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Abstract

Purpose: Brachytherapy with iodine-125 (1) has been extensively used as a conservative treatment for uveal
melanoma (UM). Surgical technique for correct placement of episcleral radioactive plaques (ERP) in UM cases with
posterior choroidal location and/or small size can be difficult and inaccurate. In this study, the correct positioning of
plaques was assessed by intra-operative ultrasound control.

Material and methods: This was a longitudinal, retrospective study of consecutive 20 patients with UM (small-
medium size and/or posterior location) who received I brachytherapy. Location of plaques was adjusted by intra-
operative ocular ultrasonography control. To perform ocular intra-operative ultrasonography, a 10 MHz probe was
used to longitudinal and transverse bases in corresponding dummy plaques.

Results: The study included 8 males and 12 females, with a mean age of 66.3 years (SD = 14.53), 5 right eyes (RE)
and 15 left eyes (LE). In ultrasound examination, 4 UMs were of mushroom morphology and the rest nodular. Means
of the size of UM by ultrasound were (mm): Lb: 10.60 (SD = 2.24) x Tb: 9.88 (SD = 1.54) x H: 4.02 (SD = 1.44) (3 cases
corresponding to small size of collaborative ocular melanoma study (COMS), and 17 cases to medium). The plaques
used were between 14 and 20 mm in diameter, with an average distance between the edge of greater base of the tumor
and the edge of plate of 2.44 mm (SD = 0.34). It was necessary to surgically reposition the plaque in 4 cases (20%).

Conclusions: Intra-operative ultrasound control improves the accuracy of radioactive plaque placement for the
treatment of medium-small UMs in posterior location. Probably, this technique should be applied in all cases of
brachytherapy, regardless of the isotope chosen and the location of tumor mass, in order to perfectly adjust therapeutic
position.
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Purpose

Uveal melanoma (UM) is the most common primary
intraocular malignancy in adults. Fatal liver metastasis
occurs in approximately half of the UM cases [1]. Major
scientific studies, such as the collaborative ocular melano-
ma study (COMS), have shown that survival of patients
with intermediate-sized UMs treated with enucleation
was similar to that after brachytherapy (BT or ERP) with
iodine-125 (1%°I) [1]. Therefore, brachytherapy with I, ru-
thenium-106 (1%°Ru), and other isotopes has been proposed
as a conservative treatment for this disease. Although oth-
er forms of radiation therapy for UM (external beam radi-

ation therapy - EBRT), including proton beam and gamma
knife therapy, are available, they are less affordable than
brachytherapy, and all of these treatments have shown
very similar local and survival responses [2-6].
Nevertheless, the risk of focal failure (FF) must al-
ways be considered for patients undergoing such con-
servative UM treatments. Therefore, some studies have
demonstrated the importance of correct radiotherapeutic
techniques to decrease the possibility of FF as much as
possible [7-11]. In a recent review of FF rates following
conservative brachytherapy for UM, in some analyzed
studies, the FF rates ranged from 0% to 55.8% [12]. In var-
ious cases, surgical technique for the correct placement
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of episcleral radioactive plaques (ERPs) can be difficult
and inaccurate, especially when UM is small and/or lo-
cated in the posterior pole of the eye. On the other hand,
UMs can present a poor local response, even with a cor-
rect placement of radioactive ERP. These poor respons-
es are normally related to pathological characteristics of
UM, necessitating the collection of tumor samples for
prognostic biopsy. In cases with a worse survival prog-
nosis, both local response and control of systemic disease
should be monitored with equal importance. The ocular
oncologist should always keep in mind that every case of
FF greatly increases the risk of metastatic death [13-15].

Several studies have demonstrated that correct posi-
tioning of ERP [16-24], without inclination or tilt [25], re-
duce the risk of FF and metastatic death (COMS) [26-29].
As a result, several ocular oncology groups prefer con-
servative treatments, if ultrasonography control for cor-
rect placement of ERP is possible. The present study in-
cludes patients from the last five years, who underwent
intra-operative ocular ultrasonography for control of 12’1
ERP positions. Cases involving correction of plaque posi-
tions and their respective tilts were studied.

Material and methods

A longitudinal and retrospective study of consecu-
tive single-cohort cases was conducted. From a total of
78 patients diagnosed with UM and wundergoing
125 brachytherapy, which was the first and only treat-
ment applied to each patient (from January 2015 to De-
cember 2019), the surgical location of ERP was adjusted
by intra-operative ocular ultrasonography control in
20 cases. These patients were characterized by small-
to-medium sized UMs and/ or posterior choroidal UM lo-
cation (COMS) [26]. These assessments were performed
in clinical sessions and in a consensus with all members.
In all cases, the center of UM was posterior to the equa-
tor of the globe. Thus, they were classified into posterior
pole, posterior periphery, and peripapillary locations.

Collection of patient images was performed in accor-
dance with the tenets of the Declaration of Helsinki. Writ-
ten informed consent was obtained from all patients, and
approval was acquired from the local ethics committee
of Galicia (registration code, 2009/128). For each patient,
a partial conjunctival peritomy was performed in the op-
erating room under peribulbar anesthesia. The areas for
each ERP were initially localized, using standard transil-
lumination and indirect ophthalmoscopy. Rectus muscles
were isolated and temporarily sutured to another loca-
tion if they affected the final placement of ERP.

In each case, dummy ERP (simulation of non-radioac-
tive plaques was prepared using methacrylate with a met-
al ring on the outer edge) was initially sutured to the epis-
clera. However, the first three cases included in the study
were directly analyzed using a conventional ERP, because
of the unavailability of dummy plaques at that point. In
these cases, intra-operative ocular ultrasonography was
performed using sterile lead-protected gloves.

Ocular intra-operative ultrasound was completed in
each case with a 10-MHz probe in B-mode of diagnos-
tic ophthalmic ultrasonography system AVISO (Quantel

Medical Inc., France). For examinations, the surgical field
was protected by using a sterile plastic cover from the
probe to the ultrasonography connection cable (universal
case of video camera with risk of infection, Suministros
Hospitalarios SA, Spain). On the eye surface, a sterile 2%
carbomer gel was applied in all cases (Viscotears®, Bausch
and Lomb, Madrid, Spain). Ultrasonographic scans from
the longitudinal base (Lb) and transverse base (Tb) were
performed in each case, with the purpose of controlling
the position of each plaque in relation to the base of UM.

ERP used in this study was between 14 and 20 mm in
diameter, with intervals of 2 mm (Eckert & Ziegler BEBIG
GmbH, Berlin, Germany), based on the idea of leaving
a safety margin of 2 mm with respect to the largest base
of the tumor. This was calculated from ultrasonographic
findings for each UM and analyzed by specialists from ra-
diotherapy and radiophysics department in our hospital.
For UMs growing around the optic disc, notched plaques
were used.

The prescribed radiation dose to the apex of each UM
based on the pre-operative ultrasonographic measure-
ment of height was 85 Gy at a dose-rate of 0.5 Gy/hour.
The dose was calculated using the same approach as that
described in the COMS. ERP was prepared in the radio-
therapy and radiophysics department. Surgical re-adjust-
ments were made on the basis of the obtained ultrasono-
graphic scans (Lb and Tb) once the dummy plaque was
sutured to the episclera [30]. Therefore, the locations of
ERPs were classified by ultrasonography as follows:

- correctly centered: when both ocular ultrasonography
scans Lb and Tb were correctly located ERP,

- partially off-center: when one of the ocular ultrasonog-
raphy scans Lb or Tb did not locate ERP,

- completely off-center: when both ocular ultrasonogra-
phy scans Lb and Tb did not correctly locate ERP.

Partial or complete ERP-related errors forced their
relocations and required a new ocular ultrasonography
control. In some of relocations, plaques were slightly
moved with respect to the central base of UM, but their
positions remained accurate, since they were based on
both ultrasonographic scans.

Once the correct location points for each plaque were
obtained, an attempt was made to determine the degree
of tilt for each plaque, which referred to separations of
plaques from the corresponding episclera. In this regard,
for peripapillary cases, it was very important to ensure
that the notched plaque was perfectly in contact with the
optic disc.

Finally, each dummy ERP was removed and replaced
with the corresponding ERP, which was sutured using
the previously applied thread. Each plaque had six but-
tonholes, and, in all cases, an attempt was made to su-
ture all buttonholes on each plaque (or at least the most
frequent buttonholes located laterally), in order to adjust
the final sutures for brachytherapy.

All patients provided informed consent for a prog-
nostic biopsy of UM. Transvitreal biopsies were done
using central 27-gauge vitrectomies. In each case, three
different tumors samples located on the apex were col-
lected [31]. Sample collection was performed in the same
surgical procedure performed before placing the radioac-
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tive ERP. The genomic findings from prognostic biopsy
were assessed with SALSA kit, which was used in each
patient to obtain results (SALSA MLPA Probemix P027
uveal melanoma; region: chromosomes 1p, 3, 6, 8; MRC
Holland, Amsterdam, The Netherlands).

The results of prognostic biopsy in all patients were
considered in metastasis screening. Regardless of the lo-
cal response in each case, high-risk cases (class 2 findings)
were followed up by abdominal nuclear magnetic reso-
nance imaging, every four months for the first three years
after brachytherapy. For cases with moderate-risk (class 1
biopsy findings of cases without any result of prognostic
biopsy), abdominal ultrasound was performed every six
months, for up to five years follow-up [32, 33].

Statistical analysis

Data of patients were tabulated using Microsoft Ex-
cel for Mac, version 14.0.0 (Microsoft Corporation, Red-
mond, WA, USA). A descriptive study was conducted to
evaluate different qualitative and quantitative variables.
Frequency and percentage analyses of qualitative vari-
ables were performed. The mean and standard devia-
tion were determined. Moreover, Fisher’s exact test was
used for qualitative variables and Mann-Whitney U-test
for quantitative variables. This analysis was performed
with SPSS 21.0 statistical package (SPSS Inc., Chicago, IL,
USA). All results were considered statistically significant
when p-values were < 0.05.

Results

Over the last five years, the placement of plaques us-
ing intra-operative ultrasound control was performed in
25.64% of the total number of patients with UM who under-
went brachytherapy with . A longitudinal and retrospec-
tive study of consecutive single-cohort cases was conduct-
ed. This study included 20 patients: 8 men and 12 women,
all Caucasian; median age, 68.5 years, range, 39-86 years;
5 right eyes (RE) and 15 left eyes (LE). Seven UMs were
of amelanotic type (35%). Five patients have been already
under clinical observation because their first diagnosis was
choroidal nevus with some risk of transformation. In these
cases, the growth of mass and/or the appearance of more
risk factors led to the diagnosis of UM, and brachytherapy
was proposed and accepted by patients. No complications
to the plaque patients with muscular paresis appeared, in-
cluding those patients who required a new suture.

In the ultrasound study, 4 UMs showed mushroom
morphology, while the rest were dome-shaped. The cases
with mushroom morphology did not present with irreg-
ular shapes. Thus, the apex of melanoma was centered
and ultrasonographic crown smaller than the base of the
lesion. The median ultrasound UM size was as follows
(mm): Lb: 9.72 (IQR =7.57) x Tb: 9.15 (IQR =4.92) x H: 3.59
(IQR =5.60) (3 cases were small-sized COMS, and 17 cases
were medium-sized COMS) (Tables 1 and 2) [27]. None
of the cases presented with high-risk clinical signs, such
as extraocular extension or infiltration of the ciliary body.

Table 1. Clinical characteristics in the patients included in the study ()

Patient Age Sex Eye Location Morphology Contact UM Transformation Color UM
to optic disc  from nevi to UM
1 78 M LE 1:30 h-posterior pole Dome-shaped No No Amelanotic
2 74 W  LE 5 h-posterior periphery  Dome-shaped No No Brown
3 83 W LE 1 h-peripapilar Dome-shaped Yes No Amelanotic
4 80 M LE 6:30 h-peripapilar Dome-shaped Yes No Brown
5 49 W RE 6:30 h-posterior pole Mushroom No No Brown
6 52 W LE 3 h-posterior pole Dome-shaped No No Brown
7 45 W LE  1h-posterior periphery  Dome-shaped No No Brown
8 75 M LE 4 h-posterior pole Dome-shaped No Yes Amelanotic
9 61 W LE 6 h-posterior pole Dome-shaped No Yes Brown
10 5 W RE 8 h-posterior pole Dome-shaped No No Amelanotic
11 5 M LE 1 h-posterior pole Mushroom No No Brown
12 71 M LE 2 h-posterior periphery  Dome-shaped No Yes Amelanotic
13 66 M RE 7 h-peripapilar Dome-shaped Yes No Brown
14 79 W LE 4 h-posterior pole Dome-shaped No No Brown
15 72 M RE 3 h-peripapilar Dome-shaped Yes Yes Brown
16 34 W  RE 10 h-posterior periphery Dome-shaped No No Brown
17 85 W  LE 10 h-posterior periphery ~ Mushroom No No Brown
18 66 W LE 3 h-posterior pole Dome-shaped No No Amelanotic
19 60 M LE 4 h-posterior pole Mushroom No No Brown
20 86 W LE 4 h-posterior pole Dome-shaped No Yes Brown

UM — uveal melanoma
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Table 3. Relationships between the correctly center and off-center (longitudinal) center

Variable Correctly center Off-center (longitudinal) P-value
Sex, n (%)
Men 7 (43.8) 1(25.0) 0.619
Women 9 (56.3) 3 (75.0)
Location, n (%)
Peripapillary 4 (25.0) 0(0.0) 0.506
Posterior periphery 4 (25.0) 1(25.0)
Posterior pole 8 (50.0) 3 (75.0)
Morphology, n (%)
Dome-shaped 13 (81.3) 3 (75.0) 1.000
Mushroom 3 (18.8) 1(25.0)
Contact UM to optic disc, n (%)
No 12 (75.0) 4 (100.0) 0.538
Yes 4(25.0) 0 (0.0)
Transformation from nevi to UM, n (%)
No 11 (68.8) 4 (100.0) 0.530
Yes 5 (31.3) 0 (0.0)
COMS, n (%)
M 13 (81.3) 4 (100.0) 1.000
P1 3(18.8) 0 (0.0)
Color UM, n (%)
Amelanotic 5(31.3) 1(25.0) 1.000
Brown 11 (68.8) 3 (75.0)
Lb (mm), median (range) 9.74 (8.09-15.12) 11.52 (9.29-15.66) 0.345
Tb, median (range) 9.05 (8.08-13.00) 10.83 (8.80-12.47) 0.219
H (mm), median (range) 3.37 (2.37-7.97) 4.86 (3.51-5.25) 0.257

Fisher’s exact test was used for qualitative variables and Mann-Whitney U test for quantitative variables. Lb — longitudinal base, Tb — transverse base, COMS — col-
laborative ocular melanoma study, UM — uveal melanoma

Table 4. Comparative results by similar authors

Cases Re-adjust-  Percentage of cases Follow-up  Tilt presence Focal failure Systemic
ments re-adjusted period disease
COMS 1,317 Not studied Not studied Not studied Not studied Not studied 21%
(12 years)

Williams et al., 16 Not studied Not studied Not studied Not studied Not studied Not studied
1988
Pavlin et al., 1989 9 3 Not studied Not studied Not studied Not studied Not studied
Harbour et al., 29 4 14% Not studied Not studied Not studied Not studied
1996
Tabandeh et al., 117 28 24% 37 months 2 cases 2 cases (1.7%) Not detected
2000 1 anterior case (1.7%)

20 posterior cases
Changetal., 150 54 36% 21.5 months Not studied Not studied Not studied
2012 15 macula (6-48)

26 equator
13 periphery
Badyan et al,, 526 142 27% 53.4 months 142 cases 19 (3.6%) Not studied
2014 (together (6-175) Q7%)
re-adjustment

and tilt correction)
Almony et al., 162 No studied Not studied ? 9% insertion 3 (2%) Not studied
2008 53% at

plaque
removal

Present work 20 4 5% 26.35 months 0% at inser- 1(5%) 2 (10%)

Posteriors all cases (6-54) tion
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Casefl2

LE. L2. Relocation

Fig. 1. The main clinical characteristics of three cases are shown. Case 7: Case with correctly centered plaque. The signs of a ra-

dioactive plaque placed at the time of the ultrasound study can be detected (blue arrow). Case 12: Case with previously had
a partially off-centered in the longitudinal base. This case required relocation in the longitudinal meridian (blue arrows). Final-
ly, the plaque was not perfectly centered but that cover all the base from the UM. Case 16: Case with previously had a complete
off-centered in longitudinal and transverse base. The evolution of the error in the longitudinal projection can be seen in these

sections, as corrected with the repositioning from red arrow to blue arrow. RE - right eye, LE - left eye, L - longitudinal base

and number of equator, T - transversal base and number equator centered

The distribution of ERPs used was as follows: 14 mm
plaque - 10 cases, 16 mm plaque - 4 cases, 18 mm plaque -
4 cases, and 20 mm plaque - 2 cases. In 4 cases, UM was in
contact with the optic nerve, for between 1/4 and 1/2 of the
extension. These cases required the use of notched plaques.

The theoretical mean distance between the edge of greater
base of the tumor and the plaque’s median was 2.385 (IQR =
1.21). The plaque has to be repositioned surgically after being
completely off-center in 1 case (5%) and partially off-centered
in 3 cases (15%). In 16 cases, it was correctly centered (80%).

Finally, after both Lb and Tb ultrasound control, all
ERPs were sufficient to cover the tumor base orthogonally.
In 4 cases (20%), the final position, although completely

covering the plaque, was slightly asymmetric with re-
spect to the base of the tumor.

The possible presence of ERP tilting and its detection
by ultrasonography was studied. However, no patient
showed separation of the plaque from the episclera. The
four cases with notched plaques demonstrated a very
good correlation between the metallic ring of the dummy
and the ultrasonographic shadow of the optic disc.

No significant differences were detected between
quantitative and qualitative variables from clinical (Fig-
ure 1) and ultrasonographic signs (Table 3).

The results of prognostic biopsy in these patients are
presented in Table 2. Class 1 findings were obtained in
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five patients, while class 2 findings were detected in two
cases. In one case, the genomic result showed heteroge-
neity and in two cases, the amount of DNA was insuf-
ficient to obtain a result. The rest of the patients could
not undergo prognostic biopsy because of their refusal to
go through the procedure (2 cases), or due to failure to
initiate this technique because of unavailability (8 cases).

The average observation period from the placement
of plaques to the time of writing this report was 26.35
months (range, 6-54 months). No other local treatment
for UM, such as transpupillary thermotherapy were ap-
plied in any of the cases. However, radiation retinopathy
with loss of visual acuity was detected in 5 cases. These
patients underwent different treatments, including laser
panphotocoagulation, periocular corticosteroid injection,
anti-VEGF intravitreal injection, and even intraocular in-
jection of intravitreal corticosteroids [34, 35].

All the patients showed an appropriate local response
to brachytherapy, except patient number 9, who showed
a choroidal nevus located in the 6 o’clock meridian of LE.
Rapid growth of the lesion was observed within the last
year, and a treatment with 1] brachytherapy was decid-
ed in January 2017. Moreover, the patient subsequently
underwent additional radiation radiotherapy, and at the
end of 2019, another round of brachytherapy with 12
was proposed. The plaque data assessed in the present
study were obtained from both plaques. On the other
hand, the genomic study revealed class 1 findings. All of
the remaining cases demonstrated signs of local response
to brachytherapy.

Among the patients who underwent brachytherapy,
two showed evidence of subsequent metastasis. These
two cases presented with medium-sized UMs with
a dome-shaped morphology, one of which was amelanot-
ic, with a good local response. Prognostic biopsies yield-
ed insufficient DNA in one patient and class 2 findings
in the other. The intervals between brachytherapy and
detection of systemic disease were 32 and 41 months, re-
spectively. Similarly, neither case showed an extraocular
extension response. No exact relationship could be deter-
mined between cases with metastasis and difficult-to-lo-
cate plaques (Table 2).

Discussion

This study presents a longitudinal and retrospective
assessment of patients, in whom UMs were treated with
intra-operative ultrasound control to ensure appropriate
placement of I plaques. The type of UMs included in
this study was identified in the last five years, namely,
small- or medium-sized UMs that were posteriorly locat-
ed. The results obtained with ultrasonography control
showed that the percentage of error in the location of the
plaque was small, comparable to that reported by other
authors (Table 4) [16-18, 21, 23-25]. The present study in-
cluded a much lower percentage of cases, in which ERP
had to be re-adjusted. Thus, the correct placement of
plaque with ultrasound may be an indication for its use
in this type of treatment.

Errors were obtained in this series, especially in the
Lb of ERP placement. We think this result may be related

to the posterior position of lesions. This lesion character-
istic, especially in cases of amelanotic UMs (35% of cas-
es), can cause difficulties in transillumination, resulting
in discrepancies of many ERPs with the original location
of the tumor.

However, in the presented series of patients, the
plaques showed no tilt, with marked contact with the
episclera throughout their extension. The absence of tilt in
these cases was possibly related to the fact that all includ-
ed patients had posterior UM, which could induce pres-
sure on the eye inside the orbital cavity, when plaques
reached their physiological position. These plaques can
be sutured to the episclera with up to six gold button-
holes in order to adjust them to the episcleral space. No
modifications were noticed in any of the four cases in-
volving procedures around the optic nerve. We believe
that this finding was more expected since the edge of the
dummy plaque and the shadow of the optic nerve were
very well distinguished in the intra-operative ultrasound.

Technically, the exact suturing of such posterior ERPs
involves significant technical difficulty and requires
a substantial amount of experience in episcleral surgery.
We believe that it is important to suture all six ERP but-
tonholes to ensure that the plaque does not move from its
position and tilt signs are avoided as much as possible.
Although this requirement increases the surgical time,
it also minimizes the risk of FF and systemic disease in-
volvement.

In comparison with other published studies [18], we
did not perform other ocular ultrasonographic examina-
tions in our patients during the time of hospitalization
and before plaque removal. The authors propose that
suturing all six ERP buttonholes to establish each plaque
could minimize variabilities. Moreover, we think there
are important reasons to avoid additional ultrasound
measurements during brachytherapy. Although the ex-
amination can be performed over closed eyelids, the
resolution of ultrasonography is not sufficient to ensure
accurate assessments of both plaque location and tilt.
Moreover, these examinations may require a dangerous
maneuver, since the probe would have to be placed over
the surgical field, leading to the risk of radiation expo-
sure and necessitating the use of lead gloves. Finally, the
results obtained in such examinations would not change
a previously designed calculation.

The authors have no experience with the location of
other ERPs, such as those based on 1%Ru [9]. ERPs using
this isotope are thinner and require only two suture but-
tonholes. However, it is unknown whether this technique
implies a worsening in the correct placement of plaques.

Assessments of the local response in the UM cases
included in the study showed five cases of radioactive
retinopathy. These patients were adequately treated ac-
cording to the usual processes; however, they recovered
with very low visual function. Nevertheless, they showed
good signs of response to brachytherapy and a progres-
sive decrease in tumor size [29], except in one case. Al-
though this patient (case no. 9) showed class 1 findings
in prognostic biopsy, she showed a poor response to
brachytherapy. Although the patient did not show a lat-
eral extension of UM, the findings indicated an overall
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growth of the mass and no previous signs of response.
None of the results indicated pathological characteristics
of this tumor. Therefore, in brachytherapy, the placement
of plaque was correct in the first single attempt. In fact,
another round of brachytherapy was proposed for this
patient. She did not have signs of a systemic disease.

In the remaining 19 patients, the mass response was
correct, even in the patients with radioactive retinopathy.
Although this study population included a small group
of patients with great variation in the average treatment
duration, we believe that the high percentage of cases
showing a good local response is important.

The results of prognostic biopsy could be obtained in
10 cases. Poor prognosis (class 2) was found in 2 cases,
whereas good prognosis (class 1) was detected in 5 cases.
In the remaining cases, the specimen obtained was insuf-
ficient for analysis. Of the two patients who refused this
test, one was at high-risk and the other did not show suf-
ficient genomic evidence. In both cases, the UM was me-
dium in size and showed a good response to brachyther-
apy. These UMs were probably already malignant and
therefore presented a worse prognosis in the early stages
itself. Although, the statistical data could not be obtained
in a few cases, we think that in some cases, even with the
correct placement of brachytherapy plaques and good lo-
cal response, the metastatic disease could occur due to
aggressive class of UM at the study entry.

It is important to note that no significant differences
were detected in both local and systemic disease cases
treated with ultrasonography brachytherapy or without
(no results showed). The authors believe that this result
was probably related to the small number of cases and
the existence of six-month periods in some patients un-
dergoing ERP.

Conclusions

Brachytherapy with 121 is probably the most common
conservative treatment used for posterior UM. Intra-op-
erative ocular ultrasonography control improves the ac-
curacy of radioactive ERP placement for the treatment of
small-medium UMs at posterior locations. This technique
should probably be applied in all cases of brachytherapy,
regardless of the isotope chosen and the location of the tu-
mor mass, in order to perfectly adjust therapeutic position.
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