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Objective: This retrospective study aimed to investigate whether pre-treatment inflammatory biomarkers, including the prognostic
nutritional index (PNI), monocyte-lymphocyte ratio (MLR), systemic immune inflammation index (SII), and platelet-lymphocyte ratio
(PLR), could predict treatment response and prognosis in patients with hepatocellular carcinoma (HCC) receiving hepatic arterial
infusion chemotherapy (HAIC) with the oxaliplatin, leucovorin, and fluorouracil (FOLFOX) regimen.

Methods: Based on the cut-off values identified using the receiver-operating characteristic (ROC) curve, 124 patients with HCC who
received HAIC with the FOLFOX regimen were divided into low- and high-score MLR, PLR, PNI, and SII groups. Univariate and
multivariate regression analyses were performed to identify independent predictors of treatment response and progression-free survival (PFS).
Results: The cut-off values were 0.569 for MLR (area under the curve [AUC]: 0.621), 177.01 for PLR (AUC: 0.554), 713.05 for SII
(AUC: 0.570), and 46.85 for PNI (AUC: 0.665). Multivariate Cox regression analysis revealed that the modified albumin-bilirubin
(mALBI) grade (hazard ratio [HR]: 2.027; P=0.032), high MLR (HR: 7.250; P=0.002), and low PNI (HR: 0.296; P=0.003) were
independent predictors of HAIC non-response, with an AUC value of 0.746 (95% CI: 0.658-0.833). A high MLR (HR: 1.714, 95% CI:
1.086-2.704, P=0.021) was also an independent predictor of PFS. Kaplan—Meier analysis showed that the patients with a high MLR
had shorter PFS than those with a low MLR (median PFS: 6 vs 10 months, P=0.011).

Conclusion: The pre-treatment MLR and PNI were predictors of non-response in patients with HCC receiving HAIC with the
FOLFOX regimen. The MLR also was an independent predictor of PFS.

Keywords: hepatocellular carcinoma, inflammatory biomarkers, treatment response, hepatic arterial infusion chemotherapy,
progression-free survival

Introduction

Liver cancer is a common malignancy of the digestive system. According to the latest data on the global burden of cancer
in 2020, there were up to 906,000 new cases of primary liver cancer and 830,000 deaths worldwide,' of which
hepatocellular carcinoma (HCC) accounted for the majority, far more than intrahepatic cholangiocarcinoma and other
rare types. Because HCC has non-specific symptoms, a high degree of malignancy, and rapid development, most HCC
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cases are diagnosed at the middle or advanced stage of the tumour, and the opportunity for surgical resection and the
optimal period for radical treatment are missed.’

Currently, sorafenib and lenvatinib are recognised as first-line therapies for advanced HCC based on their proven
survival benefit and non-inferiority. However, the objective response rate of tumours to this treatment is low, and the
survival advantage of sorafenib in these patients is only modest.>* Therefore, seeking new effective treatments for
middle- and advanced-stage HCC is key to improving the overall survival of patients with HCC. In recent years, some
studies have conducted innovative reforms in HAIC to apply the oxaliplatin-based FOLFOX regimen, which improved
the survival rate.” ’ In addition, some retrospective studies have shown that the HAIC responders had significantly higher
survival rates than HAIC non-responders.®’ Therefore, it can be used as an effective alternative for the first-line
treatment of advanced HCC. The ability to predict treatment response and select patients who will not respond to
HAIC is of great significance for the clinical management of unresectable HCC.

In recent years, a growing number of studies have revealed a relationship between inflammatory responses and
malignant tumours.'® Inflammation usually occurs before a tissue becomes cancerous and plays a vital role in tumour
progression, including initiation, angiogenesis, invasion, and metastasis. Evidence suggests that some inflammatory
biomarkers, including the PLR, MLR, PNI, and SII, can predict the treatment response and prognosis in patients with
HCC.""'* However, to the best of our knowledge, no studies have explored the predictive value of these inflammatory
biomarkers for determining the postoperative efficacy and prognosis of HAIC using the FOLFOX regimen.

Therefore, we conducted a retrospective study with HCC cases treated with HAIC and aimed to investigate pre-
treatment parameters including MLR, PLR, PNI, and SII for their ability to predict treatment response and prognosis in
patients with HCC receiving HAIC with FOLFOX regimen.

Materials and Methods

Patients

A total of 124 patients with HCC who received HAIC with the FOLFOX regimen as the initial treatment at the hospital
from November 2020 and October 2021 were included. This retrospective single-centre study was conducted in
accordance with Declaration of Helsinki and complied with relevant data protection and privacy regulations. The
study protocol has been approved by the Medical Ethics Committee of Hunan Cancer Hospital, the Affiliated Cancer
Hospital of Xiangya School of Medicine, Central South University. Written informed consent was waived, given the
retrospective study design. The primary inclusion criteria were as follows: (1) patients diagnosed with HCC through
pathological or imaging examination according to the American Association for the Study of Liver Diseases practice
guidelines; (2) patients without other HCC-related treatments before HAIC; (3) expected survival of more than 3 months;
(4) Child-Pugh stage A or B; and (5) performance status (PS) score < 2. The exclusion criteria were as follows: (1) loss to
follow-up or incomplete follow-up data; (2) lack of sufficient clinical data to assess treatment response and PFS; and (3)
history of other malignant tumours.

HAIC Therapy Procedure

The patients were informed of the treatment protocols, and informed consent was obtained. The Seldinger technique was
used to puncture the unilateral femoral artery, and a SF RH catheter was used to perform celiac and common hepatic
artery angiography (if necessary, superior mesenteric artery, right renal artery, and phrenic artery angiography) to confirm
the location, number, size, and target vessels of the tumour. The microcatheter was then used to superselectively enter the
tumour-feeding artery, indwelling catheter, and catheter sheath, and was returned to the ward for FOLFOX4 chemother-
apy. The FOLFOX4 regimen on day 1: oxaliplatin 85 mg/m? infusion, leucovorin 200 mg/m? infusion, followed by
fluorouracil (400 mg/m” intravenous bolus; 600 mg/m® 22h continuous infusion); on day 2: leucovorin 200 mg/m>
infusion, followed by fluorouracil (400 mg/m? intravenous bolus; 600 mg/m?, 22h continuous infusion). All chemother-
apy drugs were infused using an indwelling arterial catheter every 3 weeks for the treatment cycle.
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Follow-Up and Definitions

All enrolled patients underwent blood tests within three days before HAIC treatment, routine blood examinations every
three weeks, and imaging examinations every six weeks. The criteria for treatment termination included image-proven
progressive disease (PD), intolerable adverse events, death, or patient refusal for further treatment. The primary endpoint
was PFS, defined as the time from the start of treatment to the time of imaging evaluation of progression, death, or
end day of follow-up. The objective response rate (ORR) was defined as the percentage of patients with complete
remission (CR) and partial remission (PR), and the disease control rate (DCR) was defined as the percentage of patients
with CR, PR, and stable disease (SD). We compared the HAIC treatment response between non-responders (PD + SD)
and responders (CR + PR). To reduce the possibility of errors, two radiologists independently evaluated the treatment
response using the RECIST criteria. The follow-up ended in October 2022.

Data Collection

Neutrophil, lymphocyte, monocyte, and platelet counts were recorded from the peripheral blood before the initial HAIC.
Clinical laboratory examinations included hepatitis B virus (HBV), alpha-fetoprotein (AFP), aspartate transaminase
(AST), alanine aminotransferase (ALT), total bilirubin (TBIL), albumin (ALB), and prothrombin time (PT). The
albumin-bilirubin (ALBI) score was calculated using the following formula: —0.085 X (albumin g/I) + 0.66 x log
(bilirubin pmol/l). The modified ALBI grade (mALBI grade) was defined by the following: < —2.60 = Grade 1;
> —2.60 to < —2.27 = Grade 2a; > —2.27 to < —1.39 = Grade 2b; > —1.39 = Grade 3.1 Four inflammatory biomarkers
(SII, PNI, PLR, and MLR) were used to predict the prognosis of patients with HCC after HAIC. The formula is as
follows:

(1) SII = platelet x neutrophil /lymphocyte

(2) PNI = serum albumin (g/L) + 5 X lymphocyte
(3) PLR = platelet/lymphocyte

(4) MLR = monocyte/lymphocyte

Statistical Analysis

Statistical analyses were performed using the R3.5.1 software and SPSS (version 20.0; IBM SPSS, Armonk, NY, USA)
and statistical significance was set at p < 0.05. The optimal cut-off values for MLR, PLR, PNI, and SII were calculated
according to the HAIC response using ROC curves. The patients were divided into low- and high-scoring groups based
on these cut-off values. We compared patient demographics using the ¥2 or Fisher’s exact test. PFS was calculated
according to the Kaplan—Meier method, and differences were assessed using the log—rank test. To screen for significant
prognostic factors for PFS, we conducted univariate and multivariate Cox proportional hazard regression analyses and
calculated hazard ratios (HRs) and confidence intervals (CI).

Results

Patient Characteristics

A total of 124 patients receiving HAIC with the FOLFOX regimen were enrolled in this study (median age, 52.5;
interquartile range (IQR), 43—-60 years; 15 women and 109 men), and their clinical characteristics are summarised in
Table 1. The numbers of patients who presented with CR, PR, SD, and PD were 0 (0%), 47 (37.9%), 31 (25.0%), and 46
(37.1%), respectively. The ORR and DCR were 37.9% and 62.9%, respectively. Patients were divided into high- and low-
score groups based on the cut-off values of MLR (0.569, AUC = 0.621), PLR (177.01, AUC = 0.554), SII (713.05, AUC
= 0.570), and PNI (46.85, AUC = 0.665) (Figure 1).

Associations Between Inflammatory Biomarkers and Response to HAIC
Among the 124 patients, 47 (37.9%) were defined as HAIC responders (CR + PR) and 77 (62.1%) were defined as
HAIC non-responders (SD + PD). In univariate analysis, the following six variables were significantly associated with
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Table | Baseline Characteristics of the 124 Patients

Gender (male vs female) 109 versus |5 (87.9 versus 12.1)
Age (y), mean + SD (<60 vs260) 51.93£11.95 (92 versus 32)
Maximum tumor size (>100mm or <100mm) 82 versus 42 (66.1 versus 33.9)
BCLC stage (B vs C) 15 versus 109 (12.1 versus 87.9)
Tumor number (N) (I vs >1) 39 versus 85 (31.5 versus 68.5)
Extrahepatic metastasis (YES/NO) 17 versus 107(13.7 versus 86.3)
PVTT type (O/I/1I/1I/IV) 16/26/46/33/3

Cause of disease (HBV vs others®) 117 versus 7 (94.4 versus 5.6)
Child-Pugh class (A vs B) 102 versus 22 (82.3 versus 17.7)
DCP (mAU/mL) (<1000 vs >1000) 22 versus 102 (17.7 versus 82.3)
ALB (g/L) (235 vs >35) 29 versus 95 (23.4 versus 76.6)
AST (U/L) (40 vs >40) 10 versus 114 (8.1 versus 91.9)
ALT (U/L) (<40 vs >40) 24 versus 100 (19.4 versus 80.6)
TBIL (umol/L) (<20 vs >20) 60 versus 64 (48.4 versus 51.6)
PT(s) (513 vs >13) 59 versus 65 (47.6 versus 52.4)
AFP (ng/mL) (<20 vs 20~200 vs 2200) 14/18/92

mALBI grade (1/2a/2b/3) 35/45/41/3

PLR (low vs high score) 88 versus 36 (71.0 versus 29.0)
MLR (low vs high score) 92 versus 32 (74.2 versus 25.8)
SIl (low vs high score) 77 versus 47 (62.1 versus 37.9)
PNI (low vs high score) 78 versus 46 (62.9 versus 37.1)

Note: °3 cases of unknown causes and 4 cases of HCV infection.

Abbreviations: SD, Standard deviation; BCLC, Barcelona Clinic Liver Cancer; PVTT, portal vein
tumor thrombus; HBV, Hepatitis B virus; AST, aspartate aminotransferase; ALT, alanine aminotrans-
ferase; AFP, Alpha-fetoprotein; ALB, Albumin; PT, Prothrombin time; DCP, des-y-carboxy prothrom-
bin; TBIL, Total bilirubin; mALBI grade, modified Albumin-bilirubin grade; PLR, platelet-lymphocyte
ratio; MLR, monocyte-lymphocyte ratio; SlI, systemic immune inflammation index; PNI, prognostic
nutritional index.

HAIC non-response: ALB < 35 (P =0.034), mALBI grade (P = 0.002), high PLR (P = 0.024), high MLR (P = 0.001),
high SII (P =0.011), and low PNI (P < 0.001). Furthermore, these variables were integrated into a multivariate logistic
regression analysis. Multivariate analysis indicated that mALBI grade (HR = 2.027; P = 0.032), high MLR (HR =
7.250; P =0.002), and low PNI (HR = 0.296; P = 0.003) were independent predictors of HAIC non-response, with an
AUC value of 0.746 (95% CI = 0.658-0.833) (Table 2). A nomogram of these results for HAIC non-response risk is

shown in Figure 2.

Associations Between MLR, PNI and Baseline Characteristics

To further investigate the prognostic value of the MLR and PNI in patients with HCC after HAIC treatment, we analysed
the relationship between the MLR, PNI, and related clinical features. We found that high levels of MLR were
significantly associated with ALB < 35 (P = 0.007), PT > 13s (P = 0.032), and mALBI grade (P = 0.012). A low PNI
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was significantly associated with Child-Pugh class B (P = 0.003), AST > 40U/L (P = 0.025), ALB <35 (P < 0.001), and

mALBI grade (P < 0.001) (Table 3).

Prognostic Factors for PFS

The median PFS was 8 months (range: 1-24) in this study. Twenty-one (16.9%) patients died at the end of the follow-up
period. In univariate analysis, the following two variables were associated with PFS: age > 60 years (P = 0.049), and

Table 2 Univariate and Multivariate Analyses for Evaluation of HAIC Response

Variables Univariate Analysis Multivariate Analysis
P HR (95% CI) P HR (95% CI)
Gender (male vs female) 0.068 2.803(0.928-8.467)
Age (<60vs=60) 0.227 0.604(0.267—-1.367)
Maximum size (>100mm vs <|00mm) 0.719 0.868(0.401-1.878)
BCLC stage (B vs C) 0.698 0.798(0.255-2.496)
HBV vs others 0.216 3.887(0.453-33.347)
Extrahepatic metastasis (YES/NO) 0.197 2.184(0.667—-7.145)
PVTT type (O/I/I/III/IV) 0.886 1.026(0.722—-1.458)
Child-Pugh class (A vs B) 0.517 1.382(0.518-3.688)
Tumor number (I vs >1) 0.628 1.212(0.558-2.633)
DCP (< 1000 vs >1000) 0.517 0.723(0.271-1.930)
AST (=40 vs >40) 0415 1.714(0.469-6.269)
ALT (<40 vs >40) 0.177 1.857(0.755—4.566)
(Continued)
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Table 2 (Continued).

Variables Univariate Analysis Multivariate Analysis
P HR (95% CI) P HR (95% CI)

TBIL (<20 vs >20) 0.116 1.800(0.864-3.748)

ALB (<35 vs >35) 0.034* 2.910(1.086-7.801)

PT (<13 vs >13) 0.813 1.091(0.528-2.256)

AFP (<20/20~200/2200) 0.695 0.897(0.520—1.546)

mALBI grade (1/2a/2b/3) 0.002%* 2.135(1.327-3.434) 0.032* 2.027(1.513-3.328)
PLR (low vs high) 0.024* 2.786(1.143-6.792)

MLR (low vs high) 0.001* 8.861(2.521-31.149) 0.002* 7.250(2.011-26.136)
Sl (low vs high) 0.011* 2.874(1.278-6.461)

PNI (low vs high) <0.001* 0.243(0.112-0.527) 0.003* 0.296(0.131-0.670)

Note: *P-value indicates statistically significant.
Abbreviations: BCLC, Barcelona Clinic Liver Cancer; PVTT, portal vein tumor thrombus; HBV, Hepatitis B virus; AST, aspartate
aminotransferase; ALT, alanine aminotransferase; AFP, Alpha-fetoprotein; ALB, Albumin; PT, Prothrombin time; DCP, des-y-carboxy pro-
thrombin; TBIL, Total bilirubin; mALBI grade, modified Albumin-bilirubin grade; PLR, platelet-lymphocyte ratio; MLR, monocyte-lymphocyte
ratio; Sll, systemic immune inflammation index; PNI, prognostic nutritional index.

a high MLR (P = 0.017). In the multivariate analysis, only the high MLR (HR = 1.714, P =0.021, 95% CI: 1.086-2.704)
was an independent predictor of PFS (Table 4). Furthermore, Kaplan—Meier curve indicated that patients with a high
MLR level had shorter PFS than those with a low MLR level (median PFS: 6 vs 10 months, P = 0.011). In contrast, there
were no statistical differences in PFS between the high and low PLR, SII, and PNI groups (Figure 3).
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Figure 2 Nomogram to predict non-response of HCC receiving HAIC.
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Table 3 Association Between Inflammatory Markers and Clinical Data
Characteristics Total Patients MLR P PNI P
(N, 124) . .
Low (N, 92) | High (N, 32) Low (N, 78) | High (N, 46)

Gender
Male 109 80 29 0.584 67 4?2 0.372
Female 15 12 3 I 4

Age (y)
<60 92 67 25 0.555 55 37 0.223
260 32 25 7 23 9

Maximum tumor size
>100mm 82 58 24 0.218 52 30 0.869
<100mm 4?2 34 8 26 16

BCLC stage
B 15 13 2 0.239 11 4 0.372
C 109 79 30 67 42

Tumor number(n)
| 39 28 11 0.679 22 17 0.311
>| 85 64 21 56 29

Extrahepatic metastasis
YES 17 I 6 0.336 10 7 0.708
NO 107 8l 26 68 39

PVTT

None 16 14 2 0.588 12 4 0.308
| 26 20 6 12 14
1l 46 31 15 29 17
1 33 25 8 23 10
v 3 2 | 2 |

HBV 117 86 31 0.473 72 45 0.198

Others 7 6 | 6 |

Child-Pugh class
A 102 79 23 0.074 58 44 0.003*
B 22 13 9 20 2

DCP (mAU/mL)
<1000 22 16 6 0.862 16 6 0.293
>1000 102 76 26 62 40

ALT (U/L)
<40 24 20 4 0.255 13 I 0.324
>40 100 72 28 65 35

AST (U/L)
<40 10 8 2 0.662 3 7 0.025*
>40 114 84 30 75 39

ALB (g/L)
<35 29 16 13 0.007* 29 0 < 0.001*
>35 95 76 19 49 46

(Continued)
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Table 3 (Continued).

Characteristics Total Patients MLR P PNI P
(N, 124) . .
Low (N, 92) | High (N, 32) Low (N, 78) | High (N, 46)
TBIL (umol/L)
<20 60 48 12 0.153 38 22 0.924
>20 64 44 20 40 24
PT(s)
<I3 59 49 10 0.032* 32 27 0.057
>|3 65 43 22 46 19

AFP (ng/mL)

<20 14 9 5 0.629 10 4 0.653
20~200 18 13 5 10 8

2200 92 70 22 58 34

mALBI grade

| 35 29 6 0.012%* 6 29 < 0.001*
2a 45 37 8 30 15

2b 41 23 18 39 2

3 3 3 0 3 0

Note: *P-value indicates statistically significant.

Abbreviations: BCLC, Barcelona Clinic Liver Cancer; PVTT, portal vein tumor thrombus; HBV, Hepatitis B virus; AST, aspartate aminotransferase; ALT, alanine
aminotransferase; AFP, Alpha-fetoprotein; ALB, Albumin; PT, Prothrombin time; DCP, des-y-carboxy prothrombin; TBIL, Total bilirubin; mALBI grade, modified
Albumin-bilirubin grade; MLR, monocyte-lymphocyte ratio; PNI, prognostic nutritional index.

Table 4 Cox Regression Analysis for PFS of HCC Patients

Variables PFS
Univariate Analysis Multivariate Analysis
P HR (95% CI) P HR (95% CI)
Gender (male vs female) 0.187 1.634(0.788-3.388)
Age (<60/260) 0.049* 0.590(0.349-0.998)
Maximum size (>100mm vs <100mm) 0.530 1.158(0.732—-1.832)
BCLC stage (B vs C) 0.478 1.285(0.643-2.566)
HBV vs others 0.904 0.940(0.344-2.571)
Extrahepatic metastasis (YES/NO) 0.556 1.202(0.652-2.215)
PVTT (O/I/I/II/IV) 0.524 1.068(0.873—1.306)
Child-Pugh class (A vs B) 0.937 1.022(0.593-1.761)
Tumor number (I vs >1) 0.158 1.420(0.873-2.308)
DCP (<1000 vs >1000) 0.529 1.197(0.684-2.092)
AST (<40 vs >40) 0918 0.960(0.442-2.083)
ALT (<40 vs >40) 0418 1.267(0.714-2.249)
TBIL (<20 vs >20) 0.634 1.109(0.724-1.700)
ALB (<35 vs >35) 0.486 1.186(0.734-1.914)
(Continued)
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Table 4 (Continued).

Variables PFS
Univariate Analysis Multivariate Analysis
P HR (95% CI) P HR (95% CI)
PT (=13 vs >13) 0.498 1.161(0.754-1.790)
AFP (<20/20~200/2200) 0.812 1.040(0.755—1.431)
mALBI grade (1/2a/2b/3) 0.607 1.066(0.835—1.362)
PLR (low vs high) 0.074 1.511(0.960-2.378)
MLR (low vs high) 0.017* 1.746(1.106-2.758) 0.021* 1.714(1.086-2.704)
SIl (low vs high) 0.064 1.504(0.976-2.315)
PNI (low vs high) 0.835 0.954(0.615—1.481)

Note: *P-value indicates statistically significant.

Abbreviations: BCLC, Barcelona Clinic Liver Cancer; PVTT, portal vein tumor thrombus; HBV, Hepatitis B virus; AST, aspartate
aminotransferase; ALT, alanine aminotransferase; AFP, Alpha-fetoprotein; ALB, Albumin; PT, Prothrombin time; DCP, des-y-carboxy pro-
thrombin; TBIL, Total bilirubin; mALBI grade, modified Albumin-bilirubin grade; PLR, platelet-lymphocyte ratio; MLR, monocyte-lymphocyte
ratio; Sll, systemic immune inflammation index; PNI, prognostic nutritional index.

Discussion

In recent years, the limitations of first-line therapy for patients with advanced HCC have attracted considerable attention,
and improving the long-term survival of these patients has become a focus of clinical research. According to Guidelines
for HCC Management by the American Association for the Study of Liver Diseases, sorafenib is a first-line therapy for
patients with advanced HCC.'®!'” In addition to sorafenib, which is recommended by the guidelines of many countries,
other molecular-targeted drugs such as lenvatinib and regorafenib, and PD1 monoclonal antibodies such as nivolumab
and pembrolizumab, have also made great progress in the treatment of advanced HCC.'®?° However, the overall 5-year
survival rate of patients with advanced HCC remains relatively low. Therefore, there is an urgent need for new remedial
or alternative treatments.

Previous studies have confirmed that FOLFOX-based HAIC therapy for advanced HCC significantly improves the
survival of patients with acceptable toxicity. However, although HAIC has a good therapeutic effect in advanced HCC,
the low ORR significantly limits the prognosis of advanced HCC, especially in patients with venous invasion. Therefore,
the effective evaluation of treatment response and prognosis before starting HAIC remains an unsolved clinical problem.

HCC is a typical type of inflammation-driven carcinoma, and most cases occur due to chronic inflammation and liver
fibrosis.”' The tumour microenvironment contains a variety of cytokines and chemokines that can promote tumour
growth and inhibit white blood cells from attacking tumour cells.** Neutrophils can promote the adhesion and seeding of
tumour cells in distant organs by circulating growth factors such as vascular endothelial growth factor (VEGF) and
secreting proteases.”>>* Lymphocytes play an important role in adaptive immune responses to tumours or viral infec-
tions. By inhibiting the tumour cells from proliferating and metastasising, lymphocytes maintain the immune balance of
cancer cells to inhibit tumor development.>~° A low lymphocyte count is associated with systemic inflammatory
response and may accelerate cancer progression by affecting cell-mediated immunity.

Lymphocytes within the tumour microenvironment are of vital importance in determining the efficacy of immune
surveillance and lethality.®” In addition, some studies have shown that activated circulating monocytes secrete various
pro-inflammatory cytokines and participate in the occurrence and progression of tumours.”® Therefore, modulation of the
tumour inflammatory microenvironment and inflammatory markers is part of the systemic inflammatory response, which
is closely connected to all stages of cancer development and has an impact on the treatment response and the disease

prognosis. >
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Figure 3 Kaplan-Meier curve of progression-free survival (PFS) of patients with HCC after HAIC according to MLR, PLR, SlI, PNI. (A) MLR, (B) PLR, (C) SII, (D) PNI.
Abbreviations: MLR, monocyte-lymphocyte ratio; PLR, platelet-lymphocyte ratio; S, systemic immune inflammation index; PNI, prognostic nutritional index.

According to several studies, the levels of PNI, MLR, PLR, and SII before treatment may be independent prognostic
factors for advanced HCC. These inflammatory markers, which are inexpensive clinical parameters that do not require
complicated detection, have broad clinical application prospects. In this study, we evaluated the HAIC response of
patients in the high PNI, MLR, PLR, and SII group and the low PNI, MLR, PLR, and SII group, respectively. In the
univariate analysis, in addition to common clinical prognostic factors (ALB level and mALBI grade), PNI, MLR, PLR,
and SII were all correlated with a negative response to HAIC treatment. In multivariate analyses, only the mALBI grade,
PNI, and MLR remained independent prognostic factors for treatment response to HAIC. Meanwhile, through ROC
curve analysis, this study concluded that the optimal cut-off values of PNI and MLR were 46.85 and 0.569, respectively,
and the areas under the ROC curve were 0.665 and 0.621, respectively. Furthermore, the area under the ROC curve was
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0.746 (95% CI = 0.658—0.833) when the mALBI grade, PNI, and MLR were combined to predict the response to HAIC
treatment, which showed higher reliability.

We further studied the relationship between these inflammatory indices and the survival benefits. The univariate COX
analysis found that MLR and age > 60 were important factors affecting PFS in patients with HCC receiving HAIC
treatment. In multivariate COX analyses, only MLR was used as an independent predictor of PFS. Therefore, our study
suggests that inflammatory markers, particularly MLR, may be more effective than traditional clinical prognostic factors
for predicting the efficacy and prognosis of HAIC treatment.

The cost of MLR inspection is low and it can be obtained by repeated calculations of the monocyte/lymphocyte ratio.
Mao et al'? suggested that MLR was an independent prognostic factor for recurrence-free survival (RFS) in AFP-
negative HCC after surgical resection, and an MLR-based nomogram model for RFS showed high predictive accuracy.
Wu et al’! reported that a combined model including MLR and other clinical risk factors may help clinicians identify
patients with high-risk HCC with early recurrence and improve their prognosis.

In addition, our study found that a low PNI was significantly associated with non-response to HAIC in univariate and
multivariate analyses. Mei et al'* demonstrated that PNI is the best tool for predicting treatment response and prognosis
in patients with liver cancer receiving PD-1 treatment compared with other inflammatory markers. The PNI, the
combination of lymphocytes and albumin, reflects the nutritional and inflammatory status of the organism. Low serum
albumin levels indicate a state of malnutrition, which weakens the patient’s cellular and humoral immunity, as well as
other defence mechanisms. Some studies have found that nutritional status is closely related to the therapeutic effect and
prognosis of patients with advanced liver cancer receiving anti-PD-1 treatment.*

Our study also showed that the levels of MLR and PNI were correlated with the clinical characteristics of patients
with HCC, such as Child-Pugh class, mALBI grade, ALB level, and PT. This suggests that, to a certain extent, high MLR
and low PNI can reflect the severity of HCC. Therefore, our findings provide individualised treatment options for patients
with HCC in clinical practice by evaluating baseline inflammatory biomarkers before treatment. Patients with high MLR
and low PNI levels can be selected for first-line treatments, such as sorafenib and apatinib, instead of HAIC.

However, this study had some limitations. This was a retrospective study conducted at a single institution. In addition,
the number of patients included was relatively small, and the reliability of the results needs to be demonstrated in more
centres and patients. Furthermore, many factors affect the postoperative prognosis of patients. Therefore, more compre-
hensive indicators are needed to evaluate the prognosis of patients with HCC treated with HAIC.

Conclusion

In conclusion, the pre-treatment MLR and PNI showed favourable performance in predicting treatment response and
prognosis in patients with HCC receiving HAIC with the FOLFOX regimen. The nomogram based on MLR and PNI can
be applied by clinicians to choose the reasonable option to reduce unnecessary HAIC treatment.
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