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Relation of Serum Prostate-Specific Antigen with Histological Features
and Grading of Prostate Adenocarcinoma in Prostatic Biopsies

Abstract

Introduction: The present study was undertaken on cases of prostate carcinoma and we tried to
determine the relationship of elevated prostate specific antigen (PSA) level to histopathologic
features associated with cancer in prostate biopsies and their relation to newest grade groups.
Materials and Methods: The study was conducted in a tertiary health care center over a span
of 3 years on patients with prostatic adenocarcinoma. The hematoxylin and eosin sections were
reviewed as per World Health Organization 2016 new grading system and various other associated
histopathological findings in the tissue noted. We tried to analyse correlation between serum PSA
levels and histopathological features. Results: The majority of patients were in the age group of
70-80. Many patients (9/44) had the PSA in the range of 2040 ng/ml and 10 patients (22.7%) had
80-100 ng/ml. There were three patients with normal PSA level and six patients with borderline
level. Nine of 10 patients with marked increase in PSA level had higher grade groups. Histological
subtyping showed 42 cases of acinar adenocarcinoma and 2 cases of ductal carcinoma. A number
of associated findings were seen like benign prostatic hyperplasia (BPH): 13 cases, prostatitis:
28 cases, prostatic intraepithelial neoplasia: 7 cases - Low grade (1 case) and high grade (6 cases),
and atrophy: 9 cases. Conclusions: We noticed majority of patients with grade group (GG) 3 and
above had PSA value of more than 40 ng/ml, but PSA of <40 ng/ml did not correlate with the
histologic grade groups. There was significant cut off value of PSA level 20 ng/ml between GG2
and GG3, differentiation of which is of clinical and histopathological significance. Histological
subtyping showed acinar adenocarcinoma has no significant correlation with PSA levels however
ductal carcinoma was associated with PSA levels <20 ng/ml. BPH association was seen to have PSA
level of <40 ng/ml in majority of cases. The intensity of inflammation did not correlate with either
degree of PSA level or histologic GG. We concluded serum PSA assay has prognostic application in
the evaluation of patients undergoing prostate biopsies.

Keywords: Associated histological features, carcinoma prostate, Gleason's grading, serum
prostate-specific antigen

pathologies affecting the prostate gland
and their corresponding rise in PSA
values is not constant.’) Recently, WHO
has come out with latest modification of
Gleason grading with categorization of
prostate adenocarcinoma (PC) patients
in 5 grade groups. We tried to determine
the relationship of elevated PSA level in
PC patients to histopathological features
associated with cancer in prostate biopsies
and their relation to newest grade groups.

Introduction

is the most common
cancer in men worldwide and is
responsible for 20% of all newly
diagnosed male cancers.!!! Serum prostate
specific antigen (PSA) based screening is
helpful in early diagnosis and staging of
prostate cancer. PSA is the most important
tumor marker which is used routinely
and proved to have a positive correlation
with tumor volume and pathological
stage.”! It is a protein produced by the
cells of the prostate gland which is
generally increased in diseases such as
prostatitis, hyperplasia and malignancy
but the correlation between various

Prostate cancer

Materials and Methods

This was a retrospective study carried out
in the department of laboratory medicine,
Aseer central hospital over a period of
3 years from January 2014 to December
2016. The clinical and laboratory data
were collected from record section of the
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hospital, including the preoperative serum PSA level. PSA
was measured by electrochemiluminescence immunoassay
on Roche Elecsys immunoassay analyzer. The
histopathology specimens included needle biopsies (33) and
transurethral resection of prostate-11. The hematoxylin and
eosin sections were reviewed for prostatic adenocarcinoma
grading system as per WHO 2016 new grading system and
various other associated histopathologic findings in the
tissue noted.! We tried to analyze the correlation between
serum PSA levels and histopathological features in terms of
grading and other findings like inflammation, hyperplasia,
atrophy and prostatic intraepithelial neoplasia (PIN).
The patients were categorized according to PSA levels
into groups — Group A: 04 ng/ml, B: 4.1-10 ng/ml,
C: 10.1-20 ng/ml, D: 20.1-40 ng/ml, E: 40.1-60 ng/ml,
F: 60.1-80 ng/ml, G: 80.1-100 ng/ml, H >100 ng/ml.

Results

A total of 100 prostatic cases were received, of which 56
were diagnosed as benign and 44 as PC.

The majority of patients of PC were in the age group of
70-80 (50%). Only 2 patients were <60 and 6 patients
were above 80 years of age. The intensity of raised PSA
does not appear to be proportional to increasing age as
older patients are distributed randomly in the PSA range of
20-100 ng/ml [Chart 1].

Many patients (9/44) belong to the PSA range of
2040 ng/ml and 10 patients (22.7%) belong to
80—-100 ng/ml. There were three patients with normal PSA
levels and 6 patients with borderline levels [Table 1].

Gleason grading was done according to latest
classification and grade group: GGIl: 2 cases [Figure la],
GG2: 4 cases [Figure 1b], GG3: 8 cases [Figure 2a],
GG4: 7 cases [Figure 2b], and GG5: 23 cases
[Figure 3a and b] were noted. The maximum number of
patients (10 of 44 cases) showed marked increase in PSA
level (80—100 ng/ml) and 9 of them belonged to higher
grade groups, though the higher grade groups of 4 or 5 are
also noted in other PSA level groups. In GG1 patients, PSA
levels varied from 4 to 20 ng/ml; in GG2 patients, PSA
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Chart 1: Relation of prostate-specific antigen level with age group of patients

varied from 0 to 40 ng/ml; in GG3 patients, PSA range
from 0 to 100 ng/ml; in GG4 patients, PSA was seen from 4
to above 100 ng/ml; in GG5 cases, PSA showed significant
variation from 0 to above 100 ng/ml although in majority of
GGS5 patients (20 out of 23 cases), it was above 20 ng/ml.
PSA value of above 40 ng/ml indicates higher grade groups
of 3 and above, and PSA of <40 ng/ml does not correlate
with histologic grade groups. Two cases of GG3 showed
PSA of <10 whereas 6 GG3 cases showed a PSA value
above 20 ng/ml. All cases of GG2 patients showed PSA
of <40, but in 3 out of 4 cases PSA was <20 ng/ml.

Histological typing

Majority of cases were acinar adenocarcinoma:
42 cases (95.6%) followed by invasive ductal carcinoma:
2 cases (4.5%). 13 cases of PC had PSA levels below
20 ng/ml, of which 9 were acinar adenocarcinoma and 2
were invasive ductal carcinoma [Table 2].

A number of associated findings were seen like prostatitis:
28 cases [Figure 4a], benign prostatic hyperplasia (BPH):
13 cases [Figure 4b], atrophy: 9 cases [Figure S5a],
PIN: 7 cases - Low grade: 1 case and high grade:
6 cases [Figure Sb]. Among associated BPH patients,
majority of them (11 of 13 cases) showed PSA
of <40 ng/ml. Nineteen patients with associated prostatitis
showed elevated PSA ranging from 10 ng/ml to 100 ng/ml
and six patients between 4 and 10 ng/ml. In majority of
the patients (26 of 28 cases), the inflammation was mild
to moderate. The intensity of PSA rise was not correlating
with intensity of inflammation. PSA level ranged from 4
to 100 in cases associated with PIN irrespective of low
or high grade PIN, but in cases of retrograde PIN and
micropapillary type of PIN, it was above 20 ng/ml. Large
number of atrophy associated cases (7 of 9 cases), PSA
level varied from 10 to 80 ng/ml, of which 3 cases of
inflammatory atrophy showed PSA value of 60-100 ng/ml.

Figure 1: (a and b) Sections showing malignant glands with cells exhibiting
pleomorphism, vesicular nuclei and nucleoli with GG 1: Gleason score 6
and GG 2: Gleason score 3 + 4 = 7 respectively (H and E, a and b: x20)
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Table 1: Illustrates relationship of number of adenocarcinoma patients in different prostate specific antigen level
groups with various histopathological findings

PSA Total Associated Associated Associated Associated Prostate carcinoma GGs

groups number BPH atrophy PIN inflammation

A 3 2 1 0 3 GG2-1, GG3-1, GG5-1

B 6 2 0 2 6 GG1-1, GG2-1, GG3-1, GG4-1, GG5-2
C 4 2 2 1 2 GGl1-1, GG2-1, GG4-2

D 9 5 2 2 3 GG2-1, GG3-2, GG5-6

E 4 1 1 1 4 GG3-3, GG5-1

F 3 0 2 1 3 GG4-1, GG5-2

G 10 0 1 1 5 GG3-1, GG4-2, GG5-7

H 5 1 0 0 2 GG4-1, GG5-4

GGs — Grade group; PSA — Prostate-specific antigen; BPH — Benign prostatic hyperplasia; PIN — Prostatic intraepithelial neoplasia
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Figure 2: (a and b) Sections showing malignant glands with cells exhibiting
pleomorphism, vesicular nuclei and nucleoli with GG 3: Gleason score
4 + 3 =7 and GG 4: Gleason score 8, respectively (H and E, a and b: x20)

Discussion

PSA is a glycoprotein, a kallikrein-like protease produced
by the epithelial cells which line the ducts and acini of
prostate gland.®! Serum PSA assay has been widely used as
a screening test for PC, though it is known to be elevated
in various benign conditions of prostate, post digital rectal
examination and instrumentation. All our patients were
above 50 years of age with majority (50%) between 70 to
80 years. This goes well with another study where peak age
incidence of PC was 7" decade.’”! The intensity of raised
PSA does not appear to be proportional to increasing age as
older patients are distributed randomly in the PSA range of
20 to 100 ng/ml.

Abu Farsakh and Abu Farsakh found 11% of PC patients
with normal serum PSA whereas 6.8% of our patients
belonged to this group.) The patients with PSA values
between 0 and 4 ng/ml: 6.8%; 4-10 ng/ml: 13.6%;
10-20 ng/ml: 9%, and above 20 ng/ml: 70.4% were
comparable with another study of Jose et al., where these
were 3.6%, 13.3%, 16.6% and 66.5% respectively,®
indicating around 80% patients show elevated PSA above
10 ng/ml.
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Figure 3: (a and b) Sections showing GG 5: Gleason score 4 + 5 =9 and
10, respectively (H and E, a: x40, b: x20)

The histopathological Gleason grading system is a very
significant prognostic factor used in risk stratification of PC
patients while deciding management.® A new set of grade
groups was recently developed at the 2014 International
Society of Urological Pathology consensus conference on
Gleason grading of PC which was accepted and published
by WHO in 2016. These grade groups are as follows: GG
1: Gleason score (GS) 6, GG 2: GS 3 +4 =7, GG 3: GS
4+3=7,GG4:GS4+4=28,3+5=8,5+3=348,
GG 5: GS 9-10. GS 6 is the lowest possible grade rather
than an intermediate grade 6 of 10 and carries an excellent
prognosis.[*1%

Majority (23/44) of our patients were in GGS. In
GGS5 cases, PSA showed a significant variation from 0 to
above 100 ng/ml though in majority of GGS5 patients (20
out of 23 cases), it was above 20 ng/ml. PSA levels ranged
from 4 to 20 ng/ml in GG1 which was observed in only
two patients. A PSA value of above 40 ng/ml indicates
higher GGs of 3 and above but PSA of <40 ng/ml does not
correlate with histologic grade groups. Abu Farsakh and
Abu Farsakh, observed no definite relationship between
PSA and GS,! but we found similar results in cases with
PSA value of <40 ng/ml. However, in cases of PSA above
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Figure 4: (a) Section showing inflammatory cells and glands of prostate
and (b) section showing hyperplasia in prostatic glands (H and E, a and b: x20)

Table 2: Illustrates relationship of prostate-specific
antigen level Groups A, B, C (prostate-specific antigen
level <20 ng/ml) with various histopathological subtypes
and grade groups

PSA Histological typing of carcinomas GGs
(ng/ml)
0.3 Acinar adenocarcinoma 2
2.31 Acinar adenocarcinoma with predominant single 5
cell pattern
2.76 Acinar adenocarcinoma 3
4.29 Acinar adenocarcinoma 2
4.88 Invasive ductal carcinoma with urothelial 4
differentiation
5.05 Acinar adenocarcinoma on hormonal treatment 5
7.8 Acinar adenocarcinoma 3
8.05 Pseudohyperplastic variant of acinar adenocarcinoma 1
9.22 Acinar adenocarcinoma 5
11.49  Foamy cell variant of acinar adenocarcinoma 2
13.03  Acinar adenocarcinoma 4
15.6 Acinar adenocarcinoma 1
16.17  Invasive ductal carcinoma 4

GGs — Grade group; PSA — Prostate-specific antigen

40, an elevated serum PSA level is more likely to be
correlating with higher grade of carcinoma, similar to study
of Jose et al.l!) We also noticed an interesting correlation of
PSA level with GG2 and GG3, as majority of GG3 patients
showed values above 20 and majority of GG2 patients
were below 20.

PC can be divided into two major histologic categories:
acinar and ductal. Unusual histological variants of
PC include atrophic carcinoma, pseudo hyperplastic
carcinoma, foamy gland carcinoma, mucinous (colloid)
carcinoma, signet ring cell carcinoma, basal cell and
adenoid cystic carcinoma, squamous cell carcinoma,
PC with neuroendocrine differentiation and sarcomatoid
carcinoma, aberrant p63 expressing carcinoma.’! PSA
level <20 ng/ml included 6 cases of high grade (GG 4 and
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Figure 5: (a) Section showing atrophic glands and (b) section showing
HGPIN (H and E, a and b: x20)

5) of which 4 were acinar adenocarcinoma and 2 were
ductal type. Acinar types had PSA levels ranging between 0
and >100 ng/ml however the 2 cases of ductal carcinomas
had PSA <20 ng/ml. Patients with ductal carcinomas
present with lower PSA, have more favorable pathological
features, and similar overall survival compared to men with
Gleason 8-10 acinar adenocarcinoma.['"

Bostwick et al., found most cancers in prostates with
concomitant BPH (83.3%).1'"? However, in our study, only
13 cases (29.5%) had features of BPH. This may be due
to type of sampling, in current study, majority are of core
needle biopsies. Yeboah and Hsing, are of the opinion
that association with BPH may be due to associated
inflammation or hormonal milieu changes being conducive
for malignant growth and they doubt BPH as a cofactor for
PC risk.¥! Among associated BPH patients, majority of
them (11 of 13 cases) showed PSA of <40 ng/ml. BPH and
PC are part of the metabolic syndrome with inflammation
emerging as a major contributor to the development of
both.'*) In majority of our patients (26 of 28 cases), the
inflammation was mild to moderate. The degree of PSA
rise was not correlating with intensity of inflammation.
Histological specimens of prostate cancer tissue frequently
exhibit unexplained acute and chronic inflammation and
inflammation associated lesions.!')

It has been claimed that PIN does not result in elevated PSA
levels and low-grade PIN is a relatively common finding
in young male patients.'® Present study showed PSA level
ranged from 4 to 100 in cases associated with PIN irrespective
of low or high grade PIN, but in cases of retrograde PIN and
micropapillary type of PIN, it was above 20 ng/ml. This likely
explains that the associated invasive carcinoma, rather than
the PIN itself gives rise to high PSA levels, which in turn
may postulate the associated new mutation in invasive cancer.
In the study by Haffner et al., lesions meeting morphologic
criteria for high-grade PIN that were adjacent to carcinoma
may represent invasive carcinoma colonizing benign glands
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in a retrograde manner so that not all lesions regarded as PIN
represent precursors.!'”

In large number of atrophy associated cases (7 of 9 cases)
PSA level varied from 10 to 80 ng/ml, of which 3 cases
of inflammatory atrophy showed PSA value of 60-100 ng/
ml. There was a positive and significant association
between extent of atrophy and PSA elevation. The authors
hypothesize that injurious stimuli causing focal prostatic
atrophy may interfere in the physiologic barrier that
prevents the escape of any significant amounts of PSA
to the general circulation."! Proliferative inflammatory
atrophy (PIA) which is recognized as a direct precursor to
many PC like high-grade PIN, have some of the hallmark
somatic genome alterations found in PC. Instances of PIA
directly merging with cancer were identified in 28% of
the cases.'"” Current study showed very high PSA level in
cases of PC associated with PIA, though the cases were
only 3 out of 44; which may suggest PIA as an associated
high risk precursor lesion.

Conclusions

We tried to correlate serum PSA level with the age of
the patient, latest grade groups of carcinoma and other
associated histological features. Most of the patients
belonged to 70-80 years age group but PSA levels did
not appear to be proportional to increasing age. Majority
of patients with GG3 and above showed PSA value of
more than 40 ng/ml but PSA of <40 did not correlate with
the histologic grade groups. There was significant cutoff
value of PSA level of 20 ng/ml, between GG2 and GGS3,
differentiation of which is of clinical and histopathological
significance. Ductal adenocarcinoma was associated with
low levels of PSA. BPH association was seen to have PSA
level of <40 ng/ml in majority of cases. Though 28 of
44 cases showed associated inflammation but the intensity
did not correlate with either degree of PSA level or
histologic GG. The higher PSA level appears to have direct
correlation with retrograde PIN and PIA. We found serum
PSA assay has prognostic application in the evaluation
of patients undergoing prostate biopsies with proper
interpretation. We also recommend further genomic study
for correlation with serum PSA level in various possibly
related histopathological prostate lesions.
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