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Abstract
Background: The objective of this study was to evaluate baseline use and positive rates of staging images
(bone scan, CT) in newly diagnosed patients with prostate cancer (PCa) and to improve staging image overuse.
Materials and Methods: This retrospective study covered a consecutive series of patients with PCa who underwent
stage imaging at our institution between 2006 and 2011. Various clinical and pathological variables (age, PSA,
biopsy Gleason score, clinical T stage, positive biopsy core rate) were evaluated by multivariate logistic regression
DQDO\VLVIRUWKHLUDELOLW\WRSUHGLFWDSRVLWLYHVWDJLQJLPDJH$OOSDWLHQWVZHUHVWUDWLÀHGDFFRUGLQJWRWKH1&&1
ULVNVWUDWLÀFDWLRQDQGSRVLWLYHUDWHVZHUHFRPSDUHGLQHDFKULVNJURXSResults: 410 patients (100%) underwent
a bone scan and 315 patients (76.8%) underwent a CT scan. Some 51 patients (12.4%) had a positive bone scan,
FOLQLFDO7DQG7EHLQJVLJQLÀFDQWLQGHSHQGHQWSUHGLFWRUV3RVLWLYHERQHVFDQUDWHVIRUORZLQWHUPHGLDWH
KLJKDQGYHU\KLJKULVNJURXSVZHUHDQG6RPH  SDWLHQWVKDGDSRVLWLYH&7
VFDQZLWKHOHYDWHG36$DQGFOLQLFDO77DVVLJQLÀFDQWLQGHSHQGHQWSUHGLFWRUV/RZLQWHUPHGLDWHKLJKDQG
YHU\KLJKULVNJURXSUDWHVZHUHDQGConclusions: The incidences of positive staging
LPDJHLQORZDQGLQWHUPHGLDWHULVNJURXSZHUHUHDVRQDEO\ORZ)ROORZLQJIHHGEDFNRQWKHVHUHVXOWVVWDJLQJ
LQORZDQGLQWHUPHGLDWHULVNJURXSVFRXOGEHRPLWWHG
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Introduction
Incidence rates of prostate cancer (PCa) in Japan have
increased and are estimated to increase in the future. The
number of patients with newly diagnosed PCa will be
78,468 in 2020, which will be the second highest male
cancer following lung cancer (Ito et al., 2008).
More than 90% of PCa patients are diagnosed with a
clinically localized disease (Lavery et al., 2011). For many
years, there existed routine imaging (CT, bone scan) for
staging purposes in all patients with newly diagnosed PCa,
UHJDUGOHVVRIULVNVWUDWLÀFDWLRQ %RULQ 'HVSLWHWKH
publication of international evidence-based guidelines,
LPDJLQJRYHUXVHUHPDLQVDQLVVXH %RULQ/DYHU\HW
al., 2011). This may place the patient at increased risk from
radiation or contrast exposure and places an unnecessary
ÀQDQFLDO EXUGHQ RQ WKH SDWLHQW DQG KHDOWK FDUH V\VWHP
(Lavery et al., 2011).
The Urological Surgery Quality Collaborative
(USQC) project was performed to improve the use of

radiographic staging in men with newly diagnosed PCa
and accomplished a reduction in the use of staging image
by collaborative feedback on baseline use and review
RIFOLQLFDOJXLGHOLQH(VSHFLDOO\WKHUHZDVDVLJQLÀFDQW
reduction in patients with low- and intermediate- risk
cancer (Miller et al., 2011).
In this study, we evaluated the baseline use and
positive rate of staging image (CT, bone scan) in a
consecutive series of patients with PCa at our institution.
We investigated the relevance of a positive staging image
and various clinical and pathological variables (age, PSA,
biopsy Gleason score, clinical T stage, positive biopsy
core rate) and assessed the incidence of positive staging
image across prostate cancer risk strata.

Materials and Methods
%HWZHHQDQGWKHFRQVHFXWLYHQHZO\
diagnosed prostate cancer patients were treated at our
institution. For a metastatic evaluation, a bone scan using
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technetium (Tc) 99m methylene diphosphonate (Tc 99m
0'3 DQGD&7VFDQRIFKHVWDEGRPHQDQGSHOYLVZHUH
SHUIRUPHG$OOERQHVFDQVZHUHFODVVLÀHGDVSRVLWLYHRU
negative for evidence of bone metastasis. If the diagnosis
of bone metastases was suspected, then additional imaging
studies with CT scan or magnetic resonance imaging
05,  ZHUH XQGHUWDNHQ WR FRQÀUP WKH ÀQDO GLDJQRVLV
$OO&7VFDQVZHUHFODVVLÀHGDVSRVLWLYHRUQHJDWLYHIRU
evidence of lymph node metastasis and distant metastasis.
The results of CT and bone scans were obtained from
WKH RIÀFLDO UDGLRORJ\ UHSRUWV E\ RQH H[SHUW IXOOWLPH
radiologist (H.K.).
We retrospectively studied the baseline use and
positive rate of staging image (bone scan, CT). The
proportion of a positive staging image was evaluated by
age distribution, PSA level at diagnosis, biopsy Gleason
score (bGS), clinical T stage, and positive biopsy core
rate (%). All patients underwent transrectal systemic
biopsies for diagnosis of the disease. In the biopsy, three
WR ÀYH FRUHV IURP HDFK SURVWDWLF OREH ZLWK D WRWDO VL[
to ten cores were taken and served for diagnosis. The
positive biopsy core rate was determined by the following
formula: the number of positive cores/the number of total
biopsy cores. Clinical T stage was determined by digital
UHFWDO H[DPLQDWLRQ '5(  WUDQVUHFWDO XOWUDVRQRJUDSK\
and pre-biopsy MRI (1.5T, pelvic phased array). A 2002
UICC TNM staging system was used for clinical T stage
FODVVLÀFDWLRQ 7KH E*6 ZDV DVVLJQHG E\ WKH *OHDVRQ
grading system of the 2005 International Society of
Urological Pathology (ISUP) Consensus Conference.
Fisher’s probability exact test was used to compare the
categorical parameters. Mann-Whitney’s U-test was used
to compare the continuous parameters. Univariate and
multivariate logistic regression analyses were performed
to access the predictors of patients with a positive staging
image (CT, bone scan).
 $OO SDWLHQWV ZHUH VWUDWLÀHG DFFRUGLQJ WR WKH 1&&1
(v.3.2012) risk stratification (http://www.nccn.org/
SURIHVVLRQDOVSK\VLFLDQBJOV3')SURVWDWHSGI ,Q1&&1
ULVNVWUDWLÀFDWLRQWKHULVNJURXSVDUHGHÀQHGDVIROORZV

low risk group, clinical T stage T1-T2a and bGS2-6, and
36$QJP/LQWHUPHGLDWHULVNJURXSVWDJH7E7F
RUE*6RU36$QJP/KLJKULVNJURXSVWDJH7D
RUE*6RU36$!QJP/YHU\KLJKULVN7E7:H
compared the baseline use and positive rate of staging
image (CT, bone scan) in each risk group.
All statistical analyses were performed using
,%0 6366 6WDWLVWLFV YHU$OO 3 YDOXHV ZHUH
FRQVLGHUHGDVVWDWLVWLFDOO\VLJQLÀFDQW

Results
For staging, 410 patients (100%) underwent a bone scan
and 315 patients (76.8%) underwent a CT scan. Of 410
patients, 51 (12.4%) were diagnosed with positive bone
scan (bone metastasis). Patient backgrounds including
age, PSA , bGS, clinical T stage and positive biopsy core
rate (%) are summarized in Table 1. PSA, clinical T stage,
E*6 DQG SRVLWLYH ELRSV\ FRUH UDWH ZHUH VLJQLÀFDQWO\
higher than those without positive bone scan (PSA<0.001,
clinical stage<0.001, bGS<0.001, positive biopsy core
rate<0.001). In Table 2, the univariate logistic regression
analyses of each parameter to predict positive bone scan
demonstrated that PSA, clinical T3, T4, bGS 8-10 and
positive biopsy core rate were independent predictors.
The multivaritate logistic regression analyses of each
parameter to predict positive bone scan demonstrated that
Table 2. 8QLYDULDWH DQG 0XOWLYDULDWH /RJLVWLF
Regression Analyses to Predict a Bone Metastasis
Univariate analyses Multivariate analyses
Odds ratio p value Odds ratio p value
Age (years)
PSA (ng/ml)
Clinical stage
T3 vs T2
74
T4 vs T2
251
biopsy Gleason score
3+4 vs 3+3
7.8
4+3 vs 3+3
5.0
8-10 vs 3+3
19.8
Positive biopsy core rate

0.12
<0.001
<0.001
<0.001

0.958
1
58.41
142.4

0.08
0.39
<0.001
<0.001

0.104
0.162
<0.001
<0.001

0.987
1.172
1.263
1.011

0.992
0.909
0.843
0.128

p value

Table 1. 3DWLHQWV:KR8QGHUZHQWD%RQH6FDQ 3DWLHQWV·%DFNJURXQG
No. of patients
Age mean (median)
Clinical stage No.
T1c
T2a/T2b/T2c
T3a/T3b
T4
PSA, ng/ml mean (median)
PSA, ng/ml, No.
0-4.0
4.01-10.0
10.01-20.0
!
%LRSV\*OHDVRQVFRUH1R
6
3+4/4+3

Positive biopsy core rate (%) mean (median)
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All patients

Patients without bone mets

Patients with bone mets

410
72.2 (73)

359
72.0 (73)

51
73.8 (75)

102
83/34/56
71/32
32
205 (11.5)

102
83/34/55
55/17
13
84.6 (9.99)

0
0/0/1
16/15
19
1052.8 (293)

10
171
94


87
60/34

45.5 (40)

10
170
94


86
55/32

40.8 (30)

0
1
0


1
5/2

78.6 (90)
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0.12
<0.001

<0.001
<0.001

<0.001
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Table 3. 3DWLHQWV:KR8QGHUZHQWD&76FDQ SDWLHQW·VEDFNJURXQG

No.
Age mean (median)
PSA, ng/ml mean (median)
Clinical stage No.
T1c
T2a/2b/2c
T3a/T3b
T4
PSA, ng/ml, No.
0-4.0
4.01-10.0
10.01-20.0
!
%LRSV\*OHDVRQVXP1R
6
3+4/4+3

Positive biopsy core rate(%) mean (median)

All patients

Patients without
positive CT scan

Patients with
positive CT scan

315
72.6 (73)
192.5 (11.5)

256
72.4 (73)
20.1 (9.0)

59
73.2 (74)
940.4 (225)

84
61/28/43
50/23
26

83
59/28/43
30/8
5

1
2/0/0
20/15
21

7
136
71


59
42/25

46.5 (40)

7
135
69


58
38/24

39.1 (30)

0
1
2


1
4/1

78.5 (90)

p value

0.36
<0.001
<0.001

<0.001

<0.001

<0.001

clinical T3 and T4 were independent predictors.
Of 315 patients, 59 (18.7%) were diagnosed with
positive CT scan (lymph node in 46, bone in 11, and lung
in 2). All those with positive bone metastases evidenced
on CT had positive bone scans. Patient backgrounds
including age, PSA, bGS, clinical T stage and positive
biopsy core rate (%) are summarized in Table 3. PSA,
clinical T stage, bGS and positive biopsy core rate were
VLJQLÀFDQWO\KLJKHUWKDQWKRVHZLWKRXWSRVLWLYH&7VFDQ
(PSA<0.001, clinical stage<0.001, bGS<0.001, positive
biopsy core rate<0.001). In Table 4, the univariate logistic
regression analyses of each parameter to predict positive
CT scan demonstrated that PSA, clinical T3, T4, bGS 8-10
and positive biopsy core rate were independent predictors.
The multivaritate logistic regression analyses of each
parameter to predict positive CT scan demonstrated that
PSA and clinical T3, T4 were independent predictors.

In Table 5, a positive staging image (CT, bone scan)
was evaluated across the NCCN risk strata. To investigate
D SRVLWLYH ERQH VFDQ  SDWLHQWV ZHUH VWUDWLÀHG LQWR
IRXU JURXSV DFFRUGLQJ WR WKH 1&&1 ULVN VWUDWLÀFDWLRQ
The bone scan baseline use in each risk group was all
100%. The proportions of patients with positive bone
scan of the low-, intermediate-, high-, and very high-risk
groups in our cohorts were 0% (0/57), 0% (0/87), 8.25%
(17/206), and 56.6% (34/60). The CT baseline use of low-,
intermediate-, high- and very high-risk group were 68.4%
(39/57), 74.7% (65/87), 80.5% (166/206) and 75.0%
(45/60) . The proportion of patients with positive CT
scan of the low-, intermediate-, high- and very high-risk
groups in our cohorts were 0% (0/39), 0% (0/65), 13.8%
(23/166) and 80.0% (36/45). In our study, the incidences
of positive staging image (bone scan, CT) in low- and
intermediate- risk group were reasonably low.

Table 4. 8QLYDULDWH DQG 0XOWLYDULDWH /RJLVWLF
Regression Analyses to Predict a Positive CT Scan

'LVFXVVLRQ

Univariate analyses
Odds ratio
p value
Age (years)
PSA (ng/ml)
Clinical stage
T2 vs T1c
1.93
T3 vs T1c
76.4
T4 vs T1c
348.6
%LRSV\*OHDVRQVFRUH
3+4 vs 3+3
6.1
4+3 vs 3+3
5
8-10 vs 3+3
22.6
Positive biopsy core rate

Multivariate analyses
Odds ratio p value

0.39
<0.001

0.949
1.007

0.117
0.01

0.95
<0.001
<0.001

1.475
20.15
28.12

0.75
0.014
0.001

0.18
0.43
<0.001
<0.001

0.978
7.236
3.684
1.012

0.99
0.216
0.362
0.225

'HVSLWHWKHSXEOLFDWLRQRILQWHUQDWLRQDOHYLGHQFHEDVHG
guidelines, imaging overuse remains an issue (Lavery et
DO%URLQ $FFRUGLQJWRWKHJXLGHOLQHVERQH
VFDQLVLQGLFDWHGIRUSDWLHQWVZLWKERQHSDLQ36$!QJ
ml, Gleason score 8 or greater, or stage cT3 or greater and
CT is reserved primarily for patients with greater than 20%
QRPRJUDP SUHGLFWHG O\PSK QRGH LQYROYHPHQW %URLQ
 %XWPRVWFOLQLFLDQVKDYHOLWWOHRUQRHPSLULFDOGDWD
regarding their own staging practice patterns. In addition,
even when such data are available, many urologists are
uncertain about how to implement appropriate staging

7DEOH7KH3URSRUWLRQRI%DVHOLQH8VHDQG3RVLWLYH6WDJLQJ,PDJH &7%RQH6FDQ LQ3DWLHQWV6WUDWLÀHG,QWR
Each Risk Groups
Patients with bone scan
Patients with CT scan

baseline use
positive bone mets
baseline use
positive CT

Low risk

Intermediate risk

High risk

Very high risk

100% (57/57)
0% (0/57)
68.4% (39/57)
0% (0/39)

100% (87/87)
0% (0/87)
74.7% (65/87)
0% (0/65)

100% (206/206)
8.25% (17/206)
80.5% (166/206)
13.8% (23/166)

100% (60/60)
56.6% (34/60)
75.0% (45/60)
80.0% (36/45)
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practices (Miller et al., 2011).
0LOOHUHWDO  GHVFULEHGÀQGLQJVIURPD8URORJLFDO
Surgery Quality Collaborative (USQC) project focused
on improving the use of radiographic staging (CT, bone
scan) in men with newly diagnosed prostate cancer. They
collected clinical data such as PSA and clinical T stage,
bGS, receipt of a bone scan and/or CT, bone scan and/or
CT results. They assessed baseline practice patterns in the
use of bone scan and CT. Following audit and feedback of
baseline use pattern and clinical guideline dissemination,
XURORJLVWVLQ864&SUDFWLFHVRUGHUHGVLJQLÀFDQWO\IHZHU
UDGLRJUDSKLFVWXGLHV7KLVVWXG\GHPRQVWUDWHGDVLJQLÀFDQW
reduction in the use of radiographic staging (CT, bone
scan) in patients with low and intermediate risk cancer
(p<0.05). This project accomplished a reduction in the use
of staging image by collaborative feedback on baseline
use and review of clinical guideline.
In our study, we evaluated the clinical data and
practice patterns of staging image at our institution. In the
PXOWLYDULWDWHDQDO\VHVFOLQLFDO7DQG7ZHUHVLJQLÀFDQW
independent predictors of a positive bone scan. PSA and
FOLQLFDO77 ZHUH VLJQLÀFDQW LQGHSHQGHQW SUHGLFWRUV
of a positive CT scan. These results were equivalent to
guideline recommendations. Among patients with low risk
tumor, 68.4%CT and 100% bone scan were performed, but
a positive rate of CT, bone scan is 0%, 0%, respectively.
Among patients with intermediate risk tumor, 74.7%
CT and 100% bone scan were performed, but a positive
rate ofCT, bone scan is 0%, 0%, respectively. Staging
practices in low- and intermediate- risk cancer can be
safely omitted, in line with earlier reports of overuse of
LPDJLQJ &KRLHWDO3DYROJ\LHWDO6DQMD\D
et al., 2013). Following feedback of baseline use data and
guideline recommendations, staging image overuse can
be improved.
In conclusion, staging image overuse was seen at our
institution. A positive rate of staging image (bone scan,
CT) in low- and intermediate- risk tumor is reasonablely
low. Feedback on baseline use data is important to improve
staging image overuse in newly diagnosed patients with
prostate cancer.

References
%RULQ-)  ,PDJLQJIRUVWDJLQJSURVWDWHFDQFHUWRRPXFK
or not enough? J Urol, 186, 779-80.
&KRL:::LOOLDPV6%*X;HWDO  2YHUXVHRILPDJLQJ
for staging low risk prostate cancer. J Urol, 185, 1645-9.
Ito K, Kakehi Y, Naito S, et al (2008). Japanese urological
association: japanese urological association guidelines
RQ SURVWDWHVSHFLÀF DQWLJHQEDVHG VFUHHQLQJ IRU SURVWDWH
cancer and the ongoing cluster cohort study in Japan. Int J
Urol, 15, 763-8.
/DYHU\+-%UDMWERUG-6/HYLQVRQ$:HWDO  8QQHFHVVDU\
imaging for the staging of low-risk prostate cancer is
common. Urol, 77, 274-78.
0LOOHU '& 0XUWDJK '6 6XK 56 HW DO   5HJLRQDO
collaboration to improve radiographic staging practices
among men with early stage prostate cancer. J Urol, 186,
844-9.
3DOYROJ\L 5 'DVNLYLFK 7- &KDPLH . .ZDQ / /LWZLQ 06
 %RQHVFDQRYHUXVHLQVWDJLQJRISURVWDWHFDQFHUDQ

1710

$VLDQ3DFLÀF-RXUQDORI&DQFHU3UHYHQWLRQ9RO

analysis of a Veterans Affairs cohort. Urology, 77, 1330-6.
Sanjaya IPG, Mochtar CA, Umbas R (2013). Correlation
EHWZHHQ ORZ *OHDVRQ VFRUH DQG SURVWDWH VSHFLÀF DQWLJHQ
levels with incidence of bone metastases in prostate cancer
patients: when to omit bone scans? Asian Pac J Cancer
Prev, 14, 4973-4976

