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SIGNIFICANCE
Treatment-resistant actinic keratosis remains a clinical chal-
lenge, often requiring retreatment. This study demonstra-
tes the potential of dynamic optical coherence tomography 
to differentiate between treatment-resistant and cleared 
actinic keratosis following daylight photodynamic therapy. 
Our findings show that treatment-resistant lesions have 
increased and disorganized vascularization compared with 
cleared lesions, characterized by a trend of higher total ves-
sel length, vessel area density, shorter mean vessel length,  
and higher branchpoint density. These results suggest that 
dynamic optical coherence tomography could be a valuable 
tool for identifying actinic keratosis that may require further 
intervention, ultimately enhancing targeted treatment ap-
proaches and improving long-term management of patients.

Treatment-resistant actinic keratosis (AK) is of con-
cern in clinical practice, often requiring retreatment. 
Microvascular assessments might help differentiate 
treatment-resistant from treatment-responsive AKs, 
enabling targeted treatment. Using dynamic optical co-
herence tomography, AK vascularization was investiga-
ted following daylight photodynamic therapy, compa-
ring treatment-resistant with cleared AKs. AKs on face/
scalp were graded according to the Olsen Classification 
Scheme and scanned with dynamic optical coherence 
tomography pre-treatment, and 3- and 12-months 
post-treatment. Employing dynamic optical coherence 
tomography, total vessel length, mean vessel length, 
mean vessel diameter, vessel area density, and bran-
chpoint density were quantified. Thirty-eight patients 
with 62 AKs were enrolled, including 37 AK I, 18 AK 
II, and 7 AK III. Treatment-resistant AKs displayed a 
trend toward intensified vascularization compared with 
cleared AK at baseline (AKs I, II), suggested by higher 
total vessel length (median 144.0, IQR 104.3–186.6) 
and vessel area density (median 27.7, IQR 18.4–34.2) 
than in cleared AK (median 120.9, IQR 86.9–143.0 
and median 22.9, IQR 17.3–26.8). Additionally, vas-
cularization in treatment-resistant AK I–II appeared 
disorganized, with trends toward shorter mean vessel 
length (median 151.0, IQR 138.5–167.5) and increased 
branchpoint density (median 3.2, IQR 2.3–3.8) compa-
red with cleared AK (median 160.0, IQR 152.0–169.3 
and median 2.6, IQR 2.2–3.0). These findings suggest 
that dynamic optical coherence tomography holds po-
tential to identify treatment-resistant AKs.

Key words: dynamic optical coherence tomography; OCTAVA; 
daylight photodynamic therapy; actinic keratosis; skin micro-
vasculature; angiography.
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Actinic keratosis (AK) is a precancerous disease that 
develops in chronically sun-exposed and photo-

damaged skin (1). Lesions predominantly occur within 
fields of preneoplastic alterations caused by prolonged 

ultraviolet radiation (UV) exposure (1). Among the white 
population, AK is the most common neoplasm, with a glo-
bal prevalence of 14% and a high incidence in the elderly 
(2). Lesions have a low risk of progressing to squamous 
cell carcinoma (SCC), while the majority remain chronic 
or may spontaneously regress if left untreated (1, 3). 

In addition to preventing malignant transformation, 
AK management is tailored according to patient preferen-
ces and severity of symptoms such as itching, tenderness 
of the skin, and cosmetic concerns (1, 4, 5). Currently, 
most AK interventions are directed towards the entire 
cancerized field due to their convenience and ability to 
mitigate subclinical damage (1, 6). This management 
strategy not only reduces the risk of recurrence but also 
limits development of new lesions (1).

Common to all types of field-treatments is that some 
AKs may persist and exhibit therapeutic resistance (7). 
These therapy-resistant lesions require additional treat-
ment, potentially affecting the patient’s quality of life 
due to symptoms associated with the treatment and the 
time spent on multiple treatment sessions. At present, 
the absence of clinical criteria for identifying treatment-
resistant AKs (trAK) makes it difficult to recognize 
these lesions prior to treatment commencement. In most 
clinical trials, primary efficacy endpoint is reported as 
lesion clearance or recurrence rates, often evaluated at 
3 to 6 months (8, 9). Assessing long-term efficacy is 
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often difficult due to the potential development of new 
AKs in the treated field (10). Therefore, continuous and 
spatially mapped monitoring of treated AKs is necessary 
to thoroughly study trAK (8, 10). 

Non-invasive imaging tools are increasingly applied 
alongside clinical examination and dermatoscopy to mo-
nitor response after field-directed therapies (1, 11–15). 
Among these, dynamic optical coherence tomography 
(D-OCT), in particular, holds promise because it is com-
mercially available and provides both qualitative and 
quantitative measurements of blood vessels in addition 
to structural changes of the skin (16). 

Recent advancements in automated D-OCT image 
analysis have enabled detailed examination of the vas-
cular network (17, 18). In a previous study, we applied 
D-OCT with automated vascular analysis to explore 
subsurface differences between clinical AK grades I–III 
and photodamaged skin (PD) (19). This study revealed 
a quantifiable relationship between the degree of vas-
cularization and the level of disorganization within the 
vascular network across all AK grades compared with 
PD skin. Until now, no studies have investigated vas-
cular changes in response to field-directed treatments. 
Daylight photodynamic therapy (dPDT) is often prefer-
red among treatments because it can be completed in a 
single session and causes less pain than conventional 
photodynamic therapy (PDT) (20). Although treatment 
efficacy is high up to 3 months post-treatment, resistant 
lesions may still persist, requiring additional therapeutic 
interventions (21). Based on our previous observations, 
we hypothesize that vascular assessment could provide 
insights into treatment response. A more in-depth charac-
terization of trAK may help identify cases that need more 
aggressive treatment than standard care. Ultimately, this 
targeted strategy may improve outcomes and reduce the 
risk of recurrence. Therefore, the aim of this study was 
to investigate vascular features in trAK, comparing these 
findings with AK showing complete clearance (clAK) 12 
months after treatment with dPDT.

MATERIALS AND METHODS

Design and ethical considerations

As part of a larger investigation, this exploratory, clinical study 
was approved by the Danish Medicine Agency (EudraCT 2021-
0015860-21), the Regional Ethics Committee of Region Hoved-
staden (H-78842), and the Danish Data Protection Agency. The 
unit for Good Clinical Practice monitored the study, which was 
carried out in compliance with the Declaration of Helsinki. All 
patients signed an informed consent agreement before enrolment.

Study population

This study recruited patients from October 2021 to November 
2022 among patients referred to the Department of Dermatology, 
Copenhagen University Hospital, Bispebjerg and Frederiksberg 
in Copenhagen. Follow-up was undertaken from November 2021 
to June 2023. Inclusion criteria were age above 18 in patients 
presenting with AKs on face or scalp. Exclusion criteria were any 

AK treatment inside the test areas within the previous 3 months, 
immunosuppression, pregnancy, and contraindications to PDT. 

Daylight photodynamic therapy: treatment procedure

The treatment methodology of the larger investigation, upon which 
this study extends, has previously been described (22). Briefly, a 
board-certified dermatologist identified AKs on the face or scalp, 
which were marked and numbered on a transparency to enable 
reidentification at follow-up. Each AK was graded according to 
clinically evaluated thickness into I: mild (slightly palpable, more 
easily felt than seen), II: moderate (moderately thick, easily felt), 
III: severe (very thick or obvious AK) (23). For the current study, 
at least one AK grade I, II, III, and adjacent PD skin were scanned 
with D-OCT at baseline before dPDT and at each follow-up visit at 
3 and 12 months. All non-complete responding AKs were graded 
and recorded on the original transparency created at baseline. 

Following clinical grading and D-OCT at baseline, the treatment 
area underwent superficial curettage before application of methyl 
aminolevulinate (MAL) cream (Metvix® 160 mg/g, Galderma 
Nordica AB, Uppsala, Sweden) (22). After a 30-min incubation 
period, the treatment area was illuminated with daylight for 2 h. 
Depending on the weather conditions, illumination was carried 
out using either outdoor or indoor daylight. For outdoor daylight 
exposure, patients were positioned either inside or outside a 
greenhouse located in the hospital garden. Patients exposed to 
outdoor daylight applied an organic sunscreen (SPF 20®, P20, 
Riemann & Co A/S, Hillerød, Denmark) 15 min prior to applica-
tion of MAL cream (22). 

For indoor daylight illumination, we used a MultiLite® lamp 
(German Medical Engineering, Erlangen, Germany), which emits 
light at wavelengths of 415, 585, and 635 nm, corresponding to 
the absorption spectrum of protoporphyrin IX (PpIX). Indoor il-
lumination was performed for 2 h at a skin-to-lamp distance of 50 
cm, resulting in a total PpIX-weighted effective light dose of 15 
J/cm². Although we aimed for a 0° angle between the incoming 
light and the skin, this was not always achievable due to the curved 
surfaces of the face and scalp. Following daylight exposure, any 
remaining MAL cream was removed, and patients were advised 
to remain indoors for the remainder of the day (22). 

Treatment response assessment

In this study, clinical treatment response was assessed at 3 and 
12 months’ follow-up. At each follow-up, treatment response was 
defined as either complete (total lesion disappearance, confirmed 
visually and by palpation) or non-complete, as described in our 
previously published paper (22). In the examination of vascular 
features, the treatment-resistant vs treatment-responsive AK I and 
AK II were combined. Furthermore, recurring AKs were classified 
as treatment-resistant.

Dynamic optical coherence tomography: imaging procedure

In our study, we utilized a commercially available D-OCT scanner 
(Vivosight Dx, Michelson Diagnostics, Kent, UK). This scanner 
operates with a centre wavelength of 1,305 nm, providing a lateral 
resolution of less than 7.5 µm and an axial resolution of less than 
5 µm, with a field-of-view measuring 6 x 6 mm (16). Structural 
OCT images of the skin are obtained up to a depth of 1.5 mm, with 
the Vivosight software automatically generating the corresponding 
vascular D-OCT images. Each D-OCT en-face image is displayed 
on the structural OCT en-face image, enabling visualization of 
vessels up to a depth of 500 µm (16). Imaging beyond this depth 
was limited due to speckle and a low signal-to-noise ratio in dee-
per skin layers (16). In our study, we captured volumetric images 
using 250 B-scans in the x–z plane.

http://medicaljournalssweden.se/actadv
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Automated image analysis and extraction of vascular measurements

We generated maximum intensity projection images (MIP) of the 
superficial plexus from each D-OCT scan using MATLAB 2023a 
(Mathworks Inc, Natick, MA, USA) (19). These images were 
centred at a depth of 300 µm from the skin surface with a thickness 
of 100 µm. Subsequently, quantitative vascular parameters were 
then extracted from the MIP images using OCTAVA software (v2, 
MATLAB App version) (17). OCTAVA segments the vessels from 
the background in the MIP images and extracts skeletal represen-
tations to assess the vascular network’s connectivity (17). This 
software identifies nodes and calculates segment lengths through 
graph analysis, and vessel diameters using a Euclidean distance 
transform. All metrics were recorded in an Excel file (Microsoft 
Corp, Redmond, WA, USA) for further analysis.

For this study, we processed all images in batch mode using 
uniform settings. We applied the Fuzzy means technique for seg-
mentation, followed by the Frangi filter with a kernel size range 
from 1 to 8. These settings were previously optimized for D-OCT 
images of skin (24). 

As specified in our previous studies, OCTAVA quantifies total 
vessel length and vessel area density (VAD) to evaluate the extent of 
the vascular network (17, 19). Additionally, the software calculates 
mean blood vessel measurements such as mean length and mean 
diameter, which are essential for assessing vascular capacity. The 
organization of the vascular network is assessed using additional 
parameters, including branchpoint density (BD), which measures 
vessel connectivity by indicating the frequency of vessel branches. 
Furthermore, the degree of twisting and turning of blood vessels, 
referred to as mean tortuosity, can affect tissue perfusion. We also 
assessed changes in fractal dimension (FD), as this parameter 
reflects irregular and complex blood vessel formation (25).

Statistics

Descriptive statistics were conducted for vascular measurements 
provided by OCTAVA, with results visualized as boxplots. Data 
were reported as median (interquartile range [IQR]), and norma-

lity tested with the Kolmogorov–Smirnov test. We conducted 
non-parametric statistics as several parameters did not align with 
a normal distribution. Accordingly, to investigate differences in 
vascular parameters between treatment-resistant vs treatment-
responsive AK, we applied the Mann–Whitney U tests. Only 
statistically significant p-values < 0.05 for vascular differences 
between trAKs and cleared AKs are reported in the main text. 
Non-significant p-values and significant findings not central to the 
main conclusions are presented in Table S3. Statistical analyses 
were carried out using SPSS Statistics software (Version 29; IBM 
Corp, Armonk, NY, USA).

RESULTS

In this study, we enrolled 38 patients with Fitzpatrick skin 
types I–III. All patients received treatment with dPDT on 
either face (n = 28) or scalp (n = 10) and attended follow-
up visits at 3 and 12 months. Patients presented with a total 
of 62 AKs, which included 37 AK I, 18 AK II, 7 AK III, 
as well as 35 PD skin sites. All lesions underwent longi-
tudinal monitoring with D-OCT assessment before dPDT 
at baseline as well as at each follow-up visit (Fig. 1).

One year after dPDT, 36 AK had completely cleared, 
whereas 26 AKs demonstrated treatment resistance. 
Among treatment-resistant lesions, 13 AKs initially 
cleared but reoccurred during the study period (Table 
I). Of all assessed AK I, 35.1% (13/37) were treatment-
resistant, compared with 44.4% (8/18) in AK II, and 
71.4% (5/7) in AK III. 

In PD skin, vascularization remained relatively constant 
after dPDT throughout the study period. In contrast, longi-
tudinal monitoring revealed differences in vascularization 
between trAK and clAK (Fig. 2 and Tables SI–SIII). To 

Fig. 1. Clinical photos, dermatoscopic images, and D-OCT scans of treated actinic keratosis I–III. This illustration highlights changes in 
vascular features of actinic keratosis (AK) lesions over time, demonstrating the effectiveness of treatments and the persistence of vascular features in 
resistant cases. In the clinical photographs, each imaged AK lesion is indicated with a blue arrow. At baseline, untreated AKs I–III exhibit a higher level of 
vascularization and disorganization of the vascular network compared with PD skin. At 3 and 12 months after dPDT, AKs I–II were effectively eliminated, 
with less vascularization observed during follow-up compared with baseline. In contrast, AK III exhibited treatment resistance, and displayed continued 
presence of radiating vessels and disorganized vessel growth.

http://medicaljournalssweden.se/actadv
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assess the overall trends differentiating trAK and clAK, 
we merged AK I and AK II due to relatively low sample 
size and the similarity in their vascular patterns (19, 26); 
AK III was excluded in this part of the analysis due to 
thick hyperkeratosis in some lesions, which could con-
found the results. As described in our previous study, 
hyperkeratosis can obscure vessel detection and impede 
reliable assessment of untreated AK III (19). We also 
present longitudinal data for each AK grade separately to 
ensure completeness. The vascular analyses split by AK 
grade are shown in Fig. 3 and Table SII (19). 

Baseline characteristics of AKs resistant to treatment 
versus treatment responsive AK
Assessment of vascular features in trAK and clAK sho-
wed variations in multiple parameters at baseline (Fig. 
2). These parameters primarily related to the degree of 

vascularization and organization of the vascular network. 
In our overall assessment, we observed that trAK 

exhibited more intense vascularization compared with 
treatment-responsive AK at baseline (Fig. 2 and Table 
SI). This observation was supported by a higher total 
vessel length (median 144.0, IQR 104.3–186.6) and 
VAD (median 27.7, IQR 18.4–34.2) in trAK than in 
clAK (median 120.9, IQR 86.9–143.0 and median 22.9, 
IQR 17.3–26.8, respectively). Additionally, vessels in 
trAK had a shorter mean length (median 151.0, IQR 
138.5–167.5) compared witho those in clAKs (median 
160.0, IQR 152.0–169.3) (Table SI). 

These observations aligned with the presence of a 
disorganized vascular network in trAKs. In trAK, vas-
cularization presented a more branched network. This 
observation was revealed through an increased BD in 
trAK (median 3.2, IQR 2.3–3.8) relative to clAK (median 
2.6, IQR 2.2–3.0) at baseline. 

Analysis split by AK grade revealed near-significantly 
higher total vessel length and VAD (both p = 0.055), 
along with a significantly higher BD (p = 0.043) in trAK 
II (n = 8) compared with clAK II (n = 10).

Changes in vascular features 3 months post-dPDT
Similar to the vascular differences between trAK and 
clAK observed at baseline, trAK displayed more exten-
sive vascularization compared with clAKs at 3 months’ 
follow-up. As such, trAK appeared with a higher total 
vessel length (median 127.3, IQR 79.8–150.6) and VAD 
(median 24.5, IQR 16.0–27.9) compared with AKs that 
had cleared (median 99.7, IQR 75.4–138.0 and median 
20.0, IQR 15.8–25.3).

In addition, organization of the vascular network also 
presented differently between trAK compared with clAK. 
In trAK, our vascular assessments indicated disorganiza-
tion of vessels compared with AKs that had cleared. In 

Table I. Frequency and proportion of actinic keratosis grades I–III 
in response to daylight photodynamic therapy at 12 months

Lesion group Treatment response Frequency, n Percent, %

Photodamaged skin NA 35 100
AK I–III Cleared 36 58

Resistant 13 21
Recurrent 13 21
Total 62 100

AK I Cleared 24 64.9
Resistant 5 13.5
Recurrent 8 21.6
Total 37 100

AK II Cleared 10 55.6
Resistant 5 27.8
Recurrent 3 16.7
Total 18 100

AK III Cleared 2 28.6
Resistant 3 42.9
Recurrent 2 28.6
Total 7 100

Frequency and proportion of actinic keratosis (AK) grades I–III, showing their 
respective responses to field-treatment with daylight photodynamic therapy after 
12 months, is illustrated.

Fig. 2. Boxplots illustrating vascular differences 
at baseline between treatment-resistant 
and responsive actinic keratosis I–II and 
photodamaged skin. The boxplots compare vascular 
parameters across treatment-resistant and treatment-
responsive actinic keratosis (AK) I–II and photodamaged 
skin (PD). For each parameter, the horizontal line in 
each box indicates the median value. Boxes indicate 
the interquartile range, encompassing the 25th and 75th 
percentile, while the whiskers extend to the minimum 
and maximum values. Outliers are marked as individual 
points outside of the range of the whiskers. Treatment-
resistant AK I–II exhibits increased vascularization, 
with higher total vessel length and vessel area density 
compared with treatment-responsive AK. Moreover, 
treatment-resistant AKs appear with a disorganized 
vascular network, characterized by shorter mean vessel 
length and increased branch point density. 

http://medicaljournalssweden.se/actadv
https://doi.org/10.2340/actadv.v104.42190
https://doi.org/10.2340/actadv.v104.42190
https://doi.org/10.2340/actadv.v104.42190
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Fig. 3. D-OCT scans and boxplots illustrating vascular changes in actinic keratosis after daylight photodynamic therapy. The D-OCT scans 
demonstrate vascular changes in treatment-resistant and treatment-responsive actinic keratosis (AK) at baseline, and at 3 and 12 months after field-
treatment with daylight photodynamic therapy. Treatment-resistant AK: Throughout the study period, a high vessel density and a disorganized vascular 
network are observed consistently throughout the study period. Treatment-responsive AK: At baseline, the vascular network is dense. At 3 and 12 months, 
the vascular network becomes more reticular with reduced vascularization. The boxplots illustrate trends in vascular differences between treatment-
resistant and treatment-responsive AK I, II, and III, compared with photodamaged skin (PD) at baseline, and at 3 and 12 months post-treatment. For 
each parameter, the horizontal line in each box indicates the median value. Boxes indicate the interquartile range, encompassing the 25th and 75th 
percentile, while the whiskers extend to the minimum and maximum values. Outliers are marked as individual points outside of the range of the whiskers. 

http://medicaljournalssweden.se/actadv
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trAK, vessels appeared with a lower mean vessel length 
(median 160.5, IQR 149.0–183.5), compared with clAK 
(median 172.0, IQR 151.0–182.5). However, BD in trAK 
(median 2.4, IQR 2.0–3.3), was similar to that in clAK 
(median 2.4, IQR 1.7–3.1).

Changes in vascular features 12 months post-dPDT
In contrast to our findings at baseline and 3 months’ 
follow-up, we observed different trends in vascularization 
between trAK and clAK 1 year after dPDT. At 12 months, 
the extent of vascularization was reduced in trAK compa-
red with clAK. Thus, in trAK, total vessel length (median 
102.6, IQR 80.5–158.1) and VAD (median 21.2, IQR 
16.1–29.6) were significantly lower than in clAK (median 
141.8, IQR 99.7–164.8 and median 26.0, IQR 19.3–32.7) 
(p = 0.035 and p = 0.046, respectively) (Table SIII). 

At 12 months, vessel organization appeared similar 
between trAK and clAK. As such, mean vessel length 
(median 165.0, IQR 154.5–179.0) and BD (median 2.5, 
IQR 1.9–3.1) in trAK were comparable to AKs that had 
completely cleared after dPDT (median 166.5, IQR 
146.0–172.0 and median 2.6, IQR 2.1–3.4). 

Of note, vascular assessments split by AK grade re-
vealed contradictory trends between AK I and AK II. 
Specifically, trAK I displayed a trend of reduced vascu-
larization compared with clAK I, 1 year after treatment. 
Additionally, clAK I presented with a lower mean vessel 
length combined with a higher BD than trAK by the end 
of our study (Fig. 3 and Table SII). In contrast, assess-
ment of trAK II followed the same trend as observed at 
baseline and at 3 months’ follow-up. At 12 months, trAK 
II appeared with an increased vascularization compared 
with clAK II, with a higher total vessel length and VAD 
than clAK II (Table SII). Moreover, we observed a shorter 
mean vessel length combined with an increased BD in 
trAK II group compared with clAK II, which aligned with 
our observations at baseline and 3 months (Table SII).

Finally, OCTAVA provided several additional measu-
rements as illustrated in Tables SI–SIII. None of these 
parameters revealed clear trends, although they provided 
insights into the variability and nuances of our data.

DISCUSSION

In this study, we applied D-OCT with automated vascular 
analysis to investigate subsurface differences between 
treatment-resistant and treatment-responsive AK treated 
with dPDT. Our study demonstrated a trend of vascular 
differences between trAK and AK that showed complete 
clearance 1 year post-treatment. These differences were 
observed at baseline prior to treatment initiation, with 
trAK showing more intense and disorganized vascula-
rization compared with treatment-responsive AK. At 3 
months’ follow-up this trend persisted, showing a greater 
level of vascularization and disorganization in trAK than 

clAK. In contrast, by 12 months, vascularization in trAK 
was reduced relative to cleared skin, but with similar 
level of vessel organization. Based on our findings, D-
OCT was able to distinguish between trAK and clAK. 
This observation suggests that D-OCT may be beneficial 
in treatment decision-making by offering a more precise 
method for predicting and monitoring treatment outcome. 

Given the increased risk of AK development in field-
cancerized skin, repeated treatments and long-term ma-
nagement are necessary to avoid recurrence and possible 
malignant transformation (1, 27, 28). At present, guideli-
nes recommend treating all AKs without differentiating 
lesions based on risk assessment or the likelihood of 
individual lesion progression (7). Still, clinical practice 
demonstrates that achieving sustained clearance remains 
difficult in patients with severely photodamaged skin 
(10, 14). Our study found that nearly half of the treated 
AKs were resistant to dPDT, highlighting this difficulty. 

The proportions of cleared AK grades I–III were lower 
than 12 months’ clearance rates reported in previous 
literature (21, 29, 30). A possible explanation might be 
that we focused on a relatively small number of lesions, 
without considering the overall disease burden and cal-
culating the total clearance rate for the whole treated area. 

Among all assessed AKs I–III, most treatment-resistant 
lesions were grade II or III. Our previous study demon-
strated a significant increase in vascularization in thick 
AK III compared with thin AK I (26). These findings, 
along with the current study’s results, suggest that the 
degree of vascularization within individual lesions may 
be an important factor when establishing a treatment plan. 
Identifying lesions that are difficult to treat may aid in 
determining when to employ more aggressive treatment 
options such as combination or procedural therapies. Tai-
lored treatment plans could potentially improve outcomes 
in AK patients, offering a more personalized approach 
to disease management.

In our study, trAKs displayed more intense and disor-
ganized vascularization than AK that cleared after dPDT. 
Previous research has observed that trAKs share distinct 
clinical and histological characteristics compared with tre-
atment naive lesions (7). Clinically, trAKs tend to be more 
painful, while histologically they show acantholysis along 
with considerable basal proliferation (7). A previous study 
has described the common presence of acantholysis and 
basal proliferation in AKs of organ transplant recipients 
(OTR) (31). The study concluded that these histological 
features could potentially serve as high-risk factors for 
malignant transformation, given that AKs in OTRs carry 
a high risk of developing into SCC (32). Thus, the distinct 
characteristics of trAK found in our study, and in previous 
research, suggest trAKs possess traits that may explain 
their reduced response to treatment. These observations 
highlight the need for targeted treatment strategies for 
trAKs, considering their unique clinical, subsurface, and 
histological profiles (7, 31). 
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Prior studies have employed non-invasive techniques 
to evaluate the attributes of recurring AKs following 
field-directed therapies (11, 33–38). Most of these studies 
indicate that AK characteristics present before treatment 
tend to persist in recurring lesions. Studies using der-
matoscopy and reflectance confocal microscopy have 
revealed the presence of enhanced vascularization and 
polymorphous vessels in trAK following PDT or imiqui-
mod treatment (35, 37). In our study, similar trends were 
observed at least 3 months post-treatment, with trAK 
exhibiting increased and disorganized vascularization 
compared with clAK (Fig. 3). However, at 12 months, 
an opposite trend emerged, with significantly increased 
vascularization observed in clAK compared with trAK. 
Given the extended duration since treatment and the 
relatively small sample size of this study, these findings 
should be interpreted with caution. Nevertheless, our 
observations highlight the need for further investigation 
in larger datasets to validate these results.

The continued presence of subsurface AK charac-
teristics has been interpreted in various ways. Some 
studies suggest that this persistence indicates subclinical 
AK, emphasizing the need for additional therapy (11, 
33–36). Other explanations propose that regeneration 
of epidermis and remodelling of the dermis contribute 
to these lingering features in skin confirmed as clear th-
rough clinical or histological examination, which could 
be useful for tracking the effects from different types of 
treatments (37, 38). Given these different interpretations, 
additional studies are needed to understand how to utilize 
imaging techniques effectively to monitor and guide 
treatment outcome for AK. 

Strengths and limitations
Strengths of this study include the in-vivo monitoring and 
long-term follow up of AK treated with dPDT. As shown 
in our study, a subset of lesions cleared immediately 
after dPDT but reoccurred at 12 months. This finding 
highlights that long-term monitoring is important to fully 
assess treatment efficacy. In addition, applying automated 
quantified assessments improves the reliability of D-OCT 
evaluations compared with qualitative image analysis. 

Limitations includes the small sample size, which 
might have compromised the reliability of our results. 
This constraint emphasizes the importance of performing 
analogous analyses on a larger dataset to expand the use 
of our results in a broader setting. Although most vascular 
differences between trAK and clAK were insignificant, 
likely due to the small sample size, we still identified 
distinct trends. Therefore, our study underscores the need 
for additional investigation using a larger sample size.

Conclusion
D-OCT identified trends of subsurface vascular diffe-
rences between treatment-resistant AK and treatment-

responsive AK post-dPDT. At baseline, AKs that were 
resistant to treatment showed more intense and disorgani-
zed vascularization compared with AKs that cleared after 
therapy. These findings emphasize the potential of D-OCT 
to identify AKs that may need additional treatment.
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