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Abstract

Purpose Cytokeratin 19 fragment 21-1 (CYFRA 21-1) and cytokeratin 19 fragment 2G2 (CK 19-2G2) are two soluble frag-
ments of cytokeratin 19 (CK 19) that can be detected in serum. CK 19-positive hepatocellular carcinoma (HCC) is character-
ized by an aggressive behavior and a poor outcome. This study aimed to assess the prognostic value of serum CYFRA 21-1 and
CK 19-2G2 in predicting tumor aggressiveness and overall survival (OS) in patients with hepatic C virus (HCV)-related HCC.
Methods The current study included 138 patients with HCV-related HCC recruited from the Hepatobiliary and Interventional
Radiology Units at Alexandria’s main university hospitals and 40 healthy individuals as controls. Patients were assessed for
clinical, radiological tumor characteristics, and aggressiveness index. Baseline serum CYFRA 21-1 and CK 19-2G2 levels
were measured by enzyme-linked immunosorbent assay.

Results Elevated CYFRA 21-1 levels were associated with tumors size > 5 cm (p < 0.001), malignant portal vein thrombosis
(mPVT) (p <0.001), distant metastasis (p =0.030), ill-defined/infiltrative pattern (»p =0.010), and aggressiveness index >4
(p=0.045). Elevated CK19-2G2 levels were not associated with any clinical or radiological characteristics. Either or both
elevated serum CYFRA 21-1 and CK 19-2G2 in combination with alpha-feto protein (AFP) > 400 ng/ml have a better pre-
dictability for mPVT and ill-defined/infiltrative patterns (sensitivity (10-25%) and specificity (96-100%)). Elevated levels
of CYFRA 21-1, CK 19-2G2, or AFP >400 ng/ml were associated with decreased 1-year OS.

Conclusions Either or both elevated serum CYFRA 21-1 and CK 19-2G2 levels when added to AFP >400 ng/ml are specific
but less sensitive biomarkers for predicting tumor aggressiveness. These biomarkers can be used independently to predict
reduced 1-year OS in Egyptian patients with HCV-related HCC.
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Introduction

Hepatocellular carcinoma (HCC) is a growing major world-
wide health problem that represents the sixth and fourth
most common malignancies globally and in Egypt, respec-
tively [1, 2], and the fourth most frequent cause of death
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from cancer globally [3]. Hepatitis C virus (HCV) infection
is the most important cause of HCC in Egypt, and the HCV
prevalence ranges from 61 to 90.3% in HCC patients [4].

Currently, the treatment modalities for HCC are various,
including surgical, locoregional, and systemic therapies
(e.g., multikinase inhibitors, molecular target therapy, and
immune therapies) [5]. The primary biological characteristic
of HCC is heterogeneity, which manifests as a variety of
biological behaviors of various molecular phenotypes with
hepatocyte and/or hepatic progenitor cell origins [6] and, in
turn, is considered one of the factors that influences patient
prognosis and treatment effectiveness [7].

Cytokeratins (CKs) are intermediate filament proteins
responsible for epithelial cell integrity. Over 20 distinct CKs
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have been recognized, with CK 19 being a prominent keratin
found in simple epithelial cells and various malignant cells
[8]. Intact CK polypeptides have low solubility and circulate
as a complex in the circulation [9]. Cytokeratin 19 fragment
21-1 (CYFRA 21-1) is a soluble fragment of CK 19, an
acid-type CK, with a molecular weight of 40,000 daltons [9].

Caspase-3 cleaves the CK 19 protein during apoptosis,
releasing soluble fragments that are detectable in cancer
patients. Therefore, the level of CK 19 fragments correlates
with the tumor mass or, more accurately, with the necrosis
within the tumor [10]. The CYFRA 21-1 assay has broad
clinical application in many types of cancers [11, 12].
Cytokeratin 19 fragment 2G2 (CK19-2G2) is a novel CK19
fragment released into circulation. It has been found to be
recognized by both CK19 2G2 and CK19 5H2 antibodies.
This fragment has been investigated as a surrogate marker
of CK 19 in lung and breast cancer [13, 14].

CK 19 is a hepatic progenitor stem cell marker correlated
with a poor prognosis in patients with HCC [15]. The presence
of CK 19 positivity is observed in approximately 10-30% of
HCC patients [16, 17] and is linked to clinical aggressiveness
and poor outcomes [18]. Although there is a growing interest in
CK 19 as a prognostic biomarker in HCC patients, the need
for CK 19 evaluation by immunohistochemistry in liver biopsy
is considered one of the challenges to be solved before the
routine integration of CK19 assessment into clinical practice
[5]. Serum CYFRA 21-1 is the most promising noninvasive
predictor of CK 19 expression in HCC [19]. However, data
about the value of CK19-2G2 in HCC are scarce.

The number of nodules, maximum tumor size, serum
alpha-feto protein (AFP) level, and presence of portal vein
thrombosis are four HCC features that commonly influence
tumor behavior. Recently, the sum of these variables was
reported as the HCC aggressiveness index [20], which is
linked to poor overall survival (OS). Therefore, the cur-
rent study was conducted to explore the value of serum
CK 19 fragments (CYFRA 21-1 and CK 19-2G2) in the
prediction of tumor aggressiveness in HCV-related HCC
and 1-year OS.

Material and Methods

This study included 138 HCV-related HCC patients. Patients
were consecutively recruited from the Hepatobiliary Unit,
Internal Medicine Department, and Interventional Radiology
Unit at Alexandria’s main university hospitals between Sep-
tember 2021 and August 2022. Each patient was followed up
for 1 year; the last patient’s final follow-up date was August
30, 2023. Serum CYFRA 21-1 and CK 19-2G2 levels among
the group of healthy individuals were measured to set the
appropriate cut-off values among the Egyptian population.
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Inclusion Criteria

The study included all patients recently diagnosed with HCC
according to the European Association for the Study of the
Liver (EASL) guidelines with active or previous HCV infec-
tion who were able to give informed consent [5].

Exclusion Criteria

Patients were excluded from participation if they had hepa-
titis B virus (HBV) coinfection (seropositivity to either HBs
Ag or HBc ab total) or other causes of chronic liver disease
with or without HCV infection, uncontrolled diabetes mel-
litus, chronic renal or cardiopulmonary diseases, any kind of
malignancy other than HCC, or previous therapy for HCC.

Sample Size

The minimum required sample size was determined based on
the results of a previous study, which reported that the 1-year
OS rates for HCC patients with non-elevated and elevated
serum CYFRA 21-1 levels were 66% and 39%, respectively
[21]. Additionally, it was noted that elevated serum CYFRA
21-1 levels have been observed in 22-47% (average 34%)
of HCCs [22, 23]. Therefore, the expected enrollment ratio
was 2:1. A minimum required sample size of 120 patients
achieves 80% power for estimating the expected proportion
differences with 95% confidence, at a 0.05 significance level
using Z-test [24]. We increased the sample size by 18 patients
(15% of the estimated sample size) to be 138 patients in total
to avoid sampling error and dropout. The sample size was
calculated using Power Analysis and Sample Size Software
(PASS 2020). We utilized the identical sample size for CK19-
2@G2, presuming its prognostic value is equivalent to that of
serum CYFRA 21-1 due to the absence of data regarding its
prognostic significance in patients with HCC.

The Study Protocol

All patients were evaluated at baseline by history taking,
complete clinical examination, and laboratory investiga-
tions. A complete blood picture was measured automati-
cally by Sysmex Xn 1000, Japan. Renal profile (blood
urea and serum creatinine), serum sodium, random blood
glucose, and liver profile (total bilirubin, serum albumin,
aspartate aminotransferase, alanine aminotransferase, and
alkaline phosphatase (ALP)) were measured automatically
by ADVIA 1800 chemistry system, Siemens, Germany.
International normalized ratio and prothrombin activ-
ity were measured automatically by Sysmex CS-2100i,
Japan. Viral markers (HCV ab, HBsAg, and HBcab) were
measured using chemiluminescence technique, and the
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real-time polymerase chain reaction assay was used to
detect and measure the level of serum HCV RNA level
if it is unavailable. Serum AFP was determined using the
chemiluminescence technique and serum CYFRA 21-1
and CK 19-2G2 levels by enzyme-linked immunosorbent
assay (ELISA) kits.

All patients underwent abdominal ultrasound, doppler
for portal and hepatic circulation, and contrast-enhanced
cross-sectional imaging (triphasic computed tomography
(CT) or dynamic magnetic resonance imaging (MRI))
to confirm the diagnosis of HCC according to interna-
tional guidelines and to assess the number, size, pattern,
and presence of malignant portal vein thrombosis. Liver
biopsy was needed in some cases with atypical radiologi-
cal features. For all patients, we calculated the Child—Pugh
(CP) [25] and Barcelona Clinic Liver Cancer (BCLC)
scores [26].

The aggressiveness of the tumor was evaluated using the
HCC aggressiveness index described by Carr et al. [20],
which is the sum of the following four parameters: AFP,
portal vein thrombosis, maximal tumor diameter, and the
number of tumor nodules. The aggressive form of HCC was
diagnosed if the aggressiveness index was >4 (Supplemen-
tary Table 1).

Serum CK 19 fragments (CYFRA 21-1 and CK 19-2G2)
were correlated with baseline radiological characteristics,
serum AFP, and aggressiveness index score [20].

Serum CYFRA 21-1 and CK19-2G2

To measure serum CYFRA 21-1 and CK19-2G?2 levels,
venous blood samples were collected at baseline. The
serum was centrifuged for 10-20 min at 2000-3000 revo-
lutions per minute after being allowed to clot for 20-30
min. It was then kept at —20 °C until analysis. The con-
centrations of serum CYFRA 21-1 and CK19-2G2 were
determined using double antibody sandwich ELISA kits
supplied by Sino Gene Clon Biotech (Hang Zhou, China)
for CK 19 -2G2 and Glory Science (Shanghai, China) for
CYFRA 21-1.

CYFRA 21-1 kits have a sensitivity of 0.1 ng/ml and a
range of 0.5-20 ng/ml. In contrast, CK 19-2G2 kits have a
sensitivity of 7 pg/ml and a range of 28-1800 pg/ml. All
protocols followed the manufacturers’ instructions.

In order to address the challenges associated with estab-
lishing cut-off values for serum CYFRA 21-1 and CK
19-2G2, as well as variations between studies [19, 22, 23,
27, 28], we measured the serum CYFRA 21-1 and CK
19-2G2 of 40 healthy Egyptian controls to determine cut-
off values among Egyptians using the one-sided 95% con-
fidence interval.

Treatment and Follow-up

Patients were classified and managed according to the
BCLC staging system, and the HCC board at our institute
had to use a multidisciplinary approach in order to select the
most effective therapy choice. Patients were followed up for
1 year to estimate the OS. OS was defined as the period of
time from the enrollment date to the date of death, regard-
less of the cause. Patients who were lost to follow-up by the
end of the study were censored at their last follow-up date.

Statistical Analysis

Using IBM SPSS version 20.0, the obtained data were
coded, processed, and analyzed (IBM Corp, Armonk,
NY). The qualitative data was described using percent-
ages and numbers. Quantitative data were presented using
the mean and standard deviation (SD) for parametric data and
the median and interquartile range for nonparametric data.
The chi-square, Fisher’s exact, and Monte Carlo tests were
applied to compare the clinical and radiological parame-
ters between patients with elevated and those with normal
serum CYFRA 21-1 or CK 19-2G2 levels. An analysis of
the degree and direction of a linear association between the
AFP and CK 19 fragments was performed using Spearman’s
rank-order correlation. Receiver operating characteristic
(ROC) curve analysis was used to assess the accuracy of
serum AFP, CYFRA 21-1, and CK19-2G2 alone or in com-
bination to predict malignant portal vein thrombosis or ill-
defined/infiltrative patterns. The curve was used to measure
the sensitivity and specificity, and cross-tabulation was used
to measure the accuracy, positive predictive value (PPV),
and negative predictive value (NPV). The Kaplan—Meier
survival curve with the log-rank test was used to determine
the patient’s 1-year OS. The statistical significance of the
obtained results was judged at the 0.05 level.

Results
Patient Demographic and Laboratory Data

A total of 208 HCV-induced HCC patients were recruited
for the study. Seventy patients were excluded initially from
the study, including ten patients with hepatitis B-related
cirrhosis, 14 patients with NAFLD-related cirrhosis, nine
patients with cirrhosis of unknown etiology, 34 with a his-
tory of previous therapy for HCC, and three patients with
mixed HCC and cholangiocarcinoma diagnosed by biopsy.
Finally, the study included 138 HCV-induced HCC patients

(Fig. ).
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Assessed for eligibility
(n=208)

Excluded (n=70)

_ Not meeting inclusion criteria (n=70)

HBYV positive (n=10)

e Non-alcoholic steatocirrhosis (n=14)

e Unknown ctiology (n=9)

e Previous HCC treatment (n=34)

e Mixed HCC and cholangiocarcinoma (n=3)

A
[ ST ] Included patients at the start of the v Non-aggressive group
study (n=138) —» (Aggressiveness index =4),
n=33.

A

v' Aggressive group
(Aggressiveness index>4),
n=105.

.
At end of follow up .
(1 year) .

e Underwent TACE (n=64)
Underwent RFA (n=2)

Underwent TACE+RFA (n=10)
Received Sorafenib (n=22)

e Received best supportive care (n=40)

A 4

e Died (n=77)

e Lost to follow-up (n=7)

e Completed 1-year follow-up alive (n=54)

Fig. 1 Flow chart of the study. Abbreviations: HBV hepatitis B virus, HCC hepatocellular carcinoma, RFA radiofrequency ablation, TACE tran-

sarterial chemoembolization

The median (IQR) age was 63 (58—67) years, with a male
predominance of 81.2%. Twenty-five (18%) patients had
active HCV infection, 109 (79%) patients received DAA
therapy and achieved SVR, and four (2.9%) patients received
interferon-based therapy for HCV and SVR. All patients had
liver cirrhosis. Laboratory and radiological variables are
shown in Table 1.

Serum CYFRA 21-1 and CK 19-2G2 in Normal
Controls and HCV-Related HCC Patients

In this study, to determine the normal value of CK 19 serum
fragments, serum CYFRA 21-1 and CK 19-2G2 were quanti-
fied in a cohort of 40 healthy individuals. The mean value
of CYFRA 21-1 was 1.42+0.28 ng/ml, and we used the

@ Springer

one-sided 95% confidence interval as the upper limit of the
reference range. Therefore, 1.95 ng/ml was set as the cut-off
value. Conversely, the mean value of serum CK 19-2G2 was
453.7+59 pg/ml, and the upper limit of the reference range
was 573.5 pg/ml.

Based on the previous cut-off values, 43 out of 138 (31%)
patients had elevated baseline serum CYFRA 21-1 levels
(> 1.95 ng/ml), and 30 out of 138 (22%) patients had ele-
vated baseline serum CK 19-2G2 levels (>573.5 pg/ml).

The percentage of patients with HCC >5 cm was sig-
nificantly higher in elevated CYFRA 21-1 cases (83.7%,
36/43) than in normal CYFRA 21-1 cases (52.6%, 50/95)
(p<0.001) (Table 2).

The percentage of patients with ill-defined or infiltrative
patterns was significantly higher in elevated CYFRA 21-1
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Table 1 Demographic and laboratory characteristics of the patients

Demographic data
Male sex
Age (/years), median (IQR)
Active HCV infection
History of DAA therapy
History of IFN therapy
Laboratory variable
Hb (g/dl), mean +SD
PLT (x 10%1), median (IQR)
TSB (mg/dl), median (IQR)
Serum albumin (g/dl), mean+SD
Serum creatinine(mg/dl), median (IQR)
AFP (ng/ml), median (IQR)
Serum CK 19 fragments
CYFRA 21-1 (ng/ml) median (IQR)
CK 19-2G2 (pg/ml) median (IQR)
Child—Pugh class
A
B
C
MELD-NA, median (IQR)
BCLC stage
0
A
B
C
D
Aggressiveness index
Non-aggressive (=4)
Aggressive (>4)

112 (81.2%)
63.0 (58.0-67.0)
25 (18.1%)

109 (79%)

4 (2.9%)

12.11+2.11

143.0 (95.0-214.0)
0.94 (0.70-1.70)
3.56+0.62

0.98 (0.80-1.17)
99.0 (9.60-1200.0)

1.78 (1.47-2.04)
461.2 (418.7-533.3)

86 (62.3%)
38 (27.5%)
14(10.1%)
11.0 (8.0 14.0)

3(2.2%)
25 (18.1%)
43 (31.2%)
39 (28.3%)
28 (20.3%)

33 (23.9%)
105 (76.1%)

AFP alpha-fetoprotein, BCLC Barcelona Clinic Liver Cancer, CK
cytokeratin, DAA direct-acting antiviral, g/dl gram per deciliter, Hb
hemoglobin, HCV hepatitis C virus, /FN interferon, /NR international
normalized ratio, /QR interquartile range, MELD model for end-stage
liver disease, mg/dl milligram per deciliter, Na sodium, ng/ml nano-
gram per milliliter, pg/ml picogram per milliliter, PLT platelets, SD
standard deviation, 7SB total serum bilirubin, U// unit per liter

cases (39.5%, 17/43) and (37.2%, 16/43), respectively, than
in normal CYFRA 21-1 cases (23.2%, 22/95) and (26.3%,
25/95), respectively (p =0.010) (Table 2).

The percentage of patients with malignant portal vein
thrombosis was significantly higher in elevated CYFRA
21-1 cases (60.5%, 26/43) than in normal CYFRA 21-1
cases (28.4%, 27/95) (p <0.001) (Table 2).

The presence of distant metastasis was significantly
higher in elevated CYFRA 21-1 cases than in normal
CYFRA 21-1 cases (p <0.030) (Table 2).

The percentage of different BCLC stages was sig-
nificantly variable between patients with elevated serum

CYFRA 21-1 levels and patients with normal serum
CYFRA 21-1 levels (p <0.030). However, there were no
significant differences between CYFRA 21-1 elevated and
normal cases in terms of tumor number, size, and lymph
node metastasis.

There were no correlations between elevated CK 19-2G2
levels and tumor number, size, location, BCLC stage, pres-
ence of malignant portal vein thrombosis, or lymph node or
distant metastasis (Table 2).

The Correlation Between Serum CK-19 fragments
and Serum AFP

There was no significant correlation between serum AFP
and serum CYFRA 21-1 (r,_ 0.095, p=0.267). Additionally,
there was no significant correlation between serum AFP and
serum CK 19-2G2 (r,_ 0.161, p=0.059).

The Relation Between the Aggressiveness Index
and Serum CK 19 Fragments

The number of patients with aggressive tumors (aggressive-
ness index >4) was higher in elevated CYFRA21-1 cases
(86%, 37/43) than in normal CYFRA 21-1 cases (71.6%,
68/95) (p =0.045). However, no correlation existed between
elevated serum CK 19-2G2 levels and the number of
patients with aggressive tumors (aggressiveness index >4)
(Table 2).

Efficacy of AFP, CK 19-2G2, and CYFRA 21-1
as Tumor Markers for the Detection of Malignant
Portal Vein Thrombosis

For the detection of malignant portal vein thrombosis, ele-
vated serum CYFRA 21-1 had a sensitivity, specificity,
PPV, and NPV of 49%, 80%, 60%, and 72%, respectively.
Elevated serum CK 19-2G2 had a sensitivity, specificity,
PPV, and NPV of 30%, 83.5%, 53%, and 66%, respec-
tively. AFP (>400 ng/ml) had a sensitivity, specificity,
PPV, and NPV of 57%, 79%, 63%, and 74%, respectively.
Serum CK 19-2G2 alone predicted malignant portal vein
thrombosis in this study. The combination of AFP with
either CYFRA 21-1 or CK19-2G?2 increased the specific-
ity from 78.8 to 96.5% and decreased the sensitivity from
56.6 to 25% and 18.9%, respectively. Similarly, when
AFP is > 400 ng/ml combined with both serum CYFRA
21-1 and CK19-2G?2 levels, the specificity increases to
97.7%, but the sensitivity decreases to 11.32%. The AFP
and CYFRA 21-1 combination had the highest ability
(AUC =0.800) for the detection of malignant portal vein
thrombosis (Table 3 and Supplementary Fig. 1a).
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Table 2 Relation between

CYFRA 21-1 CK 19-2G2
CYFRA 21-1 and CK 19-2G2
and radiological characteristics Normal Elevated p Normal Elevated p
n=95) (n=43) n=108) (n=30)
No. % No. % No. % No. %
Number
Single 49 51.6 23 535 Xp=0.928 57 528 15 50.0 **p=0.361
Two 12 126 6 140 16 148 2 6.7
3+ 34 358 14 326 35 324 13 433
Size (cm)
<5 45 474 7 163 X?p<0.001" 45 417 7 233 X2p=0.067
>5 50 52,6 36 83.7 63 583 23 767
Pattern
Infiltrative 25 263 16 372 Xp=0.010" 28 259 13 433 *3p=0.052
TI-defined 22 232 17 395 29 269 10 333
Well defined 48 505 10 233 51 472 17 233
Site
RT lobe 55 579 26 605 **p=0.801 62 574 19 633 *}p=0.307
LT lobe 20 211 7 163 24 222 3 10.0
Bilobar 20 21.1 10 233 22 204 8 26.7
Malignant PVT 27 284 26 605 Xp<0.001" 37 343 16 533 Xp=0.057
Malignant LNs 12 126 8 18.6 **»p=0.356 14 130 6 20.0 TEp=0.380
Distant metastasis
No 94 989 40 93.0 M%=0.030" 104 96.3 30 100.0 (MCp=1.000)
Pulmonary metastasis 0 00 3 7.0 3 28 0 0.0
Omental deposit 1 1.1 0.0 1 09 0 0.0
Aggressiveness index
Non-aggressive =4 27 284 6 140 *%p=0.045" 29 269 4 13.3 *%p=0.125
Aggressive >4 68 71.6 37 86.0 79 731 26 86.7
BCLC
0 3 32 0 00 **»=0.006" 3 2.8 0.0 **»=0.179)
A 22 232 3 7.0 22 204 3 10.0
B 29 305 14 326 33 306 10 333
C 19 200 20 465 26 241 13 433
D 22 232 6 140 24 222 4 13.3

BCLC Barcelona Clinic Liver Cancer, IQR interquartile range, HCC hepatocellular carcinoma, LNs lymph
nodes, PVT portal vein thrombosis, SD standard deviation, )(2 chi-square test, MC Monte Carlo, FE Fisher’s

exact test

“Statistically significant at p <0.05

Efficacy of AFP, CK 19-2G2, and CYFRA 21-1
as Tumor Markers for the Detection of llI-Defined/
Infiltrative Tumor Margins

For the detection of ill-defined/infiltrative tumor margins by
dynamic imaging, elevated serum CYFRA 21-1 had a sen-
sitivity, specificity, PPV, and NPV of 41%, 83%, 77%, and
51%, respectively. AFP (>400 ng/ml) had sensitivity, speci-
ficity, PPV, and NPV of 48%, 83%, 79%, and 53%, respec-
tively. Serum CK 19-2G2 alone predicted the ill-defined/
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infiltrative pattern in this study. The combination of AFP>400
ng/ml with either elevated serum CYFRA 21-1 or CK19-2G2
levels increased the specificity from 83 to 98% and decreased
the sensitivity from 47.5 to 18.7% and 15%, respectively. Simi-
larly, when AFP is>400 ng/ml combined with both serum
CYFRA 21-1 and CK19-2G2 levels, the specificity increases
to 100%, but the sensitivity decreases to 10%. The AFP >400
ng/ml and elevated CYFRA 21-1 combination had the highest
predictability (AUC=0.755) of ill-defined/infiltrative patterns
(Table 4 and Supplementary Fig. 1b).
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Table 3 Diagnostic performance for CYFRA 21-1, CK19-2G2, and AFP alone or in combination to detect malignant portal vein thrombosis

(n=53 vs. 85)

AUC p 95% CI Cut-off Sensitivity ~ Specificity PPV NPV
CYFRA 21-1 (ng/ml) 0.639 0.006"  0.541-0.737 >1.95 49.06 80.0 60.47  71.58
CK19-2G2 (pg/ml) 0.648 0.004"  0.551-0.745 >573.5 30.19 83.53 53.33  65.74
AFP (ng/ml) 0.769 <0.001"  0.689-0.850  >400 56.60 78.82 62.50 74.44
CYFRA21-1 and AFP  0.800 <0.001"  0.726-0.874  >1.95 and >400 24.53 96.47 81.25  67.21
CK19-2G2 and AFP 0.758 <0.001"  0.673-0.844  >573.5and>400 18.87 96.47 76.92  65.60
CYFRA21-1, CK19- 0.769 <0.001"  0.687-0.852  >1.95,>573.5, and >400 11.32 97.65 75.0 63.85

2G2, and AFP

AFP alpha-feto protein, AUC area under the curve, p probability value, CI confidence interval, CK cytokeratin, NPV negative predictive value,

PPV positive predictive value

“Statistically significant at p <0.05

Treatment Modalities

As first-line therapy, two (1.4%) patients received radi-
ofrequency ablation (RFA), 64 (46.4%) patients received
transarterial chemoembolization (TACE), ten (7.2%)
patients received the TACE + RFA combination, 22 (16%)
patients received systemic therapy (sorafenib), and 40
(29%) patients received the best supportive care. Unfortu-
nately, none of our patients underwent liver resection or
liver transplantation (Fig. 1).

Overall Survival

The median OS for all HCC patients in this study, regard-
less of the treatment option, was 9.0 months (95% confi-
dence interval 7.6—10.4 months). The overall survival rate
was 76.8% at 3 months, 63.8% at 6 months, and 39.1% at
12 months. Using the Kaplan—Meier method, the median
survival for those with elevated CYFRA 21-1 levels

(> 1.95 ng/ml) and normal CYFRA 21-1 levels (<1.95 ng/
ml) was 6 and 10 months, respectively (p=0.007) (Fig. 2a
and Supplementary Table 2). The median survival for
patients with elevated serum CK 19-2G2 levels (> 573.5
pg/ml) and normal serum CK 19-2G2 levels (£573.5
pg/ml) was 4.6 and 10 months, respectively (p =0.002)
(Fig. 2b and Supplementary Table 2). The median sur-
vival for patients with serum AFP <400 ng/ml was not
reached, while it was 4 months for patients with serum
AFP >400 ng/ml (p <0.001) (Fig. 2c and Supplementary
Table 2).

Discussion

This study showed a strong statistically significant rela-
tionship between CYFRA 21-1 elevated levels and
various indicators of tumor aggressiveness such as an
aggressiveness index >4, tumor size > 5 cm, higher BCLC

Table 4 Diagnostic performance for CYFRA 21-1, CK19-2G2, and AFP alone or in combination to discriminate infiltrative or ill-defined pat-

terns (n=380) from well-defined patterns (n=>58)

AUC P 95% CI Cut-off Sensitivity Specificity PPV NPV
CYFRA 21-1 (ng/ml) 0.629 0.010" 0.536-0.722  >1.95 41.25 82.76 76.74  50.53
CK19-2G2 (pg/ml) 0.619 0.017" 0.526-0.713  >573.5 28.75 87.93 76.67 4722
AFP (ng/ml) 0.751 <0.001" 0.669-0.833  >400 47.50 82.76 79.17 5333
CYFRA 21-1 and AFP  0.755 <0.001" 0.672-0.837  >1.95 and >400 18.75 98.28 9375 46.72
CK19-2G2 and AFP 0.721 <0.001" 0.638-0.805  >573.5 and >400 15.0 98.28 9231 45.60
CYFRA 21-1, CK19- 0.709  <0.001" 0.624-0.794  >1.95,>573.5, and >400 10.0 100.0 100.0  44.62

2G2, and AFP

AFP alpha-feto protein, AUC area under the curve, p probability value, CI confidence interval, CK cytokeratin, NPV negative predictive value,

PPV positive predictive value

“Statistically significant at p <0.05
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Fig.2 a One-year survival curve of HCC patients with elevated and normal CYFRA 21-1 levels. b One-year survival curve of HCC patients
with elevated and normal CK 19-2G2. ¢ One-year survival curve of HCC patients with AFP >400 ng/ml and AFP <400 ng/ml

tumor stage, presence of malignant portal vein thrombosis,
presence of distant metastasis, and the presence of an ill-
defined/infiltrative pattern by dynamic imaging.

This study reported a significant association between
elevated serum CYFRA 21-1 levels and an aggressive-
ness index > 4. This finding was attributed mainly to the
reported correlation between elevated serum CYFRA 21-1
levels and larger tumor size or the presence of vascular
invasion. There were no significant relationships between
elevated serum CYFRA 21-1 levels and serum AFP or
the number of tumors. In agreement with these findings,
Uenishi et al. [29] showed that serum CYFRA 21-1 lev-
els were significantly higher in patients with malignant
vascular invasion than in those without vascular invasion
(»p=0.002) and that serum CYFRA 21-1 levels were sig-
nificantly higher in patients with tumors >5 cm than in
patients with smaller tumors (p =0.008).

@ Springer

The elevated serum CYFRA 21-1 levels with increased
tumor size could be attributed to the release of CK fragments
into the bloodstream from the destruction of a substantial
percentage of tumor cells [23]. Additionally, CK 19 has been
reported by Govaere et al. [17] as a main player in HCC
invasion, and CK19-positive HCCs had a higher expression
of invasion- or metastasis-related markers. Vascular invasion
serves as a marker of aggressiveness and invasive capacity
of CK 19-positive HCC [30].

This study showed a strong significant relationship
between an ill-defined/infiltrative pattern and higher ele-
vated serum CYFRA 21-1 levels, consistent with previous
studies’ findings [30, 31]. These studies demonstrated a
strong relationship between irregular tumor margins and
CK 19 expression. This might be explained by the fact
that HCCs with CK 19 expression have progenitor pheno-
types characterized by aggressive growth types and high
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histological grades, which could lead to the appearance of
ill-defined/infiltrative growth patterns. Based on previous
studies [31-34], HCCs express CK 19, exhibiting uneven
tumor edges and a lack of tumor capsules, as observed on
MRI. This finding is consistent with the infiltrative growth
patterns reported on pathology [18, 33].

Serum AFP is routinely measured in patients with HCC
and is correlated with aggressive tumor behavior and poor OS
[35, 36]. This study showed that the measurement of serum
CYFRA 21-1 or CK19-2G2 levels, along with AFP, at the
time of diagnosis can help in the prediction of more aggressive
tumors (presence of vascular invasion or infiltrative pattern)
with high specificity (96-98%) which indicated the clinical
usefulness of elevated serum CYFRA 21-1(>1.95 ng/ml) or
CK19-2G2 (>573.5 pg/ml) as poor prognostic biomarkers.

This study showed that elevated serum CYFRA 21-1
levels, CK19-2G2 levels, and serum AFP>400 ng/ml at
the time of diagnosis allowed the prediction of poor 1-year
OS. These results were consistent with a prior meta-analysis
that revealed CK-19-positive HCC by immunohistopathol-
ogy was associated with a reduced 1-year OS rate (odds
ratio=0.32, 95% CI: 0.21-0.50) [37]. Caviglia et al. reported
in a retrospective study that elevated serum CYFRA 21-1
and AFP were independent predictors of OS in patients with
HCC [21]. In contrast, the current study has the advantage
of being a prospective study.

Conclusions

Elevated CYFRA 21-1 levels alone were associated with
the presence of malignant portal vein thrombosis, tumor
size > 5 cm, ill-defined/infiltrative pattern, and aggressive-
ness index score > 4. For the prediction of malignant portal
vein thrombosis and ill-defined/infiltrative patterns, elevated
serum CYFRA 21-1 or CK 19-2G2 levels, either alone or
in combination, when combined with AFP at a cut-off value
of 400 ng/ml, had higher specificities (96-100%) but lower
sensitivities (10-25%) than AFP alone. Elevated levels of
CYFRA 21-1, CK 19-2G2, or serum AFP > 400 ng/ml pre-
dict a poor 1-year OS in Egyptian patients with HCV-related
HCC. Studies with larger sample sizes and multicentric stud-
ies are needed to validate the current study results.
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