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ABSTRACT

   Purpose: To develop probability nomograms to predict pathologic outcome at the time of radical prostatectomy (RP) based on established prognostic factor and prostate biopsy quantitative histology.

   Materials and Methods: Using data from the CPDR database univariate and multivariate analysis was performed on 1510 men, who had transrectal ultrasound and biopsy for diagnosis and had radical prostatectomy as primary therapy, with variables of age, race, clinical stage, pre-treatment PSA, biopsy Gleason sum, and percentage of biopsy cores positive for cancer (total number of cores positive for cancer divided by the total number of cores obtained). The percentage of biopsy cores positive were grouped as < 30%, 30-60% and > 60%. The three most significant variables were used to develop probability nomograms for pathologic stage. 

   Results: PSA, biopsy Gleason sum and percentage of cores positive were the three most significant independent predictors of pathologic stage. The assigned percentage of biopsy cores positive sub-groups along with pre-treatment PSA and highest Gleason sum were used to develop probability nomograms for pathologic stage. 

   Conclusion: Pre-treatment PSA, highest biopsy Gleason sum, and the percentage of cores positive for cancer are the most significant predictors for pathologic stage after radical prostatectomy. Based on these findings the CPDR probability nomograms to predict pathologic outcome at the time of RP were developed . 

Gancarczyk, et al Page 3

Introduction

Prostate cancer is currently the most common solid malignancy in males and the second leading cause of cancer death (1).  The combination of public awareness and the use of Prostate Specific Antigen (PSA) have lead to an increased incidence of clinically localized disease at the time of diagnosis (2-4). Currently multiple treatment options such as radical prostatectomy, conformal (three-dimensional) external beam radiation, brachytherapy, and other focal therapies are available for localized disease (5-7).  Therefore, the ability to accurately predict pathologic stage is a crucial element when deciding treatment plans. Multiple predicting models using various pre-operative factors have been developed to aid in this process (8-11). Partin, et al developed the most recognized predicting nomogram in 1993, which uses clinical stage, biopsy Gleason score and pre-treatment PSA level to predict pathologic stage following radical prostatectomy.  Despite recent multi-institutional validation of this model, a number of other studies have demonstrated that the percentage of biopsy cores positive for cancer is one of the strongest predictors of pathologic stage as well as disease progression (11-16).  We have developed probability nomograms based on the percentage of biopsy cores positive for cancer (number of cores positive/ total numbers of cores obtained), along with pre-treatment PSA and highest biopsy Gleason score to predict pathologic stage using data obtained from the Department of Defense (DoD) Center for Prostate Disease Research’s (CPDR) database.  
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Materials and Methods

We reviewed the clinical and pathological data of all men entered into the Center for Prostate Disease Research’s (CPDR) database, which is a Department of Defense Multi-center Tri-service Longitudinal National Database having had diagnosis by transrectal ultrasound and biopsy (TRUS/BX) and who underwent radical prostatectomy as primary therapy for prostate cancer between January 1990 and January 2001. Only those men that had complete information with regard to clinical stage, race, age, pre-treatment PSA, TRUS/BX data and pathologic stage were studied. Required TRUS/BX data included total number of cores taken, total number of cores positive for prostate cancer and highest (worst) Gleason score. We limited the study to men that had between 6-12 cores taken and defined the percentage of biopsy cores positive as the total number of cores positive for prostate cancer divided by the total number of cores taken. All of the radical specimens were staged according to the 1992 TMN classification and only those with pathology Gleason Sum available were used (17).  We excluded any patients that had neoadjuvant hormonal therapy or who were missing any of the aforementioned data of interest.  A total of 9658 men were identified in the CPDR database and of those 4608 had undergone radical prostatectomy for prostate cancer. A total of 3081 patients were excluded due to: unavailable Gleason sum (831), biopsy cores other than 6-12 (739), unknown number of cores positive (647), no available PSA (493), missing clinical stage (176), neo-adjuvant hormonal therapy (136), unknown race (40), missing age (19) and clinical T3 disease (17). The final cohort consisted of 1510 patients. 
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Once the patients were identified we performed univariate analysis for PSA, clinical stage, highest biopsy Gleason Sum, race, age, and percentage of biopsy cores positive for prostate cancer to determine the most significant predictors of pathologic 

outcome. The main objective of this study was to produce a clinically useful probability nomogram; in order to accomplish this we first had to determine the pathological stage 

stratification of the percent of biopsy cores positive.  As we included biopsy cores taken ranging from 6- 12 to encompass the multiple biopsy schemes that are currently in 

practice, nine subgroups were initially formed: < 20%, > 20 to < 30, > 30 to <40, > 40 to < 50, > 50 to < 60, > 60 to < 70, > 70 to <80, > 80 to < 90, >90 to 100 (17-21). The groups were then assigned based on <30%, 30-60, and > 60% as this provided statistically significant pathologic stage stratification. Next the four possible pathologic outcomes: organ confined (OC), capsule positive (Cap +), seminal vesicle positive (SV +) and node positive (N+) were applied to these groups. Next, the significant predictors were entered into a stepwise logistic regression model to determine their independent predictive significance.


Once the three most significant independent predictors of pathology at the time of radical prostatectomy with their subgroups were identified, a probability nomogram was then created with each patient only having one pathologic outcome and a confidence level greater than 95% (18).

Gancarczyk, et al Page 6

Results

As CPDR is a national multi-center database the data represents input provided by multiple surgeons and pathologists from various geographic regions across the country.  Table 1 provides the general demographics and clinical features of our 1510 patients in 

which 72.5% were Caucasian and 22% were African American. These men had a median age of 62.6 years and pretreatment PSA of 6 ng/ml, with 53% of them having clinical T1c disease at the time of diagnosis. In Table 2, the median number of cores obtained on TRUS/BX was 6, which represented 64.2% of the cases and the average percentage of biopsy cores positive for cancer was 33.6 %. The median highest/worst Biopsy Gleason as well as Pathology Gleason sum was 6, and 57.6 % of the cohort had organ-confined (OC) disease.  On univariate analysis, pre-treatment PSA, biopsy Gleason sum, % of biopsy cores positive for cancer, and clinical stage were significant predictors of pathologic outcome all of which had a p value of  < 0.0001 whereas age and race were not significant with p values of 0.11 and 0.23 respectively  (Table 3).  


The pathologic stage stratification of the percentage of biopsy cores positive for cancer represented in Table 4 were assigned to three groups <30 %, 30-60% and > 60% which held as statistically significant groupings as demonstrated in Table 5 and 6. The primary logistic regression analysis using pre-treatment PSA, biopsy Gleason sum, percent of biopsy cores positive for cancer, and clinical stage to predict pathologic stage demonstrated that only PSA, biopsy Gleason sum and percentage of cores positive were significant with p values of  < 0.0001, < 0.0001, and 0.027 respectively. The clinical stage although significant in univariate analysis, was not significant on multivariate 
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analysis ( p =  0.06) (Table 5). The reduced logistic regression analysis to predict pathologic outcome is represented in Table 6.


PSA, biopsy Gleason sum, and the percentage of biopsy cores positive for cancer being the three most significant independent predictors of pathologic outcome at the time of radical prostatectomy were used to create probability nomograms with a confidence level of 95% which are represented in Table 7.

Discussion


In our study of 1510 men from the CPDR database using univariate and multivariate analysis, pretreatment PSA, highest biopsy Gleason sum, and percent of biopsy cores positive (defined as the number of cores positive for cancer divided by the 

total number of cores taken) were the three most significant pretreatment features to predict pathologic outcome at the time of radical prostatectomy, similar to other 

previous reported series (12-14,19-21). Patients in our study represent the sum experience of multiple surgeons from various geographic locations as well as different pathologists and their techniques. We feel this allows our study to reflect the urologic community as a whole and not be limited to one institution’s bias nor champion any one technique (12,18, 22,23). The inclusion of the biopsy core range of 6 to 12 with the pathologic stage stratification is an attempt to encompass the various biopsy schemes currently in practice and identify the pathologically similar groups as no one biopsy scheme has been established as clearly superior (24-28). 
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We report, to our knowledge, the largest series to date demonstrating that the percentage of biopsy cores positive (number of positive cores/ total number of cores taken) is a highly significant independent predictor of pathologic outcome at the time of radical prostatectomy (11,29). Other studies have demonstrated that the percentage of cores positive is also a significant predictor of PSA recurrence after radical as well as other forms of primary treatments for prostate cancer (14,30,31). These points illustrate the importance of knowing the percentage of cores positive and that is why we would recommend making this a standard part of all TRUS/Bx pathology reports.  

The point of any probability nomograms should be to assist the clinician in providing their patients with the most accurate information for the clinical end point of interest. We realize that our nomograms only provide an intermediate end point in the full spectrum in treatment of prostate cancer as neither PSA recurrence nor mortality were considered in this study. Another limitation of our study is that validation is currently lacking; however, we are currently planning follow-up studies to do so and also encourage outside institution validation.  Despite these limitations we feel that our probability nomograms developed with a 95% level of confidence is a clinically useful tool in aiding the clinician and patient in making the most informed decision as possible. 


An obvious question will be whether to use the new nomograms based on percent of biopsy cores positive or the traditional Partin Nomograms based on clinical stage (9).  Considering that clinical stage was not an independent predictor of pathologic stage in this study, we would favor our new nomograms.  However, considering that the percent of biopsy cores positive is not always known, the Partin tables will still have clinical use. It is not surprising that the clinical stage variable is not an independent predictor of pathologic stage, now a decade into the PSA-Era, as the majority of men are now clinical 
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stage T1C at time of diagnosis.  There is less spread in clinical stage categories making the traditional Partin tables less accurate.  

An example using the CPDR nomograms is a 62 y/o man with a PSA of 4.1 ng/ml, biopsy Gleason sum of 6, and had 60% or greater of his biopsy cores 

positive (>6 cores positive out of 10 total cores). His probability of organ confined (OC) disease is 52%, capsule positive (Cap+) 39%, seminal vesicle involvement (SV+) 5%, and nodal involvement (N+) is 5%. 

Conclusion


Pre-treatment PSA, highest biopsy Gleason sum, and the percentage of biopsy cores positive for cancer are the three most significant independent predictors of pathologic stage after radical prostatectomy.  Based on these finding we have developed the CPDR probability nomograms to predict pathologic outcome at the time of radical prostatectomy.
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Table 1.  General demographic and clinical features of the 1527 men in                                                                              the study          

                          Feature                                                                Value

Age-Median (range)
62.6 (39-81)

PSA (ng/ml)-Median (range)
6 (0.24-100)

Clinical T Stage %
                                                                                    

     cT1C
53

     cT2
47

Race %


     Caucasian
72.5

     African American
22

     Other
5.4
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Table 2.  General features of the TRUS/BX and radical prostatectomy                                                                                                             pathology
                          Feature                                                                Value

No. TRUS/BX cores obtained (%)


      6 cores
970 (64.2) 

      7 cores
138 (9.1)

      8 cores
144 (9.5)

      9 cores
28 (1.9)

      10 cores
164 (10.9)

      11 cores
11 (0.7)

      12 cores
55 (3.6)

TRUS/BX cores obtained- Median
6

No. Biopsy Gleason Sum (%)


      2-4
330 (21.9)

      5
299 (19.8)

      6
521 (34.5)

      7
281 (18.6)

      8-10
79 (5.2)

Biopsy Gleason sum- Median 
6 

No. Pathologic outcomes (%) 


      Organ Confined (OC)
870 (57.6)

      Capsule positive (Cap +)
496 (32.9)

      Seminal vesicle positive (SV+) 
101 (6.7)

      Node positive (N+)
43 (2.9)

Pathology Gleason sum- Median (range)
6 (2-10)
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Table 3. Univariate analysis for predicting pathologic outcome at the time of radical prostatectomy


  OC

 No. (%)
  Cap +

  No. (%)
  SV+ 

 No. (%)
   N+

 No. (%)
p Value

Age




0.11

     (  60
328 (60.4)
166 (30.6)
 28 (5.2)
 21 (3.9)


     > 60 – 70
451 (55.7)
279 (34.4)
 62 (7.6)
 18 (2.2)


     ( 70
  94 (55.9)
  54 (32.1)
 12 (7.1)
   8 (4.8)


Race




0.23

     Caucasian
611 (56.0)
372 (34.0)
 72 (6.6)
 37 (3.4)


     African American
181 (54.5) 
107 (32.2)
 30 (9.0)
 14 (4.2)


     Other
  44 (54.3)
  32 (39.5)
   4 (4.9)
   1 (1.2)


PSA




< 0.0001

     ( 4
177 (72.0)
  55 (22.5)
   7 (2.9)
   5 (2.1)


     > 4 – 10
570 (58.5)
332 (34.1)
 53 (5.4)
 20 (2.1)


     > 10 – 20
  99 (44.4)
  86 (38.6)
 29 (13.0)
   9 (4.0)


     ( 20
  24 (35.3)
  23 (33.8)
 12 (17.6)
   9 (13.2)


Biopsy Gleason




< 0.0001

     2 - 4
226 (68.5)
  89 (27.0)
 11 (3.3)
   4 (1.2)


     5 - 6
489 (59.6)
268 (32.7)
 39 (4.8)
 24 (2.9)


     7
126 (43.9)
113 (39.4)
 37 (12.9)
 11 (3.8)


     8 - 10
  33 (39.3)
  15 (17.9)
 20 (23.8)
   8 (9.5)


Clinical Stage




< 0.0001

     T1C
455 (59.1)
264 (34.3)
 39 (5.1)
 12 (1.5)


     T2
380 (55.6)
216 (31.6)
 59 (8.6)
 29 (4.2)


% of Positive cores




< 0.0001

     < 30
478 (63.8)
218 (29.1)
 35 (4.7)
 18 (2.4)


     30-60
311 (53.9)
207 (35.9)
 47 (8.2)
 12 (2.1)


     ( 60
  81 (44.0)
  71 (38.6)
 19 (10.3)
 13 (7.1)
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Table 4. Pathologic stage stratification of the % biopsy cores positive for cancer 


OC
Cap+
SV+
N+


% Biopsy  +
        No. (%)
        No. (%)
        No. (%)
         No. (%)
        Total No.


< 20
411 (64.6)
185 (29.1)
26 (4.1)
14 (2.2)
636

> 20, < 30
67 (59.3)
33 (29.2)
9 (8.0)
4 (3.5)
113

> 30, < 40
186 (61.6)
98 (32.5)
13 (4.3)
5 (1.7)
304

> 40, < 50
29 (50.9)
21 (36.8)
7 (12.3)
0 (0)
57

> 50, < 60
96 (44.0)
88 (40.4.6)
27 (12.4)
7 (3.2)
218

> 60, < 70
43 (51.2)
32 (38.1)
5 (6.0)
4 (4.8)
84

> 70, < 80
6 (46.2)
4 (30.8)
2 (15.4)
1 (7.7)
13

> 80, < 90
15 (39.5)
17 (44.7)
3 (7.9)
3 (7.9)
38

> 90 to 100
17 (34.7)
18 (36.8)
9 (18.4)
5 (10.2)
49
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Table 5. Primary logistic regression analysis to predict pathologic outcome


Odds Ratio
95% CI
p Value



Age


0.613

     (  60
1.00



     > 60 – 70
0.94
0.74 – 1.18


     ( 70
0.84
0.58 – 1.20


Race


0.209

     African American
1.00



     Caucasian
1.26
0.98 – 1.62


     Other
1.17
0.72 – 1.92


Clinical Stage


 0.058

     T1C
1.00



     T2
0.81
0.65 – 1.01


PSA


< 0.0001

     ( 4
1.00



     > 4 – 10
0.57
0.41 – 0.80


     > 10 – 20
0.33
0.22 – 0.49


     ( 20
0.20
0.11 – 0.34


Biopsy Gleason


< 0.0001

     2 – 4
1.00



     5 – 6
0.71
0.54 – 0.94


     7
0.45
0.32 – 0.64


     8 – 10
0.30
0.18 – 0.50


% of Positive cores


0.027

     < 30
1.00



     30-60
0.83
0.66 – 1.05


     ( 60
0.64
0.46 – 0.90
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Table 6. Reduced logistic regression analysis to predict pathologic outcome


Odds Ratio
95% CI
p Value






PSA


< 0.0001

     ( 4
1.00



     > 4 – 10
0.60 
0.44 – 0.82


     > 10 – 20
0.35
0.24 – 0.51


Biopsy Gleason


< 0.0001

     2 – 4
1.00



     5 – 6
0.71
0.54 – 0.94


     7
0.45
0.32 – 0.62


     8 – 10
0.30
0.18 – 0.48


% of Positive cores


 0.0065

     < 30
1.00



     30-60
0.84
0.67 – 1.05


     ( 60
0.59
0.43 – 0.82
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Table 7. CPDR probability nomogram using PSA, biopsy Gleason sum, and percentage of biopsy cores positive to predict pathologic outcome at the time of radical prostatectomy



PSA ( 4

4 < PSA ( 10



Percentage of biopsy cores positive

Percentage of biopsy cores positive

Gleason

< 30
> 30 to < 60
> 60
   
< 30
> 30 to < 60
> 60

     2-4









    OC

80(77-83)
77(73-80)
72(67-77)

70(67-73)
65(62-68)
60(55-65)

Cap+

18(15-20)
21(17-24)
24(19-28)

27(24-29)
31(27-34)
34(29-39)

      SV+

1(0-2)
2(1-3)
2(1-3)

     3(2-4)
        3(2-5)
           4(2-5)

    N+

1(0-2)
1(0-1)
2(1-4)

     1(0-2)
        1(0-1)
2(1-4)

     5-6









    OC

74(71-77)
71(67-74)
64(59-69)

63(60-65)
58(56-61)
52(48-56)

 Cap+

21(18-24)
25(22-28)
27(23-32)

31(29-33)
36(33-38)
39(34-43)

      SV+

2(1-4)
       3(2-4)
   3(2-4)

     4(4-5)
        5(4-6)
           5(4-7)

    N+

2(1-4)
       2(1-3)
   5(3-8)

     2(2-3)
        2(1-2)
           5(3-6)

     7









   OC

65(61-70)
61(56-65)
54(48-60)

52(48-56)
47(43-50)
41(36-45)

      Cap+

27(23-31)
31(27-35)
34(28-39)

38(34-41)
42(38-45)
4339-49)

     SV+

   5(3-8)
       7(4-9)
7(4-10)

9(7-11)
11(8-13)
11(8-14)

    N+

   2(1-4)
       2(1-3)
   5(2-8)

     2(1-3)
2(1-2)
5(3-7)

     8-10









   OC

60(53-67)
56(49-63)
--

47(41-53)
42(36-48)
35(29-42)

      Cap+

 26(20-31)
     30(24-36)
--

35(30-40)
39(33-45)
40(33-46)

       SV+

8(4-12)
     10(6-15)
--

13(9-17)
16(11-20)
16(11-21)

    N+

   6(2-9)
       4(1-7)
--

5(2-7)
        3(2-5)
9(4-13)

The numbers represent probability for that outcome and the (upper and lower limits with 95% confidence)

--Represents insufficient numbers to calculate probability.
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Table 7 continued.



10 < PSA ( 20

PSA > 20



Percentage of biopsy cores positive

Percentage of biopsy cores positive

Gleason

< 30
> 30 to < 60
> 60

< 30
> 30 to < 60
> 60

     2-4









   OC

60(55-64)
55(50-60)
--

56(48-63)
51(44-59)
--

      Cap+

32(28-36)
36(32-41)
--

30(24-47)
35(28-42)
        --

     SV+

   6(4-8)
8(5-10)
--

8(4-11)
10(6-14)
--

    N+

   2(1-3)
       1(1-2)
--

6(3-10)
        5(2-7)
--

     5-6









   OC

51(47-55)
46(42-50)
40(35-44)

45(38-52)
42(35-49)
32(25-39)

      Cap+

36(32-40)
41(37-45)
42(37-46)

32(26-38)
37(30-44)
34(27-41)

     SV+

9(6-11)
10(8-13)
11(7-14)

   10(6-13)
     12(8-16)
         11(7-16)

    N+

   4(3-6)
3(2-4)
  9(5-12)

13(8-18)
9(5-13)
23(15-32)

     7









   OC

39(34-44)
34(30-38)
28(24-33)

34(27-41)
30(24-36)
23(18-29)

      Cap+

40(35-45)
43(38-47)
43(38-49)

36(28-42)
38(32-45)
36(28-43)

     SV+

18(13-23)
21(17-26)
22(16-27)

21(14-27)
25(18-32)
23(16-30)

    N+

   4(2-5)
       2(1-4)
7(4-10)

   10(5-16)
7(4-11)
18(11-26)

     8-10









   OC

33(26-39)
28(23-34)
22(17-28)

26(19-33)
23(17-29)
16(11-21)

      Cap+

35(28-41)
37(31-44)
36(28-43)

28(20-35)
31(23-39)
26(18-33)

     SV+

25(18-32)
29(22-37)
29(20-37)

26(18-35)
32(23-41)
27(17-36)

    N+

8(3-12)
5(2-8)
14(7-20)

20(11-30)
     14(7-21)
32(20-44)

The numbers represent probability for that outcome and the (upper and lower limits with 95% confidence)

-- Represents insufficient numbers to calculate probability.
