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Background: Clinical data suggest that stereotactic body radiation therapy (SBRT) provides similar clinical outcomes as other radiation modalities for prostate cancer. However, data reporting on the safety of SBRT after TURP is limited. Herein, we report our experience using SBRT to deliver hypofractionated radiotherapy in patients with a history of TURP including physician-reported toxicities and patient-reported quality of life.

Methods: Forty-seven patients treated with SBRT from 2007 to 2016 at Georgetown University Hospital for localized prostate carcinoma with a history of prior TURP were included in this retrospective analysis. Treatment was delivered using the CyberKnife® (Accuray Incorporated, Sunnyvale, CA) with doses of 35 Gy or 36.25 Gy in 5 fractions without prostatic urethral sparing. Toxicities were recorded and scored using the CTCAE v.4. Cystoscopy findings were retrospectively reviewed. Urinary quality of life data was assessed using the International Prostate Symptom Scoring (IPSS) and Expanded Prostate Cancer Index Composite 26 (EPIC-26). A Wilcoxon signed-rank sum test was used to determine if there was a statistically significant increase or decrease in IPSS or EPIC scores between timepoints. Minimally important differences were calculated by obtaining half the standard deviation at time of start of treatment.

Results: Forty-seven patients at a median age of 72 years (range 63–84) received SBRT. The mean follow-up was 4.7 years (range 2–10 years). Late Grade 2 and grade 3 urinary toxicity occurred in 23 (48.9%) and 3 (6.4%) men, respectively. There were no Grade 4 or 5 toxicities. Approximately 51% of patients experienced hematuria following treatment. Mean time to hematuria was 10.5 months. Twenty-five cystoscopies were performed during follow-up and the most common finding was hyperemia, varices of the bladder neck/TURP defect, and/or necrotic tissue in the TURP defect. Baseline urinary QOL composite scores were low, but they did not clinically significantly decline in the first 2 years following treatment.

Conclusions: In patients with prior TURP, prostate SBRT was well-tolerated. GU toxicity rates were comparable to similar patients treated with conventionally fractionated radiation therapy. Urinary quality of life was poor at baseline, but did not worsen clinically over time. Stricter dosimetric criteria could potentially improve the rate of high-grade late toxicity, but may increase the risk of peri-urethral recurrence.

Keywords: prostate cancer, SBRT, CyberKnife, benign prostatic hyperplasia, IPSS, EPIC-26, quality of life, common toxicity criteria (CTC)


BACKGROUND

While conventionally fractionated and moderately hypofractionated intensity modulated radiation therapy (IMRT) are the most commonly employed modalities for clinically localized prostate cancer (1), the utilization of ultra-hypofractionated treatment is increasing (2). Stereotactic Body Radiation Therapy (SBRT) with its increased accuracy, intrafraction image guidance, and reduced treatment margins may allow for a more convenient and effective form of external radiation therapy (3, 4). Emerging data from randomized trials suggest that this approach may provide similar clinical outcomes as other radiation modalities with high rates of biochemical control and low rates of grade 3 and higher toxicities (5, 6). The Hypo-RT-PC randomized phase III trial has shown identical biochemical disease-free survival and similar toxicities comparing standard fractionation with ultra-hypofractionated SBRT (5). Based on these reports, as well as patient preference for an abbreviated course of treatment, SBRT utilization is likely to continue to increase.

Benign prostatic hyperplasia (BPH) is a common problem in elderly men with >50% of men over the age of 50 experiencing it (7). Alpha1-receptor antagonists with or without 5-alpha-reductase blockers are used as first line therapy for symptomatic relief in patients with moderate to severe BPH (8). Transurethral resection of the prostate (TURP) is the standard of care for medical refractory BPH (8). While TURP relieves bothersome urinary obstruction, urinary function in general does not improve to baseline due to residual bladder injury. Post-TURP related complications include incontinence (in up to 11%), urethral strictures (in up to 10%), and bladder neck contractures (in up to 9%) (9). Unfortunately, BPH can regrow into the TURP defect, causing a recurrence of obstructive and irritative symptoms and the need for a repeat TURPs (3–15%) (9).

External beam radiation therapy (EBRT) causes predictable urinary side effects. Radiation urethitis/cystitis occurs months to years after radiation therapy of localized prostate cancer (10). Patients with radiation-induced cystitis experience hematuria, dysuria, frequency/urgency, incontinence, and retention (11). Retention and/or dysuria are commonly managed with alpha1-receptor antagonists (12, 13) while urinary, frequency/urgency and resulting incontinence are managed with anti-muscarinics (14). Cystoscopic evaluation for hematuria commonly reveals hyperemia, congested mucosa, and neovascularization (15). Prostate-related hematuria is commonly treated by 5a-reductase inhibitors (16). The risk of urethritis/cystitis is dependent upon both the total radiation dose and the volume of the urethra/bladder in the high dose area (17). Patient characteristics, such as a history of prior urethral procedures and/or chronic anticoagulation therapy (18) may increase an individual patient's risk of clinically significant urethritis/cystitis.

Data regarding the safety of SBRT after TURP is limited to highly selected patients (19, 20). The aim of our study is to report on radiation-related toxicities using common terminology for common adverse events (CTCAE v4) in unselected patients who have a history of TURP and have undergone SBRT for treatment of their prostate cancer. We also assessed baseline quality of life of post-TURP patients and the impact of subsequent SBRT treatment using validated instruments (EPIC-26 and IPSS). We report on quality of life measures in urinary incontinence and irritative/obstructive domains.



METHODS


Patient Selection

The Georgetown University Institutional Review Board (IRB) approved this single institution retrospective review of prospectively collected toxicity and quality of life (QoL) data (IRB#: 2009-510). All individuals diagnosed with localized prostate cancer who received SBRT at MedStar Georgetown University Hospital from 2007 to 2016 were eligible for inclusion. In order to be included in this study, patients were required to have at least one TURP procedure prior to SBRT with a minimum of 24 months follow up following radiation treatment. Patients who had undergone minimally invasive procedures such as transurethral needle ablation or laser vaporization techniques were excluded from the current report. Figure 1 demonstrates a sagittal section of a T2 weighted MRI revealing visible TURP defect.
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FIGURE 1. Coronal T2-weighted MRI revealing visible TURP defect.




SBRT Treatment Planning and Delivery

Simulation, contouring, and treatment planning were conducted based on an institutional protocol (21). Patients underwent a treatment planning CT and pelvic MRI at least 1 week after placement of 4–6 gold fiducial markers in the prostate. The clinical target volume (CTV) included the prostate and the proximal seminal vesicles. The PTV equaled the CTV expanded 3 mm posteriorly and 5 mm in all other dimensions. The prescription dose was 35-36.25 Gy to the PTV delivered in five fractions of 7–7.25 Gy over 1–2 weeks. The bladder and membranous urethra were contoured structures and evaluated with dose-volume histogram analysis during treatment planning using Multiplan (Accuray Inc., Sunnyvale, CA) inverse treatment planning. The empty bladder volume receiving 37 Gy was limited to <5 cc. The membranous urethra dose-volume histogram (DVH) goal was <50% the volume receiving 50% of the prescribed dose. The prescription isodose line was limited to >75% which limited the maximum prostatic urethra dose to 133% of the prescription dose.



Follow-Up and Statistical Analysis

Assessment of toxicity was performed on the first day of treatment and during subsequent follow-up visits. The utilization of alpha1-receptor antagonists, anti-muscarinics, 5-alpha-reductase blockers, and anti-coagulants was documented at each visit. Toxicities at each time point were scored using the CTCAE v4. We defined acute toxicity as toxicity occurring in under 3 months post-treatment; all other toxicities after 3 months were considered late toxicity. Both transient and chronic toxicities were included and are reported here. Genitourinary toxicities included hematuria, dysuria, incontinence, urinary urgency/frequency, and urinary retention (21). Grade 1 toxicities included those who reported side effects not requiring medication for management. Grade 2 toxicities included requirement to start a new medication, increase the dose of medication, or if pre-treatment Grade 1 toxicities increased in severity. Grade 3 toxicities included those which required surgical intervention including repeat TURP. The highest GU toxicity was determined across time points and reported here.

Cross-sectional assessment of the quality of life using the IPSS and EPIC-26 questionnaires were assessed on the first day of treatment and during subsequent follow-ups at 1-month post-treatment, every 3 months during the first-year post-treatment, every 6 months after the second year, then yearly. The score for each EPIC-26 domain was calculated as a weighted percentage based on urinary irritative/obstructive and incontinence domains. Domain scores were obtained by calculating an average across the time point. A Wilcoxon signed-rank sum test was used to determine if there was any significant increase or decrease in EPIC score domains and combined IPSS score at different timepoints. A chi-square test was used to compare pad usage over time. Minimally important differences were calculated by obtaining half the standard deviation at time of start of treatment. Prism v8.3 (GraphPad Software, San Diego, CA) was used for statistically analysis. P < 0.05 was considered statistically significant.




RESULTS

Forty-seven prostate cancer patients with at least one prior TURP were treated per our institutional SBRT protocol from 2007 to 2016. The mean follow-up was 4.7 years (range 2–10 years). Table 1 provides patient characteristics. They were ethnically diverse with a median age of 72 years (range 63–84 years). Twelve patients were low-risk, 28 patients were intermediate-risk, and seven patients were high risk per the D'Amico Risk Classification (22). Seventeen patients also received androgen deprivation therapy (ADT). The median prostate volume was 42 cc (11.5–140 cc). The TURP procedure occurred months to years prior to SBRT with six patients treated with multiple prior TURPs. Comorbidities were common in our population (average Charlson Comorbidity Index (CCI) = 1.7, CCI >2 61.7%). Chronic anticoagulant use was noted in 40.4% of patients. A roughly equal percentage were treated with 35 Gy and 36.25 Gy in five fractions (23).


Table 1. Patient characteristics and treatment.
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Acute and late urinary toxicities are reported in Table 2. Low grade acute toxicities were common. Utilization of alpha1 antagonists, 5a-reductase inhibitors, and antimuscarinic agents for symptomatic management over time are shown in Figure 2. One patient with an enlarged prostate (85 cc) and two prior TURPs experienced an acute Grade 3 hematuria requiring cauterization. Late Grade 2 and grade 3 urinary toxicity occurred in 23 (48.9%) and 3 (6.4%) men, respectively. Fifty-one percent of patients experienced hematuria. The mean time to hematuria was 10.5 months. Late Grade 2 hematuria requiring 5a-reductase inhibitors was observed in 12.8% of patients (Table 2). Twenty-five patients underwent cystoscopy to evaluate the etiology of the bleeding (Table 3). The most common findings were a hyperemic bladder neck/TURP defect with or without neovascularization and/or necrotic tissue. One patient required fulguration of varices and two patients required resection of necrotic tissue (Grade 3 toxicity) to stop the bleeding. Hematuria resolved prior to the next follow-up in 82% of patients. The newly diagnosed stricture rate was 4.3% in our population.


Table 2. Summary of CTC graded acute (defined as toxicity under 3 months) and late genitourinary (GU) toxicities (defined as toxicity over 3 months).
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FIGURE 2. Percentage of patients prescribed (A) alpha1 antagonists, (B) 5a-reductase inhibitors, and (C) antimuscarinic agents to treat symptoms in the months following SBRT for their prostate cancer.



Table 3. Cystoscopy results.
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Consistent with their history of BPH treatment, the majority of patients had lower urinary tract symptoms prior to treatment (24) and decreased baseline urinary function (14). Baseline quality of life scores are shown in Table 4. Approximately 57 percent of patients had moderate to severe urinary tract symptoms prior to SBRT (Baseline IPSS >8) with a median baseline IPSS of 9. There was no clinically or statistically significant change in the IPSS score in the first 2 years following treatment (p = 0.125, MID 3.5) (Figure 3). The baseline urinary incontinence EPIC score was 85.7 (Table 4). It fell to 78.7 at 3 months (Figure 4A). By 24 months, the scores in the urinary incontinence domain increased to 82.3 back to baseline (p = 0.125, 95% CI −14.28 to −21.27). There was no clinically significant worsening of incontinence symptoms (MID 11.8). Likewise, there was no significant difference in pad usage over time (Figure 4B) (X2 = 5.473, p = 0.6025). Urinary irritative/obstructive symptoms fell from 81.6 at start of treatment (Table 4) to 73.2 at 1 month (Figure 4C). At 24 months, the EPIC irritative/obstructive score had increased back to 84.8 (p = 0.125, 95% CI −15.24 to −26.85). There was no clinically significant worsening of irritative/obstructive symptoms (MID 14.5).


Table 4. Baseline toxicity scores by IPSS and EPIC-26 urinary incontinence and irritative/obstructive domains.
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FIGURE 3. Urinary quality of life using the International Prostate Symptom Scoring (IPSS) score. The graphs show unadjusted changes in average scores over time for each domain. IPSS scores range from 0 – 35 with higher values representing worsening urinary symptoms. Error bars indicate SEM. The dashed lines represent the minimally important difference values.
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FIGURE 4. Urinary Quality of Life using the Expanded Prostate Cancer Index Composite (EPIC) for the (A) urinary incontinence, (B) Percentage of pad usage corresponding to EPIC question 27, and (C) urinary irritative/obstructive domains. EPIC scores range from 0 – 100 with higher values representing a more favorable health-related QOL. Error bars indicate SEM. Dashed lines represent the calculated minimally important difference values.




DISCUSSION

Pre-treatment TURP has been shown to increase the risk of urinary toxicities following various radiation therapies including EBRT and brachytherapy (Table 5) (21, 25–28). The evidence is conflicting on whether TURP improves or worsens acute GU toxicity, but the impacts seem to have additive effects for late GU toxicity (29). This study aimed to assess the safety of performing prostate SBRT in patients with prior TURP. SBRT was generally well-tolerated in this population with rare high-grade acute toxicity (Table 2). Cumulative late ≥grade 2 and ≥grade 3 GU toxicity was observed in 49 and 6.4% of patients, respectively. It should be noted that the seemingly high rate of grade 2 GU toxicity was due to use of alpha-antagonists, 5 alpha reductase inhibitors and antimuscarinics for transient urinary symptoms (Figure 2). It is encouraging that only a few patients required fulguration or repeat TURP. Four patients were found to have urethral strictures/bladder neck contractures during cystoscopic evaluation for hematuria. However, in two of these patients, the strictures pre-dated SBRT treatment and were likely complications from their prior TURPs (9). Subclinical strictures with mild symptoms after TURP are common (9). Therefore, it is not possible to determine the cause of all strictures observed in post-SBRT cystoscopies. In this report we have included all strictures, regardless of presumed etiology.


Table 5. Summary of late grade 3 toxicities reported for various radiation therapy techniques in individuals who have undergone TURP.
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Greater than 50% of our post-TURP patients experienced at least one episode of transient hematuria following SBRT. We have previously reported on hematuria rates in our total prostate cancer population undergoing SBRT. In that population, 18.3% of patients reported at least one episode of hematuria following SBRT with median time to hematuria being 13.8 months (29). In this study we show that 51.1% of our post-TURP patient reported at least one episode of hematuria following SBRT with median time to hematuria at 10.5 months. Of those, 81.8% resolved within the next timeline. In the majority of patients, hematuria resolved on its own with only six patients requiring medical management.

Patients in this study had poor baseline urinary quality of life with the majority had moderate urinary symptoms (IPSS >9). In prostate cancer patients treated with radiation, baseline EPIC urinary scores are commonly 90 (30–32). Our Post-TURP baseline urinary EPIC irritative and incontinence scores were in the low of 80 s. Lee et al. reported on patients with prior TURP undergoing proton therapy for their prostate cancer (26). Likewise, they found that pretreatment TURP was associated with inferior physician reported toxicity and patient-reported QOL. It is reassuring that in this study the post-TURP's patients' urinary quality of life did not significantly decline in the first 2 years following SBRT (33).

The mechanism for increased late morbidity following SBRT after TURP is unclear. It has been proposed that devascularization of the urethra following TURP lessens the ability of the mucosa to repair DNA damage (34). In addition, TURP defects expand the size of the prostatic urethra increasing the amount of mucosa exposed to high radiation doses. Finally, post-TURP patients are typically elderly with a high level of comorbidity prior to treatment, which may increase their baseline risk of late GU toxicity (35).

Limiting the radiation dose to the TURP-defect could reduce the risk of hematuria. However, urethral sparing with IMRT increases the risk of local recurrence (36) and may increase urinary morbidity by increasing the radiation dose to the bladder neck. Thus, we have modified our institutional protocol with the aim of reducing urinary symptoms without increasing the risk of local recurrence by employing urethral dose reduction (32). This approach has previously been applied effectively with brachytherapy (37). Specifically, we now contour the TURP cavity on the treatment planning scans and limit the point dose to 42 Gy. We hope this will reduce the rate of high-grade urinary toxicity in the future. Longer term follow up will be required to determine periurethral recurrence rae and overall toxicity in this population.



CONCLUSIONS

In patients with prior TURP, prostate SBRT was well-tolerated. GU toxicity rates were comparable to similar patients treated with conventionally fractionated radiation therapy or brachytherapy. Urinary quality of life was poor at baseline, but did not worsen clinically over time. Stricter dosimetric criteria could potentially improve the rate of high-grade late toxicity, but may increase the risk of peri-urethral recurrence.



DATA AVAILABILITY STATEMENT

The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation, to any qualified researcher.



ETHICS STATEMENT

The studies involving human participants were reviewed and approved by The Georgetown University Institutional Review Board (IRB#: 2009-510). The patients/participants provided their written informed consent to participate in this study.



AUTHOR CONTRIBUTIONS

AP and NA were the lead authors, who participated in data collection, data analysis, manuscript drafting, table/figure creation, and manuscript revision. SSh aided in data collection. SK, HT, and SD participated in manuscript drafting and data analysis. TY and MA participated in clinical data collection. MD contributed to the study design and clinical data collection. SL developed the majority of patients' SBRT treatment plans and contributed to the data analysis and interpretation. BC and MG are senior authors who aided in reviewing the manuscript. PK aided in manuscript review and figure creation. RH and JL participated in manuscript review. SC was the principal investigator who initially developed the concept of the study and the design, aided in data collection, and drafted and revised the manuscript. SSu is a senior author who organized the data and participated in its analysis. All authors contributed to manuscript revision, read, and approved the submitted version.



FUNDING

The Department of Radiation Medicine at Georgetown University Hospital receives a grant from Accuray to support a research coordinator.



ACKNOWLEDGMENTS

This work was supported by The James and Theodore Pedas Family Foundation. Portions of this research were presented in abstract form at the ASCO-GU in 2018.



ABBREVIATIONS

ADT, androgen deprivation therapy; BPH, Benign Prostatic Hyperplasia; CCI, Charlson Comorbidity Index; CT, computerized tomography; CTC, Common Toxicity Criteria; CTV, clinical target volume; DVH, dose-volume histogram; EBRT, external beam radiation therapy; EPIC, expanded prostate cancer index composite; GU, genitourinary; IMRT, intensity modulated radiation therapy; IPSS, international prostate symptom score; MRI, magnetic resonance imaging; PTV, planning target volume; QoL, quality of life; SBRT, stereotactic body radiation therapy; TURP, transurethral resection of the prostate.



REFERENCES

 1. Dearnaley D, Syndikus I, Mossop H, Khoo V, Birtle A, Bloomfield D, et al. Conventional vs hypofractionated high-dose intensity-modulated radiotherapy for prostate cancer: 5-year outcomes of the randomised, non-inferiority, Phase 3 CHHiP trial. Lancet. (2016) 17:1047–60. doi: 10.1016/S1470-2045(16)30102-4

 2. Pan H, Simpson DR, Mell LK, Mundt AJ, Lawson JD. A survey of stereotactic body radiotherapy use in the United States. Cancer. (2011) 117:4566–72. doi: 10.1002/cncr.26067

 3. Fowler JF. The radiobiology of prostate cancer including new aspects of fractionated radiotherapy. Acta Oncol. (2005) 44:265–76. doi: 10.1080/02841860410002824

 4. Kishan AU, Dang A, Katz AJ, Mantz CA, Collins SP, Aghdam N., et al. Long-term outcomes of stereotactic body radiotherapy for low risk and intermediate risk prostate cancer. JAMA Netw. (2019) 2:e188006. doi: 10.1001/jamanetworkopen.2018.8006

 5. Widmark A, Gunnlaugsson A, Beckman L, Thellenberg-Karlsson C, Hoyer M, Lagerlund M, et al. Ultra-hypogractionated vs conventionally fractionated radiotherapy for prostate cancer: 5-Year outcomes of the HYPO-RT-PC randomised, non-inferiority, Phase 3 Trial. Lancet. (2019) 394:383–95. doi: 10.1016/S0140-6736(19)31131-6

 6. Brand D, Tree AC, Ostler P, van der Voet H, Loblaw A, Chu W, et al. Intensity-modulated fractionated radiotherapy vs stereotactic body radiotherapy for prostate cancer (PACE-B): acute toxicity findings from a international, randomized, open-label, Phase 3, non-inferiority trial. Lancet. (2019) 20:1531–43. doi: 10.1016/S1470-2045(19)30569-8

 7. Prostate Enlargement (Benign Prostatic Hyperplasia). National Institute of Diabetes and Digestive and Kidney Diseases. (2014). Available online at: https://www.niddk.nih.gov/health-information/urologic-diseases/prostate-problems/prostate-enlargement-benign-prostatic-hyperplasia#howCommon

 8. Edwards J. Diagnosis and management of benign prostatic hyperplasia. Am Fam Phys. (2008) 77:1403–10.

 9. Rassweiler J, Teber D, Kuntz R, Hofmann R. Complications of Transurethral Resection of Prostate (TURP) incidence, management, and prevention. (2006) 50:969–79. doi: 10.1016/j.eururo.2005.12.042

 10. Elliott S, Malaeb B. (2011). Long-term urinary adverse effects of pelvic readiotherapy. World J Urol. 29:35–41 doi: 10.1007/s00345-010-0603-x

 11. Horan N, Cooper JS. Radiation Cystitis And Hyperbaric Management. In: StatPearls. Treasure Island (FL): StatPearls Publishing (2019). Available online at: https://www.ncbi.nlm.nih.gov/books/NBK470594/ (accessed January 28, 2019)

 12. Nickel JC. Alpha blockers for the treatment of prostatitis-like Syndromes. Rev Urol. (2006) 8(Suppl. 4):S26–34.

 13. Rovner ES. Trospium chloride in the management of overactive bladder. Drugs. (2004) 64:2433–46. doi: 10.2165/00003495-200464210-00005

 14. Prosnitz RG, Schneider L, Manola J, Rocha S, Loffredo M, Lopes L, D'Amico AV. Tamsulosin palliates radiation-induced urethritis in patients with prostate cancer: results of a pilot study. Int J Radiat Oncol Biol Phys. (1999) 45:563–6. doi: 10.1016/S0360-3016(99)00246-1

 15. Leapman MS, Stock RG, Stone NN, Hall SJ. Findings at cystoscopy performed for cause after prostate brachytherapy. Urology. (2014) 83:1350–5. doi: 10.1016/j.urology.2014.01.031

 16. Kearney MC, Bingham J, Bergland R, Meade-D'Alisera P, Puchner PJ. Clinical predictors in the use of finasteride for control of gross hematuria due to benign prostatic hyperplasia. J Urol. (2002) 167:2489–91. doi: 10.1016/S0022-5347(05)65011-2

 17. Inokuchi H, Mizowaki T, Norihisa Y, Takayama K, Ikeda I, Nakamura K, et al. Correlation between urinary dose and delayed radiation cystitis after 78 Gy intensity-modulated radiotherapy for high-risk prostate cancer: a 10-year follow-up study of genitourinary toxicity in clinical practice. Clin Translat Radiat Oncol. (2017) 6:31–6. doi: 10.1016/j.ctro.2017.09.005

 18. Choe KS, Jani AB, Liauw SL. External beam radiotherapy for prostate cancer patients on anticoagulation therapy: how significant is the bleeding toxicity? Int J Radiat Oncol Biol Phys. (2010) 76:755–60. doi: 10.1016/j.ijrobp.2009.02.026

 19. Murthy V, Sinha S, Kannan S, Datta D, Das R, Bakshi G, et al. Safety of prostate stereotactic body radiation therapy after Transurethral Resection of the Prostate (TURP): a propensity score matched analysis. (2019) 9:347–53. doi: 10.1016/j.prro.2019.04.003

 20. Murthy V, Gupta M, Mulye G, Maulik S, Munshi M, Krishnatry R, et al. Early results of extreme hypofractionation using stereotactic body radiation therapy for high risk, very high risk, and node positive prostate Cancer. Clin Oncol. (2018) 30: 442–7. doi: 10.1016/j.clon.2018.03.004

 21. Chen L, Suy S, Uhm S, Oermann EK, Ju AW, Chen V, et al. Stereotactic Body Radiation Therapy (SBRT) for clinically localized prostate cancer: the georgetown experience. Radiat Oncol. (2013) 8:58. doi: 10.1186/1748-717X-8-58

 22. D'Amico AV, Whittington R, Malkowicz SB, Schultz D, Blank K, Broderick GA, et al. Biochemical outcome after radical prostatectomy, external beam radiation therapy, or interstitial radiation therapy for clinically localized prostate cancer. JAMA. (1998) 280:969–74. doi: 10.1097/00005392-199904000-00112

 23. Katz AJ, Santoro M, Ashley R, Diblasio F. Stereotactic body radiation therapy for low- and low-intermediate-risk prostate cancer: is there a dose effect? Front Oncol. (2011) 1:49. doi: 10.3389/fonc.2011.00049

 24. Merrick GS, Butler WM, Lief JH, Dorsey AT. Temporal resolution of urinary morbidity following prostate brachytherapy. Int J Radiat Oncol Biol Phys. (2000) 47:121–8. doi: 10.1016/S0360-3016(99)00525-8

 25. Devisetty K, Zorn KC, Katz MH, Jani AB, Liauw SL. External beam radiation therapy after transurethral resection of the prostate: a report on acute and late genitourinary toxicity. Int J Radiat Oncol Biol Phys. (2010) 77:1060–5. doi: 10.1016/j.ijrobp.2009.06.078

 26. Lee DT, Mendenhall NP, Smith TL, Morris CG, Nichols RC, Bryant C, et al. Patient-reported quality of life in men with transurethral resection of the prostate undergoing proton therapy for management of prostate cancer. Int J Part Ther. (2016) 2:518–24. doi: 10.14338/IJPT-15-00034.1

 27. Luo HL, Fang FM, Chuang YC, Chiang PH. Previous transurethral resection of the prostate is not a contraindication to high-dose rate brachytherapy for prostate cancer. BJU Int. (2009)104:1620–3. doi: 10.1111/j.1464-410X.2009.08664.x

 28. Demanes DJ, Rodriguez RR, Schour L, Brandt D, Altieri G. High-dose-rate intensity-modulated brachytherapy with external beam radiotherapy for prostate cancer: California endocurietherapy's 10-year results. Int J Radiat Oncol Biol Phys. (2005)61:1306–16. doi: 10.1016/j.ijrobp.2004.08.014

 29. Ishiyama H, Jorayama T, Jhaveri P, Satoh T, Paulino A, Xu B, et al. Is there an Increase in genitourinary toxicity in patients treated with transurethral resection of the prostate and radiotherapy? Am J of Clin Oncol. (2014) 37:297–304. doi: 10.1097/COC.0b013e3182546821

 30. Chen LN, Suy S, Wang H, Bhagat A, Woo JA, Moures RA, et al. Patient-reported urinary incontinence following stereotactic body radiation therapy (SBRT) for clinically localized prostate cancer. Radiat Oncol. (2014) 9:148. doi: 10.1186/1748-717X-9-148

 31. Bhattasali O, Chen LN, Woo J, Park JW, Kim JS, Moures R, et al. Patient-reported outcomes following stereotactic body radiation therapy for clinically localized prostate cancer. Radiat Oncol. (2014) 9:52. doi: 10.1186/1748-717X-9-52

 32. Repka M, Guleria S, Cyr R, Yung TM, Koneru H, Chen LN, et al. Acute urinary morbidity following stereotactic body radiotherapy for prostate cancer for prophylactic alpha-adrenergic antagonist and urethral dose reduction. Front Oncol. (2016) 6:122. doi: 10.3389/fonc.2016.00122

 33. Chen RC, Clark JA, Talcott JA. Individualizing quality-of-life outcomes reporting: how localized prostate cancer treatments affect patients with different levels of baseline urinary, bowel, and sexual function. J Clin Oncol. (2009) 27:3916–22. doi: 10.1200/JCO.2008.18.6486

 34. Seymore CH, el-Mahdi AM, Schellhammer PF. The effect of prior transurethral resection of the prostate on post radiation urethral strictures and bladder neck contractures. Int J Radiat Oncol Biol Phys. (1986) 12:1497–600. doi: 10.1016/0360-3016(86)90283-X

 35. Chen AB, D'Amico AV, Neville BA, Earle CC: Patient and treatment factors associated with complications after prostate brachytherapy. J Clin Oncol. (2006) 24:5298–304. doi: 10.1200/JCO.2006.07.9954

 36. Vainshtein J, Abu-Isa E, Olson K, Ray ME, Sandler HM, Normolle D, et al. Randomized Phase II trial of urethral sparing intensity modulated radiation therapy in low-risk prostate cancer: implications for focal therapy. Radiat Oncol. (2012) 7:82. doi: 10.1186/1748-717X-7-82

 37. Wallner K, Lee H, Wasserman S, Dattoli M. Low risk of urinary incontinence followng prostate brachytherapy in patients with a prior transurethral prostate resection. Int J Radiat Oncol Biol Phys. (1997) 37:565–9. doi: 10.1016/S0360-3016(96)00570-6

Conflict of Interest: SC and BC serve as a clinical consultant to Accuray Inc.

The remaining authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

Copyright © 2020 Pepin, Aghdam, Shah, Kataria, Tsou, Datta, Danner, Ayoob, Yung, Lei, Gurka, Collins, Krishnan, Suy, Hankins, Lynch and Collins. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.



OPS/images/fonc-10-00555-t001.jpg
Percent of Patients

(n=47)
Age (vears): Median 72 (63-84)

60-69 36.2% (17)
70-79 48.9% (23)
>80 14.9% (7)
Race

White 48.9% (23)
Black 38.3% (18)
Other 12.8% (6)
Time from TURP to SBRT

<12mon 14
1-5yrs 12
5-10yrs 6
>10years 7
Unknown 8

# of TURP procedures

1 87.2% (41)
2 10.6% (5)
>3 21% (1)
Prostate volume (cc) Median 42 (11.6-140)
Pre-treatment PSA (ng/ml): Median 6.5 (1.8-17)

<10 78.7% (37)
>10and <20 21.3% (10)
T stage

Tib-T2a 80.9% (38)
T2b-T2c 19.1% (9)
Gleason score

6 29.8% (14)
7 55.3% (26)
8-9 14.9% (7)
Charlson comorbidity Index

0 27.7% (13)
1 10.6% (5)
>2 61.7% (29)
Risk group (D’Amico)

Low 25.5% (12)
Intermediate 59.6% (28)
High 14.9% (7)
Hormone therapy

Yes 36.2% (17)
No 63.8% (30)
Anticoagulation

Anticoagulation 40.4% (19)
No anticoagulation 50.6% (28)
SBRT dose

35 57.4% (27)

3625 42.6% (20)





OPS/images/fonc-10-00555-t002.jpg
None Grade 1 Grade 2 Grade 3

Hematuria® 0 6 0 1
Dysuria 27 20 0 0
Frequency/Urgency 11 36 0 0
Incontinence 25 22 0 0
Retention 18 23 6 0
Overall 6(127%)  34(723%)  6(128%)  1(21%)

Hematuria® 25 13 6 3
Dysuria 24 20 3 0
Frequency/Urgency 3 33 6 0
Incontinence 16 24 7 0
Retention 9 25 11 2
Overall 1(21%)  20(425%)  23(48.9%)  3(6.4%)

“There was a resolution of hematuria in 82% of patients by the next time point.





OPS/images/fonc-10-00555-g003.gif





OPS/images/fonc-10-00555-g004.gif
FEFFIIFS

o o





OPS/images/fonc-10-00555-t005.jpg
References Institution/Trial Technique Dose (Gy) Median follow-up (years) Pts Gr3GU (%)

Devisetty et al. (25) University of Chicago/Emory 3D-CRT + IMRT 70 33 7t 7.0%
Lee et al. (26) University of Florida Proton 78 53 69 12.3%
Luoetal. (27) Kaohsiung, Taiwan HDR BT (3 fxn) + EBRT 126 +37.8 42 32 3%
Demanes et al. (28) California Endocurietherapy Cancer Center HDR BT + EBRT 2224+ 36 7.25 36 18.9%
Our population without TURP (21) - Georgetown University SBRT 35-36.25 23 100 1%
Our study population Georgetown University SBRT 35-36.25 40 a7 64%





OPS/images/fonc-10-00555-t003.jpg
Patient Age CCl  # of

TURPs
1 64 0 2
2 72 0 2
3 67 2 1
4 82 0 1
5 66 5 1
6 74 2 1
7 80 3 1
8 74 3 1
9 65 2 1
10 80 0 2
11 7% 0 1
12 74 2 1
13 66 2 1
14 70 2 1
16 84 1 -4
16 69 2 1
17 63 2 1
18 70 3 1
19 69 5 1
20 67 1 2
21 2 2 1
22 65 2 Multiple
23 o4 1
24 84 2 1
25 7% 0 1

Anticoagulant Cystoscopy findings

use

None
None.
None
Yes
Yes
None
None.
Yes
None
None
None.
Yes

None.
None
None
Yes
None
Yes
Yes
Yes

Normal
TURP defect varices
Hyperemic median lobe
Enlarged prostate

Normal

Necrotic tissue in TURP defect
Normal

TURP defect varices

TURP defect varices

Normal

Normal

Hyperemic prostatic urethra;
Bulbar stricture

Enlarged prostate

TURP defect varices
Normal

Bulbar stricture

TURP defect varices
Hyperernia of TURP defect
Bladder neck contracture
Necrotic tissue in TURP defect
Normal

TURP defect varices
Enlarged prostate

Penile urethral stricture
Normal





OPS/images/fonc-10-00555-t004.jpg
% Patients (n = 47)

Baseline IPSS score

0-7 (mild)
8-19 (moderate)
>20 (severe)

Mean
Baseline EPIC-26 summary Score
Urinary Incontinence Domain 8.7

Urinary Irritative/obstructive Domain 816

42.6%

48.9%

85%

SD MID
236 1.8
28.9 145





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Urinary Morbidity in Men Treated With Stereotactic Body Radiation Therapy (SBRT) for Localized Prostate Cancer Following Transurethral Resection of the Prostate (TURP)



		Background



		Methods



		Patient Selection



		SBRT Treatment Planning and Delivery



		Follow-Up and Statistical Analysis







		Results



		Discussion



		Conclusions



		Data Availability Statement



		Ethics Statement



		Author Contributions



		Funding



		Acknowledgments



		Abbreviations



		References

















OPS/images/cover.jpg
, frontiers
in Oncology

Urinary Morbidity in Men Treated
With Stereotactic Body Radiation
Therapy (SBRT) for Localized
Prostate Cancer Following
Transurethral Resection of the
Prostate (TURP)





OPS/images/fonc-10-00555-g001.gif





OPS/images/fonc-10-00555-g002.gif
TR

i, ‘_. . PSS

i J J

¥ IF i :
i E i §;~ i
f i i

5 ¥ §

h i h

—









OPS/images/crossmark.jpg
©

2

i

|





OPS/images/logo.jpg
, frontiers
in Oncology





