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Clinical relevance of urinary 8-hydroxydeoxyguanosine
levels in patients undergoing prostate biopsy
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Abstract. Urinary 8-hydroxydeoxyguanosine (8-OHdG) level
is an oxidative stress marker in patients with cancer; however,
little is currently known about the clinical relevance of urinary
8-OHdG levels in patients with prostate cancer at diagnosis.
Voided urine samples were collected from patients at the time
of prostate biopsy and stored at -80°C after centrifugation.
All of the patients were classified according to histology of
the biopsy. Once the patients were diagnosed with prostate
cancer, the standard of care and treatments were administered
according to the standard guidelines. The association between
clinicopathological parameters and urinary 8-OHdG and
N-terminal telopeptide (NTx) levels were explored. A total
of 409 patients received prostate biopsy, of which 190 were
benign, 41 were diagnosed with prostatitis and 178 were diag-
nosed with prostate cancer. The urinary 8-OHdG/creatinine
ratio was marginally associated with prostate size (P=0.052)
but not with serum prostate-specific antigen levels (P=0.707).
With correction for prostate size, the ratio of urinary
8-OHdG/creatinine was significantly higher in patients with
prostate cancer than those without malignancy (P=0.004).
Moreover, urinary 8-OHdG levels were weakly associated
with urinary NTx levels (r’=0.04, P=0.009). In conclusion,
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urinary 8-OHdG levels normalized for prostate volume may
reflect prostate cancer risk and could be used to predict
prostate cancer aggressiveness.

Introduction

Prostate cancer is the most common solid malignancy in
men in the Western world (1). In Taiwan, over the decade
from 2010 to 2019, prostate cancer had the highest 10-year
percent change rate of all types of cancer among men (2,3).
Similar to other Asian populations, Taiwanese patients exhibit
distinct characteristics compared with those in Western coun-
tries; these differences include variations in stage distribution,
attitudes toward therapy modality and response to androgen
deprivation therapy (4-6). Prostate cancer has a complex
pathogenesis; while genetic factors, aging and ethnicity are
non-modifiable risk factors, environmental factors, including
infectious agents, dietary carcinogens or other environmental
disruption compounds, such as phthalates (7), are modifi-
able. According to the cancer registry in Taiwan, the annual
incidence of new prostate cancer diagnoses is rising, along
with an increase in cancer treatment-related mortality and
morbidities (8). Accumulating evidence has indicated that
oxidative stress is associated with prostate cancer, suggesting
that antioxidants may have the ability to protect men from this
disease (9,10). Therefore, it is mandatory to investigate the
relationship between environmental exposure-related oxida-
tive stress and prostate cancer pathogenesis.

Oxidative stress can lead to DNA damage by causing modi-
fications to the DNA bases. Guanine, one of the DNA bases,
is particularly susceptible to oxidation, forming 8-hydroxy-
deoxyguanosine (8-OHdG). This modified DNA base is then
released into the bloodstream and excreted in the urine. Notably,
urinary 8-OHdG does not solely originate in the prostate, it
reflects systemic oxidative stress, indicating the extent of DNA
damage occurring throughout the body. Urinary 8-OHdG
serves as a reliable and non-invasive biomarker of oxidative
stress, and higher levels of urinary 8-OHdG indicate increased
oxidative stress and potential DNA damage within cells (11).
Elevated levels of urinary 8-OHdG have been associated with
various pathogeneses linked to oxidative stress, including
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aging, metabolic diseases (12), cardiovascular diseases (13),
neurodegenerative disorders (14) and cancer (15). In a previous
immunohistochemical study, 8-OHdG was detected more in
prostate cancer tissues than in benign prostate tissues (16). In
addition, our previous study demonstrated that prostate volume
was significantly positively associated with urinary 8-OHdG
and serum inducible nitric oxide synthase (iNOS) (17).
Furthermore, not only prostate enlargement, but also serum
prostate-specific antigen (PSA) levels, were shown to be posi-
tively correlated with urinary 8-OHdG levels in a cohort of
207 men with a mean age of 62.5 years (17). Therefore, the
present study aimed to investigate the relationship between
urinary 8-OHdG levels and prostate carcinogenesis, in order
to investigate the clinical relevance of urinary 8-OHdG levels
in patients with prostate cancer at initial diagnosis.

Materials and methods

Patient population and study samples. The present single
institution study obtained the approval and institutional over-
sight of the Institutional Review Board (IRB) for the Protection
of Human Subjects at National Cheng Kung University
Hospital (NCKUH; Tainan, Taiwan; IRB no. A-ER-101-181)
on November 21, 2012. Patients were recruited from NCKUH
between November 2012 and October 31, 2020. At the time
of specimen collection, all patients provided written informed
consent for study participation, subsequent retrospective
review and publication. The patients who met the National
Comprehensive Cancer Network criteria of prostate biopsy
for prostate cancer diagnosis were invited to participate in this
cohort study, and their data were collected into a transrectal
ultrasound of prostate (TRUS) biopsy database created for this
research (18). The indications for prostate biopsy were men
aged >40 years old that exhibited any of the following criteria:
i) Abnormal digital rectal examination with or without PSA
elevation; ii) PSA >3.0 ng/ml in those with a suspicious family
history of prostate cancer or a progressive increase in PSA
in three consecutive measurements; iii) PSA >4.0 ng/ml.
Patients with Foley catheterization, suprapubic cystostomy
or an active urinary tract infection were excluded from the
current study. Self-voided mid-stream urine was collected
immediately before receiving a prostate biopsy, which was
performed at an outpatient clinic of NCKUH as scheduled
in the morning. All patients with newly diagnosed prostate
cancer received subsequent staging and treatment according
to the prostate cancer treatment guidelines at NCKUH and the
d'Amico prostate cancer risk stratification (19). Those with a
non-malignant biopsy were kept on for follow-up studies (18).
A Consolidated Standards of Reporting Trials flowchart is
shown in Fig. 1, which is a standardized diagram utilized to
illustrate participant flow (20). The study was performed after
obtaining the participants' informed consent in compliance
with The Declaration of Helsinki.

Urinary 8-OHdG and N-terminal telopeptide (NTx) ELISA.
Once the urine specimen was collected, it was centrifuged at
room temperature for 10 min at 600 x g, and separated into
two portions, supernatants and cell pellets. The cell pellet
was collected after harvesting 1-2 ml of the supernatant
without disturbing the pellet. Both portions were separately
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Figure 1. Consolidated Standards of Reporting Trials flow chart of the
current study. HGPIN, high-grade prostatic intraepithelial neoplasia; PCa,
prostate cancer.

stored at -80°C. The supernatant without cells, cell debris or
other particulates (such as crystals) was investigated using a
urinary 8-OHdG ELISA according to a previously described
method (17). The results were normalized to urine creatinine
levels. Urinary 8-OHdG (oxidatively damaged DNA adducts)
levels were measured using a highly sensitive 8-OHdG
Check ELISA kit (cat. no. KOG-200SE; Japan Institute for
the Control of Aging); the sensitivity of this kit was reported
as 0.125 ng/ml. Urinary NTx levels were measured with the
human NTx I (Cross Linked N-telopeptide of type I collagen)
ELISA kit (cat. no. E-EL-HO0836; Elabscience; Elabscience
Bionovation Inc.) according to the manufacturer's protocol;
this kit recognizes human NTx I in studied samples, and the
sensitivity was reported as 1.88 ng/ml and the detection range
as 3.13-200 ng/ml. There is no significant interference or
cross-reactivity between human NTx I and its analogs (stan-
dards or controls), and the coefficient of variation is <10%,
according to the manufacturer's manual; thus indicating that
this assay is highly specific and accurate.

Statistical analysis. The normal distribution of the data was
assessed using descriptive statistics and frequency distribution,
followed by the Shapiro-Wilk normality test. The comparison
of urinary 8-OHdG levels among patients with benign pros-
tatitis and malignancy, or localized, locally advanced and
de novo metastatic diseases, was calculated using one-way
ANOVA and Spearman's rank correlation coefficient. If the
ANOVA test was significant, a post-hoc analysis with Tukey's
multiple comparisons test was performed to compare the
differences between each group. Unpaired Student's t-test
was used to compare the differences between initial and later
diagnosis of prostate cancer. y* test or Fisher's exact test (when
the expected count was <5 in =20% of cells) was used to assess
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Table I. Basic characteristics of the studied cohort at initial biopsy.

P-value®,
Malignancy vs.
Benign/
Entire Benign Malignancy vs.
Parameter cohort (PIN, AG) Prostatitis Malignancy P-value® Prostatitis
Number of patients 409 190 41 178 - -
Age, years <0.0001 <0.0001/0.0002
Median (range) 68 (43-91) 66 (43-86) 66 (50-80) 71 (53-91)
25-75% percentile 62,74 61,72 60,72 66,76
PSA, ng/ml 0.001 0.0013/0.0868
Geometric mean 1391 7.7 8.9 28.8
95% CI 12.2-15.8 7.1-8.5 7.2-10.1 22.7-36.6
Range 0.6-8332 0.6-41.9 1.4-49.7 1.8-8332
Prostate volume, ml <0.0001 <0.0001/0.0234
Mean = SD 49 8+354 55.0+27.1 54.5+26.5 43.1+21.5
PSAD, ng/ml/ml 0.010 0.0107/0.1944
Geometric mean 0.32 0.16 0.18 0.75
95% CI 0.28-0.36 0.14-0.17 0.15-0.22 0.59-0.94
Range 0.03-307 0.03-1.55 0.06-0.97 0.06-307
Urinary creatinine, mg/dl 0.680
Geometric mean 73.5 73.0 74.3 74.0
95% CI 68.6-78.9 66.1-80.6 57.9-954 66.3-82.5
8-OHdG, ng/ml 0.144
Geometric mean 33 3.0 32 3.6
95% CI 2.9-3.7 2.6-3.6 2.2-4.6 30-44
8-OHdG/creatinine, x10° 0377
Geometric mean 4.5 4.17 4.29 4.77
95% CI 4.1-49 3.72-4.67 3.39-543 4.26-5.34
8-OHdG/creatinine/prostate 0.004 0.0065/0.070
volume, x10%/ml
Median 0.10 0.09 0.08 0.12
95% CI 0.03-0.31 0.03-0.27 0.03-0.25 0.04-0.38

*0One-way ANOVA; *Post-hoc analysis with Tukey's multiple comparisons test. 8-OHdG, 8-hydroxydeoxyguanosine; AG, atypical gland CI,
confidence interval; PIN, prostate intraepithelial neoplasm; PSA, prostate-specific antigen; PSAD, PSA density.

contingency tables. The association between urinary 8-OHdG
and NTx levels was determined using a linear regression anal-
ysis. The association of urinary 8-OHdG/creatinine ratio with
age, PSA, prostate volume and PSA density (PSAD; PSA level
divided by prostate volume) was also assessed using linear
regression analysis. Statistical analysis was performed using
SPSS version 12.0 (SPSS, Inc.) and GraphPad Prism 6.00 for
Windows (Dotmatics) software packages. P<0.05 (two-sided)
was considered to indicate a statistically significant difference.

Results

Patient characteristics. From November 2012 to October 31,
2020, 409 patients were enrolled in the current study at an
outpatient clinic before prostate biopsy, including 190 patients
with a benign biopsy (including an atypical gland and prostate

intraepithelial neoplasm), 41 patients with prostatitis and 178
with malignancy. The median age of the patients was 68 years
(range, 43-91 years). As compared with non-malignant (benign
or prostatitis) patients, those with a malignant histology were
older (P<0.0001), and had higher PSA values (P=0.001), a
lower prostate volume (P<0.0001) and higher PSAD (P=0.010)
(Table I).

Urinary 8-OHdG levels and normalization with urine
creatinine level and prostate volume. At the time of prostate
biopsy, urinary 8-OHdG levels in patients with prostate cancer
were higher than those without malignancy (3.6 vs. 3.2 or
3.0 ng/ml; P=0.144; Table I); however, this was not significant.
During correction for urinary creatinine levels, malignant
patients had higher ratios of urinary 8-OHdG/creatinine
than the non-malignant patients (4.77x10°° vs. 4.29x10°° or
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Figure 2. Ratio of urinary 8-OHdG/creatinine in the studied cohort. (A) Without or (B) with correction for prostate volume, the urinary 8-OHdG/creatinine
ratio in patients with prostate cancer was significantly higher than that in patients with an initial benign biopsy. There were nine patients diagnosed with
prostate cancer during follow-up. "Post hoc analysis with Tukey's multiple comparisons test. 8-OHdG, 8-hydroxydeoxyguanosine; AG, atypical gland; NS, not

significant; PIN, prostate intraepithelial neoplasm.

4.17x10°%; P=0.377; Table I); however, this was also not signifi-
cant. Since prostate enlargement can be induced by oxidative
stress, and there was a borderline association between prostate
volume and 8-OHdG/creatinine ratio in the current study
(Table SI), the present study further corrected the ratio with
prostate volume (17). The results demonstrated that patients
with malignancies exhibited a significantly higher ratio of
urinary 8-OHdG/creatinine per prostate volume than the other
subgroups (0.12x10°%/ml vs. 0.08x10%/ml or 0.09x10-%/ml;
P=0.004; Table I). A post-hoc analysis with Tukey's multiple
comparisons test showed that the initial malignancy group
exhibited a higher urine 8-OHdG/creatinine ratio per prostate
volume than the benign group (P=0.030; Fig. 2).

During follow-up, another nine patients were
diagnosed with prostate cancer, including two from the pros-
tatitis subgroup and seven from the initial benign subgroup
(Table SIT). Among the four subgroups with an initially benign
biopsy, there were no significant differences in age, PSA,
prostate volume, urinary 8-OHdG/creatinine ratio or urinary
8-OHdG/creatinine ratio per prostate volume (P>0.05);
however, the later malignancy group exhibited highest PSAD
levels within all the groups (P=0.027).

Prostate cancer risk stratification and urinary
8-OHdG/creatinine ratio. During the study period, a total of
187 patients were diagnosed with prostate cancer, including
178 at the initial biopsy and nine at a later repeat biopsy. As
compared with patients with prostate cancer diagnosed at the
initial biopsy, those with later malignancy were younger and
had lower urinary 8-OHdG/creatinine ratios (P=0.010 and
P=0.031, respectively). Due to the small number of patients
diagnosed with a later malignancy, there were no statistical
differences in Gleason grading, clinical TNM stage (21) and
cancer recurrent risk when comparing with patients initially
diagnosed with prostate cancer (Fisher's exact test; P=0.578,

P=0.404, and P=0.183, respectively) (Table IT). A total of
50 patients received subsequent radical prostatectomy, and
there was no difference between prostate cancer at initial
diagnosis and later diagnosis in terms of pathological staging
or grade (Table SIII).

Significant differences in urinary 8-OHdG/creatinine
ratio were detected between different prostate cancer risk
groups using one-way ANOVA, and the Tukey's post hoc
test indicated that the significant differences were between
the benign and metastatic groups, regardless of whether the
urinary 8-OHdG/creatinine ratio was normalized to prostate
volume (P=0.004 and P=0.021, respectively) (Fig. 3). The
Spearman's rank correlation coefficient revealed that was a
negligible correlation between patient risk group and urinary
8-OHdG levels, with or without prostate volume correction
(Fig. S1).

Association of 8-OHdG and NTx levels in the urine. Urinary
NTx levels were measured in a total of 188 studied patients,
including 178 patients diagnosed with prostate cancer at the
initial biopsy and 10 random patients with an initial benign
biopsy. The geometric mean value of urinary NTx level
was 30.8 ng/ml with a range of 0.5-386 ng/ml (95% ClI,
47.5-65.6 ng/ml). The association between 8-OHdG and NTx
levels in the urine was analyzed, and the results showed a
weakly positive association between both factors in the urine
(linear regression, r’=0.04; P=0.009) (Fig. 4).

Discussion

The present study demonstrated that urinary 8-OHdG levels
with prostate volume correction were elevated in patients
with malignancy at the time of prostate biopsy compared
with those with non-malignant histology, although there was
an absence of a direct association between urinary 8-OHdG
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Table II. Clinicopathological characteristics of patients with PCa according to the time of diagnosis.

Parameter Total Initial PCa Later PCa P-value
Number of patients 187 178 9
Median age, years (range) 71 (53-91) 71 (53-91) 63 (55-73) 0.010°
25%-75% percentile 65-76 66-76 61-70
Mean PSA, ng/ml (95% CI) 27.5(21.9-34.6) 28.8 (22.7-36.6) 109 (7.0-16.8) 0471*
Mean +SD prostate volume, ml 43.0+21.6 43.1+£21.5 41.5+24.5 0.833*
Mean PSAD, ng/ml*(95% CI) 0.72 (0.57-0.89) 0.75 (0.59-0.94) 0.31 (0.19-0.50) 0.560*
Mean 8-OHdG/crea., x10°(95% CI) 4.6 (4.1-5.3) 4.8 (4.2-5.6) 1.7 (0.9-3.2) 0.031*
Median 8-OHdG/crea./PV, x10/ml (95% CI) 0.12 (0.10-0.14) 0.12 (0.10-0.15) 0.05 (0.02-0.09) 0.294*
Gleason grade 0.578°
3+3 58 53 5
3+4 21 20 1
4+3 29 28 1
444, 3+5, 543 33 32 1
5+5,5+4,4+5 46 45 1
Clinical TNM staging 0.404°
cTlc NO 53 48 5
cT2a,b,c NO 37 35 2
cT3aNo0 20 19 1
cT3b-4NO 27 26 1
Any cT, cN+ 11 11 0
Any cT, Any cN, M+ 39 39 0
D'Amico prostate cancer risk stratification 0.183°
Localized (low risk) 25 24 1
Localized (intermediate risk) 41 36 5
Localized (high risk) 44 42 2
Locally advanced (very high risk) 26 25 1
Nodal 10 10 0
Metastatic 41 41 0
Treatment options 0.083°
Active surveillance/observation 22 20 2
Radical prostatectomy 50 45 5
Radiotherapy 31 29 2
ADT 51 51 0
Visit other hospitals or options 33 33 0

“Unpaired t-test; *Fisher's exact test. 8-OHdG, 8-hydroxydeoxyguanosine; ADT, androgen deprivation therapy; CI, confidence interval; crea.,

creatinine; PCa, prostate cancer.

and cancer in this analysis. Significant differences in urinary
8-OHdG/creatinine ratio were also determined between
the different prostate cancer risk groups. Moreover, urinary
8-OHdG levels were significantly associated with urinary NTx
levels. Taken together, urinary 8-OHdG levels may reflect the
involvement of oxidative stress in the initiation and progres-
sion of prostate carcinogenesis.

Several studies have reported on the association between
oxidative stress and prostate cancer (22-24), with several
studies noting changes in pro-oxidant/antioxidant balance in
clinical prostate cancer samples, rodent models and prostate
cell lines (9,25,26). In a previous study, malignant prostate
samples demonstrated elevated levels of thiobarbituric

acid reactive substances and reduced levels of glutathione
peroxidase and CuZn-superoxide dismutase (SOD) in
comparison with the benign group (27). Upregulated oxida-
tive stress profiles have also been detected in human prostate
cancer and it has been suggested that antioxidant defense
systems might be impaired (28). Miyake ef al (29) reported
that the urinary 8-OHdG/creatinine ratio in patients with
prostate cancer was significantly elevated as compared
with that in age-matched healthy controls, which indicates
the importance of oxidative stress in the early events of
prostate cancer, including cell proliferation, differentiation,
apoptosis and carcinogenesis. Ohtake er al (16) reported
that 8-OHdG was more highly expressed in prostate cancer
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Figure 4. Association between NTx and 8-OHdG levels in the urine. The
solid line represents the linear regression and the dotted lines represent the
standard error. 8-OHdG, 8-hydroxydeoxyguanosine; NTx, N-terminal telo-
peptide.

tissues in comparison to benign prostate tissues using
immunohistochemical analysis. In addition, our recent
publication identified a positive association between serum
PSA levels (or PSAD) and urinary 8-OHdG levels in men
with a mean age of 62.5 years, which was associated with
prostate enlargement (17). Since urinary 8-OHdG is not
solely of prostate origin, it reflects systemic oxidative stress,
indicating the extent of DNA damage occurring throughout
the body. According to our previous study, prostate volume
was significantly positively associated with urinary
8-OHdG and serum iNOS levels (17), thus the present study
normalized urinary 8-OHdG levels to prostate volume.
The results provide further evidence that oxidative stress
may partly contribute to the initiation of prostate cancer
and prostate enlargement. To the best of our knowledge,
the present study is the first to demonstrate a significant
association between urinary 8-OHdG levels and d'’Amico

risk stratification, thereby aiding in predicting patient risk
during initial diagnosis.

Our previous study showed that urinary di(2-ethylhexyl)
phthalate (DEHP) metabolites, which serve as evidence of
phthalate exposure, were associated with urinary 8-OHdG
levels, serum PSA and prostate volume (17). Phthalates are
well-known inducers of oxidative stress associated with
several diseases (30,31). Numerous studies have proposed that
exposure to phthalates, both in vivo and in vitro, leads to oxida-
tive stress in patients, primarily by decreasing the levels of
SOD and glutathione (17); however, their role in prostate carci-
nogenesis remains unclear. Some in vitro studies have shown
that prostate cancer cells exhibit various inherent responses
to oxidative stress, including reactive oxygen species genera-
tion, and activation of matrix metalloproteinase-9 (MMP-9)
by causing changes in the MMP-9 structure, which is involved
in the breakdown of extracellular matrix components that is
required for aggressive phenotypes (32). In addition, some
phthalates (such as DEHP, benzyl butyl phthalate and diiso-
butyl phthalate) can upregulate cyclin D1 and proliferating
cell nuclear antigen, downregulate P21 and stimulate LNCaP
proliferation (33). Phthalates may also promote prostate
cancer progression through the Hedgehog pathway in LNCaP
cells (34). Although there is a lack of causal mechanistic
experiments regarding oxidative stress and prostate cancer
progression, the present results demonstrated significant
differences in urinary 8-OHdG/creatinine ratio between the
different prostate cancer risk groups, and identified a positive
relationship between urinary 8-OHdG levels and NTx levels.
Such evidence provides strong clinical evidence that oxidative
stress serves an important role in the process of prostate cancer
progression. However, Spearman's rank correlation coefficient
showed no significant correlation between patient risk group
and urinary 8-OHdG levels; this lack of correlation indicates
the need for further research to explore potential non-linear
relationships or other influencing factors.
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Although these cellular and clinical studies support that
oxidative stress is crucial in the etiology or progression of pros-
tate cancer, several large clinical trials have failed to support
the ability of supplemental dietary antioxidants, such as
vitamin E, to reduce prostate cancer risk. These studies include
the Prostate, Lung, Colorectal and Ovarian; Alpha-Tocopherol,
Beta-Carotene Prevention; and Selenium and Vitamin E Cancer
Prevention Trial studies (35-37). However, vitamin E has been
reported to exhibit some benefit in a particular subgroup of
patients; smokers supplemented with 50 mg vitamin E daily
exhibited a significantly lower prostate cancer incidence (32%)
and a significantly lower prostate cancer mortality rate (41%)
than those assigned to receive a placebo (38). Despite the absence
of clinical trials supporting the efficacy of supplemental dietary
antioxidants, it may still be worthwhile exploring therapies that
target the antioxidant response.

Notably, 8-OHdG is an oxidized nucleoside of DNA that is
the most frequently studied and detected biomarker of oxidative
DNA damage. Upon DNA repair, 8-OHdG is soon excreted in the
urine, and can be measured using ELISA and HPLC-MS methods.
Evidence has demonstrated that urinary 8-OHdG is a well-known
biomarker of generalized, cellular oxidative stress, and a risk
factor for atherosclerosis, diabetes and cancer (13). By contrast,
blood 8-OHdG may represent systemic oxidative stress from the
tissues and circulating lymphocytes. Few studies have focused
on blood 8-OHdG because several challenges exist for detecting
8-OHdG in the blood; notably, techniques such as ELISA may not
be sensitive enough, as their detection limits can be higher than the
normal range found in healthy individuals (39,40). Our previous
study demonstrated that urinary 8-OHdG levels were positively
associated with prostate enlargement (17). Therefore, the urinary
8-OHdG levels in the current study theoretically reflect oxidative
stress both in the prostate and the whole body. The prostate is one
of the most vulnerable organs in the body. While the absence of a
direct association between urinary 8-OHdG and cancer is noted
in the present analysis, it does not preclude its potential value as
an indicator of oxidative stress or DNA damage, both of which
are linked to cancer initiation and progression. Notably, compared
with prostate volume, the normalized urinary 8-OHdG levels
were a worse marker for predicting prostate cancer. However,
urinary 8-OHdG level reflects systemic oxidative stress, which
not only promotes prostate enlargement (17), but might induce
the initiation and progression of prostate cancer, as evidenced
by the association between urinary 8-OHdG and NTx levels.
Further research into the biological mechanisms underlying how
environmental exposures induce oxidative stress, as evidenced by
urinary 80OH-dG levels, and their connection to prostate cancer
could illuminate their potential clinical relevance for diagnosing
and treating the disease.

There were several limitations in the current study. First,
there are several factors associated with oxidative stress, such
as aging, prostate volume, infection/inflammation, cancer and
environmental exposure. In the current study, it was revealed
that prostate volume and cancer were the two most notable
contributing factors to oxidative stress. In contrast with
large-scale clinical trials, the number of study patients in the
current study was relatively small to explore the effect of other
factors. Second, urinary 8-OHdG levels might be influenced
by cancer volume. Although the impact of tumor percentage
was not investigated in the current study, the results revealed

MOLECULAR AND CLINICAL ONCOLOGY 21: 86, 2024 7

that urinary 8-OHdG levels were associated with risk strati-
fication, which might partly reflect tumor burden. A future
study may be conducted with more patients receiving radical
prostatectomy. Third, the research objective was to utilize
the existing TRUS biopsy database to observe potential clini-
cally significant phenomenal; therefore, the required sample
size in the current study was not explicitly calculated, which
may influence the statistical power. Since the present study
enrolled 409 patients, it may be considered a reasonable size.
The present data also showed that patient age may be a better
marker than the urinary 8-OHdG/creatinine ratio regarding
prostate cancer detection (P=0.01 vs. P=0.031). Notably, as
the present study utilized an existing TRUS biopsy database,
disparities in both population size and age distribution were
present during group comparisons; therefore, it is difficult
to make comparisons to determine which factor is better.
Additionally, some patient information was not collected and
analyzed in the current study, including smoking, drug history,
occupation history, comorbidities and medication history.
These factors may interfere with urinary 8-OHdG levels. In
future studies, increasing participant enrollment with detailed
medical and social history records may help mitigate these
potential biases. Fourth, the present study did not perform
immunohistochemical analysis to clarify whether 8-OHdG
was expressed more highly in prostate cancer tissues than in
benign prostate tissues, and 8-OHdG was not measured in the
blood for comparison with urinary levels. Although both the
blood test and tissue assay for the existence of 8-OHdG might
theoretically reflect the action of oxidative stress on prostate
carcinogenesis, blood 8-OHdG cannot accurately reflect the
oxidative stress status of the prostate or malignant tissue.
Our previous study showed that oxidative status and urinary
8-OHdG levels were positively correlated with prostate
enlargement in patients with lower urinary tract symptoms that
exhibited relatively normal serum PSA levels (17). Therefore,
we focused on the influence of oxidative stress on prostate
carcinogenesis in the present study. It was hypothesized that
the action of phthalate exposure is not specific for prostate
enlargement but also for prostate cancer. The non-specific
effect of phthalate exposure on the prostate is similar with the
non-specific characteristic of the origin of PSA. Both benign
and malignant prostate tissue can produce and secrete PSA
into the lumen of the prostate gland, which can leak into the
blood stream, and benign prostate cells can produce more PSA
mRNA than malignant prostate cancer cells (41). The present
study demonstrated a substantial association between prostate
volume-normalized urinary 8-OHdG/creatinine ratio and the
aggressiveness of prostate cancer. This finding suggested its
potential as a non-invasive and easily accessible predictor for
assessing the influence of oxidative stress on prostate cancer
aggressiveness at initial diagnosis. Nevertheless, larger studies
are necessary to yield more robust results. At present, we are
dedicated to investigating the influence and molecular mecha-
nism of phthalate exposure on prostate carcinogenesis in order
to validate and reinforce our findings, thereby improving their
clinical applicability and upholding the highest standards of
patient care through rigorous scientific research.

In conclusion, the present study demonstrated that patients
with prostate cancer had higher urinary levels of the oxida-
tive stress marker 8-OHdG normalized to prostate volume
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than non-malignant patients at the time of prostate biopsy.
Furthermore, urinary 8-OHdG levels normalized to prostate
volume were higher in more advanced disease and were posi-
tively associated with urinary NTx levels. These data highlight
the evidence of oxidative stress in the etiology and progression
of prostate cancer; however, further studies are required to iden-
tify the etiology of oxidative stress in prostate cancer patients.
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