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Abstract
Background Prostate cancer (PCa) shows racial disparity in clinical and genomic characteristics, and Asian patients with
PCa often present with more aggressive phenotypes at diagnosis. The ability of TP53 to serve as a prognostic biomarker of
PCa has been well studied in Western populations. However, no studies to date have examined the role of TP53 in the
disparities of primary hormone-naïve prostate cancer (HNPC) between Chinese and Western populations.
Methods We collected prostate tumors and matched normal tissues or blood samples to perform targeted next-generation
sequencing of 94 Chinese primary localized HNPC samples, and correlated these genomic profiles with clinical outcomes.
The OncoKB knowledge database was used to identify and classify actionable alterations.
Results The aberrations of PTEN, CDK12, and SPOP in Chinese HNPC samples were similar to those in the Western
samples. However, we demonstrated an association of a high frequency of TP53 alterations (21/94) with a relatively higher
percentage of alterations in the Wnt signaling pathway (15/94) in Chinese HNPC. Additionally, we highlighted alterations of
LRP1B as accounting for a high proportion of PCa and found more frequent alterations in CDH1 in Chinese PCa. Of these,
only CDH1 alteration was associated with rapid biochemical recurrence (BCR). However, we verified that TP53 status was
at the core of the genomic alteration landscape in Chinese HNPC with putative driver mutations because of the strong
connections with other signaling pathways. The mutually exclusive relationship between alterations in TP53 and Wnt/
CTNNB1 further molecularly characterizes subsets of prostate cancers. Moreover, the alteration of KMT2C was more likely
to co-occur with TP53 alteration, indicating a more aggressive phenotype of PCa, which was associated with sensitivity to
treatment with poly ADT–ribose polymerase (PARP) inhibitors.
Conclusions Detection of TP53 alterations has clinical utility for guiding precision cancer therapy for HNPC, especially in
the Chinese population.

Introduction

Prostate cancer (PCa) is the most common cancer fol-
lowed by lung cancer in men in 2020, accounting for more
than 20% of new male cancer diagnoses in the US, and
there will be 33,330 PCa-related deaths in the US [1].
Although the majority of new cases are diagnosed with
localized PCa, 4% of patients are diagnosed with meta-
static PCa at their first presentation, especially in
unscreened populations [2].

With dramatic economic growth and westernized life-
style changes, the incidence rate of PCa has increased
rapidly in China with an annual percentage change of
12.6% since 2000 [3]. Thirty percent of Chinese patients
are diagnosed with metastatic PCa, and this phenomenon
that an aggressive phenotype of PCa at diagnosis is more
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common in Asian than in Western population was con-
firmed in other Asian countries [4, 5]. Currently, second-
generation androgen receptor signaling inhibitors (e.g.,
abiraterone and enzalutamide) and chemotherapy (e.g.,
cabazitaxel and docetaxel) are mainstays of treatment for
advanced PCa [6–8]. Unfortunately, after the initial
response, most patients develop secondary resistance,
along with 10–40% patients who exhibit primary resis-
tance [2].

As a key tumor suppressor gene (TSG), TP53 plays a
pivotal role in genomic stability, cell cycle arrest, and other
important signaling pathways [9]. TP53 mutation is one of
the most common alternations, affecting 50% of metastatic
PCa cases [10]. Many studies have demonstrated that
TP53 status has the prognostic clinical significance in
castration-resistant prostate cancer (CRPC), and acts as a
biomarker of poor response to novel hormonal therapies
(abiraterone and enzalutamide) [11, 12]. However, studies
of TP53 status in hormone-naïve prostate cancer (HNPC)
are rare, especially in the Chinese population.

We performed targeted next-generation sequencing of 94
prostate cancer samples to molecularly characterize prostate
cancer in the Chinese population, especially the role of
TP53. Together, these data provide insights into the geno-
mic landscape of Chinese primary PCa and the important
role of TP53 in HNPC. We also highlight molecular aber-
rations that may help to triage patients for precision prostate
cancer therapy.

Materials and methods

Patients and samples

We included a cohort of 293 patients with PCa who had
undergone radical prostatectomy or prostatic biopsy from
January 2018 to March 2019 at Qi Lu Hospital of Shan-
dong University. Prostate tumor and matched normal
tissues or blood samples were collected under the
experimental protocols approved by the Institutional
Ethics Review Committee of Shandong University. We
excluded patients who received neoadjuvant androgen
deprivation therapy (ADT) and those who were lost to
follow-up. We ultimately included 101 patients (94
localized HNPC, 7 metastatic HNPC) in our study, and all
patients had complete clinical and follow-up records,
including age, PSA, Gleason score, pathological stage,
and National Comprehensive Cancer Network (NCCN)
risk group. Informed consent was obtained from all par-
ticipants. All tumor tissues were reviewed by two inde-
pendent pathologists, and samples with estimated tumor
purity >20% on histopathologic assessment were sub-
jected to genomic profiling.

Targeted next-generation sequencing and genetic
analysis

At least 50 ng of genomic DNA from patient samples in our
cohort were subjected to the hybridization capture-based
next-generation sequencing panel, which contained all
exons of 450 cancer-related genes and selected introns of 36
genes (Supplementary Table S1). The captured libraries
were sequenced on an Illumina NextSeq-500 Platform
(Illumina Incorporated) and the genomic alterations were
analyzed. The genomic alteration profile is shown in Sup-
plementary Tables S2 and S3.

Identification and classification of actionable
alterations

The actionability of genetic alterations was determined
according to the OncoKB knowledge database
(https://www.oncokb.org/), in which the actionable altera-
tions were classified as level 1, 2A/B, 3A/B, and 4. In our
study, we defined alterations within levels 1–4 as transla-
tional targets, while levels 1-2B as actionable targets.

Statistical analysis

All analyses were performed using R version 3.4.2. Con-
tinuous variables are expressed as the mean ± SD if they
were normally distributed, otherwise as the median with
interquartile ranges are presented. The R package “rcom-
panion” was used to conduct Fisher’s exact test or the χ2

test and post hoc tests for comparisons of co-mutation and
exclusion analysis. The rapid biomedical recurrence is
biomedical failure within 18 months, and Fisher’s exact test
or the χ2 test was performed to examine the association of
gene aberrations with rapid BCR. All reported P values
were two-tailed, and P < 0.05 was considered statistically
significant.

Results

A total of 101 HNPC patients were enrolled in our study,
including 94 patients who underwent radical prostatectomy
(RP) with primary localized PCa and 7 metastatic tumor
biopsies (bone (N= 3), lung (N= 2), liver (N= 1) and
lymph node (N= 1)). We ultimately included 94 localized
HNPCs for analysis given the heterogeneity between pri-
mary and metastatic PCa. All 94 paired samples were
received from patients without ADT who were pathologi-
cally diagnosed with prostate adenocarcinoma, with a
median follow-up of 20 months. The median age of 94
patients at diagnosis was 68 years old, and the median
prostate-specific antigen (PSA) level was 16.94 ng/ml.
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Other clinical and pathological characteristics are summar-
ized in Table 1. To illustrate the genomics of Chinese
HNPC, we performed a targeted next-generation sequen-
cing panel that captured mutations in coding regions of 450
cancer-related genes, including the key TSGs: TP53, PTEN,
RB1, and other prostate cancer-related genes, such as AR
and DNA damage repair (DDR) genes (Supplementary
Table S1). The most frequently aberrant genes in our cohort
included TP53 (22.3%), ERG (18.1%), SPOP (17.0%),
BRCA2 (7.4%), APC (6.4%), CDH1 (5.3%) and LRP1B
(5.3%) (Fig. 1a).

TP53 alterations

In our study, 21/94 (22.3%) of cases harbored TP53
alterations, and the TP53 alteration rate was higher than that
reported in other studies (3–12.5%) [13–15]. This difference
in TP53 alteration between Chinese and Western popula-
tions corresponds with the phenomenon that advanced PCa
at diagnosis is more common in Asians [5]. In our study, the
TP53 alteration types were substitutions/indels (73.9%) and

truncation (26.1%) (Fig. 1a). As shown in Fig. 1b, the
majority of TP53 alterations occurred in the region of the
central core sequence-specific DNA-binding domain
(DBD), which was similar to the results reported in prior
studies [16]. There was one patient who carried two dif-
ferent TP53 alterations (Patient 023: V157F, E287Rfs*58)
in our study, and the most common mutation types were
R175H (2/22), R273C/H (2/22), and R337L (2/22), which
were also the most commonly explored substitution type of
TP53 mutation, showing oncogenic gain of function(GOF)
in the initiation and progression of cancer [9].

AR alterations

In our study, only 1/94 localized HNPC sample harbored
AR alteration, and in aggregate, 2/7 of cases harbored AR
alterations in metastatic HNPCs (Supplementary Table 3).
All three AR alterations were AR amplifications. This
situation related to AR aberrations in our study further
demonstrates that AR alterations are uncommon in primary
hormone-naïve disease but have a higher rate in patients
with metastatic prostate cancer [17].

Wnt signaling pathway

In total, 15/94 (16%) of cases harbored aberrations in the
Wnt signaling pathway, including 6 cases with APC inac-
tivating mutations and 4 cases with activating mutations in
CTNNB1 (Fig. 3a). Thus, patients with HNPC in our cohort
had a higher alteration frequency for the Wnt signaling
pathway than observed in a Western study (7%) [18].
Moreover, the alteration frequency for the Wnt signaling
pathway in our primary localized HNPC cases (15/94) was
similar to that reported in metastatic castration-resistant
prostate cancer (mCRPC, 27/150) [10], further demon-
strating that Asian patients have more aggressive pheno-
types of PCa at diagnosis than Western patients.

Interestingly, we found that alterations in the Wnt sig-
naling pathway were rarely observed in conjunction with
TP53 mutation, and there was a mutually exclusive rela-
tionship between TP53 alteration and CTNNB1 mutation
(Fig. 2a, b).

DNA damage repair pathway

In total, 21/94 (22.3%) of cases harbored at least one
alteration in the DNA damage repair (DDR) pathway. The
most affected DDR subtypes were homologous recombi-
nation (HR) and mismatch repair (MMR) (Fig. 2a). The
most frequently mutated DDR gene was BRCA2, followed
by ATM (Fig. 3b). Furthermore, the mutation rate of
BRCA2 was 7/94 of HNPC in our cohorts, which corre-
sponded with prior Western studies [14, 18]. Most

Table 1 Characteristics of 94 patients with HNPC.

Age

Median 68

(range) 51–87

PSA at diagnosis (ng/ml)

Median 16.94

<4 8 (8.51%)

4–10 7 (7.45%)

10–20 41 (43.62%)

>20 38 (40.42%)

Gleason Score, n (%)

5 1 (1.06%)

6 2 (2.13%)

7 40 (42.56%)

8 8 (8.51%)

9 42 (44.68%)

10 1 (1.06%)

T Stage, n (%)

T2 39 (41.49%)

T3 48 (51.06%)

T4 7 (7.45%)

N Stage, n (%)

N0 88 (93.62%)

N1 4 (4.25%)

Nx 2 (2.13%)

NCCN risk groups, n (%)

Intermediate 20 (21.28%)

High 31 (32.98%)

Very high 43 (45.74%)
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importantly, 13/94 (BRCA2 N= 7, BRCA1 N= 3, ATM
N= 4, one case harboring both BRCA2 alteration and ATM
alteration) of cases would benefit from treatment with poly
ADT–ribose polymerase (PARP) inhibitors [19]. It is well
established that patients with mismatch-repair deficiency
(dMMR) or microsatellite instability-high (MSI-H) have a
good response to immune checkpoint–inhibiting therapies
[20]. In total, 5/94 (5.3%) of cases harbored at least one
alteration in MMR, including two patients harboring MSH6
alterations, two patients harboring MLH1 alterations and
one patient harboring alterations of both MSH6 and MSH2
(Fig. 2a). The prevalence of dMMR in our localized HNPC
was higher than that in the Western population (9/333) and
appears to be similar to that in metastatic prostate cancers
(3.1–8.1%) [15, 21, 22]. Through integrative analysis, we

found co-occurrence of BRCA2 mutation and LIMK1
alternation (Fig. 2b), and high expression of LIMK1 in
prostate cancer indicates a poor outcome [23].

Germline DDR mutations, especially loss-of function
BRCA2 mutations, are found primarily in prostate cancer
presenting a more aggressive phenotype and a poor prog-
nosis [24]. In our study, we found germline mutations in
BRCA2, ATM, CHEK2, RAD50, and RAD50D, among
which BRCA2 (5/7) harbored the most frequent germline
mutation.

Other key gene alterations in prostate cancer

The mutation in SPOP, the substrate-binding pocket of the
E3 ubiquitin ligase adapter, was present in 6–15% of

Fig. 1 Significant genomic
alterations in PCa. a Frequency
of genomic alterations. All the
type of ERG fusions were
TMPRSS2-ERG fusions, the
other TMPRSS2 fusion occurred
between TMPRSS2 and KLF12,
PDE9A, MIR99AHG, and
SLC5A4. b Mutational
signatures of TP53 in
prostate cancer. TAD
Transactivation domain, DBD
DNA-binding domain, OD
Oligomerization domain.

Fig. 2 Landscape of genomic alterations in PCa. a Oncoprint of selected cancer-relative alterations, pathways in PCa, separated by the status of
TP53. b Co-occurrence or mutual exclusivity between the most commonly mutated genes.
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primary prostate cancers as previously reported in Western
cohorts [25]. In total, 16/94 (17.0%) of cases harbored
SPOP mutations in our cohort, which was similar to report
of other cohort [25]. Moreover, as shown in Fig. 3c, all
these SPOP mutations were substitutions, and no SPOP
mutations were found in metastatic HNPC in our cohort
(Supplementary Table 3), which corresponded with the
interesting finding that SPOP mutations were less frequent
in metastatic PCa than in primary cases [15].

Strikingly, we found a mutually exclusive relationship
between SPOP mutation and TP53 alteration (Fig. 2b). We
also found strong mutual exclusivity between SPOP muta-
tion and alterations in TMPRSS2-ERG fusion as in a prior
study (Fig. 2b) [25]. This further demonstrates that the
SPOP mutation represents a molecular subtype of PCa [15].

CDH1, encoding the protein E-cadherin, was one of the
top 15 genes harboring alterations in our cohort, and the
most alteration subtype was truncation (Figs. 1a and 3d).

Fig. 3 Alterations of genes in
the cancer-related pathway
found in PCa. a Mutational
signatures of APC/CTNNB1.
ARM Armadillo/beta-catenin-
like repeat. b Mutational
signatures of BRCA 1/2 and
ATM. HELC helical domain,
OB oligosaccharide-binding
domain, zf-C3HC4 Zinc finger,
C3HC4 type, BRCT_assoc
Serine-rich domain associated
with BRCT, EIN3 Ethylene
insensitive 3 domain, BRCT
BRCA1 c-terminus domain,
TAN Telomere-length
maintenance and DNA damage
repair, FAT FRAP-ATM-
TRRAP domain, PI3_I4K
phosphatidylinositol 3- and 4-
kinase, FATC FAT c-terminal
domain. c Mutational signatures
of SPOP. MATH MATH
domain, BTB Broad Complex,
Tramtrack and Bric a brac/
poxvirus and zinc finger domain.
d Mutational signatures of
CDH1. Cadherin_pro Caderin
prodomain like, Cadherin_C
Cadherin cytoplasmic region.
e Mutational signatures
of LRP1B.
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Moreover, we found more frequent CDH1 alterations than
that in prior studies (5.3% in our localized HNPC, 0.9–2.9%
in Western primary PCa) [25, 26].

Low-density lipoprotein receptor-related protein 1B
(LRP1B), a tumor suppressor gene encoding an endocytic
LDL-family receptor, received our attention because it had a
relatively high mutation rate in our cohort. There were 5/94
cases harboring LRP1B alterations which were similar to
the 2–12% of primary PCa cases reported in other studies
[13, 15]. As shown in Fig. 3e, the alteration subtypes were
substitutions and gene homozygous deletions. Furthermore,
LRP1B alterations are more commonly presented in
mCRPC, with ~9–18% patients affected [10, 27].

Actionable alterations

In our study, as shown in Fig. 4a, 48/94 (51.1%) cases
harbored at least one targeted alteration with any level of
OncoKB recommendations [28], including 8 cases in the
TP53 mutant group and 40 cases in the TP53 wild-type
group. More importantly, 29/94 (30.9%) cases harbored
actionable alterations including OncoKB recommendations
of level 1-level 2B. The proportion of actionable alterations
in the TP53 mutant group (6/21) was similar to that in the
TP53 wild-type group (23/73) (Fig. 4a). However, most
actionable alterations (5/8) were recommended as level 1 in
the TP53 mutant group but only (13/40) in the TP53 wild-
type group. As shown in Fig. 4b, c, the actionable altera-
tions were oncogenic mutations of BRCA2, ATM, CHEK2,
and PIK3CA in the TP53 mutant group, while the TP53
wild-type group harbored more other actionable alterations
(e.g., BRCA1, RAD51D) except for these four genes in the
TP53 mutant group.

Association of genomic alterations with clinical
outcomes

Although our study included patients registered in our
center from January 2018 to March 2019, we still obtained a
median follow-up time of 20 months. There were
29 cases with biochemical recurrence (BCR, PSA nadir +
0.2 ng/mL), including bone metastasis in 4 cases. Rapid
biochemical recurrence is biochemical failure within
18 months of primary local therapy, and it is a marker of
poor prognosis of prostate cancer [29, 30]. There were
29/94 (30.9%) cases suffering rapid biochemical recurrence
in our study, which is higher than reported in the Western
population (~20%) [29, 30]. We then examined the asso-
ciation of gene aberrations with rapid BCR (Table 2). In our
study, we found an association of CDH1 alteration with
rapid BCR. However, there were no associations of aber-
rations of TP53, PTEN, BRCA2 with rapid BCR, although
these aberrations were risk factors for BCR in prior studies

[31–33]. These different conclusions between our study and
prior studies may be attributed to the small sample size in
our study, and further studies are needed to validate the
association of genomics with clinical outcomes of HNPC.

Discussion

PCa is a typical cancer harboring not only intratumor het-
erogeneity but also intertumor heterogeneity, especially in
patients with different racial and ethnic backgrounds [34].
The heterogeneity of PCa could explain the phenomenon
that Asians have a more aggressive phenotype of PCa than
individuals from Western countries at diagnosis. However,
the underlying molecular mechanism is unclear. Genomic
molecular alterations in Asians should be explored in detail
to find actionable alterations, thus guiding precision cancer
therapy.

In our study, the most frequent alteration was TP53, with
21/94 of individuals affected, strongly implying a pivotal
role in the carcinogenesis and progression of PCa [35]. The
most commonly mutated region of TP53 was DBD, and
R175H, R273C/H, and R337L were the most frequently
mutated subtypes. Unlike to R175H and R273C/H, which
were localized at DBD and their oncogenic GOF were
comprehensively explored, studies on R337L mutation of
TP53 are rare. Kunimasa et al. discovered that lung cancers
harboring the TP53 R337L mutation have poor outcomes
[36]. However, there are no studies focusing on the
underlying mechanism of TP53 R337L. As shown in
Fig. 1b, TP53 R337L occurred at the region of the oligo-
merization domain, which is mainly involved in ubiquiti-
nation of TP53 [37]. Therefore, we hypothesized that TP53
R337L plays an important role in the stability and sub-
cellular localization of TP53, as the ubiquitination status of
TP53 (monoubiquitination or polyubiquitination) is a sure
sign of its distinct biological function [38]. Thus, the bio-
logical function of TP53 R337L warrants investigation in
the cancer model systems.

Moreover, unlike the primary HNPCs in the West, which
harbor infrequent alterations in the Wnt pathway, our data
identified a subset of localized HNPCs (16%) in Chinese
patients that harbored aberrations in the Wnt signaling
pathway. The Wnt alteration prevalence in our cohort
appears similar to that of metastatic prostate cancer in
Western populations [10, 39]. Activated Wnt signaling is
more common in high-risk PCa and promotes cell pro-
liferation in an androgen-independent manner [40]. These
genomic differences in the Wnt signaling pathway could
partly explain the phenomenon that Asian patients have
more aggressive phenotypes of PCa at diagnosis than
Western patients. Furthermore, the mutation of CTNNB1
had a mutually exclusive relationship with alterations of
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TP53, representing two distinct molecular subsets of PCa in
the Chinese population. More interestingly, aberrations in
the Wnt pathway act as biomarkers of the response to
immunotherapy in cancers. Pinyol et al. proved that
alterations in the Wnt signaling pathway, especially

mutations in CTNNB1, represent a “cold tumor” for
immunotherapy, which means that these cases harboring
Wnt pathway alterations develop resistance to immu-
notherapy [41]. Linch et al. found that patients with acti-
vated Wnt/CTNNB1 mutations in PCa have a low CD8

Fig. 4 Landscape of actionable alterations with OncoKB recom-
mendations in PCa. a The upper pie-plot indicates the frequency of
patients with TP53mut PCa (N= 21) or TP53wt PCa (N= 73) who
were identified with translational targets in our cohort. The lower pie-
plot shows the distribution of OncoKB levels for translational targets
in patients with TP53mut or TP53wt PCa. b The flow diagram in the
left part shows the list of translational targets for each OncoKB

recommendation level in TP53 mutant group, and the right part pre-
sents for TP53 wild-type PCa. The colors of the curving belts represent
different signaling pathways, and the widths of the belts indicate dif-
ferent frequencies for each target at every level. c The panel shows the
comparison of actionable alteration frequencies between TP53mut and
TP53wt PCa.
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+/FOXP3+ ratio in the tumor microenvironment, suggesting
immune evasion [42].

Interestingly, we found a high frequency of LRP1B
alterations in our cohort, which was confirmed as the top
mutated gene by other studies not only in primary PCa but
also in mCRPC [10, 15]. In addition to PCa, LRP1B, as the
significant TSG, has a high frequency of mutations in lung
cancer and colorectal cancer [43, 44]. However, few studies
have elucidated the biological function of LRP1B muta-
tions. Only a few studies have proposed that LRP1B
mutations, always co-occurring with a high tumor mutation
burden, may indicate a good response to immunotherapy
[45, 46]. The significant prognostic value of LRP1B
mutations will need to be prospectively assessed in clinical
trials.

Through integrative analysis, we found that TP53 status
was at the core of the genomic alteration landscape in
Chinese HNPC with putative driver mutations. First, TP53
alterations (21/94) were the most frequent alteration in our
Chines e HNPC cohort. Second, TP53 alteration was highly
connected with other signaling pathways. There was a
mutually exclusive relationship between alterations in TP53
and SPOP (Fig. 2a, b). The highest level of AR activity is
present in the subtype of SPOP mutation, indicating a good
response to ARSI, while TP53 alterations, relating to
reduced tumor dependency on AR signaling, are associated
with resistance to the ARSI [47]. Furthermore, there was
also a mutually exclusive relationship between alterations in
TP53 and Wnt/CTNNB1, which promoted PCa progression
in an androgen-independent manner [40]. Additionally,
there was a co-occurring relationship between alterations in
KMT2C and TP53, and the mutation of KMT2C is common
in PCa [48]. Rampias et al. demonstrated that KMT2C
could regulate DDR genes, and patients with KMT2C
mutation are more sensitive to treatment with PARP inhi-
bitors [49].

We noticed that the prevalence of gene aberrations in our
Chinese cohort was different from that in the Ren et al.
study [5]. The commonly mutated genes in the Ren et al.

Chinese cohort were SPOP (9.52%), TP53 (3.33%), ATM
(2.86%), and CTNNB1 (0.95%), and the mutation fre-
quencies were lower than those in our cohort, especially for
TP53 (22.3%) and CTNNB1 (4.3%). Moreover, the fre-
quency of TMPRESS2-ERG fusion in our cohort is two
times that in the Ren et al. cohort (18.1% vs 9.2%), both of
which are much lower than those in the Western population
(~50%) [50]. Through analysis of the characterizations of
enrolled cases, we found that the proportion of the NCCN
high/very high-risk group in our cohort was much higher
than that in Ren et al. study (75.72% vs 66.52%). Another
plausible explanation for the genomic differences between
these two studies is the different geographic distributions of
the study population. Patients in our study come from
Shandong Province, northern China, while patients in the
Ren et al. study come from Shanghai, southern China.
Shanghai is the most developed city in China, in which
people have a more westernized lifestyle, and it is truly
different from Shandong Province. Moreover, we also
found this heterogeneity in prostate cancer caused by geo-
graphic distribution between mainland China and Hong
Kong [4].

There were several limitations in our study that need to
be considered. First, the patients enrolled in our cohort
came from a single center, which is not representative of
patients nationally. Furthermore, due to the relatively
small sample size in our study, bias could not be elimi-
nated completely and further studies enrolling a large
sample size from different centers in China should be
performed to validate the genomic characteristics of
HNPC in Chinese men. In addition, our next-generation
sequencing panel contained only exons of 450 cancer-
related genes and selected introns of 36 genes, which led
to data loss of other gene aberrations and other types of
variants, such as genomic structural variants (SVs)
involved in the introns.

Overall, this study provides new insight into the genomic
alterations that characterize HNPC in the Chinese popula-
tion. More importantly, our data on HNPC indicate that it is
essential to perform further targeted NGS for precision
treatment after finding significant TP53 alterations in PCa.
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Table 2 Association of common genomic alterations with rapid
biochemical recurrence.

Gene/pathway alteration OR (95% CI) p value

TP53 2.584 (1.002–6.537) 0.0590

PTEN 1.573 (0.4663–5.545) 0.4920

Wnt pathway 2.267 (0.7796–6.490) 0.2209

BRCA2 1.760 (0.4174–6.892) 0.6724

dMMR 1.531 (0.2589–7.807) 0.6423

SPOP 0.787 (0.2582–2.536) >0.9999

CDH1 10.24 (1.521–126.8) 0.0303

LRP1B 1.531 (0.2589–7.807) 0.6423
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