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Abstract

Purpose: Controversy exists regarding the best method for biopsy of uveal melanoma (UM). We
describe our transvitreal technique, and evaluate the safety of this technique as well as the efficacy
for obtaining sample for prognostic genetic profiling.

Methods: Description of surgical technique and retrospective case series. Medical records for
UM patients who underwent transvitreal biopsy using our described technique were analyzed
for tumor size, location, primary treatment, method of biopsy and any complications thereof.
Characteristics of tumors that underwent transvitreal biopsy were noted including tumor size,
location, or presence of subretinal fluid, to see if these affected surgeon preference for biopsy
modality. A cohort of contemporaneous UM patients who underwent biopsy via a transscleral
technique served as a comparator group for these patient, tumor, and complication factors.

Results: A total of 27 patients aged 27.2-88.6 years (mean 64.8) underwent transvitreal biopsy
using our described technique between 2013-2016. There were 15 small, 10 medium, and 2 large
tumors at diagnosis with the majority (n=17) posterior to the equator. Intraoperative complications
included a clot or small trickle of blood at the biopsy site in 20 (74.1%) of patients, small
localized subretinal hemorrhage in 8 (29.6%), small vitreous hemorrhage in 4 (14.8%), and

small transient choroidal detachments in 1 patient (3.6%). When subretinal hemorrhage occurred,
it was almost always into a pre-existing pocket of subretinal fluid (p=0.0093). However, the
presence of subretinal fluid was not associated with the decision to proceed with any biopsy
(p=0.36) or transvitreal biopsy specifically (p=1.00). By 3 months, subretinal and/or vitreous
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hemorrhage resolved in essentially all cases. There were no cases of iatrogenic retinal detachment
or extraocular tumor spread over a mean follow-up of 41.7 (range: 20-62.1) months. Adequate
tissue for gene expression profiling was obtained from each biopsy. The comparator group

of patients undergoing transscleral biopsy including 21 UMs in 20 patients (one eye had 2
melanomas). Transvitreal biopsies were more common in patients with small (n=15; p<0.0001),
posterior (n=17; p<0.0001) tumors, compared to patients who underwent transscleral biopsy
during the same period.

Conclusions: This technique can be used for small or posterior tumors, or for small anterior
tumors where a transscleral approach would risk tumor perforation. Complications were minor,
transient, and self-limited. Biopsy yields for molecular prognosis were adequate in all cases. The
presence of subretinal fluid may be considered a relative contraindication, because it may lead to
subretinal hemorrhage in the fluid pocket, but did not dissuade us from utilizing this transvitreal
technique for patients who would benefit from it.

Brief Summary:

We describe a technique for biopsy of uveal melanomas using the BIOM system, which allows
for excellent visualization and control. All of the manipulations performed are geared toward
minimizing the known complications of transvitreal tumor biopsy. We include data from the first
27 patients who underwent biopsy at our institution.
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INTRODUCTION

Uveal melanoma (UM) is the most common primary intraocular malignancy in adults.
Despite effective local therapies with excellent local control rates, approximately 50%

of patients develop liver metastases, which are almost uniformly fatall:2. Clinical risk
factors for metastasis include clinical and histologic characteristics such as large tumor
basal diameter and thickness, extrascleral extension, epithelioid cell type, and high mitotic
index3. Several molecular methods, including gene expression profiling (GEP) and multiplex
ligation-dependent probe amplification (MLPA), exist to aid with prognostication and
stratify metastatic risk for uveal melanoma,*-8 and these molecular tests have been shown to
be superior to clinical and pathologic characteristics.”® Unlike histopathologic risk factors,
which can only be discerned on enucleation specimens, samples for molecular testing can
be obtained by fine needle aspiration biopsy (FNAB). Since prognostic testing is now
potentially available to all patients, not just those undergoing enucleation, this has become
more important both for patient counseling and possibly for metastatic surveillance to allow
early detection of metastasis in patients at high risk’:%-13,

However, FNAB does potentially involve certain risks. Reported risks of FNAB include
hemorrhage, retinal detachment, and extraocular extension of tumor through the needle
track.14-16 In particular, risk of complications is greatest with posterior tumors that must be
approached through a transvitreal route, because a trans-retinal needle pass is necessary and
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increases the risk of retinal tear and detachment, and because the plaque does not cover and
sterilize the scleral needle track. Controversy exists regarding the best method for biopsy
of UM, particularly when a transvitreal approach is indicated. We describe an optimized
transvitreal biopsy technique, which benefits from BIOM-assisted visualization but without
the time required for full vitrectomy and without the costs associated with a full vitrectomy
pack. We evaluate the indications, efficacy and safety profile of this technique.

Patient Population and Inclusion Criteria

This is a retrospective study that was performed in accordance with the tenets of the
Declaration of Helsinki and with the Health Insurance Portability and Accountability
ACT (HIPAA). This study was approved by the Institutional Review Board at Vanderbilt
University Medical Center. Written, informed consent was provided by all patients before
undergoing any of the described procedures.

Inclusion criteria were patients at least 18 years of age with a diagnosis of uveal melanoma
who underwent FNAB via the described technique at Vanderbilt University Medical Center
between November 2013 and March 2017. Each patient was staged according to both the
collaborative ocular melanoma study classification and the guidelines of the 7t edition of
the American Joint Committee on Cancer (AJCC) TNM (Tumor-Node-Metastasis) staging
system.1” Records were analyzed for tumor size, location, treatment modality, method of
biopsy and any complications thereof. Tumor thickness, diameter, location, and the presence
of subretinal fluid were recorded, to analyze if there was any correlation between these
tumor factors and the decision to proceed with biopsy or the particular biopsy technique
selected (transvitreal or transscleral).

Fine Needle Aspiration Biopsy Technique

The specific method, and the rationale for specific surgical maneuvers and choice of
implements, is demonstrated and described in the attached video (see Video 1). Briefly,

a localized peritomy was created and episcleral hemostasis was obtained. The direction

of approach (temporal or nasal) was decided based on tumor location. An off-side 25-

gauge valved cannula was inserted in a uniplanar fashion 3.5 mm posterior to the limbus
(regardless of lens status) for the lightpipe. A second 25-gauge non-valved cannula was then
inserted in a uniplanar fashion on the side from which the biopsy was to be performed. The
BIOM wide-angle operative viewing system was used, and no vitrectomy was performed. A
25- or 27-gauge light pipe was used via the valved cannula to illuminate the tumor while a
27-gauge, 1.25 inch needle (attached via a short segment of IV tubing to a 10 cc syringe)
(see Figure 1) was inserted through the non-valved cannula. Once the insertion site was
selected and the needle inserted, bevel up, into the tumor near the tumor apex under direct
visualization. Any visible retinal vessels or pockets of subretinal fluid were avoided. Sample
was gently aspirated under constant manual pressure by the assistant to 1.5mL. During
aspiration, the needle tip was rotated and also advanced and withdrawn slightly within the
tumor to sample multiple locations along the needle track. The needle was withdrawn while
maintaining the plunger position at the 1.5mL mark, and without additional suction. Care
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was taken to avoid relieving traction on the plunger once the needle tip was removed from
the tumor to avoid expulsion of needle contents back into the vitreous cavity. The syringe
was then detached and filled with air. The sample was expressed with air from the needle
into a tube. The needle was then washed with RNA extraction buffer and combined with
the original sample, and the tube was immediately placed on dry ice and then sent for

gene expression profile analysis. Avastin was injected intravitreally. Both sclerotomies were
inspected for evidence of tumor/pigment, and were then sutured with 7-0 vicryl suture.
Plague placement then proceeded as per usual.

Patient Follow Up

The first follow up visit was scheduled on post-operative day 1, followed by 1

month after the treatment and then every 3—6 months. These follow up visits involved
comprehensive ophthalmic examinations (visual acuity, slit-lamp biomicroscopy, dilated
fundus examination) along with ultrasonography, optical coherence tomography (OCT), and
fundus photography.

During the follow up period, all adverse events occurring after FNAB were recorded
including: retinal detachment, extent of vitreous hemorrhage (if present), subretinal
hemorrhage, endophthalmitis, epibulbar dissemination of tumor, local recurrence of tumor,
and need for additional surgery. Vitreous hemorrhage was classified as localized or diffuse.
Subretinal hemorrhage extent and location relative to preoperative subretinal fluid location
was recorded.

Statistical Analysis

RESULTS

All statistical analyses were performed using Microsoft Excel 2010. The means and medians
have been provided with their respective range. Proportions were compared by the X2 test or
Fisher exact test. P values less than 5% (p<0.05) were considered statistically significant.

A total of 27 UMs (of 27 patients) underwent transvitreal biopsy using the described
technique. Patient demographics are summarized in Table 1. The study group included 12
men (44.4%) and 15 women (55.6%) with a median age 68.1 (range 27.2-88.6) years. The
mean follow up was 41.7 (range: 20-62.1) months. The mean tumor diameter was 11.0

mm (4.86-18.2 mm) and the mean thickness was 3.16 mm (1.65-8.7mm). According to the
COMS criteria there were 15 small, 10 medium, and 2 large tumors at diagnosis. Of the 27
choroidal or ciliochoroidal tumors: 3 were anterior to the equator, 17 were posterior to the
equator not involving the macula, and 7 were macular tumors. All 27 tumors were treated
with plaque radiotherapy.

We included a group of UM patients against which to compare the patient and tumor
characteristics of the patients undergoing our transvitreal biopsy technique. This comparator
group consisted of all patients undergoing transscleral tumor biopsy during the same time
period. This included 21 tumors in 20 patients (one patient had two distinct melanomas in
one eyel8 see Table 1). Transvitreal biopsies were more common in patients with small
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tumors (n=15/27; p<0.05), and tumors posterior to the equator (n=24/27; p<0.0001). A
transcleral approach was typically used for more anterior tumors (n=15/21; p<0.05).

Of the 27 patients who had transvitreal biopsy, intraoperative complications included a

clot or small trickle of blood at the biopsy site in 20 (74.1%) of patients, small localized
subretinal hemorrhage in 9 (33.3%), small vitreous hemorrhage in 4 (14.8%), and small
transient choroidal detachments in 1 patient (3.7%) (see Table 2 and Figures 2 and 3).

Six of the nine cases of subretinal hemorrhage occurred in cases in which subretinal fluid
was already present over the tumor (p=0.0093), and 6/11 tumors with preexisting subretinal
fluid experienced subretinal hemorrhage. However, the presence of subretinal fluid was not
associated with the decision to proceed with any biopsy (p=0.36) or transvitreal biopsy
specifically (p=1.00), versus the comparator group of patients undergoing transscleral
biopsy. By 3 months, almost all cases of subretinal or vitreous hemorrhage had resolved.
There were no cases of endophthalmitis, iatrogenic retinal detachment, epibulbar extraocular
tumor spread, or local recurrence.

Gene expression profile class could be determined in all transvitreal biopsy samples (n=27),
giving a success rate of 100%. Of these patients, 22 (81.5%) were class 1A, 4 (14.8%) were
1B, and 1 (3.7%) was class 2. Normal discriminant values were reported for all GEP results.

During follow up, no patients who underwent plaque radiotherapy had any evidence of
recurrence, or required enucleation for treatment failure.

DISCUSSION

We demonstrate that our transvitreal approach, utilizing a 27-gauge needle under

BIOM visualization without prior vitrectomy, has excellent clinical yield with minimal
complications, while being simpler and less costly than performing a full vitrectomy. This
technique has several benefits: 1) it is simple to perform and does not require vitreoretinal
surgical training, 2) it allows excellent tumor visualization, 3) it incorporates many surgical
variations that likely reduce the risk of both intraocular complications and also epibulbar
tumor spread, 4) it does not require specialized vitreoretinal equipment in the operating
room such as for vitrectomy, 5) it is quick to perform and minimizes operative time, 6)
intraocular complications are lower than for all previously-reported techniques/series, and
7) sample yield is higher than for all previously-reported techniques/series. Our experience
using this technique shows that it may be most advantageous for patients with posterior
tumors of any size, or small anterior tumors. These tumors are generally more difficult
tumors to approach transclerally compared to larger, more anterior tumors.

Our technique includes several variations that we feel minimize the usual risks of
transvitreal biopsy, including the risks of retinal detachment, epibulbar tumor spread, and
diffuse vitreous hemorrhage, that may decrease postoperative vision and may preclude
subsequent transpupillary thermotherapy. Specifically, we advocate for the following
maneuvers: 1) epibulbar hemostasis with cautery to allow for better visualization of any
tumor tissue/pigment on the scleral surface, 2) non-beveled trocar entry to minimize passage
length through the sclera and to allow for better visualization of any tumor tissue/pigment

Retina. Author manuscript; available in PMC 2023 November 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Snyder and Daniels

Page 6

in the cannula track, and 3) suturing of the wound to again minimize the risk of epibulbar
seeding. Similarly, we advocate the following choice of implements: 1) the use of cannulas,
so the outside of the needle, which was in contact with the tumor tissue, does not come

in contact with the sclera, 2) a non-valved cannula (for the biopsy side) so any tumor

tissue clinging to the outside of the needle is not wiped off by the valve leaflets into the
cannula and back into the eye, and 3) a 27-gauge needle in a 25-gauge cannula, again to
minimize tumor tissue being wiped off by the inner cannula rim into the eye. Singh et al
recently examined cells remaining on the inside of a 25-gauge valved cannula after FNAB
for melanoma, and found that 4 of 20 samples showed either melanoma cells or atypical
cells.19 Presumably, without the valves, any cells clinging to the exterior of the needle after
biopsy would stay on the needle as it is withdrawn from the eye and removed from the field,
thus decreasing the theoretical risk of epibulbar tumor extension, as compared to clinging to
the valve leaflet near the scleral surface, as was found in their study.

In this study, the most common complication involved minor hemorrhage at the biopsy site.
The degree of hemorrhage seen with this technique was significantly less than that reported
with other techniques, such as needle biopsy under indirect ophthalmoscopy guidance or
vitrector biopsies?®-24, owing to the precise needle placement and retinal vessel avoidance
possible under BIOM visualization, and the small gauge, pointed tip, and atraumatic entry
of a 27-gauge needle. The needle also has the benefit of ubiquitous availability and low
cost as compared to a vitrector or a full vitrectomy setup, and does not require a vitrectomy
machine to be available in the OR. Furthermore, without the need for a vitrectomy, the
surgery is more efficient, the patient is exposed to less anesthesia, and the overall operating
room time is minimized.

In order to minimize bleeding during surgery, other practitioners have advocated for
transiently increasing intraocular pressure, using an endolaser to assist with hemostasis,

or stopping anticoagulant medications prior to surgery. Using our transvitreal technique, we
do not find that any of these measures is necessary. As we do not perform a vitrectomy

with our FNAB technique, no infusion line is used, and although external pressure could

be theoretically used to increase the intraocular pressure, the bleeding is so minimal and
hemostasis is achieved spontaneously that this is unnecessary. Similarly, we do not advocate
using an endolaser in an eye that has not undergone vitrectomy, because of the risk of
introducing iatrogenic tears.

In our hands, choroidal tumor biopsies with the 27-gauge vitrector have led to more
hemorrhage than the needle-based technique presented here. However, we acknowledge
that, for very thin tumors, the vitrector has the advantage of eliminating the risk of piercing
the sclera under the tumor. This is particularly true for tumors less than 2 mm in thickness,
since the standard 27-gauge needle has a bevel 2 mm in length. We have found that an
angled entry in these cases allows extra leeway by increasing the intratumoral distance
through which the needle can pass safely. It should be noted, however, that using vitrectomy
cannulas does not allow the surgeon to pre-bend the needle to allow a more angled approach
into the tumor mass, as can be done when no cannulas are used. For the reasons described
in the previous paragraph, we feel that the benefits of cannulas outweigh this potential
disadvantage.
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The most common complications seen were a small localized clot of blood over the needle
entry site in 20 (74.1%) biopsies and subretinal hemorrhage in 8 (29.6%) biopsies, which
was seen predominantly trickling into pre-existing pockets of subretinal fluid overlying
the tumor. Importantly, subretinal hemorrhage was seen only rarely when subretinal fluid
was not pre-existing, and the hemorrhage did not extend beyond the area of pre-existing
subretinal fluid. Significant vitreous hemorrhage was seen in 4 (14.8%) biopsies. Almost
all of our patients had spontaneous resolution of this localized vitreous hemorrhage and of
any subretinal hemorrhage by three months postoperatively. Only 5 (18.5%) patients had
old vitreous hemorrhage or very small areas of subretinal hemorrhage still remaining at 3
months. Of these, 1 patient was on coumadin, 3 were on aspirin, and 1 was not on any
anticoagulation. This suggests that hemorrhage may persist in anticoagulated patients, but
given the minor nature and rarity of persistent hemorrhage, and a lack of significant visual
impact, our practice does not include holding any anticoagulants, especially since many UM
patients are older, and may require continued anticoagulation for cardiac comorbidities.

This rate is similar or less than previously reported rates of vitreous hemorrhage following
transvitreal biopsy under indirect ophthalmoscopy, which ranged from 46-8096%9:13.25,
However, in a series using a 25-gauge vitreous cutter to perform a transvitreal biopsy, the
vitreous hemorrhage was so great that 80% of patients required subsequent vitrectomy to
clear visually significant vitreous hemorrhage.2® In a separate series of biopsies performed
with a 27-gauge vitrector, 72% of eyes had vitreous hemorrhage, and 46% of eyes required
limited vitrectomy at the time of biopsy.2° In contrast, in our present series, essentially

all cases of vitreous hemorrhage resolved spontaneously by 3 months, and no patients had
vitreous hemorrhage that necessitated vitrectomy.

We did not observe any cases of iatrogenic retinal detachment with our technique. This is

in contrast to rates of retinal detachment reported to be as high as 11% when a 27-gauge
vitrector is used.20 There were likewise no cases of extraocular tumor spread or local
recurrence, consistent with the very low rates in previous published series.>9:13.14.16.25 \/ary
few cases of endophthalmitis have been published after FNAB, and we did not experience
any in our series either,14:24.26.27

The risk of any procedure must balance the success of the procedure and any potential
complications. Our described approach offers the advantage of lower complication rates
and high efficacy in obtaining sufficient material for GEP analysis and class categorization
(100% of samples were sufficient using our transvitreal technique). Other published success
rates for transvitreal biopsy with other techniques range from 71 — 97%.5:13.28

Strengths of our study include long-term follow-up (>3 years in all patients, and almost 6
years for many of them), and performance of biopsy by a single vitreoretinal- and ocular
oncology-trained surgeon using the exact same transvitreal technique in each case. Potential
limitations are the retrospective nature of the study, the absence of a comparator group

in which an alternative transvitreal technique was utilized (although a transscleral biopsy
comparator group is included), and the absence of any randomization.
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Figure 1:

Biopsy Setup

A 27 gauge 1 %" needle attached to flexible tubing connected to a 10 mL syringe allows for
adequate suction and good surgical control.
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Figure 2:
Typical small hemorrhage seen intraoperatively immediately after biopsy

Intraoperative photos of three different eyes that underwent transvitreal biopsy for malignant
melanomas posterior to the equator using the described technique. Each shows the typical
appearance of a small clot at the biopsy site immediately after the sample was taken.
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Figure 3:
Subretinal hemorrhage into area of existing exudative retinal detachment.

A patient with a medium juxtapapillary melanoma (A) with adjacent exudative detachment
with subretinal fluid extending into the macula elected to undergo transvitreal biopsy prior
to plaque placement. The patient was on aspirin, and this was not discontinued. The extent
of the subretinal fluid can be seen on optical coherence tomography (B, C). At the time

of biopsy, there was subretinal hemorrhage extending into the macula. (D-F) One-month
postoperative images. D) Fundus photograph demonstrating residual minor hemorrhage at
the biopsy site and a pocket of dehemoglobinized blood in the inferior macula (arrowhead).
(E-F) The OCT shows the subretinal fluid resolving, though still present into the macula.
(G-1) Three-month postoperative images. G) Fundus photograph demonstrating resolution of
the subretinal hemorrhage. The subretinal fluid similarly resolved, and none was visible on
optical coherence tomography at that point (H-1). The hemorrhage and the subretinal fluid
had resolved both clinically and on OCT. There were minor pigmentary changes best visible
on infrared imaging (H) in the macula in the location of the previous subretinal blood.
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Patient Demographics

Table 1:

Transvitreal Biopsy Group n (%)

Subjects n 27
Female n (%) 15 (55.6%)
Median Age years (range) 68.1 (27.2 - 88.6)
Average Follow Up months (range) 41.7 (20 -62.1)
Size n (%)

Small 15 (55.6%)

Medium 10 (37.0%)

Large 2 (7.4%)
Location 1 (%)

Anterior to Equator 3(11.1%)

Posterior to Equator 17 (63.0%)

Macular 7 (25.9%)

Transscleral Biopsy Comparator Group n (%)
21
12 (57.1%)
66.1 (24.6 — 87.3)
40.1 (11.1 - 60.8)

0 (0%)
13 (61.9%)
8 (38.1%)

15 (21.4%)
5 (23.8%)
1 (4.8%)
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Complications of Transvitreal Biopsy

Clot at Biopsy Site
Vitreous Hemorrhage
Subretinal Hemorrhage
Choroidal Formation
Retinal Detachment
Endophthalmitis
Epibulbar tumor spread
Recurrence

None

Intra-operative
20 (71.4%)

4 (14.8%)

9 (33.3%)

1 (3.6%)

0 (0.0%)

0 (0.0%)

0 (0.0%)

0 (0.0%)

1 (3.6%)

=3 months
0 (0.0%)

2 (7.4%)

3 (11.1%)
0 (0.0%)

0 (0.0%)

0 (0.0%)

0 (0.0%)

0 (0.0%)
23 (85.2%)
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