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1 | INTRODUCTION

Abstract

Metastatic burden is a critical factor for therapy decision-making in metastatic
hormone-sensitive prostate cancer. The present study aimed to identify prognostic
factors in men with high- or low-metastatic burden treated with primary androgen-
deprivation therapy. The study included 2450 men with de novo metastatic prostate
cancer who were treated with primary androgen-deprivation therapy at 30 institu-
tions across Japan between 2008 and 2017. We investigated the prognostic value of
various clinicopathological parameters for progression-free survival (PFS) and overall
survival (OS) in patients stratified by low- or high-metastatic burden. Among the 2450
men, 841 (34.3%) and 1609 (65.7%) were classified as having low- and high-metastatic
burden, respectively. Median PFS of the low- and high-burden groups were 44.5 and
16.1 months, respectively, and the median OS was 103.2 and 62.7 months, respec-
tively. Percentage of biopsy-positive core, biopsy Gleason grade group, T-stage, and
N-stage were identified to be differentially prognostic. Ml1a was associated with
worse PFS than was M1b in the low-burden group, whereas lung metastasis was as-
sociated with better PFS and OS than was M1b in the high-burden group. Differential
prognostic factors were identified for patients with low- and high-burden metastatic
prostate cancer. These results may assist in decision-making to select the optimal
therapeutic strategies for patients with different metastatic burdens.

KEYWORDS
androgen-deprivation therapy, hormone-sensitive prostate cancer, metastatic burden,
metastatic prostate cancer, prognostic factor

therapeutic modalities combined with ADT are now recommended

therapeutic options for metastatic HSPC.1©

The CHAARTED and STAMPEDE (arm C) trials of docetaxel che-
motherapy with androgen-deprivation therapy (ADT) showed ben-
eficial effects on both progression-free survival (PFS) and overall
survival (OS) in men with metastatic hormone-sensitive prostate
cancer (HSPC).1'3 Since then, survival benefit has also been demon-
strated with the cytochrome P450 17a-hydroxylase/17,20-lyase
(CYP17) inhibitor abiraterone (LATITUDE and STAMPEDE [arm G]
trials) and the novel antiandrogens enzalutamide (ENZAMET trial)
and apalutamide (TITAN trial) with ADT.*7 Two randomized trials,
HORRAD and STAMPEDE (arm H), have additionally shown a poten-
tial survival benefit with prostate-targeted radiotherapy for patients

with low metastatic burden HSPC.®? Based on these findings, novel

The survival benefits of these novel therapies differ according to
tumor aggressiveness, burden, and spread. In the CHAARTED trial,
upfront docetaxel chemotherapy with ADT significantly prolonged
the survival of patients with high-volume disease (defined as visceral
metastasis or 24 bone metastases beyond the vertebrae and pelvis),
but it is not yet known whether the same regimen increases the sur-
vival of patients with low-volume disease.’ In this regard, although
the STAMPEDE (arm C) trial suggested comparable survival benefits
for patients with low- and high-volume disease, the effects did not
achieve statistical significance.*? Local radiotherapy has been shown
to benefit patients with oligometastatic, but not high-volume met-
astatic, HSPC. The STOPCAP meta-analysis of the HORRAD and
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STAMPEDE (arm H) trials showed improved survival of men with
<4 bone metastases in response to local radiotherapy.’® Then, an-
drogen receptor pathway inhibitors (ARPI) and/or radical treatment
are currently recommended therapeutic options for oligometastatic
HSPC, whereas the benefit of metastasis-directed therapies remains
under investigation. ARPI or docetaxel are recommended therapeu-
tic options for high-volume HSPC.**

The results of these studies suggest that metastatic burden
should be taken into account when selecting therapeutic strategies
for patients with metastatic HSPC. However, it is not known whether
the prognostic factors differ for patients with low- and high-burden
metastatic HSPC. Here, we report the results of a multi-institutional
study in Japan to investigate prognostic factors differentially associ-
ated with PFS and OS in patients with de novo metastatic HSPC with

low- or high-metastatic burden.

2 | MATERIALS AND METHODS
2.1 | Patients

This study retrospectively enrolled patients who were newly diag-
nosed with de novo metastatic prostate cancer between 2008 and
2017 at 30 institutions, mainly academic hospital and cancer centers,
participating in the Japanese Urological Oncology Group (JUOG).1®
The study was approved by the institutional review board of each
institute.’> All patients were pathologically diagnosed with adeno-
carcinoma of the prostate, and distant metastasis was detected by
computed tomography and bone scans performed at the time of di-
agnosis. Of the 2829 patients with metastatic prostate cancer de-
scribed in our previous report,’> we excluded 379 patients with (i)
unknown number of bone metastases, (ii) unknown M1 sub-stage,
(i) unknown/undetermined Gleason grade group, or pathological di-
agnosis other than adenocarcinoma, (iv) initial treatment (eg, upfront
docetaxel and upfront ARPI) other than castration monotherapy or
combined androgen blockade (CAB), or (vi) unknown prognosis. In
total, data were analyzed for 2450 patients.

2.2 | Methods

Demographic, clinicopathological, and survival data were obtained
from medical records. Clinical staging was determined by the unified
TNM criteria.’® Gleason grade categories at initial diagnosis were
evaluatedas <3+ 4 =7 (1); 3+ 4 (ll); 4 + 3 (lll); 4 + 4 (IV); or 9-10
(V). Gleason scores 3 + 5 and 5 + 3 were included in category IV, ac-
cording to a previous report.!” Patients were dichotomized into low-
burden (lymph node metastasis and/or <4 bone metastases without
visceral metastasis) and high-burden (24 bone metastases and/or
visceral metastasis) groups. Hormone therapy was given as castra-
tion monotherapy (surgical or medical castration) or CAB (surgical or
medical castration plus a first-generation nonsteroidal antiandrogen

[bicalutamide and flutamide]). PFS was calculated from the date of

diagnosis to the date of progression, defined as PSA levels increased
by 25% from nadir and higher than 2.0 ng/mL, and OS was calcu-
lated as the date of diagnosis to the date of death due to any cause.
Surviving patients without disease progression were censored at the

last follow-up visit.

2.3 | Statistical analysis

All analyses were carried out using JMP13 software (SAS Institute,
Cary, NC, USA). Continuous and categorical data were analyzed by
Wilcoxon rank sum and Pearson’s chi squared tests, respectively.
Survival analyses were conducted by the Kaplan-Meier method and
log-rank test. A Cox proportional hazards model was used to esti-
mate hazard ratios (HR). The differential prognostic value of clinico-
pathological parameters was investigated through interaction tests.

All P values were two-sided; P < .05 was considered significant.

3 | RESULTS

Of the 2450 men retrospectively analyzed, 841 (34.3%) and 1609
(65.7%) were classified as having low- and high-burden disease, re-
spectively. When patient characteristics were compared, pain level,
PSA value, percentage of biopsy positive cores, biopsy Gleason
grade group, T-stage, N-stage, M-stage, and extent of disease (EOD)
score were all less favorable for patients in the high-burden com-
pared with the low-burden group (Table 1). Most patients (86.7%)
were treated with CAB, and a minority (n = 342; 14.0%) received
local radiotherapy. Among the patients with lung (n = 268) or liver
(n = 33) metastasis, 198 (73.9%) and 27 (81.8%), respectively, also
had bone metastasis. None of the patients had concomitant lung and
liver metastases.

During follow up, 424 (50.4%) and 231 (27.5%) patients expe-
rienced disease progression and death due to any cause in the
low-burden group while 1109 (68.9%) and 661 (41.1%) patients ex-
perienced disease progression and death due to any cause in the
high-burden group, respectively. Median follow-up time for men
alive at the date of censor was 39.2 months (interquartile range
[IQR], 22.1-66.8 months). Median PFS and OS were 21.3 months
(95% confidence interval [CI] 20.1-23.1 months) and 76.3 months
(95% Cl1 70.4-82.0 months), respectively. In the low- and high-burden
groups, the median PFS was 44.5 months (95% Cl 36.9-51.9 months)
and 16.1 months (95% Cl 15.0-17.5 months), respectively
(P < .0001; Figure 1A), and the median OS was 103.2 months
(95% Cl 94.2 months-not reached) and 62.7 months (95% CI 57.0-
66.4 months), respectively (P < .0001; Figure 1B).

Next, we analyzed the prognostic value of various parame-
ters for PFS. PFS was significantly associated with age, PSA value,
percentage of biopsy positive cores, biopsy Gleason grade group,
T-stage, and N-stage in the low-burden group, and with pain,
PSA value, biopsy Gleason grade group, T-stage, N-stage, and
therapeutic modality in the high-burden group (Table 2). When
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TABLE 1 Patient characteristics stratified by metastatic burden

Metastasis burden

Low burden
Variable (n=841)
Age at diagnosis, years 73 (67-79)
(IQR)

NA 3
Pain

Absence 758 (91.7%)

Presence 69 (8.3%)

NA 14

PSA value at diagnosis, 80.4

ng/mL (IQR) (26.1-249)

NA 5

Percentage of biopsy positive core, n (%)
<66% 268 (33.1%)
>66% 542 (66.9%)
NA 31

Biopsy Gleason grade group, n (%)
Group < IV 348 (41.4%)
Group V 493 (58.6%)

Clinical T-stage, n (%)

T1/2 169 (20.5%)
T3 465 (56.3%)
T4 192 (23.2%)
NA 15
Clinical N-stage, n (%)
NO 342 (41.0%)
N1 492 (59.0%)
NA 7
Clinical M-stage, n (%)
M1a 188 (22.4%)
M1b 653 (77.6%)
Mic (lung) -
Mic (liver) -
EOD score, n (%)
EOD1 653 (100%)
EOD2 -
EOD3 -
EOD4 -
Therapeutic modality, n (%)
Castration 125 (14.9%)
CAB 716 (85.1%)

High burden

(n=1609)
73 (66-78)

1150
(72.5%)

436 (27.5%)
23

365
(105-1078)

8

371 (23.9%)

1184
(76.1%)

54

561 (34.9%)

1048
(65.1%)

218 (13.9%)
815 (52.0%)
535 (34.1%)
a1

589 (36.9%)

1009
(63.1%)

11

1308
(81.3%)

268 (16.7%)
33(2.1%)

318 (20.7%)
623 (40.6%)
433(28.2%)
159 (10.4%)

201 (12.5%)

1408
(87.5%)

P-value

.084

<.0001

<.0001"

<.0001"

0015

<.0001"

046

<.0001"

<.0001"

.10

Abbreviations: CAB, combined androgen blockade; EOD, extent of
disease; IQR, interquartile range; PSA, prostate-specific antigen.

*Statistically significant.

H 1527
Cancer Science mi% LEy- 27
1.0

(A)
% —Low burden
= 0.8 —High burden
2
&
3 0.6
[0]
2
5 0.4
3
[0
g 0.2
= P <0.0001*
0.0
— 0 24 48 72 96 120
Low burden 841 445 233 117 48 6
High burden 1,609 479 188 86 30 4
(B) 1.0
— Low burden
© 0.8 —High burden
©
g 06
=
?
3 0.4
[0
3
0.2
P < 0.0001*
0.0
NG, aEFiek 0 24 48 72 96 120
Low burden 841 639 368 203 85 18
High burden 1,609 1,039 496 222 87 13

FIGURE 1 Kaplan-Meier survival analysis of men with
metastatic prostate cancer stratified by metastatic burden. A and
B, Progression-free survival (A) and overall survival (B) of patients
with high or low metastatic burden

interaction P values as prognostic value of clinicopathological pa-
rameters were calculated, percentage of biopsy-positive core, bi-
opsy Gleason grade group, T-stage, and N-stage were identified to
be differentially prognostic for PFS. Among the patients with low
metastatic burden, M1a was associated with worse PFS than was
M1b (HR, 1.39; 95% Cl, 1.11-1.73; P = .0037), whereas the reverse
was true for the all-patient group (HR, 0.77; 95% Cl, 0.63-0.94;
P =.0093) (Table 2). In the high-burden group, M1c (lung metasta-
sis) was associated with better PFS than was M1b (HR, 0.65; 95%
Cl, 0.55-0.77; P < .0001), whereas PFS was comparable between
patients with lung metastasis and M1b within the all-patient group
(HR, 0.86; 95% Cl, 0.73-1.02; P = .077; Table 2). High EOD score
and liver metastasis were unfavorable prognostic factors for PFS
in both the high-burden and all-patient groups (Table 2).

We analyzed the prognostic factors for OS according to meta-
static burden in the same manner. OS was significantly associated
with pain, percentage of biopsy positive cores, biopsy Gleason
grade group, T-stage, and N-stage in the low-burden group, and
with age, biopsy Gleason grade group, and T-stage in the high-bur-
den group (Table 3). When interaction P values as prognostic value
of clinicopathological parameters were calculated, only T-stage
was identified to be differentially prognostic for OS. OS was com-

parable between the M1a and M1b subgroups of patients with low
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TABLE 2 Associations between clinicopathological parameters and progression-free survival
Low burden High burden
Interaction
Variable HR 95% ClI P-value HR 95% ClI P-value P-value
Age at diagnosis, years
<70 Ref - - Ref - - .071
>70 0.75 0.62-0.91 0037 0.93 0.82-1.04 .21
Pain
Absence Ref = = Ref = = 42
Presence 1.10 0.79-1.54 .57 1.24 1.09-1.41 .0009
PSA value at diagnosis, ng/mL
<100 Ref - - Ref - - .55
>100, <500 1.43 1.15-1.78 0012 1.21 1.03-1.43 022"
>500 1.69 1.30-2.20 <.0001 1.60 1.37-1.87 <.0001’
Percentage of biopsy positive core
<66% Ref - - Ref - - <.0001°
>66% 2.32 1.84-2.93 <.0001" 1.14 0.99-1.32 .064
Biopsy Gleason grade group
Group < IV Ref - - Ref - - 0071
Group V 2.33 1.89-2.88 <.0001 1.57 1.38-1.79 <.0001’
Clinical T-stage
T1/2 Ref - - Ref - - .0005°
T3 1.62 1.21-2.17 0012 1.06 0.88-1.28 .56
T4 3.31 2.42-4.54 <.0001 1.50 1.24-1.83 <.0001"
Clinical N-stage
NO Ref - - Ref - - 0028’
N1 2.03 1.65-2.49 <.0001" 1.32 1.17-1.50 <.0001
Clinical M-stage
M1a 1.39 1.11-1.73 .0037" - - - -
M1b Ref = = Ref = =
M1c (lung) - - - 0.65 0.55-0.77 <.0001"
M1c (liver) = = = 141 0.94-2.12 .095
EOD score
EOD1 - - - Ref - - -
EOD2 - - - 1.71 1.43-2.04 <.0001
EOD3 - - - 2.22 1.85-2.68 <.0001’
EOD4 - - - 363  2.89-4.55 <.0001"
Therapeutic modality
Castration Ref = = Ref = = 97
CAB 0.78 0.60-1.02 .069 0.83 0.69-0.997 046

Abbreviations: CAB, combined androgen blockade; Cl, confidence interval; EOD, extent of disease; HR, hazard ratio; PSA, prostate-specific antigen.

*Statistically significant.

metastatic burden (HR, 1.27; 95% ClI, 0.93-1.74; P = .13), whereas
the M1la subgroup had better OS than M1b when all patients
were assessed (HR, 0.73; 95% Cl, 0.55-0.97; P = .030) (Table 3).
As noted for PFS, OS was better for patients with lung metasta-
sis than with M1b in the high-burden group (HR, 0.66; 95% ClI,
0.52-0.83; P = .0004), but it was comparable in the M1a and M1b
subgroups of all patients (HR, 0.83; 95% Cl, 0.66-1.05; P = .13)

(Table 3). High EOD score and liver metastasis were unfavorable
prognostic factors for OS in both the high-burden and all-patient
groups, as noted for PFS (Table 3).

Kaplan-Meier survival curves confirmed the differential prog-
nostic values of percentage of biopsy positive cores, biopsy Gleason
grade group, T-stage, N-stage, and metastatic sites in patients with

low and high metastatic burden (Figures 2 and 3).
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TABLE 3 Associations between clinicopathological parameters and overall survival

Low burden

Variable HR 95% ClI P-value
Age at diagnosis, years

<70 Ref - -

>70 1.16 0.89-1.52 .27
Pain

Absence Ref = =

Presence 1.54 1.02-2.31 039"

PSA value at diagnosis, ng/mL

<100 Ref - -
>100, <500 1.20 0.90-1.61 .22
>500 1.21 0.85-1.74 .29

Percentage of biopsy positive core
<66% Ref = =
>66% 1.57 1.16-2.11 .0032’
Biopsy Gleason grade group

Group < IV Ref - -

Group V 1.97 1.48-2.62 <.0001"
Clinical T-stage

T1/2 Ref = =

T3 1.25 0.84-1.87 .27

T4 2.50 1.63-3.82 <.0001"

Clinical N-stage
NO Ref - -
N1 1.36 1.04-1.78 .026
Clinical M-stage
M1la 1.27 0.93-1.74 13
M1b Ref = =
Mic (lung) - - -
Mic (liver) - - -
EOD score
EOD1 - - -
EOD2 - - -
EOD3 - - -
EOD4 - - -
Therapeutic modality
Castration Ref = =

CAB 1.13 0.74-1.72 .59

High burden

Interaction
HR 95% Cl P-value P-value
Ref - - .85
1.18 1.01-1.37 040"
Ref = = 14
1.10 0.93-1.31 .25
Ref - - .20
0.87 0.71-1.07 .20
1.03 0.85-1.25 77
Ref - - 091
1.14 0.95-1.37 17
Ref - - 22
1.57 1.33-1.86 <.0001"
Ref - - 021
1.02 0.80-1.30 .88
1.33 1.03-1.72 026
Ref - - 17
1.08 0.92-1.26 .36
Ref - -
0.66 0.52-0.83 0004
2.08 1.33-3.26 0013
Ref - - -
1.52 1.19-1.93 0007
1.82 1.42-2.34 <.0001"
3.45 2.61-4.58 <.0001
Ref = = 31
0.93 0.72-1.19 .56

Abbreviations: CAB, combined androgen blockade; Cl, confidence interval; EOD, extent of disease; HR, hazard ratio; PSA, prostate-specific antigen.

*Statistically significant.

4 | DISCUSSION

The criteria used in this study are similar to that in CHAARTED
criteria although metastasis beyond vertebrae and pelvis was not
included. Accordingly, the discrimination ability for PFS and OS be-
tween low- and high-metastatic burden in this study was similar to
those by CHAARTED criteria.'®%’

To our knowledge, this is the first investigation of how the
prognostic factors for PFS and OS in Japanese patients with met-
astatic HSPC is affected by the metastatic burden. We identified
how the percentage of biopsy-positive cores, biopsy Gleason
grade group, T-stage, and N-stage differentially impact on the
prognosis between low and high burden. Those findings suggest

that locoregional tumor burden and cancer malignant potential
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FIGURE 3 Kaplan-Meier overall survival analysis of men with metastatic prostate cancer stratified by clinicopathological factors. A-E,
Patients with low and high burden stratified by percentage of biopsy-positive cores (A), biopsy Gleason grade group (B), clinical T-stage (C),
clinical N-stage (D), and metastatic site (E)
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have relatively greater impact in patients with low burden, but less
in patients with high burden. In addition, this study suggested that
M1a was a possible unfavorable prognostic factor in low burden,
suggesting that M1a diseases may be more aggressive than oligo-
metastatic bone metastatic disease.

In the present study, high EOD score and liver metastasis, but
not lung metastasis, were unfavorable prognostic factors in the
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all-patient group, consistent with previous reports,
in the high-burden group, whereas lung metastasis was associated
with a favorable prognosis in the high-burden group. These findings
are consistent with previous work suggesting that liver and lung me-
tastasis have distinct prognostic value for patients with metastatic
prostate cancer.? In the present study of mostly Japanese men, lung
and liver metastases were observed in 13.2% and 1.3% of patients,
respectively, which contrasts with the almost equivalent prevalence
rates of 5.7% and 4.5%, respectively, among patients with stage IV
prostate cancer in the USA (Surveillance, Epidemiology and End

Results-Medicare database).?

These findings suggest the possibil-
ity that metastatic prostate cancer may differ biologically and clini-
cally among patients of different races.?® Otherwise, the difference
of the medical care system such as access to chest computed to-
mography scan may affect the prevalence rate of lung metastasis.
The present study demonstrates for the first time the differential
prognostic value of metastatic sites and other factors in Japanese
patients with high- or low-metastatic burden HSPC.

In recent years, risk stratification by metastatic burden has been
used to determine the optimal therapeutic strategy for patients with
metastatic prostate cancer. ARPI, including CYP17 inhibitors and
novel antiandrogens, have been shown to improve the survival of pa-
tients with HSPC, regardless of metastatic burden, and are currently
in clinical use. In contrast, upfront docetaxel chemotherapy and local
radiotherapy are thought to be more suitable for patients with high-
and low-volume metastatic disease, respectively.”*® The results of
the present study suggest that patients with low-burden disease and
locoregional risk factors such as high percentage of biopsy positive
cores, high Gleason grade group, high T-stage (especially T4), and, pos-
sibly, N1 may be ideal candidates for local therapy. A subgroup analysis
of the STAMPEDE trial found that local radiotherapy had a favorable
effect on OS for the T4, Gleason score 28, and N1 patient subgroups,
although the impact of percentage of biopsy positive cores was not
reported.” Patients with low-burden disease and unfavorable prog-
nostic factors may benefit more from therapies such as ARPI, whereas
patients with high-burden disease and unfavorable prognostic factors
may require more intensive therapies, such as docetaxel in combina-
tion with ARPI; notably, the latter combination is under investigation
in the PEACE-I and ARASENS trials. The results of those studies will
undoubtedly be valuable in developing novel therapeutic strategies for
patients with metastatic HSPC who have differing metastatic burdens.

The present study has several limitations. First, the study de-
sign was retrospective. Second, the study cohort consisted mostly
of Japanese patients, which may limit the applicability of the find-
ings to other patient ethnicities. Third, the accrual period included

the era before novel agents for hormone-refractory prostate cancer

were introduced, and several of our patients died before abiraterone
acetate, enzalutamide, radium-233, and cabazitaxel became avail-
able. However, all patients had access to docetaxel chemotherapies.
Finally, most metastasis was diagnosed by imaging modalities only
without biopsy, where accuracy of metastasis is dependent on the

diagnostic ability of imaging.

5 | CONCLUSION

In conclusion, the results of this study identified differential prognos-
tic factors for patients with low- and high-metastatic burden HSPC.
These findings have several potential clinical implications; for exam-
ple, they may assist in providing more accurate prognoses of patients
with metastatic HSPC, in identifying novel therapeutic strategies for
patients with differing metastatic burden, and in identifying patients

who may benefit from more or less intensive therapies.
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