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patients with PSA levels between 4 and 10 ng/ml
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Abstract: To evaluate exclusion of prostate cancer (PCa) by using empiric antibiotic treatment for patients with total 
prostate specific antigen (PSA) between 4-10 ng/ml. A hundred asymptomatic men with a PSA between 4-10 ng/
ml and normal digital rectal examination (DRE) were enrolled in this randomized prospective study. The treatment 
group (n=50) was given 400 mg of ofloxacin daily for 4 weeks, whereas the control group (n=50) was followed with-
out any treatment. At the end of the four weeks, repeat PSA were measured and all patients underwent transrectal 
ultrasound (TRUS) guided biopsy, regardless of the repeat PSA levels. Totally 22 patients (22%) had prostate cancer 
(9 in treatment group and 13 in control group). A significant PSA decrease was observed in the treatment group at 
repeat PSA measurements (p=0.001). The PSA drop was also significantly more in patients without PCa than with 
PCa (p=0.028). In patients whose repeat PSA after antibiotic treatment decreased below 4 ng/ml, 2 times as many 
patients (16.6%) had PCa in the control group when compared with the treatment group (8.3%). On the other hand, 
in patients whose repeat PSA remained above 4 ng/ml, PCa was detected in 27.3% of the patients in the control 
group and 21% in the treatment group. Empirical antibiotic treatment in asymptomatic patients with a PSA level 
4-10 ng/ml and a normal DRE may be used to select prostate biopsy candidates. Studies with higher number of 
patients may result in more powerful associations with narrower confidence intervals for increased confidence.
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Introduction

The total prostate specific antigen (PSA), which 
was introduced in the late 1980s, is now the 
most widely used test to detect and follow pros-
tate cancer (PCa) patients [1]. PSA is not can-
cer-specific. Its levels may be found elevated in 
some benign conditions such as benign pros-
tate hyperplasia (BPH) and prostatitis [1]. 
Physiological fluctuation of PSA has also been 
reported [2].

The PSA range 4-10 ng/ml is commonly referred 
to as the diagnostic gray zone [3]. In clinical 
practice, many specialists use empiric antibi-
otic treatment followed by a repeat PSA in this 
group of patients; however, scientific evidence 
is not clear to support this approach [4, 5]. In 
this study we aimed to examine whether 4 
weeks of ofloxacin administration results in a 
PSA decrease which translates into a decreased 

risk of prostate cancer detection, whereby biop-
sy can be safely omitted in asymptomatic 
patients with an initial PSA level between 4-10 
ng/ml.

Materials and methods

The study was conducted at a urology clinic in a 
tertiary care university hospital and was 
approved by the local ethics committee. 
Informed consent was obtained from all partici-
pants. From March 2008 to March 2009, 100 
consecutive men that met the study criteria 
with a PSA level between 4-10 ng/ml were 
enrolled in this randomized prospective study. 
The following patients were not included in the 
study: any prostatitis symptoms or history, prior 
prostate surgery, biopsy or radiotherapy, any 
abnormal finding in digital rectal examination 
(DRE), an acute infection of the urinary system, 
or pyuria and/or bacterial growth in an asymp-
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tomatic patient, catheterization in the urinary 
system during the last 4 weeks, previous use of 
a 5-α reductase inhibitor, a hypersensitivity to 
any medical ingredient in the quinolone group.

The patients were primarily assessed with DRE, 
urinalysis and initial measurement (m1) of 
serum PSA and free PSA (fPSA) level. A total of 
6 six patients refused to sign informed consent 
for randomization. Eligible 100 patients were 
randomly divided into two equal groups (n=50 
each) using a random number table. None of 
the patients dropped out after randomization. 
The blood samples were obtained prior to DRE. 
Total and free PSA levels were assessed using 
Roche Elecsys® kit Elecsys System (Roche 
Diagnostics, Mannheim, Germany). The treat-
ment group was given 400 mg of ofloxacin daily 
for 4 weeks, whereas the control group was fol-
lowed without any treatment. At the end of four 
weeks, repeat measurements (m2) were done 
for PSA and fPSA levels, and all patients under-
went transrectal ultrasound (TRUS) guided 
prostate biopsy, regardless of the repeat PSA 
levels. In all of the patients TRUS was per-
formed by the same urologist, with the 6 Mhz 
150° endorectal probe (PVT-651 VT) of the 
Toshiba SSA-550A (Toshiba, Tokyo, Japan) de- 
vice. Twelve-cores systematic transrectal ultra-
sonographic guided biopsies were obtained 
with a tru-cut biopsy needle of 18 G 20 cm 
attached to an automatic-spring driven biopsy 
gun. The samples were fixed in formaline and 
sent for pathologic investigation. Results 
including size of the prostate and pathological 
findings were reported. The same pathologist 
evaluated all pathological samples. Prostatic 

were used. Categorical variables were com-
pared with chi-square (x 2) and Fisher’s exact 
test. Power calculations to confirm the adequa-
cy of the sample size showed that a total sam-
ple size of 100 achieved 97.24% power to 
detect a difference in PSA between two groups 
with a significance level of 0.05. On the other 
hand power analysis for biopsy results in 
patients with PSA levels <4 ng/ml (1 patient in 
each group) 27.3%. All data are given as mean 
± SD, mean ± SE or median ± IQR; a value of 
p<0.05 was considered statistically significant.

Results

The average age of the patients was 64.16±7.71 
in the treatment group, and 64.52±8.61 in the 
control group. The groups were similar in terms 
of age, prostate volume, levels of PSA, fPSA, 
PSA density (PSAD) and percentage of fPSA 
(fPSA%) (Data not shown). No major biopsy-
related complications were noted.

Table 1 shows the comparison of mean change 
(m2-m1) in PSA and fPSA measurements 
between the treatment and control groups 
using paired samples t-test. A significant differ-
ence was found between the treatment and 
control groups in terms of PSA and fPSA change 
(p=0.001 and p<0.001, respectively).

Twelve patients (24%) in the treatment group 
had PSA levels below 4 ng/ml in repeat mea-
surement and 6 patients (12%) in the control 
group (Fisher’s exact p=0.193). Overall, 22 
patients had histologically proven PCa. Nine of 

Table 1. Comparison of mean decrease in repeat PSA and repeat fPSA 
between the treatment and control groups 
Parameters, mean ± SE Treatment Group (n=50) Control Group (n=50) p value*
PSA (ng/ml) 1.71±2.31 0.24±1.36 0.001
fPSA (ng/ml) 0.60±0.89 0.03±0.32 <0.001
*: t-test.

Table 2. Distribution of PCa detection according to repeat PSA levels 
in patients with (+PCa) and without (-PCa) cancer

PSA (ng/ml) Treatment Group 
n+PCa/n-PCa (%)

Control Group 
n+PCa/n-PCa (%)

Total n+PCa/
n-PCa (%) p value*

<4 1/12 (8.3) 1/6 (16.6) 2/18 (11) 0.569
≥4 8/38 (21) 12/44 (27.3) 20/82 (24.3) 0.513
*: chi-square.

intraepithelial neo-
plasia (PIN) was not 
considered as a 
case of cancer. 

Statistical analysis

Statistical Package 
for Social Sciences 

(SPSS) for Windows 16.0 
was used in analyzing the 
statistical findings. T-test 
was used for continuous 
variables, which showed 
normal distribution. For non- 
normal distributed varia- 
bles, Mann-Whitney U and 
Wilcoxon signed rank tests 
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these patients (18%) were in the treatment 
group and 13 (26%) were in the control group 
(chi-square, p=0.469). In patients whose 
repeat PSA after antibiotic treatment decreased 
below 4 ng/ml, 2 times as many patients 
(16.6%) had PCa in the control group when 
compared with the treatment group (8.3%). On 
the other hand, in patients whose repeat PSA 
remained above 4 ng/ml, PCa was detected in 
27.3% of the patients in the control group and 
21% in the treatment group (Table 2). One 
patient in each group with a repeat PSA level 

<4 ng/ml had cancer, and these patients’ 
Gleason scores were 3+3=6.

When 13 patients with PCa were compared 
with the remaining 37 in the control group, 
there was no statistically significant difference 
in PSA, fPSA, fPSA% and PSAD levels. In the 
treatment group, however, the PSA and PSAD 
drop at repeat measurement was significantly 
more in 41 patients without cancer compared 
with 9 patients with cancer (p=0.028, Table 3, 
Figure 1).

Table 3. Comparison of mean change in PSA, fPSA, fPSA% and PSAD in patients with (+PCa) and 
without cancer (-PCa)
Parameters, 
mean ± SE

Treatment Group (n=50) Control Group (n=50)
+PCa (n=9) -PCa (n=41) p value* +PCa (n=13) -PCa (n=37) p value*

PSA (ng/ml) -0.44±1.64 -1.99±2.35 0.028 0.13±0.99 -0.37±1.46 0.293
fPSA (ng/ml) -0.24±0.31 -0.67±0.96 0.160 -0.01±0.15 -0.03±0.37 0.707
fPSA% -0.03±0.04 0.05 ±0.57 0.357 -0.00±0.03 -0.02±0.07 0.911
PSAD -0.01±0.03 -0.04±0.05 0.025 0.01±0.03 -0.01±0.05 0.314
*: Mann-Whitney U test.

Figure 1. Initial and repeat PSA levels in patients with and without prostate cancer in both groups.
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Discussion

Serum PSA level, the most commonly used 
marker for prostate cancer, can rise in condi-
tions other than cancer [6-9]. The use of other 
parameters such as PSAV, PSAD, and fPSA% 
has been studied to avoid unnecessary biop-
sies [4, 10-12]. Prostate biopsy should be per-
formed in patients with abnormal DRE findings, 
regardless of other parameters [13]. When the 
PSA level is between 4-10 ng/ml, the risk of 
cancer in the biopsy is approximately 20-30% 
[3]. There is a high percentage of patients with 
normal DRE in the PSA gray zone, subjected to 
unnecessary biopsy. This is still a problem to 
overcome. The purpose of our study was to 
determine the effect of antibiotic use in lower-
ing PSA levels below threshold and its role in 
preventing unnecessary prostate biopsies. The 
strength of the present study is its randomized, 
controlled, prospective design. On the other 
hand, the weakness of the study is that no pla-
cebo was used in the control group.

There are numerous studies that show that 
inflammation in the prostate can lead to an 
increase in the PSA levels [14-20]. Carver et al. 
have reported 32% chronic prostatitis NIH-
type-IV cases in a randomly chosen group of 
300 men [14]. Anim et al. have evaluated 331 
patients and observed subclinical prostatitis in 
40% [15]. Also some studies showed that pros-
tatic inflammation is not correlated with high 
PSA levels [7, 21, 22]. Various studies have 
reported that PSA levels decreased following 
antibiotic treatment [5, 23, 24]. However, the 
exact mechanism behind this decrease is not 
elucidated. Kaygisiz et al. administered 400 mg 
of ofloxacin for 3 weeks to asymptomatic 
patients whose PSA levels were between 4-10 
ng/ml. The mean PSA level dropped from 6.53 
ng/ml to 4.76 ng/ml following antibiotic treat-
ment [23]. Schaeffer et al. compared the PSA 
decreasing effects of 4-weeks levofloxacin and 
ciprofloxacin treatment in 377 patients [25]. 

They showed a significant overall decrease in 
PSA after antibiotic treatment. In our study, we 
similarly showed in the treatment group that 
the decrease of mean PSA and fPSA levels 
after antibiotic treatment was statistically sig-
nificantly different than that in the control group 
(Table 1).

The decrease in PSA level may be due to sub-
clinical inflammation or physiological fluctua-

tion as reported in 20% of the cases in a clinical 
trial with a large number of subjects [2]. In our 
control group, the change in mean PSA level 
was not significantly different (Table 3), but we 
observed a negative or positive fluctuation up 
to 54%, where 12% (n=6) of the patients had 
repeat PSA levels below 4 ng/ml.

The most noteworthy finding of our study is the 
difference in PSA decrease between patients 
with and without PCa in the treatment group. In 
our treatment group, mean PSA level at repeat 
measurement did not decrease significantly in 
patients with PCa while there was a significant 
drop in patients without PCa (Table 3). Higher 
number of patients certainly provides increased 
confidence with narrower confidence intervals. 
So, when supported with other studies, this 
information may be very useful to select pros-
tate biopsy candidates after antibiotic use. 
Similar to our study, Erol et al. also used a con-
trol group and experienced a significant 
decrease after treatment in PSA levels in 
patients with pathological diagnosis of inflam-
mation or BPH, but not in cancer patients. 
However, their inclusion criteria did not include 
an upper limit for PSA, and they did not exclude 
patients with abnormal DRE or prostatitis 
symptoms [26]. In the study by Serretta et al., a 
3-week ciprofloxacin treatment was adminis-
tered to 99 patients with PSA levels >4 ng/ml 
and normal DRE findings. Fifty-nine patients 
(59.6%) showed a drop in PSA levels. Cancer 
was found in 40% and 20.3% of the patients 
with unchanged or decreased PSA, respective-
ly. No cancer was detected if PSA decreased 
below 4 ng/ml or more than 70% [27].

The risk of PCa detection in patients with PSA 
level between 3.1-4 ng/ml was reported to be 
26.9% [28]. The study by Baltaci et al. showed 
that 5 of the 17 patients (30%) whose PSA level 
dropped below 4 ng/ml after antibiotic treat-
ment had PCa [5]. When patients whose PSA 
level decreased below 4 ng/ml were taken into 
consideration, we detected cancer in 1 of the 
12 patients (8.3%) in the treatment group, and 
in 1 of the 6 patients (16.6%) in the control 
group. The patient with PCa in the treatment 
group had a repeat PSA of 3.42 ng/ml and had 
a PSA reduction of 16%. On the other hand the 
only patient with PCa in the control group had a 
repeat PSA of 3.37 ng/ml and had a PSA reduc-
tion of 24%. Our findings support that the com-
mon practice of using the PSA value of 4 ng/ml 
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as cutpoint may be important in the detection 
of PCa. In our study, 2 times as many patients 
in the treatment group had repeat PSA levels 
below 4 ng/ml compared to the control group 
(24% vs. 12%), and in the treatment group 2 
times less PCa was detected than the control 
group (8.3% vs 16.6%) when PSA drops below 4 
ng/ml after antibiotic treatment (Table 2). 
Although these differences were not statisti-
cally significant, our findings suggest that anti-
biotic treatment may help select patients who 
have decreased probability of harboring PCa.

Increasing drug resistance to commonly used 
antibiotics is an important point to address if 
one aims to evaluate the benefits of empirical 
antibiotic treatment. Several papers were pub-
lished in last years which suggest that fluoro-
quinolones are not recommended for the first 
line or empirical therapy because of concerns 
regarding bacterial drug resistance [29, 30]. 
Data shows that patients with recent exposure 
to fluoroquinolones are more likely to develop 
sepsis caused by fluoroquinolone-resistant E. 
Coli after TRUS guided prostate biopsy [4, 29]. 
We did not observe any major biopsy-related 
complication including sepsis in our patients 
and we think that the search for the most 
appropriate antibiotic to be used in prostatitis 
and prostate biopsy patients should be conti- 
nued.

In conclusion, 4 weeks ofloxacin treatment 
decreases PSA and fPSA levels in asymptom-
atic patients whose PSA levels are between 
4-10 ng/ml. After antibiotic treatment, PSA 
decreases significantly more in patients with-
out PCa. Antibiotic treatment may help select 
patients who have decreased probability of har-
boring PCa by effectively lowering PSA level 
below 4 ng/ml. Studies with higher number of 
patients may result in more powerful associa-
tions with narrower confidence intervals for 
increased confidence.
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