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Abstract

Purpose—We updated our experience with a strategy of expectant treatment for men with stage 

T1c prostate cancer and evaluated predictors of disease intervention.

Materials and Methods—A total of 407 men with a median age of 65.7 years (range 45.8 to 

81.5) with stage T1c (99.8%) or T2a (0.2%) prostate cancer suspected of harboring small volume 

prostate cancer based on needle biopsy findings and prostate specific antigen density have been 

followed in a prospective, longitudinal surveillance program with a median followup of 2.8 years 

(range 0.4 to 12.5). A recommendation for treatment was made if disease progression was 

suggested by unfavorable followup needle biopsy findings (Gleason pattern 4 or 5, greater than 2 

biopsy cores with cancer or greater than 50% involvement of any core with cancer). Cox 

proportional hazards regression was used to evaluate the affect of multiple covariates on the 

outcome of curative intervention.

Results—Of 407 men 239 (59%) men remained on active surveillance at a median followup of 

3.4 years (range 0.43 to 12.5), 103 (25%) underwent curative intervention at a median of 2.2 years 

after diagnosis (range 0.96 to 7.39) and 65 (16%) were either lost to followup (12), withdrew from 

the program (45), or died of causes other than prostate cancer (8). Older age at diagnosis (p = 

0.011) and an earlier date of diagnosis (p = 0.001) were significantly associated with curative 

intervention.

Conclusions—Recognizing that over treatment of prostate cancer is prevalent, especially among 

elderly patients, a program of careful selection and monitoring of older men who are likely to 

harbor small volume, low grade disease may be a rational alternative to the active treatment of all.
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The widespread use of PSA as a biomarker of prostate cancer and the ease of sampling 

prostate tissue with transrectal ultrasound directed prostate biopsy, combined with the high 

prevalence of biologically indolent disease, have resulted in the detection and treatment of 

many cancers that would have remained undetected during life in the absence of screening.1 

Most men diagnosed with prostate cancer today have low to intermediate risk prostate 

cancers diagnosed at a median age of 68 years and more than 90% of them undergo active 

treatments.2 Overtreatment of prostate cancer is more common among older men. The 

absolute decrease in prostate cancer specific death in men 65 years or older randomized to 

surgery vs observation was 0.3% at 10 years, compared to 11% in those younger than 65 

years.3 Based on this trial of nonscreen detected cancers, more than 300 men 65 years or 

older would need to undergo surgery to prevent 1 prostate cancer death at 10 years. Thus, it 

seems evident that the majority of older men diagnosed today with screen detected prostate 

cancer do not gain years of life with curative intervention.

An alternative to the curative intervention of all men with a cancer diagnosis is the careful 

selection and monitoring of older men considered to have low risk disease, with the intent to 

cure should the disease progress. Since 1995, we have enrolled men into a program of 

expectant management with curative intent4 and we update our experience with this 

approach.

METHODS

Cohort Enrollment

Since 1995, older men seeking consultation at our institution with suspected small, lower 

grade prostate cancer have been counseled, at the discretion of the physician, that expectant 

management with curative intent is an acceptable alternative to curative intervention.4 

Younger men have chosen expectant management because of personal reasons or 

comorbidity. This prospective longitudinal program has been approved by the institutional 

review board at The Johns Hopkins Medical Institution and all men signed an informed 

consent prior to entering the program. Approximately 1% to 2% of the patients with newly 

diagnosed prostate seen at our institution have entered this program. During the last year, 

46% of patients who were considered candidates for expectant management and received 

written materials on the program entered the surveillance program at our institution.

Enrollment criteria were originally described by Epstein et al.5 The criteria used in this 

program are based on PSAD (PSA before diagnosis divided by prostate volume determined 

by transrectal ultrasound measurement) and needle biopsy findings in patients with 

nonpalpable prostate cancers (stage T1c), including PSAD 0.15 ng/ml/cm3 or less and 

favorable biopsy characteristics (Gleason score 6 or less with no Gleason pattern grade of 4 

or 5, no more than 2 cores positive for cancer, and no more than 50% of any 1 core involved 

with cancer).

Plan for Surveillance

Followup of men treated expectantly was semiannual measurements of total and free PSA, a 

semiannual digital rectal examination, and an annual surveillance prostate biopsy 
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examination. The mean ± SD time from the diagnostic biopsy to the first annual surveillance 

biopsy was 0.85 ± 0.54 years. All men in this program agreed to undergo surveil-lance 

biopsies and the mean time between biopsies was 1.0 ± 0.49 year. Curative intervention 

(radiation or surgery) was triggered by the finding of adverse pathological features on an 

annual surveillance biopsy examination (a Gleason score of 7 or greater, or a Gleason 

pattern grade 4 or 5, more than 2 cores that were positive for cancer, or more than 50% of 

any 1 core that was involved with cancer) or a patient request for a change in management. 

More recently we have encouraged men with the finding of perineural invasion on biopsy to 

undergo curative intervention because of the possibility that this finding could place them at 

higher risk for biologically significant disease. Thus, in our program, PSA changes did not 

trigger intervention.

Statistical Analysis

Study group characteristics at diagnosis (age, PSA, PSAD, the number of cores positive for 

cancer and the maximum percent core involvement with cancer), year of diagnosis, percent 

free PSA within a year of diagnosis, and PSA kinetics (velocity and doubling time), based 

on all PSA values after diagnosis, were compared using the pooled t test in the case of equal 

variances and the Cochran t test in the case of unequal variances with p <0.05 considered 

statistically significant.

Time to curative intervention (the event) was estimated using the Kaplan-Meier method with 

censoring of subjects who were active as of November 2006. Time 0 was defined as the time 

at diagnosis, and followup time was defined as time from diagnosis to the date of curative 

intervention for subjects who underwent treatment, or November 2006 for subjects who 

remained active in the program. Censoring for subjects lost to followup and who withdrew 

from the program was at the date of the last visit, and for those deceased it was at the time of 

death.

PSAV was calculated using linear regression analysis of all PSA measurements during the 

time of followup after diagnosis. PSADT was calculated as the natural log of 2 (0.693) 

divided by the slope of the linear regression line of log of PSA with time using all PSA 

values available after the diagnosis. Cox proportional hazards regression was used to 

evaluate the effect of covariates on the main outcome, that is curative intervention.

RESULTS

As of November 7, 2006, there were 407 men enrolled in the expectant management 

program. Table 1 shows the enrollment characteristics of this cohort. While most men met 

the enrollment PSAD criteria (83%) and the biopsy criteria (98%), 19% overall (77) did not 

meet these criteria. Of these 77 men, 38 (49%) remained active in the program for personal 

reasons, eg the desire to avoid treatment, or due to comorbidities, and primarily because 

PSAD slightly higher than 0.15 ng/ml/cm3 was the only adverse factor. Of those subjects 

who met the PSAD and the biopsy criteria (330), 23 (7%) chose to undergo treatment after 

enrollment in the program, although there were no adverse findings at followup.
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Of 407 men in the expectant management program, 239 (59%) were active, 103 (25%) 

underwent curative intervention, 45 (11%) had withdrawn from the program, 12 (3%) were 

lost to followup, and 8 (2%) had died of causes other than prostate cancer.

An estimate of freedom from curative intervention showed that the median time to 

intervention had not been attained, but few men have been followed beyond 5 to 6 years 

(fig. 1). A steeper decrease in freedom from intervention in the earliest years could represent 

initial under sampling of cancer on biopsy during a time when the routine biopsy approach 

was 6 cores instead of 12 or more. For each year prior to and including 1999, 27% or more 

of the subjects diagnosed were treated within 3 years of diagnosis. By comparison, for each 

year after 1999, 16% or fewer subjects were treated within 3 years of diagnosis. These data 

suggest that under sampling of cancer was more common prior to 1999, leading to a 

followup surveillance biopsy that was more likely to identify unfavorable disease.

Of 103 men who underwent curative intervention, 53 (51%) underwent radical 

prostatectomy. Based on a prior definition of noncurable disease, that is stage pT2 organ 

confined if Gleason sum was 7 or greater (4 + 3) and/or the surgical margins were positive 

any grade, stage pT3aN0 (extraprostatic extension) if Gleason sum was 7 or greater and/or 

surgical margins were positive, any stage higher than pT3a regardless of grade or margin 

status or any N+ stage,6 20% of the men (10 of 49) for whom pathological findings were 

available for review at our institution had noncurable disease. We previously reported a 

similar rate of noncurable disease among men in this program undergoing delayed surgical 

intervention that did not differ from that among men who met the inclusion criteria for the 

expectant management program but underwent immediate surgical intervention.6

PSA at diagnosis, PSAD at diagnosis, and year of diagnosis were statistically significantly 

different when comparing the treated and untreated groups for all subjects (table 2). Among 

the subset of subjects who met all program entry criteria, PSA at diagnosis, percent free PSA 

at diagnosis, PSAD at diagnosis, PSAV (slope), and year of diagnosis were statistically 

significantly different when comparing the treated and untreated groups. An earlier date of 

diagnosis may be associated with a greater risk of treatment because of a higher likelihood 

of under sampling of cancer in earlier years, as described, and/or because of stage migration 

that occurred with time in the PSA era. On multivariate analysis, older age at diagnosis and 

earlier date of diagnosis were significantly associated with the risk of curative intervention 

when considering all subjects (table 3). Among the subset of subjects who met all program 

entry criteria, age at diagnosis, PSAD at diagnosis, PSAV and year of diagnosis were 

significantly associated with the risk of curative intervention. PSAD and PSAV more closely 

correlated when considering all subjects compared to the subset of subjects who met all 

program entry criteria (Pearson correlation coefficient r = 0.27 vs 0.12).

A comparison of age, PSADT, PSAV, PSAD, and percent free PSA among subjects who did 

and did not undergo treatment demonstrated the overlapping values between the groups (fig. 

2).
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DISCUSSION

We have provided an update of an expectant management program (active surveillance) 

begun in 1995 that has enrolled 407 subjects using predefined selection criteria that were 

shown to be predictive of small volume, low grade cancer.5 In this program an older age at 

diagnosis and an earlier date of diagnosis were significantly associated with delayed curative 

intervention. It is possible that in our program older men were more likely to have had 

cancer under sampled at diagnosis and an earlier date of diagnosis may have been associated 

with a greater risk of under sampling on needle biopsy. This could explain the higher rates 

of intervention for older men and those diagnosed at an earlier date. Among those subjects 

who met all of our program entry criteria, in addition to age at diagnosis and year of 

diagnosis, PSAD and PSAV were significantly associated with curative intervention. 

However, the overlapping values of potential predictors of intervention would make it 

difficult to identify men on an individual basis who are at risk for later treatment (fig. 2). 

Thus, we believe that surveillance biopsies are an important component of followup 

monitoring.

Our approach for selecting and monitoring men differs from that described by others and 

could be considered more conservative.7–10 In the only other large, prospective surveillance 

program with predefined selection and monitoring criteria, and published outcomes, men 

with clinical stage T2b or less, Gleason score of 7 or less, and PSA 15 ng/ml or less were 

enrolled.8 In contrast, all but 1 man in the current study had stage T1c disease, all had a 

biopsy Gleason score of 6 or less, and 83% had a PSAD of 0.15 ng/ml/cm3 or less (table 1). 

Furthermore, we used the results of an annual surveillance prostate biopsy to trigger curative 

intervention, not PSA kinetics or clinical findings, eg digital rectal examination progression.

PSA kinetics have been shown to be a predictor of curative intervention in surveillance 

programs.8,10–12 Studies that use PSADT as a criteria to define progression and 

differentially remove from surveillance those with more rapid increases in PSA (shorter 

PSADT), leaving those with stable or decreasing PSA values on surveillance, would be 

likely to show a relationship between PSA kinetics and intervention. We believe that by the 

time PSA kinetics and clinical signs, eg digital rectal examination changes, suggest 

progression, the window of curability may have closed.

Using a pathological definition of incurable prostate cancer that correlates with less than a 

75% chance of remaining biochemically disease-free for 10 years, we previously reported 

that men in our surveillance program who underwent delayed surgical intervention had 

similar rates of incurable cancer compared to that in those who qualified for the surveillance 

program but underwent immediate surgical intervention.6 In our previous report the rate of 

incurable cancer for men undergoing delayed surgical intervention was 23% of 38 men,6 and 

in the current report it was 20% of the 49 for whom surgical pathological findings were 

reviewed at our institution. Recognizing that our definition of incurable disease is arbitrary 

and reflective of biochemical failure, not death from prostate cancer, these data suggest a 

low likelihood of losing the window of opportunity for cure in the short term when men are 

carefully selected and monitored. However, 2 men in our program were found to have 

lymph nodal involvement at surgery, 5 and 7 years, respectively, after entering the program. 
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Both men had relatively high PSAD during followup but met all the biopsy criteria for 

remaining in the program. Because of this experience, we have decided to exclude men from 

the program if they fail to meet the PSAD criteria and have no serious comorbidity.

The majority of men diagnosed with prostate cancer today are older than 65 years, have low 

to intermediate risk cancer, and receive some form of active treatment.2 A substantial 

proportion of these men will gain no benefit from treatment in terms of additional years of 

life. In a randomized trial comparing surgically treated to untreated patients with prostate 

cancers that were not screen detected, more than 300 men 65 years or older would need to 

be treated to prevent 1 prostate cancer death during 10 years.3 These data are consistent with 

the 200 men older than 65 years who would need to undergo treatment to prevent 1 prostate 

cancer death during 12 years reported in an observational study of treatment vs 

observation.13 Thus, it is likely that the majority of men older than 65 years with screen 

detected, low risk prostate cancers undergo a treatment that does not lengthen life.

A number of limitations should be considered when interpreting our data. 1) Although 

prospective in nature, our study results are preliminary and our study design is not 

randomized, which limits our ability to determine the potential benefits or harm associated 

with surveillance. 2) Because our patients presented to a large tertiary referral center for 

advice regarding prostate cancer, and because we did not collect comorbidity indexes, our 

patient population may not be applicable to other patient populations in which the case mix 

could be different.

CONCLUSIONS

In summary, an alternative to the immediate treatment of all men with prostate cancer is the 

careful selection and monitoring of those suspected of harboring small volume, low grade 

disease with curative intent. We recognize that using the selection criteria that we described 

or that of others14,15 would result in the unnecessary treatment of some men, but hopefully 

minimize a missed opportunity for cure in the majority.

Abbreviations and Acronyms

PSA prostate specific antigen

PSAD PSA density

PSADT PSA doubling time

PSAV PSA velocity
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Fig. 1. 
Kaplan-Meier estimate of treatment-free survival in 407 men in expectant management 

program.
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Fig. 2. 
PSAD, PSAV, percent free PSA, PSA, age at diagnosis and PSADT in men who met all 

expectant management entry criteria, as described. Boxes represent IQR. Horizontal lines in 

boxes represent median. Vertical lines represent 1.5 times IQR with outlying PSADT values 

that exceeded 1.5 times IQR removed for illustration purposes.
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Table 1

Patient characteristics at diagnosis

Criteria % Pts

No. pts 407

Age 65 or older 56

Stage T1c 99.8

PSAD 0.15 ng/ml/cm3 or less 83

2 or Fewer pos cores + 50% or less core involved with Ca 98

Gleason score 6 or less 100

J Urol. Author manuscript; available in PMC 2015 April 08.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Carter et al. Page 11

T
ab

le
 2

C
ov

ar
ia

te
s 

in
 m

en
 w

ith
 a

nd
 w

ith
ou

t t
re

at
m

en
t

V
ar

ia
bl

e
A

ll 
M

en
 S

tu
dy

 G
ro

up
s

p 
V

al
ue

M
en

 M
ee

ti
ng

 S
ur

ve
ill

an
ce

 E
nt

ry
 C

ri
te

ri
a

p 
V

al
ue

N
o 

T
re

at
m

en
t

T
re

at
m

en
t

N
o 

T
re

at
m

en
t

T
re

at
m

en
t

N
o.

 p
ts

30
4

10
3

25
2

78

A
ge

 a
t d

ia
gn

os
is

:

    Median (range)












65

.5
 (

45
.8

, 8
1.

5)
66

.5
 (

52
.1

, 7
6)

0.
09

4
65

.2
 (

45
.8

, 7
8.

5)
66

.4
 (

52
.1

, 7
5.

1)
0.

06
1

    Mean ± SD









65

.3
 ±

 5
.8

66
.2

 ±
 4

.8
65

 ±
 5

.6
66

.1
 ±

 4
.1

4

PS
A

 a
t d

ia
gn

os
is

 (
ng

/m
l)

:

    Median (range)












4.

7 
(0

.3
, 2

4)
5.

2 
(0

.7
, 1

5)
0.

02
6

4.
4 

(0
.3

, 1
9)

5.
2 

(0
.7

, 1
1)

0.
00

2

    Mean ± SD









5.

2 
±

 3
.3

5.
9 

±
 2

.6
4.

5 
±

 2
.6

5.
4 

±
 2

    No. pts






20

3
10

0
24

1
75

4

%
 F

re
e 

PS
A

 a
t d

ia
gn

os
is

:

    Median (range)












18

 (
8,

 3
9.

3)
16

.3
 (

7,
 3

4.
8)

0.
07

6
18

.6
 (

8.
7,

 3
9.

3)
16

.3
 (

7,
 3

4.
8)

0.
03

9

    Mean ± SD









19

.6
 ±

 7
.5

16
.9

 ±
 6

.3
20

.3
 ±

 7
.1

17
.1

 ±
 6

.7

    No. pts






85

34
70

28

PS
A

D
 a

t d
ia

gn
os

is
 (

ng
/m

l/c
m

3 )
:

    Median (range)












0.

09
3 

(0
.0

04
, 0

.4
66

)
0.

11
9 

(0
.0

35
, 0

.6
95

)
0.

00
7

0.
08

4 
(0

.0
04

, 0
.1

5)
0.

10
5 

(0
.0

35
, 0

.1
47

)
<

0.
00

1

    Mean ± SD









0.

10
6 

±
 0

.0
63

0.
13

1 
±

 0
.0

81
0.

08
5 

±
 0

.0
35

0.
10

1 
±

 0
.0

29

    No. pts






28

7
98

23
5

73

PS
A

V
 s

lo
pe

 (
ng

/m
l/y

r)
:

    Median (range)












0.

19
 (

−
2.

51
, 3

.4
8)

0.
42

 (
−

3.
44

, 8
.3

1)
0.

06
3

0.
17

 (
−

2.
51

, 3
.4

8)
0.

42
 (

−
2.

28
, 8

.3
1)

0.
03

8

    Mean ± SD









0.

24
 ±

 0
.7

6
0.

52
 ±

 1
.4

1
0.

19
 ±

 0
.6

7
0.

49
 ±

 1
.1

7

    No. pts






28

5
98

23
7

76

PS
A

D
T

 (
yr

s)
:

    Median (range)












5.

79
 (

−
13

2.
39

, 8
8.

95
)

4.
29

 (
−

23
56

.7
4,

 1
89

.8
)

0.
40

7
6.

22
 (

−
13

2.
39

, 8
8.

95
)

4.
29

 (
−

23
56

.7
4,

 1
89

.8
)

0.
40

5

    Mean ± SD









1.

5 
±

 2
3.

42
−

18
.7

7 
±

 2
40

.4
4

1.
07

 ±
 2

4.
07

−
25

.2
0 

±
 2

72
.8

3

    No. pts






28

5
98

23
7

76

N
o.

 C
a 

po
s 

co
re

s 
at

 d
ia

gn
os

is
:

    Median (range)












1 

(1
, 3

)
1 

(1
, 6

)
0.

32
6

1 
(1

,2
)

1 
(1

,2
)

0.
50

8

    Mean ± SD









1.

17
4 

±
 0

.3
97

1.
24

 ±
 0

.6
64

1.
1 

±
 0

.4
1.

2 
±

 0
.4

J Urol. Author manuscript; available in PMC 2015 April 08.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Carter et al. Page 12

V
ar

ia
bl

e
A

ll 
M

en
 S

tu
dy

 G
ro

up
s

p 
V

al
ue

M
en

 M
ee

ti
ng

 S
ur

ve
ill

an
ce

 E
nt

ry
 C

ri
te

ri
a

p 
V

al
ue

N
o 

T
re

at
m

en
t

T
re

at
m

en
t

N
o 

T
re

at
m

en
t

T
re

at
m

en
t

    No. pts






30

4
10

3
25

2
78

M
ax

 %
 c

or
e 

in
vo

lv
em

en
t w

ith
 C

a 
at

 d
ia

gn
os

is
:*

    Median (range)












1 

(1
, 1

00
)

1 
(1

, 1
00

)
0.

13
9

1 
(1

, 5
0)

2.
5 

(1
, 5

0)
0.

17
7

    Mean ± SD









7.

86
1 

±
 1

1.
68

9
10

.3
31

 ±
 1

6.
22

9
7.

6 
±

 1
0.

6
10

 ±
 1

4

    No. pts






29

6
96

24
6

76

C
a 

di
ag

no
si

s 
yr

:

    Median (range)












2,

00
3.

12
 (

1,
99

4.
3,

 2
,0

06
.4

)
2,

00
0.

8 
(1

,9
92

.8
, 2

,0
05

.4
)

<
0.

00
1

2,
00

3 
(1

,9
94

.3
, 2

,0
06

.3
)

2,
00

0.
5 

(1
,9

94
.9

, 2
,0

05
.4

)
<

0.
00

1

    Mean ± SD









2,

00
2.

5 
±

 2
.7

2,
00

0.
4 

±
 3

.0
1

2,
00

2.
4 

±
 2

.6
2,

00
0.

5 
±

 2
.9

* L
es

s 
th

an
 5

%
 w

as
 a

ss
ig

ne
d 

a 
va

lu
e 

of
 1

%
.

J Urol. Author manuscript; available in PMC 2015 April 08.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Carter et al. Page 13

Table 3

Cox regression analysis multivariate model for predicting delayed intervention in men treated expectantly

All Men
*

Men Meeting Entry Criteria
†

Variable Adjusted RR (95% CI) p Value Adjusted RR (95% CI) p Value

Age at diagnosis 1.056 (1.013, 1.1) 0.011 1.078 (1.022, 1.137) 0.006

PSA at diagnosis 0.972 (0.893, 1.059) 0.52 1.023 (0.892, 1.173) 0.745

PSA density at diagnosis/0.01 U change 1.027 (0.992, 1.063) 0.135 1.109 (1.011, 1.217) 0.029

PSA slope
‡ 1.207 (0.991, 1.469) 0.061 1.274 (1.037, 1.565) 0.021

No. Ca pos cores 1.192 (0.811, 1.753) 0.371 1.182 (0.631, 2.212) 0.602

Max % core involvement with Ca 1.009 (0.997, 1.022) 0.141 1.015 (0.996, 1.033) 0.118

Diagnosis yr 0.881 (0.816, 0.951) 0.001 0.874 (0.799, 0.956) 0.003

*
Total of 351 patients, including 87 with delayed curative intervention and 264 untreated.

†
Total of 288 patients, including 70 with delayed curative intervention and 218 untreated.

‡
Regression of PSA on time using all PSA values after cancer diagnosis.
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