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Introduction

Background: An 810-nm diode-laser transpupillary thermotherapy (TTT) is used as
monotherapy in the treatment of small choroidal melanomas (CM; measuring < 3-4 mm
in prominence). We developed an advanced methodology for performing the TTT, which
involves four sessions delivered daily over four consecutive days.

Purpose: To examine ultrastructural features of therapeutic pathomorphosis after TTT
delivered using the developed methodology in enucleated eyes with choroidal melanoma in
which eye-preserving treatment was not feasible.

Material and Methods: Material for electron microscopy was obtained from enucleated
eyes of seven CM patients who had been treated with TTT delivered over one to four
sessions. One patient had undergone one, two had undergone two, two had undergone
three, and two had undergone four daily TTT sessions before enucleation, with an 810-nm
diode laser (Iridis Quantel medical, France) in a continuous mode, and the power was
gradually increased from the initial 200 mW to about 1800 mW until the desired endpoint
was achieved. Biopsy fragments were fixed in 2.5% glutaraldehyde in phosphate buffer
(pH 7.4), post-fixed with 1% osmium tetroxide in phosphate buffer (pH 7.4), dehydrated
through an ascending ethanol series, and embedded in an Epon/Araldite mix. Thereafter,
ultra-thin sections were cut, stained with lead citrate according to the procedure described
by Reynolds, and observed with a PEM-100-01 Transmission Electron Microscope.
Results: In our ultrastructural studies of choroidal melanoma after TTT delivered
using the developed methodology, the most pronounced manifestations of therapeutic
pathomorphosis were observed at day 4, and the developed methodology was substantiated
by the ultrastructural findings. The therapeutic pathomorphosis in the melanoma tissue in
response to 810-nm diode laser irradiation manifested itself as dry or wet necrosis, which
was partial after the first treatment session, but a complete destruction of tumor cells at a
depth of <4 mm from the irradiated surface was observed after four days of daily sessions.
This indicates that our TTT delivery methodology can be used for treatment of small (T1)
CM (measuring <3 mm in prominence and < 12 mm in basal dimension).

Conclusion: In our ultrastructural studies, the most pronounced changes in choroidal
melanoma tissue manifested themselves as dry or wet necrosis, and were observed at day 4
of daily sessions of 810-nm diode laser TTT.

Nowadays, eye-preserving treatment is generally
accepted as the first choice of treatment for patients
with intraocular melanoma. An 810-nm diode laser
transpupillary thermotherapy (TTT), either alone or in
combination with brachytherapy, is used to treat for the
small choroidal melanoma (CM; measuring < 3 mm in
prominence) [1-18]. We developed a methodology for
performing the 810-nm diode laser TTT, which involves
four sessions delivered daily over four consecutive days

and, if required, one to four sessions 2.5 to 3 months
thereafter [19].

The purpose of this study was to examine
ultrastructural features of therapeutic pathomorphosis
after TTT delivered using the developed methodology in
enucleated eyes with choroidal melanoma in which eye-
preserving treatment was not feasible.
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Material and Methods

Material for electron microscopy was obtained from
enucleated eyes of seven CM patients who had been
treated with TTT delivered over one to four sessions.
In these patients, enucleation of eyes with intraocular
melanoma was performed for the following indications:
the impossibility or patient refusal of eye-preserving
treatment.  All patients were explained the need for
TTT before enucleation, and provided written informed
consent for the study. The study was approved by the local
bioethics committee (15 May 2003, Ref. No. 3).

Biopsy fragments were fixed in 2.5% glutaraldehyde
in phosphate buffer (pH 7.4), post-fixed with 1% osmium
tetroxide in phosphate buffer (pH 7.4), dehydrated through
an ascending ethanol series, and embedded in an Epon/
Araldite mix. Thereafter, ultra-thin sections were cut,
stained with lead citrate according to the procedure
described by Reynolds, and observed with a PEM-100-
01 Transmission Electron Microscope (Selmi, Sumy,
Ukraine).

One patient had undergone one, two had undergone two,
two had undergone three, and two had undergone four daily
TTT sessions before enucleation. TTT was performed on
the eye with an 810-nm diode laser (Iridis Quantel medical,
France) in a continuous mode, and the power was gradually
increased from the initial 200 mW to about 1800 mW until
the desired endpoint was achieved (either no color change
or a subtle whitening of the tumor surfaces with no pain
sensation). Laser spot size varied from 1.25 mm to 4 mm,
the exposure time was 60 seconds, and the number of spots
depended on the extent of the tumor.

The clinical characteristics of patients and tumors are
presented in Table 1.

Results and Discussion

Ultrastructural studies show that two types of cells
(light cells and dark cells) differing in degree of destruction
can be recognized in tumor tissue after TTT.

Already after the first TTT treatment session,
ultrastructural evaluation revealed loss of plasmalemma
integrity, deep destruction of organelles, and partial or
complete loss of nuclear chromatin in a portion of tumor
tissue cells (i.e., there was ultrastructural evidence of total
necrosis in these cells). In addition, certain cells showed
focal necrosis with newly developed large electron-lucent
cavities. Although these cells did have some organelles,
they were also undergoing pathological changes (Fig. 1).
In another portion of cells, nuclei and plasmalemma were
better preserved, and there were numerous free ribosomes,
which may be indicative of high protein synthesis in these
cells. Membranous organelles (particularly, mitochondria),
however, showed destruction, which was indicative of
energy deficiency. Therefore, one could believe that these
cells were also doomed to death (Figs. 2, 3). Of note is
that some light cells possessed nuclei of practically normal
ultrastructure, and some light tumor cells were located
between endothelial cells of microvessels. Occlusive red-
cell sludge was observed in the vessels.

Afterthe second TTT treatment session, the tumor tissue
was represented by light cells with large round nuclei and
a dark osmiophilic nucleolus. Disruption of plasmalemma
and a relatively small cytoplasm surrounding the nucleus
were observed in, and foci of large electron-lucent gaps
between these cells (Fig. 4). Ultrastructurally, they had few
membranous organelles in their cytoplasm, with some of
these organelles showing destruction. Some cells showed
tortuous nuclear membrane, pigment granules in the
cytoplasm, and almost complete loss of nuclear chromatin
(Fig. 5). Cells were mostly of a similar type. Cells with
pigment granules were seen in between these cells.

After the third TTT treatment session, the tumor tissue
was represented mostly by loose cells with destruction of
nucleus compartments and organelles, but not the nuclear
membrane. Some cells contained pigment granules and
lysosomes, but had no plasmalemma. Large electron-
lucent gaps were observed between cells (Fig. 6). At some
sites, cells with destruction of organelles appeared to be
arranged in a layer and had no plasmalemma. Individual
cells of another type had better preserved structure and
were larger than the above cells. They exhibited nuclei
with electron-dense karyoplasms and tortuous nuclear
membrane, altered or completely destroyed cytoplasmic
organelles and electron-dense cytoplasmic inclusions
that could be pigment granules undergoing pathological
changes. These cells were in contact with the light tumor
cells whose cytoplasm was practically empty, but which
contained preserved nuclei and nucleoli; the nucleoli
showed pathological changes (Fig. 7).

After the fourth TTT treatment session, the tumor tissue
was represented mostly by loose and completely destroyed
cells. In between these cells, there were lipid droplets of
various shape and size and myelin-like coils formed as
a result of disruption of cell membrane structures. Some
ghost cells showed preserved nuclei; however, since their
cytoplasmic structures were broken down, these cells were
doomed to break up (Fig. 8). Small islands of cell detritus and
aggregates of round pigment granules and lipid inclusions of
various sizes were occasionally seen (Fig. 9). Lymphocytes
showing loss of integrity of cytoplasm and plasmolemma
were revealed among disintegrated cells (Fig. 10).

Therefore, in our ultrastructural studies of choroidal
melanoma after TTT delivered using the developed
methodology, the most pronounced manifestations of
therapeutic pathomorphosis were observed at day 4, and
the developed methodology was substantiated by the
ultrastructural findings. The therapeutic pathomorphosis
in the melanoma tissue in response to 810-nm diode
laser irradiation manifested itself as dry or wet necrosis,
which was partial after the first treatment session, but a
complete destruction of tumor cells at a depth of <4 mm
from the irradiated surface was observed after four days
of daily sessions. This indicates that our TTT delivery
methodology can be used for treatment of small (T1) CM
(measuring < 3 mm in prominence and < 12 mm in basal
dimension). It has been reported that ultrastructural post-
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TTT changes manifested themselves as dry or wet necrosis
of the tumor tissue [20-25], with a depth of necrosis of 2.2
mm [1] to 4.7 mm [26].

Some investigators believe that TTT is of limited
value as a monotherapy against mildly pigmented or non-
pigmented choroidal melanoma.

Although we cannot reject their opinion, in the current
study, there was ultrastructural evidence of tumor tissue
destruction in mildly pigmented and non-pigmented
tumors as early as the first days of daily TTT sessions. In
addition, failures in TTT treatment of choroidal melanoma
can be partially explained by the cell type of cancer origin.

Conclusion

In our ultrastructural studies, the most pronounced
changes in choroidal melanoma tissue manifested
themselves as dry or wet necrosis, and were observed at
day 4 of daily sessions of 810-nm diode laser TTT.
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Table 1. Clinical characteristics of tumors and patients who underwent enucleation for electron microscopy study after 1 to 4
transpupillary thermotherapy (TTT) sessions delivered using the developed methodology

Clinical signs Patients

Sh. G. S. BI. B. G. Kh.
Gender m f f m m f f
Age (years) 55 48 49 47 46 65 70
Prominence of the tumor (mm) 5.8 1.9 7.7 1.5 55 47 3.6
Largest basal dia. of the tumor (mm) 9.0 17.0 17.3 13.5 13.7 15.3 13.0
Tumor location 3 3 3 3 3 4 4
Pigmentation, clinical n/p mp p p p p mp
histomorphological mp mp p p p mp mp
Presence of retinal detachment + - + + + + +
Lens opacity + + - - + + +
lg)n'i)ise[pye?;f;egg";”th Maklakov 18.0 18.0 19.0 19.0 17.0 200 | 160
Visual acuity 0.3 0.1 0.1 0.5 0.5 0.5 0.09
Pathohistological diagnosis 2 2 2 2 2 3 1
Number of TTT sessions delivered 1 2 2 3 3 4 4

Note: gender: m, male; f, female; tumor location: 3, juxtapapillary; 4, paracentral; pigmentation: p, pigmented; n/p, non-
pigmented; mp, mildly
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Fig. 1. Electron micrograph. Ultrastructure of choroidal
melanoma after the 1st transpupillary thermotherapy
session. Tumor cells with large nuclei, electron-dense
nucleoli, loss of mitochondria and plasmalemma
integrity, and membrane-like structures. Original
magnification x4,000. Note: TC, tumor cells; N, nucleus;
N-s, nucleolus; M, mitochondria

Fig. 2. Electron micrograph. Ultrastructure of
choroidal melanoma after the 1st (4th) transpupillary
thermotherapy session. Tumor endothelial cells.
Occlusive red-cell sludge in the vessel, tumor cells with
partial loss of organelle integrity, and clump of pigment
granules. Original magnification x3,000. Note: TC,
tumor cell; N, nucleus; M, melanosomes; C, cytoplasm;
V, vessel; RBC, red blood cell

Fig. 3. Electron micrograph. Ultrastructure of choroidal
melanoma after the 2nd transpupillary thermotherapy
session. Tumor cells with tortuous nuclear membrane,
loss of nuclear chromatin integrity and loss of
cytoplasmic organelle integrity. In some individual cells,
a preserved nucleolus is observed along with loss of
chromatin integrity. Clumps of melanosomes. Original
magnification, x4,000. Note: TC, tumor cell; N, nucleus;
N-s, nucleolus; C, cytoplasm; MS, melanosomes

Fig. 4. Electron micrograph. Ultrastructure of choroidal
melanoma after the 2nd transpupillary thermotherapy
session in patient C. Tumor cells with tortuous nuclear
membrane, loss of nuclear chromatin integrity and loss of
cytoplasmic organelle integrity. Clumps of melanosomes.
Original magnification, x4,000. Note: TC, tumor cell; N,
nucleus; N-s, nucleolus; C, cytoplasm; MS, melanosomes
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Fig. 5. Electron micrograph. Ultrastructure of choroidal
melanoma after the 3rd transpupillary thermotherapy
session. A lymphocyte showing loss of integrity of
cytoplasm and plasmolemma is seen among cell detritus.
Original magnification, x4,000. Note: CD, cell detritus;
MS, melanosomes; L, lipid inclusions

Fig. 6. Electron micrograph. Ultrastructure of choroidal
melanoma after the  transpupillary thermotherapy.
Clumps of melanosomes and lipid inclusions in islands
of cell detritus. Original magpnification, x4,000. Note: CD,
cell detritus; C, cytoplasm; LC, lymphocyte

Fig. 7. Electron micrograph. Ultrastructure of choroidal
melanoma at 3 months after the 4th transpupillary
thermotherapy session. Tumor cells of two types with
apparent signs of loss of integrity of organelles and
plasmolemma. Original magnification, x4,000. Note:
LTC, light tumor cells; DTC, dark tumor cells; N,
nucleus; C, cytoplasm

Fig. 8. Electron micrograph. Ultrastructure of choroidal
melanoma after the 1st transpupillary thermotherapy
session. Tumor cells with total cytoplasm necrosis.
Original magnification, x3,000. Note: MC, melanoma
cells; N, nucleus; C, cytoplasm; MS, melanosomes
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Fig. 9. Electron micrograph. Ultrastructure of choroidal
melanoma after the 1st transpupillary thermotherapy
session. Tumor cells with total cytoplasm necrosis.
Original magnification, x6,000. Note: TC, tumor cells; N,
nucleus; C, cytoplasm; MS, melanosomes

Fig. 10. Electron micrograph. Ultrastructure of choroidal
melanoma after the 1st transpupillary thermotherapy
session. Tumor cells of two types showing preserved
nuclei and loss of organelle integrity. Original
magnification, x5,000. Note: TC, tumor cell; N, nucleus;
C, cytoplasm; MS, melanosomes
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