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Abstract

:

Background and aim: Human papillomavirus (HPV) is sexually transmitted, one of the three most common sexually transmitted infections (STIs) in both males and females, and the most common viral STI. A crucial public health strategy to protect people against HPV is vaccination, which has shown its effectiveness in preventing HPV-related diseases. Presently, three types of vaccines are available (bivalent, quadrivalent, and nonvalent), and they all target the two most oncogenic virus genotypes (HPV 16 and 18). In recent years, the need to implement vaccination programmes that include all genders has been discussed in order to achieve herd immunity against HPV. To date, only a few countries have included young males in their vaccination programmes. Thus, our objective with this review is to provide an overview of the epidemiology of HPV and HPV prevention strategies and report the latest findings from the scientific literature.
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1. Introduction


Human papillomavirus (HPV) infections are the most common sexually transmitted infections worldwide [1]. They are prevalent in young women, but infections may also occur in sexually active adults [2].



HPVs are icosahedral viruses with a double-stranded DNA genome belonging to the Papillomaviridae family, which consists of 39 genera [3,4]. In turn, HPVs are divided into five genera (alpha, beta, gamma, mu, and nu) based on the L1 protein; these genera contain more than 200 types distributed differently across geographic areas [5]. The Alpha papillomavirus genus is, in turn, divided into two categories based on its power to develop benign or malignant tumors [6]. HPVs infect basal epithelial cells, which are the under-differentiated, deep-layer cells of the skin and/or mucous membranes [1]. The viral genome is characterized by eight ORFs (open reading frames) divided into seven early (E) and two late (L) genes. The L region encodes the two viral capsid proteins. The oncogenic E5, E6, and E7 proteins encoded by the high-risk types can transform and stimulate cell growth in the basal and parabasal layers [5,6]. The E6 and E7 genes inhibit tumor suppressors such as p53 and pRb, which regulate the cell cycle and apoptosis, respectively, leading to an elevated risk of cancer development [7].



Globally, 4.5% of all cancers are attributable to HPVs, which are responsible for 8.6% of cancer cases in women (the third most prevalent cause, with a high mortality) and 0.8% in men [8]. The low-risk genotypes are usually associated with genital warts and respiratory tract papilloma, while the high-risk genotypes are associated with a malignant transformation of cells, as in oropharyngeal and anogenital cancers [3]. The associations between high-risk (HR) HPVs and some types of cancer are well-established [2,9], not only with the most common HR-HPV types 16 and 18 but also with the less-prevalent types 31, 33, 45, 52, and 58 [8]. Types 16 and 18 are strongly associated with cervical and penile cancers, as well as with anal and oropharyngeal cancers [3,10,11].



Most HR-HPV infections do not develop into external lesions and remain asymptomatic, and they are eventually immunologically cleared [12,13]. The first vaccine against HPV has been available since 2006. To date, there are three types of vaccines available against HPVs, and they have been progressively introduced into many national vaccination programs. Unfortunately, however, several studies and international agencies have reported that both the introduction of the vaccine and the coverage achieved are still suboptimal [14,15]. The purpose of this overview is to summarize recent studies in order to highlight how epidemiology and prevention strategies have developed in recent years.




2. Global Epidemiology of HPV and Its Related Diseases


HPV infections and related diseases affect both women and men. In fact, it is estimated that about 80% of sexually active women and men will be infected with HPV at least once during their lifetime [16]. HPV infection is the second most common cause of cancer after gastric cancer, which is caused by Helicobacter pylori [17,18]. However, the epidemiology of HPV differs between male and female populations [19]. Worldwide, in the female population, 26.8% of cases afflict the genital organs (this rate is the highest in Sub-Saharan Africa) and 14% afflict the anus, whereas in the male population, 45.2% of the cases afflict the genital organs and 16% afflict the anus [20,21].



Figure 1 [22] shows the age-standardized incidence rates of cervical cancer, for which HPV is responsible for 97% of all cases. HPV-16 and 18 cause 90% of HPV-related cancers [14], although cases linked to HPV 45, 33, and 35 have been increasing [23,24]. Figure 1 [22] also demonstrates the high incidence of cervical cancer in many African nations as well as some Southeast Asian and Latin American nations. In women, persistent infection increases the risk of developing intraepithelial lesions or cervical cancer, which represents about 80% of HPV-related cancers. Usually, the prevalence of cervical infection decreases after the age of 30 [14,25]. It has also been observed that cervical infection results in a higher prevalence of HPV-related anal diseases [25]. Seventy percent of vulvar cancer and 75% of vaginal cancer cases are HPV-related [26].



Regarding HPV infections among men, the rates are higher in men who are sexually active with other men and men who are HIV-positive [27]. Globally, HPVs are responsible for 50.8% cases of penile cancer, 79.8% of penile intraepithelial neoplasia (PeIN), and 90% of genital warts. Furthermore, HPV 16 is the most common cause of these lesions, with a pooled prevalence of 68.3% of penile cancer cases and 69.8% of PeIN cases [18].



Additionally, HPVs cause around 26–30% of head–neck cancers [25]. At present, the incidences of HPV-associated (up to 90% of HPV-16-positive cases) oropharyngeal squamous cell carcinoma (OPSCC) cases are increasing in developed countries [27,28]. Globally, 33% of HPV+ OPSCC cases were reported in 2021; however, the prevalence varies considerably depending on the country, with estimates ranging from 0% in southern India to 85% in Lebanon [29]. In addition, HPV+ cases of OPSCC are more prevalent than HPV– cases of OPSCC in people who do not consume tobacco or alcohol [30]. The prevalence of HPV+ OPSCC was previously reported to decrease with increasing age, and historically, most cases of HPV+ OPSCC occur in men. [30,31]. The incidence of HPV+ OPSCC has greatly increased over the last two decades in some European countries [30,32,33], while in lower-middle-income South Asia and sub-Saharan Africa, epidemiological reports are scarce, so it is consequently unclear whether similar upward trends are absent or simply undetected in these regions [34]. A 26% incidence of HPV is found in both conjunctival intraepithelial neoplasia and in conjunctival squamous cell carcinoma (with high rates of genotypes 16, 18, and 33); HPV infection causes an eightfold increase in the likelihood of developing these two neoplasms [35].




3. Transmission


Worldwide, the best-known route of HPV transmission is sexual transmission, which principally causes the high incidence of HPV in anogenital warts and cervical cancer. However, HPVs are also diagnosed in children and adolescents who are not sexually exposed, so other means of transmission are considered in studies.



HPV has been found in infants’ mouths, breast milk, amniotic fluid, the placenta, umbilical blood, spermatozoa, and seminal fluid [36]. However, since the papillomavirus has historically been associated with intercourse, the increasing incidence of anogenital warts in infants would lead one to suspect sexual violence. Fortunately, this hypothesis has been abandoned [13]. The virus can be transmitted from the mother to the embryo, fetus, or child during pregnancy or delivery, although the mechanism is still not understood. A study by Mastora et al. showed that mouse sperm can internalize HR-HPV genes [37]. Therefore, the infection can also occur at the time of fertilization [12]. The presence of the same HPV type in mothers and newborn children suggests perinatal transmission [38].



HPV-related warts have also been found people who have never had sexual intercourse; therefore, several routes of horizontal HPV transmission have been highlighted [13], which are autoinoculation, hetero-inoculation, or via fomites. At the genital level, an HPV infection not transmitted through sexual acts can be spread via contact between infected fingers and genitals. For children, this incidence is associated with a parent or caretaker who has hand warts and could transmit an infection to the infant while changing diapers and cleaning the anogenital area [12].



We also know that there is a risk of transmission through endovaginal ultrasound probes that have been inadequately disinfected and are therefore ineffective at preventing HR-HPV contamination. This represents a risk of nosocomial HR-HPV transmission during an ultrasound procedure [39]. In a different set of circumstances, the HPV virus appears to be transmitted through surgical smoke generated during laser ablation procedures. Thus far, this risk of infection has been documented in animal models: bovine papillomavirus collected from CO2 laser smoke during wart treatment in cattle induced cutaneous fibropapillomas when re-inoculated into the skin of calves. However, this risk of infection remains controversial in humans [40,41,42].



Lastly, the waterborne transmission of HPV has never been proven, even though we know that HPV 16 remains infectious for seven days on wet surfaces [43,44,45], and HPV samples have been detected in raw sewage and sewage sludge [46,47,48,49]. HPV was detected in 50% of samples of domestic bathing water [50].




4. Clinical Manifestation


4.1. Benign


Anogenital warts and recurrent respiratory papillomatosis are mainly caused by HPV 6 and 11. Almost all anogenital warts (90%) are caused by low-risk HPVs which do not have oncogenic potential, even if occasional high-risk types are detected as co-infections with HPV 6 and 11 [51]. Although most anogenital warts are considered benign lesions, in some cases, they are associated with an increased risk of developing grade 2 or worse cervical intraepithelial neoplasia (CIN), intraepithelial neoplasia, and anogenital cancer [52].



Recurrent respiratory papillomatosis (RRP) is usually a benign condition affecting the upper aerodigestive tract following HPV-6 and HPV-11 infection. Two forms are recognized and distinguished according to the age of the onset of symptoms: JoRRP (juvenile-onset RRP) and AoRRP (adult-onset RRP). The former, which is probably related to perinatal infections, is very frequent, especially in sub-Saharan Africa, and is present in individuals younger than 12 years of age. The adult form, which is frequent in Europe and South America, is generally related to the practice of oral sex. Papillomatosis is the most prevalent in the larynx but sometimes involves the trachea, oropharynx, nasopharynx, nose, oral cavity, and lung parenchyma. Its clinical manifestation is characterized by a progressive hoarseness that may evolve into a “cauliflower-like” lesion, which could potentially develop to a point of obstructing the airway, consequently requiring clinical intervention and sometimes even tracheostomy [53,54].



Cutaneous warts (CWs), also known as verrucae, generally affect children and young adults and peak between 10 and 14 years of age. CWs are mainly caused by the genera beta and gamma (HPV 4 and 65) and rarely by the other strains. HPVs are detected in the commensal cutaneous flora of healthy individuals but can evolve into CWs due to viral multiplication. Most lesions, however, resolve with no treatment within two years [13]. Infections occur through skin-to-skin contact with infected individuals (often without clinical manifestations) and could possibly be transmitted from inanimate objects [55]. CW infection is higher in males than females, in young people, and in immunocompromised individuals. Individuals who are immunocompromised could later develop squamous cell carcinoma likely related to latent HPV reactivation [56].



HPV 6 and 11 are also the major culprits of condyloma acuminata (CA), which are warts located in the anogenital region or on the tongue and lips. CA occurs in both sexes with a symptomatology that varies from asymptomatic to painful. Their morphology is likewise variable: they can be flat or take on a cauliflower-like shape [57,58]. In some cases, they resolve spontaneously, but others require removal via an immunomodulatory approach or physical intervention. In some cases, surgery is recommended to prevent the progression to cancer. When the location of CA is intravaginal or intra anal, surgery is the only form of intervention available [57].




4.2. Malignant


The persistence of HR-HPV genotypes, in addition to other common risk factors such as cigarette smoking, the use of oral contraceptives, consuming alcohol, etc., can result in non-silent mutations in onco-suppressor genes (such as p 53) and/or proto-oncogenes that lead to the over-proliferation of cells and initiate the carcinogenesis process. It has been observed that the triggering event for the development of HPV-related malignant lesions is the integration of viral oncoproteins E5, E6, and E7 within the human genome. Genotypes 16 and 18 are predominantly responsible for carcinomas of the cervix, the anogenital area (vulva, vagina, penis, and anus) and the head and neck (mouth, tonsils, pharynx, and larynx) [36,59]. The most clinically encountered cervical cancers (CC) are squamous cell carcinoma (SCC) and adenocarcinoma (AC), with a higher incidence of the former than the latter, while the most common histological types of cervical cancer are keratinized squamous cell carcinoma and non-keratinized squamous cell carcinoma, adenocarcinoma, and adenosquamous carcinoma [60,61].



In a low percentage of women, permanent HR-HPV, in conjunction with other risk factors, can induce low-grade squamous intraepithelial lesions (L- SIL), which include a mild dysplasia known as CIN 1 (cervical intraepithelial neoplasia grade 1), which can then evolve into high-grade squamous intraepithelial lesions (H- SIL). H- SIL is a progressive lesion that evolves into moderate (CIN 2) and then severe dysplasia (CIN 3). Epithelial involvement transitions from being minimal and limited in CIN 1 (involving less than one-third of the epithelium) to the involvement of two-thirds of the epithelium in CIN 2 to complete epithelial involvement in CIN 3. When the entire thickness of the epithelium of the cervix is involved, it can be defined as in situ cervical carcinoma (ISCC) [60]. A correlation between the vaginal microbiome and tumor progression has also been observed in some studies. Specifically, it appears that the severity of cervical lesions is promoted by a decrease in lactobacilli that can be observed following infection with high-risk papilloma genotypes [62].



Penile cancer is an aggressive disease which, like all cancers, implicates several risk factors, including phimosis, lichen sclerosis, inflammatory conditions (balanitis xerotica obliterans), premalignant lesions (Bowen’s disease and erythroplasia of Queyrat), high numbers of sexual partners, socioeconomic status, and HPV infections (especially with high-risk genotypes such as 16 and 18). The papillomavirus is found most often in basaloid squamous carcinoma, warty carcinoma, clean cell carcinoma, and lymphoepithelioma-like carcinoma [10,63]. The overexpression or downexpression of miRNAs have diagnostic and prognostic value. The downexpression of both hsa- miR-218 and miRNA- 246a and the overexpression of EFGR have been observed in HPV-related penile cancers. In the case of penile cancer, clinical intervention is a total or partial penectomy; therefore, precancerous lesions, when identified, should be treated immediately [64].



Head and neck squamous cell carcinomas (HNSCCs) are tumors arising from the mucosal epithelia of the oral cavity, pharynx, and larynx. High incidences are mainly determined by personal habits, but the involvement of HR-HPV is increasingly considered. HNSCCs are therefore distinguished into HPV-related HNSCCs and HPV-unrelated HNSCCs (HPV-negative HNSCCs), with the former generally having a better prognosis than the latter [65]. HPV + HNSCCs usually occur following infection in the deep crypts of the palatine and lingual tonsils and demonstrate different gene expressions, mutations, and immune profiles than HPV-negative HNSCC, which is most related to the use of tobacco or alcohol [65,66].





5. Prevention


5.1. Primary Prevention


Although HPV infections usually regress spontaneously within 1 to 2 years and not all genotypes are implicated in cancer [9,43,67,68,69], HPV infections and related diseases should be taken seriously. To date, vaccines provide the best and most cost-effective option for prevention. All vaccines currently in use are based on virus-like particles (VLPs) of the L1 protein, which is considered a strong immunogen protein that spontaneously self-assembles from pentamers. [13,36,70,71]. Gardasil (4vHPV) was the first vaccine to be approved (in 2006) by the Food and Drug Administration. It targets four types of HPV (6, 11, 16, and 18) [3]. The bivalent vaccine Cervarix (2vHPV), which targets HPV 16 and 18, was approved in 2007. It has been proven that 2vHPV also protects against HPV 31, 33, and 45 and reduces genital warts caused by HPV 6 and 11 [3,43]. Both vaccines contain different adjuvants; the proteins of Cervarix are produced in baculovirus-infected insect cells, while Gardasil’s proteins are produced in Saccharomyces cerevisiae [69]. Gardasil later developed a nine-valent (9vHPV) version which further includes five L1 VLPs, particularly the oncogenic HPV types 31, 33, 45, 52, and 58, and when compared to 4vHPV, it demonstrates the best rates of prevention of low- and high-risk human papillomavirus infections. Approved by the FDA (Food and Drug Administration) in 2014, it is considered the best way to prevent CINs I, II, and III and 90% of HPV- related diseases compared to its predecessors [3,72], and in 2020, it received an indication for the prevention of some head and neck cancers caused by HPV [69].



Specifically, significant decreases in HPV 6/11/16/18 were observed in vaccinated women compared to unvaccinated women, demonstrating the high efficacy of the vaccine. In addition, there was a significant drop in incidences of HPV 6/11/16/18 in unvaccinated women as a result of herd protection. For males, the quadrivalent HPV vaccine may reduce the incidence of external genital lesions, including condyloma acuminate, grades I and II of anal intraepithelial neoplasia, and persistent HPV 6/11/16/18 infections. Finally, HPV vaccination showed high efficacy against oral HPV 16/18 infections, and a significant proportion of participants developed IgG antibodies in their oral fluid after vaccination [73].



According to recommendations from the CDC (Centers for Disease Control and Prevention) and ACIP (Advisory Committee on Immunization Practices), two or three doses of 9vHPV are recommended for both males and females ages 9 to 45 years. [4,72]. To ensure greater access to vaccination in countries with low vaccination coverage and especially in low- and middle-income countries, administering a single dose of the bivalent or nine-valent vaccine could be a viable strategy to ensure the uniformity of vaccination coverage. In fact, several studies have shown how the administration of a single dose of an HPV vaccine results in the appearance of neutralizing antibodies which, although present at a lower titer when compared to those that appear following two or three dose schedules, are able to prevent infection with the virus and prevent the appearance of precancerous lesions at the level of the cervix. Moreover, immunity also appears to be mediated by non-neutralizing antibodies and neutrophil degranulation, and the avidity indexes of antibodies directed toward the L1 protein are very similar to those of individuals receiving three doses [74,75]. Both the Gardasil and Cervarix vaccines induce cross-protection against nonvaccine types such as HPV 31 and HPV 45 but with lower antibody titers than the epitopes included in the vaccines [76,77]. Vaccination can be provided from 9 years of age; however since 2006, catch-up vaccinations have been recommended for females up to the age of 26, and catch-up vaccinations have been recommended for males up to the age of 21 since 2011, in addition to some special populations up to the age of 26. Furthermore, since the incidence of HPV infection in adults is increasing, vaccination is currently recommended for women and men aged 45 years [2].



Figure 2 [78] shows which countries provide and recommend HPV vaccines through routine services. Australia was one of the first countries to introduce a publicly funded national HPV vaccination program in 2007. This not only resulted in a 70% decrease in the incidence of HPV 6, 11, 16 and 18 infections but also achieved high vaccination coverage for both gender groups [24,36,69,79]. Primary prevention against HPV is available due to the presence of vaccines targeting high-risk genotypes; in fact, since 2006, more than 110 countries have implemented vaccination campaigns against HPV, but only about 40 countries have introduced programs that are gender-neutral; Australia and the United States were among the first to take this step in 2011 and 2013, respectively [63,65,80].



Figure 3 shows the global HPV vaccine coverage (%) divided by income strata [81]. Global vaccination coverage is at about 12–15%, with 15% of girls and 4% of boys having received the full course of the HPV vaccine, and 20% of girls and 5% of boys having received a single dose [82]. HPV vaccination coverage varies substantially across countries, with about half of low-middle-income countries and one third of high-income countries achieving a vaccination coverage of about 80% with the first HPV vaccine dose [24,81].



Herd immunity is impossible to achieve if males are not included in vaccination programs. In fact, adopting gender-neutral HPV vaccination schedules will reduce population-transmitted infections, combat misinformation, minimize vaccine-related stigma, and promote gender equity [83,84]. To date, only a few countries have achieved a vaccination coverage of 70% [84], with a marked discrepancy between continents ranging from 20% in sub-Saharan Africa to 77% in New Zealand. In a few African countries, the bivalent and quadrivalent vaccines were made available free of charge (only for females) several years after the first vaccine was approved [85]. In Africa, it is also not easy to assess the vaccine’s efficacy on HPV-attributable cancers. In fact, cost-effectiveness models are based on male or female vaccination and not on both. Moreover, economic evaluations of HPV vaccination in Africa are very limited; current recommendations for HPV vaccination for women only are based on studies conducted in other regions with different distributions of HPV infection and associated cancers. Cost–benefit models often underestimate the added value of male vaccination because they assume that female vaccination coverage is higher [86]. As in Africa, vaccination coverage is also very low in several Asian countries. In some countries, such as China, coverage is not very clear. In addition, the vaccine is not approved for use in males, it is not included in the national vaccination program, and vaccination is at one’s own expense [87]. In Japan, female coverage reached 70%; however, following reports of adverse events, which were widely covered in the media and turned out to be unrelated to vaccination, vaccination coverage fell to less than 1% and has remained this low to date [88]. In 2021, the Southeast Asian country of Bhutan was the first country to adopt a gender-neutral vaccination strategy [83,84]. In the United States, vaccination has been recommended for females since 2006 and for males since 2011. Furthermore, since 2016, only 9vHPV has been distributed [2]. In South America, data on vaccination coverage are not available for all countries; Mexico is the only country that has reached the target of 90% of females fully vaccinated by the age of 15. Moreover, not all countries have introduced the vaccine as a public health policy [89]. In Europe, coverage varies between about 14% and 86%, with the highest values in the UK and the lowest values in Bulgaria. The availability of vaccines and vaccination policies vary from country to country [90,91,92]. In Italy, the national vaccine program provides universal vaccination for the target populations, utilizing the nine-valent vaccine for both males and females from the age of 11 [93]. Poland, instead, requires citizens to pay for the HPV vaccine, and in France, national health insurance reimburses 65% of the cost [92].



Lastly, some evidence shows that male circumcision reduces the risk of certain sexually transmitted viral infections in men and consequently for their female partners. Specifically, male circumcision is associated with slight reductions in high-risk HPV, whereas licensed HPV vaccines only protect with against a limited number of HPV types with a high level of efficacy. It is therefore likely that the two interventions have important synergistic effects [94].




5.2. Secondary Prevention


Primary prevention is not a substitute for secondary prevention. Indeed, women should adhere to national screening programs to prevent cervical cancer [67]. The WHO recommends cervical cancer screening from the age of 30 onwards [95]. Unequal access to screening is a major reason for the dramatic disparities in cervical cancer incidence and mortality between low- and high-income countries. In 2020, in order to reduce the circulation of HPV and eliminate cervical cancer, the WHO launched the Global Strategy to Accelerate the Elimination of Cervical Cancer as a Public Health Problem initiative, to be achieved by 2030, which includes intensifying vaccination, screening, and the treatment of women with cervical cancer [80,95]. Eliminating the incidence of cervical cancer does not mean eliminating the circulation of HPV, so gender-based primary prevention is the best weapon to invest in [83].



There are many methods of assessing cancer progression, such as VIA (visual inspection with acetic acid), a procedure used to identify CIN through a solution of acetic acid with a concentration ranging from 3 to 5 percent. Interpretation of the results is crucial in determining positivity and negativity, as well as the path of clinical treatment chosen in the case of positivity. Since 1990, some countries have used EIA as the primary screening method [96]. To assess the squamocolumnar junction, which is the area that has the highest risk of developing dysplasia, a Papanicolau test (Pap test) or the thin-layer liquid-based cytology method are performed [97]. Colposcopy is a diagnostic procedure used to examine the cervix, vagina, and vulva of women who have previously undergone VIA or who have tested positive for Papanicolau (Pap) or HPV DNA testing for high-risk oncogenic genotypes. It is also a test used after the treatment of intraepithelial and invasive carcinoma [98]. Viral genome identification can be carried out via the HPV DNA test, a multiplex test capable of detecting the high risk-HPV genome via PCR [99]. Currently, the Roche Cobas® test is the only HPV test approved by the FDA as an independent screening test for women 25 years of age and older [99,100]. Genome amplification should not involve only the L1 protein, as it may be unexpressed after viral infection. A more thorough option is HPV mRNA testing the expression of oncoproteins E6 and E7, which are detectable markers of the integration of the viral genome with that of the host [99].



As cancer is a multifactorial disease, a positive HPV DNA test does not necessarily mean that one has cancer, but further investigation with colposcopy is necessary. Moreover, in some cases, HPV DNA testing may be negative in women with high-grade precancer due to a low viral load [100]. An additional marker of HPV oncogenic activity is the tumor suppressor protein p16, which is overexpressed following the demethylation of its promoter at oncoprotein E7 [101]. The use of immunohistochemical techniques to mark p16 could reduce overtreatment and conization, which could result in preterm delivery [101,102]. In addition, a minimally invasive, safe, and emotionally comfortable practice is vaginal self-sampling, which is also screening test with high sensitivity and specificity (both greater than 90%). Although it is recommended by the WHO and the International Agency for Research on Cancer as a form of screening for HPV and would provide information about the epidemiological status of under-screened countries, this practice is not widely used globally, with only 35% of countries having introduced self-sampling into their national screening programs [103,104].



In men and for other HPV+ cancers, there is still no validated method of diagnosis or screening; however, the papillomavirus has been detected in several samples: seminal fluid, phenocopy with acetic acid, urethral specimens, and penile scrapings (taken from the crown of the glans of the penis, from the inner layer of the foreskin, and from the body of the penis). Among the detection methods, polymerase chain reaction (PCR) tests are the most widely used [105,106,107,108,109].




5.3. Tertiary Prevention


Tertiary prevention targets both the clinical and outcome phases of a disease. It is implemented in symptomatic patients and aims to reduce the severity of the disease and any associated sequelae [110]. For HPV-induced cancers, some retrospective studies show a significant protective effect of the HPV vaccine in women and men surgically treated for HPV disease [111,112,113]. Indeed, in males who have sex with males, adjuvant vaccination and post treatment of high-grade squamous intraepithelial lesions is potentially the most effective approach to reducing the incidence of invasive anal cancer. Specifically, vaccination should be considered for all HIV-infected individuals aged 27 years or older who are undergoing treatment for high-grade squamous intraepithelial lesions [112]. In women, on the other hand, adjuvant vaccination reduces the risk of recurrence by about 80% for individuals treated surgically for CIN II lesions and FIGO stage 1A1 cervical cancer [113]. However, it is still under discussion whether vaccination is more effective first as a neo-adjuvant or as an adjuvant to conization, although it would appear to be within 30 days of standard treatment. [114,115]. Moreover, the reduction in recurrences after treatment in vaccinated patients was also confirmed for benign lesions [116,117]. In fact, for respiratory papillomatosis, the use of HPV vaccination as an adjunctive therapy in combination with surgery has shown to provide substantial benefits [118]. In contrast, vaccination does not seem to provide a significant secondary benefit in patients with previous ano-genital warts; however, this cannot be generalized because the trials were few and randomized [119]. Several methods have been studied for the tertiary prevention of oropharyngeal squamous cell carcinoma, although they have not yet been prospectively validated through a rigorous study [120]. These methods include oral fluid biomarkers and blood biomarkers [120]. In the former, the presence of HR-HPV DNA seems to be correlated with a risk of recurrence [121], while for blood biomarkers, it has been observed that higher levels of the E6 antibody are associated with an increased risk of recurrence [122]. Furthermore, the role of circulating HPV DNA will need further investigation. It has already been observed that in more advanced stages of disease, higher levels of circulating DNA are present [123]. Whether the level of circulating DNA is indicative of disease persistence or recurrence, as in other virus-induced carcinomas, still needs to be studied [124,125].





6. Conclusions


The epidemiology of HPV is heterogeneous between the sexes, with a higher prevalence of infection in ano-genital areas among males, which is even higher in some subgroups. To date, the only way to block the chain of transmission is vaccination, but HPV vaccination programs, especially gender-neutral ones, are still in their infancy in many countries, particularly in less-developed countries [83]. This makes it difficult to achieve herd immunity, especially in males who were only invited to get vaccinated years after the first vaccine was introduced. There is growing evidence that only gender-neutral vaccination will lead to substantial control of HPV-related diseases in both women and men and maximize cervical cancer prevention, especially if the vaccination coverage for girls in a particular region is not high [126]. Given the current situation, it is logical to assume that cervical cancer prevention will still rely on secondary methods of prevention in the years to come. Furthermore, another global public health goal should be to provide scientific evidence to establish optimal vaccination timing in order to prevent the greatest number of cancer recurrences and improve the outcomes of the proposed treatments. Lastly, health communication should also play a key role. In fact, standardizing both the quality and the quantity of information could lead to an increase in adherence to the various vaccination awareness campaigns, which already must overcome the prejudices and psychological factors that make promotion and prevention interventions complex. Surely, investing in promotion campaigns, as in the case of polio, for example, would both improve the cost–benefit balance (making it even more favorable than the balance achieved by primary prevention activities alone) and equalize vaccination coverage between the two genders, which still show a substantial gap [127,128].
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Figure 1. Age-standardized incidence rates of cervical cancer in the world (2020) (Source: International Agency Research on Cancer, WHO 2020). Licence: CC BY-NC-SA 3.0 IGO. 
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Figure 2. Countries which provide and recommend HPV vaccines through routine services (2021). Source: OurWorldInData.org/vaccination. Licence: CC-BY. 
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Figure 3. Percentages of HPV vaccine coverage globally, stratified by high and low-middle income countries. Source: Progress and Challenges with Achieving Universal Immunization Coverage—2019 WHO/UNICEF Estimates of National Immunization Coverage, World Health Organization 2020). Licence: CC BY-NC-SA 3.0 IGO. 
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