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Abstract
Background: The suspected link between human papillomavirus (HPV) and the development 
of premalignant and malignant skin lesions remains inadequately examined in clinical settings. 
This case series describes HPV vaccination as an off-label adjuvant therapy for actinic keratosis 
(AK). Methods: Twelve immunocompetent AK patients underwent HPV vaccination at a private 
dermatology clinic in Naestved, Denmark. Prior to vaccination, all patients demonstrated a high 
AK burden that required regular control visits. At 0, 2, and 6 months, the patients received an 
intramuscular injection of a commercially available 9-valent HPV vaccine. Concurrently, patients 
continued conventional AK therapies at 3-month intervals. Clinical response, consisting of re-
duction in AK number and general change in skin appearance, was assessed by a dermatologist 
over 12 months following first vaccination. Results: All patients (mean age 76.2 years; 10 M and 
2 F) completed the vaccine schedule. Overall, an average 85% reduction in total AK burden was 
recorded 12 months after beginning vaccination. Median AK burden thus fell from 56 (IQR: 
44–80) to 13.5 (IQR: 1–18) lesions after 12 months. Lesion reduction was observable by the sec-
ond inoculation at month 2 (34 AKs; IQR 22–80), continuing steadily until month 6 (15 AKs; IQR 
5–30) and plateauing between 6 and 12 months. Clinically, HPV vaccination elicited fading of 
lesions’ erythematous background after the first dose, often followed by sloughing of hyper-
keratotic elements in subsequent weeks. Patients reported no adverse effects related to HPV 
vaccination. Conclusion: This case series introduces the possibility that 9-valent HPV vaccina-
tion in combination with conventional treatments may be used as a therapeutic strategy for AK.
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Introduction

An association between skin dysplasia and human papillomavirus (HPV) has long been 
suspected. Raising suspicion of a potential relationship, the prevalence of viral DNA and 
mRNA is reported in actinic keratoses (AKs) as well as keratinocyte carcinomas (KCs) [1–3]. 
Risk of skin cancer is higher in immunosuppressed populations, with HPV DNA detection 
approaching 90% in KCs of immunosuppressed versus 30–50% in immunocompetent groups 
[2, 4]. At present, no prospective clinical trial has examined the therapeutic potential of HPV 
vaccination for KC or its precursors [5]. In the following case series, we describe 9-valent HPV 
vaccination as an off-label, adjunctive treatment for AK.

Case Series

Between January 2019 and May 2020, 12 immunocompetent Caucasian patients (10 M 
and 2 F) were treated at a private dermatology clinic in Naestved, Denmark (Table 1). All 
patients had responded inadequately to previous conventional AK treatments and sought to 
minimize future need for destructive therapies. Patients furthermore all had a history of KC. 
Vaccination was offered on a case-by-case basis for selected, difficult-to-treat patients with 
high AK burden. Patients provided informed written consent to off-label treatment with HPV 
vaccine prior to initiating vaccination.

Table 1. Patient baseline characteristics

Patient Sex Age Conventional AK therapy* KC history (n) AKs per month visit (n)
M0 M2 M6 M9 M12

1 M 83 CRYO, dPDT, rPDT, FU, IM BCC (1) 41 19 6 4 2
2 M 80 CRYO, DC SCC (7)

BCC (6)
83 94 47 19 15

3 M 80 CRYO, rPDT, IM, FU, DC SCC (2) 55 38 5 9 13
4 M 78 CRYO, rPDT, IM BCC (4) 51 35 17 5 0
5 M 76 CRYO, rPDT, IM, IMQ, DC SCC (3)

BCC (6)
124 92 33 24 18

6 M 75 CRYO, rPDT, IMQ BCC (6) 33 26 3 0 0
7 M 73 CRYO, IMQ BCC (1) 57 11 5 0 1
8 M 73 CRYO, rPDT, IM SCC (1)

BCC (7)
470 384 60 57 31

9 M 72 CRYO, rPDT, IM, IMQ SCC (3)
BCC (2)

72 24 18 9 8

10 M 70 CRYO, dPDT SCC (1) 32 21 8 14 14
11 F 78 CRYO, rPDT, FU SCC (2)

BCC (2)
65 44 20 14 18

12 F 76 CRYO, rPDT, FU, IM, IMQ BCC (1) 53 33 13 17 16

AK, actinic keratosis; BCC, basal cell carcinoma; CRYO, cryotherapy; DC, diclofenac; dPDT, daylight photo-
dynamic therapy; FU, 5-fluorouracil; IMQ, imiquimod; IM, ingenol mebutate; KC, keratinocyte carcinoma; 
rPDT, red light photodynamic therapy; SCC, squamous cell carcinoma.

*Therapies including in the past 12 months.
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According to the standard vaccination schedule, individuals received an intramuscular 
injection of a commercially available 9-valent HPV vaccine (GARDASIL9®; Merck & Co, White-
house Station, NJ, USA) at 0, 2, and 6 months. Patients continued individualized AK management 
with conventional therapies at 3-month intervals, consisting of lesion-directed cryotherapy 
and field-directed photodynamic therapy (Table 1). No patients initiated new AK treatments 
after the first vaccination. All AKs on the head/face, trunk, and extremities were counted 
during visits, providing a total lesion count at month 0, 2, and 6 (vaccination visits) as well as 
9 and 12 (routine control visits).

Prior to vaccination, AK burdens ranged from 32 to 470 lesions (median: 56; inter-
quartile range [IQR] 44–80). Overall, AK burden showed marked decline from baseline 
lesion count (56 AKs; IQR: 44–80) (Fig. 1). At the 2-month vaccination visit, the total AK 
number thus dropped an average of 35% (34 AKs; IQR: 22–80). By the third vaccination 
visit at 6 months, a 77% decline in AKs was noted (15 AKs; IQR: 5–30). AK burden appeared 
to stabilize between 6 and 12 months, ultimately resulting in a median lesion count of 13.5 
(IQR: 1–18). Thus, a year after beginning HPV vaccination, total AK count was 85% lower 
than baseline.

Clinical responses were discernible within 2 months of initiating vaccination. Thick 
AKs flaked off, leaving flat, scaly, and less erythematous lesions. Similarly in thin AKs, the 

Fig. 1. Clinical reduction in AK burden after 9-valent HPV vaccination. Reduction in median total AK number 
over a 1-year observation period. Error bars represent interquartile ranges. Overall, an average 85% reduc-
tion in the total AK number is observed from baseline to 12 months. HPV, human papillomavirus; AK, actinic 
keratosis.
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erythematous background appeared to fade (Fig. 2), presenting in dermoscopy as a disap-
pearance of the characteristic red pseudo-network.

Discussion

This case series describes a possible therapeutic effect of 9-valent HPV vaccination for 
skin cancer precursors. In the literature, there are emerging reports of the vaccine’s potential 
as an off-label treatment strategy for HPV-associated cutaneous conditions [5]. Indeed, using 
an identical vaccination protocol, we previously treated a patient with exceedingly high AK 
burden (>1,000 AKs), noting marked reduction in lesion number and improved skin texture 
over 1 year [6]. Interestingly, systemic and intratumoral use of HPV vaccines were recently 
described in the context of KC for 4 immunocompetent and 1 immunocompromised patient 
[7–10]. In comparison with KCs, an accelerated response seemed to occur in precursor AKs. 
Thus, clinical AK regression typically began within 2 months of the first injection, resulting in 
significant AK clearance before the vaccination protocol was completed. The higher viral load 
reported for AKs versus KC lesions may explain this potentiated response [1].

Based on our 1-year clinical observation, adjunctive HPV vaccination appeared beneficial 
for this selected patient profile, as reflected by a reduction in total AK burden in all patients 
versus baseline. Importantly, conventional treatments previously administered at regular 
3-month visits with equal aggressiveness had failed to achieve comparable reductions in 
patients’ AK burden. We thus interpret HPV vaccination to have contributed to the drop in AK 
numbers. Devoted sun-worshippers and patients with many AKs on the scalp, face, and neck 

Fig. 2. Clinical response to HPV vaccination documented by digital photography. Clinical AK clearance and 
improvement in skin texture is pictured at baseline and 12-month follow-up in 2 patients after adjunctive 
HPV vaccination. Visible reduction in AK lesions is observed in both instances. HPV, human papillomavirus; 
AK, actinic keratosis.
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were initially slower to respond to HPV vaccination. Furthermore, a patient that during the 
1-year period developed unrelated, life-threatening illness experienced a transient increase 
in AKs at the 6-month visit. Increased sun exposure and immune compromise may represent 
negative predictors of vaccination response.

The mechanism behind HPV vaccine-mediated effects on AKs and KCs is unknown. Previ-
ously, β-HPVs were theorized to play a role in the initiation phase of skin carcinogenesis, 
possibly via the deleterious effects of viral oncoproteins, E6 and E7 [3, 11–13]. In light of this 
theory, the question remains why a vaccine targeting mucosal α-HPVs would provide near-
universal effects in our AK population. Among the vaccine-associated types, HPV16 is only 
occasionally detected in skin lesions [3]. AKs instead primarily harbor β-HPVs, which in turn 
exhibit marked variation in type between lesions and individuals [14]. Rather than causative, 
the link between HPV and skin cancer may be correlative. Strickley et al. [15] recently showed 
that the CD8+ T-cell immune response against HPV, stimulated by infection, vaccine, or T-cell 
transfer, suppresses skin cancer development in mice. The authors propose that proliferating 
keratinocytes (i.e., in pre/malignant lesions) harboring active HPV can be targeted through 
boosts in HPV immunity and activation of T cells residing in the skin [15]. This mechanism 
may explain the clinical effects observed in our immunocompetent population, where some 
but not all AKs might be expected to harbor HPV [2]. AK reduction could further be driven by 
immunological responses generated by joint stimulation of vaccination and local immune cell 
recruitment by continued local therapies.

This small case series constitutes a preliminary description of the clinical effect of 
adjuvant 9-valent HPV vaccination in a small group of immunocompetent patients with high 
AK burden, treated at a private dermatology practice in Denmark. Crucially, as is the nature 
of a case series, there is no control group receiving comparable conventional therapy alone. 
It is therefore unclear to what degree vaccination contributed to the observed responses. We 
can furthermore not confirm that lesion clearance is sustained beyond a year. Nevertheless, 
we found that the dramatic and rapid response observed here in 12 patients warrants 
attention. This case series thus aims to inspire larger, randomized controlled trials investi-
gating the efficacy and underlying mechanism behind HPV vaccination for AK.
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