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In brief

Zhang et al. report a phase 2 trial
evaluating neoadjuvant fuzuloparib plus
abiraterone in treatment-naive men with
high-risk localized prostate cancer. The
combined pCR/MRD rate is 46%, with a
53% 2-year biochemical progression-free
survival. The trial demonstrates
feasibility, preliminary efficacy, and
potential biomarkers for future studies.
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SUMMARY

Preclinical studies suggest synergistic effects between androgen receptor inhibitors and poly(adenosine
diphosphate-ribose) polymerase (PARP) inhibitors. This phase 2 trial (NCT05223582) evaluates neoadjuvant
fuzuloparib plus abiraterone in 35 treatment-naive men with localized high-risk prostate cancer. Patients
receive six cycles of therapy followed by radical prostatectomy. Primary endpoints are pathological com-
plete response (pCR) and minimal residual disease (MRD, <5 mm). The combined pCR/MRD rate is 46%
(95% confidence interval [Cl]: 29%-63%), with a 53% 2-year biochemical progression-free survival rate.
Grade >3 adverse events occur in 23% of patients. Biallelic homologous recombination repair/BRCAZ2 alter-
ations correlate with faster prostate-specific antigen decline. Post-treatment genomic analyses reveal
reduced MYC ampilification and proliferation markers, alongside activated epithelial-mesenchymal transi-
tion/activator protein 1 (AP-1) pathways. The trial meets its primary endpoint, demonstrating feasibility

and preliminary efficacy, while exploratory biomarkers may guide future studies.

INTRODUCTION

Radical prostatectomy (RP) is a standard therapeutic approach for
patients with clinically localized prostate cancer (PCa). However,
individuals presenting with high-risk features, such as serum pros-
tate-specific antigen (PSA) levels exceeding 20 ng/mL, advanced
stage (>¢T3), and high-grade tumors (grade group 4 or 5), face an
elevated risk of biochemical recurrence and metastasis post RP."
These patients, particularly those with nodal involvement (cN1),
are most likely to benefit from intensified treatment strategies,”
which has led to the integration of multimodal approaches to opti-
mize disease control.>*

Neoadjuvant conventional androgen deprivation therapy
(ADT) has been shown to reduce positive surgical margins and
extraprostatic extension but does not significantly improve sur-
vival outcomes.® Over the past decade, intensified androgen re-
ceptor signaling inhibitors (ARSis), including abiraterone, enzalu-
tamide, and apalutamide, have been explored as preoperative

treatments for localized PCa. Favorable pathological responses,
such as pathological complete response (pCR, defined as the
absence of morphologically identifiable carcinoma in the RP
specimen), and minimal residual disease (MRD, defined as the
maximum diameter of residual tumor <5 mm) have been
observed in 6.4%-30% of cases (Table S1).

Poly(adenosine diphosphate-ribose) polymerase inhibitors
(PARPis), such as olaparib, talazoparib, and niraparib, have
received approval from the US Food and Drug Administration
for use in combination with ARSis as first-line treatment for pa-
tients with metastatic castration-resistant prostate cancer
(mMCRPC) harboring homologous recombination repair (HRR)
gene defects (e.g., talazoparib plus enzalutamide) or BRCA mu-
tations (e.g., olaparib plus abiraterone, niraparib plus abirater-
one). However, the majority of research on ARSi and PARPi com-
bination therapy has concentrated on the mCRPC stage, with
limited studies addressing early-stage PCa. The prevalence of
HRR mutations in localized PCa ranges from 8% to 12% in
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Table 1. Baseline characteristics

Characteristics Patients (N = 35)

Age

Median (range), years 72 (52-82)

<60, n (%) 4 (11.4%)

60-70, n (%) 7 (20.0%)

>70, n (%) 24 (68.6%)
ECOG PS, n (%)

0 31 (88.6%)

1 4 (11.4%)
Clinical T stage, N (%)

T2 16 (45.7%)

T3a 4 (11.4%)

T3b 5 (14.3%)

T4 10 (28.6%)
Clinical N stage, N (%)

NO 25 (71.4%)

N1 10 (28.6%)
Gleason score, N (%)

7B +4)7 1(2.9%)

74+9 3 (8.6%)

8 12 (34.3%)

9 16 (45.7%)

10 3 (8.6%)
PSA (ng/mL)

Median (range), ng/mL 46.9 (3.41-470)

<20, N (%) 5 (14.3%)

20-100, N (%) 20 (57.1%)

>100, N (%) 10 (28.6%)
NCCN risk group, N (%)

High risk 3 (8.6%)

Very high risk 32 (91.4%)
STAMPEDE high-risk criteria®

Yes 34 (97.1%)

No 1(2.9%)

ECOG PS, Eastern Cooperative Oncology Group performance status;
PSA, prostate-specific antigen.

#The patient was diagnosed in 2016 and subsequently underwent active
surveillance. The Gleason score was assessed based on the 2016 biopsy
specimens.

PDefined as node positive or, if node negative, having at least two of the
following: tumor stage T3 or T4, Gleason score of 8-10, and PSA >
40 ng/mL."®

predominantly Caucasian cohorts.®” Given the association of
BRCA1/2 mutations with more advanced disease,® their preva-
lence is likely higher among high-risk patients.

Recent advancements in understanding the biology of PCa
suggest that combining PARPi and ARSI may exert synergistic
effects.® Evidence indicates that this combination significantly
prolongs radiographic progression-free survival in patients with
mCRPC, irrespective of genomic alterations, though the extent
of benefit for individuals without BRCA mutations remains
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debated.'%'? In hormone-naive settings, the infrequent occur-
rence of androgen receptor (AR) pathway alterations implies
that ARSis may induce a state of “BRCAness,” enhancing tumor
susceptibility to PARPis.”'®

Fuzuloparib, a PARPI,'* has been approved in China for the
treatment of high-grade, platinum-sensitive, recurrent ovarian
cancer based on the FZOCUS-2 trial.'® A double-blind, random-
ized phase 3 trial (NCT04691804) is currently investigating fuzu-
loparib combined with abiraterone versus placebo with abirater-
one as first-line treatment in unselected patients with mCRPC.
The FAST-PC trial was conducted to assess the efficacy and
safety of fuzuloparib combined with abiraterone as neoadjuvant
therapy in patients with localized high-risk PCa. Additionally, this
study aimed to identify potential predictive biomarkers of treat-
ment efficacy and to explore the genomic characteristics of
drug-tolerant persister cells, thereby providing comprehensive
evidence to guide and optimize future clinical trials.

RESULTS

Patients

Between June 23, 2021, and November 4, 2022, 35 eligible pa-
tients were enrolled and received the study treatment. Three pa-
tients discontinued the assigned neoadjuvant therapy, and two
did not undergo RP, resulting in 30 patients included in the
per-protocol (PP) population (Figure S1). Baseline characteris-
tics are summarized in Table 1. The median age was 72 years,
with 19 patients (54%) presenting with clinical T stage > T3
and 10 patients (29%) having clinical lymph node metastasis.
19 patients (54 %) were classified as International Society of Uro-
logical Pathology grade group 5 (16 with Gleason sum 9; 3 with
Gleason sum 10). Furthermore, 32 patients (91%) were catego-
rized as having National Comprehensive Cancer Network
(NCCN) very high-risk disease,® and 34 patients (97%) met the
high-risk criteria of the STAMPEDE trial.'®

Efficacy

In the intention-to-treat (ITT) population, three patients (9%, 95%
confidence interval [Cl]: 2%-23%) achieved pCR, and 13 pa-
tients (37%, 95% Cl: 22%-55%) achieved MRD. The study
met its primary endpoint with a pathological response rate of
46% (95% Cl: 29%-63%) in the ITT population (Figure 1A).
The PP population exhibited similar results, with a pCR rate of
10% (95% Cl: 2%-27%) and an MRD rate of 40% (95% CI:
23%-59%) (Figure 1A). Consistent pathological response rates
were observed across all subgroups, except for patients with
clinical T4 stage (20%, 95% Cl: 3%-56%) (Figure 1B). Represen-
tative pathological responses after neoadjuvant treatment are
shown in Figure 1C. Of the 33 patients who underwent RP,
only one (3%) had positive surgical margins.

Among the 30 patients who underwent RP with available base-
line and pre-RP MRI data, 87% were staged as cT2 pre-RP
compared to 47% at baseline. Radiological assessments indi-
cated lower rates of lymph node involvement at RP compared
to baseline (13% vs. 33%, respectively) (Figures 2A and 2B).
Representative radiological responses, including a patient
(P34) with a biallelic BRCA2 mutation, are depicted in Figure 2C.
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The patients presented with a median baseline PSA level
of 46.9 ng/mL (interquartile range [IQR]: 30.1-114.0 ng/mL).
Following three and six cycles of neoadjuvant therapy, median
PSA reductions of 99.3% and 99.9% were achieved, respec-
tively, resulting in median PSA levels of 0.21 (IQR: 0.12-
0.52 ng/mL) and 0.06 ng/mL (IQR: 0.02-0.23 ng/mL) (Figure 2D).
Postoperatively, eight patients were advised to receive adjuvant
therapy due to the presence of ypT3/4 or ypN1 disease. Four pa-
tients opted for surveillance instead of adjuvant therapy, while
the remaining four patients underwent continuous adjuvant med-
ical castration. Adjuvant radiotherapy was not administered due
to COVID-19 restrictions. Following the COVID-19 period, these
patients subsequently received salvage radiotherapy.

One patient demonstrated radiological progression character-
ized by extensive tumor invasion and involvement of multiple
pelvic lymph nodes following six treatment cycles. A rebiopsy
indicated an active tumor with DNA mismatch repair (dAMMR)
deficiency. The patient achieved disease remission after transi-
tioning to immunotherapy (tislelizumab) and subsequently un-
derwent RP, with postoperative pathology confirming a pCR
(which was not included in the calculation of pCR rates in our
study).

Follow-up

The swimmer plot (Figure 3A) delineates the duration of treat-
ment and outcomes throughout the study period. As of the
data cutoff on May 31, 2024, with a median follow-up of
21.7 months from enroliment (IQR, 20.7 to 27.4 months) and a
median post-RP follow-up of 16.2 months (IQR, 14.1 to
21.9 months), the 2-year biochemical progression-free survival
(bPFS) was 53%, and the 2-year metastasis-free survival
(MFS) was 94% (Figures 3B and 3C). During this period, one pa-
tient succumbed, and 14 patients experienced biochemical
recurrence (BCR). There was no significant difference in bPFS
between patients who achieved pCR/MRD and those who did
not (p = 0.45, Figure S2A), which may be influenced by the fact
that four of the 16 non-pCR/MRD patients received continuous
adjuvant medical castration. The recurrence sites of the 14
BCR patients are depicted in Figure 3D, with the majority of re-
currences localized to the prostate bed (n = 6) and pelvic lymph
nodes (n = 4) (Figure 3D). These patients were managed with
salvage radiation plus medical castration. One patient who
developed supraclavicular lymph node metastasis was treated
with medical castration plus abiraterone. All recurrent patients
exhibited a favorable PSA response (>90%).

To account for the potential impact of continuous adjuvant
medical castration on bPFS and MFS post RP, we analyzed
patients who were untreated post RP and had recovered
testosterone levels (>150 ng/dL). The median bPFS duration
since testosterone recovery was 5.3 months (95% ClI, 5.3 to
not reached [NR] months, Figure 3E). Additionally, patients

Cell Reports Medicine

who achieved pCR/MRD appeared to have a longer bPFS
since testosterone recovery, although this difference was
not statistically significant (11.6 months [95% CI, 4.6 to NR
months] vs. 4.4 months [95% CI, 3.3 to NR months], p =
0.24, Figure S2B).

Safety

All 35 patients received at least one dose of the study treat-
ment. Among them, 33 patients (94%) experienced at least
one treatment-related adverse event (TRAE) (Figure 4A). The
most common TRAEs were anemia (66%, n = 23), increased
alanine aminotransferase (26%, n = 9), and decreased platelet
count (20%, n = 7). Grade 3 TRAEs were reported in five pa-
tients (14%), which included anemia (6%, n = 2), abnormal he-
patic function (6%, n = 2), increased alanine aminotransferase
(8%, n = 1), hypokalemia (3%, n = 1), and increased aspartate
aminotransferase (3%, n = 1). Patients with grade 2/3 anemia
generally resolved to grade 1 within 1 month following a dose
reduction of fuzuloparib, except for one patient who withdrew
consent (Figure 4B). No transfusions were required. One pa-
tient developed grade 4 drug-induced liver injury and recov-
ered after discontinuing the medication. Another patient suc-
cumbed to myelodysplastic syndrome (MDS), diagnosed
7 months post RP, which led to death 3 months later.
Whole-exome sequencing (WES) revealed that this patient
had a germline BRCA2 mutation and an ASXL1 clonal hema-
topoiesis of indeterminate potential (CHIP) variant, while four
other patients also carried variants in CHIP-associated genes
(Table S2).

Two patients (6%) discontinued treatment before RP due to
TRAEs, one due to grade 4 drug-induced liver injury and the
other due to grade 3 hepatic function abnormality and insomnia.
Dose reductions were necessary for four patients (11%). One pa-
tient required dose reductions of both fuzuloparib and abirater-
one due to grade 3 hepatic function abnormalities. Two patients
required a single-dose reduction of fuzuloparib for grade 2/3
anemia, and one patient required a dose reduction of abiraterone
for grade 3 insomnia. Serious adverse events were reported in
five patients (14%): two treatment-related (one drug-induced
liver injury and one MDS) and three non-treatment-related (one
diabetic nephropathy, one pneumonia, and one rib fracture).

Perioperative characteristics and complications are detailed in
Table S3. Robotic-assisted RP was performed in 21 patients
(66%), while laparoscopic RP was performed in 10 patients
(81%). The most frequent perioperative complications were fe-
ver (56%, n = 18), urinary tract infection (6%, n = 2), and urine
extravasation (6%, n = 2). There were no Clavien-Dindo grade
>3 complications, and no patients required readmission or sur-
gical reintervention within 90 days post surgery. Preoperative ul-
trasound examinations of patients’ lower extremity deep veins
revealed no thrombus formation.

Figure 1. Pathological response in the FAST-PC trial
(A) Pathological responses.

(B) Subgroup analyses of pathological responses in the intention-to-treat (ITT) population; data are presented as the pathological response rate (%) and 95% CI.

pCR, pathological complete response; MRD, minimal residual disease.

(C) Representative pathological response of patients who achieved pCR or MRD before and after treatment (hematoxylin and eosin staining, along with
confirmatory IHC for AE1/AE3 and p63). A black scale bar in the image represents 1 mm.
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Figure 2. Radiologic and biochemical response in the FAST-PC trial

(A and B) The impact of neoadjuvant treatment on clinical TN stage (based on MRI) and correlation with pathological TN stage at final pathology (n = 30); three
patients who did not receive RP at our hospital and two patients with missing post-treatment MRI data were excluded.

(C) Representative radiological response before and after neoadjuvant treatment using MRI (P34).

(D) Boxplots of the PSA level of the intention-to-treat population at baseline, following three cycles of neoadjuvant treatment, pre-RP, 1 month post RP, and
3 months post RP (n = 32-35); one PSA value 1 month post RP was missing due to loss to follow-up; two patients received RP following one cycle treatment due to
adverse events, and their PSA values at the end of cycle 1 were measured at C4D1 and before RP; the PSA value was calculated as 0.01 ng/mL if it was equal to or
lower than 0.01 ng/mL. The boxplot displays data distribution, where the bottom and top lines represent the minimum and maximum values (excluding outliers),
the lower and upper edges of the box indicate the first and third quartiles, and the middle line within the box represents the median. Outliers, if present, are shown
as individual points beyond the whiskers.

Statistical analysis was performed by the paired Wilcoxon test; ***p < 0.001, ***p < 0.0001; ns: non-significant, p > 0.05. RP, radical prostatectomy; MRI,

magnetic resonance imaging; PSA, prostate-specific antigen; C4D1, day 1 of cycle 4; C6D28, day 28 of cycle 6.

Pre-treatment genomic characteristics and correlation
with treatment response

Figure 5A illustrates the genomic landscape of the pre-treatment
biopsy samples, matched with the baseline T stage and
biochemical and pathological responses. Detected pathogenic
variants within the FAST-PC cohort are detailed in Table S4.
Among the genes of interest, FOXA1 exhibited the highest fre-
quency of genomic mutations (5/27, 19%), while MYC gain/
amplification (14/27, 52%) and RB1 shallow deletion (16/27,
59%) exhibited high frequencies of copy-number variants. Dele-
terious genomic alterations (pathogenic mutations and deep
deletion) in the HRR pathway were observed in 10/27 patients
(87%), including three germline BRCA2 mutations and one
BRCA2 deep deletion. TMPRSS2-ERG fusion was detected in
two patients (7%), and PTEN loss was identified in four patients
(15%) (Figure S3).

WES data were utilized to calculate the homologous recom-
bination deficiency (HRD) score, which assesses HRR defi-
ciency. There was no significant difference in HRD scores be-
tween the HRR gene alteration group and the HRR gene
wild-type group (p = 0.55). However, patients with BRCA2
alterations had significantly higher HRD scores compared to
those with wild-type BRCA2 (p = 0.037). Despite this, the
HRD score did not show a significant correlation with
treatment response (Figure S4). We also calculated tumor
mutational burden (TMB) and the fraction of genome altered
(FGA). Patients with HRR gene alterations exhibited
significantly higher TMB (p = 0.013) and a trend toward
higher FGA (p = 0.26). Neither TMB nor FGA showed a
significant correlation with treatment response (Figure S5).
Notably, the sole patient (P11) who experienced disease pro-
gression during neoadjuvant treatment had the highest TMB

Cell Reports Medicine 6, 102018, March 18, 2025 5
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Figure 3. Follow-up of the FAST-PC trial
(A) Swimmer plot of 35 patients involved in the FAST-PC trial.

(B) Kaplan-Meier curves of bPFS for FAST-PC patients; one patient who withdrew consent and two patients who did not receive RP were excluded.
(C) Kaplan-Meier curves of MFS for FAST-PC patients; one patient who withdrew consent and two patients who did not receive RP were excluded.

(D) Recurrence site indicated by PSMA-PET/CT (n = 14).

(E) Kaplan-Meier curves of bPFS since testosterone recovery for patients who have undergone testosterone recovery. pCR, pathological complete response;
MRD, minimal residual disease; PD, progressive disease; BCR, biochemical recurrence; MDS, myelodysplastic syndromes; bPFS, biochemical progression-free

survival; RP, radical prostatectomy; MFS, metastasis-free survival; NR, not reached.
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Figure 4. Treatment-related adverse events

(A) Treatment-related adverse events during medication.

(B) Hemoglobin levels; hemoglobin levels at baseline, nadir, pre-RP, post-RP, 2 weeks post RP, 3 months post RP, 6 months post-RP, and 12 months post RP;
the thicker lines represent hemoglobin levels in patients with anemia that reached grade 2 or worse. TRAEs, treatment-related adverse events; RP, radical
prostatectomy; MDS, myelodysplastic syndrome.
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Figure 5. Pre-treatment molecular characteristics and correlation with treatment response

(A) Oncoplot showing mutations and copy-number variants as assessed by WES of baseline biopsy samples (n = 27).

(B) Correlation between HRR gene alterations and BRCAZ alterations with pathological response, adjusted for baseline T stage.

(C) Correlation between HRR gene alterations and BRCAZ alterations with time to achieve PSA level <0.1 ng/mL, adjusted for baseline PSA. HRR, homologous
recombination repair; AR, androgen receptor; IHC, immunohistochemistry; PSA, prostate-specific antigen; pCR, pathological complete response; MRD, minimal
residual disease; PD, progressive disease; RP, radical prostatectomy; ALT, alteration; OR, odds ratio; HR, hazard ratio.

(19.8 mutations/Mb) and was confirmed to have a dMMR sta-
tus (Figure S6).

In our cohort, we assessed the allele status of HRR alterations
(Table S5) and found that six out of 10 patients had biallelic
HRR alterations, while three out of four patients had biallelic
BRCA?2 alterations (Figure 5A). After adjusting for baseline
T stage, neither HRR alterations nor BRCA2 alterations, whether
monoallelic or biallelic, were significantly associated with patho-
logical response (Figure 5B). However, after adjusting for baseline
PSA levels, patients with biallelic HRR alterations and BRCA2 al-
terations demonstrated a shorter time to achieve PSA <0.1 ng/mL
(p = 0.001 and p = 0.006, respectively, Figure 5C).
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Genomic changes before and after treatment indicate
potential sensitivity/tolerance mechanisms
Figure 6A presents the genomic characteristics of 19 patients
with paired tissue samples collected before and after treatment.
Most pathogenic mutations detected pre-treatment were not de-
tected post-treatment, which was supported by the significantly
reduced TMB after treatment (p < 0.001, Figure S7).
Interestingly, MYC gain/amplification, present in 42% of pa-
tients before treatment, was undetectable in paired post-treat-
ment tissues (Figure 6A). RNA sequencing (RNA-seq) analysis
of pre- and post-treatment tissues also confirmed a significant
downregulation of MYC expression post treatment (p < 0.001).
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Gene set enrichment analysis (GSEA) further demonstrated that
MYC target gene pathways were significantly suppressed
following treatment (Figure 6B).

Subsequently, we conducted a comprehensive analysis of
RNA-seq data from pre- and post-treatment specimens.
Principal component analysis revealed a clear separation and
significant transcriptomic distances between pre-treatment
and post-treatment samples, as well as a homogeneous cluster
among pCR/MRD and non-pCR/MRD samples before treatment
(Figures S8A and S8B). Unsupervised hierarchical clustering
corroborated these findings (Figure S8C).

The most differentially expressed genes are presented in Fig-
ure 6C. As anticipated, there was a marked downregulation of
AR-related gene expression in post-treatment specimens, which
corresponds with the downregulation observed in the hallmark
androgen response pathway (false discovery rate = 5.76E—08,
Figure S9A). Both ARG10 and the AR signature showed signifi-
cant reductions post treatment and demonstrated a strong cor-
relation (p = 1.26E—10, Figures S9B-S9D). The expression of AR
did not significantly change before and after treatment
(p = 0.865, Figure S9E), and no AR amplification was detected
post treatment. The neuroendocrine score also showed no sig-
nificant change pre- and post treatment (p = 0.442, Figure S9F).
However, an increased expression of certain epithelial-to-
mesenchymal transition (EMT) genes (CCN1, VIM, SGKI1,
SNAI2, and AREG) and activator protein 1 (AP-1)-related genes
(CCN1, DUSP1, EGR1, FOS, ATF3, and FOSB) was noted in
post-treatment specimens.

Next, we conducted GSEA comparing pCR/MRD samples to
non-pCR/MRD samples before treatment, as well as pre- and
post-treatment samples (Figure 6D). The pre-treatment compar-
ison (blue) revealed that pCR/MRD specimens were enriched in
E2F targets, G2M checkpoint, and MYC target pathways, sug-
gesting increased tumor cell proliferation, while non-pCR/MRD
specimens were enriched in the EMT pathway. These findings
align with the overall patient characteristics before treatment
and the residual tumor characteristics post treatment (red), indi-
cating that factors influencing treatment sensitivity/tolerance
may be present prior to treatment, with drug treatment reinforc-
ing the selection of these features.

To confirm that the observed changes in post-treatment resid-
ual tumor cells reflect true EMT rather than an increased fraction
of stromal cells, we performed vimentin immunohistochemical
staining on post-treatment tissue samples. Our results demon-
strate clear evidence of EMT within carcinoma cells, indepen-
dent of the stromal component. Representative images,
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including H&E staining, AE1/AE3+p63 staining, and vimentin
staining, are presented in Figure 6E to provide morphological ev-
idence supporting our findings.

DISCUSSION

To our knowledge, the FAST-PC trial is the first prospective
phase 2 trial to evaluate the efficacy, safety, and potential bio-
markers of PARPi combined with ARSI in localized high-risk
PCa. The trial met its primary endpoint, indicating promising anti-
tumor activity with a pathological response rate of 46% and
manageable toxicity associated with the neoadjuvant regimen
of fuzuloparib, abiraterone, prednisone, and ADT in very high-
risk patient population, for whom a multimodality treatment
approach is strongly needed due to poor outcomes by conven-
tional treatments.

A pooled analysis summarizing data from 201 patients with
localized high-risk PCa who received neoadjuvant treatment
with intensified ARSis reported an overall pathological
response rate of 22.4% (95% Cl: 16.8%-28.8%)."'” Comparing
the baseline characteristics of our patients to those in these
studies revealed a higher prevalence of high-risk factors in
our cohort (Figure S10). Although cross-trial comparisons
should be approached with caution, the combination of fuzulo-
parib, abiraterone, prednisone, and ADT demonstrated an
increased pathological response rate in our cohort, despite
the very high-risk features present. Since intensified ARSis
are not the standard of care in the presurgical setting, we could
not quantify the benefit of the combinations. Our study should
be considered as signal-finding, and these benefits should be
confirmed by randomized studies with long-term outcomes as
endpoints. With a 2-year bPFS of 53% and a 2-year MFS of
94%, while only four patients received continuous adjuvant
medical castration, the survival outcomes were favorable
compared with the survival results from the STAMPEDE trial,
in which the patients received continuous abiraterone and
prednisolone with or without enzalutamide.'® Patients in our
study who achieved pCR/MRD showed numerically better
testosterone-recovered bPFS (11.6 vs. 4.4 months), suggesting
that sustained pathological response may be associated with
better control of micrometastases. Given that 97% of our pa-
tients met the STAMPEDE high-risk criteria, abiraterone and
ADT were considered the standard of care in addition to local
treatment.'® The favorable pathological response observed in
our trial suggests that adding PARPI to the treatment regimen
for these high-risk patients may enhance antitumor effects

Figure 6. Molecular changes before and after treatment indicate potential sensitivity/tolerance mechanisms
(A) Oncoplot showing mutations and copy-number variants of paired pre- and post-treatment samples (n = 19).

(B) Expression of MYC before and after treatment and enriched pathways of MYC target between pre- and post-treatment samples. The Benjamin-Hochberg
method was used to calculate FDR adjusted p value for multiple comparisons; the boxplot displays data distribution, where the lower and upper edges of the
box represent the first and third quartiles, and the middle line within the box represents the median. The whiskers extend to the minimum and maximum values
within 1.5 times the interquartile range (IQR), while outliers, if present, are shown as individual points beyond the whiskers.

(C) Volcano plot showing differentially expressed genes between pre-treatment samples (n = 27) and post-treatment samples (n = 29). Color dots denote genes
that passed the adjusted p value and fold change thresholds.

(D) GSEA comparing non-pCR/MRD samples to pCR/MRD samples before treatment (blue) and post-treatment samples to pre-treatment samples (red).

(E) Histopathological analysis of post-treatment tissues: H&E, AE1/AE3 + p63, and vimentin staining. A black scale bar in the image represents 1 mm. pCR,
pathological complete response; MRD, minimal residual disease; NES, normalized enrichment score; FDR, false discovery rate; AR, androgen receptor; EMT,
epithelial-to-mesenchymal transition; NS, not significant; H&E, hematoxylin and eosin.
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and may be an attractive alternative to be tested in the future
randomized trials.'®

The neoadjuvant regimen comprising fuzuloparib, abiraterone,
prednisone, and ADT demonstrated a relatively safe profile with
manageable adverse events. The incidence of grade >3 TRAEs
was relatively low and did not impede the surgical procedure.
Hepatic toxicity and anemia were the most common grade >3
TRAEs. Specifically, grade >3 hepatic toxicity was observed
in four out of 35 patients (11%), a rate comparable to that re-
ported in patients receiving abiraterone alone for localized
high-risk PCa.'® Longitudinal monitoring of hemoglobin levels
indicated a rapid recovery from anemia following a reduction in
the fuzuloparib dose, and no blood transfusions were required.
The risk of grade >3 anemia was numerically lower compared
to the PROpel trial'® in mCRPC (9% vs. 15%), despite the older
age of our cohort, suggesting that patients without bone metas-
tases and prior treatment may have an increased tolerance to
PARPI.

Notably, a 76-year-old man with a germline BRCA2 mutation
and an ASXL1 CHIP variant was diagnosed with MDS 7 months
post RP, a known potential risk associated with PARPI treat-
ment. The presence of CHIP in patients with solid tumors has
been linked to an increased risk of subsequently developing
therapy-related myeloid neoplasms like MDS and acute myeloid
leukemia (AML).?° Recent studies have shown an increase in
CHIP following PARPI treatment in men with advanced PCa,
which may underlie the association of PARPi treatment with
the rare but serious side effects of MDS and AML.*" Additional
follow-up of men exposed to PARPIs, especially those carrying
CHIP, is needed to fully understand the long-term risks and
complications.

Our translational analysis confirmed distinct genomic features
of PCa among different races. Consistent with Li et al.,?” Chinese
patients exhibited a significantly lower probability of PTEN loss
and TMPRSS2-ERG gene fusion, while showing a higher fre-
quency of HRR pathway alterations, FOXA71 mutations, MYC
amplification, and RB1 deletion.

We explored several candidate biomarkers for their correla-
tions with biochemical and pathological response. Our studies
demonstrated that biallelic HRR gene alterations and biallelic
BRCA?2 alterations were significantly associated with a shorter
time to achieve a PSA nadir of <0.1 ng/mL. This finding is consis-
tent with previous studies indicating that inactivation of the sec-
ond BRCA allele (biallelic) is associated with a better response to
platinum/PARPI therapy.”® Interestingly, three out of four BRCA2
alterations were biallelic, while three out of six non-BRCA2 HRR
pathway alterations were biallelic. The differing allelic statuses
may plausibly explain the varying benefits observed among pa-
tients with BRCA alterations and non-BRCA HRR pathway alter-
ations.?* Since patients with metastatic castrate-sensitive pros-
tate cancer (MCSPC) may have multiple biopsy cores available
for genomic sequencing, which are more likely to capture bial-
lelic alterations compared to circulating tumor DNA,?® ongoing
phase 3 mCSPC trials (e.g., NCT04821622, NCT04497844,
and NCT06120491) may include molecular stratification to test
the hypothesis of better biochemical responses in patients with
biallelic HRR alterations. It is noteworthy that the rate of pCR/
MRD in patients with HRR pathway alterations or BRCAZ2 alter-
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ations was comparable to those with wild-type tumors. This
discordance may suggest that the combination therapy is
more potent in eradicating micrometastases, while the primary
tumor may develop drug-tolerant mechanisms to survive. In
our study, we did not observe a significant correlation between
baseline HRD scores in PCa tissue and treatment response to
the combined therapy. Several factors could explain this obser-
vation. First, some patients with lower HRD scores still re-
sponded favorably to treatment, which may be due to their sensi-
tivity to ARSI. Studies have suggested that ARSi might induce an
HRD-like state, potentially enhancing sensitivity to PARPiI in
these patients. Second, certain patients with higher HRD scores
had substantial residual tumor post treatment, indicating that
additional mechanisms, such as EMT pathway upregulation,
might be contributing to the persistence of tumor cells indepen-
dently of the HRD score. Finally, the current HRD scoring sys-
tems were primarily developed in breast and ovarian cancers,
where genomic landscapes differ from PCa. Limited research
has validated HRD scoring in PCa, suggesting a need to develop
PCa-specific HRD scoring models to better capture its unique
genomic characteristics. Prostate-specific membrane antigen
positron emission tomography/computed tomography (PSMA
PET/CT) imaging at the time of recurrence also indicated that
only one patient had distant metastases, while most had regional
or local disease. Thus, it is intriguing to further investigate
whether adjuvant radiotherapy, following neoadjuvant treatment
and surgery, could improve the oncological outcomes.

Despite achieving a favorable biochemical response in the
trial, with a median baseline PSA of 46.9 ng/mL, 54% of patients
still presented with significant residual tumors (>5 mm). Paired
analysis of pre- and post-treatment specimens provided insights
into the dynamics of sensitive and tolerant clones. Notably, we
observed a high rate of MYC clearance post treatment, consis-
tent with findings in breast cancer studies.’® Multiple studies
have suggested that MYC enhances PARPi sensitivity by
inducing DNA damage through alternative non-homologous
end joining®” or by impairing homologous recombination.® In
line with MYC amplification, gene expression analysis revealed
that pre-treatment samples from patients who achieved pCR/
MRD were associated with the activation of E2F, G2M, and
MYC pathways. These pathways were significantly downregu-
lated in residual tumor samples post treatment, indicating either
more proliferative tumors or tumors experiencing premature en-
try into the S phase and replication stress, both associated with
PARPi“?*? and ARSi®' responsiveness.

Consistent with previous results from neoadjuvant ADT treat-
ment results, AR pathway activity was significantly downregu-
lated post treatment.®>>® At the same time, there is no evidence
of AR pathway resistance or neuroendocrine transformation
following 6 months of ARSI combined with PARPi therapy.

Our analysis of pre- and post-treatment specimens indicated
that tolerance to ARSI combined with PARPI therapy is charac-
terized by an adaptive drug-tolerant persister intermediate
EMT state in residual tumor cells. This phenotypic change mir-
rors those observed in vitro in human-derived PCa cells®"*°
and clinical trial patients.’®®' Recent findings support that
whereas EMT induction directly contributes to partial resistance,
it more generally facilitates phenotypic plasticity over the long
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term, enabling the emergence of additional mechanisms that in-
crease drug resistance.*® Importantly, EMT is not a one-way
road but a highly dynamic and reversible process,®” which also
explains why patients remain sensitive to medical castration
after recurrence in our trial. Our study is the first to clinically
validate EMT as an intermediate state of resistance in trial spec-
imens. Currently, numerous clinical trials are underway exploring
therapies that inhibit EMT (e.g., NCT05546879, NCT05445791,
NCT06203821, and NCT05550415), offering hope for further
optimization of combined treatment strategies.

We observed an upregulation of AP-1-related genes post
treatment. The members of AP-1 transcription factor family are
key players in phenotypic plasticity as they coordinate global
epigenetic and transcriptional changes, for instance during the
acquisition of a partial EMT phenotype.®® AP-1 is a druggable
target for which multiple classes of small-molecule inhibitors
have been developed.® Therefore, it is possible to consider ther-
apeutically targeting AP-1 in the context of ARSi combined with
PARPI therapy for the purpose of overcoming resistance.

In conclusion, the neoadjuvant regimen of fuzuloparib, abira-
terone, prednisone, and ADT demonstrated favorable efficacy
and manageable toxicity in patients with localized high-risk
PCa. Our study identified that biallelic HRR pathway alterations
and biallelic BRCAZ2 alterations were associated with a shorter
time to PSA nadir. There was a notable decrease in MYC gain/
amplification and cell proliferation characteristics (E2F targets,
G2M checkpoint, and MYC targets) following ARSi combined
with PARPi therapy. Conversely, the activation of EMT and
AP-1 was reinforced in drug-tolerant persister cells. Future trials
are necessary to validate the clinical benefits of this combination
and to explore interventions aimed at overcoming drug tolerance
mechanisms following ARSi and PARPi combinations.

Limitations of the study

This study has several limitations. First, it employs a single-arm
design with a relatively small sample size, necessitating
cautious interpretation when comparing results with other neo-
adjuvant studies. Second, the molecular investigations repre-
sent post hoc analyses that require further validation in ongoing
neoadjuvant PARPI trials (e.g., NCT05873192, NCT05498272,
NCT04030559, and NCT04812366). Third, this study did not
assess health-related quality of life, an important aspect for un-
derstanding the overall impact of the treatment. Finally, as our
study primarily included patients from an Asian population,
the findings may have limited generalizability to non-Asian
populations.
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KEY RESOURCES TABLE

REAGENT or RESOURCE SOURCE IDENTIFIER
Biological samples

FFPE embedded pre- and post- Fudan University Shanghai N/A
treatment samples Cancer Center

Blood samples for germline DNA Fudan University Shanghai N/A

Cancer Center

Critical commercial assays

QlAamp DNA FFPE Advanced UNG Kit

DNeasy Blood & Tissue Kit

RNAstorm FFPE RNA Isolation Kit

Qiagen

Qiagen

Cell Data Sciences

https://www.qiagen.com/us/products/
discovery-and-translational-research/
dna-rna-purification/dna-purification/genomic-
dna/qgiaamp-dna-ffpe-advanced-kits
https://www.qiagen.com/us/products/
discovery-and-translational-research/dna-
rna-purification/dna-purification/genomic-
dna/dneasy-blood-and-tissue-kit
https://celldatasci.com/products/RNAstorm/

Hieff NGS DNA Library Prep Kit Yeason https://www.yeasenbio.com/products/12927
Deposited data
Raw sequence data This study GSA-Human:HRA008404
Software and algorithms
RStudio RStudio Inc. https://www.rstudio.com/
R software v4.3.1 R Foundation for Statistical https://www.r-project.org/
Computing
SAS v9.3 SAS Institute Inc. https://www.sas.com/
ggplot2 ggplot2 https://cran.r-project.org/web/packages/
ggplot2/index.html
FACETS Shen and Seshan™® https://github.com/mskcc/facets
Accucopy Fan X et al.*® https://github.com/polyactis/Accucopy

FastQC v0.12.1

BWA v0.7.12
GATK v4.1.9.0
VarScan v2.3.9
scarHRD

Babraham Institute

Washington University
Broad Institute of MIT and Harvard
Johns Hopkins University

Sztupinszki et al.>®

http://www.bioinformatics.babraham.ac.uk/
projects/fastqc/

https://bio-bwa.sourceforge.net/
https://github.com/broadinstitute/gatk/releases
https://varscan.sourceforge.net/

https://github.com/sztup/scarHRD

EXPERIMENTAL MODEL AND STUDY PARTICIPANT DETAILS

Study design and participants

The FAST-PC trial is an investigator-initiated, single-arm, phase Il clinical trial (ChiCTR2100046198, NCT05223582). This study
enrolled treatment-naive men aged 18 years or older with histologically or cytologically confirmed PCa. Patients were staged using
computed tomography (CT), magnetic resonance imaging (MRI), and bone scans to identify those with National Comprehensive Can-
cer Network (NCCN) high-risk or very high-risk PCa,* with or without pelvic lymph node metastasis. Key inclusion criteria included an
Eastern Cooperative Oncology Group (ECOG) performance status of O or 1 and administration of continuous luteinizing hormone-
releasing hormone analog (LHRHa) prior to RP.

Exclusion criteria included a history of other malignancies within the past five years or prior local or systemic treatment for PCa,
including RP, radiotherapy, chemotherapy, PARPis, medical castration, CYP17 inhibitors, ARSis, and immunotherapy. However,
prior medical castration or abiraterone treatment for no more than one month was allowed. The comprehensive eligibility criteria
are detailed in the study protocol (https://www.clinicaltrials.gov/study/NCT05223582).
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This trial was conducted in compliance with the Declaration of Helsinki and Good Clinical Practice guidelines. The study protocol
received approval from the Ethics Committee of the Fudan University Shanghai Cancer Center (Ethics number: 2104233-5). Informed
written consent was obtained from all participants prior to their inclusion in the study.

Procedures

All participants received oral fuzuloparib 150 mg twice daily, abiraterone 1000 mg once daily, prednisone 5 mg twice daily, and
LHRHa treatment every 28 days for six cycles, followed by RP. Postoperatively, patients with < ypT2NO disease were monitored
without additional treatment, while those with ypT3-4 or ypN1 disease, or positive surgical margins, were recommended to undergo
adjuvant radiotherapy plus medical castration. A mandatory 90-day safety follow-up was implemented, with subsequent contact via
telephone every 12 weeks to gather data on subsequent therapies and survival status until either loss to follow-up or death. Patients
underwent PSA testing six weeks postoperatively and bi-monthly thereafter. Imaging assessments were performed annually or when
PSA levels reached >0.2 ng/mL.

Tumor response was assessed by measuring PSA levels at each treatment cycle. Upon completion of the neoadjuvant therapy,
preoperative evaluations included PSA testing and contrast-enhanced CT or MRI. An independent radiologist (B.Z.), blinded to
clinical information, conducted central reviews. Post-surgery, the prostate specimens were processed into whole-mount sections,
serially sectioned into 2-3 mm thick axial slices, embedded in paraffin, and a single 5-um slice from each section was stained with
hematoxylin and eosin. Central reviews of the pathological response, surgical margins, and pathologic stage were conducted by two
independent pathologists (H.G., X.C.), also blinded to clinical information. The tissues deemed to be pCR or MRD were subjected to
confirmatory immunohistochemistry (IHC) using AE1/AE3 and p63.

Safety evaluations included laboratory assessments, vital signs, physical examinations, 12-lead electrocardiograms, ECOG per-
formance status, and tracking of dose interruptions, reductions, and terminations due to treatment-related adverse events (TRAEs).
TRAEs and perioperative complications were monitored using the National Cancer Institute Common Terminology Criteria for
Adverse Events (NCI CTCAE, version 5.0)*° and the Clavien-Dindo Classification of Surgical Classifications,*' respectively.

Outcomes

The primary endpoint of this study was the pathological response in the intention-to-treat (ITT) population, defined as either pCR or
MRD. pCR was characterized by the absence of morphologically identifiable carcinoma in the RP specimen, while MRD was defined
as a residual tumor with a maximum diameter of <5 mm in the RP specimen.

Secondary endpoints included biochemical responses, surgical margins, pathological stage, radiological responses, biochemical
progression-free survival (bPFS), metastasis-free survival (MFS), and safety. bPFS was defined as the interval from RP to either a
confirmed PSA level of >0.2 ng/mL or death from any cause. MFS was defined as the time from RP to investigator-assessed metas-
tasis via prostate-specific membrane antigen positron emission tomography/computed tomography (PSMA PET/CT) imaging or
death from any cause.

METHOD DETAILS

Exploratory analyses

Pre- and post-treatment tissue samples were collected via diagnostic biopsy and RP for whole-exome sequencing (WES), RNA
sequencing (RNA-seq), and IHC, with both DNA and RNA extracted from FFPE tissues (Figure S11A). To address the heterogeneity
inherent in PCa and its impact on biomarker research,”**~** pooling multicore sequencing was performed on biopsy tissues from
each patient, utilizing three to four core biopsies per patient. Post-treatment tissues underwent whole-mount pathological evaluation
following RP. Experienced pathologists delineated residual tumor areas, which were then subjected to macrodissection prior to
sequencing. Pre- and post-treatment samples that met sequencing quality control criteria are illustrated in Figure S11B.

DNA and RNA extraction

Genomic DNA was isolated from formalin-fixed paraffin-embedded (FFPE) tumor samples after pathologically verification to select
tumor-rich sections. DNA was isolated from tumor tissue using the QlAamp DNA FFPE Advanced UNG Kit (Qiagen). DNA from whole
blood was isolated using the DNeasy Blood & Tissue Kit (Qiagen) according to the manufacturer’s protocol. The quantity of extracted
genomic DNA was assessed by a fluorometric method with a Qubit device. RNA was extracted using the RNAstorm FFPE RNA Isola-
tion Kit (Cell Data Sciences).

Whole-exome sequencing

Two hundred nanograms of genomic DNA was used for library preparation, using the Hieff NGS DNA Library Prep Kit (Yeason). The
totality of the enriched library was used in the hybridization and captured with Twist Exome 2.0 (Twist) baits. After hybridization, the
captured libraries were purified according to the manufacturer’s recommendations and amplified by polymerase chain reaction.
Normalized libraries were pooled, and DNA was sequenced on the lllumina sequencing platform (Nova) using a 150 bp paired-
end run. The average coverage depth was 155x for whole blood control samples and 249x for tumor tissues. Finally, we utilized
both FACETS*® and Accucopy”® to determine tumor purity and excluded samples with tumor purity <20% by both algorithms.
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Variant calling

The quality of the raw reads was checked by FastQC (v0.12.1), and the low-quality reads and adapter sequences were removed by
fastp (v0.23.4). Next, high-quality reads were aligned with the human reference genome GRCh38 using the Burrows-Wheeler aligner
(BWA v0.7.12). After the alignment, PCR duplicates were marked using SAMBLASTER (v0.1.26). GATK base quality score recalibra-
tion was completed on the aligned BAM files (GATK v4.1.9.0) to improve the accuracy of base quality scores prior to variant calling.
The germline mutations were called individually for normal samples with HaplotypeCaller (provided with GATK v4.1.9.0). Somatic
single-nucleotide variants (SNVs) were identified using a validated pipeline that integrated mutation calls from different mutation cal-
lers. SNVs were called with Mutect2 (GATK v4.1.9.0) and MuSE (v1.0), and insertion/deletions (indels) were called with VarScan
(v2.3.9) and Strelka (v2.9.10).

Pathogenicity for mutations

Candidate variants identified in germline DNA were determined as the valid germline variants for further analysis if they met the
following criteria: (1) the allele frequency (AF) was beyond 40%:; (2) supporting reads of the allele and variant were at least 15 and
8, respectively; (3) the frequency of the variants was below 1% in the public single-nucleotide polymorphism databases, including
1000 genomes (https://www.1000genomes.org/), ESP6500 (https://evs.gs.washington.edu/), EXAC (http://exac.broadinstitute.
org/) and gnomAD (https://gnomad.broadinstitute.org/); (4) the variants were not synonymous SNV; (5) the variants were in the
exon or splicing site.

Truncating variants (frameshift insertions/deletions, splice site mutations within 2bp of an exon-intron junction, and stopgain mu-
tations) were presumed deleterious if they were not reported as benign or likely benign in the ClinVar database.”” Missense mutations
and non-frameshift insertions/deletions were presumed deleterious if they were reported as pathogenic or likely pathogenic in the
ClinVar database®’ or defined as pathogenic or likely pathogenic by InterVar.*® Only germline variants classified as pathogenic or
likely pathogenic were further analyzed in this study.

The variants identified in tumor tissue sample were defined as the valid somatic variants if they met the following standard: (1) AF
was at least 1%; (2) AF was three times higher than the AF of the same variant identified in the matched gDNA; (3) supporting reads of
the allele and variant for tumor DNA were at least 15 and 8, respectively; (4) the frequency of the variant was below 1% in the public
germline variants datasets, including 1000 genomes, ESP6500, EXAC and gnomAD; (5) the variant was not synonymous SNV and
was in the exon or splicing site.

Pathogenic somatic mutations were identified by the following process: (1) Truncating variants (frameshift insertions/dele-
tions, splice site mutations within 2bp of an exon-intron junction, and stopgain mutations) were presumed deleterious if
they were not reported as benign or likely benign in the ClinVar database.”” (2) Variants reported as oncogenic or likely onco-
genic in OncoKB were retained and neutral variants were filtered*?; (3) Variants of uncertain significance were further called
with ClinVar*” and InterVar.*® Variants characterized as pathogenic or likely pathogenic were retained and variants character-
ized as benign or likely benign were removed. (4) Remaining variants with uncertain significance were further defined with
COSMIC annotations (https://cancer.sanger.ac.uk/cosmic). The variant defined as a recurrent mutation according to
COSMIC database (>3 samples with a missense substitution in the same codon, >3 samples with an inframe indel in the
same codon or >10 samples with a mutation causing premature protein termination) was considered pathogenic. All other
variants were classified as variants of uncertain significance. The analysis herein only included mutations screened as
pathogenic.

In this study, the oncoplot displays key genes previously reported in the literatures to be associated with prostate cancer (SPOP,
MYC, PTEN, RB1, TP53), HRR pathway (BRCA1, BRCA2, FANCA, PALB2, CHEK2, BRIP1, ATM, CDK12, BARD1, NBN, RAD51,
RAD51B, RAD51C, RAD51D, RAD54L, ATR, CHEK1, FANCL) and AR pathway (AR, FOXA1, NCOR1, NCOR2, SPEN).°®** The
HRR pathway genes were selected by taking the union of prior clinical trials involving PARPI, including GALAHAD, TRITON2,
TALAPRO-2, PROPEL, and MAGNITUDE. Only variants classified as pathogenic or likely pathogenic were further analyzed in this
study.

CHIP definition

CHIP variants were predefined as nonsynonymous somatic alterations (VAF <40%) in 49 genes most frequently altered in myeloid
malignancies®'(ASXL1, ASXL2, BCOR, BCORL1, BRAF, CALR, CBL, CBLB, CBLC, CEBPA, CREBBP, CSF3R, CUX1, DNMT3A,
EP300, ETV6, EZH2, FLT3, GATA1, GATA2, GNB1, IDH1, IDH2, JAK2, KDM6A, KIT, KMT2A, KRAS, MPL, NF1, NPM1, NRAS,
PPM1D, PRPF8, PTEN, PTPN11, RAD21, RUNX1, SETBP1, SF3B1, SMC1A, SMC3, SRSF2, STAG2, TET2, TP53, U2AF1, WT1,
ZRSR2).

Copy number evaluation

Copy number variants (CNVs) were assessed with CNVkit (v0.9.8) in the aligned sequencing reads. Significantly amplified or deleted
regions of copy number variants were identified by GISTIC (v.2.0.23). Log2 copy-number ratio cutoffs to define deep deletions,
shallow deletions, gains, and amplifications, respectively were < —1, —1 to —0.3, 0.3 to 1, and >1. Amplification/gain in oncogenes
and deep deletion/shallow deletion in tumor suppressor genes (TSGs) are considered pathogenic.
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HRR allelic
We considered “biallelic” events those cases with either: (1) two pathogenic mutations; (2) a pathogenic mutation and a shallow dele-
tion; (3) a pathogenic mutation and loss-of-heterozygosity; or (4) cases with homozygous deletions.

HRD score, TMB and FGA

The HRD score was obtained through the scarHRD pipeline.® Tumor mutational burden (TMB) was calculated as the number of non-
synonymous somatic mutations per mega-base within the sequenced region. Fraction of genome altered (FGA) was defined as the
size of the sequenced genome with log2 copy number variation (gain or loss) > 0.2 divided by the total size of the genome for which
the copy number was profiled. For a patient with multiple lesion samples post-treatment, the average value of all lesions was used to
perform paired comparisons between pre-treatment and post-treatment samples.

RNA-seq

Total RNAs were treated with DNase | (NEB) prior to the construction of RNA-seq libraries. The SMART cDNA synthesis technology
(Clontech) was used to generate strand-specific RNA-seq libraries. CRISPR/Cas9 technology was employed to deplete the ribo-
somal and mitochondrial cDNA. The resulting purified dsDNA underwent 13 cycles of PCR amplification. Quality control was per-
formed using Qubit (Thermo Fisher Scientific) and Qsep100 (BiOptic) before the libraries were sequenced on the lllumina sequencing
platform (Nova) using a 150 bp paired-end run. The RNA-seq data sequencing reads were aligned to the reference genome (Genome
Reference Consortium GRCh38) using the spliced read aligner HISAT2, which was provided with the Ensembl human genome
assembly.

STAR-Fusion v1.12.013 was used to call fusions like TMPRSS2-ERG.

Differentially expressed genes and pathway enrichment analysis
Differentially expressed genes between pre- and post-treatment were analyzed using Deseg2 v1.42.1 log2(fold change) > 1 and
adjusted p values <0.05 were considered the cutoff criteria for differentially expressed gene analysis.

The gene list from differential analysis was ordered by decreasing log2 fold change. Pathway enrichment was analyzed by clus-
terProfiler v.4.10.1, and Gene Set Enrichment Analysis (GSEA) were analyzed for their g-value, with gene signatures of cancer hall-
marks®® and Pathway Interaction Database®’ obtained from Molecular Signatures Database (www.gsea-msigdb.org/gsea/msigdb).
Pathways were considered significant at Benjamin—-Hochberg-adjusted g-values <0.05.

ARG10, AR signature, and NE score

The calculation of ARG10 is based on the method by Westbrook et al.°®: TPM gene expression values were log2(TPM +1) trans-
formed and converted to z-scores by: z = (x — p)/o, where p is the average log2(TPM +1) across all samples of a gene and o is
the standard deviation of the log2(TPM +1) across all samples of a gene. The ARG10 of each sample was the average Z score of
all genes in ARG10 signature.”® The AR signature (30 genes that were previously reported as defining the pathway®®) and NE score
(10-gene signature from Bluemn®") were calculated in R using GSVA v1.48.3 package with default parameters using TPM data as
input.®® For a patient with multiple lesion samples post-treatment, the average value of all lesions was used to perform paired com-
parisons between pre-treatment and post-treatment samples.

PCA and unsupervised clustering

To understand the overall transcriptional similarities across all the samples, Principal component analysis (PCA) and unsupervised
clustering was performed using RNA-seq data. Briefly, the filtered count matrix was transformed using the vst function implemented
in DESeqg2 R package (v 1.42.1). The transformed values were used to compute the sample-to-sample Euclidean distance metric for
hierarchical clustering through the ‘complete’ method. The distance matrix was used to generate heatmap using pheatmap R pack-
age (v 1.0.12).

PTEN immunohistochemistry

Formalin-fixed paraffin-embedded tumor tissue was retrieved for IHC analysis. IHC was performed using the SP218 (1:200) PTEN
antibody according to previous reports. PTEN status classification was based on the tumor with the lowest PTEN staining.®** Le-
sions were defined as PTEN loss status if they either showed a complete absence of PTEN staining or weak intensity staining
compared with surrounding benign tissue or stroma in more than 50% of malignant cells with no specific cytoplasmic staining.®®
The IHC results were independently analyzed by two experienced urologic pathologists blinded to clinical data. A consensus would
be reached when discrepancies occurred.

QUANTIFICATION AND STATISTICAL ANALYSIS

The sample size for this study was determined using Simon’s Minimax two-stage design. The null hypothesis of a pCR/MRD of 24% '°
and an alternative hypothesis of 44% were set with a one-sided alpha of 5% and 80% power. Initially, 23 patients were to be enrolled
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in the first stage, and if six or more patients achieved pCR/MRD, an additional 11 patients would be recruited in the second stage. The
primary endpoint would be met if at least 13 patients achieved pCR/MRD.

Efficacy analyses were conducted in both the ITT population and the per-protocol (PP) population, which included patients who
received at least one dose of the study treatment and those who completed neoadjuvant treatment and RP according to the protocol,
respectively. Safety analyses were performed on the safety population, encompassing all patients who received at least one dose of
the study treatment.

Statistical analyses were executed using SAS software (version 9.3) and R software (version 4.3.1). Comparisons between groups
were made using Wilcoxon rank-sum test for continuous variables. The Wilcoxon signed-rank test was utilized to compare matched
pre- and post-treatment samples. bPFS and MFS were estimated using the Kaplan-Meier method, with group differences assessed
via the log rank test. Logistic regression and Cox proportional hazards regression models were employed to calculate odds ratios
(OR) and hazard ratios (HR), respectively, for the construction of forest plots. All statistical tests were two-sided, and a p value
<0.05 was considered statistically significant. p values were adjusted for multiple comparisons using the Benjamini-Hochberg pro-
cedure where applicable.

ADDITIONAL RESOURCES

This study has been registered with ClinicalTrials.gov, NCT05223582.
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