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Abstract
Purposes  The present study investigated the prognostic value of inflammation-based prognostic scores in patients with 
hepatocellular carcinoma (HCC) who underwent hepatectomy.
Methods  In total, 493 patients diagnosed HCC using the Milan criteria who underwent hepatic resection were retrospectively 
analyzed. Patients were evaluated according to several prognostic nutrition indices. Univariate and multivariate analyses 
were performed to identify clinicopathological variables associated with the overall survival (OS).
Results  According to a univariate analysis, higher values in the Glasgow Prognostic Score [GPS] (hazard ratio [HR] = 1.99, 
p = 0.002), modified GPS [mGPS] (HR = 2.26, p < 0.001), C-reactive protein [CRP]-to-albumin ratio [CAR] (HR = 1.86, 
p = 0.0012), and CONUT (HR = 1.65, p = 0.008) and a lower value of prognostic nutritional index [PNI] (HR = 2.36, 
p < 0.001) were significantly associated with a poor OS. A multivariate analysis showed that a CAR ≥ 0.037 (HR = 1.67, 
95% CI 1.06–2.64, p = 0.03), FIB4-index > 3.25 (HR = 1.98, 95% confidence interval [CI] 1.25–3.14, p = 0.004) and PIVKA-
II > 40 mAU/ml (HR = 1.72, 95% CI 1.14–2.61, p = 0.01) were independent prognostic factors.
Conclusions  This study demonstrated that the CAR was an independent prognostic score in patients with HCC and superior 
to other inflammation-based prognostic scores in terms of the prognosis.
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Introduction

Primary liver cancer is the sixth-most frequently diagnosed 
cancer worldwide and the fourth leading cancer-related 
death. An estimated 840,000 new liver cancer cases and 
782,000 liver cancer-related deaths occurred in 2018. By 
region, it is relatively common in developing countries, 
mainly North and West Africa and East and Southeast Asia, 
and its incidence is expected to increase in the future.

Hepatocellular carcinoma [HCC] comprises 75–85% 
of primary liver cancer cases. The main risk factors for 
HCC are chronic infection with hepatitis B virus [HBV] or 

hepatitis C virus [HCV]. In some areas, although the num-
ber of infected patients is decreasing due to vaccination 
and treatment with antiviral drugs, the rates of liver cancer 
are increasing due to obesity [1–5]. Treatment of HCC is 
not limited to surgical resection but includes various treat-
ment methods, such as transcatheter arterial radiofrequency 
ablation [RFA], transcatheter arterial chemoembolization 
[TACE], and systemic chemotherapy. Thanks to the develop-
ment of such treatment modalities, the prognosis of patients 
with HCC is improving, but it is still unsatisfactory.

In recent years, it has been reported for various types 
of cancers that inflammation-based scores are associated 
with resistance to multidisciplinary treatments, complica-
tion rate, and the prognosis [6]. The GPS, mGPS, CAR, 
neutrophil-to-lymphocyte ratio [NLR], platelet-to-lym-
phocyte ratio [PLR], prognostic index [PI], and PNI have 
all been reported to be associated with the prognosis of 
patients with various types of cancers [7–13]. In addition 
to biomarkers, such as CRP and platelets that reflect the 
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inflammatory response, neutrophils and lymphocytes that 
reflect immunity, and albumin that reflects protein metabo-
lism, the CONUT score, which includes cholesterol levels 
that reflect lipid metabolism, has also been reported to be 
associated with the prognosis and risk of perioperative 
complications in various types of cancers [14–17].

Although there have been reports of collecting and 
comparing several inflammation-based scores, which 
inflammation-based prognostic scores are more suitable 
for predicting outcome in patients with HCC has not been 
fully elucidated. Therefore, in this study, we calculated 
eight preoperative inflammation-based prognostic scores 
(GPS, mGPS, CAR, NLR, PLR, PI, PNI, and CONUT) and 
examined the independent prognostic factors in patients 
with HCC according to the Milan criteria who underwent 
first liver resection.

Materials and methods

Study population

All consecutive patients who underwent first hepatic resec-
tion for HCC according to the Milan criteria at Kumamoto 
University Hospital (Kumamoto City, Japan) from Janu-
ary 2000 to December 2019 were enrolled. We excluded 
patients who underwent preoperative therapy, such as sys-
temic chemotherapy, TACE, RFA, and R1 or R2 resection, 
from our study cohort.

The patients underwent imaging studies, such as ultra-
sonography, dynamic computed tomography [CT], and 
enhanced magnetic resonance imaging (MRI), for the pri-
mary liver cancer diagnosis and staging before surgery. All 
patients had pathologically confirmed diagnoses of HCC 
after surgery.

All patients gave their written informed consent, and 
the Ethics Committee of Kumamoto University approved 
this study's protocol. Our institutional ethical review board 
approved this study (IRB No.1291), and all procedures met 
the guidelines of the Declaration of Helsinki.

The diagnosis was to be based on the typical hall-
marks of HCC, such as hypervascularity in the arterial 
phase with washout in the portal venous or delayed phase. 
Tumor-related variables, such as the maximal tumor diam-
eter, tumor number, vascular invasion, and extrahepatic 
metastasis, were evaluated by the above-mentioned imag-
ing techniques. Pathological findings were prospectively 
documented according to the pathological tumor (T), node 
(N), and metastasis (M) classifications and were relabeled 
according to the Union for International Cancer Control 
(UICC) reporting format for the HCC, eighth edition [18].

Inflammation‑based prognostic scores and other 
variables

Blood samples were obtained before surgery to measure the 
values of CRP, albumin, aspartate aminotransferase [AST], 
alanine aminotransferase [ALT], total bilirubin, white blood 
cells, neutrophils, lymphocytes, platelets, prothrombin time 
[PT], α-fetoprotein [AFP], AFP-L3 fraction, protein induced 
by vitamin K absence or antagonist II [PIVKA-II], indo-
cyanine green retention rate at 15 min [ICG-R15], and FIB-
4, which combines standard biochemical values (platelets, 
ALT, AST) and age as a marker of fibrosis [19]. The type 
of resection (laparoscopic or not, anatomical or not), GPS, 
mGPS, NLR, PLR, CAR, PI, PNI, and CONUT were col-
lected as described in Table 1.

Statistical analyses

Continuous variables were expressed as the mean ± standard 
deviation or the median (interquartile range) according to 
the data type (parametric or non-parametric, respectively); 
differences were assessed for significance using Student's t 
test or the Mann–Whitney test. Categorical variables were 
evaluated using the Chi-squared or Fisher’s exact tests, as 
appropriate. Survival analyses were performed using the 
Kaplan–Meier method, with comparisons using the Cox 
proportional hazards model. The overall survival [OS] was 
calculated from the date of surgery until death or last follow-
up. p < 0.05 was considered to indicate statistical signifi-
cance. Univariate and multivariate analyses were performed 
for the prognostic factors using the Cox proportional hazard 
model. Variables that proved to be significant in the univari-
ate analysis were tested subsequently with the multivariate 
Cox proportional hazard model.

All statistical analyses were performed using JMP soft-
ware program, version 14.3 (SAS Institute, Cary, NC, USA).

Results

Patient characteristics

The baseline characteristics of the patients are shown in 
Table 2. The median age was 69 (range 38–87) years-old. 
Three hundred and seventy-four (75.3%) patients were 
males, and 123 (24.7%) were females. The median body 
mass index [BMI] was 23.3 (11.6–39.6). Two hundred and 
fifty-three (50.9%) patients were positive for antibodies to 
HCV antibody (HCV-Ab), and 106 (21.3%) were positive 
for HBV surface antigen (HBs-Ag). Four hundred and sixty 
patients (92.6%) had Child–Pugh classification A grade. 
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The median value of ICG-R15 was 12.0% (0.6–65.4%). 
One hundred and sixty-eight patients (33.8%) had laparo-
scopic resection. Two hundred and seventy-seven patients 
(55.7%) received anatomical resection. The median FIB4-
index was 3.21 (0.15–27.9). Four hundred and twenty-
seven (85.9%) patients had GPS 0, and 70 (14.1%) had 
GPS 1 or 2. Similarly, 412 (82.9%) patients had mGPS 
0, and 85 (17.1%) had mGPS 1 or 2. The cutoff values 
of inflammation-based scores were set based on previous 

reports (NLR = 5, PLR = 150, CAR = 0.037, and PNI = 45) 
[9, 20]. Four hundred and sixty-two patients (93.0%) had 
NLR < 5, 425 (85.5%) had PLR < 150, and 381 (76.7%) 
had PNI ≥ 45. Four hundred and eighty-three patients 
(97.2%) had PI 0, and 14 (2.8%) had PI 1 or 2. Regarding 
CONUT scores, 260 patients (52.3%) had normal nutri-
tion, 209 (42%) were in the light nutrition group, and 28 
(5.7%) were in the moderate nutrition group.

Table 1   Inflammation-based 
prognostic scores

GPS Glasgow Prognostic Score, CRP C-reactive protein, mGPS modified GPS, CAR​ CRP/albumin ratio, 
PNI prognostic nutrition index, CONUT controlling nutrition score, TLC total lymphocyte count, Alb albu-
min, T-chol total cholesterol

Scoring systems Score

GPS
 CRP (≤ 10 mgl−1) and albumin (≥ 35 gl−1) 0
 CRP (≤ 10 mgl−1) and albumin (< 35 gl−1) 1
 CRP (> 10 mgl−1) and albumin (≥ 35 gl−1) 1
 CRP (> 10 mgl−1) and albumin (< 35 gl−1) 2

Modified GPS
 CRP (≤ 10 mgl−1) and albumin (≥ 35 gl−1) 0
 CRP (≤ 10 mgl−1) and albumin (< 35 gl−1) 0
 CRP (> 10 mgl−1) 1
 CRP (> 10 mgl−1) and albumin (< 35 gl−1) 2

Neutrophil-to-lymphocyte ratio
 Neutrophil count:lymphocyte count < 5:1 0
 Neutrophil count:lymphocyte count ≥ 5:1 1

Platelet-to-lymphocyte ratio
 Platelet count:lymphocyte count < 150:1 0
 Platelet count:lymphocyte count ≥ 150:1 1

CAR​
 CRP:serum albumin < 0.0037:1 0
 CRP:serum albumin ≥ 0.0037:1 1

Prognostic Index
 CRP (≤ 10 mgL−1) and white cell count (≤ 11 × 109 l−1) 0
 CRP (≤ 10 mgl−1) and white cell count (> 11 × 109 l−1) 1
 CRP (> 10 mgl−1) and white cell count (≤ 11 × 109 l−1) 1
 CRP (> 10 mgl−1) and white cell count (> 11 × 109 l−1) 2

PNI
 Albumin (gl−1) + 5 × total lymphocyte count × 109 l−1 ≥ 45 0
 Albumin (gl−1) + 5 × total lymphocyte count × 109 l−1 < 45 1

CONUT score
 Alb (g/dL) Alb ≥ 3.5 3.0 ≤ Alb < 3.5 2.5 ≤ Alb < 3.0 Alb < 2.5
 Alb score 0 2 4 6
 TLC (/μL) TLC ≥ 1600 1200 ≤ TLC < 1600 800 ≤ TLC < 1200 TLC < 800
 TLC score 0 1 2 3
 T-chol (mg/dL) T-chol ≥ 180 140 ≤ T-chol < 180 100 ≤ T-chol < 140 T-chol < 100
 T-chol score 0 1 2 3

CONUT score = Alb score + TLC score + T-chol score
 CONUT score 0–1 2–4 5–8 9–12
 Nutrition status Normal Light Moderate Severe
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Impact of inflammation‑based scores 
on the prognosis

The median follow-up was 51.2 months. Three hundred 
and eighty-three patients (77.1%) were alive at the end of 
the follow-up period, while 104 patients (22.9%) had died. 

The 1-, 3-, and 5-year OS rates were 96.6%, 88.7%, and 
81.1%, respectively.

The relationships between the inflammation-based prog-
nostic scores and OS are shown in Fig. 1a–h. Higher values 
for the GPS (5-year OS = 83.7%, hazard ratio [HR] = 1.99, 
p = 0.002), mGPS (5-year OS = 84.5%, HR = 2.26, 
p < 0.001), and CAR (5-year OS = 82.6%, HR = 1.86, 
p = 0.0012) and light + moderate + severe CONUT (5-year 
OS = 88.1%, HR = 1.65, p = 0.008) and lower PNI val-
ues (5-year OS = 86.5, HR = 2.36, p < 0.001) were asso-
ciated with a significantly worse OS than other values, 
but the NLR (5-year OS = 81.6%, HR = 2.01, p = 0.09), 
PLR (5-year OS = 81.1%, HR = 1.36, p = 0.25), and PI 
(5-year OS = 81.6%, HR = 0.85, p = 0.78) showed no such 
association.

A univariate analysis showed that HBs-Ag sta-
tus (HR = 0.59, p = 0.032), HCV-Ab status (HR = 1.55, 
p = 0.021), PIVKA-II (HR = 1.58, p = 0.019), ICG-R15 
(HR = 1.84, p = 0.0063), Child–Pugh grade (HR = 1.93, 
p = 0.0479), maximal tumor diameter (HR = 1.51, p = 0.037), 
FIB4-index (HR = 2.22, p < 0.0001), GPS (HR = 1.99, 
p = 0.0025), mGPS (HR = 2.26, p < 0.0001), CAR 
(HR = 1.86, p = 0.0016), PNI (HR = 2.36, p < 0.0001), and 
CONUT (HR = 1.65, p = 0.0081) were significantly associ-
ated with the OS. The cutoff values of these variables ware 
set based on the median values for this cohort, except for the 
inflammation-based prognostic scores.

A multivariate analysis using these variables showed 
that high values for the FIB4-index (HR = 1.98, 95% CI 
1.25–3.14, p = 0.004), CAR (HR = 1.67, 95% CI 1.06–2.64, 
p = 0.03), and PIVKA-II (HR = 1.72, 95% CI 1.14–2.61, 
p = 0.01) were independently associated with a poor OS 
(Table 3).

Discussion

This study investigated the prognostic value of various 
inflammation-based prognostic scores in patients with HCC 
who underwent hepatectomy. It demonstrated that the CAR 
was an independent poor prognosis marker in patients with 
HCC and was superior to the other inflammation-based 
scores examined (GPS, mGPS, NLR, PLR, PI, PNI, and 
CONUT) in terms of its prognostic predictive ability.

Host-tumor interaction between local and individual 
cancers is known to have a substantial effect on the gen-
eral condition, such as the nutritional status and immuno-
competence, of cancer patients [21]. Gullet et al. described 
nutritional disorders of cancer patients as cancer-related 
weight loss and cancer-induced weight loss [22]; the former 
is a reversible pathological condition caused by decreased 
nutrient intake/digestion and absorption due to physical gas-
trointestinal dysfunction, such as impaired gastrointestinal 

Table 2   Clinicopathological characteristics of the patients

BMI body mass index, HBs-Ag hepatitis B virus surface antigen, 
HCV-Ab hepatitis C virus antibody, AST aspartate aminotransferase, 
ALT alanine aminotransferase, CRP C-reactive protein, WBC white 
blood cell, PT prothrombin time, AFP alpha-fetoprotein, PIVKA-
II protein induced by vitamin K absence or antagonist II, ICG-R15 
indocyanine green, GPS Glasgow Prognostic Score, mGPS modified 
GPS, NLR neutrophil-to-lymphocyte ratio, PLR platelet-to-lympho-
cyte ratio, CAR​ CRP-to-albumin ratio, PI prognostic index, PNI prog-
nostic nutrition index, CONUT controlling nutrition score

Variable

Age (years) 69 (34–87)
Sex (male/female) (374/123)
BMI 23.3 (11.6–39.6)
HBs-Ag positive (%) 106 (21.3)
HCV-Ab positive (%) 253 (50.9)
AST (IU/L) 33 (11–1181)
ALT (IU/L) 33 (6–395)
Total serum bilirubin (mg/dL) 0.8 (0.1–2.1)
Albumin (g/dL) 4.1 (2.5–5.1)
Total serum cholesterol (mg/dL) 178 (100–295)
CRP (mg/dL) 0.12 (0.01–5.67)
WBC (l−1) 5.1 (1.3–15.7)
Neutrophil count (l−1 l) 2.9 (0.7–13.3)
Lymphocyte count (l−1) 1.6 (0.4–5.0)
Platelet count (l−1) 145 (23–1668)
PT (%) 95 (20–140)
AFP (ng/mL) 8.6 (1.0–32,047.5)
AFP-L3 (%) 0.5 (0.5–87.9)
PIVKA-II (mAU/mL) 40.5 (1.3–45,663)
ICG-R15 (%) 12 (0.6–65.4)
Child–Pugh grade (A/B/C) (460/37/0)
Maximum tumor diameter (mm) 25 (6–50)
Microvascular invasion (absent/present) (391/106)
Type of resection1 (laparoscopic/open) (168/309)
Type of resection2 (anatomical/partial) (277/220)
FIB4-index 3.21 (0.15–27.9)
GPS (0/1/2) (427/69/1)
Modified GPS (0/1/2) (412/83/2)
NLR (< 5/ ≥ 5) (462/35)
PLR (< 150/ ≥ 150) (425/72)
CAR (< 0.037/ ≥ 0.037) (373/124)
PI (0/1/2) (483/13/1)
PNI (≥ 45/ < 45) (381/116)
CONUT (normal/light/moderate/severe) (260/209/28/0)
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passage and diarrhea, or a prolonged fasting period, while 
the latter is an irreversible condition caused by host–tumor 
interaction. Although HCC rarely causes passage obstruction 
in the gastrointestinal tract, it can cause systemic metabolic 
disorders, and cancer-induced weight loss is considered a 
frequent cause of nutritional disorders. Thus, nutritional 
disorders are caused by cancer-induced weight loss in HCC 
and are associated with a poor prognosis.

The inflammation-based scores compared and examined 
in this study are roughly composed of three evaluation ele-
ments. The first is a value that reflects the inflammatory 
response, such as CRP, neutrophils, and platelets. CRP is 
an acute-phase reactant synthesized by hepatocytes and 
regulated by proinflammatory cytokines, especially inter-
leukin-6 [23]. The CRP level is reportedly associated with 
tumor progression and a reduced liver function and is an 
independent poor prognostic marker in patients with HCC 
[24]. Neutrophils and platelets are typical blood cell com-
ponents and are factors that closely link inflammation and 
tumor progression, as inflammation increases and induces 
the production of chemokines and cytokines that enhance 
tumor growth, infiltration, and angiogenesis [25–30]. The 
second element is a biomarker that reflects the immune 
capacity of lymphocytes. Total lymphocyte count is one of 
the classical nutritional evaluation indexes, and lymphocytes 
are a blood cell component that act as a tumor suppressor 
and have an influence on tumor immunity [31–33]. The 
third element is metabolic components, such as albumin 

and cholesterol. Serum albumin levels are commonly used 
as an indicator of the nutritional status and are also associ-
ated with the immune status and protein metabolism. Low 
serum albumin levels correlate with increased parameter 
measures of HCC aggressiveness, in addition to their role 
as a monitor of systemic inflammation [34]. The accumu-
lation of cholesterol is a general feature of cancer tissue, 
and recent evidence suggests that cholesterol plays critical 
roles in the progression of cancers [35]. The dysregulation of 
metabolic pathways, including those involved in cholesterol 
biosynthesis, is implicated in tumor development and cancer 
progression [36]. Furthermore, CRP and albumin are cor-
related, and CRP levels in cancer patients reflect the amount 
of IL-6 in the circulating blood, but chronic CRP elevation 
is accompanied by persistently elevated IL-6 production, 
which is thought to indicate the amount of inflammation in 
the cancerous tissue. Furthermore, the increase in IL-6 is 
directly reflected in the dynamics of acute-phase proteins 
(APPs), and the representative factor for increasing APPs 
(positive APPs) is CRP, while conversely, the representa-
tive factor for decreasing APP (negative APPs) is albumin. 
Therefore, GPS, mGPS, and CAR are scoring systems that 
can reflect the APP dynamics [37].

However, there are some limitations associated with 
these systems. In addition, we considered other elements 
that may have been influenced by liver dysfunction such as 
liver cirrhosis and portal hypertension. We divided these 
factors roughly into three elements (inflammatory response, 

Fig. 1   Relationships between the inflammation-based prognostic scores and overall survival in patients with HCC. a GPS, b modified GPS, c 
NLR, d PLR, e CAR, f PI, g PNI, h CONUT
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immune capacity, metabolic component), but the albumin 
level and platelet count are affected by the liver function 
reserve and degree of portal hypertension. In this regard, 
these inflammation-based scores are not simple indicators 
of systemic inflammation in patients with chronic liver 
dysfunction.

In the present study, our univariate analysis demonstrated 
that the GPS, mGPS, CAR, PNI, and CONUT values were 
significantly associated with the OS as inflammation-based 
scores. However, the multivariate analysis showed that only 
the CAR was independently associated with the OS. Kinosh-
ita et al. [9] demonstrated that the CAR is an independent 
predictor of a poor OS in patients with HCC at various stages 
of diseases and with different liver functional statuses. They 
also showed that the CAR, GPS, and mGPS, which are CRP-
based prognostic scores, were superior to the NLR which 
is a white blood cell-based score, in patients with HCC in 
terms of their prognostic ability. However, their study did 
not compare the CAR with the PLR, PI, PNI, or CONUT [9]. 

The present study is thus the first to have compared various 
representative inflammatory-based scores, revealing that the 
CAR is an independent prognostic score.

In our cohort, there were few cases such as a catego-
rized score 2 having high CRP and low albumin, and most 
patients had scores of 0 or 1 in the GPS and mGPS. Fur-
thermore, patients with low CRP and albumin values are 
included same score 1 with high CRP and high albumin 
cases in CAR. The CAR therefore enables a more detailed 
understanding of the patient status than the GPS or mGPS. 
The present study also included only cases with HCC that 
was untreated preoperatively, and all cases were diagnosed 
according to the Milan criteria. Therefore, the inflammation-
based score directly reflected the patient’s condition, and 
our cohort is homogeneous with few biases. In HCC, scores 
that indicate the degree of the liver function and inflamma-
tion derived from the liver are more useful than scores that 
use blood cells, such as neutrophils and lymphocytes, or are 
more dependent on tumor-related factors according to the 

Table 3   Prognostic factors for 
the overall survival in patients 
with HCC: univariate and 
multivariate analyses

Values ​​with significant differences are shown in bold
 BMI body mass index, HBs-Ag hepatitis B virus surface antigen, HCV-Ab hepatitis C virus antibody, AST 
aspartate aminotransferase, ALT alanine aminotransferase, CRP C-reactive protein, WBC white blood cell, 
PT prothrombin time, AFP alpha-fetoprotein, PIVKA-II protein induced by vitamin K absence or antag-
onist II, ICG-R15 indocyanine green, GPS Glasgow Prognostic Score, mGPS modified GPS, NLR neu-
trophil-to-lymphocyte ratio, PLR platelet-to-lymphocyte ratio, CAR​ CRP-to-albumin ratio, PI prognostic 
index, PNI prognostic nutrition index, CONUT controlling nutrition score

Variable Univariate Multivariate

HR 95% CI p value HR 95% CI p value

Age ≥ 69 years 1.46 0.99–2.12 0.06
Sex (male) 1.09 0.69–1.74 0.7
BMI ≥ 23.3 0.94 0.64–1.38 0.74
HBsAg-positive 0.59 0.37–0.96 0.032 0.85 0.47–1.55 0.60
HCVAb-positive 1.55 1.07–2.25 0.021 1.24 0.75–2.04 0.40
AFP ≥ 20 ng/mL 1.34 0.92–1.95 0.13
AFP-L3 > 0.5% 1.3 0.89–1.90 0.17
PIVKA-II > 40 mAU/mL 1.58 1.08–2.32 0.019 1.72 1.14–2.61 0.01
ICG-R15 > 12.0% 1.84 1.19–2.85 0.0063 1.22 0.78–1.90 0.38
Child–Pugh grade B 1.93 1.06–3.52 0.0479 1.43 0.70–2.91 0.32
Maximum tumor diameter > 26 mm 1.51 1.03–2.23 0.0366 1.32 0.87–2.02 0.19
Microvascular invasion +  1.39 0.93–2.09 0.11
Laparoscopic resection 0.72 0.47–1.10 0.13
Anatomic resection 1.08 0.74–1.57 0.68
FIB-4 index 2.22 1.52–3.22 < 0.0001 1.98 1.25–3.14 0.004
GPS 1, 2 1.99 1.27–3.10 0.0025 1.76 0.72–4.30 0.22
mGPS 1, 2 2.26 1.51–3.38 < 0.0001 2.04 0.93–4.43 0.08
NLR ≥ 5 2.01 0.88–4.59 0.097
PLR ≥ 150 1.36 0.80–2.31 0.25
CAR ≥ 0.037 1.86 1.26–2.73 0.0016 1.67 1.06–2.64 0.03
PI 1, 2 0.85 0.27–2.68 0.78
PNI < 45 2.36 1.60–3.47 < 0.0001 1.41 0.83–2.64 0.20
CONUT light, moderate, severe 1.65 1.14–2.39 0.0081 1.12 0.72–1.75 0.61



1014	 Surgery Today (2022) 52:1008–1015

1 3

Milan criteria. Therefore, the usefulness of the CAR was 
highlighted by the reduced impact of tumor-related factors.

Surgical resection for HCC is the major treatment option, 
but other treatments for HCC have recently been developed, 
such as transcatheter arterial chemoembolization (TACE), 
radiofrequency ablation (RFA), and chemotherapy. CAR can 
be easily measured by a blood sampling test in the postop-
erative follow-up process, and it is easy to follow the course 
over time, so it can be used as a basis to judge the appropri-
ateness of treatments other than surgical resection based on 
changes in the score.

One potential limitation of the present study is that it was 
a retrospective design, had a small sample size, and was 
conducted at a single center. Therefore, our findings need to 
be validated in a larger-scale prospective study.

In conclusion, we revealed that the CAR was an inde-
pendent prognostic score in patients who underwent first 
liver resection for HCC according to the Milan criteria and 
was superior to other established inflammation-based prog-
nostic scores in terms of its prognostic predictive ability.
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