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The importance of the postimplant dosimetry
for of I-125 permanent implant evaluation

Abstract

Post-implantation dosimetric evaluation after prostate brachytherapy performed at 1 month after procedure is
recommended as the standard assessment of the quality of permanent interstitial implantation used for the
treatment of prostate cancer, conform ESTRO-EORTC guidelines. This study makes a comparative analysis of
dosimetric outcome of 129 patients with clinically localized prostate cancer treated with I-125 permanent
implantation using an intraoperative real-time conformal planning technique vs. post-implantation dosimetric
outcome, in Institute “Prof. Dr. A. Trestioreanu” and Clinical Institute Fundeni, Bucharest. Also we evaluated the
indications, the advantages and the limits of real-time and post-implantation dosimetry.
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Introduction
Post implant dosimetric evaluation after prostate
brachytherapy is recommended as the standard assessment of the quality of permanent interstitial implantation used for the treatment of prostate cancer (1).
The American Brachytherapy Society (1) and the
ESTRO/EUA/EORTC groups (2) recommend postimplant dosimetry as “golden standard” and should be
performed in order to evaluate implant quality for
iodine-125 brachytherapy in patients with localized
prostate cancer begging with the early 2000’s.
The most used technique is the Mount Sinai School
of Medicine, New York, and involves the CT based
dosimetry. Axial images at 3-mm interval were
acquired lengthways implanted area. The prostate and
normal tissue structures were contoured on each axial
slice. The urethra’s localization is estimated, in
majority, by comparison with ultrasound imagines or
by using of Foley catheter. The inner and outer blade
and rectal walls are delineated. The seed localization is
performed on each CT slice. The total number of
implanted seed is verified and compared with the
number of seeds on orthogonal films. All interest
structures are 3D reconstructed and the dose
distribution for these structures is also calculated.
The best moment for dosimetry is at one months
postimplant. The information obtained on postimplant
CT can be used for dose-volume histograms performing. The D90 (dose who recover 90% of prostate
volume), has been adopted being the best predictor of
the dose delivered on prostate.
The adequacy of target coverage with the prescribed radiation dose is evaluated using parameters
such as volume of the prostate treated to at least 100%
of the prescription dose (V100) and the dose delivered
to 90% of the prostate volume (D90). These parameters
have been shown by several investigators to be associated with the probability of biochemical relapse and
post-treatment biopsy outcomes (3, 4).
Intraoperative real-time dosimetry planning
involves the acquiring of dosimetric information
during the implant procedure; the information obtained from the correlation between post-implantation
dosimetry and clinical outcomes can be used to define
the optimal dose which must be delivered and for
normal tissue tolerance. Intraoperative system planning was developed using the real-time ultrasound
guide technique. Stock and Stone’s studies (5) showed
that the dosimetric information which is obtained in
intraoperative mode, using this real-time system is
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strong correlated with classical CT-based dosimetry
analysis, performed at one months postimplant. The
potential advantage of an intraoperative planning
system is that it could more easily adapt to intraoperative changes observed in the prostate geometry
and also intraoperative planning has the ability to
account for geometrical variations as they occur (6,7).

Methods and materials
Between October 2006 and January 2009, 129
patients with biopsy-proven adenocarcinoma of the
prostate were treated with I-125 permanent interstitial
implantation using a transrectal ultrasound-guided
approach in Institute “Prof. Dr. A. Trestioreanu” and Clinical Institute Fundeni, Bucharest. Patients underwent
prostate implantation using a real-time intraoperativeplanned approach
From those 129 patients, 110 (85,27%) effectuated
brachytherapy as monotherapy and 19 (9,43%) performed combined treatment (brachytherapy and
external beam radiotherapy, BT+EBRT).
EBRT was made at 4-6 weeks postimplant Oncology
Institute “Prof. Dr. A. Trestioreanu”, with linear accelerator with 15MeV photons, using the „box” technique
on target volume which involves the prostate and the
seminal vesicles. The prescribed dose was 45Gy/25fr.5
weeks, with dose / fraction = 180cGy.
The patients characteristics are shown in Table I.
Prostate volume measurements referred to in this
report were made at the time of the implantation
procedure.
The mean age at implantation was 64.89 years
(range 46-83 years). PSA<10ng/ml had 84.5% of
patients, only one patient had PSA>20ng/ml, 6.2% of
patients had PSA between 11 and 20ng/ml. 88.18% of
monotherapy patients and 63.16% of combined
therapy patients had PSA<10ng/ml.
Regarding T-stage, 37.2% of cases were in T1c,
61.24% in T2aN0M0. In T2b and T2c, respective was
one patient each, who made combined therapy.
Gleason score < 6 had 93% of cases, 2 patients had
Gleason score >8 and 5.4% had Gleason 7. The mean
prostate volume was 29.4cc; in the monotherapy and
combined therapy subgroup, respective, the mean
prostate volume was 33.93 cc and 32.53cc, respective.
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64,89
(46-83)

Monotherapy
patients
n=110
(85.27%)
66,19
(49-83)

Combined therapy
patients
n=19
(9.43%)
64,31
(46-78)

109 (84.5%)
11 (8.5%)
8 (6.2%)
1 (0,78%)

97 (88.18%)
8 (7.27%)
5 (4.55%)
0

12 (63,16%)
3 (15,79%)
3 (15,79%)
1 (5,26%)

48 (37.2%)
79 (61,24%)
1 (0,78%)
1 (0,78%)

45 (40.91%)
65 (59.09%)
0
0

3 (15,79%)
14 (73,64%)
1 (5,26%)
1 (5,26%)

120 (93%)
7 (5,4%)
2 (1,6%)

104 (94,55%)
5 (4,55%)
1 (0,91%)

16 (84,21%)
2 (10,53%)
1 (5,26%)

29,4
(10,1-63,07)

33,93
(10,1-63,07)

32,53
(17,29-50)

Patient’s
total number
n=129
Mean age (years)
(range)
PSA (ng/ml)
<10
=10
11÷20
>20
T-stage
T1c
T2a
T2b
T2c
Gleason score
2-6
7
8-9
Mean prostate
volume (cc)
(range)
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Table I. Clinical characteristics

Table II. Real – time dosimetric parameters
Parameter

V100 (%)
V150 (%)
V200 (%)
D90 (Gy)
DU1 (Gy)
DU3 (Gy)
DU10 (Gy)
DU30 (Gy)
DU50 (Gy)
D1MR (Gy)
D3MR (Gy)

Patient’s total
number
n=129
99,27 (94,3-100)
74,29 (43-96,4)
39,04 (16,7-71)
187,81 (137-234)
228,44 (156-309,8)
220,03 (138,3-289,4)
159,68
(84,97-237,12)
163,68
(102,75-254,9)
135,98
(61,27-213,42)
109,15 (33,7-209)
104,85 (41-197)

Monotherapy
patients, n=110
(85.27%)
99,42 (95,4-100)
74,31 (43-96.4)
38,64 (16,7-69,1)
189,91 (142,1-234)
230,26 (174-309,8)
221,62 (138,3-289,4)
161,85
(89,57-237,12)
166,24
(107,35-254,9)
138,09
(65,87-213,42)
109,32 (43-209)
103,93 (41-197)

Combined therapy
patients, n=19
(9.43%)
98,19 (94,3-100)
74,12 (54,5-94,6)
41,86 (23,3-71)
172,43 (137-206,4)
214,79 (156-264)
208,17 (153,5-258)
144,37
(84,97-202,9)
145,63
(102,75-179,9)
121,08
(61,27-182,7)
107,93 (33,7-192)
111,31 (41-185,6)

p
<0,001
0,93
0,28
<0,001
0,02
0,04
0,035
0,002
0,04
0,87
0,302

Where: V100 = percent of prostate volume who receive 100% of prescribe dose, V150 = percent of prostate volume who receive 150% of
prescribe dose, V200 = percent of prostate volume who receive 200% of prescribe dose, D90 = dose who recover 90% of prostate volume, DU1
= dose recovering 1% of urethra volume, DU3 = dose recovering 3% of urethra volume, DU10 = dose recovering 10% of urethra volume, DU30
= dose recovering 30% of urethra volume, DU50 = dose recovering 50% of urethra volume, DMR1 = dose recovering 1% of rectal mucous,
DMR3 = dose recovering 3% of rectal mucous
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The patient’s real-time dosimetric parameters are
presented in table II. The mean D90 values for monotherapy and for combined therapy patients were
189.91Gy and 172.43Gy, respective, with significant
differences (p<0.001). The mean values of V100 monotherapy and for combined therapy patients were
99.42% and 98.19% respective with significant
differences (p<0.001).
The maximal value of DU1, for entire lot was
309.8Gy and the maximal value of DU10 was 237.12Gy.
Post-planning was performed at one months from
implant making a CT scan (axial images at 3-mm
interval were acquired) and by making a post-planning
dosimetry for each patient, after regression of resultant
edema in order to verify if there are migrated seeds
and to verify the dosimetry. The axial images were
downloaded on CD and analyzed with the same
treatment planning with those used for real-time
dosimetry. The prostate, the urethra and the anterior
rectal wall were contoured on each axial slice (fig.11).
We did not find any migrated seeds and the following
dosimetry parameters were evaluated: V100, V150,
V200, D90; we also measure the prostate volume postimplant on ultrasound-transrectal method. We weren’t
able to determine the urethral doses because our
patients had not inserted urethral catheter.
The statistical analyses used the SPSS program and
were performed the t-Student test, Levene – test, the
boxplot distribution and the logistic regression.

Results
Post-implantation dosimetric evaluation is recommended as standard for quality implant assessment and
for our study is conforming literature data; has been
realized a good target tissue recovering; none patient
had V100 post-planning under 90%; the mean value
D90 for monotherapy patients was 160.53Gy (table 3),
only one patient having post-implantation D90<140Gy
(he performed therapy in the firsts 30 patients).
We observed a significant difference between
mean post-planning values of V100 and D90 for monotherapy patients vs. combined therapy patients
(p=0.03 and respective p=0.05); we did not find these
significant differences for the mean post-planning
values of V150, V200 and for post-plan prostate volume, for the two subgroups of patients (table III).
We tried to establish correlations between preimplant and postimplant prostate volume values and
also between pre-implant dosimetry vs. postimplant
dosimetry parameters V100, V150 and D90 for both subgroup of patients. We noted that real-time V100 was
99.42% comparative with post-implantation V100 which
was significantly higher being of 93.48% (p<0.001). Also,
D90 from real-time dosimetry was significantly higher
than post-implant D90 value, 189.91Gy vs. 160.35Gy
(p<0.001). For the other parameters, V150 and V200 we
did not find such significant correlations. Prostate
volume is other parameter with statistical differences,
real-time vs. post-implant: 33.93cc vs. 37.47cc (p=0.04).

Table III. Post-implantation dosimetry parameters and prostate volume
Parameter

V100 (%)
V150 (%)
V200 (%)
D90 (Gy)
Prostate volume (cc)

34

Patient’s total
number
n=129
93,7 (88,6-99,2)
72,54 (41,2-94,6)
35,99 (13,5-67,8)
157,78 (106,6-203,6)
37,28 (19,4-66,57)
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Monotherapy
Combined therapy
patients, n=110
patients, n=19
(85.27%)
(9.43%)
93,84 (92,6-99,2)
92,6 (88,6-94,3)
72,06 (52,7-92,8)
72,61 (41,2-94,6)
35,74 (13,4-65,9)
37,87 (20,1-67,8)
160.35 (131,7-203,6)
139,6 (106,6-176)
35,83 (20,49-53,5)
37,47 (19,4-66,57)

p
0,03
0,85
0,57
0,05
0,61
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cant higher respect the median D90 value from postplanning dosimetry (p<0.0001).

Fig. 3. The distribution of real-time and post-planning D90 values, for
the monotherapy patients

Fig. 1. CT post-implant: interest structures isodoses: green – prostate,
red – the isodose showing the target volume recovering 100% of
prescribed dose.

Table IV. Correlations between real-time and
post-implant prostate volume and dosimetry
parameters
Parameter
V100 (%)
V150 (%)
V200 (%)
D90 (Gy)
Prostate
volume (cc)

Real-time
n=110
99,42 (95,4-100)
74,31 (43-96.4)
38,64 (16,7-69,1)
189,91 (142,1-234)

Post plan
n=107
93,84 (92,6-99,2)
72,61 (41,2-94,6)
35,74 (13,4-65,9)
160.35 (131,7-203,6)

P
<0,001
0,15
0,11
<0,001

33,93 (10,1-63,07)

37,47 (19,4-66,57)

0,04

Fig.2. The distribution of real-time and post-planning D90 values, for
the monotherapy patients

The boxplot distribution (fig. 2) shows that the
median D90 value from real-time dosimetry is signifi-
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Fig. 4. The distribution of real-time vs. post-planning prostate volume.

The boxplot distribution (fig.4) shows that prostate
volume values distribution is asymmetric for real-time
dosimetry and also in postimplant dosimetry; the realtime prostate volume values are more wide scattered
respect of post-implantation values of prostate
volume. The median real-time prostate volume value is
significant lower respect the median postimplant
prostate volume values (p=0.04).
For monotherapy patients’ sublot we observed
correlations with statistical signification between realtime and post-planning D90, V100 and prostate
volume values.
We did not observed significant correlations
between real-time and post-planning V150 and V200
(table 4).
V150 represents the uniformity of delivered
radiation dose in target and V100 represents the target
covering with the prescribed dose. In terms of target
coverage, our real-time technique performs very well.
For combined therapy we observed the same
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aspect as for monotherapy group for the same
dosimetry parameters V100 and D90 we observed
statistical correlations, real-time dosimetry vs. postplanning dosimetry (p<0.001); for the prostate volume,
V150 and respective V200 we did not obtained
statistical correlations (p=0.41, p=0.54 and respective,
p=0.16) (table IV.1).
Table IV.1. Correlations between prostate volume
and dosimetry parameters from real-time
dosimetry and post-implant dosimetry for
combined therapy patients
Parameter
V100 (%)
V150 (%)
V200 (%)
D90 (Gy)
Prostate
volume (cc)

Real-time
n=19
98,19 (94,3-100)
74,12 (54,5-94,6)
41,86 (23,3-71)
172,43 (137-206,4)

Post plan
n=14
92,6 (88,6-94,3)
72,06 (52,7-92,8)
37,87 (20,1-67,8)
139,6 (106,6-176)

<0.001
0,54
0,16
<0.001

32,53 (17,29-50)

35,83 (20,49-53,5)

0,41

P

The analysis of boxplot graphic (fig. 5) reveals that
real-time D90 values are more scattered respect of
postimplant D90 values. The median of real-time D90
is higher respect of post-planning median D90 value
(p<0.0001).
The distribution of real-time and post-planning
V100 values, for the combined therapy patients
evidence that the median of real-time V100 value is
higher than those corresponding to postimplant
dosimetry (p<0.0001). The postimplant V100 values
are more scattered and less homogeneous respect of
real-time dosimetry (fig. 6).

Fig. 5. The distribution of real-time and post-planning D90 values,
for the combined therapy patients
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Fig. 6. The distribution of real-time and post-planning V100 values,
for the combined therapy patients

Discussions
These data demonstrate that in a large number of
consecutive patients treated with I-125 brachytherapy,
excellent target coverage with the prescription dose
can be achieved with concomitant constrained doses
delivered to the target using an intraoperative realtime treatment planning technique. The potential
advantage of an intraoperative planning system is that
it could more easily adapt to intraoperative changes
observed in the prostate geometry due to needle
placement and resultant edema. In terms of target
coverage, our dynamic technique performs very well.
The optimal moment of postimplant dosimetry is
controversial. For example, Zelefsky et al. (8) performed CT-scans at 3h after the implant procedure for the
purpose of dosimetric evaluation; in Al-Qaisieh’s study
the postimplant CT dosimetry was performed 6 to 8
weeks after implantation [9] and other authors performed postimplant dosimetry in the first day postimplant (1).
Even if the most practical postoperative time interval
for scanning is within 24 h, Waterman et al. [10] found a
mean volume increase of 52% on day 1 postimplant,
which resulted in a mean decrease of approximately
10% in calculated dose coverage. But the most reproducible dosimetric results will be obtained if the scan
is performed 1 month postimplant, and the dose calculated at one month postimplant represent in a most
accurate mode the delivered dose during implant (1).
Post-implantation dosimetric evaluation is recommended as standard for quality of interstitial implant
assessment (1). The concordance between target
volume recovering with the prescribed dose is evaluated using V100 and D90 and, some authors shows that
these parameters can be associated with the bioche-
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Conclusions
Our study highlight that D90 and V100 from realtime dosimetry are correlated the postimplant dosimetry values, both for monotherapy and for combined
therapy patients. As D90 is the dosimetric parameter
who can quantify the implant quality; only one patient
had D90 postimplant <140Gy, so we can affirm that
our implants had a good quality. V100 represents the
target covering with the prescribed dose and in these
terms of target coverage, our real-time technique
performs very well.
Postimplant analysis following permanent seed implantation in prostate is an important step in the treatment process, as it provides the necessary feedback to
ensure the quality of the implant.
New developments and enhancements of current
techniques are necessary to provide greater feedback
to the brachytherapist during the implantation procedure regarding seed tracking using more accurate and
reliable methods, especially for urethral dosimetry.
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mical relapse and with the biopsy post-treatment
results (3,4). In terms of target coverage, our real-time
technique performs very well.
Our study has some limits: the patients didn’t have
urethral catheter; without urethral catheterization the
prostatic urethra is not easy to identify so the urethral
dosimetry is impossible to estimate.
The prostatic urethra defining is not precise on CT
and MRI, but can be obtain with accuracy with catheterization with aerosolized gel during postimplant scanning for maximal urethral visualization. The optimal
non-invasive technique for the localization of urethra
on postimplant scanning can be obtained also from
the correlation between formal fusion of TRUS images
and CT or MRI images (1).
The only organ at risk which can be easily defined
on CT and also on MRI is rectum. The inferior rectum is
poor defined on CT slices and best is evidenced on MRI.
It can be used also the image fusion technique (1).
Nevertheless, dose not exist a consistent definition of
rectal volume. Penian bulb and neurovascular bounds
definition is possible only on an accurate MRI. The
importance of dosimetry is essential for the establishment of delivered implant dose, even if the implant
procedure is closed at the moment of dosimetric
analysis, the results may be very important because a
lower delivered dose could be rise with another implant or with external beam radiotherapy.
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