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ABSTRACT

Background: For metastatic hormone naive prostate cancer patients, androgen deprivation therapy
(ADT) with escalation therapy including docetaxel and/or androgen targeting drugs is the standard
therapy. However, de-escalation is preferable to avoid unnecessary side effects, especially from doce-
taxel, but markers to identify these patients are lacking. The purpose of the present study was to inves-
tigate the potential of PSA and Ki67 immunoreactive scores as prognostic and treatment-predictive
markers.

Material and methods: Prostate biopsies from 92 patients with metastatic hormone naive PC
(PSA > 80ng/mL or clinical metastases) were immunohistochemically evaluated for PSA and Ki67.
Gene expression analysis was performed with Clariom D microarrays to identify the phenotypic profile
associated with the immunohistochemistry scores of biopsies. Cox regression analysis for progression
free survival after ADT adjustment for age, ISUP, and serum PSA and Kaplan-Meier analyses were per-
formed to assess prognostic values of Ki67, PSA, and the Ki67/PSA ratio.

Results: The immunohistochemical score for PSA was the strongest prognostic factor for progression-
free and overall survival after ADT. Consequently, the ratio between Ki67 and PSA displayed a stronger
prognostic value than Ki67 itself. Further, mRNA expression data analysis showed an association
between high Ki67/PSA ratio, cell-cycle regulation, and DNA damage repair. In an exploratory sub-ana-
lysis of 12 patients treated with early docetaxel as addition to ADT and matched controls, a high
Ki67/PSA ratio showed potential to identify those who benefit from docetaxel.

Conclusion: PSA and Ki67 immunoreactive scores are prognostic in the metastatic hormone-sensitive
setting, with PSA being superior. The combination of Ki67 and PSA did not give additional prognostic
value. The results suggest immunohistochemical scoring of PSA to have potential to improve identifi-
cation of patients responding well to ADT alone.
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Introduction needed. Despite this pressing unmet clinical need, no vali-
dated biomarkers exist for guiding the selection of patients
with advanced prostate cancer for early add-on therapy,
although there are some possible clinical parameters, such as
tumor burden, with potential for patient selection [6,7].
Although serum PSA is used for diagnosis and monitoring
of prostate cancer, it cannot be used for treatment selection

in advanced stages, since the levels mostly reflect tumor bur-

The development of new treatments strategies for patients
with advanced prostate cancer have resulted in significant
improvement in overall survival and the addition of docetaxel
to androgen deprivation therapy (ADT) has been the standard
of care for 5-7years. Phenotypically and genotypically differ-
ent subtypes have been demonstrated [1-5], and there is
increasing evidence that a subtype of prostate cancer with

low androgen receptor (AR) signaling responds poorly to
androgen-targeted therapies [2,4,5], and may be in most need
of docetaxel in addition to ADT. In contrast, patients with
intact AR signaling and lower proliferation could have a good
response to ADT alone. Clearly, a one-size fits all approach is
not appropriate and strategies for patient selection are

den and not tumor biology. In the tumor cells, a low PSA
expression is linked to dedifferentiation and limited AR sig-
naling [8], and tissue PSA staining has previously been
shown to be a strong prognostic biomarker for PSA progres-
sion-free survival (PFS) in a cohort of 12,000 prostate cancer
cases [9]. The proliferation marker Ki67 is the most studied
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prognostic tissue biomarker in prostate cancer [10], and its
expression in cancer tissue in the prostate is associated with
higher Gleason scores and the development of metastatic
disease [11,12].

We have previously shown that immunoreactivity of Ki67
and PSA in combination could distinguish three groups of
patients with poor, intermediate, and good prognosis,
respectively, in a cohort of men initially managed with
watchful waiting [13]. Also in bone metastases, the combin-
atory PSA and Ki67 score provided prognostic information
about different subgroups [2]. Further, we recently showed
that AR, PSA, and Ki67 in the primary tumor to some extent
could predict the phenotype of the metastases, and also
were prognostic for survival after ADT [14].

The aim of the present study was to evaluate the poten-
tial of PSA and Ki67 staining of prostate biopsies, individually
and combined, to predict treatment response to ADT in
patients with hormone naive metastatic disease from two
prospective biomarker studies. Further, an exploratory sub-
study aims to evaluate if these markers could help in identi-
fying patients with the most benefit of docetaxel therapy or
suitable for de-escalation from the standard of care. Further,
we aimed to define the gene expression patterns associated
with the expression of these markers to enable identification
of targetable pathways to improve therapy for patients with
metastatic prostate cancer.

Materials and methods
Patient population

The present study includes systematic prostate biopsies from
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manifestations of metastatic PC at the time of diagnosis from
two prospective biomarker studies at Sahlgrenska University
Hospital, Gothenburg (N=63) and at Norrland’s University
Hospital, Umed, Sweden (N=29) between 2012 and 2018
(Table 1). Thirteen patients were excluded after the biopsy
procedure; three were treated with radiotherapy, three
received other hormonal treatment, three were lost for fol-
low up, two were treated for other cancer forms, and two
died of other cause shortly after inclusion. The remaining 79
patients were evaluable for response to ADT, see Figure 1.
Twelve of these patients were treated with early docetaxel
and two with abiraterone in combination with ADT. Serum
PSA was followed approximately every third month after ini-
tiation of ADT. Castration-resistant prostate cancer (CRPC)
was defined as either (1) biochemical progression with at
least two consecutive rises in serum PSA after nadir, a total
increase of > 1ng/ml and reaching an absolute value >
2ng/ml, (2) radiological progression with the appearance of
two or more new lesions on bone scan, according to the
Swedish guidelines, or (3) prostate cancer death.

Immunohistochemistry and evaluation

Standard immunohistochemistry methods were used on new
sections of 4 um formalin-fixed paraffin embedded (FFPE) pros-
tate needle biopsies for staining with A0562(DAKO) and 30-9
(790.4286, Ventana) for PSA and Ki-67, respectively, using
Benchmark Ultra (see supplementary material for details).
Sections from the Gothenburg cohort were scanned with the
Aperio image scope-pathology slide viewing software, and
digital evaluation was performed using the image viewing soft-

92 patients with PSA > 80ng/mL and/or clinical ware NDP.view2 (Hamamatsu). Evaluation of the sections from
Table 1. Baseline characteristics.
Clinical variables All (N=92) Survival analysis (N =65)a ClariomD (N = 56)

Age at start of ADT (years)
Serum PSA at start of ADT (ng/mL)
Tumor stage

T1-2 13
13-4 37
X 42
ISUP grade /Gleason score (GS)

ISUP 2-3/GS 7 17
ISUP 4-5/GS 8-10 75

PSA score IHC
Ki67 score IHC
Type of treatment

Medical castration® 83
Surgical castration 6
Radiation therapy 3
Adjuvant therapy

Abiraterone acetate 2
Docetaxel 12
None 78

Time from biopsy to relapse or last follow up (days)
Cause of death

Prostate cancer 47
Other death 1
Alive 17
Excluded from survival analysis 27

Time from biopsy to prostate cancer death (days)

70.0 (64.0-78.2)
270.0 (124.5-780.0)

9.0 (5.4-10.9)
18.6 (11.2-31.2)

71.0 (65.0-81.0)
330.0 (121.5-927.5)

71.0 (64.0-77.2)
320.0 (157.5-927.5)

1" 4
31 17
23 35
10 1
55 45
9.0 (5.5-10.9) 8.1 (5.2-10.1)
18.8 (11.2-32.1) 17.9 (11.2-29.4)
59 52
6 1
0 3
0 1
0 5
65 50
380.0 (175.0-658.0) 291.5 (154.0-458.2)c
47 31
1 1
17 6
18

1202.0 (567.0-1780.2) 956.5¢ (440.8-1476.0)

Ranges are presented as interquartile range (IQR). N; number, x; unknown.
2For primary ADT without added docetaxel

PMedical castration; GnRH agonist/antagonist.

Only calculated for patients included in survival analysis.
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Figure 1. Flow chart of the patient selection for the different analyses.

Umed was performed in SlideViewer (3DHistech Ltd.). The can-
cer tissue for each biopsy was divided in quartiles, resulting in
8 or 4 different scores for each patient, of which the mean
was used as the score for each patient.

Hematoxylin and eosin-stained biopsies were Gleason
graded according to the 2014 ISUP Consensus Conference.
PSA immunoreactivity score was calculated using a percent-
age scale for distribution (0: no staining, 1: 1-25%, 2: 26—
50%, 3: 51-75%, 4: 76-100%) multiplied with the score for
intensity (0: negative, 1: weak, 2: moderate, 3: strong) result-
ing in a score of 0-12. Ki67 score was calculated as a mean
percentage of strongly positive Ki67 epithelial nuclei at least
500 randomly selected malignant cells at 400x magnifica-
tion. The distribution of the PSA and Ki67 scores in the two
cohorts correlated well (Supplementary Figure S1).

RNA isolation and gene expression analysis

RNA was extracted from 4 x 10 um FFPE sections using the
Invitrogen PureLink™ FFPE total RNA Isolation Kit (K156002,
ThermoFisher, USA) as per the manufacturer's protocol. RNA
was quantified, and quality assessed on a DeNovix DS —11
FX + Spectrophotometer (DeNovix Inc, Wilmington, USA). The
RNA was amplified and hybridized using the GeneChip™ WT
Pico Reagent Kit before the expression was analyzed using
the Clariom™ D Human Transcriptome Array (both Applied
Biosystems, Thermofisher) at the Uppsala Array and Analysis

ADT only
(N=65)

ADT + early ADT + early

docetaxel abiraterone
(N=12) (N=2)

Sub analysis Excluded

Docetaxel

Facility. Raw data was normalized in Transcriptome Analysis
Console software (Thermofisher) and analysis carried out in R
(http://www.r-project.org).

Ethical approval

The study is conducted with respect to the Global data pro-
tective regulation (GDPR) and is ethically approved by the
Local Ethical committees with the numbers 2013-57-31 M,
974-16 (T1138-18) and 936-12 (T113-18).

Statistics

All statistical analyses were performed using R v4.2.1. PSA
and Ki67 score values, as well as serum PSA and Ki67/PSA
ratio, were log2 transformed before statistical analyses, due
to the observed distribution of values. The Ki67/PSA ratio
was computed as Ki67 score/(PSA score +1), to avoid divid-
ing with zero. Cox regression was used to estimate the haz-
ard ratio, both in univariate and multivariate models of
survival. Kaplan-Meier, restricted mean survival time (RMST)
and the log rank test were used to analyze association
between survival outcome and categorized variables. Genes
associated with Ki67/PSA ratio were identified using the
limma R-package [15]. In the linear model, run (batch) was
included as covariates, as was age (at biopsy), ISUP and
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log2(PSA) (at biopsy). Many patients were represented by
two samples and in the calculations, these paired samples
were considered through duplicate correlations (function
duplicateCorrelation).  Correlation was performed by
Spearman’s rank test for continues values and Cohan’s kappa
for the quartiles of the Ki67 and PSA IHC.

For the exploratory analysis regarding possible potentials
of the biomarkers PSA, Ki67 and their ratio for the effect of
early docetaxel, the ccoptimalmatch R-package was used to
identify three matched controls per docetaxel-treated case,
matched on log, (“biomarker”) (maximum distance 1.3) and
ISUP (maximum distance 1). Docetaxel treated cases were
split in two groups (high and low) based on the biomarker
value. Kaplan-Meier analysis was used to compare the pro-
gression-free survival between docetaxel-treated cases and
their matched “ADT alone” controls in these two groups
(high and low) separately.

All statistical analyses were based on two-sided tests, and
p <.05 was considered statistically significant, except in the
gene association analysis where Benjamini-Hochberg’s FDR
method for multiple testing correction was adopted and the
significance threshold 5% FDR was used.

Pathway analysis

Genes showing significant correlations (adjusted p-value
<.05) between transcript levels and log2Ki67/PSA were ana-
lyzed by the MetaCore analysis tool for pathway enrichment
analysis (Clarivate analytics, UK). The sets of genes being
positively or negatively associated with Ki67/PSA were ana-
lyzed separately for the probability of being significantly
enriched (false discovery rate (FDR) <.05) in pre-defined
pathway maps, considering the numbers of enriched gene
products in the data vs. the total number of genes per path-
way. p values were adjusted by considering the rank of the
pathway, given the total number of pathways in the
MetaCore ontology.

Results
Patient characteristics

Of the 92 patients, 79 were available for analysis of PFS and
overall survival (OS) for ADT. Fourteen of these patients
received early docetaxel (n=12) or abiraterone acetate
(hn=2) as addition to ADT and were excluded from the pri-
mary analysis. All patients stayed on their ADT or additional
therapy until relapse. For baseline characteristics see Table 1.
For the 65 patients in the primary survival analysis, ADT was
performed by GnRH agonists with or without 30d of
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bicalutamide as flair protection (n=48), GnRH agonist after
one month of GnRH antagonists (n=11), surgical castration
(n=6). At last follow-up, castration resistant relapse had
occurred in 60 of the 65 patients, and 17 of the patients
were still alive. Of the baseline clinical characteristics (age,
ISUP, and serum PSA) only ISUP was significantly associated
with PFS and OS in multivariate analysis (Supplementary
Table S1).

PSA immunoreactivity score outperforms Ki6é7 score as
prognostic marker for PFS and OS

After adjustment for age, ISUP and baseline serum PSA, Cox
regression analysis showed that an increased Ki67 score
increases the risk for progression and death (HR = 1.30;
p=.047 and HR = 1.41; p=.022, respectively) (Table 2). The
PSA score had an even better prognostic potential, with the
risk of progression and death decreasing with increasing PSA
scores (HR = 0.53 and 0.37, respectively and p <.0001 for
both) (Table 2). The patients in the highest Ki67 quartile or
lowest PSA quartile had the worst prognosis, but these cut-
offs did not always identify the same patients, illustrated by
the tabulation of the quartiles (Supplementary Table S2). We
therefor hypothesized that a ratio between Ki67 and PSA IHC
score would further discriminate patients with different out-
comes. This ratio was prognostic for both progression-free
and overall survival (p <.0001 for both) (Table 2) but did not
confer stronger prognostic potential compared to PSA score
alone. In line with this, analyzing PSA and Ki67 scores in a
multivariable cox regression model together with age, ISUP,
and serum PSA, showed that only PSA score was independ-
ently prognostic for relapse and overall survival (Table 3).
Dividing the immunoreactivity scores in quartiles, Kaplan-
Meier analysis showed that all three parameters (Ki67, PSA
and Ki67/PSA) could identify the groups with best and worst
prognosis, confirming the strongest prognostic potential for

Table 3. Multivariable survival analysis with Cox regression for the immunor-
eactive score of PSA and Ki67.

Outcome Variable N (events) HR p

Relapse Ki67 score 64 (59) 1.07 (0.81, 1.42) .62
PSA score 0.55 (0.39, 0.78) 6.6E-04
Age 0.99 (0.96, 1.02) .59
ISUP 1.35 (0.94, 1.94) A
serum PSA 1.07 (0.95, 1.21) .28

Death Ki67 score 64 (47) 1.08 (0.78, 1.48) .65
PSA score 0.38 (0.25, 0.59) 1.1E-05
Age 1.02 (0.99, 1.06) .26
ISUP 1.21 (0.79, 1.83) .38
serum PSA 1.06 (0.93, 1.19) 39

Table 2. Survival analysis with Cox regression for the immunoreactive score of PSA and Ki67.

Outcome Variable N crude (events) HR crude P crude N adj. (events) HR adjusteda P adjusted®

Relapse Ki67 score 65 (60) 1.39 (1.11, 1.75) 0.0049 64 (59) 1.30 (1.00, 1.70) 0.047
PSA score 0.51 (0.38, 0.68) 6.5E-06 0.53 (0.39, 0.71) 3.5E-05
Ki67/PSA 1.38 (1.18, 1.60) 4.8E-05 1.34 (1.13, 1.59) 6.3E-04

Death Ki67 score 65 (48) 1.52 (1.16, 1.99) 0.0025 64 (47) 1.41 (1.05, 1.91) 0.022
PSA score 0.38 (0.27, 0.54) 6.2E-08 0.37 (0.25, 0.54) 3.3E-07
Ki67/PSA 1.54 (1.28, 1.85) 4.8E-06 1.54 (1.25, 1.90) 5.4E-05

?Adjusted for serum PSA, ISUP, and age.
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Figure 2. Kaplan—-Meier analysis of survival in relation to Ki67 and PSA immunoreactivity scores. Progression-free survival (upper panels) and overall survival (lower
panels) in patients grouped in quartiles based on PSA score (A,D), Ki67 score (B,E), and Ki67/PSA ratio (C,F). p values are indicated in the graphs.

PSA (Figure 2). Images of PSA and Ki67 stainings are shown
in Supplementary Figure S2.

Gene expression of MKI67 and KLK3: correlations and
prognostic value

110 biopsies from the Gothenburg cohort (2 biopsies/patient
(N=54), except for two patients from which only 1 biopsy
was available) were used for comprehensive whole genome
expression profiling. IHC scores for Ki67 and PSA correlated
well with the mRNA expression of their coding genes MKI67
and KLK3, respectively (Supplementary Figure 3(B,C)). High
mMRNA levels of KLK3 were, after adjustment for ISUP, age,
and serum PSA, associated with a decreased risk of

progression and death, in line with the results from the
immunoreactivity analysis, while MKI67 levels displayed no
significant associations with prognosis after adjustments
(Table 4).

The Ki67/PSA ratio is associated with cell cycle
regulation and DNA damage repair

The mRNA expression data was analyzed for the correlation
with the immunoreactivity scores for Ki67 and PSA. In total,
238 genes (40 down and 198 up) were significantly corre-
lated to the Ki67 score, 436 (280 down and 156 up) genes
were correlated to the PSA score, and 472 genes (116 down
and 356 up) correlated to the Ki67/PSA ratio. The overlap
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Table 4. Survival analysis with Cox regression for the gene expression levels of KLK3 and MKI67.

Outcome Variable N crude (events) HR crude P crude N adj. (events) HR adjusted® P adjusted®
Relapse MKI67 38 (36) 1.53 (0.90, 2.60) 0.11 38 (36) 1.19 (0.62, 2.29) 0.61
KLK3 0.56 (0.35, 0.91) 0.018 0.46 (0.26, 0.80) 0.0061
Death MKI67 38 (32) 2.01 (1.12, 3.63) 0.021 38 (32) 1.72 (0.86, 3.43) 0.12
KLK3 0.62 (0.41, 0.93) 0.021 0.50 (0.30, 0.83) 0.0076
?Adjusted for serum PSA, ISUP, and age.
Table 5. Gene enrichment analysis for genes associated with Ki67/PSA ratio.
Top 10 pathways significantly Pathways significantly associated
associated with high Ki67/PSA ratio with low Ki67/PSA ratio
Enriched Pathway Maps FDR P value Enriched Pathway Maps FDR p value
1. Cell cycle: Chromosome 5.52E-14 1.35E-16 1. Androgen receptor activation 1.66E-03 5.07E-05
condensation in prometaphase and downstream signaling in
prostate cancer
2. Cell cycle: Spindle assembly and 6.73E-12 3.31E-14 2. Recurrent gene fusions in 1.66E-03 5.70E-05
chromosome separation prostate cancer
3. Cell cycle: Initiation of mitosis 9.62E-12 7.09E-14 3. Transcription targets of 1.66E-03 6.60E-05
androgen receptor involved in
prostate cancer
4. DNA damage: ATM/ATR regulation 8.42E-11 1.06E-12 4. Cell adhesion: ECM remodeling 3.12E-03 1.48E-04
of G2/M checkpoint: nuclear
signaling
5. DNA damage: Double-strand break 8.42E-11 1.38E-12 5. Protein folding and maturation: 2.99E-02 1.66E-03
repair via homologous Bradykinin/Kallidin maturation
recombination
6. Cell cycle: Role of APC in cell cycle 8.42E-11 1.45E-12 6. Pro-oncogenic action of 3.12E-02 1.98E-03
regulation androgen receptor in breast
cancer
7. DNA damage: ATM/ATR regulation 2.11E-07 4.15E-09 7. Neutrophil chemotaxis in 3.27E-02 2.34E-03
of G2/M checkpoint: cytoplasmic asthma
signaling
4.48E- 3.55E-
8. Cell cycle: The metaphase 3.79E-07 8.39E-09 8. Mechanisms of deltaF508 CFTR 02 03
checkpoint activation by S-
nitrosoglutathione
9. Cell cycle: Transition and 1.39E-06 3.42E-08
termination of DNA replication
10. Abnormalities in cell cycle in 6.93E-08 2.57E-06

SCLC

Displayed pathways are selected based on a p value <.05 and a FDR <.05.

between these groups of significantly associated genes is
shown in Supplementary Figure S4 and Supplementary
Tables S3-S5 and illustrates that there are about 30% of
genes that are unique for their association to the Ki67/PSA
ratio and not to the PSA and Ki67 scores separately. Gene
ontology and pathway analysis of the genes significantly
associated to the Ki67/PSA ratio demonstrated that a high
ratio (high Ki67 and low PSA) was associated with increased
expression of genes involved in regulation of the cell cycle
and DNA damage repair. Genes associated with a low ratio
(low Ki67 and high PSA) were involved in androgen receptor
activation, cell adhesion, and neutrophil chemotaxis
(Table 5).

Potential for Ki67 and PSA as markers for outcome of
early docetaxel as addition to ADT

Docetaxel is microtubule-stabilizing and anti-mitotic [16], and
since high Ki67/PSA scores were associated with cell cycle
regulation and DNA damage repair, we hypothesize that
patients with high Ki67/PSA ratio may have the most benefit

of adding docetaxel to ADT. To assess this, we selected the
12 patients receiving early docetaxel and for each of them
three control patients receiving only ADT, matched on
Ki67/PSA ratio and ISUP, resulting in 48 individuals in total.
The Ki67, PSA, and Ki67/PSA values for this selected cohort
are shown in Figure 3(A). This cohort was divided in two by
the median Ki67/PSA value among the 12 treated patients.
PFS was analyzed for the low (n=20) and high (n=28)
Ki67/PSA groups separately, comparing patients with and
without early docetaxel therapy. The same was also per-
formed for PSA and Ki67 separately.

The results displayed a beneficial effect of docetaxel on
progression free survival in patients with a high Ki67/PSA
ratio (p =.041), while the effect seemed negligible in the low
Ki67/PSA group (Figure 3(B)). When dividing the patients
according to PSA score neither of the groups displayed any
effect of docetaxel addition (Figure 3(C)). However, the Ki67
high group, like the high Ki67/PSA group, showed a possible
benefit in progression free survival of docetaxel (not signifi-
cant: p=.075), while the low Ki67 low group did not
(Figure 3(D)). Overall survival was not assessed due to the
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Figure 3. Sub-analysis of PFS among patients who received docetaxel in addition to ADT. (A) lllustration of the docetaxel-treated patients and their matched
controls regarding PSA, Ki67, and Ki67/PSA. Filled circles indicate matched cases included in the sub analysis, open circles represent the patients not included in
the sub analysis. (B-D) Kaplan-Meier analysis of progression-free survival after ADT with or without additional docetaxel (+doc) in relation to the (B) Ki67/PSA ratio

(high or low), (C) PSA score, and (D) Ki67 score. p values are shown in the graphs.

difference in use of CRPC treatments (docetaxel, abiraterone,
and enzalutamide) between the groups, which was too large
to allow comparison.

Discussion

Markers to identify patients who are in need of the growing
repertoire of treatments for metastatic prostate cancer are
urgently needed. This paper illustrates the potential of
immunoreactivity for PSA, and of its combination with Ki67,
to distinguish between good and poor responders to ADT
given as mono therapy. In addition, it suggests that readily
available immunohistochemical scoring may be used to iden-
tify patients with the highest potential to benefit from add-
ing docetaxel to ADT.

Today, guidelines recommend adding docetaxel or
androgen signaling inhibition (ASI) to ADT for metastatic
prostate cancer, with equal beneficial effects reported for
docetaxel and abiraterone acetate [6,17,18]. Further, triple
treatment with ADT, docetaxel, and ASI are discussed to
be standard of care despite increased side effects [15].
However, the quality-of-life (QoL) adjusted survival indi-
cates that the reduced QoL for the combination therapy

may not balance the increased survival for all patients
[19]. Thus, there is a need for treatment predictive bio-
markers to select de-escalation from triple therapy to
avoid or postpone docetaxel side effects.

The present study demonstrates the strong potential of
immunoreactivity of PSA to identify good or poor responders
to ADT alone, which is in line with previous evidence that
tissue expression of PSA has prognostic value [9,20-22].
Compared to the proliferative index measured by Ki67 stain-
ing, which, although not clinically used, is broadly accepted
to be associated with prognosis, PSA is more powerful. This
is also in line with previous head-to-head comparisons of
PSA and Ki67 as prognostic tissue markers in other clinical
stages of prostate cancer [2,14]. However, although these
earlier studies identified a combination of Ki67 and PSA as
even more efficient, in the situation of primary metastatic
prostate cancer, this seems not to be true for the prognostic
potential for response to ADT. This may be explained by the
relatively high proliferative index in the majority of these
tumors (median 18.8, interquartile range 11.2-31.2), making
the tumors with lowest Ki67 scores still highly proliferative
and limiting the impact of this parameter for prognostic pur-
poses for the response to ADT.



Although a true comparison of efficacy of the addition of
early docetaxel is not possible in the present set-up, we used
our patient material, including the 12 patients who received
addition of docetaxel to ADT, as a pilot study evaluating if
docetaxel addition gives more benefit to cases with a high
Ki67/PSA ratio. The results suggest that patients bearing
tumors with a low Ki67/PSA ratio, i.e, the combination of
high AR activity and low proliferation, may not need the
addition of docetaxel to ADT. In contrast, the patients with
high Ki67/PSA ratio showed the worst response to ADT alone
and clearly benefitted from the added docetaxel. In this situ-
ation, the proliferative index using Ki67 was almost as good
to prognosticate benefit of docetaxel as the Ki67/PSA ratio,
while PSA on its own was not powerful at all, illustrating the
different potential for these markers depending on the
nature of the intended therapy.

Recently, it was shown that a high Decipher GC risk score
based on whole transcriptomic profiling was associated with
most benefit from addition of docetaxel to ADT [23]. Further,
the luminal B subtype from the PAMS50 gene expression
identifier associated with both high proliferation and high
androgen activity, was found to both have the best response
to ADT [5] and being the only subgroup to benefit with
increased OS from additional docetaxel to ADT [23], possibly
indicating the Luminal B patient group in need of multi-
modal treatment, regardless of choice of treatment. In the
present sub study, OS could not be properly analyzed due to
the large difference in CRPC treatments received between
the patients who got addition of docetaxel to ADT, recruited
to the study recently, and those recruited earlier of whom
many only received total androgen blockade with bicaluta-
mide. However, this study points out the possibility that clas-
sification using basic tissue detection of Ki67 and PSA could
be equally efficient in identifying patients benefitting from
addition of docetaxel to ADT as elaborate transcription profil-
ing algorithms.

In addition to docetaxel, ASls are used as early treatment
in combination with ADT. Since a low Ki67/PSA ratio is
dependent on a high PSA score, indicating a high AR activity,
it could suggest a better response to ADT. In line with that,
patients with CRPC tumors classified as PAM50 luminal B,
having a higher AR activity, achieved significantly better sur-
vival after treatment with ASI drugs compared to patients
with basal tumors [24]. Thus, the Ki67/PSA ratio may also be
useful in selecting patients for the addition of ASI to ADT in
the hormone sensitive phase, possibly together with informa-
tion of presence of intraductal carcinoma of the prostate,
which recently was shown to be predictive for ASI in this set-
ting [25]. In the present study, however, only two patients
were treated with abiraterone acetate, and no such analyses
could be performed.

The gene expression profile associated with the Ki67 and
PSA immunoreactive scores largely reflect the expected path-
ways, including cell cycle regulation in one end and AR sig-
naling in the other. The appearance of DNA damage repair
pathways together with the proliferative profile in the more
aggressive part of the spectrum may indicate that Ki67/PSA
reflects properties important for PARP-inhibitors. Further, AR
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inhibitors exert a synergistic effect with PARP inhibitors in
impairing DNA repair and downregulating DNA repair gene
expression [26,27], properties which may also be connected
to the low AR activity in the high Ki67/PSA patients. Thus, it
may be speculated that the Ki67/PSA ratio may have a
potential to be a biopsy-based tool for patient selection also
for PARP inhibitors. However, efficacy of PARP inhibitors in
the hormone naive setting is yet to be defined, and phase llI
trials are ongoing for genetically selected patient cohorts
(AMPLITUDE (NCT04497844) and TALAPRO-3 (NCT04821622))

Limitations of the present study include the retrospective
design and as an explorative hypothesis-generating study,
results need to be validated in prospective clinical trials.
Also, inclusion of more clinical variables such as tumor bur-
den, lactate dehydrogenase, hemoglobin, and others would
have strengthened the evaluation regarding independency
of the investigated markers. Further, the small study size and
the long inclusion time (during which the treatment for
mCRPC have changed) compromise the possibility to draw
conclusions of overall survival.

In conclusion, we show evidence that PSA immunoreactiv-
ity in primary metastatic hormone sensitive prostate cancer is
a strong prognostic marker for identifying patients with best
response to ADT. Further, the ratio of Ki67 and PSA scores
correlates with a gene expression profile associated with cell
cycle regulation and DNA damage repair. Accordingly, a small
exploratory sub study suggests Ki67/PSA as a possible treat-
ment predictive marker for identification of patients benefit-
ting from the addition of docetaxel to ADT, an interesting
option for future studies in larger patient cohorts.
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