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Abstract

Background—Among those 9-26 years of age, vaccination can prevent specific types of genital 

human papillomavirus (HPV), the most common sexually transmitted infection and cause of 

cervical and other cancers. The objective of this study was to estimate the prevalence of and 

factors associated with HPV vaccine initiation and completion among females surviving childhood 

cancer.

Procedure—One-hundred fourteen young adults and 230 mothers with daughters surviving 

childhood cancer completed surveys querying HPV vaccination history along with medical and 

sociodemographic factors potentially associated with vaccination outcomes. Vaccination rate 

differences by age necessitated analysis of outcomes by age group: 9-13 years (preadolescents), 

14-17 years (adolescents), and 18-26 years (young adults). Multivariable logistic regression was 

utilized to identify factors associated with HPV vaccination outcomes.

Results—Overall, 34.6% (119/344) of survivors initiated and 20.9% (72/344) completed HPV 

vaccination. Preadolescents were least likely to have initiated vaccination (P<0.001). Physician 

recommendation was associated with initiation across age groups (OR=6.81–11.96, Ps<0.001-.01), 

whereas older age at diagnosis (≥12 years of age) was associated with lower vaccination initiation 

among young adults only (OR=0.28; 95% CI, 0.10–0.76, P=0.012). Physician recommendation 

(OR=7.54; 95% CI, 1.19–47.69, P=0.032; adolescent group) and greater treatment intensity 

(OR=5.25; 95% CI, 1.00–27.61, P=0.050; young adult group) were associated with vaccine 
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completion, whereas being non-White was associated with decreased vaccination completion 

(OR=0.17; 95% CI, 0.05–0.66, P=0.010; adolescent group).

Conclusions—A minority of youths surviving childhood cancer have initiated or completed 

HPV vaccination. Strategies to increase vaccination among survivors are discussed.
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Introduction

Genital human papillomavirus (HPV) is the most common sexually transmitted infection 

(STI) in the US and has a causal role in the occurrence of cervical and other cancers [1,2]. 

Unlike some STIs, HPV is transmitted skin-to-skin and spread via genital/genital, oral/

genital, or digital/genital contact. The point prevalence of HPV is 30-49% among sexually 

active adolescents and young adults, with lifetime prevalence approaching 80% among 

sexually active females [3,4]. Cancer prevention efforts have led to the development of 

vaccines protecting against HPV and these vaccines are clinically available, safe, and 

effective [5-7]. Quadrivalent HPV vaccination, approved in 2006 for females aged 9-26 

years, protects against HPV types 16 and 18, which account for 70% of cervical cancers, and 

6 and 11, which account for 90% of genital warts [8,9]. Routine HPV vaccination is 

recommended for boys and girls aged 11-12 years, with catch-up vaccination for women 

through age 26 [10]. It is recommended that the vaccine be administered prior to sexual 

debut due to the mechanism of HPV transmission [11]. With appropriate vaccine utilization, 

the American Cancer Society estimates that cervical cancer risk will be reduced by over 

70% within the next decade [12].

Relative to their peers, survivors of childhood cancer have an increased risk of developing 

later HPV-associated malignancies. Female survivors, for example, experience an excess risk 

of 40% overall, but this escalates to 760% for tonsillar cancers among those treated with 

radiation therapy [13]. Survivors at highest risk for cervical dysplasia and/or HPV-associated 

cancers post-treatment include those treated with allogeneic or autologous transplant, pelvic 

radiation, or those diagnosed with Hodgkin's lymphoma [14-17]. One proposed mechanism 

for this increase in risk is treatment-related immunocompromise [14-15]. Despite their 

increased susceptibility for vaccine preventable diseases, only 61% of childhood cancer 

survivors have re-initiated booster vaccinations by three years post completion of treatment 

[18].

Given these risks, the Children's Oncology Group recommends HPV vaccination for all 

eligible females surviving childhood cancer [19]. Because HPV vaccination has only been 

approved by the FDA since 2006, little is known about vaccination uptake among childhood 

cancer survivors. The current study has been designed to estimate HPV vaccination initiation 

and completion across females surviving childhood cancer, and to identify 

sociodemographic and cancer-specific factors associated with HPV vaccination initiation 

and completion.
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Methods

Participants

Young adults surviving childhood cancer and maternal caregivers for those <18 years of age 

were recruited from the After Completion of Therapy (ACT) Clinic at St. Jude Children's 

Research Hospital. Eligibility criteria for entry into the ACT Clinic includes being at least 

five years post cancer diagnosis, and two years disease free. Additional eligibility for study 

participation included: 1a) maternal caregiver with a daughter 9-17 years of age who 

survived childhood cancer; or, 1b) a female survivor of childhood cancer 18-26 years of age; 

2) proficient in reading/writing English; and, 3) cognitive ability to complete study 

questionnaire. Over an 18-month interval, a total of 230 mothers and 114 young adult 

females with a childhood cancer history enrolled in the study and completed questionnaires 

(Figure 1). Cancer survivors differed significantly on vaccine outcomes by age (Table I) and 

were thus divided into three groups: (a) preadolescents aged 9-13 years (n = 113; mean age 

(Mage)= 10.9 years, standard deviation (SD) = 1.43), (b) adolescents aged 14-17 (n = 117; 

Mage = 15.6 years, SD = 1.13), and (c) young adults aged 18-26 (n = 114; Mage = 21.2 years, 

SD = 2.48) for subsequent analyses.

Participants were recruited during regularly scheduled ACT Clinic visits. Trained research 

team members approached eligible participants, explained the purpose of the study, and 

obtained informed consent as approved by the institutional review board. After obtaining 

consent, participants completed questionnaires. Surveys were essentially identical across age 

groups, aside from referent (e.g., you vs. your daughter). After questionnaire completion, all 

participants were provided with HPV vaccination and HPV information sheets.

Outcome Variables

HPV vaccine initiation/non-initiation was defined as a binary variable such that participants 

who reported receiving one or more vaccine doses were categorized as “initiated,” whereas 

those reporting zero doses were categorized as “non-initiated.” HPV vaccine completion/

non-completion was defined as a binary variable such that participants who reported 

receiving all three vaccine doses were categorized as “completers,” whereas those who 

reported receiving at least one but less than three vaccine dose were categorized as “non-

completers.” Non-initiated participants were excluded in models of vaccine completion.

Independent Variables

All participants completed questionnaires regarding their/their daughters' HPV vaccination 

history and sociodemographic and medical history information. Cancer specific data were 

abstracted from patients' medical records.

Medical and Sociodemographic Variables—Mothers and young adult participants 

provided familial demographic information, including age, race/ethnicity, marital status, 

education level, and household income. Medical and treatment history obtained included 

history of gynecological care, cervical cancer screening, cancer type, variety and type of 

treatment modalities, time since diagnosis, and age at diagnosis. Items were adapted from 

instruments previously used in the HPV vaccine literature [19,20].
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Cancer Treatment Intensity—The Intensity of Treatment Rating Scale 2.0 (ITR-2) 

measured disease severity and cancer treatment intensity [21]. The ITR-2 utilizes diagnosis, 

stage/risk level, and treatment modality to produce ratings from least (1) to most intensive 

(4) treatment.

Statistical Analysis

Preliminary univariate analyses were conducted to examine differences between age groups 

(preadolescents, adolescents, and young adults) for HPV vaccine initiation and completion. 

Univariate differences were assessed as a function of sociodemographic and medical factors 

(cancer type, treatment modality, treatment intensity, age at diagnosis, and physician 

recommendation). Univariate comparisons with P<0.10 were included in each of the 

multivariable models (vaccine initiation and completion) for each age group. Differences for 

continuous variables were assessed using univariate one-way analysis of variance and 

categorical variables were assessed using Chi-square tests and Fisher's Exact test. 

Multivariable logistic regression models with potential predictors from the univariate 

analyses entered in one block were used to calculate odds ratios (OR) and 95% confidence 

intervals (CI) for vaccine outcomes. All statistical tests were considered statistically 

significant at P<0.05.

Results

Prevalence

Overall, 34.6% (119/344) of survivors reported having initiated the HPV vaccine series. 

Among those cancer survivors who had initiated the vaccine, 60.5% (72/119) completed the 

series. However, the rate of initiation differed significantly by age group (χ2=18.16, P<.001). 

Subsequent Chi-square tests revealed that the proportion of preadolescents who initiated the 

vaccine (19.5% or 22/113) was significantly lower than those in the adolescent (45.3% or 

53/117, P<.001) and young adult group (38.6% or 44/114, P=.002). No significant 

differences emerged in the rates of vaccine completion by age group among those who had 

initiated the vaccine series.

Univariate Age Group Comparisons

Univariate differences emerged between age groups on household income (P=0.01), number 

of treatment modalities received during active therapy (P=0.06), age at cancer diagnosis 

(P<0.01), ever having visited an OB/GYN (P<0.01), yearly Papanicolaou (Pap) test 

(P<0.01), and having ever received a physician recommendation to get the HPV vaccine 

(P<0.01). Specifically, young adult participants were more likely than those in the other 

groups to be in the lowest income group (less than $20,000), to have visited an OB/GYN, 

and to have received yearly Pap tests. Adolescents were more likely than preadolescents to 

have visited an OB/GYN and to have received yearly Pap tests. Adolescents were also more 

likely than other groups to report receiving a physician recommendation for HPV 

vaccination. Preadolescents were more likely than the older females to have received a 

single cancer treatment modality. Mean age at diagnosis increased significantly across all 

three age groups. Based on the many univariate differences on the outcomes by age, analyses 
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examining the association between these variables with vaccination outcomes were 

completed separately for each age group.

HPV Vaccine Initiation—Univariate analyses revealed significant differences between 

those who have/have not initiated HPV vaccination (Table I) within each of the three age 

groups. However, the specific predictors varied for each group. The final models are 

presented in Table II and described below.

Preadolescent Initiation Model: Based on the univariate findings, the multivariable model 

for HPV vaccine initiation/non-initiation among 9-13 year-olds included race, household 

income, and physician recommendation for vaccine. The final multivariable logistic 

regression model predicting binary vaccine initiation outcome indicated that physician 

recommendation significantly associated with increased vaccine initiation (OR, 9.72; 95% 

CI, 2.80–33.80, P<0.001).

Adolescent Initiation Model: Based on the univariate findings, the multivariate model for 

HPV vaccine initiation/non-initiation among 14-17 year-olds included treatment intensity, 

number of treatment modalities, OB/GYN care history, annual Pap test history, and 

physician recommendation for vaccine. The final multivariable logistic regression model 

predicting binary vaccine initiation outcome indicated that physician recommendation was 

also associated with increased vaccine initiation (OR, 6.81; 95% CI, 2.38–19.47, P<0.001).

Young Adult Initiation Model: Based on the univariate findings, the multivariable model 

for HPV vaccine initiation/non-initiation among 18-26 year-olds included age at diagnosis 

and physician recommendation for vaccine. The final multivariable logistic regression model 

predicting binary vaccine initiation outcome indicated older age at diagnosis (≥12 years of 

age [OR, 0.28; 95% CI, 0.10–0.76, P=0.01]) was associated with a decreased likelihood of 

vaccine initiation, whereas physician recommendation (OR, 11.96; 95% CI, 4.22–33.93, 

P<0.001) was associated with increased vaccine initiation.

HPV Vaccine Completion—Univariate analyses for participants who had initiated the 

vaccine revealed significant differences between those who have/have not completed the 

vaccine series across age groups (Table III). Due to a very low rate of HPV vaccine initiation 

(22/113) for the preadolescent group, there were not enough participants to examine the 

predictors of vaccine completion versus non-completion. Final models for the adolescent 

and young adult groups are described below and presented in Table IV.

Adolescent Completion Model: The final multivariable logistic regression model for HPV 

vaccine completion among 14-17 year-olds included race and physician recommendation for 

HPV vaccination. Among vaccine-initiated participants, those who were non-White were 

less likely to have completed the HPV vaccine series post initiation (OR, 0.17; 95% CI, 

0.05–0.66, P=0.01) relative to White participants. Additionally, those who had received a 

physician recommendation for the HPV vaccine were more likely to have completed the 

HPV vaccine series post initiation (OR, 7.54; 95% CI, 1.19–47.69, P=0.03).
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Young Adult Completion Model: The final multivariable logistic regression model for 

HPV vaccine completion among 18-26 year-olds included only treatment intensity rating. 

Among vaccine-initiated participants, those who received very or most intensive treatment 

were more likely to have completed the HPV vaccine series as compared to those with least 

intensive or moderately intensive treatments (OR, 5.25; 95% CI, 1.00–27.61, P=0.05).

Discussion

Over the past 50 years, survival rates for childhood cancer have dramatically improved, but 

survivorship comes at a cost. By age 45, 95.5% of survivors will experience some type of 

chronic health condition with 80.5% experiencing severe, life threatening, or disabling 

conditions including pulmonary dysfunction, hearing loss, endocrine and reproductive 

problems, cardiac dysfunction, and neurocognitive impairment, with physiologic frailty 

adding to the risk of chronic health conditions and death [22,23]. Additionally, 10-13% of 

childhood cancer survivors will experience a subsequent malignant neoplasm by young 

adulthood, placing this group at high risk for late health complications [22]. Few 

mechanisms exist for reducing the risk of second cancers in this population, but HPV 

vaccination is one such option.

Although our findings indicated that 34.6% of survivors between the ages of 9-26 years 

initiate HPV vaccination (with 20.9% completing the vaccine series), age group disparities 

made it necessary to analyze initiation and completion rates within age groups. Data from 

the Centers for Disease Control and Prevention indicate that 53.8% of US females between 

the ages of 13-17 years have initiated the vaccine, and 33.4% have completed the three dose 

vaccine series [24]. The results of our study suggest that cancer survivors in this adolescent 

age group are less likely to be vaccinated, with 45.3% initiating and 26.5% completing the 

series. This equates to a completion rate of 58.5% among survivors who initiate the vaccine, 

compared to 62.1% in the US population. Also in 2012, 34.5% of young adult females 

between the ages of 19-26 reported initiating the HPV vaccine [25]. Furthermore, these 

study findings suggest that rates of vaccination among young adults surviving childhood 

cancer (38.6% initiation rate and 26.3% completion rate) are marginally higher relative to 

population norms. Although rates of vaccine initiation are lower than those outlined in the 

Health People 2020 objectives, it is promising that 68.1% of young adult cancer survivors 

who initiated the vaccine completed the full series, which may be due (in part) to advocacy 

by medical professionals regarding the benefits of immunization [26]. As providers are now 

required to deliver HPV vaccination without cost-sharing as part of the Affordable Care Act, 

future research should examine the effect of this approach on vaccine rates in survivors.

Similar to previous research, these study findings indicated that younger girls were 

significantly less likely to have initiated the vaccine as compared to adolescent and young 

adult survivor groups [27]. Given that the preadolescent group was comprised of children 

ages 9-13 years and that the recommended age range for obtaining the vaccine is 11-12 

years of age, it is not surprising that the preadolescents had lower vaccine initiation rates. 

We suggest, however, that efforts to increase vaccine initiation among younger survivors are 

warranted. In our sample, only 14.2% (n=49) of participants were ages 9-10 years. Thus the 

remaining 85.8% (n=295) should have initiated the 6-month vaccine series. By age 13, all of 
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our female survivors would ideally have completed the vaccine series. The World Health 

Organization (WHO) emphasized administration of the HPV vaccination prior the initiation 

of sexual activity if it is to be effective in preventing cervical cancer [27]. The WHO also 

indicates that national HPV immunization efforts for females ages 9-13 should not only be a 

priority but are also feasible, financially sustainable, and cost-effective [28].

Our study aligns with previous research demonstrating that physician recommendation for 

HPV immunization is a significant predictor of vaccine initiation [29]. For preadolescents 

and adolescents, only physician recommendation significantly predicted vaccine initiation in 

the multivariable model. Pediatric health care providers (HCPs) have multiple opportunities 

to recommend HPV immunization prior to sexual debut (and initial HPV exposure) during 

early adolescent preventative health visits [30]. Furthermore, physician recommendation has 

been described as an influential “cue to action” within the Health Belief Model [29,31]. 

Specific to HPV vaccination, a physician recommendation may be perceived as a situational 

factor prompting action on the part of the adolescent or parent to initiate vaccination [29]. 

Pediatric HCPs who foster and maintain an alliance with their patients and families may 

more likely to influence the vaccination decisions of parents. Thus, HCPs who are able to 

initiate tailored discussions of the benefits of HPV vaccination (cancer prevention and 

maximized vaccine effectiveness) within a developmentally appropriate social/cultural 

context may be more successful in influencing parental decisions to have their children 

vaccinated [32].

Despite the robust association between physician recommendation and vaccine outcome 

reported in this study, less than 52% of families/survivors reported having had the vaccine 

recommended by a doctor. This highlights the confusion that is often reported among 

primary and specialty care providers and begs the question, who is responsible for HPV 

vaccine management in survivors of childhood cancer? Whereas survivorship specialists 

frequently believe that primary care providers (PCP) are responsible for this aspect of care, 

PCPs often report that oncologists should be responsible, citing the vaccine's indication. 

Although guidelines for vaccinations in children surviving cancer have been developed, 

future iterations should specifically recommend management responsibilities by specialty, 

while promoting vaccine communication across providers [19,33].

Interestingly, being White also predicted vaccine completion beyond the impact of other 

variables within the adolescent age group. Despite comparable or higher rates of vaccine 

initiation, African-American and Hispanic adolescents are less likely to complete the HPV 

vaccine series than their White counterparts [24,34]. Three administrations are necessary for 

vaccination completion. Thus, the likelihood of vaccine completion should increase with a 

combination of vaccine education, rapport with HCPs, and financial resources. These 

additional features may also create additional barriers to vaccine completion. The extent to 

which these barriers differ across socio-economic and ethnicity/race strata within the 

childhood cancer survivorship population is currently unknown and should be examined in 

future research.

Although this study provides useful information on demographic and psychosocial factors 

related to HPV vaccine initiation and completion, a number of study limitations must be 

Klosky et al. Page 7

Pediatr Blood Cancer. Author manuscript; available in PMC 2016 September 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



considered. Limitations include: a) single US site cross-sectional design; b) inclusion of only 

females who were five or more years post-diagnosis; and c) self-report or maternal-report 

only. Single site, cross-sectional designs that allow for self-selection in participation carry 

inherent biases, and a larger sample size would have been beneficial when developing the 

completion models. Furthermore, potential participants who did not attend their clinic 

appointment (and therefore could not participate in the study) may be less adherent to other 

appointments and medical recommendations, making it less likely that they would have 

received the HPV vaccine. Finally, the generalizability of these findings may be limited to 

US survivors secondary to variability in international health care systems, and differences in 

vaccine timing, dosing, scheduling, and licensing. Future studies should consider the 

utilization of a multi-site international study design, the inclusion of survivors less than five 

years post treatment completion, and HPV vaccination among male survivors of childhood 

cancer. Although the HPV vaccine was approved for males in 2009, rates of vaccine uptake 

remain quite low [35].

In conclusion, female survivors of childhood cancer are at increased risk for later HPV-

related complications including second cancers; therefore, HPV vaccination is recommended 

as primary prevention of these and other HPV-related health issues. Our results suggest that 

the majority of childhood cancer survivors do not initiate HPV vaccination. Age group 

disparities were identified, with preadolescents being less likely than their older counterparts 

to have initiated vaccination and completed the vaccine series. The results of the current 

study also identified physician recommendation as the most significant factor for initiation 

of vaccination across all three age groups, with older age at diagnosis being associated with 

non-initiation among the young adult group only. Factors predicting completion of the 

vaccine series differed in the adolescent and young adult groups, with physician 

recommendation and White race being associated with vaccine completion among the 

adolescents, whereas more intensive cancer treatment associated with completion among 

young adults. Findings drawn from the present study may inform future efforts to increase 

vaccination initiation and completion rates among females surviving childhood cancer.
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Figure 1. Flowchart Depicting Recruitment and Questionnaire Completion for Mothers of 
Childhood Cancer Survivors and Young Adult Survivors
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Table II
Multivariate Logistic Regression for Factors Associating with HPV Vaccination Initiation 

among Females Surviving Childhood Cancera

Variable OR 95% CIb p

9-13 year olds

Physician recommended HPV vaccine

 No 1.00

 Yes 9.72 [2.80, 33.80] <.001

14-17 year olds

Physician recommended HPV vaccine

 No 1.00

 Yes 6.81 [2.38, 19.47] <.001

18-26 year olds

Age at Diagnosis

 0.0-11.9 years 1.00

 12.0-19.9 years 0.28 [0.10, 0.76] .012

Physician recommended HPV vaccine

 No 1.00

 Yes 11.96 [4.22, 33.93] <.001

aOnly statistically significant variables are reported;

bCI=confidence interval for odds ratio (OR).
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Table IV
Multivariate Logistic Regression for Factors Associating with HPV Vaccination 

Completion among Female Survivors of Childhood Cancera

Variable OR 95% CIb p

14-17 year olds

 Race/Ethnicity

  White 1.00

  Non-White 0.17 [0.05, 0.66] .010

 Physician recommended HPV vaccine

  No 1.00

  Yes 7.54 [1.19, 47.69] .032

18-26 year olds

 Cancer Treatment Intensity

  Least/Moderate Intense (1/2) 1.00

  Very/Most Intense (3/4) 5.25 [1.00, 27.61] .050

aOnly statistically significant variables are reported;

bCI=confidence interval for odds ratio (OR).
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