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Abstract: The incidence of lung cancer with intraocular metastasis is low, of which
choroidal metastasis is the most painful metastatic lesion. The clinical symptoms resulting
from choroidal metastasis from lung cancer easily detected although they are rarely identified
prior to the diagnosis of the primary malignancy. The quality of life of patients is inevitably
impaired. Some lung cancer patients complain of ocular symptoms as the first manifestation
of lung cancer. Early diagnosis and treatment can significantly overcome or delay the visual
impairment and improve prognosis. The main therapeutic modalities include systemic and
local treatments, while observation is also a treatment option. Currently, the feasibility and
effectiveness of various treatment options are controversial worldwide. Herein, we summar-
ize the underlying mechanisms, epidemiology, clinical features, auxiliary examinations,
diagnosis, and recent treatment options for intraocular metastases.

Keywords: intraocular tumor, cancer therapeutics, systemic therapy, local therapy

Introduction

The incidence of intraocular metastases is about 8%—10%." Approximately 88% of
eye metastases occur in the choroid,” with the majority originating from breast
cancer (47%) and lung cancer (21%).%*

The clinical symptoms of lung cancer with choroid metastases (CM) are appar-
ent, and approximately 35% of ocular metastases are detected prior to diagnosis of
lung cancer.” Timely diagnosis and interventions for such patients are extremely
important because of the poor prognosis.

Ocular radiotherapy is considered a standard treatment option for intraocular
metastatic tumors. Subsequently, other local or systemic treatments have gradually
emerged in the setting of well-established cancer therapeutics, while various treat-

ment modalities and sophisticated combination approaches remain controversial.

Epidemiology

Metastases are the most common ocular malignancies, with the uvea being the site
most often affected. Approximately, 88% of metastases occur in the posterior uvea,
namely the choroid, followed by the iris (9%), and the ciliary body (2%).> The
distribution of posterior pole involvement of the eyeball equator is roughly tem-
poral (35%), upper (22%), lower (17%), nasal (14%), and the macular (12%).>
However, Freedman and Folk reported that the probability of macular area involve-
ment was as high as 40.3%," which may explain the obvious symptoms that

motivate patients to attend hospital earlier.
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The prevalence of symptomatic CM is less than 3%,
however, patients with malignancies exhibit prolonged sur-
vival time thanks to the improvement of antitumor agent and
the emergence of advanced diagnostic examinations, which
have allowed CM to be detected more frequently.
Conversely, the eye is not a routine site for screening meta-
static neoplasms, and the part involving metastasis does not
involve the visual functional area; thus, many asymptomatic
intraocular metastases may have not been diagnosed.

The most frequent pathological types of CM deriving
from lung cancer are, in order, adenocarcinoma, small cell
carcinoma, squamous cell carcinoma, large cell carcinoma,
and carcinoid tumor.® Notably, although approximately 89%
of carcinoid tumors occur in the gastrointestinal tract, 10%
have been reported to occur in the lung, Harbour et al
determined that lung carcinoid tumors are more easily
prone to CM than those originating from the gastrointestinal
tract, with the latter more inclined to orbital metastases.®

Metastatic Mechanism of Choroidal

Metastases
Why do tumor cells most often metastasize to the choroid
rather than to other parts of the eye?

First, the eye is an organ with the most abundant blood
perfusion in the body, and in accordance with the theory
“seed and soil” proposed by Paget,” colonization of metas-
tases mainly depends on a suitable microenvironment and
ample blood perfusion.® Moreover, Duke-Elder and
Perkins’ first demonstrated that the choroid is supplied by
the short posterior ciliary artery, which has multiple
branches and a rich terminal vascularization allowing
more tumor emboli to reach the posterior uvea. To some
extent, this explains why the choroid is more often affected
than the ciliary body and sclera.” In addition, choroidal
capillary endothelial cells are loosely attached and rich in
fenestrations, which is conducive to the aggregation, adhe-
sion, and implantation of tumor cells.'” Furthermore,
Stephens and Shields considered the left eye to be more
likely to be affected,'’ because the left internal carotid
artery and ophthalmic artery are distributed at right angles.
This specific anatomical structure slows the blood flow
allowing the tumor thrombi to assemble. However, other

studies have not recognized a similar tendency.*'*'?

Clinical Characteristics
CM is more common in middle-aged men in lung cancer
patients with left eye involvement.>'*'> Compared with

breast cancer (4%—7%), intraocular metastases of lung
cancer (25%-35%) are more often detected before the
primary lesion.”* Furthermore, lung cancer is more
inclined to CM (choroid: orbit, ratio: 5.7:1).*

The median interval for lung cancer metastasis is shorter
than that of breast cancer (276 vs.1266 days, P < 0.0001),
which may be related to pathological type, degree of differ-
entiation, and aggressiveness of the primary tumor (such as
lung adenocarcinoma, small cell lung cancer).'®

In a retrospective study of 194 cases, CM from lung
cancer were mostly unilateral (82%) and unifocal (77%)."”
Instead, bilateral eyeball involvement has been described
in a relatively larger proportion of breast cancer patients
(breast cancer 68% vs. lung cancer 18%)® and approxi-
mately one-third of patients present multifocal lesions.'®
Meanwhile, CM originating from lung cancer is smaller in
volume than that originating from breast cancer.”

The choroid is the sixth organ in order of frequency to
be involved in distant metastasis of lung cancer.
Approximately 70%-86% of patients with intraocular
metastases  present other sites of metastases,
simultaneously.> An average of three distant organs
may be involved, and most commonly these sites are
metastases to the bone (59.1%), lymph nodes (50%),
liver (40.9%), brain (31.8%), lung (27.3%), and adrenal
glands (22.7%), respectively.” Only 33% of patients do not
present metastases to other organs."®

Notably, CM from lung cancer has a tendency of
synchronous brain metastasis with a rate of approximately
22%-32.5%,>*?" compared to up to 50% in breast
cancer.'> Moreover, lung cancer patients are more likely
to develop CM in combination with one or more organ
metastases. For breast cancer, combined lung and brain
metastases are higher risk factors for CM, and its inci-
dence may increase from 5% to 11%.%** In breast cancer,
most CM are generally asymptomatic.”? Conversely, the
clinical manifestations of CM in lung cancer are signifi-
cant. Approximately 34%—44% of patients tend to present
ocular symptoms as an original complaint of lung

cancer.z’ 17

Clinical Presentations and Ocular
Findings

Clinical symptoms vary greatly depending on the location
of the lesion or the degree of invasion. Clinical manifesta-
tions include successively blurred vision, vision loss,
flashing, floaters, metamorphopsia, and diplopia, and less
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frequently pain, red eyes, or glaucoma, among which

metamorphopsia and vision loss are the most

prominent.>* Eyeball pain is always more frequent in
CM from
malignancy.?® Interestingly, compared to the less than 5%

lung cancer than from primary uveal
of patients with CM from breast cancer, about 12% of
patients with metastases from lung cancer experience
pain, 1718

CM derived from lung neoplasm generally presents the
following characteristics in ocular findings: uni- or multi-
focal mass located in the macula region or posterior to the
equator, flattened or slightly elevated, and less commonly
having a “mushroom-like” shape when the tumor invades
Bruch's membrane. The appearance of the CM can appear
as white, brown, gray, and orange in color, but the most
common CM are yellow and white.”® Metastases may also
have a mottled appearance on optical coherence tomogra-
phy (OCT).?’® Approximately 28%—73% of lesions are
combined with subretinal effusion (located between the
outer segment of retinal photoreceptor cells and the retinal
pigment epithelium),?® which can be confined or distribu-
ted around the lesion. Furthermore, the presence of
a shallow amount of subretinal fluid, which is confined
to around the tumor is also a characteristic of metastases.*’
Retinal detachment can also be observed in some patients

with advanced tumors.”*

When the optic papilla is
affected, manifestations such as papilledema may be

observed.!

Auxiliary Examinations and

Characteristic Performances

It is challenging and limited to obtain pathological diag-
nosis of both lung cancer and CM. The diagnostic
approach for CM can be summarized as follows: (1) lung
cancer and CM by surgery or biopsy exhibit the same
pathological type in both lesions, which is the gold stan-
dard; (2) primary lung malignancy is confirmed by sur-
gery, biopsy or cytology, and fundus examination and/or
imaging examination present the characteristic features of
CM; (3) chest imaging examination shows the character-
istic features of lung cancer, confirmed by eyeball surgery,
or anterior chamber biopsy or immunohistochemistry; (4)
chest and eye imaging examinations or fundus examina-
tion shows characteristic manifestations of malignancy;
and (5) exclusion of other primary cancers and primary
tumors in the eye. The latter two can only be speculated to
be a clinical diagnosis without pathological evidence, thus

may not be adequate for anti-cancer therapy. In clinical
practice, CM from lung cancer can generally be diagnosed
with a combination of clinical symptoms and imaging
findings. To differentiate from uveal melanoma as the
most common malignant tumor and CM, slit lamp micro-
scopy, B-mode ultrasound, fundus fluorescein angiography
(FFA), optical coherence tomography (OCT) and orbit
magnetic resonance imaging (MRI) auxiliary tests would
be routinely performed.>?**° For example, the ultrasono-
graphy features of CM are flat or slightly elevated, with
the medium to high homogeneity reflectivity that is higher
than that of most uveal melanomas. MRI appears iso-
intense on T1WI and hypointense on T2WI, unlike uveal
melanoma exhibits high signal intensity on TIWL*!
Intraocular biopsy or fine needle anterior chamber punc-
ture or vitrectomy biopsy is most indicated in cases where
there is clinical suspicion of uveal metastasis, but
a detailed systematic examination has been performed
and there is still no evidence of primary malignancy
Table 1 summarizes the differences between CM and
melanoma on auxiliary examinations.

Management Options

Due to the advanced disease, the treatment of CM is
usually palliative. The treatment options should be based
on various factors, such as the physical condition of the
patient, the location and number of primary tumors, the
presence or absence of distant metastases, and the location
and number of intraocular metastases. Approximately two-
thirds of lung cancer patients with CM may benefit from
treatments; thus, early diagnosis and interventions are
encouraged.’?

Therapy is roughly divided into: systemic therapies,
systemic therapy combined with local therapy (for
instance ocular radiotherapy and intravitreal bevacizu-
mab), and local treatment alone. For patients with no
obvious clinical symptoms, small-sized lesions, no inva-
sion of the visual function area, or low-grade malignant
tumor type (for example carcinoid tumors), close observa-
tion, and follow-up are also treatment options.

Figure 1 Summarizes the workup and treatment algo-
rithms applied in cases of CM that precede the detection of
primary neoplasm.

Systemic Therapies

Systemic therapy is fundamentally based on the context
that CM metastasis from primary malignant lesions repre-
sents systemic disease. The strategies involve mostly
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Table | Differences Between Choroidal Metastasis and Melanoma on Auxiliary Examinations

Examinations/Types
of Ocular Tumors

Choroidal Metastasis

Choroidal Melanoma

B-mode

Ultrasonography

Medium-high heterogenous echo mass”® no choroidal
depression™ and echo attenuation;”’

A flat and wide mass; height-to-base ratio (HBR):0.18;®
Widespread retinal detachment, subretinal effusion.

Low-to-medium homogeneity echo;”®

echo attenuation and choroid ‘dig hollow’
phenomenon™;”

A dome shaped or ‘mushroom’ configuration; *
Choroidal depression;97

The dense echoes suggest subretinal or suprachoroidal
hemorrhage;99

height-to-base ratio (HBR):0.6;”®

Spontaneous vascular pulsations suggest retinal or

choroidal hemorrhage;99 subretinal effusion.

Funds Fluorescein
Angiography (FFA)**

Hypofluorescence in the arterial phase;

Dilated retinal capillaries at the margin of the
arteriovenous stage, needle-like or mottled
hyperfluorescent leakage at the edge of the lesion from
early to late angiography, with visible tumor blood vessels;
In the venous phase, diffuse fluorescence with
hyperfluorescent halo or arc on the periphery.””

Lesions may show multifocal strong fluorescence changes.

Blocked fluorescence, local hypofluorescence in the
arterial phase; fluorescent spots gradually increase in the
arteriovenous phase, and form mottled, fixed
fluorescence with hypofluorescent areas.

Tortuous, spiral tumor blood vessels and retinal blood
vessels sometimes are visible; Simultaneous visualization
of the double-circulation phenomenon, showing diffuse

fluorescence in the venous phase.'®®

Indocyanine Green
Angiography (ICGA)

On the uniform fluorescent pigment background,

hypofluorescent performance in the arteriovenous phase.

No fluorescence, or few fluorescence signals in the
arterial phase, weak fluorescence in the venous phase, or
spot-like fluorescence or fusion fluorescence;

Large blood vessels are visible, and advanced tumors
present fluorescent leakage, some reveal empty

phenomenon or three ring image in the venous phase.'®'

Optical Coherence
Tomography (OCT)

Uneven or wavy Iesion;Ioz

67%—95% combined with secondary changes in the retinal
pigment epithelium (RPE) (such as: fine granular and
clumped high reflection signals in the RPE or atrophy of
the retinal photoreceptor cell layer; decreased acoustic
reflectance within the tumor, and choroidal capillaries

3,103

depression, retinal detachment, subretinal effusionb,

etc.)

The surface is relatively smooth;IO4

The retinal pigment epithelium-choroidal capillary layer
light band is highly raised on which multiple lumps of high
reflection signals can be seentik; 104

The elevated light band is not uniform, with dense spot-
like high-reflection signals, cyst-like changes can be seen in
the retinal nerve epithelial layer where varying degrees of
detachment of retinal nerve epithelial layer can be seen
around the tumor;IOS

Subretinal effusion.

OCT angiography
(OCTA)

A lack of blood flow signal.'%

A dense and uniform blood flow signal.'®

Magnetic resonance
imaging (MRI)/
Computed tomography
(€T

MRI: a well-defined choroidal mass appearing iso-intense
on TIWI and hypointense on T2WI.'"”
CT: focal thickening of the posterior eye segment, well-

demarcated, uniform high density’” and is rarely applied.

MRI: high intensity on T1WI and low intensity on T2W1.%°

CT: a hemispherical or spherical lesion, clear boundary,
uniform density, significantly homogeneous enhancement;
Necrosis may occur in larger tumors, showing heterogeneous
enhancement (no characteristic performance);

Shadows of iso-density within the eye and the outer wall of the

eyeball to the orbit for those with extra-ocular spread.'*®

Plasma
Carcinoembryonic
antigen (CEA)

Highly elevated CEA levels.'®

Lightly elevated CEA levels less than 10 ng/mL.'"®

(Continued)
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Table | (Continued).

Examinations/Types
of Ocular Tumors

Choroidal Metastasis

Choroidal Melanoma

Fine Needle Aspiration
Biopsy (FNAB)

Abundant vacuolated cytoplasm and eccentrically located
nuclei with prominent nucleoli, loosely large epithelioid
cells;

IHC: positive for cytokeratin (AEI/AE3) and mucicarmine;
CK?7 or CK20 staining help to localize a primary lesion in
upper or lower gastrointestinal tumors;

Estrogen, progesterone receptors may support primary

A relatively bland cellular appearance;

Cytoplasmic melanin;

Mixed cell type, spindle B cell''? and epithelioid cells;
IHC: positive for S 100, HMB-45, and MART-1.'"!
FISH or Gene testing: loss of one chromosome 3
(monosomy 3), chromosome 8q gain, chromosome |p

loss, chromosome 6 rearrangements.

breast tumor;

TTF-1 is a useful stain in support of a lung primary
tumor.'""

FISH or gene testing: detection of EGFR, ALK, ROS or

Her-2, ER, PR.

Notes: *Because the tumor cells are rich in pigments, the absorption of sound energy is reduced. The acoustic interface of the base cannot be reflected to the transducer to
be received, resulting in a lack of echoes in the base of the choroidal tumor. Therefore, a depression appears under the strong echo of the retina and choroid. *Due to the
dilated and dense blood sinuses in the anterior part of the tumor, which gradually becomes smaller and sparse backwards, the echogenicity on the sonogram shows that the
anterior edge of the tumor is dense and with a strong echo, and the intensity of the backward echoes gradually decreases, forming an echoless zone near the eyeball wall.
*The larger the apical and basal dimensions, the greater the likelihood that the lesion is neoplastic. **For uveal melanoma, FFA can show the double circulation of the tumor
and retinal capillary dilation, which is irreplaceable by ICGA.''® Chinese researchers believe that needle-like hyperfluorescent leakage is a characteristic feature of CM in
FFA, which can be distinguished from choroidal melanoma.' ' **This high reflex point is the tumor cells or macrophages rich in lipofuscin and melanin particles after the
tumor interacts with the retina, so it may be a specific OCT manifestation of choroidal malignant tumors. *Only CM can reveal the partial shape of small and medium vessels,
and the other tumors cannot show the choroidal vascular signal. ®The amount of subretinal fluid is very shallow and is adjacent to the tumor, which is another typical sign of
metastatic choroidal disease. “MRI is needed to exclude concomitant brain metastases.

Abbreviations: CEA, carcinoembryonic antigen; FFA, fundus fluorescein angiography; FNAB, fine needle aspiration biopsy; HBR, height to base ratio; IGGA, indocyanine

green angiography; IHC, immunohistochemistry; OCT, optical coherence tomography; OCTA, OCT angiography; PRE, pigment epithelium.

systemic chemotherapy or tyrosine kinase inhibitors

(TKIs) with or without anti-angiogenetic therapy.?*=*>’

Systemic Chemotherapy

Systemic chemotherapy is necessary for patients with
malignant lung carcinoma and various metastases includ-
ing CM, especially for those without a drug-sensitive gene
mutation and thus lose the opportunity for targeted thera-
pies. Multifocal lesions and/or lesions near the optic disc
that are not suitable for ocular radiotherapy are recom-
mended for systemic chemotherapy. For lesions located in
the anterior part of the choroid which is at greater risk of
radiotherapy-related ocular complications (such as catar-
act), systemic chemotherapy is also recommended. The
treatment strategies of chemotherapy for patients with
advanced lung carcinoma should follow the guidelines of
the National Comprehensive Cancer Network (NCCN), or
the European Society for Medical Oncology (ESMO).

A retrospective study revealed that chemotherapy is
equivalent to ocular radiotherapy in terms of reducing
tumor volume, absorbing subretinal fluid, and improving
vision.*® The cohort analysis conducted by Hussain et al
showed that compared with patients who did not receive
chemotherapy, chemotherapy significantly affected the

survival rate of patients with choroidal cancer (HR =
0.377, 95% CI 0.292-0.486, p < 0.001).* Moreover, an
Asian retrospective study of 12 patients with CM reported
that 66.7% of patients achieved CM regression when trea-
ted with chemotherapy alone.”* Further, studies have
reported that the combination of chemotherapy with intra-
venous bevacizumab may also be effective in cases of
intraocular metastases.?*-*3640-41

Chemotherapy should be administered early, because
for elderly patients, in poor physical condition (EGOC PS
> 2), receiving second-line treatment or additional treat-
ments, it is not recommended. Regular follow-up and
monitoring should be conducted during treatment. If ocu-
lar symptoms deteriorate during chemotherapy, local treat-
ments such as external beam radiation therapy (EBRT)
should be carried out immediately.>** If systemic treat-
ment alone can effectively control CM as the oligometa-

static disease, local treatment might be delivered
sequentially after systemic therapy to enhance
efficacy.***

Targeted Therapy
In lung cancer, the emergence TKIs agents targeting TK-
driven oncogenic genes, such as erlotinib, gefitinib, and

OncoTargets and Therapy 2021:14
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Negative

Negative

Figure | Diagnostic and treatment algorithm for CM.

_ Consolidation for
the oligometastatic
disease

Abbreviations: FNAB, fine needle aspiration biopsy; EBRT, external beam radiation therapy; IV-Bev, intravitreal Bevacizumab; CM, choroidal metastases.

crizotinib, has greatly improved patients’ progression-free
survival (PFS) and overall survival (OS) with milder
adverse events, compared with chemotherapy. Therefore,
TKI treatment is preferred for patients with CM carrying
sensitive gene mutations, especially for those with an

unfavorable physical condition or present contraindica-
tions or unwillingness for local treatments. The efficacy
of TKI agents is equivalent to radiation, and the onset of
action is shorter.’” There have also been reports of suc-
cessful regression of CM and improvement of symptoms

https://doi.org/10.2147/OTT.S315532
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as a result of TKI combined with anti-angiogenic therapy,
such as intravitreal bevacizumab.**® The explanation
may be that EGFR and VEGF share a downstream signal-
ing pathway, and when the activity of VEGF is down-
regulated by EGFR inhibitors, deactivation of VEGF
simultaneously inhibits the autocrine signal of EGFR.*"*

Although there have been several reports indicating
that targeted agents alone could effectively control ocular

32:49°51 there are still a lack of clinical

and primary lesions,
trials and evidence of reporting bias, that call for further
investigations and clinical practice. In addition, caution
should be taken when differentiating patients receiving
crizotinib complaining of ocular symptoms due to drug-
associated adverse events from atypical ocular symptoms

of patients with CM.>?

Local Therapy

Local therapies are aimed at relieving eye symptoms,
maintain visual acuity, and to avoid or reduce the possibi-
lity of eyeball enucleation. When CM becomes resistant to
systemic treatment, threatens vision or ocular symptoms
worsen rapidly, palliative local treatments should be
considered.*> With rigorous follow-up, the patient’s vision
and tumor response should be monitored before deciding
to start local treatments.*°

Local Radiotherapy

Conventionally, radiotherapy has been considered the cor-
nerstone for ocular malignancies. In terms of CM lesions,
optional treatment strategies include external beam radia-
tion therapy, brachytherapy, gamma knife radiosurgery
(GKR), and proton beam therapy (PBT). Each has its
strengths and most suitable indications, which will be
illustrated in detail below.

External Beam Radiation Therapy

External beam radiation therapy (EBRT) is applicable
primarily to bilateral, multifocal tumors, accompanied by
subretinal fluid or invasion of a functional region resulting
in severe vision loss.'"*** The main radiation modes
include the unilateral posterior globe, bilateral posterior
globes, entire globe, or whole-brain plus posterior
globes.>® Treatment outcome has a relatively long onset
time, the average is about 6.5 months,'* and the treatment
response gradually appears with the process of treatment
time. Rudoler et al found that a good prognosis was

associated with age younger than 55 years old, tumor

diameter less than 15 mm, and vision not less than 20/60
before treatment.”*

Contralateral eyeball involvement may occur in some
patients with unilateral CM patients. Rosset et al reported
that initial bilateral eye irradiation may prevent new meta-
static foci from developing in the contralateral eye.’
A retrospective analysis conducted by Wiegel et al
revealed that unilateral irradiation is sufficient to control
metastases and prevent new metastases of the contralateral
eye. A careful analysis found that when a unilateral field
with non-sparing of the contralateral choroid was
employed, 50%—-70% of the prescribed dose was received
by the posterior contralateral choroid.”®

There is a dose-effect relationship when the prescribed
dose is over 35.5 Gy, but if the dose is more than 35 Gy—
40 Gy, the occurrence of radiotherapy-related side effects
also increases correspondingly.”’>>® A retrospective study
of 483 patients demonstrated that the incidence of radia-
tion-related side effects was about 12%, and included
cataract, radiation retinopathy, exposure keratopathy,
optic neuropathy, neovascularization of the iris, and nar-
row-angle glaucoma. The incidence is susceptible to
increased intraocular pressure (IOP), biopsy, and ethnic
differences.”® For patients with identifiable risk factors
such as diabetes, hypertension, and older age, the sensitiv-
ity of the retina will increase even at lower doses.”
Furthermore, as lens-sparing posterior ocular irradiation
is generally given, radiation cataractogenesis is not a dose-
limiting toxicity of ocular radiotherapy regardless of sur-
vival length.*® Side effects mostly appear 6-21 months
after radiotherapy, which is longer than the median OS
(5.2 months) of patients with CM, making this population
more suitable for early ocular radiotherapy.'"'* When the
median follow-up time is within 1 year, long-term com-
plications are rarely observed.'* Therefore, ocular compli-
cations are more likely to develop in patients with a longer
life expectancy.

Brachytherapy

In brachytherapy, known as plaque radiotherapy, radiation
can be directly targeted to the tissue, with indications of
small-to-medium-sized solitary lesions located in the ante-
rior uvea and distant from the macula or optic papilla.**>’
Brachytherapy could also be used as a second-line alter-
native for failure of systemic treatment or progression after
EBRT.”’

a uniform dose to the entire eyeball, the characteristic of

In addition, compared to which delivers

brachytherapy is that it allows emitting heterogeneous
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doses to the lesion.*® Todine-125 is the most widely used
isotope, delivering an apex dose of approximately 69 Gy
over 3—4 days.**>® The main disadvantages of this treat-
ment are that it requires two invasive operations to implant
and remove the isotope which require hospitalization.**
A retrospective study of 36 patients with CM>® revealed
that the size of the lesion and subretinal effusion can be
shrunk by about 50%. Approximately 58% of the patients
achieved vision improvement or maintained existing
vision. The treatment-induced side effects were similar to
EBRT, with an incidence of about 8%. However, Wen et al
demonstrated that the rate of vision loss after brachyther-
apy may be up to 26%—62%,°" in patients having a history
of EBRT or systemic chemotherapy.”’

Gamma Knife Radiosurgery

Gamma knife radiosurgery (GKR) is mainly used to treat
primary intraocular tumors and has not been widely
applied to treat CM. GKR delivers a single dose radiation
beam to a well-defined volume, which presents a dramatic
dose drop outside the target, thus allowing less radiation
damage to the surrounding tissues.’’ For intraocular
metastases, the prescribed dose is approximately 30 Gy/
10 fractions. The treatment course is shorter than that for
EBRT, and is non-invasive. A case series showed that 85%
of patients achieved improvement of ocular symptoms,
while 14.3% experienced vision loss and relapse. In
terms of complications, due to the short median follow-
up time of 8 months, only 2 patients complained of catar-
act (14.3%) or eyeball pain (14.3%),
Furthermore, GKR may be effective for patients present-

respectively.

ing combined cerebral and choroidal metastasis
simultaneously.61 Due to its improved responses and better
compliance, GKR can be used as an alternative treatment
to EBRT or brachytherapy. GKR requires precise radio-
therapy equipment, which may not be available at all

institutions.

Proton Beam Therapy

Different from other charged particles, the proton con-
forms to the “Bragg effect”. As a non-invasive operation,
proton beam therapy (PBT) indications are not limited by
metastatic tumor parameters (such as size, location, num-
ber of metastases).> The treatment period may be as short
as only two fractions. A retrospective cohort® suggested
that 84% of CM shrunk, 82% of retinal detachment
achieved varying degrees of reattachment, and in 47% of
cases, visual acuity remained similar to baseline. The rate

of treatment-induced adverse events was 56%, which was
divided into early complications occurring in 1-3 months
and late complications 18 months after treatment. The high
rate of side effects which may be related to CM was
limited to near the macula and other intraocular functional
areas. Thus, PBT may not be fully applicable to tumors
close to the visual function area. Moreover, due to the
shorter life span of patients with intraocular metastases,
long-term side effects are actually rare.®’ In brief, PBT
may be used as a second-line treatment after failure of
radiotherapy and chemotherapy. As PBT has not become
a popular procedure, the efficacy and complications of
intraocular metastases remain to be proven.

Because ocular radiotherapy presents long-term com-
plications and may also lead to vision loss, greater atten-
tion should be paid to titrated dosages, especially for those
with known high-risk factors.

Other Treatment Modalities

Photodynamic Therapy

Photodynamic therapy (PDT), an invasive treatment,
directly targets the tumor via a non-toxic photosensitizer
(the most common is verteporfin) and is activated by light
exposure, which generates reactive oxygen species in the
tissue microenvironment.****  Furthermore, verteporfin
selectively acts on the tumor vascular endothelial cells to
cause intravascular microthrombosis.®> Therefore, PDT
may not be suitable for tumors adjacent to or partly/com-
pletely covering the optic disc. PDT generally requires
only one session, which is especially suitable for patients
at later disease stages. In addition, there is no need for
hospitalization or invasive operations, and the lack of side
effects maximizes patient compliance. Conversely, its effi-
cacy is restricted to a certain extent by diameter and
thickness of metastases. PDT is more appropriate for
tumors located at the posterior equator with mild-to-
moderate subretinal effusion, diameter less than 10 mm,

and thickness less than 3 mm.>°

Transpupillary Thermotherapy

Transpupillary thermotherapy (TTT) mainly delivers heat
to induce tumor necrosis. The parameters of TTT are
generally set to a diode infrared laser with a wavelength
of 810 nm to heat to a temperature of 45°C—-60°C, a spot
diameter of 1.2 mm-3 mm, 1 minute duration, and is
repeated weekly.®®” The temperature that produces
a subphotocoagulation effect is lower than that of conven-
tional laser intravascular

treatment, leading to
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microthrombosis, angiogenesis inhibition, fibrosis, and
ultimately tumor necrosis.®*°® Among intraocular struc-
tures, tissues with high melanin content may achieve
a relatively higher treatment efficacy for tumors.®” The
combination with indocyanine green (ICG) can increase
the tumor’s response to infrared lasers to improve the
treatment effect.”” Moreover, the output power of TTT is
generally between 150 mW—-400 mW according to differ-
ences in pigment content of the fundus among races. Lin
and Tsai found that TTT combined with intraocular bev-
acizumab could effectively control isolated small CM
(<10 mm diameter) from NSCLC and localized subretinal
fluid.”" Additionally, for multifocal, large (>15 mm dia-
meter) CM, with extensive subretinal effusion, TTT is
often recommended to be combined with another method,
for instance EBRT’? or brachytherapy.”” The treatment-
induced adverse events that are often associated with the
output power of treatment include: retinal traction, branch
retinal vascular occlusion, vitreous and subretinal hemor-
rhage, and macular or optic disc edema.” In addition,
Wang et al documented that multiple subthresholds (bio-
microscopically invisible laser effect) are effective to treat
CM, even if the tumor locates near the macula, its efficacy
and safety can be guaranteed.®®

Intravitreal Bevacizumab

Molecular targeting agents (such as bevacizumab) that
inhibit tumor angiogenesis are suitable for managing
metastases that occur through the hematogenous route.
Intravitreal administration of bevacizumab (IV-Bev)
achieves promising effects on tumor shrinking, absorbing
exudative subretinal fluid and relieving clinical symptoms
that have been observed in CM from lung cancer. [V-Bev
is not limited by the location, size, or number of tumors,
and can also be utilized repeatedly. Further, IV-Bev can
also be used as second-line treatment for CM that has
failed systemic chemotherapy, or may be considered as
an alternative choice for patients unwilling to receive
radiotherapy or chemotherapy.”> There is no standard
dose for treatment of intraocular metastases. Reviews indi-
cate that in most cases, the chosen dose ranged from 1.25
to 4.0 mg to treat CM.*’%"7 Furthermore, there are also
reports of failures with IV-Bev.”® Lin et al” speculated
that the subretinal fluid might act as a barrier to block
absorption of bevacizumab by the choroid and reduce drug
concentration, which is however inconsistent with success-
ful cases of resolved subretinal effusion. As IV-Bev is still
an experimental alternative for CM, the current clinical

experience cannot fully explain nor prove therapeutic
effects on CM. Which type of patient would benefit from
IV-Bev and when to use needs to be further investigated.

Surgery

Notably, although most patients with multiple metastases
may not be suited for intervention, resection of the primary
lesion can be selectively performed on consultation with
a multidisciplinary team,*> which will help to define diag-
nosis and minimize tumor-related symptoms.

Eyeball surgery carries a high risk of potential morbid-
ity and often there is no benefit for tumor debulking. Only
one case has been reported showing successful outcome of
transscleral local resection of a large choroidal metastasis
from primary pulmonary leiomyosarcoma.’® As surgery
may greatly affect the patient’s quality of life, it is only
used for patients whose tumor shows insensitivity to radio-
therapy or in cases of glaucoma after radiotherapy, or in
those experiencing severe ocular symptoms. Therefore,
enucleation is not a routine recommendation.

However, in cases in which it is difficult to obtain
a pathological diagnosis for the tumor, enucleation or
fine needle aspiration biopsy (FNAB) transsclerally or
transvitreally could not only contribute to making a clear
pathological diagnosis, but it may also provide information
relative to possible gene mutational status, to guide accu-
rate treatment strategies.

Combination of Systemic Therapy with

Local Treatment

In stage IV NSCLC, surgical resection of the primary
tumor or local treatment, in combination with systemic
therapy alone, may provide a survival benefit for selected
patients. In particular, EBRT becomes an effective treat-
ment option for a subset of patients who are not candidates
for surgical resection.®' Generally, for intraocular metas-
tasis, systemic therapy seems to have a lower local disease
control rate (DCR) and a higher local recurrence rate when
compared with local treatment. Intervention using local
treatments helps to achieve higher response rates, while
possibly also increasing local treatment-related complica-
tions. To compare the effects of systemic treatment alone
and its combination with local treatment, a retrospective
study including 194 patients with intraocular metastases
was conducted. The study showed that patients achieving
a partial response comprised 68% in the systemic treat-
ment group versus 82%—-86% in the combination treatment
group, and the recurrence rate after 1 year was 32% in the
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systemic treatment group versus 14%—18% in the combi-
nation group.'’

Of note, for patients acquiring local or systemic resistance
after treatment with TKIs, local treatment should be consid-
ered in those presenting progression of CM or deterioration of
ocular symptoms. The practice of ocular treatment being
administered simultaneously with systemic treatment to
achieve a better systemic and local control still needs further
clinical studies to determine its safety and efficacy.

Therapeutic Options for Concurrent

Brain Metastases
Approximately 22%-32.5%
patients with CM simultaneously metastasize to the

of lung adenocarcinoma

brain.’®?' Riess et al found that a minority of patients
concurrently presenting choroidal and brain metastases
may eventually relapse in the form of leptomeningeal
metastasis.*” Thus, formulating treatment strategies for
this population subset is challenging. For patients harbor-
ing negative driver genes, the therapeutic strategies are
mainly systemic chemotherapy, anti- angiogenetic therapy,
or immunotherapy, with or without local radiotherapy.
Although clinical trials and experience indicate that che-
motherapy and bevacizumab might effectively control CM
or brain metastasis, whether these approaches could simul-
taneously control intraocular and intracranial metastases
remains unconfirmed.®**’

Conventionally, brain radiotherapy is standard treat-
ment for intracranial metastases. Similar to brain metas-
tases, EBRT is also traditional treatment for CM. For
patients who concomitantly present brain metastases and
CM, whole brain radiation therapy (WBRT) may be con-
sidered to encompass the posterior orbit and choroid,*® and
therefore prevent repeated exposure of normal brain tis-
sues to radiation, and to reduce the risk of development of
brain metastases. For most patients with multi-metastatic
disease, systemic treatment is needed. However, for indi-
viduals with metachronous intracranial or intraocular
lesions, whether brain and ocular radiotherapy should be
applied concurrently is still unclear. Multiple complex
factors should be taken into consideration.

Preclinical data and clinical trials have revealed that the
new-generation of EGFR or ALK TKIs present higher cen-
tral permeability, which can significantly ameliorate the
local tumor control rate and markedly improve PFS of
brain metastases.** *® Therefore, for patients with concomi-
tant CM and brain metastases, a new generation of TKIs is

preferred.®” Due to limited experience, the effectiveness of
this therapeutic modality needs to be further confirmed.

Figure 2 summarizes the local treatment algorithm
for CM.

Prospects of Immunotherapy in

Choroidal Metastasis

To date, experience with immunotherapy for CM has been
limited, only a few reports on uveal melanoma treated with
immune checkpoint inhibitors (ICIs) have been published.
The clinical efficacy of ICIs in uveal melanoma is
unfavorable.®® Occasional responses have been observed
in some retrospective case series evaluating anti-PD-1/
anti-PD-L1 agents, which suggest that ICIs may benefit
a small subset of patients.’**° This discrepancy may be
explained by different reasons. First, the eye is an immune
privileged organ that prevents inflammation by secreting
several immunosuppressive factors, such as transforming
growth factor-beta (TGF-B), a-melanocyte-stimulating
(a-MSH),
(CGRP), vasoactive intestinal protein (VIP), and indolea-

hormone calcitonin  gene-related peptide
mine 2,3 dioxygenase (IDO).”' Moreover, the cornea, iris,
and retina cells express immunosuppressive ligands, such
as PD-L1 and FasL on their surface,”® inducing immune
tolerance by programming monocytes and T cells, and
triggering checkpoints.”> When antigens enter the eye,
a unique mechanism of immune privilege known as “ante-
rior chamber-associated immune deviation” (ACAID) is
involved in the immunomodulatory phenomenon.”
Second, a physical barrier known as the blood-retinal
barrier (BRB) that forms tight junctions between endothe-
lial cells, and the retinal pigment epithelium (RPE) cell
monolayer could inhibit migration of immune cells from
the circulation into the eye.”” In addition, the current
clinical evidence indicating immunotherapy for intraocular
metastases is inadequate thus, expectations on whether
ICIs are effective for CM should be devised. In clinical
practice, selected patients may be treated with ICIs and
ongoing clinical trials should be prioritized in such
patients. Additionally, other novel immunologic therapeu-
tic strategies should be investigated in this population.

Conclusion

The lung is the second most common primary site of CM, and
up to one-third of patients present intraocular symptoms as the
primary clinical manifestation. Eye examinations and exten-
sive investigations should be performed to identify primary
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Figure 2 The local treatment algorithm for CM. *In patients with tumors close to the macula, PBT should be administered at smaller doses, which can be achieved by dose

division and contributes to the protection of surrounding normal tissue.

Abbreviations: EBRT, external beam radiation therapy; GKR, gamma knife radiosurgery; IV-Bey, intravitreal bevacizumab; PBT, proton beam therapy; PDT, photodynamic
therapy; SBRT, stereotactic body radiation therapy; TTT, transpupillary thermotherapy; WBRT, whole-brain radiation therapy.

malignancy, while pathological examination of ocular biopsy
could be performed to differentiate diagnosis if necessary.

The purpose of treatment is to improve quality of life
and prolong survival. This review introduces the indica-
tions, and advantages and disadvantages of various treat-
ment options for the disease. Systemic chemotherapy has
an unfavorable systemic DCR. TKIs should be adminis-
tered for patients harboring oncologic driver genes as the
first-line choice. The evidence supporting ICIs for treat-
ment of intraocular metastases is limited, and correspond-
ing clinical studies are warranted. EBRT is a traditional
treatment modality with remarkable efficacy. PDT, TTT,
GKR, and IV-Bev represent local treatment options also
are effective for intraocular metastases and can be used as
alternatives for EBRT or as second-line treatment.
Resection of primary malignancy or eyeball removal is
exclusively performed in those with difficult diagnostic
situations and severe clinical symptoms.

For patients with CM synchronous or metachronous
brain metastases, the initial timing and sequence of sys-
temic and local treatments remain controversial and need
to be further investigated in the future.

Nonetheless, the level of proof about current
therapies in clinical practice is insufficient. Further

clinical studies are warranted to investigate the advan-

tages and disadvantages of different treatment
modalities.
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