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Onodera’s prognostic nutritional index 
is a strong prognostic indicator for patients 
with hepatocellular carcinoma after initial 
hepatectomy, especially patients with preserved 
liver function
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Abstract 

Background: Several inflammation-based scores are used to assess the surgical outcomes of hepatocellular carci-
noma (HCC). The aim of the present study was to elucidate the prognostic value of the prognostic nutritional index 
(PNI) in HCC patients who underwent hepatectomy with special attention to preoperative liver functional reserve.

Methods: Preoperative demographic and tumor-related factors were analyzed in 189 patients with HCC undergoing 
initial hepatectomy from August 2005 to May 2016 to identify significant prognostic factors.

Results: Multivariate analysis for overall survival (OS) revealed that female sex (p = 0.005), tumor size (p < 0.001) 
and PNI (p = 0.001) were independent prognostic factors. Compared to the High PNI group (PNI ≥ 37, n = 172), the 
Low PNI group (PNI < 37, n = 17) had impaired liver function and significantly poorer OS (13% vs. 67% in 5-year OS, 
p = 0.001) and recurrence-free survival (RFS) (8 vs. 25 months in median PFS time, p = 0.002). In the subgroup of 
patients with a preserved liver function of LHL15 ≥ 0.9, PNI was also independent prognostic factor, and OS (21% vs. 
70% in 5-year OS, p = 0.008) and RFS (8 vs. 28 months in median PFS time, p = 0.018) were significantly poorer in the 
Low PNI group than the High PNI group.

Conclusions: PNI was an independent prognostic factor for HCC patients who underwent hepatectomy. Patients 
with PNI lower than 37 were at high risk for early recurrence and poor patient survival, especially in the patients with 
preserved liver function of LHL ≥ 0.9.
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Background
The carcinogenesis of hepatocellular carcinoma (HCC) is 
a multifactorial and multistep process that is associated 
with chronically inflamed liver parenchyma as a result of 
exposure to pro-inflammatory stimuli, such as hepatitis 
virus infection, ethanol consumption and steatohepatitis. 
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Liver function in the patients with HCC also deteriorates 
with tumor progression. Therefore, compared to other 
malignancies, the prognosis of patients with HCC is 
highly influenced by tumor extension and the severity of 
the underlying liver function.

In addition to tumor biological and liver functional sta-
tus, there is increasing evidence that several inflamma-
tion-based scores predict the prognosis of patients with 
malignancies, including HCC, because the host inflam-
matory response plays an important role in carcinogen-
esis and progression via the enhancement of proliferative 
signals, facilitation of angiogenesis, and promotion of 
invasion and metastasis. The indices or scores include the 
neutrophil-to-lymphocyte ratio (NLR), platelet-to-lym-
phocyte ratio (PLR), Glasgow Prognostic Score (GPS), 
and Onodera’s prognostic nutritional index (PNI), which 
are easily calculated from simple and low-cost blood tests 
[1–4]. PNI and GPS consist of albumin and lymphocytes 
or C-reactive protein (CRP), which may reflect the bal-
ance between the pro-tumor inflammatory status and 
nutritional status. Furthermore, the component of PNI 
and GPS, albumin, also reflects impaired protein syn-
thesis secondary to chronic liver disease in HCC. Buzby 
et  al. [5] originally reported PNI in 1980 to predict the 
development of postoperative complications after 
abdominal and thoracic surgery, and Onodera et  al. [4] 
simplified this index in 1984. Since the 2010s, Onodera’s 
PNI has been widely used as a predictor of patient sur-
vival in various malignant tumors, including gastrointes-
tinal [6–9] and nongastrointestinal cancers [10–12].

Several previous studies [13–21] revealed the prog-
nostic significance of PNI in HCC patients, which con-
sists of albumin and lymphocytes. However, none of 
these studies clearly examined why low PNI correlated 
to the prognosis. Low PNI means hypoalbuminemia and/
or lymphocytopenia. Low albumin levels reflect malnu-
trition and an impaired ability of protein synthesis in 
the liver, i.e., impaired liver function. Lymphocytepe-
nia contributes to tumor development and progression. 
Therefore, liver function strongly affects the prognostic 
significance of PNI in HCC patients. To the best of our 
knowledge, no studies evaluated the prognostic signifi-
cance of PNI in HCC patients based on liver function.

The aim of present study was to clarify the prognos-
tic values of PNI in HCC patients who underwent initial 
hepatectomy without previous treatment with special 
attention to preoperative liver function.

Methods
Subjects
We reviewed the database of primary HCC patients who 
underwent initial hepatectomy at Mie University Hos-
pital and identified 212 consecutive cases from August 

2005 to May 2016. The radiological diagnosis of HCC was 
made preoperatively based on the findings of dynamic 
enhanced CT and confirmed histologically in resected 
specimens, except for cases with total necrosis from pre-
operative trans-arterial chemoembolization (TACE). In 
this study, TACE was performed in 109 patients as pre-
operative treatment for initial hepatectomy, of whom 24 
cases showed total necrosis. The 8 patients who were 
ultimately diagnosed with combined hepatocellular-
cholangiocarcinoma (n = 6), undifferentiated carcinoma 
(n = 1) and carcinosarcoma (n = 1) were excluded from 
this study. Fifteen patients were also excluded from 
this study because of a lack of data on total lymphocyte 
count or liver functional assessment, such as indocya-
nine green retention retention test at 15  min (ICGR15) 
and GSA uptake ratio of the liver to the liver plus heart 
at 15  min (LHL15) in Technetium-99  m-diethylenetri-
aminepentaacetic acid-galactosyl-human serum albu-
min (99mTc-GSA) liver scintigraphy. Finally, 189 patients 
were included as subjects in this study (Additional file 1). 
The study protocol was approved by medical ethics 
committee of Mie University Hospital (No. 3173). The 
study protocol was announced on the hospital’s home-
page to provide the opportunity for patients to refuse 
participation.

Laboratory data obtained just before surgery was 
used to assess the preoperative demographic data, 
standard liver biochemistry, and tumor malignancy, 
including serum alpha fetoprotein (AFP) and des-γ-
carboxyprothrombin (DCP). All patients received the 
ICG test and 99mTc-GSA liver scintigraphy to assess the 
liver functional reserve. PNI was calculated from serum 
albumin level and lymphocyte count as described in the 
previous literature: 10 × albumin (g/dl) + 0.005 × total 
lymphocyte count (per mm3) [4]. NLR was calculated as 
total neutrophil count (per mm3)/total lymphocyte count 
(per mm3) [1]. PLR was calculated as platelet count (per 
mm3)/total lymphocyte count (per mm3) [2]. The albu-
min-bilirubin (ALBI) grade was calculated according to 
the formula described in the original paper [22]. Surgical 
outcomes were assessed using operation time, blood loss, 
postoperative complications using the Clavien-Dindo 
classification, and postoperative laboratory data related 
to liver function (total bilirubin and prothrombin time 
international normalized ratio (PT-INR)) on postopera-
tive day (POD) 5.

Determination of the type of hepatectomy
After HCC diagnosis, the most appropriate surgical pro-
cedure was determined based on the tumor size, loca-
tion, and the liver functional reserve as judged from the 
findings of ICGR15 and GSA uptake ratio of LHL15, as 
described in our previous reports [23, 24].
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Patient follow‑up after hepatectomy
Follow-up after surgery included periodic blood tests 
and monitoring of tumor markers (AFP and DCP lev-
els). Dynamic CT images and/or MRI of the remnant 
liver were performed every 3–4 months for 2 years after 
hepatectomy and every 6  months thereafter. Chest CT, 
whole abdominal CT, brain MRI, and bone scintigraphy 
were performed if recurrence of extrahepatic HCC was 
suspected.

Statistical analyses
Categorical and continuous data were compared between 
groups using chi-squared and Mann–Whitney U tests, 
respectively. Continuous data are shown as medians and 
ranges. Patient survival was compared using Kaplan–
Meier curves, and differences in survival between groups 
were analyzed using the log–rank test. In evaluating fac-
tors affecting OS, the Cox regression model with stepwise 
variable selection was used for multivariate analysis. The 
optimum PNI cut-off value was determined via compari-
sons of OS in Kaplan–Meier curves at each PNI cut-off 
value changing by one from 35 to 50. In addition, Evalu-
ate Cutpoints [25] was used to evaluate the optimal cut-
off value for OS. Differences were considered significant 
at p < 0.05. The day of final follow-up was November 31, 
2016, and there was no loss to follow-up.

Result
Prognostic factor analysis in the whole patients
The preoperative demographic and clinical characteris-
tics are described in Table 1. Histological examination of 
the resected specimen and surgical outcomes are shown 
in Table  2. Preoperatively detectable clinical param-
eters were analyzed using univariate analysis to identify 
prognostic factors for overall survival (OS). Female sex 
(p = 0.023), albumin (p = 0.003), tumor size (p < 0.001), 
beyond Milan criteria (p = 0.002) and PNI (p = 0.02) 
were significantly associated with poor OS in univariate 
analysis. Multivariate analysis revealed that female sex 
(p = 0.005), tumor size (p < 0.001) and PNI (p = 0.001) 
were independent prognostic factors (Table  3). There-
fore, we examined PNI as the most valuable index of the 
various inflammation-based prognostic scores. We com-
pared surgical outcomes and survival by dividing patients 
into two groups according to PNI value. The optimum 
PNI cut-off value was determined via comparisons of OS 
in Kaplan–Meier curves at each PNI cut-off value of 35 
to 50, and the most significant value that discriminated 
survival was determined as PNI 37 (Fig. 1). In addition, 
we evaluated PNI cut-off using application “Evaluate Cut-
points” described in the paper which evaluates optimal 
cutpoint of the continuous covariate in survival analysis 

[25]. As a result, PNI 37.25 was defined as an optimal 
cutpoint, that coincided with the cut-off value from man-
ual method comparing the Kaplan–Meier curves.

Comparison of patient characteristics and outcomes 
between Low and High PNI groups in all patients
The 189 patients were divided into two groups based on 
PNI score: Low PNI group (n = 17): PNI < 37 and High 
PNI group (n = 172): PNI ≥ 37. Patient background and 
surgical outcomes were compared between the two 
groups. Albumin level and total lymphocyte count were 
significantly lower in the Low PNI group than the High 
PNI group (p < 0.001) because both factors are main 
component of PNI. For the assessment of liver func-
tion, PT-INR, ICGR15, the rate of Child–Pugh B and 
ALBI grade ≥ 2 were significantly higher, and LHL15 was 

Table 1 Preoperative demographics and  clinical data 
(preoperative prognostic factors) in  the  189 patients 
with HCC

BMI body mass index, PNI prognostic nutritional index, PT-INR prothrombin 
time-international normalized ratio, AFP alpha fetoprotein, DCP des-γ-
carboxyprothrombin, ICGR15 indocyanine green retention rate at 15 min, 
LHL15 GSA uptake ratio of the liver to the liver plus heart at 15 min, BCLC stage 
Barcelona Clinic Liver Cancer stage, NLR neutrophil-to-lymphocyte ratio, PLR 
platelet-to-lymphocyte ratio, ALBI grade albumin-bilirubin grade, NBNC non-B 
non-C, HBV hepatits B, HCV hepatitis C

Variables

Age (years) 70 (41–85)

Sex (male/female) 153 (81%)/36 (19%)

BMI 22.1 (13.2–34.5)

Lymphocyte count (/mm3) 1400 (320–3950)

Neutrophil count (/mm3) 3020 (820–8780)

Platelet count  (103/µl) 18.3 (4.1–219.0)

Albumin (g/dl) 3.8 (2.3–5.3)

Total bilirubin (mg/dl) 0.6 (0.2–2.5)

PT-INR 1.05 (0.87–1.41)

Child–Pugh A/B/C 178 (94.2%) / 11 (5.8%) / 0

AFP (ng/ml) 12 (1–253,875)

DCP (mAU/ml) 115 (1–286,400)

ICG R15 (%) 12.9 (0.3–76.3)

LHL15 0.935 (0.679–0.987)

Tumor size (cm) 4.0 (0.5–24.0)

Multiple tumor 49 (25.9%)

BCLC stage 0/A/B/C 17 / 121 / 38 / 13

Milan criteria within / beyond 107 (56.6%) / 82 (43.4%)

PNI 45.4 (26.0–60.0)

NLR 2.06 (0.52–14.2)

PLR 135 (33–1685)

ALBI grade 1 / 2 / 3 85 (45%) / 99 (52%) / 5 (3%)

Underlying liver disease

 NBNC / HBV / HCV 85 (45%) / 26 (14%) / 78 (41%)
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significantly lower in the Low PNI group than the High 
PNI group (p < 0.001, p = 0.007, p < 0.001, p < 0.001 and 
p < 0.001, respectively), which indicates that patients in 
the Low PNI group had impaired liver function. NLR was 
significantly higher in the Low PNI group than the High 
PNI group (p = 0.004), which indicates that patients in 
the Low PNI group were an immunocompromised host 
(Table 4). For tumor biology, AFP was significantly higher 
in the Low PNI group than the High PNI group (p = 0.05). 
However, the other factors were not different between 
the two groups, such as tumor morphology, Barcelona 
Clinic Liver Cancer (BCLC) stage, and histological find-
ings. For intra- and postoperative outcomes, PT-INR and 
total bilirubin level on POD 5 were significantly higher in 
the Low PNI group than in the High PNI group (p = 0.03 
and p = 0.012, respectively), which indicates that liver 
functional recovery was delayed in patients with Low 
PNI (Table 5). OS was significantly lower in the Low PNI 
group than the High PNI group and showed 5-year OS of 
13% and 67%, respectively (p = 0.001). Progression-free 
survival (PFS) was also significantly lower in the Low PNI 
group than the High PNI group and showed median PFS 
time of 8 and 25 months, respectively (p = 0.002) (Fig. 2). 

The median PFS time in the Low-PNI group showed 
quite a poor outcome of less than 1 year.

Surgical outcomes according to LHL15
PNI correlated to preoperative liver function because the 
main component of PNI, albumin level, also reflects the 
protein synthesis ability of the liver. Therefore, we exam-
ined the subgroup with relatively preserved liver function. 
We adopted 99mTc-GSA liver scintigraphy as a bet-
ter predictor of liver functional reserve rather than ICG 
test, because in previous studies, LHL15 had significant 
correlation with hyaluronic acid, platelet count and his-
tological findings of liver, while ICGR15 does not always 
represent accurate hepatic functional reserve [23, 26]. In 
the subgroup with LHL15 ≥ 0.9 (n = 153), which cut-off 
was defined according to our previous study [23], female 
sex (p = 0.04), albumin (p = 0.017), ICGR15 (p = 0.008), 
tumor size (p < 0.001), beyond Milan criteria (p = 0.006), 
PNI (p = 0.003) and ALBI score (p = 0.01) were signifi-
cantly associated with poor OS in univariate analysis. 
Multivariate analysis revealed that PNI remained an 
independent prognostic factor (p = 0.005) with female 
sex (p = 0.011) and tumor size (p < 0.001) (Table 6). In the 
subgroup with LHL15 < 0.9 (n = 36), DCP (p = 0.005) and 
multiple tumor (p = 0.035), but not PNI, were independ-
ent prognostic factors in multivariate analysis (Table 7). 
In comparisons of the Low- and High PNI groups using 
the cut-off value of 37 in the subgroup with LHL15 ≥ 0.9, 
similar to the analysis of all patients, the Low PNI group 
had significantly higher PT-INR, lower PLR, a higher rate 
of ALBI grade 1 and higher total bilirubin level on POD5 
than the High PNI group (p = 0.018, p = 0.022, p = 0.001 
and p = 0.024, respectively) (Tables 8 and 9). OS and PFS 
were significantly lower in the Low PNI group than the 
High PNI group and showed 5-year OS of 21% vs. 70% in 
OS (p = 0.008) and median PFS time of 8 and 28 months 
(p = 0.018)  in the subgroup with LHL15 ≥ 0.9, respec-
tively, but these factors were not different in the sub-
group with LHL < 0.9 (Fig. 3).

Discussion
The present study determined that female sex, tumor size 
and PNI were independent prognostic factors for patients 
with hepatectomy for HCC without previous treatment. 
Other inflammation-based scores, such as NLR and PLR, 
were not independent prognostic factors. The optimum 
PNI cut-off value for OS was 37. Patients with a low PNI 
less than 37 had significantly impaired liver function, 
significantly poor prognosis and were immunocompro-
mised. Even in patients who had preserved liver function 
with LHL ≥ 0.9, PNI remained an independent prognos-
tic factor and showed significantly lower OS and PFS, 

Table 2 Histological examination of  the  resected 
specimen and  surgical outcomes in  the  189 patients 
with HCC

PT-INR prothrombin time-international normalized ratio, POD: postoperative 
day, C–D Clavien–Dindo, vp1 microvascular portal vein invasion, vp2 portal vein 
tumor thrombus in distal to the second order branches of portal vein, vp3 portal 
vein tumor thrombus in the first branch of portal vein, vp4 portal vein tumor 
thrombus in the main portal trunk or the opposite-side portal branch, vv ( +) 
microvascular hepatic vein invasion

Variables

Tumor differentiation

Well 42 (22%)

Moderately 90 (48%)

Poorly 26 (14%)

Vascular invasion

vp1/vp2/vp3/vp4 51 / 3 / 7 / 3

vv ( +) 12 (6.3%)

Liver histology

Normal liver 24 (13%)

Chronic hepatitis 77 (41%)

Liver cirrhosis 70 (37%)

Unknown 18 (9%)

Operation time (minutes) 336 (127–983)

Blood loss (ml) 1120 (0–36,000)

2 or more sectionectomy 57 (30%)

PT-INR on POD5 1.13 (0.92–1.71)

Total bilirubin on POD5 (mg/dl) 0.9 (0.3–11.2)

Complications (C-D ≥ IIIa) 38 (20%)

Inhospital mortality 10 (5.3%)
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which were not observed in patients with impaired liver 
function with LHL15 < 0.9.

Although several previous studies indicated that PNI 
was a significant prognostic factor in HCC patients [13–
21], these reports did not examine why low PNI corre-
lated to the prognosis. Because PNI consists of albumin 
and lymphocyte levels, low PNI means hypoalbumine-
mia and lymphocytopenia, which may contribute to 
tumor development and progression. Lower albumin lev-
els in patients with lower PNI reflects malnutrition and 
impaired protein synthesis ability in livers with chronic 
inflammation and fibrosis due to the underlying liver 
disease. Serum albumin level was integrated into sev-
eral HCC staging systems, and a new albumin-derived 
score, ALBI score [22], predicted the prognosis of HCC 
patients. In the present study, the Low PNI group had 
lower survival and poorer liver functions and showed 
significantly higher PT-INR, ICGR15, a higher rate of 
Child–Pugh B and ALBI grade ≥ 2 and significantly 
lower LHL15. Chan et al. [14] revealed that a lower PNI 
(< 45) group was associated with higher model for end-
stage liver disease (MELD) score and a higher rate of 

Child–Pugh class B patients in early stage HCC patients. 
However, no previous studies examined the relationship 
between PNI and liver functional reserve tests, such as 
ICGR15 and LHL15. The ICG test and 99mTc-GSA liver 
scintigraphy are more beneficial to assess liver function 
in hepatectomy rather than the MELD score or Child–
Pugh classification because these tests provide detailed 
liver functional data [23, 27]. Lower PNI was significantly 
associated with a detailed liver function in our study and 
showed significantly higher ICGR15 and lower LHL15.

Lymphocytes are another component and immune fac-
tor of PNI, and these cells play an important role in HCC 
recurrence and progression. We found a relationship 
between PNI and AFP, but not the other tumor biologi-
cal statuses as assessed using tumor stage or histological 
findings. In a meta-analysis to systematically review the 
association between PNI and HCC prognosis [21], PNI 
was significantly associated with AFP level, tumor size 
and TNM stages. The loss of CD4 ( +) T lymphocytes 
strongly contributed to HCC development in a mouse 
model [28]. A clinical study on resected specimens of 
HCC patients demonstrated that high densities of CD3 

Table 3 Uni- and  multivariate analysis to  identify preoperative prognostic factors associated with  overall survival 
in the 189 patients with HCC

Differences were considered significant at p < 0.05, shown as italic values

BMI body mass index, PNI prognostic nutritional index, PT-INR prothrombin time-international normalized ratio, AFP alpha fetoprotein, DCP des-γ-
carboxyprothrombin, ICGR15 indocyanine green retention rate at 15 min, LHL15 GSA uptake ratio of the liver to the liver plus heart at 15 min, NLR neutrophil-to-
lymphocyte ratio, PLR platelet-to-lymphocyte ratio, ALBI score albumin-bilirubin score

Variables Univariate analysis Multivariate analysis

HR (95% CI) p value HR (95% CI) p value

Age 1.014 (0.98–1.048) 0.41

Female 0.3 (0.109–0.847) 0.023 0.22 (0.076–0.62) 0.005

BMI 0.97 (0.89–1.06) 0.50

Lymphocyte count (/mm3) 1.0 (1.00–1.00) 0.26

Neutrophil count (/mm3) 1.0 (1.00–1.00) 0.61

Platelet count  (103/µl) 1.0 (0.98–1.02) 0.97

Albumin (g/dl) 0.44 (0.26–0.76) 0.003

Total bilirubin (mg/dl) 0.26 (0.06–1.02) 0.054

PT-INR 4.30 (0.05–61.06) 0.78

Child–Pugh B 1.89 (0.45–7.93) 0.38

AFP (ng/ml) 1.0 (1.00–1.00) 0.72

DCP (mAU/ml) 1.0 (1.00–1.00) 0.89

ICG R15 (%) 1.03 (1.00–1.059) 0.058

LHL15 2.57 (0.00–32,477,422) 0.91

Tumor size (cm) 1.14 (1.08–1.21)  < 0.001 1.11 (1.05–1.18)  < 0.001

Multiple tumor 1.03 (0.37–2.29) 0.94

Milan criteria beyond 3.25 (1.51–6.99) 0.002

PNI 0.93 (0.88–0.99) 0.02 0.92 (0.88–0.97) 0.001

NLR 1.09 (0.96–1.25) 0.19

PLR 1.0 (1.00–1.00) 0.55

ALBI score 2.22 (0.99–5.08) 0.06
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( +) and CD8 ( +) T cells in the interior and margins of 
the tumor were significantly associated with a low rate 
of recurrence and a prolonged RFS [29]. These find-
ings indicate that host immune status with lymphocyte 
infiltration of the tumor is important to prevent tumor 
progression. The present study also examined lympho-
cyte-related markers, such as NLR and PLR, but these 
markers were not selected as an independent prognostic 
factors in multivariate analysis. PNI predicted the prog-
nosis of HCC patient more precisely than NLR and PLR 
because the PNI contains albumin and lymphocyte levels 
as nutritional and immune factors.

Our study stratified the patient survival more clearly 
according to PNI compared to previous studies with 
the use of 37 as the cut off value. We determined 37 as 
the PNI cut-off value by comparing the survival curves 
stratified by various cut-off values from 35 to 50, and 
other studies of hepatectomized HCC used cut-off val-
ues that ranged from 45 to 53 [13–21]. One previous 
report defined the low-PNI group as PNI < 45, which 
had a significant adverse 5-year OS of 57% (n = 84) vs. 
82% (n = 240), p = 0.001 [14]. Another study defined the 

low-PNI group as PNI < 48.5, which had a significant 
adverse 5-year OS of 46.5% (n = 122) vs. 76.5% (n = 134), 
p = 0.001 [15]. In contrast, our study newly defined 
the Low PNI group as PNI < 37, which had a more sig-
nificant adverse 5-year OS of only 13% (n = 17) vs. 67% 
(n = 172), p = 0.001. When we compared PFS between 
the two groups, median PFS time in the Low PNI group 
was significantly shorter (8  months) than the High PNI 
group (25 months) (p = 0.002). Therefore, we determined 
that a PNI of 37 was the most practical cut-off value in 
clinical settings. When encountering HCC patients with 
PNI < 37, we should strictly consider their operative indi-
cation because they have a high risk of early recurrence 
after hepatectomy and poor prognosis. Preoperative 
immuno-nutritional management should be required to 
increase PNI when surgical resection is the sole curative 
treatment option.

It is apparent that PNI is influenced by the liver 
functional reserve because a serum level of albumin is 
one component of PNI, and albumin is synthesized in 
the liver. Thus, we considered that in the subgroup of 
patients with preserved liver function, which means 

Fig. 1 Overall survival (OS) at each PNI cut-off value of 35 to 50
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that the ability of synthesis of albumin is relatively pre-
served, PNI would more accurately reflect pro-tumor 
inflammatory and nutritional status than in those with 
impaired liver function. Therefore, we performed a sub-
group analysis that adjusted for liver functional reserve. 
The patients were divided into subgroups according 
to liver functional reserve using LHL15. Multivariate 
analysis revealed that PNI still remained an independ-
ent prognostic factor in the subgroup with LHL15 ≥ 0.9 
but not in the subgroup with LHL15 < 0.9. In the pre-
served liver functional groups of LHL15 ≥ 0.9, the Low 
PNI group showed significantly lower OS and PFS than 
the High PNI group, but PNI showed no survival dif-
ference in the poor liver functional group of LHL < 0.9. 
These findings demonstrated that PNI was a useful 
practical tool, especially in patients with preserved liver 
functional reserve, but not in the patients with poor 

liver function. PNI was proven to be a strong prognos-
tic factor especially in the patients who had liver func-
tion preserved well, because it worked well even in 
the patient subgroup with preserved liver function of 
LHL15 ≥ 0.9. In the patients with poor liver functional 
reserve with LHL < 0.9, tumor malignancy, such as high 
DCP level, and multiple tumors significantly affected 
patient survival more than PNI based on the multivari-
ate analysis.

The results of our study showed that PNI may be used 
as a predictor of patient prognosis and an indicator for 
preoperative nutritional management. Preoperative 
nutritional treatment may be important for patients with 
PNI lower than 37 to increase albumin level and lym-
phocyte count because prognosis was extremely poor in 

Table 4 Comparison of  patient characteristics 
between Low and High PNI groups

Differences were considered significant at p < 0.05, shown as italic values

BMI body mass index, PNI prognostic nutritional index, ICGR15 indocyanine 
green retention rate at 15 min, LHL15 GSA uptake ratio of the liver to the liver 
plus heart at 15 min, ALBI score albumin-bilirubin score, NLR neutrophil-to-
lymphocyte ratio, PLR platelet-to-lymphocyte ratio

PNI median Low PNI
(PNI < 37: n = 17)
33.6 (26.0–36.9)

High PNI
(PNI ≥ 37: n = 172)
45.9 (37.3–60.0)

p value

Age 68 (47–81) 70 (41–85) n.s

Sex (male / female) 11/6 142/30 n.s

BMI 23.2 (15.6–29.6) 22.1 (13.2–32.5) n.s

Lymphocyte count (/
mm3)

710 (320–2260) 1480 (350–2950)  < 0.001

Neutrophil count (/
mm3)

2420 (910–8780) 3030 (820–8680) n.s

Albumin (g/dl) 2.9 (2.3–3.4) 3.8 (2.7–5.3)  < 0.001

Total bilirubin (mg/dl) 0.6 (0.4–1.6) 0.6 (0.2–2.5) n.s

Platelet count  (103/µl) 13.4 (4.4–37.9) 18.6 (4.1–219.0) n.s

PT-INR 1.16 (0.87–1.41) 1.05 (0.88–1.34)  < 0.001

Child–Pugh A/B/C 11 / 6 / 0 167 / 5 / 0  < 0.001

ICG R15 (%) 23.9 (6.3–49.9) 12.6 (0.3–76.3) 0.007

LHL15 0.87 (0.68–0.96) 0.94 (0.76–0.99)  < 0.001

ALBI grade 1 / 2 / 3 0 / 12 / 5 85 / 87 / 0  < 0.001

NLR 3.98 (0.86–14.16) 2.00 (0.52–12.8) 0.004

PLR 223 (49–486) 134 (23–1685) n.s

Underlying liver 
disease

0.03

 Hepatitis B 2 (12%) 24 (14%)

 Hepatitis C 12 (70%) 66 (38%)

 Non-B non-C 3 (18%) 82 (48%)

Liver pathology n.s

 Normal liver 1 (6%) 23 (15%)

 Chronic hepatitis 5 (29%) 72 (47%)

 Liver cirrhosis 11 (65%) 59 (38%)

Table 5 Tumor characteristics and  surgical outcomes 
in Low and High PNI groups

Differences were considered significant at p < 0.05, shown as italic values

AFP alpha fetoprotein, DCP des-γ-carboxyprothrombin, BCLC stage Barcelona 
clinic liver cancer stage, C–D Clavien–Dindo, POD postoperative day, PT-INR 
prothrombin time-international normalized ratio, vp ( +) portal vein invasion 
including microvascular invasion, vv ( +) hepatic vein invasion including 
microvascular invasion

Low PNI
(PNI < 37: n = 17)

High PNI
(PNI ≥ 37: n = 172)

p value

PNI median 33.6 (26.0–36.9) 45.9 (37.3–60.0)

Tumor size (cm) 4.7 (1.1–15.0) 4.0 (0.5–24.0) n.s

Multiple tumor 7 (41%) 42 (24%) n.s

AFP (ng/ml) 62 (2–60,105) 11 (1–253,875) 0.05

DCP (mAU/ml) 1094 (14–85,330) 92 (1–286,400) n.s

BCLC stage n.s

 0 0 (0%) 17 (10%)

 A 13 (76%) 108 (63%)

 B 3 (18%) 35 (20%)

 C 1 (6%) 12 (7%)

Within Milan criteria 9 (53%) 98 (57%) n.s

Tumor differentiation

 Well 2 (13%) 40 (28%) n.s

 Moderately 10 (62%) 80 (56%)

 Poorly 4 (25%) 22 (16%)

Vascular invasion

 vp ( +) 9 (56%) 55 (38%) n.s

 vv ( +) 1 (6%) 11 (8%) n.s

Operation time 
(minutes)

336 (159–526) 335 (127–983) n.s

Blood loss (ml) 1711 (520–10,382) 1080 (0–36,000) n.s

 ≥ 2 sectionectomy 3 (18%) 54 (31%) n.s

Complications 
(C-D ≥ IIIa)

5 (29%) 33 (20%) n.s

Mortality 2 (12%) 8 (5%) n.s

PT-INR on POD5 1.20 (0.98–1.71) 1.12 (0.92–1.52) 0.03

Total bilirubin on POD5 
(mg/dl)

1.5 (0.5–11.2) 0.9 (0.3–8.3) 0.012
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Fig. 2 Overall (OS) and progression free survivals (PFS) according to PNI cut-off value of 37

Table 6 Uni- and  Multivariate analysis to  identify preoperative prognostic factors associated with  overall survival 
in the 153 patients with LHL15 ≥ 0.9

Differences were considered significant at p < 0.05, shown as italic values

BMI body mass index, PNI prognostic nutritional index, PT-INR prothrombin time-international normalized ratio, AFP alpha fetoprotein, DCP des-γ-
carboxyprothrombin, ICGR15 indocyanine green retention rate at 15 min, LHL15 GSA uptake ratio of the liver to the liver plus heart at 15 min, NLR: neutrophil-to-
lymphocyte ratio, PLR platelet-to-lymphocyte ratio, ALBI score albumin-bilirubin score

Variables Univariate analysis Multivariate analysis

HR (95% CI) p value HR (95% CI) p value

Age 1.018 (0.98–1.06) 0.40

Female 0.4 (0.05–0.93) 0.04 0.15 (0.034–0.65) 0.011

BMI 1.0 (0.90–1.12) 0.39

Lymphocyte count (/mm3) 1.0 (1.00–1.00) 0.26

Neutrophil count (/mm3) 1.0 (1.00–1.00) 0.37

Platelet count  (103/µl) 1.0 (0.99–1.03) 0.63

Albumin (g/dl) 0.42 (0.20–0.86) 0.017

Total bilirubin (mg/dl) 0.76 (0.33–1.79) 0.054

PT-INR 4.30 (0.35–53.19) 0.26

Child–Pugh B 1.87 (0.74–4.72) 0.18

AFP (ng/ml) 1.0 (1.00–1.00) 0.80

DCP (mAU/ml) 1.0 (1.00–1.00) 0.28

ICG R15 (%) 1.03 (1.01–1.05) 0.008

LHL15 0.52 (0.00–6.69) 0.23

Tumor size (cm) 1.13 (1.07–1.18)  < 0.001 1.13 (1.06–1.21)  < 0.001

Multiple tumor 1.30 (0.69–2.43) 0.41

Milan criteria beyond 2.25 (1.26–4.00) 0.006

PNI 0.94 (0.90–0.98) 0.003 0.92 (0.87–0.97) 0.005

NLR 1.08 (0.98–1.20) 0.12

PLR 1.0 (1.00–1.00) 0.58

ALBI score 2.08 (1.19–3.63) 0.01
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patients with preserved liver functional reserve. Sarcope-
nia was recently correlated with postoperative complica-
tions and survival in HCC patients [30–32]. To improve 
nutritional state and sarcopenia, preoperative nutritional 
intervention may be important. Nutritional interven-
tion with branched-chain amino acid (BCAA)-enriched 
nutrient increased albumin levels and BCAA-to-tyrosine 
ratios before TACE for HCC patients [33]. For the sur-
gical treatment for HCC, perioperative enteral nutri-
tion improved the recovery of gastrointestinal function, 
reduced morbidity and shortened the length of postop-
erative hospital stay [34, 35]. In our study, postoperative 
complication rate was similar between the Low- and 
High PNI groups. However, the rate of major hepatec-
tomy was higher in High PNI group than in Low PNI 
group. If surgical procedure is same in the two groups, 
poor nutritional status in Low PNI group may give the 
negative impact on postoperative course. The outcomes 

of preoperative management to improve PNI should be 
evaluated prospectively, including how preoperative 
nutritional support may improve PNI and surgical out-
comes, including patient prognosis.

Conclusions
In conclusion, PNI was an independent prognostic fac-
tor for HCC patients who underwent hepatectomy, espe-
cially patients with preserved liver functional reserve as 
assessed by 99mTc-GSA liver scintigraphy. Patients with 
PNI lower than 37 were at high risk of early recurrence 
and poor survival, but they were a minor population of 
the patients receiving hepatectomy for HCC. Therefore, 
we should follow these patients carefully after surgery. 
On the other hand, patients with PNI 37 or greater had a 
better prognosis after hepatectomy for HCC.

Table 7 Uni- and  multivariate analysis to  identify preoperative prognostic factors associated with  overall survival 
in the 36 patients with LHL15 < 0.9

Differences were considered significant at p < 0.05, shown as italic values

BMI body mass index, PNI prognostic nutritional index, PT-INR prothrombin time-international normalized ratio, AFP alpha fetoprotein, DCP des-γ-
carboxyprothrombin, ICGR15 indocyanine green retention rate at 15 min, LHL15 GSA uptake ratio of the liver to the liver plus heart at 15 min, NLR neutrophil-to-
lymphocyte ratio, PLR platelet-to-lymphocyte ratio, ALBI score albumin-bilirubin score

Variables Univariate analysis Multivariate analysis

HR (95% CI) p value HR (95% CI) p value

Age 1.005 (0.95–1.07) 0.87

Female 0.59 (0.38–7.52) 0.49

BMI 0.93 (0.82–1.06) 0.29

Lymphocyte count (/mm3) 1.0 (1.00–1.00) 0.69

Neutrophil count (/mm3) 1.0 (1.00–1.00) 0.73

Platelet count  (103/µl) 1.0 (0.97–1.03) 0.90

Albumin (g/dl) 0.52 (0.21–1.28) 0.16

Total bilirubin (mg/dl) 1.12 (0.46–2.70) 0.81

PT-INR 9.01 (0.18–461.3) 0.27

Child–Pugh B 1.86 (0.49–7.04) 0.36

AFP (ng/ml) 1.0 (1.00–1.00) 0.33

DCP (mAU/ml) 1.0 (1.00–1.00) 0.01 1.0 (1.00–1.00) 0.005

ICG R15 (%) 1.03 (0.98–1.07) 0.22

LHL15 7.68 (0.00–135,931) 0.68

Tumor size (cm) 1.11 (0.98–1.26) 0.12

Multiple tumor 2.82 (0.97–8.20) 0.058 3.27 (1.09–9.90) 0.035

Milan criteria beyond 1.52 (0.52–4.46) 0.45

PNI 0.95 (0.88–1.02) 0.15

NLR 1.05 (0.93–1.20) 0.44

PLR 1.0 (1.00–1.00) 0.59

ALBI score 1.72 (0.72–4.13) 0.23
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Table 8 Patient characteristics s in Low and High PNI groups according to liver fictional preserve

Differences were considered significant at p < 0.05, shown as italic values

BMI body mass index, PNI prognostic nutritional index, PT-INR prothrombin time-international normalized ratio, AFP alpha fetoprotein, DCP des-γ-
carboxyprothrombin, ICGR15 indocyanine green retention rate at 15 min, LHL15 GSA uptake ratio of the liver to the liver plus heart at 15 min, NLR neutrophil-to-
lymphocyte ratio, PLR platelet-to-lymphocyte ratio, ALBI grade Albumin-Bilirubin grade, NBNC Non-B non-C, HBV hepatits B, HCV hepatitis C

LHL15 ≥ 0.9 LHL15 < 0.9

Variables Low PNI (n = 7) High PNI (n = 146) p value Low PNI (n = 10) High PNI (n = 26) p value

Age (years) 72 (57–77) 70 (41–85) n.s 65 (47–81) 68 (47–83) n.s

Sex (male / female) 3 / 4 122 / 24 0.02 8/2 20/6 n.s

BMI 21.7 (16.8–26.3) 22.1 (14.0–32.5) n.s 24.6 (15.6–29.6) 22.1 (13.2–31.5) n.s

Lymphocyte count (/mm3) 710 (530–1290) 1455 (350–2930) 0.001 800 (320–2260) 1500 (650–2950) 0.002

Neutrophil count (/mm3) 3190 (910–8780) 3160 (1020–8680) n.s 2420 (1140–7170) 2225 (820–3610) n.s

Platelet count  (103/µl) 23.6 (6.6–37.9) 18.9 (4.8–219.0) n.s 12.2 (4.4–28.9) 14.1 (4.1–156.0) n.s

Albumin (g/dl) 3.1 (2.3–3.3) 3.9 (2.7–5.3)  < 0.001 2.8 (2.3–3.4) 3.7 (3.0–4.7)  < 0.001

Total bilirubin (mg/dl) 0.5 (0.4–1.5) 0.6 (0.2–1.5) n.s 0.85 (0.4–1.6) 0.6 (0.3–2.5) n.s

PT-INR 1.16 (0.87–1.30) 1.04 (0.88–1.28) 0.018 1.16 (1.0–1.41) 1.10 (0.93–1.34) n.s

Child–Pugh A/B/C 6 / 1 / 0 143 / 3 / 0 n.s 5 / 5 / 0 2 / 24 / 0 n.s

AFP (ng/ml) 40 (2–33,430) 9 (1–253,875) n.s 122 (9–60,105) 29 (4–88,940) n.s

DCP (mAU/ml) 1501 (28–85,330) 88 (1–286,400) n.s 260 (14–29,182) 237 (10–174,400) n.s

ICG R15 (%) 13.5 (6.3–28.8) 11.8 (0.3–76.3) n.s 31.7 (9.9–49.9) 18.3 (7.0–42.0) n.s

LHL15 0.935 (0.904–0.963) 0.940 (0.90–0.987) n.s 0.853 (0.679–0.885) 0.876 (0.758–0.898) 0.04

Tumor size (cm) 7.0 (2.0–13.0) 4.0 (0.5–24.0) n.s 3.0 (1.1–15.0) 3.5 (0.7–20.0) n.s

Multiple tumor 2 (29%) 38 (26%) n.s 5 (50%) 4 (15.4%) n.s

BCLC stage 0/A/B/C 0 / 6 / 0 / 1 13 / 91 / 31 / 11 n.s 0 / 7 / 3 / 0 4 / 17 / 4 / 1 n.s

Within Milan criteria 2 (29%) 78 (53%) n.s 7 (70%) 20 (76.9%) n.s

PNI 34.7(26.6–36.9) 46.2 (37.4–60.0)  < 0.001 33.6 (26.0–36.5) 44.3 (37.3–54.8)  < 0.001

NLR 4.49 (0.85–8.58) 2.10 (0.52–12.8) n.s 3.20 (1.07–14.16) 1.54 (0.56–3.14) 0.001

PLR 231 (110–486) 138 (33–1685) 0.022 189 (49–350) 91 (35–1033) n.s

ALBI grade 1 / 2 / 3 0 / 6 / 1 74 / 72 / 0 0.001 0 / 6 / 4 11 / 15 / 0 0.001

Underlying liver disease

 NBNC / HBV / HCV 1 / 2 / 4 76 / 21 / 49 n.s 2 / 0 / 8 6 / 3 / 17 n.s
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Table 9 Tumor characteristics and surgical outcomes in Low and High PNI groups according to liver fictional preserve

Differences were considered significant at p < 0.05, shown as italic values

AFP alpha fetoprotein, DCP des-γ-carboxyprothrombin, BCLC stage Barcelona clinic liver cancer stage, C–D Clavien–Dindo, POD postoperative day, vp ( +) portal vein 
invasion including microvascular invasion, vv ( +) hepatic vein invasion including microvascular invasion

LHL15 ≥ 0.9 LHL15 < 0.9

Variables Low PNI (n = 7) High PNI (n = 146) p value Low PNI (n = 10) High PNI (n = 26) p value

Tumor size (cm) 7.0 (2.0–13.0) 4.0 (0.5–24.0) n.s 3 (1.1–15.0) 3.5 (0.7–20.0) n.s

Multiple tumor 2 (29%) 38 (26%) n.s 5 (50%) 4 (15%) n.s

AFP (ng/ml) 40 (2–33,430) 9 (1–253,875) n.s 122 (9–60,105) 29 (4–88,940) n.s

DCP (mAU/ml) 1501 (28–85,330) 88 (1–286,400) n.s 260 (14–29,182) 237 (10–174,400) n.s

BCLC stage n.s n.s

 0 0 (0%) 13 (9%) 0 (0%) 4 (15%)

 A 6 (86%) 91 (62%) 7 (70%) 17 (65%)

 B 0 (0%) 31 (21%) 3 (30%) 4 (15%)

 C 1 (14%) 11 (8%) 0 (0%) 1 (4%)

Within Milan criteria 9 (53%) 98 (57%) n.s 7 (70%) 20 (77%) n.s

Tumor differentiation n.s

 Well 2 (29%) 34 (29%) 0 (0%) 6 (29%) n.s

 Moderately 3 (43%) 68 (56%) 7 (78%) 12 (57%)

 Poorly 2 (29%) 19 (16%) 2 (22%) 3 (14%)

Vascular invasion

 vp ( +) 4 (57%) 48 (38%) n.s 5 (56%) 7 (33%) n.s

 vv ( +) 1 (14%) 11 (9%) n.s 0 (0%) 0 (0%) n.s

Operation time (minutes) 361 (170–526) 350 (137–983) n.s 277 (159–413) 274 (127–580) n.s

Blood loss (ml) 2865 (520–10,382) 1064 (0–36,000) n.s 1711 (1270–4192) 1500 (56–7341) n.s

 ≥ 2 sectionectomy 3 (43%) 52 (36%) n.s 0 (0%) 2 (8%) n.s

Complications (C–D ≥ IIIa) 1 (14%) 29 (20%) n.s 4 (40%) 4 (15%) n.s

Mortality 1 (14%) 8 (6%) n.s 1 (10%) 0 (0%) n.s

PT-INR on POD5 1.19 (1.10–1.71) 1.12 (0.92–1.52) n.s 1.21 (0.98–1.49) 1.18 (0.94–1.51) n.s

Total bilirubin on POD5 (mg/dl) 1.5 (0.7–11.2) 0.9 (0.3–8.3) 0.024 1.2 (0.5–2.8) 1.0 (0.4–4.7) n.s
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