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IMPORTANCE The substantial morbidity and socioeconomic costs associated with actinic
keratosis (AK) management represent major public health concerns. Anecdotal evidence
suggests that human papillomavirus (HPV) vaccination may offer therapeutic and preventive
effects against AK and keratinocyte carcinomas (KCs).

OBJECTIVE To investigate the effect of HPV vaccination on burden of disease in
immunocompetent patients with high numbers of AK.

DESIGN, SETTING, AND PARTICIPANTS The VAXAK trial was a parallel-design, double-blind,
randomized sham-controlled clinical trial with 12 months’ follow-up. This single-center trial
was conducted at the Department of Dermatology, Bispebjerg University Hospital in
Copenhagen, Denmark, between May 2021 and June 2024. Eligible participants were
immunocompetent adults with 15 or more clinical AK lesions in a 50 cm2 to 100 cm2 test area
on the head, trunk, or extremities.

INTERVENTIONS Participants were randomized 1:1 to blinded, 9-valent alphapapillomavirus
vaccine or sham vaccine (isotonic sodium chloride solution), each administered
intramuscularly at 0, 2, and 6 months. Thick AKs (Olsen grade II-III) received cryotherapy at
months 6 and 9; test areas were otherwise untreated during the study.

MAIN OUTCOMES AND MEASURES The preselected primary outcome was the percentage
reduction in baseline AKs assessed 2, 6, 9, and 12 months after first vaccination. Secondary
outcomes included total AK number, thick lesions, new AKs, and rate of incident KCs over 12
months.

RESULTS Participants were selected by consecutive sampling of 163 screened patients
following exclusion of 93 individuals due to ineligibility or patients opting out. Among 70
enrolled participants (median [IQR] age, 75.50 [69.00-79.00] years; 47 [67%] male), 69
completed the study. Median (IQR) AK reductions were higher in the HPV-vaccinated vs sham
group, shown consistently over the study period (month 2: 35% [25%-44%] vs 25%
[18%-33%]; P = .03; month 6: 47% [33%-53%] vs 29% [16%-44%]; P = .01; month 9: 58%
[37%-63%] vs 42% [33%-56%]; P = .09; month 12: 58% [47%-69%] vs 47% [32%-65%];
P = .05). Total AK numbers were correspondingly lower in the HPV-vaccinated group (median
[IQR] at month 6: 14.00 [11.00-16.00] vs 17.00 [12.00-23.00]; P = .01; month 12: 10.00
[6.00-24.00] vs 16.00 [8.50-21.00]; P = .02). Coincidingly, fewer thick AKs were observed in
the HPV-vaccinated group (median [IQR] at month 6: 5.00 [3.00-7.00] vs 6.50 [3.75-10.00];
P = .02; month 12: 3.00 [2.00-5.00] vs 5.00 [2.50-8.50]; P = .049). In contrast, no
significant differences in rates of new AKs (1-2 AK[s] per month) or KC numbers overall or per
participant were identified during the 12-month trial.

CONCLUSIONS AND RELEVANCE In this randomized clinical trial, standard alphapapillomavirus
vaccination was found to reduce AK burden in immunocompetent individuals with multiple
lesions. HPV-targeted vaccines may be useful for management of AK, a chronic, relapsing
disease and the most common precancer in fair-skinned populations.
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A ctinic keratosis (AK) is the most prevalent precancer in
fair-skinned populations, affecting an estimated 14% of
persons worldwide.1 In the US, AKs are the most com-

monly diagnosed skin condition at dermatology visits, and with
increases of 232 000 visits per year,2 annual management costs
now exceed $1 billion.3 Primarily caused by chronic exposure to
UV radiation, AKs are typically identified as rough, scaly, and ery-
thematous patches on sun-exposed skin areas.4 Understood to
be a precursor on a disease continuum,5 lesions consist histo-
logically of intraepidermal proliferations of atypical keratino-
cytes. As such, AK has a well-known potential to progress to in-
vasive squamous cell carcinoma (SCC). Although the progression
rate per lesion is thought to be low (<1% per year),6 individuals
with multiple AKs,7 field-cancerized background skin,8 or a his-
tory of skin cancer are at elevated risk.7,9 Accordingly in 2023, a
cohort study of more than 500 000 Medicare beneficiaries found
absolute risks of skin cancer of 18% and 29% 3 and 5 years after
a first AK, respectively.10 It follows that the substantial morbid-
ity and rising socioeconomic costs associated with AK care11 rep-
resent major public health concerns.1

An association between human papillomavirus (HPV) and
cutaneous dysplasia has long been recognized, but the rela-
tionship dynamics remain controversial.12-15 Unclear whether
causal or merely correlative, detection of betapapillomavirus
(β-HPV) and gammapapillomavirus (γ-HPV) DNA in keratino-
cyte carcinoma (KC) and particularly AK lesions is reported in
epidemiological studies and systematic reviews.12,15-18 The as-
sociation is especially striking in immunosuppressed popula-
tions where, coinciding with a 65-fold to 250-fold increase in
AK and skin cancer risk,19-21 up to 85% of KC and precursor le-
sions are positive for particularly β-HPV DNA.22,23 HPV is fur-
thermore reported to be a predictor of SCC risk, with a recent
prospective cohort study finding an up to 4 times higher SCC
rate among immunocompetent patients with a β-HPV DNA-
positive forearm swab.24 While cutaneotropic HPVs have not
been shown to directly cause skin cancer, the wealth of evi-
dence linking these 2 entities is compelling, leading some re-
searchers to propose an HPV-directed approach to tackling the
expanding burden of KC disease.25-29

Intriguingly, emerging evidence suggests a beneficial im-
pact of alphapapillomavirus (α-HPV) vaccination for KC and
precursor lesions.25,30,31 Reflecting a potential preventive ef-
fect in high-risk individuals, reduced SCC and basal cell car-
cinoma (BCC) incidences following HPV vaccination are de-
scribed in case reports of both immunocompetent and
immunosuppressed patients.27,32 A small retrospective study
similarly noted a significant reduction in dermatologic inter-
ventions (ie, biopsies, curettages, or excisions) after standard
HPV vaccination in 38 immunosuppressed patients (hazard ra-
tio, 0.27 [95% CI, 0.14-0.51]).33 Off-label HPV vaccination has
also been used to treat existing KC and precursor lesions. In-
deed, several reports describe clearance of SCC in situ,30,34,35

SCC variants,31,36 keratoacanthoma,37 and reduced AK
burden28,38 following intramuscular and/or intralesional ad-
ministration of HPV vaccine. At present, however, most evi-
dence indicating utility of α-HPV vaccination in the context of
AK and KC is anecdotal. Further, the underlying mechanisms
behind vaccine’s potential utility remain unknown.

Prompted by the notable human and economic cost of AK
and KC management, the link between HPV, AK, and skin can-
cer; approved HPV vaccines’ strong safety profile39; and ini-
tial reports indicating potential efficacy against KC and pre-
cursors, this randomized clinical trial (RCT) investigated the
effect of HPV vaccination on burden of disease in immuno-
competent patients with multiple AKs.

Methods

Trial Design and Participants
The VAXAK study was a nonindustry investigator-initiated,
parallel-design double-blind, randomized sham-controlled trial
with 12 months’ follow-up, conducted at Copenhagen Univer-
sity Hospital–Bispebjerg from May 2021 to June 2024 in Co-
penhagen, Denmark. Prior to initiation, the study protocol
(Supplement 1) was approved by the Capital Region’s Com-
mittee on Health Research Ethics (H-21047863), the Danish
Medicines Agency (EudraCT 2021-003895-15), the Danish Data
Protection Agency (2021-P-776), and registered on clinicaltri-
als.gov. The study was monitored by the University of Copen-
hagen’s Good Clinical Practice unit and conducted in accor-
dance with the Declaration of Helsinki. Before inclusion,
written informed consent was obtained from all participants.
Reporting adhered to the Consolidated Standards of Report-
ing Trials (CONSORT) reporting guideline.40

Patients attending regular outpatient care at the Depart-
ment of Dermatology, Copenhagen University Hospital–
Bispebjerg, Denmark, were screened for trial eligibility by
consecutive sampling. Eligible participants were immuno-
competent adults (≥18 years) with a 50 cm2 to 100 cm2 skin
site on the head, trunk, or extremities that presented with a
high AK burden, herein defined as 15 or more clinically diag-
nosed AKs. Exclusion criteria were known or suspected
immunosuppression due to disease or medication, other
dermatological disease in the skin area at baseline, history
of HPV vaccination, keloids, any vaccine-related allergy,
known allergy to yeast, pregnancy, or lactation. Participants
must also have been willing to refrain from non–protocol-
outlined AK treatments in the skin area for the duration of
the trial.

Key Points
Question Does human papillomavirus (HPV) vaccination affect
the burden of disease in patients with actinic keratosis (AK)?

Findings In this randomized clinical trial of 70 immunocompetent
adults with multiple AKs, consistently greater reductions in
median (IQR) lesion count were shown after HPV vaccination vs
sham, reaching statistical significance at month 2 (35%
[25%-44%] vs 25% [18%-33%]) and month 6 (47% [33%-53%] vs
29% [16%-44%]).

Meaning Standard HPV vaccination may reduce AK burden in
immunocompetent individuals with multiple AKs.
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Interventions
Interventions consisted of 3 doses of a commercially avail-
able, recombinant 9-valent α-HPV vaccine, 0.5 mL (Garda-
sil-9 [MSD]) or sham vaccine (isotonic sodium chloride solu-
tion, 9 mg/mL [Fresenius Kabi]), administered intramuscularly
(deltoid) at baseline, month 2, and month 6 according to the
approved vaccination schedule for adults. Due to ethical con-
cerns about leaving AKs untreated for the duration of the study,
both groups underwent lesion-directed cryotherapy (10 sec-
onds ×2) of any Olsen grade II to III AK in the test area at months
6 and 9.

Randomization and Blinding
In a parallel-group design, patients were randomized (1:1) to
receive HPV or sham vaccine. The allocation sequence
was generated by computer-based block randomization
(fixed block size of 8) using MATLAB software (MathWorks)
without stratification. As described in detail in Supple-
ment 2, both patients and investigators (ie, outcome
assessors and data analysts) were blinded to the treatment
allocation.

Procedures
The 12-month trial period had 5 scheduled visits at months 0,
2, 6, 9, and 12. During visits, AKs in the selected 50 cm2 to 100
cm2 test area were counted, labeled, and graded according to
their clinical Olsen grade (grades I-III) based on degree of hy-
perkeratosis: grade I, mild (slightly palpable); II, moderate
(moderately thick); and III, severe (very thick).41 AK loca-
tions and numbers were mapped on a transparent template en-
abling reidentification of baseline lesions and new AKs at sub-
sequent visits. Test areas were furthermore documented with
standardized digital photography (Canon 750D). At every visit,
patients also underwent a full-body skin examination for any
incident KC lesions. Throughout the trial, AK assessments and
skin examinations were performed by the same blinded in-
vestigator without exception.

Outcomes
The preselected primary outcome was percentage change
from baseline in number of clinical AK lesions in the test
area, evaluated at months 2, 6, 9, and 12. Preselected sec-
ondary AK-related outcomes were total AK count and new
AKs at months 2, 6, 9, and 12, as well as partial (75%) and
complete (100%) clinical patient clearance of AKs at 12
months. To assess response specifically in thick lesions, the
number of grade II to III AKs at months 0, 2, 6, 9, and 12, as
well as the number of thick lesions receiving cryotherapy at
months 6 and 9, were added as additional outcomes at the
time of data analysis.

Preselected secondary outcomes related to KC were the
number of histologically verified tumors diagnosed during the
12 months. This yearly rate was compared to the average yearly
KC rate 3 years prior to inclusion (based on pathology results
in each patient’s electronic medical record). Nonsystematic as-
sessment of adverse events (AEs) and systematic determina-
tion of serious adverse events (SAEs) were also performed dur-
ing the trial.

Sample Size and Statistics
Sample size calculation was based on data from a previously
published case series of 12 patients with high AK burden who
underwent HPV vaccination as an adjunct to standard AK
therapies.38 From these data, the sample size calculation set
a minimal relevant difference of 10%, a power of 80%, an α level
of 5%, and a variance of 14%, resulting in a minimum of 32 pa-
tients per group. Accounting for potential dropout (10%), the
trial aimed to include 35 individuals per group, resulting in a
total of 70 participants.

Because Shapiro-Wilk tests did not confirm normal distri-
bution of the data, nonparametric tests were applied. Accord-
ingly, descriptive statistics are presented as medians and
IQRs. AK response, KC lesion rates, AEs and data on field treat-
ments performed outside test areas in HPV vaccine and sham
groups were compared using Mann-Whitney U tests for 2 un-
paired groups. For the primary outcome specifically, both per-
protocol and intention-to-treat populations were analyzed with
missing data imputed as last observation carried forward only
in the latter analysis. For secondary outcomes, per-protocol
analyses were performed. Binominal data were compared with
Fisher exact test. To assess associations between the primary
outcome and participant age and sex, Spearman correlation and
Mann-Whitney U tests were performed, respectively. Intrain-
dividual comparisons of KC rates prevaccination and postvac-
cination were assessed using Wilcoxon signed rank tests for 2
paired groups. P values were exact, 2-sided, and considered
statistically significant when less than .05. Analyses were per-
formed using SPSS statistical software, version 29 (IBM Cor-
poration).

Results
Baseline Characteristics
The trial’s participant flow and baseline data are presented in
Figure 1 and Table 1, respectively. Participants were selected
by consecutive sampling of 163 screened patients following ex-
clusion of 93 individuals due to ineligibility or patients opt-
ing out. A total of 70 participants with a median (IQR) age of
75.50 (69.00-79.00) years (range, 58-95 years; 47 [67%] male)
were included. Of these, 69 completed the 12-month fol-
low-up following exclusion of 1 patient in the sham group due
to a multiple myeloma diagnosis (Figure 1). Groups were gen-
erally similar based on demographic characteristics and skin
cancer history (Table 1). One exception was Fitzpatrick skin
type, in which a higher number of fair-skinned individuals was
noted in the HPV vaccine group. In addition, the anatomic lo-
cations of test sites differed between groups, with a greater
number of participants having facial/scalp sites in the sham
vaccine group. Of note, median (IQR) baseline AK numbers
were comparable between groups (20.00 [16.00-27.00] vs
19.00 [16.00-24.00] AKs) (Table 1).

Effect on AK Burden
Table 2 presents AK-related outcome results, with examples
of clinical responses pictured in Figure 2. In the per-protocol
analysis, median (IQR) percentage reduction in baseline AKs
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was higher in the HPV-vaccinated group, reaching signifi-
cance at month 2 (35% [25%-44%] vs 25% [18%-33%]; P = .03)
and month 6 (47% [33%-53%] vs 29% [16%-44%]; P = .01), and
near-significance at month 12 (58% [47%-69%] vs 47% [32%-
65%]; P = .05). These differences were supported by the in-
tention-to-treat analysis, which showed greater AK reduc-
tions in HPV vaccinated group at all follow-up time points from
months 2 to 12. Tests for associations between AK reductions
and participants’ age or sex did not reach significance. Fur-
ther, rates of cryotherapy at months 6 and 9 were not signifi-
cantly different between the 2 intervention groups.

Corresponding with the primary outcome findings, the me-
dian (IQR) total AK numbers were also lower in the HPV-
vaccinated group, with differences growing more pro-
nounced toward the end of the observation period (month 12:
10.00 [6.00-14.00] vs 16 [8.50-21.00] lesions; P = .02) (Table 2).
Fewer thick AKs were likewise noted in the HPV-vaccinated
group beginning at month 6 and continuing to the end of the
trial (median [IQR] at month 12: 3.00 [2.00-5.00] vs 5.00 [2.50-
8.50] lesions; P = .049). Numbers of new AK lesions however
were not significantly different over the 12 months. Only 9 par-
ticipants (13%) achieved partial 75% clearance by the end of
the trial, 5 of which belonged to the HPV-vaccinated group. No
participant demonstrated complete clearance.

Impact on KC Burden
Table 3 presents annual KC rates observed during the study pe-
riod. Over 12 months, at least 1 KC tumor was confirmed in 17
participants (49%) and 15 participants (44%) in the HPV vac-
cine and sham vaccine group, respectively (P = .81). Further,

no significant difference in the number of patients who de-
veloped at least 1 SCC or BCC was shown between the 2 inter-
vention groups. Regarding specific tumor counts, the num-
bers of KC overall, SCC, and BCC tumors were not significantly
different between the 2 groups. In addition, when comparing
these annual rates postvaccination to the annual rate as-
sessed over 3 years prevaccination, a significant change in KC,
SCC, or BCC rate was not detected in either group.

Adverse Events
Rates of AEs and SAEs were not significantly different be-
tween study groups. Thus, AEs were recorded in 12 (34%) and
15 (43%) participants in the HPV-vaccinated and sham groups,
respectively (P = .47). Mild and transient AEs related to the
study intervention were soreness at the vaccination site, head-
ache, and dizziness, with no patients discontinuing the vac-
cination schedule due to AEs. Among the 8 participants expe-
riencing SAEs (11%), 2 belonged to the HPV vaccine group and
none were deemed related to the study intervention by inves-
tigators (ie, likelihood of a causal relationship and timing be-
tween vaccination and SAE occurrence).

Discussion
This RCT assessed the utility of standard 3-dose 9-valent α-HPV
vaccination to reduce disease burden in immunocompetent
patients with multiple AKs. Based on percentage reduction in
baseline AK, a modest 10% to 18% difference was observed in
the HPV-vaccinated vs sham-vaccinated group over the study

Figure 1. CONSORT Flowchart

163 Patients assessed for eligibility

70 Randomized

35 Randomized to receive HPV vaccine
35 Received intervention as randomized
0 Did not receive intervention as randomized

35 Randomized to receive sham vaccine
34 Received intervention as randomized
1 Did not receive intervention as randomized

1 Discontinued intervention
(diagnosed with multiple myeloma at month 6)

34 Included in per-protocol analysis at 2 and 6 mo
32 Included in per-protocol analysis at 9 mo
33 Included in per-protocol analysis at 12 mo

35 Included in analysis

93 Excluded
52 Did not meet inclusion criteria

3 Lost contact

35 Opted out
5 Other

2 Participated in other HPV study

3 Excluded in per-protocol analysis
1 Diagnosed with multiple myleoma

between month 2 and 6
1 Inadvertent treatment of test site

with 5-FU between month 6 and 9
1 Misidentified test area at month 9

All patients (n = 35) allocated to
human papillomavirus (HPV) vaccine
completed the trial per protocol and
were included in both the
per-protocol and intention-to-treat
analyses. Among patients allocated
to sham vaccine, 1 patient received
the second dose at month 3 rather
than month 2. Because the timing of
administration was within the
approved window for HPV
vaccination; however, the deviation
was considered permissible, and the
patient was not excluded from
analyses. In the per-protocol analysis,
1 patient in the sham group was
excluded from the trial (months 2-12)
due to a multiple myeloma diagnosis.
Actinic keratosis (AK) outcomes for a
second patient were not evaluated in
the per protocol analysis after month
6, due to inadvertent treatment of
test area AKs with topical
5-fluorouracil (5-FU). Finally, a third
patient’s AK data at month 9 were
not included in the per-protocol
analysis due to test area
misplacement. Thus, 34 patients in
the sham group were included in the
per protocol analysis at months 2 and
6; 32 patients at month 9; and 33
patients at month 12.
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period. Correspondingly, total AK counts and numbers of thick
lesions were significantly lower among HPV-vaccinated indi-
viduals, shown consistently at the 6-month and 12-month fol-
low-ups. Taken together, our findings support the possibility
that HPV-targeted vaccines could be used as an adjunctive
therapy for patients with severe photodamage to reduce AK
burden, although long-term impact, including on KC devel-
opment, remains to be demonstrated. At present, efforts to de-
velop a first-generation vaccine specifically against β-HPVs are
underway.42,43

Several treatments are available to treat patients with AK,
including field-directed therapies such as 5-fluorouracil (5-
FU), imiquimod, photodynamic therapy (PDT), diclofenac, and
tirbanibulin, as well as lesion-directed approaches, such as
cryotherapy.44 While these treatments can effectively clear AK
in the short term, recurrence rates are high, and many pa-
tients eventually relapse (reportedly 39%-85% at ≥12
months).45 Thicker, hyperkeratotic AKs pose a particular chal-
lenge due to their treatment resistance and higher recurrence
rate.46-48 Considering these clinical realities, the herein ob-
served AK responses, seen also in thick lesions, make HPV vac-
cination of particular interest as a potential addition to con-
ventional management.

Conflating AK clearance with KC prevention should be
avoided.49 To illustrate this point, 1 retrospective cohort study
found that 5-FU was not superior to imiquimod based on SCC
development beginning 1 year posttreatment, despite previ-
ously demonstrated superior AK destruction efficacy.49 An-
other study failed to detect significant site-specific KC pre-
vention 2 and 5 years after local 5-FU or imiquimod
treatment.50 In our study, the demonstrated effect of HPV vac-
cination on AK burden was not associated with development
of significantly fewer new AKs, although in general, median
new AK numbers were low throughout the trial. The study also
found no difference in skin cancer rates in the first 12 months;
both KC numbers overall and per participant were similar in
the 2 groups. In addition, intraindividual comparison found
no difference in patients’ annual KC rates postvaccination vs
3 years prevaccination. We indeed expected little to no effect
of vaccination for BCC, given BCC tumors have lower immu-
nogenicity vs SCCs.51 However, before concluding that α-HPV
vaccination does not impact KC development generally, some
factors should be considered. First, it is debatable that 12
months is adequate time to reveal impact on KC and SCC in
particular,45 considering that only 8 participants developed SCC
during the observation period. Further, comparing annual KC
rates from a period where patients underwent 5 or more skin
examinations, with rates from a preceding period with con-
ceivably less intensive monitoring, ignores the issue of detec-
tion bias. Definitive statements on the utility of α-HPV vacci-
nation for KC and SCC prevention are therefore premature, and
extended follow-up of our study population (up to 10 years
postvaccination) using registry-based data outside the RCT
framework is ongoing.

Our study raises the question but does not address, how
a vaccine designed to prevent mucosal α-HPV infection might
reduce established actinic skin lesions. Two points warrant at-
tention here. First, there is a suggestion of overlapping util-
ity, as improvement in β-HPV–related skin disease is reported
following intramuscular α-HPV vaccination.52-55 One study of
treatment-recalcitrant plantar warts described complete clear-
ance rates of 82% and 63% in 32 patients after intralesional or
standard intramuscular α-HPV vaccination, respectively.55

These responses may reflect nonspecific immune stimula-
tion by the vaccine or adjuvant therapy, or as proposed by oth-
ers, immunological cross-reactivity due to some antigenic simi-
larity of L1 capsid proteins across HPV genera.56-60 Second,
heralding a paradigm shift in skin cancer, researchers’ under-
standing of the interplay between the commensal skin vi-
rome, host immunity, and tissue homeostasis is evolving. In
their seminal work, Strickley et al,61 demonstrate that T-cell
immune responses against skin tropic papillomaviruses sup-
press skin cancer development in immunocompetent hosts.
Specifically, papillomavirus-specific CD8-positive T cells pro-
tect against the expansion of variant p53 clones by targeting
keratinocytes that present increased viral antigens (due to the
absence of functional p53).62 Rather than papillomaviruses
being a cofactor in skin carcinogenesis, it is the loss of this im-
munity that explains the greater prevalence of KC and cuta-
neous warts in immunosuppressed populations.61,62 Al-
though not their primary mechanism of action, α-HPV vaccine

Table 1. Baseline Participant Characteristics

Characteristic

No. (%)
HPV group
(n = 35)

Sham group
(n = 35)

Demographics

Sex

Female 10 (29) 13 (37)

Male 25 (71) 22 (63)

Age, median (IQR), y 75.00
(67.00-79.00)

77.00
(72.00-80.00)

Fitzpatrick skin type

I 18 (51) 9 (26)

II 12 (34) 11 (31)

III 5 (14) 15 (43)

IV-VI 0 0

Test site

Area, median (IQR), cm2 80.00
(72.00-96.00)

80.00
(66.00-96.00)

Anatomical location

Scalp and face 7 (20) 16 (46)

Trunk 14 (40) 7 (20)

Proximal limb 11 (31) 7 (20)

Distal limb (ie, hands and feet) 3 (9) 5 (14)

No. of AKs (lesions), median (IQR) 19.00
(16.00-24.00)

20.00
(16.00-27.00)

Skin cancer history, median (IQR)

No. of KC tumors in 3 y
before inclusion

1.00 (0-5.0) 2.00 (0.00-4.00)

No. of KC tumors/y in 3 y
before inclusion

0.30 (0-1.70) 0.70 (0.00-1.30)

No. of KC tumors detected
at baseline visit

0.00 0.00 (0.00-0.25)

Abbreviations: AK, actinic keratosis; HPV, human papillomavirus; KC,
keratinocyte carcinoma.
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can induce cytotoxic T-cell immunity that may display greater
cross-reactive potential than the corresponding antibody
response.58,63-65 Furthermore, increased CD8 T-cell infiltra-
tion is anecdotally described in SCCs from vaccinated
patients.66 Thus, a possible mechanism behind our clinical re-
sponses could be boosted T-cell immunity against variant ke-
ratinocytes in AK that demonstrate increased viral antigen
expression.62

Sham-vaccinated patients showed a reduction in AK le-
sions in the first 6 months, despite receiving no active vac-
cine or local test site treatment in that time frame. Spontane-
ous regression in clinical AKs is previously described and not
uncommon. A 2022 systematic review and pooled analysis of
18 RCTs revealed a lesion-specific regression rate of 23% in pla-
cebo group populations, ranging from 13% at week 8 to 33%
at week 12 posttreatment.67 Furthermore, in our study, pa-
tients were encouraged to use daily sunscreen including on test

sites, a practice that can lower AK counts and prevent new
AK.68,69 Finally, due to concerns about the ethics of leaving
our severely photodamaged population untreated, most par-
ticipants (53 of 70 [76%]) received field therapy with photo-
dynamic therapy, 5-FU, or imiquimod in a non–test site ana-
tomical locations in the first 6 months. The remote possibility
that these treatments had an abscopal effect on test site AKs,
as described by cryotherapy, cannot be excluded.70 Impor-
tantly, however, treatment rates between the 2 groups were
not significantly different based on patients having received
any topical field treatment, the number of field treatments, or
specific types of therapy (ie, photodynamic therapy, 5-FU, or
imiquimod) received in the first 6 months.

Limitations
The main limitations of this study include the relatively small
population size and the imperfect science of clinical AK

Table 2. Impact of Human Papillomavirus (HPV) Vaccination on Actinic Keratoses (AKs) Over 12 Months

Variable

Median (IQR), %

HPV group (n = 35) Sham group (n = 32-35)a P value
Primary end point

Per-protocol analysis

Reduction in baseline AKs

Month 2 (n = 69) 35.00 (25.00-44.00) 25.00 (18.00-33.00) .03

Month 6 (n = 69) 47.00 (33.00-53.00) 29.00 (16.00-44.00) .01

Month 9 (n = 67) 58.00 (37.00-63.00) 42.00 (33.00-57.00) .09

Month 12 (n = 68) 58.00 (47.00-6.009) 4.007 (32.00-65.00) .05

Intention-to-treat analysis

Reduction in baseline AKs

Month 2 (n = 70) 35 (25-44) 25 (18-33) .03

Month 6 (n = 70) 47 (35-53) 29 (17-44) .004

Month 9 (n = 70) 58 (37-63) 38 (33-56) .04

Month 12 (n = 70) 58 (47-69) 41 (30-65) .03

Secondary end points (per-protocol analysis)

Total No. of AK with new AKs

Month 0 (n = 69) 19.00 (16.00-24.00) 20.00 (16.00-27.00) .31

Month 2 (n = 69) 15.00 (12.00-18.00) 16.00 (13.00-24.00) .09

Month 6 (n = 69) 14.00 (11.00-16.00) 17.00 (12.00-23.00) .01

Month 9 (n = 67) 11.00 (8.00-15.00) 13.50 (11.00-18.50) .13

Month 12 (n = 68) 10.00 (6.00-14.00) 16.00 (8.50-21.00) .02

Total No. of thick AKs (grade II-III)

Month 0 (n = 69) 3.00 (1.00-6.00) 5.00 (2.00-8.00) .12

Month 2 (n = 69) 3.00 (1.00-7.00) 4.50 (1.75-8.00) .39

Month 6 (n = 69) 5.00 (3.00-7.00) 6.50 (3.75-10.00) .02

Month 9 (n = 67) 4.00 (3.00-5.00) 5.00 (4.00-9.75) .04

Month 12 (n = 68) 3.00 (2.00-5.00) 5.00 (2.50-8.50) .049

New AKs only

Month 2 (n = 69) 1.00 (1.00-2.00) 2.00 (1.00-3.25) .16

Month 6 (n = 69) 2.00 (1.00-3.00) 2.00 (1.00-5.25) .27

Month 9 (n = 67) 1.00 (0.00-3.00) 1.00 (0.00-2.00) .65

Month 12 (n = 68) 1.00 (0.00-2.00) 1.00 (0.00-2.00) .56

Total No. of AKs (grade II-III) that received
cryotherapy

Month 6 (n = 69) 4.00 (2.00-6.00) 6.00 (2.75-8.00) .19

Month 9 (n = 69) 4.00 (3.00-5.00) 5.00 (2.75-9.00) .10

a Depending on per-protocol or
intention-to-treat analyses as
detailed in Figure 1.
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assessment.71 Although AKs are generally diagnosed clinically,44 extended monitoring of multiple, individual le-

Figure 2. Digital Photography of Actinic Keratoses in Human Papillomavirus (HPV)-Vaccinated
and Sham-Vaccinated Participants Over 12 Months

HPV-vaccinated patient 1A

HPV-vaccinated patient 2B

Sham-vaccinated patient 1C

Sham-vaccinated patient 2D

Baseline Month 2 Month 6 Month 9 Month 12

Baseline Month 2 Month 6 Month 9 Month 12

Baseline Month 2 Month 6 Month 9 Month 12

Baseline Month 2 Month 6 Month 9 Month 12

Test sites from 2 HPV-vaccinated
participants are presented in the
upper rows (A and B), while sites
from 2 sham-vaccinated participants
are depicted in the lower rows (C and
D). Percentage reductions in baseline
actinic keratoses of HPV-vaccinated
patient 1 were 50% (month 2), 62%
(month 6), 59% (month 9), and 74%
(month 12) (A); for HPV-vaccinated
patient 2, corresponding percentage
reductions were 25% (month 2), 31%
(month 6), 56% (month 9), 63%
(month 12) (B). For sham-vaccinated
patient 1, percentage reductions were
19% (month 2), 15% (month 6), 52%
(month 9), and 41% (month 12) (C);
corresponding percentage reductions
for sham-vaccinated patient 2 were
33% (month 2), 39% (month 6), 33%
(month 9), and 56% (month 12) (D).
The uppermost, erythematous lesion
noted in the test area of
sham-vaccinated patient 1 was
confirmed at month 2 to be a
squamous cell carcinoma in situ and
treated with curettage and
electrodesiccation during the visit
(C).

Table 3. Impact of Human Papillomavirus (HPV) Vaccination on Keratinocyte Carcinomas (KCs)
Over the 12-Month Study Period

Variable HPV group (n = 35) Sham group (n = 34) P value
Participants who develop cancer, No. (%)

KC 17 (49) 15 (44) .81

SCC 5 (14) 3 (9) .71

BCC 14 (40) 14 (41) >.99

No. of KC lesions/tumors, median (IQR)

Total KC 0.00 (0.00-2.00) 0.00 (0.00-1.25) .61

SCC 0.00 (0.00-0) 0.00 (0.00-0.00) .64

SCC + SCC in situ/Bowen disease 0.00 (0.00-0.00) 0.00 (0.00-0.25) .71

BCC 0.00 (0.00-2.00) 0.00 (0.00-1.25) .87

Abbreviations: BCC, basal cell
carcinoma; SCC, squamous cell
carcinoma.
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sions is notoriously challenging due to changing lesion mor-
phologic characteristics, clustering, and distinguishing be-
tween similarly appearing lesions such as flat warts.72 The
method is furthermore prone to intraobserver and interob-
server variability.71,73 To mitigate these issues, the study used
meticulous lesion mapping and eliminated the issue of in-
terobserver variation by having the same evaluator perform
all assessments. Histological confirmation of lesional clear-
ance, counting AKs beyond the 50 cm2 to 100 cm2 test site, or
assessing total test site surface area covered by lesions to
achieve a more complete picture of clinical improvement, were
not performed due to feasibility considerations. Also, al-
though study randomization was predominantly successful,
a higher number of fair-skinned patients with Fitzpatrick skin
type I was identified in the HPV-vaccinated group, which may
have influenced AK and KC outcomes. Relatedly, neither sun
protection nor presence of HPV in participants’ skin was as-
sessed in the trial. Finally, longer follow-up may have been

valuable since it is uncertain that herein observed AK effects
wane over time; a scenario particularly likely if underlying im-
munological mechanisms are nonspecific. Still, key study
strengths remain the quality of evidence provided by the tri-
al’s sham-controlled, double-blind design and relatively
lengthy follow-up, as well as the minimal dropout rate and high
fidelity to the study protocol.

Conclusions
In this RCT, standard α-HPV vaccination was shown to re-
duce AK burden in immunocompetent individuals with mul-
tiple lesions. Although the effect on skin cancer develop-
ment remains uncertain, HPV-targeted vaccines might prove
useful in the management of AK, a chronic, relapsing disease
and the most common precancer in fair-skinned popula-
tions.

ARTICLE INFORMATION

Accepted for Publication: February 13, 2025.

Published Online: March 6, 2025.
doi:10.1001/jamadermatol.2025.0531

Author Affiliations: Department of Dermatology,
Copenhagen University Hospital–Bispebjerg and
Frederiksberg, Copenhagen, Denmark (Wenande,
Hastrup, Wiegell, Philipsen, Haedersdal); Clinic of
Dermatology, Naestved, Denmark (Thomsen);
Cutaneous Biology Research Center, Department of
Dermatology, Massachusetts General Hospital,
Boston (Demehri); Unit of Virus, Lifestyle and
Genes, Danish Cancer Institute, Copenhagen,
Denmark (Kjaer); Department of Obstetrics and
Gynecology, Copenhagen University Hospital
Rigshospitalet, Copenhagen, Denmark (Kjaer);
Department of Clinical Medicine, Faculty of Health
and Medical Sciences, University of Copenhagen,
Copenhagen, Denmark (Kjaer, Haedersdal).

Author Contributions: Drs Wenande and Philipsen
had full access to all of the data in the study and
take responsibility for the integrity of the data and
the accuracy of the data analysis.
Concept and design: Wenande, Wiegell,
Bech-Thomsen, Haedersdal.
Acquisition, analysis, or interpretation of data:
Wenande, Hastrup, Wiegell, Philipsen, Demehri,
Kjaer, Haedersdal.
Drafting of the manuscript: Wenande,
Bech-Thomsen.
Critical review of the manuscript for important
intellectual content: Wenande, Hastrup, Wiegell,
Philipsen, Demehri, Kjaer, Haedersdal.
Statistical analysis: Wenande, Philipsen.
Obtained funding: Wenande, Haedersdal.
Administrative, technical, or material support:
Hastrup, Bech-Thomsen, Haedersdal.
Supervision: Wenande, Wiegell, Haedersdal.

Conflict of Interest Disclosures: Dr Wenande
reported grants from Region Hovedstadens
Forskningsfond til Sundhedsforskning (A7173)
(2021-0112206), Bispebjerg og Frederiksberg
Hospitaler Frie Forskningsmidler 2021, and Fonden
af Fam. Kjærsgaard, Sunds (DAHL-A.FID3424431),
as well as funding from the Danish Research Center
for Skin Cancer during the study, and personal fees
from Sanofi (speaker honorarium), became a Novo

Nordisk A/S employee in September 2024 (after
the trial’s conclusion), and received ASLMS travel
grants outside the submitted work. Dr Wiegell
reported speaker honoraria from Galderma and
LEO Pharma outside the submitted work. Dr
Demehri has a pending patent (PCT/US2019/
063172) with Massachusetts General Hospital for T
cell–directed anticancer vaccines. Dr Kjaer reported
grants from Merck and personal fees from MSD
outside the submitted work. Dr Haedersdal
reported grants from the Danish Research Center
for Skin Cancer, Fonden af Fam. Kjærsgaard, Sunds,
Region Hovedstadens Forskningsfond til
Sundhedsforskning, and Bispebjerg og
Frederiksberg Hospitaler Frie Forskningsmidler
2021 during the study and personal fees from
Cynosure-Lutronic (equipment), Damae (research
collaboration), Galderma (lectures, teaching), GME
Medical (equipment), Leo Pharma (research grant),
La Roche-Posay (research grant, consulting),
Michelson Diagnostics (research collaboration),
Procter & Gamble (consulting), and Venus Concept
(research grant, equipment) outside the submitted
work. No other disclosures were reported.

Funding/Support: This study was supported by
grants from Region Hovedstadens Forskningsfond
til Sundhedsforskning (A7173), (2021-0112206),
Bispebjerg og Frederiksberg Hospitaler Frie
Forskningsmidler 2021, and Fonden af Fam.
Kjærsgaard, Sunds (DAHL-A.FID3424431).
Additional support came from the Danish Research
Center for Skin Cancer, a public-private research
partnership between the Private Hospital Molholm,
Aalborg University Hospital, and Copenhagen
University Hospital–Bispebjerg and Frederiksberg.

Role of the Funder/Sponsor: With the exception of
the Danish Research Center for Skin Cancer, with
whom Drs Wenande, Wiegell, Philipsen, and
Haedersdal are affiliated, no funder was involved in
the design and conduct of the study; collection,
management, analysis, and interpretation of the
data; preparation, review, or approval of the
manuscript; and decision to submit the manuscript
for publication.

Data Sharing Statement: See Supplement 3.

Meeting Presentation: This study was presented
at the American Academy of Dermatology Annual
Meeting; March 6, 2025; Orlando, Florida.

Additional Contributions: We thank the patients
for granting permission to publish the clinical
images in Figure 2. The authors would like to thank
private practicing dermatologists Rikke Skøt
Cvetkovski MD, PhD, and Katrine Togsverd-Bo MD,
PhD, DMSc, for assisting with patient recruitment.
They were not compensated for their recruitment
activity.

REFERENCES

1. George CD, Lee T, Hollestein LM, Asgari MM,
Nijsten T. Global epidemiology of actinic keratosis in
the general population: a systematic review and
meta-analysis. Br J Dermatol. 2024;190(4):465-476.
doi:10.1093/bjd/ljad371

2. Grada A, Muddasani S, Fleischer AB Jr, Feldman
SR, Peck GM. Trends in office visits for the five most
common skin diseases in the United States. J Clin
Aesthet Dermatol. 2022;15(5):E82-E86.

3. Siegel JA, Korgavkar K, Weinstock MA. Current
perspective on actinic keratosis: a review. Br J
Dermatol. 2017;177(2):350-358. doi:10.1111/bjd.14852

4. Moy RL. Clinical presentation of actinic
keratoses and squamous cell carcinoma. J Am Acad
Dermatol. 2000;42(1 Pt 2):8-10. doi:10.1067/mjd.
2000.103343

5. Padilla RS, Sebastian S, Jiang Z, Nindl I, Larson R.
Gene expression patterns of normal human skin,
actinic keratosis, and squamous cell carcinoma:
a spectrum of disease progression. Arch Dermatol.
2010;146(3):288-293. doi:10.1001/archdermatol.
2009.378

6. Werner RN, Sammain A, Erdmann R, Hartmann
V, Stockfleth E, Nast A. The natural history of actinic
keratosis: a systematic review. Br J Dermatol. 2013;
169(3):502-518. doi:10.1111/bjd.12420

7. Madani S, Marwaha S, Dusendang JR, et al.
Ten-year follow-up of persons with sun-damaged
skin associated with subsequent development of
cutaneous squamous cell carcinoma. JAMA Dermatol.
2021;157(5):559-565. doi:10.1001/jamadermatol.
2021.0372

Research Original Investigation Human Papillomavirus Vaccination and Actinic Keratosis Burden

E8 JAMA Dermatology Published online March 6, 2025 (Reprinted) jamadermatology.com

© 2025 American Medical Association. All rights reserved, including those for text and data mining, AI training, and similar technologies.

Downloaded from jamanetwork.com by UFMG user on 04/09/2025

https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamadermatol.2025.0531?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamadermatol.2025.0531
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamadermatol.2025.0531?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamadermatol.2025.0531
https://dx.doi.org/10.1093/bjd/ljad371
https://www.ncbi.nlm.nih.gov/pubmed/35642232
https://www.ncbi.nlm.nih.gov/pubmed/35642232
https://dx.doi.org/10.1111/bjd.14852
https://dx.doi.org/10.1067/mjd.2000.103343
https://dx.doi.org/10.1067/mjd.2000.103343
https://jamanetwork.com/journals/jama/fullarticle/10.1001/archdermatol.2009.378?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamadermatol.2025.0531
https://jamanetwork.com/journals/jama/fullarticle/10.1001/archdermatol.2009.378?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamadermatol.2025.0531
https://dx.doi.org/10.1111/bjd.12420
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamadermatol.2021.0372?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamadermatol.2025.0531
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamadermatol.2021.0372?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamadermatol.2025.0531
http://www.jamadermatology.com?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamadermatol.2025.0531


8. Marks R, Rennie G, Selwood TS. Malignant
transformation of solar keratoses to squamous cell
carcinoma. Lancet. 1988;1(8589):795-797. doi:10.
1016/S0140-6736(88)91658-3

9. Guorgis G, Anderson CD, Lyth J, Falk M. Actinic
keratosis diagnosis and increased risk of developing
skin cancer: a 10-year cohort study of 17,651
patients in Sweden. Acta Derm Venereol. 2020;100
(8):adv00128. doi:10.2340/00015555-3486

10. Mohr C, Li Y, Navsaria LJ, et al. Skin cancers in
Medicare beneficiaries with actinic keratoses. JAMA
Dermatol. 2023;159(12):1368-1372. doi:10.1001/
jamadermatol.2023.4266

11. Yeung H, Baranowski ML, Swerlick RA, et al. Use
and cost of actinic keratosis destruction in the
Medicare Part B fee-for-service population, 2007 to
2015. JAMA Dermatol. 2018;154(11):1281-1285. doi:
10.1001/jamadermatol.2018.3086

12. Neagu N, Dianzani C, Venuti A, et al. The role of
HPV in keratinocyte skin cancer development:
a systematic review. J Eur Acad Dermatol Venereol.
2023;37(1):40-46. doi:10.1111/jdv.18548

13. Arron ST, Ruby JG, Dybbro E, Ganem D, Derisi
JL. Transcriptome sequencing demonstrates that
human papillomavirus is not active in cutaneous
squamous cell carcinoma. J Invest Dermatol. 2011;
131(8):1745-1753. doi:10.1038/jid.2011.91

14. Hasche D, Vinzón SE, Rösl F. Cutaneous
papillomaviruses and non-melanoma skin cancer:
causal agents or innocent bystanders? Front Microbiol.
2018;9:874. doi:10.3389/fmicb.2018.00874

15. Rollison DE, Viarisio D, Amorrortu RP, Gheit T,
Tommasino M. An emerging issue in oncogenic
virology: the role of beta human papillomavirus
types in the development of cutaneous squamous
cell carcinoma. J Virol. 2019;93(7):e01003-18.
doi:10.1128/JVI.01003-18

16. Wang J, Aldabagh B, Yu J, Arron ST. Role of
human papillomavirus in cutaneous squamous cell
carcinoma: a meta-analysis. J Am Acad Dermatol.
2014;70(4):621-629. doi:10.1016/j.jaad.2014.01.857

17. Chahoud J, Semaan A, Chen Y, et al. Association
between β-genus human papillomavirus and
cutaneous squamous cell carcinoma in
immunocompetent individuals: a meta-analysis.
JAMA Dermatol. 2016;152(12):1354-1364. doi:10.
1001/jamadermatol.2015.4530

18. Weissenborn SJ, Nindl I, Purdie K, et al. Human
papillomavirus-DNA loads in actinic keratoses
exceed those in non-melanoma skin cancers.
J Invest Dermatol. 2005;125(1):93-97. doi:10.1111/j.
0022-202X.2005.23733.x

19. Hartevelt MM, Bavinck JN, Kootte AM, Vermeer
BJ, Vandenbroucke JP. Incidence of skin cancer
after renal transplantation in The Netherlands.
Transplantation. 1990;49(3):506-509. doi:10.1097/
00007890-199003000-00006

20. Jensen P, Hansen S, Møller B, et al. Skin cancer
in kidney and heart transplant recipients and
different long-term immunosuppressive therapy
regimens. J Am Acad Dermatol. 1999;40(2 Pt 1):177-
186. doi:10.1016/S0190-9622(99)70185-4

21. Rosen T, Lebwohl MG. Prevalence and
awareness of actinic keratosis: barriers and
opportunities. J Am Acad Dermatol. 2013;68(1)(suppl
1):S2-S9. doi:10.1016/j.jaad.2012.09.052

22. Borgogna C, Lanfredini S, Peretti A, et al.
Improved detection reveals active β-papillomavirus
infection in skin lesions from kidney transplant

recipients. Mod Pathol. 2014;27(8):1101-1115. doi:10.
1038/modpathol.2013.240

23. Harwood CA, Surentheran T, McGregor JM,
et al. Human papillomavirus infection and
non-melanoma skin cancer in immunosuppressed
and immunocompetent individuals. J Med Virol.
2000;61(3):289-297. doi:10.1002/1096-9071
(200007)61:3<289::AID-JMV2>3.0.CO;2-Z

24. Rollison DE, Amorrortu RP, Zhao Y, et al.
Cutaneous human papillomaviruses and the risk of
keratinocyte carcinomas. Cancer Res. 2021;81(17):
4628-4638. doi:10.1158/0008-5472.CAN-21-0805

25. Frazer IH. The actinic keratosis virome: can we
prevent squamous cell carcinoma with a vaccine?
Curr Probl Dermatol. 2015;46:28-35. doi:10.1159/
000366532

26. Vinzón SE, Rösl F. HPV vaccination for
prevention of skin cancer. Hum Vaccin Immunother.
2015;11(2):353-357. doi:10.4161/21645515.2014.
983858

27. Nichols AJ, Allen AH, Shareef S, Badiavas EV,
Kirsner RS, Ioannides T. Association of human
papillomavirus vaccine with the development of
keratinocyte carcinomas. JAMA Dermatol. 2017;153
(6):571-574. doi:10.1001/jamadermatol.2016.5703

28. Wenande E, Bech-Thomsen N, Haedersdal M.
Reduction in actinic keratoses following 9-valent
human papilloma virus vaccination. Dermatol Ther.
2020;33(4):e13454. doi:10.1111/dth.13454

29. Vinzón SE, Braspenning-Wesch I, Müller M,
et al. Protective vaccination against
papillomavirus-induced skin tumors under
immunocompetent and immunosuppressive
conditions: a preclinical study using a natural
outbred animal model. PLoS Pathog. 2014;10(2):
e1003924. doi:10.1371/journal.ppat.1003924

30. Selm LC, Morr C, Badiavas EV, Nichols A,
Ioannides T. Cutaneous squamous cell carcinoma in
situ on a fingernail treated with HPV vaccine.
J Drugs Dermatol. 2024;23(4):275-276. doi:10.
36849/JDD.7507

31. Nichols AJ, Gonzalez A, Clark ES, et al.
Combined systemic and intratumoral
administration of human papillomavirus vaccine to
treat multiple cutaneous basaloid squamous cell
carcinomas. JAMA Dermatol. 2018;154(8):927-930.
doi:10.1001/jamadermatol.2018.1748

32. Nichols A, Nahm W, Rabinovitz H, Ioannides T.
Keratinocyte carcinomas in immunocompromised
patients are reduced after administration of the
nonavalent human papillomavirus vaccine. J Drugs
Dermatol. 2022;21(5):526-528. doi:10.36849/JDD.
6536

33. Bossart S, Daneluzzi C, Moor MB, et al. HPV
vaccination in immunosuppressed patients with
established skin warts and non-melanoma skin
cancer: a single-institutional cohort study. Vaccines
(Basel). 2023;11(9):1490. doi:10.3390/
vaccines11091490

34. Nichols AJ, De Bedout V, Fayne RA, Burke GW,
Kirsner RS, Ioannides T. Systemic and intratumoral
9-valent human papillomavirus vaccine treatment
for squamous cell carcinoma in situ in a renal
transplant recipient. JAAD Case Rep. 2020;6(4):
289-291. doi:10.1016/j.jdcr.2020.02.002

35. Jeon YJ, Koo DW, Lee JS. Bowen disease of the
nail apparatus with HPV16 positivity and resolution
with human papillomavirus vaccination. Br J
Dermatol. 2020;183(1):e1. doi:10.1111/bjd.18945

36. Wilson A, Cowan TL, Marucci D, Murrell DF.
Intralesional 9-valent human papillomavirus as a
treatment for facial squamous cell carcinoma. J Eur
Acad Dermatol Venereol. 2022;36(12):e1064-e1065.
doi:10.1111/jdv.18451

37. Geizhals S, Lebwohl MG. The successful
treatment of multiple cutaneous malignancies with
HPV vaccination: case report. Skin (Milwood).
2020;4(2):148-151. doi:10.25251/skin.4.2.9

38. Wenande E, Bech-Thomsen N, Togsverd-Bo K,
Haedersdal M. Off-label 9-valent human
papillomavirus vaccination for actinic keratosis:
a case series. Case Rep Dermatol. 2021;13(3):457-463.
doi:10.1159/000518666

39. Gee J, Weinbaum C, Sukumaran L, Markowitz
LE. Quadrivalent HPV vaccine safety review and
safety monitoring plans for nine-valent HPV vaccine
in the United States. Hum Vaccin Immunother.
2016;12(6):1406-1417. doi:10.1080/21645515.2016.
1168952

40. Schulz KF, Altman DG, Moher D. CONSORT
2010 statement: updated guidelines for reporting
parallel group randomised trials. J Pharmacol
Pharmacother. 2010;1(2):100-107. doi:10.4103/0976-
500X.72352

41. Olsen EA, Abernethy ML, Kulp-Shorten C, et al.
A double-blind, vehicle-controlled study evaluating
masoprocol cream in the treatment of actinic
keratoses on the head and neck. J Am Acad Dermatol.
1991;24(5 Pt 1):738-743. doi:10.1016/0190-9622(91)
70113-G

42. Gupta R, Rady PL, Doan HQ, Tyring SK.
Development of a β-HPV vaccine: updates on an
emerging frontier of skin cancer prevention. J Clin
Virol. 2020;126:104348. doi:10.1016/j.jcv.2020.
104348

43. Tay SH, Choon CO. The clinical landscape of
HPV vaccination in preventing and treating
cutaneous squamous cell carcinoma. JEADV Clin
Pract. Published online August 30, 202. doi:10.1002/
jvc2.538

44. Eisen DB, Asgari MM, Bennett DD, et al.
Guidelines of care for the management of actinic
keratosis. J Am Acad Dermatol. 2021;85(4):e209-
e233. doi:10.1016/j.jaad.2021.02.082

45. Steeb T, Wessely A, Petzold A, et al. Long-term
recurrence rates of actinic keratosis: a systematic
review and pooled analysis of randomized
controlled trials. J Am Acad Dermatol. 2022;86(5):
1116-1119. doi:10.1016/j.jaad.2021.04.017

46. Fargnoli MC, Piccioni A, Neri L, Tambone S,
Pellegrini C, Peris K. Conventional vs. daylight
methyl aminolevulinate photodynamic therapy for
actinic keratosis of the face and scalp: an
intra-patient, prospective, comparison study in
Italy. J Eur Acad Dermatol Venereol. 2015;29(10):
1926-1932. doi:10.1111/jdv.13076

47. Wiegell SR, Fabricius S, Gniadecka M, et al.
Daylight-mediated photodynamic therapy of
moderate to thick actinic keratoses of the face and
scalp: a randomized multicentre study. Br J Dermatol.
2012;166(6):1327-1332. doi:10.1111/j.1365-2133.2012.
10833.x

48. Richard MA, Amici JM, Basset-Seguin N,
Claudel JP, Cribier B, Dreno B. Management of
actinic keratosis at specific body sites in patients at
high risk of carcinoma lesions: expert consensus
from the AKTeam of expert clinicians. J Eur Acad

Human Papillomavirus Vaccination and Actinic Keratosis Burden Original Investigation Research

jamadermatology.com (Reprinted) JAMA Dermatology Published online March 6, 2025 E9

© 2025 American Medical Association. All rights reserved, including those for text and data mining, AI training, and similar technologies.

Downloaded from jamanetwork.com by UFMG user on 04/09/2025

https://dx.doi.org/10.1016/S0140-6736(88)91658-3
https://dx.doi.org/10.1016/S0140-6736(88)91658-3
https://dx.doi.org/10.2340/00015555-3486
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamadermatol.2023.4266?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamadermatol.2025.0531
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamadermatol.2023.4266?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamadermatol.2025.0531
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamadermatol.2018.3086?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamadermatol.2025.0531
https://dx.doi.org/10.1111/jdv.18548
https://dx.doi.org/10.1038/jid.2011.91
https://dx.doi.org/10.3389/fmicb.2018.00874
https://dx.doi.org/10.1128/JVI.01003-18
https://dx.doi.org/10.1016/j.jaad.2014.01.857
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamadermatol.2015.4530?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamadermatol.2025.0531
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamadermatol.2015.4530?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamadermatol.2025.0531
https://dx.doi.org/10.1111/j.0022-202X.2005.23733.x
https://dx.doi.org/10.1111/j.0022-202X.2005.23733.x
https://dx.doi.org/10.1097/00007890-199003000-00006
https://dx.doi.org/10.1097/00007890-199003000-00006
https://dx.doi.org/10.1016/S0190-9622(99)70185-4
https://dx.doi.org/10.1016/j.jaad.2012.09.052
https://dx.doi.org/10.1038/modpathol.2013.240
https://dx.doi.org/10.1038/modpathol.2013.240
https://dx.doi.org/10.1002/1096-9071(200007)61:3%3C289::AID-JMV2%3E3.0.CO;2-Z
https://dx.doi.org/10.1002/1096-9071(200007)61:3%3C289::AID-JMV2%3E3.0.CO;2-Z
https://dx.doi.org/10.1158/0008-5472.CAN-21-0805
https://dx.doi.org/10.1159/000366532
https://dx.doi.org/10.1159/000366532
https://dx.doi.org/10.4161/21645515.2014.983858
https://dx.doi.org/10.4161/21645515.2014.983858
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamadermatol.2016.5703?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamadermatol.2025.0531
https://dx.doi.org/10.1111/dth.13454
https://dx.doi.org/10.1371/journal.ppat.1003924
https://dx.doi.org/10.36849/JDD.7507
https://dx.doi.org/10.36849/JDD.7507
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamadermatol.2018.1748?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamadermatol.2025.0531
https://dx.doi.org/10.36849/JDD.6536
https://dx.doi.org/10.36849/JDD.6536
https://dx.doi.org/10.3390/vaccines11091490
https://dx.doi.org/10.3390/vaccines11091490
https://dx.doi.org/10.1016/j.jdcr.2020.02.002
https://dx.doi.org/10.1111/bjd.18945
https://dx.doi.org/10.1111/jdv.18451
https://dx.doi.org/10.25251/skin.4.2.9
https://dx.doi.org/10.1159/000518666
https://dx.doi.org/10.1080/21645515.2016.1168952
https://dx.doi.org/10.1080/21645515.2016.1168952
https://dx.doi.org/10.4103/0976-500X.72352
https://dx.doi.org/10.4103/0976-500X.72352
https://dx.doi.org/10.1016/0190-9622(91)70113-G
https://dx.doi.org/10.1016/0190-9622(91)70113-G
https://dx.doi.org/10.1016/j.jcv.2020.104348
https://dx.doi.org/10.1016/j.jcv.2020.104348
https://dx.doi.org/10.1002/jvc2.538
https://dx.doi.org/10.1002/jvc2.538
https://dx.doi.org/10.1016/j.jaad.2021.02.082
https://dx.doi.org/10.1016/j.jaad.2021.04.017
https://dx.doi.org/10.1111/jdv.13076
https://dx.doi.org/10.1111/j.1365-2133.2012.10833.x
https://dx.doi.org/10.1111/j.1365-2133.2012.10833.x
http://www.jamadermatology.com?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamadermatol.2025.0531


Dermatol Venereol. 2018;32(3):339-346. doi:10.1111/
jdv.14753

49. Cheng B, Veerabagu S, Miller CJ, et al. A
comparison of invasive squamous cell carcinoma
greater than 1 year after treatment with
5-fluorouracil, imiquimod, or photodynamic
therapy with aminolevulinic acid. J Am Acad
Dermatol. 2022;87(3):592-596. doi:10.1016/j.jaad.
2022.05.051

50. Neugebauer R, Su KA, Zhu Z, et al.
Comparative effectiveness of treatment of actinic
keratosis with topical fluorouracil and imiquimod in
the prevention of keratinocyte carcinoma: a cohort
study. J Am Acad Dermatol. 2019;80(4):998-1005.
doi:10.1016/j.jaad.2018.11.024

51. Heppt MV, Gebhardt C, Hassel JC, et al.
Long-term management of advanced basal cell
carcinoma: current challenges and future
perspectives. Cancers (Basel). 2022;14(19):4547.
doi:10.3390/cancers14194547

52. Venugopal SS, Murrell DF. Recalcitrant
cutaneous warts treated with recombinant
quadrivalent human papillomavirus vaccine (types
6, 11, 16, and 18) in a developmentally delayed,
31-year-old white man. Arch Dermatol. 2010;146(5):
475-477. doi:10.1001/archdermatol.2010.71

53. Landis MN, Lookingbill DP, Sluzevich JC.
Recalcitrant plantar warts treated with recombinant
quadrivalent human papillomavirus vaccine. J Am
Acad Dermatol. 2012;67(2):e73-e74. doi:10.1016/j.
jaad.2011.08.022

54. Abeck D, Fölster-Holst R. Quadrivalent human
papillomavirus vaccination: a promising treatment
for recalcitrant cutaneous warts in children. Acta
Derm Venereol. 2015;95(8):1017-1019. doi:10.2340/
00015555-2111

55. Nofal A, Marei A, Ibrahim AM, Nofal E, Nabil M.
Intralesional versus intramuscular bivalent human
papillomavirus vaccine in the treatment of
recalcitrant common warts. J Am Acad Dermatol.
2020;82(1):94-100. doi:10.1016/j.jaad.2019.07.070

56. Slupetzky K, Gambhira R, Culp TD, et al. A
papillomavirus-like particle (VLP) vaccine displaying
HPV16 L2 epitopes induces cross-neutralizing

antibodies to HPV11. Vaccine. 2007;25(11):2001-2010.
doi:10.1016/j.vaccine.2006.11.049

57. Ault KA. Human papillomavirus vaccines and
the potential for cross-protection between related
HPV types. Gynecol Oncol. 2007;107(2)(suppl 1):
S31-S33. doi:10.1016/j.ygyno.2007.08.059

58. Pinto LA, Viscidi R, Harro CD, et al. Cellular
immune responses to HPV-18, -31, and -53 in
healthy volunteers immunized with recombinant
HPV-16 L1 virus-like particles. Virology. 2006;353
(2):451-462. doi:10.1016/j.virol.2006.06.021

59. Pinto LA, Edwards J, Castle PE, et al. Cellular
immune responses to human papillomavirus
(HPV)-16 L1 in healthy volunteers immunized with
recombinant HPV-16 L1 virus-like particles. J Infect Dis.
2003;188(2):327-338. doi:10.1086/376505

60. Faust H, Toft L, Sehr P, et al. Human
papillomavirus neutralizing and cross-reactive
antibodies induced in HIV-positive subjects after
vaccination with quadrivalent and bivalent HPV
vaccines. Vaccine. 2016;34(13):1559-1565. doi:10.
1016/j.vaccine.2016.02.019

61. Strickley JD, Messerschmidt JL, Awad ME, et al.
Immunity to commensal papillomaviruses protects
against skin cancer. Nature. 2019;575(7783):519-522.
doi:10.1038/s41586-019-1719-9

62. Son HG, Ha DT, Xia Y, et al. Commensal
papillomavirus immunity preserves the
homeostasis of highly mutated normal skin. Cancer
Cell. Published online December 12, 2024.

63. Bellone S, El-Sahwi K, Cocco E, et al. Human
papillomavirus type 16 (HPV-16) virus-like particle
L1-specific CD8+ cytotoxic T lymphocytes (CTLs)
are equally effective as E7-specific CD8+ CTLs in
killing autologous HPV-16-positive tumor cells in
cervical cancer patients: implications for L1
dendritic cell-based therapeutic vaccines. J Virol.
2009;83(13):6779-6789. doi:10.1128/JVI.02443-08

64. Evans TG, Bonnez W, Rose RC, et al. A Phase 1
study of a recombinant viruslike particle vaccine
against human papillomavirus type 11 in healthy
adult volunteers. J Infect Dis. 2001;183(10):1485-1493.
doi:10.1086/320190

65. Nakagawa M, Greenfield W, Moerman-Herzog
A, Coleman HN. Cross-reactivity, epitope spreading,
and de novo immune stimulation are possible
mechanisms of cross-protection of nonvaccine
human papillomavirus (HPV) types in recipients of
HPV therapeutic vaccines. Clin Vaccine Immunol.
2015;22(7):679-687. doi:10.1128/CVI.00149-15

66. Zhang Y, Wang Y, Guo S, Cui H.
METTL3-mediated HPV vaccine enhances the
effect of anti PD-1 immunotherapy to alleviate the
development of cutaneous squamous cell
carcinoma. An Bras Dermatol. 2024;99(2):210-222.
doi:10.1016/j.abd.2023.05.006

67. Steeb T, Petzold A, Hornung A, Wessely A,
Berking C, Heppt MV. Spontaneous regression rates
of actinic keratosis: a systematic review and pooled
analysis of randomized controlled trials. Sci Rep.
2022;12(1):5884. doi:10.1038/s41598-022-09722-8

68. Thompson SC, Jolley D, Marks R. Reduction of
solar keratoses by regular sunscreen use. N Engl J
Med. 1993;329(16):1147-1151. doi:10.1056/
NEJM199310143291602

69. Darlington S, Williams G, Neale R, Frost C,
Green A. A randomized controlled trial to assess
sunscreen application and beta carotene
supplementation in the prevention of solar
keratoses. Arch Dermatol. 2003;139(4):451-455.
doi:10.1001/archderm.139.4.451

70. Bernal Masferrer L, Gracia Cazaña T, Bernad
Alonso I, et al. Topical immunotherapy for actinic
keratosis and field cancerization. Cancers (Basel).
2024;16(6):1133. doi:10.3390/cancers16061133

71. Burstein SE, Maibach H. Actinic keratosis
metrics. Arch Dermatol Res. 2024;316(8):543. doi:
10.1007/s00403-024-03305-5

72. Frost CA, Green AC. Epidemiology of solar
keratoses. Br J Dermatol. 1994;131(4):455-464. doi:
10.1111/j.1365-2133.1994.tb08544.x

73. Weinstock MA, Bingham SF, Cole GW, et al.
Reliability of counting actinic keratoses before and
after brief consensus discussion: the VA topical
tretinoin chemoprevention (VATTC) trial. Arch
Dermatol. 2001;137(8):1055-1058.

Research Original Investigation Human Papillomavirus Vaccination and Actinic Keratosis Burden

E10 JAMA Dermatology Published online March 6, 2025 (Reprinted) jamadermatology.com

© 2025 American Medical Association. All rights reserved, including those for text and data mining, AI training, and similar technologies.

Downloaded from jamanetwork.com by UFMG user on 04/09/2025

https://dx.doi.org/10.1111/jdv.14753
https://dx.doi.org/10.1111/jdv.14753
https://dx.doi.org/10.1016/j.jaad.2022.05.051
https://dx.doi.org/10.1016/j.jaad.2022.05.051
https://dx.doi.org/10.1016/j.jaad.2018.11.024
https://dx.doi.org/10.3390/cancers14194547
https://jamanetwork.com/journals/jama/fullarticle/10.1001/archdermatol.2010.71?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamadermatol.2025.0531
https://dx.doi.org/10.1016/j.jaad.2011.08.022
https://dx.doi.org/10.1016/j.jaad.2011.08.022
https://dx.doi.org/10.2340/00015555-2111
https://dx.doi.org/10.2340/00015555-2111
https://dx.doi.org/10.1016/j.jaad.2019.07.070
https://dx.doi.org/10.1016/j.vaccine.2006.11.049
https://dx.doi.org/10.1016/j.ygyno.2007.08.059
https://dx.doi.org/10.1016/j.virol.2006.06.021
https://dx.doi.org/10.1086/376505
https://dx.doi.org/10.1016/j.vaccine.2016.02.019
https://dx.doi.org/10.1016/j.vaccine.2016.02.019
https://dx.doi.org/10.1038/s41586-019-1719-9
https://www.ncbi.nlm.nih.gov/pubmed/39672169
https://www.ncbi.nlm.nih.gov/pubmed/39672169
https://www.ncbi.nlm.nih.gov/pubmed/39672169
https://www.ncbi.nlm.nih.gov/pubmed/39672169
https://www.ncbi.nlm.nih.gov/pubmed/39672169
https://www.ncbi.nlm.nih.gov/pubmed/39672169
https://www.ncbi.nlm.nih.gov/pubmed/39672169
https://www.ncbi.nlm.nih.gov/pubmed/39672169
https://www.ncbi.nlm.nih.gov/pubmed/39672169
https://dx.doi.org/10.1128/JVI.02443-08
https://dx.doi.org/10.1086/320190
https://dx.doi.org/10.1128/CVI.00149-15
https://dx.doi.org/10.1016/j.abd.2023.05.006
https://dx.doi.org/10.1038/s41598-022-09722-8
https://dx.doi.org/10.1056/NEJM199310143291602
https://dx.doi.org/10.1056/NEJM199310143291602
https://jamanetwork.com/journals/jama/fullarticle/10.1001/archderm.139.4.451?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamadermatol.2025.0531
https://dx.doi.org/10.3390/cancers16061133
https://dx.doi.org/10.1007/s00403-024-03305-5
https://dx.doi.org/10.1111/j.1365-2133.1994.tb08544.x
https://www.ncbi.nlm.nih.gov/pubmed/11493098
https://www.ncbi.nlm.nih.gov/pubmed/11493098
http://www.jamadermatology.com?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamadermatol.2025.0531

