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Purpose: To investigate the prognostic significance of pan-immune-inflammation value (PIV) and PILE score (based on PIV, lactate
dehydrogenase (LDH), and Eastern Cooperative Oncology Group Performance Status (ECOG PS)) in patients with primary central
nervous system lymphoma (PCNSL).

Patients and Methods: A total of 109 patients were enrolled. PIV was calculated as follows: (neutrophil count x platelet count x
monocyte count)/lymphocyte count. The PILE score was incorporated based on PIV, LDH levels, and ECOG PS. The Kaplan—Meier
curves and Cox hazards regression models were applied for survival analyses. The relationship between PIV, PILE, and therapeutic
response was examined.

Results: Baseline high PIV was significantly associated with worse overall survival (OS) in univariate (HR 3.990, 95% CI 1.778-8.954,
p <0.001) and multivariate (HR 3.047, 95% CI 1.175-7.897, p = 0.022) analyses. High PIV was also associated with worse progression-free
survival (PFS) in univariate (HR 2.121, 95% CI 1.075-4.186, p = 0.030) but not significant in multivariate analyses. PIV outperformed other
systemic inflammation parameters. The patients in the high PILE group (PILE score 2-3) had worse OS (p = 0.008) and PFS (p < 0.001)
compared to the low PILE group (PILE score 0—1). PILE was independently associated with therapeutic response to initial treatment (OR
0.17, 95% CI 0.05-0.46; p < 0.001).

Conclusion: High PIV and PILE were correlated with worse clinical outcomes in PCNSL patients, indicating that PIV and PILE
might be a powerful predictor of prognosis and a potential predictive indicator for therapeutic response in PCNSL.
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Introduction

Primary central nervous system lymphoma (PCNSL), a rare and highly aggressive type of extranodal non-Hodgkin
lymphoma, involves exclusively the brain, spinal cord, leptomeninges, and/or eyes. PCNSL represents only ~4% of all
newly diagnosed intracranial neoplasms and 4-6% of all extranodal lymphomas in immunocompetent patients.' The
incidence of PCNSL is about 0.3—0.6 cases per 1000000 people annually in the United States and has increased over the past
four decades, particularly in patients older than 60 years.”* More than 90% of PCNSLs belong to the diffuse large B-cell
lymphoma (DLBCL), with a predominantly nongerminal center B-cell-like (non-GCB) immunophenotype;’ rare forms
include T-cell lymphoma and Burkitt lymphoma. The initial standard high-dose methotrexate (HD-MTX) based che-
motherapy produces a high objective response rate (ORR) of around 50-90%.%7 Nevertheless, 15-25% of patients
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presented no response to the standard therapy, and 25-50% relapsed after the initial response, resulting in a poor overall
outcome.®® The 5-year overall survival (OS) rate ranges from 22.3% to 35%."'%"'? Without treatment, the disease progresses
rapidly, the OS is only 1.5 months.*'? Thus, identifying patients with inferior outcomes with standard therapy is urgently
required in clinical practice. We previously established an innovative prognostic model based on histopathological
images,'* and the current study focuses on exploring the predictive value of peripheral blood-related markers in PCNSL.

Recent studies highlighted the predictive value of easily measurable blood-based biomarkers that reflect systemic
inflammation, such as the neutrophil-to-lymphocyte ratio (NLR),'® the monocyte-to-lymphocyte ratio (MLR),'® the
platelet-to-lymphocyte ratio (PLR),'” and the systemic immune-inflammation index (SII)'® in solid tumors. Recently,
a novel comprehensive marker that represents the pan-immune-inflammation value (PIV) has been proposed as a more
reliable predictor of clinical outcomes in patients with advanced colorectal cancer.'® It incorporates all routinely assessed
blood cell populations, including neutrophils, monocytes, lymphocytes, and platelets. It was strongly associated with
progression-free survival (PFS) and OS in metastatic colorectal cancer patients under first-line chemotherapy.'® Ligorio
et al reported that PIV is an independent predictor of OS in Human Epidermal growth factor Receptor 2 positive (HER2")
advanced breast cancer patients treated with first-line trastuzumab-pertuzumab-containing chemotherapy.?® In addition, it
outperformed other previously inflammatory-related markers such as SII, NLR, PLR, monocyte, and platelet counts in
predicting patient outcomes.'*!

Moreover, the Eastern Cooperative Oncology Group Performance Status (ECOG PS) and blood lactate dehydrogen-
ase (LDH) are classical prognostic factors for PCNSL. Clinical and laboratory parameters that are considered candidate
prognostic biomarkers can be concluded to develop a compound prognostic score. PILE is a novel three-parameter score
based on the PIV value, ECOG PS, and LDH value. The PILE score was proven to be associated with PFS and OS in
a study containing 120 patients treated with anti-PD-1 or anti-PD-L1 inhibitors for any cancer type.*>*

However, the role of PIV and PILE in patients with PCNSL remains unclear. Therefore, in this retrospective study, we aimed to
explore the predictive values of PIV and PILE in patients with PCNSL receiving initial treatment, which has not been studied
before.

Materials and Methods

Patient Selection

We retrospectively enrolled patients newly diagnosed with PCNSL of DLBCL type who were treated at Beijing Tiantan
Hospital between January 2019 and March 2023. The inclusion criteria were as follows: (1) histologically diagnosed CNS-
DLBCL; (2) no other concomitant tumors; (3) adequate clinical, laboratory, and follow-up data available. The exclusion
criteria were as follows: (1) evidence of systemic DLBCL from computed tomography (CT) or positron emission
tomography CT (PET CT) of the chest, abdomen, pelvis, and bone marrow aspiration; (2) HIV-positive status, history of
immunosuppression or organ transplantation; (3) with uncontrolled active infections or other illnesses; (4) missing clinical
or follow-up data; The flowchart summarizing the patient selection is shown in Supplementary Figure 1A. This study was

approved by the Institutional Review Board of Beijing Tiantan Hospital (approval number: 2020-059 YW), and written
informed consent was obtained from all patients. All procedures complied with the standards of the Declaration of Helsinki.

Data Collection

Baseline clinical characteristics, including age, sex, ECOG PS, Karnofsky Performance Status (KPS), level of LDH,
Hans, Biopsy type, deep lesions involvement, tumor size, number of lesions, the Memorial Sloan-Kettering Cancer
Center (MSKCC) prognostic score,”* the process of treatment and response were collected. Initial treatment responses
were assessed and categorized as either complete response (CR), partial response (PR), stable disease (SD), or
progressive disease (PD), following the International Primary CNS Lymphoma Collaborative Group criteria.”® Patients
in CR or PR were regarded as Responders, while those in SD or PD were categorized as Non-Responders. Patients who
had progressed during the initial treatment were regarded as Primary Resistance. OS was defined from the date of
diagnosis to death from any cause or the last follow-up. PFS was defined as the time from diagnosis to disease
progression or all-cause death.
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Baseline Systemic Inflammation Parameters

Baseline laboratory parameters were obtained before initial treatment, including absolute neutrophil count, absolute
monocyte count, absolute platelet count, and absolute lymphocyte count. The Systemic Inflammation Parameters were
calculated as follows: NLR = neutrophil count (10°/L)/lymphocyte count (10%/L), MLR = monocyte count (10°/L)/
lymphocyte count (10°/L), PLR = platelet count (10°/L)/lymphocyte count (10°/L), SII = [platelet count (10°/L) x
neutrophil count (10°/L)}/lymphocyte count (10°/L), PIV = [neutrophil count (10°/L) x monocyte count (10°/L)x platelet
count (109/L)]/1ymphocyte count (10°/L)."” The PILE score was generated based on PIV, LDH, and ECOG PS, which
was calculated with the sum of individual values (for PIV < median = 0, > median = 1; for LDH < upper limit of normal
(ULN) =0, > ULN = [; for ECOG PS <2 =0, >2 = 1).*** Patients were divided into low-risk (0—1) and high-risk (2-3)
for PILE scores.

Statistical Analysis

Descriptive statistics were presented as the median, interquartile range (IQR; 25th—75th percentile), standard errors for
continuous variables, and frequency and percentages for categorical variables. Student’s #-test, Wilcoxon’s, and Kruskal—
Wallis tests were used to compare continuous variables. The Shapiro—Wilk test was used to test the normality of data
distributions. Pearson’s chi-squared and Fisher’s exact tests were performed to compare categorical variables. The
optimal cut-off values for NLR, PLR, MLR, SII, and PIV were determined by maximally selected rank statistics,
according to the function “surv_cutpoint” from the survminer R package.'®*® The maximally selected rank statistics
method is employed to determine the optimal cut-off value for continuous variables in survival analysis. This method
identifies the cut-off point that maximizes the separation between two groups for survival outcomes. It iteratively
evaluates all possible cut-off points and selects the one that provides the highest test statistic value. Survival curves
were generated by the Kaplan-Meier curve and compared using the Log rank test. Cox regression models were applied in
univariate and multivariate analyses, and only statistically significant factors were included in the multivariate Cox
analysis. Factors associated with treatment response were tested with univariate and multivariate logistic regression
analyses. All the tests were two-sided, and p < 0.05 was considered statistically significant. All statistical analyses were
performed using R software (version 4.3.1).

Results

Patient Characteristics

A total of 109 patients were included in the study. The clinicopathological characteristics of the entire cohort are listed in
Table 1. The median age of the entire cohort was 64 (IQR, 54-68). At the time of diagnosis, 39.45% of patients were older
than 65. There was a mild predominance of females (50.46%). The non-GCB subtype (72.48%) comprised more than half
of the patients. A total of 9 (8.26%) patients underwent surgical resection or open biopsy, and 100 (91.74%) patients
underwent stereotactic biopsy. Most patients (75.23%) had a small lesion, with 24.77% of patients’ lesions (n = 27) larger

Table | Clinical Characteristics of the Entire Cohort

Characteristics N (%)/Median (IQR) N

Age 109
<65 66 (60.55%)
265 43 (39.45%)

Sex 109
Female 55 (50.46%)
Male 54 (49.54%)

Hans 109
GCB 30 (27.52%)
non-GCB 79 (72.48%)

(Continued)
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Table | (Continued).

Characteristics N (%)/Median (IQR) N

Biopsy type 109
Open biopsy/Surgical Resection 9 (8.26%)

Stereotactic biopsy 100 (91.74%)

Tumor Size 109
<5cm 82 (75.23%)
25cm 27 (24.77%)

Deep Lesions 109
Absent 28 (25.69%)

Present 81 (74.31%)

Number of lesions 109
Single 44 (40.37%)

Multiple 65 (59.63%)

LDH 87
high 21 (24.14%)
low 66 (75.86%)

KPS 109
<70 27 (24.77%)

270 82 (75.23%)

ECOG 109
<2 29 (26.61%)

2 80 (73.39%)

MSKCC 109
Low Il (10.09%)

Intermediate 73 (66.97%)
High 25 (22.94%)

Treatment 109
Chemotherapy 93 (85.32%)
Chemotherapy + Radiotherapy 16 (14.68%)

BTKi 109
No 66 (60.55%)

Yes 43 (39.45%)

Consolidation 109
No 75 (68.81%)

Yes 34 (31.19%)

Treatment Evaluation 109
CR 63 (57.80%)

PR 9 (8.26%)
SD 4 (3.66%)
PD 33 (30.28%)

Response 109
Non-Responders 37 (33.95%)

Responders 72 (66.05%)

Primary Resistance 109
No 75 (68.81%)

Yes 34 (31.19%)

PLR 140.85 (109.14, 191.78) 109

NLR 2.81 (231, 3.87) 109

MLR 0.26 (0.21, 0.33) 109

NI 672.62 (473.27, 922.88) 109

PIV 265.12 (175.07, 430.33) 109

(Continued)
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Table | (Continued).

Characteristics N (%)/Median (IQR) N
PILE 87
0 13 (14.94%)
I 32 (36.78%)
2 34 (39.08%)
3 8 (9.20%)

Abbreviations: IQR, interquartile range; GCB, germinal center B-cell-like;
MSKCC, Memorial Sloan-Kettering Cancer Center; BTKi: BTK inhibitors; CR,
complete response; PR, partial response; SD, stable disease; PD, progressive
disease; PLR; platelet-to-lymphocyte ratio; NLR, neutrophil-to-lymphocyte
ratio; MLR, monocyte-to-lymphocyte ratio; Sll, systemic immune-inflammation
index; PIV, pan-immune-inflammation value.

than 5 cm. Forty-four patients (40.37%) presented with a single lesion, and 81 patients (74.31%) had deep brain
involvement (corpus callosum, basal ganglia, periventricular region, brainstem, and/or cerebellum). Eighty (73.39%)
patients had an ECOG PS > 2. Elevated serum LDH level was observed in 21 patients (24.14%). The risk was low,
intermediate, and high in 11 (10.09%), 73 (66.97%), and 25 (22.94%) patients, according to the MSKCC score. All patients
in our cohort received high-dose methotrexate-based chemotherapy, and the choice of treatment was mainly based on the
patient’s physical condition, age, and contraindications. Of all patients, 16 received chemotherapy (CT) combined with
radiotherapy (RT), 43 (39.45%) received BTK inhibitors (BTKi) therapy, and 34 (31.09%) received consolidation therapy.
After the initial treatment, 63 patients (57.80%) achieved CR, 9 patients (8.26%) achieved PR, 4 patients (3.3%)
experienced SD, and 33 patients (30.28%) had PD.

The distribution of NLR, PLR, MLR, SII, and PTV was presented using dot plots and histograms (Supplementary Figure 2A—
E), showing a skewed distribution. Among 109 patients included in the analysis, the median baseline PIV was 265.12 (IQR,
175.07-430.33), the median baseline PLR was 140.85 (IQR, 109.14-191.78), median baseline NLR was 2.81 (IQR, 2.31-3.87),
median baseline MLR was 0.26 (IQR, 0.21-0.33), and median baseline SII was 672.62 (IQR, 473.27-922.88).

Impact of Systemic Inflalmmation Parameters on OS

A total of 32 (29.36%) patients died, and the median OS was 36.87 (95% CI, 26.13-NR) months (Supplementary
Figure 1B). In this study, we used OS as the endpoint of interest, and maximally selected rank statistics were performed
to determine the optimal cut-off value, with the function “surv_cutpoint” from the survminer R package.'””® As
displayed in Supplementary Figure 3A—E, the optimal cut-off values for NLR, PLR, MLR, SII, and PIV were 4.31,
83.83, 0.37, 995.16, and 672.65, respectively. Patients with high baseline PIV had significantly shorter OS than low PIV
(median OS: 11.3, 95% CI 6.93—-NR vs NR months, 95% CI 34.07-NR, p < 0.001) (Figure 1A). High PLR and NLR
were also significantly associated with OS. Median OS was not reached (95% CI: 36.87-NR) in patients with high
baseline PLR, while it was 26.10 months (95% CI: 5.27-NR) in patients with low PLR (p = 0.002) (Supplementary
Figure 4A). As for NLR, the median OS was 23.8 months (95% CI, 11.30-NR) in patients with high NLR when
compared with not reached (95% CI: 26.10-NR) in patients with low NLR (p = 0.043) (Supplementary Figure 4B). MLR
and SII were not significantly associated with OS (Supplementary Figure 4C and D).

In the univariate Cox analysis, the PIV, PLR, and KPS were significantly associated with OS. (Table 2, p < 0.05).
Multivariate Cox regression analysis was performed, adjusting for clinicopathological variables. As shown in Table 2, high
PIV (HR 3.047, 95% CI 1.175-7.897, p = 0.022) and PLR (HR 0.223, 95% CI 0.096-0.522, p < 0.001) were independently
associated with OS. In addition, time-dependent receiver operating characteristic (ROC) curves demonstrated that during 1-
and 2-year follow-ups, the Area Under Curve (AUC) values of PIV are 0.615 (95% CI 0.510-0.719) and 0.638 (95% CI
0.525-0.751), respectively, which outperform other systemic inflammation parameters (Figure 1C and D). The decision
curve analysis (DCA) notably showed that PIV has a higher overall net benefit than NLR, PLR, MLR, and SII in predicting
OS (Figure 1E).
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Figure | The association between PIV and clinical outcomes. (A) Kaplan-Meier curves for overall survival (OS) according to baseline PIV. (B) Kaplan-Meier curves for
progression-free survival (PFS) according to baseline PIV. (C) The time-independent Receiver Operating Characteristic Curve (ROC) curves for the I-year OS of different
systemic inflammation parameters. (D) The time-independent ROC curves for the 2-year OS of different systemic inflammation parameters. (E) Decision curve analysis of
OS for different parameters predicting OS.

Impact of Systemic Inflalmmation Parameters on PFS
A total of 60 (55.05%) patients progressed, and the median PFS was 14.00 (95% CI, 11.63-26.13) months (Supplementary
Figure 1C). As shown in Figure 1B, compared with patients with low PIV, worse PFS could be observed in patients with
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Table 2 Univariate and Multivariate Cox Analyses of Overall Survival

Characteristics Category Overall Survival
Univariate Analysis Multivariate Analysis
HR (95% CI) p-value HR (95% CI) p-value

Age >=65/<65 1.497 (0.747-3.002) 0.256
Gender Male/Female 2.013 (0.9704.175) 0.060
Biopsy type Stereotactic biopsy/Surgical resection or Open biopsy | 0.636 (0.222-1.823) 0.399
Hans Non-GCB/GCB 0.734 (0.353-1.530) 0.410
Tumor Size >=5cm/<5cm 1.442 (0.683-3.048) 0.337
Deep Lesions Present/Absent 0.945 (0.424-2.109) 0.890
Number of lesions Multiple/Single 1.178 (0.567-2.450) 0.661
KPS >=70/<70 0.300 (0.149-0.606) | <0.001 | 0.382 (0.170-0.857) 0.020
ECOG >=2/<2 1.703 (0.700-4.141) 0.240
MSKCC Intermediate/Low 0.971 (0.284-3.327) 0.147

High/Low 2.561 (0.718-9.137) 0.963
PLR High/Low 0.308 (0.138-0.689) 0.004 0.223 (0.096-0.522) | <0.001
NLR High/Low 2.347 (0.998-5.506) 0.051
MLR High/Low 2.095 (0.937—4.684) 0.072
NI High/Low 1.664 (0.765-3.621) 0.199
PIV High/Low 3.990 (1.778-8.954) | <0.001 | 3.047 (1.175-7.897) 0.022

Abbreviations: HR, hazard ratio; Cl, confidence interval; GCB, germinal center B-cell-like; MSKCC, Memorial Sloan-Kettering Cancer Center; PLR; platelet-to-
lymphocyte ratio; NLR, neutrophil-to-lymphocyte ratio; MLR, monocyte-to-lymphocyte ratio; Sll, systemic immune-inflammation index; PIV, pan-immune-inflammation

value.

high PIV (median PFS: 16.70, 95% CI 12.10-NR vs 7.98 months, 95% CI 3.00-NR, p =0.027). PFS was significantly longer
in patients with low baseline NLR as compared to high NLR (median PFS: 20.6 months, 95% CI 12.70-NR vs 7.1 months,
95% CI3.9-NR, p <0.001) (Supplementary Figure 4F). On the contrary, other immune-related parameters (PLR, MLR, and
SII) were found to have no significant association with PFS (Supplementary Figure 4E, G and H). NLR and PIV were
associated with worse PFS at univariate analysis (Table 3, HR > 1, p < 0.05). In the multivariable analysis, high NLR (HR
2.54, 95% CI, 1.25-5.15, p = 0.010) were independently associated with worse PFS, while high PIV did not show
a statistically significant association with worse PFS (HR 1.32, 95% CI 0.60-2.91; p = 0.489) (Table 3).

Table 3 Univariate and Multivariate Cox Analyses of Progression-Free Survival

Characteristics Category Progression-Free Survival
Univariate Analysis Multivariate Analysis
HR (95% CI) p-value HR (95% CI) p-value
Age >65/<65 0.934 (0.554-1.573) 0.797
Gender Male/Female 1.262 (0.759-2.096) 0.370
Biopsy type Stereotactic biopsy/Surgical resection or Open biopsy | 0.739 (0.318-1.718) 0.482
Hans Non-GCB/GCB 1.096 (0.618-1.944) 0.754
Tumor Size >5cm/<5ecm 1.309 (0.737-2.323) 0.358
Deep Lesions Present/Absent 1.030 (0.564-1.879) 0.924
Number of lesions Multiple/Single 0.662 (0.349-1.258) 0.208
KPS >70/<70 0.622 (0.358-1.081) 0.092
ECOG >2/<2 1.522 (0.823-2.818) 0.181
(Continued)
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Table 3 (Continued).

Characteristics Category Progression-Free Survival
Univariate Analysis Multivariate Analysis
HR (95% CI) p-value HR (95% CI) p-value

MSKCC Intermediate/Low 0.738 (0.328-1.660) 0.463

High/Low 1.090 (0.448-2.655) 0.849
PLR High/Low 0.635 (0.312-1.291) 0.210
NLR High/Low 2.856 (1.551-5.259) | <0.001 | 2.539 (1.253-5.146) 0.010
MLR High/Low 1.702 (0.920-3.151) 0.090
NI High/Low 1.268 (0.706-2.276) 0.427
PIV High/Low 2.121 (1.075-4.186) 0.030 1.321 (0.601-2.905) 0.489

Abbreviations: HR, hazard ratio; Cl, confidence interval; GCB, germinal center B-cell-like; MSKCC, Memorial Sloan-Kettering Cancer Center; PLR; platelet-to-
lymphocyte ratio; NLR, neutrophil-to-lymphocyte ratio; MLR, monocyte-to-lymphocyte ratio; Sll, systemic immune-inflammation index; PIV, pan-immune-inflammation
value.

Prognostic Performance of PILE Score

The PILE score was described in the Methods (for PIV < median = 0, >median = 1; for LDH <ULN = 0, >ULN = 1; for
ECOG PS <2 =0, >2 = 1), and it was calculated with the sum of individual parameters and ranged from 0 to 3. Since the
baseline LDH of only 87 patients in the cohort was available, PILE was calculated according to this. The PILE scores
were 0, 1, 2, and 3 in 13 (14.94%), 32 (36.78%), 34 (39.08%), and 8 (9.20%) patients. Interestingly, we found that
patients with a PILE score of 0 had the best OS and patients with a PILE score of 3 had the worst OS, whereas patients
with a PILE score of 1 and 2 had an intermediate OS (Figure 2A, p < 0.001). Patients in four groups also demonstrated
significantly different PFS (Figure 2B, p < 0.001). A total of 45 (51.72%) patients were in the low PILE group (PILE =
0-1), and 42 (48.28%) patients were in the high PILE group (PILE = 2-3). Significantly shorter OS and PFS were
observed in the high PILE group (median OS: 25.60, 95% CI 15.60-NR vs NR months, 95% CI 26.10-NR, p = 0.008;
median PFS: 26.13, 95% CI 23.30-NR vs 7.13 months, 95% CI 4.87-NR, p < 0.001) (Figure 2C and D). All survival

analysis results about systemic inflammation parameters were summarized in Supplementary Table 1.

We further conducted the Kaplan-Meier survival curves of PILE in different subgroups based on the clinical factors.
High PILE showed significantly worse OS in almost all subgroup analyses, especially in subgroups such as Age<65
(Supplementary Figure 5A, p = 0.020), Male (Supplementary Figure 5B, p = 0.003), GCB subtype (Supplementary

Figure 5C, p = 0.011), Tumor large size (Supplementary Figure 5D, p = 0.031), Deep lesions (Supplementary Figure SE,
p = 0.012), Multiple lesions (Supplementary Figure S5F, p = 0.021), ECOG >2 (Supplementary Figure SH, p = 0.015),
MSKCC low and high-risk (Supplementary Figure 5I, p = 0.046, p = 0.043). More importantly, high PILE was
significantly associated with worse PFS in almost all subgroups (Supplementary Figure 6A-I). The PILE remained

a significant prognostic indicator after stratification by clinicopathological variables, indicating the independent associa-
tion of the PILE with the prognosis. Additionally, we also performed the univariate and multivariate Cox analysis on
PILE and clinical factors in the PILE cohort (N=87). In the univariate Cox analysis, the KPS, PLR, PIV, and PILE were
significantly associated with OS. (Supplementary Table 2, p<0.05). Multivariate Cox regression analysis was performed,
adjusting for clinicopathological variables. High PILE (HR 3.036, 95% CI 1.122-8.217, p = 0.029), KPS>70 (HR 0.177,
95% CI 0.079-0.392, p = 0.001), and high PLR (HR 0.177, 95% CI 0.062-0.504, p = 0.001) were independently
associated with OS. Moreover, High PILE (HR 2.972, 95% CI 1.548-5.706, p = 0.001) and high NLR (HR 2.057, 95%
CI 1.022-6.148, p = 0.029) were confirmed to be an independent indicator of PFS (Supplementary Table 3). The ROC
curves demonstrated that the AUCs of PILE for predicting OS and PFS are 0.678 (95% CI 0.520-0.835) and 0.745 (95%
CI 0.650-0.840), respectively, which is better than PIV alone (Supplementary Figure 7A and B). The PILE was
incorporated into a score, showing a significant improvement in the survival prediction of OS and PFS.
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Figure 2 The association between PILE and clinical outcomes. (A) Kaplan-Meier curves for overall survival (OS) according to different PILE scores. (B) Kaplan-Meier curves
for progression-free survival (PFS) according to different PILE scores. (C) Kaplan-Meier curves for OS according to PILE category. (D) Kaplan-Meier curves for PFS according
to PILE category.

Relationships Between PIV, PILE, and Therapeutic Response
The distributions of PIV among different clinical groups are shown in Supplementary Table 4. Figure 3A shows the

distribution of the best response according to baseline PIV in patients. When considered as a continuous variable, PIV
was higher in patients with primary tumor resistance (median PIV: 385.71, IQR 187.17-477.56 vs median PIV 240.02,
IQR 167.67-370.03 in patients not experiencing primary resistance; p = 0.025) (Figure 3C). Moreover, patients who
responded to initial treatment had lower PIV than Non-Responders (median PIV in Responders: 240.02; IQR 167.67—
370.03 vs median PIV in Non-Responders: 372.46; IQR 182.79-477.56; p = 0.030) (Figure 3E). Accordingly, patients in
the high PIV group experienced a higher rate of primary tumor resistance and Non-Responders (50.00% and 58.33%)
than low PIV group (28.87% and 30.93%) (Figure 3B, D and F), although no significant differences.

We also explored the association between PILE and clinical characteristics (Table 4). Figure 4A shows the treatment response
distribution according to patients’ PILE scores. High PILE was associated with primary resistance to therapy (high PILE group:
21/42 patients, 50.00%; low PILE group: 5/45 patients, 11.11%; p < 0.001) (Figure 4B). A significantly lower response rate to
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Table 4 Patients’ Characteristics According to PILE Group
Characteristics High-PILE Low-PILE p-value
N=42 N=45
Age 0.792

<65 24 (57.14%) 28 (62.22%)

265 18 (42.86%) 17 (37.78%)

Sex 0.761

Female 21 (50.00%) 25 (55.56%)

Male 21 (50.00%) 20 (44.44%)

Hans 0.580

GCB 9 (21.43%) 13 (28.89%)

non-GCB 33 (78.57%) 32 (71.11%)

Biopsy type 0.707

Open biopsy/Surgical resection 4 (9.52%) 3 (6.67%)

Stereotactic biopsy 38 (90.48%) 42 (93.33%)

Tumor Size 0.664

<5cm 30 (71.43%) 35 (77.78%)

25cm 12 (28.57%) 10 (22.22%)

Deep Lesions 0.457

Absent 10 (23.81%) 15 (33.33%)

Present 32 (76.19%) 30 (66.67%)

Number of lesions 0.477

Single 20 (47.62%) 17 (37.78%)

Multiple 22 (52.38%) 28 (62.22%)

LDH <0.001

High 19 (45.24%) 2 (4.44%)

Low 23 (54.76%) 43 (95.56%)

KPS 0.092

<70 14 (33.33%) 7 (15.56%)

=70 28 (66.67%) 38 (84.44%)

ECOG <0.001

<2 3 (7.14%) 21 (46.67%)

22 39 (92.86%) 24 (53.33%)

MSKCC 0.045

High 13 (30.95%) 6 (13.33%)

Low 2 (4.76%) 8 (17.78%)

Median 27 (64.29%) 31 (68.89%)

Treatment Evaluation <0.001

CR 17 (40.48%) 34 (75.56%)

PD 21 (50.00%) 5(11.11%)

PR 2 (4.76%) 4 (8.89%)

SD 2 (4.76%) 2 (4.44%)

Response <0.001

Non-Responders 23 (54.76%) 7 (15.56%)

Responders 19 (45.24%) 38 (84.44%)

Primary resistance <0.001

No 21 (50.00%) 40 (88.89%)

Yes 21 (50.00%) 5(11.11%)
Abbreviations: GCB, germinal center B-cell-like; MSKCC, Memorial Sloan-Kettering Cancer
Center; CR, complete response; PR, partial response; SD, stable disease; PD, progressive disease.
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Table 5 Univariate and Multivariate Logistic Regression Analyses of Therapeutic Response

Characteristics | Category Univariate Analysis Multivariate Analysis
OR (95% CI) p-value OR (95% CI) p-value

PLR High/Low | 1.797 (0.538-5.857) 0.327

NLR High/Low | 0.335 (0.110-0.985) 0.048 0.652 (0.135-2.954) 0.578

MLR High/Low | 0.502 (0.182-1.392) 0.179

N High/Low | 0.652 (0.258-1.686) 0.368

PIV High/Low | 0.320 (0.088-1.081) 0.068

PILE High/Low | 0.152 (0.052-0.401) | <0.001 | 0.165 (0.054-0.462) | <0.001

Abbreviations: OR, odds ratio; Cl, confidence interval; PLR; platelet-to-lymphocyte ratio; NLR, neutrophil-to-
lymphocyte ratio; MLR, monocyte-to-lymphocyte ratio; Sll, systemic immune-inflammation index; PIV, pan-immune-
inflammation value.

initial treatment was found in patients in the high PILE group (23/42, 54.76%) as compared to patients in the low PILE group
(7/45, 15.56%; p <0.001) (Figure 4C). We performed the univariate and multivariate logistic regression analyses using treatment
response as the endpoint of interest. Among all the baseline variables examined in multivariate analysis, PILE was independently
associated with Responders (odds ratio (OR) 0.17, 95% CI 0.05-0.46; p <0.001) (Table 5). Furthermore, the AUC values of PILE
predicting treatment response were 0.713, outperforming other systemic inflammation parameters (Figure 4D). Notably, the DCA
curve showed that PILE has a better overall net benefit than others in predicting treatment response (Figure 4E).

Discussion
The prognosis prediction of PCNSL is still challenging, and the optimal predictive biomarkers of PCNSL need to be
validated and further improved based on the standard HD-MTX therapy. Our study retrospectively analyzed the
prognostic role of baseline blood parameters in 109 PCNSL patients with initial treatment. Here, we demonstrated that
a new immune-inflammation blood-based biomarker, the PIV, has independent prognostic value in patients with PCNSL
and better predictive performance than other systemic inflammation parameters. High PIV at baseline was associated with
worse OS and PFS. Moreover, our findings showed that PILE, which contains PIV, ECOG PS, and LDH levels, also
predict PFS and OS. Of note, the PILE showed an independent association with clinical benefit, indicating the potential
value of PILE as a predictor of therapeutic response.

Systemic inflammatory responses are reported to be a significant predictor of outcome and are likely to inform
treatment decisions for various cancers.”” Routine hematological parameters have different roles in carcinogenesis and

28,29 3031 are linked with critical tumor-

can reflect systemic and intratumor inflammatory status. Neutrophils and platelets
promoting activities, including proliferation, invasion, and metastasis. On the contrary, lymphocytes are the main drivers
of anti-tumor activity in the tumor microenvironment.*” It was reported that monocytes play a more complex role in the
development of carcinogenesis.*® Besides, peripheral blood cells are cost-effective and readily available, increasing the
potential for prognostic indicators. Several studies reported that NLR might potentially be prognostic in PCNSL.>**> Our
study also found that NLR is associated with survival outcomes and, more importantly, is an independent indicator of
PFS. In a recent study, NLR, PLR, and SII were found to serve as prognostic indicators for PCNSL patients.*® Li et al
proposed a new prognostic model using SII, age, and KPS that outperforms MSKCC alone and enables individualized
estimates of patient outcomes.>’ Our current study also confirmed that PLR is an independent factor for OS, while
a significant association between SII and outcomes was not found in our cohort.

PIV was initially proposed in 2020 and was proven to have a substantial prognostic impact on metastatic colorectal
cancer.'” After that, several studies revealed that PIV, as a new and more potent predictor, included four blood
components (neutrophils, platelets, monocytes, and lymphocytes), and was strongly associated with the clinical outcomes
of patients with several types of cancer.’’”®*" Despite the heterogeneity of PIV thresholds between studies, the
predictive value of PIV has been recently validated in a meta-analysis of six colorectal cancer studies and another meta-
analysis, including 15 studies of various cancers.”'**! Compared with individual blood cell parameters, PIV might be able

to comprehensively capture the complexity of the systemic immune and inflammatory status, which explains why PIV
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outperformed other well-established immune-inflammatory biomarkers. Likewise, in our study, patients with high PIV
had significantly worse OS and PFS than those with low PIV. For the first time, we determined that PIV is a prognostic
indicator for both PFS and OS in univariate analysis and highly significant for OS in multivariate analysis but not
significantly independent of PFS in PCNSL. In terms of OS in patients with PCNSL in this study, PIV indicated the most
vital predictive power among the widely used systemic inflammation parameters. Moreover, several studies reported that
PIV predicts immunotherapy and chemotherapy treatment responses in various cancers.*>*** Similarly, our study also
demonstrated that patients who responded to initial treatment have lower PIV than Non-Responders, which needs to be
validated in a larger sample cohort.

The PILE score was previously used by Guven et al to predict survival responses in patients receiving immunotherapy
for various cancers.?” It is a novel, simple scoring system consisting of PIV, LDH, and ECOG PS. Another study on
patients with Extensive-Stage Small Cell Lung Cancer (ES-SCLC) proved that high PILE predicts poorer treatment
response and survival outcomes.”® Karadag et al also demonstrated that PILE scores can be used as prognostic
biomarkers at the time of diagnosis in Hepatocellular carcinoma.** As for PCNSL, the ECOG PS are universally
accepted prognostic parameters for PCNSL. In four studies, ECOG PS > 2 has been confirmed to be a negative
prognostic parameter.*>** High LDH serum level was associated with a lower response rate and poor prognosis and
was eventually incorporated into the International Extranodal Lymphoma Study Group (IELSG) prognostic model.*” We
have reasons to believe that the PILE score combining PS, LDH, and PIV has a specific potential value in PCNSL. Our
study revealed that the PILE score is associated with poorer PFS and OS in the high-risk group than in the low-risk
group. More importantly, we demonstrated that high PILE is associated with primary resistance to therapy and
a significantly lower response rate to initial treatment. In addition, PILE was independently associated with treatment
response in the multivariate logistic analysis and showed a more substantial predictive power and a better overall net
benefit than other parameters.

To our knowledge, this is the first study to evaluate the predictive and prognostic abilities of baseline PIV in patients
with PCNSL. Moreover, we explored the performance of PILE, a potential prognostic score based on PIV, LDH, and
ECOG PS. Our study demonstrated that PIV and PILE can predict clinical outcomes in PCNSL patients.

Nevertheless, our study has several limitations. First, the retrospective nature of data collection may influence
its reproducibility and generalization. Second, considering the low incidence of PCNSL, one major limitation of
the present study is the small sample size and lack of validation in the large external cohort. A multicenter
prospective study is thus warranted in the future to consolidate our findings. Third, the blood-based biomarkers
could be influenced by various unidentified factors, such as immune status and glucocorticoid treatment, which
could bring bias to results. Further studies are needed to confirm the role of PIV and PILE in PCNSL patients.
Despite the requirement for a large sample independent prospective multicenter validation cohort, the decision
curve analysis in this study, which evaluates the clinical utility without additional validation data, indicates that
the PIV and PILE have considerable potential in clinical applications for patient prognosis and treatment response
prediction.

Conclusion

In summary, in the present study, we identified baseline PIV as an immune—inflammation biomarker strongly correlated
with OS and PFS in PCNSL patients. Notably, PIV outperforms NLR, PLR, MLR, and SII in predicting OS. PILE,
a score based on PIV, LDH, and ECOG PS, was an influential factor for survival outcomes and therapeutic response in
PCNSL, indicating that PIV and PILE might be useful in identifying patients unlikely to benefit from initial treatment.
Further large sample and prospective studies are necessary to validate our conclusions.

Data Sharing Statement

All data and material analyzed during this study are included in this article/Supplementary File. Further data are available
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