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ARTICLE INFO ABSTRACT

Keywords: Background and objectives: Preoperative selection of patients with hepatocellular carcinoma (HCC) who will
Hepatectomy benefit from resection is highly advisable. The Platelet-Albumin (PAL) score was developed as a predictor of
Morbiqity survival and morbidity following HCC resection. However, this has never been tested in western populations.

gﬁ;:;il;y Methods: The impact of PAL score on perioperative outcomes and survival was evaluated and compared to Child-

Pugh, Model for End-Stage Liver Disease (MELD), and albumin-bilirubin (ALBI) scores in patients who underwent
HCC resection.

Results: A total of 182 patients were included. Postoperative morbidity was higher in patients with PAL grade II-
III (P = 0.039), ALBI grade II-III (P = 0.028), and MELD >10 (P = 0.042). Post-hepatectomy liver failure (PHLF)
occurred in 36 patients (19.8%) and was significantly higher in the PAL II-III and ALBI score II-III subgroup (P =
0.001). The PAL II-IIT group was the only one associated with higher perioperative mortality (OR 3.3, P = 0.036).
The PAL score was an independent prognostic factor for overall survival in multivariate analysis (P = 0.018) and
was the only one with the areas under the curve in ROC analysis significantly different for morbidity, PHLF, and
mortality.

Conclusions: The PAL score predicts postoperative complications, mortality, PHLF, and survival following liver

Liver failure

resection for HCC in western patients.

1. Introduction

Hepatocellular carcinoma (HCC) is the most common primary ma-
lignant liver tumor and the third most frequent cause of cancer-
associated mortality worldwide [1]. In western countries, 80-90% of
HCCs develop in cirrhotic livers [2]. The treatment of HCC is complex
and must be tailored to individual patients in a multidisciplinary context
[3]. Therapeutic decisions should consider tumor-related factors, the
presence and severity of chronic liver failure, and the patient’s clinical
condition [4]. Among curative therapeutic options, surgical resection,
liver transplantation, and radiofrequency ablation stand out [5].

Resection plays a significant role in the treatment of patients with
HCC and is the modality of choice for non-cirrhotic patients [6].
Compared to liver transplantation, liver resection is less expensive, has

less restrictive criteria, and is immediately applicable with no waiting
list [7]. In patients with chronic liver disease, resection is usually indi-
cated for patients with preserved liver function and a liver remnant
volume greater than 40% [8], but preoperative strategies to increase the
future liver remnant can be employed to improve resectability [9]. The
five-year overall survival (OS) and disease-free survival (DFS) rates for
patients who underwent resection for HCC ranged from 50 to 75% and
30 to 55%, respectively [7,10].

Several oncologic prognostic factors for HCC resection have already
been studied, including serum AFP levels, size and number of nodules,
degree of cellular differentiation, presence of satellite nodules, and
micro or macrovascular invasion [11]. However, new markers have
been sought to refine the understanding of HCC prognosis, especially
preoperatively, since the main known prognostic factors are accessible
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only after pathological evaluation of the specimen.

The risk following surgical resection is not only related to tumor
characteristics, but also to liver function [12]. In this context, the
assessment of liver disease severity is important to predict postoperative
complications and can be established through different measures,
including the traditional Child-Pugh and Model for End-Stage Liver
Disease (MELD) classifications, indocyanine green clearance (ICG) [13,
14], and more recently through new scores, such as albumin-bilirubin
(ALBI) and albumin-indocyanine green evaluation (ALICE) [15,16].

Recently, Shindoh, et al. [16] proposed a new score based on serum
albumin concentration and platelet count (platelet-albumin [PAL]
score), showing that it was able to predict postoperative morbidity and
long-term survival. More importantly, the authors emphasized that the
PAL score could be a simple and available method to predict short- and
long-term outcomes of patients undergoing curative resection for HCC
independent of the oncological staging [16].

Despite the promising results in an eastern center, the PAL score has
never been tested in western populations, where HCC presents unique
clinical and epidemiological features [17-19].

The aim of this study was to evaluate the PAL score as a predictor of
perioperative morbidity and mortality and long-term survival in patients
with HCC who underwent resection in a referral western center. Addi-
tionally, we compared the PAL score with the ALBI, Child-Pugh, and
MELD scores, which are routinely used in our institution.

2. Methods

This retrospective cohort study was based on a prospectively main-
tained database approved by our institution’s ethics committee.
Consecutive adult patients with pathologically proven HCC who un-
derwent hepatectomy with curative intent between January 2008 and
July 2019 were included.

The inclusion criteria were patients older than 18 years, uni-or oli-
gonodular disease (up to three nodules), and absence of extrahepatic
disease. Patients with chronic liver disease and compensated liver
function were considered eligible as follows: Child-Pugh A (or B when
minor peripheral resection was required) and MELD <10 (or higher
when minor peripheral resection was required), without clinically sig-
nificant portal hypertension (small caliber esophageal varices and
platelets >100,000/mL), future liver remnant >40% [20], and serum
bilirubin levels <2.0 mg/dL [21]. The exclusion criteria were positive
margins, previous chemoembolization or ablation, and lack of patient
data. All cases were discussed at a multidisciplinary meeting before the
surgery.

The preoperative variables were sex, age, American Society of An-
esthesiologists (ASA) classification, Charlson comorbidity index [22],
presence and etiology of chronic liver disease, presence of portal hy-
pertension, size and number of lesions, presence of vascular invasion,
and laboratory tests (complete blood count, coagulation tests, urea,
creatinine, bilirubin, albumin, and alpha-fetoprotein). Child-Pugh,
MELD, ALBI, and PAL scores were calculated for each patient. The
variables of interest were studied in three subgroups according to the
stratification of the PAL score, as proposed by Shindoh et al. [16].

Surgeries were performed by one of three surgeons, experienced in
either, open and laparoscopic liver surgery. The following data were
retrieved for the intraoperative period: type of liver resection, operative
time, estimated blood loss, and transfusion rate. Hepatectomies were
defined as major extended when five or more contiguous hepatic seg-
ments were resected, major when three or four contiguous hepatic
segments were resected, and as minor when the resection was restricted
to two segments. In the postoperative period, the length of hospital stay,
overall morbidity, specific complications, and perioperative mortality
were recorded.

Perioperative morbidity was defined as any complication occurring
in the first 30 days postoperatively and was stratified according to the
Dindo-Clavien classification [23]. Perioperative mortality was defined
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as death during the hospital stay or within the first 90 days after liver
resection. PHLF was defined as an increased international normalized
ratio (INR) and hyperbilirubinemia on or after postoperative day 5, as
proposed by the International Study Group of Liver Surgery [24].

The ALBI score was calculated as follows: (log10 bilirubin [pmol/L]
x 0.66) + (albumin [g/L] x —0.085). The ALBI groups were defined as
grade I if the score was < —2.60, grade II between —2.60 and < —1.39,
and ALBI grade III if the score was > —1.39, as defined by Johnson et al.
[14].

The PAL score was calculated using the following equation: — 0.777
x albumin [g/dL] — 0.575 x log10 (platelet count) [104/ pL]. PAL score
grade I was defined when < —3.77, grade Il when > —3.77 and < —3.04,
and grade III when > —3.04 [16].

3. Statistical analysis

Continuous variables were expressed as mean =+ standard deviation
(SD) or median and range, and compared using the t-test or Mann-
Whitney test. The normality of the quantitative data was assessed
using the Kolmogorov-Smirnov test. Categorical variables were
compared using the chi-square test or Fisher’s exact test. For compari-
sons and statistical analysis, PAL and ALBI grades II and III were eval-
uated together. Statistical significance was set at p < 0.05.

Survival curves were constructed using the Kaplan-Meier method
and compared using the log-rank test. Associations with survival were
evaluated using Cox proportional hazards regression and summarized
with hazard ratios (HRs) and 95% confidence intervals (95% CIs).
MELD, ALBI, and PAL scores were compared using receiver operating
characteristic (ROC) analysis. As the Child-Pugh score is qualitative, it
could not be directly compared to the other scores through ROC anal-
ysis. Comparison between the areas under the curves was done as pro-
posed by DeLong et al. [25]. Statistical analysis was done using the
Statistical Package for the Social Sciences version 25.

4. Results

During the study period, 182 patients with HCC who fulfilled the
inclusion criteria underwent resection. All patients had a RO resection,
since positive margins were one of the exclusion criteria. Most patients
had chronic liver disease (84.1%). Hepatitis C (50.5%), alcoholic disease
(17.6%), and hepatitis B (14.3%) were the most common etiologies. Of
182 resections, 124 (68.1%) were anatomical liver resections, 49
(26.9%) major hepatectomies, and 6 (3.3%) major extended hepatec-
tomies. Until December 2012, 76% of the surgeries were open; after
January 2013, 35% of the surgeries were open and 65% were video-
assisted or totally laparoscopic.

One hundred ten (60.4%) patients were classified as PAL score I, 56
(30.8%) as PAL score II, and 16 (8.8%) as PAL score III. One hundred
nineteen (65.4%) patients were classified as ALBI score I, 55 (30.2%) as
ALBI score II, and 8 (4.4%) as ALBI score III. One hundred and forty-
eight patients (81.3%) were classified as Child-Pugh class A, and five
(2.7%) patients were classified as Child-Pugh B. In 159 patients (87.4%),
the MELD score was up to 10, and in 23 (12.6%) patients over 10.

The baseline characteristics of the patients are summarized in
Table 1. There were no differences between the PAL I and PAL II-III
groups regarding ASA classification, Charlson comorbidity index, the
extent of liver resection, surgical approach (open or laparoscopic), type
of resection (anatomical or non-anatomical), operative time and esti-
mated blood loss. Only the MELD score and the transfusion rate were
significantly higher in the PAL II-III group.

Perioperative morbidity was observed in 80 patients (43.9%), and 45
(56.2%) were classified as Dindo-Clavien I or II. PAL score grades II-III
(P = 0.032), ALBI score grades II-III (P = 0.028), MELD >10 (P =
0.042), major liver resections (P = 0.015), open approach (p = 0.000),
and transfusion >4 blood units (p = 0.011) were associated with a
higher incidence of perioperative morbidity, as shown in Table 2. The
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Table 2
Risk factors for perioperative complications and post-hepatectomy liver failure.

Table 1
Patients’ baseline characteristics.
Variable PAL score IN = PAL score II-1IIN p-value
110 (%) =72 (%)

Sex 0.236"
Female 32(29.1) 27 (37.5)
Male 78 (70.9) 45 (62.5)

Age 0.684°
Mean 60.83 61.76
Median 63.50 60.50

Ethnicity 0.11!
Non-White 36 (32.7) 32 (44.4)
White 74 (67.3) 40 (55.6)

Body Mass Index 0.181°
Mean 25.82 24.84
Median 25.55 24.73

MELD <

0.001"

<10 105 (95.5) 54 (75.0)
> 10 5(4.5) 18 (25.0)
Mean 7.94 9.08 0.0133

ASA 0.168 2
I 65 (59.1) 33 (45.8)
I 42 (38.2) 35 (48.6)
v 3(2.7) 4 (5.6)

ccl 0.139 2
3 11 (10.0) 2(2.8)
4 15 (13.6) 14 (19.49)
5 28 (25.5) 9 (12.5)
6 25 (22.7) 19 (26.4)
7 17 (15.5) 14 (19.4)
8 9(8.2) 7 (9.7)
9 3(2.7) 4 (5.6)
>10 2(1.8) 3(4.2)

Chronic Liver Disease 0.306 '
No 20 (18.2) 9 (12.5)
Yes 90 (81.8) 63 (87.5)

Child-Pugh 0.160 ?
A 89 (98.9) 59 (93.7)
B 1(1.1) 4(6.3)

Alpha-fetoprotein 0.503 *
< 1000 ng/mL 94 (85.5) 64 (88.9)
> 1000 ng/mL 16 (14.5) 8(11.1)

Number of nodules 0.527 1
1 94 (85.5) 61 (84.7)
2-3 16 (14.5) 11 (15.3)

Size of largest nodule 0.164 2
< 50 mm 61 (55,5) 48 (66.7)
> 50 mm 49 (44.5) 24 (33.3)

Surgical approach 0.167
Open 52 (47.3) 44 (61.1)
Pure laparoscopic 34 (30.9) 18 (25.0)
Hybrid 24 (21.8) 10 (13.9)

Extent of Liver Resection 0.698"
Minor 74 (67.3) 53 (73.6)
Major 32(29.1) 17 (23.6)
Major extended 4 (3.6) 2(2.8)

Type of resection 0.187"
Non-anatomic 31 (28.2) 27 (37.5)
Anatomic 79 (71.8) 45 (62.5)
Operative Time (min) [SD] 338 [135] 316 [129] 0.284°
Estimated Blood Loss (mL) 558 [696] 577 [515] 0.418°
[SD]

Units of blood transfunded 0.016°
during surgery
0-3 108 (98.2) 65 (90.3)
>4 2(22.2) 7 (9.7)

PAL: platelet-albumin score, MELD: Model for End-Stage Liver Disease, ALBI:
albumin-bilirubin score, CCI: Charlson’s comorbidity index; SD: Standard
Deviation.

1 Pearson’s qui-square test.

2 Fisher’s exact test.

3 Mann-Whitney’s test.

Perioperative p- Post-hepatectomy p-
morbidity value Liver Failure value
No Yes No Yes
N= N =280 N= N =36
102 (%) 146 (%)
(%) (%)
PAL score grade 0.032 0.001
1 1

I 69 41 97 13
(67.6) (51.2) (66.4) (36.1)

II-1T 33 39 49 23
(32.4) (48.8) (33.6) (63.9)

Preoperative 0.042 0.409
MELD : 2
<10 94 65 129 30

(92.2) (81.2) (88.4) (83.3)
> 10 8(7.8) 15 17 6
(18.8) (11.60 (16.7)
Child-Pugh 1.02 0.257
2
A 81 67 114 34
(96.4) (97.1) (97.4) (94.4)
B 3(3.6) 2(2.9) 3(2.6) 2(5.6)
ALBI score grade 0.028 0.001
1 1
I 74 45 104 15
(72.5) (56.2) (71.2) (41.7)
II-11T 28 35 42 21
(27.5) (43.8) (28.8) (58.3)
Surgical approach 0.000 0.076
1 1
Open 41 55 71 25
(40.2) (68.8) (48.6) (69.4)
Pure 39 13 46 6
laparoscopic (38.2) (16.2) (31.5) (16.7)
Hybrid 22 12 29 5
(21.6) (15.0) (19.9) (13.9)

Extent of Liver 0.005 0.594
Resection 2 2
Minor 80 47 103 24
hepatectomy (78.4) (58.8) (70.5) (66.7)

Major 21 28 39 10
hepatectomy (20.6) (35.0) (26.7) (27.8)
Major extended 1@1.0) 5(6.2) 4(2.7) 2 (5.6)
hepatectomy

Units of blood 0.011 0.08
transfused o
during surgery
0-3 101 72 141 32

(99.0) (90.0) (96.6) (88.9)
>4 1(1.0) 8 534 4
(10.0) (11.1)

PAL: platelet-albumin score, MELD: Model for End-Stage Liver Disease, ALBI:
albumin-bilirubin score.

! Pearson’s qui-square test.

2 Fisher’s exact test.

Child-Pugh score was not associated with morbidity (p = 1.0). Bile leak
occurred in 16 patients (8.8%), all with spontaneous resolution; no in-
terventions were necessary. Perioperative complications are detailed in
Table 3.

Thirty-six patients (19.8%) developed PHLF. The occurrence of PHLF
was significantly higher in patients with PAL scores II-III (OR = 3.50,
95%CI 1.63-7.50, P = 0.001) and ALBI score II-III (OR 3.46, 95% CI,
1.63-7.36, P = 0.001). The Child-Pugh score (OR = 2.80, 95% CI,
0.45-17.4, P = 0.257), preoperative MELD (OR = 1.51, 95% CI,
0.55-4.17, P = 0.409) were not associated with PHLF. Postoperative
ascites occurred in 27 (75%) of 36 patients with PHLF and six patients
(16%) presented with encephalopathy. The extent of liver resection and
the number of transfused blood units were also not associated with PHLF
(Table 2). The correlation between PHLF, PAL, and ALBI scores was also
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Table 3
Perioperative complications following liver resection for HCC.
PAL Score p-value
I II- 111
N =110 (%) N =72 (%)
Total Complications 41 (37.3) 39 (54.1) 0.032!
Pneumonia 3(2.7) 1(1.49) 1.02
Wound Infection/Dehiscence 9(8.2) 5 (6.9) 0.759 1
Thrombosis 2(1.8) 3(4.2) 0.386
Bleeding 0 (0.0) 2(2.8) 0.155 2
Bile Leak 13 (11.8) 3(4.2) 0.075 !
PHLF 13 (11.8) 23 (31.9) 0.001 !
Clavien-Dindo 0.657 !
I-1I 21 (19.1) 24 (33.3)
> Illa 21 (19.1) 14 (19.4)

PAL: platelet-albumin score; PHLF: posthepatectomy liver failure.
1 Pearson’s qui-square test.
2 Fisher’s exact test.

confirmed when evaluating only Child-Pugh A patients (P = 0.002 and P
= 0.003, respectively).

The perioperative mortality rate was 7.1% (n = 13). Most deaths
were related to septic complications, such as pneumonia or secondary
bacterial peritonitis. One patient died of acute myocardial infarction.
PAL score grades II-III were significantly associated with a higher risk of
perioperative mortality (OR 3.31, 95% CI, 1.03-10.60, P = 036). ALBI
score grades II-III (P = 0.065), Child-Pugh score (P = 1.0), and MELD
score >10 (P = 0.216) were not associated with perioperative mortality
(Table 4).

The scores were compared using the ROC analysis. PAL score had the
highest AUC for all the outcomes, although the difference between the
areas was not significant using the DeLong’s method [25]. PAL score was
the only score that had an AUC significantly higher than 0.5 when
evaluating postoperative mortality (Table 5) (see Fig. 1).

Multivariate Cox regression was applied with stepwise backward
selection. Initially, all factors were included in the model for a univariate
analysis. Then, factors that showed no or limited statistically significant
association (P > 0.1) with each prognostic indicator adjusted for the
remaining factors in the model, were deleted from the model in stepwise

Table 4
Perioperative mortality and associated factors following liver resection for HCC.
Perioperative Mortality p-value
No Yes
N =169 (%) N =13 (%)
PAL score grades 0.036 !
I 106 (62.7) 4 (30.8)
II-1T 63 (37.3) 9 (69.2)
ALBI score grades 0.065 2
I 114 (67.5) 5(38.5)
II-11T 55 (32.5) 8 (61.5)
Child-Pugh 1.02
A 137 (92.6) 11 (100.0)
B 5(3.5) 0 (0.0)
MELD 0.216
<10 149 (88.2) 10 (76.9)
>10 20 (11.8) 3(32.1)
Extent of liver resection 1.07
Minor hepatectomy 117 (69.2) 10 (76.9)
Major hepatectomy 46 (27.2) 3(23.1)
Major extended hepatectomy 6 (3.6) 0 (0.0)
Units of blood transfused during surgery 0.128 2
0-3 162 (95.9) 11 (84.6)
>4 7 (4.1) 2(15.4)

PAL: platelet-albumin score, MELD: Model for End-Stage Liver Disease, ALBI:
albumin-bilirubin score.

1 Pearson’s qui-square test.

2 Fisher’s exact test.
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fashion. The factors tested were as follows: PAL score, ALBI score, AFP,
nodule size, Milan criteria, preoperative Child, preoperative MELD, and
chronic liver disease. PAL score grade II-III was an independent prog-
nostic factor for OS (HR = 1.85, 95% CI, 1.11-3.08, P = 0.018) in the
multivariate analysis (Table 6 and Fig. 2), but it was not associated with
DFS. ALBI, MELD and Child-Pugh scores were not predictors of OS (HR
= 1.31, 95% CI, 0.591-2.907, P = 0.506; HR = 1.163, 95% CI,
0.598-2.261, P = 0.656; and HR = 0.513, 95% CI, 0.119-2.207, P =
0.370; respectively). ALBI and Child-Pugh were not associated with DFS.
Most patients with HCC relapse were either referred for transplantation
or ablation; only 6 patients (with a single nodule, and preserved liver
function) were submitted to repeated liver resection.

5. Discussion

Assessment of liver function is mandatory for therapeutic decisions
in patients with chronic liver disease who develop HCC. Several scores
and classifications were used to predict outcomes in these patients
preoperatively [13-16].

The evaluation of both oncologic staging and liver function param-
eters in a single score is difficult, since liver function is strongly corre-
lated with the choice of treatment [16], and in turn, with the prognosis.
Thus, it is preferable to evaluate these parameters separately. Shindoh
et al. [16] demonstrated that the PAL score, in addition to being a fine
tool for liver function assessment, is also a reliable predictor of survival
outcomes regardless of the oncological HCC stage. Platelets are key
factors in HCC’s progression [26,27], and are affected by the severity of
liver disease. Both platelets and albumin are important markers of the
liver functional reserve [28]. Therefore, a score that take both albumin
and platelets into account could biologically predict surgical complica-
tions and survival in these patients.

The Child-Pugh score is a well-established scoring system based
solely on clinical and laboratory data [29], and patients classified as
Child-Pugh A are supposed to present good postoperative outcomes
following liver resections. However, even Child-Pugh A patients can
develop PHLF [30]. On the other hand, it is possible to perform minor
resections in patients with Child-Pugh B with safety. Therefore, a score
that allowed a refinement in the preoperative risk assessment of these
patients (especially Child-Pugh A and B7) would be useful.

The MELD score is also useful for predicting the risk of postoperative
complications. It has been shown that liver resection can be safely
performed in patients with MELD score <10 [31]. Indeed, higher MELD
scores were associated with an increased incidence of postoperative
complications in our cohort. In our experience, for 23 patients with a
MELD >10, only limited resections were performed, and yet it was
associated with a higher incidence of complications. Considering that in
our series, 87.3% of patients presented with a MELD score <10, we
sought another assessment tool to predict postoperative morbidity.

Although MELD and Child-Pugh scores are useful and established
scores, there is a need to refine preoperative risk assessment, especially
in patients with close-to-normal preoperative liver function (MELD <10
and Child-Pugh A or B7).

The indocyanine green clearance test (ICG), used in many eastern
centers as a method to evaluate liver function, is rarely available in
western centers.

When compared with the Child-Pugh score, the ALBI score was a
better predictor of both short- and long-term surgical outcomes [32,33].
However, in our treatment protocol, we avoided resection in patients
with serum bilirubin levels greater than 2 mg/dL, which was the same
criteria used by Shindoh and previously proposed by Makuuchi et al.
[21]. Shindoh [16] demonstrated a stronger predictive power of the PAL
score compared to the ALBI score for both short- and long-term surgical
outcomes. In the present study, PAL score had the highest AUC in the
ROC analysis regarding morbidity, PHLF and mortality, thus confirming
Shindoh’s findings. Since the PAL score does not depend on bilirubin
concentration, it is a better tool to predict postoperative outcomes.
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Table 5
AUC of liver function scores for short-term surgical outcomes.
PAL Score
AUC (95%CI) P
Postoperative Morbidity 0.605 (0.528-0.675) 0.016
PHLF 0.653 (0.549-0.757) 0.004
Perioperative Mortality 0.666 (0.507-0.840) 0.046

ALBI Score MELD

AUC (95%CI) P AUC (95%CI) P
0.603 (0.530-0.677) 0.015 0.592 (0.517-0.674) 0.028
0.648 (0.574-0.717) 0.006 0.590 (0.514-0.662) 0.096
0.630 (0.453-0.807) 0.118 0.599 (0.426-0.772) 0.234

Values represent the area under the curve in receiver-operating characteristics curve analysis.
PAL: platelet-albumin score, MELD: Model for End-Stage Liver Disease, ALBI: albumin-bilirubin score, AUC: area under the curve.

Table 6
Multivariate analysis of global and disease free survival.
Variable HR (IC95%) P value
Global Survival
Alpha-fetoprotein <200 1
>200 1,76 (1,00-3,09) 0,049
PAL I 1
ILII 1,85 (1,11-3,08) 0,018
Disease-free survival
Alpha-fetoprotein <200 1
>200 1,73 (1,04-2,88) 0,035
PAL I 1
IL1II 1,10 (0,66-1,84) 0,715

HR: hazard ratio; IC95%: 95% confidence interval.

Although the difference between the AUCs for PAL, ALBI, and MELD
scores was not significant according to DeLong’s method [25], it is
noteworthy that PAL score was the only score with the three AUCs
significantly higher than 0.5, and the only score which AUC for mor-
tality was significantly higher than 0.5.

The PAL score is a widely available test that requires only basic and
routine biochemical data and is significantly associated with post-
operative morbidity, PHLF, and perioperative mortality in this cohort.
The groups (PAL I and II-III) were similar, and the only difference was
the MELD score, higher in the II-III group, which was expected consid-
ering that the PAL score also evaluates liver function, as demonstrated
by Shindoh [16]. Although MELD was not developed as a tool to eval-
uate liver function, it can be seen as an indirect measure of function, as it
comprises bilirubin and INR, thus explaining why MELD was higher in
PAL II-III subgroup. Another possible interpretation would be that the
higher MELD in PAL II-III subgroup was an eventual bias to the post-
operative complication analysis, as MELD is a well-known predictor of
postoperative complications. When evaluating only Child A patients,
who were supposed to present an uneventful postoperative course, the
PAL score predicted PHLF, regardless of the extent of liver resection.
Therefore, our study confirms the data supporting the PAL score as a
good alternative to stratify the risk of postoperative complications.
Moreover, PAL score was also good in predicting perioperative mortality

Postoperative Morbidity

Post-Hepatectomy Liver Failure (PHLF)

and PHLF following liver resection for HCC, without any possible bias
related to the higher MELD in PAL II-III subgroup, as MELD was not
associated to PHLF or mortality in our cohort.

In Shindoh’s [16] study, the logjo (platelet count) and the albumin
level were independent predictors of survival. In this study, PAL score
was an independent prognostic factor for OS, but not for DFS. The
impact on OS was probably due to PAL’s relation with liver function; the
absence of impact on DFS was probably due to a small sample size, or
because recurrence is mostly related to tumor biology rather than liver
function.

The overall complication rate, incidence of PHLF, and perioperative
mortality rate observed in our series are in accordance with western
cohorts [23,34-37]. The higher operative morbidity associated with
open surgeries is probably related to the preoperative selection of more
complex cases and larger tumors for the open approach. The higher
operative mortality when compared with colorectal liver metastasis
resection is explained by the fact that over 80% of our patients presented
with chronic liver disease, and that 30.2% of patients underwent major
liver resections. These data reinforce the need for a precise preoperative
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Fig. 2. Overall survival and PAL score (p = 0.018).
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evaluation and the use of a reliable scoring system to predict morbidity,
PHLF, and mortality in such patients.

The limitations of this study include its retrospective nature and the
relatively small sample size. However, we would like to emphasize that
this is the first study to employ the PAL score in a western population
with HCC who underwent liver resection. Larger and multicentric
studies in Western populations are needed to confirm our data. Based on
the results of this study, our group started to routinely employ the PAL
score in the preoperative evaluation of patients with HCC.

6. Conclusions

The PAL score is a simple and useful tool that predicts postoperative
complications, PHLF, and perioperative mortality in patients with HCC
who underwent liver resection with curative intent. The PAL score also
had an independent impact on OS, but not on DFS. It adds information to
help the multidisciplinary team decide the best therapeutic strategy for
each patient and should be incorporated into the routine of liver surgery
units.
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Abstract

Background: Recent studies from eastern centers have demonstrate an association between inflammatory response
and long-term outcomes after hepatocellular carcinoma (HCC) resection. However, the prognostic impact of inflam-
matory markers in western patients, with distinct tumor and epidemiologic features, is still unknown.

Aim: To evaluate the prognostic impact of preoperative neutrophil-to-lymphocyte ratio (NLR), platelet-to-lympho-
cyte ratio (PLR), and monocyte-to-lymphocyte ratio (MLR), as well as their impact according to tumor size (<5 cm,
5-10cm, > 10 cm) in patients undergoing HCC resection with curative intent.

Methods: Optimal cut-off values for NLR, PLR, and MLR were determined by plotting the receiver operator curves.
Overall survival (OS) and disease-free survival (DFS) curves were calculated using the Kaplan—Meier method and com-
pared using the log-rank test. The Cox method was used to identify independent predictors of OS and DFS.

Results: In total, 161 consecutive adult patients were included. A high NLR (> 1.715) was associated with worse OS
(P=0.018). High NLR (>2.475; P=0.047) and PLR (> 100.25; P =10.028) were predictors of short DFS. In HCC< 5 cm,
MLR (> 1.715) was associated with worse OS (P =0.047). In the multivariate analysis, high PLR was an independent
predictor of worse DFS [hazard ratio (HR) 3.029; 95%Cl 1.499-6.121; P=0.002].

Conclusion: Inflammatory markers are useful tools to predict long-term outcomes after liver resection in western
patients, high NLR was able to stratify subgroups of patients with short OS and DFS, an increased PLR was an inde-
pendent predictor of short DFS, while high MLR was associated with short OS in patients with early HCC.

Keywords: Hepatectomy, Hepatocellular carcinoma, Inflammation, Prognosis, Survival analysis

Introduction

Hepatocellular carcinoma (HCC) is the third most fre-
quent cause of cancer-associated mortality worldwide,
with more than 900,000 deaths per year [1, 2]. Among
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The main prognostic factors for patients with HCC
who underwent resection are serum alpha-fetoprotein
levels, the number of lesions, tumor size, and presence
of vascular invasion and satellite nodules [4]. However,
most of these factors can only be assessed after surgical
specimen evaluation and cannot be used for preoperative
patient selection. For this reason, the search for preop-
erative prognostic markers that may help understand the
tumors’ biology is advisable.

Recent studies have shown an association between
inflammatory response and long-term outcomes in sev-
eral solid gastrointestinal tumors [5, 6]. However, the
prognostic impact of inflammatory markers in patients
who underwent surgical resection for HCC is still under
debate.

The neutrophil-to-lymphocyte ratio (NLR) is the most
studied preoperative biomarker for patients with HCC
[7]. Moreover, recent studies have suggested that the
NLR is also a prognostic factor in specific subgroups,
such as patients with small tumors (<5 c¢m) [8] or large
HCCs (>10 c¢cm) [9]. However, other authors have failed
to detect an association between NLR and HCC progno-
sis [10]. In recent years, a few eastern studies also sug-
gested the impact of other inflammatory markers, such as
the platelet-to-lymphocyte ratio (PLR) and monocyte-to-
lymphocyte ratio (MLR), on long-term outcomes of HCC
patients [11].

Despite promising outcomes, few studies conducted
in western centers, where HCC presents distinct tumor
and epidemiologic characteristics, have assessed the abil-
ity of NLR, PLR and MLR to predict long-term survival
in patients with HCC undergoing liver resection [12].
Additionally, to our knowledge, no western studies have
evaluated the impact of inflammatory markers on subsets
of patients according to tumor size.

The primary endpoint of this study was to evaluate the
prognostic impact of the NLR, PLR, and MLR on the
long-term outcomes of patients who underwent cura-
tive hepatic resection for HCC. The secondary endpoint
was to evaluate the prognostic impact of these markers
on subgroups of patients according to tumor size: < 5 cm,
5-10 cm, and > 10 cm.

Methods
This study was approved by the Institutional Ethics Com-
mittee of the Hospital das Clinicas, University of Sao
Paulo School of Medicine (number: 3.004.022) and con-
ducted according to the Standards for Reporting Studies
of Diagnostic Accuracy (STARD) [13].
All methods were performed in accordance with the
World Medical Association Declaration of Helsinki.
From a prospective database, consecutive adult patients
with pathologically proven HCC who underwent liver
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resection with curative intent between January 2007 and
December 2018 were evaluated. The inclusion criteria
were as follows: patients older than 18 years, uni or oli-
gonodular disease (up to three nodules), and absence of
extrahepatic disease. Patients with chronic liver disease
and compensated liver function were considered eligible
as follows: Child—Pugh A (or B7 when minor peripheral
resection was required), Model of End Stage Liver Dis-
ease (MELD) scores < 10, and future liver remnant > 40%.
Portal hypertension was not an absolute contraindica-
tion for surgery, patients with small caliber esophageal
varices and platelets>100.000/mL were eligible when
minor resection was required [14]. The exclusion criteria
were presence of extrahepatic disease, R1/R2 resection,
previous systemic or locoregional treatment addressed
to HCC, presence of infection, and use of preoperative
therapeutic antibiotics or corticosteroids.

All patients underwent clinical evaluation and labo-
ratory tests for liver function. Preoperative workup
included abdominal helicoidal computed tomography
(CT) or magnetic resonance imaging (MRI), and thoracic
CT. Preoperative diagnosis was based on image charac-
teristics; biopsy was only indicated if diagnostic doubt
persisted after radiologic evaluation. When CT or MRI
showed signs of portal hypertension, upper digestive
endoscopy was performed. Surgery was performed after
a multidisciplinary meeting discussion.

The following preoperative characteristics were stud-
ied: age, sex, body mass index (BMI), preoperative labo-
ratory tests, etiology of chronic liver disease, size and
location of the lesions, presence of cirrhosis, and portal
hypertension. Inflammatory markers were evaluated
within 7 days of surgery. The NLR was calculated by
dividing the absolute neutrophil count (number of neu-
trophils/mL) by the absolute lymphocyte count (number
of lymphocytes/mL); the PLR was calculated by dividing
the absolute platelet count (number of platelets/mL) by
the absolute lymphocyte count (number of lymphocytes/
mL); and the MLR was calculated by dividing the abso-
lute monocyte count (number of monocytes/mL) by the
absolute lymphocyte count (number of lymphocytes/
mL).

For the intra- and postoperative periods, the follow-
ing data were retrieved: blood transfusion requirement,
length of stay in the intensive care unit (ICU), length of
hospital stay, perioperative complications, overall sur-
vival (OS), and disease-free survival (DFS). The speci-
mens obtained were assessed for the number of nodules,
size of the larger nodule [in millimeters (mm)], degree
of tumor differentiation (histological grade), presence of
satellite lesions, and presence of vascular invasion.

Perioperative morbidity was defined as any event
occurring during the first 90 postoperative days. OS was
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defined as the time interval between liver resection and
the date of death or the most recent follow-up date if the
patient was alive. DFS was defined as the time interval
between liver resection and recurrence at any site (diag-
nosed on imaging or biopsy), the most recent follow-up
date or death. Postoperative follow-up was performed
using imaging and laboratory tests every 4 months for
the first 2 years, and then annually.

Statistical analysis

Continuous data were expressed as median and inter-
quartile range [or 95% confidence interval (CI)] or
mean =+ standard deviation (SD). Categorical variables
were expressed as percentages. Quantitative data were
compared using the t-test or Mann—Whitney U-test, as
appropriate. For categorical variables, Fisher’s exact test
or the x* test was used. Statistical significance was set at
5%.

The optimal cut-off values for the NLR, PLR, and MLR
were calculated using receiver operator curves (ROC)
and Youden’s index. Thereafter, the patients were divided
into two groups: below and above the calculated cut-offs.
OS and DFS were estimated using the Kaplan—Meier
method and compared using the log-rank test. Univariate
and multivariate Cox proportional hazards models were
used to identify predictors associated with OS and DFS.
Variables with statistical significance (P <0.05) on univar-
iate analysis were included in the multivariate analysis.

Results

Baseline characteristics

During the study period, 207 patients with histologically
confirmed diagnosis of HCC underwent liver resection;
one patient (0.5%) was younger than 18 years, 12 (4.8%)
patients underwent preoperative transarterial chem-
oembolization (TACE) or radiofrequency ablation, nine
patients (4.3%) had a preoperative MELD > 10, 18 (8.7%)
patients underwent R1 resections, and six (2.9%) pre-
sented signs of infection or the use of antibiotics imme-
diately before the surgery. After applying the exclusion
criteria, 161 patients were enrolled in the study. The
baseline characteristics of the patients are summarized
in Table 1. The main causes of chronic liver disease were
hepatitis C (60%), hepatitis B (20%), nonalcoholic steato-
hepatitis (NASH, 11%), alcoholic liver disease (5%), and
other etiologies (4%) and the median number of nodules
was 1+1.

The median follow-up was 62 months. During the fol-
low-up period 72 patients (44,7%) died and 75 recurred
(47.2%). The median OS was 57 months (95%CI 35-78).
The OS of the entire cohort was 65.2% at 3 years, 47.6%
at 5 years and 28.4% at 10 years, while DFS was 61.1% at 3

Table 1 Baseline characteristics

(N=161)

Age (years)
Mean £SD
Median (min—max)
Sex (%)
Male
Female
BMI (kg/m?)
Mean£+SD
Median (quartile 25-75)
Cirrhosis (%)
Yes
No
Child-Pugh (%)"
A5
A6
B7
Preoperative MELD
Mean £SD
Median (quartile 25-75)
Portal hypertension (%)
Yes
No
Esophageal varices (%)
Yes
No
Hemoglobin (g/dL)
Mean £SD
Median (quartile 25-75)
Platelet count (/mm?)
Mean £SD
Median (quartile 25-75)
Bilirubin (g/dL)
Mean £SD
Median (quartile 25-75)

Aspartate aminotransferase (AST, U/L)

Mean £SD
Median (quartile 25-75)

Alanine aminotransferase (ALT, U/L)

Mean £SD

Median (quartile 25-75)
INR

Mean £SD

Median (quartile 25-75)
Creatinine (mg/dL)

Mean £SD

Median (quartile 25-75)
Alpha-fetoprotein (ng/mL)

Mean £SD

Median (quartile 25-75)

of the
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included patients

62411
63 (18-86)

108 (67.1%)
53 (32.9%)

254+£45
24.9(22.6-277)

135 (83.9%)
26 (16.1%)

111 (82.2%)
17 (12.6%)
7 (5.2%)

8+£3
8 (7-9)

43 (26.7%)
92 (73.3%)

22 (13.7%)
21 (86.3%)

13.7£38
13.7 (12.6-14.9)

186,4104+97,208
170,000 (118,000-230,000)

0.72+£0.22
0.65 (047-0.89)

620£61.0
42.0 (28.0-68.0)

547+£510
38.0 (25.0-69.0)

1.1£0.1
1.1(1.0-12)
1.0£10
09(0.7-1.1)

2483.1+£9906.5
19.0 (4.7-172.7)
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Table 1 (continued)

Albumin (g/dL)

Mean=+SD

Median (quartile 25-75)
Neutrophil count (/mm?)

Mean=+SD

Median (quartile 25-75)
Lymphocyte count (/mm?)

Mean=+SD

Median (quartile 25-75)
Monocyte count (/mm?)

Mean=+SD

Median (quartile 25-75)
NLR

Mean=+SD

Median (quartile 25-75)
PLR

Mean=+SD

Median (quartile 25-75)
MLR

Mean=+SD

Median (quartile 25-75)
Tumor size (mm)

Mean=+SD

Median (quartile 25-75)
Number of nodules

Mean £ SD

Median (quartile 25-75)
Tumor grade (%)

Well differentiated

Moderately differentiated

Poor differentiated

Unavailable
Satellite nodules (%)

Yes

No
Vascular invasion (9)'T

Yes

No

Unavailable

40+£03
4.1 (3.7-4.5)

3601 £3465
3300 (2300-4410)

1869 £773
1700 (1300-2300)

575+£308
510 (400-700)

23+22
19 (14-2.6)

1154+£894
96.2 (67.0-1444)

38+20
35(24-46)

62,0507
42 (29.0-80.0)

123+£07
1.0(1.0-1.0)

9 (5.6%)
104 (64.6%)
28 (17.4%)
20 (12.4%)

40 (24.8%)
121 (75.2%)

82 (50.9%)
75 (43.8%)
4 (2.5%)

SD standard deviation; BMI body mass index; MELD Model for End-Stage Liver
Disease; INR international normalized ratio; NLR neutrophil-to-lymphocyte ratio;

PLR platelet-to-lymphocyte ratio; MLR monocyte-to-lymphocyte ratio

T % of patients with cirrhosis

™ Micro and macrovascular invasion histologically documented in the specimen

years, 44.4% at 5 years and 20.1% at 10 years (Additional

file 1: Fig. S1).

Optimal cut-offs for NLR, PLR and MLR

The cut-off values of the inflammatory markers were
determined by plotting the ROC curves for mortality and
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recurrence after resection. The best cut-offs calculated
using the Youden index are listed in Table 2.

Prognostic value of inflammatory markers for OS and DFS
A high NLR (>1.715) was associated with short OS in
patients who underwent HCC resection. The median
OS in the subgroup of patients with high and low NLR
were 40 months (95%CI 25-54) and 92 months (95%CI
49-120), respectively. The 5-year OS was 56% in the low
NLR group and 40% in the high NLR group (P=0.018,
Fig. 1).

Clinicopathological characteristics of patients with
low (<1.715) and high NLR (>1.715) are summarized in
Additional file 1: Table S1. Patients with high NLR had
lower serum albumin levels [4.1 g/dL (3.7-4.5) vs. 4.3 g/
dL (4.1-4.6); P=0.028] and larger tumors [77 mm (35—
100) vs. 39 mm (21-45); P<0.001] and were associated
with higher values of PLR [134 (91.2-160) vs. 72.4 (53.7—
93.2); P<0.001] and MLR [4.4 (3.4-5.5) vs. 3.1 (2-3.8);
P<0.001].

High NLR (>2.475) and PLR (>100.25) were associated
with short DFS in HCC patients treated with hepatec-
tomy (Fig. 2).

Patients with high NLR (> 2.475) presented higher total
bilirubin levels [0.7 g/dL (0.5-0.9) vs. 0.6 g/dL (0.5-0.7);
P =0.020] and larger tumors [67 mm (40—100) vs. 40 mm
(25-65); P=0.003] when compared to patients with low
NLR. There was also an association with high PLR [147.2
(104.5-176) vs. 82.3 (60-108); P <0.001] and high MLR
[3.8 (3-5.2) vs. 2.1 (1.6-3.3); P<0.001] (Additional file 1:
Table S2).

Patients with high PLR (>100.25) presented higher
serum levels of total bilirubin [0.7 g/dL (0.5-0.9) vs. 0.6 g/
dL (0.4-0.8); P=0.004], larger tumors [75 mm (40-125)
vs. 34 mm (22-45); P <0.001], and a higher frequency of
vascular invasion (62.1% vs. 42%; P=0.020). Additionally,
an association with higher values of NLR [2.5 (1.9-3.5)
vs. 2.5 (1.9-3.6); P<0.001] and MLR [4 (3-5.2) vs. 3.1
(1.8-3.8); P<0.001] were observed (Additional file 1:
Table S3).

Risk factors for OS and DFS after hepatectomy

All clinicopathological and surgical characteristics were
included in the univariate analysis. Variables associated
with OS and DFS after HCC resection on univariate and
multivariate analysis are shown in Table 3.

Subgroup analysis

Survival analysis was also performed in patients with

HCC according to tumor size: < 5 cm (group 1, N=98),

5-10 cm (group 2, N=35), and > 10 cm (group 3, N=28).
A high MLR (>1.750) was associated with short OS

in group 1 (P=0.047) (Additional file 1: Fig. S2). None
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Table 2 Diagnostic accuracy of the calculated cut-offs for mortality and recurrence
Cut-off Sensibility Specificity 1—Specificity LR+ LR—
Mortality
NLR >1.715 0.639 0483 0517 1.236 0.747
PLR >115.050 0375 0.697 0.303 1.236 0.897
MLR >1.750 0917 0.112 0.888 1.033 0.742
Recurrence
NLR >2475 0.307 0.732 0.268 1.146 0.947
PLR >100.250 0.520 0.620 0.380 1.367 0.775
MLR >2.680 0.747 0310 0.690 1.082 0818

The NLR, PLR, and MLR areas under the curve (AUC) for mortality were 0.541 (95%Cl 0.451-0.631), 0.479 (95%Cl 0.388-0.571), and 0.454 (95%Cl 0.365-0.543),
respectively. Regarding recurrence, the calculated AUC were 0.479 (95%Cl 0.385-0.573), 0.519 (95%Cl 0.424-0.614), and 0.469 (95%Cl 0.372-0.565), respectively

NLR neutrophil-to-lymphocyte ratio; PLR platelet-to-lymphocyte ratio; MLR monocyte-to-lymphocyte ratio; LR+ positive likelihood ratio; LR— negative likelihood ratio
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Fig. 1 Overall survival of hepatocellular carcinoma patients with low (blue) and high (red) neutrophil-to-lymphocyte ratio (NLR),
platelet-to-lymphocyte ratio (PLR), and monocyte-to-lymphocyte ratio (MLR)

of the inflammatory markers were associated with DFS
in this subset of patients (Additional file 1: Fig. S3). In
groups 2 and 3, the NLR, PLR, and MLR were not asso-
ciated with OS or DFS (Additional file 1: Figs. S4-S7).

Discussion

Systemic inflammatory status has impact on carcino-
genesis [15]. Recent studies have shown that the molec-
ular environment created by humoral response favors
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Table 3 Univariate and multivariate analyses of prognostic factors associated with overall and disease-free survival
Overall survival Disease-free survival
Variable P HR1C95% Variable P HR 1C95%

Univariate analysis

Hepatitis C 0016 1.98 (1.13-3.40) Satellites nodules 0.023 1.77 (1.08-2.92)
Portal hypertension 0.005 216 (1.25-3.74) Vascular invasion 0.005 1.97 (1.22-3.19)
Esophageal varices 0.047 1.90 (1.10-3.60) Age>50 years 0.050 0.54 (095-1.00)
Transfusion 0.002 2.38(1.38-4.10) Bilirubin>1.2 mg/dL 0.034 241 (1.15-5.07)
Perioperative complications 0.006 2.00(1.21-3.34) AST >50 U/dL 0.020 1.63(1.10-2.59)
Vascular invasion 0.007 2.02 (1.20-3.40) Alpha-fetoprotein > 20 ng/mL <0.001 3.64(2.23-591)
Bilirubin>1.2 mg/dL 0.048 1.90 (1.05-3.60) NLR> 2475 0.047 1.28 (1.01-1.96)
AST> 50 U/dL 0.021 1.85(1.09-3.14) PLR>100.25 0.028 1.60(1.02-2.52)
ICU stay >3 days <0.001 3.06 (1.80-5.23)

Alpha-fetoprotein> 20 ng/mL <0.001 342 (1.96-591)

NLR>1.715 0.018 1.61(1.01-2.67)

Multivariate analysis

Portal hypertension <0.001 7.04 (2.40-20.66) Vascular invasion 0.022 2.36(1.13-4.93)
Vascular invasion AST>50 ng/mL 0.001 3.32(1.60-691)
AST> 50 U/dL 0.032 3.06 (1.10-847) PLR>100.25 0.002 3.03(1.50-6.12)
ICU stay >3 days 0.003 5.04 (1.75-14.49)

Multivariate analysis showed that the presence of portal hypertension, preoperative aspartate aminotransferase, and ICU stay >3 days were independent predictors of

short OS. Regarding DFS, AST level > 50 U/dL presence of vascular invasion and high PLR were predictors of a high recurrence rate

AST aspartate aminotransferase; ICU intensive care unit; NLR neutrophil-to-lymphocyte ratio; PLR platelet-to-lymphocyte ratio
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conjunctive matrix degradation, neoangiogenesis, and
activation of cell profiles favoring tissue invasion and
metastatic dissemination. Therefore, an increase in
humoral inflammatory response can lead to worse onco-
logical outcomes [15]. Conversely, lymphocytic cellular
response (mediated by T lymphocytes CD4+, CD8+, and
NK cells) inhibits carcinogenesis, leading to better onco-
logical prognosis [16]. Recent studies have also shown
the interaction between platelets and tumoral microenvi-
ronment [17]. The main platelet-associated mechanisms
are based on signaling pathways that orchestrate tumor
growth, activation of angiogenesis, and metastatic dis-
semination [18].

The prognostic impact of systemic inflammatory
response has been studied in several gastrointestinal
tumors, such as pancreatic, colorectal, and gastric can-
cers [19, 20]. The main advantages of inflammatory mark-
ers include calculation using routine laboratory tests, low
cost, and access to results before therapeutic intervention
[21].

The NLR is the most studied inflammatory index. A
large metanalysis, comprising more than 40,000 patients
showed an association of high NLR with lower survival
rate in patients with several solid tumors [22].

However, the prognostic impact of inflammatory mark-
ers in patients with HCC who undergo resection remains
controversial. Most studies that assessed these prognostic
markers came from eastern centers, where HCC presents
distinct clinical and epidemiological features [23]. The
present study is one of the first from a western center to
evaluate the association between the main inflammatory
markers (NLR, PLR, and MLR) and long-term outcomes
after liver resection for HCC. In our study, the mean age
was 62+ 11 years, similar to those in other western cent-
ers but higher than those in eastern centers (52 +9 years)
[24]. Regarding chronic liver disease etiology, hepatitis
C (60%) was the most frequent, followed by hepatitis B
(20%) and NASH (11%). In contrast, in eastern centers,
the prevalence of hepatitis B infection is higher than 50%
[25]. Our data showed that 84% of patients had chronic
liver disease and 94.8% were classified as Child—Pugh A.
Beard et al. [26] compared surgical outcomes after HCC
resection in cirrhotic and non-cirrhotic North American
patients and found a cirrhosis prevalence of 73%. In the
eastern centers, the prevalence of cirrhosis/chronic liver
disease is lower than 54% [8].

The preoperative NLR is the most studied biomarker
in patients with HCC. Although several studies have sug-
gested that high NLR may correlate with a poor prog-
nosis [7, 8], others failed to detect this association [10].
Furthermore, it is important to point out the wide het-
erogeneity regarding the cut-off values across the studies.
Wang et al. [23] in a recent meta-analysis, included 17
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studies (13 for OS and 7 for DFS) finding cut-off values
for NLR ranging from 1.51 to 5.0. Moreover, most of the
studies are from eastern centers, and use the same cut-off
for OS and DFS [23, 27].

The present study showed that NLR >1.715 and >2.745
were associated with short OS and DEFS in univariate
analysis, respectively. A recent meta-analysis conducted
by Xingshun et al. [28] including 20,475 patients with
HCC (90 studies) who underwent different treatments
(liver transplant, liver resection, ablation, and sorafenib)
found that low baseline NLR was significantly associated
with better OS (HR1.80, 95%CI 1.59-2.04, P <0.00001)
and DFS (HR2.23, 95% CI 1.80-2.76, P <0.00001). In
the subgroup of patients who underwent liver resec-
tion (12 studies, 3097 patients) low baseline NLR was
also associated with better OS (HR1.95, 95%CI 1.61-
2.37, P<0.00001) and DFS (HR1.87, 95%CI 1.47-2.37,
P <0.00001).

However, in the multivariate analysis, the NLR was not
an independent factor associated with OS or DEFS in our
study, which was also observed in other studies, espe-
cially from western centers. Sullivan et al. [10] evalu-
ating patients with HCC found that the NLR was not a
predictor for OS after surgical or locoregional treatment
(HR1.09; 95%CI 0.95-1.24; P=0.23). Another study
from the United Kingdom showed that the NLR was a
predictor of DFS (HR4.67; 95%CI 1.88-11.64; P=0.001)
but not a predictor of OS in cirrhotic patients undergoing
HCC resection. Interestingly, no relationship was found
between NLR and prognosis in non-cirrhotic patients
[29]. Thus, the presence of cirrhosis may impact the pre-
dictive value of NLR, justifying the heterogeneous results
between the available studies.

Few studies have addressed the prognostic impact of
other inflammatory markers in HCC patients [30]. In our
study, we observed that high PLR (>100.25) was an inde-
pendent factor of shorter DES, which is consistent with
recent studies [31]. Kaida et al. [32] evaluated patients
with early-stage HCC who underwent resection and
compared five inflammatory marker scores, showing that
preoperative PLR was an independent predictor of recur-
rence. Similarly, Qing et al. [31] showed that increased
preoperative platelet levels were associated with a higher
recurrence rate following HCC resection. To date, few
studies have evaluated the prognostic impact of MLR in
HCC patients [33].

Recent studies have suggested that the inflammatory
markers are also prognostic factors in specific subgroups,
such as patients with small tumors (<5 c¢m) [8] or large
HCCs (> 10 cm) [9]. Historically, size is a main prognos-
tic factor for HCC patients. Well-established staging sys-
tems such as TNM, Milan criteria and Barcelona Clinic
Liver Cancer (BCLC) included tumor size in therapeutic
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algorithm and prognostic stratification. In fact, 5 cm is a
landmark in TNM staging (T2 vs. T3), Milan criteria and
BLCL (early HCC). Additionally, some authors showed
worse prognosis in patients with HCC>10 cm (called
large or huge HCCs). Based on these data, we stratified
our patients according to tumor size (<5 ¢m, 5-10 cm,
and >10 cm). An interesting finding of our study was the
association of low MLR with better OS in patients with
early-stage HCC (<5 cm). This finding can be justified by
the fact that activation of monocytes and macrophages
usually occurs at earlier stages of tumor growth. Other-
wise, in patients with larger lesions, other cells such as
neutrophils and platelets play a predominant role in local
invasion and metastatic dissemination [34].

Another independent factor associated with short OS
in the present study was the presence of portal hyper-
tension, which is in accordance with other studies [35].
In a meta-analysis comprising 2285 patients with HCC
who underwent resection, the group of patients with
portal hypertension presented short OS than the group
without portal hypertension (HR1.48; 95%CI 1.11-1.98;
P=0.007) [36]. An AST level>50 U/dL was an inde-
pendent factor related to both OS and DEFS. The exact
mechanism underlying this finding is poorly understood;
however, it might be explained by the fact that AST is
exclusively present in hepatocytes and released into the
circulation during liver inflammatory insults. Addition-
ally, the reduced clearance in progressive chronic hepatic
disease can lead to an increase in AST levels [37]. In our
study, microvascular invasion was also an independent
prognostic factor for recurrence. In fact, vascular inva-
sion is frequently associated with higher recurrence rates
due to aggressive biological behavior, represented by a
greater volume of micrometastatic disease and a higher
frequency of mural invasion [38].

Based on our findings, all the studied inflammatory
markers are useful tools to predict long-term outcomes
after liver resection in western patients. High NLR was
able to stratify subgroups of patients with short OS and
DES, and increased PLR was a marker of short DFS, while
high MLR was associated with short OS in patients with
early HCC. In fact, these markers were able to identify
subgroups of patients with poor clinical features, such
as higher bilirubin levels, larger tumors, and a higher
frequency of vascular invasion. Therefore, inflammatory
indexes are promising tools for preoperative selection
of patients who require strict postoperative follow-up
or even potential candidates for new adjuvant strategy
protocols.

However, our findings should be viewed with caution
due to some limitations. The first was the retrospective
nature of this study, which increases the risk of selection,
confusion, and measurement biases. Another limitation
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was the small number of patients enrolled, which may
impair statistical power, especially in the subgroup analy-
sis. Thus, the insights provided herein should be con-
firmed by larger prospective studies.

In conclusion, our study suggested that a high preoper-
ative NLR is associated with short OS and DFS, whereas
a high PLR is an independent factor associated with short
DES. In the subset of patients with HCC<5 cm, a high
MLR is associated with short OS.

Abbreviations

HCC: Hepatocellular carcinoma; NK: Natural killer cells; NLR: Neutrophil-to-
lymphocyte ratio; PLR: Platelet-to-lymphocyte ratio; MLR: Monocyte-to-lym-
phocyte ratio; STARD: Standards for Reporting Studies of Diagnostic Accuracy;
MELD: Model for End-Stage Liver Disease; CT: Computed tomography scan;
MRI: Magnetic resonance imaging; BMI: Body mass index; ICU: Intensive care
unit; OS: Overall survival; DFS: Disease-free survival; ROC: Receiver opera-

tor curves; TACE: Transarterial chemoembolization; NASH: Non-alcoholic
steatohepatitis; SD: Standard deviation; AST: Aspartate aminotransferase; ALT:
Alanine aminotransferase; INR: Interna; : tional normalized ratio; LR+: Positive
likelihood ratio; LR—: Negative likelihood ratio; AUC: Area under the curve.

Supplementary Information

The online version contains supplementary material available at https://doi.
org/10.1186/512893-022-01779-6.

Additional file 1: Figure S1. Overall and disease-free survival of patients
with hepatocellular carcinoma included in the study (N=161). Figure

S2. Overall survival of patients with hepatocellular carcinoma < 5 cm
(Group 1) with low (blue) and high (red) neutrophil-to-lymphocyte ratio
(NLR), platelet-to-lymphocyte ratio (PLR), and monocyte-to-lymphocyte
ratio (MLR). Figure S3. Disease-free survival of patients with hepato-
cellular carcinoma < 5 cm (Group 1) with low (blue) and high (red)
neutrophil-to-lymphocyte ratio (NLR), platelet-to-lymphocyte ratio (PLR),
and monocyte-to-lymphocyte ratio (MLR). Figure S4. Overall survival

of patients with hepatocellular carcinoma between 5 and 10 cm (Group
2) with low (blue) and high (red) neutrophil-to-lymphocyte ratio (NLR),
platelet-to-lymphocyte ratio (PLR), and monocyte-to-lymphocyte ratio
(MLR). Figure S5. Disease-free survival of patients with hepatocellular
carcinoma between 5 and 10 cm (Group 2) with low (blue) and high (red)
neutrophil-to-lymphocyte ratio (NLR), platelet-to-lymphocyte ratio (PLR),
and monocyte-to-lymphocyte ratio (MLR). Figure S6. Overall survival of
patients with hepatocellular carcinoma > 10 cm (Group 3) with low (blue)
and high (red) neutrophil-to-lymphocyte ratio (NLR), platelet-to-lympho-
cyte ratio (PLR), and monocyte-to-lymphocyte ratio (MLR). Figure S7.
Disease-free survival of patients with hepatocellular carcinoma > 10 cm
(Group 3) with low (blue) and high (red) neutrophil-to-lymphocyte ratio
(NLR), platelet-to-lymphocyte ratio (PLR), and monocyte-to-lymphocyte
ratio (MLR). Table S1. Baseline characteristics of patients with low (<
1.715) and high (> 1.715) neutrophil-to-lymphocyte ratio (NLR). Table S2.
Baseline characteristics of patients with low (< 2.475) and high (> 2.475)
neutrophil-to-lymphocyte ratio (NLR). Table S3. Baseline characteristics of
patients with low (< 100.25) and high (> 100.25) platelet-to-lymphocyte
ratio (PLR)

Acknowledgements
None.

Author contributions

JPMS, FFC, AJFC and PH designed the study and wrote the main manuscript
text. GMF, VBJ, JDMJ and SCN revise the manuscript. All authors read and
approved the final manuscript.



Silva et al. BMC Surgery (2022) 22:329

Funding
The authors have no funding sources.

Availability of data and materials
The data that support the findings of this study are available from the cor-
responding author (JPM.S), upon reasonable request.

Declarations

Ethics approval and consent to participate

This study was approved by the Ethics Committee of the Hospital das Clinicas,
University of Sao Paulo School of Medicine (number: 3.004.022). Patient
informed consent form was waived by the Ethics Committee of the Hospital
das Clinicas, University of Sao Paulo School of Medicine (number: 3.004.022).

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Permission to reproduce material from other sources
Not applicable.

Author details

'Instituto do Cancer do Estado de Sdo Paulo (ICESP), Hospital das Clinicas
(HCFMUSP), Faculdade de Medicina, Universidade de S&o Paulo, Sdo Paulo, SP,
Brazil. 2Instituto do Cancer do Estado de Sdo Paulo (ICESP), Hospital das Clini-
cas (HCFMUSP), Faculdade de Medicina, Universidade de Sao Paulo, Séo Paulo,
SP, BR, Brazil. 3Servico de Cirurgia do Figado, Divisdo de Cirurgia do Aparelho
Digestivo, Departamento de Gastroenterologia, Hospital das Clinicas (HCF-
MUSP), Faculdade de Medicina, Universidade de Sao Paulo, Av. Dr. Eneas de
Carvalho Aguiar, 255, Cerqueira Cesar, Sdo Paulo, SP 05403-000, Brazil.

Received: 2 November 2021 Accepted: 26 August 2022
Published online: 02 September 2022

References

1. Chagas AL, Mattos AA, Carrilho FJ, Bittencourt PL, Vezozzo DCP, Horvat
N, et al. Brazilian Society of Hepatology updated recommendations for
diagnosis and treatment of hepatocellular carcinoma. Arq Gastroenterol.
2020;57(1):1-20.

2. SungH, Ferlay J, Siegel RL, Laversanne M, Soerjomataram |, Jemal A, Bray
F. Global Cancer Statistics 2020: GLOBOCAN estimates of incidence and
mortality worldwide for 36 cancers in 185 countries. CA Cancer J Clin.
2021;71(3):209-49.

3. Lopes F, Coelho FF, Kruger JAP, Fonseca GM, de Araujo RLC, Jeismann VB,
et al. Influence of hepatocellular carcinoma etiology in the survival after
resection. Arg Bras Cir Dig. 2016;29(2):105-8.

4. Cay MY,Wang FW, Li CP,Yan LX, Chen JW, Luo RZ, et al. Prognostic factors
affecting postoperative survival of patients with solitary small hepatocel-
lular carcinoma. Chin J Cancer. 2016;35(1):1-7.

5. Szor DJ, Dias AR, Pereira MA, Ramos MFKP, Zilberstein B, Cecconello |, et al.
Neutrophil-lymphocyte ratio is associated with prognosis in patients who
underwent potentially curative resection for gastric cancer.J Surg Oncol.
2018;117(5):851-7.

6.  Pointer DT, Roife D, Powers BD, Murimwa G, Elessawy S, Thompson ZJ,
et al. Neutrophil to lymphocyte ratio not platelet to lymphocyte or
lymphocyte to monocyte ratio is predictive of patient survival after
resection of early-stage pancreatic ductal adenocarcinoma. BMC Cancer.
2020;20(1):1-11.

7. YangHL, Guo Z, Yang YT, Jiang JH, Qi YP, Li JJ, et al. Blood neutrophil-
lymphocyte ratio predicts survival after hepatectomy for hepatocellular
carcinoma: a propensity score-based analysis. World J Gastroenterol.
2016;22(21):5088-95.

8. Liao R, Tang ZW, Li DW, Luo SQ, Huang P, Du CY. Preoperative neutrophil-
to-lymphocyte ratio predicts recurrence of patients with single-nodule

20.

21.

22.

23.

24.

25.

26.

27.

Page 9 of 10

small hepatocellular carcinoma following curative resection: a retrospec-
tive report. World J Surg Oncol. 2015;13:1-8.

Goh BKP, Kam JH, Lee SY, Chan CY, Allen JC, Jeyaraj P, et al. Significance
of neutrophil-to-lymphocyte ratio, platelet-to-lymphocyte ratio and
prognostic nutritional index as preoperative predictors of early mortality
after liver resection for huge (> 10 cm) hepatocellular carcinoma. J Surg
Oncol. 2016;113:621-7.

Sullivan KM, Groeschi RT, Turaga KK, Tsai S, Christians KK, White SB, et al.
Neutrophil-to-lymphocyte ratio as a predictor of outcomes for patients
with hepatocellular carcinoma: a Western perspective. J Surg Oncol.
2014;109(2):95-7.

. Hu DH, Yu SM. Association between platelet to lymphocyte ratio (PLR)

and overall survival (OS) of hepatocellular carcinoma (HCC): a meta-
analysis. Cell Mol Biol. 2017,63(8):30-2.

Zheng J, Seier K, Gonen M, Balachandran VP, Kingham TP, D'’Angelica M,
Allen PJ, Jarnagin WR, DeMatteo RP. Utility of serum inflammatory mark-
ers for predicting microvascular invasion and survival for patients with
hepatocellular carcinoma. Ann Surg Oncol. 2017;24(12):3706-14.
Choen JF, Korevaar DA, Altman DG, Bruns DE, Gatsonis CA, Hooft L, et al.
STARD 2015 guidelines for reporting diagnostic accuracy studies: expla-
nation and elaboration. BMJ Open. 2016;6(11):e012799.

Herman P, Perini MV, Coelho FF, Kruger JAP, Lupinacci RM, Fonseca GM,
et al. Laparoscopic resection of hepatocellular carcinoma: when, why
and how? A single-center experience. J Laparoendosc Adv Surg Tech.
2014;24(4):223-8.

. Galon J, Angeli HK, Bedognetti D, Marincola F. The continuum of cancer

immunosurveillance: prognostic, predictive and mechanistic signatures.
Immunity. 2013;39(1):11-26.

Elinav E, Nowarski R, Thaiss CA, Hu B, Jin C, Flavell RA. Inflammation-
induced cancer: crosstalk between tumors, immune cells and microor-
ganisms. Nat Rev Cancer. 2013;13:759-71.

Haemmerle M, Stone RL, Menter DG, Afshar-Kharghan V, Sood AK.The
platelet lifeline to cancer: challenges and opportunities. Cancer Cell.
2018;33:965-83.

Huong PT, Nguyen LT, Nguyen BX, Lee SK, Bach DH.The role of platelets
in the tumor-microenvironment and the drug resistance of cancer cells.
Cancers.2019;11(2):240.

Bowen RC, Little NAB, Harmer JR, Ma J, Mirabelli LG, Roller KD, et al.
Neutrophil-to-lymphocyte ratio as prognostic indicator in gastroin-
testinal cancers: a systematic review and meta-analysis. Oncotarget.
2017;8(19):32171-89.

Hirashima M, Higuchi S, Sakamoto K, Nishiyama T, Okada H. The

ratio of neutrophils to lymphocytes and the phenotypes of neutro-
phils in patients with early gastric cancer.J Cancer Res Clin Oncol.
1998;124(6):329-34.

Warren JL, Yabroff KR, Meekins A, Topor M, Lamont EB, Brown ML. Evalu-
ation of trends in the cost of initial cancer treatment. J Natl Cancer Inst.
2008;100:888-97.

Templeton AJ, McNamara MG, Seruga B, Vera-Badillo FE, Aneja P, Ocafa
A, et al. Prognostic role of neutrophil-to-lymphocyte ration in solid
tumors: a systematic review and meta-analysis. J Natl Cancer Inst.
2014;106(6)dju124.

Wang Y, Peng C, Cheng Z,Wang X, Wu L, Li J, et al. The prognostic
significance of preoperative neutrophil-lymphocyte ratio in patients with
hepatocellular carcinoma receiving hepatectomy: a systematic review
and meta-analysis. Int J Surg. 2018;55:73-80.

Choo SP, Tan WLT, Goh BKP, Tai WM, Zhu AX. Comparison of hepa-
tocellular carcinoma in eastern and western populations. Cancer.
2006;122:3430-46.

Tanaka J, Koyama T, Mizui M, Uchida S, Katayama K, Matsuo J, et al. Total
numbers of undiagnosed carriers of hepatitis C and B viruses in Japan
estimated by age- and area-specific prevalence on the national scale.
Intervirology. 2011;54:185-95.

Beard RE, Hanto DW, Gautam S, Miksad RA. A comparison of surgical out-
comes for noncirrhotic and cirrhotic hepatocellular carcinoma patients in
aWestern institution. Surgery. 2013;154(3):545-55.

Chen Q,LiF, Zhong C, ZouY, Li Z, Gao Y, et al. Inflammatory score system
using preoperative inflammatory markers to predict prognosis for
hepatocellular carcinoma after hepatectomy: a cohort study. J Cancer.
2020;11(17):4947-56.



Silva et al. BMC Surgery

28.

29.

30.

31

32.

33.

34,

35.

36.

37

38.

(2022) 22:329

Xingshun Qi Jianjun, Li Han, Deng. Neutrophil-to-lymphocityte ratio

for the prognostic assessment of hepatocellular carcinoma: a system-
atic review and meta-analysis of observational studies. Oncotarget.
2016;7(29):45282-301.

Young AL, Adair R, Prasad KR, Toogood GJ, Lodge JPA. Hepatocellular
carcinoma within a noncirrhotic, nonfibrotic, seronegative liver: surgical
approaches and outcomes. J Am Coll Surg. 2012;214(2):174-83.

Lin ZX, Ruan DY, Li Y, Ma XK, Chen J, Chen ZH, et al. Lymphocyte-
to-monocyte ratio predicts survival of patients with hepatocel-

lular carcinoma after curative resection. World J Gastroenterol.
2015;21(38):10898-906.

Qing P, Zhang JY, Xu XS, Song SD, Qu K, Chen W, et al. Significance of
platelet count and platelet-based models for hepatocellular carcinoma
recurrence. World J Gastroenterol. 2015;21:5607-21.

Kaida T, Nitta H, Kitano Y, Yamamura K, Arima K, Higashi T, et al. Preopera-
tive platelet-to-lymphocyte ratio can predict recurrence beyond the
Milan criteria after hepatectomy for patients with hepatocellular carci-
noma. Hepatol Res. 2018;47(10):991-9.

Yang YT, Jiang JH, Yang HJ, Wu ZJ, Xiao ZM, Xiang BD. The lymphocyte-
to-monocyte ratio is a superior predictor of overall survival compared to
established biomarkers in HCC patients undergoing liver resection. Sci
Rep. 2018;7(8):1-7.

Shirabe K, Mano Y, Muto J, Matono R, Motomura T, Toshima T, et al. Role
of tumor-associated macrophages in the progression of hepatocellular
carcinoma. Surg Today. 2012;42:1-7.

He W, Zeng Q, Zheng Y, Chen M, Shen J, Qiu J, Chen M, Zou R, Liao Y, Li
Q,Wu X, Li B, Yuan Y. The role of clinically significant portal hypertension
in hepatic resection for hepatocellular carcinoma patients: a propensity
score matching analysis. BMC Cancer. 2015;15(1):1-11.

Choi SB, Kim HJ, Song TJ, Ahn HS, Choi SY. Influence of clinically signifi-
cant portal hypertension on surgical outcomes and survival following
hepatectomy for hepatocellular carcinoma: a systematic review and
meta-analysis. J Hepatobiliary Pancreat Sci. 2014;21:639-47.

Wang ZX, Jiang CP, Cao Y, Zhang G, Chen WB, Ding YT. Preoperative
serum liver enzyme markers for predicting early recurrence after curative
resection of hepatocellular carcinoma. Hepatobiliary Pancreat Dis Int.
2015;14:178-85.

Sumie S, Nakashima O, Okuda K, Kuromatsu R, Kawaguchi A, Nakano M,
et al. The significance of classifying microvascular invasion in patients
with hepatocellular carcinoma. Ann Surg Oncol. 2014;21:1002-9.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Page 10 of 10

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

B BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions




