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Abstract
Most models to predict biochemical recurrence (BCR) of prostate cancer use pretreatment serum
prostate-specific antigen (PSA), clinical stage and prostate biopsy Gleason grade. We investigated
whether human glandular kallikrein 2 (hK2) and free prostate-specific antigen (fPSA) measured in
pretreatment serum enhance prediction. We retrospectively measured total PSA (tPSA), fPSA and
hK2 in preoperative serum samples from 461 men with localized prostate cancer treated with radical
prostatectomy between 1999 and 2001. We developed a regression model to predict BCR using
preoperative tPSA, clinical stage and biopsy Gleason grade. We then compared the predictive
accuracy of this “base” model with a model with fPSA and hK2 as additional predictors. BCR was
observed in 90 patients (20%), including 48 patients with a pretreatment tPSA ≤ 14 ng/ml (13%),
and 28 patients (10%) with a pretreatment tPSA ≤ 10 ng/ml. Overall, the predictive accuracy of the
base model (bootstrap-corrected concordance index of 0.813) was not improved after the addition
of fPSA or hK2 (0.818). However, for men with moderate tPSA-elevation (tPSA ≤ 10 ng/ml), addition
of fPSA and hK2 data increased predictive accuracy (from a base model concordance index of 0.756–
0.815, p = 0.005). The improvement in accuracy was not sensitive to the threshold for “moderately
elevated” PSA. For patients with a moderate tPSA-elevation (tPSA ≤ 10 ng/ml), which closely
corresponds to concurrent disease demographics, BCR-prediction was enhanced when fPSA and
hK2 were added to the conventional model. Measurements of fPSA and hK2 improve on our ability
to counsel patients prior to treatment as to their risk of BCR.
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Radical prostatectomy (RP) provides excellent cancer control of clinically localized prostate
cancer (PCa).1 However, approximately 30% of surgically treated men will experience a
detectable serum prostate-specific antigen (PSA) as an unequivocal indicator of cancer
progression within 10 years of surgery.2,3 These men with biochemical recurrence (BCR) are
at significant risk for clinical cancer progression (metastases) and have the need for institution
of systemic therapy.

Clinical stage, pretreatment PSA levels and prostate biopsy Gleason grade have been shown
to be reliable and independent predictors of treatment failure. The combination of these 3
parameters markedly enhances the ability to predict treatment outcome. Several investigators
have included these parameters into clinical risk profiles designed to identify patients who can
safely avoid aggressive therapy or to select potential candidates for neoadjuvant clinical trials.
4,5

The usefulness of these models, however, depends on their predictive accuracy. Recently, it
has been claimed that preoperative PSA levels may reflect primarily benign prostate
hyperplasia (BPH) rather than the presence of PCa in populations in which PSA is regularly
used for screening.6 Recent studies have suggested that in patients with a pretreatment PSA
<10 ng/ml, PSA levels did not predict treatment outcome after RP.7,8 This trend may affect
the predictive accuracy of most currently available models, which utilize PSA as the primary
predictive parameter. Hence, there is a compelling need to identify novel markers that are
specifically linked to the presence of biologically aggressive prostate cancers for improved
prediction of outcome in populations with moderately elevated PSA levels.

Because of these current limitations with models based primarily on total PSA levels, we
investigated alternative prostate related biomarkers such as free PSA (fPSA) and human
glandular kallikrein 2 (hK2) and their association to BCR in patients with clinically localized
PCa. This approach is based on previous data, which indicates that a low ratio of free to total
PSA (%fPSA)9,10 or increasing levels of hK211,12 are linked to advanced prostate pathology,
which is well established as risk factor for progression after surgery. To address this issue, we
developed a regression model to assess PSA recurrence using preoperative data on clinical
stage, biopsy Gleason grade and tPSA from a cohort of men who underwent RP between 1999
and 2001. We then compared the predictive accuracy of this “base” model to a model that
included hK2 and fPSA measurements as additional predictors.

Material and methods
Patients and serum samples

Between the years 1999 and 2001, 1172 patients with clinically localized PCa underwent RP
with or without staging lymphadenectomy at University Hospital Hamburg-Eppendorf,
Germany. For 505 of these patients, a serum sample was available for evaluation. Blood
samples were drawn prior to RP 8 or more weeks after any prostatic manipulation (DRE, TRUS
guided biopsy) and immediately processed and frozen at −80°C until analysis. Patients with
any neoadjuvant therapy (n = 6), prior surgical treatment for BPH (n = 10) or lack of follow-
up information (n = 28) were omitted from this study, leaving 461 patients with corresponding
blood samples eligible for analysis. Informed consent was obtained from all of the participating
patients, and the protocol was approved by the institutional review board.
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Clinical and pathologic evaluation
For each patient, the operating surgeon assigned a clinical stage according to the 1997 edition
of the AJCC.13 Biopsy material was histologically graded according to the Gleason grading
system.14 Grades of all externally obtained biopsy specimens were reviewed at the Department
of Pathology, University Hospital Hamburg-Eppendorf. All prostatectomy specimens were
surface-inked and processed using serial transverse sections at 3-mm intervals according to the
Stanford protocol.15 Pathologic stage was defined according to the 1997 AJCC staging
classification.13

Definition of biochemical recurrence
All patients treated with RP are scheduled for an annual follow-up visit at our institutional
outpatient clinic. Information about external posttreatment PSA testing (usually performed
every 6 months) is added to the institutional database. BCR was defined as postoperative levels
of tPSA ≥ 0.40 ng/ml. The selection of this cut point was based on a previous evaluation, which
demonstrated that a significant proportion of patients with a lower PSA (e.g. 0.2 ng/ml or 0.3
ng/ml) did not experience further PSA rises.16 None of the patients received adjuvant therapy
before the evidence of cancer recurrence.

Measurements of tPSA, fPSA and hK2
Total and free PSA—To measure tPSA and fPSA, we used the commercialized version of
a previously reported dual-label assay (DELFIA Prostatus Dual Assay, PerkinElmer, Turku,
Finland) that measures tPSA and fPSA on an equimolar basis.17 Detection limits were 0.04
ng/ml for fPSA (coefficient of variation [CV] 3.7% at 0.44 ng/ml and 17.9% at 0.10 ng/ml),
and 0.05 ng/ml for tPSA (CV 5.0% at 2.32 ng/ml and 13.9% at 0.34 ng/ml).

Total hK2—Total hK2 among patients treated in 1999 was measured with a previously
reported 3-step assay design.18 It uses a combination of PSA-specific blocking monoclonal
antibodies (MAbs) together with capture MAbs and Europium-labeled detection MAbs
recognizing both PSA and hK2. Addition of PSA-specific blocking MAbs enables specificity
for hK2, as it reduces cross-reaction of PSA to <0.05%. The functional detection limit is 0.04
ng/ml, defined as the concentration at which total (i.e. inter and intraassay) CV is <20%.18
For patients treated in 2000 and 2001, we used a slightly modified and improved assay as was
recently described.19 The assay uses 100μl sample and the functional detection limit is 0.03
ng/ml. Total assay imprecision ranged from 12.9% for low (0.033 ng/ml) to 7.5% for high
(0.48 ng/ml) hK2 levels.

Statistical methods
Cox proportional hazard models were used to determine the association between predictors
and biochemical failure after RP. All bio-markers were used as log-transformed continuous
variables. The base model included only the currently validated predictors (tPSA, clinical stage,
biopsy Gleason grade). We then constructed multivariable models with hK2 and/or fPSA as
additional predictors. Predictive accuracy for each model was defined in terms of the
concordance index. In brief, the concordance index is a generalization of the area under the
ROC curve for survival time data, and quantifies discrimination for a single variable or a
multivariable model.20 The concordance index ranges from 0.5 (chance or a coin flip) to 1.0
(perfect ability to rank). Bootstrapping was used to calculate standard errors and to correct
concordance indices for overfit. Subgroup analysis focused on men with moderately elevated
PSA levels, who are more typical of PCa patients in the US and in other countries where tumors
are generally detected by PSA screening. Analyses were performed using STATA (Version
8.2, StataCorp., College Station, TX).
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Results
Median patient age was 63 years, with an interquartile range of 59–66 years. There were 90
cases of BCR (20%). Median follow-up for patients without BCR was 44 months. The 3- and
5-year recurrence-free probabilities for the study cohort were 84 and 75%, respectively (Fig.
1). Twenty-eight patients with tPSA ≤ 10 ng/ml experienced BCR (10%). Table I and II gives
pretreatment levels of tPSA, fPSA, hK2, Gleason score, clinical and pathological
characteristics of the study cohort.

Patients with a pretreatment hK2 level below the median had greater recurrence-free survival
than those with higher hK2 (Fig. 2). Likewise, patients with fPSA levels below the median had
higher BCR-free survival (Fig. 3).

In univariate analysis, all variables were significantly associated with biochemical failure at
p <0.0001 (Table III). In the multivariable model of the entire cohort, grade and tPSA, but not
stage, hK2, or fPSA were statistically significant predictors of BCR. However, for patients
with tPSA ≤ 10 ng/ml, only clinical stage, biopsy Gleason score and hK2 were independent
predictors of biochemical failure (Table III).

The established predictors (tPSA, clinical stage and biopsy Gleason score) were combined in
a prediction base model. The bootstrap-corrected predictive accuracy of this model was high,
with a concordance index of 0.813 for the entire study cohort. Adding the predictor variables
fPSA and hK2 levels only marginally affected the predictive accuracy to 0.818 (Table IV).
However, for men with PSA ≤ 10 ng/ml, the predictive value of the base model decreased to
a bootstrap-corrected concordance index of 0.756. Addition of hK2 and fPSA to the model
provided a marked increment in predictive accuracy (from 0.756 to 0.815, p = 0.005). As the
number of BCR events in patients with tPSA ≤ 10 ng/ml was relatively low (n = 28), it might
be argued that a model with 6 predictors would be at risk of overfitting. Accordingly, we
combined tPSA, clinical stage and biopsy Gleason score (raw data) to obtain a predicted
probability of 3-year BCR-free survival using a published nomogram5 (nomogram
probability), and used the nomogram probability as a single predictor instead of raw covariate
values. This reduces the number of variables in the full model from 6 (PSA, clinical stage, 2
Gleason grade categories, hK2, fPSA) to only 3 (nomogram probability, hK2, fPSA). As shown
in Table IV, results were similar whether raw covariate or nomogram-predicted probabilities
were used. To determine whether our choice of threshold for “moderately elevated” tPSA might
affect our conclusions, we varied the tPSA threshold from 8 (BCR-events, n = 18) to 20 ng/ml
(BCR-events, n = 65), and computed concordance indices using the nomogram probability of
BCR as the covariate (Table V). Results were comparable up to tPSA levels < 14 ng/ml, while
the number of BCR events at tPSA ≤ 10 ng/ml up to < 14 ng/ml markedly increased from 28
to 44 subjects.

To test whether the diagnostic value of fPSA and hK2 was dependent on the level of tPSA, we
first created a linear prediction from a model including hK2 and fPSA only. We added the
interaction between this multivariable prediction and tPSA to our full model. The interaction
term was less than one and statistically significant (p = 0.015), demonstrating that the diagnostic
value of hK2 and fPSA increases as tPSA decreases.

Discussion
In recent years, statistical models have evolved as diagnostic tools that incorporate independent
biochemical and clinical findings to predict the risk of BCR following RP.4,5 BCR is the most
common sign of cancer recurrence after surgical treatment for localized PCa. The preoperative
Kattan nomogram is a predictive model for BCR widely used in clinical practice.5,21 This
nomogram combines the variables clinical stage, biopsy Gleason score and PSA. Subsequently,
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various additional clinical factors have been incorporated into statistical models aiming to
improve prediction accuracy.22,23 These parameters include prostate biopsy features
(percentage of positive biopsies, percentage of biopsy tissue with cancer), MRI T-stage, PSA
adjusted for prostate volume (PSA density) and plasma levels of transforming growth factor
β1 and soluble interleukin-6 receptor. However, to date only 2 studies have attempted to
measure the incremental benefit gained by additional predictors. A diagnostic model
combining the standard clinical predictors with features from systematic biopsy only
marginally improved diagnostic accuracy for BCR prediction (concordance index of 0.79 for
the standard model vs. 0.81 for the model including biopsy features).24 In contrast, platelet-
free plasma levels of transforming growth factor β1 (TGF-β1) and interleukin-6 soluble
receptor, which have been reported to be markedly elevated in patients with distant metastases
from PCa, significantly enhanced prediction of BCR over the standard Kattan pretreatment
nomogram (concordance index of 0.75 vs. 0.83 for a model supplemented by TGF-β1 and
interleukin-6 receptor).25

Measurements of prostate-specific tissue kallikreins such as multiple PSA-forms and hK2 in
blood have been shown to improve early detection and staging of PCa.11,12,26 However, there
are no previous data reported whether these measurements may enhance the predictive
accuracy of the standard pretreatment model to assess risk for BCR. Using a carefully designed
protocol to avoid fPSA-decay ex vivo after the blood draw, we conducted this study to evaluate
whether measurements of hK2 and fPSA could enhance the predictive accuracy of a standard
model to assess the risk of BCR. In our current analysis, we confirmed the high predictive
accuracy of a regression model that included clinical stage, biopsy Gleason score and PSA
(base model). Addition of hK2 and fPSA to the base model did not contribute enhanced
predictive value. Yet the accuracy of a model, and the relative benefit of additional predictors,
is crucially dependent on the heterogeneity of the population. PSA is a powerful predictor when
the serum levels vary widely: in this cohort, tPSA ranged from 0.3 to 86 ng/ml. In populations
regularly exposed to screening, levels of tPSA decrease significantly and eventually lose
association with important disease characteristics. This is exemplified by recent reports from
Stamey et al. who found that tPSA did not predict treatment outcome after RP in men with
tPSA from 2 to 9 ng/ml,8 and a series of 1095 men with tPSA ≤ 10 ng/ml studied by Freedland
et al. who concluded that PSA was not an independent predictor of biochemical failure
following RP in a multivariable model (p = 0.09).7 Hence, it is highly controversial whether
tPSA remain as a significant predictor of treatment failure among men with a more narrow
range of serum tPSA. Our study supports these findings, as tPSA was unable to predict BCR
(p = 0.06) in a multivariable analysis of men with tPSA ≤ 10 ng/ml. Moreover, the predictive
accuracy of a model using only stage, Gleason grade and tPSA decreased markedly in this
tPSA range. However, in this subset of men, hK2 was an independent predictor of BCR and
substantially increased predictive accuracy of our model, whether alone or in combination with
fPSA. We further explored the benefits of using hK2 and fPSA and found it to be applicable
to pretreatment tPSA-levels of up to14 ng/ml, at which BCR occurred in 44 patients. Thus,
hK2 and fPSA appear to compensate for the diluted prognostic capacity of tPSA based
nomograms in men with moderately elevated PSA levels.

The clinical relevance of our findings become more important in consideration of the high
proportion of men with serum PSA ≤ 10 ng/ml in contemporary RP series. Particularly in the
US, there is a marked shift towards lower PSA levels at diagnosis because of widespread use
of tPSA-testing for the detection of PCa. In our study cohort, which represents a RP referral
series from a nonscreened population during 1999–2001, the proportion of men with tPSA ≤
10 ng/ml prior to treatment was 64%. This is similar to the proportion (63–74%) reported from
large prostatectomy series from several institutions accrued between year 1983 and 2002.1,3,
7 Among patients who more recently underwent RP (from 2002 to 2003) at University Hospital
Hamburg-Eppendorf, the percentage with tPSA ≤ 10 ng/ml increased to 82%. This suggests
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that the widespread use of PSA screening may decrease the proportion of men with tPSA ≥ 10
ng/ml at diagnosis to 10% or less.

The validity of our data might be influenced by the risk of preanalytical bias caused by the
well-documented but commonly neglected lack of ex vivo stability of fPSA after the blood
draw.27 We meticulously processed our samples (rapid separation of serum from the blood
cells, immediate freezing at −80°C and analysis of samples immediately after thawing), to
minimize the influence from preanalytical decrease of fPSA-levels.

The role of fPSA as a predictor of biochemical failure remains unclear. The use of fPSA to
predict treatment outcome has produced conflicting results. While some authors have reported
significant benefit of using %fPSA for staging,9,10 others have not confirmed these findings.
28 It is, however, noteworthy that the reference populations which showed a benefit of using
fPSA for staging PCa were consistently those with a tPSA <10 ng/ml. Accordingly, models
that include fPSA in our study show a modest increase in predictive accuracy. Highest
predictive accuracy can be obtained with inclusion of both hK2 and fPSA. This is true for all
patients and especially for the subgroup of men with only moderately elevated tPSA levels. In
an exploratory analysis (data not shown), we added %fPSA instead fPSA in the full prediction
model and found no increment in predictive accuracy. Since %fPSA did not offer any advantage
over the application of fPSA alone, %fPSA was not used in the model.

To what extent are previously reported data consistent with our findings that serum levels of
hK2 and are linked to biologically aggressive cancers? The tissue studies from Darson and
associates reported on more intense immunostaining specific for hK2 in lymphatic metastases
and in poorly differentiated (i.e. high grade) cancer compared to well-differentiated tumors
and benign tissue, whereas contrary findings were reported for PSA.29 Findings recently
reported by Lintula et al., using RT-PCR to quantify relative levels of hK2 and PSA mRNA
in benign and malignant prostatic tissue30 are consistent with the previous report from Darson.
Higher hK2/PSA mRNA ratios were observed in cancerous tissue samples compared with BPH
tissue samples. This suggests that changes in relative expression-levels of hK2 vs. PSA are
possibly associated with carcinogenesis and progression. However, it is unclear whether these
findings may significantly change the blood levels, as tissue levels are up to 106-fold higher
than PSA and hK2-levels in serum. Several other factors such as kidney function, nature of
complex ligands and catalytic action can significantly affect the levels in blood. Nevertheless,
previous evaluations of hK2 in PCa patients scheduled for RP have indicated that there may
be a significant association of the hK2-levels in serum with total cancer volume, volume of
high-grade cancer (Gleason grade ≥ 4) and advanced prostate pathology.11,12, 31

In conclusion, this initial data set suggests that the incorporation of fPSA and hK2 levels in
blood in pretreatment prediction models for BCR enhances risk prediction. The value of these
analytes is particularly marked in patients with only moderately elevated PSA, which is typical
of contemporary patient populations. Further research is planned to replicate our findings on
a larger study population.
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Figure 1.
Kaplan-Meier estimates of recurrence-free probability and 95% confidence interval for 461
patients with clinically localized prostate cancer who underwent radical prostatectomy between
1999 and 2001.
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Figure 2.
Kaplan-Meier estimates of recurrence-free probability according to pretreatment hK2 levels.
Recurrence-free probabilities for patients with pre-treatment hK2 levels below (solid line) and
above (dashed line) the median of 0.091 ng/ml within the whole cohort (n = 461).
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Figure 3.
Kaplan-Meier estimates of 3- and 5-year recurrence-free probability. Recurrence-free
probabilities for patients with pre-treatment fPSA levels below (solid line) and above (dashed
line) the median of 0.95 ng/ml within the whole cohort (n = 461).
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TABLE I
CLINICAL AND PATHOLOGIC CHARACTERISTICS OF THE STUDY COHORT (n = 461)

Variable No. patients

Pretreatment PSA (ng/ml)
  ≤4.0 47 (10)a
  4.1–10.0 248 (54)
  10.1–20 131 (28)
  >20 35 (8)
 Clinical stage (1997 TNM)
  T1c 311 (67)
  T2a/b 147 (32)
  T3 3 (1)
 Biopsy Gleason sum
  ≤6 321 (70)
  7 128 (27)
  ≥8 12 (3)
 Pathologic stage (1997 TNM)
  pT2a/b 305 (66)
  pT3a 100 (22)
  pT3b 56 (12)
 Pathology Gleason sum
  ≤6 226 (49)
  7 225 (49)
  ≥8 10 (2)

a
Values in parentheses indicate the percentage of biochemical recurrence of Prostrate cancer.
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TABLE II
MEDIAN TOTAL PSA, FREE PSA, AND HK2 LEVELS OF PROSTATE CANCER PATIENTS, AMONG
THE WHOLE COHORT AND AMONG PATIENTS WITH PSA ≤ 10 ng/ml

Biomarker Median

All patients (n = 461)
  tPSA 8.09 (5.59–12.55)a
  fPSA 0.95 (0.64–1.42)
  hK2 0.091 (0.054–0.130)
 tPSA ≤ 10 ng/ml (n = 294)
  tPSA 6.4 (4.7–7.9)
  fPSA 0.75 (0.53–1.08)
  hK2 0.070 (0.045–0.100)

a
Values in parentheses indicate interquartile range in ng/ml.
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TABLE IV
PREDICTIVE ACCURACY (CONCORDANCE INDEX) OF A NOMOGRAM INCLUDING CLINICAL
STAGE, BIOPSY GLEASON SUM, AND PRE-TREATMENT PSA (BASE MODEL) AND OF THE BASE
MODEL SUPPLEMENTED BY FPSA AND/OR HK2 LEVELS

Raw data as
covariates

Bootstrap corrected Nomogram
probability as

covariate

Bootstrap corrected

All 461 patients (n = 461)
 Base model 0.819 0.813 0.806 0.806
  + fPSA 0.824 0.787
  + hK2 0.820 0.807
  + fPSA & hK2 0.827 0.818 0.802 0.797
tPSA ≤ 10 ng/ml (n = 294)
 Base model 0.771 0.756 0.763 0.763
  + fPSA 0.782 0.739
  + hK2 0.815 0.802
  + fPSA & hK2 0.835 0.815 0.815 0.81

tPSA, total prostate-specific antigen; fPSA, free prostate-specific antigen; hK2, human glandular kallikrein 2.
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