High grade intraepithelial neoplasia of prostate
is associated with values of prostate specific
antigen related parameters intermediate
between prostate cancer and normal levels
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ABSTRACT

High grade prostatic intraepithelial neoplasia (HGPIN) is widely regarded as the precancerous. The aim of this study was to determine PSA
related parameters in patients with initial PSA values 2-10 ng/mL and diagnosis of HGPIN without finding carcinoma at the time of their first
needle biopsy. Study groups consisted of 100 men who were diagnosed HGPIN, 84 with cancer and 183 with benign hyperplasia on first biopsy
of prostate. Total PSA and free PSA were measured and ratio free/total PSA and PSA density calculated. Mean values of these parameters were
compared, and receiver operating characteristic curves were used for comparison of PSA related parameters to discriminate groups of patients.
Total PSA, free PSA level and PSA density in patients with HGPIN (6.388 ng/mL) did not differ significantly compared to prostate carcinoma
(6.976 ng/mL) or benign prostatic hyperplasia (6.07 ng/mL) patients. Patients with HGPIN had significantly higher ratio free/total PSA than
those with prostate carcinoma (0.168 vs 0.133), but significantly lower than patients with benign prostatic hyperplasia (0.168 vs 0.185). Ratio
of free/total PSA significantly discriminate HGPIN from prostate carcinoma with sensitivity 84.52 and specify 45.00 at cut-off point of < 0.18.

Values of PSA, free PSA and ratio free/total PSA in cases of HGPIN appear to be intermediate between prostate cancer and normal levels.

Ratio of free/total PSA may help in decision to repeat biopsies in the presence of HGPIN on biopsy, without concomitant prostate cancer, in

patients suitable for curative treatment, with normal digito-rectal examination and trans-rectal sonography.
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INTRODUCTION

High-grade prostatic intraepithelial neoplasia (HGPIN) is
proliferation of highly atypical cells within the pre-existing
prostatic acini and ducts [1]. HGPIN shows no specificity on
digital rectal examination (DRE) and transrectal ultrasonog-
raphy (TRUS) [2, 3].

The natural biological behavior of HGPIN is yet poorly under-
stood, but it is considered as a precursor of prostate cancer
and is frequently associated with it. HGPIN is found in 85%
of radical prostatectomies performed for prostate carcinoma.
HGPIN in prostate biopsy is a risk factor for detection of
prostate carcinoma in subsequent biopsies with the incidence
ranges from 21% to 73% [4, 5, 6, 7]. Atypical small acinar prolif-
eration (ASAP) adjacent to HGPIN seems to confer an even
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higher risk for subsequent cancer detection of 53% [8, 9, 10].
HGPIN seems to be more often associated with the character-
istics of the poor prognosis for relapse of prostate cancer [11].
HGPIN and prostate carcinoma share many similarities in
epidemiology, genetics, morphology, as well as in location
and clinical features [12]. HGPIN often shows moderately
increased serum level of PSA. Levels of PSA in prostatic in-
traepithelial neoplasia have been correlated with its grades
[4]. Coexistence of HGPIN with prostate carcinoma has been
considered the most likely cause of PSA elevation. A low
percentage of free PSA (fPSA) has also been observed in HG-
PIN. The question is whether an elevation of serum PSA and
decrease of fPSA in HGPIN can be explained by concomi-
tant prostate cancer or by a premalignant lesion itself [13].
It is widely thought that simple HGPIN detected by extended
needle biopsy has no therapeutic implications, but should be
followed up at regular intervals [14]. HGPIN has a substantial
risk for prostate cancer in subsequent biopsies and should ne-
cessitate further investigation in patients who are candidates
for radical treatment of localized prostate cancer [2, 15, 16].
The aim of this study was to determine level of total prostate
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specific antigen (tPSA), free prostate specific antigen (fPSA),
ratio free to total PSA (R fPSA/tPSA) and prostate specific
antigen density (PSAD) in patients with initial PSA values
2-10 ng/mL and negative or indeterminate digital rectal ex-
amination (DRE) findings, who had diagnosis of HGPIN
without concurrent carcinoma at the time of their first needle
biopsy. We also wanted to compare obtained values with re-
sults in patients with the same characteristics but diagnosis
of prostate carcinoma (PCa) and benign prostate hyperplasia
(BPH). The aim also was to explore if PSA related parame-
ters can be useful for optimal biopsy strategy in this setting.

MATERIALS AND METHODS

Patients

Our study included 367 patients with HGPIN, PCa and BPH
at the time of their first needle biopsy performed at Urology
Clinic of Clinical Centre University of Sarajevo during the
years 2007 and 2008. Indications for biopsy were elevated
PSA and/or suspicious DRE. All patients gave informed con-
sent for biopsy. Exclusion criteria were initial PSA above 10
ng/mL, determinate DRE and/or TRUS finding of PCa. Ac-
cording to their diagnosis after first needle biopsy patients
were divided into 3 groups for analysis: patients with PCa
(Group 1), patients with HGPIN without concomitant pros-
tate cancer (Group 2) and patients with BPH (Group 3).

Procedures

All patients underwent echography—guided biopsy. Num-
ber of samples depended on prostate volume and age of
patients according to Vienna nomogram [17]. Three days
after biopsy serum fPSA and tPSA levels were measured,
and their ratio (R fPSA/tPSA) and PSAD were calculated.
Total PSA (free and PSA complexed to alpha-1-antichy-
motrypsin) and free PSA measuring were performed by
Chemiluminescent Microparticle Immunoassay (CMIA)
in human serum with ARCHITECT Total PSA assay
and ARCHITECT Free PSA assay (ABBOTT Diagnos-
tic Division, Sligo, Ireland) by manufacturer’s instructions.

Statistical analysis

Mean values of prostate volume, tPSA, fPSA, R fPSA/tPSA
and PSAD were calculated for each group and values were
compared. Continuous variables were transformed into
logarithmic scale. Equality of Variances was tested by LOG
ANOVA Test on log-transformed data. Student-Newman-
Keuls test was used for pair wise comparisons and Kruskal
Wallis tests for intercomparison of three groups. Receiver
operating characteristics (ROC) curve analysis was used to
compare the tests evaluated in the study. Statistical analy-
ses were performed using software MedCalc for Windows,
version 9.5.1.0 (MedCalc Software, Mairiakerke, Belgium).

TABLE 1. Mean age, prostate volume and total PSA (PSA), free PSA (fPSA), ratio free to total PSA (R fPSA/PSA) and PSA density (PSAD) in

patients with PCa, HGPIN and BPH.

N  Mean 95% CI Variance SD SEM Median  Minimum  Maximum 10-90P Normal Distr.

Age

PCa 8 6512  64.09-66.16 23.01 4.79 0.52 66.00 52.00 70.0 59.0-70.0 0.0172

HGPIN 100 6516  64.08-66.23 2942 542 0.54 67.00 52.00 70.0 56.0-70.0 0.00108

BPH 183 6436  6361-65.12 26.81 517 0.38 66.00 50.00 70.0 56.0-70.0 0.000407

Prostate volume

PCa 85 4441 41.50-47.32 182.00 1349 1.463 40.00 25.00 100.0 30.0 - 60.0 0.000000048

HGPIN 100 4837  4495-51.79 291.20 17.06 1.723 45.00 25.00 110.0 30.0-75.0 0.00000469

BPH 183 4869  46.01-51.38 338.22 18.39 1.359 45.00 25.00 120.0 30.0-76.4 0.000

PSA

PCa 8 697 6.54-7.41 4.06 2017 0218 7.07 2.33 10.0 4.30-9.50 0.138

HGPIN 100 638 592 -6.85 548 2342 0.234 6.50 0.57 10.0 3.09 - 9.65 0.219

BPH 183  6.07 571-642 5.88 2426 0.179 6.26 45 10.0 261-9.23 0.0518

fPSA

PCa 8 091 0.81-1.01 0.21 0458 0.050 0.86 0.03 2.67 0419 - 1.403 0.000085

HGPIN 100 1.12 0.99-1.25 043 0.661 0.066 1.12 0.04 3.05 0.220 - 1.970 0.323

BPH 183  1.13 1.02-1.24 0.59 0.770 0.056 098 0.10 4.80 0.320 - 2.034 0.000

PSAD

PCa 85 016 0.14-0.17 0.005 0.076 0.008 0.14 0.02 0.600 0.089 - 0.240 0.000

HGPIN 98 015 0.13-0.17 0.010 0.100 0.010 0.13 0.01 0.800 0.070-0.277 0.000

BPH 183 0.15 0.13-0.18 0.031 0.176 0.013 0.14 0.02 2.000 0.050 - 0.250 0.000

R fPSA/tPSA

PCa 8 013 0.12-0.14 0.0027 0.0525 0.005 0.13 0.007 0.300 0.070 - 0.190 0.299

HGPIN 100 0.16 0.15-0.18 0.0059 0.0768 0.007 0.17 0.008 0.380 0.060 - 0.270 0.889

BPH 183 0.18 0.17-0.19 0.0099 0.0995 0.007 0.16 0.040 0.900 0.100 - 0.272 0.000
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TABLE 2. Geometric mean of PSA, free PSA (fPSA), ratio free to total PSA (RfPSA/PSA) and PSA density (PSAD) among patients with pros-
tate carcinoma (PCa), high grade prostatic intraepithelial neoplasia (HGPIN) and benign prostatic hyperplasia (BPH)

PCa HGPIN BPH Significance level Different (p<0.05) from factor nr
PSA 6.62 5.83 5.5 p=0.007 G1 from G3
Free PSA 0.75 0.84 0 p=0.256
G1 from G2 and G3
R fPSA/PSA 0.11 0.14 0.16 <0001 G2 from G1 and G3
G3 from G1 and G2
PSAD 0.14 0.13 0.12 p=0.082
Age 64.94 64.92 64.15 p=0.372
Prostate volume 42.70 45.82 45.85 p=0.201
Age 64.94 64.92 64.15 p=0.372
Prostate volume 42.70 45.82 45.85 p=0.201

(Student-Newman-Keuls test for all pair wise comparisons)

TABLE 3. . Performance of PSA, free PSA, ratio free PSA/PSA and PSA density to discriminate HGPIN from prostate carcinoma by Receiver

operating characteristics curve analysis

Compared Area Under 95% confidence  Significance Cut-off with highest accuracy
Test Standard error . T o
groups the Curve interval level sensitivity specificity
PSA PCa/HGPIN 0.572 0.0423 0.497 to 0.644 p =0.0892 >6.8 5647 59.00
Free PSA PCa/HGPIN 0.603 0.0415 0.528 to 0.674 p=0.0130 <1.24* 8095  44.00
Ratio Free/total PSA PCa/HGPIN 0.658 0.039 0.585t00.726 p=0.0001 <0.18 84.52  45.00
PSA density PCa/HGPIN 0.558 0.0428 0.483 to 0.632 p=01718 >0.11* 7619 4286
RESULTS biopsy [15, 16]. A palpable nodule or tumour-suspicious

Study included 367 men, ages 50 to 70 years and ini-
tial PSA values 2-10 ng/mL. Among them, PCa was di-
agnosed in 84, HGPIN without concurrent PCa in 100,
and BPH in 183 patients. Mean age, prostate volume
and PSA related parameters are presented in Table 1.
We compared mean values of presented parameters
in patients with HGPIN, PCA and BPH by two statisti-
cal methods. There was no significant difference in pa-
tient age and prostate volume (p = 0.372 and p = 0.201
respectively). Comparisons of PSA, fPSA, R fPSA/
PSA and PSAD are presented on Table 2, and Figure 1.
Receiver operating characteristic curves were used for com-
parison of PSA related parameters to discriminate patients
with PCa, HGPIN and BPH. The greatest area under the curve
was observed for R fPSA/PSA both between PCa and HGPIN
and PCa and BPH (0.658 and 0.682 respectively). According
this analysis PSA significantly discriminate PCa from BPH,
fPSA PCa from HGPIN and PSAD PCa from BPH (Table 3).

DISCUSSION

HGPIN is considered to be a premalignant lesion, with a
close association of prostate cancer in biopsy and prostatec-
tomy specimens. A biopsy finding of HGPIN necessitates
further investigation in patients who are candidates for radi-
cal treatment for localized prostate cancer. Serum PSA, DRE
and TRUS are predictors of later cancer found on repeated
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TRUS finding, in conjunction with a finding of HGPIN on
prostate biopsy, should prompt repeated biopsy [5]. The in-
cidence of later cancer is extremely high when PSA > 10 ng/
mL, and this is indication for repeated biopsies even in the
absence of HGPIN [5]. A substantial overlap was found be-
tween patients with and without cancer in intermediate
PSA level from 4 to 10 ng/mL [17]. There is no consensus
on clinical management of patients with HGPIN, indeter-
minate DRE finding and PSA level between 4 and1o ng/mL.
Our study group consisted of 100 men who were diagnosed
HGPIN without concomitant prostate cancer on first biop-
sy. These patients were age between 50 and 70 years, mean
65.1 years. They were without definitive signs of prostate car-
cinoma on DRE and TRUS. All had PSA level in grey zone.
Such patients, if they had prostate carcinoma, would be
candidates for radical treatment [18]. Serum free and total
PSA levels were measured. Ratio of free and total PSA, and
PSAD were calculated. These parameters were compared to
that in 85 men with prostate cancer (mean age 65.1 years),
and 183 with biopsy proved BPH (mean age 64.3 years).
Mean level of PSA in patients with HGPIN was 6.388 ng/mL.
Patients with prostate carcinoma had higher, and with BPH
lower level of PSA (6.976 ng/mL and 6.02 ng/mL respec-
tively). And other authors have found PSA level in cases of
HGPIN intermediate between prostate cancer and normal
levels [19]. This elevation may be explained by concomi-
tant prostate cancer, less probably by HGPIN itself [3, 5].
Level of free PSA in patients with HGPIN (1.126 ng/mL)
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FIGURE 1. Comparisons of total PSA (A), free PSA (B), ratio free and total PSA (C), and PSA density (D) among patients with prostate
carcinoma, high grade PIN and benign prostatic hyperplasia (Kruskal Wallis test)

was also intermediate between PCa (0.912 ng/mL) and
BPH (1.137). Differences are not statistically significant.
The concentration of non-complexed (free) PSA contrib-
utes little disease specific information in comparison with
total PSA. R fPSA/tPSA on the other hand significantly
enhances the efficiency of test, in particular in the “diag-
nostic grey zone” of PSA. For reasons yet poorly under-
stood, higher ratio occurs in patients without carcinoma
than in these with prostate cancer [16]. In our study, pa-
tients with HGPIN had significantly higher R fPSA/tPSA
than these with PCa (0.168 vs 0.133), but significantly
lower than patients with BPH (0.185). These parameters
and results of comparisons have been numerically simi-
lar to the respective value in other studies [9, 10, 20, 21].
The volumes of prostate in patients with BPH and HG-
PIN were similar (48.699 mL and 48.378 mL respectively).
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Patients with PCa had mean value of prostate volume of
44.412 mL. The differences from previous groups were not
statistically significant. PSAD were similar in patients with
HGPIN, PCa and BPH (0.1564, 0.1616 and 0.1564 respec-
tively). In other studies, PSAD also differed in none of the
subgroups, and did not provide additional information [3].
According to our results, and results from other studies, HG-
PIN has levels of PSA related parameters intermediate be-
tween PCa and BPH. More probably that may be explained
by concomitant prostate cancer, as they are two closely
related entities [15]. But intermediate level of PSA and R
fPSA/tPSA might be result of higher production of PSA
in HGPIN like carcinoma, as they share many similarities.
HIPN occurs most frequently in the peripheral zone of the
prostate and is usually located in close proximity to prostate
cancer. Deoxyribonucleic acid ploidy in HGPIN follows the

Bosn ] Basic Med Sci 2011; 11 (4): 226-227
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aneuploid proportion as in the concomitant prostate can-
cer. Prostate cancer and PIN show evidence of loss of puta-
tive tumour suppressor genes on chromosome 8p [5, 22].
Indication for repeated biopsy in patients with HGPIN may
depend on PSA level, but on the value of R {PSa/tPSA as well
[23]. There are different cut-of points for these parameters.
According to our study value of PSA cannot discriminate PCa
from HGPIN. Level of {PSA < 1.24 has sensitivity 80.95 and
specificity 44.00 in discriminating PCa from HGPIN (AUC
0.603, p=0.013). Better performance characteristic has R fPSA/
tPSA. Cut-off level between PCa and HGPIN of <0.18 has sen-
sitivity 84.52 and specifity 45.00 (AUC 0.658 ; p=0.0001). Ac-
cording to the literature proposed cut-off points for R fPSA/
PSA between PCa and non-malignant findings are between
0.18-0.20 [9, 20]. Ratio fPSA/tPSA of < 0.18 differentiates ma-
lignant from benign prostate pathology or latent from mani-
fest cancer with a specificity of 91% and selectivity of 69% [22].

CONCLUSIONS

Values of total prostate specific antigen, free PSA and
ratio free/total PSA in cases of HGPIN appears to
be intermediate between prostate cancer and benign
prostate. Ratio of free/total PSA significantly discrimi-
nates HGPIN from prostate carcinoma with sensitiv-
ity 84.52 and specificity 45.00 at cut-off point of < 0.18.
Combination of PSA and percent of free PSA may help in de-
cision making for repeat biopsies in the presence of HGPIN
on biopsy without concomitant prostate cancer in patients
suitable for curative treatment, with intermediate level of PSA,
and without definitive signs of carcinoma on DRE and TRUS.
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