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Purpose: The response of patients with biliary tract carcinoma (BTC) to immunotherapy varies widely, and there is an urgent need for 
biological indicators. The predictive value of inflammation based score (IBS) for the efficacy of immunotherapy in patients with BTC 
remains unclear, as the evidence is inconsistent. This study aimed to comprehensively examine the predictive value of IBS in 
peripheral blood on the survival of BTC patients receiving immunotherapy.
Patients and Methods: We retrospectively assessed 118 patients with advanced BTC who received anti-PD-1 therapy in the first 
or second line in two medical centers. The Kaplan-Meier, time-dependent ROC, and Harrell’s concordance index (C-index) were 
applied to analyze the predictive value of 13 reported peripheral blood IBS.
Results: All 13 IBS were identified as significant prognostic factors for OS in univariate analysis. Pan-immune-inflammation value 
(PIV) (p=0.005), PILE (composed of PIV, lactate dehydrogenase and Eastern Cooperative Oncology Group performance status) 
(p=0.033), neutrophil-to-lymphocyte ratio (NLR) (p=0.003), platelet-to-lymphocyte ratio (PLR) (p<0.001), lymphocyte-to-monocyte 
ratio (LMR) (p=0.006), systemic immune inflammation index (SII) (p=0.039), CRP-to-albumin ratio (CAR) (p=0.025), and Albumin- 
NLR (p=0.008) were identified as independent prognostic factors for OS in multivariate analysis. PIV and PILE scores were superior 
to other scores, according to time-dependent ROC curves, and their superiority became more pronounced after the 12-month time 
point. C-index analysis showed PIV (C-index 0.62, 95% CI: 0.55, 0.68) and PILE (C-index 0.62, 95% CI: 0.55, 0.70), both superior to 
other IBS.
Conclusion: PIV and PILE scores are independent predictors of OS in patients with BTC after immunotherapy and are superior to 
other IBS. PIV and PILE may be able to help screen out patients with advanced BTC who are less likely to benefit from anti-PD-1 
monotherapy. Due to the retrospective nature of this analysis, the predictive value of PIV and PILE require validation in further 
prospective studies.
Keywords: biliary tract carcinoma, anti-PD-1 therapy, inflammation-based scores, pan-Immune-Inflammation Value, PILE

Introduction
Biliary tract carcinoma (BTC) mainly comprises intrahepatic cholangiocarcinoma, extrahepatic cholangiocarcinoma, and 
gallbladder carcinoma. The incidence of BTC is high in East Asia and on the rise.1 Immune checkpoint inhibitors (ICIs) 
have been recommended as the first-line treatment for BTC based on the findings of the TOPAZ-1 and KEYNOTE-966 
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studies.2,3 However, patients with BTC show extremely variable responses to immunotherapy, highlighting the urgent 
need for reliable predictors of immunotherapy efficacy.

Tumor mutational burden (TMB) and microsatellite instability/mismatch repair deficiency (MSI/MMRd) are arguably 
the most reliable biomarkers of immunotherapy efficacy as evidenced by their consistency across various cancer 
histologies.4,5 Approximately, 4.6% (95% CI: 2.38 to 6.97) and 2.5% (95% CI: 1.75 to 3.34) of BTCs can be classified 
as TMB-H and MSI/MMRd tumors, respectively.6 Data on immunotherapy efficacy in BTC patients with TMB-H or MSI 
are scarce, and the reported response rate in MSI-H BTC patients treated with pembrolizumab ranges from 27% to 
40%.7,8 It should be noted that different TMB cut-off values have been used in different studies.

PD-L1 expression has been observed in approximately 26% of patients with BTC, with minimal differences based on 
anatomical location.6 To date, the significance of PD-L1 expression in patients with BTC receiving anti-PD-1 or PD-L1 
therapy remains controversial. In a multi-institutional Phase 2 trial of nivolumab in patients with advanced BTC, positive 
PD-L1 expression was associated with prolonged PFS.9 In contrast, data from the original Keynote-158 cohort reported no 
differences in ORR, PFS, or OS between pembrolizumab-treated PD-L1(+) and PD-L1(-) patients.10 Frega et al conducted 
a meta-analysis of 39 studies and found that PD-L1 expression is not a reliable predictor of immunotherapy efficacy in biliary 
tract tumors.6 In addition to these conflicting results, PD-L1 positivity lacks a standardized definition. This has led to the use 
of multiple PD-L1 scoring methods and cut-off values in clinical trials.6,11 There remains a lack of reliable biomarkers for 
predicting immunotherapy efficacy in BTC, especially in patients with mismatch-proficient tumors.

Inflammation is a primary hallmark of cancer.12 It plays an important role in tumor immunosuppression, angiogenesis, 
proliferation, and survival.13 The systemic inflammatory status is closely related to changes in peripheral blood immune 
cells and inflammatory markers, which can be estimated using the peripheral blood immune inflammation score.14 This 
score is an index based on peripheral blood immune cells or other peripheral blood test results.

Recently, several peripheral blood-based immune inflammation scores, such as the Glasgow Prognostic Score 
(mGPS),15 neutrophil-to-lymphocyte ratio (NLR),16 platelet-to-lymphocyte ratio (PLR),17 lymphocyte-to-monocyte 
ratio (LMR),18 albumin-neutrophil-to-lymphocyte ratio (albumin-NLR),19 Systemic Immunoinflammatory Index 
(SII)20,21 have been reported in a variety of solid tumors and can differentiate the prognosis of tumor patients after 
surgery, chemotherapy radiotherapy, and immunotherapy.

In biliary tract carcinomas, initial reports have suggested the potential predictive value of peripheral blood immune 
inflammatory markers for immunotherapy. Pan et al demonstrated that the lung immune prognostic index (LIPI) is an 
independent determinant affecting both survival outcomes and clinical responses in patients with advanced BTC under
going immunotherapeutic interventions. 22 Conversely, Li et al found no significant association between clinical out
comes and inflammation-related markers.23 Additionally, Fei Du et al emphasized that the combined assessment of three 
distinct factors—systemic immune inflammation index, cytokine IFN-inducible protein-10, and macrophage inflamma
tory protein-1β—exhibited superior predictive efficacy in determining the overall benefit rate among BTC patients 
following immunotherapy.24 Furthermore, Yang et al delineated the prognostic utility of the C-reactive protein (CRP) 
score in forecasting the therapeutic response to anti-PD-1 therapy among patients with intrahepatic cholangiocarcinoma 
(ICC), surpassing alternative inflammation-based prognostic indicators in predictive accuracy.25

The predictive value of immune inflammation indicators for immunotherapy efficacy in patients with biliary tract 
cancers remains unclear because of inconsistent evidence (Supplemental Table 1). Moreover, no single immune 
inflammatory marker has emerged as the most reliable useful predictor. Therefore, the aim of this study was to examine 
the predictive value of peripheral blood immunoinflammatory markers for survival following immunotherapy in 
unresectable and advanced BTC.

Patients and Methods
Patients
We included patients with BTC treated at the First Affiliated Hospital of Sun Yat-sen University and Sun Yat-sen 
University Cancer Center between January 1, 2018 and June 27, 2022. Patient inclusion criteria were (1) histologically 
confirmed unresectable or metastatic BTC; (2) receiving at least 2 cycles of PD-1-containing regimens in first and second 
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line with post-treatment imaging evaluation; (3) having complete medical records and follow-up data; and (4) having 
blood test results within 1 week prior to treatment.

This study was approved by the Ethics Committee of the First Affiliated Hospital of Sun Yat-sen University ([2022] 
069) and the Sun Yat-sen University Cancer Center (SYSUCC; Guangzhou, China, B2020-190-01). Our study was 
a retrospective study that strictly adhered to the Declaration of Helsinki to ensure confidentiality of patient data and no 
impact on patient health and interests. Therefore, both ethics committees agreed to waive the informed consent of 
patients.

Inflammation Score Calculation
A total of 13 inflammation scores were included for analysis, including platelet-to-lymphocyte ratio (PLR), neutrophil-to- 
lymphocyte ratio (NLR), lymphocyte-to-C-reactive protein ratio (LCR), lymphocyte-to-monocyte ratio (LMR), CRP-to- 
albumin ratio (CAR), systemic immune inflammation index (SII), prognostic nutrition index (PNI), modified Glasgow 
prognostic score (mGPS), prognostic index (PI), Pan-Immune-Inflammation Value (PIV), PILE (composed of PIV, LDH 
and ECOG PS), systemic inflammation score (SIS), Albumin (ALB) and neutrophil-to-lymphocyte ratio (Albumin-NLR). 
The specific calculation of each inflammation score is shown in Table 1.

Table 1 Systemic Inflammation-Based Prognostic Scores

Scoring Indicators Score

Platelet to lymphocyte ratio (PLR) 
Platelet count (×109/L):lymphocyte count (×109/L) <215.6 

Platelet count (×109/L):lymphocyte count (×109/L) ≥ 215.6

0 

1

Neutrophil to lymphocyte ratio (NLR) 
Neutrophil count (×109 /L):lymphocyte count (×109/L) <6.79 

Neutrophil count (×109 /L):lymphocyte count (×109\/L) ≥ 6.79

0 

1

Lymphocyte to C-reactive protein ratio (LCR) 
104×lymphocyte count (×109 /L):CRP (mg/L) ≥20 

104×lymphocyte count (×109 /L):CRP (mg/L) <20

0 

1

Lymphocyte to monocyte ratio (LMR) 
Lymphocyte count (×109 /L):monocyte count (×109/L) ≥ 2.33 

Lymphocyte count (×109 /L):monocyte count (×109/L) <2.33

0 

1

CRP to albumin ratio (CAR) 
CRP (mg/L):albumin (g/L) <1.99 

CRP (mg/L):albumin (g/L) ≥ 1.99

0 

1

Systemic Immune-inflammation Index (SII) 
Platelet count (×109 /L) ×Neutrophil count (×109 /L)/lymphocyte count (×109 /L) <1269.73 

Platelet count (×109 /L) ×Neutrophil count (×109 /L)/lymphocyte count (×109 /L) ≥1269.73

0 

1

Prognostic Nutritional Index (PNI) 
albumin (g/L) +5×lymphocyte count (×109 /L) ≥ 40.0 

albumin (g/L) +5×lymphocyte count (×109/L) <40.0

0 

1

Modified Glasgow Prognostic Score (mGPS) 
CRP≤10 mg/albumin≥ 35g/L 

CRP≤10 mg/albumin<35 g/L 

CRP>10 mg/albumin≥ 35 g/L 
CRP>10 mg/albumin<35 g/L

0 

0 

1 
2

Prognostic Index (PI) 

CRP≤10 mg/L and WBC count≤10×109/L 
CRP≤10 mg/L and WBC count>10×109/L 

CRP>10 mg/L and WBC count≤10×109/L 

CRP>10 mg/L and WBC count>10×109/L

0 
1 

1 

2

(Continued)
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Data Extraction, Efficacy Evaluation
All enrolled patients had peripheral blood test results within 1 week prior to immunotherapy, and information on clinical 
characteristics, treatment strategy and efficacy was collected from the medical records. Data were entered by two investiga
tors. Two oncologists examined treatment efficacy according to the response assessment criteria in the solid tumor (RESIST) 
criteria (1.1). A statistician of the study group will perform regular data quality control. Standard follow-up was performed by 
the study staff. The follow-up interval is 2 to 4 months. Statisticians in the study group will perform data quality control at 
regular intervals. Follow-up data are available for all patients and the latest follow-up was performed on December 27, 2023.

Statistical Methods
Student t test (continuous data) and χ2 test (categorical data) were used for comparison between groups. Survival analysis was 
performed using the Kaplan-Meier method, and differences in survival curves were analyzed using the Log rank test. For single- 
valued indicators, the optimal threshold for each inflammatory indicator before and after multiple immunotherapy was calculated 
using X-tile software. (Supplemental Figure 1) For the composite index, mGPS and PI scores were calculated as previously 
reported. The effect of various inflammatory indexes on OS was analyzed using the Kaplan-Meier method and the rank test. Cox 
proportional risk models were used to determine the risk ratios (HRs) in univariate and multifactorial survival analyses (variables 
with p value <0.1 on univariate analysis and known to be significant clinically prognostic value included in multifactorial 
regression equations). Time-dependent ROC curves and area under the curve (AUC) at 6, 12, 18 and 24 months were calculated to 
compare the predictive power of each inflammation score. The predictive ability of each inflammation score was assessed using 
Harrell’s concordance index (C-index). A bilateral p<0.05 was considered statistically different. The statistical software SPSS 
26.0 (IBM Corp, Armonk, NY, USA), X-tile software 3.6.1 (Brady Memorial Laboratory, Yale School of Medicine, New Haven, 
USA) and R studio version 4.2.2 (R Foundation for S&T) were applied for all statistical analyses in this section.

Results
Characteristics of Enrolled Patients
According to the above inclusion criteria, we included 118 patients with BTC treated at the First Affiliated Hospital of 
Sun Yat-sen University and Sun Yat-sen University Cancer Center between January 1, 2018 and June 27, 2022. Among 
them, 73 (61.9%) were male. The age ranged from 27 to 88 years, with a median age of 55 years. Among the patients, 38 
(32.2%) had hepatitis B, and 90 (76.27%) had an Eastern Cooperative Oncology Group performance status (ECOG PS) 
of 0, while 27 (22.88%) had an ECOG PS of 1. The study included 90 (76.27%) patients with intrahepatic cholangio
carcinoma, 13 (11.01%) patients with extrahepatic cholangiocarcinoma, and 15 (12.72%) patients with gallbladder 

Table 1 (Continued). 

Scoring Indicators Score

Pan-Immune-Inflammation Value (PIV) 

(Neutrophil count× Platelet count ×monocyte count)/lymphocyte count <209.27 
(Neutrophil count ×Platelet count ×monocyte count)/lymphocyte count ≥209.27

0 
1

PILE 

PILE=LDH score+ ECOG PS score +PIV score 
(PIV<209.27= 0, ≥209.27 = 1; LDH≤245(ULN)=0, >ULN=1; ECOG PS<2=0, ≥2 = 1)

0/1/2/3

Systemic inflammation score (SIS) 

LMR ≥2.33 and ALB ≥34.2 g/L 
LMR <2.33 or ALB< 34.2 g/L 

LMR < 2.33 and ALB < 34.2 g/L

0 
1 

2

Albumin and neutrophil to lymphocyte ratio (Albumin-NLR) 
ALB ≥34.2g/L and NLR < 6.79 

A LB <34.2g/L or NLR≥ 6.79 

ALB < 34.2g/L and NLR≥ 6.79

0 

1 

2

Abbreviations: ECOG PS, Eastern Cooperative Oncology Group performance status; CRP, C-reactive protein; WBC, 
white blood cell; ULN, Upper limit of normal value.
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cancer. Of the patients, 56 (47.46%) had concomitant liver metastases with other organs, and 36 (30.52%) had metastases 
from organs other than the liver and lungs. Additionally, 72 (61.02%) patients had metastases from more than one 
organ. In terms of treatment, 90 patients (76.3%) received PD-1-containing monoclonal antibodies in the first line, and 28 
patients (23.7%) received PD-1-containing monoclonal antibodies in the second line.

Treatment
The types of regimens received by the included patients included PD-1 monotherapy (n=19), PD-1-mAb combined with 
chemotherapy (n=39), PD-1-mAb combined with anti-angiogenic TKI (n=35), and PD-1 plus intervention (n=25). The 
types of PD-1-mAb include sintilimab, Pembrolizumab,Camrelizumab, Toripalimab, and Nivolumab. First-line che
motherapy includes gemcitabine combined with cisplatin and gemcitabine combined with tegio, and second-line 
chemotherapy includes gemcitabine, tegio, albumin paclitaxel and 5-fluorouracil combined with oxaliplatin. Anti- 
angiogenic TKI included lenvatinib and apatinib. Interventional therapies included HAIC- folfox, HAIC-folfirinox, 
and HAIC combined with TACE. Table 2 summarizes the clinicopathological characteristics of the patients, including 
the distribution of patients based on 13 inflammation scores.

Table 2 Baseline Characteristics of the Enrolled Patients

Variables N=118(%)

Age, year 55(27–88)
Gender (male/female) 73/45(61.90/38.10)

Hepatitis B (yes/no) 38/80(32.2/67.8)

ECOG PS (0/1/2) 90/27/1(76.27/22.88/0.75)
First line or second line 90/28(76.30/23.70)

Type of treatment 
(PD-1/PD-1+chemo/PD-1+ antiangiogenesis-TKI/PD-1+ interventional therapy)

19/39/35/25(16.1/33.05/29.66/21.19)

Primary tumor (intrahepatic /extrahepatic /gallbladder) 90/13/15(76.27/11.01/12.72)

Metastatic organ (no/liver / lung/ liver and the other organ) 9/10/7/56/36(7.62/8.47/5.93/47.46/30.52)
Number of metastatic lesions (0/1/2/3/4) 9/37/40/27/5(7.63/31.35/33.89/4.24)

WBC (10 9/L) 6.83(2.56–22.24)

ALB 41.4(29.30–51.50)
LDH 217.7(113.00–1749.00)

CRP 7.81(0.02–249.10)

CEA 3.46(0.19–5440)
CA19-9 48.91(0.6–20,000)

PLR (0/1) 95/23(80.51/19.49)

NLR (0/1) 98/20(83.05/16.95)
LCR (0/1) 105/13(88.98/11.02)

LMR (0/1) 75/43(63.56/36.44)

CAR (0/1) 103/15(87.29/12.71)
SII (0/1) 93/25(78.81/21.19)

PNI (0/1) 105/13(88.98/11.02)

mGPS (0/1/2) 66/41/11(55.93/34.75/9.32)
PI (0/1/2) 58/44/16(49.15/37.29/13.56)

PIV (0/1) 42/76(35.59/64.41)

PILE (0/1/2/3) 37/52/29/0(31.36/44.07/24.57/0)
SIS (0/1/2) 70/33/15(59.32/27.97/12.71)

Albumin-NLR (0/1/2) 86/29/3(72.88/24.58/2.54)

Abbreviations: ECOG PS, Eastern Cooperative Oncology Group performance status; CRP, C-reactive protein; PD-1-mAb, Programmed cell 
death protein 1 monoclonal antibody; chemo, chemotherapy; WBC, white blood cell; mGPS, modified Glasgow Prognostic Score; PI, Prognostic 
Index; NLR, neutrophil-to-lymphocyte ratio; PLR, platelet-to-lymphocyte ratio; LCR, lymphocyte-to-C-reactive protein ratio; LMR, lymphocyte-to 
-monocyte ratio; SII, systemic immune inflammation index; CAR, CRP-to-albumin ratio; PNI, prognostic nutrition index; PIV, Pan-Immune- 
Inflammation Value; PILE, composed of PIV, LDH and ECOG PS; SIS, systemic inflammation score.
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The duration of anti-PD-1 therapy ranged from 1.0 to 33.0 months, with a median of 6.0 months. The number of 
treatment cycles ranged from 2 to 39 cycles, with a median treatment cycle count of 7 and median OS 18.3 months (range 
1.75–49.16 months). By the end of follow-up, a total of 93 (78.8%) patients experienced disease progression and 62 
(52.5%) patients died.

Survival Analysis
In the univariate analysis, six clinicopathological characteristics, ECOG PS, CA19-9, CEA, LDH, ALB, and CRP, were 
identified as significant predictive variables for overall survival (OS). All 13 inflammation scores were identified as 
significant prognostic factors for OS. To avoid correlation between immunoinflammatory scores, we included the 13 
inflammatory scores, subdivided and all non-inflammatory scores of clinicopathological features (ECOG PS, CA19-9, 
CEA, LDH, ALB, CRP, age grading) with p<0.01 in the multifactorial analysis, respectively. The results showed that PIV 
(p=0.005), PILE (p=0.033), NLR (p=0.003), PLR (p<0.001), LMR (p=0.006), SII (p=0.039), CRP-to-albumin ratio 
(CAR) (p=0.025), and Albumin-NLR (p=0.008) were independent prognostic factors for OS (Table 3). As shown in 
Figure 1, all inflammation scores were associated with OS in patients with advanced biliary tract carcinoma receiving 
anti-PD-1 therapy.

Table 3 Univariate and Multivariate Time-Dependent Cox Regression Analyses of the Prognostic Factors for Overall Survival

Overall Survival

Univariate Analysis Multivariate Analysis (PIV) Multivariate Analysis (PILE)

Variables HR 95% CI P HR 95% CI P HR 95% CI P

Age, y (≤/>60) 1.023 0.99,1.05 0.065 1.02 0.99,1.04 0.15 1.02 0.99, 1.04 0.190

Gender (male/female) 0.694 0.41, 1.19 0.184

ECOG-PS (0/1-2) 2.39 1.39, 4.10 0.002 2.64 1.40,4.98 0.003 3.49 1.87,6.52 <0.001

Hepatitis B (yes/no) 123 0.71, 2.14 0.464

Primary tumor (intrahepatic /other) 1.23 0.85, 1.77 0.268

Metastatic organs

No metastasis 0.80 0.22, 3.0 0.743

Intrahepatic metastasis 0.76 0.19, 3.06 0.702

Intrahepatic and other organs metastasis 0.78 0.27, 2.21 0.636

Other organs metastasis 0.71 0.24, 2.08 0.706

Number of metastatic organs(0/1/2/3/4) 1.09 0.82,1.43 0.555

CA19-9(<35/≥35) 1.74 1.03,2.94 0.038 1.99 1.10,3.61 0.023 1.45 0.81,2.61 0.210

CEA (<5/≥5) 2.09 1.22,3.56 0.007 1.84 1.04,3.27 0.037 1.57 0.89,2.78 0.120

LDH (≤245/>245) 1.82 1.06,3.13 0.029 0.76 0.39,1.49 0.428

ALB (≥35/<35) 2.59 1.12,4.72 0.02 2.69 1.31,5.52 0.007 2.51 1.29,4.89 0.007

CRP (<10/≥10) 1.93 1.15, 3.25 0.013 1.33 0.72,2.48 0.359 1.17 0.64, 2.13 0.607

First or second line therapy 1.35 0.77, 2.36 0.301

Treatment

PD-1-mAb 0.612

PD-1-mAb+antiangiogenesis-TKI 1.70 0.77, 3.72 0.188

PD-1-mAb+chemo 1.50 0.69, 3.23 0.310

PD-1-mAb+ interventional therapy 1.35 0.56, 3.28 0.505

PLR (0/1) 2.98 1.64,5.40 <0.001

NLR (0/1) 2.93 1.56,5.51 0.001

LMR (0/1) 2.45 1.48,4.06 <0.001

CAR (0/1) 3.91 1.96,7.77 <0.001

LCR (0/1) 5.17 2.34,11.40 <0.001

PNI (0/1) 2.94 1.49,5.83 0.002

SII (0/1) 1.12 2.12,3.81 0.012

(Continued)
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Comparison of the Predictive Value of Inflammation Scores for the Efficacy of 
Immunotherapy
Time-dependent ROC curves were performed at 6, 12, 18 and 24 months of OS to compare the prognostic value of the 13 
inflammation scores (Figure 2). The pan-immune-inflammation value (PIV) and PILE scores were superior to the other 
scores, especially after the 12-month time point. The dependent area under the curve (AUC) of ROC curves indicated 
that PIV and PILE scores could better predict survival time after PD-1 regimen for advanced biliary tract tumors. Further, 
time-dependent AUC plots for consecutive times showed that PIV and PILE scores were consistently higher than other 
inflammatory scores after the 12-month time point. Even the PILE score was significantly higher than the PIV score after 
the 12-month time point (Figure 3). The C-index analysis showed that PIV (C-index 0.62, 95% CI: 0.55, 0.68) and PILE 
(C-index 0.62, 95% CI: 0.55, 0.70) had higher C-index values than the other scoring systems (Table 4). Combined with 
the time-dependent ROC curves and C-index, it was demonstrated that PILE and PIV scores had a stronger ability to 
predict survival time after PD-1 regimen treatment for advanced biliary tract tumors than other scoring systems.

Relationship Between Inflammation Scores and Clinical Characteristics
Table 5 showed the relationships between patients’ clinical characteristics, outcomes, and PIV scores. High PIV scores 
were associated with higher levels of CRP (p<0.001), CA19-9 (p=0.004), CEA (p=0.006), LDH (p=0.004), and other 
factors associated with a poor prognosis. Tumor response analysis showed that low PIV group achieved high ORR 
(p=0.002) DCR (p=0.004). Table 6 showed the relationship between patient clinical characteristics, efficacy, and PILE 
scores. Higher PIV scores were associated with higher CRP (p<0.001), CA19-9 (p=0.001), CEA (p=0.003), low ALB 
(p=0.039). Tumor response analysis showed that the low and medium scoring PILE group achieved higher ORR 

Table 3 (Continued). 

Overall Survival

Univariate Analysis Multivariate Analysis (PIV) Multivariate Analysis (PILE)

Variables HR 95% CI P HR 95% CI P HR 95% CI P

mGPS

0 0.001

1 1.56 0.87,2.78 0.135

2 3.99 1.87,8.48 <0.001

PI

0 0.026

1 1.64 0.95,2.85 0.078

2 2.65 1.25,5.6 0.011

PIV(0/1) 3.2 1.76,5.83 <0.001 2.64 1.35,5.19 0.005

PILE

0 <0.001 0.033

1 2.13 1.11,4.10 0.023 2.36 1.17, 4.8 0.017

2 4.59 2.12,9.47 <0.001 2.58 1.13, 5.92 0.026

ALB-NLR

0 0.001

1 2.71 1.59,4.65 0.001

2 23.81 4.71,120.37 0.001

SIS

0 <0.001

1 2.42 1.37,4.27 0.002

2 3.33 1.70,6.51 <0.001

Abbreviations: ECOG PS, Eastern Cooperative Oncology Group performance status; CRP, C-reactive protein; PD-1-mAb, Programmed cell death protein 1 monoclonal 
antibody; chemo, chemotherapy; WBC, white blood cell; mGPS, modified Glasgow Prognostic Score; PI, Prognostic Index; ALB, albumin; NLR, neutrophil-to-lymphocyte 
ratio; PLR, platelet-to-lymphocyte ratio; LCR, lymphocyte-to-C-reactive protein ratio; LMR, lymphocyte-to-monocyte ratio; SII, systemic immune inflammation index; CAR, 
CRP-to-albumin ratio; PNI, prognostic nutrition index; PIV, Pan-Immune-Inflammation Value; PILE, composed of PIV, LDH and ECOG PS; SIS, systemic inflammation score.

ImmunoTargets and Therapy 2024:13                                                                                               https://doi.org/10.2147/ITT.S471502                                                                                                                                                                                                                       

DovePress                                                                                                                         
547

Dovepress                                                                                                                                                            Wang et al

Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


Figure 1 Kaplan-Meier curves for overall survival of patients with biliary tract tumors after anti-PD-1 therapy. (A) PLR, (B) NLR, (C) LCR, (D) LMR, (E) CAR, (F) SII, 
(G) PNI, (H) mGPS, (I) PI, (J) PIV, (K) PILE, (L) SIS, (M) LMR. All indicators of A-K and M were significant influencing factors of OS. The (E) SIS had significant predictive 
value for OS, but the generation curves of its scores 1 and 2 failed to separate well; F ALB-NLR can distinguish OS better.
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(p=0.005) and DCR (p=0.037). Since LDH and ECOG PS are components of PILE, we will not describe their 
distribution in the PILE scores groups.

Discussion
It is well established that the development of biliary tract cancers is highly correlated with inflammation. PD-L1 
expression, immune infiltration, and the exceptionally high mutational load of biliary tract cancers make immune 
checkpoint inhibitors potentially effective therapeutic strategies.14 Immunotherapy, when combined with chemotherapy, 
has been recommended as the first-line treatment for advanced biliary tract carcinoma.26,27 However, patients with BTC 
show extremely variable responses to immunotherapy, underscoring the urgent need for reliable predictors of immu
notherapy efficacy.

MMR-deficiency/MSI and TMB-H are likely the most reliable predictive biomarkers for immunotherapy in BTC, 
although they are rare (4.6% TMB-H; 2.5% MSI/MMRd). Data on the efficacy of immunotherapy in BTC patients with 
TMB-H or MSI are scarce. Although PD-L1 expression is more frequent (25.6%), its predictive value remains 
controversial (Frega et al, Cell 2023).6 Studies reporting novel biomarkers for BTC, particularly in patients with 
mismatch-proficient tumors, are lacking. Currently, there is no universally accepted gold-standard index for predicting 
the efficacy of BTC, and immunoefficacy prediction remains in the preliminary exploration stage. Our study represents 
an initial investigation into the predictive capacity of inflammation-based scores for immune efficacy in BTC.

Figure 2 Time-dependent ROC curves for survival prediction of inflammatory scores at 6 (A), 12 (B), 18 (C), and 24(D) months in patients with BTC after anti-PD-1 
therapy. (A) No significant distinction among inflammatory index curves. (B) No significant distinction among inflammatory index curves. (C) PIV and PILE curves start to 
be significantly higher than other inflammatory index curves. (D) PIV, PILE and SII curves were higher than the other inflammatory index curves.
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In our study, the PIV and PILE scores outperformed the other inflammation-based scores in predicting OS. To the best 
of our knowledge, this is the first study to report the predictive value of PIV and PILE scores in patients with BTC after 
immunotherapy.

PIV has been shown to accurately reflect the systemic immune- and cancer-related inflammatory status in a wide 
range of solid tumors and is a reliable predictor of clinical outcomes in patients with advanced cancer.28,29 However, the 
underlying mechanism remains unknown. One possible explanation is that PIV contains all important immune cell 

Figure 3 Time-dependent AUC plot of survival prediction by inflammation score. After the 12-month time point, PILE is above the PIV curve and starts to be significantly 
higher than the other inflammatory index curves.

Table 4 Concordance Index for the Comparison of Different Inflammatory-Based Scores

Scores 6-Month AUROC 12-Month AUROC 18-Month AUROC 24-Month AUROC C-index

PIV 0.59(0.46,0.72) 0.65(0.56,0.75) 0.80(0.70,0.89) 0.67(0.50,0.83) 0.62(0.55,0.68)

PILE 0.64(0.47,0.82) 0.64(0.53,0.74) 0.82(0.74,0.90) 0.71(0.58,0.84) 0.62(0.55,0.70)
PLR 0.68(0.52, 0.84) 0.64(0.56,0.72) 0.57(0.49,0.65) 0.56(0.45,0.67) 0.60(0.54,0.66)

NLR 0.64(0.49, 0.80) 0.57(0.50,0.65) 0.62(0.56, 0.67) 0.60(0.55,0.66) 0.57(0.51,0.62)

LCR 0.68(0.52,0.83) 0.57(0.51,0.63) 0.56(0.52,0.61) 0.56(0.52,0.60) 0.57(0.52,0.62)
LMR 0.58(0.42,0.75) 0.59(0.49,0.69) 0.68(0.58,0.78) 0.60(0.44,0.76) 0.59(0.53,0.66)

SII 0.72(0.57,0.88) 0.59(0.51,0.67) 0.58(0.50,0.65) 0.57(0.46,0.68) 0.57(0.51,0.63)

CAR 0.60(0.46,0.75) 0.59(0.52,0.66) 0.59(0.54,0.64) 0.58(0.54,0.63) 0.57(0.52,0.62)
mGPS 0.71(0.53,0.89) 0.61(0.51,0.71) 0.71(0.63,0.80) 0.68(0.57,0.78) 0.59(0.52,0.67)

PI 0.64(0.47,0.81) 0.58(0.48,0.69) 0.70(0.60,0.80) 0.64(0.50,0.78) 0.57(0.50,0.65)

PNI 0.62(0.47,0.76) 0.56(0.49,0.62) 0.56(0.50,0.62) 0.59(0.54,0.64) 0.55(0.51,0.60)
SIS 0.66(0.48,0.84) 0.57(0.47,0.67) 0.69(0.58,0.80) 0.69(0.55,0.82) 0.61(0.54,0.68)

ALB-NLR 0.71(0.55,0.88) 0.58(0.49,0.67) 0.66(0.58,0.75) 0.71(0.64,0.77) 0.60(0.54,0.66)

Abbreviations: mGPS, modified Glasgow Prognostic Score; PI, Prognostic Index; ALB, albumin; NLR, neutrophil-to-lymphocyte ratio; PLR, platelet- 
to-lymphocyte ratio; LCR, lymphocyte-to-C-reactive protein ratio; LMR, lymphocyte-to-monocyte ratio; SII, systemic inflammation index; CAR, CRP- 
to-albumin ratio; PNI, prognostic nutrition index; PIV, Pan-Immune-Inflammation Value; PILE, composed of PIV, LDH and ECOG PS; SIS, systemic 
inflammation score.
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Table 5 Baseline Characteristics of the Patients Grouped by PIV Score

Variables PIV=0 PIV=1 P value

Age, y 0.346
≤60 27 (64.29) 50 (65.79)

>60 15 (35.71) 26 (34.21)

Gender 0.162
Male 27 (64.29) 46 (60.53)

Female 15 (35.71) 30 (39.47)

Hepatitis B 0.027
Yes 19 (45.24) 19 (25.00)

No 23 (54.76) 57 (75.00)
ECOG PS 0.181

0 36 (85.71) 54 (71.06)

1 6 (14.29) 21 (27.63)
2 0 (0.00) 1 (0.81)

CA19-9 0.004

<35 27 (64.29) 26 (36.11)
≥35 15 (35.71) 46 (60.53)

Missing 0 (0.00) 4 (5.26)

CEA 0.006
<5 33 (78.57) 38 (50.00)

≥5 9 (21.43) 34 (44.74)

Missing 0 (0.00) 4 (5.26)
LDH 0.004

≤245 37 (88.10) 48 (63.2)

>245 5 (11.90) 28 (36.8)
ALB 0.130

≥35 39 (92.85) 63 (82.89)

<35 3 (7.15) 13 (17.11)
CRP <0.001

<10 34 (80.95) 32 (42.11)

≥10 8 (19.05) 44 (57.89)
Primary tumor 0.346

Intrahepatic cholangiocarcinoma 30 (71.43) 60 (78.94)

Extrahepatic cholangiocarcinoma 7 (16.67) 6 (7.90)
Gallbladder carcinoma 5 (11.90) 10 (13.16)

Metastatic organs 0.249

No metastasis 2 (4.76) 7 (9.21)
Intrahepatic metastasis 6 (14.29) 4 (5.26)

Lung 4 (9.52) 3 (3.95)

Intrahepatic and other organs metastasis 17 (40.48) 39 (51.32)
Other organs metastasis 13 (30.95) 23 (30.26)

Number of metastatic organs 0.287

0 2 (4.76) 7 (9.2)
1 17 (40.48) 20 (26.3)

2 13 (30.95) 27 (35.5)

3 7 (16.67) 20 (26.3)
4 3 (7.14) 2 (2.6)

First or second line therapy 0.180

First line 35 (83.23) 55 (72.37)
Second line 7 (16.67) 21 (27.63)

(Continued)
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Table 5 (Continued). 

Variables PIV=0 PIV=1 P value

Treatment 0.335

PD-1-mAb 10 (23.80) 10 (13.20)
PD-1-mAb+antiangiogenesis-TKI 11 (26.20) 28 (36.80)

PD-1-mAb+chemo 11 (26.20) 24 (31.60)

PD-1-mAb+ interventional therapy 10 (23.80) 14 (18.40)
Therapeutic response 0.002

CR 4 (9.50) 0 (0.00)

PR 12 (28.60) 19 (25.00)
SD 25 (59.50) 40 (52.60)

PD 1 (2.40) 17 (22.40)

ORR 0.136
Yes 16 (38.10) 19 (25.00)

No 26 (61.90) 57 (75.00)

DCR 0.004
Yes 41 (97.60) 59 (77.70)

No 1 (3.40) 17 (22.40)

Abbreviations: PIV, Pan-Immune-Inflammation Value; ECOG PS, Eastern Cooperative Oncology Group 
performance status; CRP, C-reactive protein; lactate dehydrogenase; ALB, albumin; PD-1-mAb, Programmed 
cell death protein 1 monoclonal antibody; chemo, chemotherapy; TKI, Tyrosine kinase inhibitor; CR, 
complete response; Partial response; SD, stable disease; PD, progressive disease; ORR, objective response 
rate; DCR, disease control rate.

Table 6 Baseline Characteristics of the Patients Grouped by PILE Score

Variables PILE=0 PILE=1 PILE=2 P value

Age, y 0.468

≤60 23 (62.16) 37 (71.15) 17 (58.26)
>60 14 (37.84) 15 (28.85) 12 (41.38)

Gender 0.639

Male 25 (67.57) 30 (57.69) 18 (60.07)
Female 12 (32.43) 22 (42.31) 11 (37.93)

Hepatitis B 0.395
Yes 15 (40.54) 14 (26.92) 9 (31.03)

No 22 (59.46) 38 (73.08) 20 (68.97)

ECOG PS 0.254
0 31 (83.78) 40 (76.92) 19 (65.52)

1 6 (16.22) 12 (23.08) 9 (31.03)

2 0 (0.00) 0 (0.00) 1 (3.45)
CA19-9 0.001

≤35 25 (67.57) 22 (42.31) 6 (21.69)

>35 12 (32.43) 27 (55.92) 22 (75.86)
Missing 0 (0.00) 3 (5.77) 1 (3.45)

CEA 0.003

≤5 31 (83.78) 27 (55.92) 13 (44.83))
>5 6 (16.22) 22 (42.31) 15 (51.72)

Missing 0 (0.00) 3 (5.77) 1 (3.45)

LDH <0.001
≤245 37 (100.00) 47 (90.38) 1 (3.45)

>245 0 (0.00) 5(9.62) 28 (96.55)

(Continued)
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components found in peripheral blood. Peripheral blood lymphocytes correlate with the body’s lymphocyte stores and 
activity, and are an accurate indicator of the patient’s immune status.30,31

The PILE is a three-parameter inflammation score that includes LDH, PIV, and ECOG PS. LDH has been previously 
identified as an independent prognostic indicator in several tumors, especially non-Hodgkin’s lymphoma, where it is one 

Table 6 (Continued). 

Variables PILE=0 PILE=1 PILE=2 P value

ALB 0.039

≥35 34 (91.89) 47 (90.38) 21 (72.41)
<35 3 (8.11) 5 (9.62) 8 (27.59)

CRP <0.001

≤10 31 (83.78) 30 (57.69) 5 (17.24)
>10 6 (16.22) 22 (42.31) 24 (82.76)

Primary tumor 0.900

Intrahepatic cholangiocarcinoma 27 (72.98) 39 (75.00) 24 (82.76)
Extrahepatic cholangiocarcinoma 5 (13.51) 6 (11.54) 2 (6.90)

Gallbladder carcinoma 5 (13.51) 7 (13.46) 3 (10.34)

Metastatic organs 0.344
No metastasis 2 (5.41) 3 (5.77) 4 (13.79)

Intrahepatic metastasis 6 (16.22) 3 (5.77) 1 (3.45)

Lung 3 (8.11) 2 (3.85) 2 (6.90)
Intrahepatic and other organs metastasis 14 (37.84) 26 (50.00) 16 (55.17)

Other organs metastasis 12 (32.43) 18 (34.62) 6(20.69)

Number of metastatic organs 0.080
1 2 (5.41) 3 (5.77) 4 (13.79)

2 16 (43.24) 14 (26.92) 7 (24.14)
3 11 (29.73) 23 (44.23) 6 (20.69)

4 5 (13.51) 11 (21.15) 11 (37.93)

5 3 (8.11) 1(1.92) 1 (3.45)
Treatment line of PD-1-mAb applied 0.681

First line 30 (81.11) 38 (73.08) 22 (75.86)

Second line 7 (18.89) 14 (26.92) 7 (24.14)
Treatment 0.637

PD-1-mAb 9 (24.33) 7 (13.46) 4 (13.80)

PD-1-mAb+antiangiogenesis-TKI 10 (27.01) 20 (38.46) 9 (31.03)
PD-1-mAb+chemo 9 (24.33) 17 (32.69) 9 (31.03)

PD-1-mAb+ interventional therapy 9 (24.33) 8 (15.39) 7 (24.14)

Therapeutic response 0.005
CR 4 (10.81) 0 (0.00) 0 (0.0)

PR 10 (27.03) 17 (32.70) 4 (13.80)

SD 22 (59.46) 24 (46.15) 19 (65.51)
PD 1 (2.70) 11 (21.15) 6 (20.69)

ORR 0.086

Yes 14 (37.84) 17 (32.69)) 4 (13.79)
No 23 (62.16) 35 (67.31) 25 (86.21)

DCR 0.037

Yes 36 (97.30) 41 (78.85) 23 (79.31)
No 1 (2.70) 11 (21.15) 6 (20.69)

Abbreviations: PIV, Pan-Immune-Inflammation Value; ECOG PS, PILE, composed of PIV, LDH and ECOG PS; SIS, 
systemic inflammation score; Eastern Cooperative Oncology Group performance status; CRP, C-reactive protein; 
lactate dehydrogenase; ALB, albumin; PD-1-mAb, Programmed cell death protein 1 monoclonal antibody; chemo, 
chemotherapy; TKI, Tyrosine kinase inhibitor; CR, complete response; Partial response; SD, stable disease; PD, 
progressive disease; ORR, objective response rate; DCR, disease control rate.
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of the main components of the International Prognostic Index (IPI).32 High LDH levels have been associated with poor 
first-line chemotherapy efficacy and the overexpression of tumor VEGFA and VEGFR in BTC.33,34

In our study, all inflammation scores were significant predictors of OS after PD-1 treatment for BTC. However, 
further time-dependent ROC and C-index analyses revealed that PIV (C-index 0.62, 95% CI:0.55–0.68) and PILE 
(C-index 0.62, 95% CI:0.55–0.70) were the most effective OS predictors. The superiority of PIV and PILE was 
particularly significant after the 12-month mark. The PILE prediction curve in the continuous time-dependent ROC 
plot was significantly higher than those of the PIV and other inflammation scores after the 12-month time point. Patients 
who received effective immunotherapy frequently had prolonged PFS and OS, indicating a trailing effect in the data. 
Both PILE and PIV had higher predictive abilities after 12 months, which was consistent with the observed trailing effect 
after PD-1 treatment.

According to Ligorio et al, PIV is a better predictor of overall survival (OS) than other peripheral blood indicators, 
such as NLR, PLR, and LMR, in patients with HER2-positive metastatic breast cancer treated with trastuzumab plus 
pertuzumab as first-line therapy.35 Moreover, PIV has been previously described as a novel predictive biomarker in 
patients with metastatic colorectal cancer receiving first-line therapy, and is superior to other inflammatory markers.36 In 
120 patients with advanced cancer of any type who were treated with anti-PD-1 or anti-PD-L1 inhibitors, higher PILE 
scores were significantly associated with shorter PFS and OS, indicating that PILE is a reliable prognostic indicator for 
immunotherapy.37 Zeng et al discovered that high PIV and PILE were associated with poor clinical outcomes with anti- 
PD-1/PD-L1 inhibitors in combination with chemotherapy treatment in a clinical trial of an extensive-stage small cell 
lung cancer (NCT03041311) dataset and that PIV and PILE may help distinguish patients who do not benefit from anti- 
PD-1/PD-L1 therapy.38 These findings were validated using real-world datasets. These studies on the predictive values of 
PILE and PIV for OS support our findings.

In our study, patients with low PIV and PILE scores were more likely to have low CRP levels, which consistently 
represent a low inflammatory status. Because CRP was not identified as a prognostic factor for OS in the multifactorial 
Cox analysis, the intergroup distribution of CRP had a minimal impact on the independent predictive power of PIV and 
PILE. Patients with low PIV and PILE scores were more likely to have low CRP levels, confirming the ability of PIV and 
PILE scores to reflect systemic inflammatory status. In contrast, the high PIV and PILE score groups demonstrated 
a stronger association with elevated CEA and CA19-9 levels. Although CEA and CA19-9 have previously been linked to 
poor clinical outcomes in biliary tract tumors39,40 in multifactorial analysis, CEA, CA19-9, and PIV emerged as 
independent prognostic factors for OS. Consequently, the impact of the intergroup distribution of CEA and CA19-9 
within the PIV was less pronounced in terms of the predictive power of PIV for OS. When CEA and CA19-9 levels were 
compared with PILE, only PILE remained an independent prognostic factor for OS. Although the influence of the 
intergroup distribution of CEA and CA19-9 on the prognostic ability of PILE cannot be ruled out, it has significantly less 
predictive power for OS than the PILE score. Furthermore, the low-PIV score group included more HBV-positive 
patients. Hepatitis B virus (HBV) infection was reported affect the prognosis of patients with HBV-positive ICC by 
activating the immune response. To date, the influence of HBV infection on the effectiveness of immunotherapy in BTC 
remains unclear.41 The HBV positive was not identified as an independent predictor of OS in the univariate analysis in 
our study. Consequently, its influence on the independent predictive value of PIV for OS was minimal, and its even 
distribution within the baseline population of the PILE score did not significantly affect our research conclusions.

Owing to the constraints of retrospective data, we obtained PD-L1 and genetic test results from less than 5% of the 
patients, precluding a direct comparison between peripheral blood immune-inflammatory metrics and the predictive value 
of PD-L1 and TMB. This is a significant limitation of this study.

Additionally, the study has several other limitations. First, this was a retrospective study conducted on a two-center 
cohort in China. Despite ensuring strict quality control and between-group balance, unavoidable biases still exist owing 
to the retrospective nature of the study. We included patients with intrahepatic cholangiocarcinoma, extrahepatic 
cholangiocarcinoma, or gallbladder carcinoma. In the baseline analysis of the 13 inflammation scores, the primary 
tumor sites were evenly distributed across the subgroups. However, because of the relatively low incidence of BTC and 
the retrospective design of the study, we enrolled only 118 eligible patients. Among them, 19 received PD-1 monoclonal 
antibody (PD-1-mAb) monotherapy, 39 received PD-1-mAb combined with anti-angiogenesis tyrosine kinase inhibitors 
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(PD-1-mAb+antiangiogenesis-TKI), 35 received PD-1-mAb combined with chemotherapy (PD-1-mAb+ chemotherapy), 
and 25 received PD-1-mAb combined with interventional therapy. The limited sample size restricted our ability to 
perform subgroup analyses of the inflammatory markers within each treatment regimen. However, as more cases of 
immunotherapy for biliary tract tumors accumulate, future studies should aim to conduct further subgroup analyses. As 
Chinese patients with biliary tract tumors have different disease backgrounds than those in the United States, Europe, or 
Japan, these data cannot be fully extrapolated to other countries and require further validation in external institutions. 
Second, while we implemented stringent measures to ensure the consistency of each inflammation score, the optimal 
cutoff values for multiple inflammation scores (including PIV) in this study were derived from the study dataset and were 
not widely accepted for certification. If necessary, these values should be re-validated and redefined in future studies 
using authoritative sources. Third, the patients received non-single PD-1 inhibitors throughout the treatment course, 
which inevitably resulted in bias. Fourth, despite enrolling first- and second-line-treated patients with no contraindica
tions to immunotherapy, chemotherapy, or intervention, the vast majority (116/118) had an ECOG score of 0–1, and there 
were no cases of obstructive jaundice or biliary tract infection requiring drainage, which largely avoided the impact of 
biliary tract infection on our data. Hematological parameters, on the other hand, are susceptible to various concomitant 
medications and pathophysiological states, which will inevitably cause some bias. Finally, the potential regulatory 
mechanisms of neutrophils, platelets, monocytes, and lymphocytes in peripheral blood during immunotherapy remain 
unknown and warrant further investigation.

Conclusions
Our findings indicate that the PIV and PILE scores outperform other inflammatory markers as independent prognostic 
indicators in patients with biliary tract tumors undergoing anti-PD-1 therapy. PIV and PILE have the potential to assist in 
identifying patients with advanced biliary tract cancer (BTC) who are unlikely to derive benefit from anti-PD-1 therapy. 
Moreover, this straightforward clinical predictor may aid clinicians in devising optimal anti-PD-1 treatment strategies for 
BTC patients. Due to the retrospective nature of this analysis, the predictive value of PIV and PILE require validation in 
further prospective studies.
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