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ABSTRACT: Background: Hepatocellular catrcinoma (HCC) is the most predominant
kind of primary liver cancer and the third most cause of cancer-related mortality
globally. In Iraq, hepatocellular carcinoma is considered a major public health problem.
Studies have indicated that the two main causes of the disease are chronic viral hepatitis
(HBV and HCV), in addition to cirrhosis, with an approximate male-to-female ratio of
3:1, and that the disease is most prevalent among patients aged 41 to 60 years.

Obijective: This study aimed to evaluate the efficacy of serum Alpha-fetoprotein-L3
(AFP-L3) and Cytokeratin 19 (CK19) as biomarkers for the early detection of HCC and
assessment of treatment response in Iraqi patients. Materials and methods: This study
was conducted among 150 participants aged between 35 and 65 years at Al-Yarmouk
Teaching Hospital in Baghdad, Iraq, from 10 January 2026 to 30 June 2026. Three
groups of participants were included: 50 healthy individuals (Group I), 50 untreated
patients with HCC (Group II), and 50 treated HCC patients with transarterial
chemoembolization or TACE (Group III). ELISA was used to measure serum levels of
AFP-L3 and CK19.

Results: AFP-L3 levels wete significantly higher in Group II (32.73 + 7.16 ng/mL) than
in Group 1 (0.68 * 0.20 ng/mlL), whereas AFP-L3 levels in Group III dectreased
significantly to 10.86 £ 1.73 ng/mL compated with Group II (32.73 * 7.16 ng/mL) (P
< 0.0001). Regarding CK19 levels, Group II showed significantly increased levels
(24.94£7.59 ng/mlL) compared with Group I (3.87 £ 0.55 ng/mL). However, a marked
reduction in CK19 levels was noted in Group III (8.12 + 3.35 ng/ml) compared with
Group 1T (24.94£7.59 ng/mL) (P < 0.0001).

Conclusion: Both AFP-1.3 and CK19 demonstrated excellent diagnostic performance
as independent biomarkers for early detection of HCC and assessment of treatment
response in Iraqi patients

INTRODUCTION

Hepatocellular carcinoma (HCC) is the most predominant kind of primary liver cancer and the third most common cause of
cancer-related mortality globally [1]. The global burden of HCC is largely attributable to late-stage diagnosis, which markedly
reduces the number of therapeutic choices available [2]. In Iraq, hepatocellular carcinoma is considered a major public health
problem. Studies have indicated that the two main causes of the disease are chronic viral hepatitis (HBV and HCV), in

addition to cirrhosis, with an approximate male-to-female ratio of 3:1, and that the disease is most prevalent among patients
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aged 41 to 60 years [3]. Therefore, the urgent requirement to find reliable markers for early detection of HCC and assessment

of treatment response is crucial to enhance patient outcomes and mitigate the impact of this malignancy [2,4].

In this context, more precise biomarkers, including alpha-fetoprotein-L.3 (AFP-L3), have been developed to improve
diagnostic accuracy. Recent studies have indicated that AFP-L3 is a promising biomarker for more reliable detection of HCC.
As AFP-L3 is an isoform of AFP, this glycoprotein can be classified into three glycoforms: L1, L2 and L3, according to their
interaction with Lens culinaris agglutinin (LCA). AFP-L1 is a non-LCA-binding glycoform and is found in individuals with
nonmalignant hepatopathy, such as chronic hepatitis B virus infection and cirrhosis. AFP-L2 exhibits intermediate LCA-
binding capacity and is primarily produced by yolk sac tumors. In contrast, AFP-L3 is the primary glycoform in individuals
with HCC, is only generated from cancerous liver cells, and has strong affinity for LCA [5]. It is produced due to fucosylation
by «-1,6-fucosyltransferase (FUTS), which is overexpressed in HCC, resulting in enhanced binding to LCA lectin, which in
turn allows for serological detection of the fraction of AFP bound to LCA. This binding property is a hallmark of neoplastic
hepatocytes in HCC, and its altered glycosylation pattern reflects the metabolic changes occurring in HCC cells. AFP-1.3
demonstrates greater specificity than total AFP, particularly in discriminating malignant from benign hepatic conditions,
establishing it as a targeted biomarker for differentiating HCC from other liver conditions with improved accuracy [4,6].

Among other important biomarkers, Cytokeratins (CKs) are the major intermediate filament proteins in the liver, and any
damage to hepatocyte membrane integrity leads to their release into the bloodstream [7]. In terms of classification, they
represent a polygenic protein family classified according to molecular weight and chemical structures into two principal
subtypes: type II keratins (CK1-CKS8), which are basic or neutral and of high molecular weight, and type I keratins (CK9-
CK20), which are acidic and of low molecular weight [8]. CK19, also known as keratin 19 (KRT19), is a kind of acidic keratin
protein that has a molecular weight of 40 kDa that is produced by the KRT19 gene at 17q12-q21 [9]. CK19 is a cytoskeletal
protein predominantly expressed in epithelial cells, including hepatocytes, biliary epithelial cells and intrahepatic bile duct
cells. Recognized as a cancer stem cell marker, CK19 plays a fundamental role in catcinogenesis, metastasis, and recurrence,
and elevated CK19 expression has been significantly correlated with reduced survival and early recurrence of the tumor in
patients with HCC [10,11]. Similar to all Cytokeratins, CK19 is composed of three distinct domains: a head, a central rod and
a tail domain. The human CK19 protein consists of 400 amino acids (aa), inclusive of the initiating methionine, as determined
by sequencing analyses, with a non-helical N-terminal head domain spanning 79 aa (1-79), an alpha-helical central rod domain
encompassing 307 aa (80-387), and a short alpha-helical C-terminal tail domain consisting of 13 aa (388-400) [12].

Both AFP-L3 and CK19 are considered promising biomarkers for hepatocellular carcinoma [13,14]. Nevertheless, their
efficacy for the early detection of HCC and the assessment of treatment response remains insufficiently evaluated among
Iraqi patients. Therefore, the aim of this study was to evaluate the efficacy of these two biomarkers for the early detection of

HCC and the assessment of treatment response.
MATERIALS AND METHODS
Study design

The research was performed among 150 participants aged between 35 and 65 years at Al-Yarmouk Teaching Hospital in the
Department of Hepatology, Gastroenterology, and Oncology in Baghdad, Iraq, from 10 January 2026 to 30 June 2026. Three
groups of participants were included: Group I (50 healthy controls) and Group II (50 untreated HCC patients), and Group
IIT (50 treated HCC patients receiving transarterial chemoembolization, or TACE).

Exclusion Criteria:

Patients who suffered from any chronic diseases (kidney disease, diabetes, hypertension, and heart disease) and were
pregnant or breastfeeding women; had a history of other malignancies; had previously received any treatment for liver cancer;

had a history of alcohol abuse were excluded from this study.
Blood sample collection procedure

The participants in this research were 150 Iraqi individuals, including patients with HCC and healthy controls. HCC patients
were diagnosed based on clinical assessment and serum biomarkers. A blood sample of about 5 mL was drawn from each
individual. The samples were transferred directly into gel tubes and allowed to stand for at least 20 min at room temperature

for clot formation. Subsequently, the clotted specimens were centrifuged at 3000 rpm for 10 min to extract the serum. The
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separated serum was transferred with care into clean Eppendorf tubes using a micropipette, and all tubes were kept at -20°C

until analysis.
ELISA Assay Procedure
2.3.1 Human Alpha-Fetoprotein Lens Culinaris Agglutinin 3 (AFP-L3) ELISA Kit

Human AFP-13 levels were determined using a sandwich ELISA kit (AFG Scientific, USA). Reagents were equilibrated to
room temperature, and 580 mL of deionized water was used to dilute 20 mL of concentrate to produce the wash water. The
standard curve was established by prepating a seties of concentrations (40, 20, 10, 5, 2.5, 1.25, 0.63, and 0 ng/mL as a blank)
through serial dilutions of the stock standard (40 ng/mlL). The assay was petformed by adding 50 pL of duplicate standards
to the well plate. Then, 10 uL. of duplicate serum samples were introduced to each sample well after 40 pl. of sample diluent.
After a 40-minute incubation petiod at 37°C, the plate was rinsed 5 times with 300 pL of wash buffer in each well.
Subsequently, all wells except the blank were filled with 50 uL. of HRP conjugate, incubated for 40 minutes at 37°C, and
rinsed five more times. To allow the color to develop, 50 uL each of Chromogen A and B were introduced and then
maintained for 20 minutes at 37°C. Finally, the optical density (OD) was measured at 450 nm immediately after 50 uL of stop
solution was introduced. The standard curve was used to calculate the AFP-L3 concentrations, which were then multiplied by

a dilution factor of five.
Human Cytokeratin 19 (CK19) ELISA Kit

Serum human CK19 levels were measured using a commercial sandwich ELISA kit (Biomatik, Canada). All kit components
and samples were equilibrated to toom temperature (18-25°C), and 20 mL of the concentrate was diluted with 580 mL of
deionized water to yield the wash buffer. The standard curve was established by sequentially diluting the CK19 stock standard
(40 ng/mL), yielding final standard concentrations of 40, 20, 10, 5, 2.5, 1.25, and 0.63 ng/mL in addition to a zeto standard as
a blank. Subsequently, the working solutions for Detection Reagent A and Detection Reagent B were prepared individually
immediately before their addition to the assay wells by diluting each concentrate at a 1:100 ratio with its corresponding assay
diluent. The assay procedure was performed by adding 100 uL. of duplicate standards and serum samples into the appropriate
wells, followed by incubation at 37°C for 1 hr. Then, the liquid in each well was removed without washing. Subsequently, each
well received 100 pL of the Detection Reagent A working solution, which was then kept for one hour at 37°C. After
aspirating the wells, 350 pL of wash buffer was used to rinse each well three times. After the rinse cycle, each well was filled
with 100 puL of Detection Reagent B working solution, kept at 37°C for 30 minutes, and subjected to a five-fold wash
sequence to remove any unbound conjugate. Each well received 90 pl. of substrate solution to initiate color development and
produced a blue color shift. The wells wete then incubated at 37°C for 20 minutes. The enzymatic reaction was subsequently
terminated by adding 50 pl. of stop solution to each well, causing the liquid to turn yellow. A microplate reader was used to
detect the optical density at 450 nm directly, and lastly, concentrations were calculated by interpolating the absorbance values

against the standard curve.
Statistical Analysis

GraphPad Prism Software, version 9.0.2 (San Diego, California, USA), was utilized for data analysis. One-way analysis of
variance (ANOVA) was employed to compare the mean values between the three groups. When a p-value less than 0.05 was
obtained, the results were considered significant. Additionally, sensitivity, specificity, the best cutoff value, and area under the
curve (AUC) of the AFP-L3 and CK19 markers were determined using the receiver operating characteristic (ROC) curve

analysis.
RESULTS

The results of the analysis of AFP-L3 levels among the three groups demonstrated highly significant differences with a p-
value less than 0.0001. The mean AFP-L3 values in untreated HCC patients (Group II) were significantly higher, at 32.73 *
7.16 ng/mL, than the values in the control group (Group I) at 0.68 £ 0.20 ng/mL. Howevet, after treatment the mean serum
AFP-L3 values in (Group III) decreased significantly to 10.86 + 1.73 ng/ml, compared with (Group II) at 32.73 + 7.16
ng/mlL, but remained higher than the control group, as demonstrated in Figure 1-a and Table 1.
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Concerning the analysis of Cytokeratin 19 (CK19) levels, the mean CK19 values in the control group (Group 1) were 3.87 *
0.55 ng/mL. On the other hand, the untreated group (Group II) revealed a statistically significant difference (P< 0.0001), with
a marked increase to 24.94 £ 7.59 ng/mlL. However, as shown in Table 1 and Figure 1-b, CK19 values were significantly
reduced in the treated group (Group III) post-treatment, with a mean of 8.12 £ 3.35 ng/mL, compared with the untreated
group. But remained considerably elevated compared with the control group (Group I)

Table 1. Assessment of serum levels of AFP-L.3 and CK19 in HCC patients and healthy
individuals (control group)

Variable Average value * SD P - value
Control Untreated Treated
AFPL3 0.68 £0.20 a 32.73+7.16 b 10.86 £ 1.73 ¢ < 0.0001 **
CK19 3.87+0.55a 24,94 +7.59 b 812+ 3.35¢ < 0.0001 **

Sig. *P<0.05; high sig. *¥P<0.001; no sig. p >0.05. a: Control vs. Untreated, b: Control vs. Treated, c: Untreated vs.
Treated.
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Figure 1: The concentration of a - AFPL3 (ng/mL) and b- CK19 (ng/mL) in the control group (group I), untreated (group
II) and, treated (group III).

3.1 Receiver Operating Characteristic Analysis

The ROC analysis demonstrated the diagnostic performance of AFP-L3 and CK19 biomarkers, as shown in Table 2. When
comparing untreated HCC patients (Group II) with the control group (Group I), AFP-L3 showed excellent discrimination
with 88% sensitivity and 82% specificity, at a cutoff > 0.7845, and an AUC of 0.9236 (P < 0.0001). Furthermore, in the
comparison between the control group (Group 1) and treated patients (Group III), the atea under the curve AUC of 0.9868
demonstrated excellent distinction between the two groups (P < 0.0001), with a cutoff of > 1.065 and both sensitivity and
specificity values of 98%. Additionally, comparing Group II with Group III, AFP-L3 demonstrated 88% sensitivity, 80%

specificity, an AUC of 0.9348 (P < 0.0001) and a cut off of < 22.29, indicating excellent differentiation between untreated
and treated patient groups.

Regarding CK19, the analysis demonstrated excellent discrimination ability when comparing Group I and Group II, with a
sensitivity of 84 % and a specificity of 82 %, at a cut-off > 5.020 and AUC of 0.9072 (P < 0.0001). The comparison between
the control group (Group I) and treated patients (Group III) showed excellent distinction with an AUC of 0.9636 (P <
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0.0001), 92% sensitivity and 98% specificity at a cutoff > 5.020. Furthermore, good differentiation was found when Group
III and Group 1I were compared at a cut-off < 12.85, with an AUC of 0.8939, 94% sensitivity, and 88% specificity.

Table 2: Assessment of ROC Analysis of AFP-1.3 and CK19 Parameters Among HCC Patient groups and Control group
showing AUC, P-value, Sensitivity, Specificity and Cut-off .

Parameters Type of correlation AUC | Sensitivity | Specificity | Cut-off CI 95% P-Value
Control vs. Untreated 0.9236 88 % 82 % > (.7845 0.872-0.98 | < 0.0001

AFPL3 Control vs. Treated 0.9868 98 % 98 % > 1.065 0.9624 - 1.00 | < 0.0001
Untreated vs. Treated 0.9348 88 % 80 % <2229 | 0.884-0.986 | < 0.0001

CK19 Control vs. Untreated | 0.9072 84 % 82 % > 5.020 0.8863 - 0.98 | < 0.0001
Control vs. Treated 0.9636 92 % 98 % > 5.020 0.9164 -1.0 | <0.0001

Untreated vs. Treated | 0.8939 94 % 88 % <12.85 0.861-0.985 | < 0.0001

Control (Group I) , Untreated (Group II), Treated(Group III)
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Figure 2: The ROC analysis of a- AFPL3 in Group I vs Group II untreated patients, b- AFPL3 in Group I vs Group 111
treated patients, and c- AFPL3 in Group II vs Group III, showing the AUC, p-value, sensitivity, specificity, and cut-off.
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Figure 3: The ROC analysis of a- CK19 in Group I vs Group II untreated patients , b- CK19 in Group I vs Group 111
treated patients, and c- CK19 in Group II vs Group III, showing the AUC, p-value, sensitivity, specificity, and cut-off .

4- DISCUSSION

The current study, which was carried out on HCC patients, evaluated the performance of two biomarkers (AFP-L3 and
CK19) individually for early detection of HCC and assessment of treatment response. A significant elevation in AFP-L3 levels
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in the untreated HCC patient group relative to the control group indicated AFP-L.3 potential as a reliable diagnostic marker
for the early detection of hepatocellular carcinoma, as further supported by ROC curve analysis, with 88% sensitivity, 82%
specificity, and an AUC of 0.9236. This demonstrated excellent discriminatory ability for AFP-L3 in distinguishing between
untreated patients and healthy controls. The elevation can be explained by the fact that AFP-L3 promotes cancer cells
proliferation by activating the Wnt-B-catenin pathway, as well as stimulating the invasion and spread of liver cancer cells by
activating the TGF-$ and VEGF pathways [15]. Our current results are in agreement with those of El-Halawany et al., who
reported significantly elevated AFP-L3 levels in HCC patients (23.24 * 4.29 ng/mlL) compared with healthy individuals (4.53
+ 1.81 ng/mlL) (P < 0.0001), with 80% sensitivity and 80% specificity. They confirmed the ability of AFP-L3 to differentiate
HCC patients from healthy individuals [16]. Our results were aligned with the findings of Ibrahim et al., who demonstrated
that serum AFP-L3 levels were considerably higher in HCC patients than in healthy individuals. These findings confirmed
that AFP-L.3 may act as a diagnostic matker for the eatly detection of HCC [17]. In this context, previous studies indicated
that AFP-L3 is a form of AFP used as a biomarker for the detection of HCC, in addition to its ability to differentiate
between hepatocellular carcinoma and benign liver diseases, early detection of small liver tumors, and prognosis prediction
[18]. Whereas serum AFP-L3 levels in treated patients decreased compared to untreated patients. This indicated that the
treatment contributed to reducing disease activity. This finding supported the use of AFP-L3 as a biomarker in the
assessment of treatment response. Force et al. described the role of AFP-13 in the assessment of response to transarterial
chemoembolization (TACE) treatment in HCC patients, a decrease in AFP-L3 levels after treatment was linked to positive
treatment response outcomes in HCC patients [19], which is consistent with our study’s results.

Regarding the analysis of Cytokeratin 19 levels, elevated levels were revealed in untreated HCC patients relative to the
control group, with 84% sensitivity, 82% specificity and an AUC of 0.9072. These findings demonstrated that CK19 has a
high discriminatory ability between untreated patients and healthy individuals, supporting its role as a diagnostic marker for
the eatly detection of HCC. This elevation may be attributed to the fact that CK19 is cleaved by caspase 3 into soluble
fragments that are secreted into the circulation upon apoptosis and found in cancer patients; therefore, their levels correlate
significantly with tumor mass and more especially with necrosis in the tumor [20]. Furthermore, the upregulation of CK19
may drive EMT, increasing tumor invasiveness and metastatic potential through loss of E-cadherin and gain of vimentin and
N-cadherin [21]. Previous studies have demonstrated that several signaling pathways and transcription factors, including
TGF-8, MAPK/JKK, MEK-ERK1/2, and noncoding RNAs associated with CK19 expression, play an essential role in the
malignant properties of HCC [22]. Findings of our study are consistent with those of Al-Haddad et al., who reported
significantly elevated CK19 levels in HCC patients (63.7 = 3.6 ng/mL) compated with the healthy controls (25.3 £ 3.9
ng/mL) (P<0.0001), with 94% sensitivity, 91% specificity and an AUC of 0.864. Those findings confirmed that CK19
represents a promising marker for the early detection of HCC [23]. However, Saad et al. reported no statistically significant
difference in CK19 levels between healthy individuals and in HCC patients (P > 0.05), which contrasted with the findings of
our current study. They attributed these discrepancies to differences in the number of patients [24]. Furthermore, serum
CK19 levels decreased after TACE treatment, reflecting a positive tumor response to therapy. The significant decrease in
CK19 levels may be attributed to the effectiveness of TACE therapy, which plays a role in stimulating tumor necrosis while
maintaining enough liver function, as local drug concentrations in TACE are more than 10 times higher compared to
systemic therapy [25]. Thus, CK19 considered a reliable marker for assessment of treatment response in HCC patients. In
contrast, a previous study conducted by Zhu et al. on liver tissue using immunohistochemical staining demonstrated that
CK19-positive patients exhibited poor response (resistance) to TACE therapy, while CK19-negative patients exhibited a
positive therapeutic response [26]. This phenomenon can be explained by the fact that aggressive behavior and the
expression of stemness markers are characteristic of CK19-positive hepatocellular carcinoma, a subtype of HCC. These stem
cells possess the ability to differentiate, regenerate and form tumors. Moreover, the hypoxic microenvironment caused by
TACE therapy promotes cancer stem cell growth by activating the HIF-1o/HIF-2a pathway, thereby conferring resistance to
treatment in CK19-positive cells, as opposed to CK19-negative cells [27].

CONCLUSION

This study demonstrated that both AFP-1.3 and CK19 represent reliable biomarkers with excellent diagnostic accuracy for the
early detection of HCC in Iraqi patients. The results revealed a statistically significant elevation in both biomarker levels in
untreated HCC patients compared with healthy controls, supporting their potential as diagnostic markers for the early
detection of patients with HCC, as further confirmed by ROC curve analysis, which demonstrated excellent discriminatory
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ability for both biomarkers in differentiating untreated HCC patients from healthy controls. Furthermore, treatment with
transarterial chemoembolization (TACE) resulted in a significant reduction in AFP-1.3 and CK19 levels among treated HCC
patients compared to the untreated group. This indicates that these biomatkers are not limited to early detection but also
serve as promising markers for assessment of treatment response, as confirmed by ROC analysis, which revealed excellent
discriminatory performance in differentiating treated from untreated patients. Overall, these findings indicated that AFP-1.3
and CK19 are promising biomarkers for the early detection of HCC and for assessment of treatment response.
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