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Abstract 
Purpose: To analyze intraoperative (IO) dosimetry using transrectal ultrasound (TRUS), performed before and 

after prostate low-dose-rate brachytherapy (LDR-BT), and compare it to dosimetry performed 30 days following the 
LDR-BT implant (Day 30). 

Material and methods: A  total of 236 patients underwent prostate LDR-BT using 125I that was performed with 
a three-dimensional TRUS-guided interactive inverse preplanning system (preimplant dosimetry). After the implant 
procedure, the TRUS was repeated in the operating room, and the dosimetry was recalculated (postimplant dosimetry) 
and compared to dosimetry on Day 30 computed tomography (CT) scans. Area under curve (AUC) statistics was used 
for models predictive of dosimetric parameters at Day 30. 

Results: The median follow-up for patients without BF was 96 months, the 5-year and 8-year biochemical recurrence 
(BR)-free rate was 96% and 90%, respectively. The postimplant median D90 was 3.8 Gy lower (interquartile range [IQR], 
12.4-0.9), and the V100 only 1% less (IQR, 2.9-0.2%) than the preimplant dosimetry. When comparing the postimplant and 
the Day 30 dosimetries, the postimplant median D90 was 9.6 Gy higher (IQR [–] 9.5-30.3 Gy), and the V100 was 3.2% great-
er (0.2-8.9%) than Day 30 postimplant dosimetry. The variables that best predicted the D90 of Day 30 was the postimplant 
D90 (AUC = 0.62, p = 0.038). None of the analyzed values for IO or Day 30 dosimetry showed any predictive value for BR. 

Conclusions: Although improving the IO preimplant and postimplant dosimetry improved dosimetry on Day 30, 
the BR-free rate was not dependent on any dosimetric parameter. Unpredictable factors such as intraprostatic seed 
migration and IO factors, prevented the accurate prediction of Day 30 dosimetry. 
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Purpose 
In 2001, the American Brachytherapy Society (ABS) 

provided their critical assessment on intraoperative 
(IO) planning in prostate permanent seed low-dose-rate 
brachytherapy (LDR-BT) with 125I, and gave recommen-
dation for an online real-time IO dosimetry [1]. In 2010, 
the Groupe Européen de Curiethérapie and the Europe-
an Society for Radiotherapy & Oncology (GEC-ESTRO) 
group discussed the various ways to use real-time do-
simetry and described the basic approaches involving IO 
planning within the operating room (OR). This consisted 
of interactive planning with modification of the treatment 
based on the feedback of the real-time tracking of the ac-
tual needle positions and a  continuous feedback of the 

seed positions as they were implanted [2]. In 2008, we 
described our results with an interactive planning tech-
nique using real-time three-dimensional (3D) transrectal 
ultrasound (TRUS) for dose planning and IO navigation 
[3], and reported the clinical outcome, toxicity [4,5], and 
seed loss [6] for low to high activity seeds. We described 
that IO dosimetric parameters on TRUS could predict 
a good quality implant on the Day 30 computed tomog-
raphy (CT) scan. We also discovered that a good IO pre-
implant plan was the best predictive factor of a good im-
plant on Day 30 [3]. In this present study, we updated our 
experience with a larger than previously described cohort 
and investigated whether IO TRUS-based dosimetry was 
predictive of biochemical recurrence (BR). 
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Material and methods 
Of the first 251 patients who were treated with LDR-

BT at our department, complete data were available 
for 238 (95%) patients. A postoperative dosimetry was 
not obtained due to technical difficulties in the other 5% 
of patients. In all patients, TRUS (BK Medical Systems, 
Harlev, Denmark) was performed immediately after the 
implant of two fixation needles. This TRUS was used for 
IO pre-planning (preimplant IO dosimetry). The planning 
and seed delivery were performed using the Nucletron 
FIRST system (Nucletron, an Elekta company, Elekta AB, 
Stockholm, Sweden) with IO interactive planning, dynam-
ic dose calculation, virtual needle guidance, robotic seed 
delivery, and needle retraction system. Immediately after 
implantation, an additional TRUS study was performed 
with the fixation needles still in place. Prostate delineation 
was repeated within the planning system a few days after 
the implant on the postoperative TRUS images, and the 
dosimetry to the prostate was recalculated (postimplant 
IO dosimetry). Slice thickness on both TRUS studies was 
2.5 mm. 

All patients had CT-based dosimetry performed at  
30 days (Day 30) after the implant. The implant technique 
and dosimetry were performed as previously described [3].  
Slice thickness was 3 mm. 

Statistical analysis 

Correlations between variables were calculated using 
the Pearson correlation coefficient. The value of IO dosim-
etry to predict Day 30 dosimetry was calculated using area 
under the receiver operating characteristic (AUROC) curves. 

BR was defined according to the Phoenix definition 
(PSA = nadir + 2 ng/ml). Survival analyses were per-
formed using the Kaplan-Meier method and were com-
pared using the log-rank test. 

Results 
Table 1 lists patient and dosimetric characteristics of 

the 236 patients analyzed. Compared to the preimplant 
IO dosimetry, the postimplant D90 median was 3.8 Gy 
lower (interquartile range [IQR], 12.4-0.9), and the V100 
was 1% less (IQR, 2.9-0.2%). The postimplant IO D90 was 
a median of 9.6 Gy higher (IQR, 9.5-30.3 Gy) than on Day 
30, and the postimplant V100 was 3.2% higher (0.2-8.9%) 
than on Day 30. See Table 2 for differences in dosimetry at 
the different time-points. The quality of the implant mea-
sured with the D90 and V100 did not change significant-
ly over time. Only the postimplant V100 value increased 
slightly with the year of implantation (r = 0.19, p = 0.004), 
but not the D90 without any effect on preimplant or Day 
30 values (data not shown). 

Figure 1 illustrates the correlation between the pre-
implant and the postimplant D90, and Figure 2 shows 
the correlation between the postimplant D90 and the D90 
on Day 30 as a scatterplot. Both the postimplant IO D90 
(AUC = 0.62, p = 0.038) and the preimplant IO D90 (AUC 
= 0.61, p = 0.046) were significant predictors of the D90 at  
Day 30. However, the false positive rate to predict for 
a D90 ≥ 130 Gy for different cut-offs was too high to iden-
tify ideal cut-offs. The D90 on Day 30 weakly correlated 
with the postimplant D90 (r = 0.13, p = 0.05) and with the 
prostate volume (r = 0.26, p < 0.001). On Day 30, the D90 
was < 130 Gy in 13% of the patients. 

Neither the preimplant nor the postimplant V100 
showed a clear correlation with the V100 on Day 30.  
The postimplant V100 had the better predictive ability 
(AUC = 0.64, p = 0.015) for a V100 of < 85% (14% of pa-
tients) on Day 30 than the preimplant V100 (p = 0.08). 

The median follow-up for patients without BR was 
96 months (IQR, 66-108). The 5-year and 8-year BR-free 
rate was 96% and 90%, respectively. To identify cut-off 
values predictive of BR, we used quartiles of the D90 of 
the preoperative, postoperative, and Day 30 values. None 
of these quartiles showed any predictive value. This 

Table 1. Patient and dosimetric characteristics 
(n = 236) 

Factor Median (IQR)

Age median 65 (61-69)

Seed activity (mCi) 0.59 (0.44-0.61)

Seeds/needles 2.6 (2.4-2.8)

ADT 4%

PSA 5.7 (4.4-7.3)

Gleason score 6/7/8 87.5%/12.2%/0.4%

Prostate volume (cc) 38.6 (32-45)

Preimplant V100(%) 99 (98-100)

Preimplant D90  (Gy) 178 (173-182)

Postimplant V100 (%) 98 (95-99)

Postimplant D90  (Gy) 171 (163-177)

Day 30 V100 (%) 93 (89-97)

Day 30 D90 (Gy) 157 (140-177)

IQR – interquartile range, ADT – androgen deprivation therapy, PSA – pros-
tate-specific antigen, V100% – volume of the anatomic volume receiving 100% 
of the prescribed dose, D90 – percent of the prescription dose covering 90% of 
the CTV 

Table 2. Differences in dosimetry 

Factor Median IQR

D90 (Gy) Δ postimplant – preimplant –3.8 –12.4 to –0.9

D90 Δ postimplant – Day 30 9.6 –9.5 to 30.3

D90 Δ preimplant – Day 30 20.1 –0.8 to 36.8

V100 (%) Δ postimplant – preimplant –0.95 –2.9 to –0.2

V100 Δ postimplant – Day 30 3.2 0.2 to 8.9

V100 Δ preimplant – Day 30 5.4 1.9 to 9.6

IQR – interquartile range, Δ – difference, V100% – volume of the anatomic volume 
receiving 100% of the prescribed dose, D90 – percent of the prescription dose 
covering 90% of the CTV 
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was also true when applied for a cut-off of 130 Gy for 
the D90 of Day 30 (detailed results not shown, all p ≥ 0.2).  
The year of the implant also did not have an influence on 
BR (p = 0.8). To account for a possible learning-curve, we 
repeated the analysis, this time excluding the first 10%  
(n = 23) of patients. None of the tested quartiles or the D90 
on Day 30 was predictive of BR. Neither were such factors 
as Gleason score, PSA, or PSA-density (results not shown). 

Discussion 
We present one of the largest studies on IO planning 

and dose-delivery for prostate LDR-BT with a long fol-
low-up. We discovered that a high D90 on the preplan-
ning as well as on the postoperative TRUS were predic-
tive of a good (≥ 130 Gy) D90. In addition, a high V100 
on the postoperative TRUS dosimetry was significantly  
(p = 0.015) predictive of a V100 ≥ 85%, although the AUC 
(0.64) was low, making this measurement an unreliable 
factor. However, due to the relatively low AUC value  
(< 0.7) of all values and a  lack of correlation between 
the values on Day 30 and the IO values, we determined 
that the IO dosimetry cannot reliably predict for Day 
30 dosimetry. Therefore, Day 30 dosimetry remains the 
gold-standard in the evaluation of implant quality. In 
fact, many studies published before about 2010 have 
shown Day 30 dosimetry to predict for BR [7]. With a me-
dian follow-up of 8 years, we sought to identify cut-offs 
from IO dosimetry to predict BR. The fact that the quar-
tiles, including the worst versus best quartiles of IO and 
Day 30, did not predict for BR, is likely due to the small 
sample size of 238 patients. 

Others have described positive results in patients 
treated with intraoperative planning [8]. Indeed, our re-
sults are similar to a recent publication by Shukla et al. [9] 
using real-time intraoperative planning. They describe an 
eight-year BR-free rate of 87-92%, comparable to our 90% 
and, as in our present study, an absence of any dosimet-
ric parameters predicting BR. Another reason for the lack 
of predictive value of dosimetry might be that there are 

many other factors that may play a role in outcome deter-
mination such as classical risk factors for biochemical re-
currence including PSA and Gleason score as well as PSA 
density, which was recently described by our group [10]. 

Day 30 dosimetry is more accurate and less interob-
server-dependent when performed with magnetic reso-
nance imaging (MRI)-CT fusion than with CT alone, and 
is more accurate for prostate-sector analysis [11,12]. In 
fact, the use of MRI in the evaluation of postimplant do-
simetry has recently been recommended by the American 
College of Radiology (ACR) [13]. 

The reasons why dosimetry decreases from preim-
plant to postimplant, and then to Day 30 are manifold. 
First, the decrease in dosimetry from preimplant to post-
implant is influenced by factors such as non-anticipated 
pubic-arch interference and prostate swelling during the 
implant. The decrease to Day 30 is influenced by difficul-
ties during the procedure in correctly identifying the pros-
tate, and probably most importantly, intraprostatic migra-
tion after the implant [14] and seeds being displaced by 
the movement of the needle, or the creation of a vacuum 
or tunnel in the prostatic tissue by the needle. Another fac-
tor influencing dosimetry could be urinary catheter place-
ment [15], but no catheter was placed on Day 30, although 
catheters are in place intraoperatively. Furthermore, we 
didn’t evaluate interobserver or intraobserver variability 
in contouring the prostate on TRUS, which is lower than 
on CT and has a smaller effect on dosimetry. This is due 
to the better soft-tissue contrast at the prostate border on 
TRUS [16,17]. It is known that very small changes on CT 
contouring can have a large effect on dosimetry [18]. 

Unfortunately, with the present software, we find it 
very difficult to analyze which seeds were displaced and 
by how much. 

Evaluation and comparison of prostate contours be-
fore and after the implant are difficult. In our study, the 
preimplant dosimetry was done after the implantation of  
2 fixation needles, which caused significant prostate ede-
ma. Although we previously found that the edema caused 
by the implant compared to the prostate volume after the 

Fig. 1. Correlation between the preimplant D90 and the 
postimplant D90 as a scatterplot

Fig. 2. Correlation between the postimplant D90 and the 
D90 on Day 30 as a scatterplot
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insertion of the fixation needles was small (mean 1.9 cc) [19]; 
the prostate borders are more difficult to accurately define 
after the implant because of the edema and other artifacts 
caused by the procedure. The best way to analyze the rea-
sons for the decline in dosimetry would be to use magnetic 
resonance imaging (MRI) immediately after the implant as 
well as on Day 30. Another more feasible option to improve 
intraoperative prediction of Day 30 dosimetry is the use of 
intraoperative fusion computed tomography [20]. 

The major limitation of IO planning with most cur-
rently available IO planning systems is the inability to ad-
equately update the delivered seed position [1]. This may 
explain the absence of a meaningful intraoperative pre-
diction of Day 30 dosimetry and BR in our present study. 
Other weak points of our study are that there was no IO 
protocol for the several physicists in the OR. Therefore, 
planning practices as well as when and how to update the 
needle position, may have differed between physicists. 
The treated patients represent the first cases of LDR-BT 
in our department. Although learning-curve effect on the 
implant quality and technique is probable, our long-term 
biochemical results are comparable with the literature. 
The same physician contoured the prostates on TRUS as 
well as on CT on Day 30. We therefore did not account for 
interobserver variability in contouring. 

Intraoperative planning techniques were developed 
to overcome some of the shortfalls of the classic pre-
planning approach. These shortfalls include difficulties 
in matching the prostate TRUS image from the preplan 
to the IO position, adjusting for prostate shape and vol-
ume changes, and the additional work and discomfort to 
the patients caused by preplanning study. As such, IO 
planning has many advantages. Real-time IO treatment 
planning software with inverse planning optimization 
has been shown to achieve excellent implants [21,22]. 
Several centers have shown better dosimetric results 
from IO planning, as reviewed by Polo et al. [2]. To our 
knowledge, this is the first study with an exceptionally 
long follow-up, analyzing the impact of IO preimplant 
and postimplant dosimetry on BR. 

Intraoperative 3D dose-planning has been shown to 
reduce the dose to the rectum and urethra, and allows 
for a reduction in numbers of seeds and mCi delivered 
[23]. IO with inverse optimization, as used in our cohort, 
has also been shown to produce less urethral dose, and 
a better implant than computer-assisted optimization 
methods modified peripheral and geometric optimiza-
tion. Furthermore, it has been shown to result in a higher 
median V10 and D90 with fewer needles and seeds [24]. 

Conclusions 
In conclusion, we found that IO dosimetry was predic-

tive of Day 30 dosimetry, but with a low predictive value. 
We could not identify IO dosimetry that would predict 
biochemical outcome. We, therefore, conclude that post-
operative CT- and MRI-based dosimetry remains the 
gold standard for evaluation of implant quality [12,25]. 
The incorporation of functional imaging, MRI-based IO 
planning, or use of robotics in seed delivery requires fur-
ther study to determine if they will improve IO planning. 
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