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ABSTRACT 

Introduction: Neuroendocrine tumors (NETs) are a diverse group of tumors that arise from 

neuroendocrine cells and can synthesize and secrete neuropeptides or hormones. Although 

NETs usually originate from the gastrointestinal tract or bronchopulmonary tree, they can affect 

various organs, including the eye. The majority of ocular association with neuroendocrine 

tumors results from metastasis that affects the orbit, however, primary ocular tumors have been 

reported. 

Purpose of the study: The article reviews the presentation of ocular manifestations in 

neuroendocrine tumors including pheochromocytoma, ocular paraganglioma, gastrointestinal 

and bronchial NETs, Merkel cell carcinoma and neuroendocrine metastasis. 

Materials and methods:  In order to summarize the current knowledge on the topic, a literature 

review of English language papers with a focus on the most current literature was performed. 

The review was conducted with the PubMed database with 43 works used, accessed before 

September 2024. 

Conclusions: Instances of neuroendocrine tumors leading to ocular manifestations have 

become increasingly prevalent. These nonspecific symptoms can make it challenging to 
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diagnose ocular NETs. Ocular manifestations are not typically the primary symptom, but 

patients with tumors located in the eye may experience symptoms such as eye pain, blepharitis 

or exophthalmos. Ocular motility and vision may also be affected. It is crucial to study the 

association between those symptoms and NETs, in order to develop a more comprehensive 

understanding of the matter. 

Keywords: neuroendocrine tumor; ocular; carcinoid; Merkel cell; pheochromocytoma;  

paraganglioma 

 

 

 

 

 

INTRODUCTION 

Neuroendocrine tumors are a diverse group of malignancies characterized by complex histology 

and terminologies. The term "neuroendocrine" results from cells that exhibit both "neuro" and 

"endocrine" features and are widely distributed throughout the body. The neurological property 

is based on the presence of dense-core granules (DCG4) that are similar to those found in 

serotonergic neurons, responsible for the storage of monoamines. However, unlike neurons, NE 

cells do not contain synapses. The endocrine property refers to the production and release of 

these monoamines [1]. In light of our research, we conducted a comprehensive review of 

scientific literature focused on neuroendocrine tumors in relation to the eye and eyelid. Our 

study aims to provide understanding of the pathophysiology and clinical presentation of these 

tumors, along with the current diagnostic and therapeutic approaches available for their 

management. 

 

STATE OF KNOWLEDGE 

Pheochromocytomas/paragangliomas 

Pheochromocytomas/paragangliomas (PPGL) are a type of rare neuroendocrine tumors that 

develop from neural crest cells [2]. These neoplasms can produce and secrete various 

substances including catecholamines, vasoactive intestinal peptide (VIP), parathormone (PTH), 

calcitonin gene-related peptides (CGRPs), opioids, corticotropin-releasing hormone (CRH), 

adrenocorticotropin+ (ACTH), histamine, chromogranin and interleukin-6. PPGLs can be 

misdiagnosed as they trigger symptoms similar to panic syndrome, anxiety or hypoglycemia, 

due to the release of catecholamines by the tumor, which stimulates adrenergic receptors [3]. 
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PPGLs are typically found in the adrenal glands. Only 10-15% occur extra-adrenally and are 

called paragangliomas (PGLs). PGLs can appear in the abdomen and testicles [3], however, 

there have also been reports of head and neck presentation [2]. Orbital localization is rarely 

observed, but when it is, it often originates from ciliary nerve ganglion or sustentacular cells 

[4]. It is usually located in the intraconical space and can affect the optic nerve. If the local 

invasion is present, it most commonly involves the extraocular muscles. PGL of the orbit affects 

both genders equally [5], predominantly adults, with an average age of 30-40 years at 

presentation [4]. 

 

Patients with primary orbital paraganglioma are frequently wrongly diagnosed with idiopathic 

orbital inflammatory pseudotumor. The presentation usually begins with exophthalmia and 

blepharitis. As the disease progresses, individuals may experience difficulty in ocular motility, 

diplopia, strabismus and decreased vision [4]. Eye pain can occur, but it is not frequent [5]. If 

the paraganglioma is located in the sellar or suprasellar region, symptoms of pressure on the 

optic chiasm may appear [6]. In the eye examination, conjunctival and scleral congestion can 

be observed, and in the posterior pole of the eye - choroidal wrinkling and papilledema [4].  

 

Most paragangliomas are benign and progress slowly - the onset of proptosis can vary from 2 

months to 17 years. However, there have also been described cases of fast-growing orbital 

paragangliomas that have recurred after excision [4]. Usually, orbital paragangliomas have an 

excellent prognosis and their mortality rate is approximately 7,1% [5]. 

 

The most commonly used imaging technique in diagnosing orbital PGLs is computed 

tomography (CT), which reveals a clearly defined, homogenous and hyperdense mass [5]. In 

magnetic resonance imaging (MRI), the appearance of "salt and pepper” is characteristic of 

paragangliomas, although not specific [7]. For confirmation electron microscopy is being used. 

The neoplasms are reported to have positive reactions with chromogranin, synaptophysin, 

neuron-specific enolase and S100 [5]. 

 

The most common method of management involves surgery, followed by adjuvant radiation 

therapy if necessary [5]. There have also been reports of the regression of the tumor after the 

biopsy alone [8]. 
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The manifestation of primary adrenal neoplasm metastasizing to the eye differs from primary 

orbital paragangliomas. Pheochromocytoma usually presents with symptoms such as 

hypertension, headache, palpation and ephidrosis. It is not uncommon for the patient to present 

papilledema or visual blurring, although ocular symptoms rarely are the initial manifestation 

[9]. However, patients with metastatic pheochromocytoma to the orbit may initially present 

with painful eye movements, ocular pain and proptosis, without typical pheochromocytoma 

symptoms. Pheochromocytoma commonly metastasizes to the bone, intra-abdominal organs, 

lungs and pleura [10]. While ocular localization is rare, there have been reports of intraorbital 

metastasis [11]. 

 

NETs of the gastrointestinal system 

Neuroendocrine tumors (NETs) are commonly found in the gastrointestinal system and it is the 

most frequent origin of metastases. When these tumors spread to the orbit, they typically locate 

in the extraocular muscles. This occurrence is considered rare; however, there has been a rise 

in reported cases [12]. Metastasis is frequently detected incidentally during a positron emission 

tomography–computed tomography scan (PET-CT) conducted as part of the primary tumor 

diagnosis [13]. 

 

Although systemic symptoms tend to manifest faster than ocular manifestations, 

ophthalmological symptoms can be the primary presentation of metastatic NETs. The most 

common manifestations are diplopia, proptosis or decreased vision [13], and less frequently, 

unilateral orbital pain, erythema and chemosis. The nerves can be affected by nerve palsy, 

which can present with a pupil non-reactive to light and no accommodation in the affected eye 

[12]. The presentation is usually unilateral [13]. 

 

The orbital fat, uvea, eyelid and apex can also be affected [14], but the rectus muscle is most 

commonly involved [13]. It can present as muscle enlargement and difficulty of movement [12]. 

The management of a muscle mass typically requires surgery, tumor debulking and adjuvant 

chemotherapy or radiotherapy depending on the case. Systemic treatment may involve the use 

of somatostatin analogs or everolimus [13]. After treatment, ophthalmological symptoms 

should subside, although complications may include residual disease and visual impairment 

[12]. 
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Carcinoid syndrome is a frequently occurring condition in patients who have an underlying 

neuroendocrine tumor. It can present in various ways, both in mild symptoms or severe 

manifestations. The presentation depends on the hormonal effects of serotonin secreted by the 

tumor [15]. It can affect the digestive tract by mesenteric fibrosis, causing malabsorption and 

difficult-to-control diarrhea. That can lead to the necessity of bowel resection, resulting in 

vitamin deficiencies [16]. There has been reported inadequate absorption after resection of 

malignant ileal carcinoid, which led to vitamin A deficiency. Prolonged insufficiency of vitamin 

A can result in depleted functional rhodopsin, loss of visual sensitivity and eventual loss of 

photoreceptor outer segments. The patient may experience nonspecific night blindness, which 

can pose a challenge in diagnosis [17]. Patients have also presented with a deficiency of vitamin 

B12, which can cause gradual central vision loss and central scotoma [16]. 

 

According to reports, delayed optical presentations may appear long after initial neuroendocrine 

tumor diagnosis and resection. The study conducted by Mustak et al. proved that the average 

time from diagnosis of primary neuroendocrine neoplasm to orbital or ocular disease is 4,4 

years [14].  

 

Neuroendocrine midgut tumors can also cause optic manifestations due to a paraneoplastic 

process. There has been reported a presentation with an isolated sarcoid-like lesion in the 

choroidea, located in the macular region. The first symptoms that were observed were bilateral 

decreased vision and photophobia. Cases like this can pose a diagnostic challenge as it is 

difficult to distinguish between tumor spread and paraneoplastic reaction [18]. 

   

Lung carcinoid tumors 

Carcinoid tumors originate from neuroendocrine cells, primarily in the lungs. From the 

opthalmological point of view, they are important due to their potential to metastasize to the 

eye and orbit. The current state of knowledge indicates that tumors originating from the lungs 

have a predilection for the uveal tract, particularly the choroid. It also tends to involve the iris 

and ciliary body [19]. Most commonly, intraocular malignant tumor is metastatic. It often 

affects choroidea and at most times comes from the lung in males and breast in females [20]. It 

has been estimated that 2.2% of uveal tract metastases are attributed to carcinoid tumors. The 

bronchoalveolar is the most frequent origin of carcinoid tumors that metastasize to the uveal 

tract. Such metastases from mediastinal carcinoids are rare [19]. Uveal metastasis stands as the 

predominant intraocular malignancy observed in adults. Nevertheless, choroidal metastasis 
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originating from a carcinoid tumor is exceptionally uncommon, particularly within the pediatric 

population [21].  

 

A primary ophthalmoscopic finding in ocular metastases is the presence of choroidal amelanotic 

masses, which may manifest in multiple locations and affect both eyes. Regular ocular 

screening is not typically performed to detect carcinoid metastasis to the eye [19], due to the 

fact that a typical carcinoid is a rare and low-grade lung neuroendocrine neoplasm. It should be, 

however, considered in any patient with a carcinoid tumor who presents with visual symptoms 

[20]. In asymptomatic patients with metastatic carcinoid whose visual acuity remains excellent, 

observation of the ocular lesions seems to be an acceptable management approach [22]. The 

presence of metastases in the choroid membrane significantly increases the probability of 

having multiple metastatic lesions in other organs [23]. 

 

Cancer-associated retinopathy (CAR) is a paraneoplastic neurological syndrome characterized 

by retinal degeneration [24]. CAR is linked with a range of malignancies, with small cell lung 

cancer (SCLC) among them. For around 40% of the tumors associated with CAR accounts lung 

cancer. The majority of patients with SCLC-associated CAR typically do not present evident 

vasculitis upon fundoscopy or fluorescein angiography (FA) [25]. Large-cell neuroendocrine 

carcinoma (LCNEC) is a rare, aggressive subtype of neuroendocrine tumors characterized by 

rapid growth. Pulmonary LCNECs comprise approximately 2-3% of all lung cancers. Most 

reports concentrate on ophthalmologic assessments, lacking thorough descriptions of tumor 

pathology. Its prevalence is gradually increasing. The most common manifestations of orbital 

metastatic NETs include a palpable mass and diplopia, while inflammatory symptoms and 

visual impairment are less frequent. Uveal metastatic NETs on the other hand, most commonly 

manifest with decreased vision. It is uncommon for NETs to present with ocular symptoms 

prior to symptoms from the primary site. According to the limited available literature, only 22–

30% of patients present initially with ocular or orbital disease [26]. So far, only three cases of 

CAR-complicated LCNEC have been documented. Given the rarity of LCNEC, its clinical 

characteristics remain not specified. Accurate diagnosis demands meticulous pathological 

analysis. Furthermore, there are limited case reports of CAR-complicated lung adenocarcinoma 

[24]. No single clinical sign or radiological feature definitively diagnoses metastatic NETs [26].  

Retinopathy might serve as an early indicator preceding systemic symptoms by months [25].  
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Merkel cell carcinoma 

Merkel cell carcinoma (MCC) is a rare, but highly aggressive form of skin cancer with a 

significant potential for metastasis. The metastatic form of Merkel cell carcinoma (mMCC) is 

characterized by a poor prognosis, with reported 5-year overall survival (OS) rates lower than 

18% [27]. In 22% of cases, metastasis affects nearby lymph nodes, while 38% of cases are 

associated with distant lymph nodes [28]. Non-enveloped, double-stranded DNA virus - 

MCPyV, belonging to the polyomavirus family, is present in most MCCs. Infection with 

MCPyV is common and typically asymptomatic, except when clonal integration of viral DNA 

into the host genome takes place [29]. The incidence of this disease increased 3.5 times in the 

United States between 2012-2016 compared to 1987-1991 [30].  

 

Due to frequent exposure to sunlight, eyelids account for 5-10% of all Merkel cell carcinomas 

[31]. While other parts of the eye are rarely affected, there have been reports of involvement of 

the conjunctiva and lacrimal gland [32,33], and metastases to the iris and orbit [34,35]. 

 

This malignancy predominantly affects patients in their sixth decade of life or older and has a 

poor prognosis, characterized by a mortality rate of approximately 40% [36].  

 

The lesions, typically appearing as purple, painless lumps, are commonly observed on the upper 

eyelid's edge and can often be misdiagnosed as skin cysts, hemangiomas or chalazions. The 

presence of symptoms such as eyelash loss, ulceration, telangiectasia and regional spread 

manifestations such as enlarged cervical and submandibular lymph nodes, swelling of the 

parotid glands and proptosis should be interpreted as an indication of cancer [37]. 

 

Histological examination, particularly immunohistochemical analysis of tumor tissue samples, 

is the primary method of diagnosing Merkel cell carcinoma [38]. 

 

The treatment of Merkel cell carcinoma usually involves surgical removal of the tumor through 

wide local excision, coupled with radiotherapy. Surgical excision with a margin of 1-2 cm is 

generally the primary mode of treatment for local cases. However, it can be difficult to perform 

this procedure in the case of eyelid tumors due to their cosmetic significance and role in 

protecting the eye. Therefore, a margin of 5 mm may be appropriate, as long as there is 

histologic evidence of negative margins. Chemotherapy, which was previously used to treat 

MCC, has been replaced by a combination of chemotherapy and immunotherapy [39]. While 
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chemotherapy may initially improve the patient's condition, its effects tend to fade quickly and 

do not lead to increased overall survival rates. As a result, immunotherapy has become the 

preferred first-line systemic treatment for advanced MCC [40].  

 

Metastasis 

Imaging modalities are used to identify and localize lesions, yet they often fail to provide 

insights into tumor composition. On CT scan, orbital metastatic NETs typically present as 

contrast-enhancing soft tissue masses, exhibiting similar density to the surrounding extraocular 

muscles on magnetic resonance imaging. The management of metastatic orbital or ocular NETs 

depends on the histological diagnosis and both patient’s systemic and affected eye condition. 

Given the rarity of the disease, there is currently no universally accepted treatment guideline. 

However, existing literature suggests that for orbital NETs, small lesions may be managed with 

local excision alone, while larger orbital metastases may require excision coupled with 

palliative radiotherapy. Systemic chemotherapy may also be considered as an adjunctive 

treatment. In cases of intraocular NETs, systemic chemotherapy is often administered as first-

line therapy, with additional radiotherapy if necessary. If ocular or orbital metastases fail to 

respond to other treatments, exenteration or enucleation may ultimately be necessary [26]. 

Alongside systemic chemotherapy and surgical interventions, 177Lu-DOTATATE peptide 

radionuclide receptor therapy has emerged as a potential treatment option for patients 

experiencing symptomatic metastases originating from orbital involvement [41]. 

 

Orbital metastases originating from neuroendocrine tumors are exceedingly uncommon, with 

fewer than 40 reported cases to date. Initial presentation with ocular symptoms is even rarer 

[41]. Intraocular metastasis often accompanies systemic metastasis. It usually spreads by 

hematogenous transport, with the choroid serving as a route due to its rich vascularization. 

Reported cases of metastatic orbital tumors include breast cancer (53%), prostate cancer (12%), 

lung cancer (8%), melanoma (6%) and kidney cancer (5%) [42]. The metastases typically 

appear as heterogeneous, well-circumscribed and contrast-enhancing lesions on neuroimaging. 

The appearance of new ocular symptoms in addition to a history of neuroendocrine tumors and 

these characteristic radiological findings should raise a high clinical suspicion of metastatic 

disease. In cases of atypical radiological findings biopsy may be necessary to rule out 

alternative causes of orbital lesions [43].  
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Orbital metastases originating from breast cancer typically present unilaterally, manifesting 

approximately 4.5 to 6.5 years after the primary lesion's treatment. Despite ductal carcinoma 

being the most frequent histologic type of breast cancer, orbital metastases predominantly arise 

from lobular carcinoma, accounting for the majority of cases of metastases. Orbital metastasis 

from ductal carcinoma of the breast has been documented, but it remains rare, with infrequent 

case reports [42]. Differently from other primary malignancies leading to orbital metastases, 

patients with neuroendocrine tumors involving the orbit demonstrate an excellent prognosis, as 

their 10-year survival rate oscillates around 40% [41].  

 

CONCLUSIONS 

This review paper provides a comprehensive analysis of the existing literature regarding ocular 

symptoms in endocrine tumors, including pheochromocytomas/paragangliomas, NETs of the 

gastrointestinal system, carcinoid tumors, Merkel cell carcinoma and metastases. This article 

encompasses various aspects of neuroendocrine tumors, including mainly ocular clinical 

symptoms and their pathomechanism, along with diagnosis and treatment. Given the lack of 

literature on these conditions, obtaining a comprehensive understanding of these diseases can 

be challenging. Ocular symptoms associated with neuroendocrine tumors are often nonspecific, 

which may lead to misdiagnosis of them as other ocular conditions. The prognosis of these 

symptoms is greatly dependent on the type of neuroendocrine tumor involved, its degree of 

advancement, malignancy and available treatment options.  

 

Therefore, it is crucial that the scientific community continues to diligently observe this topic 

and conduct further research to develop a more comprehensive understanding of the matter. 

 

DISCLOSURE 

Conceptualization, Aleksandra Hrapkowicz, Joanna Szydziak, Kinga Janowska, Martyna 

Wrześniewska, Julia Wołoszczak, Hanna Zając-Pytrus; methodology, Aleksandra Hrapkowicz, 

Joanna Szydziak, Kinga Janowska, Martyna Wrześniewska, Julia Wołoszczak; check, 

Aleksandra Hrapkowicz, Joanna Szydziak, Kinga Janowska, Martyna Wrześniewska, Julia 

Wołoszczak, Hanna Zając-Pytrus; formal analysis, Aleksandra Hrapkowicz, Joanna Szydziak, 

Kinga Janowska, Martyna Wrześniewska, Julia Wołoszczak, Hanna Zając-Pytrus; investigation, 

Aleksandra Hrapkowicz, Joanna Szydziak, Kinga Janowska, Martyna Wrześniewska, Julia 

Wołoszczak, Hanna Zając-Pytrus; resources, Aleksandra Hrapkowicz, Joanna Szydziak, Kinga 

Janowska, Martyna Wrześniewska, Julia Wołoszczak; data curation, Aleksandra Hrapkowicz, 



11 

 

Joanna Szydziak, Kinga Janowska, Martyna Wrześniewska, Julia Wołoszczak; writing - rough 

preparation, Aleksandra Hrapkowicz, Joanna Szydziak, Kinga Janowska, Martyna 

Wrześniewska, Julia Wołoszczak; writing - review and editing, Aleksandra Hrapkowicz, 

Joanna Szydziak, Kinga Janowska, Martyna Wrześniewska, Julia Wołoszczak, Hanna Zając-

Pytrus; visualization, Aleksandra Hrapkowicz, Joanna Szydziak, Kinga Janowska, Martyna 

Wrześniewska, Julia Wołoszczak, Hanna Zając-Pytrus; supervision, Hanna Zając- Pytrus; 

project administration, Aleksandra Hrapkowicz, Joanna Szydziak, Kinga Janowska, Martyna 

Wrześniewska, Julia Wołoszczak, Hanna Zając-Pytrus; Receiving funding – no specific 

funding. All authors have read and agreed with the published version of the manuscript. 

 

Funding statement 

The study did not receive external funding. 

Institutional review board statement 

Not applicable. 

Informed Consent Statement 

Not applicable. 

Data Availability Statement 

Not applicable. 

Conflict of Interest Statement 

The authors declare no conflicts of interest. 

 

REFERENCES 

1. Oronsky B, Ma PC, Morgensztern D, Carter CA. Nothing But NET: A Review of 

Neuroendocrine Tumors and Carcinomas. Neoplasia. 2017;19(12):991-1002. 

https://doi.org/10.1016/j.neo.2017.09.002 

2. Sandow L, Thawani R, Kim MS, Heinrich MC. Paraganglioma of the Head and Neck: 

A Review [published correction appears in Endocr Pract. 2024 Aug;30(8):790. doi: 

10.1016/j.eprac.2024.06.005]. Endocr Pract. 2023;29(2):141-147. 

https://doi.org/10.1016/j.eprac.2022.10.002  

3. Lima JV Júnior, Kater CE. The Pheochromocytoma/Paraganglioma syndrome: an 

overview on mechanisms, diagnosis and management. Int Braz J Urol. 2023;49(3):307-319 

https://doi.org/10.1590/S1677-5538.IBJU.2023.0038  

4. Zhu B, Yan J. Orbital Paraganglioma. J Craniofac Surg. 2019;30(6):e503-e506. . 

https://doi.org/10.1097/SCS.0000000000005408  

https://doi.org/10.1016/j.neo.2017.09.002
https://doi.org/10.1016/j.eprac.2022.10.002
https://doi.org/10.1590/S1677-5538.IBJU.2023.0038
https://doi.org/10.1097/SCS.0000000000005408


12 

 

5. Huang N, Rayess HM, Svider PF, et al. Orbital Paraganglioma: A Systematic Review. 

J Neurol Surg B Skull Base. 2018;79(4):407-412. https://doi.org/10.1055/s-0037-1615750  

6. Schueth EA, Martinez DC, Kulwin CG, Bonnin JM, Payner TD, Ting JY. Recurrent 

Primary Intrasellar Paraganglioma. Case Rep Otolaryngol. 2020;2020:2580160. Published 

2020 Jun 26. https://doi.org/10.1155/2020/2580160  

7. Et-Tahir Y, Merzem A, Belgadir H, Amriss O, Moussali N, El Benna N. Salt and pepper 

appearance: A characteristic feature of paragangliomas. J Clin Neurosci. 2023;114:144-145. 

https://doi.org/10.1016/j.jocn.2023.06.017  

8. Hill RH 3rd, Platt SM, Bersani TA, Barker-Griffith A, Strumpf KB. Regression of a 

paraganglioma tumor of the orbit. Orbit. 2015;34(2):99-102. 

https://doi.org/10.3109/01676830.2014.950290  

9. Farrugia FA, Charalampopoulos A. Pheochromocytoma. Endocr Regul. 

2019;53(3):191-212. https://doi.org/10.2478/enr-2019-0020  

10. Khataminia G, Talaiezadeh A, Bagheri A, et al. Ocular muscle metastasis as the initial 

presentation of a malignant pheochromocytoma: A unique case. Clin Case Rep. 

2020;8(9):1689-1692. Published 2020 May 28. https://doi.org/10.1002/ccr3.2990 

11. Rider AJ, Walsh A, Sollenberger EL, et al. Orbital Pheochromocytoma Metastasis in 2 

Patients With Known Pheochromocytoma. Ophthalmic Plast Reconstr Surg. 2019;35(6):e131-

e134. https://doi.org/10.1097/IOP.0000000000001460 

12. Tayon KG, Kaila V, Sobti D, Vrcek I. Metastatic neuroendocrine carcinoma presenting 

with left lateral rectus enlargement and orbital cellulitis. Proc (Bayl Univ Med Cent). 

2021;34(5):620-622. Published 2021 Jun 15. https://doi.org/10.1080/08998280.2021.1930633  

13. Das S, Pineda G, Goff L, Sobel R, Berlin J, Fisher G. The eye of the beholder: orbital 

metastases from midgut neuroendocrine tumors, a two institution experience. Cancer Imaging. 

2018;18(1):47. Published 2018 Dec 6. https://doi.org/10.1186/s40644-018-0181-5  

14. Mustak H, Liu W, Murta F, et al. Carcinoid Tumors of the Orbit and Ocular Adnexa. 

Ophthalmic Plast Reconstr Surg. 2021;37(3):217-225. . 

https://doi.org/10.1097/IOP.0000000000001715  

15. Fanciulli G, Ruggeri RM, Grossrubatscher E, et al. Serotonin pathway in carcinoid 

syndrome: Clinical, diagnostic, prognostic and therapeutic implications. Rev Endocr Metab 

Disord. 2020;21(4):599-612. https://doi.org/10.1007/s11154-020-09547-8  

16. Woods MD, Afkhamnejad E, Pakravan M, Charoenkijkajorn C, Lee AG. Optic 

neuropathy as the presenting manifestation of carcinoid. Can J Ophthalmol. 2023;58(6):e255-

e257. https://doi.org/10.1016/j.jcjo.2023.07.014  

https://doi.org/10.1055/s-0037-1615750
https://doi.org/10.1155/2020/2580160
https://doi.org/10.1016/j.jocn.2023.06.017
https://doi.org/10.3109/01676830.2014.950290
https://doi.org/10.2478/enr-2019-0020
https://doi.org/10.1002/ccr3.2990
https://doi.org/10.1097/IOP.0000000000001460
https://doi.org/10.1080/08998280.2021.1930633
https://doi.org/10.1186/s40644-018-0181-5
https://doi.org/10.1097/IOP.0000000000001715
https://doi.org/10.1007/s11154-020-09547-8
https://doi.org/10.1016/j.jcjo.2023.07.014


13 

 

17. Hansen BA, Mendoza-Santiesteban CE, Hedges TR 3rd. REVERSIBLE 

NYCTALOPIA ASSOCIATED WITH VITAMIN A DEFICIENCY AFTER RESECTED 

MALIGNANT ILEAL CARCINOID AND PANCREATIC ADENOCARCINOMA. Retin 

Cases Brief Rep. 2018;12(2):127-130.  https://doi.org/10.1097/ICB.0000000000000441  

18. Marlow ED, Faia LJ, Wu D, Farley N, Randhawa S. Paraneoplastic ocular sarcoidosis 

in the setting of recurrent rectal carcinoid tumor diagnosed by F18-fluorodeoxyglucose PET 

CT. Am J Ophthalmol Case Rep. 2020;20:100887. Published 2020 Aug 20.  

https://doi.org/10.1016/j.ajoc.2020.100887  

19. Karimi S, Arabi A, Shahraki T. Intravitreal Bevacizumab (Avastin) as an Adjuvant 

Therapy for Choroidal Carcinoid Metastasis. J Curr Ophthalmol. 2020;32(4):420-422. 

Published 2020 Dec 12.  https://doi.org/10.4103/JOCO.JOCO_54_20  

20. Guo Y, Shao C, Blau T, Tannapfel A, Koch KR, Heindl LM. Ocular Metastasis of 

Bronchial Typical Carcinoid. J Thorac Oncol. 2018;13(9):1422-1423. 

https://doi.org/10.1016/j.jtho.2018.04.001 

21. Crespo MA, Villegas VM, Echevarria ME, Gurrea CM, Murray TG, Chevere CM. 

Adolescent Plaque Brachytherapy for Large Choroidal Metastasis from Lung Carcinoid Tumor. 

Case Rep Oncol. 2021;14(3):1483-1489. Published 2021 Oct 19.  

https://doi.org/10.1159/000519045 

22. Wolkow N, Jakobiec FA, Gragoudas ES. LONG-TERM OBSERVATION OF 

MULTIFOCAL METASTATIC INTRAOCULAR CARCINOID WITH ACQUIRED IRIS 

HETEROCHROMIA. Retin Cases Brief Rep. 2020;14(3):265-267. 

https://doi.org/10.1097/ICB.0000000000000690 

23. Zakhartseva LM, Chytaieva HE, Artemov OV. CLINICAL CASE OF NON-TYPICAL 

METASTASIS OF NEUROENDOCRINE LUNG CARCINOMA TO THE VASCULAR 

MEMBRANE OF THE EYE. Exp Oncol. 2022;44(2):169-173. https://doi.org/10.32471/exp-

oncology.2312-8852.vol-44-no-2.17969  

24. Yagyu K, Ueda T, Miyamoto A, Uenishi R, Matsushita H, Tanaka T. Cancer-associated 

Retinopathy with Neuroendocrine Combined Large-cell Lung Carcinoma and Adenocarcinoma. 

Intern Med. 2019;58(22):3289-3294. https://doi.org/10.2169/internalmedicine.2313-18 

25. Carrera W, Tsamis KA, Shah R. A case of cancer-associated retinopathy with 

chorioretinitis and optic neuritis associated with occult small cell lung cancer. BMC Ophthalmol. 

2019;19(1):101. Published 2019 May 2. . https://doi.org/10.1186/s12886-019-1103-4 

https://doi.org/10.1097/ICB.0000000000000441
https://doi.org/10.1016/j.ajoc.2020.100887
https://doi.org/10.4103/JOCO.JOCO_54_20
https://doi.org/10.1016/j.jtho.2018.04.001
https://doi.org/10.1159/000519045
https://doi.org/10.1159/000519045
https://doi.org/10.1159/000519045
https://doi.org/10.1097/ICB.0000000000000690
https://doi.org/10.32471/exp-oncology.2312-8852.vol-44-no-2.17969
https://doi.org/10.32471/exp-oncology.2312-8852.vol-44-no-2.17969
https://doi.org/10.2169/internalmedicine.2313-18
https://doi.org/10.1186/s12886-019-1103-4
https://doi.org/10.1186/s12886-019-1103-4


14 

 

26. Chong YJ, Azzopardi M, Ng B, Salvi SM, Sreekantam S. Ocular Metastasis as First 

Presentation of Large-Cell Neuroendocrine Carcinoma. Case Rep Ophthalmol. 

2023;14(1):684-691. Published 2023 Dec 12.. https://doi.org/10.1159/000535233 

27. D'Angelo SP, Bhatia S, Brohl AS, et al. Avelumab in patients with previously treated 

metastatic Merkel cell carcinoma: long-term data and biomarker analyses from the single-arm 

phase 2 JAVELIN Merkel 200 trial. J Immunother Cancer. https://doi.org/10.1136/jitc-2020-

000674  

28. Tran MN, Ratnayake G, Wong D, McGrath LA. Conjunctival Merkel cell carcinoma: 

case report and review of the literature. Digit J Ophthalmol. 2022;28(3):64-68. Published 2022 

Jul 24. https://doi.org/10.5693/djo.02.2022.02.003  

29. Becker JC, Stang A, DeCaprio JA, et al. Merkel cell carcinoma. Nat Rev Dis Primers. 

2017;3:17077. Published 2017 Oct 26.https://doi.org/10.1038/nrdp.2017.77  

30. Sergi MC, Lauricella E, Porta C, Tucci M, Cives M. An update on Merkel cell 

carcinoma. Biochim Biophys Acta Rev Cancer. 2023;1878(3):188880. 

https://doi.org/10.1016/j.bbcan.2023.188880  

31. Yamanouchi D, Oshitari T, Nakamura Y, et al. Primary neuroendocrine carcinoma of 

ocular adnexa. Case Rep Ophthalmol Med. 2013;2013:281351. . 

https://doi.org/10.1155/2013/281351.  

32. Gess AJ, Silkiss RZ. A merkel cell carcinoma of the lacrimal gland. Ophthalmic Plast 

Reconstr Surg. 2012;28(1):e11-e13. https://doi.org/10.1097/IOP.0b013e3182127cb5  

33. Kase S, Ishijima K, Ishida S, Rao NA. Merkel cell carcinoma of the conjunctiva. 

Ophthalmology. 2010;117(3):637.e1-637.e6372. https://doi.org/10.1016/j.ophtha.2009.10.011  

34. Kirwan C, Carney D, O'Keefe M. Merkel cell carcinoma metastasis to the iris in a 23 

year old female. Ir Med J. 2009;102(2):53-54. 

35. Cugley DR, Roberts-Thomson SJ, McNab AA, Pick Z. Biopsy-Proven Metastatic 

Merkel Cell Carcinoma to the Orbit: Case Report and Review of Literature. Ophthalmic Plast 

Reconstr Surg. 2018;34(3):e86-e88.https://doi.org/10.1097/IOP.0000000000001078  

36. Siegal N, Gutowski M, Akileswaran L, et al. Elevated levels of Merkel cell polyoma 

virus in the anophthalmic conjunctiva. Sci Rep. 2021;11(1):15366. Published 2021 Jul 

28 .https://doi.org/10.1038/s41598-021-92642-w  

37. Bostan C, de Souza MBD, Zoroquiain P, de Souza LAG, Burnier MN Jr. Case series: 

Merkel cell carcinoma of the eyelid. Can J Ophthalmol. 2017;52(5):e182-

e185.https://doi.org/10.1016/j.jcjo.2017.03.009  

https://doi.org/10.1159/000535233
https://doi.org/10.1159/000535233
https://doi.org/10.1136/jitc-2020-000674
https://doi.org/10.1136/jitc-2020-000674
https://doi.org/10.5693/djo.02.2022.02.003
https://doi.org/10.1038/nrdp.2017.77
https://doi.org/10.1016/j.bbcan.2023.188880
https://doi.org/10.1155/2013/281351
https://doi.org/10.1097/IOP.0b013e3182127cb5
https://doi.org/10.1016/j.ophtha.2009.10.011
https://doi.org/10.1097/IOP.0000000000001078
https://doi.org/10.1038/s41598-021-92642-w
https://doi.org/10.1016/j.jcjo.2017.03.009


15 

 

38. Furdová A, Michalková M, Javorská L. Merkel cell carcinoma of the eyelid and orbit. 

Karcinóm z merkelových buniek mihalnice a očnice. Cesk Slov Oftalmol. 2018;74(1):37-43. 

https://doi.org/10.31348/2018/1/6-1-2018   

39. Valentini R, Grant-Kels JM, Falcone M, Stewart CL. Merkel cell carcinoma and the eye. 

Clin Dermatol. 2024;42(4):381-389. https://doi.org/10.1016/j.clindermatol.2024.01.010  

40. Shalhout SZ, Emerick KS, Kaufman HL, Miller DM. Immunotherapy for Non-

melanoma Skin Cancer. Curr Oncol Rep. 2021;23(11):125. Published 2021 Aug 27. 

https://doi.org/10.1007/s11912-021-01120-z  

41. Wirth MA, Khan HM, Sabiq F, Agoumi M, Neufeld A. Metastatic neuroendocrine 

tumor masquerading as orbital cysticercosis. Neuroradiol J. 2023;36(2):229-231.  

https://doi.org/10.1177/19714009221124305 

42. Togashi K, Nishitsuka K, Hayashi S, et al. Metastatic Orbital Tumor From Breast Ductal 

Carcinoma With Neuroendocrine Differentiation Initially Presenting as Ocular Symptoms: A 

Case Report and Literature Review. Front Endocrinol (Lausanne). 2021;12:625663. Published 

2021 Feb 22.  https://doi.org/10.3389/fendo.2021.625663 

43. Ryan TG, Juniat V, Stewart C, et al. Clinico-radiological findings of neuroendocrine 

tumour metastases to the orbit. Orbit. 2022;41(1):44-52.  

https://doi.org/10.1080/01676830.2021.1895845  

 

https://doi.org/10.31348/2018/1/6-1-2018
https://doi.org/10.1016/j.clindermatol.2024.01.010
https://doi.org/10.1007/s11912-021-01120-z
https://doi.org/10.1177/19714009221124305
https://doi.org/10.1177/19714009221124305
https://doi.org/10.1177/19714009221124305
https://doi.org/10.3389/fendo.2021.625663
https://doi.org/10.3389/fendo.2021.625663
https://doi.org/10.1080/01676830.2021.1895845

