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Introduction

Primary prevention targets healthy individuals with a focus 
on disease prevention. Immunizations are a well-known 
form of primary prevention that has been used to prevent 
morbidity and mortality from numerous infectious agents. 
This review article focuses on immunizations that have 
influenced the epidemiology of cancer. Specifically, it will 
discuss vaccinations against human papillomavirus (HPV), 
hepatitis B virus (HBV), and hepatitis C virus (HCV) and 
their associated malignancies.

HPV vaccination and gastrointestinal cancers

Overview

HPV is a common sexually transmitted infection (STI) 
most frequently acquired after first sexual activity (1). 
HPV infects basal epithelial cells and most infections are 
transient and asymptomatic however, chronic infection with 
oncogenic strains of HPV can progress to cervical, anal, 
penile, vaginal, vulvar, and oropharyngeal cancers (2). The 
first Food and Drug Administration (FDA) approved HPV 
vaccine in the U.S. was a quadrivalent vaccine (4vHPV) 
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targeting HPV strains 16, 18, 6, and 11 (3). It was first 
approved in 2006 with recommendations to vaccinate 
females aged 9 through 26 years of age (3). HPV 16 and 
18 are responsible for causing 70% of cervical cancers in 
females and HPV 9 and 11 cause 90% of genital warts (3). 
HPV 16 and 18 are also responsible for 87% of anal cancers 
and 85% of cancers of the head and neck (4). In 2014, a 
9-valent vaccine (9vHPV) was FDA approved (5). 9vHPV 
includes HPV strains covered by 4vHPV and has expanded 
coverage to include high-risk HPV types 31, 33, 45, 52, and 
58 (5). This 9vHPV protects against an additional 14% of 
HPV-related cancers in the U.S. (5).

History of HPV vaccination

In the U.S. the 2vHPV and 4vHPV vaccines are no longer 
available due to low market demand and the 9vHPV vaccine 
is currently the standard of care. However, 2vHPV and 
4vHPV are used in other countries around the world (1,2). 
All 3 versions are intended to be administered prior to the 
onset of sexual activity when first exposure to HPV typically 
occurs (1). Studies investigating the immunogenicity of the 
2vHPV and 4vHPV showed 2vHPV, which uses a different 
adjuvant than 4vHPV and 9vHPV, produced consistently 
higher levels of antibodies against HPV 16 and 18 after  
60 months. However, the clinical relevance of this is unknown 
as no correlation with protection has been elucidated (1). 
Two randomized controlled trials have compared 3 doses of 
4vHPV and 9vHPV with 4vHPV showing non-inferiority 
to 9vHPV for overlapping strains and 9vHPV showing high 
efficacy in preventing persistent infection against HPV types 
31, 33, 45, 52, and 58 compared to 4vHPV (1). All 3 vaccines, 
2vHPV, 4vHPV, and 9vHPV have similar effectiveness in 
preventing cervical cancer (1).

The impact of HPV vaccination is readily evidenced by 
examining trends of HPV related infection in Australia. 
Australia implemented a national school-based, government 
funded HPV vaccination program targeting females aged 
12 to 13 years old in 2007 (6). The program utilized 
4vHPV and resulted in 73% of females aged 12–13 years 
old receiving 3 doses of the vaccine (6). Studies have 
shown a 47.5% effectiveness of the 4vHPV against cervical 
intraepithelial neoplasia type 3 (CIN3) and adenocarcinoma 
in situ (AIS) in women who had received 3 doses of the 
vaccine and a 36.4% reduction in CIN3 and AIS for women 
who received any doses of the vaccine (6). A 77% reduction 
in vaccine-related HPV infections was also seen in women 

18–24 years (6). A herd immunity effect was evidenced with 
reduced vaccine-related HPV prevalence in women in the 
same age cohort who were not vaccinated (6). Interestingly, 
there was also an increased prevalence of HPV types 31, 33, 
35, and 45 in unvaccinated females compared to vaccinated 
females which provides evidence that there is a cross-
protective effect against HPV strains that are genetically 
similar to those included in the vaccine (6).

HPV vaccination worldwide

Despite the known efficacy of HPV vaccines in reducing 
the incidence of HPV-vaccine related infection and cancers 
and its demonstrated safety, as of March 2017 only 37% of 
countries worldwide had incorporated HPV vaccines into 
their national immunization program for females and only 
6% of countries incorporated HPV vaccination into their 
national immunization program for males (1). In the U.S., 
the Healthy People 2020 goal is to have 80% of adolescents 
aged 13–15 years of age fully vaccinated against HPV (7). 
As of 2016 vaccination rates in the U.S. for females and 
males between the ages of 13–17 were 43% and 31.5% 
respectively (7).

HPV vaccine hesitancy

Challenges regarding timely HPV vaccination include 
parental hesitancy. Studies have shown some parents believe 
HPV vaccinations will encourage earlier sexual activity or 
promiscuity (8). Recommendations for overcoming vaccine 
hesitancy include framing HPV vaccination discussions 
with families as an opportunity to prevent HPV related 
cancer deaths and starting the discussion regarding HPV 
vaccination at the same time as other mandated vaccines 
such as hepatitis B vaccine (8). Educating caregivers that 
the goal of vaccination is to achieve immunity prior to 
exposure can also help overcome this hesitancy. In the U.S. 
the Advisory Committee on Immunization Practices (ACIP) 
recommends HPV vaccination for children and adults  
9–26 years of age with routine commencement at age 11 or 
12 years old (2). For patients 27–45 years old who are not 
adequately vaccinated and who have not been exposed to 
the virus before or who are at risk for infection or exposure 
to new HPV strains the vaccine may be given. However, it 
must be discussed that the vaccine will not eradicate, treat, 
decrease time to clearance, or prevent progression of HPV 
infections that have already been established (2).
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HPV and oropharyngeal cancers

Oropharyngeal cancer is located at the base of the 
tongue, the tonsils, soft palate and pharynx. In the past, 
oropharyngeal cancers were commonly located in the 
anterior oropharynx and associated with alcohol and tobacco 
use (9). Currently, posterior oropharyngeal cancers are 
more common with 30% of worldwide cases presumed to be 
HPV-related with higher prevalence in developing countries 
(4,8,10). In the U.S., 70–90% of new cases of oropharyngeal 
cancer are confirmed as HPV-related invasive squamous cell 
carcinoma and are diagnosed in younger, healthier patients 
(9,10). Compared with 30–50 years ago, sexual behaviors 
have changed considerably to younger ages of first sexual 
encounters, increasing number of partners, and more oral 
sexual acts (9,11). With these changes, exposure to HPV is 
occurring at younger ages, leading to an increased risk of 
HPV oropharyngeal cancer.

In Australia, the incidence of HPV oropharyngeal 
cancers increased yearly from 18.6% in 1982 to 28.7% in 
2005 with the majority of cancers located in tonsillar areas 
of the oropharynx (11). In the U.S. between 1988 and  
2004 oropharyngeal cancers positive for HPV increased by 
225% (12). HPV and oral cancer were first linked due to 
presence of juvenile respiratory papillomatosis in neonates 
exposed to maternal genital infections during birth (9). 
Approximately 7% of people in the U.S. have an oral HPV 
infection of any type at any time. Most of these infections 
clear within a year however, 20% may progress to cancer (9).

Although the HPV vaccine is not currently approved for 
prevention of oropharyngeal cancers, it is hypothesized that 
vaccination will cause a decline in new cases (10,11). Little 
is known about the natural disease course of precancerous 
oral HPV infection progressing to oropharyngeal cancer (9).  
Early detection of oropharyngeal cancer is difficult because 
there are no identified precursor lesions (9). Due to a 
lack of routine surveillance methods for early detection, 
studies have not been designed to assess effectiveness of 
HPV vaccination for primary prevention of HPV-related 
oropharyngeal cancers. In a double-blind controlled trial 
in Costa Rica investigating HPV vaccination efficacy, oral 
secretions for HPV DNA by PCR were tested 4 years 
after vaccination. There was a 93% reduction in HPV oral 
infections in the vaccinated group compared to the control 
group indicative of possible protection with vaccination (13).  
However, oral HPV status was not assessed at the start of 
the study making it unclear if they were truly new cases 
acquired during the study period (13). Future studies for 

HPV vaccination in prevention of oropharyngeal cancer 
needs to be done to investigate potential benefits of 
vaccination.

HBV vaccination and hepatocellular carcinoma 
(HCC)

Overview

HCC is the fifth most common cancer and the third leading 
cause of cancer mortality worldwide (14,15). The incidence 
of HCC is unequally distributed among countries with the 
greatest burden of disease concentrated among developing 
regions. Mongolia has the highest incidence of HCC in the 
world and China accounts for 50% of all HCC cases (14). 

Globally, the leading cause of HCC is HBV with most HBV 
related HCC occurring in Asia and sub-Saharan Africa (14).  
Modes of transmission vary by region with vertical 
transmission commonly occurring in high endemic regions 
and horizontal transmission more common in low endemic 
regions (16). The risk of developing chronic HBV infection 
is inversely related to age with 80–90% of infants infected 
in the first year of life developing chronic HBV infection vs. 
5% in healthy adult populations (16). Chronic carriers of 
HBV are 15 times more likely to develop HCC than non-
carriers and it is estimated 60–80% of HCC worldwide is 
attributed to HBV (17,18). HBV is a vaccine-preventable 
disease and implementation of nationwide vaccination 
programs have decreased the incidence of chronic HBV and 
subsequent development of HCC, thus making HCC one 
of the first vaccine-preventable cancers.

Nationwide vaccination programs & impact on incidence 
of HCC

Passive immunity via hepatitis B immune globulin (HBIG) 
was first proven effective in reducing perinatal transmission 
when given immediately following birth in 1983 in  
Taiwan (19). A randomized double-blind placebo-controlled 
trial showed three doses of HBIG had an efficacy between 
71–87% in reducing development of persistent hepatitis 
B surface antigen (HBsAg) in infants (19). Later, studies 
conducted in Taipei showed the combined efficacy of HBV 
vaccination in conjunction with HBIG given one time 
immediately after birth had a combined efficacy of 94% in 
preventing persistent development of HBsAg in infants (20).  
The first nationwide HBV vaccination program was 
implemented in Taiwan in 1984 using combined passive and 
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cell mediated immunity. Studies examining the incidence 
of HCC among children between 6–14 years old after the 
vaccination program was implemented showed a statistically 
significant decrease in the incidence of HCC from 0.52 per 
100,000 prior to vaccination to 0.13 per 100,000 in the 6 to 
10 years after implementing universal HBV vaccination (21).  
A 20-year follow-up study examined the incidence of HCC 
in patients aged 6–29 years old and found vaccinated cohorts 
still had a statistically significant reduced incidence of HCC 
compared to unvaccinated groups. This provided evidence 
that protective benefits of vaccination at birth extend 
into later adulthood (22). Currently the World Health 
Organization (WHO) recommends at least 3 doses of 
hepatitis B vaccine for all children worldwide (23). The first 
dose is considered timely if administered within 24 hours  
of birth (23). In 2016, 52% of WHO represented countries 
had vaccine schedules that recommended universal HBV 
vaccination at birth (23). Only 19% of countries in the African 
region had universal HBV vaccination at birth compared 
to 93% of countries in the western Pacific region (23).  
Some of the barriers to achieving timely vaccination include 
the large percentage of home births in developing countries 
and misconceptions regarding vaccinating pre-term and 
low-birth weight infants. Certain HBV vaccines have 
been shown to be stable at temperatures up to 37 degrees 
Celsius for 1 month and at ambient temperatures up to 45 
degrees Celsius for 1 week (23). The ability to store the 
vaccine at room temperature without the use of cold chain 
equipment would increase accessibility of the vaccine in 
many developing countries however, there has not yet been 
an HBV vaccine approved for ambient storage (23).

Long-term immunity

Research regarding how long after vaccination immunity 
to HBV persists is ongoing. The longest cohort study 
completed to date showed 94% of study participants 
vaccinated at 6 months of age or older exhibited evidence 
of protection out to 30 years after completing the primary 
vaccination series (24). No patients developed chronic HBV 
infection (24). A 35-year study follow-up is planned. This 
study included children vaccinated at 6 months and older 
and did not include infants. However, a study conducted 
in Taiwan revealed 71% and 37.4% of patients vaccinated 
at birth had protective levels of anti-hepatitis B surface 
immune globulin (anti-HBs) present at 7 and 12 years of 
age respectively (25). This indicates that children vaccinated 
at birth have waning antibody levels compared to children 

vaccinated at an older age. The clinical significance of this 
is not clear as no study participants developed chronic HBV, 
which may be attributed to persistent immune memory that 
is able to provide protection against infection irrespective 
of serum anti-HBs levels (25). Current WHO guidelines 
do not recommend hepatitis B booster vaccines as there 
is no evidence to support the efficacy of booster vaccines.  
Further studies are needed to evaluate life-long immunity 
and the potential need for booster vaccinations in certain 
subgroups (26).

New advancements

Research regarding the best vaccine and schedule 
for  immunocompromised subgroups  i s  ongoing. 
Immunocompromised adults over age 40 have shown 
hypo-responsiveness to aluminum adjuvants used in HBV 
vaccines (26). For these special populations HBV vaccine 
adjuvanted with aluminum phosphate and monophosphoryl 
lipid A is available to help stimulate a more robust immune 
response in immunocompromised patients (26). In 2017, 
the FDA approved a 2-dose vaccine, Heplisav-B, approved 
for use in patients 18 years and older which uses synthetic 
CpG motifs as an adjuvant (27). The use of CpG motifs 
stimulates the immune system via toll-like receptors and has 
been shown to result in substantially higher titer rates than 
the use of aluminum adjuvants in immunocompromised 
patients (27). The 2-dose vaccine can be completed in  
4 weeks resulting in faster seroprotection than currently 
available vaccines (27).

State of vaccination for hepatitis C

Overview

Globally, HCV infection affects approximately 170 million  
people with an estimated global incidence of 3–4 million 
new cases every year (28). It is the leading cause of liver 
transplantation in the U.S., Australia, and most of Europe (29).  
Approximately 75–85% of patients will develop chronic 
HCV after a primary infection (29). Patients with HCV 
related liver cirrhosis have a 2–6% risk of developing 
HCC (28).

Current treatment

HCV is a curable disease. The standard of care for 
treatment historically involved the use of ribavirin and 
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interferon alpha. Newer direct acting antivirals have also 
been developed with reduced length of antiviral treatment 
time and improved response rates. However, the costs 
of treatment regimens are extremely expensive and are 
accompanied by significant adverse effects (30). In addition, 
chronic HCV infections disproportionately affect patients 
living in developing countries who have limited access to 
medical care making the feasibility of lengthy treatment 
regimens requiring frequent follow-up difficult (28). After 
primary infection with HCV, development of cirrhosis 
and HCC is an insidious process often occurring up to  
20 years after initial infection (29). Many patients are unaware 
they are even infected with HCV until clinical symptoms 
or laboratory findings emerge. Primary prevention via 
vaccination against HCV is a highly researched area. Since 
not all patients who are infected with HCV develop chronic 
infection and a significant percentage of patients are able to 
naturally mount an immune response capable of eliminating 
HCV, research efforts investigating mimicking this immune 
response is thought to be a realistic goal. However, despite 
extensive research efforts there is currently no effective 
prophylactic vaccine against HCV (31).

 

Challenges of HCV vaccine development

One of the challenges regarding development of an effective 
prophylactic vaccine against HCV involves the wide 
heterogeneity of the virus itself. HCV is a single stranded 
RNA virus of the Flaviviridae family with six distinct 
genotypes and over 100 subtypes (31). HCV undergoes a 
high rate of mutations during replication due to lack of a 
proof-reading mechanism of its viral polymerase and has 
a short half-life with a rapid turnover rate contributing to 
great genetic variability (31). This genetic inconsistency 
poses a challenge to finding a reliable target for vaccine 
development and aids the virus in evading hosts immune 
responses. Another challenge encountered in vaccine 
development has been the lack of in-vitro models to study 
the HCV life cycle and viral-host interactions. In 2005, 
the first tissue culture model based on recombinant cells 
allowed for reliable HCV replication in a human hepatoma 
cell line and provided a way to study these interactions (32). 
HCV has only been reliably reproduced in the hepatocytes 
of humans and chimpanzees making the chimpanzee the 
only immunocompetent in vivo animal model available 
for research (31). Clinical studies in humans are difficult 
due to the high incidence of HCV in vulnerable patient 

populations such as intravenous drug users in developed 
nations creating ethical dilemmas for testing (31).

Due to the virulence of HCV a live attenuated vaccination 
is not a current focus of vaccine development. Patients with 
chronic HCV infection display high titers of antibodies 
against HCV so it is unlikely that a vaccination inducing 
a humoral response alone will be protective against 
developing chronic HCV and subsequent HCC (31). 
Recombinant protein vaccines typically generate a humoral 
and cellular immune response against viral epitopes from 
isolated genes and many studies in animal models are 
currently underway using recombinant proteins (31,33). The 
HBV vaccine was the first successful recombinant protein 
vaccine used in humans and is comprised of a hepatitis B 
viral antigen that is conserved among the virus and induces 
a humoral response protective against infection (33).  
Since cellular immunity and the induction of cytotoxic T 
lymphocytes (CTLs) seems to be a critical component of 
achieving HCV control and HCV has more heterogeneity 
than HBV, this approach of inducing a humoral immune 
response using a conserved viral antigen has not been 
successful in HCV vaccine development. It is also part of 
the reason why an efficacious vaccination program against 
HCV similar to the one that exists for HBV has yet to be 
created. Vaccines targeted at the HCV core protein which 
is the most conserved region in HCV genotypes has been 
a goal in the past however, has been difficult due to lack of 
adequate T-cell responses to this protein (33).

DNA-based vaccines are another approach currently 
being researched. These vaccines tend to produce a 
weaker humoral immune response and stronger cellular 
immune response than recombinant protein vaccines (33). 
An advantage to DNA-based vaccines over recombinant 
protein vaccines include simplicity of producing polyvalent 
DNA vaccines compared to polyvalent vaccines comprised 
of multiple different purified proteins (33). Recombinant 
vaccines using defective viruses encoded with transgenic 
viral proteins have been shown to permit high levels 
of expression of antigenic proteins and induces a high 
frequency of CTL precursors (34).

Previous HCV vaccine trial

The first HCV prophylactic vaccine trial involving human 
participants was recently completed in 2019 and utilized 
defective simian adenovirus vectors and attenuated modified 
vaccinia Ankara vectors encoded with HCV genotype 1b 
non-structural polyproteins (35,36). The study conducted 
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by the National Institute of Allergy and Infectious Diseases 
was a double-blind randomized, placebo-controlled trial 
investigating the efficacy of a vaccine in preventing chronic 
HCV infection in high-risk patients between the ages of 
18 and 45 years (36). Patients did not have evidence of 
HCV infection at time of enrollment in the study and were 
deemed high-risk for HCV infection due to recent drug 
use within the past 90 days (36). The vaccine developed 
for the study was composed of a two-dose vaccine regimen 
given 56 days apart (36). The first vaccine was created from 
chimpanzee adenovirus with non-structural proteins of 
HCV genotype 1b (36). The second vaccine was composed 
of an attenuated Modified Vaccinia Ankara vector given 
as a booster (36). A control group received two placebo 
vaccinations also 56 days apart. The participants were 
monitored 18 months after completion of the vaccination 
series. Participants who developed HCV infection were 
then followed for an additional 9 months to determine 
chronic HCV infection which was defined as persistent 
viremia for at least 6 months following initial detection 
of the virus (36). Preliminary results of the study showed 
there was no difference in rates of chronic HCV infection 
between intervention and placebo groups and the vaccine 
was thus ineffective (see ClinicalTrials.gov NCT01436357).

Future directions

Although an effective prophylactic HCV vaccine has yet to 
be developed there are multiple areas of ongoing research 
into the development of a successful vaccine. Primary 
prevention against infectious oncogenic virus such as 
HPV and HBV have proven the feasibility of reducing 
the incidence of cancer through prophylactic vaccination. 
HCV poses unique challenges in vaccine development 
with much information regarding the development of 
chronic HCV infection and immune evasion remaining 
unknown.

Conclusions

Over the past 40 years, introduction of vaccinations 
against HBV and more recently HPV, have drastically 
decreased rates of vaccine-related infections and associated 
complications including gastrointestinal cancers. Despite 
the safety and effectiveness of HPV vaccines, vaccination 
rates are still not at target goals for the U.S. and many 
countries have not incorporated the vaccination into 
recommended vaccine schedules. Numerous studies have 

demonstrated the protective effect of early HPV vaccination 
against the development of CIN and AIS leading to 
subsequent decreases in HPV related cervical cancers. Now, 
with increasing trends of HPV-related gastrointestinal 
cancers such as oropharyngeal cancers, fully understanding 
the protective effects of early vaccination will be beneficial 
for expanding vaccine indications.

HCC is the fifth most common cancer and the third 
leading cause of cancer mortality globally (14,15). HBV and 
HCV infections are known risk factors for the development 
of HCC. National HBV vaccine programs have proven 
cost-effective at preventing infection and drastically 
decreased rates of HBV associated HCC. With the success 
of HBV vaccination, several attempts have been made 
to develop an effective prophylactic HCV vaccine with 
hopes of reducing chronic HCV infections and preventing 
development of HCV related HCC. However, due to 
the unique characteristics of the virus itself no successful 
prophylactic vaccine has been created to date. Future 
directions continue to focus on vaccine development to 
extend primary protection against chronic HCV.
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