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Abstract

BACKGROUND—Despite an increased risk of subsequent human papillomavirus (HPV)-related
malignancies, HPV vaccine initiation rates among cancer survivors remain critically low. The
purpose of this study was to determine the relationship between HPV vaccine intent and
subsequent vaccine initiation among cancer survivors by linking data from a cross-sectional survey
with state-based immunization registry records.

METHODS—Cancer survivors who were 9 to 26 years old were surveyed 1 to 5 years after their
treatment to assess their HPV vaccine initiation status, HPV vaccine intent, sociodemographic
factors, and vaccine-related health beliefs. HPV vaccine doses/dates were abstracted from the
Georgia Registry for Immunization Transactions for 3.5 years after survey participation. Logistic
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regression models identified factors associated with vaccine intent and subsequent vaccine
initiation.

RESULTS—Among survivors who were HPV vaccine—naive at survey participation (n = 103),
factors associated with vaccine intent included the following: 1) provider recommendation for the
HPV vaccine (odds ratio [OR], 5.0; 95% confidence interval [CI], 1.4-18.4; P=.014), 2) positive
general attitude toward vaccines (OR, 4.8; 95% Cl, 2.0-11.2; £< .001), and 3) perceived severity
of HPV disease (OR, 3.5; 95% Cl, 1.2-9.9; P=.02). Of the vaccine-naive patients, 28 initiated the
HPV vaccine at a median of 1.1 years after the survey. Initiation was more likely among survivors
who had reported vaccine intent (OR, 3.9; 95% Cl, 1.2-12.5; £P=.02) and was less likely among
older survivors (OR per year, 0.7; 95% ClI, 0.6-0.9; < .001).

CONCLUSIONS—These findings suggest that provider recommendation for the HPV vaccine
plays a role in establishing intent, which then translates into subsequent initiation.
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INTRODUCTION

Human papillomavirus (HPV) is an attributable cause of more than 90% of cervical cancers
and more than 60% of vaginal, vulvar, penile, anal, rectal, and oropharyngeal cancers in the
United States.! Populations that experience prolonged immunosuppression are more likely
to develop a persistent HPV infection, which is associated with an increased risk for HPV-
related cancers.2 In comparison with age-matched peers in the general population, the
excess risk for HPV-related malignancies among survivors of childhood cancer is 40% for
female survivors and 150% for male survivors.8 Survivors of allogenic stem cell
transplantation, a curative treatment for a variety of malignancies and hematologic disorders,
are at significantly higher risk for HPV-related cancers in comparison with the general
population.®

The nonavalent HPV vaccine provides protection against the 7 oncogenic HPV types
associated with the large majority of HPV-related cancers.” For most cancer survivors,
vaccinations, including the HPV vaccine, are recommended to be begun 6 months to 1 year
after cancer treatment completion.82 Unfortunately, uptake of the vaccine among cancer
survivors has remained critically low and below that of the general population; 23.8% of
cancer survivors aged 13 to 26 years report 1 or more doses of the vaccine, whereas 40.5%
of age-matched peers in the general population do.10 This leaves the majority of young
cancer survivors potentially vulnerable to HPV acquisition and subsequent malignancies.

A lack of a provider recommendation for the HPV vaccine is the strongest predictor of
vaccine noninitiation among the general population!1:12 and among cancer survivors.10
Intent to receive the HPV vaccine has been associated with and is predictive of subsequent
vaccine initiation in the general population!3; however, this relationship has not been
explored in cancer survivors. Cancer survivors have frequent visits with oncology providers
during and after treatment.14 Although provider recommendation has been identified as a
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critical factor related to HPV vaccine initiation,1112 most survivors report not receiving a
provider recommendation, 19 and this suggests that survivorship-focused care may not
include a discussion of the HPV vaccine. Many oncology providers may not routinely offer
the HPV vaccine within their clinical setting and, therefore, may view discussion of the HPV
vaccine as beyond their oncology/survivorship-focused role. Understanding the relationship
between intent and subsequent initiation—and determining the influence of provider
recommendation on these concepts—may inform future interventions targeted toward
increasing the provision of HPV vaccine recommendations by oncology providers.

Although studies of HPV vaccine initiation among cancer survivors to date have been cross-
sectional in design and based on self-report,10:15.16 state-based immunization registries offer
an opportunity to link cross-sectional data with vaccine records to assess HPV vaccine
initiation among cancer survivors over time. The primary purpose of this study was to
determine the relationship between HPV vaccine intent and subsequent initiation among
cancer survivors. We also identified factors associated with HPV vaccine intent among
vaccine-naive cancer survivors.

MATERIALS AND METHODS

Data Source and Sample: Cancer Survivor Cohort Data

Participant recruitment and survey collection occurred between 2012 and 2014 at Emory
University/Children’s Healthcare of Atlanta (CHOA) as part of the HPV Vaccine in Cancer
Survivors Study (HPVCSS; NCT01492582). The study was approved by the Emory
University institutional review board. Eligibility criteria for the study included cancer
survivors aged 9 to 26 years who were scheduled for a follow-up visit at Emory University/
CHOA and were English- or Spanish-speaking, in remission, and 1 to 5 years past the
completion of treatment. Eligible survivors (or their parents if they were aged 9-17 years)
were approached regarding study participation in person during a routine clinic visit.
Participants provided informed consent/assent in the patient’s or parent’s preferred language
according to institutional review board requirements and completed a 1-time survey
designed to elicit the prevalence of HPV vaccine uptake and relevant sociodemographic and
behavioral variables.1°

Variables of Interest

HPVCSS survey data—At study entry, young adult participants (18-26 years old) and
parents of minor participants (9—17 years old) completed a survey indicating the number of
HPV vaccine doses received; among those reporting zero or no previous vaccine doses,
participants indicated future intent to receive the HPV vaccine. Self-reported HPV vaccine
noninitiation was defined as a survey response indicating prior receipt of 0 doses of HPV
vaccine. Survivor sociodemographic characteristics self-reported by survey participants
included race, ethnicity, education, and household income.

The HPVCSS was guided by an integrative framework informed by both the Theory of
Planned Behavior and the Health Belief Model. The Theory of Planned Behavior is focused
on motivational factors that affect an individual’s health behavior, and it posits that intention
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is the strongest determinant of performing a behavior.17-18 The Health Belief Model is
focused on individual-level factors that influence health behavior, including the perception
of threat (eg, consequence of HPV-related disease) and the value of actions that reduce the
threat (eg, HPV vaccination).19 Survey data collected from HPVCSS participants assessed
concepts from both theories with standardized items adapted from previous research.20-24
Items were rated on Likert-type scales, with an average score calculated for each construct,
and higher scores were more reflective of the construct being measured (eg, increased
perceived vulnerability to HPV-related diseases and more positive attitudes toward
vaccines). A 9-item scale measuring HPV-related knowledge, adapted from Brabin et al, 2!
was summed, with higher scores indicating greater HPV-related knowledge. Social and
environmental influences on HPV vaccine-related decision making were assessed with an
11- to 13-item scale tailored to participant sex,2223 with higher scores indicating greater
social/environmental influences on vaccine decision making. Participant-reported receipt of
a health care provider (“provider”) recommendation for the HPV vaccine (yes/no) and
perceived health insurance coverage for the HPV vaccine (yes/no) were also assessed.

Medical record data—Data abstracted from the medical record included the survivor’s
date of birth, sex, cancer diagnosis, date of cancer diagnosis, date of treatment completion,
and treatment modalities (yes/no for chemotherapy, surgery, radiation, and/or hematopoietic
cell transplantation [HCT]). The participant’s cancer diagnosis, cancer stage, and cancer
therapy were used to categorize the treatment intensity as low, moderate, high, or very high
according to the Intensity of Treatment Rating Scale, version 3.0 (ITR-3).2°

State-based immunization registry data—Since 1996, the state of Georgia has
mandated that vaccine providers record all immunizations administered to state residents in
the Georgia Registry for Immunization Transactions (GRITS), and this makes the registry a
unique tool for vaccine tracking. Immunizations can be recorded in GRITS either through
manual entry by the provider/practice or through an interface with the provider’s electronic
medical record; immunizations are required to be recorded in GRITS within 30 days of
administration.26 GRITS captures 86.7% of Georgia’s adolescent vaccine recipients and
66.7% of adult vaccine recipients.2’

In January 2018, participating survivors were linked to GRITS records through the
institutional electronic medical record, and all dates/doses of the HPV vaccine received
before survey completion and during the 3.5-year follow-up period were abstracted. A 3.5-
year follow-up period was chosen because all survivors were at least 3.5 years past survey
completion at the time of GRITS data linkage.

Outcome variables

HPV vaccine intent was assessed with 4 survey items?2: “How likely is it that you (your son/
daughter) will i) start the HPV vaccine within the next month; ii) within the next 6 months;
iii) within the next 12 months; and iv) get vaccinated in the future?” Response options were
based on a 7-point Likert scale and ranged from definitely will not (0) to definitely will (6).
To examine an overall measure of intent, it was necessary to construct a compound variable
to analyze this concept. A binary variable was derived from these data, and the following
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responses were categorized as HPV vaccine intent: /ikely to (4), very likely to (5), or
aefinitely will (6) start the vaccine within the next 6 months or very likely to (5) or definitely
will (6) start the vaccine within the next 12 months or in the future. All other responses were
defined as HPV vaccine nonintent.

Subsequent initiation was defined as a documented first dose of the HPV vaccine in GRITS
during the follow-up period.

Statistical Analysis

RESULTS

Descriptive statistics—These included means, medians, standard deviations, and ranges
for continuous variables and frequencies and percentages for categorical data.

Logistic regression models

Univariable models: For survivors who had not initiated the HPV vaccine at the time of
survey completion, univariable logistic regression models were initially developed to
identify sociodemographic factors, clinical characteristics, and health beliefs related to the 2
outcome variables of interest: 1) subsequent vaccine initiation and 2) vaccine intent. The
following variables were examined in the univariable logistic regression models for both
outcome variables: age at survey; sex; race and ethnicity; household income; educational
level; diagnosis; age at diagnosis; time from diagnosis; time from therapy completion;
history of HCT; intensity of treatment (ITR-3 rating); receipt of provider recommendation
for the HPV vaccine; perceived insurance coverage for the HPV vaccine; HPV disease—
related knowledge; perceived vulnerability to and severity of HPV-related disease; general
attitude toward vaccines; perceived barriers to HPV vaccine initiation; perceived self-
efficacy to initiate HPV vaccine; and social influences on HPV vaccine decision making
such as the perspectives of family, friends, and media. In addition, vaccine intent was
examined as a potential predictor of subsequent vaccine initiation with univariable logistic
regression.

Multivariable models. Variables with Pvalues < .1 in univariable analyses were included in
the multivariable logistic regression models constructed for each outcome variable.

Par simonious models: Using only variables with Pvalues < .1 in the multivariable models
(except for survivor sex and age at survey, which were included in the models a priori,
regardless of Pvalues), we further used stepwise backward variable elimination to develop
and select a final parsimonious model for each outcome variable. In these final parsimonious
models, 2-sided tests with £ < .05 were considered statistically significant.

SAS (version 9.4; SAS Institute, Cary, North Carolina) was used to perform all statistical
analyses.

Patient Characteristics

Of the 250 eligible cancer survivors approached for HPVCSS study participation at Emory
University/CHOA, 177 (71%) consented, and 160 HPV-vaccinated and vaccine-naive
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participants were eligible for this analysis (90% of those who consented). Study participants
were older than nonparticipants (mean age, 15.8 vs 14.4 years; P =.008). There were no
differences in sex, race, diagnosis, or time off treatment between participants and
nonparticipants. A total of 25 participants were excluded from this analysis either because
their self-reported HPV vaccine initiation status was inconsistent with GRITS
documentation (n = 21) or because the participants could not be linked with a GRITS record
(n=4; Fig. 1).

At the time of survey completion, the 135 survivors included in this analysis had a median
age of 15.4 years (range, 9.04-25.77 years) and were 3.05 years (range, 1.04-4.99 years)
from the completion of cancer therapy. The majority of survivors were male (51%) and non-
Hispanic white (64%) and had a diagnosis of leukemia or lymphoma (58%). Most survivors’
cancer treatment was rated as high-intensity or very high-intensity (40% and 23%,
respectively) according to ITR-32°; 12% of the survivors underwent HCT (Table 1).

Prevalence of HPV Vaccine Initiation

Among the 135 survivors included in this analysis, 32 (24%) had initiated the HPV vaccine
before survey completion; an additional 28 (21%) initiated the vaccine during the follow-up
period; and 75 (55%) remained unvaccinated against HPV. Among the 28 HPV vaccine—
naive survivors who initiated the vaccine during the follow-up period, 13 (46%) initiated
within 1 year, and 15 (54%) initiated 1 to 3.5 years after survey completion, with a median
time to initiation of 1.1 years. Among the 103 participants who were vaccine-naive at the
time of survey completion, 24 (24%) reported receipt of a health care provider
recommendation for the vaccine (Table 2).

Intent and Subsequent Initiation of the HPV Vaccine

Among the 103 survivors who were HPV vaccine—naive at the time of survey completion, 34
(33%) reported intent to receive the vaccine, and 28 (27%) subsequently initiated the vaccine
during the follow-up period. Forty-seven percent (16 of 34) of those reporting intent to
receive the vaccine subsequently initiated, whereas only 17% (12 of 69) of those not
reporting intent subsequently initiated the vaccine (Fig. 2). Intent to receive the HPV vaccine
was predictive of subsequent initiation (odds ratio [OR], 3.9; 95% confidence interval [CI],
1.2-12.5; P=.02), and subsequent initiation was less likely among older survivors (OR per
year, 0.7; 95% CI, 0.6-0.9; £<.001; Table 3). Although on univariable analysis, provider
recommendation for the HPV vaccine met criteria for inclusion in the multivariable model,
this variable was subsequently eliminated through backward elimination during development
of the parsimonious multivariable model.

Factors Related to Intent to Receive the HPV Vaccine

In a multivariable parsimonious model, the odds of HPV vaccine intent were increased
among participants who reported receipt of a provider recommendation for the vaccine (OR,
5.0; 95% Cl, 1.4-18.1; P=.01), a more favorable attitude toward vaccines in general (OR,
4.8; 95% ClI, 2.0-11.2; P<.001), and increased perceived severity of HPV-related illness
(OR, 3.5; 95% Cl, 1.2-9.9; P=.02; Table 4).
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DISCUSSION

By linking data from a cross-sectional survey of young cancer survivors with data from a
state-based vaccine registry, we found that HPV vaccine intent was strongly predictive of
subsequent vaccine initiation. Almost half of HPV vaccine—naive cancer survivors reporting
vaccine intent subsequently initiated the HPV vaccine during the follow-up period, whereas
less than 1 in 5 survivors reporting no vaccine intent initiated the vaccine within the same
time period. Importantly, survivors who reported vaccine intent at the survey were 4 times
more likely to subsequently initiate the vaccine during the follow-up period in comparison
with those not reporting intent. These findings mirror those seen in the general population, in
which HPV vaccine intent is predictive of later initiation.13-28 Younger age was also
predictive of subsequent vaccine initiation in our study, and this is consistent with the
current focus on routine HPV vaccination for preadolescents in the general population.’
Although this analysis identifies important factors related to HPV vaccine intent and
subsequent initiation, it is also important to note that the majority of cancer survivors in this
cohort remained unvaccinated and potentially vulnerable to HPV infection. Thus, in the
population of young cancer survivors, identifying factors associated with vaccine intent may
be critical for developing targeted interventions to improve vaccine uptake in this vulnerable

group.

Among vaccine-naive cancer survivors, we found that reporting prior receipt of a provider
recommendation for the vaccine, having a more positive attitude toward vaccines in general,
and reporting increased perceived severity of HPV-related diseases were associated with
HPV vaccine intent. Provider recommendation has been consistently identified as an
important predictor of HPV vaccine initiation across populations?®-31 and among cancer
survivors.10 Previously, we reported the relationship between provider recommendation and
prior receipt of the HPV vaccinel?; in this study, our findings suggest that provider
recommendation may play an important role in intent to receive the vaccine. In the general
population, provider recommendation has been shown to be related to secondary acceptance
of the HPV vaccine among parents who initially decline the HPV vaccine for their
adolescent child.32 Yet, in a study of subspecialty providers, approximately half of providers
reported that they do not routinely recommend the HPV vaccine to their patients with
chronic illness.33 In this study of cancer survivors, only 24% of vaccine-naive survivors
reported receiving a provider recommendation for the HPV vaccine, and this suggests the
need for subspecialty providers, including oncologists, to promote and facilitate HPV
vaccine uptake in adolescent and young adult cancer survivors.

We also found that more favorable attitudes toward vaccines were associated with intent to
receive the HPV vaccine. In the general population, positive attitudes toward vaccines
overall have been associated with increased HPV vaccine uptake.343% In a study of 2025
parents of adolescent daughters, Ogilvie et al3® found that the odds of initiating the HPV
vaccine were 8.5 times higher (95% ClI, 6.1-11.9) among parents with positive (vs negative)
attitudes toward vaccines. In our study, increased perceived severity of HPV-related diseases
was also associated with intent to receive the HPV vaccine. This finding is similar to that of
Gargano et al,31 who showed that perceived severity of vaccine-targeted diseases is
significantly associated with intent to receive any adolescent vaccine, including the HPV
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vaccine. Perceived severity of HPV-related disease and HPV-associated cancers is
particularly relevant to cancer survivors, who experience a higher prevalence and earlier
onset of HPV-related cancers in comparison with general population peers.8 Our data
highlight a potential opportunity to increase HPV vaccine intent and subsequent vaccine
initiation in this population by framing the HPV vaccine as a cancer prevention strategy.3’

We acknowledge some limitations of this study. Participants were recruited at a single site,
and we used a single state-based immunization registry. Because of the cross-sectional
nature of the survey, we were unable to determine the temporal relationship between self-
reported variables associated with vaccine intent. For example, it is possible that participant
intent to receive the HPV vaccine was present before the receipt of a provider
recommendation. In addition, we relied on GRITS as the gold standard for verifying receipt
of the HPV vaccine and excluded participants whose self-reported vaccine initiation status
was inconsistent with GRITS documentation; however, it is possible that GRITS vaccine
records for some survivors could be incomplete or inaccurate. Finally, although we found
that survivor report of receiving a provider recommendation for the HPV vaccine was
significantly associated with vaccine intent, we did not assess the type of provider that
recommended the vaccine (eg, oncologist or primary care provider). We also did not assess
participants’ reasons for not intending to receive the vaccine. Despite these limitations, this
study was the first to evaluate the relationship between HPV vaccine intent and subsequent
initiation among cancer survivors with state-based immunization registry records.

In conclusion, in this study of young cancer survivors, we have found that provider
recommendation for the HPV vaccine is strongly associated with intent to receive the
vaccine and that vaccine intent predicts for subsequent vaccine initiation. These findings
suggest that provider recommendation plays a role in establishing intent, which then
translates into subsequent initiation. Future research is needed to develop effective
interventions to increase HPV vaccination among cancer survivors; our findings support the
incorporation of strategies that focus on the promotion of health care provider
recommendations for the vaccine among adolescent and young adult cancer survivors to
increase HPV vaccine uptake in this vulnerable population.
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Figurel.

Consolidated Standards of Reporting Trials diagram of cohort derivation. GRITS indicates
Georgia Registry for Immunization Transactions; HPV, human papillomavirus; HPVCSS,
HPV Vaccine in Cancer Survivors Study.
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Cancer Survivor Demographic, Clinical, and Treatment Characteristics (n = 135)

TABLE 1.

Characteristic Value

Patient age at survey, y
Median (range) 15.40 (9.04-25.77)
Mean (standard deviation) 15.34 (4.12)

Age at diagnosis, y

Median (range)

10.30 (2.41-21.43)

Mean (standard deviation)

10.60 (4.75)

Time from diagnosis (at survey participation), y

Median (range)

4.60 (1.53-10.79)

Mean (standard deviation)

474 (1.91)

Time from therapy completion (at survey participation), y

Median (range)

3.05 (1.04-4.99)

Mean (standard deviation) 3.01(1.23)
Sex, No. (%)

Female 66 (49)

Male 69 (51)
Race/ethnicity, No. (%)

Non-Hispanic white 87 (64)

Other 48 (36)
Household income, No. (%)a

<$50,000 40 (34)

>$50,000 77 (66)
Educational level, No. (%)a,b

Low/appropriate 67 (52)

Exceeds 62 (48)
Diagnosis, No. (%)

Leukemia/lymphoma 78 (58)

Solid tumor 57 (42)
HCT, No. (%)

No 119 (88)

Yes 16 (12)
ITR-38

Low/moderate 50 (37)

High 54 (40)

Very high 31(23)
HPV vaccine doses at time of survey

0 103 (76)
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Characteristic Value

21 32 (24)

Abbreviations: GED, General Education Development; HCT, hematopoietic cell transplantation; HPV, human papillomavirus; ITR-3, Intensity of
Treatment Rating Scale, version 3.0.

aStatistics were calculated for this table by the exclusion of patients with missing values for the characteristics.
bThe education level was based on the age of the respondent, and for adults (parent respondents and patients 20 years old or older), it was
categorized as /ow (less than a high school graduate), appropriate (high school graduate/GED or some college/technical degree), or exceeds

(college degree or higher). The education level for adolescents (patients 18-19 years old) was categorized as /ow (less than high school),
appropriate (some high school or high school graduate/GED), or exceeds (some college or more).
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TABLE 2.

HPV Vaccine Intent, Report of Health Care Provider Recommendation, and Subsequent Vaccine Initiation
Among HPV Vaccine-Naive Cancer Survivors (n = 103)

Characteristic No. (%)

Intent to receive HPV vaccine
No 69 (67)
Yes 34 (33)

Health care provider recommendation for HPV vaccine?

No 75 (76)

Yes 24 (24)

Subsequent (postsurvey) initiation of HPV vaccine
No 75 (73)
Yes 28 (27)

Abbreviation: HPV, human papillomavirus.

a., .. .. . . . . . -
Statistics were calculated for this table by the exclusion of patients with missing values for the characteristics.
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Parsimonious Multivariable Model of Factors Predicting Subsequent Initiation Among HPV Vaccine—

TABLE 3.

Noninitiated Cancer Survivors (n = 103)

Variable Comparison Multivariable Analysis
OR 95% CI P
Attitudes toward vaccines (continuous)a 2.03 [ 0.92-4.48 079
Sex Female vs male | 2.85 | 0.94-8.70 .065
Patient age at survey participation (continuous) 0.74 | 0.62-0.88 <.001
Intent to receive HPV vaccine Yes vs no 3.87 | 1.20-12.51 | .024

Abbreviations: Cl, confidence interval; HPV, human papillomavirus; OR, odds ratio.

a R . . - .
Measured on a 5-point Likert scale (from most negative attitude [1] to most positive attitude [5]).
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Parsimonious Multivariable Model of Factors Associated With Vaccine Intent Among HPV Vaccine—

Noninitiated Cancer Survivors (n = 103)

TABLE 4.

Variable Comparison Multivariable Analysis
OR | 95% CI P
Patient age at survey participation (continuous) 0.94 | 0.83-1.06 .299
Sex Female vs male | 0.98 | 0.34-2.79 .969
Perceived severity of HPV disease (continuous)a 3.50 [ 1.24-9.86 018
General attitude toward vaccines (continuous)b 4.75 | 202-11.15 [ <001
Health care provider recommendation for HPV vaccine | Yes vs no 5.02 | 1.39-18.14 | .014

Abbreviations: Cl, confidence interval; HPV, human papillomavirus; OR, odds ratio.

aMeasured on a 5-point Likert scale (from lowest perceived severity [1] to highest perceived severity [5]).

bMeasured on a 5-point Likert scale (from most negative attitude [1] to most positive attitude [5]).

Page 17

By linking cross-sectional survey and immunization registry data, this study identifies factors associated with human papillomavirus vaccine intent

and subsequent initiation among young cancer survivors. Vaccine intent is strongly predictive of subsequent human papillomavirus vaccine
initiation, and provider recommendation is strongly associated with human papillomavirus vaccine intent in young cancer survivors.

Cancer. Author manuscript; available in PMC 2020 November 01.



	Abstract
	INTRODUCTION
	MATERIALS AND METHODS
	Data Source and Sample: Cancer Survivor Cohort Data
	Variables of Interest
	HPVCSS survey data
	Medical record data
	State-based immunization registry data

	Outcome variables
	Statistical Analysis
	Descriptive statistics
	Logistic regression models
	Univariable models
	Multivariable models
	Parsimonious models



	RESULTS
	Patient Characteristics
	Prevalence of HPV Vaccine Initiation
	Intent and Subsequent Initiation of the HPV Vaccine
	Factors Related to Intent to Receive the HPV Vaccine

	DISCUSSION
	References
	Figure 1.
	Figure 2.
	TABLE 1.
	TABLE 2.
	TABLE 3.
	TABLE 4.

