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Previous studies have shown that light iris color is a predisposing factor for the
development of uveal melanoma (UM) in a population of Caucasian ancestry. However,
in all these studies, a remarkably low percentage of patients have brown eyes, so we
applied deep learning methods to investigate the correlation between iris color and
the prevalence of UM in the Chinese population. All anterior segment photos were
automatically segmented with U-NET, and only the iris regions were retained. Then
the iris was analyzed with machine learning methods (random forests and convolutional
neural networks) to obtain the corresponding iris color spectra (classification probability).
We obtained satisfactory segmentation results with high consistency with those from
experts. The iris color spectrum is consistent with the raters’ view, but there is no
significant correlation with UM incidence.

Keywords: uveal melanoma, iris color, artificial intelligence, machine learning, Chinese population

INTRODUCTION

Uveal melanoma (UM) is the most common primary intraocular malignancy in adults. In a study
by Shields et al. (2009) of 8,033 UM patients, tumors were located in the iris in 285 cases (4%),
the ciliary body in 492 cases (6%), and the choroid in 7,256 cases (90%). About half of patients
eventually developed blood metastases, often on the liver. Most tumors can be treated by irradiation
(e.g., radioactive plaque, proton beam), and larger tumors may require eye excision (Dogrusoz
et al., 2017). The main goal of treatment is to locally control tumor growth and prevent tumor
metastasis and spreading. There is currently no effective treatment for metastasis. Consequently,
the vast majority of patients die in a short period (6-8 months) (Singh et al., 2005; Cerbone et al.,
2014). UM is primarily diagnosed by clinical examination, including indirect ophthalmoscopy
and ancillary examinations such as fluorescent angiography and ophthalmic ultrasound. However,
many patients come to the doctor late because they have no symptoms. When patients have
symptoms, they often suffer blurred vision, light patches (seeing flashes of light), visual field defects,
etc., (Damato and Damato, 2012).
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The annual incidence of UM is 6 per 1 million people (Boyle
etal., 1983). Among a host of factors associated with an increased
incidence of UM, ethnicity is the strongest risk factor for UM.
UM is approximately 20-30 times more common in whites than
in blacks and Asians. Among whites, light skin color and light
iris color are established risk factors (Gallagher et al., 1985;
Holly et al., 1990; Vajdic et al., 2002; Shah et al., 2005). In
a meta-analysis of the association between host susceptibility
factors and UM presented by Weis et al. (2006), the following
statistically significant factors were revealed: light eye color
(RR, 1.75), light skin color (RR, 1.80), and inability to tan
(RR, 1.64). The increased incidence of UM in eyes with light
iris (blue or gray) may be associated with a decrease in uveal
melanin. Iris pigmentation has many physiological functions,
including protection of the underlying tissues from ultraviolet
radiation, and a protective role in various diseases (e.g., age-
related macular degeneration, age-related cataract) (Cumming
et al., 2000; Tomany et al., 2003). Lack of pigmentation leads to
more light penetration into the uvea and less protection from
ultraviolet radiation (UV), which increases the risk of UM (Egan
et al., 1988; Singh and Topham, 2003). It has also been suggested
(Houtzagers et al., 2020) that most UV rays are absorbed by
the cornea, lens, and vitreous, while other wavelengths, such
as visible light, penetrate the back of the eye and contribute
to the production of toxic reactive oxygen species (ROS),
thereby increasing the chance of malignant transformation of
uveal melanocytes.

Although several studies from Canada, the United States,
Germany, France, the Netherlands, and Australia have shown
that UM is more prevalent in people with lighter iris color
(Gallagher et al., 1985; Holly et al., 1990; Seddon et al., 1990; Pane
and Hirst, 2000; Guénel et al., 2001; Stang et al., 2003; Schmidt-
Pokrzywniak et al., 2009; Houtzagers et al., 2020), the proportion
of patients with brown eyes in these studies is very low. Therefore,
the relationship between iris color and the incidence of UM in the
Asian population requires a closer examination. For the first time,
we applied deep learning methods to retrospectively evaluate the
iris color of the eyes with UM using the photos from Chinese
patients, to investigate the correlation between iris color and the
prevalence of UM in the East Asian population.

MATERIALS AND METHODS
Study Population

We randomly recruited patients with benign eye diseases
admitted to Beijing Tongren Hospital between 2015 and 2020
as a control group. We excluded eyes with previous iris
laser treatment, or under IOP-lowering medication, as these
conditions may have changed the iris color or morphology in
some eyes. We also excluded some eyes with iris depigmentation
or corneal leucoma, which may affect our judgment of iris
color. Our study included 778 UM patients and 2,239 nontumor
patients, all of which have clearly recognizable anterior segment
photos of both eyes. None of the patients received any treatment,
including tumor resection, radiotherapy, and chemotherapy,
before we took images of their anterior segments. According

to patients’ medical records and clinical photos, all patients’
iris colors were divided into five groups. Table 1 shows the
baseline characteristics of the study population. As shown in
Figure 1, there is no significant difference in the ratio of males
to females between the two groups. As shown in Figure 2, in
both populations, eyes with an iris color rating of 3 or 4 were the
most common. The mean age of UM patients was 48 years, and
that of nontumor patients was 52 years. Figure 3 shows the age
distribution of the two groups of patients. Figure 4 shows that 379
of the UM patients had tumors in the left eye and 399 in the right
eye, with no significant difference in the affected eye. The detailed
information of the included patients is shown in Supplementary
Tables 1, 2.

Iris Color Grading

A retrospective assessment of iris color was performed by using
anterior segment photos of UM patients and nontumor patients
at their first visit to Beijing Tongren Hospital from 2015 to 2020.
Color images of the iris of both eyes were taken using a slit
lamp (DC3, Topcon Corporation, Tokyo, Japan) with a x 16

TABLE 1 | Baseline characteristics of the study population.

UM (n =778) Normal (2,239)

n % N %
Gender
Male 396 0.51 879 0.39
Female 382 0.49 1360 0.61
Age
Mean 48.0 52.0
Iris Color 1,556 4,478
O] 85 0.055 212 0.047
@ 248 0.159 687 0.153
® 620 0.398 1079 0.241
@) 354 0.228 1636 0.365
® 249 0.160 864 0.193

1500 T T
B Male
[ JFemale
1000 "
500 "
0
UM Normal
FIGURE 1 | Sex ratio of patients in the two groups.
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FIGURE 2 | Iris color grading of patients in two groups.

magnification, bandwidth (>20 mm), height (14 mm), brightness
at 30% of the brightest, and angle of 45°. Shot in a darkened room
(20 lux), photos are saved in JPEG format (RGB 3120 x 4160)
(ACDSee Photo Manager Version 11.0 Software View)'.

The iris color-grading scheme in our study is the same as
described in previous studies of Asians (Sidhartha et al., 2014a,b;
Pan et al., 2018). The participants’ demographic information and
clinical diagnosis were masked, and the color of all iris photos was
rated independently by two raters. We select a set of reference
photos that best represent the changes observed in the study
population. The iris is rated on a scale of 1-5 based on the overall
color of the iris: 1 for the lightest color and 5 for the darkest. If
a photograph is considered to be between two consecutive levels,

Uhttps://www.acdsee.com/en/index/

the higher level is assigned. If the two raters’ observations do not
agree, a third person makes the judgment.

Our raters all have some medical background and general
knowledge of ophthalmology.

Annotation Site Segmentation From
Slit-Lamp Images

We applied U-NET (Ronneberger et al., 2015) to automatically
extract iris zones and obtained the post-processed images which
only contain iris sites. Then, the segmented mask results were
used to detect connected zones and the largest zone was retained
and the others were discarded, as demonstrated in Figure 5.

The architecture of U-NET is shown in Figure 6. The input
and output are the slit-lamp image and mask image, respectively.
U-NET can classify all pixels in images to corresponding classes.
In the current research, we need to distinguish the pupil, iris,
sclera, and eyelid. Then the iris was retained and the pixels in
other parts were set as 0. The largest connected region in the slit-
lamp image was extracted, and other small components in the iris
part are discarded.

Iris Color Spectrum Extraction and

Differentiation of UM Patients’ Images

We used random forest (RF; Zhang et al., 2019; Lin et al,
2020) and convolutional neural network (CNN; Yang et al,
2019; Li et al,, 2020; Zhang K. et al., 2020; Zhang Y. et al,
2020) to extract the iris color spectrum, which represents
the iris color grading scores of five categories. Then the iris
color spectrum was used as the descriptor to differentiate the
nontumor patients from UM patients. RF and CNN received
the color features and the segmented iris images, respectively.
Color features (Shih and Liu, 2016; Wang et al., 2017; Zhang
et al., 2018) were computed with RGB (red, green, blue), HSV
(hue, saturation, value) (Hamuda et al., 2017), and YCbCr

600 ;

500 =

400

200

100

UM

FIGURE 3 | Age distribution of patients in the two groups.
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FIGURE 4 | The laterality of the affected eye of uveal melanoma (UM) patients.

(Noda and Niimi, 2007) color spaces. A total of 27 (three types
of color space x three channels x three orders of momentum)
features were summarized as the descriptor of the color of iris.

The random forest, a common machine learning algorithm,
is shown in Figure 7. It consists of many decision trees, and
each tree can iteratively split a dataset into subsets as a certain
discipline (e.g., Gini index) to complete the classification or
regression task. Finally, all trees vote for a specific sample to
determine the predictive result.

Direct Identification of UM With Iris

Images

The iris images were directly fed into CNN to test whether it
can be used to identify the UM patients from normal persons.
The subjects in the training, validation, and testing datasets
are different to guarantee the fair evaluation of the relationship
between the iris color and UM.

Statistical Analysis

All statistical analyses were performed using Python 3.7.3
(Wilmington, DE, United States) and MATLAB R2016a.> We
used the accuracy, sensitivity, specificity, receiver-operating
characteristic curve, and precision recall curve to assess the
performance of the machine learning models. The area under the
curve (AUC) was calculated.

RESULTS

The loss curve of the UM patient group and the segmentation
results are shown in Figure 8. The performance is satisfactory.
The iris color spectrum was consistent with the raters’ view.
Although the top 1 accuracy is not high, the overall trend
is consistent. Because of the physiological limitation and
subjectivity of human beings, this result is acceptable and it also
verifies that the labels of all samples are objective.

The differentiation results are shown in Figure 8, which is not
satisfactory and cannot be discerned by the iris color spectrum.

Zhttps://www.mathworks.com/

Grade2

Gradel

Grade3

FIGURE 5 | The most representative photos in the current study population were selected as a reference for scoring and the corresponding segmentation resullts.
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The ROC and PR curves (Wang et al., 2017; Zhang et al., 2018)
show that the iris color spectrum almost has no relationship
with UM incidence. We also applied the segmented iris map to
directly discern whether this patient suffers from UM or not. The
performance is also not satisfactory.

Figures 9, 10 show the classification performance for
evaluating the iris color, including RF and CNN, which
distinguishes UM with the color spectrum of the iris and iris
image. The results of the RF and CNN classification for iris
color are in good agreement with our raters. A small number
of different categories of classification results, which are also
mainly in the adjacent categories of the raters’ markup results,
are shown in the red boxes in Figures 9, 10. Our results show
no significant correlation between UM incidence and iris color in
our population-based study, as demonstrated in Figure 11. The

ROS curves signified that machine learning cannot discern UM
with the color features of the iris. Furthermore, we try to directly
differentiate UM from the normal with the iris image using CNN,
the relationship was also weak.

DISCUSSION

Uveal melanoma is an aggressive malignancy that originates
from melanocytes in the eye and remains to have a poor
prognosis with a 5-year overall survival (OS) rate of <50%.
The prevalence in Asian populations is about (0.1-0.6)/1,000,000
(Hu et al, 2005; Stang et al, 2005; Park et al, 2015;
Tomizuka et al., 2017), which is much lower than that in
the non-Hispanic white population (Hu et al., 2005), the
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FIGURE 8 | U-NET was used to extract iris regions from slit-lamp images, and then random forest (RF) and convolutional neural network (CNN) were used to extract
iris color chromatography as descriptors to distinguish UM patients from nontumor patients. Meanwhile, the extracted iris images were directly input into the CNN
network to identify UM patients and nontumor groups.

Predicted label (Al)

Validation dataset Testing dataset
All subjects (Health and UM)

(suerdisAyd Aq pajage]) yiniy punoio

FIGURE 9 | The performance for evaluating the color of iris (RF). The left-hand side is listed as the validation dataset, and the right-hand side is listed as the testing
dataset. The first line shows all subjects, the second one shows the nontumor control datasets, the third one shows the tumor patient datasets.
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FIGURE 10 | The performance for evaluating the color of the iris (CNN).
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FIGURE 11 | The relationship between the color spectra of the iris and UM.
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highest incidence in Northern Europe (Denmark and Norway)
(Schmidt-Pokrzywniak et al., 2009). Regional differences may
be attributed to ethnicity (lower risks among Asians and
populations with higher levels of melanin production in
the iris) or to environmental factors, including UV (Vajdic
et al, 2002). In whites, a light iris color is an identified
risk factor for UM. Our study is the first to verify the
relationship between iris color and UM in East Asian ethnicity
using deep learning methods. The results showed that there

was no significant correlation between the incidence of
UM and iris color.

We compared our findings with other studies that have
published cohorts of UM patients with known iris colors
(Gallagher et al., 1985; Holly et al., 1990; Seddon et al., 1990;
Pane and Hirst, 2000; Guénel et al., 2001; Stang et al.,, 2003;
Schmidt-Pokrzywniak et al., 2009; Houtzagers et al., 2020), the
size of our control group (n = 2,239) was much larger than in
any of the other studies, and the number of UM patients in
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our study was also relatively large. Compared to the methods
used in other studies, deep learning is a more novel and efficient
method. In recent years, due to the unique advantages of artificial
intelligence in intelligent identification, data mining, information
classification, and other aspects, it has brought new scientific
research technology to the medical industry, has accelerated the
mining of medical information, and has been gradually widely
used in the medical field. The accuracy of deep learning for
image recognition depends on the number of cases, which often
requires a long process of training and learning and optimization.
The more image data available for learning, the more accurate
the classification results will be. In our study, even though we
eliminated many factors that may affect the judgment of iris color,
we still included a considerable number of patients and control
groups, which is conducive to improving the accuracy of machine
learning algorithms.

At the same time, its limitations should be taken into account.
First of all, the study population included only that of Chinese so
that future studies may address patients of different races. Second,
the method of iris color grading was susceptible to subjective
factors; therefore, our three raters made their own judgments
independently and did not know the classification results of
others. Third, it is well known that the observation of color is
heavily dependent on light sources; the color rendering index
(Ra = color seen under a certain light source/color that can
be seen under natural light irradiation) and color temperature
are best in natural light, but it is difficult to capture all images
in the same natural light. Therefore, we shot in a dark room
and used the illumination head LI 900 combined with slit-lamp
types BQ 900 BM 900 and BP 900. LI 900 is equipped with
two individually adjustable LEDs. The first LED is used for slit
illumination and the second for the background illumination.
The diffuse light illumination is evenly balanced; the background
light and the diffuse light illumination of the slit light gave a free
shadow illumination, natural color, and two kinds of reflected
light. Besides, since the color temperature and color rendering
index of the illumination light sources of the two slit lamps we
used were slightly different, and the years of image acquisition
span a wide range (5 years), it might have affected the manual
judgment of iris color to a certain extent. To solve this problem,
we tried to balance the patients included and randomly selected
nontumor patients who came to the hospital at the same time as
the UM patients.

All in all, the reason why our results differ from previous
studies is considered to be mainly the variability of ethnicity.
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