
egy (Appendix Table A1) was executed on February 13, 2020, using the necessary adaptations for
each of the three bibliographic databases searched: Ovid MEDLINE and Epub Ahead of Print, In-
Process and Other Non-Indexed Citations and Daily; Ovid Embase; and CINAHL with Full Text
(EBSCO).

Study Selection

We were interested in only studies that reported data on sociodemographic and/or health-
related factors that may determine SIV uptake among cancer patients. We excluded model-
ing studies and studies conducted in mixed patient populations (non-cancer and cancer pa-
tients) without reporting results separately on cancer patients. Identified citations from the
searches were managed in EndNote software (version X9). Two reviewers in pairs (G.N.O./O.LT.L;
G.N.0./T.A.) independently screened the citations for eligibility using a 2-stage sifting approach
to review the titles/abstracts and full-text articles. Citation sifting was conducted in a specially
designed Microsoft (MS) Access 2016 database (Microsoft Corporation, Redmond, WA, USA). The
number of ineligible citations was recorded at the abstract screening stage and both the number
and reason for ineligibility were recorded at the full-text article screening stage. Disagreements
were resolved by discussion and consensus or a third reviewer.

Data extraction

Data extraction was piloted on 5 articles by 2 reviewers in pairs (G.N.O./O.LT.L.;; G.N.O./T.A.)
using MS Excel 2016 (Microsoft Corporation, Redmond, WA, USA) spreadsheet. One reviewer
(G.N.O. or O.LT.L.) extracted data from the included studies and a second reviewer (G.N.O. or
T.A.) checked the extracted data for errors. Disagreements were resolved by discussion and con-
sensus or a third reviewer. We extracted the name of each study’s first author, the year of study,
the year of study publication, the country and city of study, funding source, and population in-
formation such as size and average age of participants. We also extracted the sociodemographic
and health-related factors assessed, the statistical measures used, and the multivariable adjusted
results of the measures and their associated 95% confidence intervals (CI).

Study quality assessment

Study quality was assessed by one reviewer (G.N.O. or O.LT.L.) using the National Institutes of
Health quality assessment tool for observational cohort and cross-sectional studies.?® A second
reviewer (G.N.O. or T.A.) checked the assessments for errors. Disagreements were resolved by
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discussion and consensus, or a third reviewer. The National Institutes of Health quality assess-
ment tool is made up of 14 assessed criteria to determine study quality. These include clarity of
research questions/objectives; appropriateness of selection of study population/participants; jus-
tification for sample size; and quality of measurements and analysis of data. A study was judged
to be of high quality if it satisfied all assessed parameters; of good quality if it satisfied all but 1
parameter; of moderate quality if it did not satisfy 2-4 parameters; and of poor quality if it did
not satisfy more than 4 parameters.

Data synthesis and analysis

Data synthesis and analysis was by one reviewer (G.N.O.). We presented relevant study char-
acteristics and quality assessments in a tabular form. We pooled adjusted odds ratios (OR) using
the inverse variance, random-effects model implemented in STATA (version 13; StataCorp LP,
Texas, USA) and we reported the pooled estimates and their 95% CI. We assessed and quan-
tified statistical heterogeneity between pooled results using the I-squared statistic (12)2° and,
where appropriate, we assessed publication bias visually using funnel plots and, statistically, us-
ing Egger’s regression test.>* We reported publication bias only if detected. Where necessary, we
flipped an OR (1/OR) and the associated CI (1/upper CI and 1/lower CI) for a reverse comparison
and uniformity in the pooled analysis. For example, if a study reported results for more than 1
comparison of the same determinant; for example, the 25-29, 30-34, and 35-39 years age groups
compared with the 18-24 years age group, results from the 3 comparisons were first pooled us-
ing a fixed-effects model before being pooled with other results for comparison of older against
younger age groups using a random-effects model.?3-%4

Results
Search results and characteristics of included studies

From a total of 2664 retrieved citations after de-duplication, we included 10 articles (rep-
resenting 8 cross-sectional and 2 retrospective cohort studies) that met our eligibility crite-
ria (Fig 1).3'40 Four studies were from the United States of America,!:33:3>:38 three from
South Korea,?2-36-39 and 1 from each of Israel** Germany,?” and Spain*° (Table 1). These stud-
ies were conducted from 2001 to 2017. Eight studies were in mixed cancer patient popula-
tions,31:32.34-37.39.40 and one study in each of solid cancer,>® and hematological malignancy
(multiple myeloma)®® patient populations. Study sample size ranged from 139 to 41,346 par-
ticipants. No study was funded by industry. All of the studies reported ORs.

Study quality assessment

One study was judged to be of high quality having satisfied all assessed parameters (Ap-
pendix Table A2).>* One study did not report on sample size justification and outcome measures
were not defined clearly.?®> This study was judged to be of moderate quality. The other eight
studies did not report on one assessed parameter (sample size justification) and were therefore
judged to be of good quality.

Sociodemographic determinants

Overall, older age (in groups) was associated with a 123% increase in the odds of SIV uptake
(95% CI 46%-238%; 12 92.3%, 6 studies: 17,103 participants); however, with high heterogeneity be-
tween the included studies (Fig 2). A smaller associated increase in the odds of SIV uptake (36%)



Table 1

Characteristics of included studies (n=10 studies).

Study

Year country

Study type (Funding)

Sample size (% male)

Cancer type

Adjusted covariates (Number of covariates)

(region) [age range]
Stafford 20133 2009 Cross-sectional (BVAMCGRECC, 41,346 (34.7%) [NR] Mixed Age, sex, marital status, education, health care
USA CDPOAIC, and CRCA) coverage, having a health care provider,
(National) could not see a doctor due to cost in last 12
months, years since most recent cancer,
smoking status (N=9)
Choi 2014°? 2007-2011 Cross-sectional (Not funded) 943 (35.4%) [NR] Mixed Age, education, marriage, monthly household
South Korea income, area of residence, smoking, alcohol,
(National) physical activity, health insurance,chronic
disease, cancer type, time since cancer
diagnosis (N=12)
Steele 2014 2001-2006 Retrospective cohort (NR) 9,737 (48.3%) [NR] Colorectal Race/ethnicity, Physician category, age at
USA diagnosis, sex, comorbidities, number of
(NR) primary cancers, SEER Registry, Number of
follow-up years, poverty level, total number
of physician visits (N=10)
Vinograd 20143 2010-2011 Cross-sectional (Young Researcher’s 806 (42.5%) [>18 Solid and Age, born in Russia, number of influenza
Israel Grant, Rabin Medical Centre, and years] Haematological vaccines in past 5 years, HIN1 vaccine
(Petah Tikva) Clalit Research Institute & Policy malignancies 2009-10, Past pneumococcal vaccine,
Planning) high-risk malignancy (N=6)
Lowenstein 2015>° 2003 Cross-sectional (National Institutes 1,882 (39.4%) [>65 Mixed Age, gender, BMI, race, marital status, income,
USA on Health) years| education, comorbidity, medicaid, HMO
(National) coverage, VES (N=11)
Oh 2015°¢ 2007-2012 Cross-sectional (NR) 1,156 (35.8%) [>19 Mixed Age, sex, marital status, household income,
South Korea years] health insurance, smoking status, drinking
(National) frequency, physical activity, medical checkup,
comorbid conditions, time since last
diagnosis, cancer site (N=12)
Pettke 2017%7 2010 Cross-sectional (Internal funding) 139 (NR) [1-18years] Mixed Age, recommendation from general
Germany practitioner/primary pediatrician (N=2)
(Northwest)

(continued on next page)
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Table 1 (continued)

Study Year country Study type (Funding) Sample size (% male) Cancer type Adjusted covariates (Number of covariates)
(region) [age range]
Giri 2019%8 2008-2014 Retrospective cohort (Yale School of 1,996 (46%) Multiple Myeloma Age, marital status, geographic region, Multiple
USA Medicine, Clinical and [Interquartile range Myeloma regimen, diagnosis year, Elixhauser
(Connecticut) Translational Science Awards 70-80 years] comorbidity index, disability, socioecon
Grant from the National Center status, education, medicaid dual coverage
for Advancing Translational (N=10)
Science)
Kim 2020°° 2005-2015 Cross-sectional (Research grant of 2,210 (39%) [NR] Mixed Age, monthly household income, marital status,
South Korea the Chungbuk National education level, occupation, residence, heavy
(NR) University Hospital in 2019) alchol drinking, depressive symptoms, stress

symtpoms, chronic diseases, cancer type,
duration since cancer diagnosis, age at
cancer diagnosis (N=13)

Martinez-Huedo 2020%° 2017 Cross-sectional (FIS Health 335 (38.7%) [NR] Mixed Sex, nationality, number of chronic conditions
Spain Research Fund, Instituto de Salud (N=3)
(NR) Carlos Il & the European Union

NR, not reported; BVAMCGRECC, Baltimore VA Medical Center Geriatric Research, Educational and Clinical Center; CDPOAIC, Claude D. Pepper Older Americans Independence Center;
CRCA, clinical research curriculum award; SEER, surveillance, epidemiology and end results; HMO, Health Maintenance Organization; VES, vulnerable elders survey; FIS, Fondo de
Investigaciones Sanitarias.
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Citations from databases (N=3,838)

Medline — 1,032 Duplicates removed

EMBASE — 2,451 = (n=1,174)

CINAHL - 355

Citations screened at title and abstract Excluded citations

(n=2,664) > (n=2,598)

A4
Full-text articles screened % Excluded full-text
(n=66) " articles (n=56)

Reasons for exclusion

Unsuitable study
population — 5

Unsuitable study
intervention — 6

Unsuitable study
outcome — 22

Abstract — 20

A\ 4

Included studies
(n=10) Study period before
2000-3

Fig. 1. Summary of literature search and screening process (Modified PRISMA flow diagram).

was found with regards to South Korea whereas a larger associated 246% increase in the odds
of SIV uptake was found with regard to the United States of America (Table 2). Having had a
medical check-up in the past year was associated with a 75% increase in the odds of SIV uptake
(65%-86%; 12 0%, 2 studies: 42,502 participants; Appendix Fig A1). When compared with being
Caucasian, being an ethnic minority or Hispanic was not associated with SIV uptake, but being
African-American was associated with a 44% decrease in the odds of SIV uptake (32%-53%; I2
10.7%, 3 studies: 45,224 participants; Appendix Fig A2). Having health insurance was associated
with a 39% increase in the odds of SIV uptake (13%-72%; 12 21.8%, 3 studies: 44,384 participants;
Appendix Fig A3). A similar associated 45% increase in the odds of SIV uptake was found with
regard to the USA. Overall, there was no association found between sex, education, and area of
residence, and SIV uptake; however, being male, and living in a rural area were both found to
be associated with increase in the odds of SIV uptake with regard to South Korea (Appendix
Figs A4 and A6, respectively), and having a higher education was found to be associated with
increase in the odds of SIV uptake with regard to the USA (Appendix Fig A5). No association
was found between marital status, and income, and SIV uptake (Appendix Figs A7 and A8, re-
spectively). One study reported on the influence of previous influenza vaccination during the
previous influenza season,>* and another study reported on the influence of previous influenza
vaccination any time in the past®’; both reported associated increase in the odds of SIV uptake.
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Table 2
Summary of results (by country of study) of meta-analysis of association between reported determinants and SIV uptake.
Determinants Comparison Continent Number of  Study Pooled Odds Ratio  I?
studies population  (95% CI) Statistic
size (%)
Age Older vs. Younger Overall 6 17,103 2.23 (1.46 - 3.38) 923
USA 3 13,615 1.36 (1.07 - 1.74) 77
South 2 3,153 3.46 (1.92 - 6.23) 72.3
Korea
Spain 1 335 592 (3.03 - 11.56)* NA
Ethnicity African-Americans USA 3 45,224 0.56 (0.47 - 0.68) 10.7
vs Caucasians
Hispanics vs. USA 2 3,878 0.72 (0.40 - 1.31) 63.8
Caucasians
Ethnic minorities USA 2 3,878 1.06 (0.76 - 1.48) 0
vs. Caucasians
Marital status Married vs Not Overall 5 8,187 1.05 (0.86 - 1.29) 26
married USA 2 3,878 1.18 (0.99 - 1.41) 0
South 3 4,309 0.86 (0.62 - 1.17) 5.1
Korean
Education Higher vs Lower Overall 5 47,537 1.05 (0.86 - 1.28) 63.2
USA 2 43,228 1.21 (1.09 - 1.35) 18.5
South 3 4,309 0.84 (0.67 - 1.04) 0
Korea
Household High vs Low Overall 4 6,191 0.93 (0.77 - 1.13) 0
income USA 1 1,882 0.91 (0.84 - 0.99)" NA
South 3 4,309 0.99 (0.75 - 1.19) 0
Korea
Sex Female vs Male Overall 6 55,399 0.91 (0.82 - 1.00) 493
USA 3 52,965 0.97 (0.93 - 1.00) 0
South 2 2,099 0.53 (0.30 - 0.92) 0
Korea
Spain 1 335 1.04 (1.02 - 1.07) NA
Residence Rural vs Urban Overall 3 5,035 1.40 (0.87 - 2.25) 70.7
USA 1 1,882 0.86 (0.55 - 1.37)" NA
South 2 3,153 1.78 (1.31 - 2.42) 0
Korea
Comorbidity Having vs Not Overall 5 16,768 118 (1.07 - 1.29) 15.7
having a chronic  USA 3 13,615 1.15 (1.06 - 1.25) 0
disease South 2 3,153 1.34 (0.90 - 2.02) 58.1
Korea
Cancer type Lung cancer vs South 2 3,153 1.34 (0.70 - 2.56) 0
Other cancers Korea
Smoking Smoker vs. Overall 4 45,655 0.70 (0.66 - 0.76) 0
Non-smoker USA 1 41,346 0.71 (0.66 - 0.76)" NA
South 3 4,309 0.57 (0.39 - 0.83) 0
Korea
Alcohol use Nondrinker vs South 2 2,099 1.49 (0.99 - 2.24) 0
Drinker Korea
Medical Having a checkup Overall 2 42,502 1.75 (1.65 - 1.86) 0
checkup within past year ~ USA 1 41,346 1.76 (1.66 - 1.87) NA
vs Not having a South 1 1,156 1.45 (0.99 - 2.11)* NA
checkup Korea
Health Having vs Not Overall 3 44,384 1.39 (113 - 1.72) 218
insurance having health USA 2 43228 1.45 (1.19 - 1.76) 22
insurance South 1 1,156 0.98 (0.48 - 2.01)* NA
Korea

* = odds ratio (not pooled).NA = not applicable.
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%
Study OR (95% CI)  Weight
USA
Giri 2019 - 1.14 (0.98,1.33) 18.80
Steele 2014 — 1.33 (1.06, 1.67) 18.24

Subtotal (I-squared=77.0%, p=0.013){<> 1.36 (1.07, 1.74) 55.24

Lowenstein 2015 —‘—E 1.73 (1.37,2.18) 18.20
South Korea i

Kim 2020 —Te— 2.54 (1.60, 4.03) 15.62
Choi 2014 : — 4.63 (3.06, 6.99) 16.23
Subtotal (I-squared=72.3%, p=0.058) O 3.46 (1.92,6.23) 31.85
Spain :

Martinez-Huedo 2020 i — 5.92(3.03, 11.56) 12.92

Overall (I-squared=92.3%, p=0.000) <>  2.23 (1.46,3.38) 100.00

6 1 3 6
Odds ratio (OR)

Fig. 2. Forest plot of the association between age and SIV uptake (older versus younger).

Health-related determinants

Overall, being a nonsmoker was found to be associated with a 43% increase in the odds of SIV
uptake (32%-51%; 12 0%, 4 studies: 45,655 participants; Fig 3). A larger associated 75% increase
in the odds of SIV uptake was found with regard to South Korea. No association was found
between alcohol consumption status and SIV uptake (Appendix Fig A9). Overall, having chronic
disease(s) was associated with increased SIV uptake by 18% (7%-29%; 12 15.7%, 5 studies: 16,768
participants) (Fig 4). A similar associated 15% increase in the odds of SIV uptake was found with
regard to the United States of America.

Discussion

We sought to summarize the evidence on the association between sociodemographic and
health-related factors, and SIV uptake among cancer patients. Overall, being older, a nonsmoker,
having a chronic illness, having had a medical check-up in the past year, and having health
insurance were all associated with increase in the odds of SIV uptake, whereas sex, marital sta-
tus, level of education, level of income, area of residence, and alcohol consumption status all
showed no association. However, when limited to South Korea, being male and living in a rural
area were found to be associated with an increase in the odds of SIV uptake, and when limited
to the United States of America, an increase in the odds of SIV uptake was found for having
a higher education and for being Caucasian compared with being African-American. However,
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%

Study OR (95% CI) Weight
South Korea
Oh 2015 —— 0.44 (0.21,0.92) 0.88
Kim 2020 ————F  0.58(0.30.1.14) 1.08
Choi 2014 ———1 0.66(0.37.1.15) 1.49
Subtotal (I-squared=0.0%, p=0.694) ~<_>> 0.57(0.39,0.83) 3.45
USA i
Stafford 2013 -~ 0.71 (0.66, 0.76) 96.55
Overall (I-squared=0.0%, p=0.576) 0 0.70 (0.66, 0.76) 100.00

T : T

3 1 15
QOdds ratio (OR)

Fig. 3. Forest plot of the association between smoking status and SIV uptake (non-smokers versus smokers).

these findings may not be generalizable within and across jurisdictions due to the paucity of
data.

Despite recommendation of annual seasonal influenza vaccination for cancer patients in
many jurisdictions, vaccine hesitancy remains an issue that affects SIV acceptance. Even in poor
health, skepticism influences acceptance of any health care. Generally, the decision to receive
a vaccine is influenced by many factors, including complacency (low perceived risk/seriousness
of an infectious disease), convenience (vaccine availability, accessibility, and affordability), and
confidence (trust in vaccine effectiveness and safety).*! The influence of these factors on both
sociodemographic and health-related determinants of health, as well as on SIV uptake, could
not be assessed in the included studies. In addition, most of the studies involved mixed cancer
types with only 1 study each that focused on a solid cancer and on a hematological malig-
nancy. Unfortunately, this meant that we could not explore the potential influence of cancer
type on uptake of SIV. For example, hematological malignancy patients tend to undergo bone
marrow transplant and intense immune suppression, and as such, may be more likely to be
prescribed influenza vaccination. Furthermore, cancer stages differed significantly across stud-
ies. The method of confirmation of influenza vaccination also varied across studies; determined
from electronic medical records in some studies and self-reported in others, with the potential
for social desirability and recall biases. Categories of some of the determinants, for example,
age and educational attainment, and covariates adjustments in multivariable logistic regression
models differed across studies. These differences, in addition to the underlying differences in the
studied populations, may explain the high heterogeneity in a few of the pooled analyses. Addi-
tionally, there are potential differences between the health systems of the countries where the
studies were conducted, especially with regards to access to vaccination; and for this reason, we
also reported country-specific pooled analyses.
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%o
Study OR (95% CI) Weight
South Korea :
Kim 2020 —— 1.11(0.79, 1.55) 7.20
Choi 2014 ———) 1.68(1.12,2.51) 5.12

Subtotal (I-squared=58.1%, p=0.122) <<:> 1.34(0.90,2.02) 12.32

USA

Giri 2019 T 1.11(0.98,1.38) 23.68
Steele 2014 —n— 1.14(1.03, 1.26) 49.32
Lowenstein 2015 —i—’— 1.31(1.04,1.64) 14.68
Subtotal (I-squared=0.0%, p=0.486) <:> 1.15(1.06, 1.25) 87.68
Overall (I-squared=15.7%, p=0.315) <> 1.18 (1.07, 1.29)  100.00

T T
8 1 2.5

QOdds ratio (OR)

Fig. 4. Forest plot of the association between having a chronic disease and SIV uptake (having a chronic disease versus
not).

Nonetheless, this review adds to the evidence base and provides more awareness to help
clinicians assess and identify cancer patients that may be at increased risk of not receiving SIV
and potentially not receiving other necessary preventive care. Considering that the available ev-
idence is mainly from the United States of America and South Korea, in addition to the country-
specific findings being potentially applicable to these countries, they may also be indicative of
the determinants of SIV uptake among cancer patients in other jurisdictions with similar health
system and population characteristics. This review also reveals the need for clinicians to engage
more with, and to endeavour to recommend SIV and other preventive care to, younger cancer
patients who may not be considered high-risk despite having cancer. However, in a country like
the United States of America where healthcare is not offered free-of-charge, in addition to be-
ing employed, being educated and having health insurance also determine uptake of vaccination
among cancer patients, as we have found; therefore, we recognize that SIV may not be accepted
even if offered, due to cost implications to the patient. Our review findings could also aid public
health experts and policy makers in designing targeted programs to help optimize influenza vac-
cination. Furthermore, the review reveals a lack of publications on the determinants of seasonal
influenza vaccination among cancer patients, and suggests the need for consistency in definition
and measurement of covariates across future studies.

We did not identify any previous similar meta-analysis in this patient population to com-
pare our findings against. However, our findings are consistent with recent meta-analyses of the
determinants of SIV uptake among older adults,?>24 suggesting that the factors identified in
this review may indeed play an important role in determining SIV uptake in different subpop-
ulations. The observed increase in the odds of SIV uptake with older age may be a reflection
of increased incidence of chronic diseases with aging.*? This would lead to frequent contacts
with healthcare providers,*>*** and potentially increase the likelihood of being offered SIV. The
observed increased odds of SIV uptake with having a chronic disease may be because seasonal
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influenza vaccination is highly recommended for cancer patients as well as individuals who have
other chronic disease(s) in the study jurisdictions; therefore, cancer patients who also have other
chronic disease(s) are more likely to be offered and to have received SIV. Our findings with
respect to ethnicity and education in the USA may be explained by previous literature which
suggested that ethnicity is associated with educational achievement,*>-*® and employment sta-
tus,*”-*8 and that access and utilization patterns of healthcare services in the United States of
America are influenced by ethnicity,*?->° and education.”!->> Furthermore, ethnicity and educa-
tion, in addition to employment status and income, have been found to determine health insur-
ance coverage in the United States of America,”> and this may explain the observed associated
increased odds of SIV uptake with having health insurance.

This review may not be an exhaustive assessment of all potentially relevant studies consid-
ering that we only included publications in English and studies conducted since 2000. However,
due to a lack of resources, we could not support non-English language translations and limiting
to publications since 2000 allowed us to focus on studies conducted after influenza vaccination
became publicly funded in many jurisdictions. Inadequacy of data did not allow us to conduct
some of the subgroup analysis that we planned a priori, and we could not examine publica-
tion bias for many of the assessed determinants. There are however many merits to this review.
The search strategy was comprehensive and was developed and peer reviewed by professional
health sciences librarians. We also conducted and reported the review in full compliance with
known guidelines. To the best of our knowledge, this review is the first to provide a comprehen-
sive quantitative summary of the available evidence on the sociodemographic and health-related
determinants of seasonal influenza vaccination among cancer patients.

Conclusions

Limited evidence, mainly from the United States of America and South Korea, suggests
that sociodemographic and health-related factors may determine seasonal influenza vaccination
among cancer patients. The paucity of the data highlights the need for more high-quality stud-
ies.
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Search strategy for Ovid MEDLINE(R) Epub Ahead of Print, In-process & Other Non-Indexed Citations and Daily <1946
to February 12, 2020>.

No. Searches

1 Influenza Vaccines/

2 Influenza, Human/pc

3 ("flu shot" or "flu shots").ti,ab,kf.

4 (Antiinfluenza or "anti influenza" or antiflu or "anti flu").ti,ab,kf.

5 or/1-4

6 Influenza, Human/

7 exp influenzavirus a/

8 exp influenzavirus b/

9 flu.ti,ab,kf.

10 Influenza*.ti,ab,kf.

11 or/6-10

12 Vaccines/

13 immunization/sn, td

14 exp Immunization Programs/

15 inoculat*.ti,ab,kf.

16 vaccin*.ti,ab,kf.

17 immuni*.ti,ab,kf.

18 or/12-17

19 5 or (11 and 18)

20 "Patient Acceptance of Health Care"/

21 patient compliance/

22 medication adherence/

23 exp Socioeconomic Factors/

24 Health Knowledge, Attitudes, Practice/

25 (Uptake or "up take").ti,ab,kf.

26 Adhere*.ti,ab,kf.

27 (Complian* or Comply or complied).ti,ab,kf.

28 accept*.ti,ab,kf.

29 Predict*.ti,ab,kf.

30 Factor*.ti,ab,kf.

31 Facilitat*.ti,ab,kf.

32 Enabl*.ti,ab,kf.

33 encourag*.ti,ab,kf.

34 motivat*.ti,ab,kf.

35 help*.ti,ab,kf.

36 (succeed or success*).ti,ab,kf.

37 Determinant*.ti,ab,kf.

38 characteristic*.ti,ab,kf.

39 indicator*.ti,ab kf.

40 (demographic* or sociodemographic*).ti,ab,kf.

41 ((improv* or increas* or rise or rais* or optimal* or optimi* or higher or influenc*) adj4 (level* or
coverage or rate* or access*)).ti,ab,kf.

42 ((improv* or increas* or rise or rais* or optimal* or optimi* or higher or influenc*) adj4
(probability or chance* or likelihood)).ti,ab,kf.

43 (barrier* or obstacle* or hinder* or hesitan* or hesitat* or refus* or noncomplian* or "non
complian*" or deter* or discourag* or challeng*).ti,ab,kf.

44 or/20-43

45 exp Neoplasms/

46 cancer*.ti,ab,kf.

47 neoplas*.ti,ab kf.

(continued on next page)
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Table A1 (continued)

No. Searches
48 tumo?r*.ti,ab,kf.
49 malignan*.ti,ab,kf.
50 metasta*.ti,ab,kf.
51 (carcinoma* or adenocarcinoma*).ti,ab,kf.
52 adenoma*.ti,ab,kf.
53 leuk?emia.ti,ab,kf.
54 lymphoma*.ti,ab,kf.
55 melanoma*.ti,ab,kf.
56 (sarcoma* or adenosarcoma* or gliosarcoma*).ti,ab,kf.
57 (blastoma* or retinoblastoma*).ti,ab,kf.
58 glioma*.ti,ab,kf.
59 meningioma*.ti,ab,kf.
60 (astrocytoma* or neurocytoma*).ti,ab,kf.
61 oncogen*.ti,ab,kf.
62 oncolog*.ti,ab,kf.
63 chemotherap*.ti,ab,kf.
64 radiotherap*.ti,ab,kf.
65 or/45-64
66 19 and 44 and 65
67 66 not (((exp animals/ or exp Models, Animal/) not humans/) or (mice or mouse or murine or rat
or rats).ti.)
68 limit 67 to english language
69 remove duplicates from 68
70 limit 69 to yr="2000 -Current"
%
Study OR (95% CI) Weight
South Korea !
Oh 2015 ——— 145 (0.99,2.11) 242
1
USA i
Stafford 2013 + 1.76 (1.66, 1.87) 97.58
Overall (I-squared=0.0%, p=0.321 <> 1.75 (1.65, 1.86) 100.00
1
T T

81 2
Odds ratio (OR)

Fig. Al. Forest plot of the association between medical check-up and SIV uptake (having had versus not having had).
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%
Study Country OR (95% CI) Weight
African-Americans vs. Caucasians E
Lowenstein 2015 USA —— 0.44 (0.28,0.70) 13.44
Giri 2019 USA —’—i' 0.52(0.37,0.73) 16.76
Stafford 2013 USA —— 0.63 (0.50, 0.79) 20.09
Subtotal (I-squared=10.7%, p=0.326) 0: 0.56 (0.47,0.68) 50.29
Hispanics vs. Caucasians i
Lowenstein 2015 USA 0 0.51(0.28,0.94) 10.11
Giri 2019 USA = 0.94 (0.64, 1.40) 15.26
Subtotal (I-squared=63.8%, p=0.096) <<_ = 0.72 (0.40, 1.31) 2537
Ethnic minorities vs. Caucasians ;
Lowenstein 2015 USA ——— 0.95(0.49. 1.84) 9.09
Giri 2019 USA E—"— 1.10 (0.74, 1.62) 15.25
Subtotal (I-squared=0.0%. p=0.709) <> 1.06(0.76, 1.48) 24.34
T ! T
0.3 1 2
Odds ratio (OR)
Fig. A2. Forest plot of the association between ethnicity and SIV uptake.
%
Study OR (95% CI) Weight

South Korea
Oh 2015

USA

Lowenstein 2015

Stafford 2013

Subtotal (I-squared=22.0%., p=0.258)

Overall (I-squared=21.8%, p=0.278)

———— 0.98 (0.48.2.01) 7.95

1.14 (0.71, 1.83) 16.44
™ 1.51(1.35,1.69) 75.60

<> 145(119.176) 92.05

Fig. A3. Forest plot of the association between

Odds ratio (OR)

health insurance and SIV uptake (having vs not having).
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%

Study OR (95% CI) Weight
South Korea :
Oh 2015 —’_i 0.48 (0.25,0.92) 2.33
Choi 2014 ——T— 0.69(0.48,4.01) 0.91
Subtotal (I-squared=0.0%, p=0.568) <<__—=> 0.53(0.30.0.92) 324
Spain E
Martinez-Huedo 2020 — 0.72 (0.55.0.94) 11.11
USA 1
Lowenstein 2015 —‘i'— 0.86 (0.63,1.17) 8.84
Steele 2014 hi 0.96 (0.87, 1.06) 32.82
Stafford 2013 R 0.97 (0.93,1.01) 43.99
Subtotal (I-squared=0.0%, p=0.743) EO 0.97 (0.93, 1.00) 85.65
Overall (I-squared=49.3%, p=0.079) ¢ 0.91 (0.82, 1.00) 100.00

T : T T

2 1 2 4

Odds ratio (OR)

Fig. A4. Forest plot of the association between sex and SIV uptake (females vs males).

%
Study OR (95% CI)  Weight
South Korea 3

Choi 2014 ——t 0.82 (0.55, 1.22) 14.69
Oh 2015 — 0.83(0.55.1.24) 14.35
Kim 2020 — 0.86 (0.61,1.21) 17.33
Subtotal (I-squared=0.0%, p=0.982)  <_* 0.84 (0.67.1.04) 46.37
USA i

Stafford 2013 B 1.19(1.13,1.24) 34.51
Lowenstein 2015 — 1.42 (1.04.1.93) 19.12

Subtotal (I-squared=18.5%, p=0.268) <> 1.21 (1.09, 1.35) 53.63

Overall (I-squared=63.2%, p=0.028) <[> 1.05 (0.86, 1.28)  100.00

S 1 2
Odds ratio (OR)

Fig. A5. Forest plot of the association between education and SIV uptake (higher vs lower education).
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%
Study OR (95% CI) Weight
USA
Lowenstein 2015 — T 0.86 (0.55,1.37) 32.76

South Korea

Choi 2014 ——3 1.72(1.07,2.77)  31.92
Kim 2020 —i—°—) 1.83(1.23,2.73) 3532
Subtotal (I-squared=0.0%, p=0.845) ; 1.78 (1.31,2.42) 67.24
Overall (I-squared=70.7%, p=0.033) <<i> 1.40 (0.87,2.25)  100.00
T ’ T
5 1 2.5

Odds ratio (OR)

Fig. A6. Forest plot of the association between area of residence and SIV uptake (rural vs urban).

%

Study OR (95% CI)  Weight
South Korea :
Oh 2015 — 0.73 (0.44,1.23) 13.13
Kim 2020 7 0.84 (0.56, 1.26) 19.08
Choi 2014 —1—0—) 1.67 (0.62,4.54) 4.01
Subtotal (I-squared=5.1%, p=0.349) <:'> 0.86 (0.62, 1.17) 36.22
USA .
Lowenstein 2015 —v’— 1.14 (0.68, 1.49) 20.04
Giri 2019 - 1.19 (0.97, 1.45) 43.74
Subtotal (I-squared=0.0%, p=0.849) <> 1.18 (0.99, 1.41) 63.78
Overall (I-squared=26.0%, p=0.248) > 1.05 (0.86, 1.29) 100.00

T : T T

4 1 2 4

Odds ratio (OR)

Fig. A7. Forest plot of the association between marriage and SIV uptake (married vs not married).
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Study

%
OR (95% CI) Weight

South Korea
Oh 2015
Choi 2014
Kim 2020
Subtotal (I-squared=0.0%. p=0.883) <:

N

USA
Lowenstein 2015 —

Overall (I-squared=0.0%, p=0.968) <]

—  0.87(0.57. 1.33) 20.75
—— 0.93 (0.60, 1.45) 19.13
—— 1.00 (0.70. 1.42) 29.78
> 0.94(0.75. 1.19) 69.67

— 0.92(0.65,1.31) 30.33

> 0.93 (0.77, 1.13) 100.00

T
S 1 15

Odds ratio (OR)

Fig. A8. Forest plot of the association between income and SIV uptake (higher vs lower income).

%
Study Country OR (95% CI) Weight
0h 2015 South Korea ————)132(060,287) 2679
Choi 2014 South Korea —+— 156 (097,2.50) 7321
Overall (I-squared=0.0%, p=0.720) <> 1.49 (0.99, 2.24) 100.00
T T

S5 1

2.5

QOdds ratio (OR)

Fig. A9. Forest plot of the association between alcohol drinking and SIV uptake (nondrinker vs drinker).
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