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Summary

Background: To investigate the value of AFP combined with
degamma-carboxylprothrombin (DCP), vitamin K absence
or antagonist-1l (PIVKA) in predicting the efficacy of tran-
shepatic arterial chemoembolisation (TACE).

Methods: The clinical data of 69 patients with hepatocellu-
lar carcinoma (HCC) who received TACE at our hospital
between March 2020 and December 2024 were retro-
spectively analysed. Changes in the serum AFP and DCP
levels of patients before TACE and after two consecutive
TACE operations were analysed. The therapeutic effect of
TACE was evaluated using the MRECIST criteria. The
changes in AFP and DCP levels were compared with the
imaging data from the same period (mRECIST criteria).
The measurement data were tested for normality, and
comparisons between two groups that conformed to a nor-
mal distribution were performed using two-way independ-
ent sample t-tests. The Mann-Whitney U test was used to
compare normally distributed data between the two
groups. The 2 test was used to compare the counting data
between the two groups, and the Mann-Whitney U test was
used to compare the rank-counting data between the two
groups. Spearman correlation analysis was used to explore
the correlation between mRECIST grade and AFP and DCP
levels. The value of each index in the diagnosis of patients
in the remission group was analysed by subject working
characteristic curve analysis.
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Kratak sadrzaj

Uvod: Cilj je bio da se ispita znadaj alfa-fetoproteina (AFP)
u kombinaciji sa degama-karboksil-protrombinom (DCP),
poznatim i kao protein izazvan nedostatkom vitamina K ili
njegovim antagonistom-ll (PIVKA-II), u predvidanju efikas-
nosti transhepatic¢ke arterijske hemoembolizacije (TACE).
Metode: Retrospektivno su analizirani klini¢ki podaci 69
pacijenata sa hepatocelularnim karcinomom (HCC) koji su
u periodu od marta 2020. do decembra 2024. godine
le¢eni TACE procedurom u nasoj ustanovi. Analizirane su
promene nivoa serumskih AFP i DCP vrednosti pre TACE-a
i nakon dve uzastopne TACE procedure. Terapeutski efekat
TACE-a je procenjivan koris¢enjem mRECIST kriterijuma.
Promene u nivoima AFP i DCP su uporedene sa snimcima
iz istog perioda (mRECIST). Podaci su testirani na normal-
nost raspodele; poredenja izmedu dve grupe sa normal-
nom raspodelom su radena t-testom za nezavisne uzorke.
Za poredenije podataka kori§¢eni su Mann-Whitney U test,
x? test i Spirmanova korelaciona analiza za ispitivanje
povezanosti mRECIST stadijuma sa vrednostima AFP i DCP.
Dijagnosti¢ka vrednost svakog parametra u grupi sa remisi-
jom je analizirana ROC (receiver operating characteristic)
analizom.

Rezultati: Prema mRECIST kriterijumima, 38 pacijenata
bilo je u grupi sa remisijom, dok je 31 pacijent bio u grupi
bez remisije. Nakon tretmana, nivoi AFP i DCP u grupi sa
remisijom su bili znacajno nizi u poredenju sa grupom bez
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Results: According to the mRECIST criteria, 38 patients
were in the remission group, and 31 were in the nonremis-
sion group. After treatment, the AFP and DCP levels in the
remission group were significantly lower than those in the
non-remission group (Z=-3.366 and -4.065, P<0.05).
There were statistically significant differences in AAFP
ADCP AAFP%, and ADCP% between the remission group
and the nonremission group (Z=-4.837, -5.597, -4.210,
and -5.851, respectively; P<0.001). The mRECIST stage
was negatively correlated with AAFP and ADCP (RS=-
0.552 and -0.593, P<0.001). The area under the working
characteristic curve of AAFP% was 0.796, that of ADCP%
was 0.912, that of AAFP% + ADCP% combined was
0.921, and that of AAFP% + ADCP% had the most signif-
icant diagnostic value.

Conclusions: A combined analysis of serum AFP and DCP
levels before and after TACE can be used to evaluate the
therapeutic effect of TACE in patients with hepatocellular
carcinoma.

Keywords: transhepatic arterial chemoembolisation
(TACE), protein induced by vitamin K absence or antago-
nist-1l (PIVKA), primary liver cancer, survival prognosis, ret-
rospective study

Introduction

Hepatocellular carcinoma (HCC) ranks third
among malignancy-related deaths in China (1-3).
Transhepatic arterial chemoembolisation (TACE) is
widely recognised as the primary treatment for unre-
sectable patients with advanced HCC, and it has
emerged as the preferred nonsurgical treatment (4).
Serum tumour markers are bioactive substances,
including abnormal gene expression products, that
reflect the presence of tumours (5). The detection of
tumour markers in serum plays a crucial role in
tumour diagnosis, staging, and prognosis. Alpha-feto-
protein (AFP) is a specific protein associated with pri-
mary liver cancer, and its levels are highly valuable for
monitoring tumour efficacy and evaluating patient
prognosis (6-8). Des-gamma-carboxy-prothrombin
(DCP), an abnormal protein resulting from vitamin K
deficiency or antagonism, plays a significant role in
the screening, early diagnosis, and prognosis of hepa-
tocellular carcinoma (HCC) (9). The combination of
TACE and AFP can improve the early diagnosis rate of
hepatocellular carcinoma, but few studies have eval-
uated the postoperative efficacy of TACE.

The role of vitamin K deficiency, or protein
induced by vitamin K antagonism (PIVKA), in the
treatment of liver cancer has received considerable
attention (10). Hepatocellular carcinoma (HCC) is a
common malignant tumour worldwide, and transhep-
atic arterial chemoembolisation (TACE) has become
an important treatment option for HCC (11).
However, predicting the efficacy of TACE has long
been a challenging clinical problem, making it highly
important to identify reliable predictors. The occur-
rence and development of liver cancer closely corre-
late with the PIVKA level, a specific liver cancer mark-
er (12). Vitamin K deficiency, or antagonist Il

remisije (Z=-3,366 i -4,065, P<0,05). Postojale su sta-
tisticki znacajne razlike u vrednostima AAFP, ADCP, AAFP%
i ADCP% izmedu dve grupe (Z=-4,837, -5,597, -4,210i -
5,851, P<0.001). Stadijum prema mRECIST kriterijumima
je bio u negativnoj korelaciji sa AAFP i ADCP (RS=-0,552
i-0,593, P<0.001). Povrsina ispod ROC krive za AAFP% je
iznosila 0,796, za ADCP% 0,912, dok je kombinovana
vrednost AAFP% 4+ ADCP% bila 0,921, $to ukazuje na
najvecu dijagnosti¢ku vrednost.

Zakljuéak: Kombinovana analiza serumskih nivoa AFP i
DCP pre i posle TACE procedure se moze koristiti za pro-
cenu terapijskog efekta TACE kod pacijenata sa hepato-
celularnim karcinomom.

Kljuéne reéi: transhepatitka arterijska hemoembolizaci-
ja (TACE), protein izazvan nedostatkom vitamina K ili nje-
govim antagonistom-Il (PIVKA), primarni rak jetre, prog-
noza prezivljavanija, retrospektivna studija

deficiency, significantly increases PIVKA production,
making it a crucial tool for liver cancer diagnosis and
prognosis assessment (13-15). However, there is no
clear consensus on the value of PIVKA in predicting
the efficacy of TACE.

Therefore, this retrospective study aimed to
investigate the predictive value of PIVKA in the treat-
ment of liver cancer patients with TACE. By systemat-
ically integrating existing research results, we will try
to resolve the controversies in current research and
provide a more reliable basis for clinical practice. This
study aimed to provide guidance for the individualised
management of TACE for liver cancer patients,
improve treatment efficacy and patient prognosis,
and thus improve patient quality of life.

Materials and Methods
Research subjects

The data of a total of 69 HCC patients who
received TACE alone in the department from March
2020 to December 2024 were retrospectively collect-
ed.

The inclusion criteria for patients were as fol-
lows: (1) had HCC diagnosed according to China’s
»Norms for Diagnosis and Treatment of Primary Liver
Cancer (2023 edition)«; (2) had a United States
Eastern Oncology Consortium (ECOG) physical fit-
ness score of 0-2; (3) had Child Pugh grade A or B;
and (4) had initial treatment involving TACE, and the
number of consecutive treatments was 2.

The exclusion criteria for patients were as fol-
lows: (1) had diffuse HCC; (2) had an Eastern
Cooperative Oncology Group (ECOG) score >2; (3)
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had decompensated cirrhosis (jaundice, ascites, gas-
trointestinal bleeding, hepatic encephalopathy); (4)
had severe heart, brain, lung or kidney disease; (5)
had taken vitamin K antagonists (such as warfarin) for
the past 3 months; (6) had incomplete clinical data;
and (7) did not conform to the TACE indications in
the diagnosis and treatment standards for primary
liver cancer.

The Ethics Committee of our hospital approved
this study, and all included patients provided signed
informed consent.

Traditional TACE treatment

The Seldinger technique punctured the femoral
artery, and then the short sheath of the 5F artery was
successfully implanted. The catheter was inserted
along the sheath into the superior mesenteric artery
for indirect portal vein angiography, and the hepatic
catheter was inserted into the proper hepatic artery
for hepatic angiography to determine the extent of
the tumour and the presence or absence of arteriove-
nous fistula. Oxaliplatin for chemical perfusion (100
mg, 50 mg/ bottle, Sanofi-Aventis France), epirubicin
for embolisation (0.25 g/bottle, Pfizer (Wuxi) Co.,
LTD.) and iodine (10 mL/bottle, Shanghai Xudong
Haipu Pharmaceutical Co., LTD.). Angiography was
performed again after embolisation to observe the
deposition of iodide ions in the tumour. If the blood
flow rate remains high, add an appropriate amount of
gelatin sponge particles (350-550 um, Hangzhou
Ailikang Medical Technology Co., Ltd.) until the blood
vessel becomes residual after embolisation and
angiography.

Drug-carrying microspheres

TACE punctures the femoral artery using the
Seldinger technique after successful insertion of a
short sheath in the 5F artery. The catheter was
advanced along the sheath and then inserted into the
superior mesenteric artery. Indirect portal venography
was performed, and the hepatic duct was accessed
through the proper hepatic artery for hepatic arteriog-
raphy to determine the extent of the tumour and
whether an arteriovenous fistula was present.
Oxaliplatin (100 mg, 50 mg/bottle, Jiangsu Hengrui
Pharmaceutical Co., Ltd.) was used for chemical per-
fusion; epirubicin (0.25 g/bottle, Shenzhen Wan Le
Pharmaceutical Co., Ltd.) microspheres with a diam-
eter ranging from 100 to 300 um (Jiangsu Hengrui
Pharmaceutical Co., Ltd.) suspension solution was
made by mixing 10 to 15 mL evenly. After embolisa-
tion, angiography was performed again until the main
supplying artery stopped flowing.

Postoperative management

The patients received symptomatic treatment,
including antiemetics, liver and stomach protection,
and fluid supplementation. The AFP, DCP, and imag-
ing findings were reviewed 4-6 weeks after surgery.

Data collection

Clinical data included AFP and DCP levels in
HCC patients one week before TACE and 4 to 6
weeks after two consecutive TAces. Imaging data
included findings one week before TACE treatment
and four to six weeks after two successive surgeries.

Short-term efficacy evaluation and grouping cri-
teria

After TACE, 2 radiologists examined enhanced
upper abdominal CT, MR, plain chest CT, or PET-CT
images to evaluate the degree of tumour remission
after TACE treatment according to mRECIST staging.

The therapeutic effect was categorised into four
levels: complete response (CR), partial response (PR),
stable disease (SD), and progressive disease (PD). CR
and PR were classified as the remission group, and
SD and PD were classified as the nonremission

group.

Statistical analysis

SPSS 23.0 statistical software was used for data
analysis. The measurement data were tested for nor-
mality, and those conforming to a normal distribution
were represented by the mean * standard deviation
(x £ s). Two-way independent sample t tests were
used for comparisons between two groups. Data that
did not conform to the normal distribution were rep-
resented by the median and quartile distance
[M(P25~P75)], and the Mann-Whitney U test was
used for comparisons between the two groups. The
%2 test was used to compare the counting data
between the two groups, while the Mann-Whitney U
test was used to compare the rank-counting data
between the two groups. Spearman correlation analy-
sis was used to explore the correlation between the
mRECIST classification and the AFP and DCP levels.
Receiver operating characteristic (ROC) curves were
used to analyse the diagnostic value of each index for
therapeutic efficacy in the remission group, and P <
0.05 was considered statistically significant.

Results

Comparison of baseline data between the two
groups

The study included 69 patients, with an average
age of 60 years (range, 31-88 years), comprising 59
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Table | Comparison of baseline data between two groups of patients.

Unresolved group

Index Relief group (n=38) (n=31) Statistical value P value
Gender (Male/Female) 31/7 28/3 x2=1.053 0.305
Age (Years) 61.55+13.31 58.10+11.65 t=1.134 0.261
Hepatitis B [Cases (%)] 23 (60.5) 16 (51.6) x2=0.552 0.458
Tumour staging [Cases (%)] Z=-1.807 0.072
I'b 5(13.2) 0(0)

lla 1(2.6) 0(0)

1]5) 22 (57.9) 19 (61.3)

Ila 10 (26.3) 12 (38.7)

Child Pugh grading [Cases (%)] x?=0.464 0.496
A-level 28 (73.7) 25 (80.6)

B-level 10 (26.3) 6 (19.4)

ECOG score [Cases (%)] x?=0.585 0.444
1 30 (78.9) 22 (71.0)

2 8(21.1) 9 (29.0)

Portal vein cancer thrombus 10 (26.3) 12 (38.7 x2=1.208 0.272
[Cases (%)]

o) metstess 1(2.6) 0(0) x?=0.828 0.363
S
0 6 (15.8) 6(19.4)

1 14 (36.8) 11 (35,5)

2 18 (47.4) 14 (45.2)

Received TACE treatment with

drug-loaded microspheres 7=-0.288 0.773
[Cases (%)]

0 18 (47.4) 14 (45.2)

1 14 (36.8) 11 (35.5)

2 6 (15.8) 6 (19.4)

males and 10 females. According to the classification
criteria, there were 38 patients in the remission group
and 31 patients in the nonremission group. There
were no significant differences in age, sex, hepatitis B
status, Child Pugh grade, ECOG score, portal vein

cancer thrombus status, number of extrahepatic
metastases, tumour stage, number of traditional
TACE procedures, or number of drug-loaded micros-
phere TACE procedures between the two groups
(P>0.05) (Table I).
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Table Il Comparison of AFP and DCP levels between two groups of patients before and after treatment.

Index Relief group (n=38) Unresolved group (n=31) Z value P value
Before treatment
AFP (ug/L) 32.93 (5.59~922.52) 92.80 (9.93~1101.00) -0.881 0.379
DCP (mAU/mL) 842.04 (104.51 4548.58) 581.23 (31.76~3046.79) -1.200 0.230
After treatment
AFP (ug/mL) 5.71 (2.57~75.55) 355.40 (10.18~2675.90) -3.366 0.001
DCP (mAU/mL) 43.56 (16.56~512.63) 2359.05 (138.78~4678.90) -4.065 <0.00
Difference before and
after treatment
AAFP (ug/L) 4.06 (-0.32~795.50) -186.02 (-1606.11~-0.25) -4.837 <0.00
ADCP (mAU/mL) 564.52 (53.30~3557.15) -302.47 (-2656.51~-10.73) -5.597 <0.00
Percentage before and
after treatment
AAFP% 45.45 (-12.64~95.88) -76.18 (-249.29~-2.52) -4.210 0.00
ADCP% 75.92 (45.71~95.37) -114.92 (-474.54~-18.33) -5.851 <0.001
e 100000
. 800004 ~ 800004
60000+ A
'§g r=-0.552, P<0.001 ‘g 60000 75=-0.593, P <0.001
-7 40000+ E 40000
2 20000+ . < 200001 .
: CR y sb PD > CR PR SD  PD
-20000- ‘ L < _20000- 3
-40"“0' mRECIST stage -40000- mRECIST stage

Figure 1 Scatter plot of mRECIST staging with AAFP and ADCP

Analysis of changes in AFP and DCP levels

There were no significant differences in AFP

Correlation analysis of mRECIST staging with

AFP and DCP

mRECIST stage was significantly negatively cor-
related with AAFP and ADCP (RS=-0.552 and -
0.593, P<0.001) (Figure 7).

and DCP levels between the two groups prior to treat-
ment (P>0.05). The levels of AFP and DCP in the
remission group were significantly lower than those in
the nonremission group (P<0.05). There were statis-
tically significant differences in AAFP, ADCP. AAFP%,
and ADCP% between the remission group and the
nonremission group (P<0.05) (Table II).
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Table Il ROC curve analysis of treatment efficacy in the diagnostic remission group with AAFP%, ADCP%, and AAFP%+ADCP%.

Figure 2 ROC curves of AAFP%, ADCP% and AAFP% +
ADCP% for determining therapeutic efficacy in the remission
group

Analysis of the ROC curves of the AFP and DCP
groups

The area under the ROC curve (AUC) of AAFP%
was 0.796; that of ADCP% was 0.912, and that of
AAFP% + ADCP% combined was O. In total, 921,
AAFP% + ADCP% had the highest diagnostic value
(Table Il and Figure 2).

Discussion

Clinical practitioners widely use TACE, the pre-
ferred palliative therapy for HCC, as it can effectively
improve patients’ quality of life and prolong their sur-
vival (16-18). Currently, the postoperative efficacy
evaluation of TA-CE primarily relies on imaging meth-
ods (mRECIST standard), but this approach is expen-
sive, and some patients exhibit poor compliance (19).
AFP is the most commonly used serological marker
for the diagnosis of primary liver cancer, and it has a
low detection cost and simple operation (20-22).
However, numerous transcription factors regulate
AFP, making it challenging to predict TACE efficacy in
HCC patients (23) accurately. DCP is an abnormal

Al d 95% fid TN e o

Index Rgé léﬁrve; irf'::ar:vlale nee Sensitivity (%) Specificity (%) P value

AAFP% 0.796 0.690~0.902 711 80.6 <0.001

ADCP% 0.912 0.836~0.987 86.8 90.3 <0.001

AAFP%+DDCP% 0.921 0.847~0.995 84.2 93.5 <0.001
prothrombin fluid that was first discovered by
Blie e Liebman et al. The abnormal increase in DCP in the
-------- serum of HCC patients is closely related to the occur-
rence, development, invasion, and metastasis of
80 1 HCC. It can be used as an indicator of the postoper-

< ative efficacy of TACE in HCC patients.

2 604 There are relatively few clinical studies (24-26)
2 »+++ DCP (%) using AFP and DCP to evaluate the therapeutic effect
@ 404 --- AFP (%) of TACE. After TACE treatment, Zheng Hailun et al.
3 — DCP (%) + AFP (%) included 95 HCC patients, and the results demon-
20 - strated that both AFP and DCP could serve as indica-
tors to assess the postoperative curative effect of
o TACE in HCC patients. When AFP is low, the predic-
y ; ! tive value of DCP is more advantageous than that of
0 20 40 » .60 . 80 100 AFP. Zhang Quanle et al. studied 35 patients with
Specificity (%) HCC following TACE treatment. They found a signifi-

cant decrease in the expression levels of OM, AFP
AFP-L3, and DCP in patients receiving effective TACE
treatment, as well as an increase in the expression of
these markers in patients experiencing relapse. In this
study, the remission group had lower levels of AFP
and DCP than did the nonremission group. The
remission group also had higher levels of AAFP and
ADCP than did the nonremission group. Both AAFP
and ADCP were positive, indicating that they were
classified as CR or PR according to the mRECIST cri-
teria. Negative values of AAFP and ADCP correspond
to SD or PD grades according to the mRECIST. The
results showed that the tumour load decreased in the
TACE remission group and increased in the non-
remission group, as reflected by the decrease or
increase in the serum AFP level. DCP also had a cor-
responding effect (27-30). Therefore, the tumour
load can be predicted by monitoring AFP and DCP
levels after TACE to predict the therapeutic effect.

The difference between AFP and DCP before
and after TACE was examined in more detail (31).
The mRECIST stage was found to be significantly and
negatively correlated with both AFP and DCP (rs<O,
P<0.05) (32). The decrease in AFP and DCP levels
after TACE in HCC patients was associated with a bet-
ter therapeutic effect, as determined by mRECIST
staging, and a more favourable clinical therapeutic
effect (33). This is mainly in line with the findings of
Arai et al. Moreover, Park et al. demonstrated that the
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postoperative reduction in the serum AFP and DCP
levels in patients who achieved a CR was significantly
greater than that in patients who did not achieve a
CR. However, the higher the serum AFP and DCP lev-
els are in patients who underwent TACE postopera-
tively, the lower the efficacy, as measured by the
mRECIST score. The corresponding clinical therapeu-
tic effect is also worse, indicating that AFP and DCP
can predict how well TA-CE will work to cure HCC
patients after surgery. ts. However, relevant studies
have shown that there is no significant correlation
between DCP and AFP and the DCP level does not
depend on changes in AFP levels; it can independent-
ly reflect the presence of tumour lesions in HCC
patients.

Therefore, this study speculated that the combi-
nation of AFP and DCP could complement each other
in predicting the postoperative therapeutic effect of
TACE. The results indicate that the DCP difference
has a better predictive value than the AFP difference,
and the combined analysis of the two differences is
superior to the analysis of each difference separately.
This may be due to the different production mecha-
nisms of the two tumour markers: the liver synthesises
AFP a glycoprotein, during the fetal period, which
rapidly decreases and nearly disappears after birth.
The level of AFP in adult serum is very low, but it can
recover its synthetic ability and increase after the
malignant transformation of liver cells (34). On the
other hand, DCP is the result of incomplete carboxy-
lation of the precursor during the liver’s prothrombin
synthesis process. The serum DCP level in people
with HCC increases when hepatocytes become can-
cerous, carboxylase gene expression decreases, or
carboxylase inhibitors are present in hepatocytes (35).
Finding both of these factors together can provide a
more accurate picture of the state of the tumour cells.
Following TACE treatment, effective tumour control
led to a decrease in serum AFP and DCP levels. The
tumour failed to achieve effective control after TACE
treatment, resulting in increased serum AFP and DCP
levels (36-38). This study recommended regularly
checking the serum AFP and DCP levels one week
before and four to six weeks after TACE. We should
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