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Purpose: Patients with head and neck cancer undergoing radiation therapy (RT) may experience pronounced acute skin reactions. We
tested whether optical coherence tomography (OCT) and dermatoscopy could detect and monitor early subclinical RT-induced skin
changes and might be used as a noninvasive prediction tool for higher-grade acute toxicity.

Methods and Materials: Handheld OCT and dermatoscopy were used to monitor skin conditions during RT in head and neck cancer
patients. Images were reviewed for typical and suspicious features facilitated by electronic image analyses. Radiation toxicity was graded
weekly by a radiation oncologist. Machine learning was used to analyze the recorded data and to extract features, patterns/anomalies,
and risk prediction values for high-grade radiation toxicity.

Results: The most common skin features during RT observed by OCT were expressions of hyperkeratosis, blister formation,
and in selected cases, formation of extensive microvascular structures or stratification disorder. Dermatoscopy revealed an
almost linear increase in skin redness and saturation over the course of RT. By integrating all imaging and clinical data from
RT weeks 1 to 3, it was possible to predict an increased risk of severe radiation toxicity (National Cancer Institute Common
Terminology Criteria for Adverse Events (CTCAE) grade 3 or higher) in the second half of RT. A prediction accuracy of 72%,
75%, and 77% was achieved with OCT and clinical assessment, dermatoscopy and clinical assessment, and all 3 modes
combined, respectively.

Sources of support: We thank the Ober6sterreichischen Krebshilfe; the Fachgruppe Onkologie der Vinzenz Gruppe; and the Fahl GmbH for financial
support of this study. Additionally, this project is financed by research subsidies granted by the government of Upper Austria (FTT 2022 HIQUAMP:
Wi-2021-303205/13-Au). Supported by Johannes Kepler Open Access Publishing Fund.

Research data are stored in an institutional repository and will be shared upon request to the corresponding author.

*Corresponding author: Bettina Heise, PhD; Email: Bettina.Heise@jku.at

https://doi.org/10.1016/j.adro.2025.101793
2452-1094/© 2025 The Authors. Published by Elsevier Inc. on behalf of American Society for Radiation Oncology. This is an open access article under
the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).


http://crossmark.crossref.org/dialog/?doi=10.1016/j.adro.2025.101793&domain=pdf
mailto:Bettina.Heise@jku.at
https://doi.org/10.1016/j.adro.2025.101793
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1016/j.adro.2025.101793

2 B. Heise et al

Advances in Radiation Oncology: July 2025

Conclusions: OCT and dermatoscopy can detect early radiation-induced skin changes at a subclinical level. Dermatoscopy is more
accessible, whereas OCT requires training and further electronic processing to interpret images. Dermatoscopy, but not OCT, can
quantify skin color changes, whereas OCT is able to deliver unique information on epidermal suspicious microstructural changes.

© 2025 The Authors. Published by Elsevier Inc. on behalf of American Society for Radiation Oncology. This is an open access
article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

Introduction

Radiation therapy (RT) equipment and planning
schemes are becoming increasingly more sophisticated, but
skin toxicity still occurs," especially in areas, such as the
neck or chest. In patients with an individual higher sensitiv-
ity to (radiograph) radiation or a genetic predisposition,’
more severe inflammatory skin reactions and higher levels
of radiation toxicity have been described.” Severely affected
patients would require additional health care measures to
reduce or manage acute adverse effects during RT.

Clinically detectable skin reactions caused by ionizing
radiation that can be observed in the acute inflammatory
phase include erythema, dry and moist desquamation,
loss of hair follicles, and in some cases ulceration,™” as
well as effects on the dermal-epidermal junction.’

In order to monitor acute skin reactions and altered
skin conditions associated with RT, imaging methods
such as dermatoscopy and optical coherence tomography
(OCT) are viable options. OCT, which is a noninvasive
imaging technique, operates with near-infrared light.” In
the last decades, OCT has been established as a valuable
tool for dermatologic diagnosis,” partly replacing biop-
sies'’ and enabling the visualization of diverse inflamma-
tory and cancerous skin diseases.'"'”> OCT imaging for
acute radiation dermatitis detection has been briefly pre-
sented.”” A preclinical study performed in irradiated in
vitro skin models was published,"* comparing capabilities
of OCT and histologic sectioning techniques.

Machine learning (ML) methods have become increas-
ingly prevalent in the field of RT to facilitate and acceler-
ate RT planning and data analysis.'>'°

Our study compared OCT and dermatoscopic imaging
in their capabilities for monitoring early acute skin reac-
tions in head and neck cancer (HNC) patients receiving
definitive or postoperative RT.

Methods and Materials

Participants

Patients with HNC treated with definitive or postoperative
RT or radio-chemotherapy were eligible. Patients with malig-
nant tumors in the pharynx, larynx, or oral cavity treated
with definitive or postoperative RT or radio-chemotherapy
between June 2020 and June 2022 were suitable for the study
(see Table 1). The main exclusion criteria were: concomitant

application of radiation sensitivity-enhancing agents (C225
cetuximab), apparent skin disease, severe redness of the skin
or an exulcerated tumor in the measurement region, strong
beard growth, pronounced scar formation, pigmentation or a
tattoo in the measurement region.

All patients provided written informed consent to partic-
ipate in the study. The study was cleared by the local ethics
committee (EKS39/18) and registered on ClinicalTrials.gov
ID: NCT04610645. Of 229 HNC patients treated at our
department within the recruiting period, 60 eligible patients
were addressed to take part in the study. The main reason
for not addressing patients was organizational reasons (lon-
ger periods of recruiting stops because of the COVID-19
pandemic and OCT machine dysfunction). Of the 60
addressed patients 33 agreed to take part in the study and 3
of those retracted before measurements and treatment
started. Most patients declined because of the additional
time requirements of about 30 minutes per measurement.
This rather low rate of participation has to be seen in the
light of the COVID-19 pandemic.

All participants were Caucasians with Fitzpatrick skin
scale types 1 to 3.

Sample size and study aim

For this explanatory study, the target size was set to 30
participants. The aim of the study was to visualize and
quantify subclinical changes within the dermis and epi-
dermis in irradiated HNC patients using OCT. A further
purpose was to create prediction models for higher-grade
acute toxicity from imaging and clinical data collected
during the first weeks of RT.

Treatment

Target volumes were contoured according to Grégoire
et al.'” Additionally, PTVs were cropped at 2 mm within
the body surface. Planning was carried out with the Var-
ian Eclipse planning system (version 15.6) using the
Acuros dose calculation algorithm (15.6.05). All patients
received volumetric intensity modulated RT with 6 to 10
MeV photons from a linear accelerator. Most patients
received simultaneous integrated boost treatment. For
concomitant RChT, cisplatin 40 mg/m” was given weekly.

The applied radiation dose was measured for the first
patient in vivo with a set of metal—oxide—semiconductor
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Table 1  Panel of HNC patients monitored in the clinical study

Participants: 30 head and neck tumor patients

Age 47-80 y (mean: 61.5 y.)
Sex 9 females, 21 males
HNC entity Oropharyngeal: 18 patients

Hypopharyngeal: 2 patients
Parotid gland: 1 patient
Palate: 1 patient

Oral cavity: 4 patients
Larynx-carcinoma: 3 patients
CUP: 1 patient

Radio-(chemo-)therapy
treatment regime

With chemotherapy: 19 patients
Without chemotherapy: 11 patients

Extent of elective nodal
clinical target volume

Unilateral: 13 patients
Bilateral: 14 patients
No elective nodal irradiation/RT of (laryngeal) primary tumor only: 3 patients

Fractionation R(Ch)T definitive or after R2-resection (15 patients): SIB with 70 Gy at primary site and gross
nodes, 63 Gy at intermediate risk areas (positive lymph node levels); 56 Gy at nodal regions at
risk of microscopic spread in 35 fractions (Fx).

Laryngeal cancer (3 patients): 65.25 Gy in 29 Fx (no elective lymph nodes)

(1 patient) With parotid cancer SIB for 30 Fx at 2 Gy and sequential boost on primary site with
3 x2Gy

(1 patient) With high radiation sensitivity: 29 Fx SIB (single dose reduced from 2 Gy to 1.8 Gy in
high dose area and 1.6 Gy ¥ cervical after RTd13; 54.8 Gy in high dose area and 49 Gy ¥ cervical)

Postoperative R(Ch)T R0O/R1-resection (10 patients): SIB 60 Gy at primary site and intermediate
risk areas (positive lymph node levels), 54 Gy at nodal regions at risk of microscopic spread in 30

Fx

Skin type (Fitzpatrick scale) Grade 1: 1 patient
Grade 2: 28 patients

Grade 3: 1 patient

Abbreviations: HNC = head and neck cancer; RT = radiation therapy; SIB = simultaneous integrated boost.

field-effect transistor (MOSFET) detectors (left and on the
right side of the neck). Dose measurements were carried out
at the same place where the OCT probe was placed. This
was assured by a circular punching in the immobilization
mask through which the probe as well as the MOSFET was
positioned. Additionally, we used a dose build-up cap, to
obtain the dose in 1.5 cm in depth, reducing uncertainties
caused by dose surface effects. The difference between the
measured and the calculated dose was about 10% on the
skin surface and it was 6% for a depth of 1.5 cm. Based on
our experience with in vivo dosimetry using MOSFET detec-
tors, we judge the differences between measurements and
calculation as sufficiently accurate.

Treatment characteristics including skin/surface dose
are given in Appendix E1, Table E1.

Imaging

ocT
A handheld OCT (Lumedica, OQ Labscope 2.0) oper-
ating at a central wavelength of 800 nm was used for

monitoring purposes. The wavelength range was selected
as a compromise between a higher resolution at the cost
of a lower imaging depth. The OCT device has a moderate
scan rate of 10 B-scans per second and is capable of per-
forming volume imaging, as well as time series and aver-
aging. Its lateral imaging field is 7 x 5 mm, with a lateral
resolution of 18 um and an axial resolution of 8 um in
air. The OCT imaging technique enables the monitoring
of structural features and alterations in the dermis and
epidermis. It records gray-scale cross-sectional scans at a
depth of approximately 1 to 2 mm into the skin. From
these cross-sectional images, radiomic features, including
local mean intensities, statistical values, and textural fea-
tures, can be extracted.

A patch-wise 3 x 3 imaging scheme was employed
for OCT imaging, with the procedure being carried out
on the left and right neck skin regions, see Fig. la. The
use of a patterned mask ensured a high degree of stability
in registration, which remained consistent over the course
of the RT time frame. In the case of dermatoscopy, a
patch-wise 2 x 2 scheme imaging approach was selected,
with the images being coregistered to the scanned OCT
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Figure 1 The scanning scheme for optical coherence tomography (OCT) and dermatoscopic imaging: (a) the scan scheme as a
3 x 3 and 2 x 2 configuration, respectively, typically recorded on head and neck cancer radiation therapy patients; in contrast,
(b) the scanning scheme for laryngeal carcinoma radiation therapy patients as a left/middle/right neck-side scheme.

regions. In the case of patients who received diagnoses of
laryngeal carcinoma, an imaging scheme comprising 2
positions—right/center and left/center—was employed,
see Fig. 1b. For each imaging session, the schemes provide
9 OCT volume sets and 4 dermatoscopic skin images for
each side of the neck, and 6 OCT volume sets and 6 der-
matoscopic skin images for laryngeal carcinoma patients,
respectively. The initial participant was initially scanned
with a slightly different positioning scheme; however, this
proved to be impractical and was therefore replaced by
the 3 x 3 patch-wise scanning method.

Dermatoscopy

A commercially available dermatoscope (Heine iCl1)
was used for skin imaging, capturing color images in the
conventional Red Green Blue (RGB) color space at a skin
surface area of approximately 10 x 10 mm”. The derma-
toscopic RGB images were subsequently transferred to the
Hue Saturation Value (HSV) color space, employing the
standard RGB to HSV color space conversion.'® The
mean and variance of the hue, saturation, and intensity
values of each HSV image were calculated using an in-
house program code. The HSV representation was found
to be more suitable than the RGB representation in this
context. For further details, see Appendix E2.

Scanning frequency

Initial image scanning for the first 10 patients was con-
ducted on each RT day. A subsequent interim analysis
was conducted in order to find the optimal scanning fre-
quency per week. The goal was to find a good compro-
mise between workload for the staff and patient
occupancy on the one hand and predictive performance
on the other hand. Performance was evaluated by simulat-
ing different scanning frequencies based on the already
acquired data. We found that a reduction in scanning fre-
quency from 5 to only 3 times per RT week best suited

the needs of all stakeholders, without many tradeoffs in
performance.

Toxicity assessment

Patients were evaluated on a weekly basis to record
adverse treatment effects. Toxicity was graded according
to the National Cancer Institute Common Terminology
Criteria for Adverse Events, version 5'” criteria by a radia-
tion oncologist with expertise in HNC therapy. In order to
establish a correlation with imaging data, the maximum
toxicity score for either dermatitis or mucositis grade was
applied.

Data analysis and ML

For mathematical image analysis and model genera-
tion, a total of 450 data sets were aggregated. Each data
set typically consisted of 9 volume OCT image stacks,
which were acquired in accordance with the specified
scanning scheme, as illustrated in Fig. 1. In addition to
the volume images, 9 time-averaged cross-sectional OCT
images and 4 dermatoscopy images, recorded each on
both sides of the neck, were analyzed. The image data
were incorporated into the analysis, along with the clinical
assessment data (CTA-AE score).

The OCT image data underwent a preprocessing phase
with the objective of reducing the potential impact of
imaging artifacts, including those associated with autocor-
relation and oversaturation, see also Appendix E2, Fig. E1.
Approximately 10% of the OCT data were rejected or lost
because of stronger imaging errors, a defective device,
incomplete data sets, or other reasons. Consequently,
7082 OCT volume sets recorded at different time points
were ultimately available for analysis and learning.

The radiomic features for OCT images were extracted
on a patch-by-patch basis using the open-source software
Py-Feat.”’ The features for dermatoscopy images were
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determined with an in-house Matlab script. For further
details, see Appendix E2, Table E2.

In the context of ML for data analysis, 3 classical ML
methods were employed: (1) random forest (RE),*' (2)
extreme gradient boosting (XGB),”” and (3) deep learning
through convolution neural networks (CNN).” These
methods were also reported for model generation in the
context of OCT-supported bioimaging.”*

The ML models were generated during our study for 2
distinct use scenarios:

® To identify patients with rare morphologic and struc-
tural skin features (ie, outlier or anomaly detection
within an RT treatment group) by applying all 3 mod-
els (XGB, RF, CNN) based on the data gathered up to
the second RT week.

® To predict, based on the data gathered up to the third
RT week, the risk of experiencing high-grade RT acute
toxicity (ie, dermatitis or mucositis grade 3 or more).
Here, the XGB model was applied.

Further details on the data handling and ML specifica-
tions can be found in Appendix E2 (Table E3, Fig. E2).

Results

Findings from dermatoscopic imaging

The majority of patients exhibited grade 2 maximum
skin toxicity and grade 2 maximum mucositis. For details,
see Appendix E3, Table E4. The observed development of
toxicity is consistent with previously published data.””**

The progression of acute radiation dermatitis and
mucositis over the course of RT is illustrated for 3 cases
with varying degrees of toxicity, as depicted in Fig. 2a.
The dermatoscopic image sequence, recorded over a
period of 5 weeks for a single patient exhibiting grade 4
skin toxicity, is presented in Fig. 2b. The relationship
between saturation and radiation toxicity was confirmed
through the analysis of the HSV data. The correlation
between the mean saturation and the acute skin radiation
toxicity grade was determined for all participants and
quantified as p o = 0.52, with a P value P<.01. It is note-
worthy that the correlation between mean saturation and
the grade of radiation dermatitis was more pronounced
than the correlation between mean hue and the grade of
radiation dermatitis (pcorr = 0.15, P <.01), as determined
across all participants. This is further evidenced by the
box-plot statistics presented in Fig. 2c. The correlation
matrix between all considered features is provided in
Appendix E2, Fig. E3.

Findings from OCT imaging

The qualitative OCT findings for the studied HNC-RT
patients were similar to the findings reported by histologic
biopsies.”””

RT therapy induced hyperkeratosis, which became evi-
dent from RT week 3 to 4 onward, expressed in OCT B-
scans as strongly grainy and bright microstructures at the
highly reflective stratum corneum, whereas at the RT
start, the stratum corneum was manifested as a bright,
continuous surface line (see Fig. 3a).

The formation of blisters and vesicles was a notable
finding, visible on OCT in RT weeks 4 to 6 for the major-
ity of the patients. However, in some cases, particularly in
patients with high-grade radiation toxicity, this blister for-
mation was already evident from RT week 3 onward (see
Fig. 3b).

The visibility of dermal-epidermal junction in OCT
images has been found to be significantly influenced by
the scattering behavior of the epidermal and dermal
layers. Variations in visibility have been observed between
patients, potentially because of differences in their indi-
vidual skin status in the neck region and as a consequence
of RT. In some cases, an epidermal layer disorder or epi-
dermal thickening was noted during the second half of
the RT period (see Fig. 3¢).

For skin exhibiting moderate scattering behavior,
microvascular patterns within the dermal papillary layer
were discernible as dark structures (among a predomi-
nantly white/scattering dermal layer) in OCT cross-sec-
tional images (see Fig. 4). In a smaller patient cohort
(n = 3), a more pronounced manifestation of microvascu-
lar patterns and edema-like structures was discerned dur-
ing RT (see Fig. 4a). These characteristics, which were
initially subtle at the onset of RT but became increasingly
evident as the treatment progressed. Follicular structure
alterations during the RT period,”’ were observed in some
participants, though not in all (see Fig. 4b).

A concise overview of the visual findings is presented
in Table 2. Further illustrations are provided in Appendix
E3, Figs. E5-E9.

Detection of outliers/anomalies

Based on the recorded image and toxicity assessment
data for a selected group under consideration (comprising
8 participants with a similar treatment scheme), the 3
models provided comparable information content, as
illustrated in Fig. 5a. Two patients in the considered group
were identified by each ML method with a high probabil-
ity (ie, greater than 80%) as outliers, or as exhibiting a
deviation from the “average” group pattern. However, the
ML-based finding for such anomalies was not specific for
high-grade radiation dermatitis, but also for an increasing
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Figure 2 Courses of National Cancer Institute Common Terminology Criteria for Adverse Events classified grades of: (a) radia-
tion dermatitis, radiation mucositis and maximum radiation toxicity (derived from the maximum of both dermatitis and mucosi-
tis grade), based on a weekly expert assessment and spanning the radiation therapy (RT) period: demonstrating 3 typical severity
courses: (top) moderate, (middle) high, (bottom plot) very high severity course of radiation toxicity (in the case of the patient
exhibiting a particularly high level of severity, only the radiation dermatitis was assessed on a weekly basis); (b) a series of derma-
toscopic images, captured between the first and fifth weeks of RT treatment and exemplified for the patient exhibited a markedly
elevated level of skin toxicity, ie, radiation dermatitis grade 4, throughout the course of RT; (c) correlation between mean satura-
tion and radiation dermatitis as classified by the National Cancer Institute Common Terminology Criteria for Adverse Events
scale over the course of RT (with IQR box; whiskers: maximum/minimum, line: median), calculated for all 30 participants
together, resulting in a Pearson correlation value pp = 0.52 and a P value P < .01. Considering individually the 30 participants,
one participant showed a negative correlation, and one participant showed a P value greater than .01.

Figure 3 Optical coherence tomography B-scans exemplifying: (a) unaffected skin with a normal, rather smooth stratum cor-
neum at radiation therapy (RT) beginning (week 0 (w0)) (top scan); affected skin with bright grainy patterned stratum corneum
and a hyperkeratotic finding at RT week 6 (w6) (bottom scan); (b) blister formation for a patient at the site of high skin radiation
toxicity at RT week 4 (w4) (top scan) and RT week 5 (w5) (bottom scan); (c) epidermal layer disordering with a wavy (top scan)
and straight (bottom scan) manifestation of dermal-epidermal junction (DEJ); (see the white arrowheads respectively).
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(a)

(b1) (b2)

Figure 4 Optical coherence tomography B-scans exemplifying quantitative findings: (a) a broadening of (blood/lymphatic)
microvessel structures during radiation therapy (RT) period and (recovered) normal status at control after 1 year, (top-down
scans: RT week 1 (wl), week 3 (w3), week 7 (w7), and control (ctr.) 1 year); (b) changes in hair follicular structures and frequency
(top-down: recorded at different scanning positions) for (b1) RT week 0 (w0) (white arrows pointing to hairs and hair shafts),
and (b2) RT week 5 (w5) (white arrows pointing to “empty” underlying follicular structures), and the corresponding dermato-

scopic images.

appearance of microvessel structures, as illustrated in
Fig. 5b.

The RF and XGB models exhibited the highest accu-
racy for anomaly detection, with 76.6% =+ 11.6% and
76.6% £ 11.9%, respectively. The convolutional neural
network (CNN) model exhibited the lowest accuracy,
with 72.9% £ 9.5%. This outcome also reflects the

Table2 Prominent findings from OCT and dermatoscopy

restricted quantity of training data, which exerts a
lesser influence on both classical ML tools (RF and
XGB) in comparison to the CNN method, which typi-
cally necessitates a substantial amount of data for
training.

The XGB model was selected as the optimal model for
predicting the risk of high-grade radiation toxicity

Finding

Number of patients with finding

OCT imaging (total 29 patients)
(Hyper)keratosis/dandruff/grainy structures
Pronounced epidermal thickening/keratinization
Blister and vesicles
Vessel size/appearance increase
Stratum corn. detached or epidermal layer disorder

Dermatoscopy (total 29 patients)

Very high-redness/saturation

Stronger crusting/wed desquamations

8 (27.6%)
2 (6.9%)

7 (24.1%)
3 (10.3%)
8 (27.6%)

5(17.2%)
3 (10.3%)

Abbreviations: OCT = optical coherence tomography.

The appearance before RT was used for visual comparison. Several findings can be detected in the same patient. Of the total of 30 participants, one
patient had no dermatoscopy recordings and one had no OCT recordings; therefore, 29 patients were included.
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Figure 5 Anomaly detection: (a) detection results/probabilities for possible anomalies, obtained by the random forest (RF),
extreme gradient boosting (XGB), and convolution neural network (CNN) models, within a radiation therapy (RT) treatment
group (consisting of 8 members here). Patients with potential anomalies are similarly found by each model, ie, highest probabil-
ity values (red/blue circle labeled). (b) Verifying the 2 highest probability cases (with probability >80%), which point out the fol-
lowing: (1) a patient reaching the following extremely high grade of skin toxicity (grade 4) in the second half of RT (red circle
labeled); (2) a patient with moderate/high grade of skin toxicity, but disclosing suspicious and over RT enhanced (microvessel)
structural patterns, visible in optical coherence tomography (OCT) cross-sectional image (blue circle labeled). For patient ID4,

only the radiation dermatitis was assessed weekly.

(radiation dermatitis and mucositis, respectively) because
of its superior computational efficiency and robust perfor-
mance even with limited data.

Prediction of risk of increased acute
radiation toxicity by ML

The XGB model was employed to predict grade 3
or higher maximum radiation toxicity (maximum of
acute skin or mucosa toxicity) based on imaging and
toxicity data derived during the first 3 treatment
weeks. To validate the prediction model, the accuracy,
the area under the curve, the sensitivity, and the speci-
ficity were selected as performance metrics, derived
from the receiver operating characteristic curves’ and
confusion/error matrices.

The influence of varying frequencies of image data
acquisitions on the performance metric values is pre-
sented in Table 3. The influence of varying combinations/
aggregations of image data is presented in Table 3. The
respective values in terms of the prediction accuracy of
grade 3+ acute toxicity yield: 72% (OCT and medical

expert data), 75% (dermatoscopy and medical expert
data), and 77% (dermatoscopy and OCT and medical
expert data).

For further details as well as for the receiver operating
characteristic graphical plots and the error matrix, see
Appendix E2, Fig. E4.

Discussion

The objective of the study was: (1) to assess the feasi-
bility of OCT to visualize and quantify subclinical and
microscopic changes in the epidermis and dermis during
clinical RT, and (2) to analyze whether early changes in
skin structure and color as detected by OCT and dermato-
scopy might be used in conjunction with clinical assess-
ment to predict grade 3+ acute toxicity later in the course
of treatment. OCT provides a means of monitoring cuta-
neous structural changes at a microscopic level. Structural
alterations of the skin (summarized in Table 2), including
blister formation, desquamation, and epidermal layer dis-
orders were observed as expressions of acute inflamma-
tory skin reactions during the second half of the RT
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Table 3
respectively

Prediction performance metric for varying frequency of image data acquisition and combination of data types,

Frequency of data acquisitions (for OCT and dermatoscopy and clinical toxicity assessment data combined)

4 times in the first 10 RT days

6 times in the first 15 RT days

10 times in the first 15 RT days

ACC:0.75
AUC: 0.80
Sensitivity: 0.72
Specificity: 0.79

Radiation toxicity assessment data only
ACC: 0.59

AUC: 0.60

Sensitivity: 0.50

Specificity: 0.69

Balanced: 0.595

OCT and radiation toxicity
assessment data combined

ACC: 0.72
AUC: 0.78
Sensitivity: 0.75
Specificity: 0.68
Balanced: 0.715

ACC: 0.77
AUC: 0.83
Sensitivity: 0.74
Specificity: 0.80

Combination of data types (for an image acquisition
frequency of 6 times in the first 15 RT days)

OCT data only
ACC: 0.69
AUC: 0.73
Sensitivity: 0.79
Specificity: 0.58
Balanced: 0.685

Dermatoscopy and radiation toxicity
assessment data combined

ACC: 0.75
AUC: 0.83
Sensitivity: 0.79
Specificity: 0.71
Balanced: 0.75

ACC: 0.85
AUC: 0.90
Sensitivity: 0.88
Specificity: 0.79

Dermatoscopy data only
ACC: 0.72

AUC: 0.80

Sensitivity: 0.80*
Specificity: 0.64
Balanced: 0.72

OCT, dermatoscopy, and radiation toxicity
assessment data combined

ACC: 0.77*
AUC: 0.83*
Sensitivity: 0.74
Specificity: 0.80*
Balanced: 0.77*

*Higherst performance value

Abbreviations: ACC = accuracy; AUC = area under the curve; OCT = optical coherence tomography; RT = radiation therapy.

period (mainly weeks 5-6). A subset of patients showed
the emergence of high-grade radiation dermatitis, with
these inflammatory changes manifesting as early as the
third RT week. In the literature, alterations in skin scatter-
ing features have also been documented.” Alterations in
scattering coefficients were qualitatively assessed but not
quantitatively validated in this study.

Dermatoscopic imaging offered insights into the
changing characteristics of skin color, indicating a linear
increase in the saturation value during RT. Moreover, a
strong correlation was observed between saturation and
early clinical skin toxicity. As all participants included in
this study had Fitzpatrick type 1 to 3 skin color, it remains
unclear, whether this association would also be seen in
individuals with type 4 or higher skin pigmentation. With
regard to OCT, skin pigmentation seems to have little
influence on structural visibility and imaging depth.

In order to predict the risk of high-grade acute skin
toxicity, it should be noted that the combination of der-
matoscopy and clinical radiation toxicity assessment
exhibited superior performance in comparison to OCT
and toxicity assessment. However, the incorporation of all
3 recorded data types (i.e., OCT, dermatoscopy, and clini-
cal assessment) yielded optimal results in terms of the

quality parameters, including accuracy, the area under the
curve, and specificity. The sensitivity, however, is less in
the combined model as compared to dermatoscopy and
clinical evaluation alone. As saturation is a prominent fea-
ture of the performance of dermatoscopy, its benefit
might be different for persons with skin types other than
those included in the study.

The added value of OCT is also based on its ability to
provide epidermal and subepidermal structural informa-
tion on suspicious skin microformations without the need
for biopsies. This might facilitate “continuous” skin obser-
vation on a microscopic level—for example, in studies
using novel technologies and products to reduce radiation
toxicity or eventually in clinical routine.

Weaknesses of the study

It is acknowledged that the cohort of 30 HNC patients
under observation is of limited size. We deliberately
included only patients with HNC in the study as they are
most likely to develop higher-grade acute radiation skin tox-
icity. By protocol, the sample size was limited to 30 patients
as this was an explanatory study and our main aim was to
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establish the feasibility of OCT in detecting microscopic
structural skin changes during RT similar to those previ-
ously described in histologic examinations using invasive
biopsy devices. In addition, we analyzed whether early mor-
phologic and skin color changes might be predictive for later
occurring (acute) toxicity, knowing that this was merely a
proof of principle in a very limited, artificial setting. Neither
comorbidity/comedication nor any specific treatment or
dose characteristics were entered into the model. One might
argue that these factors potentially affect early morphologic/
color changes and maximum acute toxicity in the same
way, but this has to be proven in further studies. Also, the
sample size did not allow us to generate a large amount of
interindividual image data in order to train and validate ML
models more extensively.

The OCT image data exhibited considerable variability
in their characteristics between the participants in this
study. This variability may be attributed to the differences
in age, health status, and general skin condition among
the patients, as well as to the involvement of different staff
for OCT recording. Consequently, the results must be
interpreted with caution to prevent overgeneralization.

Conclusions

In conclusion, our study demonstrated the feasibility of
OCT and dermatoscopy in monitoring radiation-induced
skin changes at a subclinical level during the treatment
course. The approach can offer early insights into radia-
tion effects that may, in the future, assist medical experts
in applying supportive measures or adapted RT planning.
Further automation of OCT imaging and verification of
its prognostic value in larger patient cohorts might pave
the way toward a broader clinical application.
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