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Abstract

Mitochondria play multiple important cellular functions. The purpose of this study was to evaluate whether leukocyte
mitochondrial DNA copy number (mtDNAcn) is associated with aggressive prostate cancer (PCa) in African American (AA)
men. We measured the mtDNAcn in peripheral blood leukocytes from 317 localized AA PCa patients and evaluated its
associations with aggressive disease features at diagnosis and biochemical recurrence (BCR) after treatments. There was
no significant difference in mtDNAcn among the clinical features at diagnosis, including age, prostate-specific antigen
level, Gleason score and clinical stage under analysis of variance test. However, mtDNAcn was significantly associated with
BCR in multivariate Cox analysis. Dichotomized into low and high mtDNAcn groups by the median value of mtDNAcn,
patients with low mtDNAcn exhibited a significantly lower risk of BCR (hazard ratio = 0.32, 95% confidence interval:
0.13-0.79) compared to those with high mtDNAcn. There was a significant dose-response in tertile and quartile analyses
(P for trend = 0.012 and 0.002, respectively). In Kaplan-Meier survival analyses, patients with higher mtDNAcn exhibited
significantly shorter BCR-free survival time than those with lower mtDNAcn in dichotomous, tertile and quartile analyses,
with long-rank P values of 0.017, 0.024 and 0.019, respectively. Our results showed for the first time that high leukocyte
mtDNAcn was associated with worse prognosis in AA PCa patients.

Introduction

Prostate cancer (PCa) is the most prevalent cancer and second
most common cause of cancer death in US men (1). Due to the
widespread use of prostate-specific antigen (PSA) screening,
90% of PCa patients are currently diagnosed at locoregional
stages (78% confined to prostate and 12% spread to regional
lymph nodes) (2). African American (AA) PCa patients have
the highest incidence and mortality rates among all the racial/
ethnic groups in the USA (2,3). The median age of diagnosis for
PCa is 63 years for AA men compared to 66 years for white men
(3). The incidence rate of PCa is 76% higher and mortality rate is
2.3 times higher in AA than in white men (3). The overall 5-year
relative survival rate for PCa is 96% among AA and 98% among

whites; 86% of AA PCa patients are diagnosed at local or regional
stages with a 5-year survival rate of nearly 100%, which drops
to 30% for patients diagnosed at distant metastatic stage (3).
Socioeconomic, cultural and biological factors, as well as vari-
ations in care delivery and treatment selection, contribute to the
higher incidence and mortality of AA PCa patients (4,5).

The majority of localized PCa are slow-growing and patients
rarely die from these cancers. Despite the typically indolent
nature of localized PCa and excellent prognosis, most such pa-
tients still undergo aggressive therapies, including radical pros-
tatectomy and radiotherapy, which are often associated with
significant side effects, causing clinical issues of over-diagnosis
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Abbreviations

AA African American

BCR biochemical recurrence
BMI body mass index

CI confidence interval

GS Gleason score

HR hazard ratio

mtDNAcn mitochondrial DNA copy number
NK natural killer

PBL peripheral blood leukocyte
PCa prostate cancer

PSA prostate-specific antigen

and over-treatment (6). Given the highly heterogeneous clinical
course of PCa patients, prognostic factors are greatly needed to
stratify patients and provide the best treatment options. Clinical
factors, such as PSA and its derivatives, and pathological factors,
such as Gleason score (GS) and tumor stage, are well-established
prognostic factors, which, however, is not sufficient to accurately
predict patients’ outcomes (7-12). Patients with similar clinical
characteristics at diagnosis could have markedly different prog-
nosis. Independent biomarkers that reflect the intrinsic biologic
differences between indolent and aggressive PCa could improve
risk stratification of localized PCa patients, leading to better-
informed clinical decision making. A plethora of biomarkers
are commercially available (10,13), for example, SelectMDX
(using urinary HOXC6 and DLX1 mRNA levels as a predictor
for the detection of clinically significant PCa); ExoDX (urinary
exosome-gene expression of ERG and PCA3 for distinguishing
insignificant from aggressive disease); Decipher (using expres-
sion of 22 genes in tumor tissues, plus clinical variables, for
predicting metastasis after prostatectomy) and Prolaris (expres-
sion of 31 cell cycle progression genes and 15 housekeep genes
in prostate biopsy for predicting PCa death, biochemical recur-
rence (BCR) and metastasis after prostatectomy and radiation
therapy). Although all these biomarkers were initially developed
in white patients, a few have been tested in AA PCa patients,
for example, Prolaris has shown prognostic value in AA patients
(14).

Mitochondria are the primary source of energy generation in
eukaryotic cells via respiration and oxidative phosphorylation
and play multiple diverse cellular functions such as energy me-
tabolism, proliferation, apoptosis and autophagy (15). There are
considerable variations of mitochondria number in different
types of cells or tissues, ranging from several hundreds to more
than 10000 (16,17). Mitochondrion contains its own DNA, mtDNA,
a 16.6-kb double-stranded circular DNA and each mitochon-
drion has 1-15 mtDNA molecules (18,19). Somatic mutations
and deletions of mtDNA have been found in multiple human
cancers and clearly play important roles in carcinogenesis (20—
24). In addition, mtDNA copy number (mtDNAcn) in peripheral
blood leukocytes (PBLs) has been extensively investigated as a
risk factor for various cancers, including PCa (25-35). A classic
twin study estimated a high genetic heritability (65%) for the
leukocyte mtDNAcn (26), supporting the utilization of leukocyte
mtDNAcn as a cancer risk assessment marker. Moreover, there
were several reports showing leukocyte mtDNAcn might predict
prognosis of cancer patients (36-40). A previous study suggested
that leukocyte mtDNAcn was associated with disease progres-
sion in white PCa patients: patients with lower mtDNAcn exhib-
ited a 56% increased risk of disease progression, although the
association did not reach statistical significance (41). No study
has evaluated whether leukocyte mtDNAcn is associated with

aggressive disease phenotypes at diagnosis and prognosis of AA
PCa patients.

In this study, we measured leukocyte mtDNAcn from 317
AA PCa patients and analyzed its association with aggressive
phenotypes at diagnosis. In addition, we investigated whether
leukocyte mtDNAcn could predict BCR independent of clinical
variables.

Methods

Ethics statement

This study was approved by the MD Anderson Cancer Center Institutional
Review Board, and written consent forms were obtained from each patient.

Study population and data collection

This study included a total of 317 AA men with histologically confirmed
adenocarcinoma of prostate from the University of Texas MD Anderson
Cancer Center. Patients’ blood specimens were collected at diagnosis
before any treatments, followed by DNA and plasma isolation. Patients
were followed up by PSA monitoring every 3-6 months, and imaging
was performed if PSA arose. Clinical and follow-up data, including date
of diagnosis, performance status, clinical stage, histological grade and
pathological stage, treatment (active surveillance, prostatectomy, radio-
therapy and hormone therapy) and progression (BCR and metastasis),
were abstracted from patient medical records. MD Anderson Tumor
Registry conducts annual vital status follow-ups for all cancer patients.
BCR was defined as a serum PSA level of at least 0.2 ng/ml with a second
confirmatory PSA level of at least 0.2 ng/ml for patients who undergo a
radical prostatectomy or with a rise in PSA level by at least 2 ng/ml above
the nadir PSA for patients receiving external-beam radiotherapy. If pa-
tients received radical prostatectomy and adjuvant radiotherapy, then the
prostatectomy definition of BCR was used.

Measurements of mtDNA copy number

The relative mtDNAcn in PBLs was determined by a real-time quantitative
PCR method as previously described (26). Briefly, two pairs of primers were
used in two steps of relative quantification of mtDNAcn. One primer pair
(ND1-F and ND1-R) was used to amplify the mitochondrial ND1 gene, and
the other primer pair (HGB-1 and HGB-2) was used to amplify the single-
copy nuclear HGB gene. In the first step, the ratio of the copy number of
mitochondrial ND1 gene to the nuclear HGB gene was determined for each
sample from standard curves. This ratio is proportional to the mtDNAcn
in each cell. The ratio for each sample was then normalized to a calibrator
DNA in order to standardize between different runs. The calibrator DNA is
from a genomic DNA sample of a healthy control. The PCR mixture of 14 ul
included 1 x SYBR Green PCR Master Mix (Applied Biosystems, Foster City,
CA), 215 nM ND1-F and ND1-R (or HGB-1 and HGB-2) primers and 4 ng of
genomic DNA. The thermal cycling conditions for the mitochondrial ND1
gene amplification were 95°C for 10 min, followed by 40 cycles of 95°C for
15 s and 60°C for 1 min; for the nuclear HGB gene amplification, the cycling
conditions were 95°C for 10 min, followed by 40 cycles of 95°C for 15 s and
56°C for 1 min. All samples were plated in duplicates on 384-well plates
and run in the Applied Biosystems ViiA 7 Real-Time PCR System. The PCR
runs for ND1 and HGB genes were performed on exclusive 384-well plates
with the same samples in the same well positions to avoid possible pos-
ition effects.

A standard curve of a serially diluted reference DNA, one negative
control and one calibrator DNA were included in each run. For each
standard curve, one reference DNA sample was serially diluted 1:2 to
produce a seven-point standard curve between 0.3125 and 20 ng of DNA.
The R? correlation for each standard curve was >0.99. Standard devi-
ations for the cycle of threshold value were acceptable at 0.25. Otherwise,
the test was repeated. The mean intra-assay coefficient of variation for
all samples was 5%.

Statistical analysis

All statistical analyses were performed in the Stata 10.1 statistical soft-
ware package (StataCorp, College Station, TX). We first used analysis of



variance to compare the mean mtDNAcn among patients with different
clinical characteristics at baseline. We then determined the association
between mtDNAcn and BCR by calculating the hazard ratio (HR) and
corresponding 95% confidence interval (95% CI) using multivariate Cox
proportional hazards model, adjusting for age, body mass index (BMI),
smoking status, pack-year, D’Amico risk groups and initial treatment.
MtDNAcn was dichotomized at the median value of mtDNAcn or classi-
fied into three or four groups based on the tertile or quartile distribution of
mtDNAcn. Finally, we used Kaplan-Meier survival function and log-rank
test to evaluate BCR-free survival based on mtDNAcn level in patients.
BCR-free survival was calculated from the date of the treatment to the
date of the diagnosis of the BCR. All statistical tests were two sided, and P
<0.05 was considered statistically significant.

Results

The distribution of selected characteristics of the 317 PCa of AA
men and mtDNAcn copy number stratified by their characteris-
tics are shown in Table 1. The median time between blood col-
lection and BCR was 37.4 months. The follow-up rate was 98.1%.
The median follow-up time was 45.1 months the total follow-up
time was 1166.1 person-years. Eleven patients (3.47%) died
during the follow-up. Almost 70% of patients were diagnosed at
age 55 and older. There were 181 (57.1%) non-smokers, 95 (30.0%)
former smokers and 41 (12.9%) current smokers. The majority
of patients were either overweight (31.2%) or obese (40.4%).
According to the biopsy GS before the treatment, 93 (29.3%) had
GS of <6, 182 (57.4%) had GS of 7, and 42 (13.3%) had GS of >8.

Table 1. mtDNA copy number in PBLs by selected characteristics
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Among these patients, 179 (56.5%) were in T1 stage of tumor, 118
(37.2%) in T2 stage and only 20 (6.3%) in T3-T4 stage. Almost 77%
of patients had PSA levels <10 ng/ml. The D’Amico risk stratifica-
tion system classified 79 patients (24.9%) into the low-risk group,
164 patients (51.7%) into the intermediate-risk group and 74 pa-
tients (23.3%) in the high-risk group. As for their initial primary
treatments, 53.6% received definitive radical prostatectomy and
20.5% received definitive radiotherapy. It appears that higher GS,
higher tumor stage and higher D’Amico risk were associated
with lower mean mtDNAcn, but these associations did not reach
statistical significance.

We then evaluated the association of mtDNAcn with the
risk of BCR using multivariate Cox proportional hazards model
adjusting for age only, or age, smoking status, pack-year,
BMI, D’Amico risk groups and primary treatment (Table 2).
Dichotomized into low and high mtDNAcn groups by the me-
dian (50th percentile) value of mtDNAcn, patients with low
mtDNAcn exhibited a significantly lower risk of BCR (HR = 0.32,
95% CI: 0.13-0.79) compared to those with high mtDNAcn. There
was a significant dose-response. When patients were classi-
fied into three groups based on the tertile values of mtDNAcn,
those in the intermediate and low mtDNAcn groups exhibited
reduced risks of BCR with HRs of 0.97 (95% CI: 0.40-2.36) and 0.19
(95% CI: 0.05-0.69), respectively (P for trend = 0.012) compared
to patients with high mtDNAcn. In quartile analysis, the HRs
for the third (intermediate high), second (intermediate low) and
first quartile (lowest) of mtDNAcn were 0.67 (95% CI: 0.25-1.84),

Characteristics N (%) Mean (SD) P value
Age at diagnosis, years

<55 100 (31.55) 2.45 (1.37) Ref.

55-65 140 (44.16) 2.37 (1.58) 0.369

>65 77 (24.29) 2.16 (1.15) 0.194
Smoking status at diagnosis

Non-smoker 181 (57.10) 2.43 (1.56) Ref.

Former smoker 95 (29.97) 2.22 (1.13) 0.673

Current smoker 41 (12.93) 2.26 (1.40) 0.510
BMI at diagnosis, kg/m?

<25 37 (11.67) 2.30 (1.26) Ref.

25-29.99 (overweight) 99 (31.23) 2.44 (1.72) 0.901

>30 (obese) 128 (40.38) 2.35 (1.38) 0.932
Total GS

<6 93 (29.34) 2.43 (1.59) Ref.

7 182 (57.41) 2.35 (1.40) 0.464

>8 42 (13.25) 2.13 (1.09) 0.274
Clinical tumor stage

T1 179 (56.47) 2.45 (1.60) Ref.

T2 118 (37.22) 2.22 (1.15) 0.446

T3-T4 20 (6.31) 2.05 (1.11) 0.285
PSA at diagnosis

<10 ng/ml 244 (76.97) 2.29 (1.42) Ref.

10-20 ng/ml 46 (14.51) 243 (1.32) 0.301

>20 ng/ml 27 (8.52) 2.65 (1.60) 0.170
D’Amico risk group

Low 79 (24.92) 2.42 (1.54) Ref.

Intermediate 164 (51.74) 2.40 (1.40) 0.743

High 74 (23.34) 2.14 (1.33) 0.078
Initial primary treatment

Radical prostatectomy 170 (53.63) 2.38(1.62) Ref.

Radiotherapy 65 (20.50) 2.28 (1.22) 0.693

Surveillance or unknown 72 (22.71) 2.27 (1.08) 0.691

Other treatment 10 (3.15) 2.60 (1.33) 0.410
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mtDNAcn

No BCR

BCR

N (%)

N (%)

Adjusted HR?* (95% CI)

P value

Adjusted HR® (95% CI)

P value

By median
High
Low

By tertile
High
Intermediate
Low

138 (86.79)
150 (94.94)

92 (86.79)
95 (89.62)
101 (96.19)

21 (13.21)
8 (5.06)

14 (13.21)
11 (10.38)
4(3.81)

Reference
0.35 (0.14-0.86)

Reference
0.96 (0.41-2.28)
0.21 (0.06-0.75)

0.022

0.932
0.016

Reference
0.32 (0.13-0.79)

Reference
0.97 (0.40-2.36)
0.19 (0.05-0.69)

0.014

0.943
0.012

By quartile
Highest 68 (85.00)
Intermediate high 70 (88.61)
Intermediate low 73 (92.41)
Lowest 77 (97.47)

Reference
0.66 (0.25-1.76) 0.41
0.60 (0.22-1.67) 0.33
0.07 (0.01-0.54)

0.017¢ 0.012¢
Reference

0.67 (0.25-1.84)
0.58 (0.21-1.61)
0.06 (0.01-0.47)

0.441
0.294
0.008
0.002¢

0.011
0.004¢

2Adjusted for age only.

vAdjusted for age, smoking status, pack-year, BMI, D’Amico risk groups and treatment.

<P for trend.

0.58 (95% CI: 0.21-1.61) and 0.06 (95% CI: 0.01-0.47), respect-
ively (P for trend = 0.002), compared to fourth quartile (highest)
mtDNAcn (Table 2). In Kaplan-Meier survival analyses, patients
with higher mtDNAcn exhibited significantly shorter BCR-free
survival time than those with lower mtDNAcn in dichotomous,
tertile and quartile analyses, with long-rank P values of 0.017,
0.024 and 0.019, respectively (Figure 1).

We also performed exploratory stratified analyses by age
and D’Amico risk groups (Table 3). The association between
mtDNAcn and BCR was similar among young (HR = 0.32, 95% CI:
0.07-1.14, P = 0.08) and old-aged patients (HR = 0.35, 95% CI: 0.09-
1.35, P = 0.102), although neither reached statistical significant
due to small sample size. The association of mtDNAcn with BCR
appeared to be stronger in high D’Amico risk group (HR =0.29,
95% CI: 0.07-1.22, P = 0.092) than in low- and intermediate-risk
groups (HR = 0.52, 95% CI: 0.13-2.07, P = 0.362), but larger sample
size study is needed for these stratified analyses.

Discussion

In this study, we found that patients with low mtDNA copy
number in PBLs exhibited a significant lower risk of BCR in local-
ized AA PCa patients and there was a significant dose-response
correlation between lower mtDNAcn and lower risk of BCR. To our
knowledge, this is the first study to report a significant associ-
ation between leukocyte mtDNAcn and BCR in AA PCa patients.

Given the essential roles of mitochondria playing in diverse
cellular functions such as energy metabolism, proliferation,
apoptosis and autophagy (15), mitochondrial dysfunction is an
important cancer driving event. Earlier studies have focused on
somatic mutations and deletions of mtDNA and demonstrated
high prevalence of such events in many tumors including
prostate tumors (20-24). In vitro and in vivo studies provided
functional evidence that mtDNA mutations promoted PCa pro-
liferation and tumorigenesis (23,24). MtDNAcn alterations have
also been frequently observed in most cancer types compared to
normal tissues (42,43). A recent study surveyed mtDNAcn vari-
ation in different tumor types using TCGA whole exome and
whole genome sequencing data and found predominant reduc-
tion of mtDNAcn in tumor tissues compared to adjacent normal
tissues (43), consistent with many previous studies based on
quantitative real-time PCR measurement (42).

A

1

BCR-free Survival Rate
0,70 0,80 0,90

P=0.017 (Log-rank test)
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Figure 1. Kaplan-Meier curve comparing the probability of the BCR-free survival
in AA PCa patients based on mtDNAcn in PBLs. (A) Dichotomized at the median
value of mtDNAcn. (B) Tertile analysis. (C) Quartile analysis.

In contrast to the consistent observation of mtDNAcn reduc-
tion in most tumor tissues, the studies of leukocyte mtDNAcn
of cancer patients and its association with cancer risk have
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Table 3. Stratified analyses of mtDNA copy number with BCR
No BCR BCR
mtDNAcn N (%) N (%) Adjusted HR?® (95% CI) P value
Age®
Young
High 69 (87.34) 10 (12.66) Reference
Low 74 (93.67) 5 (6.33) 0.32 (0.07-1.14) 0.080
old
High 69 (86.25) 11 (13.75) Reference
Low 76 (96.20) 3(3.80) 0.35 (0.09-1.35) 0.102
D’Amico risk groups
Low and intermediate
High 115 (95.04) 6 (4.96) Reference
Low 116 (95.08) 6 (4.92) 0.52 (0.13-2.07) 0.362
High
High 23 (62.16) 14 (37.84) Reference
Low 34 (91.89) 3(8.11) 0.29 (0.07-1.22) 0.092

2Adjusted for age, smoking status, pack-year, BMI, D’Amico risk groups and treatment.

*Dichotomized using the median age as the cut-off age.

been heterogeneous. Both high and low mtDNAcn in PBLs have
been associated with increased cancer risks (44). The reasons
for the heterogeneous results are multi-fold: different study de-
sign (prospective and retrospective), different cancer types and
etiology, heterogeneous population, small sample size and dif-
ferent assays.

There have also been numerous studies evaluating the as-
sociations of mtDNAcn with cancer outcomes. A recent meta-
analysis summarized the results of 18 studies comprising 3961
cancer patients and concluded that elevated mtDNAcns in PBLs
and tumor tissues predict the opposite outcome of cancer (37).
Specifically, high mtDNAcn in PBLs predicted a poor cancer prog-
nosis (overall survival: HR=1.624, 95% CI: 1.211-2.177, P=0.001;
disease-free survival: HR=1.582, 95% CI: 1.026-2.439, P=0.038),
whereas high mtDNAcn in tumor tissue exhibited better out-
comes (overall survival: HR=0.604, 95% CI: 0.406-0.899, P=0.013;
disease-free survival: HR=0.593, 95% CI: 0.411-0.857, P=0.005).
These findings were further substantiated in detailed analyses
in blood or tissue subgroup (37). All the studies included in that
meta-analysis were Caucasians and Asians. Our results were
in line with that meta-analysis since we observed high leuko-
cyte mtDNAcn was associated with a poor prognosis (worse
BCR-free survival). Also consistent with the meta-analysis re-
sults, several previous reports showed that lower mtDNAcn in
prostate tumors was associated with worse prognosis (45-47).
Previously, there was only one study evaluating the prognostic
role of mtDNAcn in PBLs in Caucasian PCa patients. Tu et al. (41)
reported that mtDNAcn at diagnosis was significantly lower
in patients with GS of >8 than in patients with GS of <7 and
might predict disease progression, although the latter test did
not reach statistical significance in multivariate Cox analysis. In
an earlier Chinese study, Zhou et al. reported that high leuko-
cyte mtDNAcn at diagnosis was significantly associated with
high GS and advanced tumor stage (48). For the first time, we
reported a significant association between higher level of leuko-
cyte mtDNAcn and higher risk of BCR in localized PCa patients.
Future studies are warranted to confirm our observations in AA
and other races/ethnicities.

Biologically, mtDNAcn is specific to different tissue types,
which reflects differing energy requirements (49,50). There is
generally no correlation of mtDNAcn between different tis-
sues. In tumor tissues, hypoxia inducible factor induced by

aggravating hypoxia inhibits mitochondrial biogenesis and dis-
rupts mitochondria by mitophagy, leading to lower mitochon-
drial activity as an advantage for cancer progression. Therefore,
lower miDNAcnh in prostate tumors favors cancer progression
and is associated with worse prognosis. On the other hand,
leukocyte mtDNAcn reflects the pathophysiological status of
various immune cells. Previous studies have demonstrated
that immune cell regulation may explain the mechanisms
underlying the association of high leukocyte mtDNAcn with
worse prognosis of cancer. In one study (39), glioma patients
with high leukocyte mtDNAcn had significantly lower frequency
of natural killer (NK) cells, which play important roles in the
first-line defense against tumor (51), thus low frequency of NK
cells may impair the immune defense against tumor cells and
lead to poor prognosis. In another study (40), colorectal cancer
patients with high leukocyte mtDNAcn exhibited enhanced im-
munosuppressive phenotypes, such as higher CD4* T cells and
higher percentage of CD4*CD25*FOXP3* regulatory T (Treg) cells
in CD4" T cells, higher IL-2 and TGF-f1, and lower TNF-a con-
centration in the plasma. In a third study, liver cancer patients
with high leukocyte mtDNAcn exhibited a higher frequency of
CD4+*CD25*FOXP3* Treg cells and lower frequency of NK cells,
higher TGF-f1 and lower TNF-a and IFN-y plasma concentra-
tion, indicating an immunosuppressive status. Furthermore,
high leukocyte mtDNAcn significantly enhanced the reactive
oxygen species-mediated secretion of TGF-f31, which facilitates
the differentiation and expansion of Treg (52). Collectively, these
studies suggest that elevated leukocyte mtDNAcn promotes
cancer progression at least partially through reactive oxygen
species-induced immunosuppressive effects. Future studies are
needed to determine whether leukocyte mtDNAcns are associ-
ated with the frequencies of Treg and NK cell.

There are several strengths of our study. This is the first re-
port linking leukocyte mtDNAcn with worse prognosis in AA
PCa patients. The observed association is biologically plausible.
The blood samples were obtained before any treatments. All the
patients were treated at MD Anderson Cancer Center with com-
prehensive clinical data and long-term follow-up. MtDNAcn was
measured using the well-established, quantitative real-time PCR
method. There are also a couple of limitations. First, the sample
size was modest. Second, we only analyzed BCR as a prognosis
endpoint, but not mortality, due to the small number of death
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events of localized PCa patients. Third, a variety of lifestyle fac-
tors including diet and physical activity, have been shown to
influence mtDNAcn. We did not have data on these lifestyle fac-
tors and could not account for these variables in our analyses.
There may be other residual confounding factors.

In summary, our study reported for the first time that high
mtDNAcn in PBLs is associated with a significantly increased
risk of BCR in localized AA PCa patient in a dose-response way.
Future studies are warranted to validate our observations in in-
dependent patient cohorts and study the biological mechanism
underlying the association between leukocyte mtDNAcn and
worse prognosis in PCa patients.
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