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Abstract
Background Management of active surveillance (AS) in low-risk prostate cancer (PCa) patients could be improved with new
biomarkers, such as the 4Kscore test. We analyze its ability to predict tumor reclassification by upgrading at the confirmatory
biopsy at 6 months.
Methods Observational, prospective, blinded, and non-randomized study, within the Spanish National Registry on AS
(AEU/PIEM/2014/0001; NCT02865330) with 181 patients included after initial Bx and inclusion criteria: PSA ≤10 ng/mL,
cT1c-T2a, Grade group 1, ≤2 cores, and ≤5 mm/50% length core involved. Central pathological review of initial and
confirmatory Bx was performed on all biopsy specimens. Plasma was collected 6 months after initial Bx and just before
confirmatory Bx to determine 4Kscore result. In order to predict reclassification defined as Grade group ≥2, we analyzed
4Kscore, percent free to total (%f/t) PSA ratio, prostate volume, PSA density, family history, body mass index, initial Bx,
total cores, initial Bx positive cores, initial Bx % of positive cores, initial Bx maximum cancer core length and initial Bx
cancer % involvement. Wilcoxon rank-sum test, non-parametric trend test or Fisher’s exact test, as appropriate established
differences between groups of reclassification.
Results A total of 137 patients met inclusion criteria. Eighteen patients (13.1%) were reclassified at confirmatory Bx. The %
f/t PSA ratio and 4Kscore showed differences between the groups of reclassification (Yes/No). Using 7.5% as cutoff for the
4Kscore, we found a sensitivity of 89% and a specificity of 29%, with no reclassifications to Grade group 3 for patients with
4Kscore below 7.5% and 2 (6%) missed Grade group 2 reclassified patients. Using this threshold value there is a biopsy
reduction of 27%. Additionally, 4Kscore was also associated with changes in tumor volume.
Conclusions Our preliminary findings suggest that the 4Kscore may be a useful tool in the decision-making process to
perform a confirmatory Bx in active surveillance management.

Introduction

Active surveillance (AS) an accepted strategy for patients
with low-risk prostate cancer (PCa) [1, 2], but its imple-
mentation is quite heterogeneous among urologists. Many
collaborative groups are investigating different strategies to
improve selection criteria, analyze meaningful reclassifica-
tion criteria, and optimize follow-up protocols [3–5]. New

imaging tools such as multiparametric magnetic resonance
image (mpMRI) have revolutionized the field [6, 7], but its
lack of reproducibility, costs, heterogeneity in reporting and
availability are recognized drawbacks that have to be
resolved, as recommendations derived from reference cen-
ters [8–10] may not be applicable in every radiology setting.
This was recently pointed out in a survey among a diverse
group of Spanish urologists performing AS in different
hospital settings. When asked to rate their confidence in
their radiologist’s specialization, training, and experience
for reporting mpMRI in prostate cancer, only 27% of them
believed their radiologist had a high level of expertize [3].
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This finding suggests that biomarkers may hold more
immediate promise for better PCa characterization. In
particular, the newest class of multiparametric biomarker
tests such as 4Kscore [11] or SelectMDx [12] hold pro-
mise, as they combine proteins, nucleic acids, and clinical
variables into a statistical models that predict with high
accuracy the chance of harboring high grade prostate can-
cer (HGPCa).

Due to standard transrrectal ultrasound (TRUS)-guided
10–12 cores biopsy (Bx) deficiencies to characterize PCa,
most AS protocols rely on the results of the so-called
confirmatory Bx, usually performed during the first year
after PCa diagnoses, to pick up reclassified tumors and offer
active treatment or definitely enroll a patient in AS. But the
time elapsed from initial Bx to confirmatory Bx and the
confirmatory Bx itself, are not free of side effects [8] as the
time lag confers stress to the patient and their families. It
would be helpful to use risk calculators [10], biomarker
tests, or mpMRI, or their combination [5, 13] to better
understand the risk of reclassification to HGPCa.

4Kscore is one of the biomarkers accepted by Guide-
lines to avoid Bx in the PSA grey zone [14, 15], and
decrease overdiagnosis of Grade group 1 PCa [11, 16],
which is the group very often directed towards AS.
Recognizing that the 4Kscore was not developed to
optimize an AS program, we nonetheless hypothesized
that perhaps it could provide additional value in the AS
confirmatory Bx setting. In July 2014, a National Registry
(AEU/PIEM/2014/0001, www.piem.aeu.es, Clin-
icalTrials.gov Identifier: NCT02865330), supported by
the Spanish Urological Association (AEU), was opened
online [17]. Within it, we designed a non-randomized,
observational, prospective, blinded study with the primary
objective to analyze the ability of the 4Kscore to pro-
spectively predict tumoral reclassification by upgrading at
the confirmatory Bx at 6 months from initial Bx. If the
4Kscore showed sufficient predictive power, it could
refine the necessity of performing the confirmatory Bx or
the need for additional tools such mpMRI to reinforce or
alter the decision of performing confirmatory Bx.

Methods

The protocol was opened to all associate investigators (AI)
recruiting for AEU/PIEM/2014/0001. It was approved by
Hospital 12 de Octubre (Madrid) Ethics Committee (ref.
number 14/242). Patients enrolled in this project had a PSA
≤10 ng/mL, although PSA >10 ng/mL was permitted if PSA
density was <0.20 in cases with a prostate size >60 mL. The
clinical stage of the disease had to be cT1c or cT2a. The
initial Bx had to be performed with ≥10 cores. PCa had to
be Grade group 1 in ≤2 cores, and not exceed 5 mm or 50%

of the core length. The local pathological report had to be
confirmed by central review of an expert uropathologist (A.
C.), in an attempt to select a pure low-risk cohort. All
participating patients had a life expectancy of 10 years or
more by Charlson score, were <80 years of age, and signed
a specific written consent.

Patients with previous atypical small acinar proliferation
or high-grade prostatic intraepithelial neoplasia were
excluded, as were patients taking finasteride or dutasteride.
Any endo-urological procedure, including urethral cathe-
terization or urinary infections within 6 months after the
initial Bx were excluded. The 4Kscore was done just before
the confirmatory Bx. Blood samples were sent to OPKO
Health Europe S.L.U, following the manufacturer’s
recommendations. The 4Kscore results were blinded to the
investigators up to the completion of the study. Clinical
records were uploaded online on AEU/PIEM/2014/0001,
and were blinded to the biomarker company.

The confirmatory Bx could be either TRUS guided with
18 cores or transperineally guided by a brachytherapy
template, allowing in this case 24–32 cores. In either sce-
nario, the patient may have also received a 1.5T mpMRI,
but this was not obligatory as some centers did not have this
capability.

The primary objective of the study was to analyze the
ability of the 4Kscore for predicting tumoral reclassification
at the confirmatory Bx. Criteria for reclassification at the
confirmatory Bx was detection of HGPCa defined as Grade
group ≥2 [16]. As a secondary objective we evaluated
surrogate variables of progression in tumor volume, such as
length/percentage of maximum core involvement or num-
ber/percentage of positive cores.

For the statistical analysis, we performed a descriptive
study of the variable including: total PSA, intact PSA, free
PSA, hK2, age, digital rectal examination (DRE), and prior
negative biopsies.

As the variable “negative prior biopsy” is integral to the
4Kscore algorithm and confers it less risk of harboring
HGPCa, we decided, together with the company, to con-
sider this variable in the 4Kscore calculation. If the patient
had a prior negative biopsy before the diagnostic initial Bx
the 4Kscore reflected this fact. The rest of patients with only
the positive initial Bx were considered as “no prior negative
biopsy” for 4Kscore calculation. In addition, for comparison
purposes, we analyzed %f/t PSA ratio, prostate volume,
PSA density, family history, body mass index (BMI), initial
Bx total cores, initial Bx positive cores, initial Bx % of
positive cores, initial Bx maximum cancer core length (mm)
and initial Bx cancer % involvement.

We analyzed differences between the groups of patients
that had reclassification or not, using the Wilcoxon rank-
sum test, non-parametric trend test or Fisher’s exact test, as
appropriate.
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The data were analyzed using R language programming
version 3.3.2 (The R Foundation for Statistical Computing,
Vienna, Austria)

Results

Between February 2015 and December 2015, 181 patients
were enrolled. After exclusions (Fig. 1) 137 patients
(75.7%) were finally analyzed. The confirmatory Bx was
performed at least 6 months after the initial Bx (median 6.5;
IQR: 6.2, 7.6 months). After local and central pathological
review, 18 patients (13.1%) were reclassified in grade at the
confirmatory Bx. Their different characteristics regarding
this fact are shown at Table 1. We found significant dif-
ferences between the groups with or without reclassification
for 4Kscore and %f/t PSA.

The 4Kscore value was associated with the likelihood of
more severe cancer at confirmatory Bx, while %f/t PSA
ratio did not show this association at different cutoff points.
No patient with 4Kscore <7.5% showed upgrade to Grade
group 3 [16] (Table 2). The sensitivity and specificity for
finding Grade group ≥2 at confirmatory Bx for a cutoff point

of 4Kscore ≥7.5 were 89% (95% CI: 65–99%) and 29%
(21–38%), respectively; positive predictive value, 16% (CI
9–25%) and negative predictive value (NPV): 95% (CI
82–99%). That implies a 27% biopsy reduction (37/137)
with no missed Grade group 3, if we accepted a 4Kscore
<7.5% cutoff to avoid confirmatory Bx. An extrapolation of
our findings to 1000 hypothetical patients exposed to con-
firmatory Bx and 4Kscore are shown in Table 3. The
4Kscore was also associated with changes in tumor volume
estimation at confirmatory Bx (Table 4).

A logistic regression analyses showed association
between 4Kscore (on logit scale) and Grade group upgrade,
odds ratio (OR): 2.14 (95% CI: 1.19–4.24; p= 0.018).

Discussion

Of all the clinical variables and diagnostic initial Bx
pathology variables, 4Kscore and %f/t PSA ratio are sig-
nificantly associated with the Grade group upgrade at the
confirmatory Bx; prostate volume and PSA density are
borderline but not associated with the reclassification out-
come (Table 1).

Fig. 1 REMARK diagram
detailing study cohort
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A 4Kscore cutoff point of 7.5% have been proved
to detect HGPCa before prostate Bx in a common clinical
practice, with barely any delayed diagnosis of cancers
that may lead to metastasis [18, 19]. This cutoff point can
reduce costs and avoid Bx [20]. It has also demonstrated to
predict distant metastasis within 20 years [21]. Our results

showed how a 4Kscore cutoff point of less than 7.5%
previous to confirmatory Bx, significantly identify
patients at very low risk of harboring HGPCa instead of
patients with 4Kscore over 7.5% with a risk of
aggressive PCa of 16% (Table 2), whereas %f/t PSA did not
(Table 2).

Table 1 Patient demographics, split by reclassification to Grade group ≥2 at confirmatory Bx, (N= 137)

Statistic No reclassification
(N= 119; 87%)

Reclassified Grade group ≥2
(N= 18; 13%)

p-value

Age (years) Median (IQR) 64 (60, 70) 67 (62, 72) 0.4

4Kscore Test (%) Median (IQR) 13% (7%, 26%) 25% (15%, 41%) 0.011

Total PSA Median (IQR) 5.24 (3.82, 7.14) 5.93 (4.82, 7.04) 0.3

%f/t PSA ratio Median (IQR) 0.16 (0.11, 0.21) 0.13 (0.10, 0.15) 0.019

Prostate volume (cc) Median (IQR) 40 (31, 55) 35 (25, 40) 0.070

PSA density Median (IQR) 0.12 (0.09, 0.17) 0.14 (0.12, 0.19) 0.089

Abnormal DRE N (%) 7 (5.9%) 0 (0%) 0.6

Prior negative biopsy before initial biopsy N (%) 21 (18%) 1 (5.6%) 0.3

Family history

Yes N (%) 13 (10.9%) 3 (16.7%) 0.7

No N (%) 102 (85.7%) 14 (77.8%)

N/A N (%) 4 (3.4%) 1 (5.5%)

Body Mass Index Median (IQR) 27.0 (25.5, 28.9) 27.3 (25.9, 28.9) 0.8

Initial biopsy clinical stage

T1a N (%) 1 (0.8%) 0 (0%) 0.2

T1b N (%) 0 (0%) 1 (5.6%)

T1c N (%) 111 (93.3%) 17 (94.4%)

T2a N (%) 7 (5.9%) 0 (0%)

Initial biopsy total cores (N) Median (IQR) 12 (12, 14) 12 (12, 12) 0.8

Initial biopsy positive cores (N) Median (IQR) 1 (1, 2) 1 (1, 2) 0.8

Initial biopsy % positive cores Median (IQR) 8% (8%, 13%) 8% (8%, 17%) 0.6

Initial biopsy max cancer core length (mm) Median (IQR) 1.4 (0.8, 3) 1.4 (0.7, 2) 0.5

Initial biopsy max cancer % involvement (%) Median (IQR) 12% (6%, 24%) 11% (7%, 15%) 0.5

Table 2 Distribution of patients by reclassification at confirmatory Bx, by 4Kscore test prediction and % f/t PSA ratio

Total Confirmatory Bx
no cancer

Confirmatory Bx
grade group 1

Confirmatory Bx
grade group 2

Confirmatory Bx
grade group 3

p-value

All patients N (%) 137 44 (32%) 75 (55%) 15 (11%) 3 (2%)

4Kscore p < 0.001

4Kscore <7.5% N (%) 37 22 (59%) 13 (35%) 2 (6%) 0

4Kscore ≥7.5% N (%) 100 22 (22%) 62 (62%) 13 (13%) 3 (3%)

%f/t PSA ratio

<0.10N (%) 25 4 (16%) 17 (68%) 3 (12%) 1 (4%) p= 0.102

≥0.10N (%) 112 40 (36%) 58 (52%) 12 (11%) 2 (2%)

<0.25N (%) 123 37 (30%) 69 (56%) 14 (11%) 3 (2%) p= 0.143

≥0.25N (%) 14 7 (50%) 6 (43%) 1 (7%) 0

All p-values are from non-parametric trend test, exploring classifying variables as dichotomized ones as we use then in clinical practice
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Using a cutoff of 7.5%, 4Kscore could predict Grade
group upgrade at confirmatory Bx with a sensitivity of 89%,
specificity of 29%, NPV of 95%, few delayed diagnoses of
Grade group 3 or higher cancer; and potentially avoid
prostate Bx in 27% of patients. These results for 4Kscore in
the AS scenario are close to those found with prostate Bx
before diagnosis [11].

The high NPV of 95% observed in a cohort with a
reclassification risk of 13%, combined with a 27% potential
Bx reduction for those with a 4Kscore ≤7.5%, make
4Kscore a reliable and cost-effective biomarker to identify
non-reclassifying patients at confirmatory Bx in AS
management.

Although, 4Kscore was created and validated to identify
HGPCa before cancer diagnosis, it has been explored to
identify tumor volume on conventional prostate Bx. It was
significantly associated with the number of positive cores,
percent of cores positive, and the mm of cancer found on
biopsy, with higher scores denoting more cancer [22, 23]. In
our study on AS scenario higher 4Kscore was significantly
associated with higher tumor involvement, larger tumor size
and more positive cores at the confirmatory Bx (Table 4).

In a recent study, a 4Kpanel was evaluated to predict
reclassification to Grade group ≥2 at the first surveillance
Bx, occurring in ~20% similarly to our 18% findings. The
4Kpanel is not the commonly available marker for clinical
use, but it is used in the 4Kscore in combination with
clinical variables. The 4Kpanel in a multivariable model
with BMI, core ratio, previous biopsies, and prostate
volume improved accuracy from base clinical models for
predicting reclassification (AUC 0.78 vs 0.74) at the con-
firmatory Bx, but both models performed comparably for
the prediction of progression at follow-up Bx (AUC 0.75 vs

0.76) [24], arguing that the impact of other Bx information,
primarily volume of core involvement in previous Bx and
the number of previous negative Bx, carry significant sta-
tistical weight in predicting grade progression, and the
impact of the four kallicrein panel is decreased [24].

We propose for consideration in clinical implementation
a cutoff point of 7.5% of 4Kscore to identify men with a
very low risk of reclassification at confirmatory Bx. This
management would drive us to avoid a 27% of confirmatory
Bx missing only 2 (6%) Grade group 2 cancer and no Grade
group ≥3 cancer (0%). We accept as a limitation that our
sample size and our inclusion criteria of AS patients
resulted in a very low proportion of adverse Grade group ≥3
(2 cases in 137). They have been correctly classified by
4Kscore, but in order to gaining confidence in correct
identification of this relevant subgroup and to validate
4Kscore at confirmatory Bx, an external validation of our
preliminary results must be done.

Our study confirms the proportion of reclassifications
found in a previous study in the confirmatory Bx setting
[24], and the ability of the 4Kscore alone, as opposed to the
4Kpanel in a more complex model, to predict patient
reclassification at confirmatory Bx. The main limitation of
this study is the relatively small number of patients and the
low number of only 18 reclassification events. While
exploratory in nature, this study does support the utility of
the 4Kscore as a predictor of adverse pathological findings
at confirmatory Bx.

Our study was blind and prospective in design, but our
model has to be validated in another series of patients and
also be studied in conjunction with other tools, such as
mpMRI. Better selection of AS candidates and establish-
ment of different follow-up strategies depending on a

Table 3 Extrapolation of our
findings to a hypothetical
scenario of 1000 patients in
active surveillance exposed to
confirmatory Bx 6 months after
initial Bx, and how 4Kscore
could stratify them

Total Findings at confirmatory Bx

No cancer Grade group 1 Grade group 2 Grade group 3

All patients N 1002 322 548 110 22

4Kscore

4Kscore <7.5% N 271 161 95 15 0

4Kscore ≥7.5% N 731 161 453 95 22

Table 4 Distribution of patients by changes in tumor volume at confirmatory Bx by 4Kscore test prediction

4Kscore Confirmatory Bx max tumor
length (mm) median (IQR)*

Confirmatory Bx max tumor %
involvement median (IQR)*

Confirmatory Bx % positive
cores median (IQR)*

Positive cores ≥3N°
patients (%)**

<7.5% (n= 37) 0 (0, 1.5) 0% (0%, 11.5%) 0% (0%, 7%) 3 (8.1%)

≥7.5% (n= 100) 1.6 (0.38, 4.0) 13% (2.9%, 32.0%) 10% (5%, 18%) 39 (39%)

p-value p < 0.0001 p < 0.0001 p < 0.0001 p < 0.001

*p-value from Wilcoxon rank-sum test

**p-value from Fisher’s exact test
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patient’s risk of progression holds great promise to close the
narrow gap of achieving excellent long-term outcomes
already seen in AS series where biomarkers or mpMRI were
not used [25].

This study must also be placed in context of newer
approaches for selecting patients for AS with favorable
intermediate risk (higher volumes of Grade group 1 or low
Gleason grade pattern 4). Some guidelines continue to
recommend conservative inclusion and follow-up criteria as
proposed in our study [14], but our findings should not be
extrapolated to those AS selection guidelines proposing
extended criteria without a specific validation.

For HGPCa prediction at the confirmatory Bx, the
4Kscore has been shown to aid individual decision-making
as to whether or not to perform a confirmatory Bx, or when
to follow-up with mpMRI to better define risk for adverse
pathology. External validation of our findings could confirm
their combined use in AS protocols.
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