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Abstract---Eye cancer is extremely rare. It can harm the eye's outer 

parts, such as the eyelid, which is made up of muscles, skin, and 

nerves. Intraocular cancer occurs when cancer begins inside the 
eyeball. Melanoma and lymphoma are perhaps the very familiar 

intraocular cancers in grown-up person. Retinoblastoma, which 

begins in the cells of the retina, seems to be the most common type of 

eye cancer in children. Cancer can also disperse from several other 
parts of the human body to the eye. Therapies for eye cancer vary 

depending on the type and stage of the disease. Radiation therapy, 

Surgery, laser therapy, and freezing or heat therapy are all the 
possibilities. Medical imaging techniques such as Ultrasound, 

Magnetic Resonance Imaging and Computed Tomography supports in 

obtaining the anatomical structure of the eye. By the introduction of 
the image segmentation algorithms, the infected portion in the eye 

image is segmented and the information such as the size and location 

of the tumor is also identified. This can assist the clinicians make 
more rapid and accurate diagnosis. The various studies using 

conventional segmentation methodologies on Retinoblastoma were 

reviewed in this paper. 
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Introduction  

 
Retinoblastoma (RB) is an ocular cancer that forms in the retina, which is the 

light-sensitive thin membrane within our eyes. RB is perhaps the 

prevalent cancerous tumor in children under the age of five, but it can arise in 
adults on rare cases [1]. It affects both men and women equitably. Normally, the 

eyes start to develop before conception and have cells named retinoblasts that 

multiply to create new cells that fill the retina in the initial phases of 

development. Such cells eventually stop growing and become mature retinal cells. 
Sometimes instead of maturing, a few retinoblasts keep on growing 

uncontrollably, resulting in RB, a form of cancer [2]. Fig. 1 shows the human eye 

structure, healthy eye, and eye with RB. 
 

 
       (a)   (b)         (c) 

Fig.1. (a) Structure of human eye (b) Healthy eye (c) Retinoblastoma 

 

Retina is comprised of nerve tissue that detects light passing through the front of 
our eyes. Illumination and colour are detected by the specialised photosensitive 

tissue which is present behind the eye. The optic nerve connects these light-

sensing cells to the brain that goes out to the rear of the eyeball and interprets 
this sensory information as images [3]. The form of light (image) that enters the 

retina is transmitted via the optic nerve to the visual cortex of the brain, 

permitting us to see. 
 

In United States, 250 to 350 children are diagnosed with RBeach year. It 

is estimated to account for about 4% of all forms of cancer in children under age 
of 15. It predominantly impacts infants and young children, and clinical signs are 

uncommon [4]. A white colour in the pupil can be seen in dim light or when 

taking a picture with flash named cat's eye reflex or Leukocoria; crossed eyes, the 

eyes that seem to be looking in different directions termed strabismus, that can 
end up causing squinting; alter in iris colour; Poor sight, eye strain, reddening, 

and inflammation, Infection of the eyelids, larger eyeball than normal, the 

coloured portion of the eye, and pupil apparently cloudy. 
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Fig 2. Paradigms of Retinoblastoma 

 

The majority of RB case scenarios are affected by RB1 genemutations, a cancer 

suppressor gene that implies it usually controls cell development and prevents 

cells from dividing excessively or uncontrollably [5]. Because most mutations in 
the RB1 gene protect it from producing any functional protein, cells are unable to 

effectively regulate cell division. As a consequence, specific cells in the retina can 

start dividing uncontrollably, resulting in the formation of a malignant tumor. 
Non-hereditary / Sporadic Retinoblastoma (NHRB) and Hereditary / Congenital 

Retinoblastoma (HRB) are the two types RB and is explicated in Fig.2. The type is 

determined by where and when the RB1 mutation happens, as well as whether or 
not the mutation is inherited. 

 

Roughly 60% of cases mentioned are unilateral, with the rest 40% being bilateral. 
Patients with RB are classified based on whether the mutation is germline or 

somatic [6]. Patients with bilateral presentation are assumed to have germline 

mutations, whereas most unilateral cases have somatic mutations, 15% will still 
have germline mutations. Fig.3 represents the Unilateral and Bilateral 

Retinoblastoma. 

 

 
Fig.3. Unilateral and Bilateral Retinoblastoma (Clinicopathologic Observations) 

 

Once detected early, RBis often treatable. Moreover, if not diagnosed early, this 

disease has the potential to spread from eye to other portions of the human body. 

Types of Retinoblastoma

Non-hereditary / Sporadic 

Retinoblastoma (NHRB)

Happens by chance. 

About 60% of children with RB have NHRB. 

Children are born with 2 normal copies of the RB1 
gene. A mutation of both copies of the RB1 gene 
in a retinoblast causes a RB tumor to form in the 

eye. 

Children with NHRB only develop a tumor in one 
eye (called unilateral RB). 

They will not usually pass the RB1 mutation on to 
their future children.

Hereditary / Congenital

Retinoblastoma (HRB)

Passed on from a parent to a child. 

About 40% of children with RB have HRB. 

HRB can be familial or sporadic. In familial 
hereditary RB (also called familial 

retinoblastoma), a parent or other family 
member of the child has had RB. 

In sporadic HRB, no one else in the family has a 
history of retinoblastoma. 

The RB1 gene mutation happens in the egg or 
sperm before a baby is conceived (called a 
germline mutation) and is passed on to the 

child.
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This powerful form of RBcan be fatal. Fig.4 illustrates the various standard 

treatments of RB. 
 

 
Fig.4. Various standard treatments of Retinoblastoma (Therapies) 

 

Late effects are the adverse effects of cancer treatment that occur after the 
procedure and can last for months or even years [5]. Some of them are physical 

issues such as vision or hearing impairment; If the eye is excluded, the size and 

shape of the bone around the eye may transform till a synthetic eye is mounted 
that was most probable to happen to children under the age of 3. Sudden 

Changes in sentiments, emotions, thoughts, learning method, and cognitive 

thinking; Following cancers such as respiratory and urinary system cancers, 

osteosarcoma, melanoma or soft tissue sarcoma. 
 

The RB can arise inside or outside the eye and is referred to as Intraocular (IORB) 

or Extraocular RB (EORB) and is portrayed in Fig.5. IORB emerges in one or even 
both eyes and would be found only in the retina or in other eye portions such as 

the choroid, ciliary body, or in optic nerve. Tumor has not dispersed to the tissues 

encompassing the eye or to other body parts in IORB [7]. But cancer has 
dispersed beyond the eye in EORB. It may be found in the tissues surrounding 

the eye (orbital RB), or it may have expanded to the central nervous system  such 

as spinal cord and brain or other major organs such as the muscle, liver or bone 
marrow. The International Classification System for Intraocular and Extraocular 

Staging are depicted in Fig.6 and Fig.7. 
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treatments of 
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Fig.5. Intraocular and Extraocular retinoblastoma (Clinicopathologic 

Observations) 

A comprehensive medical assessment, complete patient record, recognition of 
clinical signs, and a wide range of specialised tests are used to make the 

diagnosis of RB. Leukocoria is the most common presenting clinical 

manifestation. To determine the presence of a tumor, a detailed check of the inner 
surface of the eye may be conducted under anaesthesia.The most common 

ancillary evaluations for RB are MRI, CT and (US). 

 
USis a non-invasive,less cost, easy to use and is a extensivelyaccessible form of 

therapy [8]. For the patient, results inopaque ocular light-conducting media, this 

type of therapy is particularly effective in patients. It is capable of detecting tumor 

measurements and attributes, as well as vitreous seeding. It is normally carried 
out with a high frequency probe of 10 MHz. The nerve present below the 

retrobulbar fat can be disclosed by B scans. 

 

 
Fig.6. International Classification System for Intraocular Staging (Technological 

Interventions) 

 
CT is a cross-sectional image created by combining multiple X-ray pictures taken 

at different angles. CT, like normal X-ray, is based on the relative radiopacity of 

various tissues[9]. CT uses ionisation radiations that canextent 1–10 mSv. On CT, 
RB has appeared like a high dense lesion in comparison to the neighbouring less 

dense ocular vitreous. CT helps in identifying deposition, which can look as a 

non-homogeneous form in utmost large growths or in a homogeneous form in 

smallgrowths. Also CT is unsuccessful to detect calcification in small RBtumors 
in some research findings. Because of radiation exposure and soft tissues’ 
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sensitivity for radiation, CT scan is undesirable for diagnostic testing and look-up 

of young kids with RB. This lessens the use of CT in RB cases, particularly in 
places where MR research findings are available. 

 

 
Fig.7. International Classification System for Extraocular Staging (Technological 

Interventions) 

 

MRI is a form of image analysis that generates anatomical images without using 
ionisation radiation, but by using strong magnetic fields and its gradients. Due 

the presence of increase in soft tissue, MRI is taken into account the 

preferred option for assessing RB tumor [10]. Even though RB is typically 
identified therapeutically through fundoscopy, MRI could be used to diagnose the 

disease in cases of ambiguous ocular medium. The European Retinoblastoma 

Imaging Collaboration (ERIC) has compiled theRB visualization procedure [11]. 
Whereas the above said characteristics of MRI can assist in the prognosis of RB, it 

is more commonly used for RB staging. 

 

 
 

Fig.1. Retinoblastoma imaging modalities (a) Ultrasound (b) CT (c) MRI (Clinical 

Diagnostic procedures) 
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Literature Review 

 

Deliberately trying to create a completely excellent diagnosis and identifying the 

origin of illnesses in a timely basis poses a serious challenge for healthcare 
professionals in order to mitigate patients from suffering. By the use of intelligent 

learning approaches in the investigation and interpretation of clinical images has 

produced very outstanding results. This section presents a summary of some key 
findings of previous researches. 

 

Ciller et al. used an active shape model to automatically segment retinoblastoma 
from MR eye images of 24 patients [12]. Leave-one-out cross-validation test is 

used to substantiate the classification results. The average computational time to 

perform the process is 14 seconds, and better dice score values are obtained. 
Munson et al. created a smartphone app to detect Leukocoria in 52,982 images of 

eye from 20 children [13]. The developed app aids in the identification of various 

eye diseases such as cataract, hyperopia, RB, and coats' disease. By recognizing 

80% of kids with eye illness, the developed application proves its sensitivity and 
specificity values. 

 

Badar et al. analyzed the different automated diagnostic methods of retinal 
diseases that assist in the early diagnosis and prevention of disease severity [14]. 

With the advent of deep learning methods and multimodal images, different eye 

diseases are recognised and fragmented from publicly available datasets, and 
their efficacy is evaluated using performance metric parameters. Li et al. 

investigated the use of deep learning to analyse retinal images for disease 

recognition and characterization [15]. The author reviewed 143 papers in this field 
that used images from 33 datasets that are freely available on the internet. The 

results and weaknesses of the different methods were also discussed. 

 

Sundaram et al. proposed an integrated categorization method for extracting 
diseased/infected blood vessels from an eye image captured with a fundus 

camera [16]. As the initial process, the authors recommend various morphological 

operations. Then, for feature extraction, they used bottom hat transform and 
multi-scale vessel enhancement technique. The results of the developed methods 

are validated by comparing them to their respective ground truth images. Jansen 

et al. looked at the dominant disease features in eye MRIs from RB, Coats' 
Disease, and Persistent Fetal Vasculature [17]. The extracted characteristics of all 

three diseases were compared and differentiated. Furthermore, three new features 

are discovered in RB MRI that are not found in other types. Sensitivity, specificity, 
and accuracy were obtained as performance metrics and analysed for the 

developed methods' supremacy.  

 

Strijbis et al. developed an automated method for identifying tumors in eye MR 
images by a multi-view convolutional neural network [18]. The various parts of 

the eye are segmented to make it easier to identify the tumor. The dice score and 

intra-class co-efficient are used to assess the correlation between segmented 
images. The average DC value obtained is 0.914. Xu et al. compared the features 

of Uveal melanoma and RB in photoacoustic images of eyes infected with 

intraocular tumor [19]. This approach disclosed the microscopic structure of the 
RB as well as the optical absorption of tissues, which supports in the 
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identification of eye abnormalities. Khedekar et al. developed an iPhone-based 

eyecare application that proficiently spotted leukocoria in RB children, even in the 
absence of pharmacological dilatation and anaesthesia [20]. The application can 

detect tumors that are less than 5mm in size and also if it is situated ahead from 

the posterior pole. Using this smartphone app, the parent can detect the disease 
earlier. 

 

Bernard et al. created an Android application that used machine learning to 

detect Leukocoria in 1484 Ethiopian patients [21]. The images are trained using 
the Resnet model, with 80 % and 20% of the images used for training and testing, 

respectively, yielding 73 % and 87 % specificity and sensitivity.Li et al. developed 

an intelligent segmentation method that classifies blood vessels from retinal 
images by combining Dense-Net and U-Net [22]. Initially, CLAHE technique and 

adaptive gamma correction are used to filter the image noise and distortion. To 

improve the segmentation accuracy, stochastic gradient descent is utilized 
forresult optimization. 

 

Ciurte et al. used a patch-based recognition and a min-cut algorithm to separate 
cancerous and non-cancerous portions of the eye, liver, foetus, and prostate [23]. 

The segmented output was compared to the ground truth images provided by 

health care specialists and accomplished a dice score of 94 %.Yang et al. 

suggested an alternative fuzzy c means for identifying and segmenting RB from 
eye MRI of a 2-year-old girl [24]. This assists ophthalmologists in suppressing 

noise and extracting the infected portion for earlier diagnosis. 

 
Previous researchers have used several deep learning approaches to identify and 

segment RB in various modalities and accomplished notable results. In some 

cases, the segmentation accuracy obtained is poor owing to the existence of noise 
or distortion in the images. The assimilation of learning approaches in clinical 

image examination, as well as the integration of optimization algorithms, leads to 

effective segmentation [25]. 
 

Conclusion 

 

The most frequently identified ocular cancer in kids is retinoblastoma. The 
presence of Radiological images enhances the reliability of RB diagnosis and 

staging. There are numerous imaging modalities for RB tumors currently in use, 

including US, CT, and MRI. MRI of spinal cord and brain should be collected on a 
regular basis in RB patients. They help with disease prediction and diagnosis. 

Since RB tumor seeding can dispersed through cerebrospinal fluid and surpass 

the intracranial space, MRI can precisely define these metastatic tumors. Soft 
computing approaches with the combination of optimization techniques can helps 

in assessing and categorizing the tumor and non-tumor portion efficaciously. 
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