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Abstract

Background Inflammation plays a pivotal role in the progression of prostate cancer (PCa). Several immune-inflam-
matory indices, including neutrophil to lymphocyte ratio (NLR), derived neutrophil to lymphocyte ratio (dNLR),
lymphocyte to monocyte ratio (LMR) and platelet to lymphocyte ratio (PLR), lung immune prognostic index (LIPI),
systemic inflammation response index (SIRI) and systemic immune inflammation index (SIl), have demonstrated their
prognostic values in several solid malignancies. However, Comparisons of superiority with these seven indices' pre-
dictive efficacy within metastatic hormone-sensitive PCa (mHSPC) and metastatic castration-resistant PCa (mCRPC)
remain uncertain.

Methods We retrospectively included 407 patients diagnosed with mHSPC and 158 patients with mCRPC at West
China Hospital from 2005 to 2022. The seven immune-inflammatory indices were computed based on hematologi-
cal data of mHSPC at initial diagnosis and mCRPC at progression to CRPC. Prognostic value for castration-resistant
prostate cancer-free survival (CFS), overall survival (OS), prostate-specific antigen progression-free survival (PSA-PFS)
and prostate-specific antigen (PSA) response was assessed using Kaplan—Meier curves, Cox regression models,

and chi-square tests. The predictive performance of each immune-inflammatory index was assessed using the area
under the curve (AUC) in time-dependent receiver operating characteristic curve (ROC) analysis and C-index
calculation.

Results All seven immune-inflammatory indices were significantly associated with CFS and OS in the mHSPC
cohort, as well as with PSA response, PSA-PFS, and OS in the mCRPC cohort. In the mHSPC cohort, LIPI consistently
exhibited higher AUC values compared to NLR, dNLR, LMR, PLR, SII, and SIRI for predicting CFS and OS. This indicates
that LIPI had a superior discriminative ability compared to the other indices (C-index of LIPI: 0.643 and 0.686 for CFS
and OS, respectively). Notably, the predictive advantage of LIPI over other indices in the mHSPC stage diminished

in the mCRPC stage.
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Conclusions This study firstly confirmed the prognostic value of SlI, SIRI and LIPI in mHSPC and mCRPC, and revealed
that LIPI had a higher predictive power than NLR, dNLR, LMR, PLR, Sl and SIRI'in mHSPC. These non-invasive indices
can enable clinicians to quickly assess the prognosis of patients.

Keywords Immune-inflammatory Indices, Metastatic Hormone-sensitive Prostate Cancer, Metastatic Castration-

resistant Prostate Cancer, Biomarker, Cancer Prognosis

Background

Prostate cancer (PCa) is the most common and the sec-
ond deadliest cancer among men worldwide, with 6% to
44% of cases being metastatic prostate cancer (mPCa)
at diagnosis [1-3]. Despite advancements in treatment,
patients inevitably progress from metastatic hormone-
sensitive prostate cancer (mHSPC) to the terminal
stage of metastatic castration-resistant prostate cancer
(mCRPC). Inflammation is a key factor that drives PCa
malignancy [4, 5]. It can induce DNA damage, acti-
vate oncogenic pathways, and generate “inflammatory
storms” that promote mutation and immune evasion,
leading to PCa progression [4].

Previous studies have shown the prognostic value of
inflammatory biomarkers in mPCa, such as neutrophil
to lymphocyte ratio (NLR), derived neutrophil to lym-
phocyte ratio (ANLR), lymphocyte to monocyte ratio
(LMR) and platelet to lymphocyte ratio (PLR) [6-8].
However, most studies focused on the terminal stage of
mCRPC, and there is a lack of research on newly diag-
nosed mHSPC. Moreover, some novel hematological
immune-inflammatory indices have emerged, such as
lung immune prognostic index (LIPI), systemic inflam-
mation response index (SIRI) and systemic immune
inflammation index (SII). LIPI is a biomarker based on
dNLR and lactate dehydrogenase (LDH), which was ini-
tially developed for lung cancer immunotherapy and
then proved to have predictive value beyond immuno-
therapy or lung cancer [9-12]. Based on neutrophils,
platelets, and lymphocytes, SII was first reported to
predict the prognosis of hepatocellular carcinoma
patients, and later shown to be more accurate than NLR
and PLR for colorectal and esophageal cancer patients
[13—-15]. Based on monocytes, neutrophils and lympho-
cytes counts, SIRI was first reported to predict the sur-
vival of pancreatic cancer patients, and subsequently
proven to predict the prognosis of various tumors,
such as breast, esophageal, and cervical cancer [16—19].
Although LIPI, SII and SIRI have been proven to have
predictive value in various types of tumors, their appli-
cability in mHSPC and mCRPC remains unclear.

Therefore, the aim of this study was to verify the appli-
cability of the latest immune- inflammatory indices in
mHSPC and mCRPC and compare the predictive power
of the novel and traditional immune-inflammatory indices.

Methods

Study population and design

We retrospectively enrolled 407 patients with newly diag-
nosed mHSPC and 158 patients with mCRPC at West
China Hospital from 2005 to 2022. All newly diagnosed
mHSPC patients received maximal androgen blockade
therapy, which consisted of surgical castration or medical
castration (goserelin 3.6 mg/month or 10.8 mg/3 months)
plus bicalutamide 50 mg/day. All the mCRPC patients
received castration therapy (goserelin 3.6 mg/month or
10.8 mg/3 months) plus abiraterone (1000 mg/day plus
prednisone 10 mg/day) as the first-line treatment. Hema-
tological data, including white blood cell (WBC) count,
platelet count (PLT), lactate dehydrogenase (LDH) level,
absolute neutrophil count (ANC), absolute lymphocyte
count (ALC), and absolute monocyte count (AMC), were
retrospectively collected for mHSPC patients at initial
diagnosis and mCRPC patients at progression to CRPC.
These data were used to calculate the seven immune-
inflammatory indices: NLR (ANC/ALC), dNLR (ANC/
(WBC-ANC)), LMR (ALC/AMC), PLR (PLT/ALC), SII
(PLT x ANC/ALC), SIRI (AMCxANC/ALC), and LIPI
(based on ANLR and LDH level). When calculating LIP],
values exceeding 3.0 for ANLR and surpassing the upper
limit of normal for LDH were considered independ-
ent risk factors, categorizing patients into three groups:
0 risk factors denoted LIPI-good, 1 risk factor indicated
LIPI-intermediate, and 2 risk factors signified LIPI-
poor. In addition, further baseline clinicopathological
data were collected, encompassing age, prostate-specific
antigen (PSA), Gleason score (GS), Eastern Cooperative
Oncology Group (ECOG) score, visceral metastasis sta-
tus, hemoglobin (HGB) levels, and alkaline phosphatase
(ALP) levels. It should be noted that to mitigate the inter-
ference of infectious diseases on the predictive efficacy of
the immune-inflammatory indices, mPCa patients diag-
nosed with infectious diseases were excluded.

Endpoints

The endpoints for mHSPC patients included castra-
tion-resistant prostate cancer-free survival (CFS) and
overall survival (OS). CFS was defined as the time from
diagnosis to progression to CRPC with reference to the
EAU guidelines in 2022 [20]. OS for mHSPC patients
was defined as the time from diagnosis to death. The
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endpoints for mCRPC patients included PSA response
after ABI treatment, prostate-specific antigen progres-
sion-free survival (PSA-PFS) and OS. PSA response was
defined as a decrease of more than or equaling to 50% in
PSA level after ABI treatment and maintained for at least
4 weeks. PSA-PFS was defined as the duration from start-
ing ABI treatment to PSA progression. And PSA progres-
sion was defined as a consecutive increase in PSA level
twice after starting treatment, with an increase of 25% or
more from the baseline, and an absolute value exceeding
2 ng/ml. OS for mCRPC patients was defined as the time
from starting ABI treatment to death.

Statistical analysis

CES, PSA-PFES and OS were assessed by the Kaplan—Meier
curves and compared using the log-rank analysis. Chi-
square test was used to analyze the differences in PSA
response among different groups. The Cox regression
model was used to evaluate the clinicopathological factors
for CES, PSA-PFS, and OS via the univariate and multivar-
iate analyses. The predictive performance of each immune-
inflammatory index was assessed using the area under the
curve (AUC) in time-dependent receiver operating charac-
teristic curve (ROC) analysis and C-index calculation. All
statistical analyses were performed using R version 4.1.0
and a P value < 0.05 was considered statistically significant.

Results

Patient characteristics

The baseline characteristics of 407 mHSPC patients and
158 mCRPC patients are summarized in Tables 1 and 2.
The median follow-up time of mHSPC patients was
60.8 months, during which 323 (79.4%) mHSPC patients
progressed to mCRPC and 184 (45.2%) patients died. The
median CFS and median OS of mHSPC patients were
16.6 months and 69.5 months, respectively. The median
follow-up time of mCRPC patients was 49.7 months,
during which 138/158 (87.3%) mCRPC patients had PSA
progression after first-line ABI treatment, 51/158 (32.3%)
patients received sequential treatment following ABI
failure (see Table S1 for details), and 94 (59.5%) patients
died. The median PSA-PFS and median OS of mCRPC
patients were 9.6 months and 38.0 months, respectively.

The analysis of optimal cut-off points

For the six immune-inflammatory indices, including
NLR, dNLR, LMR, PLR, SIRI, and SII, with the exception
of LIP], there is no consensus on the optimal cut-off val-
ues. Consequently, we performed ROC curve analysis to
determine the optimal cut-off points based on the princi-
ple of maximizing the Youden index (Fig. 1). The optimal
cut-off points for NLR, dNLR, LMR, PLR, SIRI, and SII
are listed in Table S2.
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Table 1 Baseline characteristics of the patients with mHSPC

mHSPC cohort (N=407)

Age (years)

Median value (range)
ECOG score

0-1,N (%)

>2,N (%)
ISUP group

1-3,N (%)

4,N (%)

5, N (%)
Visceral metastases

Yes, N (%)

No, N (%)
PSA (ng/ml)

Median value (range)
Therapy information

First-line Therapy
HGB (g/L)

Median value (range)
ALP (lU/L)

Median value (range)
LDH (U/L)

Median value (range)
NLR

Median value (range)
dNLR

Median value (range)
LMR

Median value (range)
PLR

Median value (range)
NI

Median value (range)
SIRI

Median value (range)
LIPI

LIPI-Good, N (%)

LIPI-Inter, N (%)

LIPI-Poor, N (%)
CFS (months)

Median value (range)
0S (months)

Median value (range)

72.0 (44.0-90.0)

351(86.2)
56 (13.8)

65 (16.0)
76 (18.7)
266 (65.4)

46 (11.3)
361(88.7)

100.1 (4.1-5200.0)

MAB

131.0 (54.0-181.0)

104 (36.0-5692.0)

202.0 (88.0-3740.0)

2.8(0.0-29.6)

1.9(0.2-17.5)

34(04-2841.7)

1214 (0.1-686.2)

469.7 (0.7-6634.4)

1.2 (0.0-30.7)

206 (50.6)

142 (34.9)

59 (14.5)

16.6 (14.8-184)

69.5 (57.8-83.1)

mHSPC metastatic hormone-sensitive prostate cancer, ECOG Eastern
Cooperative Oncology Group, ISUP International Society of Urological
Pathology, PSA Prostate-specific antigen, MAB Maximum androgen blockage,
HGB Hemoglobin, ALP Alkaline phosphatase, LDH Lactate dehydrogenase,
NLR Neutrophil to lymphocyte ratio, dNLR Derived neutrophil to lymphocyte
ratio, LMR Lymphocyte to monocyte ratio, PLR Platelet to lymphocyte ratio, S/
Systemic immune inflammation index, SIRI Systemic inflammation response
index, LIPI Lung immune prognostic index, CFS castration-resistant prostate

cancer-free survival, OS Overall survival
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Table 2 Baseline characteristics of the patients with mCRPC Table 2 (continued)
mCRPC cohort (N=158) mCRPC cohort (N=158)
Age (years) PSA-PFS (months)

Median value (range) 71.0(51.0-91.0) Median value (range) 96 (8.1-12.3)
ECOG score 0OS (months)

0-1,N (%) 146 (92.4) Median value (range) 38.0(32.3-534)

=2, N (%) 12(7.6) mCRPC metastatic castration-resistant prostate cancer, ECOG Eastern
CFS (months) Cooperative Oncology Group, ISUP International Society of Urological Pathology,

. PSA Prostate-specific antigen, HGB Hemoglobin, ALP Alkaline phosphatase,

Median value (range) 125(1.3-97.5) LDH Lactate dehydrogenase, NLR Neutrophil to lymphocyte ratio, dNLR Derived

ISUP group neutrophil to lymphocyte ratio, LMR Lymphocyte to monocyte ratio, PLR
0 Platelet to lymphocyte ratio, SIf Systemic immune inflammation index, SIR/
1-3, N (%) 17 (10.8) L ’ 4 )
Systemic inflammation response index, LIPI Lung Immune Prognostic Index,

4,N (%) 35(222) CFS Castration-resistant prostate cancer-free survival, PSA-PFS Prostate-specific

5,N (%) 106 (67.1) antigen progression-free survival, OS Overall survival
Visceral metastases

Yes, N (% 20(12.7 . . . T

s, N (%) (127) Predictive value of immune-inflammatory indices
No, N (% 138(87.3 [ . . s
0N (%) 673 Predictive value of the novel immune-inflammatory indices—

PSA (ng/ml)

Median value (range)
Therapy information
First-line therapy

Number of patients received sequential treat-

ment

>3 Therapies
HGB (g/L)

Median value (range)
ALP (1U/L)

Median value (range)
LDH (U/L)

Median value (range)
NLR

Median value (range)
dNLR

Median value (range)
LMR

Median value (range)
PLR

Median value (range)
Sl

Median value (range)
SIRI

Median value (range)
LIPI

LIPI-Good, N (%)

LIPI-Inter., N (%)

LIPI-Poor, N (%)
PSA response (PSA 50)

No, N (%)

Yes, N (%)

12.3(1.2-7796.0)

Abiraterone
51(32.3%)

17 (10.8%)

128.0 (68.0-156.0)

103.5 (34.0-2954.0)

218.5(99.0-2364.0)

24(1.0-29.0)

1.7 (0.6-7.4)

35(06-17.7)

111.7 (23.8-444.7)

4427 (88.5-2973.5)

1.2(0.3-15.6)

70 (44.3)

69 (43.7)
19 (12.0)

Sli, SIRI, and LIPI

We confirmed the applicability of the novel immune-
inflammatory indices SII, SIRL, and LIPI in both mHSPC
and mCRPC. In mHSPC cohort, patients with higher
SII and SIRI had a significantly reduced CFS (mCES for
SII: 13.1 mo vs. 21.1 mo, P<0.001; mCFS for SIRI: 12.3
mo vs. 18.9 mo, P<0.001) and OS (mOS for SII: 44.2 mo
vs. 91.0 mo, P<0.001; mOS for SIRI: 35.6 mo vs. 83.1
mo, P<0.001) compared to those with lower SII (Fig. 2A
and B) and SIRI (Fig. 3A and B), respectively. Stratifying
mHSPC patients into LIPI-good (mCEFS: 23.8 mo; mOS:
103.5 mo), LIPI-inter (mCFS: 14.0 mo; mOS: 41.3 mo),
and LIPI-poor groups (mCFS: 6.7 mo; mOS: 19.5 mo)
revealed sequentially worse outcomes (P<0.001 for all)
(Fig. 4A and B). Cox regression confirmed that SII, SIRI,
and LIPI independently prognosticated CFS and OS in
mHSPC cohort (Table S3 and Table S4).

In mCRPC cohort, patients with higher SII and SIRI had
lower PSA response rate (SII-PSA response rate 51.5%
[52/101] vs. 77.2% [44/57], P=0.001; SIRI-PSA response
rate 47.9% [35/73] vs. 71.8% [61/85], P=0.002;), expe-
dited PSA progression (SII-PSA-PFS: 7.9 mo vs. 17.7 mo,
P=0.002; SIRI-PSA-PFS: 7.7 mo vs. 12.3 mo, P=0.006) and
inferior OS (SII-mOS: 29.4 mo vs. 57.0 mo, P<0.001; SIRI-
OS: 30.3 mo vs. 56.7 mo, P<0.001) than those with lower
indices, respectively (Figs. 2C to E and 3C to E). mCRPC
patients in the LIPI-good, LIPI-inter, and LIPI-poor groups
showed a ladder-shaped worse PSA response (71.4%
[50/70] vs. 56.5% [39/69] vs. 36.8% [7/19]; P<0.001), PSA-
PFS (14.9 mo vs. 8.6 mo vs. 3.1 mo; P<0.001), and OS (55.1
mo vs. 31.6 mo vs. 14.6 mo; P<0.001) (Fig. 4C to E). Cox
regression further confirmed the independent prognostic
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Fig. 1 The predictive performance of NLR, dNLR, LMR, PLR, SII, SIRI and LIPI in mHSPC and mCRPC cohorts. ROC analyses and AUC values

of the seven indices: A CFS for mHSPC cohort, B OS for mHSPC cohort, C PSA-PFS for mCRPC cohort, D OS for mCRPC cohort, and (E) PSA response
rate for mCRPC cohort. NLR: neutrophil to lymphocyte ratio; dNLR: derived neutrophil to lymphocyte ratio; LMR: lymphocyte to monocyte ratio; PLR:
platelet to lymphocyte ratio; Sll: systemic immune inflammation index; SIRI: systemic inflammation response index; LIPI: lung immune prognostic
index; mHSPC: metastatic hormone-sensitive prostate cancer; mCRPC: metastatic castration-resistant prostate cancer; ROC: receiver operating
characteristic curve; AUC: area under the curve; CFS: castration-resistant prostate cancer-free survival; OS: overall survival; PSA: prostate-specific

antigen; PSA-PFS: prostate-specific antigen progression-free survival

significance of SII, SIRL, and LIPI for PSA-PFS and OS in
mCRPC cohort (Table S5 and Table S6).

Given that cut-off values for the novel immune-inflam-
matory indices SII and SIRI has yet to be established, we
conducted supplementary Cox regression, treating SII
and SIRI as continuous variables in mHSPC and mCRPC
patients, to further validated their predictive efficacy
(Table S7, S8, S9, and S10).

Novel and traditional immune-inflammatory indices:
comparison of predictive power

Before comparing the predictive power of novel and tradi-
tional immune-inflammatory indices, we first validated the
prognostic value of traditional inflammatory parameters
NLR, dNLR, LMR, and PLR. In mHSPC patients. Those
with higher NLR, dNLR and PLR had significantly shorter
CFS (mCFS for NLR: 12.3 mo vs. 21.3 mo, P<0.001; mCFS

for ANLR: 12.1 mo vs. 18.9 mo, P<0.001; mCFS for PLR:
11.0 mo vs. 18.4 mo, P<0.001) and OS (mOS for NLR: 39.1
mo vs. 83.1 mo, P<0.001; mOS for dNLR: 45.8 mo vs. 91.0
mo, P<0.001; mOS for PLR: 58.0 mo vs. 81.5 mo, P=0.016)
than those with lower indices, respectively (Fig. S1A to S1B,
Fig. S2A to S2B, and Fig. S3A to S3B). In contrast, mHSPC
patients with lower LMR exhibited markedly prolonged
CFS (mCFS: 19.4 mo vs. 13.0 mo, P=0.005) and OS (mOS:
81.7 mo vs. 58.0 mo, P=0.007) (Fig. S4A and Fig. S4B). Fur-
thermore, multivariate analysis confirmed that NLR and
dNLR were independent prognosticators of CFS and OS in
mHSPC cohort (Table S3 and Table S4).

In mCRPC cohort, patients with elevated NLR, dNLR and
PLR showed a reduced PSA response rate (PSA response
rate for NLR: 49.4% [43/87] vs. 74.6% [53/71], P=0.001; PSA
response rate for dANLR: 51.3% [39/76] vs. 69.5% [57/82],
P=0.019; PSA response rate for PLR: 53.1% [51/96] vs.



Wang et al. BMC Cancer

(2024) 24:817

A CFS of patients with mHSPC B OS of patients with mHSPC
= 100~ = 100
E 901 — Slllow £ 90 — Slllow
T 80 !\ . T 804 .
> \ --- SlI high s -
£ 70- \ igl £ 70 Sl high
& 60+ \ P<0.001 3 60+ P<0.001
% 50 %5 50 .
> 404 2> 404
Z 30+ = 30 o4
S 20 S 20 T
0 10- o 10 |
o o !

0 T T T T T T T T T 1 0 T 1 T T 1 T T 1 T T 1 1

0 12 24 36 48 60 72 84 96 108 120 0 12 24 36 48 60 72 84 96 108120132144
Time (months) Time (months)

C PSA-PFS of patients with mCRPC D OS of patients with mCRPC
~ 100+ = 100~
€ 90} — Slilow £ 90+ — Slllow
T 80 - . T 80— .
> \ - > -=- Sll high
£ 704 \ Sil high g 704 . Ig
2 6o\ P=0002 3 60 N P<0.001
%5 50+ % 50 o,
> 404 > 40 Ly
T 30 Z 30+
S 20 8 204
O 10- ° 104 .
o 0 T T T T T 1 o 0

Time (months)

T 1 1 T T T 1 T T 1
0 12 24 36 48 60 72 84 96 108 120
Time (months)

Page 6 of 11
Sll low Sl high
Median CFS (mo) 211 13.1
Median OS (mHSPC) (mo) 91.0 442
PSA-response rate (%) 77.2 51.5
Median PSA-PFS (mo) 17.7 7.9
Median OS (mCRPC) (mo) 57.0 294
E PSA response rate
potd Sli low
bl B Sl high
60%
i:;. P=0.001
2 |
h "
0% ‘
20%
-30%
-40%

&4

70%
-80%
-90%

-100%

Rl
I
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of OS for mHSPC cohort; C Kaplan-Meier curves of PSA-PFS for mCRPC cohort; D Kaplan—Meier curves of OS for mCRPC cohort; E PSA response
rate for mCRPC cohort. SlI: systemic immune inflammation index; mHSPC: metastatic hormone-sensitive prostate cancer; mCRPC: metastatic
castration-resistant prostate cancer; CFS: castration-resistant prostate cancer-free survival; OS: overall survival; PSA: prostate-specific antigen;
PSA-PFS: prostate-specific antigen progression-free survival
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72.6% [45/62], P=0.014;), significantly faster PSA progres-
sion (mPSA-PFS for NLR: 7.2 mo vs. 12.8 mo, P=0.007;
mPSA-PFS for dNLR: 5.1 mo vs. 11.2 mo, P<0.001; mPSA-
PFS for PLR: 8.6 mo vs. 14.0 mo, P=0.009) and shorter OS
(mOS for NLR: 32.3 mo vs. 62.5 mo, P<0.001; mOS for
dNLR: 25.9 mo vs. 41.3 mo, P=0.002; mOS for PLR: 29.4
mo vs. 56.7 mo, P=0.007) than those with lower indices,
respectively (Fig. S1C to S1E, Fig. S2C to S2E, and Fig. S3C
to S3E). Conversely, the PSA response rate (72.9% [70/96]
vs. 41.9% [26/62], P<0.001), PSA progression (mPSA-PFS:
12.3 mo vs. 5.7 mo, P<0.001) and OS (mOS: 45.3 mo vs.
26.6 mo, P<0.001) of mCRPC patients with lower LMR
were significantly better than those with higher LMR (Fig.
S4C to S4E). Multivariate analysis suggested NLR, dNLR,
LMR, and PLR were independent prognosticators of PSA-
PFS and OS (Table S5 and Table S6).

Similarly to SII and SIRI, we conducted supplemen-
tary Cox regression analyses, treating NLR, dNLR,
LMR, and PLR as continuous variables in mHSPC and
mCRPC patients to demonstrate their predictive effi-
cacy (Tables S7, S8, S9, and S10).

The predictive performance of each immune-inflamma-
tory index was assessed using the AUC in time-dependent
ROC curve analysis and C-index calculation. In mHSPC
cohort, as illustrated in Fig. 5, LIPI consistently exhib-
ited higher AUC values compared to NLR, dNLR, LMR,

PLR, SII and SIRI for predicting CES (Fig. 5A) and OS
(Fig. 5B). Additionally, the C-indices of these indices for
CFS, in descending order, were 0.643 (LIPI), 0.574 (NLR),
0.571 (ANLR), 0.568 (SIRI), 0.565 (SII), 0.559 (LMR) and
0.557 (PLR). For OS, the C-indices were 0.686 (LIPI), 0.602
(dNLR), 0.599 (SIRI), 0.592 (NLR), 0.590 (SII), 0.569 (LMR)
and 0.548 (PLR), respectively (Table 3). These findings sug-
gest that LIPI significantly outperformed the other six indi-
ces in predictive performance within the mHSPC cohort.

In the mCRPC cohort, unlike in the mHSPC cohort, LIPI
did not consistently exhibit higher AUC values compared
to the other indices at all time points for predicting PSA-
PES (Fig. 5C) and OS (Fig. 5D). Additionally, the C-indices
of these indices for PSA-PES, in descending order, were
0.617 (LIPI), 0.586 (SII), 0.585 (SIRI), 0.584 (PLR), 0.577
(NLR), 0.567 (ANLR) and 0.556 (LMR). For OS, the C-indi-
ces were 0.640 (LIPI), 0.620 (SII), 0.602 (PLR), 0.595 (NLR),
0.588 (SIRI), 0.580 (LMR) and 0.562 (ANLR), respectively
(Table 3). These findings indicate that the notable predic-
tive advantage of LIPI over other indices in the mHSPC
stage diminished in the mCRPC stage.

Discussion

Recently, several novel immune-inflammatory indices,
such as LIPI, SII and SIRI, have demonstrated prognos-
tic value in various types of cancers. This study firstly
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Fig.5 The time-dependent ROC to evaluate the predictive power of NLR, dNLR, LMR, PLR, SlI, SIRI and LIPI in mHSPC and mCRPC cohorts.
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for mCRPC cohort. NLR: neutrophil to lymphocyte ratio; dNLR: derived neutrophil to lymphocyte ratio; LMR: lymphocyte to monocyte ratio; PLR:
platelet to lymphocyte ratio; Sll: systemic immune inflammation index; SIRI: systemic inflammation response index; LIPI: lung immune prognostic
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antigen progression-free survival

Table 3 C-index for seven immune-inflammatory indices in
mHSPC and mCRPC cohorts

C-index in mHSPC C-index in mCRPC

CFS 0s PSA-PFS 0s
NLR 0.574 0.592 0.577 0.595
dNLR 0.571 0.602 0.567 0.562
LMR 0.559 0.569 0.584 0.602
PLR 0.557 0.548 0.556 0.580
Sl 0.565 0.590 0.586 0.620
SIRI 0.568 0.599 0.585 0.588
LIPI 0.643 0.686 0617 0.640

mHSPC metastatic hormone-sensitive prostate cancer, nCRPC metastatic
castration-resistant prostate cancer, CFS Castration-resistant prostate cancer-free
survival, OS Overall survival, PSA Prostate-specific antigen, PSA-PFS Prostate-
specific antigen progression-free survival, NLR Neutrophil to lymphocyte ratio,
dNLR Derived neutrophil to lymphocyte ratio, LMR Lymphocyte to monocyte
ratio, PLR Platelet to lymphocyte ratio, SIf Systemic immune inflammation index,
SIRI Systemic inflammation response index, LIPI Lung immune prognostic index

validated the applicability of LIPI, SII and SIRI in mHSPC
and mCRPC. Simultaneously, we conducted a compre-
hensive comparison of the predictive performance of

seven immune-inflammatory indices—NLR, dNLR, PLR,
LMR, SII, SIRI, and LIPI—in advanced prostate cancer.
Our results showed that LIPI had a relatively stronger
discriminative ability than NLR, dNLR, PLR, LMR, SII
and SIRI in mHSPC, while the predictive power of these
seven immune-inflammatory indices was comparable
in mCRPC. In summary, our comprehensive analysis of
the prognostic value of immune-inflammatory indices in
mPCa enhances clinicians’ ability to effectively use labo-
ratory test results for patient prognosis in clinical prac-
tice. Additionally, it may serve as a foundational reference
for developing clinical prognostic models for mPCa and
for screening patient baselines in clinical trials.

On the pan-cancer level, inflammation and immunity
have a complex and inseparable relationship with tumors
[21, 22]. Inflammation is an immune response to tissue
damage or infection, but it can also promote cancer ini-
tiation and progression in various ways, such as activat-
ing carcinogens, inducing gene mutations, enhancing
angiogenesis, inhibiting apoptosis, stimulating tumor cell
proliferation and migration [23, 24]. Moreover, inflam-
mation could modulate the tumor microenvironment to
favor tumor cell survival and escape from immune system
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clearance [25-27]. Furthermore, inflammation could
stimulate tumor cells to express immune checkpoint mol-
ecules, such as programmed cell death 1 ligand 1 (PD-L1),
thereby inhibiting T lymphocyte activity and proliferation
[26, 28]. Regarding PCa, inflammation drives prostate
cancer by inducing DNA damage, activating oncogenic
pathways, and generating "inflammatory storms" that
enhance mutation and immune evasion, leading to pros-
tate cancer progression [4]. In summary, the relationship
between inflammation and immunity and tumors is com-
plex and close [29, 30]. The various immune-inflamma-
tory parameters in this study reflect the inflammatory and
immune status of tumor patients in different forms and
emphases. Meanwhile, the relationship between inflam-
mation and immunity and tumors is not limited to a single
type of tumor, which also explains the versatility of many
immune-inflammatory parameters in various tumors.

Notably, Among the seven indices in this study, LIPI
demonstrated superior predictive power in mHSPC
cohort. The parameter composition might explain why
LIPI has an advantage in prognostic prediction. The key
difference between LIPI and the other six indices is that
it incorporates LDH as a parameter. LDH is not only an
enzyme related to inflammation, but also an enzyme
related to metabolism. Compared with normal tissues,
rapidly proliferating tumors may undergo more anaero-
bic glycolysis, and thus LDH as a glycolytic enzyme may
be more expressed. In fact, high levels of LDH have been
proven to be associated with malignant progression of var-
ious tumors, including prostate cancer [31, 32]. Another
point of interest is that the notable predictive advantage
of LIPI over other indices in the mHSPC stage dimin-
ishes in the mCRPC stage. This could be because patients
at the mCRPC stage have typically undergone prolonged
anti-tumor treatments, which can adversely affect liver
function due to previous pharmacological interventions,
thereby causing fluctuations in LDH levels and conse-
quently diminishing the predictive efficacy of LIPI.

The advantage of the immune-inflammatory indices
involved in this study is that they are all simple and non-
invasive clinical parameters that can be easily calculated
by only using the patient’s blood routine and biochemi-
cal routine tests. In clinical practice, these convenient
and practical parameters can enable clinicians to quickly
assess the prognosis of patients. However, given that these
indices are derived from hematological tests, their pre-
dictive efficacy in cancer patients can be influenced by
infectious diseases, hematological disorders, and certain
metabolic diseases. This underscores the need for caution
when using immune-inflammatory indices to predict can-
cer prognosis in clinical practice or subsequent research.
Special attention should be paid to patients’ underlying or
concurrent diseases to avoid misinterpretation.
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There are some limitations in this study. First, this is a
single-center retrospective study with a relatively small
sample size. The findings and results of this study need
to be verified by studies with larger sample sizes. Second,
this study did not assess the impact of dynamic changes of
immune-inflammatory parameters due to a lack of data.
Third, although we took care to exclude patients with
diagnosed infectious diseases from our study based on
their medical records, there might still be a small num-
ber of cancer patients with potential infectious diseases
included in this retrospective study, which represents a
limitation. Finally, there is no consensus on the optimal
cutoff values for each parameter. Some studies choose the
median value while others choose based on the principle
of maximizing the Youden index like us. The optimal cut-
off values still need to be determined by follow-up studies.

Conclusion

In conclusion, this study first confirmed the prognostic
value of SII, SIRI and LIPI in mHSPC and mCRPC, and
compared the predictive performance of several immune-
inflammatory parameters, including NLR, dNLR, PLR,
SII, SIRI and LIPI. Among these indices, LIPI exhibited
a significant discriminative ability in the mHSPC stage
compared to the other indices, but this notable advantage
diminishes in the mCRPC stage. These simple and non-
invasive indices facilitate clinicians in quickly assessing
the prognosis of patients.
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ROC Receiver operating characteristic curve

PD-L1 Programmed cell death 1 ligand 1

HR Hazard ratio
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