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Abstract
Purpose To review the potential ancillary cardiovascular and other health impacts of compliance with general adult vac-
cination series in the prostate cancer active surveillance (AS) population. No previous review has been published in regard 
to this specific topic.
Methods Literature review of PubMed data up to December 2020
Results Compliance rates for adult vaccination are in the approximate anemic range of 25–50% with occasional higher rates 
of specific vaccines in the elderly population including annual influenza and pneumococcal prevention. Herpes zoster (HZ) 
and numerous other vaccine preventive illnesses are associated with an increased risk of cardiovascular events. Preliminary 
evidence suggests vaccine compliance could reduce overall morbidity and mortality, and adherence to heart healthy lifestyle 
changes and parameters could further improve vaccine efficacy and overall wellness. COVID-19 vaccine utilization and 
research should also continue to reinforce the direct and ancillary benefits of this entire preventive intervention category.
Conclusions Multiple ancillary lifestyle change recommendations could be included in the AS criteria to potentially reduce 
morbidity and mortality in this population, and perhaps the most unsung intervention is to improve the inadequate rates of 
general adult vaccination compliance and other heart healthy behavioral changes that impact their efficacy. Heart health, 
prostate health, and immune system health are closely interlinked.
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Introduction

Active surveillance (AS) has been endorsed by multiple 
national and global clinical guidelines [1, 2]. The ongo-
ing robust medical literature on AS continues to reflect the 
enthusiasm for this management strategy. Select sub-topics 
within AS warrant greater awareness and attention. The 
primary cause of morbidity and mortality within most AS 
populations occur from cardiovascular disease (CVD) and 
other non-prostate cancer etiologies [3]. Thus, diverse life-
style interventions to improve overall quality and/or longev-
ity should be encouraged. Perhaps the behavioral change 

in need of the most immediate improvement is the rate of 
adult preventive vaccination compliance. Vaccination has 
both overt benefits and less well known potential ancillary 
advantages for AS patients. Healthy lifestyle changes have 
positive benefits on general health outcomes [4, 5]. Lifestyle 
changes, including diet and exercise and other interventions, 
are synergistic with vaccine compliance and efficacy. This 
is a topic yet to receive adequate attention in the AS, pros-
tate, and other cancer literature. Within this article, we hope 
to promote this approach with health care workers and AS 
patients.
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Cardiovascular events and vaccine 
compliance

The prevention of cardiovascular events as a side benefit 
of adult vaccination could improve the overall health of 
AS patients. This holistic approach could also provide 
the needed impetus to improve overall general adult vac-
cination compliance rates, which unfortunately remain 
in the range of 25–50% [6, 7]. However, some specific 
vaccinations have greater compliance rates in the elderly 
population, such as those for influenza or pneumococcal 
prevention, while other critical vaccines such as Herpes 
zoster (HZ) or shingles continue to experience low com-
pliance rates regardless of the qualifying age group. The 
importance of improving overall compliance with some 
emphasis on HZ vaccination cannot be overstated and 
again provides another potential paradigm of how health 
care professionals and patients could improve morbidity 
and mortality rates of AS patients.

Shingles, cardiovascular events, 
and prostate cancer

Varicella-zoster virus (VZV) is the infectious agent 
responsible for chickenpox (varicella) and HZ. Reacti-
vation of VZV is responsible for HZ, and its associated 
complications, which can cause considerable discomfort 
and other serious issues including any or some of the fol-
lowing: post-herpetic neuralgia (PHN), ocular involvement 
with the potential for temporary or even permanent vision 
loss, peripheral and/or cranial nerve palsies, Ramsay-Hunt 
syndrome, meningoencephalitis, disseminated disease, and 
the potential for early mortality [8–12]. One in three adults 
who have had varicella develop HZ in their lifetime. For 
example, estimates as high as 99% of individuals aged 40 
and older in the U.S. harbor dormant VZV. Advanced age, 
comorbidities, psychological stress and family history are 
associated with an increased risk.

A prostate or other cancer diagnosis also appears to be 
associated with an elevated HZ risk [12]. Some prostate 
cancer treatments, including hormone therapy, appear to 
be preliminarily associated with an increased risk of HZ 
[13, 14]. There have been case reports of men with pros-
tate cancer impacted by HZ with subsequent increases 
in PSA levels at various stages of their disease, includ-
ing AS [15, 16]. It is of interest that treatment with anti-
viral medications in some of these situations resulted in 
PSA reductions. Thus, if men on AS are at an increased 
risk of HZ because of their age, cancer diagnosis, other 
comorbidities, or even family history of this condition it 

would appear imperative to raise vaccination awareness 
or compliance since men fall into at least one or more of 
these risk categories while on AS. Perhaps the additional 
increased risk of painful sequalae or serious morbidity 
from a bout of HZ, or even an increasing PSA would be 
enough to motivate AS clinicians and patients to inquire 
about vaccine status? How about the potential for an 
increased risk of cardiovascular events with a shingles 
diagnosis? Again, if cardiovascular disease events are 
the leading cause of mortality in AS participants, then 
potentially preventing such events via a preventive vac-
cine could be the sine qua non in not only discussing but 
tangibly improving adherence to adult vaccinations.

Observational research continues to suggest the acute and 
chronic inflammation resulting from shingles and other vac-
cine preventable infections could also create an abnormal 
vascular milieu, which could, at least temporarily, increase 
the risk of various cardiovascular events including myocar-
dial infarction and stroke [17–22]. For example, the con-
sistent clinical research suggestive of an increased risk of 
transient ischemic attack (TIA) or stroke with herpes zos-
ter ophthalmicus (HZO) continues to imply the greater the 
severity of the infection then the subsequent greater risk of 
an ancillary cardiovascular event. Preventing shingles, as 
well as preventing the duration, or severity of this condition 
could result in subsequent cardiovascular event reductions 
from preliminary observational evidence [23–25].

The first shingles vaccine  (Zostavax®), available since 
2006, is a zoster vaccine live (ZVL) attenuated product able 
to prevent HZ and some of its notable complications such 
as PHN, but the waning beneficial impacts with increasing 
age is one notable limitation of this product [26]. It reduces 
the risk of HZ by approximately 50% overall, but in those 
70 years and older approximately 37%. The inability to 
utilize this ZVL option for immune suppressed patients is 
another limitation. Still, a review of Medicare health records 
including more than 1,380,000 fee-for-service beneficiaries 
66 years of age or older with no history of stroke and con-
trolling for age, gender, race, medications and comorbidities 
found the potential for cardiovascular risk reduction benefits 
[23]. ZVL vaccine appeared to be associated with a reduc-
tion in ischemic and hemorrhagic stroke in the 60 s, 70, and 
even above 80 age groups.

Since 2017, a novel adjuvanted, non-live recombinant 
zoster vaccine (RZV) known as “Shingrix” is available and 
should be discussed for patients on AS [26, 27]. The adju-
vant itself is actually derived from a purified extract of the 
bark of the Chilean Soap Bark Tree (Quillaja saponaria) 
and contributes to the formidable 90–95% protection against 
shingles observed in populations 50 and older. One could 
argue it is a vaccine with a “natural” adjuvant that when uti-
lized appropriately gives some of the most profound protec-
tion achieved for an adult preventive vaccine across a variety 
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of age groups. A similar sourced “natural” adjuvant is being 
utilized currently in a phase 3 clinical trial of a COVID-
19 vaccine (Novavax, Inc, Gathersburg, MD) [28]. RZV 
requires a total of two intramuscular injections, each sepa-
rated by 2–6 months. Vaccine efficacy in preventing PHN 
was approximately 89% in those 70 years and older. Cellular 
and humoral effects appear to last approximately a decade 
and potentially longer, but the novelty of this approach lim-
its even longer-term data knowledge. Notable adverse reac-
tions include temporary injection site pain in approximately 
70–90% of patients (8–15% with placebo), and myalgia in 
35–57% (10–15% with placebo) [29]. Grade 3 adverse events 
occur in approximately less than 10%. Older age groups 
reported less local and general adverse events.

The U.S. advisory committee on immunization practices 
(ACIP) recommend RZV as the standard or the first-line 
prophylactic vaccine for HZ and PHN prevention in those 
50 years of age or older, regardless of previous ZVL status 
[30]. Canada also recommends RZV for similar age groups 
[31], and other countries are transitioning towards its utili-
zation [32]. Thus, many AS patients will have received the 
initial ZVL and currently qualify for the RZV, as well as 
those having never received either vaccine, but have expe-
rienced recurrent shingles events. The potential ability to 
also utilize this option in some immune suppressed patients 
provides another major advantage. Patients should determine 
if they qualify with their clinician(s) since most AS patients 
will indeed be candidates to receive RZV, but it is the opin-
ion of this author they should also be told of the potential 
ancillary benefits, and the potential for notable temporary 
adverse effects.

Influenza, pneumonia, and other preventive 
vaccines and cardiovascular events

A partial review of other general adult preventive vaccines 
suggests potential ancillary benefits abound. First the asso-
ciation between several different infections and cardiovas-
cular events are becoming more established similar to the 
situation with HZ [33–35]. Multiple retrospective and pro-
spective studies have demonstrated an association between 
influenza or pneumonia, disease severity, and an increased 
risk of a diverse range of cardiovascular events. Systemic 
infections produce a pro-inflammatory response, which can 
be prolonged in some patients, and increases the risk of vas-
culitis, cardiovascular disease progression, and even plaque 
rupture.

Preliminary data also suggest vaccination against influenza 
and pneumococcal pneumonia and a subsequent reduced risk 
of cardiovascular events, hospitalization and even all-cause 
mortality [35–37]. Interestingly, these diverse benefits also 
appear to occur in patients with prostate cancer [38], which 

is of interest since some observational studies suggest less 
attention toward cardiovascular health parameters post-pros-
tate cancer diagnosis, and no notable increase in the general 
utilization of preventive vaccinations compared to the general 
population of similar age groups [39]. There is also the issue 
of health disparities among men with prostate cancer and the 
reduced access or utilization of preventive vaccinations [40], 
which urgently needs to be addressed to capitalize on these 
diverse benefits in diverse populations.

COVID‑19 cardiovascular disease paradigm 
and vaccine compliance?

The current COVID-19 pandemic has directed profound 
attention toward the potential cardiovascular complications 
of an infectious systemic process, as well the additional 
negative prognostic impact of uncontrolled adverse cardio-
vascular parameters when dealing with systemic infections 
[41]. For example, arterial or venous thrombosis, myocar-
dial injury and other cardiovascular complications have 
resulted from SARS-CoV-2 infections. It could be argued 
COVID-19 is both a respiratory and cardiovascular disease. 
Perhaps, COVID-19 will provide another notable example 
of when preventive methods are accessible then they should 
be considered not only for their direct but also ancillary 
potential benefits. The COVID-19 pandemic is a reminder 
of the importance of other chronic and infectious disease 
prevention advice and adherence within the AS population. 
An effective COVID-19 vaccination should not only prevent 
severe infection, but also cardiovascular events that would 
have arisen from this virus. It is already of interest surveys 
are suggesting COVID-19 vaccination would be more likely 
to be utilized by patients if their healthcare providers recom-
mended or endorse vaccination against this specific infec-
tious agent [42]. This should not be a surprise because it is 
similar to other behavioral choices when determining the 
utilization of other adult preventive vaccines. The unified 
endorsement from trusted health care professionals have 
positively and generally altered the preventive health land-
scape when change was needed [4]. For example, one rel-
evant analogy is the improving smoking cessation rates, and 
perhaps even the eventual appreciation that tobacco expo-
sure is not just replete with respiratory but cardiovascular 
and other health issues.

Obesity, dietary randomized trials, 
and vaccines

Excess weight or obesity has known detrimental impacts 
on all-cause morbidity and mortality, whether indices of 
body mass index (BMI) or waist circumference (WC) are 
utilized [43, 44]. This has pertinence within AS populations 
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where borderline obesity appears to be the rule rather than 
the exception, which is a reflection of the general middle-
aged adult or even elderly population [45–47]. A recent 
randomized AS intervention trial known as MEAL (Men’s 
Eating and Living study) demonstrated a mean baseline BMI 
of 28–29 with a median of 28 [47]. This dietary interven-
tion clinical trial demonstrated no impact on prostate cancer 
progression over 2 years compared to control AS patients. 
However, there were also no significant between group dif-
ferences on weight loss or other reliable cardiovascular 
parameters. Perhaps, a future goal with AS patients in clini-
cal trials of lifestyle changes should be either an additional 
primary or even a secondary endpoint of cardiovascular 
parameters such as metabolic changes or clinically signifi-
cant events.

The MEAL investigators were able to admirably and 
actively encourage healthy dietary changes and compli-
ance in the intervention group and perhaps passively in the 
control arm [47]. The increased consumption of vegetables 
and caloric reductions of − 230 cal/day over the first year 
and − 250 cal/day over the entire 2-year trial in the interven-
tion group were statistically significant vs controls. How-
ever, the control group also experienced mean reductions of 
approximately − 175 cal in the first 12 months and − 120 cal 
over the 2 years. Thus, one could argue that either given a 
greater caloric difference between groups, or simply more 
years to follow participants would have ultimately resulted in 
tangible cardiovascular changes or clinical significance via 
clinically meaningful weight loss differences. Again, at least 
the compliance with this dietary intervention also suggests 
the majority of the AS population is dedicated to ancillary 
healthy lifestyle changes when given instructional or edu-
cational opportunities. Arguably, holistic optimism in the 
AS population from the MEAL trial should supersede any 
disease-specific skepticism resulting from the initial 2-year 
prostate cancer progression results.

Perhaps additional perspective can be derived from past 
major breast cancer randomized trials involving lifestyle 
changes, which were designed, conducted, and initially pub-
lished approximately 10–20 years before prostate cancer life-
style randomized trials [48, 49]. Significant weight loss over 
a 5-year period reduced the risk of aggressive breast cancer 
relapse after primary treatment in participants. In one of the 
largest breast cancer prevention randomized trials involving 
lifestyle changes, heart healthy benefits in the intervention 
group ultimately resulted in lower breast cancer incidence, but 
again favoring primarily a reduction in the risk of more aggres-
sive sub-types [49]. Healthy cardiovascular changes appear to 
result in either improved morbidity and/or mortality statistics, 
and in regard to breast cancer a preliminary potential impact 
on reducing the risk of progression or appearance of aggres-
sive disease. Again, perhaps prostate cancer could utilize this 
heart healthy first approach paradigm going forward to achieve 

tangible clinical heart healthy benefits when asking patients 
to adhere to notable lifestyle changes? It is the opinion of this 
author that breast or other cancer research did not necessarily 
have this initial heart healthy first foresight, but organically 
transformed into adopting this approach based on the results 
of these and other breast cancer randomized trials.

Weight loss or healthy weight management should be a 
primary goal of most AS populations for other less appreci-
ated reasons. Past studies suggest multiple general preven-
tive vaccines are less efficacious in obese adults [50, 51]. 
For example, hepatitis A and B, influenza, and tetanus are 
just some of the vaccinations potentially hampered by excess 
weight, and theoretically the possibility of less efficacy with 
COVID vaccines are also plausible. Immunometabolism is a 
novel field researching the altered and suboptimal immune 
responses with weight increases. Chronic mild inflamma-
tion appears to cause impaired regulation, communication 
and perhaps even memory within immunological subsets. 
Obesity also increases the risk and severity of numerous 
vaccine preventable infections, and appears to prolong viral 
shedding, which creates concerning transmission risks and 
issues [52, 53]. Again, as the average or even median AS 
patient is currently overweight or borderline obese, similar 
to the general adult population, it would seem imperative 
to discuss the negative diverse consequences of harbor-
ing excess weight or waist in regard to cardiovascular and 
immune health.

Miscellaneous lifestyle changes and vaccines

The diverse and lengthy list of potential healthy lifestyle 
changes improving morbidity and mortality statistics are 
also interesting and continues to suggest multiple simulta-
neous or synergistic positive impacts on preventive vaccine 
compliance and efficacy [5]. Exercise reduces general anxi-
ety, stress, and negative psychological mood, which have all 
been recognized to impact the perception and side effects of 
vaccination. Sub-optimal mental health factors, including 
stress, also appear to reduce physical activity compliance in 
prostate cancer patients [54], so mitigating this issue could 
provide a plethora of mental and physical health benefits. 
Improving diet, reducing alcohol exposure, smoking cessa-
tion, and improving sleep all have the potential to improve 
overall health, vaccine efficacy, and some of these life-
style factors are also associated with a lower probability of 
aggressive cancers or maintaining differentiation [5, 55, 56].

Conclusion

Vaccine preventive illness is a topic which has received 
minimal attention in the prostate cancer literature [4], 
including among AS participants. Perhaps, the impact of 
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the COVID-19 pandemic will have an immediate influence 
on specific and general vaccination status within prostate 
and other cancers. The nexus between respiratory or other 
infections on cardiovascular outcomes has arguably become 
more solidified with the COVID-19 pandemic, as well as 
the potential plethora of side benefits with overall adult vac-
cination compliance. For example, tetanus toxoid is being 
investigated clinically in other cancers as a potential neoad-
juvant option to enhance the impact of potential dendritic 
cell treatments [57]. Tetanus infection is also associated with 
cardiovascular instability. Hepatitis vaccinations for those 
that qualify have the ability to prevent hepatocellular cancer, 
which remains one of the most common causes of global 
cancer deaths [58]. The human papillomavirus (HPV), asso-
ciated with cervical cancer, also increases the risk of anal, 
penile, vaginal, vulvar and oropharyngeal cancers, which is 
part of the recent decision to discuss this vaccine option not 
only in adult women, but also men aged 27–45 years [59]. 
The potential for side benefits with vaccine compliance, not 
only in the general population, but for other patient groups, 
especially AS should be discussed after the more overt ben-
efits of these interventions are also covered. Again, this is a 
daunting task because of the general lack of awareness, past 
and current compliance rates in these age groups, and a host 
of other factors impeding progress that need to be addressed 
in the future from health disparities to other newly recog-
nized issues such as living alone or without a partner [60]. 
Regardless, is it time to add lifestyle or behavioral advice 
including general vaccine compliance to the management 
checklist for AS patients? Yes! Perhaps the mantra of “Heart 
healthy is prostate healthy” should now be altered based on 
recent evidence to “heart healthy is prostate and immune 
system healthy” [4].
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