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Abstract. – OBJECTIVE: Hepatocellular car-
cinoma (HCC) is a primary liver tumor derived 
from metabolic or viral chronic hepatitis, with 
few treatment options in advanced cases. New 
biomarkers that allow improving diagnosis and 
staging are widely desired. Here, we aim to eval-
uate the performance of Protein Induced by Vi-
tamin K Absence or Antagonist-II (PIVKA-II) in 
combination with α-fetoprotein (AFP), in the di-
agnosis of HCC in patients with metabolic or vi-
ral hepatitis.  

PATIENTS AND METHODS: We enrolled 60 
HCC patients (20 metabolic and 40 viral) and 20 
healthy subjects (HS) as negative controls. PIV-
KA-II, AFP, Matrix metalloproteinase-9 (MMP-9) 
and Fibroblast growth factor (FGF) serum levels 
were assessed by immunoassays.  

RESULTS: AFP and PIVKA-II levels were ob-
viously higher in patients than in HS. AFP dis-
played a better diagnostic performance than 
PIVKA-II for viral HCC while PIVKA-II was better 
for metabolic HCC. The combination of the two 
biomarkers did not improve the discriminating 
ability.

CONCLUSIONS: PIVKA-II may be considered 
an independent predictor of macrovascular in-
vasion from HCC cells and it can be used to bet-
ter stratify HCC patients and should be evaluat-
ed in prospective studies for early detection of 
advanced HCC in metabolic subjects. 
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Hepatocellular carcinoma (HCC), Protein Induced by 
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FLD), Matrix metalloproteinase-9 (MMP-9) Fibroblast 
growth factor (FGF), Hepatitis C Virus (HCV), Alanine 
aminotransferase (ALT), Aspartate aminotransferase 
(AST), Alkaline Phosphatase (ALP) and Gamma-Glu-
tamyl Transferase (GGT).

Introduction

Hepatocellular carcinoma (HCC) is the most 
common primary malignancy of the liver and 
represents the third most common cause of can-
cer-related death in the world1. Currently, the di-
agnosis of HCC requires noninvasive radiological 
dynamic contrast-enhanced imaging that may be 
followed by invasive biopsy; in parallel, laborato-
ry investigations for the detection and analysis of 
all serum biomarkers that allow to evaluate liv-
er function2, according to the current guidelines 
proposed by the European Association for the 
Study of the Liver (EASL)3.

To date, the most widely used and broadly 
known as biomarker of HCC is the α-fetoprotein 
(AFP), a glycoprotein produced in early fetal life 
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by the liver and by a variety of tumors, which is el-
evated in only 40-60% of HCC and in only 10-20% 
of the initial phase of HCC. Unfortunately, lacking 
a tumor-specific correlation, it is considered inade-
quate (due to low sensitivity and specificity) for the 
screening of HCC4,5 mostly in non-alcoholic fatty 
liver disease (NAFLD) subjects6. 

Recently, the Protein Induced by Vitamin K 
Absence or Antagonist-II (PIVKA-II) has been 
assessed as a new marker for HCC management7. 
It consists in abnormal prothrombin, also known 
as Des-g-carboxy prothrombin, induced either by 
the absence or by the antagonist-II of vitamin K; 
moreover, it may result from an acquired defect of 
post-translational carboxylation of prothrombin’s 
precursor8. Thanks to its anti-inflammatory prop-
erties, vitamin K concurs to regulate blood pres-
sure and prevents hypertension, mainly avoiding 
calcification of the arterial walls, ameliorating 
blood circulation and thus preventing cardiovas-
cular disease9. A high level of PIVKA-II in at-risk 
patients has been reported as reliable biological 
marker of developing HCC in 2 years10. PIVKA-II 
can be tested together with AFP in order to im-
prove the sensitivity and specificity for detection 
of HCC especially in its initial phase7,11. PIVKA-II 
has been recommended as one of the surveillance 
biomarker for HCC in at-risk populations and add-
ed into the guidelines of the Japanese Society of 
Hepatology (JSH)10,12. It has been shown that the 
diagnostic sensitivity of AFP, at the early stage of 
HCC, may increase from 20%, when used alone, 
up to 55% when considered in combination with 
PIVKA-I13. Moreover, in addition to AFP, PIV-
KA-II increases the detection rate for HCC in cir-
rhotic HBV patients under treatment14. 

PIVKA-II did not appear to be superior to 
AFP in screening for HCC in patients with HCV- 
related cirrhosis, showing moderate diagnostic 
accuracy. Nevertheless, the combination of PIV-
KA-II and AFP at the cut-off values of 36 mAU/
ml for PIVKA-II and 12 ng/mL for AFP, may be 
considered as a screening test for HCC due to its 
high negative predictive value11.

Interestingly, in a case-control study on cir-
rhotic patients undergoing surveillance for HCC, 
in patients who developed HCC both AFP and 
PIVKA-II were estimated to increase over time, 
confirming their potential usefulness during pe-
riodic surveillance. On the other hand, among 
patients that not developed HCC the time-related 
changes of PIVKA-II were more stable than those 
of AFP. The different trajectories of PIVKA-II in 
patients with or without HCC are likely to reflect 

the mechanism of PIVKA-II production, which, 
contrarily to AFP, is not affected by liver disease 
activity15. The use of serological biomarkers may 
represent a valid complement to imaging methods 
(Ultrasound/MRI/CT) in HCC surveillance since 
HCC is frequently characterized by a clinically si-
lent onset and by a rather aggressive evolution; for 
this reason, it’s crucial to detect this neoplasm in 
the early onset phase, when local invasiveness or 
metastasis are absent or still in the initial phase. 

To date, reliable biomarkers able to discrim-
inate metabolic from viral-derived HCC and to 
identify advanced HCC with macrovascular in-
vasion in patients with metabolic syndrome are 
still lacking; moreover, there is no evidence of the 
best methodology to perform active surveillance 
in subjects with metabolic cirrhosis. In addition, 
in patients with HCC arising on a metabolic back-
ground, two novel candidate biomarkers, Matrix 
metalloproteinase-9 (MMP-9) and Fibroblast 
growth factor (FGF), have been investigated. A 
significant increase in the expression of MMP-9 
and FGF-2 have been reported in human and ani-
mal samples of HCC16. Here, we aimed to analyze 
serological levels of PIVKA-II in different stages 
of HCC in patients with metabolic or viral liver 
disease through the employment of accurate mea-
suring methods10. Our purpose was to identify a 
putative multi-marker panel to predict macrovas-
cular invasion in order to ameliorate clinical pa-
tients’ management. We compared the diagnostic 
efficacy of the different tumor biomarkers in di-
agnosing HCC, analyzing PIVKA-II as an inde-
pendent biomarker or in combinations with AFP, 
FGF and MMP-9.

Patients and methods

Patients
We enrolled 60 consecutive patients with met-

abolic (20) and viral (40) liver disease and newly 
diagnosis of HCC according to EASL guidelines3, 

from the Gastroenterology Unit of Fondazione 
Policlinico Universitario A. Gemelli – IRCCS, 
Università Cattolica del Sacro Cuore, in Rome. 
For all patients, the main medical history was col-
lected from clinical charts. Physical examination, 
serological testing for Hepatitis C and B Virus 
(HCV, HBV), laboratory exams were routinely 
performed.

The following exclusion criteria were ap-
plied: 1) history of previous treatment (hepatic 
resection, liver transplant, trans-arterial chemo-
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embolization, radiofrequency, anti-angiogenetic 
drugs); 2) Child Pugh C; 3) obstructive jaundice; 
4) estimated Creatinine Clearance <30 mL/min; 
5) diagnosis of second extra-hepatic neoplasia; 6) 
metastasis. Twenty healthy subjects were recruit-
ed in the control group. The following inclusion 
criteria were applied: age greater than 18 years; 
no evidence of HCC during the period of enroll-
ment; no anticoagulant therapy; no HCV or HBV 
infection, no presence of monoclonal component, 
< 24.9 BMI.

The whole study, approved by the Ethical 
Committee of Fondazione Policlinico Universi-
tario A. Gemelli-IRCCS with ID: 2078, was con-
ducted according to the Declaration of Helsinki 
and subsequent amendments. All samples were 
processed anonymously.

Clinical and Laboratory 
Assessments

Clinical anamnesis and laboratory parameters 
were recorded at the time of diagnosis. Laborato-
ry findings included Glucose, Cholesterol, Total 
bilirubin, Albumin, Alanine aminotransferase 
(ALT), Aspartate aminotransferase (AST), Al-
kaline Phosphatase (ALP) and Gamma-Glutamyl 
Transferase (GGT). Patients’ sera were collected 
for quantitative measurement of AFP and PIV-
KA-II, performed using Lumipulse® G (Fujirebio, 
Tokyo, Japan), based on Chemiluminescent En-
zyme Immunoassay and according to the man-
ufacturer’s instructions. Following Clinical and 
Laboratory Standards Institute (CLSI) guidelines, 
we tested serum samples from 20 healthy donors 
to verify adherence to CLSI EP 28A3C; values of 
PIVKA-II ≥38 mAU/mL, AFP ≥3.5 ng/mL were 
considered positive17. MMP-9 and FGF levels 
were measured by means of the ELISA kits from 
R&D Systems (Minneapolis, MN, USA). Vas-
cular invasion, portal trunk and/or main portal 
branches, diagnosed by MRI with hepato-specific 
contrast medium.

For statistical analysis as far as the portal in-
vasion is concerned, we divided the patients into 
two groups according to the occurrence of por-
tal invasion. Based on the number of nodules, we 
divided the patients in two groups (less or more 
than 2 nodules).

The metabolic pathogenesis of chronic liver 
disease complicate by HCC was established by 
the exclusion viral, alcoholic, autoimmune and 
genetic pathogenesis. Most of patients displayed 
diabetes (63% metabolic and 30% viral) and 8% 
had a BMI over 30.

Statistical Analysis
Statistical analyses were performed by using 

the software package R (3.5.2 release)18. A total of 
60 HCC patients affected by metabolic syndrome 
(20/60) or viral infection (40/60) were included in 
the analyses. Twenty healthy subjects were added 
as negative controls. Continuous variables were 
tested with a visual inspection of QQ-plot and us-
ing the Shapiro-Wilk normality test. Significant de-
viations from normality were detected, therefore, 
biomarkers were reported as median (Q2) and In-
ter Quartile Range (IQR). A comparison between 
two groups was performed with Wilcoxon–Mann–
Whitney test for independent samples. For more 
than 2 groups, the Kruskal-Wallis test followed 
by post-hoc analysis was adopted. The diagnostic 
accuracy of selected biomarkers in discriminating 
between the two groups was assessed by logistic 
regression and ROC curves. Logistic regression is 
executed using the function glm from the R pack-
age stats to extract probabilities from the fitted 
models, either with a single biomarker or with the 
two biomarkers in combination. The classification 
performance of the different predictor was evalu-
ated using ROC curves together with C-statistics 
(AUC: area under the curve) with 95% confidence 
intervals and Decision Curve Analysis (DCA) 18. 
ROC analysis was performed with the R package 
pROC19. Correlation between variables was eval-
uated using Pearson’s correlation coefficient with 
the R package corrplot20. 

For the sake of completeness, all the measured 
correlations were arranged in a correlation matrix 
for all the studied groups and were reported in the 
Supplementary materials section.    

Continuous biomarkers were also tested 
against the occurrence of selected clinical con-
ditions, including the occurrence of portal vein 
invasion and the number of nodules (≤2 nodule 
or >2) by using bootstrap methods. The absolute 
difference between the mean of two groups were 
used as a bootstrap variable, a number of B=10000 
bootstrap samples were generated for the compu-
tation of the selected distributions.

Results 

In Figure 1, we report a box-plot analysis of 
AFP (Figure 1A) and PIVKA-II (Figure 1B) lev-
els in HS and HCC patients. Due to the large data 
dispersion, a logarithmic scale was adopted in 
both cases. Data normality was investigated by 
means of a visual inspection of the QQ-plot and 

https://www.europeanreview.org/wp/wp-content/uploads/Supplementary-Materials-10219.pdf
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with the Shapiro-Wilk test (data not shown). Sig-
nificant deviation from normality was detected, 
in agreement with the highly skewed data dis-
tribution that can be inferred from the box-plot 
shape, even in logarithmic scale. Non-parametric 
tests were thus used to compare the two groups. 
Significantly raised AFP (Wilcoxon–Mann–
Whitney, p=7.310-8) and PIVKA-II (p=0.00012) 
levels were found. The two biomarkers perfor-
mance in distinguishing HCC patients from con-
trols, alone and in combination, was investigat-
ed with a logistic regression followed by a ROC 
curve analysis (Figure 1C). Regression coeffi-
cients are summarized in Table I. A qualitative 
examination of Figure 1C suggests that AFP has 
superior classification properties than PIVKA-II 

and, apparently, the combination of the two mark-
ers does not improve diagnostic performance. A 
quantitative comparison is shown in Figure 1D, 
where we report the corresponding areas under 
the curve (AUC) together with 95% confidence 
intervals (CI). AUCs and CIs are summarized in 
Table I. As expected, a significantly higher AUC 
value is observed for AFP (0.90, 95% CI: 0.88-1) 
compared to PIVKA-II (0.79, 95% CI: 0.69-0.86). 
The two markers in combination show a slightly, 
but not significantly, higher value than AFP alone 
(0.90, 95% CI: 0.84-0.97). 

In Figure 2, we compare AFP (panel A) and 
PIVKA-II (panel B) levels between HS and 
HCC patients further divided in metabolic (M) 
and viral HCC (V). The comparison among 

Figure 1. BOX plot analysis of AFP (A) and PIVKA-II (B) levels in HS (0) and HCC (1). ROC curve analysis for the evaluation 
of diagnostic performance in distinguishing between HCC and healthy subjects for PIVKA-II, AFP and their combination (C) 
with the corresponding AUC values (D).



A useful biomarker in hepatocellular carcinoma

12679

different groups was performed using Kru-
skal-Wallis test. In both cases, we can reject 
the null hypothesis that the mean ranks of the 
groups are the same. A post-hoc analysis with 
the Wilcoxon-Mann-Whitney test highlight the 
presence of statistically significant differences 
for all the multiple comparisons investigated. 
A significant increase in AFP (Figure 2A) and 
PIVKA-II (Figure 2B) levels are observed in 
both metabolic and viral HCC patients com-
pared to healthy subjects. 

A logistic regression followed by a ROC anal-
ysis was performed to evaluate the classification 
ability of the two investigated markers and their 
combination in distinguishing pathological from 
healthy subjects for viral HCC and metabol-
ic HCC, separately. Regression coefficients and 
AUC values for each comparison are summarized 
in Table I. Qualitative analysis of Figure 2 (panel 
C and D) suggests that, while AFP has superior 
diagnostic ability than PIVKA-II for viral HCC 
subjects, the opposite can be observed for met-
abolic HCC, where PIVKA-II shows enhanced 
classification abilities. In both cases, the ROC 

curve of the combined markers does not seem to 
improve significantly compared to the most effi-
cient biomarker alone.

A quantitative comparison is shown in Figure 
3 (panel A and B), where we reported AUC values 
with the corresponding confidence intervals. Con-
sistently with results of Figure 2, a higher AUC 
value is observed for PIVKA-II compared to AFP 
for metabolic HCC subjects, while the opposite is 
observed for viral HCC. In Figure 3C, we show 
the results of the decision curve analysis per-
formed on AFP alone, which represents the gold 
standard, and its combination with PIVKA-II for 
discriminating control subjects from HCC (left), 
metabolic HCC (center) and viral HCC (right) pa-
tients. DCA analysis plots the net benefit against 
the threshold probability and it is becoming an in-
creasingly popular approach to compare different 
diagnostic methods, considering the clinical utili-
ty of the specific method. 

We found a statistically significant difference 
in PIVKA-II serum levels between patients with 
and without portal vein invasion independently 
from the etiology of HCC (Figure 4). 

Table I. Logistic regression coefficients for the comparison of PIVKA-II, AFP and their combination in distinguishing between 
different groups. 	

PIVKA-II: Protein Induced by Vitamin K Absence or Antagonist-II; AFP: α-fetoprotein; HS: Healthy subjects, M: metabolic 
HCC; V: viral HCC. In the last column, the AUC values together with 95% confidence intervals (CI) are reported for the 
corresponding ROC curves.

Groups	 Predictors	 Parameter: Estimate Std. Error	 AUC (95%)
		    (p-value)

HS vs. HCC	 PIVKA-II	 Intercept: -0.61 ± 0.54 (0.290)	 0.79
		  Coeff./PIVKA-II: 0.039 ± 0.019 (0.026) 	 (0.69-0.89)

HS vs. HCC	 AFP	 Intercept: -0.32 ± 0.46 (0.489)	 0.90
		  Coeff./AFP: 0.33 ± 0.14 (0.023)	 (0.83-0.91)                                                     
		  Intercept: -1.30±0.70 (0.055)·	 0.90       
HS vs. HCC	 AFP+PIVKA-II	 Coeff./PIVKA-II: 0.037±0.021 (0.078) 	 (0.84-0.97)		  Coeff./AFP: 0.22±0.14 (0.606)	   

HS vs. M	 PIVKA-II	 Intercept: -6.0 ± 2.4 (0.013)*	 0.96
		  Coeff./PIVKA-II: 0.16 ± 0.07 (0.029) 	 (0.87-1)

HS vs. M	 AFP	 Intercept: -5.71 ± 2.33 (0.156 )	 0.83
		  Coeff./AFP: 0.10 ± 0.09 (0.251)	 (0.69-0.94)
		  Intercept: -5.7 ± 2.3 (0.014)	 0.96HS vs. M	 AFP+PIVKA-II	 Coeff./PIVKA-II: -0.22 ± 0.13 (0.099)	 (0.87-1)		  Coeff./AFP: 0.16 ± 0.07 (0.030)

HS vs. V	 PIVKA-II	 Intercept: -0.58 ± 0.54 (0.288)	 0.71
		  Coeff./PIVKA-II: 0.032 ± 0.02 (0.078)	 (0.58-0.84)

HS vs. V	 AFP	 Intercept: -1.0 ± 0.5 (0.050)	 0.94
		  Coeff./AFP: 0.38 ± 0.15 (0.012)	 (0.87-1)
		  Intercept: -1.25 ± 0.60 (0.036)	 0.95HS vs. V	 AFP+PIVKA-II	 Coeff./PIVKA-II: 0.32 ± 0.15 (0.035)	 (0.89-1)		  Coeff./AFP: 0.0068 ± 0.013 (0.60)
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Discussion

Precision medicine is an emerging approach 
for prevention and treatment of diseases to predict 
the best therapeutic option and prevention strat-
egies for different subgroups of disease patients 
(Precision Medicine Initiative®). It is in contrast 
to a one-size-fits-all approach, in which disease 
treatment and prevention strategies are individu-
ally tailored on the patient. The combination of 
multiple biomarkers may detect different aspects 
of tumor biology and provide additional infor-
mation. The early diagnosis of HCC is essential 
to improve the prognosis and long-term survival 
of patients. Izuno et al21 reported that AFP was 
better able to detect small and locally confined 

tumors while PIVKA-II was more sensitive for 
detecting more diffuse tumors. Recent studies un-
derlined the role of PIVKA-II as independent pre-
dictor of microvascular invasiveness in HCC22; as 
reported, it seems to be correlated with a more fa-
vorable prognosis after liver transplantation than 
the macrovascular invasion, but it is also linked 
with recurrence of liver cancer after transplanta-
tion23-26. PIVKA-II values are considered for tu-
mor relapse where high levels of AFP and PIV-
KA-II are linked26,27. Moreover, PIVKA-II levels 
are correlated with tumor size28.

Since the importance to detect HCC at an early 
stage when the disease is still curable, biomarkers 
can make the difference and complete the diagno-
sis obtained with ultrasound before moving on to 

Figure 2. BOX plot analysis of AFP (A) and PIVKA- (B) levels in HS and HCC, the latter further classified in metabolic HCC 
(M) and viral HCC (V). ROC curve analysis for the evaluation of diagnostic performance in distinguishing between metabolic 
HCC (2C) and viral HCC (2D) from healthy subjects for PIVKA-II, AFP and their combination.
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the more expensive MRI. Biomarkers can also be 
used to better stratify patients on the liver trans-
plant waiting list. 

FGF belongs to a large family of growth fac-
tors that regulate a broad spectrum of biological 
pathways, including cellular proliferation, surviv-
al, migration, and differentiation. HCC is typical-
ly a hypervascular tumor and FGF plays a critical 
role as a stimulatory angiogenic factor of liver 
disease29, sustaining angiogenesis and HCC pro-
gression.

MMPs are extracellular matrix-degrading 
enzymes that enhance tumor invasiveness and 
metastasis; high levels of MMPs are considered 
prognostic factors of poor overall survival of 
patients with HCC30,31. Metalloproteinases such 
as MMP-9 gelatinase have been shown to be in-
volved in many steps of tumor development and 
progression but also of its suppression. They are 

generally associated with malignant phenotype, 
invasion, progression, and low survival32-35. Dif-
ferent studies have shown that MMP-9 is predic-
tive of a more invasive and metastatic character 
of HCC and its high expression in tumor tissues is 
considered a prognostic factor of poor overall sur-
vival in HCC patients36. However, serum levels of 
MMP-9 do not correlate with either tumor size or 
serum AFP concentrations. Therefore, this result 
could indicate MMP-9 as a new and independent 
specific biomarker of HCC able to highlight some 
biological characteristics of the neoplasia and pre-
cisely the invasive potential and neoangiogenic 
abilities37. 

Serological levels of ALT and AST liver en-
zymes are tested routinely and automatically in 
current clinical settings. These biomarkers are 
usually elevated in patients with liver diseases 
and their concentrations may reflect the status 

Figure 3. AUC values with the corresponding confidence intervals for AFP, PIVKA-II and their combination in metabolic HCC 
(A) and viral HCC patients (B). Decision Curve Analysis (DCA) performed on AFP alone and its combination with PIVKA-II 
for discriminating control subjects from HCC (left), metabolic HCC (center) and viral HCC (right) patients (C).
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of liver injury38. In clinical practice high levels 
of ALT and AST are widely recognized sugges-
tive of liver disease because39 these enzymes are 
released from damaged hepatocytes into the cir-
culation40. Therefore, the positive correlation of 
MMP-9 levels with ALT/AST ratio could showed 
that this marker is an indicator of disease severity 
and extent. 

Our results confirmed the difference between 
patients and healthy individuals and displayed in-
teresting differences between metabolic and viral 
HCC groups: PIVKA-II serum levels were higher 
in the metabolic-disease group than to patients 
with viral infection and it is correlated with vas-
cular invasion; on the contrary, serum AFP, ALT, 
AST levels and their ratio were higher in the sec-
ond group than in patients with metabolic HCC 
(Figure 5). 

Statistical analysis of results suggests that 
choice of biomarker depends upon the origin 
of HCC: in metabolic HCC patients, PIVKA-II 
seems to have a better reliability than in viral HCC 
and therefore might be of major clinical utility in 
patient management. Moreover, only in metabol-
ic HCC individuals the combination of two bio-
markers is more efficient than AFP alone. AFP 

is not involved in the pathogenesis of metabolic 
liver disease, has been observed that the serum 
levels of AFP are not different between NAFLD 
patients and healthy controls and no associations 
was found between AFP and histological find-
ing41. In clinical practice, these results indicated 
that PIVKA-II is a necessary complement to AFP 
in metabolic HCC surveillance. The different be-
havior observed in the two HCC groups might be 
of high clinical value for follow-up purposes and 
therefore deserves a more in-depth study.

The increased level of PIVKA-II and vascu-
lar invasion may also reflect the evidence that 
PIVKA-II levels are inversely correlated with 
vitamin K concentration and storage, which is 
crucial in reducing thrombus formation and oth-
ers cardiovascular complications42. The catabolic 
state promoted by cancer could lead to a relative 
vitamin K deficiency which results in a signif-
icant increase in uncarboxylated prothrombin. 
The increase in PIVKA-II can represent a mark-
er of coagulation abnormalities or inflammatory 
response43,44. These data, also considering the 
significant positive correlation that we found 
between serum PIVKA-II levels and vascular 
invasion, could be explained by the fact that pa-
tients were affected by HCC over a condition of 
metabolic liver disease45.

It appears that the combination of PIVKA-II 
and AFP always outperforms AFP alone across a 
wide range of threshold probabilities, strengthen-
ing the idea that the use of PIVKA-II could be a 
valuable predictor of HCC in subjects diagnosed 
with metabolic hepatitis.

PIVKA-II appears as an independent predic-
tor of microvascular invasion of HCC. It is also 
considered a biomarker for tumor relapse cou-
pled with AFP. Evaluation of the other candidate 
biomarkers was unsatisfactory. MMP-9 and FGF 
do not provide any additional useful informa-
tion for the improvement of clinical manage-
ment. Our study is limited by the small sample 
size, therefore further studies are necessary to 
strengthen our date; however, from our results, 
PIVKA-II emerges as a reliable biomarker to 
better stratify HCC patients, and able to identify 
vascular invasion.

Conclusions

Monitoring of HCC both in terms of early 
diagnosis and during treatment remains one of 
the most important objectives to be achieved to 

Figure 4. Main plot: bootstrap distribution of the abso-
lute difference of the mean PIVKA levels between patient 
with and without portal invasion. The dashed vertical line 
represents the measured mean difference between the two 
groups. Inset plot: box plot of serum PIVKA levels ex-
pressed in mAU/mL for patients with and without portal 
vein invasion. 
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date. The difficulty for early diagnosis and care-
ful monitoring consists in identifying suitable 
clinical markers that reflect disease status and re-
sponse to treatment.

Developing panels with different biomarkers 
have been proposed in the literature for the di-
agnosis of liver diseases, with particular regard 
to proliferative disorders46-48; actually, most of 
them displayed limitations in terms of low sensi-
tivity and specificity, and high cost49. To improve 

the therapeutic monitoring, it would be useful to 
know the molecular mechanisms that reside at 
the basis of resistance to treatment in order to use 
careful surveillance50.

In the precision medicine era, the measure-
ment of PIVKA-II could be useful in therapeutic 
monitoring treatment, despite further studies are 
needed to determine what causes the PIVKA-II 
increase and whether vitamin K deficiency in 
HCC patients may affect mortality or morbidity. 

Figure 5. Graphical representation of AFP, PIVKA-II and their combination in healthy liver and in metabolic/viral HCC. A, 
The difference between healthy liver and HCC.  B, The difference between viral HCC and metabolic HCC.
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