Clinical Significance of APAC Score as a New Serological Marker for Diagnosis of Hepatocellular Carcinoma in Egyptian Patients with Chronic Hepatitis C-Related Liver Cirrhosis .
Abstract
Background: The most prevalent primary liver malignancy is hepatocellular carcinoma (HCC).    Soluble platelet-derived growth factor receptor-beta (sPDGFR-β) is a critical factor in the identification of HCC, providing the maximum diagnostic value, when combined with age, creatinine, and alpha-fetoprotein (AFP) levels in the APAC Score. Aim of the work: to evaluate the diagnostic utility of serum sPDGFR-β levels and the significance of the APAC score in the early identification of HCC in Egyptian patients suffering from liver cirrhosis caused by the hepatitis C virus. Patients and Methods: This cross-sectional study included 40 HCV cirrhotic patients without HCC and 40 HCV cirrhotic patients with  HCC. Serum PDGFR-β (pg/ ml )  by ELISA was done for all patients. Results: The cirrhosis without HCC group exhibited a significantly higher PDGFR-β level than the cirrhosis with HCC group (mean = 1186.4 ± 544.1 vs. 565.8 ± 297.7 pg/ml, p<0.001). Conversely, the cirrhotic patients with HCC group exhibited a significantly higher APAC level than the cirrhotic without HCC group (mean= 6.32 ± 1.90 vs 1.67 ± 1.90, p<0.001).  Independent predictors for HCC were identified as PDGFR-β in addition to liver cirrhosis.  Compared to PDGFR-β, APAC was identified as a more potent predictor of HCC susceptibility, resulting in a larger likelihood of developing HCC (P <0.001). Conclusions: In Egyptian patients, high AFP, APAC, and lower PDGFR-β were regarded as favorable indicators of HCC in addition to liver cirrhosis caused by chronic hepatitis C infection.  This implies that APAC is a more dependable indicator for the detection of HCC in cirrhotic patients.
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Introduction
Hepatocellular carcinoma (HCC), the most common kind of primary liver cancer, is usually discovered in patients with liver cirrhosis (LC)(1). HCC is a significant global health concern, as it is the sixth most prevalent malignancy worldwide and the third primary cause of cancer-related fatalities (2), and it represents the 3rd common cancer in Egypt (3).
The cirrhosis that is associated with viral hepatitis is accompanied by a preponderance of HCC cases.    On a global scale, hepatitis B virus and hepatitis C virus (HCV) infections are recognized as significant risk factors for HCC.   Nevertheless, the prevalence of HCC in non-alcoholic fatty liver disease (NAFLD) has been reported in a limited number of studies(4).
The European Association Study of Liver guidelines recommend the periodic use of ultrasound scanning (US) for HCC surveillance, with or without Alfa-fetoprotein (AFP) evaluation, as the early detection of HCC is crucial for reducing the tumor's burden.   AFP, the serum biomarker that is employed most frequently, is used to diagnose and monitor HCC on a global scale (5). Nevertheless, serum AFP levels can be elevated by a variety of benign liver diseases, including chronic hepatitis and LC (6). In some patients with HCC, AFP levels may be normal, Consequently, the specificity and sensitivity of AFP in the diagnosis of HCC are insufficient (7).
The platelet-derived growth factor receptor-beta (PDGFR-β), the cellular receptor for PDGF-BB/AB, is significantly up-regulated during hepatic stellate cell activation in the aftermath of liver injury(8, 9). Furthermore, the expression of cancer-associated fibroblasts in the HCC tissue is significantly higher than that of the peritumoral tissue, suggesting that such cells may be present (10).The angiogenic and proliferative capabilities of HCC are significantly influenced by PDGFR-β (11).
The presence of soluble PDGFR-β has a significant impact on the identification of HCC. Lambrecht and his collegue (12) The identification of HCC is significantly influenced by the presence of soluble PDGFR-β.
In order to assess the diagnostic value of blood soluble PDGFR-β levels and the significance of the APAC score in the early detection of HCC in Egyptian patients with hepatitis C virus-induced liver cirrhosis, this investigation was conducted.
Patients and methods
From May 2023 to October 2023, this prospective cross-sectional investigation was conducted on 40 HCV cirrhotic patients with HCC and 40 cirrhotic patients without HCC who were admitted to the Hepatology, Gastroenterology, and Infectious Disease Department at Benha University Hospital.  At Benha University's Department of Medicine, serum samples were examined in the Department of Medical Biochemistry and Molecular Biology.
The patients provided informed written assent.   Each patient was informed of the purposes of the study and allocated a confidential code number.   The investigation was conducted with the consent of the investigation Ethics Committee at the Faculty of Medicine at Benha University.
Sample size
We employed STATA software (StataCorp., 2021) to determine the sample size.  17th release of Stata Statistical Software.  Stata Corporation LLC, College Station, TX.  By performing a sample size analysis for a matched case-control study. Lambrecht  et al. (12) reported that AUC of APAC score is 0.950 , while Attallah et al. (13) The gold standard for AFP AUC was reported to be 0.772, with a case-to-control ratio of 1:1. The sample size will be 40 subjects, with 20 cases in each group, and a power of 80% and an alpha error of 5%.
There were two equally sized groups of patients:  40 patients with chronic HCV infection-induced liver cirrhosis were included in Group I, but they did not have HCC.  Group II consisted of 40 patients who were cirrhotic as a result of chronic HCV infection with HCC.
Patients under the age of 18 and those with LC caused by other factors than HCV (such as HBV infection, autoimmune and metabolic liver diseases) Exclusionary criteria for the investigation included patients with recurrent HCC, chronic renal disease, extra-hepatic malignancies, portal vein invasion, metastatic liver cancer, other liver malignancies (such as hepatoblastoma), and patients who had received prior therapy for HCC lesion.
HCC diagnosed by triphasic spiral CT showing (early arterial enhancement followed by rapid wash out in porto venous or delayed phase) (14)
All studied cases were subjected to: In-depth history-taking, laboratory investigations, and comprehensive clinical examination. Sample collection: Three portions of the blood sample were divided: the initial portion (1 ml) was used for CBC and PDGFR-β.  Second component (0.9 ml) for INR determination.  The third component (approximately 4 milliliter) is intended for the determination of additional serological and biochemical investigations.  Markers of hepatitis viral infection:  HCV antibody (15) and An enzyme-linked immunosorbent assay (ELISA) with three generations was implemented to ascertain HBsAg(16), ELISA was employed to quantify the serum soluble platelet-derived growth factor receptor-β (sPDGFR-β) and serum AFP levels.   (Thermo Fisher Scientific, Waltham, MA, USA) (12). Erythrocyte sedimentation rate (ESR) and Complete blood count are two examples of laboratory investigations.(17), fasting blood sugar (FBS) (18). Liver profile assays encompass the following: alanine aminotransferase (ALT), serum bilirubin (total and direct), and aspartate aminotransferase (AST), (19), serum albumin (20), thrombin time (PT), INR.  Viral markers, including HCV Ab, HBs Ag, AFP level, and soluble platelet-derived growth factor receptor-beta (sPDGFR-β), are included in the kidney function test, which includes serum creatinine and serum urea.
An antibody that is specific to PDGFR-β has been pre-coated on a microtiter plate in this preparation.    A biotin-conjugated antibody formulation that is specific to PDGFR-β is subsequently added to the appropriate microtiter plate wells following the introduction of standards or samples. Each microplate well must be incubated following the addition of Avidin conjugated to Horseradish Peroxidase.  Color changes will only occur in the wells that contain PDGFR-β, biotin-conjugated antibody, and enzyme-conjugated Avidin following the introduction of the TMB substrate solution. The color change is measured spectrophotometrically at a wavelength of 450nm ± 10nm after the enzyme-substrate reaction has been terminated by the addition of sulphuric acid solution.       The O.D. of the samples is compared using the standard curve to determine the concentration of PDGFR-β in the samples.
All reagents, samples, and standards are prepared.   Each well is supplemented with 100µL of either the standard or sample.   Incubate at 37°C for 90 minutes.   100 µL of Detection Solution A is aspirated and incorporated.   The reaction is incubated at 37°C for 45 minutes, and then 100µL of Detection Solution B is added. The reaction is then aspirated and rinsed three times.   Placed in an incubator at 37°C for 45 minutes.   We performed five cleanses and aspirations.   Quantities of 90 µL of substrate solution are introduced.   15-25 minutes of incubation at 37°C.   A Stop Solution of 50 µL is included.   read immediately at 450 nm.
Calculation of APAC score: Score for APAC = (Age [years] × 0.20480)  − (log10(sPDGFR-β [pg/mL]) × 1.98684) + (log10(AFP [ng/mL]) ×2.45657)  - (Creatinine [mg/dL] × 2.46891) - 4.36493 (12).
The severity of liver disease was assessed in accordance with the Child-Pugh scoring system(21), The MELD index is employed to develop a model for end-stage liver disease:     The subsequent calculation is performed for each patient in accordance with the original formula of the Mayo Clinic group: The result is the product of 9.6 x loge (creatinine mg/dl), 3.8 x loge (total bilirubin mg/dl), 11.2 x loge (INR), and 6.4(22). 
Imaging study: Abdominal ultrasonography: To confirm cirrhosis characters and asses hepatic focal lesion (site, size, shape, number, echogencity, hallo sign) (14). Doppler U/S to detect : Intra lesional signal and around the tumor. Patency of portal vein (PV). Triphasic abdominal spiral CT: To confirm  the finding of US and for studying the suggestive criteria for HCC (14).            
Statistical analysis 
Statistical Package for the Social Sciences from IBM (2017, IBM Corp.) was used to clean, organize, and compute the data.   Version 25.0 of IBM SPSS Statistics for Windows was published by IBM Corp. in Armonk, New York.   Numeric representations of concepts:   The following metrics were used to display quantitative data: median, range, standard deviation (± SD), and mean.   For non-numerical data, percentages and frequencies were used as representations.   Normalcy in statistical data.   To check for properly distributed data, we used the Shapiro-Wilk test.   The following tests may be used for analysis: ROC curve, A regression analysis, correlation analysis, chi-square test, Student's t-test, and Kruskal-Wallis test.    One may obtain a comprehensive understanding of the OR's clarity by employing the 95% confidence interval.    A relatively exact OR is indicated by a small CI, whereas an imprecise OR is indicated by a large CI.    The probability of the results:  We refer to a p-value as statistically significant when the 95% confidence interval is less than 0.05 (23).
Results
[bookmark: _Ref132084226][bookmark: _Ref132086909][bookmark: _Hlk203061213]Table 1 The majority of the patients analyzed were male (55%), and the mean age of cirrhotic patients without HCC was demonstrably higher.
Table 2 Patients with HCC who were cirrhotic exhibited significantly higher mean ESR and AFP values than those without HCC (mean=80.85 vs 22.63 mm/hr; p<0.001) and (319.3 vs 16.19 ng/ml), respectively. Furthermore, it was observed that the cirrhotic patients with HCC and the cirrhotic patients without HCC groups exhibited a highly statistically significant difference in ALT and AST levels. The mean values of HCC patients who were cirrhotic were elevated to 57.78u/l and 55.10u/l, respectively.     In terms of other parameters, the two groups did not exhibit any significant differences.
Figure 1 shows that there were significant disparities between the two groups, with a majority of cirrhotic patients without HCC (42.5% of the patients) and 82.5% of the patients with HCC falling into child Pugh Class B. The difference between the two groups was statistically significant (p=0.001).   When comparing the two groups' child and MELD scores, no statistically significant differences were found.
Figure 2 Regrading Barcelona staging system, the majority of cirrhotic patients with HCC exhibited stage A (87.5%), and only 12.5% had stage D. While, stage B and C were not found in the studied group.
Table 3 According to the findings, the group of cirrhosis patients without HCC had a significantly higher PDGFR-β level compared to the group of cirrhosis patients with HCC (mean = 1186.4 ± 544.1 vs. 565.8 ± 297.7 pg/ml, p<0.001).    Furthermore, there was a significant difference in the APAC scores between the cirrhotic patients with and without HCC; the former had a mean of 6.32 ± 3.17 while the latter had a mean of 1.67 ± 1.90 (p<0.001).
ALT levels and maximal diameter focal lesion exhibited highly statistically significant negative correlations with PDGFR-β in the group of cirrhotic patients with HCC.   In addition, the APAC score was found to be positively correlated with the maximal diameter focal lesion and ALT levels, whereas the APAC score was significantly negatively correlated with PDGFR-βTable 4
Table 5, Figure 3 shows that AFP, PDGFR-β and APAC score can significantly predict cirrhotic patients with HCC with cut off values (>22 ng/ml, ≤789.7pg/ml and >3.9 respectively). And that APAC demonstrated better diagnostic performance compared to PDGFR-β, as it had a higher AUC and performance characteristics. Combination of AFP+ PDGFR-β revealed better AUC and performance characteristics than each separate marker.
Table 7 shows logistic regression analysis for prediction of HCC susceptibility among cirrhotic patients. It shows that higher AFP, APAC score, and lower PDGFR-β were associated with higher HCC susceptibility among LC cases in univariable analysis. While in multivariable analysis, higher AFP, APAC, and lower PDGFR-β were considered independent predictors for HCC on top of LC. APAC was found to be a stronger predictor of HCC susceptibility compared to PDGFR-β, with higher odds of developing HCC. This suggests that APAC is a more reliable marker for detecting HCC in cirrhotic patients.
Discussion
4.7% of all cancers and 75%-85% of primary liver malignancies worldwide were caused by HCC in 2018.     The annual incidence of liver cancer is approximately 841,000 new cases, resulting in 782,000 fatalities (24). Golgi protein 73, Glypican-3, des-gamma-carboxy prothrombin (DCP), and other novel serum biomarkers have been the subject of a significant amount of research recently.  When identified independently or in conjunction with associated scores, they have significant diagnostic potential for early-stage HCC (25).
PDGFR-β is a member of PDGF family.(26). Both PDGFR-β and -D are potent mitogens that stimulate culture-activated hepatic stellate cells (HSCs), rendering PDGF-β essential for liver fibrogenesis.  The induction of PDGFR-β in HSCs in single-dose acute liver injury caused by carbon tetrachloride is a well-established observation (27). In addition, the expression of this gene is statistically considerably higher in HCC tissue than in peritumoral tissue, which further suggests the presence of cancer-associated fibroblasts.   Lenvatinib and sorafenib are multi-tyrosine kinase inhibitors that therapeutically target PDGFR-β, a critical component of HCC's angiogenic and proliferative capacity. Although circulating soluble PDGFR-β has been recently employed to diagnose liver fibrosis without regard to the etiology of the disease (28).
The APAC score, a serological instrument, is both extremely accurate and innovative in its ability to diagnose HCC, particularly in its early stages.     It has the potential to improve the surveillance of the at-risk population and is preferable to the blood-based algorithms that are currently being considered (29).
This investigation revealed a statistically significant disparity in the age of cirrhotic patients without HCC and cirrhotic patients with HCC (Table 1) with mean age (58.65 ± 8.65 and 54.48 ± 8.96  years respectively), this was in the line with Lamb and his colleagues who reported that patients without HCC were older at diagnosis compared to those with HCC with statistically significant difference, and the mean age was (60.54 ±9.66 and 58.45 ±7.67 years respectively), (p = 0.001) (30). 
The proportion of male patients in the current study was 55%, and there was no statistically significant difference between the two patient categories (cirrhotic patients with and without HCC) (Table 1).this was agreed with Yen and his colleagues according to whom there was no significant difference between sex and the development of HCC, with a higher incidence in males (72.2%) (31). The prevalence of males in HCC may be attributed to a variety of factors, such as their increased susceptibility to HCV and HBV, as well as their consumption of alcohol and nicotine.  Furthermore, the hormone testosterone has been shown to be associated with HCC, indicating that reproductive hormones may be involved in the development of HCC(32).
The most significant statistical disparity was observed in the laboratory results of the two groups under investigation (p < 0.001).    Cirrhotic patients with HCC and cirrhotic patients without HCC exhibited significantly higher mean ESR levels than the other group, with values of 80.85 ± 26.80 and 22.63 ± 14.37mm/h, respectively(table 2).This was in line with David and his colleagues who reported that elevated ESR can be a marker of chronic inflammation and is frequently associated with malignancy and the mean ESR for those with HCC versus those without HCC was (60.67±37.9 and 22.53±8.3 mm/h respectively), (P = 0.001) (33).
AFP levels in the non-cirrhotic group were significantly lower (16.19 ± 17.72 ng/mL, p < 0.001) than in the cirrhotic group with HCC (319.3 ± 385.9 ng/mL, p < 0.001) (Table 2).     A significant difference in AFP levels was found between cirrhotic patients without HCC and HCC patients (P value 0.001), which was subsequently confirmed by Omar and his colleagues.     The AFP levels of cirrhotic patients with HCC were significantly higher than those of cirrhotic patients without HCC (234.6 287.4 ng/mL and 22.45 19.32 ng/mL, respectively).A protein known as AFP is typically synthesized by the liver during fetal development, and its levels typically decrease significantly after birth.  In adults, AFP should be present at extremely low levels.  On the other hand, liver cells may resume the production of AFP in specific circumstances, such as HCC, resulting in elevated blood levels (34).
[bookmark: _Hlk203046116]On the other hand, Avcı and his colleagues reported that HCC can present with normal AFP levels, and treatment should be based on patient factors beyond just biomarkers as not all HCC tumors secrete AFP, and some tumors may be more highly differentiated, which can lead to lower AFP levels (35).
Regarding the liver profile, in this study both ALT and AST levels were significantly elevated in cirrhotic patients with HCC (ALT: 55.10 ± 38.88 U/L and AST: 57.78 ± 28.92 U/L) compared to those without HCC (ALT: 28.40 ± 15.24 U/L and AST: 28.83 ± 16.62 U/L, p < 0.001 for both) (Table 2). 
These results are in agreement with other studies that showed that ALT and AST levels were higher in HCC patients than in cirrhotic patients without HCC (p value < 0.001).  This can be attributed to hepatocellular injury that is the result of both viral infection and malignancy(36, 37).
In this study, the majority of cirrhotic patients with HCC and without HCC were child B with higher incidence in HCC group rather than cirrhotic group (82.5% vs 42.5% respectively) with statistically significant difference (Figure1). This suggests that cirrhotic patients with HCC tend to have a more advanced stage of cirrhosis (predominantly in Child Class B) (38). Similar study supported this finding as most of HCC patients were child B (57%), as they observed that patients with HCC often present with more severe liver dysfunction, likely due to the progression of underlying cirrhosis and the increased metabolic burden imposed by the tumor (39). This also aligned with the known association between advanced cirrhosis and the development of HCC (38).
The Barcelona staging system classified the majority of cirrhotic patients with HCC as Stage A (87.5%), followed by Stage D (12.5%) in the present study.  This implies that the preponderance of HCC patients was in the early phases of the disease (Figure 2). This outcome was consistent with the findings of Khursheed and Khan, who determined that the majority of cirrhotic patients with HCC were classified as Stage A (77%) and Stage D (16%)(40).  
Cirrhotic patients without HCC exhibited a significantly higher mean serum PDGFR-β level than HCC patients (1186.4 ± 544.1 vs 565.8 ± 297.7 pg/ml, respectively) in the present study (p value < 0.001).  (Table 3)Lambrecht and his colleagues The p-value was less than 0.0001 when the article reported that the serum PDGFR-β level was significantly higher in cirrhotic patients without HCC than in HCC patients (8562 pg/ml vs 6767 pg/ml, respectively). This was also consistent with another study that was conducted on the HCC population. The study found that the PDGFR-β serum level was significantly higher (p = 0.002) in liver fibrosis and cirrhosis (6587 pg/ml) but tends to decrease once HCC has developed (4365 pg/ml). This underscored the potential association between PDGFR-β and the progression of fibrosis, but less so in advanced liver cancer (12).
Contrarily, Wei and his colleagues reported that PDGFR-β levels  significantly higher in advanced HCC cases with (p value <0.001) due to the continued role of the PDGFR signaling pathway in tumor angiogenesis and metastasis ,this difference in the result may be explained by the patients selected in the study as they included advanced HCC with distant invasion which excluded in the current study  also by different ethinicity as they conducted their study on Chinese patients and  larger sample size (177 HCC and 140 cirrhotic) (41).
In the current study, the mean APAC score was markedly higher in cirrhotic patients with HCC than in those without HCC (6.32 ± 3.17 vs 1.67 ± 1.90, respectively) (p-value < 0.001) (Tab. 3).This was in the line with Lambrecht and his colleagues Who discovered that the APAC score was considerably higher in cirrhotic patients with HCC (p value < 0.0001) than in those without HCC, with a mean of (5.21 ± 1.43 vs 1.56 ± 1.62, respectively). The increased APAC score in cirrhotic patients with HCC may be attributed to elevated liver dysfunction as a result of the tumor burden, as well as additional complications like portal hypertension and impaired hepatic synthetic function.  The APAC score is a robust predictor of mortality and complications in cirrhosis, and its elevation in patients with HCC is associated with a poor prognosis (12).
Among cirrhotic patients with HCC, PDGFR-β had highly statistically significant negative correlations with ALT level as well as Maximum diameter focal lesion and APAC score (table 4).  Also, Lambrecht and his colleagues Reported that there were significant negative correlations between PDGFR-β and APAC score in HCC patients, but no significant correlations between PDGFR-β and ALT.  Because he conducted his study on cancer patients and used a distinct sample size (122 HCC and 145 cirrhotic), this may be explained by the difference in ethinicity (12) 
The APAC score, ALT level, and maximal diameter of focal lesion in cirrhotic patients with HCC showed a significant positive correlation in the current study (table 4).These finding was supported by Lambrecht and his colleagues the APAC score and the maximal diameter of the focal lesion in the investigated groups exhibited a significant positive correlation (12).
The APAC score and PDGFR-β exhibited a significant negative correlation in both cirrhotic and noncirrhotic patients.
According to the current study, AFP had a specificity of 82.5% and a sensitivity of 80% in the prediction of cirrhotic patients with HCC.     An AUC of 0.891 was determined by employing a cutoff value of 22 ng/ml or higher.     A p value of less than 0.001 was established to achieve statistically significant discrimination between cirrhotic patients with and without HCC (table 5).Also, Mehinovic and his colleagues AFP has been confirmed to have a high diagnostic accuracy, particularly in advanced HCC stages, with a sensitivity and specificity of 81% and 86%, respectively, with an AUC of.887 and a cut-off value of 30 ng/ml(42). 
Also, Fares and his colleagues highlighted AFP's utility, reporting that it remains one of the most widely accepted biomarkers for HCC monitoring and diagnosis with sensitivity and specificity were (83.5% and 88% respectively) (43).
With an AUC of.831 and a cut-off value of ≤789.7 pg/ml, PDGFR-β was capable of predicting cirrhotic patients with HCC in this investigation.   77.5% was the sensitivity, while 72.5% was the specificity, as recorded in Table 5.    In addition, it was statistically capable of differentiating between cirrhotic patients with and without HCC (p value < 0.001). Lambrecht and his colleagues also reported that PDGFR-β had a sensitivity of 83.78% and a specificity of 56.82%, with an AUC of.8187 and a cut-off value of 10155pg/ml.    In addition, they were able to statistically differentiate between cirrhotic patients with and without HCC.    The unique sample size (122 HCC and 145 cirrhotic) and the diverse spectrum of etiologies (HBV, HCV, alcoholic, NAFLD, and other causes of liver cirrhosis) of the Caucasian patients in the study may be the potential explanation for the elevated cut-off value(12). According to Zhu and his colleagues, the sensitivity and specificity of PDGFR-β in the detection of HCC in cirrhotic patients were 80% and 78%, respectively.  678.9 pg/ml was the cut-off value, and the AUC was.887(44). 
However, Aryal and his colleagues found that the diagnostic value of PDGFR-β was restricted in early-stage HCC, with sensitivity and specificity of 60.5% and 58%, respectively. The levels of the protein did not significantly  differ from those of cirrhotic patients without HCC (45). These findings indicate that PDGFR-β may be beneficial in specific circumstances; however, its diagnostic utility may be restricted by its overlap with other liver conditions, such as infiltrative liver diseases and liver abscesses, which may limit its specificity.  Moreover, this may be attributable to the fact that the selection of patients and the sample size were different, as he conducted his study on a larger sample size (144 HCC and 122 cirrhotic).
In the current study, regarding the APAC score which had statistically significant difference in prediction of  HCC in cirrhotic patients (p value <0.001) and its  sensitivity and specificity  were ( 87.5 %, 85% respectively) with AUC.940 and cut off value >3.9. APAC score demonstrated better diagnostic performance compared to PDGFR-β alone, as it had a higher AUC and performance characteristic (Table 5). This agreed by Lambrecht and his colleagues who reported that the APAC score, which combines clinical and biochemical parameters, was highly accurate in discriminating between cirrhosis and HCC with sensitivity and specificity  (91.1% and 85.3% respectively ) with AUC .9488 and cut off value 0.677 (12).  
The present study's AUC of.946 indicates that AFP and PDGFR-β together have a better accuracy rate (88.8%) for differentiating between cirrhotic individuals with and without HCC. AFP+ PDGFR-β exhibited superior AUC and performance characteristics in comparison to each individual marker, with a sensitivity and specificity of 87.5% and 90%, respectively. This discovery is consistent with the research conducted by Piratvisuth and his colleagues, who discovered that the sensitivity and specificity of early HCC detection were enhanced by the combination of PDGFR-β with other biomarkers (46).
On the other hand, there are other studies that oppose this opinion like, Lok and his colleagues in comparison to the use of the biomarkers alone, reported that the specificity and sensitivity of early HCC detection were not improved by combining PDGFR-β with other biomarkers such as AFP and DCP.   His investigation on patients in the United States, which included a diverse ethinicity, a large sample size (117 HCC, 135 cirrhotic), and a heterogeneous etiology (HBV, HCV), may have contributed to this(46).
The current study showed that younger age, higher AFP, APAC score, and lower PDGFR-β were associated with higher HCC susceptibility among LC cases in univariable logistic regression analysis.These in line with Lamb and his colleagues who reported that HCC developed in youger patients and higher serum level of AFP (30). On the other hand, Ke and his colleagues stated that AFP was not considered a predictor of HCC, and this difference may be due to different ethnicity as their study concluded patients from china and included larger number of cases (371 HCC patients) (47). 
While in multivariable analysis higher AFP, APAC, and lower PDGFR-β were considered independent predictors for HCC on top of LC. APAC was found to be a stronger predictor of HCC susceptibility compared to PDGFR-β, with higher odds of developing HCC. This suggests that APAC is a more reliable marker for detecting HCC in cirrhotic patients.
The study's limitations included a limited sample size, a single center, and a focus on cirrhotic patients owing to a singular etiology (HCV infection).
Conclusions
This study found that elevated AFP, APAC, and PDGFR-β levels were favorable indicators of HCC in Egyptian patients with chronic hepatitis C infection, in addition to LC.
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Table 1: Demographic data of the studied groups
	Variables
	Cirrhotic without HCC
n = 40
	Cirrhotic with HCC
n = 40
	Test
	p

	
	No.
	%
	No.
	%
	
	

	Sex
	Male
	22
	55.0
	22
	55.0
	X2=
0.0
	1.000

	
	Female
	18
	45.0
	18
	45.0
	
	

	Age (years)
	Mean ± SD.
	58.65 ± 8.65
	54.48 ± 8.96
	t=
2.120*
	0.037*

	
	Median
	60.0
	55.50
	
	

	
	Range
	42.0 – 80.0
	39.0 – 75.0
	
	


Data presents as mean ± SD or frequency (%). DM : Diabetes mellitus, OCP:oral contraceptive pils, SD: Standard deviation, t: Student t test, GIT: gastrointestinal tract ; X2: Chi Square; AFP: alpha-fetoprotein; ALT: alanine aminotransferase; AST: aspartate aminotransferase; ESR: erythrocyte sedimentation rate;FBS: fasting blood sugar ;Hb: hemoglobin; WBC: white blood cells ; SD: Standard deviation ;  U: Mann Whitney ; t: Student t test ; *: significant when p value <0.05.
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Table 2: Comparison between the studied groups as regard laboratory findings
	Variables
	Cirrhotic without HCC
n = 40
	Cirrhotic with HCC
n = 40
	Test
	p

	
	Mean ± SD
	Mean ± SD
	
	

	Hb (g/dL)
	8.42 ± 1.45
	8.14 ± 1.97
	t= 0.717
	0.476

	[bookmark: _Hlk199778907]WBCs (X109/L)
	8.19 ± 3.93
	7.91 ± 3.92
	U= 748.0
	0.616

	Platelets (X109/L)
	90.08 ± 29.91
	92.40 ± 52.55
	U= 641.5
	0.127

	FBS (mg/dL)
	101.5 ± 23.72
	99.48 ± 31.46
	U= 636.5
	0.115

	Creatinine (mg/dL)
	0.79 ± 0.17
	0.81 ± 0.13
	U= 822.5
	0.823

	Urea (mg/dL)
	29.18 ± 13.73
	34.23 ± 15.57
	U= 986.5
	0.072

	[bookmark: _Hlk199779015]ESR (mm/hr)
	22.63 ± 14.37
	80.85 ± 26.80
	U= 1536.5
	<0.001*

	AFP (ng/mL)
	16.19 ± 17.72
	319.3 ± 385.9
	U=1425.0*
	<0.001*

	ALT (U/L)
	28.40 ± 15.24
	55.10 ± 38.88
	U=1316.5*
	<0.001*

	AST (U/L)
	28.83 ± 16.62
	57.78 ± 28.92
	U=1319.0*
	<0.001*

	Total bilirubin (mg/dL)
	1.46 ± 0.78
	1.28 ± 0.69
	U=615.0
	0.073

	Direct bilirubin (mg/dL)
	0.59 ± 0.54
	0.47 ± 0.45
	U=631.5
	0.093

	Albumin (g/dL)
	2.73 ± 0.40
	2.66 ± 0.34
	t=0.879
	0.382

	INR
	1.41 ± 0.38
	1.52 ± 0.36
	U=959.0
	0.123


Data presents as Mean ± SD. WBCs: white blood cells, Hb: hemoglobin, ESR: erythrocyte sedimentation rate, AST: aspartate aminotransferase; ALT: alanine aminotransferase. INR: international normalized ratuio, AFP: Alpha-Fetoprotein*: statistically significant as P value <0.05. 
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Figure 1: Bar chart showing Child Pugh classification among the studied groups (cirrhosis with and without HCC)
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Figure 2: Pie chart  showing Barcelona staging among cirrhotic patients with HCC.


Table 3: Comparison between the studied groups regarding PDGFR-β serum level and APAC score
	Variables
	Cirrhotic without HCC
(n = 40)
	Cirrhotic with HCC
(n = 40)
	Test
	P

	PDGFR-β (pg/mL)
	1186.4 ± 544.1
	565.8 ± 297.7
	U=
270.0*
	<0.001*

	APAC score
	1.67 ± 1.90
	6.32 ± 3.17
	U=
1503.5*
	<0.001*


Data presents as mean ± SD. SD.: Standard deviation; MELD: model for end-stage liver disease; U: Mann Whitney test. X2: Chi Square; PDGFR-β: platelet derived growth factor receptor beta, *: Significant when p value <0.05.

 
Table 4: Correlation between PDGFR-β and APAC and different parameters and between APAC and different parameters among cirrhotic patients with HCC
	Variables
	PDGFR-β (pg/ml)
	APAC score

	
	rs
	p
	Rs
	p

	Age (years)
	0.095
	0.558
	-0.092
	0.574

	Temperature (◦C)
	0.267
	0.095
	-0.222
	0.207

	SBP (mmHg)
	-0.184
	0.255
	0.121
	0.457

	DBP (mmHg)
	-0.209
	0.196
	0.025
	0.876

	Pulse (beat/min)
	-0.279
	0.082
	0.131
	0.419

	RR (breath/min)
	-0.042
	0.796
	0.015
	0.925

	FBS (mg/dL)
	-0.087
	0.593
	0.217
	0.179

	Hb (g/dL)
	0.222
	0.168
	-0.185
	0.254

	WBCs (X109/L)
	-0.185
	0.252
	0.091
	0.575

	Platelets (X109/L)
	-0.053
	0.745
	-0.042
	0.798

	Creatinine (mg/dL)
	0.000
	1.000
	-0.091
	0.576

	Urea (mg/dL)
	-0.215
	0.182
	0.255
	0.113

	ALT (U/L)
	-0.999*
	<0.001*
	0.773*
	<0.001*

	AST (U/L)
	0.050
	0.759
	-0.092
	0.570

	Total bilirubin (mg/dL)
	-0.106
	0.515
	0.206
	0.203

	Direct bilirubin (mg/dL)
	0.018
	0.915
	0.044
	0.785

	Albumin (g/dL)
	0.143
	0.379
	-0.210
	0.193

	INR
	-0.150
	0.354
	-0.023
	0.886

	ESR (mm/hr)
	-0.084
	0.606
	-0.036
	0.824

	AFP (ng/mL)
	0.086
	0.596
	-0.164
	0.312

	Maximum diameter focal lesion (cm)
	-0.385*
	0.014*
	0.419*
	0.007*

	Portal vein diameter (mm)
	-0.126
	0.438
	0.167
	0.303

	Child score
	-0.121
	0.457
	0.062
	0.702

	MELD score
	-0.219
	0.175
	0.058
	0.723

	Barcelona staging
	-0.088
	0.588
	0.023
	0.888

	APAC score
	-0.770*
	<0.001*
	---
	---

	PDGFR-β (Pg/ml)
	---
	---
	-0.770*
	<0.001*


SBP : systolic blood pressure; DBP : diastolic blood pressure; RR : respiratory rate, INR, international normalized ratio; ESR : erythrocytic sedimentation rate; AFP : alpha feto protein; MELD : model for end-stage liver disease; FBS : Fasting Blood Sugar; AST: aspartate aminotransferase; ALT : alanine aminotransferase; WBC : White blood cells; Hb : hemoglobin; rs: Spearman's rho correlation coefficient;  *: Significant when p value <0.05, PDGFR-β: platelet derived growth factor receptor beta
 
Table 5: Validity of PDGFR-β and APAC for discrimination between cirrhotic patients with and without HCC
	
	Cut off
	Sensitivity
(%)
	Specificity
(%)
	PPV (%)
	NPV (%)
	Accuracy (%)
	95% CI
	AUC
	P

	AFP (ng/ml)
	>22
	80
	82.5
	82.1
	80.5
	81.3
	0.80 1-0.949
	0.891
	<0.001*

	PDGFR-β(pg/ ml)
	≤789.7
	77.50
	72.5
	73.8
	76.3
	75.0
	0.743–0.919
	0.831
	<0.001*

	APAC score
	>3.9
	87.50
	85.0
	85.37
	87.18
	86.25
	0.893–0.986
	0.940
	<0.001*

	AFP+PDGFR-β
	-
	87.5
	90
	89.7
	87.8
	88.8
	0.872- 0.984
	0.946
	<0.001*


AFP : alpha feto protein; PDGFR-β: platelet derived growth factor receptor beta; AUC: Area under ROC curve; CI: Confidence interval; PPV :positive predictive value; NPV: negative predictive value ; *: P value Significant <0.05.
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Figure 3: ROC Curve  showing  AFP , APAC and PDGFR-β discrimination between cirrhotic patients with and without HCC


Table 6: Logistic regression analysis for prediction of HCC susceptibility among cirrhotic patients
	Variables
	Univariate
	Multivariate

	
	OR
	95% C.I
	P
	OR
	95% C.I
	p

	Gender (female vs male)
	1.000
	0.576–1.737
	1.000
	
	
	

	Age (years)
	0.967
	0.936–0.998
	0.038*
	0.910
	0.807-1.025
	0.119

	DM
	0.822
	0.412–1.637
	0.576
	--
	--
	--

	Hypertension
	1.142
	0.513–2.538
	0.745
	--
	--
	--

	Platelets (X109/L)
	1.001
	0.994–1.007
	0.806
	--
	--
	--

	Total bilirubin (mg/dL)
	0.809
	0.550–1.188
	0.279
	--
	--
	--

	Direct bilirubin (mg/dL)
	0.725
	0.410–1.281
	0.269
	--
	--
	--

	Albumin (g/dL)
	0.710
	0.332–1.515
	0.376
	--
	--
	--

	INR
	1.669
	0.788–3.532
	0.181
	--
	--
	--

	Portal vein diameter (mm)
	1.104
	0.937–1.301
	0.238
	--
	--
	--

	Child score
	1.032
	0.868–1.226
	0.725
	--
	--
	--

	MELD score
	1.041
	0.959–1.130
	0.334
	--
	--
	--

	AFP (ng/mL)
	1.018
	1.006-1.029
	0.003*
	1.017
	1.004-1.031
	0.013*

	PDGFR-β (pg/mL)
	0.998
	0.997–0.999
	<0.001*
	0.935
	0.901-0.976
	0.042*

	APAC
	2.107
	1.545–2.874
	<0.001*
	5.753
	1.828-9.960
	0.037*


DM:  diabetes Mellitus; INR: international normalized ratio; MELD: model of end-stage liver disease; AFP: alpha feto protein; PDGFR-β: platelet derived growth factor receptor beta; OR: Odd Ratio; CI: confidence interval; *: Significant when p value <0.05.
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