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REVIEW

UVEAL MELANOMA BIOPSY –  
A REVIEW 

SUMMARY
In intraocular tumors, diagnosis is usually based on clinical examination and imaging without the need for invasive surgery or tissue sampling. The 
diagnosis can be confirmed by biopsy, however, in the case of intraocular malignancy, the biopsy is considered controversial. Due to the development 
of uveal melanoma cytogenetic prognostics and the progression in generalised uveal melanoma treatment, intraocular melanoma biopsy is becoming 
increasingly important. Diagnostic biopsy of intraocular tumors is indicated in cases of diagnostic uncertainty for findings with conflicting non-invasive 
test results and for small melanocyte lesions. Tumor prognostic biopsy is performed to obtain a tissue sample for tumor cytogenetic testing, which can 
help to determine the prognosis and specific metastatic risk of the patient.
For anterior segment tumors, anterior chamber fluid sampling, thin-needle iris biopsy, punch biopsy, surgical biopsy or biopsy using vitrectomy may 
be used. For posterior segment tumors, procedures include transscleral or transretinal thin-needle biopsy, vitrectomy-assisted biopsy, punch biopsy, 
endoresection or transscleral exoresection.
Complications of intraocular melanoma biopsy include too small or non-valuable sample collection, intra-tumoral heterogeneity, intra-ocular trauma 
and induction of intraocular or extraocular tumor dissemination.
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INTRODUCTION

In clinical oncology, the treatment of malignant 
tumours as a rule requires histological confirmation of 
the diagnosis. In intraocular tumours, diagnosis is based 
as standard on clinical examination and examination 
with the aid of imaging methods (ultrasonography, ultra-
sonic biomicroscopy, optical coherence tomography, au-
tofluoresence, fluorescein and indocyanine green angio-
graphy, PET/CT or PET/MR), usually without the necessity 
of an invasive procedure or taking tissue samples [1,2,3]. 
The diagnosis can be confirmed by biopsy, but in the 
case of an intraocular malignant tumour biopsy is consi-
dered controversial. The main fears predominate due to 
the risk of dissemination of the tumour as a consequence 
of the invasive procedure, other potential complications 
include above all taking of a small or invalid sample, in-
tratumour heterogeneity and perioperative damage to 
the intraocular structures. However, with regard to new 
observations in cytogenetic prognostics of uveal mela-
noma and advancing knowledge in the field of treatment 
of generalised uveal melanoma, intraocular melanoma 

biopsy is becoming increasingly important [4].

Indication of biopsy
The purpose of diagnostic biopsy of an intraocular tumour 

is to confirm or exclude clinical suspicion of malignancy. In 
total approximately 1–2 % of intraocular tumours require the 
performance of a diagnostic biopsy [5].

The main indication for a diagnostic intraocular biopsy 
of a tumour remains diagnostic uncertainty, with contra-
dictory results of non-invasive tests. Another separate pro-
blem is the small size of uveal melanocytic lesions (maxi-
mum height up to 3 mm). The usual strategy in the case of 
small choroidal melanocytic lesions (covering atypical nevi 
and small melanomas) is regular observation, while thera-
py is commenced only upon identification of progression 
of the lesion. However, clinical oncological practice consi-
ders earlier diagnosis and treatment to represent a step to-
ward the improvement of the prognosis for survival of the 
patient [6,7]. With reference to the small size and frequent 
posterior location of lesions in these cases, however, there 
is an increased risk on the one hand of taking an insuffici-
ently large sample, and on the other of the development 
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of sight-threatening ocular complications.
Despite improvements of local treatment of uveal me-

lanoma, thanks to which it is possible to achieve local 
control over the tumour in the majority of patients while 
preserving the eyeball, the prevention and treatment of a 
metastatic disease remain a serious problem. Metastases 
of the liver develop in almost 50 % of patients with uveal 
melanoma. Current knowledge indicates that tumour cells 
are present in the body and already spread at the time of 
primary diagnosis, and remain inactive until the conditions 
become favourable for the formation of macro-metastases 
[8]. The constant search for new molecular targets of syste-
mic therapy in patients with metastatic affliction, and their 
inclusion in therapeutic programmes within the frame-
work of clinical trials on the basis of the molecular profile 
of the tumour require reliable genetic and molecular cha-
racterisation of the tumour [4]. For this reason, the signifi-
cance of “prognostic biopsy” of the tumour is increasing, 
i.e. a sample is taken not in order to confirm the diagnosis 
but for the purpose of obtaining a sample of tissue for a 
cytogenetic examination of the tumour [9]. This enables 
determination of the prognosis, assessment of the specific 
metastatic risk for the patient and individual configuration 
of the timing of follow-up and screening examinations (la-
boratory checks, sonography of abdomen, X-ray of lungs) 
for patients with uveal melanoma. The genetic and mole-
cular characteristics of a melanoma are more reliable in the 
prediction of the prognosis than classic clinical and patho-
logical signs (such as dimensions of tumour, localisation 
of tumour, presence of exudative retinal detachment, and 
results of histopathological examination) [4,10].

Biopsy techniques 
A suitable technique for biopsy of uveal melanoma is 

chosen primarily according to the location and size of the 
lesion. In the case of tumours of the anterior segment it is 
possible to use sampling of the anterior chamber fluid, thin-
-needle biopsy of the iris, punch biopsy, surgical biopsy or 
vitrectomy-assisted biopsy. In the case of tumours of the po-
sterior segment, the procedures include thin-needle tran-
sscleral or transretinal biopsy, vitrectomy-assisted biopsy, 
punch biopsy, endoresection or transscleral exoresection. 

TUMOURS OF THE ANTERIOR SEGMENT OF 
THE EYE

Sample of chamber fluid
Examination of the chamber fluid enables identification 

of cellular infiltration in the anterior chamber. This tech-
nique is used primarily in the case of selected lesions of the 
iris (melanomas of the iris, above all diffuse, or metastases 
of the iris) with apparent dissemination into the anterior 
chamber [4]. The subject of the study is the use of this tech-
nique in the diagnosis of melanoma of the ciliary body and/
or choroid – in comparison with benign lesions, in the case 
of melanoma there are higher levels of angiogenin, IL-8 and 
MCP-1 [11]. The main limitation of this technique consists in 
the fact that samples are “paucicellular” (i.e. the amount of 

cells in the sampled material is minimal), and it is very diffi-
cult to obtain valid results of the examination on this basis. 

Thin-needle biopsy of iris
The standard technique for thin-needle biopsy of the iris 

consists in a limbal incision of 1 mm in the clear cornea and 
injection of viscoelastic material into the anterior cham-
ber. A thin needle is then inserted into the tumour of the 
iris via the corneal incision and through the anterior cham-
ber (according to the size of the lesion 25-gauge, 27-gauge 
or 30-gauge). The needle is inserted through the cornea 
under an angle of approximately 20–30° to the iris, in the 
anterior chamber the needle should be inserted parallel to 
the iris. The most suitable place for biopsy is approximately 
90° from the meridian of the tumour. A specific procedure 
is recommended for inserting the needle into the tumour 
tissue – delicate movement of the needle back and forth 
into the lesion in order to maintain underpressure, thus 
enabling the release of tumour cells, which are then ma-
nually extracted by the assisting doctor [12,13].

In the case of thin-needle iris biopsy it is also possible to 
obtain a sample only of a limited size, with a small quantity 
of cells, as a result of which it may be difficult to gain a valid 
interpretation of the sample.

Vitrectomy-assisted biopsy of the iris
In this technique, a 21-gauge infusion is inserted into 

the anterior chamber, and intraocular pressure is increa-
sed to 70 mmHg. Subsequently a second limbal incision 
is made, through which a 20-gauge vitrectome is inser-
ted towards the surface of the tumour, in such a manner 
that its mouth is covered by the tumour tissue. At a high 
aspiration value (400 mmHg) and low cutting frequency 
(80/min), a sample is then obtained from the surface of 
the tumour by a single cut [4,14].

Surgical biopsy of cornea
Surgical iridectomy provides a sufficient quantity of tis-

sue for histopathological, immunohistochemical and cy-
togenetic analysis. In clinical practice it is used primarily 
as an “excision biopsy”, with the removal of all neoplastic 
tissue. The disadvantage of this procedure is extensive 
iatrogenic defect of the cornea or sclera [15]. An alterna-
tive is a minimally invasive method with the performance 
of a multifocal surgical biopsy of the cornea. At the begi-
nning of the procedure, a 1.0 mm long corneal incision is 
made, and the anterior chamber is filled with 1 % sodium 
hyaluronate. A 25G aspiration port is then inserted into 
the cornea, and samples of the cornea are then taken 
in a number of places in full and partial thickness, at a 
high frequency of aspiration (600 mmHg) and cutting 
frequency (300/min) [4,16].

TUMOURS OF THE POSTERIOR SEGMENT 
OF THE EYE

Thin-needle biopsy
In the case of tumours of the posterior segment, it is possi-
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ble to perform a thin-needle biopsy by a transretinal or tran-
sscleral approach. 

A transscleral thin-needle biopsy is performed in the 
case of ciliochoroidal tumours and tumours of the cho-
roid localised anteriorly or close to the equator of the 
eye. Upon transscleral, “direct” approach, a sample of 
the tumour tissue is taken via the sclera in the case of the 
base of the tumour, while preserving the retina intact. 
After localisation of the tumour, a lamellar scleral flap is 
created (approx. 80 % of the thickness of the sclera) in 
the shape of an equilateral triangle. A needle (most of-
ten 25-gauge or 30-gauge) is inserted into the tissue of 
the tumour via a scleral incision with a size of 300 µm, 
and 2–3 samples are progressively taken. The scleral in-
cision is then sutured immediately after the sample is 
taken [17,18,19]. A modified technique which improves 
the yield of the samples for cytological and genetic ana-
lysis is the use of Essen biopsy forceps, with sealing of the 
scleral flap using histoacryl glue [4]. In the case of taking 
a sample before brachytherapy, an applicator with ra-
dionuclide is sutured to the sclera above the base of the 
tumour immediately after the performance of the biopsy.

In the case of lesions located more posteriorly, a tran-
sretinal approach is more appropriate due to better vi-
sualisation of the tumour. The transretinal or indirect 
method means an anterior approach via the pars plana 
(sclerotomy is localised against the tumour), and sub-
sequently a needle is inserted via the vitreous body 
and through the retina into the choroidal tumour in the 
subretinal space. In this approach, it is necessary to bend 
the point of the needle (usually a 25-gauge needle, some 
authors recommend 27-gauge) approximately 2–3 mm 
from the point to an angle of 60–90° towards the cone 
of the needle. This enables entrance into the neoplasm 
with the point of the needle concurrently with the reti-
na, thus reducing the risk of perforation of the sclera, in 
which 2–3 samples are taken. Careful localisation by in-
direct ophthalmoscopy is recommended, it is also possi-
ble to use a surgical microscope and wide-angle display 
system. Whereas a transscleral approach usually requi-
res the tumour to be at least 3 mm high, a transretinal 
approach, thanks to transpupillary visualisation during 
the procedure, enables the performance of a biopsy also 
on small tumours. The procedure may be combined with 
prior vitrectomy – a combined procedure reduces the risk 
of haemorrhage into the vitreous body or the develop-
ment of vitreous traction in the place of retinotomy (in 
the place of taking of the sample), which usually closes 
spontaneously. After suturing by sclerotomy it is possible 
to perform cryopexy [4,17,18,20].

According to Singh, the diagnostic yield correlates signifi-
cantly with the choice of biopsy approach (transscleral 96 %, 
transretinal 86 %; p = 0.029) and size of tumour (diameter of 
base up to 5.00 mm and height up to 2.5 mm). Shields exa-
mined the potential of the technique of thin-needle biopsy 
for small melanomas (with maximum height of up to 3 mm) 
– he took samples in the place of the highest prominence 
of choroidal tumours using a 27-gauge needle, with the use 

of a transretinal approach, in 97 % of cases he succeeded 
in taking a representative sample of a tumour suitable for a 
histopathological and cytogenetic analysis [18].

Vitrectomy-assisted biopsy
Vitrectomy can be used in transretinal biopsy directly 

for taking a sample, or it is possible also to use combined 
methods: vitrectomy-assisted biopsy with a sample taken 
using Essen biopsy forceps or incision biopsy.

In the case of transvitreal retinochoroidal biopsy, a samp-
le is taken for cytogenetic and histopathological examina-
tion by vitrectomy, according to the size of the lesion by a 
25-gauge or 27-gauge vitrectome. After the insertion of 3 
standard pars plana ports, the vitrectome is inserted under 
direct transpupillary visual control through the vitreous 
body (without the performance of vitrectomy) to the cho-
roidal tumour. In the area of the intended biopsy, separa-
tion of the vitreous body is induced and a thorough local 
vitrectomy is performed, in order to prevent vitreoretinal 
incarceration into the vitrectome during the course of the 
biopsy. Intraocular pressure is increased in order to prevent 
haemorrhage. After the performance of retinotomy, the vi-
trectome is inserted into the tumour and a sample is taken 
at a high aspiration value (400–600 mmHg) and low cutting 
frequency (80–300/min). The sample is obtained through 
continual suction and cutting, until a sufficient quantity of 
sampled material appears in the aspiration tube. It is not 
usually necessary to treat the area of the retinotomy, but 
suture and cryopexy are performed by sclerotomy [4,14,21].

In intraocular biopsy of uveal melanoma, there is the po-
tential possibility of dissemination of the tumour cells during 
the procedure; this risk was significantly reduced by the use 
of smaller cannulas and precise surgical techniques [14]. A 
variant which increases patient safety is the performance of 
a biopsy following prior irradiation of the tumour. Irradiation 
generates random lesions in DNA, and as long as 6 months 
after irradiation there is no significant change of the cytoge-
netics of the tumour tissue, while shortly after irradiation the 
genetic prognosis should therefore not be influenced [22].

Transretinal biopsy with the use of Essen biopsy force-
ps is a sutureless method using three-port 23-gauge pars 
plana vitrectomy (PPV), with subsequent performance of 
a 0.6 mm long retinal incision, which enables the inserti-
on of open Essen forceps into the tumour. The sample is 
grasped by the forceps and extracted via the vitreous spa-
ce through a scleral port. The main advantage of the use 
of Esson biopsy forceps is the larger size of the obtained 
sample. In the case of samples larger than 0.6 mm, howe-
ver, this technique represents a potentially higher risk of 
dissemination of the tumour, because the sample or parts 
thereof may become embedded in the scleral port [4,23].

PPV assisted incision biopsy incorporates complete 
three-port 23-gauge or 20-gauge PPV. Retinotomy is 
then performed with a diamond knife, followed by ex-
cision of 1 mm3 of tumour tissue. The tumour sample is 
extracted by sclerotomy with the aid of forceps. An in-
crease of intraocular pressure and retinal diathermy are 
used to minimise haemorrhage, at the end of the proce-
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dure 20 % SF6 is applied to the eye. This procedure ena-
bles the taking of larger samples, which are suitable for 
histopathological and cytogenetic examination, but it is 
linked with an increased risk of retinal detachment [24].

Risks of biopsy     
The risks of intraocular biopsy include above all taking of 

an invalid or insufficiently large sample, iatrogenic damage 
to the eye (hyphaema, haemophthalmos, subretinal hae-
morrhage, retinal detachment, cataract, endophthalmitis) 
and the risk of intraocular or extraocular dissemination of 
the tumour [4,5,12]. Another problem may be intratumour 
heterogeneity, in which different parts of the lesion may 
manifest different histopathological and cytogenetic cha-

Fig. 1. 30-year-old woman with advanced choroidal melanoma of the left eye, diagnosed in July 2010. After treatment with Leksell 
gamma knife in August 2010 the tumour progressed, and as a result enucleation of the eyeball was performed in October 2010. The 
histological (mixed type melanoma, pleomorphism) and cytogenetic (monosomy of chromosome 3 – positive, gain in chromosome 
6p, i.e. iscochromosome 6p – negative, gain in chromosome 8q – negative) examination indicated an unfavourable prognosis. Within 
the framework of regular monitoring, metastatic affliction of the liver was determined in April 2014. Chemotherapy was commenced, 
due to progressing generalisation with multiple organ affliction biological therapy was also subsequently applied. In October 2014 the 
patient died from the consequences of generalisation of uveal melanoma.

A: Advanced choroidal melanoma of the left eye visible on MR image from July 2010.
B: Histological finding – solid alveolar type growth, tumorous proliferation of epitheloid and spindle-cell elements (formed by spindle-
-cells type B), isolated with deposits of brown melanin pigment.
C: Loss of chromosome 3 detected by FISH method with the use of a fluorescence probe VHL/CEN 3 (Zytovision, Germany). The locus 
of VHL (3p25.3) is indicated by green colour, the control centromeric area (CEN 3) is indicated by orange colour, the nuclei are tinged 
with blue DAPI. In normal nuclei with two chromosomes, 2 green and 2 orange signals are expected. Loss of chromosome 3 is visible 
in the image (only 1 green and 1 orange signal).
D: Metastasis in liver visible on PET/CT examination.
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racteristics. An examination of a small sample of tissue may 
therefore produce misleading false negative results [25].

CONCLUSION   

Uveal melanoma biopsy incorporates a whole range of 
techniques, which are constantly developing, together with 
knowledge of the pathogenesis of uveal melanoma. In clini-
cal practice, biopsy may be significant in terms of diagnosis 
and prognosis. With the progressive improvement of non-in-

vasive techniques of clinical diagnosis, biopsy for diagnostic 
purposes is reserved for select cases (clinically unclear lesions, 
small borderline lesions). On the other hand, in connection 
with constant improvements in systemic therapy, biopsy 
is increasing in importance for the purposes of cytogenetic 
analysis with determination of the risk of development of me-
tastatic pathology and individualised therapy for a specific 
patient (Fig. 1 and 2). With reference to the limited size of the 
sampled material, close co-operation with an experienced 
histopathologist and cytogeneticist is essential.

Fig. 2. 42-year-old man with advanced choroidal melanoma of the left eye, diagnosed in August 2009. In September 2009 he was trea-
ted with Leksell gamma knife, due to the size of the tumour with the risk of development of toxic tumour syndrome, exoresection of the 
tumour (sclerouvectotomy) was performed in October 2009. The cytogenetic examination was prognostically favourable (monosomy of 
chromosome 3 – negative, isochromosome 6p – positive, gain in chromosome 8q – negative). The patient is being regularly monitored 
(sonography of abdomen, X-ray of lungs, laboratory examination) – so far without signs of generalisation of the pathology.
A: Advanced choroidal melanoma of left eye visible on MR image from August 2009.
B: Histological finding – solid compact tumorous matter formed by spindle-cell elements and large quantity of melanin.
C: Loss in area of short arm of chromosome 6 (6q) together with gain of long arm (6p) detected by FISH method with the aid of 
fluorescence set Vysis Melanoma FISH Probe Kit (Vysis, Abbot Molecular, USA). The locus of MYB (6q23) is indicated by yellow 
colour, the locus of RREB1 (6p25) by red colour, the control centromeric region by light blue (aqua) colour, the nuclei are tinged 
blue by DAPI. In normal nuclei 2 red, 2 yellow and 2 aqua signals are expected. The loss of 1 copy of locus MYB (1 yellow signal) 
and gain of locus RREB1 (3 red signals) is visible in the image.
D: Finding on ocular fundus 10 years after uveal melanoma therapy (treatment by LGK, subsequent exoresection of tumour).
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