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Abstract

Purpose: Postprostatectomy radiation improves disease control, but limited data exist

regarding outcomes, toxicities, and patient-reported quality of life with proton therapy.

Method and Materials: The first 102 patients who were enrolled on an outcome tracking

protocol between 2006 and 2017 and treated with double-scattered proton therapy after

prostatectomy were retrospectively reviewed. Eleven (11%) received adjuvant radiation,

while 91 (89%) received salvage radiation. Seventy-four received double-scattered

proton therapy to the prostate bed only. Twenty-eight received a double-scattered proton

therapy prostate-bed boost after prostate-bed and pelvic-node treatment. Eleven

adjuvant patients received a median dose of 66.6 GyRBE (range, 66.0-70.2). Ninety-one

salvage patients received a median dose of 70.2 GyRBE (range, 66.0-78.0). Forty-five

patients received androgen deprivation therapy for a median 9 months (range, 1-30).

Toxicities were scored using Common Terminology Criteria for Adverse Events v4.0

criteria, and patient-reported quality-of-life data were reviewed.

Results: The median follow-up was 5.5 years (range, 0.8-11.4 years). Five-year

biochemical relapse-free and distant metastases-free survival rates were 72% and 91%

for adjuvant patients, 57% and 97% for salvage patients, and 57% and 97% overall.

Acute and late grade 3 or higher genitourinary toxicity rates were 1% and 7%. No

patients had grade 3 or higher gastrointestinal toxicity. Acute and late grade 2

gastrointestinal toxicities were 5% and 2%. The mean values and SDs of the

International Prostate Symptom Score, International Index of Erectile Function, and

Expanded Prostate Cancer Index Composite bowel function and bother were 7.5

(SD ¼ 5.9), 10.2 (SD ¼ 8.3), 92.8 (SD ¼ 11.1), and 91.2 (SD ¼ 6.4), respectively, at

baseline, and 12.1 (SD ¼ 9.1), 10.1 (SD ¼ 6.7), 87.3 (SD ¼ 18), and 86.7 (SD ¼ 13.8) at

the 5-year follow-up.

Conclusion: High-dose postprostatectomy proton therapy provides effective long-term

biochemical control and freedom from metastasis, with low acute and long-term

gastrointestinal and genitourinary toxicity.
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Introduction
Although radical prostatectomy is often the initial treatment for prostate cancer, the risk of biochemical recurrence ranges from

40% to 70% based on adverse pathological features, such as seminal vesicle invasion, positive surgical margins, and

extracapsular extension [1–5]. Postprostatectomy radiation therapy has been shown to reduce biochemical recurrence in 3

prospective randomized clinical trials—European Organization for Research and Treatment of Cancer (EORTC) 22911 [4],

Southwest Oncology Group 8794 [6], and Arbeitsgemeinschaft Radiologische Onkologie 9602 [5]. As a consequence, the

American Society for Radiation Oncology and American Urologic Association have published guidelines that recommend

discussing adjuvant radiation for patients found to have adverse pathologic features after prostatectomy [7]. Investigators who

have retrospectively studied postprostatectomy radiation in the salvage setting have also demonstrated improved long-term

prostate-specific antigen (PSA) response if radiation is delivered soon after detection of biochemical progression [8, 9]. In

general, toxicities after postprostatectomy radiation using photon-based techniques have been tolerable, although the rates of

late grade 2 and gastrointestinal (GI) and genitourinary (GU) toxicities range from 10% to 20% [10–14] with image-guided

intensity-modulated radiation therapy (IMRT).

Trends in radical prostatectomy utilization have demonstrated that high-risk disease comprises an increasing share of

radical prostatectomies [15], which will likely result in more patients having indications for adjuvant and salvage radiation

therapy. As a result, there has been increasing interest in exploring treatment methods that reduce rates of toxicities, while at

least maintaining disease control rates, thereby increasing the therapeutic ratio. Proton therapy has unique dose deposition

characteristics that allow high doses to be delivered to target volumes while minimizing radiation to normal structures [16].

There is an increase in data supporting the use of proton therapy for primary treatment of the intact prostate [17–19]; however,

to the best of our knowledge, only 1 series has reported treatment toxicities with using proton radiation in the

postprostatectomy setting [20, 21].

The purpose of our study was to report the acute and late treatment toxicities, quality-of-life metrics, disease control, and

survival outcomes for patients who received postprostatectomy proton radiation.

Materials and Methods

Inclusion and Exclusion Criteria

All patients who received adjuvant or salvage proton radiation treatment at the University of Florida Health Proton Therapy

Institute between 2006 and 2017 and consented to our department’s institutional review board–approved outcome tracking

protocol for prostate cancer patients treated with proton therapy (UFPTI 1306-PRX2) were included in this analysis. All

patients underwent primary treatment with open, laparoscopic, or robotically assisted prostatectomy and were treated with

double-scattered proton radiation postoperatively due to high-risk features (extracapsular extension, seminal vesicle

involvement, positive margins, or detectable PSA postoperatively) or due to recurrent or progressive disease (PSA or clinical

progression). Patients with metastatic disease were not included in this analysis.

Before treatment, all patients underwent history and physical examination, including a digital rectal examination,

colonoscopy, computed tomography (CT) scan, and 1.5- to 3.0-Tesla magnetic resonance imaging of the pelvis for lymph

node evaluation, chest X-ray, and bone scan. Workup also included testosterone, PSA, and alkaline phosphatase

measurements. In-house pathology review of surgical specimens was performed for patients from outside institutions. All

patients completed the International Index of Erectile Function (IIEF-5 or IIEF-5m), International Prostate Symptom Score

(IPSS), and the Expanded Prostate Cancer Index Composite (EPIC) questionnaires before treatment initiation.

Adjuvant radiation was defined as radiation started within 6 months of surgery with at least 1 of the following risk factors as

the indication for radiation: extracapsular extension, positive surgical margins, invasion of the seminal vesicles, or a

persistently elevated postprostatectomy PSA (. 0.2 ng/mL , 6 weeks after prostatectomy in the absence of detectable

distant metastasis). Salvage radiation was defined as radiation delivered following surgery in a patient with at least 1 of the

following indications: biopsy-proven and/or radiographically defined local–regional relapse, or biochemical relapse after a

nondetectable postprostatectomy PSA (any detectable PSA at least 6 weeks after prostatectomy followed by another higher

value, or a single PSA of � 0.2 ng/mL). High-risk patients were those considered at a high risk of lymph node involvement with

no nodal sampling, or inadequate lymph node sampling, with at least 1 of the following features: pathologic Gleason score of 8

or higher on biopsy or surgical histology, preoperative PSA of 20 ng/mL or higher, pathologic involvement of the seminal

vesicles, or presalvage radiation therapy PSA 2.0 ng/mL or higher.
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Treatment Simulation, Planning, and Delivery

Our institution’s treatment planning procedures have been previously described [22]. Daily rectal balloon filled with 90 cm3 of

saline for proton treatments, or 90 cm3 of air for X-ray treatment, was used at the treating physician’s discretion. When pelvic

node irradiation was performed during this era, it was done with IMRT and protons were used solely for the prostate bed. The

clinical target volume (CTV)-1 for high-risk patients consisted of the prostate bed and pelvic lymph nodes, as defined by the

Radiation Therapy Oncology Group (RTOG) contouring atlases [23, 24]. CTV1 was delivered with photons using IMRT and

treated to 45 Gy. In these patients, CTV2 was defined as the prostate bed and was delivered with proton radiation. In patients

undergoing adjuvant radiation, a typical dose of 21.6 GyRBE was sequentially delivered to CTV2. In patients undergoing

salvage radiation treatment, typically 25.2 GyRBE was sequentially delivered to CTV2. Any patients with evidence of gross

disease on imaging underwent an additional boost of 3.6 to 7.8 GyRBE to the area of gross disease. Patients with pathologic

lymph node involvement from the time of surgery underwent pelvic lymph node irradiation in addition to prostate bed

irradiation. For patients not at high risk of pelvic lymph node involvement, the prostate bed alone was treated entirely with

proton radiation. The IMRT planning target volume (PTV) margin expansions were 5-mm axially, 8-mm superiorly to inferiorly

for the prostate bed and prostate bed boost, 5 mm for the left/right, 7 mm in the anterior to posterior direction, and 9 mm for the

superior to inferior direction of the regional nodal areas. The proton PTV margin expansions were 5 mm in the axial directions

and 8 mm in the superior to inferior directions for the prostate bed. Treatment in all cases consisted of 1.8 to 2 GyRBE

fractions.

For image guidance, radio-opaque markers were typically placed in the prostate bed. Daily image guidance for proton

therapy consisted of orthogonal kilovoltage images and cone-beam CT for plans with an IMRT component. Proton therapy was

delivered using lateral or oblique fields. The edge of the brass aperture was placed 1 cm beyond the PTV in the superior,

inferior, and anterior directions, and 7 mm in the posterior direction. Treatment was planned on an Eclipse system (Varian

Medical Systems, Palo Alto, CA) using a CT Hounsfield conversion algorithm [25], including 5-mm distal and proximal range

uncertainty margins and a 19-mm smearing value.

Our treatment planning guidelines included target coverage and dose heterogeneity goals as well as constraints for organs

at risk, which included the bladder, rectum, small bowel, large bowel, and femoral heads. Normal tissue constraints are shown

in Table 1. For the IMRT portion of the treatment plan, at least 95% of the PTV1 and PTV2 received the prescribed dose. The

maximum dose heterogeneity allowable in the PTV was 15%. For the proton portion of the treatment plan, the maximum dose

did not exceed the prescription dose by more than 10%. The entire PTV received a minimum of 95% of the prescribed dose,

and a minimum of 95% of the PTV received the full prescribed dose. A minimum of 99% of the CTV was treated to the

prescribed dose. If we exceeded our critical dose constraint goals to the organs at risk, we made adjustments to our treatment

plan, including reductions in coverage to the PTV and dose per fraction, and treatment of both rather than only 1 field per day.

Androgen deprivation therapy (ADT) was highly encouraged for patients with high-risk disease. If ADT was initiated, it was

generally started 2 months before radiation therapy and continued for 2 years if well tolerated.

Patient Assessments, Toxicities, and Adverse Events

During the course of radiation therapy, patients were assessed prospectively by the treating physician weekly, and their grade

2 or higher GI toxicities and grade 3 or higher GU toxicities were scored using the Common Terminology Criteria for Adverse

Events (CTCAE; US National Cancer Institute, Bethesda, MD) version 3.0 or version 4.0 after its publication in 2009. All

patients with CTCAE v3.0 toxicities were retrospectively categorized to CTCAE v4.0 criteria. Toxicities occurring 6 months or

more after proton therapy were scored as ‘‘late’’ and those occurring during treatment or less than 6 months after proton

Table 1. Normal-tissue dose constraints.

Organ Constraint Dose or volume, %

Bladder V65GyRBE , 40

Bladder V40GyRBE , 60

Rectum V65GyRBE , 25

Rectum V40GyRBE , 45

Femoral heads V50GyRBE , 10

Small bowel V46GyRBE 0

Large bowel V60GyRBE 0
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therapy were scored as ‘‘acute.’’ Patients returned for follow-up visits every 6 months for the first year, and then at yearly

intervals after treatment. Prostate-specific antigen tests were performed every 6 or 3 months for 3 years and yearly thereafter

for low- and high-risk patients, respectively. Patients prospectively completed IPSS, IIEF-5, and EPIC questionnaires at 6-

month intervals after treatment for 2 years, and then annually thereafter. The time to reported biochemical outcomes was

calculated from the radiation end date. In the event of biochemical failure, patients underwent bone scans, pelvic magnetic

resonance imaging, and occasionally positron emission tomography-CT to determine patterns of failure. Clinical failure (local,

regional, or distant) was documented based on physical, histologic, or radiographic evidence of clinical disease recurrence.

Statistical Analysis

Statistical analyses were performed using SAS and JMP software (SAS Institute, Cary, NC). The Kaplan-Meier product limit

method provided estimates of freedom from biochemical recurrence, freedom from metastases, and death from any cause.

The log-rank test statistic assessed the level of statistical significance between levels of selected prognostic factors.

Multivariate analysis of biochemical control as a function of margin status, extracapsular extension, seminal vesicle

involvement, radiation dose, and hormones was accomplished with proportional hazards regression via the PROC PHREG

procedure. The variables of age, radiation to surgery time interval, radiation dose, aspirin/coagulation use, ADT use, metformin

use, and baseline IPSS score were evaluated in a univariate analysis in relation to toxicities. Multivariate analysis of toxicity

endpoints was not considered owing to relatively few available events that would render overparameterized models. The mean

values and SDs of the International Prostate Symptom Score, International Index of Erectile Function, and Expanded Prostate

Cancer Index Composite bowel function and bother were also calculated.

Results

Patient, Tumor, and Treatment Characteristics

Table 2 summarizes the patient and tumor characteristics. The median age of patients at the time of radiation treatment was

68 years (range, 48-81 years). Eighty-one patients (79%) were white, 19 patients were black (19%), and 2 declined to identify

(2%). The mean preoperative PSA was 9.7 ng/mL (range, 1.0-71.3 ng/mL). The most common pathologic Gleason score was

7 (49%), followed by 8 (25%), 6 (17%), and 9 (6%). Lymph node sampling was not performed at the time of surgery in 39

patients (38%). Three (5%) of 63 patients (62%) with lymph node sampling at the time of surgery had at least 1 positive lymph

node while 60 (95%) had no positive lymph nodes. Margins were positive in 57 patients (56%); extracapsular extension was

identified in 44 patients (43%); and seminal vesicles were involved in 17 patients (17%). Postoperatively, 82 patients (80%)

had a PSA nadir below 0.2, while 20 (20%) patients had a PSA nadir of 0.2 or higher. Twelve patients (12%) had a

postoperative, preradiation maximum PSA of 2 or higher. The mean PSA doubling time was 8.0 months (range, 0.7-36.0

months). Disease recurrence was detectable radiographically in 19 patients (19%) and clinically through physical examination

in 9 patients (9%).

Table 3 summarizes the treatment characteristics for this cohort. Eleven patients (11%) received adjuvant radiation, while

91 (89%) received salvage radiation. The prostate bed alone was irradiated in 74 patients (73%), while the pelvic lymph nodes

and prostate bed were irradiated in 28 patients (27%). The median prescribed dose was 70.2 GyRBE (range, 66.0-78.0

GyRBE) and the median duration of radiation therapy was 56 days (range, 450-65 days).

Disease Control

The median follow-up for all patients was 5.5 years (range, 0.8-11.4 years). The 5-year actuarial rates of freedom from

biochemical progression, distant metastasis-free survival, and overall survival were 57% (95% confidence interval [CI], 46-68),

97% (95% CI, 90-99), and 93% (95% CI, 85-97), respectively (Figure). The 5-year actuarial rates of freedom from biochemical

progression, distant metastasis-free survival, and overall survival were 72% (95% CI, 40-91), 91% (95% CI, 56-99), and 100%

in patients who underwent adjuvant radiation (n ¼ 11) and 57% (95% CI, 45-68), 97% (95% CI, 90-99) and 93% (95% CI, 84-

97) in patients who underwent salvage radiation (n ¼ 91).

The median time to PSA nadir after completion of radiation therapy for all patients was 6.2 months (range, 0-125 months).

As of the last follow-up, 41 patients (40%) have developed biochemical failure at a median 6.2 months after treatment. Margin

status, seminal vesicle invasion, Gleason score, extra capsular extension, bladder neck invasion, perineural invasion,

radiotherapy total dose, ADT use, maximum postprostatectomy preradiation PSA, preradiation clinical failure, and preradiation
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Table 2. Patient and tumor characteristics.

Characteristic

Value

Adjuvant (n ¼ 11) Salvage (n ¼ 91) All (N ¼ 102)

Age, median (range), y 70.1 (51.3–75) 67.5 (48–80.8) 67.8 (48–80.8)

Race, n (%)

White 9 (82) 72 (79) 81 (79)

Black 2 (18) 17 (19) 19 (19)

Patient declined 0 2 (2) 2 (2)

Preoperative PSA, mean 6 SD (range), ng/mL 12.6 6 11.2 (4.6–42.5) 9.4 6 9.9 (1.0–71.3) 9.7 6 10 (1.0–71.3)

Pathologic Gleason score, n (%)

4 0 1 (1) 1 (1)

5 0 2 (2) 2 (2)

6 0 17 (19) 17 (17)

7 9 (82) 41 (45) 50 (49)

8 2 (18) 24 (26) 26 (25)

9 0 6 (7) 6 (6)

Pathologic nodal stage, n (%)

N0 5 (45) 55 (60) 60 (59)

N1 2 (18) 1 (1) 3 (3)

Unknown 4 (36) 35 (38) 39 (38)

Margin status, n (%)

Positive 9 (82) 48 (53) 57 (56)

Negative 2 (18) 43 (47) 45 (44)

Extracapsular extension, n (%)

Yes 8 (73) 36 (40) 44 (43)

No 3 (27) 55 (60) 58 (57)

Seminal vesicle status, n (%)

Involved 2 (18) 15 (16) 17 (17)

Uninvolved 9 (82) 76 (84) 85 (83)

Bladder neck invasion, n (%)

Yes 0 6 (7) 6 (6)

No 11 (100) 84 (92) 95 (94)

Missing 0 1 (1) 1 (1)

Perineural invasion, n (%)

Yes 7 (63) 62 (68) 69 (68)

No 4 (36) 29 (32) 33 (32)

Postoperative PSA nadir, n (%)

, 0.2 10 (91) 72 (79) 82 (80)

� 0.2 1 (9) 19 (21) 20 (20)

Maximum postoperative preradiation PSA, n (%)

, 0.2 10 (91) 17 (19) 27 (26)

� 0.2 and , 2 1 (9) 62 (68) 63 (62)

� 2 0 12 (13) 12 (12)

Preradiation PSA doubling time prior, mean 6 SD (range), mo 3 (N/A) 8.1 6 6.1 (0.7–36.0) 8.0 6 6.1 (0.7–36.0)

Radiographic failure, n (%)

Yes 0 (0) 19 (21) 19 (19)

No 11 (100) 72 (79) 83 (81)

Clinical failure, n (%)

Yes 0 (0) 9 (10) 9 (9)

No 11 (100) 82 (90) 93 (91)

Abbreviation: PSA, prostate-specific antigen.
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radiographic failure were variables that were analyzed in a univariate analysis in relation to biochemical failure. Seminal

vesicle invasion was associated with a decline in biochemical control (P ¼ .002), while positive margins were associated with

improvements in biochemical control (P ¼ .04) (Table 4). Neither radiation dose (P ¼ .13) nor radiographic evidence of local

recurrence (P ¼ .43) was associated with worse biochemical control in salvage patients. Multiple proportional hazards

regression assessed the ability of margin status, extracapsular extension, seminal vesicle involvement, radiation dose

(, vs � 73 Gy), and use of hormones to predict significant differences in biochemical control relative to one another. Margin

status (P ¼ .04, hazard ratio 0.5 [95% C.I. 0.3-0.9]) and extracapsular extension (P , .01, hazard ratio 1.2 [95% C.I. 1.4-5.7])

were significant predictors of biochemical control, whereas seminal vesicle involvement (P ¼ .63), radiation dose (P ¼ .08),

and use of hormones (P ¼ .17) were not significant.

Two of 3 patients with pathologic node-positive disease from the time of surgery had no evidence of disease at the time of

last follow-up. The median follow-up time for these patients was 2.6 years (range, 1.6-11.4 years). Of these 3 patients, 1

underwent orchiectomy; ADT was not initiated in the other 2 patients due to patient preference and comorbidities.

Patterns of Failure

All patients with disease progression had evidence of biochemical progression (n ¼ 41). PSA progression was the sole

indication of disease progression in 32 patients (78%), but was accompanied by isolated biopsy-proven local failure in 1

patient (2%), isolated pelvic nodal failure in 2 patients (5%), isolated distant metastases in 4 patients (10%), or a combination

of clinical sites in 2 patients (5%). Patterns of failure are summarized in Table 5. Two of 3 pelvic nodal failures occurred in

patients treated to the prostate bed only. The third pelvic nodal failure was in a patient who had pelvic nodal treatment

extending inferiorly in the presacral area to the S3/4 level. The failure occurred outside of the radiation fields in a presacral

node anterior to S5. There was no significant difference in the risk of pelvic nodal failure between patients treated with or

without pelvic nodal irradiation. The 5-year rate of freedom from pelvic nodal failure in patients treated with and without nodal

treatment was 96% (95% CI 76.5-99.4) versus 96.9% (95% CI 88.5-99.2; P ¼ 0.8637).

In total, 5 patients (5%) died from disease progression and 6 patients (6%) died from intercurrent disease, defined as

competing comorbidities. The median time to death after detection of the first recurrence for patients who died from disease

progression was 56 months (range, 37-76 months).

Toxicities and Patient-Reported Outcomes

No patients developed grade 4 or 5 acute or late toxicities. One patient (1%) experienced acute grade 3 GU toxicities in the

forms of dysuria, urinary frequency, and urgency. Seven patients (7%) experienced a maximum late grade 3 GU toxicity,

including dysuria (1%), frequency (1%), incontinence (2%), retention (1%), and hematuria (2%). The median time to maximum

late grade 3 GU toxicity was 25 months (range, 8-97 months). Hematuria resolved in both patients as of last follow-up, as did

dysuria for the patient who experienced this toxicity.

Table 3. Treatment characteristics (N¼ 102).

Characteristic Number of patients (%)

Radiation indication

Adjuvant 11 (11)

Salvage 91 (89)

Radiation fields

Prostate bed and pelvic nodes 28 (27)

Prostate bed only 74 (73)

Prescribed dose, GyRBE

, 70.2 27 (26)

70.2–72 45 (44)

73–74 29 (28)

. 74 1 (1)

Androgen deprivation therapy

Yes 45 (44)

No 57 (56)
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There was no grade 3 or higher acute or late GI toxicities. Five patients (5%) experienced acute grade 2 GI toxicity as

follows: diarrhea (3%), abdominal cramping (1%), and proctitis (1%). All 5 received treatment to their pelvic lymph nodes with

IMRT. One patient with acute grade 2 diarrhea developed a late grade 2 GI toxicity. Two patients experienced late grade 2 GI

toxicities, both in the form of rectal hemorrhage. One patient received treatment to his pelvic lymph nodes with IMRT, while the

other received treatment with protons only to the prostate bed alone. The latter had resolution of his late grade 2 GI toxicity as

of last follow-up. The median time to maximum late grade 2 GI toxicity was 20 months (range, 12-29 months). Age, radiation to

surgery time interval, radiation dose, aspirin/coagulation use, ADT use, metformin use, and baseline IPSS score were

variables that were analyzed in a univariate analysis in relation to toxicities (Table 6). On univariate analysis, the incidence of

grade 2 or higher GI and grade 3 or higher GU toxicities was unrelated to patient age (P ¼ .77 and P ¼ .86, respectively),

radiation to surgery time interval (P ¼ .63 and P ¼ .83, respectively), radiation dose (P ¼ .21 and P ¼ .44, respectively),

aspirin/anticoagulation use (P ¼ .24 and P ¼ .88, respectively), ADT use (P ¼ .55 and P ¼ .27, respectively), metformin use

(P ¼ .55 and P ¼ .49, respectively), and baseline IPSS score (P ¼ .85 and P ¼ .58, respectively). Multivariate analysis was not

performed for toxicities, as there were too few events for this analysis.

Figure. Actuarial rates of (A) overall survival, (B) freedom from biochemical progression, and (C) distant metastasis-free survival.
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Baseline, 6-month, 1-year, and 5-year patient-reported quality-of-life scores are shown in Table 7 for patients with

appropriate follow-up. Over 5 years, the mean IPSS score increased from 7.5 (SD ¼ 5.9) to 12.1 (9.1), both of which would be

characterized as scores that fall in the ‘‘moderate’’ symptoms [26] range. The mean IIEF-5, EPIC bowel function, and EPIC

bowel bother scores remained relatively stable at 5 years.

Discussion

This study presents long-term treatment outcomes and toxicities for patients who received postprostatectomy proton radiation.

The main objective of our investigation was to establish benchmark outcomes for treatment efficacy and toxicities for

Table 4. Univariable Kaplan-Meier analysis for freedom from biochemical recurrence according to subgroup

characteristics.

Variables

5-y rate

(%)

95% confidence

interval P value

Margin .04a

Positive 67.1 50.9–80.0

Negative 45.7 30.7–61.5

Extracapsular extension .34

Present 52.2 34.8–69.0

Absent 60.7 46.0–73.8

Seminal vesicle invasion .002a

Present 41.2 21.0–64.8

Absent 61.2 48.6–72.5

Bladder neck invasion .84

Present 55.6 14.8–90.0

Absent 57.1 45.5–68.0

Perineural invasion .99

Present 56.0 41.9–69.2

Absent 59.1 40.3–75.5

Radiotherapy total dose, GyRBE .13

, 70.2 62.3 48.3–74.6

. 70.2 49.4 31.7–67.2

ADT .08

Received 47.9 31.5–64.8

Not received 64.3 49.4–77.0

Preradiation clinical failure .23

Present 32.4 5.1–80.9

Absent 58.9 47.2–69.7

Preradiation radiographic failure .43

Present 53.7 30.4–75.5

Absent 58.2 45.5–70.0

Pelvic nodal treatment .46

No 55.8 42.9–68.0

Yes 60.6 37.7–79.6

Gleason score .17

4–6 70.1 40.4–89.0

7–10 54.2 42.0–66.0

Maximum postoperative, preradiation prostate-specific antigen .09

, 0.2 74.8 45.8–91.2

� 0.2 53.2 41.0 - 65.1

Abbreviation: ADT, androgen deprivation therapy.
aIndicates statistically significant values.
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postprostatectomy proton radiation. It is our hope that these results can guide future strategies to improve outcomes, either by

mitigating toxicity or improving disease control.

Interpreting toxicities after postprostatectomy radiation can pose several challenges. It is often difficult to determine to what

degree a toxicity is caused by radiation in a patient who previously had prostatectomy. To mitigate this challenge, we tabulated

baseline functioning before radiation treatment, and prospectively collected toxicity data. In our cohort, few patients

experienced acute or late toxicities. Acute toxicities did not commonly evolve into late toxicities, and no patients experienced

grade 3 or higher GI toxicities or grade 4 or higher GU toxicities. Of the 6 patients who experienced grade 2 or higher acute and

Table 5. Patterns of failure.

Type of progression

Number of patients (%)

Adjuvant (n ¼ 11) Salvage (n ¼ 91) All (N ¼ 102)

None 8 (73) 53 (58) 61 (60)

PSA failure only 2 (18) 30 (33) 32 (31)

PSA failure with biopsy-proven local recurrence 0 1 (1) 1 (1)

PSA failure with isolated pelvic nodal failure 0 2 (2) 2 (2)

PSA failure with isolated distant metastatic disease 1 (9) 3 (3) 4 (4)

PSA failure with pelvic nodal and distant metastatic disease 0 1 (1) 1 (1)

PSA failure with local recurrence and distant metastatic disease 0 1 (1) 1 (1)

Abbreviation: PSA, prostate-specific antigen.

Table 6. Five-year rates of Grade � 2 gastrointestinal toxicity and Grade � 3 genitourinary toxicity according to subgroup characteristics.

Variables

Grade 2 and gastrointestinal toxicity Grade 3 and genitourinary toxicity

Toxicity rate (%) 95% confidence interval P value Toxicity rate (%) 95% confidence interval P value

Androgen deprivation therapy .55 .27

Received 2.3 0.3–14.4 7.1 2.3–19.9

Not received 1.8 0.2–11.4 0.0 N/A

Age .77 .86

, median 67 y 2.1 0.3–13.6 2.1 0.3–13.6

� median 67 y 1.9 0.3–12.2 4.0 1–14.7

Aspirin/anticoagulant? .24 .88

At consult or consult and last follow-up 0.0 N/A 5.9 1.5–20.7

Only at last follow-up or none 3.0 0.7–11.2 1.7 0.2–11.1

Radiation dose .21 .44

, 73 Gy 1.4 0.2–9.4 4.5 1.4–13

� 73 Gy 3.3 0.5–20.2 0.0 N/A

Metformin .55 .49

At consult or consult and last follow-up 0.0 N/A 0.0 N/A

Only at last follow-up or none 2.2 0.6–8.4 3.4 1.1–10.1

Modality .62 .42

Postoperative 0.0 N/A 12.5 1.7–53.7

Salvage 2.2 0.6–8.5 2.2 0.6–8.4

Surgery to radiation start interval .63 .83

, median 2.7 years 0.0 N/A 4.3 1.1–15.7

� median 2.7 years 4.0 1–14.7 2.0 0.3–12.6

Pelvic nodal treatment .74 .63

No 1.4 0.2–9.3 1.4 0.2–9

Yes 3.6 0.5–21.4 7.6 1.9–25.9

IPSS score - - - .58

, 5 - - - 5.3 1.3–18.9

� 5 - - - 1.7 0.2–11.2

Abbreviation: IPSS, International Prostate Symptom Score.
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late GI toxicities, 5 received treatment to their pelvic nodes with IMRT; only 1 patient who was treated with protons alone

experienced a grade 2 or higher GI toxicity. In a published report of toxicities after postprostatectomy proton radiation from the

University of Pennsylvania, investigators found no grade 3 or higher GU toxicities or grade 2 or higher GI toxicities using

CTCAE v4.0 scoring criteria [20]. These rates of toxicity are slightly lower than our cohort’s toxicity rates, perhaps owing to a

shorter median follow-up time of 2 years in comparison to our 5.5-year median follow-up. Our toxicity data compared favorably

with data from the largest IMRT postprostatectomy radiation study published by investigators at the City of Hope National

Medical Center who reported that 10% of patients experienced late grade 3 GU toxicities and 18% experienced late grade 2 or

higher GI toxicities, using CTCAE v4.0 criteria [27]. The second challenge with interpreting toxicity data is that the criteria used

to measure toxicities can vary from study to study. For example, in the ‘‘wait and see’’ arm of EORTC 22911, the incidence of

grade 3 or higher late toxicities was 2.5% while the rates of late grade 2 or higher GU and GI toxicities were 13.5% and 1.9%,

respectively, using the RTOG/EORTC toxicity scoring scale [4]. Of note, the RTOG/EORTC toxicity scoring scale does not

include urinary incontinence as a criterion, which is critically important for postoperative cases. With these caveats, the patient-

reported quality-of-life scores in the current study suggest that quality of life with respect to sexual, urinary, and bowel function

is comparable before and after radiation treatment and physician-scored toxicity rates were extremely low.

In our cohort, which was comprised almost exclusively of patients who received salvage rather than adjuvant radiation, the

freedom from biochemical progression, distant metastases-free survival, and overall survival were 57%, 97%, and 93%,

respectively. The treatment indication of positive margins was associated with an improvement in biochemical control on

univariate analysis, a similar finding as in an analysis from Stephenson et al [8]. Our outcomes compare favorably with those

reported in a large multi-institutional retrospective study of salvage photon radiation therapy after radical prostatectomy, where

the 6-year rate of progression-free survival was 32% [8] using a median dose of 64.8 Gy, with an interquartile range of 63.0 to

66.0 Gy. The difference in disease control may in part be attributable to our higher doses of radiation, as our cohort received a

median dose of 70.2 GyRBE. Data from a retrospective study from investigators at Stanford University would seem to

corroborate this conjecture, as the 5-year rates of biochemical control with doses of 60 Gy versus 70 Gy were 25% versus 58%

[28]. With respect to prospective trials, in the ‘‘wait and see’’ arm of EORTC 22911 (most similar to our cohort), the 5-year rate

of biochemical progression-free survival in those receiving salvage radiotherapy was 52.6% [4]. In the salvage radiotherapy

alone arm of GETUG-AFU 16, the 5-year rate of progression-free survival was 62% [29]. In our cohort, the 5-year rate of

biochemical progression-free survival was 57%. While the disease control rates in the current study are in keeping with other

trials, there is certainly room for improvement.

The current standard of care recommended by the National Comprehensive Cancer Network for postoperative radiation is a

dose between 64 and 72 Gy [30]; however, there are data suggesting improved disease control with each incremental Gray of

radiation delivered [31]. Given these findings, and evidence from Southwest Oncology Group 8794 demonstrating that the

most common treatment failure in the postprostatectomy setting is local [32], dose escalation is an area of active interest. Yet,

dose escalation may also increase the risk of radiation-related toxicities, which can be particularly debilitating in patients who

have undergone radical prostatectomy. The unique dose deposition characteristics proton therapy allow high doses to be

Table 7. Patient-reported outcomes.

Measure

Baseline (mean 6 SD) At 6 mo (mean 6 SD) At 1 y (mean 6 SD) At 5 y (mean 6 SD)

Adjuvant

(n ¼ 11)

Salvage

(n ¼ 91)

All

Adjuvant Salvage All Adjuvant Salvage All Adjuvant Salvage All(n ¼ 102)

IPSS 8.0 6 6.2 7.5 6 6.0 7.5 6 5.9 9 6 7.7 8.3 6 6.2 8.4 6 6.4 8 6 4.7 8.8 6 7.4 8.7 6 7.2 10.3 6 9.1 12.2 6 9.2 12.1 6 9.1

n 11 87 98 11 81 92 9 69 78 3 34 37

IIEF-5 6.0 6 6.9 10.7 6 8.5 10.2 6 8.3 7.2 6 4.4 9.8 6 8.2 9.5 6 7.8 7.7 6 4.6 9.5 6 7.4 9.3 6 7.2 14.0 6 9.5 9.6 6 6.3 10.1 6 6.7

n 10 81 91 10 69 79 7 58 65 3 23 26

EPIC

bowel

function

98.8 6 2.1 92.2 6 11.5 92.8 6 11.1 93 6 8.3 89.9 6 13.7 90.3 6 13.2 90.6 6 18.8 88.2 6 15.5 88.5 6 15.8 95.2 6 4.1 86.6 6 18.6 87.3 6 18

n 10 85 95 11 75 86 8 63 71 3 32 35

EPIC

bowel

bother

97.6 6 2.1 90.6 6 6.4 91.2 6 6.4 90.4 6 6.5 88.2 6 13.7 88.4 6 13 92.3 6 8.6 88.1 6 11.9 88.5 6 11.7 94.0 6 10.3 86.1 6 14.0 86.7 6 13.8

n 11 85 96 10 80 90 7 68 75 3 33 36

Abbreviations: IPSS, International Prostate Symptom Score; IIEF, International Index of Erectile Function; EPIC, Expanded Prostate Cancer Index Composite.
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delivered to the target area while minimizing radiation dose to normal structures, which may facilitate safe dose escalation. The

low-toxicity rates observed in our study suggest an opportunity for safe-dose escalation with proton therapy.

It has been our practice to offer ADT to patients with a high risk of disease recurrence, given the overall survival benefit

demonstrated in RTOG 9601 [33] and the improvement in biochemical progression-free survival demonstrated in GETUG-AFU

16 [33].

There are several limitations to the present study. The study population was mixed with respect to the use of adjuvant

versus salvage radiation, ADT, and pelvic node irradiation. However, treatment decisions were guided by consistent criteria

and patient input, so we believe these results will be generalizable to other practice settings and institutions. Because the

overwhelming majority of patients received salvage radiation as opposed to adjuvant radiation, our ability to draw conclusions

on adjuvant treatment is limited. The strengths of this study are its relatively large cohort size, consistent treatment methods

based on institutional treatment guidelines, prospective outcome assessment by an experienced clinical staff, and consistent

and extensive follow-up.

In conclusion, image-guided postprostatectomy proton therapy for the treatment of prostate cancer offers rates of

biochemical control and metastases-free survival that compare favorably with other reported radiation strategies. This

treatment is associated with low rates of acute and late grade 3 or higher GU toxicities, acute and late grade 2 or higher GI

toxicities, and excellent patient-reported quality-of-life outcomes.

ADDITIONAL INFORMATION AND DECLARATIONS

Conflicts of Interest: Nancy P. Mendenhall, MD, and William M. Mendenhall, MD, are Editor-in-Chief and Operating Editor of

the International Journal of Particle Therapy, respectively. Bradford S. Hoppe, MD, MPH, is an Associate Editor of the

International Journal of Particle Therapy and a Scientific Consultant for Merck & Co., Inc., and Bristol-Myers Squibb

Ethical Approval: All patient data were collected under internal review board–approved protocol.

References
1. Karakiewicz PI, Eastham JA, Graefen M, Cagiannos I, Stricker PD, Klein E, Cangiano T, Schroder FH, Scardino PT, Kattan

MW. Prognostic impact of positive surgical margins in surgically treated prostate cancer: multi-institutional assessment of

5831 patients. Urology. 2005;66:1245–50.

2. Briganti A, Wiegel T, Joniau S, Cozzarini C, Bianchi M, Sun M, Tombal B, Haustermans K, Budiharto T, Hinkelbein W, Di

Muzio N, Karakiewicz PI, Montorsi F, Van Poppel H. Early salvage radiation therapy does not compromise cancer control in

patients with pT3N0 prostate cancer after radical prostatectomy: results of a match-controlled multi-institutional analysis.

Eur Urol. 2012;62:472–87.

3. Thompson IM, Jr, Tangen CM, Paradelo J, Lucia MS, Miller G, Troyer D, Messing E, Forman J, Chin J, Swanson G, Canby-

Hagino E, Crawford ED. Adjuvant radiotherapy for pathologically advanced prostate cancer: a randomized clinical trial.

JAMA. 2006;296:2329–35.

4. Bolla M, van Poppel H, Tombal B, Vekemans K, Da Pozzo L, de Reijke TM, Verbaeys A, Bosset JF, van Velthoven R,

Colombel M, van de Beek C, Verhagen P, van den Bergh A, Sternberg C, Gasser T, van Tienhoven G, Scalliet P,

Haustermans K, Collette L. Postoperative radiotherapy after radical prostatectomy for high-risk prostate cancer: long-term

results of a randomised controlled trial (EORTC trial 22911). Lancet. 2012;380:2018–27.

5. Wiegel T, Bartkowiak D, Bottke D, Bronner C, Steiner U, Siegmann A, Golz R, Storkel S, Willich N, Semjonow A, Stockle M,

Rube C, Rebmann U, Kalble T, Feldmann HJ, Wirth M, Hofmann R, Engenhart-Cabillic R, Hinke A, Hinkelbein W, Miller K.

Adjuvant radiotherapy versus wait-and-see after radical prostatectomy: 10-year follow-up of the ARO 96-02/AUO AP 09/95

trial. Eur Urol. 2014;66:243–50.

6. Thompson IM, Tangen CM, Paradelo J, Lucia MS, Miller G, Troyer D, Messing E, Forman J, Chin J, Swanson G, Canby-

Hagino E, Crawford ED. Adjuvant radiotherapy for pathological T3N0M0 prostate cancer significantly reduces risk of

metastases and improves survival: long-term followup of a randomized clinical trial. J Urol. 2009;181:956–62.

7. American Urological Association. Adjuvant and salvage radiotherapy after prostatectomy: ASTRO/AUA guideline (2013,

amended 2018 & 2019). https://www.auanet.org/guidelines/prostate-cancer-adjuvant-and-salvage-radiotherapy-guideline.

Accessed March 16, 2020.

Kharod et al (2021), Int J Particle Ther 62

Postprostatectomy Proton Therapy

https://www.auanet.org/guidelines/prostate-cancer-adjuvant-and-salvage-radiotherapy-guideline


8. Stephenson AJ, Scardino PT, Kattan MW, Pisansky TM, Slawin KM, Klein EA, Anscher MS, Michalski JM, Sandler HM, Lin

DW, Forman JD, Zelefsky MJ, Kestin LL, Roehrborn CG, Catton CN, DeWeese TL, Liauw SL, Valicenti RK, Kuban DA,

Pollack A. Predicting the outcome of salvage radiation therapy for recurrent prostate cancer after radical prostatectomy. J

Clin Oncol. 2007;25:2035–41.

9. Trock BJ, Han M, Freedland SJ, Humphreys EB, DeWeese TL, Partin AW, Walsh PC. Prostate cancer-specific survival

following salvage radiotherapy vs observation in men with biochemical recurrence after radical prostatectomy. JAMA. 2008;

299:2760–9.

10. Akthar AS, Wong AC, Parekh AD, Hubert G, Son CH, Pelizzari CA, Liauw SL. Late toxicity after post-prostatectomy

intensity modulated radiation therapy: evaluating normal-tissue sparing guidelines. Adv Radiat Oncol. 2018;3:339–45.

11. Hunter GK, Brockway K, Reddy CA, Rehman S, Sheplan LJ, Stephans KL, Ciezki JP, Xia P, Tendulkar RD. Late toxicity

after intensity modulated and image guided radiation therapy for localized prostate cancer and post-prostatectomy

patients. Pract Radiat Oncol. 2013;3:323–8.

12. Nath SK, Sandhu AP, Rose BS, Simpson DR, Nobiensky PD, Wang JZ, Millard F, Kane CJ, Parsons JK, Mundt AJ.

Toxicity analysis of postoperative image-guided intensity-modulated radiotherapy for prostate cancer. Int J Radiat Oncol

Biol Phys. 2010;78:435–41.

13. Berlin A, Cho E, Kong V, Howell KJ, Lao B, Craig T, Bayley A, Chung P, Gospodarowicz M, Warde P, Catton C, Bristow

RG, Menard C. Phase 2 trial of guideline-based postoperative image guided intensity modulated radiation therapy for

prostate cancer: toxicity, biochemical, and patient-reported health-related quality-of-life outcomes. Pract Radiat Oncol.

2015;5:e473–82.

14. Goenka A, Magsanoc JM, Pei X, Schechter M, Kollmeier M, Cox B, Scardino PT, Eastham JA, Zelefsky MJ. Improved

toxicity profile following high-dose postprostatectomy salvage radiation therapy with intensity-modulated radiation therapy.

Eur Urol. 2011;60:1142–8.

15. van den Bergh R, Gandaglia G, Tilki D, Borgmann H, Ost P, Surcel C, Valerio M, Sooriakumaran P, Salomon L, Briganti A,

Graefen M, van der Poel H, de la Taille A, Montorsi F, Ploussard G. Trends in radical prostatectomy risk group distribution

in a European multicenter analysis of 28 572 patients: towards tailored treatment. Eur Urol Focus. 2019;5:171–8.

16. Trofimov A, Nguyen PL, Coen JJ, Doppke KP, Schneider RJ, Adams JA, Bortfeld TR, Zietman AL, Delaney TF, Shipley

WU. Radiotherapy treatment of early-stage prostate cancer with IMRT and protons: a treatment planning comparison. Int J

Radiat Oncol Biol Phys. 2007;69:444–53.

17. Mendenhall NP, Hoppe BS, Nichols RC, Mendenhall WM, Morris CG, Li Z, Su Z, Williams CR, Costa J, Henderson RH.

Five-year outcomes from 3 prospective trials of image-guided proton therapy for prostate cancer. Int J Radiat Oncol Biol

Phys. 2014;88:596–602.

18. Slater JD, Rossi CJ, Jr, Yonemoto LT, Bush DA, Jabola BR, Levy RP, Grove RI, Preston W, Slater JM. Proton therapy for

prostate cancer: the initial Loma Linda University experience. Int J Radiat Oncol Biol Phys. 2004;59:348–52.

19. Bryant C, Smith TL, Henderson RH, Hoppe BS, Mendenhall WM, Nichols RC, Morris CG, Williams CR, Su Z, Li Z, Lee D,

Mendenhall NP. Five-year biochemical results, toxicity, and patient-reported quality of life after delivery of dose-escalated

image guided proton therapy for prostate cancer. Int J Radiat Oncol Biol Phys. 2016;95:422–34.

20. Deville C, Jr., Jain A, Hwang WT, Woodhouse KD, Both S, Wang S, Gabriel PE, Christodouleas JP, Bekelman J, Tochner

Z, Vapiwala N. Initial report of the genitourinary and gastrointestinal toxicity of post-prostatectomy proton therapy for

prostate cancer patients undergoing adjuvant or salvage radiotherapy. Acta Oncol. 2018;57:1506–14.

21. Santos PMG, Barsky AR, Hwang WT, Deville C, Wang X, Both S, Bekelman JE, Christodouleas JP, Vapiwala N.

Comparative toxicity outcomes of proton-beam therapy versus intensity-modulated radiotherapy for prostate cancer in the

postoperative setting. Cancer. 2019;125:4278–93.

22. Mendenhall NP, Li Z, Hoppe BS, Marcus RB, Jr, Mendenhall WM, Nichols RC, Morris CG, Williams CR, Costa J,

Henderson R. Early outcomes from three prospective trials of image-guided proton therapy for prostate cancer. Int J

Radiat Oncol Biol Phys. 2012;82:213–21.

23. RTOG Foundation. Countouring atlases: prostate post-op. https://www.nrgoncology.org/ciro-genitourinary. Accessed

March 16, 2020.

24. RTOG Foundation. Countouring atlases: prostate pelvic lymph nodes. https://www.nrgoncology.org/circo-genitourinary.

Accessed March 16, 2020.

Kharod et al (2021), Int J Particle Ther 63

Postprostatectomy Proton Therapy

https://www.nrgoncology.org/ciro-genitourinary
https://www.nrgoncology.org/circo-genitourinary


25. Schneider U, Pedroni E, Lomax A. The calibration of CT Hounsfield units for radiotherapy treatment planning. Phys Med

Biol. 1996;41:111–24.

26. Barry MJ, Fowler FJ, Jr., O’Leary MP, Bruskewitz RC, Holtgrewe HL, Mebust WK, Cockett AT. The American Urological

Association symptom index for benign prostatic hyperplasia. The Measurement Committee of the American Urological

Association. J Urol. 1992;148:1549–57; discussion 1564.

27. Jensen L, Yuh B, Wong JYC, Schultheiss T, Cheng J, Ruel N, Twardowski P, Sampath S. Outcomes and toxicity of 313

prostate cancer patients receiving helical tomotherapy after radical prostatectomy. Adv Radiat Oncol. 2017;2:597–607.

28. King CR, Spiotto MT. Improved outcomes with higher doses for salvage radiotherapy after prostatectomy. Int J Radiat

Oncol Biol Phys. 2008;71:23–7.

29. Carrie C, Magne N, Burban-Provost P, Sargos P, Latorzeff I, Lagrange JL, Supiot S, Belkacemi Y, Peiffert D, Allouache N,

Dubray BM, Servagi-Vernat S, Suchaud JP, Crehange G, Guerif S, Brihoum M, Barbier N, Graff-Cailleaud P, Ruffion A,

Dussart S, Ferlay C, Chabaud S. Short-term androgen deprivation therapy combined with radiotherapy as salvage

treatment after radical prostatectomy for prostate cancer (GETUG-AFU 16): a 112-month follow-up of a phase 3,

randomised trial. Lancet Oncol. 2019;20:1740–9.

30. National Comprehensive Cancer Network. NCCN clinical guidelines: prostate (version 2.2019). https://www.nccn.org/

professionals/physician_gls/default.aspx#prostate. Accessed March 16, 2020.

31. King CR. The timing of salvage radiotherapy after radical prostatectomy: a systematic review. Int J Radiat Oncol Biol

Phys. 2012;84:104–11.

32. Swanson GP, Hussey MA, Tangen CM, Chin J, Messing E, Canby-Hagino E, Forman JD, Thompson IM, Crawford ED.

Predominant treatment failure in postprostatectomy patients is local: analysis of patterns of treatment failure in SWOG

8794. J Clin Oncol. 2007;25:2225–9.

33. Shipley WU, Seiferheld W, Lukka HR, Major PP, Heney NM, Grignon DJ, Sartor O, Patel MP, Bahary JP, Zietman AL,

Pisansky TM, Zeitzer KL, Lawton CA, Feng FY, Lovett RD, Balogh AG, Souhami L, Rosenthal SA, Kerlin KJ, Dignam JJ,

Pugh SL, Sandler HM. Radiation with or without antiandrogen therapy in recurrent prostate cancer. N Engl J Med. 2017;

376:417–28.

Kharod et al (2021), Int J Particle Ther 64

Postprostatectomy Proton Therapy

https://www.nccn.org/professionals/physician_gls/default.aspx#prostate
https://www.nccn.org/professionals/physician_gls/default.aspx#prostate
https://www.nccn.org/professionals/physician_gls/default.aspx#prostate

	b01
	b02
	b03
	b04
	b05
	b06
	b07
	b08
	b09
	b10
	b11
	b12
	b13
	b14
	b15
	b16
	b17
	b18
	b19
	b20
	b21
	b22
	b23
	b24
	b25
	b26
	b27
	b28
	b29
	b30
	b31
	b32
	b33

