Effects of prostate manipulation on serum total and free
prostate specific antigen, and free-to-total prostate specific

antigen ratio

Yun-Hua Lin, MM, Yong-Guang Jiang, MD, Ming-Chuan Li, MM, Yong Luo, MD, Jun-Sheng Wang, BM.

ABSTRACT

¥ Sl e Bl y Il A bl Zalesdl Gl BT Gl s cCBlusY)
Pl W) DNl ¢ pomen e lASy (FPSA) Bl y 1 f55 5,40 55Lal)
A ol s e b 5G ) BLeYL (TPSA Y bl 1 515 saLal)

(f/tPSA) Blaw s, 1 J1s 1540 ¢ yomn

02006 s r 5,240 SIS 3y 1,55 160 ial ol ol Aa) 234 ol
C.b .q@\ ¢y el mweuvw;fwgrmww;
,.MJLLMJ,J\U,.W »‘fm LML_\!)_.JLJL&:}.A 28, JJ-*V‘
LH,V\ Gk o Blawy ) s Ll Lewz 35 pass Lay,e 35 a
ol Bl G5 Bliwy,ll JlaszuY Ipaas Ly e 18, ((TURP,)
e:PLU rJJ\ Ol Lol \_,J} Slden o.LAJ.'J‘pr \B.U‘ oles
.@guicﬂumja,cu;ﬂf;.cjcﬂawuﬁw

BoLall plos 31 Sl s vl 1 g2l il (S5 o) 2 it
§oer (B dmealy 5ol (J B a8 kel oot Lad (Bl ) 51
s el oty ) Bl g Bl ) 515 3Ll e 9 e
1S o o Lasd (2 podl B W1 e Beegen 0S5 Y 5 ilall 850 ) o dem O
gaeme 8 A DN L SISy 34 Balall sl W) iy Jons
uu_\\f\..oﬂwmfjwawwﬁuwj,_sxcdfwﬂjm CRIAY
g yome S s A Sl as & AR sslall alo ¥l & gomny 5,4
R R =T IF 3 Cr WEN SRR ETRRARVALY
AU sds Gy 83Lall plo ) DIl ge ¢ gameng 3,41 BaLall pln Y
el wl el B ey il Slles dn Gandl Lpaad
S B B Bl g ) Jlataly Jlo W 3 b e Bl g ) wdad (oo i)
Lezad Sl ods s N Sl ods Jins < islg 8ol
JF Il e ds oo Sy sl tie g o Blend] day I35 Jand)
odo Ll b Lo mled )l JlatnaVy wlaill sy ol Lhtms e

Al e L] Sl

TS AT Bl sy ¢ oW 502y ¢ ol pamil] (S5 (1
iy il 3T L Blay ) o 5Ll sl ) Sl e Juns e
sds e busly 3G Uiyl Jlasaly WY1 g b o Bliwy )
DbVl Gny A5 OF oy b 5l ol 23 Bk slezsly (o
Pl ¥ Shge Jine Ll foms ) Rlasl) Slgall s die Sl

LBl g ) s aslall

Objectives: To evaluate the effects of the different types
of manipulation on prostate total specific antigen (tPSA),
free prostate specific antigen (fPSA), and free-to-total
prostate specific antigen (f/tPSA).

Methods: A total of 160 males were enrolled from
January 2006 to December 2009 in the Urology
Department, Beijing Anzhen Hospital affiliated to the
Capital Medical University, Beijing, China. Of these
patients, 23 had digital rectal examination (DRE), 21
had urethral catheterization, 28 had rigid cystoscopy, 35
had prostate biopsy, 35 underwent transurethral resection
of the prostate (TURP), and 18 underwent suprapubic
prostatectomy. Blood samples were taken before, at 24
hours, and 4 weeks after the manipulation for PSA tests.

Results: The DRE had no significant effect on PSA.
Catheterization and cystoscopy exerted significant
increases in tPSA at 24 hours. However, these small
increases may not be clinically significant. The fPSA
and f/tPSA were not significantly changed. There was
a marked increase in tPSA and fPSA, associated with a
decrease in f/tPSA at 24 hours after biopsy. No significant
alterations were found in tPSA, fPSA, and f/tPSA at 4
weeks after catheterization, cystoscopy, and biopsy. The
TURP and prostatectomy caused significant increases in
tPSA and fPSA at 24 hours, associated with decreases
in f/tPSA. The tPSA and fPSA values were below the
baseline levels at 4 weeks after TURP and prostatectomy,
however, f/tPSA remained constant.

Conclusion: The DRE, catheterization, and cystoscopy
had no crucial effect on PSA. Prostatic biopsy, TURP
and prostatectomy significantly affected the PSA levels,
and their longitudinal courses should be considered
while evaluating different forms of PSA levels.
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erum prostate specific antigen (PSA) is the most

widely used tumor marker for detecting, staging,
and monitoring prostate cancer. However, it lacks
specificity at the widely applied cut-off level of 4.0 ng/
mL." Elevated PSA levels can be found in the presence
of prostatic malignancy, prostatitis, and benign prostatic
hyperplasia.' Clinical studies have shown that the free
PSA (fPSA) and free-to-total PSA ratio (f/tPSA) may be
used in conjunction with total PSA (tPSA) to enhance
the specificity of cancer detection.”* It was reported
that various diagnostic and therapeutic procedures may
affect serum tPSA and fPSA concentration level,! but
to what extent and for how long the serum PSA will be
modified remains controversial. Therefore, we performed
a prospective study using several forms of prostate
manipulation, including digital rectal examination
(DRE), urethral catheterization, rigid cystoscopy,
prostatic biopsy, transurethral resection of prostate
(TURP) and suprapubic subcapsular prostatectomy
and aimed to evaluate their impact on tPSA and fPSA
levels in conjunction with f/t PSA ratio values.

Methods. A total of 160 males were enrolled in the
study (mean age 68 years, range 50-85) from January
2006 to December 2009 at the Urology Department,
Beijing Anzhen Hospital affiliated to the Capital
Medical University, Beijing, China. Patients who had
been catheterized, had urethral instrumentation, had
symptoms of prostatitis, or had documented urinary
tract infection within 6 weeks were excluded. Patient
who had been on a 5-a reductase inhibitor within 6
months were also excluded. Patients were followed
up for 4 weeks. The appropriate ethics committee
approved the study, and informed consent was obtained
prior to all types of prostate manipulation. The prostate
manipulations included in the study were DRE, urethral
catheterization, rigid cystoscopy, prostate biopsy,
TURP, and suprapubic subcapsular prostatectomy. All
procedures were performed by a Faculty Urologist in our
hospital. Twenty-three patients that underwent DRE as
a routine examination for benign prostatic hyperplasia
(BPH) were enrolled. The urologists were advised to
perform the DRE in the usual manner without vigorous
massage. Twenty-one patients underwent 16 Foley (F)
urethral catheterization according to postoperative
routine procedure after general anesthesia, and none of
them had lower urinary tract operations. The catheters
were all removed the following day. Rigid cystoscopy
was performed in 28 patients with either hematuria or
superficial bladder cancer, with a 19.5F rigid cystoscope
(Richard Wolf Medical Instruments, Khnittlingen,
Germany) after lubricating the urethra with 10 mL
of 2% lidocaine gel. Transrectal prostate biopsies were
performed in 35 patients with suspected prostate
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malignancy, using an 18 gauge disposable core biopsy
needle (Bard Max Core, Bard Peripheral Vascular Inc,
Tempe, AZ, USA). Ten-core biopsies were taken in all
cases. The TURPs were performed in 35 patients using
a 24F resectoscope (Richard Wolf Medical Instruments,
Knittlingen, Germany) as an inpatient procedure. A
total of 18 patients with BPH underwent suprapubic
subcapsular prostatectomy. Blood samples were obtained
before the prostate manipulation, and at 24 hours, and
4 weeks after the prostate manipulation. Venipuncture
samples were immediately centrifuged and analyzed. The
PSA was determined using the Abbott 12000 tPSA and
fPSA immunoassay systems (Abbott Park, IL, USA).

General linear model repeated measures analysis was
used to assess the differences of PSA and ratio values
before and after the manipulation. Mann-Whitney U
test was used to assess the differences between benign
and malignant disease in patients who had biopsy. The
significance level was set at p<0.05. Statistical analyses
were performed using the Statistical Package for Social
Sciences version 13.0 (SPSS Inc, Chicago, IL, USA).
Values are expressed as mean with 95% confidence
intervals (CI).

Results. The mean and 95% confidence intervals for
tPSA, fPSA, and f/t PSA ratio are summarized in Tables
1-3. No significant longitudinal changes were found in
tPSA, fPSA and f/t PSA ratio either at 24 hours or 4
weeks after DRE manipulation (Table 1). Both urethral
catheterization and rigid cystoscopy caused a slight, but
statistically significant increase in tPSA at 24 hours after
manipulation, but notat 4 weeks. No significant changes
were found in fPSA and f/tPSA at 24 hours, or at 4 weeks
(Table 1). Among the subjects who underwent biopsy,
16 males (46%) were diagnosed with prostate cancer.
There was a marked increase in tPSA and fPSA, but a
decrease in f/tPSA at 24 hours after needle biopsy in
both subgroups (Table 2). Baseline tPSA was higher for
men with cancer (p=0.003). Baseline fPSA was similar
for men with and without cancer (p=0.205). Mean f/t
in the cancer group was 0.12 compared to 0.18 in those
with benign disease (p=0.009, Table 2). The degree of
change in tPSA (p=0.257), and f/tPSA (p=0.461) did
not differ significantly between the 2 groups. However,
the increase in fPSA was greater in the benign disease
group (p=0.007). After 4 weeks, all variables returned
to near baseline levels in the benign disease group. All
patients in the cancer group received treatments after
biopsy, and their data after 4 weeks were not available.
Serum (PSA and fPSA were markedly increased,
associated with f/tPSA decrease 24 hours after TURD,
or suprapubic prostatectomy (Table 3). The tPSA and
fPSA levels returned to below baseline levels at 4 weeks,
and f/t PSA was not significantly changed at 4 weeks.



Table 1 - Effect of manipulation on tPSA, fPSA, and f/tPSA.
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Before 24 hours after P-value 4 weeks after P-value
Types of manipulation manipulation manipulation manipulation
Mean (confidence interval)
Effect of digital rectal examination (n=23)
tPSA (ng/ml) 1.96 (1.31-2.61) 1.97 (1.31-2.63) *p=1 1.96 (1.30-2.62) *p=1
fPSA (ng/ml) 0.52 (0.32-0.72) 0.52 (0.32-0.71) p=1 0.52 (0.32-0.72) p=1
f/tPSA 0.24 (0.20-0.27) 0.23 (0.20-0.27) p=1 0.24 (0.21-0.27) p=1
Eﬁfgxf((r’l"jr’rﬁ’)"l catheterization (n=21) 1.95 (1.36-2.54) 225(157-2.94)  p=0.022  1.98(1.39-2.57) 070
PSA (ng/ml) 0.49 (0.30-0.68) 0.55 (0.36-0.75) =0.096 0.50 (0.32-0.68) Pipél
tPSA 0.24 (0.21-0.28) 0.24 (0.21-0.28) p=1 0.24 (0.21-0.28) -1
Effect of rigid cystoscopy (n=28)
tPSA (ng/ml) 2.23 (1.62-2.84) 2.56 (1.87-3.25) £=0.018 2.26 (1.63-2.88) p=1
fPSA (ng/ml) 0.59 (0.41-0.78) 0.65(0.43-0.86)  p=0.226  0.58 (0.40-0.77) p=1
f/tPSA 0.27 (0.23-0.30) 0.25 (0.21-0.29) 2=0.191 0.26 (0.23-0.29) 2=0.832

tPSA - total specific antigen, fPSA - free prostate specific antigen, f/tPSA - free-to-total prostate specific antigen,
*p-value represents the post-hoc significance in repeated measure analysis as compared to the baseline value, significance level was set at p<0.05

Table 2 - Effect of prostate biopsy on tPSA, fPSA, and f/tPSA (n=35).

Before manipulation 24 hours after P-value 4 weeks after P-value
Subgroups manipulation manipulation
Mean (confidence interval)?

BPH

tPSA (ng/ml) 8.32 (5.59-11.04) 21.50 (14.83-28.17) 2%<0.001 8.27 (5.73-10.81) =1

fPSA (ng/ml) 1.24 (0.92-1.56) 2.81 (1.86-3.76) »=0.001 1.29 (0.91-1.66) p=1

f/tPSA 0.18 (0.14-0.21) 0.14 (0.11-0.18) 2=0.035 0.18 (0.14-0.21) 2=1
PCa

tPSA (ng/ml) 18.41 (10.96-25.86) 27.82 (18.18-37.46) £<0.001 NA

fPSA (ng/ml) 1.98 (1.23-2.73) 2.47 (1.64-3.30) 2=0.001 NA

f/tPSA 0.12 (0.10-0.14) 0.09 (0.08-0.11) £<0.001 NA

tPSA - total specific antigen, fPSA - free prostate specific antigen, f/tPSA - free-to-total prostate specific antigen, BPH - benign
prostatic hyperplasia, PCa - prostate cancer, TCI - confidence interval, NA - not available, *p-value represents the post-hoc
significance in repeated measure analysis as compared to the baseline value, significance level was set at p<0.05

Table 3 - Effect of operations on tPSA, fPSA, and f/tPSA.

T . . Before 24 hours after P-value 4 weeks after P-value

ypes of manipulation manipulation manipulation manipulation
Mean (confidence interval)

Effect of transurethal resection of the prostate

(n=35)
tPSA (ng/ml) 3.41 (2.34-4.48) 9.20 (6.49-11.91)  *p<0.001  2.05 (1.35-2.75) *$<0.001
{PSA (ng/ml) 122 (0.70-1.73) 232(1.54-3.09)  p=0.007  0.73 (0.40-1.05) $<0.001
f/tPSA 0.33 (0.28-0.37) 0.26 (0.22-0.29) »=0.001 0.32 (0.28-0.36) p=1

Elg‘ig{’{;”f;ﬁf"”"‘P"’““’e‘”’”‘y (n=18) 3.20 (1.95-4.45) 10.33 (6.18-1447)  p<0.001  1.59 (0.95-2.24) £=0.001
fPSA ( g/ ) 0.89 (0.42-1.36) 2.09 (0.91-3.27) 2=0.013 0.42 (0.21-0.63) »=0.010
psa 0.24 (0.19-0.29) 0.19 (0.14-0.23)  p=0.005 0.24 (0.19-0.28) £=0.695

tPSA - total specific antigen, fPSA - free prostate specific antigen, f/tPSA - free-to-total prostate specific antigen, *p-value represents the post-hoc
significance in repeated measure analysis as compared to the baseline value, significance level was set at p<0.05

The median weight of prostate tissue resected was 21
g (range: 13-58 g) in TURP, 68 g (range: 45-138 g) in
prostatectomy, and no malignancy was found.

No significant changes in serum tPSA, fPSA and
f/tPSA ratio were found either at 24 hours or at 4 weeks
after digital rectal examination in this study. Although

urethral catheterization and rigid cystoscopy caused a
statistically significant increase in tPSA at 24 hours after
manipulation, the change of mean values were slight,
and not clinically significant. The tPSA levels returned
to baseline at 4 weeks after urethral catheterization and

rigid cystoscopy, and fPSA and f/tPSA ratio did not
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change at any time point. Prostatic biopsy, TURP, and
suprapubic subcapsular prostatectomy can induce a
dramaticincreasein serum tPSA and fPSA concentration,
associated with f/tPSA ratio decrease at 24 hours after
manipulation. All the PSA variables returned to baseline
values 4 weeks after biopsy. The results of TURP and
suprapubic prostatectomy manipulation at 4 weeks
showed that f/tPSA ratio returned to baseline, however,
both tPSA and fPSA values were below baseline level.
The relative variations in the prostatectomy group were:
from 3.20-1.59 ng/mL (tPSA [p=0.001]); from 0.89-
0.42 ng/mL (fPSA [p=0.010]); and from 0.24-0.24
(f/tPSA [p>0.05]).

Discussion. Serum PSA was first purified in 1979,
and is now accepted as a valuable aid for early detection
of prostate cancer.”® However, there are concerns on
the high rate of false-positive results, although previous
studies have demonstrated that the f/tPSA ratio can
increase PSA specificity for prostate cancer.” It is
well-documented that mechanical manipulation of
the prostate can alter tPSA in serum, and it may take
several weeks or even months for tPSA to return to
baseline level.! However, little is known on the effect
of mechanical manipulation on fPSA. It is important
to know to what extent the PSA levels are affected by
different types of manipulation, and for how long these
alterations continue.

Previous findings regarding the effect of DRE on
serum tPSA were inconsistent. Some studies showed
minimal effect of DRE on serum PSA,” whereas,
others observed a significant elevation of tPSA and
fPSA immediately after manipulation,®” which returned
to baseline within 24 hours.® In our study, the effect
of DRE on serum tPSA, fPSA, and f/tPSA was not
statistically significant after 24 hours, or after 4 weeks.
Previous studies showed that patients who had non-
urological operations had no change in serum PSA levels
after in-dwelling catheter.! Kravchick et al® found that
the average PSA level of the in-dwelling catheter group
was significantly elevated. Erdogan et al’ compared the
PSA levels before and after catheterization in patients
with acute urinary retention. Elevations in PSA values
was statistically significant in patients that underwent
urethral catheterization, but not in patients that
received suprapubic percutaneous cystostomy.” In our
study, the elevation in tPSA (0.3 ng/ml) was slight and
not clinically significant, although it was statistically
significant. The increase in serum tPSA (0.33 ng/ml)
level at 24 hours after rigid cystoscopy was statistically
significant, but probably not clinically significant. The
fPSA and f/tPSA were notsignificantly altered over time.
Our results are consistent with other previous studies.
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Long et al” examined patients undergoing rigid (n=17),
and flexible (n=28) cystoscopy, and found a median
increase of 0.13 (p=0.02) in rigid cystoscopy and 0.68
(p<0.01) ng/mL in flexible cystoscopy. DeCastro et al'’
studied the effect of flexible cystoscopy on PSA after one,
and 24 hours in 40 patients. They noted that although
the small differences in tPSA, fPSA, and {/t before and
after cystoscopy achieved statistical significance, none
were clinically significant. The subgroup analysis (such
as ethnicity, initial PSA level, age, gland size, cystoscopy
indication, and findings) revealed either insufficient
numbers for additional analysis, or no statistically
significant differences in the mean tPSA, fPSA, and f/t
values.'® The rigid cystoscope is thicker than the flexible
cystoscope and exerts more pressure on the prostate,
which might explain why the change in PSA values in
our group were more prominent than in some other
studies.

It has been a consistent finding that prostatic
biopsy causes dramatic serum PSA elevation, however,
the magnitude of the increase and the length of time
necessary for the PSA to return to baseline level varied
in previous studies. In some early studies"®!' the
median increase was reported as high as 10 times the
baseline PSA level, and the median time for return to
baseline PSA was reported as 15 days - 6 weeks. Biopsies
taking 3 or fewer cores resulted in a smaller magnitude
of increase in serum PSA, and a proportionally shorter
duration of PSA elevation than those taking 4 or more
cores. Prostate size and the presence of cancer had no
influence on the duration of PSA elevation following
biopsy."*!" However, most early studies did not evaluate
fPSA. Shao et al'* studied the effect of biopsy in 36 men
and found that prostatic biopsy caused a significant
increase in tPSA at 10, 30, 60, and 90 minutes. The
increase was most pronounced for patients without
prostate cancer (p<0.05)."

Previous studies™'*!* reported a dramatic increase in
median tPSA and percentage of fPSA one hour after
biopsy. The degree of change in tPSA, fPSA and f/t did
not differ greatly between the benign and malignancy
groups, although a greater increase in fPSA in the benign
disease group, and a corresponding lesser change in
f/t ratio in the malignancy group was observed. Serum
tPSA remained greater than the baseline levels after
24 hours, and in most male patients after one week.
Serum fPSA returned to near baseline levels much more
rapidly than tPSA. The percentage of fPSA decreased
to less than baseline levels at 24 hours, and at one
week. Baseline tPSA, and the change in tPSA following
biopsy were similar for males with and without cancer.
Males with cancer had a lower baseline percentage of
fPSA that returned to baseline more slowly than those
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without cancer.”®!* In our study, the median increase
in tPSA after 24 hours following biopsy was similar
in males with and without cancer (9.41 ng/ml versus
13.18 ng/ml, p>0.05), but significant in fPSA in males
with and without cancer (0.49 ng/ml versus 1.57 ng/ml,
<0.05). It was suggested that males with BPH released
more fPSA than those with prostate cancer. However,
the increase we observed in tPSA and fPSA were lower
than reported in some of the aforementioned studies.
It may due to the different baseline PSA levels, the fast
clearance of fPSA from serum, and prolonged time
between biopsy and venipuncture (24 hours) in our
study. The f/tPSA value decreased 0.03 versus 0.04 in
males with and without cancer (p>0.05) at 24 hours,
mainly because the numerator fPSA decreased faster
than the denominator tPSA. None of the median
changes in tPSA, fPSA, and f{/tPSA was statistically
significant 4 weeks after biopsy in our study group.

For the group undergoing operation in our study,
there was an increase at 24 hours postoperatively in the
serum tPSA and fPSA (5.79 ng/m and 1.10 ng/ml in
the TURP group, 7.13 ng/m and 1.20 ng/ml in the
suprapubic subcapsular prostatectomy group). The f/t
PSA ratio decreased by 0.07 in the TURP group and
0.05 in the prostatectomy group. Long et al” found a
median increase of PSA level of 14.37 ng/ml 20 minutes
after TURP. Oberpenning et al'® collected intraoperative
blood samples for tPSA and fPSA measurement every 15
minutes during 14 radical retropubic prostatectomies
(RRP), and 10 radical cystoprostatectomies (RCP),
and found significant elevations in both parameters.
The mean fPSA levels showed a 4.3- (RRP), and 7.9-
fold (RCP) increase, followed by a rapid decline after
prostate removal. The tPSA increased 1.2- (RRP),
and 1.3-fold (RCP), and declined more slowly.
Postmanipulatory f/tPSA also increased significantly,
reaching mean elevations of +0.29 during RRP, and
+0.28 over preoperative ratios during RCP" One
possible explanation for the difference between our data
and those from other investigators is that the amount of
resected tissue may have differed. The larger the gland
size, perhaps the greater quantity of PSA moved into
the bloodstream. Another possibility is that the time to
obtain the blood samples varied from intraoperative-at
24 hours postoperatively in different studies. The reason
of the f/tPSA decrease at 24 hours postoperatively was
similar to that in the biopsy group. Fonseca et al'
assessed tPSA and f/tPSA ratio before the procedure,
and at 30, 60, and 180 days separately after the TURP in
30 males. It was observed that the mean tPSA declined
71% after TURD, and 60 days after surgery. It varied
from 6.19 + 7.06 ng/mL before surgery to 1.75 + 1.66
ng/mL on day 60 (p<0.001). The mean baseline f/tPSA

was 18.2 + 3.4%, and was not significantly changed at
any time point in the postoperative period (p=0.91).
Each gram of tissue resected decreased tPSA by 0.15 +
0.11 ng/mL." In our study, tPSA level decreased from
3.41 ng/mL to 2.05 ng/mL after 4 weeks in patients
who underwent TURP, and fPSA level decreased from
1.22 ng/mL to 0.73 ng/mL. However, the mean change
in f/tPSA did not achieve statistical significance. The
relative variations were similar in the prostatectomy
group. With resection of the prostate, the quantity of
tPSA and fPSA secreted by the gland markedly declined,
resulting in decreased serum tPSA and fPSA levels. The
drop of fPSA concentration might be approximately
in proportion to that of tPSA, so that the f/tPSA ratio
remained constant over time. The magnitude of change
in observed values may differ between studies as the size
of the prostate, the weight of resected tissue, and the
follow-up intervals varied. However, the trends of the
change were consistent with each other.

There are limitations to this study. The small number
of enrolled patients made it difficult to conduct further
subgroup analysis (such as, age, gland size). And there
are still other analytical or biological factors, which
could possibly affect PSA levels, which we could not
evaluate one by one. In addition, due to ethnicity
and chronological differences, one should therefore
pay caution when our present findings were directly
compared with other studies.

In conclusion, diagnostic and therapeutic procedures
including prostatic biopsy, TURE and suprapubic
subcapsular prostatectomy might affect the serum PSA
concentration levels. In future studies, the effects of
prostate manipulation and their longitudinal course
need to be taken into account while evaluating different
forms of serum PSA levels.
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