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A B S T R A C T   

Background: We present the first report comparing early toxicity outcomes with high-dose rate brachytherapy 
(HDR-BT) boost upfront versus intensity modulated RT (IMRT) upfront combined with androgen deprivation 
therapy (ADT) as definitive management for intermediate risk or higher prostate cancer. 
Methods and Materials: We reviewed all non-metastatic prostate cancer patients who received HDR-BT boost from 
2014 to 2019. HDR-BT boost was offered to patients with intermediate-risk disease or higher. ADT use and IMRT 
target volume was based on NCCN risk group. IMRT dose was typically 45 Gy in 25 fractions to the prostate and 
seminal vesicles ± pelvic lymph nodes. HDR-BT dose was 15 Gy in 1 fraction, delivered approximately 3 weeks 
before or after IMRT. The sequence was based on physician preference. Biochemical recurrence was defined per 
ASTRO definition. Gastrointestinal (GI) and Genitourinary (GU) toxicity was graded per CTCAE v5.0. Pearson 
Chi-squared test and Wilcoxon tests were used to compare toxicity rates. P-value < 0.05 was significant. 
Results: Fifty-eight received HDR-BT upfront (majority 2014–2016) and 57 IMRT upfront (majority 2017–2018). 
Median follow-up was 26.0 months. The two cohorts were well-balanced for baseline patient/disease charac-
teristics and treatment factors. There were differences in treatment sequence based on the year in which patients 
received treatment. Overall, rates of grade 3 or higher GI or GU toxicity were <1%. There was no significant 
difference in acute or late GI or GU toxicity between the two groups. 
Conclusion: We found no significant difference in GI/GU toxicity in intermediate-risk or higher prostate cancer 
patients receiving HDR-BT boost upfront versus IMRT upfront combined with ADT. These findings suggest that 
either approach may be reasonable. Longer follow-up is needed to evaluate late toxicity and long-term disease 
control.   

1. Introduction 

Brachytherapy (BT) is an established method to deliver high-dose, 
conformal radiotherapy (RT) for prostate cancer. BT results in excel-
lent disease outcomes and acceptable toxicity as monotherapy for low 
and favorable intermediate-risk disease [1,2] or as boost therapy in 
conjunction with external beam radiotherapy (EBRT) with or without 
androgen-deprivation therapy (ADT) for unfavorable intermediate and 

high-risk disease [3–5]. Retrospective series suggest improved 
biochemical and distant disease control in high-risk patients receiving 
BT boost + EBRT + ADT compared to those who receive EBRT + ADT or 
surgery alone [4,6–8]. In addition, BT can offer improved patient con-
venience and cost-effectiveness relative to conventionally fractionated 
dose-escalated EBRT [9,10]. 

Low-dose rate (LDR) and high-dose rate (HDR) BT have both been 
utilized in prostate cancer [11]. HDR-BT affords several practical, 
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physical, and potential radiobiological advantages over LDR-BT 
[11–13]. While prospective trials have helped establish the benefit of 
HDR-BT boost and optimal dose/fractionation regimens [4,14–16], 
there is no data to rationally inform optimal sequencing of the HDR-BT 
boost with regards to EBRT. The NCCN, GEC-ESTRO, and ABS guidelines 
provides no recommendation and sequencing is institution and/or trial- 
dependent [17–19]. The Timing of HDR brachytherapy with EBRT in 
Prostate Cancer (THEPCA) study (NCT02618161) is an ongoing pro-
spective trial designed to compare toxicity, quality of life, (QoL) and 
disease outcomes in 50 patients with intermediate or high-risk prostate 
cancer treated with single fraction HDR-BT boost delivered pre-EBRT 
versus post-EBRT in combination with ADT [20]. 

We implemented an 192Ir-based HDR-BT program at our institution 
in 2014 and have treated a similar number of patients with either 
approach. Here, we present the first report comparing early toxicity 
outcomes for patients treated with HDR-BT boost upfront versus IMRT 
upfront combined with ADT. 

2. Methods 

2.1. Patient selection and treatment information 

All patients with non-metastatic prostate cancer who received HDR- 
BT boost as part of definitive therapy at our institution from 2014 to 
2019 were reviewed after IRB approval. HDR-BT boost was offered to 
patients with histologically confirmed prostate cancer, NCCN interme-
diate risk or higher, no evidence of distant metastatic disease, no prior 
pelvic RT, and pre-operative clearance for general anesthesia. Exclusion 
criteria, considered on a case-by-case basis, included significant seminal 
vesicle (SV) involvement (extension beyond proximal 0.5 cm) and 

extraprostatic extension, large transurethral resection defects, and/or 
conditions where the patient could not follow instructions or control 
movement including bowel movements. During the initial imple-
mentation of the HDR program, we excluded patients with prostate 
gland volumes >60 cc, American Urologic Association (AUA) scores 
>20, and/or presence of calcifications obstructing visualization on ul-
trasound. However, with increased experience, prostate gland volume 
was no longer a constraint and calcifications rarely excluded a patient 
except in extreme cases where optimal manipulation of the ultrasound 
image settings was insufficient to safely guide the needle. Subsequently, 
strict total AUA symptom score cutoffs were not employed, however 
particular attention was placed on the presence of weak urinary stream 
or difficulty initiating urinary stream. If patients were struggling with 
these symptoms, HDR-BT was not offered unless ADT was clinically 
indicated and there was subsequent improvement with symptoms at 
least 2 months later after ADT-mediated prostate cytoreduction. 

All patients underwent evaluation with digital rectal exam, trans-
rectal ultrasound guided (TRUS) biopsy for pathologic diagnosis, and 
serum PSA. Based on NCCN risk category, patients underwent additional 
staging studies including bone scan, CT abdomen/pelvis with contrast, 
and/or multiparametric MRI. All patients underwent TRUS-guided 
volume study prior to the HDR-BT procedure to ensure adequate visu-
alization of prostate. Patients receiving HDR-BT upfront underwent 
fiducial marker placement at time of HDR procedure. Patients receiving 
IMRT upfront underwent fiducial marker placement at time of volume 
study. The interval between HDR-BT and IMRT was typically 2–4 weeks 
(median 20 days). 

An outline of our treatment schema is shown in Fig. 1 and further 
details regarding IMRT and ADT are provided in Appendix A1. Ideally, 
our preference was HDR-BT upfront because the fiducial markers and 

Fig. 1. Treatment Schema for HDR-BT upfront (A) and IMRT upfront (B). * 4–6 months intermediate risk, 24 months high-risk or node positive. ADT initiated 
neoadjuvantly, given as 6 month leuprolide acetate injections except when delivering a single 4 month injection combined with 1 month of bicalutamide. # proximal 
seminal vesicle for intermediate risk and entire seminal vesicle for high risk or node positive. 
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HDR needle insertion could be done in the same procedure under gen-
eral anesthesia (2014–2016). As the HDR-BT program grew and with 
limitations in patient scheduling to one patient per week, we started 
with IMRT upfront followed by HDR-BT boost (2017–2018). With 
increased ability to do two cases per week we then were able to choose 
either sequence based on scheduling availability (2019 onwards). 
Otherwise, there were no clinical or patient-specific factors that 
informed the sequence. 

2.2. HDR-BT procedure 

All HDR-BT was performed by a single radiation oncologist (H.A.G.). 
The technique is based on the freehand HDR technique developed by Dr. 
I-Chow Hsu from UCSF with the following changes: general anesthesia 
instead of spinal anesthesia due to institutional preference, approxi-
mately 10 cc of 0.25% of bupivacaine injected only subcutaneously 
(never deep into the urogentital diaphragm) on the perineum, and more 
recently discontinuing the cystoscopy at the end of the procedure [21]. 
Our HDR-BT technique has been described previously [22] and further 
details are provided in the Appendix A2. Following HDR-BT procedure, 
patients underwent a CT simulation scan to verify needle placement, and 
adjustment of the needles (pushing in for better coverage of the base 
and/or proximal seminal vesicles) was made as clinically indicated. 

The intended HDR boost dose was 15 Gy in one fraction delivered 
using a Varian VariSource 200 HDR remote afterloading unit (Varian 
Medical Systems, Inc., Palo Alto, CA) with 192Ir source. HDR treatment 
was delivered in the afternoon between one and five PM. Institutional 
dose constraints for CT-based planning used were based on RTOG 0321 
[23] and as follows: planning target volume (PTV) receiving prescrip-
tion dose greater than or equal to 90% (V100% ≥ 90%), urethra V125% <

1 cc, urethra V150% = 0 cc, bladder and rectum V75% < 1 cc, and bladder 
and rectum V150% = 0 cc. Clinical target volume (CTV) was the prostate. 
The planning target volume (PTV) was the CTV without additional 
expansion except in rare cases where there was suspicion or minimal 
extraprostatic extension on MRI, in which case a 3 mm expansion was 
added. 

The implant was removed after the delivery of RT and the patients 
were discharged home the same day. The Foley was removed and only 
re-inserted if clinically significant hematuria occurred or if they failed a 
voiding trial, at which point re-evaluation for foley removal would occur 
1 week from the date of the implant. 

2.3. Follow-up 

During IMRT, patients were seen once weekly for a standard on- 
treatment visit. For patients receiving IMRT upfront, there was no 
planned interval visit between completion of IMRT and HDR-BT and 
patients were seen ~2 weeks after HDR-BT. For patients receiving HDR- 
BT upfront, patients were seen ~2 weeks after HDR-BT (at which time 
CT simulation for IMRT planning was often performed) and ~1 month 
after completing IMRT. For select patients who developed symptoms or 
complications from treatment, short interval visits (~1–2 weeks) were 
planned as needed. After completion of all RT (IMRT and HDR-BT), 
patients were seen at 3–6 month interval. During each follow-up visit, 
patients were evaluated for the presence of symptoms or signs of toxicity 
or recurrence. PSA values and IPSS scores were also obtained. 

2.4. Toxicity and recurrence assessment 

Biochemical failure was defined per ASTRO criteria [24]. Gastroin-
testinal (GI) and genitourinary (GU) toxicity evaluation was performed 
by comprehensive review of the electronic medical record (EMR) for 
each patient, including follow-up visits with radiation oncology, other 
relevant physician encounters (such as primary care, urology, urgent 
care, and emergency room), and any hospitalizations within our large 
hospital network. We reviewed all available patient records from outside 

our hospital system as well. Patient-reported symptoms and/or toxicity 
events were then scored using the National Cancer Institute (NCI) 
Common Terminology Criteria for Adverse Events (CTCAE) version 5.0 
grading criteria [25]. Any potential event representing GI or GU toxicity 
was recorded. The relevant CTCAE subcategories for GI toxicity were 
diarrhea, rectal pain, proctitis. The relevant CTCAE subcategories for GU 
toxicity were frequency, urgency, dysuria, obstruction, incontinence, 
hematuria. The timing of any toxicity event was recorded using standard 
RTOG criteria [26] where acute toxicity was defined as any event 
occurring during RT or <90 days after completion of RT and late toxicity 
was defined as any event occurring ≥90 days after completion of RT. 

2.5. Statistical analysis 

Patient and treatment characteristics were compared between the 
two cohorts using the Pearson Chi-squared test for categorical variables 
and Wilcoxon statistical tests for continuous variables. The Kaplan- 
Meier method was utilized to visualize actuarial biochemical 
recurrence-free survival (bRFS) probability for patients. Log-rank test 
was utilized to compare bRFS in the HDR-BT upfront and the IMRT 
upfront groups. Acute and late toxicities were compared between the 
two groups using the Pearson chi-squared statistical test. The AUA scores 
obtained during the first two years of follow-up were compared to 
baseline for each patient. The mean percentage differences at each time 
point was compared to baseline for all patients, HDR-BT upfront group, 
and IMRT upfront groups using the Wilcoxon statistical test. Statistical 
analysis was performed using SPSS Statistics (Version 26; IBM; Armonk, 
NY) and R Studio (Version: 1.3.1056). A P value < 0.05 was considered 
statistically significant. 

3. Results 

3.1. Patient and treatment characteristics 

Patient characteristics are detailed in Table 1 and treatment char-
acteristics are detailed in Table 2. The two cohorts were well balanced. 
While the median follow-up was significantly longer for the HDR-BT 
upfront group (37.5 months versus 25.0 months, P = 0.004), there 
was no other significant difference between the two cohorts with respect 
to performance status, baseline urinary or sexual dysfunction, initial 
PSA, clinical T stage, Gleason grade group, or NCCN risk group. There 
was a significant difference in HDR-BT/IMRT sequence utilization by 
treatment year. In 2014–2016, most patients (80.9%) were treated with 
HDR-BT upfront, while in 2017–2018 most patients (80.9%) were 
treated with IMRT upfront. In 2019, the number treated with either 
approach was comparable. The time interval between HDR-BT and 
IMRT was not significantly different (21 days in the HDR-BT upfront 
group versus 19 days in the IMRT upfront group, P = NS). Additionally, 
there was no other significant difference between the two cohorts with 
regards to ADT use, duration of ADT, IMRT target, prostate volume at 
the time of the volume study or HDR-BT procedure, number of needles 
implanted, or HDR-BT dosimetry. 

3.2. Disease outcomes 

A total of 6 (5.2%) patients developed biochemical recurrence: 3 
(5.3%) patients in the HDR-BT upfront cohort and 3 (5.2%) patients in 
the IMRT upfront cohort. The median time to biochemical failure was 
22.8 months (range 3.8 – 52.5). The 2-year bRFS for all patients with 
favorable intermediate-risk, unfavorable intermediate-risk, high-risk, 
very high-risk, and node positive disease was 100%, 100%, 96.6%, 
86.6%, and 85.7%, respectively (Figure D1). There was no significant 
difference in 2-year bRFS in the HDR-BT upfront cohort versus IMRT 
upfront cohort for NCCN high risk (100% versus 80%, P = NS), very high 
risk (96.3% versus 100%, P = NS), and node positive disease (66.7% 
versus 100%, P = NS). The 2-year bRFS for all patients in the HDR-BT 
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upfront group compared to IMRT upfront group was similar (95.9% 
versus 97.9%, P = NS) (Figure E1). Patterns of failure are listed in Ap-
pendix Table B1. At last follow-up, 6 (4.3%) patients had died: 5 (6.9%) 
in the HDR-BT upfront cohort and 1 (1.8%) in the IMRT upfront cohort. 
No patients died from disease recurrence or treatment-related toxicity. 

3.3. Acute toxicity 

The acute GU/GI toxicities are detailed in Tables 3 and 4. Rates of 
Grade 3 or higher toxicity were extremely low in both groups. There was 
no significant difference in rates of acute toxicity by grade or type be-
tween the HDR-BT upfront and IMRT upfront groups. There was 1 

(1.7%) acute Grade 3 GU toxicity and 1 (1.7%) acute Grade 3 GI toxicity 
in the HDR-BT upfront group. There was no Grade 3 or higher acute 
toxicities in the IMRT upfront cohort. In the HDR-BT upfront cohort, 3 
(5.2%) patients required temporary (removed within 1 week of HDR-BT 
procedure) Foley catheter placement versus 5 (8.8%) patients in the 
IMRT upfront cohort. In the HDR-BT upfront group, the acute Grade 3 
GU toxicity was a patient who required brief hospitalization for hema-
turia and obstructive symptoms requiring temporary catheterization 
and continuous bladder irrigation that resolved without need for blood 
transfusion. The acute Grade 3 GI toxicity occurred in a different patient 
who experienced severe diarrhea initially refractory to oral anti- 
diarrheal medication that required outpatient work-up and ultimately 
resolved without any invasive intervention. 

3.4. Late toxicity 

The late GU/GI toxicities are detailed in Tables 3 & 5. There was no 

Table 1 
Patient Characteristics.   

All Patients HDR-BT 
Upfront 

IMRT 
Upfront 

p- 
value*  

(n = 115) (n = 58) (n = 57)  

Follow-up (months)     
Median (range) 26.0 

(0.1–71.9) 
37.5 (3.1 – 
71.9) 

25.0 
(0.1–50.8) 

0.004 

Age     
Median (range) 67 (47–84) 65 (47–83) 69 (55–84) 0.031 
Race     
Caucasian 80 (69.6%) 37 (63.8%) 43 (75.4%) NS 
African American 35 (30.4%) 21 (36.2%) 14 (24.6%)  
Body Mass Index     
Median (range) 30.14 

(19–45.9) 
30.4 
(19–45.6) 

30.1 
(20.7–45.9) 

NS 

ECOG Performance 
Status     

0 86 (74.8%) 46 (79.3%) 40 (70.2%) NS 
1 28 (24.3%) 11 (18.0%) 17 (29.8%)  
2 1 (0.9%) 1 (1.7%) 0 (0%)  
Baseline Erectile 

Dysfunction 
55 (47.8%) 28 (48.3%) 27 (47.4%) NS 

Baseline 
Genitourinary 
Medication Use 

30 (26.1%) 13 (22.4%) 17 (29.8%) NS 

AUA Score     
Median Value (range) 7 (0–31) 7.5 (0–25) 6 (0–31) NS 
>20 10 (16.5%) 7 (12.1%) 3 (5.3%) NS 
Initial PSA     
Median Value (range) 7.8 

(2.3–100.2) 
8.4 
(2.3–100.2) 

7.5 
(3.1–98.2) 

NS 

<10 73 (63.5%) 34 (58.6%) 39 (68.4%)  
≥10-<20 25 (21.7%) 10 (17.2%) 15 (26.3%) NS 
≥ 20 17 (14.8%) 14 (24.1%) 3 (5.3%)  
Clinical T stage     
T1c 66 (57.4%) 33 (56.9%) 33 (57.9%)  
T2a 17 (14.8%) 9 (15.5%) 8 (14.0%)  
T2b 5 (4.3%) 0 (0%) 5 (8.8%) NS 
T3a 10 (8.7%) 5 (8.6%) 5 (8.8%)  
T3b 15 (13.0%) 11 (19.0%) 4 (7.0%)  
T4 2 (1.7%) 0 (0%) 2 (3.5%)  
Gleason Grade Group     
1 3 (2.6%) 0 (0%) 3 (5.3%)  
2 24 (20.9%) 16 (27.6%) 8 (14.0%)  
3 33 (28.7%) 15 (25.9%) 18 (31.6%) NS 
4 46 (18.3%) 9 (15.5%) 12 (21.1%)  
5 34 (29.6%) 18 (31.0%) 16 (28.1%)  
NCCN risk group     
Favorable 

Intermediate 
13 (11.3%) 7 (12.1%) 6 (10.5%)  

Unfavorable 
Intermediate 

35 (30.4%) 14 (24.1%) 21 (36.8%) NS 

High 12 (10.4%) 6 (10.3%) 6 (10.5%)  
Very High 46 (40.0%) 28 (48.3%) 18 (31.6%)  
Node Positive 9 (7.8%) 3 (5.2%) 6 (10.5%)  

Abbreviations: ECOG, Eastern Cooperative Oncology Group; AUA, American 
Urologic Association; PSA, prostate specific antigen, NCCN, National Compre-
hensive Cancer Network; HDR, high dose-rate; IMRT, intensity modulated ra-
diation therapy NS = Not significant. 
*Pearson and Wilcoxon statistical tests employed to compare cohorts. 

Table 2 
Treatment Characteristics.   

All Patients HDR-BT 
Upfront 

IMRT 
Upfront 

p- 
value*  

(n = 115) (n = 58) (n = 57)  

Treatment Year     
2014 6 (5.2%) 6 (10.3%) 0 (0%)  
2015 22 (19.1%) 20 (34.5%) 2 (3.5%)  
2016 19 (16.5%) 12 (20.7%) 7 (12.3%) <0.001 
2017 22 (19.1%) 4 (6.9%) 18 (31.6%)  
2018 20 (17.4%) 4 (6.9%) 16 (28.1%)  
2019 26 (22.1%) 12 (20.7%) 14 (24.6%)  
Interval between HDR- 

BT and IMRT (days)     
Median (range) 20 (3–108) 21 (10–38) 19 (3–108) NS 
Androgen-deprivation 

therapy (ADT) 
110 (95.6%) 53 (91.4%) 56 (98.2%) NS 

Duration of ADT 
(months)     

Median (range) 12 (0–32) 18 (0–30) 7 (0–32) NS 
IMRT     
Prostate/Seminal 

Vesicle 
26 (22.6%) 15 (25.9%) 11 (19.3%) NS 

Whole Pelvis 89 (77.4%) 43 (74.1%) 46 (80.7%) NS 
Prostate volume at 

volume study     
Median (range) 26.5 (9.4 – 

84.9) 
26.2 
(9.4–58.8) 

27.5 (12.3 
– 84.9) 

NS  

2 (1.7%) 0 (0%) 2 (3.5%) NS 
> 60 cc     
Prostate volume at 

brachytherapy     
Median (range) 28.1 

(12.6–82.8) 
28.0 (12.6 – 
67.2) 

29.3 (13.8 
– 82.8) 

NS 

>60 cc 6 (5.2%) 2 (3.4%) 4 (7.0%) NS 
Bladder Perforated 24 (20.9%) 12 (20.7%) 12 (21.1%) NS 
Urethra Perforated 3 (2.6%) 1 (1.7%) 2 (3.5%) NS 
Number of needles 

implanted     
Median (range) 16 (13–20) 16 (13–19) 16 (14–20) NS 
Prostate PTV V100 (%)     
Mean (SD) 95.93 ± 2.28 95.4 ± 2.7 96.4 ± 1.6 NS 
Bladder V75 (%)     
Mean (SD) 0.2 ± 0.3 0.2 ± 0.3 0.2 ± 0.2 NS 
Rectum V75 (%)     
Mean (SD) 0.4 ± 0.3 0.4 ± 0.3 0.3 ± 0.3 NS 
Urethra V125 (%)     
Mean (SD) 0.1 ± 0.2 0.1 ± 0.2 0.1 ± 0.2 NS 

Abbreviations: HDR, high dose rate; BT, brachytherapy; IMRT, intensity 
modulated radiation therapy; ADT, androgen deprivation therapy; PTV, plan-
ning target volume; V100, % volume of organ receiving ≥100% prescription 
dose; V75, % volume of organ receiving ≥75% prescription dose; V125, % 
volume of organ receiving 125% prescription dose; SD, standard deviation; NS 
= not significant. 
*Pearson and Wilcoxon statistical tests employed to compare cohorts. 

A. Roy et al.                                                                                                                                                                                                                                     



Clinical and Translational Radiation Oncology 29 (2021) 47–53

51

Grade 3 or higher late toxicities in either group. There was no significant 
difference in rates of GU or GI toxicity between the two groups. In the 
HDR-BT upfront cohort, 1 (1.7%) patient developed urethral stricture 
requiring non-urgent, outpatient dilation versus 3 (5.3%) patients in the 
IMRT upfront cohort. 

3.5. AUA score trend 

The mean percent change in AUA score at each timepoint for the first 
24 months compared to baseline is presented in Appendix E1. For all 
patients, the mean percent change from baseline to 2 weeks, 1 month, 3 
months, and 6 months was statistically significant (P < 0.05). For all 
patients, the mean percent change from baseline to 9 months – 24 
months did not reach statistical significance. For the HDR upfront pa-
tients, the mean percent change from baseline to 2 weeks, 3 month, 6 

months, 9 months, and 12 months was statistically significant (P <
0.05). For the IMRT upfront patients, the mean percent change from 
baseline to 2 weeks, 1 month, and 3 months was statistically significant 
(P < 0.05) 

4. Discussion 

Our study is the first report comparing early toxicity outcomes for 
prostate cancer patients with intermediate risk disease or higher treated 
with HDR-BT boost upfront versus IMRT upfront in conjunction with 
ADT. Our analysis found no significant difference in acute GI/GU 
toxicity or late GI/GU toxicity two groups. These findings suggest that 
the sequence of HDR-BT boost and IMRT may not impact early toxicity 
outcomes in this patient population and either approach may be 
reasonable. While our results are encouraging, greater follow-up is 

Table 3 
Acute & Late GU/GI Toxicities.   

HDR-BT Upfront 
(n = 58) 

IMRT Upfront 
(n = 57)  

G1 G2 G3 G4/5 G1 G2 G3 G4/5 

Acute 
GU 29 (50%) 25 (43.1%) 1 (1.7%) 0 26 (45.6%) 27 (47.3%) 0 0 
GI 32 (55.2%) 5 (8.6%) 1 (1.7%) 0 33 (57.9%) 2 (3.5%) 0 0  

Late 
GU 34 (58.6%) 12 (20.7%) 0 0 43 (75.4%) 7 (12.3%) 0 0 
GI 6 (10.3%) 1 (1.7%) 0 0 7 (12.3%) 1 (1.8%) 0 0 

Abbreviations: HDR, high dose rate; IMRT, intensity modulated radiation therapy; GU, genitourinary; GI, gastrointestinal. 
Toxicity rates by grade for each cohort were compared using Pearson test. No statistically significant differences were found. 

Table 4 
Acute Toxicity Details.   

HDR-BT Upfront 
(n = 58) 

IMRT Upfront 
(n = 57)  

G1 G2 G3 G4/5 G1 G2 G3 G4/5 

GU 
Frequency 32 (65.5%) 9 (10.3%) 0 0 32 (56.1%) 12 (21.1%) 0 0 
Urgency 27 (46.5%) 5 (8.6%) 0 0 36 (63.2%) 3 (5.3%) 0 0 
Dysuria 26 (44.8%) 0 0 0 28 (49.1%) 0 0 0 
Obstruction 22 (37.9%) 18 (31.0%) 1 (1.7%) 0 24 (42.1%) 19 (33.3%) 0 0 
Incontinence 3 (5.2%) 1 (1.7%) 0 0 10 (17.5%) 2 (3.5%) 0 0 
Hematuria 24 (41.4%) 1 (1.7%) 1 (1.7%) 0 31 (54.4%) 1 (1.8%) 0 0 
Temporary 

Catheter Placement Required 
0 4 (6.9%) 1 (1.7%) 0 0 3 (5.3%) 0 0  

GI 
Diarrhea 28 (50.9%) 0 1 (1.7%) 0 17 (29.8%) 2 (3.5%) 0 0 
Rectal Pain 8 (13.8%) 0 0 0 25 (43.9%) 0 0 0 
Proctitis 7 (12.1%) 5 (8.6%) 0 0 14 (24.6%) 4 (7.0%) 0 0  

Table 5 
Late Toxicity Details.   

HDR-BT Upfront (n = 58) IMRT Upfront(n = 57)  

G1 G2 G3 G4/5 G1 G2 G3 G4/5 

GU 
Frequency 38 (65.5%) 6 (10.3%) 0 0 44 (77.2%) 3 (5.3%) 0 0 
Urgency 31 (53.4%) 7 (12.1%) 0 0 37 (64.9%) 2 (3.5%) 0 0 
Dysuria 10 (17.2%) 1 (1.7%) 0 0 9 (15.8%) 1 (1.8%) 0 0 
Obstruction 36 (62.1%) 3 (5.2%) 0 0 35 (61.4%) 4 (7.0%) 0 0 
Incontinence 12 (20.7%) 2 (3.5%) 0 0 15 (26.3%) 1 (1.8%) 0 0 
Hematuria 1 (1.7%) 1 (1.7%) 0 0 2 (3.5%) 1 (1.8%) 0 0 
Urethral stricture requiring dilation 0 1 (1.7%) 0 0 0 3 (5.3%) 0 0  

GI 
Diarrhea 1 (1.7%) 0 0 0 2 (3.5%) 1 (1.8%) 0 0 
Rectal Pain 0 0 0 0 3 (5.3%) 0 0 0 
Proctitis 5 (8.6%) 1 (1.7%) 0 0 2 (3.5%) 0 0 0  
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necessary to better evaluate long-term disease control and late toxicity. 
We found a statistically significant change in mean percent change in 

AUA score from baseline through 6 months for all patients. However, 
mean percent change in AUA score was not different from baseline to 
9–24 months. Overall, our findings suggest no difference in GU patient- 
reported QoL through 2 years with either approach. Our findings are 
consistent with a prior report that observed acute worsening of GU 
symptoms at 1 month post-BT, with gradual improvement over time 
[27]. Interestingly, on subgroup analysis, there were differences be-
tween the HDR-BT upfront and IMRT upfront groups. The HDR-BT had 
significantly higher mean percent change in AUA scores through 12 
months, while the IMRT upfront group had significantly higher mean 
percent change in AUA scores through 3 months. There was no differ-
ence in physician-assessed GU toxicity by CTCAE. This suggests that 
short-term GU toxicity may have persisted for a longer period in the 
HDR-BT upfront group. This may have been related to differences in 
treatment by year. Most patients treated between 2014 and 2016 
received HDR-BT upfront. The brachytherapy program began at our 
institution in 2014 and brachytherapy procedure skill certainly 
improved with greater experience. Additionally, during this period, the 
workflow included cystoscopy after each HDR-BT procedure to evaluate 
implant quality, which was discontinued in more recent years in favor of 
ultrasound. It is important to note that the number of patients with AUA 
score data available was variable during the follow-up period and this 
may have also biased the results. Regardless, as noted above, the mean 
percent change in AUA scores from baseline was not significantly 
different with longer follow-up through 24 months in either group. 

Currently there is no consensus on the optimal sequence of HDR-BT 
boost and EBRT in the management of prostate cancer [17,18]. 
Sequencing of HDR-BT and EBRT is institution and physician dependent, 
primarily based on preference and logistical considerations such as 
scheduling, resource-allocation, and workflow. For example, one 
particular advantage of utilizing HDR-BT upfront is the ability to place 
fiducial markers and perform HDR-BT in one procedure, reducing pa-
tient burden to one preparation regimen. A similarly designed, pro-
spective randomized trial titled THEPCA is currently underway in 
England with results pending [20]. 

Our study has numerous strengths. The comparison groups were 
well-balanced for nearly every baseline and disease factor. The IMRT 
and HDR implant were performed by a single radiation oncologist (H.A. 
G.) limiting treatment heterogeneity. We have maintained a strong 
follow-up clinic with the goal of scheduled follow up visits for every 
patient receiving HDR-BT boost at 3–6 month intervals. We performed 
an exhaustive review of the EMR, including any other visits (such as 
urgent care, emergency room, urology) within our large hospital system. 
We also reviewed all available patient records from outside our hospital 
system. This helps ensure that toxicity or biochemical recurrence events 
were captured. We evaluated patient-reported symptoms while grading 
toxicity and included data on patient-reported GU toxicity (AUA scores). 
We utilized the NCI sponsored CTCAE v5.0 to evaluate toxicity, which is 
a standardized scoring criteria that has been utilized in many prospec-
tive brachytherapy studies [28–32]. 

There are several limitations in our study. Most importantly, there 
were differences in terms of HDR-BT sequence utilized based on treat-
ment year, with patients mostly receiving HDR-BT upfront in 
2014–2016, while patients mostly received IMRT upfront in 2017–2018. 
While this was driven primarily by physician preference and not patient- 
specific factors, this may have introduced heterogeneity between the 
treatment delivered to the two groups. Examples of potential con-
founders include changes to the brachytherapy procedure and workflow 
over time, improvement in brachytherapy skill with greater experience, 
or differences in IMRT treatment. Other limitations are related to the 
retrospective nature of the study. Despite our thorough review of the 
EMR, there remains a possibility that toxicity or biochemical failure 
events were not coded for select patients who received follow-up care 
elsewhere and/or were lost to follow-up. Given that our HDR prostate 

program was established recently, the length of follow-up was relatively 
short which limits the ability to evaluate bRFS and late toxicity. The 
toxicity evaluation in our study was based primarily on physician 
assessment and grading. Additional patient-reported toxicity and quality 
of life measures would strengthen the analysis. Despite these limitations, 
we believe that our study fills a void in the literature and provides data 
on a practical question for the brachytherapy community. 

5. Conclusion 

In a single-institution retrospective analysis of patients with inter-
mediate or high-risk prostate cancer treated with IMRT with HDR-BT 
boost in conjunction with ADT at our institution, we found no signifi-
cant difference in acute GU/GI toxicity or late GU/GI toxicity at 2-year 
follow-up in patients treating with HDR-BT upfront versus IMRT 
upfront. These findings suggest that the sequence of HDT-BT boost and 
IMRT may not impact early GU/GI toxicity outcomes in this patient 
population and that either approach may be reasonable. Longer follow- 
up and prospective validation of our results is warranted. 
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