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Background: The current standard of care for metastatic prostate cancer (mPCa) is andro-
gen deprivation therapy (ADT) with or without anti-androgen and chemotherapy. The aim of
this study was to evaluate the efficacy and safety of a multimodal approach including local
primary tumor therapy, metastasis-directed therapy (MDT), and hormonal therapy in patients
with oligometastatic prostate cancer (PCa).

Methods: We reviewed data of patients with PCa and bone oligometastases at diagnosis
treated in three institutions with ADT followed by cytoreductive surgery with or without
metastases-directed radiotherapy. Oligometastases were defined as the presence of five or
fewer metastatic lesions with the absence of visceral metastases. In this retrospective cohort
study, 58 patients underwent cytoreductive radical prostatectomy and ADT. Of these, 26
patients (45%) received stereotactic body radiation therapy (SBRT) to all metastatic sites as
a MDT. Oncological outcomes were analyzed using the Kaplan—-Meier method.

Results: The median follow-up period was 46.2 months. Of the 58 patients, the 3-year castration-
resistant prostate cancer (CRPC)-free survival and cancer-specific survival was 75.9% and 91.4%,
respectively. Pre- or post-treatment predictive factors for progression to CRPC, including prostate-
specific antigen (PSA) level at diagnosis >20 ng/mL, Gleason grade groups 5, clinical T stage
cT3b-4, PSA nadir level of >0.05 ng/mL, and no MDT with SBRT, were significantly associated
with progression to CRPC. Subgroup analysis showed that the MDT group had significantly better
CRPC-free survival than the non-MDT group with Gleason grade groups 1-4 (HR=0.228; 95%
CI= 0.056-0.926). A total of 3.4% of the patients had grade 2 acute genitourinary toxicities and
5.2% had grade 2 acute gastrointestinal toxicities. No late grade >2 adverse events were observed.
Conclusion: This multi-center, retrospective cohort study revealed the feasibility of combining
cytoreductive prostatectomy and metastasis-directed radiotherapy for newly-diagnosed oligo-
metastatic PCa. This treatment strategy has the potential to delay the progression to CRPC.
Keywords: oligometastases, prostate cancer, stereotactic body radiotherapy, androgen
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Introduction
ADT alone was historically indicated for palliative treatment in patients with PCa
and skeletal metastases.! However, resistance to ADT is inevitable. Modern cohorts
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of mPCa patients treated with ADT alone have a median
time to progression and overall survival of 11 and 42
months, respectively.” Oligometastasis has been defined
as an intermediate state of malignancy spread between
localized disease and widespread systemic metastasis,” in
which patients develop only a limited number of meta-
static lesions (defined as 1-5 lesions in most studies).*
With improvements in functional imaging modalities, oli-
gometastatic PCa is being diagnosed with increasing fre-
quency. More recently, several studies have shown that
selected patients with limited nonvisceral metastases
might benefit from local treatment of the primary tumor
despite established metastatic spread.”'° However,
a strategy for aggressive cytoreductive treatment of the
primary tumor is not currently standard for synchronous
oligometastatic PCa.

Analyses by the Phase III SWOG 8894 trial showed
that mPCa patients who had previously undergone radical
prostatectomy (RP) decreased disease-related morbidity
compared with those who had not undergone earlier RP
(HR=0.77; 95% CI=0.53-0.89)."" The benefit for cytore-
ductive surgery in patients with a low metastatic burden
leads to the next question of whether additional radio-
therapy to metastatic sites could improve progression-
free or overall survival. Although growing evidence
suggests that MDT and/or local therapy targeted to the
primary tumor may be of benefit in patients with oligome-
tastatic PCa,'? no definite consensus has been reached on
the adequate management approach. In the present study,
we retrospectively evaluated the safety and efficacy of the
combination of cytoreductive surgery, metastases-directed
radiotherapy, and long-term ADT in newly-diagnosed
prostate cancer patients with bone oligometastases. We
also investigated whether the combination of cytoreductive
surgery and metastases-directed radiotherapy had better
outcomes than cytoreductive surgery alone.

Patients and Methods

Study Design

A multi-institutional retrospective study evaluated the sur-
vival benefit and potential prognostic factors of newly-
diagnosed oligometastatic PCa treated with a combination
of cytoreductive radical prostatectomy, metastasis-directed
SBRT, and ADT from November 2012 to September 2016.
Oligometastatic PCa was defined as the presence of five or
fewer metastatic lesions with the absence of visceral metas-
tases on Tc99m bone scan, with or without suspicious pelvic

or retroperitoneal lymph node involvement at preoperative
imaging. Inclusion criteria included: 1) Biopsy confirmed
diagnosis of prostate adenocarcinoma; 2) M1b disease with
the presence of 1-5 visible bone metastases (by Tc-99m
MDP bone scan, CT, or MRI); 3) not received radiotherapy
and chemotherapy in hormone-sensitive phase; 4) adequate
organ function; 5) ECOG performance status 0—1; 6) pre-
treatment total testosterone > 200 ng/dL; and 7) written
informed consent.

Cytoreductive Surgery,
Metastases-Directed Radiotherapy, and

Hormone Therapy

Open or laparoscopic radical prostatectomy with concurrent
pelvic lymph node dissection (PLND) was performed by
experienced urologic surgeons and was the first treatment
intervention, preceding the metastasis-directed radiother-
apy. In addition, patients underwent post-operative adjuvant
radiotherapy for the pathological findings of positive surgi-
cal margin. ADT was achieved through luteinizing hor-
mone-releasing hormone analogs, or through maximal
androgen blockade (luteinizing hormone releasing hormone
analogs combined with an antiandrogen drug). Patients
initiate leuprolide acetate depot (3.75 mg intramuscularly
every 28 days) and bicalutamide (50 mg/day) immediately
(within 0-3 days) after RP for a duration of approximately
24 months. In cases of metastases-directed radiotherapy,
patients undergo SBRT to all radiographically visible sites
of bone metastasis using a three-dimensional conformal
radiation therapy technique within 2 months of ADT initia-
tion. Dosing for SBRT were 18 Gy/1, 30 Gy/3, and 40 Gy/5
fractions. A biologically equivalent dose (BED) to tumor of
>100 Gy was calculated with a o/ of 3.

Follow-Up

The duration of the follow-up was calculated from the date
of the surgery. The nadir of PSA was defined as the
absolute lowest level that PSA drops after initial treatment.
CRPC was diagnosed while biochemical or radiologic
progression was confirmed in the presence of castration
levels of plasma testosterone <1.7 nmol/L. Biochemical
progression was defined as three consecutive rises in PSA
levels at a minimum of 1-week intervals, resulting in two
50% increases over the nadir, as well as PSA level was
more than 2.0 ng/mL. Radiological progression was
defined as the appearance of new bone lesions on bone
scan, progression of existing metastases, or locally
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recurrent advanced disease. CRPC-free survival was cal-

Table | Descriptive Characteristics of 58 Consecutive Patients

culated from the start of cytoreductive surgery. Newly Diagnosed with Oligometastatic Prostate Cancer
Between 2012 and 2016
Statistical Anal)'SiS Variables MDT Non-MDT P-value
Fisher’s exact test was used to assess the association ﬁ:zu:; Z'::z';
between categorical variables, and unpaired z-test was
used to assess differences between group means for con- Median Median
tinuous measurements. Kaplan-Meier methods were used (Range) (Range)
to estimate CRPC free survival rates and the differences Baseline
were compared with the log-rank statistic. Multivariate | Characteristics
time-to-event analysis was performed with the use of Age (years) 655 (54°78) | €75 (5179) | 0430
Follow-up (months) 43.1 (15-61) | 47.6 (18-65) | 0.538°
a Cox proportional-hazards model. Differences were Volume of prostate | 544 498 0.486°
regarded as statistically significant at P<0.05. All P-value (cc) (36.1-79.3) (29.3-82.6)
determinations were 2-sided. All analyses were performed Serum ALK (IU/L) 126.2 143.8 0.876°
with the SPSS software (version 22.0), and GraphPad (27.8-1856) | (35.4-325.7)
Prism, version 7 (GraphPad Software, Inc., La Jolla, CA). PSA at diagnosis 353 364 0.573"
(ng/mL) (89-213.5) | (9.7-756.3)
Results " ) "
Characteristics of Study Cohorts Positive cores of biopsy X
A total of 58 patients with locally resectable tumors under- =50% 1 G38%) | 15 @es%) ) 0792 b
265% 15(77%) | 19(594%) | >0.9999
went cytoreductive surgery were matched in this retro-
spective study. Thirty-two patients received RP plus Biopsy Gleason grade
ADT and 26 patients underwent the combination of RP, group b
_ _ I 7 (269 %) 10(313% | 0778
ADT, and metastasis directed SBRT. In addition, five 2 6 (23.1 %) 7219 %) >0.9999°
patients (8.6%) received 3 months of neoadjuvant ADT, 3 5 (19.2%) 5 (15.6 %) 0.740°
and seven (12.1%) patients underwent post-operative frac- 4 5(192 %) 6 (18.8%) >0.9999"
tionated radiotherapy because of positive margins. 5 3(11.5%) 4 (125 %) >0.9999°
The median follow-up for all patients was 46.2 months Number of bone
(range=15-65). Table 1 shows the demographic and clin- metastases
ical characteristics of the 58 patients. Twenty-six patients 1-3 20 (76.9 %) | 22 (68.7 %) 0.564°
(44.8%) received metastasis-directed SBRT. Fourteen 45 6(23.1%) 10 (31.3 %)
patients (24.1%) progressed to CRPC and five patients Extrapelvic LNs 5(19.2 %) 4125 %) 0.717°
(8.6%) died of prostate cancer during follow-up. involvement
PSA nadir (ng/mL)
ADT and Subsequent Therapy for Disease <0.05 22846 %) | 18(563%) | 0.025°
Progression < 25 (962 %) | 30(93.8%) | >0.9999°
Regarding the status of ADT, the mean duration of ADT Clinical TNM stage
was 32.6£13.6 months during follow-up. Thirty-two Clinical T stage
patients (55.2%) discontinued ADT after the administra- cTlcto 2 5 (19.2%) 5 (15.6 %) 0.740°
tion of 24-month adjuvant ADT. Of those 32 patients, cT3a 13(500%) | 12(375%) | 0.427°
seven patients who experienced biochemical failure cT3b o 4 8 (308 %) 15 (469 %) | 0:283°
resumed the long-term salvage ADT. The other 25 patients Radiological N stage
(15 patients in MDT group and 17 patients in non-MDT cNO 20 (76.9%) | 21 (656 %) | 0397°
group) (P=0.794) did not progress and were free from cNI 6 (23.1'%) 11 (344 %)
ADT at the point of analysis. Meanwhile, 23 of these (Continued)
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Dove


http://www.dovepress.com
http://www.dovepress.com

Xue et al

Dove

Table | (Continued).

Variables MDT Non-MDT P-value
Group Group
(n=26) (n=32)
Median Median
(Range) (Range)
Postoperative
pathohistology
Gleason grade group
2 10 (38.5 %) 15 (46.9 %) 0.599°
3 6 (23.1 %) 9 (28.1 %) 0.767°
4 7 (269 %) 3 (9.38 %) 0.095°
5 3(11.5 %) 5 (15.6 %) 0.720°
Postoperative T stage
pTlcto 2 2(7.7 %) 4 (12.5 %) 0.681°
pT3a 13 (50.0 %) 16 (50.0 %) >0.9999°
pT3b to 4 11 (42.3 %) 12 (37.5 %) 0.790°
N stage
c<NO 16 (61.5%) 22 (68.8 %) 0.591°
cNI 10 (38.5 %) 10 (32.2 %)
Positive surgical 3(11.5%) 4 (12.5 %) >0.9999°
margins

Notes: *Determined by unpaired t-test. ®Determined by Fisher’s exact test.
Abbreviations: ALK, alkaline phosphatase; SBRT, stereotactic body radiation ther-
apy; MDT, metastasis-directed therapy; Grade Group |, Gleason score <6; Grade
Group 2, Gleason score 3+4=7; Grade Group 3, Gleason score 4+3=7; Grade
Group 4, Gleason score 8; Grade Group 5, Gleason scores 9 and 10.

patients achieved a serum PSA of <0.05 ng/mL 24 months
after recovery of serum testosterone >150 ng/dL.
Continuous ADT was adopted in 26 patients because of
progression to CRPC during adjuvant ADT (n=7) and
patients’ willingness (n=19). ADT were continued to
maintain serum testosterone castration levels in all patients
after clinical progression. Additional antineoplastic thera-
pies for progression were as follows: five (8.6%) patients
received chemotherapy with docetaxel, eight (13.8%)
patients switched from bicalutamide to abiraterone acetate
plus prednisone, and four (6.9%) received flutamide or
estramustine. The percentage of patients who received
zoledronic acid was 20.7% in the study.

Survival Analysis

For the whole cohort (58 patients), the 3-year CRPC-free
survival rate and cancer specific survival were 75.9% and
91.4%, respectively. To provide predictive factors for sur-
vival outcomes of oligometastatic PCa patients in the pre-
sent study, the Log rank test was performed for survival
data using several well-recognized risk-factors (Gleason

score, PSA level at diagnosis, PSA nadir, clinical
T stage, alkaline phosphatase (ALK), and positive biopsy
core rate). Result suggested pre-treatment predictive
values including PSA at diagnosis >20 ng/mL, clinical
T stage (cT3b to 4) and Gleason grade group 5 had
significant prognostic features for CRPC free survival
(Table 2). In addition, PSA nadir >0.05 ng/mL was sig-
nificantly associated with increased risk of CRPC
(HR=24.46; 95% CI=6.800—87.95). Multivariate analysis
suggested that Gleason grade group 5 (OR=4.46, 95%
CI=1.59-6.78) and PSA nadir >0.05 ng/mL (OR=3.88,
95% CI=1.62-9.17) were associated with progression to
CRPC.

Metastasis-Directed SBRT

Patients with metastasis-directed SBRT had a significantly
better CRPC-free survival than those without the therapy
(HR=0.411, 95% CI=0.178-0.950, Figure 1A). The med-
ian cancer-specific survival was not reached in the cohort.
Combined therapy in our study did not confer a survival
advantage over cytoreductive surgery alone (HR=0.5855,
95% CI=0.116-2.949, Figure 1B). Table 1 shows the dif-
ferences of the clinical feature between oligometastatic

Table 2 Log Rank Test of CRPC-Related Risk Factors in Whole
Cohort

Variables N HR (95% CI) P-value

PSA at diagnosis
<20 ng/mL 18 | 0.042
220 ng/mL 40 3.36 (1.043-10.75)

Positive cores of biopsy
<50% 21 | 0.311
250% 37 1.812 (0.574-5.714)

Gleason grade groups
| to 4 50 | <0.0001
5 8 47.52 (7.856-287.4)

Clinical T stage
cTlc to 3a 35 | 0.005
cT3b to 4 23 5.618 (1.694-18.52)

PSA nadir (ng/mL)
<0.05 40 | <0.0001
20.05 18 24.46 (6.800-87.95)

ALK level at diagnosis
0-125 ng/mL 15 | 0.855
>125 ng/mL 43 1.117 (0.339-3.680)

Abbreviations: CRPC, castration-resistant prostate cancer; ALK, alkaline

phosphatase.
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Figure | Kaplan—Meier estimates of time to (A) castration resistance prostate
cancer, (B) prostate cancer-specific mortality between MDT group and non-MDT
group.
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Pca patients with and without metastases-directed SBRT.
Patients had significantly higher probability of achieving
a unequivocal PSA nadir <0.05 ng/mL after radiotherapy
to all visible sites of metastases than those without radia-
tion therapy (84.6% vs 56.3%, P=0.025). Acute grade 1-2
gastrointestinal (GI) and genitourinary (GU) toxicities
were observed in 3.4 and 5.2% of patients respectively.
No acute Grade 3 RTOG toxicity was recorded. No late
grade >2 adverse events were observed.

Subgroup Analysis

This study was limited by a small sample size, subgroup
analyses were performed separately for men with Gleason
grade groups 14, PSA 0-100 ng/mL, clinical stage of
primary tumor Tlc-3a, and radiological stage of regional
lymph node NO. Figure 2 shows metastases-directed SBRT
had significantly better CRPC-free survival than no radio-
therapy in patients with Gleason grade groups 1-4
(HR=0.228; 95% CI=0.056-0.926).

Discussion

In this report, we restricted our assessment to newly-
diagnosed PCa patients with bone oligometastases who
were treated with a combination of cytoreductive RP,
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Figure 2 Kaplan—Meier estimates of CRPC-free survival between two groups by employing subgroup analyses. (A) Gleason grade groups (I—4). (B) PSA level (0-100 ng/

mL). (C) Radiological N stage (NO stage). (D) Clinical T stage (lc-3a).
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metastasis-directed SBRT, and long-term ADT. We also
analyzed the risk factors related to CRPC using univariate
analysis. Pre-treatment PSA level, clinical T stage, and
Gleason grade groups of the RP specimen were found to
be significantly associated with progression to CRPC.
Furthermore, patients who received metastasis-directed
SBRT had a lower PSA nadir level compared with those
who did not, and consequently had longer median time to
progression to CRPC. Meanwhile, SBRT involves safe and
accurate delivery of ionizing radiation to metastatic lesions
with acceptable toxicities. These results are in line with the
data reported by the most recent literature.'>'* We suggest
that cytoreductive RP in combination with metastasis-
directed SBRT is a feasible cytoreductive treatment strat-
egy and has the potential to postpone disease progression
to CRPC
oligometastases.

in PCa patients with synchronous bone

Although cytoreductive RP is not usually advocated for
metastatic PCa due to the conventional view that the
biological nature of metastasis could not be reversed by
aggressive local therapies, growing evidence suggests that
a subset of patients with a low number of nonvisceral
metastases might have a favorable oncological profile
and thus might benefit from resection of the primary
tumor.”'* A multi-institutional retrospective study of 113
patients with biopsy-proven PCa, minimal bone metastases
(three or fewer hot spots on bone scan), no or minimal
visceral metastases, and absence of extensive lymph node
metastases reported S5-year OS of 80% over a median
follow-up of 53.6 months after cytoreductive RP with
extended pelvic lymphadenectomy.'” In our oligometa-
static cohort, the predictive value of pre-treatment includ-
ing PSA at diagnosis <20 ng/mL, clinical T stage (cTlc to
3a), and Gleason grade group 1-4 were significantly asso-
ciated with longer CRPC-free survival. Our result inferred
that patients selection criteria for cytoreductive surgery
should depend on not only the definition of oligometastatic
disease but also the other prognostic factors and risk-
stratification models. Moreover, time to development of
CRPC was used as an endpoint, as castration-resistant
free-survival is known to influence overall survival of
patients with CRPC.'

Given the complex patterns of metastatic seeding
involving crosstalk between primary lesions and meta-
static sites, physicians began to choose a comprehensive
systemic and tumor directed therapeutic strategy for
patients with newly-diagnosed oligometastatic PCa.
A retrospective cohort study of a multimodal treatment

strategy including ADT, high-dose-rate prostate bra-
chytherapy, external beam radiotherapy, and SBRT to
bone metastases was conducted in 40 men with synchro-
nous oligometastatic PCa.'® Patients with metastasis-
directed radiotherapy had a much better CRPC-free
survival than those without the therapy (HR=0.319,
95% CI=0.116-0.877) and did not significantly increase
the incidences of GI and GU toxicities. This suggests
that control of the existing metastases is important in
mPCa. Parikh et al'’ conducted a single-arm Phase II
clinical trial in which they concluded that the combina-
tion of aggressive local, metastasis-directed, and hormo-
nal therapy represent a path forward for the development
of definitive curative intent therapy for a mPCa patient
population where palliation has been the norm.

Emerging literature has shown that the PSA nadir after
prostate surgery or radiotherapy is well correlated with
prognostic values of survival.'®2° In the present study,
the proportion of patients who achieved a PSA level of
less than 0.05 ng/mL after metastases-directed SBRT was
significantly higher than those without radiation therapy.
This result suggests that ablative radiotherapy to all bone
metastatic lesions, in addition to cytoreductive surgery,
could achieve lower PSA nadir values and consequently
improve CRPC-free survival in patients with PCa and
bone oligometastases.

There are several limitations of the current study in
addition to its retrospective nature. First, this is a highly
selected patient cohort of small sample size and limited
duration of follow-up. We analyzed the related risk factors
for CRPC but not prostate cancer-specific mortality because
of the small number of events. Ongoing prospective rando-
mized trials would be helpful to evaluate the role of
a multimodal therapy combining metastasis-directed and
local therapy in newly-diagnosed oligometastatic PCa.'’
Second, Tc-99m MDP bone scan was used in the screening
process and response assessment outcomes may lack suffi-
cient sensitivity compared to using positron emission tomo-
graphy (PET) imaging with prostate specific membrane
antigen (PSMA).>' Third, the lack of a control group of
oligometastatic patients who received ADT alone prevented
us from comprehensively assessing the oncologic benefit
associated with a tumor directed therapeutic strategy.

Conclusions

We concluded that the combination of cytoreductive surgery
and metastasis-directed SBRT was a feasible approach and
had better CRPC-free survival rates than cytoreductive
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surgery alone for patients with PCa and bone oligometas-

tases. However, a comprehensive systemic and aggressive

tumor directed therapeutic strategy in synchronous oligome-

tastatic disease remains an experimental phase, and further

data are needed to confirm the benefits of this strategy.
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