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Abstract
Background and Aims: Prothrombin induced by vitamin K absence-II (PIVKA-II) is
a serum biomarker linked to hepatocellular carcinoma (HCC), showing superiority to
alpha-fetoprotein (AFP) for early disease detection. We aimed to assess the clinical
and analytical performance of the Elecsys® PIVKA-II immunoassay in diagnosing
HCC and evaluate PIVKA-II’s technical performance.
Methods: Serum samples from adult cases (i.e. patients with a first-time HCC diagno-
sis; n = 168) and disease controls (i.e. patients without HCC with an at-risk condi-
tion; n = 208) were assessed. An AFP cut-off of 20 ng/mL was used to differentiate
between HCC cases and disease controls. Clinical performance of the Elecsys
PIVKA-II assay was compared with that of comparator assays (Lumipulse G PIVKA-
II, μTASWako DCP, ARCHITECT PIVKA-II) using receiver operating characteristic
curve analysis to determine the area under the curve (AUC) values.
Results: The Elecsys PIVKA-II assay compared favorably with comparator assays.
Using a 28.4 ng/mL cut-off, the Elecsys PIVKA-II assay detected HCC with 86.9%
sensitivity and 83.7% specificity. Clinical performance of the Elecsys PIVKA-II assay
(AUC: 90.8%) was equivalent to that of comparator assays (AUC: 88.3–89.6%). Rela-
tively high PIVKA-II concentrations were observed for cholangiocarcinoma and pan-
creatic cancer with the Elecsys assay in specificity panel analyses, indicating that high
PIVKA-II concentrations should not be used alone in the absence of other
clinical data.
Conclusions: The Elecsys PIVKA-II assay showed good analytical performance
under routine laboratory conditions, comparing favorably with comparator assays.
These findings support the suitability of the Elecsys PIVKA-II assay as an aid in
HCC diagnosis.

doi:10.1002/jgh3.12720

292 JGH Open: An open access journal of gastroenterology and hepatology 6 (2022) 292–300

© 2022 The Authors. JGH Open published by Journal of Gastroenterology and Hepatology Foundation and John Wiley & Sons Australia, Ltd.

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs License, which permits use and distribution in any medium,

provided the original work is properly cited, the use is non-commercial and no modifications or adaptations are made.

https://orcid.org/0000-0002-7790-1611
mailto:hlychan@cuhk.edu.hk
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1002%2Fjgh3.12720&domain=pdf&date_stamp=2022-05-07


RL are employees of Roche Diagnostics. TP receives grants/research support from Roche Diagnostics, Janssen, FibroGen, and VIR, and speaks and
teaches for Bristol Myers Squibb, Gilead Sciences, Bayer, Abbott, Eisai, and Mylan Ferring.
Author contribution: Henry L Y Chan: Conceptualization, methodology, investigation, resources, writing - original draft, writing - review & editing,
visualization, supervision. Arndt Vogel, Thomas Berg, Enrico N De Toni, Jörg Trojan, Anja Eiblmaier, Johannes Kolja Hegel, Marcus-Rene Lisy:
Investigation, resources, writing - review and editing. Masatoshi Kudo: Conceptualization, investigation, resources, writing - review & editing. Hanns-
Georg Klein: Validation, supervision, project administration, writing - review & editing. Ashish Sharma and Teerha Piratvisuth: Methodology,
Investigation, Resources, Formal analysis, Writing - Review & Editing. Kairat Madin: Methodology, investigation, resources, formal analysis, writing -
review & editing, visualization, supervision. Vinzent Rolny: Methodology, formal analysis, data curation, writing - review & editing.
Financial support: This study was funded by Roche Diagnostics GmbH (Penzberg, Germany).

Funding support: Roche Diagnostics GmbH
(Penzberg, Germany)

Introduction
In 2020, approximately 905 677 new cases of liver cancer were diag-
nosed worldwide, and mortality due to liver cancer was >830 000.1

Hepatocellular carcinoma (HCC) is the most common form of liver
cancer, estimated to account for >80% of the primary disease.2

HCC often occurs in patients with chronic liver disease or
cirrhosis.2 More recently, non-alcoholic steatohepatitis (NASH)
and non-alcoholic fatty liver disease are increasingly recognized
as risk factors for HCC.3 Patients under surveillance for such
conditions, patients with suspected cirrhosis undergoing initial
assessment, and patients who present with signs and symptoms
such as ascites, jaundice, and hepatomegaly are often evaluated
for HCC using the serum marker alpha-fetoprotein (AFP) in
combination with ultrasonography.4 However, controversies exist
regarding the value of AFP, with some studies suggesting it is
the best single biomarker for HCC5 and complements the use of
ultrasound,6 while others have questioned the sensitivity, speci-
ficity, and predictive value of AFP testing.7 Accordingly, guide-
lines also differ regarding the use of serum biomarkers;
ultrasound alone is proposed by the European Association for the
Study of Liver,8 while the American Association for the Study of
Liver Diseases guideline includes use of an AFP cut-off of
20 ng/mL in select circumstances.9 The Asian Pacific Associa-
tion for the Study of Liver Disease (APASL) guideline also
includes the use of an AFP cut-off of 20 ng/mL for HCC surveil-
lance when used in combination with ultrasound.10

Prothrombin induced by vitamin K absence-II (PIVKA-
II; also known as des-γ-carboxyprothrombin [DCP]) has been
identified as a serum biomarker linked to HCC.11,12 PIVKA-II
has been shown to be an independent predictor of microvascu-
lar invasion in HCC13,14 and superior to AFP for the early
detection of HCC, being highly sensitive and specific.11,15

Serologic statistical models including serum AFP and PIVKA-
II measurements have previously been developed to aid in the
prognosis and diagnosis of HCC. A statistical model involving
sex, age, AFP isoform L3 (AFP-L3), AFP, and DCP (GALAD)
was developed to determine the risk of HCC in patients with
chronic liver disease.16 An international case–control study
showed that the GALAD score can detect early-stage HCC and
may aid in monitoring patients with NASH.17 The GALAD
score has the potential to be used as a screening tool for the
detection of HCC in patients with NASH; however, further
validation in a large, prospective study is warranted. A second
model combining bilirubin, albumin, AFP-L3, AFP, and DCP

(BALAD) was developed to aid prognostication in HCC, and
was further refined through the use of continuous variables
(BALAD-2).18,19 BALAD-2 has since been validated in an
international setting and across different disease stages,
supporting its use in staging and prognostication for patients
with HCC.20,21

A new immunoassay for the quantitative measurement of
PIVKA-II in human serum and plasma, to be used as a diagnos-
tic aid in HCC, has been developed to complement the tumor
marker portfolio on the Elecsys® automated immunoassay plat-
form. The aim of this study was to assess the clinical perfor-
mance of the Elecsys PIVKA-II and AFP immunoassays in
aiding the diagnosis of HCC and to evaluate the technical perfor-
mance of PIVKA-II, including the determination of reference
range(s) for healthy adults.

Methods

Participants. This was a multicenter, prospective study
designed to assess the clinical and analytical performance of the
new Elecsys PIVKA-II immunoassay (Roche Diagnostics Inter-
national Ltd., Rotkreuz, Switzerland) as an aid in the diagnosis
of HCC. Patients with HCC and disease controls were prospec-
tively enrolled at seven clinics in China, Germany, Japan, and
Thailand. All participants were aged 18 years and older, and pro-
vided written, informed consent prior to enrolment. One addi-
tional site provided banked HCC samples. Additional study
details are provided in Methods section, Supporting information.

Eligible HCC cases had a first-time HCC diagnosis, con-
firmed radiologically according to national guidelines, or by liver
biopsy. Key exclusion criteria were the presence of any other
cancer (except non-melanoma skin cancer), recurrent HCC, or
current or previous treatment for HCC.

Eligible disease controls had absence of HCC confirmed
by imaging within 12 months before the study and presence of
one of the following: cirrhosis; non-cirrhotic chronic hepatitis B
virus (HBV); non-cirrhotic chronic hepatitis C virus (HCV); or
NASH. The key exclusion criterion was the presence of any can-
cer except non-melanoma skin cancer.

Etiology groups for HCC cases and controls were classi-
fied as cirrhotic, non-cirrhotic HBV, non-cirrhotic HCV, non-
cirrhotic NASH, non-cirrhotic alcoholic liver disease (ALD), or
other. HCC cases were also grouped according to the Barcelona
Clinic Liver Cancer (BCLC) staging (early, stages 0/A; late,
stages B/C/D).
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Sample handling and analysis. Serum samples were col-
lected by venous blood draw ≥1 day before general anesthesia/
surgery and frozen before shipping (see Methods section,
Supporting information).

Repeatability (within-run), intermediate precision (within-
laboratory), and reproducibility were calculated and compared
against prespecified acceptance criteria. For samples with con-
centrations from the limit of detection to 30 ng/mL, the accep-
tance criteria were standard deviation (SD) ≤1.5 ng/mL
(repeatability), ≤2.25 ng/mL (intermediate precision), and
≤4.5 ng/mL (reproducibility). For samples with concentrations
>30 ng/mL, the acceptance criteria were coefficient of variation
(CV) ≤5% (repeatability), ≤7.5% (intermediate precision), and
≤15% (reproducibility).

Samples were analyzed at three laboratories in Germany
with three cobas e 411 analyzers (the master instruments) and
two cobas e 601 analyzers, with one run per day for 5 days using
one reagent lot (five replicates for each of the seven samples [five
human serum pools plus two PreciControl samples covering the
measuring range of 3.5–12 000 ng/mL]; Clinical & Laboratory
Standards Institute [CLSI] EP05-A3 criteria). Reference ranges
were determined in serum samples collected from healthy indi-
viduals 20–79 years of age in Munich (n = 399) and Nuremberg
(n = 412) on one cobas e 411 analyzer and two cobas e
601 analyzers.

Method comparison experiments were conducted with
samples from HCC cases and disease controls on the Elecsys
PIVKA-II assay using the cobas e 601 analyzer at Microcoat
GmbH (Bernried, Germany); assays using comparator platforms
(Lumipulse G PIVKA-II, μTASWako DCP, and ARCHITECT
PIVKA-II) were performed at the Life Science Research Institute
(Yokohama, Japan).

Data handling. Details on sample size determination are
included in the Methods section, Supporting information.

The clinical performance of the Elecsys PIVKA-II and
AFP assays was determined by co-testing the same aliquot of
HCC cases and disease control samples on the cobas e 601 ana-
lyzer. Specificity panel serum samples from patients with other
benign/malignant diseases were also measured at two sites with
the Elecsys PIVKA-II and AFP assays simultaneously and the
μTASWako DCP platform.

Analytical comparison of methods was performed using
weighted Deming regression (CLSI EP09-A3 criteria). Clinical
performance of the different methods was assessed using receiver
operating characteristic (ROC) curve analysis. Area under the
curve (AUC) values were calculated. An AFP cut-off of 20 ng/
mL was prespecified to assess clinical performance of AFP to
accurately differentiate between HCC cases and disease controls
of 376 participants in total. For Elecsys PIVKA-II, the clinical
performance at specified specificity and sensitivity values
(between 70 and 95%) was calculated, with the 95th percentile
used to define the cut-off.

Results

Study participants. In total, 473 patients were screened. Of
these, 168 HCC cases and 208 disease controls were enrolled in
the study; 97 screened patients were excluded (56 HCC cases

and 41 disease controls) because of either inclusion/exclusion
criteria not being met, incomplete sample processing, or physi-
cian or sponsor decision.

In the HCC cohort, the mean patient age was 62.86 years;
141 (83.9%) patients were men and 139 (82.7%) had cirrhotic
etiology (Table S1, Supporting information). Seventy-seven
(45.8%) patients had early-stage HCC (BCLC stages 0/A) and
91 (54.2%) had late-stage HCC (BCLC stages B/C/D). In total,
122 (72.6%) patients in the HCC cohort had a Child–Pugh score
of A, and 98 (58.3%) had an albumin-bilirubin (ALBI) grade
of 2.

In the control cohort, the mean age was 52.18 years;
126 (60.6%) participants were men and 79 (38.0%) had cirrhotic
etiology. Child–Pugh scores were not available for the control
cohort; however, 153 (73.6%) patients had an ALBI grade of 1.

Analytical performance. The Elecsys PIVKA-II assay
demonstrated high repeatability, intermediate precision, and
reproducibility when compared against prespecified acceptance
criteria. For low-concentration samples (mean: 7.52–26.55 ng/
mL), SDs ranged from 0.278 to 1.32 ng/mL for repeatability
(within the ≤1.5 ng/mL criterion), from 0.334 to 1.44 ng/mL for
intermediate precision (within the ≤2.25 ng/mL criterion), and
from 0.619 to 1.79 ng/mL for reproducibility (within the ≤4.5 ng/
mL criterion). For high-concentration samples (mean: 359.1–
10 294 ng/mL), the CV ranged from 2.05 to 2.99% for repeat-
ability (within the ≤5% criterion), from 3.28 to 3.74% for inter-
mediate precision (within the ≤7.5% criterion), and from 5.28 to
5.82% for reproducibility (within the ≤15% criterion).

The reference range population comprised 811 individuals:
431 (53.1%) were men and the mean age was 47.1 years. Mean
PIVKA-II concentration was 19.7 ng/mL, with values ranging
from 19.1 to 20.7 ng/mL across age groups. The 95th percentile
was 28.4 ng/mL. Therefore, 28.4 ng/mL was used as a cut-off
for PIVKA-II in the clinical performance analyses.

Method comparison was performed using 391 samples,
although 10 nonclinical samples prepared from leftovers were
excluded because of outlying behaviors. Weighted Deming
regression analyses showed moderate agreement between the
Elecsys PIVKA-II assay and Lumipulse G PIVKA-II
(y = 5.81 + 0.57x; Pearson’s r = 0.883; P < 0.001); μTASWako
DCP (y = 8.11 + 0.60x; Pearson’s r = 0.866; P < 0.001); and
ARCHITECT PIVKA-II (y = 4.68 + 0.59x; Pearson’s r = 0.875;
P < 0.001) assays (Fig. 1). [Correction added on 8 July 2022, after
first online publication: The y values in the Results, Analytical
performance section were also updated from y = 5.81x + 0.57,
y = 8.11x + 0.60, and y = 4.68x + 0.59 to y = 5.81 + 0.57x,
y = 8.11 + 0.60x, and y = 4.68 + 0.59x, respectively.]

Clinical performance. Clinical performance of the Elecsys
PIVKA-II assay (AUC: 90.8%) was equivalent to that of compar-
ator assays (AUC: 88.3–89.6%; Fig. 2a). PIVKA-II and AFP
concentrations were clearly elevated in HCC cases compared
with disease controls (Fig. 3a,b). The median PIVKA-II concen-
tration was 301.19 ng/mL in HCC cases compared with
19.39 ng/mL in disease controls. The median AFP concentration
was 24.55 ng/mL in HCC cases compared with 2.92 ng/mL in
disease controls.
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Serum PIVKA-II and AFP concentrations correlated with
HCC disease stage (Fig. 3c,d). Median PIVKA-II and AFP con-
centrations were 63 and 11.7 ng/mL for early-stage HCC,
increasing to 1486 and 144 ng/mL for late-stage HCC,
respectively.

Both assays demonstrated good clinical performance for
the detection of HCC (Table 1). The Elecsys PIVKA-II assay
showed high sensitivity and good specificity; sensitivity was
higher for late stage versus early stage HCC (94.5 vs 77.9%).
The Elecsys AFP assay showed excellent specificity and moder-
ate sensitivity; sensitivity was higher for late stage versus early
stage HCC (64.8 vs 36.4%). Cumulative data analysis resulted in
an AUC value of 0.908 for Elecsys PIVKA-II and 0.88 for Elec-
sys AFP, confirming their clinical performance. Clinical perfor-
mance of both Elecsys PIVKA-II and Elecsys AFP for
specificity, ranging between 70 and 95%, and sensitivity, ranging
between 70 and 95%, was determined (summarized in Table 2).
At 95% specificity, cut-offs for Elecsys PIVKA-II and Elecsys
AFP were 86.7 and 11.52 ng/mL, respectively, and sensitivity
was 67.9 and 61.9%. Cut-offs for Elecsys PIVKA-II and Elecsys
AFP at 90% specificity were 35.9 and 8.22 ng/mL, and sensitiv-
ity was 81 and 64.9%. Specificity at 95 and 90% sensitivity was
similar between Elecsys PIVKA-II and Elecsys AFP.

Specificity and sensitivity for discrimination of HCC in
early-, late-, and all-stage patients at rounded cut-offs from 20 to
1000 mAU/mL are summarized in Tables S2–S4, Supporting
information for the Elecsys PIVKA-II, Lumipulse G PIVKA-II,
μTASWako DCP, and ARCHITECT PIVKA-II assays. At a cut-
off of 40 mAU/mL, specificity and sensitivity were comparable
between the Elecsys PIVKA-II assay (specificity: 90.9%, sensi-
tivity: 78%) and the Lumipulse G PIVKA-II, μTASWako DCP,
and ARCHITECT PIVKA-II assays (specificity: 84.6–89.9%,
sensitivity: 81.0–82.7%) for discriminating all-stage HCC cases.

The Elecsys PIVKA-II assay also demonstrated high spec-
ificity in other analyses. For instance, high specificity was seen
across non-cirrhotic etiologies, ranging from 90.3% in HBV+
samples to 93.3% in samples with NASH and to 100% in HCV+
samples; specificity was lower (68.4%) for cirrhotic cases. Speci-
ficity was not determined for ALD and other factors due to small
sample sizes.

The AUC for all samples was 90.8%. The AUC was
highest for HBV/HCV samples (97.3%) and lowest for cirrhotic
cases (85.6%; Fig. 2b). Additionally, specificity panel analyses
showed that PIVKA-II was found in lower concentrations for
most other conditions tested compared with HCC, with the
exception of cholangiocarcinoma and pancreatic cancer, on both
Elecsys PIVKA-II and μTASWako DCP assays (Fig. 4). In sam-
ples from patients with cholangiocarcinoma, a median PIVKA-II
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concentration of 143 ng/mL (range: 14.5–22 463 ng/mL) was
observed using the Elecsys PIVKA-II assay. In samples from
patients with pancreatic cancer, the median PIVKA-II concentra-
tion was 211 ng/mL (range: 17.6–3034 ng/mL) using the Elecsys
PIVKA-II assay.

Analysis of concordance between a PIVKA-II cut-off of
28.4 ng/mL and AFP cut-offs of 8.22 and 11.5 ng/mL
(corresponding to 90 and 95% specificity, respectively) showed that
concordance was highest for a PIVKA-II cut-off of >28.4 ng/mL
and an AFP cut-off of >8.22 ng/mL in patients with early- and late-
stage HCC (43 and 70%, respectively; Table S5, Supporting
information).

Using a combination PIVKA-II (at a cut-off of 28.4 ng/mL)
and AFP (at a cut-off of 20 ng/mL), the overall sensitivity for HCC
detection was 92% versus 87% using the Elecsys PIVKA-II assay
alone or 52% using the Elecsys AFP assay alone. The
corresponding specificities were 82%, 84%, and 98%, respectively.

Discussion
This study demonstrated that the Elecsys PIVKA-II assay com-
pares favorably with commercially available comparator assays.
Using a cut-off of 28.4 ng/mL, the Elecsys PIVKA-II assay

detected HCC with a sensitivity of 86.9% and specificity of
83.7%. Clinical performance of the Elecsys PIVKA-II assay
(AUC: 90.8%) was equivalent to that of comparator assays
(AUC: 88.3–89.6%).

Relatively high PIVKA-II concentrations were also
observed for cholangiocarcinoma and pancreatic cancer using the
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hepatitis B virus; HCC, hepatocellular carcinoma; HCV, hepatitis C
virus; NASH, non-alcoholic steatohepatitis; PIVKA-II, prothrombin
induced by vitamin K absence-II; ROC, receiver operating
characteristic.
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Figure 3 Overall distribution of (a) PIVKA-II and (b) AFP in HCC cases
and disease controls, and detailed distribution of (c) PIVKA-II and
(d) AFP according to BCLC HCC disease stage. AFP, alpha-fetoprotein;
BCLC, Barcelona Clinic Liver Cancer; HCC, hepatocellular carcinoma;
PIVKA-II, prothrombin induced by vitamin K absence-II.
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Elecsys PIVKA-II assay in the specificity panel of this study,
although this may be attributable to underlying conditions in
these patients (e.g. cholestatic disease, cholangitis, biliary steno-
sis, or bile duct stone). The small number of measurable samples
from patients with cholangiocarcinoma (n = 27) and pancreatic
cancer (n = 10) should also be considered as a limitation. How-
ever, the elevated concentrations were confirmed using the
μTASWako DCP platform; previous studies have also reported
high levels of expression of PIVKA-II in patients with
intrahepatic cholangiocarcinoma and pancreatic cancer.22,23

Berhane et al. found that neither PIVKA-II nor AFP-L3 was ele-
vated in patients with cholangiocarcinoma or pancreatic cancer
compared with healthy controls when measured using microchip
capillary electrophoresis and a liquid-phase binding assay on a
μTASWako i30 analyzer.20 Therefore, the relatively high concen-
trations of PIVKA-II observed here are more likely due to differ-
ences in the patient population than differences between assays.
These findings indicate that high concentrations of PIVKA-II
should not be used as a stand-alone diagnostic tool for HCC in
the absence of other clinical data, such as patient symptoms,
imaging, and other laboratory tests. Currently available diagnos-
tic biomarkers for cholangiocarcinoma are considered to be
inaccurate,24 and the only approved biomarker for pancreatic
cancer, CA 19-9, is limited by poor sensitivity and specificity.25

Therefore, it may be beneficial to investigate the specificity and
sensitivity of PIVKA-II for these two malignancies in a future

study in the setting of healthcare systems that have not incorpo-
rated PIVKA-II in routine clinical practice.

The use of AFP and other biomarkers to detect HCC has
been shown previously to be complementary to surveillance tech-
niques and can benefit diagnostic models.6,26 Our findings support
the use of AFP as a biomarker for HCC. This study demonstrated
the discrimination of patients with HCC from those with non-HCC
conditions using the Elecsys AFP assay. Furthermore, the results
reported here for the increased overall sensitivity for HCC detection
when combining PIVKA-II and AFP assays support previously
published evidence. A study of the usefulness of PIVKA-II, AFP,
and AFP-L3 for diagnosing HCC found that the AUC was signifi-
cantly (P = 0.001) higher for the combination of PIVKA-II >40
mAU/mL and AFP >10 ng/mL versus the combination of
PIVKA-II, AFP at the same concentrations, plus AFP-L3
>10%.27 A real-world study investigating the effectiveness of
PIVKA-II in detecting HCC in clinical practice demonstrated
that PIVKA-II effectively increases the detection rate of HCC
and is a valid complement to AFP12; these results and others11

suggest that PIVKA-II could therefore provide a more sensi-
tive means of differentiating HCC from other diseases.

We used AFP 20 ng/mL as the cut-off for HCC diagnosis,
with a sensitivity of 51.8% and specificity of 98.1%. AFP 200 ng/
mL, an alternative cut-off recommended as an aid to HCC diagnosis
by APASL,10 was also analyzed but was found to be notably less
sensitive (data not shown). AFP cut-offs of 11.52 and 8.22 ng/mL,

Table 1 Clinical performance of Elecsys PIVKA-II and Elecsys AFP assays by HCC stage

Assay (cut-off) Metric, % (95% CI)

HCC stage

Early (n = 77) Late (n = 91) Overall (N = 168)

PIVKA-II (28.4 ng/mL) Sensitivity 77.9 (67.0–86.6) 94.5 (87.6–98.2) 86.9 (80.8–91.6)
Specificity 83.7 (77.9–88.4) 83.7 (77.9–88.4) 83.7 (77.9–88.4)

AFP (20 ng/mL) Sensitivity 36.4 (25.7–48.1) 64.8 (54.1–74.6) 51.8 (44.0–59.5)
Specificity 98.1 (95.1–99.5) 98.1 (95.1–99.5) 98.1 (95.1–99.5)

AFP, alpha-fetoprotein; CI, confidence interval; HCC, hepatocellular carcinoma; PIVKA-II, prothrombin induced by vitamin K absence-II.

Table 2 Cut-offs of Elecsys PIVKA-II and Elecsys AFP at specified specificity and sensitivity values

PIVKA-II AFP

Specificity, % Cut-off, ng/mL Sensitivity, % (95% CI) Cut-off, ng/mL Sensitivity, % (95% CI)

95 86.7 67.9 (60.2–74.8) 11.52 61.9 (54.1–69.3)
90 35.9 81 (74.2–86.6) 8.22 64.9 (57.2–72.1)
85 28.5 86.9 (80.8–91.6) 6.00 73.2 (65.8–79.7)
80 25.3 88.7 (82.9–93.1) 5.28 77.4 (70.3–83.5)
75 23.6 89.9 (84.3–94.0) 4.71 81.5 (74.8–87.1)
70 22.7 90.5 (85.0–94.5) 4.27 86.3 (80.2–91.1)

Sensitivity, % Cut-off, ng/mL Specificity, % (95% CI) Cut-off, ng/mL Specificity, % (95% CI)

95 18.7 43.3 (36.4–50.3) 2.85 45.2 (38.3–52.2)
90 23.1 72.1 (65.5–78.1) 3.65 64.4 (57.5–70.9)
85 31.7 87.5 (82.2–91.7) 4.45 73.1 (66.5–79.0)
80 36.5 90.4 (85.5–94.0) 5.04 77.9 (71.6–83.3)
75 51.5 91.8 (87.2–95.2) 5.87 83.2 (77.4–88.0)
70 63.9 93.3 (89.0–96.3) 6.45 87.0 (81.7–91.4)

AFP, alpha-fetoprotein; CI, confidence interval; PIVKA-II, prothrombin induced by vitamin K absence-II.
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corresponding to 95 and 90% specificity, had a sensitivity of 61.9
and 64.9%, versus a sensitivity of 67.9 and 81% for PIVKA-II at
95 and 90% specificity. For the diagnosis of early HCC, the optimal
cut-off for AFP is likely to be lower. A large multicenter phase
2 case–control study found that the optimal AFP cut-off for the diag-
nosis of early HCC was 10.9 ng/mL, with a sensitivity of 66%; for
very early HCC, an AFP cut-off of 10.9 ng/mL had an AUC of 0.78
and a sensitivity of 65%.28 Lower values of 5 and 10 ng/mL have

been suggested as potential AFP cut-offs to differentiate the risk of
developing HCC in patients undergoing antiviral treatment for HBV
with nucleoside/nucleotide analogs.29 Similarly, other studies found
that AFP 6 ng/mL was an appropriate cut-off, including for patients
with HBV receiving entecavir treatment30 and patients with HCV
receiving interferon treatment.31 Accordingly, future studies investi-
gating whether antiviral nucleoside analog treatments impact the per-
formance of the Elecsys PIVKA-II assay may be beneficial.

a

b

Figure 4 Distribution of PIVKA-II in the subgroups of the specificity panel cohort on (a) the Elecsys PIVKA-II assay and (b) the μTASWako DCP plat-
form. DCP, des-γ-carboxyprothrombin; PIVKA-II, prothrombin induced by vitamin K absence-II.
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Although the Elecsys PIVKA-II assay cannot be directly
compared with other platforms because of the use of different
technologies, antibodies, and detection of different carboxylated
variants, this study achieves the objective of demonstrating clini-
cal performance equivalent to that of the comparator assays.
Strengths of the study include the familiarization and quality con-
trol measures, which ensure accurate performance of all study
procedures. Additionally, the presented reference values may
support physicians in their diagnosis of HCC.

As this was a cross-sectional study, it was not possible to
assess the timing and amplitude of PIVKA-II rise in relation to
early HCC development; such an assessment would require a
longitudinal study with serial samples needed for validation.
Another limitation of this study is that it aimed to study the per-
formance of HCC biomarkers alone, without considering the role
of ultrasound. The performance of PIVKA-II with or without
AFP versus ultrasound was not compared, nor was the perfor-
mance of serum biomarkers with ultrasound on HCC surveil-
lance. Future studies are needed to better inform the application
of these biomarkers in clinical practice.

In conclusion, the Elecsys PIVKA-II assay demonstrated
good analytical performance under routine laboratory conditions
and compared favorably with commercially available comparator
assays, demonstrating its suitability as an aid in HCC diagnosis.
This translated as good clinical performance, which may aid in
the diagnosis of HCC across all disease stages and etiologies.
Combining PIVKA-II with AFP may further increase the diag-
nostic performance.
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