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Abstract

PURPOSE—To report the long-term control and toxicity outcomes of patients with clinically
localized prostate cancer, who underwent low-dose-rate prostate brachytherapy with magnetic
resonance spectroscopic image (MRSI)—directed dose escalation to intraprostatic regions.

METHODS AND MATERIALS—Forty-seven consecutive patients between May 2000 and
December 2003 were analyzed retrospectively. Each patient underwent a preprocedural MRSI, and
MRS-positive voxels suspicious for malignancy were identified. Intraoperative planning was used
to determine the optimal seed distribution to deliver a standard prescription dose to the entire
prostate, while escalating the dose to MRS-positive voxels to 150% of prescription. Each patient
underwent transperineal implantation of radioactive seeds followed by same-day CT for
postimplant dosimetry.

RESULTS—The median prostate Dgy (minimum dose received by 90% of the prostate) was
125.7% (interquartile range [IQR], 110.3-136.5%) of prescription. The median value for the
MRS-positive mean dose was 229.9% (IQR, 200.0-251.9%). Median urethra Dzg and rectal Dy
values were 142.2% (137.5-168.2%) and 56.1% (40.1-63.4%), respectively. Median followup was
86.4 months (IQR, 49.8-117.6). The 10-year actuarial prostate-specific antigen relapse—free
survival was 98% (95% confidence interval, 93—-100%). Five patients (11%) experienced late
Grade 3 urinary toxicity (e.g., urethral stricture), which improved after operative intervention. Four
of these patients had dose-escalated voxels less than 1.0 cm from the urethra.

CONCLUSIONS—Low-dose-rate brachytherapy with MRSI-directed dose escalation to
suspicious intraprostatic regions exhibits excellent long-term biochemical control. Patients with
dose-escalated voxels close to the urethra were at higher risk of late urinary stricture.
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Introduction

Dose escalation is a critical component in radiation therapy (RT) for prostate cancer.
Randomized controlled trials (1, 2) and institutional series (3) have demonstrated a benefit in
prostate-specific antigen (PSA) relapse—free survival for patients who underwent dose
escalation during external beam RT. Institutional series have also suggested the existence of
a dose—response relationship for low-dose-rate (LDR) brachytherapy (4-6). In addition,
higher radiation doses have been associated with lower positive biopsy rates along with
improved clinical outcomes for patients with negative biopsies after both external beam RT
(7) and brachytherapy (8). However, dose escalation to the entire prostate gland can result in
increased gastrointestinal and genitourinary toxicity (1).

Studies have shown that prostate cancer often recurs at the original site after RT (9, 10). As a
result, investigators have been interested in developing methods for escalating radiation dose
to intraprostatic regions, while both maintaining coverage of the entire prostate gland and
respecting normal tissue dose constraints. This form of dose escalation would in theory lead
to improved clinical outcomes without higher toxicity rates. However, intraprostatic dose
escalation requires advanced imaging capabilities, which can detect intraprostatic tumor
deposits with acceptable sensitivity and specificity. Furthermore, highly conformal RT
techniques are needed for safe and effective treatment delivery.

In this report, we summarize our institutional experience with intraprostatic dose escalation
using LDR brachytherapy and magnetic resonance spectroscopic imaging (MRSI). We used
LDR brachytherapy with real-time ultrasound-based intraoperative treatment planning (11,
12) because this modality allows for highly conformal dose escalation to intraprostatic
regions. We incorporated preoperative MRSI into treatment planning because this modality
can identify regions suspicious for intraprostatic tumor deposits based on elevated choline
plus creatine-to-citrate ratios (13, 14). We had previously explored the feasibility of
generating MRS-optimized dose distributions for permanent prostate implants (15). We now
present our long-term clinical outcomes for patients treated with this technique.

Methods and materials

Patient population

Forty-seven patients with clinically localized prostate cancer, who underwent LDR
brachytherapy with MRSI-directed dose escalation between May 2000 and December 2003,
were included in this retrospective analysis. As shown in Table 1, 35 patients (74%) had
National Cancer Center Network low-risk disease (T1-T2a, Gleason 6, and PSA <10 ng/
mL). The remaining 12 patients (26%) had intermediate-risk disease (T2b-T2c, Gleason 7,
or PSA 10-20 ng/mL). Clinical T-stage was defined by digital rectal examination. The
numbers of patients with suspicious and definite radiographic extracapsular extension, as
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assessed by MRI, were 7 (15%) and 1, respectively. The median International Prostate
Symptom Score, which was available for 24 patients, was 6. The median pretreatment
prostate volume, as assessed by MRI, was 26.0 cc among all patients. Eight patients received
neoadjuvant androgen-deprivation therapy (ADT), primarily for cytore-duction, and MRI
was obtained before ADT in six of these patients. With respect to brachytherapy, 45 patients
received 1251 monotherapy with a prescription dose of 144 Gy. One patient underwent

an 125] boost to 110 Gy followed by 50.4 Gy external beam RT due to concern for
suspicious extracapsular extension on MRI. This patient had also received neoadjuvant ADT.
Another patient received 103Pd monotherapy to 140 Gy.

MRSI imaging

Before the procedure, all patients were scanned on a General Electric Signa 1.5 T MR
scanner with an endorectal radiofrequency probe inflated with 100 cc of air. Acquired
sequences included T1-weighted images and T2-weighted axial images. Spectroscopic
analysis was conducted on T2-weighted sequences using 0.12 cc (0.625 cm x 0.625 cm x
0.30 cm) voxels over a 50-mm field of view. Peak areas of choline, creatine, and citrate were
then calculated on an offline workstation, and MRS-positive voxels that were suspicious for
malignancy based on choline plus creatine-to-citrate ratios were identified based on
previously established criteria (14, 16).

LDR brachytherapy with MRSI-directed dose escalation

The LDR brachytherapy and intraoperative planning technique have been previously
described (15). Briefly, the patients were intubated under general anesthesia and placed in an
extended lithotomy position. Interstitial needles were inserted into the peripheral substance
of the prostate gland through a perineal template under transrectal ultrasound image
guidance. Axial ultrasound images of the entire prostate were subsequently acquired with
aerated urethral gel contrast at 5-mm increments. After the images were transferred to the
brachytherapy treatment-planning system, contours of the target volume and organs at risk
were drawn on each axial image. Needle positions were also identified on each axial image.

MRS-positive voxels were then mapped onto the ultrasound image using a previously
validated registration algorithm with an average positional error of 2.2 mm (17). A
computerized intraoperative treatment-planning system, which used a genetic optimization
algorithm, determined the optimal seed distribution to deliver a standard prescription dose to
the entire prostate, while escalating the dose to MRS-positive voxels with corresponding
abnormalities on T2-weighted sequences (16). Dose-volume constraints included a prostate
V100 (percent volume receiving at least 100% of the prescription dose) >90%, a minimum
MRS-positive region dose of 150% of the prescription dose, a maximal urethral dose of
130%, and a maximum rectal dose of 120% (15). Radioactive seeds were then placed with a
Mick applicator under ultrasound and fluoroscopic guidance. Figure 1 depicts an MRSI
dose-escalated treatment plan.

Postimplantation CT scans with 3-mm-thick slices were obtained on the same day of the
procedure with a Foley catheter in place. Dosimetric parameters included the prostate Dgg
(minimum dose received by 90% of the prostate gland), prostate Vqq, prostate Vs,
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prostate V5qq, and the prostate V (MRS-positive mean dose) (percent volume receiving at
least the mean dose of the MRS-positive voxels). For the MRS-positive voxels, extracted
parameters included the volume, number of separate regions, minimum dose, mean dose,
V120, Viso, and V0. Normal tissue parameters for the urethra included the Ds, Dyg, D3,
and Vis5occ (volume [cc] receiving at least 150% of the prescription dose). Parameters
extracted for the rectum included the Dy (minimum dose received by 1 cc), Dz, and
Viooce (volume [cc] receiving at least 100% of the prescription dose).

Patients were evaluated every 3 months for the first year, every 6 months for the next 5
years, and yearly thereafter. At baseline and at each subsequent visit, PSA values were
recorded. PSA relapse was defined according to the Phoenix definition (hadir PSA + 2
ng/mL dated at call). A PSA bounce of >2 ng/mL was not counted as a relapse if subsequent
values fell below 0.5 ng/mL without intervention. Urinary and rectal toxicities were assessed
according to the Common Terminology Criteria for Adverse Events, version 4. Acute
toxicity was defined as toxicity occurring within 12 months of implantation, and late toxicity
was defined as toxicity occurring more than 12 months after implantation. The Kaplan—
Meier method was used to evaluate the PSA relapse—free survival and the time to urinary-
symptom resolution. Urinary-symptom resolution was defined as the return of the total
International Prostate Symptom Score to within 5 points of the baseline score, if available,
and cessation of postimplant medications for lower urinary tract symptoms. All statistical
analysis was performed using the R statistical software v3.0 (The R foundation for Statistical
Computing).

Postimplantation dosimetry

Table 2 shows dosimetric outcomes based on postim-plantation CT. The median Dgg was
125.7% of the prescription dose, and only 1 patient had a Dgg less than prescription dose.
The median Vg was 98.0%. The median number of MRS-positive regions was 1 (range, 1-
6), and the median volume of the combined MRS-positive regions on a per patient basis was
0.29 cc. This volume exceeded 1% of the entire prostate gland in 19 patients (40%). Median
values for the MRS-positive V429%, Vi50%, and V5% were 100%, 100%, and 68.0%.
Only 3 patients had an MRS-positive V0% <90%. The median value for the MRS-positive
mean dose was 229.9% (interquartile range [IQR], 200.0-251.9%), and 74% of patients had
a mean dose greater than 200%. The MRS-positive mean dose did not differ between
patients with low-risk and intermediate-risk disease (p = 0.95 on the Wilcoxon rank sum
test). The median volume of the prostate receiving a dose greater than the MRS-positive
mean dose was 26.0%. The median rectum Dy was 56.1% (IQR, 40.1-63.4) of prescription.
Median values for the urethra D5 and Dsg were 164.9% (151.4-197.0) and 142.2% (137.5-
168.3) of the prescription dose, respectively.

A comparative analysis of urethra Oy values for postimplant CT vs. intraoperative
ultrasound was then performed. Twenty-six patients had intraoperative dose-volume
histograms readily available for analysis. For this patient subset, the intraoperative
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ultrasound urethra D5 of 125% (IQR, 118-134) was less than the postimplant CT urethra Ds
of 167% (IQR, 154-198) (o < 0.01 based on the Wilcoxon signed-rank test).

Clinical outcomes

The median followup was 86.4 months (IQR, 49.8-117.6). Among the 39 patients who did
not receive ADT, the median PSA nadir was 0.05 (IQR, 0.05-0.08) and the median time to
PSA nadir was 49.2 months (IQR, 38.4-69.0). The 10-year PSA relapse—free survival
estimate was 98% (95% confidence interval, 93-100%), as shown in the Kaplan—Meier
curve in Fig. 2a. When subdivided by National Cancer Center Network risk categories, 10-
year PSA relapse—free survival estimates were 100% and 89% (71-100%) for low- and
intermediate-risk patients, respectively. One patient with unfavorable intermediate-risk
disease (clinical T1c, Gleason 4 + 3, initial PSA of 5.1) experienced a PSA relapse.
Preoperative MRI showed two lesions: one in the peripheral zone of the left midgland with
definite extracapsular extension and another in the right posterior midgland. Both findings
were concordant on MRSI. He received 1251 monotherapy to 144 Gy, along with MRSI-
directed dose escalation to both lesions. The minimum and mean MRS-positive doses were
185.4% and 334.7% of prescription, respectively. He did not receive ADT. At 33.6 months,
the PSA had increased from a nadir of 0.68 to 5.1. MRI was obtained at 36.0 months.
Posttreatment multiplanar T2-weighted images demonstrated the brachytherapy seed
distribution in addition to contraction of the left midgland and right posterior midgland
peripheral zone tumors. In addition, there was resolution of the previously noted MR
spectroscopy metabolite abnormalities, consistent with posttreatment changes. A suspicious
5.0-mm right external iliac lymph node chain was noted. Bone scan was negative. Biopsy
was not performed. A 18F-fluorodeoxyglucose PET scan at 51.6 months showed progressive
right pelvic lymphadenopathy that corresponded to further PSA rises to 18. The patient was
then lost to followup. Among the entire cohort, there were eight recorded patient deaths,
although none were attributed to prostate cancer. The 10-year overall survival estimate based
on Kaplan—Meier analysis was 84% (81-99%).

Table 3 shows the incidences of the maximal recorded acute and late urinary and rectal
toxicities. Twenty-eight patients (60%) experienced Grade 2 acute urinary toxicity, including
3 patients who were catheterized within 90 days of the procedure. Ten patients (21%) with
late Grade 2 urinary toxicity had persistent urinary symptoms requiring medications (e.g.,
alpha antagonists, anticholinergics, nonselective anti-inflammatory drugs) or pads for
urinary incontinence. Five patients (11%) had late Grade 3 urinary toxicity requiring either
stricture dilation or transurethral resection of the prostate at a median time of 51.6 months.
After surgical correction, urinary symptoms improved for all patients.

The urethra D5 doses among patients with late Grade 3 (median, 177.1%; IQR, 163.9-262.5)
vs. late Grade 0-2 (median, 164.8%; IQR, 151.0-194.4) urinary toxicities were not
statistically different based on the Wilcoxon rank sum test (o = 0.30). However, there was an
inverse relationship (Pearson’s correlation coefficient —0.35; p= 0.03) between the urethra
Ds and the minimum distance of the center of a dose-escalated voxel (0.625 cm width) to the
urethra among the 38 patients with imaging readily available for analysis, as shown in Fig.

3. Furthermore, 4 of the 5 patients who experienced Grade 3 toxicity had a dose-escalated
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voxel less than 1.0 cm from the urethra. Among the 29 patients (62%) with complete
resolution of urinary symptoms after implant, the median time for urinary-symptom
resolution was 21.6 months. The Kaplan—Meier curve for this metric is shown in Fig. 2b.

The numbers of patients with late Grade 2 and 3 rectal toxicities were 6 (13%) and 1 (2%),
respectively. All patients with Grade 2 toxicities had moderately symptomatic proctitis,
primarily rectal bleeding, that necessitated steroid suppositories or pads. The 1 patient with
Grade 3 rectal toxicity required a blood transfusion due to severe rectal bleeding at 34.8
months after brachytherapy.

Discussion

In this report, we summarize our institutional experience using MRSI-directed dose
escalation to intraprostatic regions suspicious for malignancy in a moderately sized patient
cohort. Most patients achieved MRS-positive mean doses greater than 200% of the
prescription dose, while maintaining excellent dosimetric coverage of the entire prostate. We
only captured one PSA relapse, in a patient with unfavorable intermediate-risk disease and
radiographic extracapsular extension. Although this patient experienced a nodal failure
based on imaging, there was no evidence of local recurrence based on subsequent MRSI.
Our PSA relapse—free survival curve, with its 10-year estimate of 98%, was comparable with
that from a contemporary patient cohort treated without dose escalation (18).

However, patients were subject to higher urethra and rectal doses. The median urethra Dz of
142.2% of the prescription dose was greater than the reported value of 111% from an
institutional series of patients treated without dose escalation within the same period (18).
The greater urethral doses possibly translated into the higher than expected late Grade 3
urinary toxicity incidence of 11%, especially compared with the 4% incidence in the prior
series. On the other hand, the late Grade 2 urinary toxicity incidence of 21% was similar to
the 19% incidence in the prior series. Of note, the late Grade 2 and 3 urinary toxicity
incidences from a more recent patient cohort were 17% and 3%, respectively (19). The
median rectum Dsqg of 56.1% in this study was also greater than the 37% value cited in the
prior series (18). The late Grade 2 rectal toxicity incidence appeared higher (13% vs. 7%),
although late Grade 3 rectal toxicity incidence was similar (2% vs. 1%).

Previous investigators have reported their experience with MRSI-directed dose escalation for
prostate brachytherapy. Using LDR brachytherapy, DiBiase ef a/. boosted MRSI-defined
volumes to 130% of the prescription dose, with median maximal urethral and rectal doses to
160% and 110% of prescription, respectively. No Grade 3 toxicities according to the
Radiation Therapy Oncology Group modified scale were reported among 15 patients,
although followup time was not reported (20). Pouliot et a/. performed an inverse planning
study on MRSI-directed dose escalation to a dominant intraprostatic lesion (DIL) with high-
dose-rate (HDR) brachytherapy in 10 patients. The authors concluded that DIL dose could
be escalated to 120% of the prescription dose without increasing doses to surrounding
structures (21). A subsequent study involving a class solution during inverse planning
showed that dose escalation of up to 150% was feasible in 13 of 15 patients without
exceeding RTOG 0321 constraints (22). More recently, authors from the same institution
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developed a novel algorithm for aligning endorectal MRSI with treatment-planning CT/MRI
for planning HDR brachytherapy boost to the DIL (23). Kazi et al. (24) also evaluated the
feasibility of MRSI-directed dose escalation to the DIL in a patient receiving combination
external beam and HDR brachytherapy.

Prostate brachytherapy with intraprostatic dose escalation has also been performed with
modalities other than MRSI. Ellis et a/. published multiple series on radioimmu-noguided
(1111n capromab pendetide) dose-escalated LDR brachytherapy to 150% of the prescription
dose (25-27). Gaudet et al. performed sextant biopsy-directed dose escalation to a DIL with
LDR brachytherapy to 150% of the prescription dose. Imaging was not incorporated for
defining the DIL. The 50 patients treated with dose escalation had a median intraprostatic
lesion Vi5q of 95.7% intraoperatively and a median urethra Ds of 167.1% of the prescription
dose on a Day 30 postimplant CT scan. The authors found no differences in acute or late
toxicities between this dose-escalated group and a reference group treated without dose
escalation within a 36-month followup period (28). Crook et al. more recently reported on
the dosimetry of multiparametric MRI-guided DIL dose escalation using HDR
brachytherapy in a series of 26 patients. Dose escalation of 125% was successfully achieved,
and there were no significant differences in rectal or urethral doses when compared with a
reference cohort treated without dose escalation (29). Mason et al. also published an
institutional series for multiparametric MRI-guided focal tumor dose escalation with HDR
brachytherapy in 15 patients (30). Other investigators have reported on intra-prostatic dose
escalation for tomotherapy using MRI (31) as well as intensity-modulated RT using MRI
alone (32) or in combination with MRSI (33).

A key strength of our study is that we performed intra-prostatic dose escalation in a
moderately sized patient cohort with a relatively long median followup time of 86.4 months.
To the best of our knowledge, our study has the longest followup of any RT series involving
intraprostatic dose escalation. As a result, we were able to obtain a meaningful correlation
between dosimetric data and toxicity end points, especially for late Grade 3 urinary
symptoms. Furthermore, the incorporation of LDR brachytherapy allowed us to deliver
profound dose escalation, with 74% of patients achieving an MRS-positive mean dose above
200 Gy.

A key limitation of this study is that postimplant dosimetry did reveal higher than expected
urethral and rectal doses, despite considerable effort to balance intraprostatic dose escalation
with surrounding normal tissue constraints. In our study, we were able to demonstrate a
negative relationship between the minimum distance of a dose-escalated voxel to the urethra
and urethra Dy on postimplant dosimetry. Furthermore, 4 of the 5 patients with urinary
stricture did have a dose-escalated voxel located within 1.0 cm of the urethra. Fortunately,
urethral strictures were surgically corrected in all cases. However, practitioners must
recognize that dose escalation may not be feasible for regions close to the urethra. In
addition, urethra constraints must be maintained for all intraprostatic dose escalation
strategies. Newer techniques such as real-time intraoperative planning CT assessment may
provide a better indication of postimplant dosimetry during seed placement, especially for
intraprostatic dose escalation(34).
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In addition, known limitations in the sensitivity, specificity, and spatial resolution of MRSI
preclude us from confirming that all MRS-positive voxels contained cancer (14), although
investigators have correlated MRSI-findings with the probability that a lesion harbors
Gleason score =4 + 3 disease (35). Biopsy, clinical examination, and/or current standard of
care multiparametric MRI (which includes functional techniques including diffusion-
weighted and dynamic contrast-enhanced MRI that were not in routine use at the time that
our patient population was treated) may provide additional assurance that cancerous regions
actually receive the escalated dose. Finally, the clinical benefit of intraprostatic dose
escalation remains in question. Given the similar PSA relapse—free survival curves for this
study and institutional cohorts treated without dose escalation (5, 18), our results do not
suggest a local control benefit for intraprostatic dose escalation in patients with low- and
possibly favorable intermediate-risk disease. The prospective study by Crook et al. (29) is
currently evaluating the role of intraprostatic dose escalation to DIL for intermediate- and
high-risk patients. Intraprostatic dose de-escalation for low-risk patients could be an
alternative strategy for decreasing normal tissue toxicity while preserving the clinical
efficacy of prostate brachytherapy.
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Fig. 1.
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Magnetic resonance spectroscopic image (MRSI) dose-escalated treatment planning for a

patient with low-risk disease. (a) Endorectal MRI shows T2 hypointensity in the right

peripheral zone. MRS-positive voxel suspicious for cancer is highlighted, and associated

spectrum is shown. (b) Intraoperative prostate ultrasound treatment plan, with dose

escalation directed to MRS-positive voxel (red square). Prostate and urethral contours are
blue. Isodose lines (% prescription): yellow, 208%; red, 167%; magenta, 139%; light blue,
125%; dark blue, 111%,; purple, 104%; and green, 100%. (c) Dose-volume histograms for
the MRS-positive (+) regions, prostate, urethra, and rectum, from a Day 0 postimplantation

CT scan. All doses are represented in terms of percent prescription (144 Gy). MRS =

magnetic resonance spectroscopic. (For interpretation of the references to color in this figure

legend, the reader is referred to the Web version of this article.)
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Fig. 2.
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Kaplan—-Meier curves of (a) PSA relapse—free survival per the Phoenix definition and (b)
time to urinary-symptom resolution. PSA = prostate-specific antigen.
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Fig. 3.

Grgaph showing relationship between urethra Ds on postimplant dosimetry and the minimum
distance of the center of a dose-escalated voxel to the urethra for 38 patients with available
imaging. Circles represent patients with late Grade 0-2 urinary toxicity. Squares represent
patients with late Grade 3 urinary toxicity.
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Table 1

Baseline clinical characteristics

Characteristics Total, n (%)
Age

Median (IQR) 66 (59-69)
Clinical stage

Tic 33 (70)

T2a 12 (26)

T2b 2 (4)
Gleason score

6(3+3) 39 (83)

7(3+4) 7 (15)

7(4+3) 1(2)
Pretreatment PSA

Median (IQR) 5.1 (3.8-7.0)
NCCN risk

Low 35 (74)

Intermediate 12 (26)
Pretreatment MRI

Organ confined 39 (83)

Suspicious ECE 7 (15)

Definite ECE 1(2)

Pretreatment MRI prostate volume (cc)

Median (IQR)
Baseline IPSS (n = 24)

Median (IQR)
Neoadjuvant ADT
Isotope used

125 (definitive, 144 Gy)

26.0 (21.0-36.5)

6 (4-9)
8 (17)

45 (96)

125] (hoost, 110 Gy) + EBRT (50.4 Gy) 1(2)

103pd (definitive, 140 Gy) 1(2)
Followup, mo
Median (IQR) 86.4 (49.8-117.6)

Page 14

ADT = androgen-deprivation therapy; ECE = extracapsular extension; EBRT = external beam radiation therapy; IQR = interquartile range; NCCN
= National Comprehensive Cancer Network; PSA = prostate-specific antigen.
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Table 2

Dosimetric outcomes based on Day 0 postimplantation CT

Dosimetric parameters Median (IQR)
Prostate ultrasound volume (cc) 345 (27.2-44.4)
Prostate seeds implanted 77 (67-87)

Prostate Dy (% prescription dose)

Prostate V4qo (%)

Prostate V50 (%)

Prostate V5qg (%)

Prostate V (MRS-positive mean dose) (%)
MRS-positive volume (cc)

MRS-positive separate regions (number)
MRS-positive minimum dose (% prescription dose)
MRS-positive mean dose (% prescription dose)
MRS-positive Vi,q (%)

MRS-positive Vigq (%)

MRS-positive Vg (%)

Urethra D5 (% prescription dose)

Urethra Dy, (% prescription dose)

Urethra Dsq (% prescription dose)

Urethra V5 (cc)

Urethra V5gq (cC)

Rectum D (% prescription dose)

Rectum Dsq (% prescription dose)

Rectum Vg (cC)

125.7 (110.3-136.5)
98.0 (94.0-98.5)
74.0 (61.5-84.0)
41.0 (30.5-47.5)
26.0 (15.5-37.6)
0.29 (0.16-0.49)

1(1-2)
154.2 (128.2-174.3)
229.9 (200.0-251.9)
100 (100)
100 (90.9-100)
68.0 (46.3-87.3)

164.9 (151.4-197.0)

151.4 (141.7-173.6)

142.2 (137.5-168.2)
0.30 (0.05-0.64)
0.00 (0.00-0.06)

112.5 (98.3-138.5)
56.1 (40.1-63.4)

1.7 (0.9-2.7)

IQR = interquartile range; MRS = magnetic resonance spectroscopic.
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Incidences of acute and late toxicities

Table 3

L ocation Grade Acute(<lyear) (%) Late(>1year) (%)
Genitourinary 0 3(6) 14 (30)

1 16 (34) 18 (38)

2 28 (60) 10 (21)

3 0 5 (11)
Gastrointestinal 0 32 (68) 28 (60)

1 13 (28) 12 (25)

2 2(4) 6 (13)

3 0 1(2)

Brachytherapy. Author manuscript; available in PMC 2017 August 07.

Page 16



	Abstract
	Introduction
	Methods and materials
	Patient population
	MRSI imaging
	LDR brachytherapy with MRSI-directed dose escalation
	Followup

	Results
	Postimplantation dosimetry
	Clinical outcomes

	Discussion
	References
	Fig. 1
	Fig. 2
	Fig. 3
	Table 1
	Table 2
	Table 3

