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Abstract: Background: In this paper, it was aimed to evaluate the biomarker potential as well as the
effect of the prognostic nutritional index (PNI), which is calculated using the albumin level
reflecting nutritional status and lymphocyte count reflecting immune status, in determining the
prognosis of metastatic castration-sensitive prostate cancer (mCSPC). Methods: This retrospective
observational study included the complete data of 108 patients with mCPSC who were treated for
at least three months between January 1, 2010, and June 1, 2021. The relationship between cancer
specific survival (CSS), overall survival (OS), progression free survival (PFS) and PNI was
evaluated. Kaplan-Meier method for OS, PFS, and CSS, as well as univariate and multivariate Cox
regression models were used in statistical analyses. Results: The median age of 108 patients
included in the study was 68.54 (61.05-74.19) years. While 71.3% (n = 77) of the patient population
were high-volume according to CHAARTED, 52.8% (n = 57) were high-risk based on LATITUDE.
49.75 was determined as the best cut-off point for the PNI. OS (months) was found to be significantly
lower in patients with low PNI (median: 34.93, 95% CI: 21.52-48.34) compared to patients with high
PNI (median: 65.60, 95% CI: 39.36-91.83) (p=0.016). Patients with high PNI (median: 48.20, 95% CI:
34.66-61.73) had significantly better CSS (months) than patients with low PNI (median: 27.86, 95%
CI: 24.16-31.57) (p=0.001). Conclusions: PNI calculated at the time of diagnosis strongly predicts OS
and CSS but not PFS in patients with mCSPC.

Keywords: prostate cancer; prognostic nutritional index; inflammation; prognosis

1. Introduction

Prostate cancer (PCa) is the most common cancer in the male. It also ranks second for cancer-
related deaths in men [1]. Despite all therapy methods, local or locally advanced PCa may develop
biochemical recurrence, local recurrence, or metastasis. The primary method in the therapy of
metastatic castration sensitive PCa (mCSPC) is testosterone suppressive therapies (androgen
deprivation therapy, ADT). ADT can be administered surgically (bilateral orchiectomy) or medically
(luteinizing hormone-releasing hormone [LHRH] analogues) [2]. Addition of docetaxel or new
generation hormonal agents (enzalutamide, abiraterone, apalutamide) to this therapy can provide a
survival advantage [3]. Almost all patients with CSPC, despite these efforts, progress to the metastatic
castration resistant PCa (mCRPC) stage [4]. Once the patients enter the CRPC stage, survival is
around 24 months, but this period has begun to lengthen after new generation hormonal agents were
included in treatment [5]. Upon passing the metastatic stage, sites of metastasis and Gleason score
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are important in determining the disease burden and risk [6]. In 2015, Sweeney et al. investigated the
addition of chemotherapy (docetaxel) to ADT in patients with metastatic mCSPC. The patients were
divided into two groups, high-volume, and low-volume, according to the region and number of
metastases. In this study, patients with four or more bone metastases (with at least one outside the
vertebral column and pelvis) or solid organ metastases were considered high-volume. In this study,
the survival benefit of chemotherapy in the mCSPC stage was shown in patients with high-volume
disease, but this benefit was not demonstrated in low-volume patients [7]. Similarly, in the
LATITUDE study conducted by Fizazi et al. (2019), which investigated the benefit of adding
abiraterone acetate to ADT in patients diagnosed with mCSPC and whose final analysis was
published in 2019, patients were divided into two groups, as low and high risk according to Gleason
score, the number of metastases and presence of visceral metastasis. In this study, the presence of
three or more bone metastases or visceral metastases in patients with a Gleason score of > 8 was
considered high-risk disease. As expected, it was demonstrated that a significant survival benefit was
provided in high-risk patients by adding abiraterone to ADT [8]. Today, criteria from these two
studies are widely utilized both in predicting the prognosis of prostate carcinoma patients and
deciding who should be treated intensively. However, there are studies demonstrating that there
may be significant discordance between the criteria of these two studies [9]. The issue of which study
criteria are better at predicting survival remains unclear. No biomarkers that can help determine
survival in mCSPC are known, apart from markers such as the CHAARTED and LATITUDE criteria,
Gleason score, PSA level, PSA response to therapy, and tumor volume in predicting survival and
therapeutic benefit. Recent studies have shown that prognosis in various cancer types is also affected
by patient-related inflammation, immunocompetence, and nutrition. The correlation between
nutrition and cancer prognosis is particularly evident [10]. Lymphocyte, neutrophil, thrombocyte,
and C-reactive protein levels as nutritional and inflammatory parameters and their use with certain
formulas are quite common in cancer patients. Studies on the prognostic value of inflammatory
parameters are still ongoing [11]. Albumin level reflects nutritional status, while lymphocyte counts
reflect immune status. It is known that albumin levels and lymphocyte count, and their ratios to
hematological parameters such as platelets and neutrophils, have prognostic importance in advanced
cancer patients [12]. An important biomarker that uses a combination of these parameters and was
proven to affect survival in various cancer types is the PNI [13]. PNI is a marker that can be easily
calculated using serum albumin level and peripheral blood lymphocyte count. This biomarker is
useful in showing nutritional and immunological status related to survival and prognosis in many
cancers [14]. However, there are insufficient clinical studies regarding its association with survival in
mCSPC. Most of the studies on this subject were performed on patients with mCRPC [15]. A different
cut-off point for PNI was used in each study [16]. Considering this information, this study aimed to
examine the relationship between the PNI, which may serve as a new marker, and the survival of
prostate carcinoma, which currently does not have significant biomarkers.

2. Material and Methods

This retrospective, observational study included 201 patients who were treated for a diagnosis
of prostate adenocarcinoma at Health Sciences University (HSU) Tepecik Training and Research
Hospital between January 1, 2010, and June 1, 2021. Inclusion criteria for the study were as follows:
(i) patients diagnosed with stage 4 CSPC, (ii) patients monitored in the clinic for at least three months,
(iii) patients who had no therapy for mCSPC (ADT, docetaxel, or any new generation hormonal
agents) and (iv) PNI score can be calculated from laboratory parameters. At the time of diagnosis, the
presence of inflammatory or autoimmune disease (rheumatoid arthritis, autoimmune hepatitis,
diseases that require chronic corticosteroid or immunosuppressive therapy such as rheumatoid
arthritis, autoimmune hepatitis, inflammatory bowel disease), chronic hematological disease, second
primary synchronous malignancy (except for carcinoma in situ and non-melanoma skin cancer),
systemic therapy for any cancer diagnosis and no remission within the past five years, treatment for
serious cardiovascular disease (stage 3 or 4 according to the New York Heart Society classification),
and patients with missing data in the hospital database were disqualifying factors for the study. 93
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patients who did not meet the specified criteria were excluded from the study, and 108 patients who
met the study criteria were included. Since our study was a retrospective, observational study, the
sample size was not calculated. The study protocol was approved by the decision of the HSU Tepecik
Training and Research Hospital Non-Interventional Research Ethics Committee, dated 16.08.2021,
and numbered 2021/08-07.

The dependent variable in the study was the prognostic nutritional index calculated with
albumin and lymphocyte values at the time of diagnosis. The independent variables were PSA level,
systemic therapies added to ADT, age, number of comorbidities, and tumor burden according to
CHAARTED and LATITUDE trial criteria. Sociodemographic and clinicopathological data, as well
as laboratory parameters of the patients, were obtained retrospectively from the hospital database.
Current laboratory parameters at diagnosis (before prostate biopsy) of 108 patients who met the
inclusion criteria were recorded. PNI was calculated as 10 * serum albumin (g/dl) + 0.005 * total
lymphocyte count (per mm3) [13]. To evaluate the presence of clinical metastases, contrast-enhanced
computed tomography of the abdomen and thorax, bone scintigraphy, and PSMA/PET results in the
hospital database were scanned. The patients were grouped as low and high volume according to the
CHAARTED trial criteria and as low and high risk according to the LATITUDE trial criteria.

CSS data were obtained by calculating the time from the date of initiation of systemic therapies
for metastatic disease to the date of death or last patient visit, which one occurred first. OS data were
obtained by calculating the time from the first diagnosis to death or the last follow-up visit. The time
elapsed from the date of therapy initiation with the diagnosis of CSPC to the first PSA elevation or
the first radiological progression (whichever occurred first) was considered progression-free survival
(PES).

Statistical Analysis

Receiver operating characteristic (ROC) curve analysis was applied to select the most
appropriate cut-off point for PNI to determine patients at high risk of cancer-related death (Figure 1).
Accordingly, the best cut-off point for PNI was determined as “49.75”. The patients were divided into
two groups, those with and above the 49.75 and those below the 49.75 value, then compared in terms
of OS, CSS, and PFS. In addition to descriptive statistics, chi-square and Fisher's exact tests were used
for categorical variables to evaluate the data. Conformity of continuous data to normal distribution
was quantified by Kolmogorov-Smirnov and Shapiro-Wilk tests. Mann-Whitney u test was used to
determine the differences between the variables indicated by the measurement. The Kaplan-Meier
method was used to estimate CSS, PFS, and OS, while the log-rank test was performed to investigate
the difference in survival. To evaluate the effect of PNI on survival, univariate and multivariate Cox
regression models were applied to identify the best predictive variables. The Median follow-up time
in the study was calculated using reverse Kaplan-Meier. SPSS (version 25.0) package program was
used to analyze all data. Statistical significance was determined as p<0.05 in all tests.
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Figure 1. Overall survival in patients with low PNI compared to patients with high PNI.
3. Results

The median age of the 108 patients included in this study was 68.54 (61.05-74.19) years and the
median PSA at the time of diagnosis was 110.60 (35.28-154.52) ug/L. The proportion of patients who
received chemotherapy in the castration-sensitive stage was 44.4% (n=48). Of the patients, 86.1%
(n=93) did not have a history of primary surgery. While 46.3% (n=50) of the study group did not
possess any comorbidities, 33.3% (n=36) had one and 20.4% (n=22) had two or more comorbidities.
Other descriptive and clinicopathological features of the patients are presented in Table 1.

Table 1. Descriptive and clinicopathological features of the study group.

Variables Total (n=108)

Age, median (percentiles, 25-75), year 68.54 (61.05-74.19)

PSA at diagnosis, median (percentiles, 25-75), pug/L 110.60 (35.28-154.52)
Age group, n (%)
<70 63 (%58.3)
=70 45 (%41.7)
BMI group, n (%)
<18.5 2 (%1.9)
18.5-24.9 38 (%35.2)
25-29.9 54 (%50)
>30 14 (%13)
Status, n (%)
Alive 45 (%41.7)
Ex 63 (%58.3)
Chemotherapy in the castration-sensitive stage, n (%)
Yes 48 (%44.4)
No 60 (%55.6)
Number of comorbidities, n (%)
None 50 (%46.3)
One 36 (%33.3)

Two or more 22 (%20.4)
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Grade group, n (%)

1 1 (%0.9)
2 12 (%11.1)
3 16 (%14.8)
4 24 (%22.2)
5 49 (%45.4)

Primary surgery, n (%)
None 93 (%86.1)
Radical 15 (%13.9)
Radiotherapy, n (%)

No 51 (%47.2)

Adjuvant 3 (%2.8)

Definitive 9 (%8.3)
Palliative 42 (%38.9)

Definitive + Palliative 2 (%1.9)

Adjuvant + Palliative 1 (%0.9)

Orchiectomy, n (%)
Yes 16 (%14.8)
No 92 (%85.2)
CHAARTED volume, n (%)
Low Volume 31 (%28.7)
High Volume 77 (%71.3)
LATITUDE volume, n (%)
Low Volume 51 (%47.2)
High Volume 57 (%52.8)
CRPC primary therapy, n (%)
Yes 63 (%58.3)
No 45 (%41.7)
CRPC second-line therapy, n (%)
Yes 22 (%20.4)
No 86 (%79.6)
PNI group, n (%)

<49.75 60 (%55.6)
>49.75 48 (%44.4)

CRPC: castration-resistant prostate carcinoma, BMI: body mass index.

The best PNI cut-off value for CSS was calculated with the ROC curve. The PNI=49.75 was taken
as the cut-off value, and classification (low-high) was performed according to this value. When the
serum PSA level at diagnosis, as well as risk levels (low risk-high risk) according to age and
LATITUDE study, were analyzed in terms of low and high PNI values (<49.75 and >49.75), no
significant difference was observed between the groups (p >0.05) (Table 2). Additionally, the PNI
group was evaluated based on the volume levels (low volume vs high volume) from the CHAARTED
study. According to the analysis results, patients with low volume have higher PNI values, while
patients with high volume have lower PNI values. The difference between the groups was statistically
significant (p=0.002). When metastasis regions (M1la, M1b, Mlc) were examined in terms of PNI
values, it was observed that PNI values decreased, moving from Mla to Mlc disease (p=0.017).
Disease volume and risk discordance were evaluated according to the CHAARTED and LATITUDE
studies. Of patients, 27.3% in the high-volume group as defined by the CHAARTED criteria were in
the low-risk group as defined by the LATITUDE criteria. On the other hand, 3.2% of our patients in
the high-risk group, as defined by the LATITUDE criteria, were in the low-volume disease group as
defined by the CHAARTED criteria (p<0.001).
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Table 2. Clinical characteristics of prostate cancer patients according to PNL

PNI Group P value*
>49.75 <49.75
Age Group n % n %
<70 28 444 35 55.6 1.000
>70 20 444 25 55.6
PNI group P value**
>49.75 <49.75
PSA (median, percentiles
(25,75), ug/L) 99.42 (20.49 - 156.25) 126.19 (56.70 — 154.52) 127
PNI group P value*
>49.75 <49.75
CHAARTED Criteria n % n %
Low Volume 21 67.7 10 32.3 002
High Volume 27 35.1 50 64.9
PNI group P value*
>49.75 <49.75
LATITUDE Criteria n % n %
Low risk 26 51.0 25 49.0 196
High risk 22 38.6 35 61.4
PNI group P value*
>49.75 <49.75
Metastasis group n % n %
Mila 11 73.3 4 26.7
Mib 32 43.8 41 56.2 017
Mic 5 25.0 15 75.0
LATITUDE risk P value*
Low risk High risk
CHAARTED volume n % n %
Low Volume 30 96.8 1 3.2
High Volume 21 27.3 56 72.7 <.001

*Chi-square test. **Mann Whitney U test.

OS (months) was found to be significantly lower in patients with low PNI (median: 34.93, 95%
CI: 21.52-48.34) compared to patients with high PNI (median: 65.60, 95% CI: 39.36-91.83) (p=0.016)
(Figure 1). Patients with high PNI (median:48.20, 95% Cl:34.66—61.73) had significantly better CSS
(months) than patients with low PNI (median:27.86, 95% CI:24.16-31.57) (p=0.001) (Figure 2). In
addition, there was no statistically significant difference in PFS between patients with high PNI
values (median: 24.60, 95% CI: 10.15-39.05) and patients with low PNI values (median: 20.03, 95% CI:
11.06 —29.03) (p=0.092) (Figure 3). Although not statistically significant, patients with high PNI values
had numerically higher PFS than those with low values.


https://doi.org/10.20944/preprints202305.1572.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 23 May 2023

Survival Functions

d0i:10.20944/preprints202305.1572.v1

5 L PNI
M _1<49.75
s _1>49.75
[ ; | <49.75-censored
i L\] ——>49.75-censored
b ﬂ'_ﬂr
I. 4—|i-
— Ly
E 0.6 h +L
2 1 R
3
i 4 e
E ™
3 04 =3 = i
S - 1
1457 S | .
0.2
0.0
.00 20.00 40.00 60.00 80.00 100.00 120.00

Cancer specific survival (months)

Figure 2. Cancer spesific survival in patients with low PNI compared to patients with high PNIL
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In the high and low PNI groups, the overall survival was analyzed according to metastasis sites
(M1a, M1b, M1c). Longer OS was observed in patients with high PNI (Figure 4) than in patients with
low PNI (Figure 5) in each group (p<0.001). OS was compared in terms of LATITUDE risk groups
and CHAARTED volume groups, and PNI groups. According to CHAARTED criteria, the OS of low-
volume patients in both high and low PNI groups was significantly higher than those of high-volume
patients (p<0.001) (Figures 6 and 7). A similar result was found when the assessment was performed
according to the LATITUDE risk classification (p<0.001) (Figures 8 and 9).
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Figure 9. Overall survival in the high PNI groups according to LATITUDE risk levels.

In univariate analyses, decreased PNI, high volume disease according to CHAARTED, and
higher risk disease according to LATITUDE were associated with worse OS (p =0.018, p<0.001,
p<0.001, respectively) and worse CSS (p =0.001, p<0.001, p<0.001, respectively) (Table 3). ISUP grade
group 4-5 was associated with a worse prognosis only for OS (p=0.006). In Multivariate analyses, the
HRs of PNI was found to be 2.280 (95% CI: 1.285-4.046) for OS and 3.011 (95%CI: 1.664-5.447) for CSS,
respectively (Table 4). Age was determined to be an independent prognostic factor for OS and CSS
(HR: 1.040, 95% CI: 1.001-1.080, p=0.042; HR: 1.040, 95% CI: 1.003-1.078, p=0.034, respectively).
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Table 3. Univariate analysis of various clinical parameters in prostate cancer patients.

11

Parameter Overall Survival (OS) Cancer Specific Survival (CSS)
HR (%95 CI) P value HR (%95 CI) P value
Age (years) 1.020 (0.988-1.053) 223 1.019 (0.988-1.050) 226
PSA (ug/L) 1.000 (1.000-1.001) 555 1.001 (1.00-1.001) 0.847
PNI
>49.75 1 1
<49.75 1.893 (1.117-3.208) 018 2.460 (1.440-4.202) 001
ISUP grade group
1-3 1 1
4-5 2.467 (1.304-4.668) 006 1.648 (0.906-2.998) 102
CHAARTED
Low Volume 1 1
.001 .001
High Volume 4.249 (2.013-8.965) <00 3.980 (1.831-8.348) <00
LATITUDE
Low risk 1 1
.001 .001
High risk 3.322 (1.926-5.731) <00 2.921 (1.718-4.966) <00

Table 4. Multivariate analysis of various clinical parameters in prostate cancer patients.

Parameter Overall Survival (OS) Cancer Specific Survival (CSS)
HR (%95 CI) P value HR (%95 CI) P value
Age (years) 1.040 (1.001-1.080) .042 1.040 (1.003-1.078) .034
PSA (ug/L) 1.000 (1.000-1.001) 781 1.001 (1.00-1.001) 0.835
PNI
>48.9 1 1
R .001
<48.9 2.280 (1.285-4.046) 005 3.011 (1.664-5.447) <00
ISUP grade group
1-3 1 1
.001 .02
4-5 2.863 (1.501-5.459) 00 2.014 (1.093-3.711) 025

4. Discussion

Owing to the new treatment modalities developed and widely used in recent years, the median
OS in prostate cancer has exceeded 5 years [17]. Many studies showed that chemo-hormonal therapy
with docetaxel and ADT, widely applied, especially in the mCSPC stage, provides an OS advantage
of approximately 17 months [7]. Similar results were obtained with abiraterone, enzalutamide, and
apalutamide in the mCSPC patients [18]. Many biomarkers were studied to determine which patients
would benefit more from these therapies or live longer. However, no biomarker could replace
parameters such as CHAARTED and LATITUDE criteria, Gleason score, PSA level, PSA response to
therapies, and TNM stage, which are currently used for prognosis determination. Therefore, the
search for new biomarkers continues unabated. In this study, we also found that PNI, identified in
searches for biomarkers and has a close relationship with prognosis in many cancer types, affects
survival in patients diagnosed with mCSPC, independently of all other prognostic factors. The cut-
off points for PNI, with different cut-off points used in many studies, were accepted as 49.75 in our
study. CSS and OS of patients above this value were significantly better than those below this value.
The PNI cut-off value was taken as 50.2 in a study by Li et al in 2020 that included 208 patients. In
this study, Li et al. (2020) found that patients with a PNI of 50.2 and above had better CSS, OS, and
PFS duration than patients below this value [19]. Like this study, there was a significant difference in
OS and CSS between patients with high and low PNI values in our study. Moreover, this difference
was valid for all M1a, M1b, and M1c patients. However, although the PNI value had a numerically
positive effect on PFS in our study, no statistically significant effect was found.

It is now known that the number of lymphocytes that can simply be measured in blood and the
number of lymphocytes around the tumor (tumor-infiltrating lymphocytes) have prognostic
importance [20]. Similarly, blood albumin levels also have prognostic importance [21]. The low
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number of lymphocytes in the blood may help us predict that the anti- tumoral immune response
against the tumor will be weak. Likewise, it is known that inflammation caused by the tumor and
some cytokines released secondary to this inflammation reduce blood albumin levels and may play
a role in tumor progression [22]. Considering all these, PNI may be a biomarker combining the
prognostic power of low albumin and low lymphocyte values. The fact that the PNI level affects
survival independently of all factors in our study supports this theory.

The criteria for the LATITUDE and CHAARTED study, the prognostic and predictive
importance of which is now clearly known, are remarkably similar. However, it is known that there
may be significant discordance between the criteria in these two studies [23]. In our study, 21 (27.3%)
of the high-volume patients according to the CHAARTED criteria were low-risk according to the
LATITUDE criteria, while only 1 (3.2%) of the low-volume patients according to the CHAARTED
criteria were high-risk according to the LATITUDE criteria. When the high-low volume and risk
status, and PNI value were compared based on these two studies, no significant relationship was
found between the LATITUDE criteria and PNI. Considering the CHAARTED criteria, the
probability of having a PNI value above 49.75 in low-volume patients was significantly higher than
in high-volume patients. When the univariate analysis results were examined, it was concluded that,
contrary to this finding, the criteria from both studies affected survival. It is obvious that these two
prognostic criteria should be further investigated with larger studies.

Another important finding in our study is that only 58.3% of the patients who progressed to the
mCRPC stage were able to receive first-line therapy and 20.4% received second-line systemic therapy
for mCRPC. In other words, once patients pass to the mCRPC stage, both the chance of obtaining
systemic therapies and having a long survival decrease [24]. At this point, PNI can act as an important
biomarker. There are also some limitations of this study. First, due to the retrospective design of the
study, its reliability is lower than a prospective study. Since most patients were diagnosed before the
CHAARTED and LATITUDE studies, systemic therapies not added to ADT for most patients in the
castration-sensitive stage may have affected the results. PNI is a marker that can be affected by many
parameters such as nutritional status, infections, and inflammation. It is not yet known whether
giving nutritional support to patients with low PNI influence the PNI value or will have an effect on
survival. Our study cannot answer this question due to its retrospective design. The small number of
patients is also among the limitations.

5. Conclusions

The PNI calculated at the time of diagnosis affects OS and CSS in mCSPC. It is projected that
PNI, an easily calculable and extremely cost-effective biomarker, may have a place as a practical
method for the determination of prognosis in prostate carcinoma. Studies on this subject with larger
case series may provide more precise results.
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