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Background and objectives: The standard of care for patients with metastatic
hormone-sensitive prostate cancer (mHSPC) includes androgen deprivation
therapy (ADT), novel antihormonal therapies (NHT) and/or chemotherapy.
Patients with newly diagnosed oligometastatic prostate cancer (omPCa)
represent a distinct subgroup of mHSPC, for which the optimal treatment,
particularly the role of radical prostatectomy (RP) and metastasis-directed
therapy (MDT), is currently under debate.

Materials and methods: In this single center, retrospective analysis, 43 patients
with newly diagnosed omPCa were included. All patients underwent RP as part of
a multimodal, personalized treatment approach. Other treatments included ADT,
NHT, MDT (surgery or radiotherapy), adjuvant radiotherapy (prostatic fossa and/
or pelvic lymph nodes) or chemotherapy in various combinations. Clinical
endpoints were progression free and cancer specific survival (PFS, CSS).

Results: No patient with omPCa died from prostate cancer during an up to ten
years follow-up period after intensified multimodal treatment i.e., RP, ADT,
adjuvant radiation therapy and MDT (n=13). In contrast, patients requiring
chemotherapy (n=10) showed a significantly worse PFS (p<0.001) and CSS
(p<0.001). Patients receiving various combinations (<4 therapeutic modalities;
n=20) showed a more favorable outcome than patients receiving chemotherapy,
but differences in PFS and CSS were not statistically significant compared to
patients receiving an intensified multimodal treatment.
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Conclusions: An intensified, multimodal treatment approach including RP can
lead to excellent survival outcomes in patients with newly diagnosed omPCa.
Patients requiring chemotherapy have most likely a more aggressive disease and
therefore a more rapid tumor progression. Future studies to identify markers for
risk stratification in patients with omPCa are therefore needed.

oligometastatic prostate cancer, radical prostatectomy, multimodal treatment,
intensified treatment, prostate cancer, hormone sensitive prostate cancer

1 Introduction

Prostate cancer (PCa) is the most common non-cutaneous
malignancy in Western men (1). While cure rates are excellent
for patients with localized disease, patients presenting with
synchronous or metachronous metastasis have a poor prognosis
and typically only palliative treatment options (2). However, there is
a subgroup of patients with synchronous metastatic dissemination
limited to a maximum of four bone lesions i.e., oligometastatic
prostate cancer (omPCa), in which a curative therapeutic approach
appears to be a viable option (3).

For localized PCa, radical prostatectomy (RP) or radiation
therapy (RT) are the standard treatment modalities according to
current guidelines (4). Treatment options for metastatic hormone
sensitive prostate cancer (mHSPC) have expanded significantly in
recent years and now include classical androgen deprivation
therapy (ADT), novel antihormonal agents (NHT) and taxane-
based chemotherapy (Cx). It has recently been shown that the triple
therapy of ADT, NHT and Cx leads to a better survival outcome
than ADT in combination with docetaxel (5). These results
underscore that an early intensified treatment can lead to a
substantial survival advantage.

For patients with newly diagnosed, synchronous omPCa
treatment options are currently under debate (3). The concept of
oligometastatic disease was first introduced by Helman and
Weichselbaum for patients with a limited number of metastases
(6) in which local treatment and metastasis-directed therapy
(MDT) can improve survival. To our knowledge, there is no
consensus definition of newly diagnosed omPCa in the literature
(7, 8) or current guidelines (4, 9). Another aspect to consider is not
only the lack of a clear definition of omPCa, making the data
available inconsistent, but also the change in imaging modalities
over the past years with an increased use of PSMA-PET-CT (10).
With PSMA-PET-CT being more sensitive than conventional
imaging, metastases can be detected earlier in the course of the
disease (11), which could lead to an increased incidence of omPCa
(3), and hence the number of patients for whom an adequate
treatment needs to be established.

In the past several years, local treatment for omPCa including
cytoreductive RP and RT have been discussed extensively (12-14).
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Local RT in combination with systemic treatment has been shown
to improve overall survival (OS) as well as progression free survival
(PES) in comparison to systemic treatment alone in patients with a
low metastatic burden (15-17) and has since been established as a
standard treatment. However, studies on RP in patients with
omPCa are limited (18). Those limited studies show trends
towards improvement in overall, progression free and cancer
specific survival (CSS) (12, 19-21).

In addition to systemic treatment, RT and RP, the concept of
MDT is emerging (22, 23) and has recently been reviewed by
Miszcyk et al. (24). Current guidelines do not include MDT in
metastatic PCa patients (4, 9). However, there are data to suggest
that MDT extends the time until systemic treatment is required
(25), might improve oncological outcome (26-29) and can lead to
local symptoms control (24). MDT commonly includes surgical
resection and RT (24), however, randomized, prospective clinical
trials on the role of MDT in omPCa are largely lacking.

With omPCa being discussed as an intermediate state between
localized and a disseminated disease (6), a multimodal treatment
approach including RP or RT, MDT and systemic treatment
appears to be particularly promising (3). In this retrospective,
single-center analysis, we investigate the long-term oncological
outcome of patients who underwent multimodal treatment for
newly diagnosed omPCa combining RP, MDT as well as systemic
treatment, as part of a highly personalized therapeutic approach.

2 Materials and methods
2.1 Patient population

Forty-three patients with newly diagnosed omPCa were
included in this retrospective, single-center analysis. Patients had
a maximum of four bone metastases and/or non-regional lymph
node metastases (up to a maximum of two) (30). Patients with
visceral metastasis (cM1c) were excluded. All patients underwent
RP between 2000 and 2022 as part of an individual, personalized
treatment strategy. Other treatment modalities included ADT,
NHT, surgery or RT of metastases, adjuvant RT of the prostatic
fossa and/or pelvic lymphatics and taxane-based Cx in various
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combinations. Endpoints were PFES (defined as biochemical
recurrence, PSA progression, radiographic progression of
metastases, development of new metastases or local recurrence)
and CSS. Maximum follow-up time was 140 months with a median
follow-up of 69 months (range 4-140).

Patient information was retrieved from the clinical information
system of the University Hospital Heidelberg and from the tumor
database of the Department of Urology, a prospective database
collecting clinical, imaging and pathological data of every patient
with an urological malignancy. This data base also includes
prospectively collected follow-up data. Patients gave written
informed consent for the use of their data for research and
publication. This analysis was approved by the ethics committee
of the Medical Faculty Heidelberg of the University of Heidelberg
(S-335/2021).

2.2 Statistical analyses

To assess statistical significance the Chi-square test and Kruskal
Wallis test were used. A p value of <0.05 was considered significant.
The Kaplan-Meier method was used to calculate CSS and PFS with
log-rank statistics. Descriptive analysis was done using Microsoft
Excel Version 2411 and statistical analysis was completed using
IBM SPSS Statistics for Windows, Version 27 and Version 29 (IBM
Corp., Armonk, N.Y., USA).

3 Results
3.1 Baseline patient characteristics

A total of 43 patients with newly diagnosed omPCa were
included in this analysis. All patients presented with four or less
bone metastases (n=38), non-regional lymph node metastases (n=>5)
but no visceral metastases. A combination of bone and non-regional
lymph node metastases was present in six patients (13.9%). All
patients had biopsy proven adenocarcinoma of the prostate with a
median initial PSA level of 22.9 ng/ml (range, 4.8-599.6 ng/ml).
Basic patient characteristics are shown in Table 1.

3.2 Feasibility of multimodal therapy in
patients with omPCa

All patients (n=43) underwent RP as part of a multimodal,
individualized therapeutic approach. A total of 24 patients (55.8%)
received adjuvant radiation therapy after surgery. ADT was
administered in 41 patients (95.3%). In addition to RP, RT and
ADT, a total of 23 patients received MDT (53.5%). A total of ten
patients required chemotherapy during the course of disease
(23.3%). An overview of the different treatment combinations
patients received is shown in Figure 1.

Based on the different treatment modalities three different
patient groups were identified as shown in Figure 2. Patients in
group one (n= 20, 46.5%) received one (n=1, 2.3%), two or more of
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TABLE 1 Basic patient characteristics (n= 43).

Characteristics Results

Age at initial diagnosis, years

Median (Range) 62 (43-76)
BMI
Median (Range) 27 (21-35)

Initial PSA level, ng/ml
Median, Range 22.9 (4.8-559.6)
ECOG performance-status, n (%)
0 40 (93)
1 3(7)

Grade Group (Gleason Score Biopsy), n (%)

1(3+3) 3(7.0)

203 +4) 4(9.3)

3(4+3) 3(7.0)

4(4+4) 10 (23.3)

5 (9 and 10) 22 (51.2)

Missing 1(23)
Staging, n (%)

MRI, CT, bone scan 19 (44.2)

PSMA-PET-CT 24 (55.8)
pT, n (%)

2¢ 5(12)

3a 8 (18)

3b 27 (63)

4 3(7)
pN, n (%)

NO 15 (35)

N+ 28 (65)
c/pM, n (%)

Mla only 5(12)

Mib 38 (88)

Number of non-regional lymph node metastases in patients
stage M1b, n (%)

0 41 (95.4)
1 1(23)
2 1(23)

Number of bone metastases, n (%)

0 5(12)
1 20 (47)
2 8 (19)

(Continued)
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TABLE 1 Continued

Characteristics Results

Number of bone metastases, n (%)

3 6 (14)

4 4(9)
R status, n (%)

RO 14 (33)

R1 29 (67)

Grade Group (Gleason Score Biopsy), n (%)

2(3+4) 3(7.0)

3(4+3) 13 (30.2)

4(4+4) 1(23)

5(4+5) 26 (60.5)
Surgical technique, n (%)

Open 24 (56)

Robotic 19 (44)

the different treatment modalities in different combinations.
Patients in group two (n= 13, 3.2%) received an intensified
multimodal treatment including all of various treatment options
available excluding chemotherapy. Patients in group three (n=10,
23.3%) received a taxane-based chemotherapy in addition to
various combinations of RP, adjuvant RT, ADT and MDT at
some point during the course of the disease.

Clinico-pathological characteristics did not significantly
differ and were comparable between the three patient
subgroups (Table 2).

10.3389/fonc.2024.1475914

3.3 Survival advantage in patients receiving
an intensified multimodal treatment

To ascertain the impact of an intensified multimodal treatment
on the oncological outcome, PFS and CSS were compared between
the three patient subgroups.

Of the 43 patients, 25 patients experienced disease progression.
21 patients (48.8%) had a biochemical recurrence (BCR), with or
without a local recurrence and/or new metastases. Three patients
(7%) experienced PSA progression and one patient (2.3%) died
from progressive prostate cancer.

Patients receiving an intensified multimodal therapy (all
treatment modalities available except Cx) showed a more
favorable PFS compared to patients receiving multimodal therapy
(less than the maximum number of treatment modalities, except
Cx). However, it needs to be emphasized that the differences in PFS
between the intensified multimodal and the multimodal therapy
group were not statistically significant (p=0.277). The Kaplan-Meier
curve for PFS of all three patient subgroups clearly shows the
survival disadvantage of patients requiring chemotherapy in
comparison to the other two subgroups (p<0.001; Figure 3). The
5-year PES rates in the intensified multimodal treatment group,
multimodal treatment group and chemotherapy group were 53.8%,
65% and 10%, respectively.

Patients receiving an intensified multimodal treatment showed
a significantly better CSS compared to the other two patient groups
(Figure 4). None of the patients in the intensified multimodal
treatment group (n=13) died from prostate cancer during a
follow-up period of up to 140 months. The Kaplan-Meier curve
for CSS of all three patient subgroups demonstrates the survival
disadvantage of patients requiring chemotherapy in comparison to
the other two subgroups (p<0.001), while differences in CSS
between the intensified multimodal treatment group and the

Radical prostatectomy n=43 (100%)

Androgen deprivation therapy (ADT) n=41 (95.3%)

=y

Adjuvant radiation therapy
n=24 (55.8%)

iy

n=1(2.3%) n=7(16.3%) n=5(11.6%)  n=1(2.3%)

5(11.6%) n=6(14%)

n=1(2.3%) n=13(302%)  n=3(7%) n=1(2%)

FIGURE 1

Overview of different treatment combinations. MDT, Metastasis-directed therapy; Cx, Chemotherapy.
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Multimodal Treatment
(excluding Chemotherapy, n=20)

Intensified Multimodal Multimodal Treatment

Treatment + Chemotherapy (n=10)
(excluding Chemotherapy, n=13)

+/-
AT
+/-

Adjuvant radiation
therapy

+/-

FIGURE 2

+ +/-
~ADT AT
+ +/-
Adjuvant radiation Adjuvant radiation
therapy therapy

+

+/-
+

Definition of three different treatment groups, defined by the combination of treatment modalities patients received as part of a multimodal
treatment for oligometastatic prostate cancer. ADT, Androgen deprivation therapy; MDT, Metastasis-directed therapy; Cx, Chemotherapy.

TABLE 2 Clinico-pathologic characteristics of patients with or without intensified, multimodal treatment.

Multimodal Treatment = Intensified Multimodal Multimodal Treatment p-value

(RP + ADT + RT + Treatment incl. Chemotherapy
MDT; various (RP + ADT + RT +
combinations MDT; excluding Cx)
excluding Cx)
Patients, n 20 13 10
‘ Age, years 0.340
Median (Range) 62.5 (50-72) 59.0 (43-76) 61.5 (52-66)
‘ Initial PSA (ng/ml) 0.250
Median, Range 25.5 (8.1-559.6) 15.2 (4.8-191.4) 27.8 (6.6-130.0)
‘ Staging, n (%) 0.150
MR, CT, bone scan 8 (40.0) 4(30.8) 7 (70.0)
PSMA-PET-CT 12 (60.0) 9 (69.2) 3 (30.0)
Grade Group (Gleason Score 0.295
Biopsy), n (%)
2 and 3 (3+4 and 4+3) 10 (50.0) 3(23.1) 7 (30.0)
4(8) 0 0 1(10.0)
5 (9 and 10) 10 (50.0) 10 (76.9) 6 (60.0)
BTN 0 0.130
2¢ 4(20.0) 1(7.7) 0
3a 5 (25.0) 1(7.7) 2 (20.0)
3b 10 (50.0) 11 (84.6) 6 (60.0)
4 1(5.0) 0 2 (20.0)
(Continued)
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TABLE 2 Continued

Multimodal Treatment Intensified Multimodal Multimodal Treatment @ p-value

(RP + ADT + RT + Treatment incl. Chemotherapy
MDT; various (RP + ADT + RT +
combinations MDT; excluding Cx)
excluding Cx)
pN, n (%) 0.406
NO 9 (45.0) 3(23.1) 3 (30.0)
N+ 11 (55.0) 10 (76.9) 7 (70.0)
‘ Number of lymph nodes resected 0.247
Median (Range) 25 (9-44) 33 (16-48) 33.5 (7-56)
‘ c/pM, n (%) 0.424
Mla 2 (20.0) 2 (154)
Milb 19 (95.0) 11 (84.6) 8 (80.0)
‘ Bone metastases, n (%) 0.318
0 1 (5.0) 2 (15.4) 2 (20.0)
1 9 (45.0) 7 (53.8) 4 (40.0)
2 4(20.0) 3(23.1) 1 (10.0)
3 3 (15.0) 1(7.7) 2 (20.0)
4 3 (15.0) 0 1 (10.0)
‘ R status, n (%) 0.177
0 7 (35.0) 6 (46.2) 1 (10.0)
1 13 (65.0) 7 (53.8) 9 (90.0)
‘ Surgical technique, n (%) 0.280
Open 12 (60.0) 5 (38.5) 7 (70.0)
Robotic 8 (40.0) 8 (61.5) 3 (30.0)

RP, radical prostatectomy; ADT, androgen deprivation therapy; RT, radiation therapy; MDT, metastasis-directed therapy; Cx, Chemotherapy.

Progression Free Survival
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FIGURE 3
Kaplan-Meier curve showing progression free survival in months after radical prostatectomy for patients receiving multimodal treatment, multimodal
treatment including chemotherapy and intensified multimodal treatment. Please see a definition of subgroups in Figure 2.
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FIGURE 4

Kaplan-Meier curve showing cancer specific survival in months after radical prostatectomy for patients receiving multimodal treatment, multimodal
treatment including chemotherapy and intensified multimodal treatment. Please see a definition of subgroups in Figure 2.

multimodal treatment group were not statistically significant
(p=0.215; Figure 4). The 5- and 10-year CSS rate was 100% in the
intensified multimodal treatment group. In patients receiving a less
intensified treatment, the 5- and 10-year CSS rate was 90% and 85%,
respectively. In the chemotherapy group, the 5- and 10-year CSS
rate was 60% and 20%, respectively.

A multivariate Cox regression analysis for PFS and CSS showed
that only the Biopsy Grade Group (<4 vs. 24; p=0.007) and the
number of bone metastases (<3 vs. >3; p=0.021) were independent
prognosticators for the PFS (Supplementary Table 1).

Taken together, these results show that patients with omPCa
benefit significantly from an intensified multimodal treatment
including RP, RT, ADT and MDT.

4 Discussion

Oligometastatic PCa represents a rare subgroup of metastatic
PCa. Treatment strategies for this distinct patient subgroup are
under intensive debate. In particular the role of RP remains unclear
(31-35) while RT has been accepted as a local treatment option for
patients with omPCa as a result of the STAMPEDE trial (36).
Importantly, with PSMA-PET-CT being more widely used for PCa
staging (11), the number of patients with newly diagnosed omPCa is
very likely to rise.

In this retrospective analysis, we evaluated the oncological
outcome of 43 patients with de novo omPCa. All patients
underwent RP between 2000 and 2022 in addition to a
combination of further treatment modalities including RT, ADT,
MDT and Cx in an individualized treatment approach. Three
different patient and treatment groups were defined depending on
the treatments received in addition to RP. Patients receiving an
intensified multimodal treatment i.e., a combination of RP, RT,

Frontiers in Oncology

ADT, and MDT (n=13) showed a superior survival with 5- and 10-
year CSS rates of 100%. In contrast, the outcome for patients
requiring chemotherapy during the course of the disease was
significantly worse suggesting a more aggressive biology.

To our knowledge, there is no consensus definition of omPCa
based on the literature or current guidelines (4, 9). In our study, we
decided to choose criteria suggested by the CHAARTED trial i.e., a
maximum of four bone metastatic sites (7), however, with inclusion
of non-regional lymph-node metastasis (M1a). The rationale for the
latter is based on the evidence that patients with stage M1la have a
worse prognosis than patients with stage N1 (37). Less than five
bone metastases have been used by a number of other studies such
as the STAMPEDE (15) or HORRAD (16) trial.

In contrast to RT, RP is not recommended by current guidelines
for patients with omPCa (4, 9). The feasibility and safety of RP in
patients with metastatic PCa has been previously shown (21, 33, 34)
including its role for cytoreduction (12, 13, 38) and local symptom
control in a palliative setting (13).

In a study comparing the oncological outcome of 78 PCa
patients with a low metastatic burden undergoing RP, similar
results (CSS rate of 92% after three years) compared to patients
from the STAMPEDE trial (Arm H; CSS rate of 86% after three
years) could be achieved (39). An evaluation of data from the SEER
database showed that men with metastatic PCa undergoing RP
(n=47) or RT (n=88) of the prostate show a decrease in PCa specific
mortality (RP=52% and RT=62% risk reduction in cancer specific
mortality) compared to patients receiving ADT only (40).

In our study, more than 50% of the patients received an
adjuvant RT because of negative predictive factors. This raises the
question whether a primary RT would be an option in this patient
population. In addition to what already has been discussed we
would like to point out that a recent evaluation of RT and RP in the
treatment of omPCa patients did not show a significant difference in
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regard to 5-year PFS and OS between the two treatment modalities
(41). An important aspect to consider is the risk of local recurrence
- especially in patients with locally advanced disease. Hence, these
patients would require a salvage RP after RT, which has been shown
to be associated with a higher risk for complications when
compared to primary RP (42). We therefore believe that our
approach to perform RP in patients with omPCa is not only
feasible and leads to favorable clinical results while avoiding the
adverse events associated with salvage RP.

Besides RP, the role of MDT has also not yet been established in
the management of omPCa patients (4). In our analysis, 23 patients
received MDT, which in combination with RP, RP and ADT
resulted in an excellent CSS over a time period of ten years. MDT
has been discussed in the treatment of PCa patients with a low
metastatic burden as part of a multimodal treatment strategy (23,
26). In PCa patients with recurrent disease and nodal involvement,
local resection or RT has been shown to lead to an improvement in
CSS compared to ADT alone (27). Our results are further supported
by studies showing an improvement in ADT-free survival and PFS
comparing MDT vs. surveillance in recurrent PCa (26, 28). In
another analysis of 68 patients with omPCa, patients additionally
receiving MDT (n=24; surgical resection or radiation therapy
within six months after RP) showed a significantly reduced
mortality rate (p = 0.04) compared to patients who did not receive
MDT (29). These results as well as results from our analysis
emphasize the need for a further evaluation of MDT in omPCa
patients. A study that might further support the use of MDT is the
ongoing PERSIAN trial (NCT05717660), a prospective,
multicentric Phase II randomized superiority study evaluating the
role of radiation therapy on all metastatic sites in combination with
ADT and apalutamide compared to ADT and apalutamide
alone (43).

With PSMA-PET-CT being used more widely, omPCa is likely
to be detected more frequently. This underscores the need for
consensus treatment strategies for these patients. Already in 2016
it has been discussed that some patients with early stage metastatic
PCa might benefit from a multimodal treatment strategy (44),
which is supported by the results of the present analysis.
However, our study suggests that a subset of patients, in
particular patients requiring chemotherapy for rapid disease
progression, benefit less or do not benefit from an intensified
multimodal treatment. It will be important in future trials to
develop suitable biomarkers to identify these patients, for example
genetic testing for pathogenic mutations in BRCA1/2 or TP53 (45).

Limitations of our analysis include the single-center,
retrospective character and the relatively small patient cohort.
Another limitation is the heterogeneity of pre-operative imaging
modalities. It is well established that PSMA-PET-Scans show a
higher sensitivity and specificity than conventional imaging (11).
Hence, patients staged by conventional imaging may experience an
underestimate of the true metastatic burden. The importance of a
more accurate clinical staging has recently been demonstrated, with
patients receiving a PSMA-PET-CT before radiation therapy
showing a significantly better 5-year CSS (46). However, there
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were no statistically significant differences between the three
patient subgroups of our study with respect to imaging modalities
(p=0.150; Table 2). Moreover, there was no difference in patient PFS
(p=0.143) and CSS (p=0.078) depending on the imaging
modalities used.

The change of the therapeutic landscape for patients with
metastatic prostate cancer in the past decades also needs to be
taken into consideration when interpreting our results. At the same
time, future studies should also consider novel systemic therapy as
part of multimodal treatment approach for omPCa e.g., PARP
inhibitors (47).

Taking into account the results of this investigation and data
available in current literature, it seems feasible and promising to
consider an intensified multimodal treatment approach including
RP for patients with newly diagnosed omPCa which can lead to a
long-term survival benefit. The challenge is also going to be to
correctly identify patients that are going to benefit from these
treatment strategies, as well as those in need of a more aggressive,

systemic treatment regimen.

5 Conclusion

Intensified multimodal treatment for newly-diagnosed omPCa
leads to excellent survival results. However, patients requiring
chemotherapy do not seem to benefit, possibly due to a more
aggressive disease. Further studies are needed to help identify
patients benefitting from intensified, multimodal treatment.
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