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Abstract

Background Prostate cancer is a prevalent cancer in men worldwide, and castration-resistant prostate cancer (CRPC) is
characterized by disease progression despite androgen deprivation therapy. While clinical and prognostic biomarkers have
been identified in CRPC, the significance of serum inflammatory markers remains unclear.

Materials and methods This retrospective study included 79 CRPC patients treated with abiraterone or enzalutamide. Inflam-
matory markers, including the modified Glasgow prognostic score (mGPS), systemic immune-inflammation index (SII), and
neutrophil-to-lymphocyte ratio (NLR), were assessed as predictive tools for treatment response. Patient data were obtained
from medical charts, and statistical analyses were performed.

Results The median age of the patients was 67 years, with most having a Gleason score of 8-10. The median values for NLR,
PLR, and SII were 2.9, 168.5, and 713.5, respectively. The objective response rate (ORR) to abiraterone or enzalutamide
therapy was 55.1%. mGPS showed a significant association with ORR, with the mGPS 0 group having the highest response
rate (59.5%). Median progression-free survival (PFS) was 12.8 months, and median overall survival (OS) was 35.4 months.
Palliative radiotherapy during therapy and PSA doubling time were independent prognostic factors for PFS.

Conclusions mGPS and PSA doubling time significantly impacted survival, and mGPS significantly predicted the treatment
response in mCRPC, which may lead to further prospective studies.

Keywords mGPS - Castration-resistant prostate cancer - Abiraterone - Enzalutamide - Objective response rate - PSA
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Introduction

Prostate cancer is the second commonly diagnosed cancer
in men worldwide. In an advanced setting, androgen depri-
vation therapy can be used with or without treatments tar-
geting androgen pathways or docetaxel. Many patients pro-
gress while receiving these treatments. Castration-resistant
prostate cancer (CRPC) is defined as having evidence of
disease progression (an increase in serum prostate-specific
antigen (PSA), new metastases, or progression of exist-
ing metastases), and who have to castrate levels of serum
testosterone (< 50 ng/dl) [1].

There are well-defined clinical and prognostic biomark-
ers in CRPC. The most extensive data come from circu-
lating tumor cell analyses (CTCs) and gene expression
profiles [2, 3]. Clinical parameters are prostate-specific
antigen (PSA)-only recurrence (MO disease with a rising
PSA and no demonstrable metastases), and at the other
end are males with extensive, high-volume, symptomatic,
metastatic disease in visceral sites (especially the liver),
and bone metabolism biomarkers [4-6].

On the other hand, the prognostic importance of serum
inflammatory markers in CRPC remains unclear. Many
studies have evaluated the modified Glasgow prognostic
score (mGPS), neutrophil-to-lymphocyte ratio (NLR),
platelet-to-lymphocyte ratio (PLR), systemic inflamma-
tory index (SII), and C-reactive protein (CRP) in CRPC.
They showed that higher values of inflammatory mark-
ers were associated with worse survival [7-9]. Also, the
pan-immune-inflammation marker was studied in CRPC
patients treated with abiraterone or enzalutamide and was
significantly associated with survival [10].

We aimed to assess the inflammatory markers as modi-
fied Glasgow prognostic score (mGPS), systemic immune-
inflammation index (SII), and neutrophile-to-lymphocyte
ratio (NLR) as practical tools for predicting response
to abiraterone or enzalutamide treatments in metastatic
CRPC patients.

Materials and methods

A total of 79 men diagnosed with metastatic castration-
resistant (serum testosterone < 50 ng/dl) prostate cancer
(CRPC) between 2015 and 2021, treated with abiraterone
or enzalutamide, were included in this study. Patients’ data
were retrospectively obtained from patients’ charts. The
laboratory findings have been noted before abiraterone/
enzalutamide treatment. Patients with Eastern Cooperative
Oncology Group Performance Status (ECOG PS) 3 and 4,
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who could not continue to active follow-up, were excluded
from data analysis.

The mGPS was defined as follows: an average Alb level
> of 3.5 g/dl and a CRP = of 10 mg/dl was scored as 0, a
low Alb and CRP > 10 mg/dl was scored as 2, and only a
low Alb or CRP > 10 mg/dl was scored as 1. NLR is cal-
culated as absolute neutrophil count (neutrophil count/ml)/
absolute lymphocyte count (lymphocyte count/ml); PLR
is calculated as absolute platelet count (platelet count/
ml)/absolute lymphocyte count. The SII was defined as
follows: SII =Platelets X neutrophil/lymphocytes.

The PSA progression was defined by a rise of over 25% in
PSA measurements compared to the initial value. PSA dou-
bling time was defined as the number of months for PSA to
increase two-fold. Treatment response, encompassing partial
response (PR), complete response (CR), stable disease (SD),
and progressive disease (PD), along with objective response
rates (PR and CR), were assessed following RECIST 1.1
guidelines. In this framework, disease progression is deter-
mined by a minimum 20% increase in the longest diameter
of target lesions, referencing the smallest longest diameter
noted from treatment commencement or the emergence of
new lesions [11, 12].

Written informed consent was obtained from patients, and
the Local Ethics Committee of Istanbul Medipol University
approved the study.

Statistical analysis

SPSS 24.0 (SPSS Inc., Chicago, IL, USA) software was used
for all statistical analyses. Parameters were described with
their median values, and due to non-normal distribution,
nonparametric tests were used. PFS was defined as the allo-
cation date of enzalutamide or abiraterone to the radiological
progression date. OS was defined as the time from CRPC
diagnosis to the death or last seen date or loss to follow-
up. Survival analysis and curves were performed using the
Kaplan—Meier method and compared with the log-rank test.
The multivariate COX regression analysis was performed to
evaluate independent prognostic factors. Afterwards, binary
logistic regression analysis was performed to assess all the
significant characteristics for predicting treatment response.
The 95% confidence interval (CI) was used to quantify the
relationship between survival time and each independent
factor. All p values were two-sided in tests, and p values less
than or equal to 0.05 were considered statistically significant.

Results
A total of 79 CRPC patients with a median age of 67

(range, 39-85 years) were included in this study. All of
the patients were treated with abiraterone or enzalutamide.
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Most patients’ Gleason scores were 8—10 (n=159; 74.7%).
The number of patients treated with docetaxel in a castra-
tion-sensitive setting was 47 (59.5%). Before abiraterone or
enzalutamide therapy, 39 (49.4%) and 34 (43%) patients’
ECOG PS remained 0 and 1, respectively. The number of
patients with visceral metastasis was ten (12.7%). Thirty
patients (38.0%) had only bone metastatic disease. The base-
line median PSA value before abiraterone or enzalutamide
therapy was 10.7 (range, 0.4-902.0 ng/ml), and the median
value of PSA response to abiraterone or enzalutamide ther-
apy was 1.5 (range, 0.01-1536.0 ng/ml). The median PSA
doubling time before the allocation of abiraterone or enzalu-
tamide therapy was 8.8 months. Fifty-seven (73.1%) patients
received palliative radiotherapy during abiraterone or enza-
lutamide therapy (Table 1). Fifty-seven (72.2%) patients
progressed under treatment, and cancer-related death was
observed in 43 patients (54.4%).

Median NLR, PLR, and SII values were determined as
2.9, 168.5, and 713.5, respectively. Of the 79 patients, seven
(9.0%) had CR, 36 (46.2%) had PR, and 21 (26.9%) had
SD. The ORR regarding RECIST 1.1 was 55.1%. When
the patients were categorized according to achieving ORR
to abiraterone or enzalutamide therapy, no significant dif-
ference was determined between NLR <2.9 vs.>2.9;
PLR <168.5 vs.>168.5, and SII<713.5 vs.>713.5
(Table 2). The ORR in mGPS 0, 1, and 2 groups were sig-
nificantly different and were 59.5, 40.5, and 0%, respectively
(p<0.001) (Fig. 1).

Table 1 Clinicopathologic features of patients

Characteristics Total patients
79 (%)
Age, years 67 (39-85)
Median, range
Gleason score
<7 13 (18.0)
8-10 59 (74.7)
Unknown 7(7.3)
ECOG PS
0 39 (49.4)
1 34 (43.0)
2 6 (7.6)
Previous docetaxel 47 (59.5)
Visceral metastasis 10 (12.7)
Only bone metastasis 30 (38.0)
Multiple metastases 39 (49.3)

PSA doubling time before antiandrogen
therapy (median, months)

8.8 (1.8-43.6 months)

Palliative radiotherapy during antiandrogen
therapy

57 (73.1)

PSA prostate-specific antigen, ECOG PS Eastern Cooperative Oncol-
ogy Group Performance status

Table 2 Response rates according to systemic inflammatory param-
eters with respect to RECIST 1.1

Total ORR P
n (%) n (%)
Complete response 7(9.0)
Partial response 36 (46.2) NA
Stable disease 21 (26.9) 43 (55.1%)
Progressive disease 15(17.9)
mGPS
0 25 (31.6) 22 (59.5)
1 31(39.2) 15 (40.5) <0.001
2 12 (15.2) 0
NLR (median)
<29 39 (49.4) 22 (51.2) 0.6
>2.9 40 (50.6) 21 (48.8)
PLR (median)
<168.5 39 (49.4) 24 (55.8) 0.2
>168.5 40 (50.6) 19 (44.2)
SII (median)
<713.5 39 (49.4) 25 (58.1) 0.08
>713.5 40 (50.6) 18 (41.9)

mGPS modified Glasgow prognostic score, NLR neutrophil-to-
lymphocyte ratio, SII systemic inflammatory index, ORR objective
response rate

At a median follow-up of 23.3 months, the median PFS
was 12.8 months, and the median OS was 35.4 months. The
univariate analysis for PFS showed no significant correla-
tion between PFS and PLR, NLR, SII, pretreatment with

p<0.001
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I stable Disease
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B Disease
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Count

Fig. 1 Response rates according to the modified Glasgow prognostic
score

@ Springer



74

Cancer Chemotherapy and Pharmacology (2024) 93:71-78

docetaxel, visceral metastasis, and bone-only metastatic dis-
ease. PSA doubling time before abiraterone or enzalutamide
therapy and palliative radiotherapy during therapy were sig-
nificant prognostic factors for PES (p <0.001 and p <0.001).
The median PFS was 21.6, 11.8, and 5.3 months with respect
to the mGPS 0, 1, and 2, respectively (p <0.001) (Fig. 2).
Multivariate analysis for PFS revealed that significant inde-
pendent prognostic factors were palliative radiotherapy

during abiraterone or enzalutamide therapy (p=0.01, HR:
12.2 95%, CI 1.63-92.4) and PSA doubling time before
treatment (p =0.02, HR: 0.31, 95% CI 0.11-0.85).

The median OS was 43.5, 31.2, and 19.2 months in
patients with mGPS 0, 1, and 2, respectively (p =0.008)
(Fig. 3). The absence of visceral metastasis (median OS
37.4 vs. 20.5 months, p=0.006) and median PSA dou-
bling time > 8.8 months before abiraterone or enzalutamide
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therapy (median OS 43.5 vs. 25.8 months, p=0.003, respec-
tively) were significantly related to prolonged survival. The
univariate analysis for OS demonstrated no significant cor-
relation between OS and NLR, PLR, SII, Gleason grade
group, pre-docetaxel treatment, palliative radiotherapy, and
the presence of bone-only metastasis. The independent prog-
nostic factors for OS were the presence of visceral metastasis
(p=0.03, HR: 4.9, 95% CI 1.12-21.87) and median PSA
doubling time before abiraterone or enzalutamide therapy
(»p=0.01, HR: 0.22, 95% CI 0.67-0.74) in the multivariate
analysis. Table 3 summarizes the univariate and multivariate
analysis for both PFS and OS.

Logistic regression analysis was done to identify inde-
pendent predictive factors for response to abiraterone or

enzalutamide treatment. PSA doubling time before the
commencement of abiraterone or enzalutamide treatment,
along with SII, NLR, and PLR, did not significantly pre-
dict the response. The analysis revealed that only mGPS
was an independent significant predictive factor for the
abiraterone or enzalutamide therapy response (p =0.001,
OR: 0.75, CI 95% 0.19-0.30). Thus, the patients with
mGPS =0 were significantly good responders to the abi-
raterone or enzalutamide therapy in CRPC.

Table 3 Univariate analysis with median PFS (months) and multivariate analysis for PES

Factor Progression-free survival Overall survival
Univariate analysis Multivariate p value Univariate analysis Multivariate p value
Median PFS  p p (HR 95% CI) Median PFS months p p (HR 95% CI)
months
Palliative RT during antiandro- 0.01 0.09 0.06
gen therapy
Absent NA <0.001 12.2 NA
Present 10.9 1.63-92.4 343
Gleason score NA 0.4 NA NA 0.6 NA
Predocetaxel treatment
Absent 11.1 0.9 NA NA 0.1 NA
Present 13.9
Visceral metastasis 0.1 NA 0.03
Absent NA 374 0.006 (4.9; 1.12-21.87)
Present 20.5
Only bone metastatic disease NA 0.5 NA 31.2 0.6
344
PSA doubling time 0.02 0.01
<8.8 months 7.0 <0.001 (0.31; 0.11-0.85) 25.8 0.003 0.22; 0.67-0.74
> 8.8 months 23.6 43.5
mGPS
0 21.6 <0.001 43.5 0.008
1 11.8 0.6 31.2 0.3
2 53 0.08 19.2 0.4
NLR (median)
<29 12.5 0.7 NA 30.4 0.4
>2.9 13.9 374
PLR (median)
<168.5 14.8 0.2 NA 354 0.3
>168.5 10.6 344
SII (median)
<7135 14.5 0.07 NA 354 0.6
>713.5 10.2 343

CI confidence interval, mGPS modified Glasgow prognostic score, NLR neutrophil-to-lymphocyte ratio, SII systemic inflammatory index, PSA

prostate-specific antigen, RT radiotherapy
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Discussion

High inflammation parameters significantly impact
prognosis in many cancer types [13, 14]. In addition to
inflammatory markers, malnutrition causes deaths in can-
cer patients, which is well described. mGPS is a marker
derived from albumin, the major protein in the blood and
the objective indicator for nutritional status, and CRP, the
most common acute-phase serum protein and an indica-
tor of the systemic inflammatory response [15]. Systemic
inflammatory and nutritional biomarkers have also been
studied in various cancers such as pancreatic, lung, and
prostate [16—18]. In contrast, none have examined the pre-
diction of abiraterone or enzalutamide therapy response
yet for patients with metastatic CRPC.

Neuberger et al. studied the impact of NLR, SII, and
mGPS on survival, biochemical, and radiological response
in metastatic CRPC patients treated with docetaxel. They
showed that no inflammatory marker was predictive of
the radiological response. However, mGPS and PLR were
significant predictive factors for the biochemical response.
mGPS and NLR were significant independent factors for
OS [9]. Yazgan et al. demonstrated that pan-immune-
inflammation (PIV) value and PIV-LDH combined score
were significant independent prognostic factors for OS in
CRPC patients treated with abiraterone or enzalutamide
[10].

Many studies have reported the importance of mGPS
in metastatic castration-sensitive prostate cancer (CSPC),
which has shown poor survival outcomes [7, 18, 19]. Also,
mGPS was superior to NLR [19]. Additionally, mGPS
was an independent predictive marker of OS and com-
bined radiological response in metastatic CSPC treated
with chemotherapy [8]. In the CRPC setting, Linton et al.
reported that the mGPS 2 group had a significantly shorter
OS. Still, the difference in mGPS 0 and mGPS 1 was insig-
nificant in patients treated with docetaxel-based chemo-
therapy [18]. In another study, mGPS was a predictive
factor for progression but statistically not significant for
OS [21].

Our study assessed NLR, PLR, SII, and potentially
other prognostic factors in metastatic CRPC. Our findings
revealed that the median progression-free survival (PFS)
was 21.6, 11.8, and 5.3 months, respectively. Additionally,
the median overall survival (OS) was observed to be 43.5,
31.2, and 19.2 months in patients with mGPS scores of 0,
1, and 2 (p <0.001 and p =0.008, respectively). Moreover,
the independent prognostic factors for PFS were the pres-
ence of palliative radiotherapy during abiraterone or enza-
lutamide therapy (p=0.01, HR: 12.2 95% CI 1.63-92.4)
and shorter PSA doubling time (< 8.8 months) before abi-
raterone or enzalutamide therapy (p =0.02 HR: 0.31 95%
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CI0.11-0.85). No inflammatory parameters had an impact
on OS. The presence of visceral metastasis (p =0.03, HR:
4.9 95% CI 1.12-21.87) and median PSA doubling time
before abiraterone or enzalutamide therapy (p =0.01,
HR: 0.22 95% CI 0.67-0.74) were found to be independ-
ent prognostic factors for OS. ORR in mGPS 0, 1, and 2
groups were 59.5, 40.5, and 0%, respectively (p <0.001).
Additionally, we showed that mGPS was a significant pre-
dictor for ORR in logistic regression analysis (p =0.001,
OR: 0.75,95% CI 0.19-1.30). Our findings were thus dif-
ferent from the previous studies [9, 19-21].

The Gleason score is a well-known risk factor [22, 23].
Additionally, in the CRPC setting, the Gleason score signifi-
cantly impacted OS in several studies [24, 25]. We did not
demonstrate a significant correlation between the Gleason
score, OS, and PFS. This could be explained by the 7.8%
missing data, and 74.7% of patients were in Gleason 8-10
group.

Howard et al. showed that PSA doubling time was associ-
ated with metastases, all-cause mortality, and prostate can-
cer-specific mortality (all p <0.001). Specifically, doubling
time <3 months in men with non-metastatic CRPC was
associated with an approximately ninefold increased risk of
metastases (HR 8.63, 95% CI 5.07-14.7) and cancer-specific
mortality (HR 9.29, 95% CI 5.38-16.0) [26]. A phase 3 trial
demonstrated that in metastatic CSPC patients treated with
abiraterone, PSA doubling time was significantly correlated
with radiologic PFS and OS [27]. Additional studies showed
a significant correlation between developing metastasis and
PSA doubling time in CSPC [28, 29]. We evaluated the PSA
doubling time before allocating abiraterone or enzalutamide
therapy, and the median value was 8.8 months. The median
PFS and OS time were 7.0 vs. 23.6 months (p <0.001), 25.8
vs. 43.5 months (p=0.003), according to the median PSA
doubling time (< 8.8 vs.> 8.8 months), respectively.

Visceral metastasis was another prognostic factor for sur-
vival in metastatic CRPC [30, 31]. Similar to the literature,
visceral metastasis was significantly associated with poor
OS in our study. The prior chemotherapy before abirater-
one in 1088 metastatic CRPC patients was not a significant
factor for OS but reduced its effect on radiographic-PFS
(p=0.04) [32]. The activity of enzalutamide was blunted
after abiraterone and docetaxel and still more after both in
another study [33]. In our research, pre-docetaxel treatment
did not significantly affect OS and PFS. The possible reason
for this could be the small sample size and the high rate of
patients (59.7%) treated with docetaxel before abiraterone or
enzalutamide therapy, which may affect the analysis.

The several limitations of our study were the retrospec-
tive design and small sample size. In addition, we analyzed
patients treated with enzalutamide or abiraterone in both
the first-line and second-line treatments in metastatic castra-
tion-resistant settings, which might influence our findings.
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Although the impact of palliative therapy on patient out-
comes is noteworthy, we acknowledge that its potential
influence was not directly assessed in our study due to the
limited availability of ECOG PS data. On the other hand,
our study contributes to the literature by demonstrating the
impact of both mGPS and PSA doubling time for survival
in patients with metastatic CRPC receiving abiraterone or
enzalutamide.

Conclusions

In conclusion, this study highlights the potential of mGPS
as a practical tool for predicting response to abiraterone or
enzalutamide treatment in metastatic CRPC patients. Moni-
toring inflammatory markers, particularly mGPS, may help
clinicians assess treatment outcomes and personalize thera-
peutic strategies. Further research is warranted to validate
these findings and explore the underlying mechanisms link-
ing inflammation and treatment response in mCRPC.
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