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Background: Post-hepatectomy liver failure (PHLF) remains a major cause of morbidity after liver resection for hepatocellular 
carcinoma (HCC). Routine blood-count-based inflammatory indices may complement established liver reserve assessments. This study 
evaluated whether preoperative systemic pan-immune-inflammation value (S-PIV) predicts PHLF after conventional laparoscopic 
hepatectomy for HCC.
Methods: We conducted a single-center retrospective cohort study of consecutive patients who completed conventional laparoscopic 
hepatectomy for liver tumors between January 2017 and December 2025. Eligible patients had pathologically confirmed HCC and 
complete preoperative laboratory data within 7 days before surgery. Planned open hepatectomy, conversion to open surgery, and 
robotic-assisted hepatectomy were outside the predefined cohort scope. S-PIV was calculated as neutrophil count × monocyte count × 
platelet count / lymphocyte count. The primary outcome was ISGLS-defined PHLF, analyzed as any-grade PHLF versus no PHLF. 
Discrimination was assessed using ROC analysis, dose-response using restricted cubic splines, and clinical utility using decision curve 
analysis.
Results: Among 582 screened patients, 356 were included; 68 (19.1%) developed PHLF. Preoperative S-PIV showed good 
discrimination for PHLF (AUC 0.873). The Youden index identified an optimal cut-off of 455.4, with sensitivity 0.726 and specificity 
0.908. S-PIV showed higher AUCs than NLR (0.831) and PLR (0.848). Higher S-PIV was associated with PHLF in univariable 
analysis (per 100 units: OR 1.12, 95% CI 1.06–1.45; P<0.001) and remained independently associated after sequential adjustment for 
demographics/comorbidities, liver functional reserve, and tumor/operative factors (Model 3 per 100 units: OR 1.06, 95% CI 1.03–1.13; 
P<0.001). Restricted cubic splines showed a graded risk increase without evidence of nonlinearity, and decision curve analysis 
suggested net benefit across threshold probabilities of approximately 10%–70%.
Conclusion: Preoperative S-PIV, derived from routine blood counts, may serve as a practical adjunct for PHLF risk stratification after 
conventional laparoscopic hepatectomy for HCC. External multicenter validation and calibration are urgently required before routine 
implementation.

Plain Language Summary: Liver surgery can help many patients with liver cancer, but some patients may have poor liver function 
after part of the liver is removed. This problem can slow recovery and may become serious. Doctors therefore need simple ways to 
identify patients who may need closer care before and after surgery. 

In this study, we reviewed people with this type of liver cancer who had laparoscopic liver surgery at our hospital. We tested 
whether information from a routine blood test before surgery could help estimate the chance of liver failure after surgery. This blood 
test reflects the balance between inflammation and immune status in the body. 
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We found that patients with a higher inflammation-related blood score before surgery were more likely to develop liver failure after 
surgery. This score may help doctors discuss surgical risk with patients, plan perioperative care, and identify patients who may need 
closer monitoring after surgery. 

These findings are promising, but they come from one hospital. More studies from multiple hospitals are needed before this blood 
score can be used routinely in clinical practice. 

What do the terms mean? 
The terms used in this article are explained in plain language as follows. Hepatocellular carcinoma refers to the most common type 

of primary liver cancer. Laparoscopic liver surgery refers to liver surgery performed through small cuts in the abdomen using a camera 
and surgical instruments. Liver failure after surgery refers to a condition in which the remaining liver does not work well enough after 
part of the liver has been removed. A blood inflammation score is calculated from routine blood cell counts and reflects inflammation 
and immune status. Liver reserve refers to the ability of the liver to keep working after surgery. Closer monitoring means more careful 
observation and follow-up before and after surgery. Multicenter validation means testing the findings in patients from other hospitals to 
confirm whether the results are reliable. 

Keywords: hepatocellular carcinoma, laparoscopic hepatectomy, posthepatectomy liver failure, pan-immune-inflammation value, 
systemic inflammation, risk prediction

Introduction
Hepatocellular carcinoma (HCC) remains a major global health burden, accounting for substantial cancer-related 
incidence and mortality worldwide.1 Contemporary staging and practice guidance continue to emphasize surgical 
resection as a potentially curative option for appropriately selected patients, particularly when liver functional reserve 
and tumor biology permit safe hepatectomy.2,3 However, the clinical benefit of resection can be offset by serious 
postoperative complications, among which post-hepatectomy liver failure (PHLF) is the most feared because it directly 
drives morbidity, prolonged hospitalization, and early mortality after liver surgery.4–6 The International Study Group of 
Liver Surgery (ISGLS) definition has been widely adopted to standardize PHLF diagnosis and grading, facilitating 
comparability across surgical series and enabling more consistent perioperative risk evaluation.4

Despite progress in parenchymal-sparing techniques and perioperative care pathways, PHLF remains difficult to 
prevent because risk is multifactorial and not fully captured by any single preoperative test.5,6 Current strategies for 
preoperative risk assessment focus primarily on hepatic functional reserve and anticipated remnant liver capacity, using 
composite liver function scores and functional tests to estimate the ability to tolerate resection.5,6 The albumin-bilirubin 
(ALBI) grade was developed as an objective approach to quantify liver dysfunction in HCC and has been increasingly 
incorporated into perioperative decision-making frameworks.7 In addition, ALBI-based or related liver reserve models 
have been evaluated for predicting PHLF after major hepatectomy for HCC, yet predictive performance across cohorts is 
variable, reflecting heterogeneity in patient selection, cirrhosis severity, and operative complexity.8,9 Indocyanine green 
retention at 15 minutes (ICG-R15) is also frequently used to quantify hepatic clearance capacity, and ICG-based 
nomograms have been proposed to improve individualized PHLF risk estimation.10

Beyond liver reserve, systemic inflammation and immune dysregulation have gained recognition as biologically plausible 
contributors to impaired liver regeneration and vulnerability to postoperative decompensation after hepatectomy.5,6 Blood- 
derived immune-inflammation indices, such as the systemic immune-inflammation index (SII), integrate circulating leukocyte 
and platelet compartments and have shown prognostic relevance in HCC.11 More recently, the pan-immune-inflammation 
value (PIV)-a composite metric incorporating neutrophils, monocytes, lymphocytes, and platelets-was introduced and 
validated as a robust prognostic marker in large oncologic cohorts,12 and subsequent meta-analytic evidence has supported 
its association with survival across diverse malignancies.13 These findings suggest that a single, routinely available inflam
matory composite may capture a clinically actionable systemic milieu that is not reflected by liver function parameters alone.

More broadly, recent cohort-profile and retrospective cohort studies in other clinical settings have underscored the 
importance of explicit cohort definitions, standardized data capture, and cautious interpretation of observational 
findings.14,15 Recent retrospective studies have developed preoperative models incorporating liver functional reserve, 
inflammatory indices, ICG-R15, and clinical variables to predict PHLF after hepatectomy for HCC.16–19 Although these 

https://doi.org/10.2147/JIR.S600314                                                                                                                                                                                                                                                                                                                                                                                                                                                           Journal of Inflammation Research 2026:19 2

Wu et al                                                                                                                                                                              

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)



models have reported promising discriminatory performance, their clinical transportability remains limited by single-center 
derivation, heterogeneous variable selection, and insufficient external validation or calibration.20 Nevertheless, in the 
hepatectomy setting, existing prediction models often emphasize hepatic reserve and operative factors while underutilizing 
comprehensive immune-inflammation composites; moreover, many models show limited generalizability when applied across 
institutions and populations.20 This challenge highlights the importance of rigorous methodological evaluation and transparent 
reporting standards for prediction research, as emphasized by established risk-of-bias frameworks.20 In parallel, enhanced 
recovery after surgery (ERAS) recommendations and ERAS-based strategies for liver surgery-including evidence syntheses 
focused on cirrhotic populations-underscore the ongoing need for precise preoperative stratification to identify patients who 
may benefit from tailored perioperative optimization.21,22 Against this background, we conducted a retrospective cohort study 
to determine whether a preoperative systemic inflammation composite (S-PIV), calculated from routine blood counts, is 
associated with PHLF after hepatectomy for HCC and to evaluate its incremental discriminatory and clinical utility when 
integrated into perioperative risk assessment.

Methods
Study Design, Setting, and Ethics
This retrospective cohort study was conducted at the Affiliated Jiangning Hospital of Nanjing Medical University. 
Consecutive patients who completed conventional laparoscopic hepatectomy for liver tumors between January 2017 and 
December 2025 were screened. The study protocol was approved by the institutional review board (IRB No. 2026–03- 
026-K01), and the requirement for informed consent was waived due to the retrospective design.

Patient Selection
The selection process is presented in Figure 1. Eligible patients had postoperative pathological confirmation of 
hepatocellular carcinoma (HCC), completed conventional laparoscopic curative-intent hepatectomy, were aged ≥18 
years, and had complete preoperative laboratory testing obtained within 7 days before surgery. Because the present 
study was designed to evaluate a conventional laparoscopic hepatectomy cohort, planned open hepatectomy, conversion 
from laparoscopic to open surgery, and robotic-assisted hepatectomy were outside the predefined scope of this study and 
were not included in the final analytic population. Patients were excluded for non-HCC pathology, receipt of preoperative 
anti-tumor therapy (eg, transarterial chemoembolization or radiofrequency ablation), recurrent disease or palliative 
resection, extrahepatic metastasis, active infection or inflammatory conditions, hematologic or autoimmune disorders, 
or incomplete key clinical data, consistent with Figure 1. During cohort construction, 14 patients were excluded because 
of incomplete key clinical data. Missing key variables mainly involved one or more variables required for exposure 
definition, covariate adjustment, or outcome ascertainment, including preoperative blood count components, liver 
functional reserve assessments, key operative variables, or postoperative outcome records. Active infection or inflam
matory conditions were defined as a documented clinical diagnosis requiring antibiotic treatment and/or evidence of 
systemic infection, such as fever and/or leukocytosis, during the preoperative evaluation period. Such patients were 
excluded to minimize inflammatory confounding.

Data Collection, Perioperative Management, and Definitions
Clinical and laboratory variables were retrospectively abstracted from the hospital information system (HIS). Demographics, 
comorbidities, liver disease background, preoperative laboratory variables, tumor characteristics, and operative variables were 
extracted. Preoperative laboratory variables included complete blood count parameters and liver function tests obtained within 
7 days before surgery. Complete blood count parameters were measured using an automated hematology analyzer (Sysmex 
XN-9000, Kobe, Japan) in the hospital’s central laboratory according to standardized quality-control procedures. Tumor 
characteristics included tumor size, tumor number, Barcelona Clinic Liver Cancer (BCLC) stage, alpha-fetoprotein (AFP), 
and pathological features. Operative variables included extent of hepatectomy, Pringle maneuver time, intraoperative blood 
loss, and transfusion. Major hepatectomy was defined as resection of ≥3 Couinaud segments. All included procedures were 
completed as conventional laparoscopic hepatectomies. Planned open procedures, conversion to open surgery, and robotic- 
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assisted procedures were outside the predefined scope of this conventional laparoscopic cohort. The Pringle maneuver was 
routinely used for inflow control and applied in an intermittent or continuous fashion at the surgeon’s discretion. Intraoperative 
transfusion was defined as red blood cell (RBC) transfusion. Comorbidities were defined based on documented physician 
diagnoses in the medical record and/or ongoing medication use at the time of surgery. Although body mass index and serum 
albumin were available, detailed preoperative nutritional assessments, sarcopenia measurements, and alcohol/tobacco expo
sure histories were not systematically or consistently documented across the entire retrospective study period. Therefore, these 
variables were not included in the primary multivariable models to avoid introducing additional information bias. Data 
collection and verification were facilitated by trained nursing staff who abstracted variables from medical records, cross- 
checked key fields for consistency and completeness, and minimized transcription errors under the supervision of the study 
investigators.

Figure 1 Study flow diagram. Consecutive patients who completed conventional laparoscopic hepatectomy for liver tumors between January 2017 and December 2025 
were screened. Patients were included or excluded according to predefined criteria, resulting in a final analytic cohort of 356 patients with pathologically confirmed 
hepatocellular carcinoma. Among them, 68 patients developed post-hepatectomy liver failure (PHLF), whereas 288 patients did not. Planned open hepatectomy, conversion 
from laparoscopic to open surgery, and robotic-assisted hepatectomy were outside the predefined scope of this conventional laparoscopic cohort. PHLF was defined 
according to the International Study Group of Liver Surgery criteria.
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Immune–Inflammation Indices
The primary exposure was the systemic pan-immune-inflammation value (S-PIV), calculated from preoperative periph
eral blood counts as follows: S-PIV = neutrophil count × monocyte count × platelet count / lymphocyte count. 
Neutrophil, monocyte, platelet, and lymphocyte counts were derived from the same preoperative complete blood count 
test obtained within 7 days before surgery. Conventional inflammatory indices, including the neutrophil-to-lymphocyte 
ratio (NLR) and platelet-to-lymphocyte ratio (PLR), were assessed as comparators.

Liver Functional Reserve Assessment
ALBI grade was calculated using the standard formula based on serum albumin and bilirubin and categorized according 
to established cutoffs.7 Indocyanine green retention at 15 minutes (ICG-R15) was measured preoperatively using 
a standard indocyanine green dose of 0.5 mg/kg within 7 days before surgery.

Outcome Definition
The primary endpoint was post-hepatectomy liver failure (PHLF), defined according to the International Study Group of 
Liver Surgery (ISGLS) criteria,4 with grades A/B/C recorded for clinical characterization. For the primary analyses, 
PHLF was modeled as a binary outcome (any-grade PHLF vs no PHLF). PHLF diagnosis and grading were indepen
dently confirmed by two senior hepatobiliary surgeons, each with more than 10 years of experience in hepatobiliary 
surgery and hepatocellular carcinoma resection and holding the title of Associate Chief Physician or above, with final 
classification reached by consensus.

Statistical Analysis
Continuous variables are presented as mean ± standard deviation (SD) or median (interquartile range, IQR), as appropriate, and 
categorical variables as number (%). Data distribution was assessed by visual inspection of histograms and Q-Q plots and 
formally tested using the Shapiro–Wilk test. Normally distributed continuous variables were compared using Student’s t test, 
non-normally distributed variables using the Mann–Whitney U-test, and categorical variables using the χ2-test or Fisher’s exact 
test, as appropriate. Receiver operating characteristic (ROC) analysis was used to assess discrimination, with areas under the 
curve (AUCs) reported along with 95% confidence intervals (CIs) derived using the DeLong method. The optimal cut-off value 
for S-PIV was determined using the Youden index, and AUCs were compared using the DeLong test. Univariable logistic 
regression was performed to estimate odds ratios (ORs) and 95% CIs for PHLF. Sequentially adjusted multivariable logistic 
regression models were constructed as follows: Model 1 adjusted for demographics and comorbidities; Model 2 further adjusted 
for liver functional reserve; and Model 3 additionally adjusted for tumor and surgical factors. To explore the dose-response 
relationship between continuous S-PIV and PHLF risk, restricted cubic spline regression was applied using three knots at the 
10th, 50th, and 90th percentiles, with nonlinearity assessed using the Wald test. Clinical utility was evaluated using decision 
curve analysis (DCA) by quantifying net benefit across threshold probabilities for the S-PIV-based prediction model and 
comparing it with “treat-all” and “treat-none” strategies.23 Missing data were handled using a complete-case approach. 
Patients with incomplete key variables were excluded during cohort construction before the final analytic dataset was established, 
as reflected in Figure 1. Therefore, no imputation was performed. Because the final analytic dataset contained complete 
information for the prespecified variables, formal missing-data pattern testing was not applicable to the final analytic cohort. 
All analyses were performed using R software (version 4.0.4). A two-sided P value <0.05 was considered statistically significant.

Results
Patient Selection and Incidence of PHLF
A total of 582 consecutive patients who completed conventional laparoscopic hepatectomy for liver tumors were 
screened. Planned open hepatectomy, conversion from laparoscopic to open surgery, and robotic-assisted hepatectomy 
were outside the predefined scope of this conventional laparoscopic cohort. After applying the predefined inclusion and 
exclusion criteria, 356 patients with pathologically confirmed HCC and complete key clinical data were included in the 
final analytic cohort. During cohort construction, 14 patients were excluded because of incomplete key clinical data, as 
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shown in Figure 1. Among the included patients, 68 (19.1%) developed post-hepatectomy liver failure (PHLF), whereas 
288 (80.9%) did not.

Baseline and Perioperative Characteristics
Baseline and perioperative characteristics stratified by PHLF status are summarized in Table 1. Patients who developed 
PHLF had significantly higher preoperative systemic inflammation indices, including S-PIV (median [IQR] 252.2 
[160.7–411.6] vs 156.6 [97.6–263.6], P<0.001) and NLR (median [IQR] 4.3 [3.5–5.7] vs 1.9 [1.5–2.6], P<0.001), 
whereas PLR did not differ between groups (P=0.786). Hepatic functional reserve was less favorable in the PHLF group, 
including a higher proportion of ALBI grade 2/3 (85.3% vs 22.9%, P<0.001) and higher ICG-R15 (mean ± SD 12.5 
±5.7% vs 5.9±2.9%, P<0.001). Regarding tumor burden and operative factors, patients with PHLF had larger tumors 
(mean ± SD 6.5±2.6 cm vs 4.7±2.2 cm, P<0.001) and more frequently had BCLC stage B disease (80.9% vs 61.1%, 
P=0.002). Intraoperatively, the PHLF group experienced greater blood loss (mean ± SD 531.4±344.1 mL vs 317.8 
±178.2 mL, P<0.001) and a markedly higher transfusion rate (39.7% vs 5.2%, P<0.001).

Table 1 Baseline and Perioperative Characteristics of Patients Stratified by Post-Hepatectomy Liver Failure (PHLF)

Characteristic Total (n = 356) Post-Hepatectomy Liver Failure P value

No (n = 288) Yes (n = 68)

Age (years), Mean ± SD 58.2 ± 10.8 58.5 ± 10.4 56.7 ± 11.9 0.218

Gender, n (%) 0.809

Female 45 (12.6) 37 (12.8) 8 (11.8)

Male 311 (87.4) 251 (87.2) 60 (88.2)

BMI (kg/m2), Mean ± SD 23.4 ± 2.9 23.5 ± 2.9 23.2 ± 3.1 0.551

ASA Score, n (%) < 0.001

1 60 (16.9) 53 (18.4) 7 (10.3)

2 243 (68.3) 208 (72.2) 35 (51.5)

3 53 (14.9) 27 (9.4) 26 (38.2)

Diabetes, n (%) < 0.001

No 291 (81.7) 246 (85.4) 45 (66.2)

Yes 65 (18.3) 42 (14.6) 23 (33.8)

Hypertension, n (%) 0.128

No 252 (70.8) 209 (72.6) 43 (63.2)

Yes 104 (29.2) 79 (27.4) 25 (36.8)

HBsAg, n (%) 0.725

Negative 41 (11.5) 34 (11.8) 7 (10.3)

Positive 315 (88.5) 254 (88.2) 61 (89.7)

Antiviral Therapy, n (%) 0.085

No 115 (32.3) 99 (34.4) 16 (23.5)

Yes 241 (67.7) 189 (65.6) 52 (76.5)

(Continued)
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Table 1 (Continued). 

Characteristic Total (n = 356) Post-Hepatectomy Liver Failure P value

No (n = 288) Yes (n = 68)

Cirrhosis, n (%) 0.275

No 114 (32.0) 96 (33.3) 18 (26.5)

Yes 242 (68.0) 192 (66.7) 50 (73.5)

S-PIV, Median (IQR) 180.2 (103.0, 307.0) 156.6 (97.6, 263.6) 252.2 (160.7, 411.6) < 0.001

NLR, Median (IQR) 2.2 (1.6, 3.3) 1.9 (1.5, 2.6) 4.3 (3.5, 5.7) < 0.001

PLR, Mean ± SD 119.7 ± 77.9 119.2 ± 80.3 122.0 ± 67.4 0.786

ALBI Grade, n (%) < 0.001

1 232 (65.2) 222 (77.1) 10 (14.7)

2 122 (34.3) 66 (22.9) 56 (82.4)

3 2 (0.6) 0 (0) 2 (2.9)

Child-Pugh Grade, n (%) 0.036

A 354 (99.4) 288 (100) 66 (97.1)

B 2 (0.6) 0 (0) 2 (2.9)

ICG-R15 (%), Mean ± SD 7.2 ± 4.5 5.9 ± 2.9 12.5 ± 5.7 < 0.001

Albumin (g/L), Mean ± SD 41.2 ± 5.0 42.4 ± 4.0 35.8 ± 5.1 < 0.001

TBIL (µmol/L), Mean ± SD 15.6 ± 6.6 13.9 ± 5.2 22.6 ± 7.0 < 0.001

ALT (U/L), Mean ± SD 39.1 ± 19.8 38.7 ± 19.5 40.9 ± 21.2 0.401

AST (U/L), Mean ± SD 43.5 ± 20.2 42.9 ± 20.3 46.0 ± 19.9 0.257

INR, Mean ± SD 1.1 ± 0.1 1.0 ± 0.1 1.1 ± 0.1 0.191

Tumor Size (cm), Mean ± SD 5.0 ± 2.4 4.7 ± 2.2 6.5 ± 2.6 < 0.001

Tumor Number, n (%) 0.953

Solitary 245 (68.8) 198 (68.8) 47 (69.1)

Multiple 111 (31.2) 90 (31.2) 21 (30.9)

BCLC Stage, n (%) 0.002

0/A 125 (35.1) 112 (38.9) 13 (19.1)

B 231 (64.9) 176 (61.1) 55 (80.9)

AFP, n (%) 0.161

Low (≤400 ng/mL) 293 (82.3) 241 (83.7) 52 (76.5)

High (>400 ng/mL) 63 (17.7) 47 (16.3) 16 (23.5)

Microvascular Invasion, n (%) 0.052

Absent 179 (50.3) 152 (52.8) 27 (39.7)

Present 177 (49.7) 136 (47.2) 41 (60.3)

(Continued)
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Discrimination of S-PIV for Predicting PHLF
On receiver operating characteristic (ROC) analysis, preoperative S-PIV demonstrated good discrimination for PHLF, 
with an AUC of 0.873. The optimal cut-off value determined by the Youden index was 455.4, yielding a sensitivity of 
0.726 and specificity of 0.908 (Figure 2). Compared with conventional inflammatory indices, S-PIV showed higher 
discrimination than NLR (AUC 0.831) and PLR (AUC 0.848) for predicting PHLF (Figure 3).

Univariable Predictors of PHLF
In univariable logistic regression analysis (Table 2), higher S-PIV was significantly associated with PHLF (per 100 units: 
OR 1.12, 95% CI 1.06–1.45, P<0.001). Additional factors associated with PHLF included ASA class 3 (OR 7.29, 95% CI 
2.81–18.94, P<0.001), diabetes (OR 2.99, 95% CI 1.64–5.45, P<0.001), ALBI grade 2/3 (OR 8.84, 95% CI 3.11–18.96, 
P<0.001), ICG-R15 (per 1%: OR 1.51, 95% CI 1.36–1.67, P<0.001), tumor size (per 1 cm: OR 1.40, 95% CI 1.23–1.58, 
P<0.001), and BCLC stage B (OR 2.69, 95% CI 1.41–5.15, P=0.003).

Independent Association Between S-PIV and PHLF
In sequentially adjusted models (Table 3), S-PIV remained independently associated with PHLF after adjustment for 
demographics and comorbidities (Model 1: OR 1.10, 95% CI 1.03–1.57, P<0.001), additional liver functional reserve 
variables (Model 2: OR 1.08, 95% CI 1.02–1.19, P<0.001), and further tumor and surgical factors, including tumor size, 

Table 1 (Continued). 

Characteristic Total (n = 356) Post-Hepatectomy Liver Failure P value

No (n = 288) Yes (n = 68)

Tumor Differentiation, n (%) 0.447

Well/Moderate 239 (67.1) 196 (68.1) 43 (63.2)

Poor 117 (32.9) 92 (31.9) 25 (36.8)

Tumor Capsule, n (%) 0.768

Incomplete/Absent 147 (41.3) 120 (41.7) 27 (39.7)

Complete 209 (58.7) 168 (58.3) 41 (60.3)

Extent of Hepatectomy, n (%) 0.091

Minor 195 (54.8) 164 (56.9) 31 (45.6)

Major 161 (45.2) 124 (43.1) 37 (54.4)

Pringle Maneuver Time (min), Mean ± SD 19.8 ± 9.7 19.9 ± 9.6 19.3 ± 10.3 0.621

Intraoperative Blood Loss (mL), Mean ± SD 358.6 ± 234.7 317.8 ± 178.2 531.4 ± 344.1 < 0.001

Blood Transfusion, n (%) < 0.001

No 314 (88.2) 273 (94.8) 41 (60.3)

Yes 42 (11.8) 15 (5.2) 27 (39.7)

Notes: Continuous variables are presented as mean ± standard deviation (SD) or median (interquartile range, IQR), as appropriate; categorical 
variables are presented as number (%). Between-group comparisons were performed using Student’s t test or Mann–Whitney U-test for continuous 
variables and χ2-test or Fisher’s exact test for categorical variables, as appropriate. PHLF was defined according to the International Study Group of 
Liver Surgery (ISGLS) criteria. Major hepatectomy was defined as resection of ≥3 Couinaud segments. 
Abbreviations: AFP, alpha-fetoprotein; ALBI, albumin–bilirubin; ALT, alanine aminotransferase; AST, aspartate aminotransferase; ASA, American 
Society of Anesthesiologists; BCLC, Barcelona Clinic Liver Cancer; BMI, body mass index; HBsAg, hepatitis B surface antigen; ICG-R15, indocyanine 
green retention rate at 15 min; INR, international normalized ratio; NLR, neutrophil-to-lymphocyte ratio; PLR, platelet-to-lymphocyte ratio; S-PIV, 
systemic pan-immune-inflammation value.
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extent of hepatectomy, and blood transfusion (Model 3: OR 1.06, 95% CI 1.03–1.13, P<0.001). ORs are reported per 
100-unit increase in S-PIV.

Dose–Response Relationship and Clinical Utility
Restricted cubic spline analysis demonstrated a graded increase in predicted PHLF probability with increasing S-PIV, 
with no evidence of significant nonlinearity (P for nonlinearity >0.05) (Figure 4). On decision curve analysis, the S-PIV- 
based prediction model provided greater net benefit than the treat-all and treat-none strategies across threshold 
probabilities of approximately 10%–70%, supporting its clinical utility for preoperative risk stratification (Figure 5).

Discussion
Principal Findings
Post-hepatectomy liver failure (PHLF) remains a major driver of morbidity and mortality after liver resection, and 
accurate preoperative risk stratification is still challenging despite advances in operative technique and perioperative 
care.5,6,24–26 In this single-center retrospective cohort of patients undergoing conventional laparoscopic hepatectomy for 
hepatocellular carcinoma (HCC), we found that the preoperative systemic pan-immune-inflammation value (S-PIV) was 
strongly associated with PHLF and demonstrated good discrimination. S-PIV remained independently associated with 
PHLF after sequential adjustment for comorbidity burden, hepatic functional reserve, and tumor/surgical factors, 
suggesting that it may provide information beyond conventional variables routinely considered during preoperative 
assessment of HCC candidates for liver resection.2,3,5 The observed dose-response pattern further supports the clinical 

Figure 2 Receiver operating characteristic curve of preoperative S-PIV for predicting post-hepatectomy liver failure. The discriminative performance of preoperative 
systemic pan-immune-inflammation value (S-PIV) for predicting PHLF was evaluated using receiver operating characteristic analysis. The optimal cut-off value was determined 
using the Youden index and is indicated on the curve. Sensitivity, specificity, and area under the curve are shown in the figure.
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relevance of S-PIV, as the predicted probability of PHLF increased progressively with higher S-PIV without evidence of 
significant nonlinearity. In addition, decision curve analysis suggested that the S-PIV-based prediction model may 
provide net clinical benefit across a range of threshold probabilities.23 Taken together, these findings support S-PIV as 
a practical adjunctive marker for preoperative risk communication and perioperative planning in patients undergoing 

Figure 3 Comparison of receiver operating characteristic curves for inflammatory indices. Receiver operating characteristic curves were used to compare the 
discriminative performance of preoperative systemic pan-immune-inflammation value (S-PIV), neutrophil-to-lymphocyte ratio (NLR), and platelet-to-lymphocyte ratio 
(PLR) for predicting post-hepatectomy liver failure. Areas under the curve are shown for each inflammatory index.

Table 2 Univariable Logistic Regression Analysis for Predictors of 
Post-Hepatectomy Liver Failure (PHLF)

Variable OR (95% CI) P value

Age (per 1 year) 0.98 (0.96~1.01) 0.218

Gender

Female Ref

Male 1.11 (0.49~2.5) 0.809

BMI (per 1 kg/m2) 0.97 (0.89~1.07) 0.551

ASA Score

1 Ref

2 1.27 (0.54~3.03) 0.583

3 7.29 (2.81~18.94) <0.001

(Continued)
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Table 2 (Continued). 

Variable OR (95% CI) P value

Diabetes

No Ref

Yes 2.99 (1.64~5.45) <0.001

Hypertension

No Ref

Yes 1.54 (0.88~2.68) 0.131

HBsAg

Negative Ref

Positive 1.17 (0.49~2.76) 0.726

Antiviral Therapy

No Ref

Yes 1.7 (0.92~3.14) 0.088

Cirrhosis

No Ref

Yes 1.39 (0.77~2.51) 0.277

S-PIV (per 100 units) 1.12 (1.06~1.45) <0.001

ALBI Grade

1 Ref

2/3 8.84 (3.11~18.96) <0.001

Child-Pugh Grade

A Ref

B NA NA

ICG-R15 (per 1%) 1.51 (1.36~1.67) <0.001

Albumin (per 1 g/L) 0.73 (0.68~0.79) <0.001

TBIL (per 10 μmol/L) 1.32 (1.22~1.99) <0.001

ALT (per 1 U/L) 1.02 (0.98~1.06) 0.399

AST (per 1 U/L) 1.01 (0.99~1.02) 0.257

INR (per 0.1 unit) 0.64 (0.04~9.72) 0.752

Tumor Size (per 1 cm) 1.4 (1.23~1.58) <0.001

Tumor Number

Solitary Ref

Multiple 0.98 (0.55~1.74) 0.953

(Continued)
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Table 3 Association Between S-PIV and Post-Hepatectomy Liver Failure (PHLF) Across Sequentially Adjusted Logistic Regression 
Models

S-PIV  
(per 100 units)

Crude Model Model 1 Model 2 Model 3

OR (95% CI) P value OR (95% CI) P value OR (95% CI) P value OR (95% CI) P value

1.12 (1.06~1.45) <0.001 1.10 (1.03~1.57) <0.001 1.08 (1.02~1.19) <0.001 1.06 (1.03~1.13) <0.001

Notes: ORs and 95% CIs were estimated using logistic regression. The crude model included S-PIV only. Model 1 adjusted for age, sex, BMI, ASA score, diabetes, and 
hypertension. Model 2 further adjusted for liver functional reserve (ALBI grade and ICG-R15). Model 3 additionally adjusted for tumor burden and surgical factors (tumor 
size, extent of hepatectomy, and blood transfusion). S-PIV was modeled as a continuous variable, and ORs are reported per 100-unit increase in S-PIV.

Table 2 (Continued). 

Variable OR (95% CI) P value

BCLC Stage

0/A Ref

B 2.69 (1.41~5.15) 0.003

AFP

Low (≤400 ng/mL) Ref

High (>400 ng/mL) 1.58 (0.83~3) 0.164

Microvascular Invasion

Absent Ref

Present 1.7 (0.97~2.91) 0.054

Tumor Differentiation

Well/Moderate Ref

Poor 1.24 (0.71~2.15) 0.447

Tumor Capsule

Incomplete/Absent Ref

Complete 1.08 (0.63~1.86) 0.768

Extent of Hepatectomy

Minor Ref

Major 1.58 (0.93~2.69) 0.092

Pringle Maneuver Time (per 1 min) 0.99 (0.97~1.02) 0.619

Intraoperative Blood Loss (per 100 mL) 1.07 (0.93~1.34) 0.067

Blood Transfusion

No Ref

Yes 1.93 (0.88~3.98) 0.091

Notes: Univariable logistic regression was performed to estimate odds ratios (ORs) 
and 95% confidence intervals (CIs) for PHLF. For categorical variables, the reference 
category is indicated as “Ref”. For continuous variables, ORs are reported per unit 
increase as indicated in the variable name (eg, S-PIV per 100 units; ICG-R15 per 1%; 
TBIL per 10 μmol/L; INR per 0.1 unit; intraoperative blood loss per 100 mL). Variables 
with sparse categories that resulted in non-estimable parameters are reported as NA.
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Figure 4 Restricted cubic spline analysis of preoperative S-PIV and the probability of post-hepatectomy liver failure. Restricted cubic spline regression was used to evaluate 
the dose–response relationship between preoperative systemic pan-immune-inflammation value (S-PIV) and the predicted probability of post-hepatectomy liver failure. The 
spline model used three knots located at the 10th, 50th, and 90th percentiles of S-PIV. The solid line represents the predicted probability, the shaded area represents the 
95% confidence interval, and rug marks indicate the distribution of patients. There was no evidence of significant nonlinearity.

Figure 5 Decision curve analysis of the S-PIV-based prediction model for post-hepatectomy liver failure. Decision curve analysis was performed to evaluate the clinical utility 
of the S-PIV-based prediction model by estimating net benefit across a range of threshold probabilities. The model was compared with treat-all and treat-none strategies. The 
S-PIV-based model showed higher net benefit across clinically relevant threshold probabilities.
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laparoscopic hepatectomy for HCC. However, S-PIV should be interpreted as a complementary risk-stratification tool 
rather than a stand-alone determinant of surgical eligibility.

Interpretation and Biological Plausibility
The association between elevated S-PIV and PHLF is biologically plausible. PHLF reflects an imbalance between the 
metabolic demands placed on the remnant liver and its capacity for regeneration, synthetic function, and immune- 
metabolic homeostasis.24–26 Systemic inflammation may aggravate microcirculatory dysfunction, amplify perioperative 
stress responses, and increase susceptibility to hepatocyte injury, particularly in HCC patients with chronic liver disease 
and limited functional reserve.5,6,25 S-PIV integrates neutrophils, monocytes, platelets, and lymphocytes into a single 
composite index. Neutrophil- and monocyte-predominant states may reflect activation of innate inflammatory pathways 
and cytokine signaling, whereas relative lymphopenia may indicate impaired adaptive immune status or physiological 
stress. Platelet activation may further contribute to thromboinflammatory activity and microcirculatory disturbance.27 

Therefore, a higher S-PIV may reflect a systemic inflammatory and immune-disrupted state in which surgical stress is 
more likely to be followed by postoperative hepatic dysfunction. This interpretation is consistent with the conceptual 
framework shown in Figure 6, in which elevated S-PIV may reflect inflammatory activation, relative immune suppres
sion, and microcirculatory disturbance. Nevertheless, this proposed mechanism should be regarded as hypothesis- 
generating. The present retrospective study was designed to evaluate prediction and association rather than to prove 
a direct causal pathway between systemic inflammation and PHLF.

Comparison with Existing Prediction Approaches
A variety of approaches have been proposed to predict PHLF, including liver function scores, dynamic liver function 
tests, imaging-based assessments of future liver remnant volume or function, and models incorporating operative 
complexity.5,10,16–19,28 These tools have improved the understanding of PHLF risk, but no single metric fully captures 
the interaction among host inflammatory status, baseline liver reserve, tumor burden, and surgical stress. In HCC 
patients, this interaction is particularly important because underlying chronic liver disease, cirrhosis, and variable hepatic 
reserve may modify the response to liver resection.5,29,30

Current prediction models for PHLF often emphasize hepatic reserve and operative variables.28 However, some 
models require specialized measurements, complex calculations, or intraoperative parameters that may not be available at 

Figure 6 Conceptual framework linking elevated S-PIV to post-hepatectomy liver failure. Elevated systemic pan-immune-inflammation value (S-PIV) may reflect a systemic 
state characterized by inflammatory activation, relative immune suppression, platelet-related thromboinflammatory activity, and potential microcirculatory disturbance. In 
patients with impaired liver functional reserve, greater tumor burden, larger extent of hepatectomy, or perioperative transfusion, this systemic inflammatory milieu may 
contribute to postoperative hepatic dysfunction and increase the risk of post-hepatectomy liver failure. This figure illustrates a conceptual framework and does not imply 
a proven causal pathway.
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the time of early preoperative counseling.16–19,31 In contrast, S-PIV is derived from routine preoperative blood counts and 
can be obtained before surgery without additional cost or specialized testing. This feature makes it potentially useful as 
an early “host-inflammation layer” that complements established liver reserve assessments such as ALBI grade and ICG- 
R15, rather than replacing them.7–10,29,30

The present findings are also consistent with growing interest in inflammatory indices for perioperative risk prediction 
in HCC.10,11,32 Our study extends this line of research by focusing on S-PIV, a broader immune-inflammation composite 
incorporating neutrophils, monocytes, platelets, and lymphocytes, and by evaluating its association with PHLF using 
discrimination analysis, multivariable adjustment, restricted cubic splines, and decision curve analysis.

Clinical Implications for Perioperative Decision-Making
From a clinical perspective, S-PIV may be useful because it is simple, inexpensive, and available before surgery. In 
routine HCC surgical pathways, an elevated S-PIV could help clinicians identify patients who may benefit from more 
detailed risk discussion, closer perioperative monitoring, and individualized optimization before laparoscopic hepatect
omy. The decision curve analysis further suggests that an S-PIV-based prediction approach may have practical value 
across clinically relevant risk thresholds, where different clinicians or institutions may adopt different action thresholds 
depending on liver reserve, planned extent of hepatectomy, and available perioperative resources.23

Importantly, S-PIV should not be used in isolation to approve or deny surgery. Instead, it may be incorporated into 
a broader assessment that includes liver functional reserve, tumor burden, operative complexity, comorbidities, and the 
expected future liver remnant.5,33 For patients considered to be at higher risk, S-PIV may help prompt multidisciplinary 
discussion and perioperative risk-mitigation strategies, including careful evaluation of liver reserve, optimization of comor
bidities, nutritional support when indicated, blood conservation strategies, and enhanced postoperative surveillance.21,22,34

Although detailed nutritional status, sarcopenia, and alcohol/tobacco exposure were not consistently documented in the 
present retrospective cohort, these factors remain clinically relevant to perioperative risk assessment.21,34,35 In future prospective 
studies, systematic assessment of nutritional status, body composition, functional capacity, and lifestyle exposures should be 
incorporated to determine whether S-PIV provides incremental value beyond these established or emerging risk factors.

Strengths, Limitations, and Future Directions
Several strengths of this study deserve emphasis. First, S-PIV is derived from routine preoperative blood counts and can 
be calculated easily without additional testing, supporting its feasibility for real-world preoperative assessment. Second, 
the study focused on a clinically homogeneous population of patients undergoing conventional laparoscopic hepatectomy 
for HCC, which reduced heterogeneity related to surgical approach. Third, PHLF was defined using the International 
Study Group of Liver Surgery criteria,4 and diagnosis and grading were confirmed by experienced hepatobiliary 
surgeons. Fourth, we evaluated not only discrimination but also dose-response and clinical utility, which provides 
a more comprehensive assessment of the potential value of S-PIV as a prediction marker.23

Several limitations should also be acknowledged. First, this was a retrospective, single-center study. Although the cohort 
was clinically focused, center-specific surgical expertise, perioperative management, patient selection, and laboratory practice 
may limit generalizability. In addition, because planned open hepatectomy, conversion from laparoscopic to open surgery, and 
robotic-assisted hepatectomy were outside the predefined scope of this conventional laparoscopic cohort, the findings should 
not be directly extrapolated to open, converted, or robotic liver resections without further validation. Second, the study used 
a complete-case approach. Patients with incomplete key variables were excluded during cohort construction before establish
ment of the final analytic dataset. Although only a small number of patients were excluded because of incomplete key clinical 
data, complete-case analysis may introduce selection bias if the missingness mechanism is not completely random. Because 
the final analytic cohort contained complete information for the prespecified variables, formal missing-data pattern testing was 
not applicable to the final analytic dataset. Future prospective studies should prespecify core variables, minimize missingness, 
and evaluate missing-data mechanisms more rigorously. Third, several clinically relevant factors were not fully evaluated. 
Detailed nutritional status, sarcopenia, alcohol exposure, and tobacco exposure were not systematically and consistently 
documented across the entire retrospective study period and therefore were not included in the primary multivariable models. 
Their omission may have resulted in residual confounding. Future studies should incorporate standardized nutritional 
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assessment, body composition analysis, functional status evaluation, and lifestyle exposure data to clarify whether S-PIV 
remains independently predictive after adjustment for these factors.21,34,35 Fourth, the S-PIV cut-off was derived from ROC 
optimization in the present cohort and may not be directly transferable to other populations. Differences in HCC etiology, 
cirrhosis severity, surgical strategy, perioperative care, and laboratory platforms may affect the optimal threshold and model 
calibration. Therefore, external multicenter validation and calibration are urgently required before S-PIV can be recommended 
for routine clinical implementation.20,28 Future work should also evaluate calibration performance, decision-analytic benefit, 
and incremental value over established liver reserve assessments in independent cohorts. Finally, this study evaluated 
association and prediction rather than causality. Although the biological rationale linking systemic inflammation, immune 
dysregulation, microcirculatory disturbance, and PHLF is plausible, mechanistic studies are needed to clarify whether 
modulation of systemic inflammation can reduce PHLF risk. Combining S-PIV with objective measures of remnant liver 
volume or function, fibrosis burden, nutritional status, and imaging-based body composition may further improve individua
lized risk stratification.31,33,35

Conclusion
In this single-center retrospective cohort of patients undergoing conventional laparoscopic hepatectomy for HCC, 
preoperative S-PIV demonstrated strong discrimination for PHLF and remained independently associated with PHLF 
after sequential adjustment for comorbidities, hepatic functional reserve, and tumor/operative factors. The graded dose– 
response pattern and favorable decision-analytic profile suggest that S-PIV may function as a practical adjunct to 
established preoperative assessments for risk communication and perioperative planning, rather than as a stand-alone 
criterion for surgical decision-making. These findings should be interpreted in the context of the study’s retrospective, 
single-center design, complete-case analysis, and predefined laparoscopic cohort scope. External multicenter validation 
and calibration are urgently required before routine clinical implementation.
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