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ABBREVIATIONS

Abbreviation Full Form

3D Three-dimensional

BCC basal cell carcinoma

SCC squamous cell carcinoma

SGC sebaceous gland carcinoma
2D Two-dimensional

MCC Merkel cell carcinoma

ICC intraclass correlation coefficient
MAD mean absolute deviation

TEM technical error of measurement
rTEM relative TEM

REM relative error of measurement
3D Three-dimensional

BCC basal cell carcinoma




1. SUMMARY

In this study, we utilized three-dimensional (3D) stereophotogrammetry to quantify the
surface area of diverse tumors in the periocular region, assessing the reproducibility
of these measurements. We collected 3D facial images from 150 patients diagnosed
with periocular tumors. All tumors underwent classification according to their diameter,
shape, color, location, surface texture, distance from the eyelid margin, clarity of
boundaries, and histological characteristics. Following this, the surface area and
volume of the tumor models were quantified, and intra-rater and inter-rater

reproducibility was assessed.

The results showed overall high reliability in area measurements, with intra-rater and
inter-rater intraclass correlation coefficients (ICCs) of 0.998 and 0.974, respectively.
The mean absolute difference (MAD) was 0.63 and 0.40 mm?, and the relative
measurement error (REM) was 1.94% and 1.22%, respectively. The technical error of
measurement (TEM) was 2.29 and 7.81 mm?, and the relative technical error of
measurement (rTEM) was 6.95% and 23.76%, respectively. Four factors influencing
reliability were identified: tumor diameter, color, location, and boundary clarity.
Tumors with a diameter greater than 5 mm, brownish-black in color, located at the
lateral canthus, upper eyelid, and lower eyelid, with clear margins, exhibited better
reliability. For tumor volume measurement, the intra-rater and inter-rater ICC
estimates were 0.974 and 0.907, indicating excellent reliability. The MAD for
intra-rater and inter-rater measurements was below 2 mm3, specifically 1.44 mm? and
1.41 mm3. The intra-rater TEM was 13.90 mm3, and the inter-rater TEM was 27.65
mm?3. REM values were favorable, with 5.16% for intra-rater and 4.80% for inter-rater
measurements. However, the rTEM values were relatively poor, at 49.53% for

intra-rater and 93.76% for inter-rater measurements. Three factors influencing the



reliability of tumor volume measurements were identified: tumor diameter, color, and
location. For volume measurements, tumors with a diameter greater than 5 mm,
located at the lateral canthus and upper eyelid, and brownish-black or red in color,
showed higher reliability. In general, the reliability of tumor area measurements was

superior to that of tumor volume measurements.

This study is the first to conduct a comprehensive analysis with precise
measurements of periocular tumor area and volume, providing reliable data on the
accuracy of measurements for tumors in this region. These results are highly valuable
for the clinical evaluation of periocular tumors. Surgical intervention remains the
primary treatment for periocular tumors. The tumor area and volume play a critical
role in determining the extent of preoperative skin excision, guiding the selection of
the most suitable surgical approach, and assessing the prognosis, which is essential
for the functional and aesthetic recovery of the eyelids post-surgery. Traditionally,
clinical evaluations have mainly relied on measuring tumor diameter, which offers a
limited assessment. Incorporating tumor area measurement into preoperative
evaluations could greatly improve accuracy. Due to the complex periocular anatomy,
small changes in tumor size can be difficult to detect visually. In these cases,
stereophotogrammetry can be utilized for patient follow-up, facilitating the detection of

subtle size changes and improving the planning of subsequent treatment strategies.
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2. ZUSAMMENFASSUNG

In dieser Studie haben wir dreidimensionale (3D) Stereofotogrammetrie verwendet,
um die Oberflachenflache verschiedener Tumore im periokularen Bereich zu
quantifizieren und die Reproduzierbarkeit dieser Messungen zu bewerten. Wir
sammelten 3D-Gesichtsaufnahmen von 150 Patienten mit diagnostizierten
periokularen Tumoren. Die Tumore wurden nach ihrem Durchmesser, ihrer Form,
Farbe, Lage, Oberflachenstruktur, Entfernung vom Lidrand, Randklarheit und
histologischen Merkmalen klassifiziert. Anschlielend wurden die Oberflachenflache
und das Volumen der Tumormodelle quantifiziert, und die intra- und interrater

Reproduzierbarkeit wurde bewertet.

Die Ergebnisse zeigten eine insgesamt hohe Zuverlassigkeit bei der Flachenmessung,
mit Intraklassen-Korrelationskoeffizienten (ICC) von 0,998 (intra-rater) und 0,974
(inter-rater). Die durchschnittliche absolute Differenz (MAD) betrug 0,63 und 0,40
mm?, und der relative Messfehler (REM) lag bei 1,94% bzw. 1,22%. Der technische
Messfehler (TEM) betrug 2,29 und 7,81 mm?, und der relative technische Messfehler
(rTEM) betrug 6,95% bzw. 23,76%. Vier Faktoren, die die Zuverlassigkeit
beeinflussten, wurden identifiziert: Tumordurchmesser, Farbe, Lage und Klarheit der
Grenzen. Tumore mit einem Durchmesser von mehr als 5 mm, braun-schwarzer
Farbe, die sich am lateralen Augenwinkel, am Oberlid oder Unterlid befinden und
klare Rander aufweisen, zeigten eine bessere Zuverlassigkeit. Bei der
Volumenmessung von Tumoren wurden intra- und interrater ICC-Schatzungen von
0,974 und 0,907 ermittelt, was auf eine hervorragende Zuverlassigkeit hinweist. Der
MAD bei intra- und interrater Messungen lag unter 2 mm?3, konkret bei 1,44 mm? und
1,41 mm?3. Der intra-rater TEM betrug 13,90 mm? und der inter-rater TEM 27,65 mm?.

Die REM-Werte waren giinstig, mit 5,16% bei intra-rater und 4,80% bei inter-rater
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Messungen. Die rTEM-Werte hingegen waren relativ schlecht, mit 49,53% flr
intra-rater und 93,76% fur inter-rater Messungen. Drei Faktoren, die die
Zuverlassigkeit der Tumorvolumenmessung beeinflussten, wurden identifiziert:
Tumordurchmesser, Farbe und Lage. Fur Volumenmessungen zeigten Tumore mit
einem Durchmesser von mehr als 5 mm, die sich am lateralen Augenwinkel und
Oberlid befinden und braun-schwarz oder rot sind, eine hdhere Zuverlassigkeit.
Insgesamt war die Zuverlassigkeit der Flachenmessung von Tumoren der der

Volumenmessung Uberlegen.

Diese Studie stellt die erste umfassende Analyse mit prazisen Messungen von
periokularer Tumorflache und -volumen dar und liefert zuverldssige Daten zur
Messgenauigkeit von Tumoren in diesem Bereich. Diese Ergebnisse sind von
grollem Wert fir die klinische Bewertung periokularer Tumoren. Der chirurgische
Eingriff bleibt die primare Behandlungsmethode fiir periokulare Tumoren. Die
Tumorflache und das Volumen spielen eine entscheidende Rolle bei der Bestimmung
des Umfangs der praoperativen Hautexzision, der Auswahl des geeignetsten
chirurgischen Ansatzes und der Beurteilung der Prognose, was flr die funktionelle
und asthetische Wiederherstellung der Augenlider nach der Operation von
entscheidender Bedeutung ist. Traditionell basieren klinische Bewertungen
hauptsachlich auf der Messung des Tumordurchmessers, was eine begrenzte
Beurteilung darstellt. Die Einbeziehung der Tumorflachenmessung in praoperative
Bewertungen koénnte die Genauigkeit erheblich verbessern. Aufgrund der komplexen
periokularen Anatomie sind kleine Veranderungen der TumorgrofRe visuell schwer zu
erkennen. In solchen Fallen kann die Stereofotogrammetrie zur Nachsorge von
Patienten verwendet werden, um subtile GroRenanderungen leichter zu erkennen

und die Planung nachfolgender Behandlungsstrategien zu verbessern.
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3. INTRODUCTION

3.1 Periocular Tumors

3.1.1 Benign Tumors

The periocular region is critically important and simultaneously fragile within the facial
anatomy. Despite its relatively small surface area, it ranks among the skin areas most
frequently exposed to sunlight. Besides the subcutaneous fat layer, this region
encompasses all other skin structures, which can be origins for various benign tumors.
Benign tumors in the periocular area are common and diverse, including chalazion,
epidermoid inclusion cysts, seborrheic keratosis, and apocrine cystadenoma, often
causing cosmetic concerns or ocular irritation’-2. Benign tumors are more prevalent
than malignant ones and tend to present at a younger age, with a higher incidence

observed in the upper eyelid3?.

3.1.2 Malignant Tumors

The skin in the periocular region is thin and particularly sensitive to ultraviolet (UV)
radiation and various irritants. Consequently, this area has a notably high incidence of
skin cancers, with an estimated rate of around 15 cases per 100,000 individuals
annually ®7. Approximately 5% to 10% of all skin cancers develop on the eyelids, most
commonly as basal cell carcinoma (BCC), followed by squamous cell carcinoma
(SCC), sebaceous gland carcinoma (SGC), Merkel cell carcinoma, and melanoma®®.
Malignant tumors in the periocular region not only pose aesthetic challenges but also
potentially impair ocular function, significantly impacting patients’ vision and quality of
life. Due to the anatomical and functional significance, aesthetic considerations are
paramount in treatment planning. Preserving as much periocular tissue as possible
while ensuring safe margins during surgical interventions presents a challenge for

ophthalmologists and plastic surgeons. Accurate preoperative measurement of tumor
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dimensions plays a crucial role in tailoring surgical strategies, facilitating optimal

outcomes and patient satisfaction.

In the periocular region, basal cell carcinoma (BCC) represents the most prevalent
type of malignant tumor, comprising 90% to 95% of cases in Western countries'. BCC
originates from the basal layer of the epidermis and typically appears as a pearly,
raised lesion with telangiectasia, elevated margins, and central ulceration®. A definitive
diagnosis of malignancies requires histopathological evaluation, as clinical
presentations can vary widely, making a pathologic study essential. Biopsies should
be performed on all suspicious lesions. Histopathologic subtypes of BCC include
superficial, infiltrative, nodular, and tumors with adnexal differentiation®. Several risk
factors contribute to BCC development, including exposure to sunlight,
immunosuppression, thermal injury scars, fair skin, arsenic exposure, smoking
(particularly in women), older age, and ionizing radiation®”:'". BCC predominantly
affects the lower eyelid, representing 50% to 60% of cases, followed by the medial
canthus at 25% to 30%, with the upper lid and lateral canthus being less commonly
involved, accounting for 15% and 5% of cases, respectively''>'3. The upper eyelid's
lower frequency of involvement is likely due to the protective effect of the brow'.BCC
primarily spreads through direct invasion of adjacent tissues and, in rare cases, can
extend into the orbit. Metastasis is uncommon in BCC. Intracranial BCC mortality,
estimated at 3%, is typically associated with neglected or inadequately treated tumors

that have extended intracranially®.

Following BCC, squamous cell carcinoma (SCC) ranks as the second most prevalent

skin malignancy, accounting for 20% to 25% of nonmelanoma skin cancers and 5% to

10% of eyelid malignancies'®'®.SCC may present as a painless nodule or plaque with
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irregular margins, induration, keratinization, and ulceration. Precancerous lesions for
SCC include actinic keratosis, Bowen’s disease, and keratoacanthoma'®.SCC
predominantly affects older adults, especially those over the age of 60, and occurs
more frequently in men than women'”. The main risk factors include fair skin and
prolonged sun exposure, making SCC uncommon in Black, Asian, and Hispanic
populations but more prevalent among Caucasians. UVB radiation is the most
significant carcinogenic factor, resulting in higher incidence rates among individuals
with outdoor exposure'®. Other risk factors include actinic damage, previous SCC, and
chronic skin injuries such as ulcers, burns, sinus tracts, vaccination scars, and chronic
skin diseases'®'8, SCC is characterized by its tendency for perineural and vascular
invasion, deep subclinical spread, and rapid growth potential'®. Unlike BCC, SCC has
a higher probability of orbital invasion and commonly spreads through lymphatic and
hematologic routes to regional lymph nodes and distant sites. When SCC
metastasizes locally or distantly, the prognosis worsens significantly, often
necessitating additional treatments such as radiation or chemotherapy along with

surgical excision?02',

Melanomas of the periocular are exceedingly rare, accounting for approximately 1%
of all eyelid malignancies and less than 1% of cutaneous malignant melanomas?%%2,
Eyelid melanoma can present as an isolated lesion or result from the spread of
conjunctival melanoma across the mucocutaneous junction or from other distant
cutaneous sites??2. The American Cancer Society established the ABCDE criteria to
aid in early melanoma diagnosis: “A” stands for asymmetry of the lesion, “B” for
irregular borders, “C” for color variations, “D” for diameter (usually greater than 6 mm),
and “E” for evolution in appearance. Lesions exhibiting these characteristics warrant

further evaluation for malignancy. Biopsy remains the gold standard for assessing
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invasion depth, which correlates directly with prognosis in all forms of malignant
melanoma. Melanoma classification traditionally relies on clinicopathologic features
based on the morphologic growth stage. According to the World Health Organization,
the four primary subtypes are superficial spreading melanoma (30% to 60%), lentigo
malign melanoma (10% to 40%), nodular melanoma (15% to 35%), and acral
lentiginous melanoma (5% to 10%)?3. Melanomas located near the eyelid margin,
conjunctiva, fornix, fossa, and caruncle are associated with higher recurrence and
metastasis rates?*. Ultraviolet B radiation plays a pivotal role in the development of
eyelid melanoma. Additional risk factors encompass a familial history of melanoma,
multiple atypical nevi, severe sun exposure during childhood, fair skin, red hair,

freckles, and advanced age?.

Sebaceous gland carcinoma (SGC), with an estimated incidence of 1 to 2 cases per
million people annually, is the third most prevalent eyelid carcinoma, following basal
cell carcinoma and squamous cell carcinoma?5. However, in South Asia, it is reported
to be the most common periocular tumor?. SGC typically occurs in older individuals,
with the median age of diagnosis between 70 and 73 years®>. Some studies suggest
that men are 1.35 to 1.4 times more likely to develop SGC than women, although
other research indicates a higher incidence among women?’.SGC most commonly
arises from the Meibomian glands along the eyelid margin or the Zeis glands
associated with individual eyelashes, but it can also originate from the caruncle or
pilosebaceous structures of the hair follicles in the eyebrows?8. Clinically, periocular
SGC often presents as a painless papule, rough nodule, or cystic lesion that rapidly
increases in size. Misdiagnosis is common, with up to two-thirds of cases initially
mistaken for benign conditions such as chalazion, blepharitis, or lid margin

conjunctivitis, leading to delayed diagnosis and potentially poor outcomes?®.The
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upper eyelid is the most frequently affected site, but SGC can also involve the lower
eyelid, cornea, conjunctiva, caruncle, medial and lateral canthi, and even spread
more diffusely. SGC has the potential to metastasize through lymphatic or
hematogenous routes or directly invade the orbit*®. Therefore, early detection of SGC

is vital for improved prognosis.

Merkel cell carcinoma (MCC) is an uncommon but highly aggressive neuroendocrine
tumor characterized by a significant risk of local metastasis and recurrence®. MCC
typically presents as asymptomatic solitary nodules that are pale red or purplish, often
with telangiectatic vessels and ulceration. These lesions frequently occur in the upper
eyelid, commonly near the lid margin, and can lead to partial or complete eyelash loss.
Risk factors for MCC include advanced age, immunosuppression, ultraviolet exposure,
and infection with polyomavirus, which is linked to approximately 80% of cases®'. Due
to its rarity, MCC can be mistaken for chalazion, keratoacanthoma, or basal cell
carcinoma, as it often exhibits rapid growth with noticeable changes within weeks or
months. Consequently, the biopsy is crucial to avoid clinical misdiagnosis. MCC has a
high likelihood of spreading to regional lymph nodes, with two-thirds of patients
reporting lymph node metastases within 18 months of diagnosis and one-third
experiencing distant metastases32.Patients with positive lymph node biopsies have a
recurrence rate three times higher than those without.The first two years
post-diagnosis carry the greatest risk for metastasis and recurrence, although

recurrence can occur at any time, necessitating lifelong monitoring3334,

3.2 Two-dimensional(2D) Anthropometry

Traditional research on measuring periocular tumor size primarily relied on traditional

direct anthropometry or 2D imaging tools such as standardized photographs.
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Two-dimensional imaging methods have been employed in anthropometric studies for
over four decades®. These images capture static representations of dynamic subjects,
requiring participant cooperation during the capture process. Due to their non-invasive
nature, speed, and low cost, 2D imaging techniques are often preferred over direct
physical measurements®. Despite their widespread use in facial measurements®, 2D
imaging faces challenges such as magnification errors, distortions, and variability
introduced by factors like varying object-to-camera distances and inconsistent lighting
conditions®8. Moreover, this approach only allows for planar contour analysis, limiting
its ability to provide a comprehensive assessment of the full three-dimensional

structure of the face, particularly when evaluating curvature . surface area and volume.

3.3 Three-dimensional (3D) Stereophotogrammetry

In 1987, the Loughborough Anthropometric Shadow Scanner (LASS) was designed
and developed for automated anthropometry®. Over the following decades,
advancements in stereophotogrammetry enabled the clinical application of 3D imaging.
3D imaging technology captures high-resolution surface shapes, contours, and colors
non-invasively by taking simultaneous photos from different angles with
high-resolution, fast-capturing cameras and combining them into a 3D image. The
accompanying software not only allows visualization and analysis but also enables
measurement of linear distances, angles, areas, and volumes*®#!. This method offers
advantages such as high color resolution, absence of motion artifacts, rapid 3D
surface morphology reconstruction, and archiving capability for subsequent

analysis*243,

Stereophotogrammetry encompasses various formats, and some studies have

explored the clinical applications of 3D stereophotogrammetry imaging systems, such
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as the Vectra H1-270 camera (Canfield Imaging Systems, Fairfield, NJ, USA)*, 3D
Vectra® H1 (Canfield Scientific Inc., Parsippany, NJ, USA)* | Vectra H2 (Canfield
Imaging, Parsippany, NJ, USA)*47 and the 3dMD Head System (3dMD LLC, Atlanta,
GA, USA) 8. Additionally, research has indicated the potential use of smartphone

applications for facial scanning 4950,

The VECTRA M3 3D imaging system (Canfield Scientific, Inc., Parsippany, NJ, USA)
used in this study features a capture system with a 1.2 mm geometric resolution. In
recent years, three-dimensional systems have gradually replaced 2D systems and
traditional anthropometry and have been widely used in morphological assessments of
the facial region, making them one of the most promising tools for evaluating facial soft
tissues. Several studies have demonstrated the high precision and accuracy of 3D
stereophotogrammetry®'-%4. Unfortunately, there is currently a lack of studies
specifically addressing the measurement of periocular tumor areas. Consequently, the

reliability of periocular tumor area measurements remains insufficiently validated.

For now, there is limited data available on the use of 3D stereophotogrammetry for the
precise measurement of periocular tumors, particularly regarding the reproducibility of
such measurements. Accurate and reproducible measurement techniques are
essential for clinical decision-making, especially in the periocular region, where tumors
can impact both function and aesthetics. Traditional measurement methods, such as
manual calipers, often lack the precision and consistency needed to make informed
surgical or treatment decisions. Our study addresses this gap by providing quantitative

evidence of the high reproducibility of 3D stereophotogrammetry in assessing
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periocular tumors, which, to our knowledge, has not been comprehensively studied in

the current literature.

Reproducibility is crucial because it ensures that measurements of tumor size and
characteristics are reliable over time and across different clinicians. Inconsistent
measurements could lead to variations in treatment planning, such as the extent of
surgical excision or the need for additional interventions. For example, in periocular
tumors, even small discrepancies in measurement can affect decisions regarding
surgical margins, reconstructive strategies, and postoperative monitoring. By
validating the reproducibility of the measurement technique, we aim to contribute to
more standardized and reliable treatment protocols, ultimately improving patient

outcomes.

3.4 Aims

The objective of this study is to assess the reproducibility of measurements for the
area and volume of periocular tumors using the Vectra M3 3D imaging system,
providing evidence for the reliability of stereophotogrammetry in quantifying periocular
tumor size. The findings of this research hold significant implications for preoperative

diagnosis, surgical planning, and postoperative assessment of outcomes in patients.
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4. MATERIAL AND METHODS

4.1 Participants

This study enrolled 150 patients with periocular tumors. They underwent
stereophotogrammetry using the VECTRA M3 3D imaging system (Canfield Scientific,
Inc., Fairfield, NJ, USA) at the Department of Ophthalmology, University of Cologne,
from January 2022 to January 2024. Photographs of the patients were taken using the
VECTRA M3 3D imaging system. Prior to imaging, patients were instructed to fully
expose their faces. To ensure image clarity, no makeup was permitted on the face.
Patients were seated in front of the camera with their heads held upright and facial
expressions relaxed. All photographs were taken under consistent lighting conditions
by an experienced researcher and photographer who had received standardized
training. Inclusion criteria were as follows: patients were stationary during
photography, had a natural expression, fully exposed faces, upright heads, and were
seated in front of the camera; the tumor was located around the eye; the 3D image
was clear; and the face was free of makeup and decorations. Patients with facial
deformities, anomalies, trauma, or skin diseases were excluded. Observational data
included age, gender, lesion location, and tumor characteristics. Informed consent
was obtained in writing from each participant. This research adheres to the principles
outlined in the Declaration of Helsinki and received approval from the University of

Cologne Ethics Committee (Number: 17-199).

4.2 Measurements and Data Analysis

Two independent raters measured each image. After enlarging each image to an
appropriate scale, markers were carefully placed at the edges of the lesion. The
lesion's area was delineated by connecting the centers of these markers, ensuring the

outline completely encompassed the entire lesion. Area measurements were
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computed using Vectra software (Canfield Scientific, Inc., Fairfield, NJ, USA). Rater 1
performed duplicate measurements for each image, while rater 2 conducted a single
measurement per image, referred to as Measurements 1.1, 1.2, and 2.1, respectively

(Figure 1).

56 om (277

Figure 1 VECTRA M3 dimension and Patients with Periocular Tumors Captured

Using the VECTRA M3 Imaging System

Reliability analyses for intra-rater and inter-rater assessments were performed by
comparing measurements 1.1 with 1.2 and measurements 1.1 with 2.1. Five
indicators were employed to evaluate the reliability of stereophotography: intraclass
correlation coefficient (ICC), mean absolute deviation (MAD), technical error of
measurement (TEM), relative error of measurement (REM), and relative TEM (rTEM).
Higher ICC values generally indicate smaller differences, while lower TEM, REM,
rTEM, and MAD values suggest greater reliability. ICC is typically used to evaluate
consistency between measurements, with ICC > 0.9 considered excellent, 0.75 to 0.9

as good, 0.5 to 0.75 as moderate, and ICC < 0.5 as poor®°.
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In prior studies, the acceptable error threshold for both MAD and TEM within the
maxillofacial regions was established at less than two units®. Despite this, because of
the smaller size of the periocular region, some studies have recommended that the
acceptable error threshold for MAD and TEM can be set to below one unit 5758, For
REM and rTEM, thresholds of 210%, 7% to 9.9%, 4% to 6.9%, 1% to 3.9%, and <1%

are considered poor, moderate, good, very good, and excellent, respectively5%57:59,

Analysis was conducted using SPSS 26.0 (IBM Corp., Armonk, NY, USA).
Continuous variables following normal distribution were presented as mean +
standard deviation (SD), whereas variables with non-normal distributions were
described using median (interquartile range). The chi-squared test was used to
analyze categorical data. The Kolmogorov-Smirnov test was employed to determine if
the data followed a normal distribution. The t-test was used for continuous variables if
the data were normally distributed. In contrast, the non-parametric Mann-Whitney U
test was used if the data were not normally distributed. A p-value < 0.05 was
considered statistically significant. Factors influencing measurement reliability were
analyzed using R version 4.2.2(R Foundation for Statistical Computing). Significant
variables were identified through lasso regression with 10-fold cross-validation.
Following this analysis, bar charts and radar charts depicting the results were created
using GraphPad Prism 8 (GraphPad Software Inc., San Diego, California, USA) and

Excel.
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5. RESULTS

5.1 Tumor characteristics

Our study included 150 patients with periorbital tumors, collecting a total of 175
tumors. Among them, 46.9% (82 tumors) were from males and 53.1% (93 tumors)
were from females. The median age of the patients was 64 years. Paired t-tests or
Wilcoxon signed-rank tests showed no statistically significant differences between
intra-rater and inter-rater measurements. Table 1 presents the detailed characteristics

of the tumors.

Table 1 The demographic and clinical features of patients with eyelid tumors

Total p-value
n=175 Intra-rate  Inter-rate Intra-rate Inter-rate
r(Area r(Area r(Volume r(Volume

11v1.2) 11v21) 1.1v1.2) 1.1v2.1)

Gender
Male 82 (46.9%) 0.823 0.932 0.971 0.867
Female 93 (53.1%) 0.905 0.827 0.815 0.812
Age (years) 64 0.803 0.876 0.909 0.993
Median (IQR) (54-79)
Laterality
Right 98 (56.0%) 0.897 0.743 0.981 0.817
Left 77 (44.0%) 0.782 0.885 0.813 0.803
Location
Upper eyelid 49 (28.0%) 0.941 0.89 0.98 0.637
Lower eyelid 93 (53.1%) 0.754 0.986 0.885 0.623
Medial canthal 25 (14.3%) 0.946 0.503 0.854 0.915
region
Lateral canthal 8 (4.6%) 1 0.916 0.793 0.916
region
Tumor histologic
types
Benign 117 (66.9%) 0.804 0.754 0.918 0.732
Malignant 58 (33.1%) 0.895 0.847 0.978 0.627
Size (mm) 5.08 0.803 0.876 0.909 0.993
Median (IQR) (3.21-8.38)
Shape
Round or roundish 135(77.1%) 0.828 0.864 0.935 0.88
Others 40 (22.9%) 0.874 0.969 0.92 0.765
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Distance to eyelashes

Omm 117 (66.9%) 0.766 0.772 0.885 0.989

>0mm 58 (33.1%) 0.947 0.551 0.982 0.956
Color

Red 45 (25.7%) 0.904 0.888 0.932 0.672

Flesh-colored 93 (53.1%) 0.95 0.782 0.926 0.805

Yellow 20 (11.4%) 0.626 0.433 0.808 0.935

Brownish-black 17 (9.8%) 0.877 1 0.877 0.959
Border

Well-defined 137 (78.3%) 0.807 0.852 0.913 0.846

lll-defined 38 (21.7%) 0.893 0.934 0.983 0.901
Surface Texture

Skin texture 41 (23.4%) 0.806 0.707 0.959 0.386

Smooth 83 (47.4%) 0.882 0.606 0.812 0.625

Rough 51 (29.2%) 0.928 0.928 0.987 0.976

5.2 Area of Periocular Tumors

5.2.1 Comprehensive Reliability Assessment

The intra-rater and inter-rater ICC estimates are excellent, at 0.998 and 0.974,
respectively. The TEM for intra-rater and inter-rater measurements were 2.29 mm?
and 7.81 mm?2. The intra-rater and inter-rater MAD were less than 2 mm?, measuring
0.63 mm? and 0.40 mm?, respectively. The intra-rater and inter-rater REM are very
good, at 1.94% and 1.22% respectively. The intra-rater rTEM is good (6.95%),
whereas the inter-rater rTEM is poor (23.76%). Overall, except for TEM and inter-rater

rTEM, all indicators demonstrate good reliability of the measurement results.

5.2.2 Factors Influencing Reliability

Due to the varying characteristics of different tumors, the reliability of measurement
results may differ across tumors. To identify the factors that most significantly impact
measurement reliability, we employed LASSO regression combined with 10-fold
cross-validation to screen nine factors: age, diameter, shape, color, location, surface

texture, distance from the eyelid margin, clarity of boundaries, and histological
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characteristics (Figure 2). Subsequently, a random forest analysis was employed to
prioritize these factors, revealing that diameter, color, location, and boundary were the
most significant (Figure 3). Lastly, a detailed reliability analysis focused on these key

factors.
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Figure 2. LASSO logistic regression was used for variable selection: (A) Ten-fold
cross-validation for tuning parameter selection in the LASSO model. The plot shows
the binomial deviance versus log (A), where A is the tuning parameter. (B) The LASSO
coefficient profiles are displayed, with the optimal tuning parameter (A) determined

through 10-fold cross-validation based on the minimum criteria.
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Figure 3. Feature importance ranks in random forest. The factors affecting the

reliability of tumor area measurements, ranked in order of importance from highest to

lowest, are diameter, color, tumor location, and boundary.
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5.2.3 Diameter

Since tumor diameter is a continuous variable, the ROC analysis was employed to
establish an optimal cutoff value of 5 mm for effective classification and comparison.
As a result, diameters were divided into <5 mm and >5 mm. For tumors with a
diameter greater than 5 mm, both intra-rater and inter-rater ICC were excellent (0.998
and 0.977). REM was very good, and the intra-rater and inter-rater MAD were below 2
mm?, whereas the TEM exceeded 2 mm?2. The intra-rater and inter-rater rTEM were
4.25% (good) and 15.98% (poor). Regarding tumors with a diameter of 5 mm or less,
the intra-rater MAD was less than 2 mm?, while the TEM and inter-rater MAD were
greater than 2 mm?2. The intra-rater and inter-rater ICCs were found to be good and
poor (0.831 and 0.345). The intra-rater REM was 4.08% (good), while the inter-rater
REM was 18.76% (poor). Both intra- and inter-rater rTEM were poor. In general,
intra-rater reliability was better than inter-rater reliability. Compared to tumors with a
diameter of 5 mm or less, the overall measurement reliability for tumors larger than 5

mm was higher and significantly better (Figure 4 and Figure 5).

5.2.4 Color Characteristics

Except for yellow tumors, where the inter-rater ICC was good, the intra- and inter-rater
ICC for tumors of all other colors were excellent. Regarding red tumors, the inter-rater
REM and rTEM were 1.57% (very good) and 22.84% (poor), whereas the intra-rater
REM and rTEM were 0.83% (excellent) and 5.27% (good). The inter-rater TEM
exceeded 2 mm?, while the intra-rater TEM was less than 2 mm?; the MAD for intra-
and inter-rater measurements was 0.31 mm? and 0.58 mm?. For flesh-colored tumors,
the inter-rater REM was 0.26%(excellent), and the intra-rater REM was 1.75% (very
good); the intra-rater rTEM was 6.60% (good), while the inter-rater rTEM was 14.81%

(poor). The intra- and inter-rater MAD were 0.46 and 0.06 mm?, respectively. The
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TEM was less than 2 mm? for intra-rater measurements, at 1.75 mm?, and greater
than 2 mm? for inter-rater measurements, at 3.90 mm?2. Except for the intra-rater REM,
which was good (6.59%), all measurements for yellow tumors, including intra-rater
rTEM, inter-rater REM, and rTEM, were poor. The MAD and TEM exceeded 2 mm? for
both intra- and inter-rater measurements. As for brownish-black tumors, the intra-rater
REM (1.32%), rTEM (2.70%), and inter-rater REM (3.74%) were very good, while the
inter-rater rTEM was poor. The intra-rater MAD and TEM were 0.72 mm? and 1.49
mm?, respectively, while the inter-rater MAD was 2.01 mm?, with a TEM of 13.17 mm?2.
Overall, tumors with flesh-colored and brownish-black appearances exhibit higher
reliability, whereas those with yellow appearances show the lowest reliability (Figure 4

and Figure 5).

5.2.5 Localization

Despite the different locations, all tumors exhibited excellent ICC. In the upper eyelid,
the intra-rater REM was 0.39% (excellent), while both the inter-rater and intra-rater
REM (4.05%) and rTEM (4.09%) were good, although the inter-rater rTEM was poor
(18.79%). The intra-rater MAD and TEM were under 2 mm?, and the inter-rater MAD
and TEM were below and exceeded 2 mm?, respectively. The intra-rater and
inter-rater REM (3.11% and 1.90%) were very good for the lower eyelid, with the
intra-rater rTEM (8.02%) being moderate and the inter-rater rTEM (23.23%) poor. The
intra- and inter-rater MAD were less than 2 mm?, while the TEM was greater than 2
mm?Z. Tumors in the medial canthus had excellent intra-rater REM (0.91%) and
moderate rTEM (7.38%), but poor inter-rater REM and rTEM. The intra-rater MAD
was below 2 mm?, and both the TEM and inter-rater MAD were greater than 2 mm?. In
the lateral canthus, the intra-rater REM (1.02%) and rTEM (2.26%) were very good,

and inter-rater REM (0.49%) and rTEM (4.46%) were excellent and good, respectively.
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The inter-rater TEM was greater than 2 mm?, while the MAD and intra-rater TEM were
less than 2 mm?2. The lateral canthus measurements generally showed the highest
reliability, followed by the upper and lower eyelids, with the medial canthus having the

lowest reliability (Figure 4 and Figure 5).

5.2.6 Boundary

The intra- and inter-rater ICC (0.998 and 0.972) were excellent for tumors with
well-defined boundaries, with MAD under 2 mm?2. The intra- and inter-rater TEMs
were greater than 2 mm? and less than 2 mm?, respectively. The REM for intra- and
inter-rater assessments were under 2%, indicating very good reliability. Additionally,
the intra-rater rTEM was good, whereas the inter-rater rTEM was poor. The intra-rater
and inter-rater ICC (0.996 and 0.978) were also excellent for tumors with unclear
boundaries, with MAD less than 2 mm? and TEM above 2 mm?. The REM for
intra-rater and inter-rater were very good and excellent, respectively. Regarding rTEM,

it performed poorly for inter-rater and was good for intra-rater (Figure 4 and Figure 5).
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Figure 4. The bar graph shows the intra-and inter-rater reliability of tumor area

measurements, including intraclass correlation coefficient (ICC), mean absolute

difference (MAD), technical error of measurement (TEM), relative error

measurement (REM), and relative TEM (rTEM).
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Figure 5. The radar graph offers a clearer visualization of the intra-rater and inter-rater

reliability for different types of periocular tumor area measurements, displaying the

intraclass correlation coefficient (1-ICC), mean absolute difference (MAD), technical

error of measurement (TEM), the relative error of measurement (REM), and relative

TEM (rTEM). The smaller the area enclosed by the five different parameter points, the

higher the reliability.
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5.3 Volume of Periocular Tumors

5.3.1 Comprehensive Reliability Assessment

The ICC estimates for intra-rater and inter-rater measurements were 0.974 and 0.907,
respectively, indicating excellent reliability. The MAD for intra-rater and inter-rater
measurements were both below 2 mm3, specifically 1.44 mm? and 1.41 mm?3. The
TEM were 13.90 mm? for intra-rater and 27.65 mm3 for inter-rater measurements. The
REM were good at 5.16% for intra-rater and 4.80% for inter-rater measurements. The
rTEM values for intra-rater and inter-rater measurements were poor, at 49.53% and
93.76%, respectively. In general, except for TEM and rTEM, all metrics indicated

good measurement reliability.

5.3.2 Factors Influencing Reliability

To identify the factors that most affect the reliability of volume measurements, we
used LASSO regression combined with 10-fold cross-validation, selecting nine factors:
age, diameter, shape, color, location, surface texture, distance from the eyelid margin,
boundary clarity, and histological characteristics (Figure 6). Subsequently, a random
forest analysis was conducted to prioritize these factors, revealing that diameter, color,
and location are the most critical factors influencing the reliability of tumor volume
measurements (Figure 7). Following this, we conducted a detailed reliability analysis

on these key factors.
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Figure 6. LASSO logistic regression was used for variable selection: (A) Ten-fold
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cross-validation for tuning parameter selection in the LASSO model. The plot shows

the binomial deviance versus log (A), where A is the tuning parameter. (B) The LASSO

coefficient profiles are displayed, with the optimal tuning parameter (A\) determined

through 10-fold cross-validation based on the minimum criteria.
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Figure 7. Feature importance ranks in random forest. The factors affecting the
reliability of tumor area measurements, ranked in order of importance from highest to

lowest, are diameter, color, and location.
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5.3.3 Diameter

For tumors with a diameter >5 mm, the intra-rater and inter-rater ICC values were
0.976 (excellent) and 0.899 (good). The intra-rater and inter-rater REM were
7.80%(moderate) and 3.82% (very good), while the intra-rater and inter-rater MAD
were 4.15 mm?3 and 2.15 mm?3, with TEM values exceeding 2 mm?3. The intra-rater and
inter-rater rTEM were poor. For tumors with a diameter <5 mm, the intra-rater and
inter-rater ICC (0.260 and 0.481) were poor, and both REM values were also poor.
The intra- rater and inter-rater MAD were below 2 mm?, but TEM values exceeded 2
mm? . Both intra-rater and inter-rater rTEM were poor. Compared to tumors 5 mm or
smaller, tumors larger than 5 mm showed better overall measurement reliability

(Figure 8 and Figure 9).

5.3.4 Color Characteristics

For red tumors, the intra-rater and inter-rater ICC (0.992 and 0.902) were excellent.
The intra-rater MAD was 1.65 mm?, while the inter-rater MAD was 3.81 mm?.
Regarding REM, the intra-rater REM was 5.71% (good), whereas the inter-rater REM
was 12.07% (poor). Flesh-colored tumors showed good intra-rater ICC (0.831) but
poor inter-rater ICC (0.482). The MAD values were 0.41 mm? for the intra-rater and
3.71 mm? for the inter-rater, with REM rated as very good for the intra-rater and poor
for the inter-rater. Regarding yellow tumors, the intra-rater and inter-rater ICC were
good (0.757) and moderate (0.747), respectively; the MAD values for intra-rater and
inter-rater were greater than 2 mm?, and the REM values were poor for both. As for
brownish-black tumors, intra-rater and inter-rater ICC (0.990 and 0.989) were
excellent; the MAD exceeded 2 mm?3, and the REM was moderate for intra-rater and
poor for inter-rater measurements. The TEM for both intra-rater and inter-rater

measurements of the four different periocular tumor colors were all greater than 2
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mm3, and both rTEM were rated as poor. Overall, the volume measurement reliability
was better for brown-black and red tumors, while yellow and flesh-colored tumors

showed poorer reliability (Figure 8 and Figure 9).

5.3.5 Localization

In the upper eyelid, both intra-rater and inter-rater MAD values were below 2 mm?3,
with REM rated as very good for intra-rater (2.86%) and excellent for inter-rater
(0.90%) measurements. In the lower eyelid, both intra-rater and inter-rater MAD
values exceeded 2 mm?, with intra-rater REM rated as moderate (7.83%) and
inter-rater REM rated as poor (15.44%). For tumors at the medial and lateral canthus,
intra-rater MAD was below 2 mm?3, while inter-rater MAD was above 2 mm?3; REM was
rated as excellent for intra-rater and poor for inter-rater measurements. The intra-rater
rTEM at the lateral canthus was very good (2.66%), while rTEM was poor at other
locations. Apart from the poor inter-rater ICC (0.381) at the medial canthus, all other
locations had excellent ICC values for both intra-rater and inter-rater measurements.
Except for the intra-rater TEM at the lateral canthus, which was below 2 mm?, TEM
values for both intra-rater and inter-rater measurements at other locations were above
2 mm?3.0n the whole, the reliability of volume measurements was superior for the
upper eyelid and lateral canthus compared to the lower eyelid and medial canthus

(Figure 8 and Figure 9).
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Figure 8. The bar graph shows the intra-and inter-rater reliability of tumor volume
measurements, including intraclass correlation coefficient (ICC), mean absolute
difference (MAD), technical error of measurement (TEM), relative error of

measurement (REM), and relative TEM (rTEM).
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6. DISCUSSION

To our knowledge, this is the first study to measure the area and volume of periocular
solid tumors directly and to evaluate intra-rater and inter-rater reliability. Before new
technology can be widely applied in clinical practice, establishing its reliability is
crucial to the validation process®®6'. Previous studies have measured the area of the
periocular region using idealized models®4; however, actual tumors vary significantly
in characteristics such as color, shape, and location. Therefore, conducting reliability

studies on the actual tumor area is essential.

The study demonstrates that the overall reliability of periocular tumor area
measurements is high, with MAD values remaining below two units. The intra-rater
and inter-rater values for ICC, REM, TEM, and rTEM were 0.998 and 0.974, 1.94%
and 1.22%, 2.29 mm? and 7.81 mm?, and 6.95% and 23.76%, respectively. Except for
the TEM and inter-rater rTEM, all other metrics indicated excellent or good reliability.
Furthermore, the reliability of tumor volume measurements was generally lower
compared to area measurements. While the intra-rater and inter-rater ICC were
excellent, with MAD below two units and REM rated as good, however, both
intra-rater and inter-rater TEM values exceeded two units, and rTEM was rated as
poor. To further analyze the measurement reliability of tumors with different
characteristics, we identified the factors that most significantly affect the reliability of
tumor area and volume measurements from various variables. The selected factors
for area measurements included tumor diameter, color, location, and boundary clarity,
while the selected factors for volume measurements included tumor diameter, color,

and location.
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6.1 Diameter

The results of this study indicate that, for tumor area measurements, the reliability of
measuring tumors larger than 5 mm is higher compared to those 5 mm or smaller,
both within and between raters. Specifically, for tumors greater than 5 mm, the
intra-rater reliability is rated as excellent or good, as indicated by the ICC (0.998),
MAD (0.93 mm?), REM (1.63%), TEM (2.43 mm?), and rTEM (4.25%). Aside from
TEM and rTEM, the inter-rater reliability is also high, with ICC, MAD, and REM values
of 0.977, 0.85, and 1.52%, respectively. In terms of volume measurements, tumors
with a diameter greater than 5 mm perform better on the ICC, REM, and rTEM metrics
compared to those with a diameter of 5 mm or less. However, for MAD and TEM,
tumors with a diameter of 5 mm or less show better measurements than those greater
than 5 mm. This result is likely due to the fact that MAD and TEM are related to tumor
size; smaller tumors result in lower MAD and TEM values. Overall, the reliability of
measuring tumors with a diameter greater than 5 mm is slightly better than for those 5

mm or smaller.

The most common periocular skin cancers are BCC and squamous cell carcinoma
SCC, both of which vary in tumor size, with larger tumors generally exhibiting higher
aggressiveness®?63, For instance, known risk factors for BCC invasion of the orbit
include large tumor size. Furthermore, the seventh edition of the American Joint
Committee on Cancer (AJCC) staging manual includes a separate staging system for
cutaneous squamous cell carcinoma, where a clinical size greater than 2 cm is a
critical distinguishing factor, indicating high-risk features®4.5. This study found that
tumors larger than 5 mm exhibit excellent reliability, providing a robust basis for
preoperative measurement of large, highly invasive malignant tumors and

demonstrating significant potential for future applications.
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6.2 Color Characteristics

In the area measurement of periocular tumors, comparing four tumor colors revealed
that brownish-black tumors have the highest reliability, followed by flesh-colored and
red tumors, while yellow tumors have the lowest reliability. However, the reliability
observed in tumor volume measurements differed from those of area measurements.
Our findings indicate that volume measurements for brown-black and red tumors are
more reliable than those for flesh-colored and yellow tumors. Fan et al.obtained
similar results using the same system. Their study involved printing 3D tumor models
of various sizes and colors, placing them in different positions around the eye,
measuring the tumor model volumes, and evaluating the intra-rater and inter-rater
reliability of the measurements. The results indicated that the black tumor models
exhibited good reliability 6. Periocular melanoma is an aggressive tumor typically
characterized by brown or tan pigmentation. Although relatively uncommon,
comprising only 1% of eyelid tumors and melanomas, it has a high incidence of
metastasis and mortality, with reports of a 10-year mortality rate approaching 30%°%".
Additionally, this malignancy is more prevalent among the elderly and female
populations, with incidence rates increasing in recent years®%8. Combined with our
results, it can be shown that stereophotogrammetry holds significant potential in
accurately measuring the area and volume of eyelid melanomas. Merkel cell
carcinoma (MCC) is another rare but highly aggressive malignancy, with most cases
occurring in Caucasians and a much lower incidence observed in other races®. MCC
carries a high risk of metastasis and recurrence’®’". Lesions typically present as
solitary purple or red nodules on the eyelid margin, often resulting in partial or
complete loss of eyelashes®72. Basal cell carcinoma (BCC) accounts for 90% of
malignant eyelid tumors and is the most common malignancy in the periocular

region”3.1t develops slowly, with the classic presentation being a pearly nodule, most
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often appearing as a solitary flesh-colored lesion”. Squamous cell carcinoma (SCC)
is the second most common malignancy in the periocular region’®, and it can present
in various forms, including erythematous scaly plaques or raised flesh-colored
plagues and nodules®7®. Our study indicates that the stereophotogrammetry system
demonstrates high reliability in measuring the surface area of flesh-colored and red
tumors, suggesting significant potential for its application in measuring BCC, SCC,
and MCC tumors in the future. Regarding volume, the stereophotogrammetry system
demonstrates high reliability in measuring the surface area of brown-black and red
tumors. Therefore, using stereoscopic imaging devices for volume measurements of
red SCCs, MCCs, and eyelid melanoma offers relatively good reliability. These
findings suggest that stereophotogrammetry provides a promising approach for
evaluating tumor areas and volumes, enhancing the reliability of measurements for

these specific tumor types and aiding in clinical assessment and management.

6.3 Localization

The reliability of periocular tumor measurements varies according to their location.
Our study suggested that tumors in the medial canthus exhibited the lowest
measurement reliability, consistent with the findings of Liu et al., who also identified
the medial canthus as having the poorest reliability in their study on periocular region
area reliability®*. This may be attributed to the difficulty in fully exposing tumors in the
medial canthus, where the nasal bridge can interfere, resulting in image artifacts that
compromise measurement accuracy. In the measurement of tumor volume, we found
that the reliability was higher for tumors located at the lateral canthus and upper
eyelid, while it was lower for those at the medial canthus and upper eyelid. This
finding is similar to the results reported by Fan et al. on the reliability of periocular

tumor model volume measurements, which showed good reliability when the tumors
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were at the upper eyelid and lateral canthus®. However, unlike our results, their study
also found good reliability at the medial canthus. This discrepancy may be because
our study involved real periocular tumors in patients, whereas their research was
based on tumor models. Tumors in patient eyelids tend to exhibit more complexity
and are less uniform, which may account for the observed differences in the findings.
The lower eyelid is the most frequent location for periocular BCC, accounting for
approximately 50-60% of cases’’. Similarly, SCC, another common non-melanoma
skin cancer, predominantly occurs in the lower eyelid, with 48%—68% of cases'®. Both
types of tumors are associated with ultraviolet radiation exposure, and their higher
prevalence in the lower eyelid is because the lower eyelids are more directly exposed
to sunlight’®. Sebaceous gland carcinoma (SGC), a rare malignancy that is more
prevalent among Asians, frequently affects the upper eyelid due to the higher density
of meibomian glands and typically presents as a painless subcutaneous nodule?®.
BCC and SCC may also arise on the lateral eyelid; however, these occurrences are
less frequent than tumors at the eyelid margin and present a higher propensity for
orbital invasion 7%, Our study found that in terms of tumor area measurement,
tumors located at the lateral canthus, lower eyelid, and upper eyelid exhibited higher
measurement reliability. For volume measurement, tumors at the lateral canthus and
upper eyelid showed good reliability. The results indicating that this method offers a
more accurate and convenient approach for assessing tumors in commonly affected

areas for BCC and SCC, as well as for highly aggressive tumors.

6.4 Boundary
Our study found better reliability for well-defined tumors than for ill-defined tumors in
area measurements. Notably, inter-rater reliability exhibited greater variability

compared to intra-rater reliability, likely due to discrepancies in boundary identification
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by different raters for tumors with indistinct margins, leading to intergroup differences
in measurement outcomes. Clinically, benign tumors typically present with distinct
boundaries, whereas malignant tumors often manifest with ambiguous margins®'.
Consequently, for more accurate and reliable measurements in clinical settings, it is
advisable that tumors with poorly defined margins be identified collaboratively by
several experienced doctors. This approach is expected to improve the consistency

and reliability of the measurements.

It is noteworthy that in our study,the REM and rTEM values for many tumors were
relatively high. This observation may be attributed to the relatively small size of
periorbital tumors, as tumors with smaller areas tend to have higher REM and rTEM
values. This finding is consistent with previous research, which shows that larger
objects have higher MAD and TEM values, while REM and rTEM values decrease
with increasing area. Conversely, smaller objects exhibit lower MAD and TEM values

but higher REM and rTEM values®':82,

This study represents the first comprehensive analysis involving precise
measurement of periocular tumor areas and volume, compiling reliable data on the
measurement accuracy for tumors in the periocular region. These findings hold
significant value for the clinical assessment of periocular tumors. For instance,
surgical intervention remains the preferred treatment modality for periocular tumors
such as BCC and SCC. The size of a tumor holds significant importance in assessing
the extent of preoperative skin excision, selecting the most appropriate surgical
approach, and evaluating prognosis, which is crucial for the postoperative functional
and aesthetic recovery of the patient's eyelids. Traditionally, clinical assessment has

primarily relied on measuring the tumor diameter, which provides a limited evaluation
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criterion. Integrating tumor area and volume measurements into preoperative
assessments could substantially enhance accuracy. Moreover, eyelid tumors,
particularly prevalent malignant types such as BCC and SCC, exhibit slow growth and
insidious progression®. Given the constraints of periocular anatomy, subtle changes in
tumor size are challenging to discern visually. In such cases, using
stereophotogrammetry for patient follow-up makes it easier to detect changes in

tumor size, allowing for better planning of subsequent treatment strategies.

This research also has several limitations. Despite the large sample size, the number
of cases within different subcategories of characteristics is not evenly distributed. For
example, the smaller number of brownish-black and yellow tumors may either
increase or decrease the reliability of findings related to these subgroups. Further
research is needed to confirm these trends in a larger sample and ensure an
equitable distribution of cases across different groups, allowing for consistent
assessment of the outcomes. Moreover, as periocular tumors, particularly malignant
ones, are more prevalent in elderly individuals, this study predominantly included
older participants. Considering the anatomical differences between younger and older
patients, further research is needed to determine if these findings apply to younger
populations. Future studies could investigate larger and more diverse patient cohorts

to enhance the robustness and applicability of the findings.

Our study established the feasibility of measuring the area and volume of periorbital
tumors and confirmed the high reliability of using 3D stereophotogrammetry for these
measurements, particularly in measuring tumor area. Tumors larger than 5 mm,
characterized by a brownish-black color, clear boundaries, and located at the lateral

canthus, upper eyelid, or lower eyelid, demonstrated higher reliability in area
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measurements. For volume measurements, tumors larger than 5 mm, with a
brownish-black or red color, and located at the lateral canthus or upper eyelid
exhibited high reliability. These findings highlight the potential for 3D
stereophotogrammetry to improve surgical planning, especially for larger periocular
tumors or those with specific characteristics. By providing accurate and reproducible
measurements, this technology could help guide excision strategies, optimize margin
assessment, and potentially reduce recurrence rates, ultimately enhancing patient
outcomes. Looking ahead, this measurement approach holds promise for expanding
beyond periocular tumors to other anatomical regions or tumor types. Its application in
broader clinical settings could further validate its utility, offering a reliable,
non-invasive tool for tumor measurement and treatment planning across various

fields of oncology.
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8. APPENDIX

8.1 Figure legends

Figure 1. VECTRA M3 dimension and Patients with Periocular Tumors Captured

Using the VECTRA M3 Imaging System.

Figure 2. LASSO regression combined with 10-fold cross-validation.

Figure 3. Feature importance ranks in random forest.

Figure 4. Bar Graph of intra- and inter-rater reliability in tumor area measurements.

Figure 5. Radar graph of intra- and inter-rater reliability in periocular tumor area

measurements.

Figure 6. LASSO regression combined with 10-fold cross-validation.

Figure 7. Feature importance ranks in random forest.

Figure 8. Bar Graph of intra- and inter-rater reliability in tumor volume measurements.

Figure 9. Radar graph of intra- and inter-rater reliability in periocular tumor volume

measurements.

8.2 Table legend

Table 1 The demographic and clinical features of patients with eyelid tumors
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