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  ARTICLE  

                A pressing clinical issue is the choice of management for men who 
are newly diagnosed with localized prostate cancer. The first deci-
sion to make is whether a patient would benefit most from active 
monitoring — treatment postponed until signs of progression — or 
from early radical treatment. Because of the excellent prognosis of 
localized prostate cancer when left untreated, the risk for overtreat-
ment is substantial. There is, however, little empirical evidence 
that allows us to safely distinguish clinically insignificant prostate 
tumors from progressing prostate cancer among patients who 
potentially would benefit most from conservative management. 

 The proposed association between prostate-specifi c antigen 
(PSA) levels and prostate cancer volume ( 1 ) predicts that the rate 
of PSA concentration increase over a period of time should refl ect 
tumor growth rate. The rate of rise in PSA levels before prostate 
cancer treatment has indeed been correlated with prostate cancer 
outcome ( 2  –  4 ), implying that the dynamics of the early PSA curve 
may refl ect the biologic behavior of the tumor. A sharply rising 
PSA curve at the beginning of the monitoring period may thus 
characterize a lethal tumor that warrants intensive treatment. In 
contrast, a less marked increase in PSA would indicate slowly 

 progressing nonlethal disease for which the patient may not need 
radical local therapy. Yet little is known about the value of early 
PSA characteristics in predicting prostate cancer outcomes among 
patients who have clinical disease and are left without initial 
treatment ( 5 ). 

 We used PSA monitoring data from the watchful waiting arm 
of the Scandinavian Prostate Cancer Group No. 4 trial ( 6 , 7 ), a 
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   Background   Rates of long-term survival among patients with untreated localized prostate cancer are high. To avoid 
unnecessary treatment, tools are needed to identify the small proportion of patients who are destined to 
develop lethal prostate cancer.  

   Methods   To evaluate the accuracy of early changes in prostate-specific antigen (PSA) levels as predictors of pros-
tate cancer outcome, we assessed serial measurements of PSA level among 267 men with localized pros-
tate cancer in a Scandinavian cohort of men who were diagnosed between 1989 and 1999 and who were 
managed by watchful waiting. We then 1) fitted individual regression lines to the PSA values assessed 
for each patient during the first 2 years of follow-up by using three different models, 2) evaluated early 
PSA curve characteristics as determinants of the cumulative incidence of lethal prostate cancer and calcu-
lated hazard ratios for baseline PSA value and rate of change in PSA level to prostate cancer outcome, and 
3) plotted time-dependent receiver operating characteristic (ROC) curves. All  P  values are two-sided.  

   Results   During complete follow-up for a mean of 8.5 years, 34 patients (13%) died from prostate cancer, and 18 (7%) 
developed metastases but were still alive at end of follow-up. In a log-linear model, both PSA value at base-
line ( P  = .05) and the rate of PSA change ( P <.001) were associated with the development of lethal prostate 
cancer. In the ROC analysis, however, the accuracy of classifying the disease as either indolent or destined 
to progress was low, regardless of the cut point chosen for initial PSA level or rate of change in PSA level.  

   Conclusions   Although baseline PSA value and rate of PSA change are prognostic factors for lethal prostate cancer, 
they are poor predictors of lethal prostate cancer among patients with localized prostate cancer who are 
managed by watchful waiting.  
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cohort of men with untreated clinically localized prostate cancer. 
Our aim was to examine the accuracy of early changes in PSA 
 levels as predictors of lethal prostate cancer, here defi ned as the 
occurrence of distant metastases or of death from prostate cancer, 
if not preceded by clinically overt metastases. 

  Subjects and Methods 
  Study Cohort 

 The study includes a cohort of 348 men who were diagnosed with 
early localized prostate cancer between 1989 and 1999. These men 
had been randomly assigned to watchful waiting as part of a multi-
center randomized clinical trial evaluating the effect of radical 
prostatectomy ( 6 , 7 ). The patients were recruited at 14 centers in 
Sweden, Finland, and Iceland. In brief, both arms of the trial con-
sist of men younger than age 75 years with a primary, newly diag-
nosed, and untreated adenocarcinoma of the prostate [clinical stage 
T1b, T1c, T2 ( 8 )]. To be eligible, patients had to have 1) an initial 
PSA value of less than 50 ng/mL, 2) a well- or moderately well-
 differentiated tumor (nuclear grade I and II), 3) a negative bone 
scan, and 4) a urographic examination excluding signs of obstruc-
tion of the upper urinary tract. The cohort members did not 
receive any immediate treatment after their diagnosis. In the case 
of local progression, transurethral resection was the recommended 
treatment. Hormonal therapy was suggested as treatment for dis-
seminated disease. All diagnostic biopsies were reevaluated and 
graded according to the Gleason system ( 9 , 10 ). The ethics com-
mittees at all participating centers approved the initial study proto-
col and its amendments (Research Ethics Committee, Örebro, 
Sweden, DNR 251/89). All patients provided written informed 
consent.  

  Inclusion Criteria 

 Our aim was to analyze PSA follow-up data during the first 2 years 
after diagnosis as predictors of subsequent lethal prostate cancer, 
defined as the occurrence of distant metastases or as death from 
prostate cancer, if not preceded by clinically overt metastases. 
Thus, patients who were diagnosed with distant metastases or who 
died within 2 years following randomization were excluded from 
all analyses. A recorded baseline PSA value within 6 months before 
or after the randomization date was required, as was at least one 
additional PSA test carried out within 2 years from randomization 
and no less than 6 months after the baseline assessment. The final 
cohort of 267 men is shown in  Fig. 1 .      

  Follow-up and Outcome 

 All patients were followed regularly with clinical examinations and 
blood tests semiannually during the first 2 years and annually after 
that. Bone scans and chest radiographs were carried out once per 
year until 1997; after that, bone scans were performed biannually 
and chest radiographs were obtained annually only for the first 
2 years of follow-up. We achieved complete follow-up through 
December 31, 2003, at which time all medical records were re -
viewed for new events. Men undergoing treatment with curative 
intent (radical prostatectomy or radiotherapy, n = 16) did not con-
tribute to follow-up after the date of treatment. 

  CONTEXT AND CAVEATS 

  Prior knowledge 

 Although patients with untreated localized prostate cancer may 
have high rates of long-term survival, many undergo treatment.  

  Study design 

 Prospective analysis to determine the specificity and sensitivity of 
prostate-specific antigen (PSA) level and its rate of change per year 
(PSA velocity) in predicting lethal prostate cancer among a cohort 
of men who were diagnosed with localized prostate cancer and 
underwent watchful waiting rather than treatment.  

  Contributions 

 Although PSA value at the time of prostate cancer diagnosis and 
its rate of change were associated with the development of lethal 
disease after an average of 8.5 years after diagnosis, the accuracy 
of predicting aggressive disease was low.  

  Implications 

 Baseline PSA value and its rate of change were poor predictors of 
lethal prostate cancer in this cohort.  

  Limitations 

 There is variability in PSA measurements due to physiologic 
factors and differences in testing methods and the number of 
measurements taken.     

 

Randomization 

Watchful Waiting
(n = 348) 

At least 6 months between first
and last PSA measurement?

Radical
Prostatectomy
(n = 347) 

No
(n = 21)

No
(n = 47)

Included in analyses
N = 267

First PSA test
within ± 6 months from

randomization? 

 
 

No
(n = 7)

Outcome event during PSA
evaluation period? 

 
Yes
(n = 6) 

At least two PSA
measurements within

PSA evaluation period? 

 

 Fig. 1  .    Flow diagram of patients included in the study. The study cohort 
was derived from the watchful waiting arm (N = 348) of a randomized 
trial comparing radical prostatectomy with watchful waiting (7). For this 
study, we excluded 47 patients who did not have at least two prostate-
specifi c antigen (PSA) measurements during the 2-year PSA evaluation 
period and another 21 who had less than 6 months between their fi rst 
and last PSA measurement. We also excluded seven patients who did 
not have their initial PSA test taken within 6 months of randomization 
(defi nition of start of this study) as well as six patients who experienced 
an outcome event during the 2-year PSA evaluation period. In total, 267 
patients were included in the analyses.    
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 Cause of death was determined by an independent endpoint 
committee and was based on standardized extractions from the 
patient fi les as previously described ( 6 ). Distant metastases were 
considered to be present if bone scans or chest radiographs re -
vealed metastases or if lymph nodes above the diaphragm showed 
evidence of disseminated disease. A patient was classifi ed as having 
lethal prostate cancer when the fi rst occurrence of metastasis was 
documented.  

  Assessment of Prostate-Specific Antigen Characteristics 

 We examined PSA levels during an evaluation period of 2 years 
after diagnosis because we believe this length of time to be the lon-
gest that clinicians would be willing to delay reevaluation of the 
treatment decision. Serum PSA levels were assessed with standard 
commercial assays in use at each center at the time. Because sec-
ondary treatments may cause transient changes in PSA levels, mea-
surements made after the introduction of any type of secondary 
treatment (orchiectomy, gonadotropin-releasing hormone analogs, 
antiandrogens, estramucin sulfate, estrogen, and transurethral 
resection of the prostate; n = 25) during the 2-year evaluation 
period were ignored.  

  Statistical Methods 

 First, linear regression was applied — using three different models —
 to fit individual regression lines to the PSA values assessed for 
each patient during the 2-year PSA evaluation period. In the first 
analysis, we fit the regression lines to the PSA measurements 
to obtain individual estimates of baseline PSA (ng/mL) and PSA 
velocity (PSAV) (ng/mL per year) ( 11 ). In the second analysis, we 
fit the regression lines to the logarithm of PSA to obtain individual 
estimates of baseline log PSA and relative PSAV (relative PSAV = 
log PSA/PSA) ( 5 ). The third analysis accommodates the possible 
exponential increase in PSA levels among men with untreated pros-
tate cancer ( 12 ). In this analysis, we used log-linear regression with 
an enforced positive slope to obtain estimates of baseline PSA and 
relative PSAV. In this model, the relative PSAV corresponds to 
PSA doubling time (PSADT = log 2/relative PSAV). 

 Second, we used these three models to characterize the associa-
tion between PSA changes and the cumulative incidence of lethal 
prostate cancer ( 13 ). The cumulative incidence was modeled in a 
cumulative incidence regression model ( 14 ). Death from other 
causes and treatment with radical prostatectomy or radiotherapy 
with curative intent were considered to be competing risks in the 
regression models. The timescale in the regression model was 
set to zero at the end of the 2-year PSA evaluation period. In the 
regression models, both tumor stage (T1b, T1c, versus T2) and 
grade (Gleason score 2 – 6 versus 7 and 8 – 9) were evaluated as cate-
gorical variables, whereas PSA value at baseline and rate of PSA 
change were considered both as continuous ( Table 2 ) and categori-
cal ( Table 3 , cut points derived from the receiver operating 
characteristic [ROC] curve) variables. We calculated hazard ratios 
to estimate the relative risk for development of lethal disease, 
with associated 95% confi dence intervals (CIs), for all covariates 
using proportional hazards in the cumulative incidence re -
gression model. Proportionality was verifi ed by visual inspection. 
Two-sided  P  values were used in all analyses;  P  values less than .05 
were considered statistically signifi cant. 

 In addition to describing the prognostic value of early PSA 
characteristics in terms of absolute and relative risks of metastasis 
or death, we investigated the ability of these characteristics to cor-
rectly distinguish patients who developed lethal disease from 

 Table 1  .    Characteristics of 267 patients with localized prostate 
cancer (T1b, T1c, T2, M0, Nx) left without initial treatment who 
were diagnosed between 1989 and 1999 and followed through 
2003 *   

  Characteristic N %  

 Metastasis 57 21.3 
     Alive at end of follow-up 18 6.7 
     Prostate cancer death 34 12.7 
     Other cause of death 5 1.9 
 Free of metastases at the end of follow-up 210 78.7 
     Alive 161 60.3 
     Other cause of death 33 12.4 
 Curative treatment 16 6.0 
 Age at baseline, y  
     <60 42 15.7 
     60 – 64 81 30.3 
     65 – 69 98 36.7 
      ≥ 70 46 17.2 
 Tumor stage at baseline  
     T1b 70 26.2 
     T1c 28 10.5 
     T2 171 64.0 
     Missing 1 0.4 
 Gleason score at baseline  
     2 – 6 166 62.2 
     7 63 23.6 
     8 – 9 16 6.0 
     Unknown  †  22 8.2 
 PSA level at baseline, ng/mL  ‡   
     <4 46 17.2 
     4 – 6.9 48 18.0 
     7 – 9.9 45 16.9 
     10 – 20 80 30.0 
     >20 48 18.0 
 Mode of detection of tumor  
     PSA screening 14 5.2 
     Coincidental 76 28.5 
     TURP 34 12.7 
     Symptoms 106 39.7 
     Other 36 13.5 
     Missing 1 0.4 
 No. of PSA analyses within first 2 y  
     2 9 3.4 
     3 30 11.2 
     4 – 5 179 67.0 
      ≥ 6 49 18.4 
 TURP during year 0 – 2  
     No 254 95.1 
      Yes 13 4.9 
 Hormonal treatment  
     None 121 45.3 
     During year 0 – 2 14 5.2 
     After 2 y 132 49.4  

  *   The study cohort was derived from the watchful waiting arm of a randomized 
trial comparing radical prostatectomy to watchful waiting (7). Mean ± stan dard 
deviation time of follow-up was 8.53 ± 2.7 years. PSA = prostate- specific 
antigen, TURP = transurethral resection of the prostate; T = tumor; N = node; 
M = metastasis; TNM stage defined as in (8).  

   †    Diagnosis based on cytologic examination only or biopsy could not be retrieved.  

   ‡    Single measurement at time of randomization.   
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patients who did not. Thus, we calculated ROC curves. Because 
the fate of a number of patients was still unknown at the end of 
follow-up, the accuracy of PSA level at baseline and rate of PSA 
change as decision tools for intervention could not be illustrated 
by means of traditional ROC curves (i.e., plots of sensitivity 
versus 1  −  specifi city for various cutoff values). Instead, we used 
time-dependent ROC curves, with a span of  �  n  = 5%, to assess the 
prognostic capability of these variables, such that the probability of 
developing a future event (lethal prostate cancer) is replaced by an 
estimate originating from the survival function ( 15 ). The presented 
cut points were chosen to exemplify values with high, medium, and 
low sensitivity and specifi city. All statistical computations were 
performed using the statistical program package R ( 16 ).   

  Results 
 During follow-up, 34 (13%) of the 267 men died from prostate 
cancer, all of whom had first developed clinically detectable distant 
metastases ( Table 1 ). In addition, 18 (7%) patients developed metas-
tases but were still alive at the end of follow-up. Another 33 (12%) 
men had died from other causes and 161 (60%) were still alive with-
out any sign of distant metastases. The mean ± standard deviation 
(SD) duration of follow-up from the date of randomization was 
8.5 ± 2.7 years. The approximation of the PSA curves was based on 
a mean ± SD of 4.6 ± 1.2 measurements per patient (range = 2 – 10). 
The mean ± SD of PSA value at baseline was 12.0 ± 10 ng/mL.     

 We observed better performance and a more appropriate scal-
ing (by evaluation of residual plots) in the models that were based 
on the logarithm of the individual PSA values (models 2 and 3) 
than in the model that was based on the direct PSA measure -
ments (model 1). Therefore, the latter was not used further in the 
analyses. 

 Estimates from model 2 were used to plot patients who devel-
oped lethal disease ( Fig. 2, A ) in a diagram of baseline log PSA 
value versus relative PSAV. The same plot was made for those who 
had no events during follow-up ( Fig. 2, B ) and for those who were 
censored because they died from other diseases during follow-up 
or underwent radical prostatectomy or radiotherapy with curative 
intent ( Fig. 2, C ). Although time-to-event data are not presented 

in  Fig. 2 , the scattering of data in the upper right portion of 
panel A, compared with that in panels B and C, suggests a possible 
association between increasing intercepts and slopes with occur-
rence of lethal disease. However, the overlap between the distribu-
tions of data points when comparing the data in  Fig. 2, A  – C also 
suggests that early PSA characteristics may not distinguish prostate 
cancer outcomes with high accuracy.     

  Characteristics of the Prostate-Specific Antigen Curve and 

Relative Risk of Lethal Prostate Cancer 

 We calculated the relative risks of a fatal outcome (metastases or 
death) among men who were diagnosed with localized prostate 
cancer ( Table 2 ). Both PSA level at baseline and rate of change in 
PSA level during the first 2 years of follow-up were statistically 
significantly associated with lethal prostate cancer in the age-
adjusted analyses based on model 2. PSAV remained statistically 
significantly associated with outcome after adjusting for all other 
covariates in all three models, whereas the association with PSA 
value at baseline disappeared. We observed similar results after 
restricting the data to include only patients with a Gleason score 
less than 7 (data not shown). Theoretically, patients who start with 
a higher PSA value at baseline might also systematically have a 
higher or lower rate of change in PSA than those who have a low 
PSA value at baseline. However, the cumulative incidence regres-
sion analyses showed no strong or statistically significant interac-
tion between these entities in any of the models (data not shown).      

  Accuracy of Early Prostate-Specific Antigen Curve 

Characteristics as Predictor of Prostate Cancer Outcome 

 To explore the accuracy of PSA and early PSA changes as a 
classifier of lethal and nonlethal prostate cancer, we assessed time-
dependent ROC curves at 6 and 10 years after randomization  
for model 2 ( Fig. 3 ). Models 1 and 3 yielded ROC curves with simi-
lar characteristics (data not shown). No single cut point for any 
measure of baseline PSA or relative PSAV yielded high sensitivity 
combined with high specificity. For example, a baseline PSA value 
of 10 predicted lethal prostate cancer within 6 years from random-
ization with a sensitivity of 0.69 and a specificity of 0.58, whereas a 
cutoff of relative PSAV of 0.14 (which corresponds to PSADT = 5) 

   Fig. 2  .    Distribution of prostate-
 specifi c antigen (PSA) level at base-
line and relative PSA velocity for 
267 patients with localized prostate 
cancer (T1b, T1c, T2, M0, Nx) left 
without initial treatment, who were 
diagnosed between 1989 and 1999 
and followed through 2003.  A ) 
Patients with lethal prostate can-
cer,  B ) patients with no events 
before end of follow-up, and  C ) 
patients who died of other causes 
or were subject to curative 
treatment.    
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yielded a sensitivity of 0.69 and a specificity of 0.57. Restricting 
the analyses to those with a Gleason score of less than 7 did not 
improve the accuracy of the tests (data not shown). As indicated by 
the ROC curves, no cut points (for PSA concentration or PSAV) 
allowed division of the patient cohort into two groups with clearly 
different treatment needs. The diagnostic likelihood ratio, an indi-
cator of how much more likely a positive test is to be found in 
someone with as opposed to without the outcome in question, was 
less than 2.0 at all tested cut points ( Table 3 ).          

  Cumulative Incidence of Lethal Prostate Cancer Among 

Patients With High and Low Baseline Prostate-Specific 

Antigen Values and High and Low Rates of Change in 

Prostate-Specific Antigen Levels 

 To investigate the accuracy of PSA and relative PSAV in predicting 
lethal prostate cancer further, we calculated the cumulative inci-

dence of lethal prostate cancer at three selected cut points for each 
variable ( Table 3 ). For example, the 6-year cumulative incidence 
was 7% among men with a PSADT of 5 years or more and 17% 
among men with a PSADT of less than 5 years, corresponding to a 
relative risk of 2.6 (95% CI = 1.5 to 4.5). Thus, although the rate of 
PSA change clearly was positively associated with increased risk for 
prostate cancer death, 7% of the men classified as “low risk” in this 
example would still die from prostate cancer. Restricting the analy-
ses to patients with a Gleason score of less than 7 yielded similar 
results ( Table 3 ).   

  Discussion 
 In this prospectively followed cohort of patients who were diag-
nosed with localized prostate cancer and managed by watchful 
waiting, we found that early characteristics of the PSA curve may 

 Table 2  .    Adjusted and unadjusted relative risks (RRs) and 95% confidence intervals (CIs) for early prostate-specific antigen (PSA) 
characteristics in relation to lethal prostate cancer among all study patients (n = 267)  

  Model Characteristic RR (95% CI)  P  * RR (95% CI)  †   P  *   

  1) Linear regression PSA level at baseline, per 1 ng/mL increase 1.01 (0.97 to 1.04) .73 0.99 (0.97 to 1.01) .46 
 PSA velocity (ng/mL per year), continuous 1.03 (1.03 to 1.04) <.001 1.03 (1.02 to 1.04) <.001 

 2) Log-linear regression PSA level at baseline  ‡  , continuous 1.24 (1.00 to 1.54) .05 1.17 (0.95 to 1.45) .15 
 Relative PSA velocity § , continuous 3.73 (1.98 to 7.04) <.001 3.56 (1.79 to 7.11) <.001 

 3)  Log-linear regression with 
 enforced positive slope

PSA level at baseline  ‡  , continuous 1.01 (1,00 to 1.03) .06 1.01 (0.99 to 1.02) .39 
 Relative PSA velocity § , continuous 4.29 (2.18 to 8.45) <.001 4.40 (2.13 to 9.10) <.001 

 Initial PSA, per 1 ng/mL increase 1.02 (1.00 to 1.04) .07 1.02 (0.99 to 1.04) .18 
 Age at diagnosis (y), continuous 0.96 (0.91 to 1.01) .08 0.96 (0.91 to 1.01) .086 
 Gleason score  
     2 – 6 1.00 (referent) 1.00 (referent)  
     7 2.51 (1.37 to 4.62) .003 2.20 (1.2 to 4.05) .011 
     8 – 9 3.18 (1.32 to 7.67) .01 3.70 (1.65 to 8.28) .0014 
     Missing 2.05 (0.82 to 5.13) .13 2.07 (0.82 to 5.24) .12 
 T stage  
     T1b 0.91 (0.5 to 1.66) .77 1.02 (0.56 to 1.83) .96 
     T1c 0.41 (0.1 to 1.68) .22 0.39 (0.09 to 1.64) .20 
     T2 1.00 (referent) 1.00 (referent)   

  *    P  values (two-sided) were calculated using Wald’s test.  

   †    Adjusted for age, Gleason score, tumor (T) stage, and measure of slope or baseline PSA value from corresponding model. Relative risks for Gleason score and 
T stage were adjusted for PSA value and slope from the log-linear regression model.  

   ‡    One unit increase equals a doubling of the PSA value.  

  §   Relative PSA velocity = log PSA/PSA, one unit increase.   

   Fig. 3  .    Time-dependent receiver operating char-
acteristic curves demonstrating accuracy of 
baseline levels of prostate-specifi c antigen (PSA) 
and PSA doubling time (PSADT) (as derived from 
model 2) as tests for lethal prostate cancer 
among patients diagnosed with localized pros-
tate cancer between 1989 and 1999, managed by 
watchful waiting. Assessment at  A ) 6 and  B ) 10 
years of follow-up from start of study (=time of 
randomization). Baseline PSA ( black line ), PSA = 
7 ng/mL ( black square ), PSA = 10 ng/mL ( black 

diamond ), and PSA = 14 ng/mL ( black triangle ); 
relative PSA velocity ( gray line ), PSADT = 10 
years ( gray square ), PSADT = 5 years ( gray dia-

mond ), and PSADT = 3 years ( gray triangle ).    
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herald progression to metastatic lethal prostate cancer. In this 
study, both baseline PSA and rate of change in PSA during the 
first 2 years of follow-up carried prognostic information. How -
ever, despite extensive exploration of different statistical models, we 
could not substantiate any PSA curve characteristic as a good 
classifier of who would develop lethal disease and who would not. 
Thus, our findings raise the question of whether early PSA charac-
teristics are suitable and safe as decision tools for therapeutic inter-
vention among low-risk patients managed with active monitoring. 

 Strengths of our study include its prospective design, large size, 
complete follow-up, and standardized classifi cation of deaths with 
blinding for any antecedent treatment ( 6 , 7 ). In addition, our study 
included predominantly patients with clinically signifi cant disease, 
which allowed us to use informative outcomes. In contrast, cohorts 
with mostly PSA-detected disease may observe so few prostate 
cancer deaths that PSA has to be used as a surrogate endpoint 
rather than a potential determinant of the outcome. Finally, there 
are only a few existing cohorts of patients who are managed by 
watchful waiting. 

 The natural variability in PSA measurements is well documen-
ted and includes both analytic and biologic components. Analytic 
variation depends on assay performance, sample handling, and 
laboratory processing ( 17 ). Biologic variation relates to individual 
factors, such as PSA metabolism, growth of the benign prostate, 
infl ammation, renal elimination, sexual practices, and physical 
activity ( 18 , 19 ). Changes in PSA levels may also occur as a result 
of secondary treatment. Thus, a limitation of any study of PSA 
changes over time is the uncertainty associated with assessing these 
variables. We took measures to avoid the infl uence of treatment on 
PSA by disregarding PSA measurements made after the onset of 
any secondary therapy as we estimated the rate of PSA change for 
each patient. 

 A larger number of measurements will reduce the uncertainty 
associated with the assessment of early PSA curve characteristics. 
Our linear regression estimates, based on the initial 2 years of 
follow-up, included at least four PSA measurements in the majority 

of patients (85%). Any misclassifi cation in these variables is unlikely 
to differ between those who eventually develop lethal disease and 
those who do not. One concern was that the frequency of measure-
ments (and thus the precision in the estimated PSAV) would differ 
according to outcome and thereby introduce bias. In these data, 
however, neither rate of PSA change nor progression to lethal dis-
ease was associated with the number of measurements. Nondiffer-
ential misclassifi cation may still have diluted the results and thereby 
impaired the performance of the ROC curve. Similar problems 
would nevertheless be encountered in any routine clinical practice. 

 Progression-free survival in patients with localized prostate can-
cer who are managed through watchful waiting is high ( 20 , 21 ), and 
clinicians currently lack tools to distinguish lethal prostate cancer 
from less lethal disease at the time of diagnosis. As a result, many 
prostate cancer patients undergo aggressive local treatment without 
any survival benefi t. To reduce such overtreatment, management 
by active surveillance with selective delayed intervention based on 
early PSA changes has been proposed ( 22 ). We designed our analy-
ses to test this approach with the assumption that 2 years may be a 
reasonable time to defer the choice of primary curative treatment. 

 The plot of baseline PSA values against relative PSAV ( Fig. 2 ) 
demonstrated a considerable overlap of data points representing 
patients who developed lethal disease and those who did not. The 
lack of clear discriminating patterns results in a ROC curve that is 
close to the diagonal. Indeed, no single cut point yielded high sen-
sitivity in predicting the outcome, combined with high speci -
fi city. Use of early PSA characteristics in a clinical setting would 
therefore require a trade-off between the two measures. However, 
because a considerable number of metastases and deaths occurred 
also in the “low-risk” group (as defi ned by measures of PSA 
regardless of cut point) over time, it is clear that clinical decision 
making should not be dependent on the use of early PSA curve 
characteristics alone. 

 We examined whether PSAV may vary in importance depend-
ing on the baseline PSA level, but there was no clear interaction 
between the two variables. Hence, the slope of the PSA curve 

 Table 3  .    Cumulative incidence of lethal prostate cancer among 267 patients with localized prostate cancer (T1b, T1c, T2, M0, Nx), 
stratified by value of PSADT and baseline PSA level *   

  Value

All Gleason score < 7 

 n %

Cumulative 6-y

incidence (95% CI)

Positive 

diagnostic 

likelihood 

ratio n %

Cumulative 6-y 

incidence (95% CI) 

Positive 

diagnostic 

likelihood 

ratio  

  PSADT  ≥  3 182 68.2 0.07 (0.04 to 0.12)
1.9

124 74.7 0.05 (0.02 to 0.11)
1.8  

 PSADT < 3 85 31.8 0.21 (0.13 to 0.32) 42 25.3 0.10 (0.04 to 0.26 )
 PSADT  ≥  5 143 53.6 0.07 (0.03 to 0.12)

1.6
95 57.2 0.04 (0.02 to 0.12)

1.5 
 PSADT < 5 124 46.4 0.17 (0.12 to 0.26) 71 42.8 0.09 (0.04 to 0.19 )
 PSADT  ≥  10 105 39.3 0.09 (0.05 to 0.17)

1.2
69 41.6 0.06 (0.02 to 0.16)

1.0 
 PSADT < 10 162 60.7 0.13 (0.09 to 0.20) 97 58.4 0.06 (0.03 to 0.14 )
 Baseline PSA < 14 173 67.3 0.08 (0.05 to 0.13)

1.7
117 70.5 0.05 (0.02 to 0.12)

1.3 
 Baseline PSA  ≥  14 84 32.7 0.20 (0.13 to 0.3) 49 29.5 0.09 (0.03 to 0.22 )
 Baseline PSA < 10 140 54.5 0.07 (0.04 to 0.13)

1.6
94 56.6 0.04 (0.02 to 0.11)

1.5 
 Baseline PSA  ≥  10 117 45.5 0.17 (0.11 to 0.25) 72 43.4 0.09 (0.04 to 0.19 )
 Baseline PSA < 7 98 38.1 0.07 (0.04 to 0.15)

1.3
67 40.4 0.04 (0.01 to 0.14)

1.2 
 Baseline PSA  ≥  7 159 61.9 0.14 (0.1 to 0.21) 99 59.6 0.08 (0.04 to 0.16  )

  *   T = tumor; N = node; M = metastasis; TNM stage defined as in (8); PSADT = prostate-specific antigen doubling time (years); PSA = prostate-specific antigen 
(ng/mL); CI = confidence interval.   
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appears to carry similar prognostic information regardless of base-
line PSA. As a corollary, our fi ndings should be generalizable also 
to other settings, such as screening. In addition, the results seemed 
independent of Gleason score — a fact that further underpins their 
generalizability. 

 Although differences in patient selection and study design 
make comparisons across studies diffi cult, our results are consis-
tent with recent studies that have demonstrated an association 
between increasing prediagnostic ( 20 ) and pretreatment ( 2  –  4 ) 
PSAV and lethal prostate cancer. However, our study addresses a 
different issue that relates to the choice of cancer therapies in gen-
eral. Therapeutic decisions are often based on whether the patient 
has a high- or low-risk disease, as defi ned by prognostic factors. 
Nevertheless, these prognostic factors — even if associated with 
rather high relative risks — are seldom accurate tests of disease 
progression or death within a certain period. 

 We conclude that PSA measurement is associated with prostate 
cancer prognosis and continues to be an important monitoring tool. 
However, early PSA characteristics perform poorly in distinguish-
ing those who develop a lethal prostate cancer from those at low or 
no risk of disease progression. Therefore, better decision tools are 
needed for active monitoring of patients with early disease.    
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