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Characteristics of PSA Bounce After Radiotherapy
For Prostate Cancer: A Meta-Analysis

Table S1. The number of studies and patients according to radiotherapy modality.

Radiotherapy Modality Number of Studies Number of Patients
LDR-BT 26 12753
HDR-BT 5 1240

EBRT 10 6811
SBRT 14 3573
EBRT + boost 9 1750
CIRT 1 131

LDR-BT, low dose-rate brachytherapy; HDR-BT, high dose-rate brachytherapy; EBRT, external beam
radiotherapy; SBRT, stereotactic body radiotherapy; CIRT, carbon ion radiotherapy. Boost irradiation
included HDR-BT, HDR-BT, and SBRT.

Table S2. Definition of endpoints.

Endpoints Definition
Primary endpoint
PSA bounce PSA increase >0.2 ng/mL followed by spontaneous decrease to pre-bounce nadir
Secondary endpoint
Bounce amplitude Highest PSA value during PSA bounce
Time to occurrence Post-radiotherapy duration until occurrence of PSA bounce
Nadir value Lowest PSA value post-radiotherapy
Time to nadir Post-radiotherapy duration until nadir

PSA, prostate-specific antigen.

Table S3. Search strategy.

Database Search Terms Search Strategy
Medline PSA kinetics AND radiotherapy Sorted by Best Match
PSA bounce AND radiation AND therapy Sorted by Best Match

Web of Science  PSA (bounce OR spike) AND (radiotherapy OR brachytherapy) Limit was not applied

PSA, prostate-specific antigen.

Table S4. PICO metrics.

Metrics Contents
Population Prostate cancer
Intervention Radiotherapy (any modality)
Comparison No comparison is needed
Outcome
Mandatory PSA bounce (cutoff, 0.2 ng/mL)
Optional Bounce amplitude, tune to occurrence, nadir value, time to nadir

PICO, Population-Intervention-Comparison-Outcome; PSA, prostate-specific antigen.



%
Author Year ES (95% CI) Weight

LDR-BT |
Burchardt et al 2018 —.—!- 0.70(0.05, 1.35) 214
Toledano et al 2007 * 0.80 (0.68, 0.92) 2.90
Mazeron et al 2012 - 1.00 (0.77, 1.23) 281
Patel et al 2004 ->- 1.33 (1.15, 1.50) 2.86
Leduc et al 2015 ——e 1.60 (1.07, 2.13) 235
Nishinara et al 2014 :—-0-— 172 (136, 2.07) 265
Quivirin et al 2015 -—— 1.80 (1.16, 2.44) 216
Hinnen et al 2012 | == 1.80 (1.65, 1.95) 2388
Mitchell et al 2008 | e 1.96 (1.70, 2.22) 278
Engeleretal 2015 | - 1.97 (1.80, 2.13) 287
Coen etal 2004 : —— 222 (1.70, 2.75) 236
Zwahlen et al 2011 | —p— 2.38 (2.06, 2.70) 269
Crook et al 2007 | —— 338 (2.05,381) 253
Subtotal (I-squared = 96.3%, p = 0.000) :o 1.74 (1.39, 2.09) 33.98
HDR-BT :
Burchardt et al 2018 —— | 0.80 (0.52, 1.08) 275
Mehta et al 2013 L 1.48 (1.26, 1.69) 282
Kishan et al 2015 | —— 220 (1.91, 2.50) 273
Subtotal (I-squared = 95.6%, p =0.000) -<"'r_'_':>- 1.49(0.77,2.22) 8.30
; I
EBRT |
Romesser et al 2018 [ | 0.46 (0.40, 0.52) 293
Phak et al 2016 - | 0.55 (0.33, 0.77) 282
Zietman et al 2005 ¢* : 1.02 (0.95, 1.10) 293
Kishan et al 2015 | 2.26 (1.36, 3.16) 171
Subtotal (I-squared = 98.0%, p = 0.000) o 0.88 (0.46, 1.29) 10.39

|
SBRT !
Kim HJ et al 2016 - : 0.54 (0.31,0.77) 281
Jiang, et al 2019 ® | 0.61(0.55, 0.67) 293
Lee YHetal 2014 —— | 0.82 (0.55, 1.10) 275
Chen etal 2013 - | 0.85 (0.68, 1.02) 2.86
Royetal 2018 - ! 0.85 (0.65, 1.05) 284
King et al 2009 —0—: 0.86 (0.47, 1.25) 259
Park et al 2018 - 0.98 (0.74, 1.22) 2.80
Kishan et al 2015 - 1.22 (0.97, 1.46) 2.79
King et al 2013 | 1.62 (1.48, 1.76) 289
Kim DN etal 2016 :—0— 1.85(1.37,2.33) 244
Subtotal (I-squared = 95.7%, p = 0.000) Q 1.01(0.73, 1.28) 27.71
: 1
EBRT+Boost |
Makarewicz et al 2009 . | 0.28 (0.24, 0.32) 2.94
Phak et al 2016 [ 3 : 0.34 (0.27,0.41) 293
Beriwal et al 2012 < 0.63 (0.49, 0.77) 289
Merrick et al 2003 - 1.27 (1.11, 1.44) 287
Patel et al 2014 | e 1.93 (1.50, 2.36) 253
Astrom et al 2018 [ 2.20 (1.86, 2.54) 266
Subtotal (I-squared = 98.4%, p = 0.000) q 1.05 (0.70, 1.40) 16.82
: ]
CIRT |
Darwis et al 2020 - | 0.79 (0.55, 1.03) 2.80
Subtotal (-squared = %, p =) > : 0.79 (0.55, 1.03) 2.80
Overall (l-squared = 98.3%, p = 0.000) é 1.29 (1.1, 1.48) 100.00
MNOTE: Weights are from random effects analysis :
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Figure S1. Meta-analysis of the amplitude of prostate-specific antigen (PSA) bounce after
radiotherapy. ES, effect size; CI, confidence interval; LDR-BT, low dose-rate brachytherapy; HDR-BT,
high dose-rate brachytherapy; EBRT, external beam radiotherapy; SBRT, stereotactic body
radiotherapy; CIRT, carbon ion radiotherapy.



Author Year ES (95% Cl) Weight

LDR-BT |
Bostantic et al 2007 e — | 6.00(0.64, 11.36) 185
Quivirin et al 2015 - ! 12.70 (10.26, 15.14) 231
Leduc et al 2015 E 2 : 13.00 (11.85, 14.35) 242
Crook et al 2007 + 15.60 (14.64, 16.56) 245
Engeler et al 2015 L 15.75 (15.00, 16.50) 246
Mitchell et al 2008 - 18.03 (16.25, 19.81) 239
Hinnen et al 2012 L 3 18.40 (17.41,19.39) 245
Mazeron et al 2012 - 18.50 (16.41, 20.59) 235
Bostantic et al 2007 ——— 18.70 (12.39, 25.01) 168
Bostantic et al 2007 —— 18.90 (13.61,24.19) 1.86
Burchardt st al 2018 —— 18.90 (15.12, 22.88) 212
Toledano et al 2007 - 19.00 (17.39, 20.81) 240
Nishihara et al 2014 -+ 19.75 (17.95, 21.55) 238
Patel et al 2004 | 21.90 (20.44, 23.36) 241
Ciezki etal 2006 | = 22.40 (19.79, 25.01) 229
Bostantic et al 2007 p—— 22,60 (17.81, 27.39) 195
Zwahlen et al 2011 | 24,50 (21.70, 27.30) 226
Caloglu etal 2011 | - 26.34 (24.86, 27.82) 241
Coen et al 2004 | o 28,50 (23.90, 33.10) 198
Subtotal (I-squared = 95.0%, p = 0.000) Q 18.93 (17.13,20.74) 42.42
HDR-BT :
Burchardt et al 2018 - 10.70 (7.98, 13.42) 228
Nakai, et al 2020 —— 19.80 (14.28, 25.32) 1.82
Kishan et al 2015 [ 21.98 (19.42, 24 54) 230
Mehta etal 2013 | 22.80 (19.55, 26.05) 220
Subtotal (l-squared = 93.4%, p = 0.000) <._1“‘\=> 18.77 (12.45, 25.09) 859
EBRT |
Phak et al 2016 + 17.00 (11.75, 22.25) 187
Kishan et al 2015 - 2410(1642,3178) 146
Romesser et al 2018 | == 2640(2343,29.37) 224
Zietman et al 2005 | - 28.75(27.37,30.13) 242
Subtotal (I-squared = 84.8%, p = 0.000) | 24.63 (20.13,29.13) 7.99

I
SBRT I
Kim HJ etal 2016 - | 9.75 (8.55, 10.95) 243
Chenetal 2013 -+ ! 13.50 (11.96, 15.04) 241
Kim DNetal 2016 —0—: 14.25 (10.86, 17.64) 218
Park et al 2018 —— 15.85 (12.30, 19.40) 215
Royetal 2018 - 18.23 (16.16, 20.30) 236
Kole etal 2015 - 18.25 (16.08, 20.42) 234
Kishan et al 2015 —— 19.13 (16.27, 21.98) 226
King etal 2009 —— 20.25 (16.62, 23.88) 214
Jiang, et al 2019 - 20.40 (18.72,22.08) 239
Bolzicco et al 2013 I 23,50 (20.88, 26.12) 229
Subtotal (l-squared = 95.2%, p = 0.000) <:i> 17.27 (14.18,20.35) 2.9
EBRT+Boost :
Beriwal etal 2012 - 12.50 (10.54, 14.46) 237
Phak et al 2016 —_—— 13.55 (9.74, 17.36) 2.11
Makarewicz et al 2009 - | 15.50 (14.09, 16.91) 242
Astrom et al 2018 —— 18.00 (15.08,20.92) 225
Merrick et al 2003 - 19.50 (16.95, 22.05) 2.30
Kubo et al 2018 | = 24.50 (22.66, 26.34) 238
Patel et al 2014 | ol 27.75(22.91, 32.59) 194
Subtotal (I-squared = 94.6%, p = 0.000) 18.61(14.78,22.43) 15.76
: I
CIRT |
Darwis et al 2020 - 15.00 (12.38, 17.62) 229
Subtotal (-squared = %, p=.) < 15.00 (12.38, 17.62) 229
. |
Overall (l-squared = 95.7%, p = 0.000) Lo 18.83 (17.39,20.28) 100.00
NOTE: Weights are from random effects analysis :

11

Figure S2. Meta-analysis of the time to occurrence of prostate-specific antigen (PSA) bounce after
radiotherapy. ES, effect size; CI, confidence interval; LDR-BT, low dose-rate brachytherapy; HDR-BT,
high dose-rate brachytherapy; EBRT, external beam radiotherapy; SBRT, stereotactic body
radiotherapy; CIRT, carbon ion radiotherapy.



%

Author Year ES (95% CI) Weight

T
LDR-BT :
Crook et al 2007 . 1 0.08 (0.08,0.08) 7.39
Burchardt et al 2018 —0-:— 0.50(0.16,0.84) 3.86
Zwahlen et al 2011 | —— 0.93(0.84,1.02) 6.94
Subtotal (l-squared = 99.4%, p = 0.000) ) 0.50 (-0.17,1.17) 18.19
. 1
HDR-BT :
Burchardt et al 2018 — | 0.20(0.09,0.31) 6.76
Subtotal (I-squared = .%,p=.) < : 0.20(0.09,0.31) 6.76
: 1
EBRT !
Phak et al 2016 :—+— 0.66 (0.54,0.78) 6.57
Subtotal (I-squared = .%,p=".) |<> 0.66 (0.54,0.78) 6.57
: 1
SBRT 1
Jiang, et al 2019 * : 0.21(0.20,0.22) 7.38
Lee YH et al 2014 —_—— 0.60 (0.45,0.75) 6.22
Kole et al 2015 }0- 0.61 (0.56,0.66) 7.25
Park et al 2018 | —— 0.73(0.60,0.86) 6.56
Chen et al 2013 : —— 0.75(0.68,0.82) 7.10
King et al 2009 | —— 0.83 (0.65,1.01) 5.81
Subtotal (l-squared =99.1%, p = 0.000) <:> 0.62 (0.36,0.88) 40.33
. 1
EBRT+Boost |
Phak et al 2016 —-r 0.51(0.40,0.62) 6.74
Patel et al 2014 -0-]- 0.52 (0.46,0.58) 7.16
Makarewicz et al 2009 | - 0.84(0.77,091) 7.07
Subtotal (l-squared =95.7%, p = 0.000) <:> 0.62 (0.40,0.85) 20.97
. 1
CIRT :
Darwis et al 2020 - 0.55(0.49,0.61) 7.18
Subtotal (l-squared = .%,p=.) <> 055(049,061) 7.18
. 1
Overall (l-squared =99.5%, p =0.000) <> 0.56 (0.47,0.66) 100.00
NOTE: Weights are from random effects analysis :

| | | | |
0 3 6 8 1 12

Figure S3. Meta-analysis of prostate-specific antigen (PSA) nadir values after radiotherapy. ES, effect
size; CI, confidence interval; LDR-BT, low dose-rate brachytherapy; HDR-BT, high dose-rate
brachytherapy; EBRT, external beam radiotherapy; SBRT, stereotactic body radiotherapy; CIRT,
carbon ion radiotherapy.



%

Author Year ES (95% Cl) Weight
LDR-BT |
Burchardt et al 2018 —- : 23.70(19.38, 28.02) 10.91
Subtotal (l-squared = .%, p =) < : 23.70(19.38, 28.02) 10.91
. |
HDR-BT !
Burchardt et al 2018 - ! 19.50 (15.49, 23.51) 10.97
Subtotal (l-squared = .%, p =) < ! 19.50 (15.49, 23.51) 10.97
. |
EBRT |
Phak et al 2016 - : 29.35(25.94, 32.76) 11.09
Subtotal (l-squared = .%, p =.) <> : 29.35(25.94, 32.76) 11.09
. |
SBRT :
Kole et al 2015 . : 27.75(26.51,28.99) 11.36
Jiang, et al 2019 | & 43.30 (41.42, 45.18) 11.31
Park et al 2018 I 45.38 (41.35,49.41) 10.97
Subtotal (l-squared =99.1%, p = 0.000) <.':> 38.73 (26.40, 51.07) 33.64

|
) |
EBRT+Boost :
Phak et al 2016 - 31.90 (28.83, 34.97) 11.15
Patel et al 2014 : - 58.00 (54.04, 61.96) 10.99
Subtotal (l-squared = 99.0%, p = 0.000) --__,___-“"'_‘:‘_—-—- 4492 (19.34,70.50) 2213
. |
CIRT I
Darwis et al 2020 : -*> 42.66 (40.33,44.99) 11.25
Subtotal (l-squared = .%, p =.) : O 42.66 (40.33,44.99) 11.25
. |
Overall (l-squared = 98.4%, p = 0.000) <> 35.74 (28.87, 42.60) 100.00

]
NOTE: Weights are from random effects analysis !

| | I I
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Figure S4. Meta-analysis of the time to prostate-specific antigen (PSA) nadir after radiotherapy. ES,
effect size; CI, confidence interval; LDR-BT, low dose-rate brachytherapy; HDR-BT, high dose-rate
brachytherapy; EBRT, external beam radiotherapy; SBRT, stereotactic body radiotherapy; CIRT,

carbon ion radiotherapy.
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