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Introduction: HCC is frequently diagnosed late, when only palliative treatment is available. So, we try to use different immuno-
logical markers to identify early HCC in patients with unremarkable raised AFP.
Methods: This study was conducted on 112 participants divided into two equal groups: Group I, 56 patients with liver cirrhosis and 
different stages of HCC; Group II, 56 patients with liver cirrhosis. The diagnosis of HCC was based on AASLD guidelines. TNM and 
BCLC classification systems are used for staging of HCC.
Results: A significant reduction in the median percentage of lymphocyte subset (CD3+, CD4+, CD8+, CD19+) and NK cell percentage 
(CD56+) has been detected in HCC patients (all P < 0.001). In the HCC group the median monocyte subpopulations CD14+ CD16− 

Classical, CD14++ CD16+ Intermediate, and CD14−+ CD16++ Non-Classical were 11.7, 4.0, and 3.5, respectively, with marked 
reduction compared with liver cirrhosis group (all P < 0.001). Patients with advanced stages (BCLC C and D) were more likely to 
have significantly higher median CD33+ than patients with early stages (BCLC A and B) (P = 0.05); also, the median levels of HLA 
DR+ lymphocytes % in the HCC case group were 21.8 in patients with advanced disease (BCLC C and D) and 13.1 in patients with 
early stages of the disease (P = 0.04). Patients with late stage (TNM III) were more likely to have significantly higher median CD14+ 

CD16− Classical monocyte subset, CD36+ HLA DR+, and CD36+ CD16− than patients with early stages (TNM I and II).
Conclusion: Patients with HCC with unremarkable raised AFP showed marked reduction in lymphocytes, natural killer cells, and all 
monocyte subpopulations. In addition, patients with advanced HCC showed increased CD33+ and HLA DR+ lymphocytes %, CD14+ 

CD16− Classical monocyte subset, CD36+ HLA DR+, and CD36+ CD16− compared with patients with early stages of HCC.
Keywords: monocyte subpopulation, lymphocyte subset, hepatocellular carcinoma, Barcelona clinic liver cancer, tumor (T), nodes 
(N), metastases (M)
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Introduction
Hepatocellular carcinoma (HCC) is a primary tumor of the liver, develops on top of chronic liver disease especially 
alcoholic cirrhosis, and can also be developed on top of chronic hepatitis B or C virus infections, or nonalcoholic 
steatohepatitis.1,2

HCC is the fourth leading cause of cancer-related deaths worldwide.3,4 Unfortunately, HCC still carries a poor 
prognosis, with a five-year survival rate that does not exceed 20%.5

Many immune cell types penetrate HCC and influence the tumor’s microenvironment. Major participants in the 
inflammation process and in reducing the anti-tumor response are thought to be tumor-associated macrophages. These 
macrophages produce immunomodulatory cytokines that can suppress anti-tumor immunity, such as interleukin (IL)-10 
and transforming growth factor (TGF).6

Tumor-associated macrophages are not the only immune cell types seen in tumor tissue. Innate immune cells like 
natural killer (NK) cells and adaptive immune cells like CD8+ T cells can also be found there. These immune cells can 
kill altered cells by releasing cytolytic enzymes like perforins and granzymes.7

The ease with which peripheral immune indicators may be tested in plasma or serum using very simple interface 
technology makes them an appealing choice. The ability of leucocytes to recognize tumor cells, which is crucial for 
oncogenesis, makes them one of the immune markers that offers hope for the early diagnosis of HCC.8

HCC is frequently diagnosed late in its course, mainly due to the absence of symptoms in patients with early disease.9

The aim of the diagnosis of HCC is for the early detection of the mass when its size is ≤2 cm, at which point different 
treatment modalities are available.10

The diagnosis of HCC is difficult; it may require two imaging modalities. Serum AFP level can be helpful for 
diagnosis when it is markedly elevated; however, it is detected in less than 50% of diagnosed patients at the time of 
diagnosis.11 Confirmation by liver biopsy can be performed only in certain situations when the diagnosis of HCC is 
unclear.12

No single international guideline for the diagnosis of HCC exists due to marked differences in the diagnostic 
approach between Eastern and Western countries.13

Surgical excision of HCC provides a chance of cure for patients. Regrettably, less than one-third of patients meet the 
criteria for HCC resection at the time of diagnosis.14

So, in this study, we focused on using different immunological markers using flow cytometry to identify early HCC 
defined by size of tumor, number of lesions, and stage of the tumor, using different HCC classification scoring systems in 
patients with unremarkable raised AFP.

Patients and Methods
This prospective randomized case-control study was conducted on 112 participants divided into two equal groups: Group 
I, 56 patients with liver cirrhosis and different stages of HCC who were admitted to the Tropical Medicine and 
Gastroenterology Department, Qena Faculty of Medicine, South Valley University, and the Internal Medicine 
Department, Sohag University, during the period from January 1, 2021, to October 30, 2022; Group II, 56 patients 
with liver cirrhosis with different degrees of liver disease severity according to the Child score.

All patients were subjected to complete history-taking and a full clinical examination. The diagnosis of HCC was 
based on the AASLD (American Association for the Study of Liver Diseases) guideline.15 The Child–Pugh score was 
used to determine the severity of liver disease,16 and the Tumor (T), Nodes (N), and Metastases (M) (TNM)17 and 
Barcelona Clinic Liver Cancer (BCLC) classification systems18 were used for staging of HCC.

Investigatory Workup
Multiphasic CT for HCC Diagnosis
Multiphasic CT was conducted with a 64-MDCT scanner (Aquilion 64, Toshiba Medical, Otawara, Japan). Following 
intravenous non-ionic iodinated contrast infusion, HCC tumors receive blood mainly from the hepatic artery, while the 
surrounding hepatic parenchyma obtains its blood mainly via the portal vein. The presence of arterial enhancement 30–40 
seconds after infusion of the contrast agent for a hepatic focal lesion ≥2 cm in size with subsequent washout (hypodense 
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HCC compared with the surrounding hepatic parenchyma) on portal phases (which began 70 seconds after the injection 
of the contrast material) and equilibrium phases started 180 seconds after contrast injection is considered to be the 
definitive CT feature of HCC by different associations for liver diseases guidelines.15,19–21

Biochemical Assays
A 10 mL blood sample was obtained from all patients and control groups under sterile conditions; 5 mL on EDTA were 
investigated for CBC by hematology analyzer (CELL-DYN Ruby System; Abbott Diagnostics, Chicago, IL, USA). The 
absolute counts of peripheral white blood cells were calculated from peripheral blood films and for flow cytometry with 
detection of lymphocytes subgroups, and the other 5 mL serum sample was used for evaluation of blood urea, serum 
creatinine, alanine aminotransferase (ALT), aspartate aminotransferase (AST), albumin, alkaline phosphatase (ALP), and 
total and direct bilirubin using a Beckman AU 480 fully automated biochemistry analyzer.

Citrated plasma samples were used to assay prothrombin time (PT), prothrombin concentration (PC), and 
international normalized ratio (INR) using a Sysmex CS-1600 Automated Blood Coagulation Analyzer. Serum 
alpha-fetoprotein (AFP) assessment was carried out by the AIA-360 Automated Immunoassay Analyzer - Tosoh 
Bioscience. Hepatitis B surface antigen (HBsAg) estimation, HCV antibody detection, and HCV quantitative PCR 
assay for patients with positive HCV antibodies were performed using the automated ARCHITECT i1000SR 
immunoassay analyzer.

Flow Cytometry with Detection of Lymphocytes Subgroups
The types of lymphocytes were measured by CD4 fluorescein isothiocyanate (FITC), CD8 phycoerythrin (PE), CD3 
peridinin-chlorophyll-protein (PerCP), CD19 fluorescein isothiocyanate (FITC), and CD56 phycoerythrin (PE). 
HLADR peridinin-chlorophyll-protein (PerCP) binding assay was done according to the manufacturer’s instructions 
(BD Biosciences, San Jose, CA, USA). A 100 μL aliquot of whole blood was stained with 10 μL of each 
monoclonal antibody, washed twice with 2 mL of phosphate-buffered saline (PBS), and red blood cells were 
lysed by BD FACS lysing solution. The cells were washed and resuspended in 100 μL of PBS. Analysis was 
done using FACS Calibur flow cytometry. Anti-human IgG was used as an isotype-matched negative control with 
each sample. A forward and side scatter histogram was used to identify the lymphocyte population. Then, the 
percentages of CD3+, CD4+, CD8+, CD19+, CD56+, and HLADR+ lymphocytes were assessed in the lymphocyte 
population, and the total percentages were then calculated among the lymphocytes (Figure 1).

Ethical Approval
The study was done in accordance with Helsinki guidelines. The Institutional Review Board, Qena Faculty of Medicine, 
Egypt, approved this study (code number: SVU-MED-GIT023-4-22-9-446), and all participants gave an informed 
consent to join the study.

Figure 1 Lymphocyte gating with CD3+ T-cells and subdivided T helper CD4+ and cytotoxic CD8+ cells.
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Results
Patient Characteristics and Clinical Outcomes
A total of 56 patients with accidentally discovered HCC were included in our study. The baseline characteristics of the HCC 
patients are shown in Table 1. The HCC patient group includes 41 (73.2%) males and 15 (26.8%) females. They ranged in age 

Table 1 Clinical and Imaging Characteristics of the Included HCC and Liver Cirrhosis 
Patients

Clinical and Imaging Characteristics HCC Patients  
(N=56)

Liver Cirrhosis Patients  
(N=56)

Age years, Median (IQR) 58.0 (50, 65) 59.0 (51, 66)

Male gender, N (%) 41 (73.2) 43 (76.8)

Hypertension, N (%) 14 (25.0) 16 (28.6)

Diabetes mellitus, N (%) 29 (51.8) 16 (28.6)

Smoking, N (%) 15 (26.8) 13 (23.2)

CHC Status (Patients), N (%)
● Positive PCR HCV RNA 15 (26.8) 7 (12.5)
● Sustained virologic response (SVR) 33 (58.9) 38 (67.86)

CHB Status (Patients)
● Positive HBsAg and PCR HBV DNA 8 (14.3) 11 (19.64)

Child class, N (%)

Score A 12 (21.4) 11 (19.64)
Score B 22 (39.3) 21 (37.5)

Score C 22 (39.3) 24 (42.86)

AFP (ng/mL), Median (IQR) 21.9 (6.3, 61.25) –

BCLC staging, N (%)
A 13 (23.2)

B 10 (17.9)

C 14 (25.0) –
D 19 (33.9)

TNM staging, N (%)
I a / I b 2 (3.6) / 14 (25.0) –

II 3 (5.4)

III a / III b 8 (14.3) / 29 (51.8)

Ascites, N (%) 49 (87.5) 41 (73.21)

Splenomegaly, N (%) 40 (71.4) 34 (60.71)

Site of focal lesion, N (%)
Right lobe 30 (53.6) –

Left lobe 18 (32.1)

Right and left lobe 8 (14.3)

Number of focal lesions, N (%)

Single 38 (67.9) –
Multiple lesions 18 (32.1)

Portal vein thrombosis, N (%) 30 (53.6) –

Abbreviations: CHC, chronic hepatitis C; CHB, chronic hepatitis B; BCLC, Barcelona Clinic Liver Cancer; 
TNM, tumor/node/metastasis.
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from 50 to 65 years, and the median age was 58 years. All HCC patients have post-hepatitis, liver cirrhosis. Hepatitis B and 
hepatitis C were diagnosed in 8 (14.3%) and 48 (85.7%) patients, respectively; 33 (58.9%) of the latter received DAAs therapy and 
achieved SVR. On admission, 12 (21.4%) were Child–Pugh class A, 22 (39.3%) were Child–Pugh class B, and 22 (39.3%) were 
Child–Pugh class C. Median α-fetoprotein (AFP) was ≥21.9 ng/mL (IQR 6.3–61.25). A total of 13 (23.2%), 10 (17.9%), 14 
(25%), and 19 (33.9%) patients were classified as Barcelona Clinic Liver Cancer (BCLC) stages A, B, C, and D, respectively. On 
admission, 16 (28.6%) were TNM stage I, 3 (5.4%) were TNM stage II, and 37 (66.1%) were TNM stage III; 38 (67.9%) patients 
had a single tumor. Right lobe hepatic focal lesion was found in 30 (52.6%), left lobe involvement in 18 (32.1%), and both right 
and left lobe involvement in 8 (14.3%) patients. The single hepatic focal lesion was diagnosed in 38 (67.9%), and multiple hepatic 
focal lesions were detected in 18 (32.1%) of patients. Portal vein thrombosis was observed in 30 (53.6%) patients.

The demographics of the liver cirrhosis group were as follows: 43 (76.8%) males and 13 (23.21%) females. They 
ranged in age from 51 to 66 years, and the median age was 59 years. All liver cirrhosis patients have post-hepatitis liver 
cirrhosis. Hepatitis B and hepatitis C were diagnosed in 11 (19.64%) and 46 (82.14%) patients, respectively, and 38 
(67.86%) of the latter received DAAs therapy and achieved SVR. At presentation, 11 (19.64%) were Child–Pugh class A, 
21 (37.5%) were Child–Pugh class B, and 24 (42.86%) were Child–Pugh class C (Table 1).

Comparison of Routine Laboratory Data Between Studied Groups
As shown in Table 2, the median levels of hemoglobin, platelets, total white blood cell count, total lymphocyte count, 
monocytic count, and serum albumin all tended to be lower in the HCC group than in the patients with liver cirrhosis; 

Table 2 Routine Laboratory Data of the Study Groups

Variables HCC Group  
(N=56)

Cirrhosis Group  
(N=56)

P value

Hgb (g/dL), Median (IQR) 10.6 (9.8, 11.7) 11.0 (10.0, 12.5) 0.16

Platelets (103/mm3), Median (IQR) 109.0 (88.0, 136.3) 129.5 (100.4, 164.8) 0.97

WBC (×103/mm3), Median (IQR) 5.1 (4.1, 7.2) 5.8 (4.1, 9.9) 0.68

Neutrophils, Median (IQR) 3.6 (2.5, 5.0) 4.0 (2.4, 5.9) 0.61

Lymphocytes, Median (IQR) 0.8 (0.3, 1.4) 0.9 (0.3, 1.5) 1

Monocytes, Median (IQR) 0.69 (0.10, 1.22) 0.8 (0.2, 1.1) 0.65

Basophil, Median (IQR) 0.08 (0.02, 0.23) 0.1 (0.03, 0.3) 0.11

Eosinophil, Median (IQR) 0.06 (0.02, 0.23) 0.1 (0.02, 0.3) 1

RDW, Median (IQR) 14.8 (13.8, 16.9) 14.6 (13.6, 16.6) 1

MPV, Median (IQR) 8.4 (7.2, 9.1) 8.0 (7.2, 9.0) 1

INR, Median (IQR) 1.3 (1.2, 1.7) 1.3 (1.2, 1.5) 1

Creatinine (mg/dL), Median (IQR) 1.2 (0.8, 1.7) 1.1 (0.8, 1.6) 1

ALT (IU/L), Median (IQR) 55.5 (38.5, 76.0) 42.5 (29, 60.8) 0.002

AST (IU/L), Median (IQR) 68.0 (44.8, 99.0) 48.0 (35.8, 64.0) <0.0001

Total bilirubin (mg/dL), Median (IQR) 2.6 (1.8, 3.4) 1.9 (1.5, 2.5) 0.07

Albumin (g/dL), Median (IQR) 2.7 (2.4, 3.2) 2.9 (2.5, 3.4) 0.08

ALP (U/L), Median (IQR) 72.5 (25.5, 226.0) 47.0 (25.0, 78.0) <0.0001

Abbreviations: Hgb, hemoglobin; WBCs, white blood cells; RDW, red cell distribution width; MPV, mean 
platelet volume; INR, international normalization ratio; ALT, alanine transaminase; AST, aspartate aminotransfer-
ase; ALP, alkaline phosphatase.
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however, the median INR, ALT, AST, total bilirubin, and alkaline phosphatase (ALP) levels were significantly higher in 
the HCC groups than in the liver cirrhosis group.

Immunological Data of the Study Groups
Immunological measurements for the study groups are shown in Table 3. In the HCC group the median (IQR) 
lymphocyte subset and NK cell proportions CD3%, CD4%, CD8%, CD19%, and CD56% were 50.4 (8.6, 61.1), 13.9 
(4.3, 36.4), 14.9 (8.3, 27.8), 5.4 (2.4, 14.6), and 14.3 (9.3, 21.1), respectively. In the liver cirrhosis group, the median 
(IQR) CD3%, CD4%, CD8%, CD19%, and CD56% were 50.9 (32.5, 77.0), 24.2 (16.0, 49.2), 26.9 (16.3, 36.4), 34.8 
(11.1, 59.6), and 24.0 (16.6, 58.0), respectively (all P < 0.001).

In the HCC group the median (IQR) monocyte subpopulation CD14+ CD16− Classical, CD14++CD16+ Intermediate, 
and CD14−+ CD16++ Non-Classical were 11.7 (5.1, 20.5), 4.0 (2.1, 9.5), and 3.5 (0.5, 9.0), respectively. In the liver 
cirrhosis group, the median (IQR) CD14+ CD16− Classical, CD14++ CD16+ Intermediate, and CD14−+ CD16++ Non- 
Classical were 38.4 (17.9, 55.7), 18.3 (14.0, 33.5), and 39.9 (19.8, 68.7), respectively (all P < 0.001) (Figure 2).

With regard to the median (IQR) level of CD16+ CD36+, CD36+ HLA DR+, HLA DR+ lymphocytes%, and CD16+ 

HLA DR+ in the HCC case group, they were 6.0 (3.8, 7.6), 10.0 (7.7, 23.7), 15.1 (7.3, 26.0), and 3.6 (2.5, 12.3), 
respectively. Their median (IQR) level in the liver cirrhosis group were 46.9 (38.2, 71.2), 60.4 (30.0, 78.8), 32.9 (19.0, 
36.9), and 58.1 (37.4, 77.7), respectively (all P < 0.001).

Association of Immune Cell Counts with BCLC Stage in HCC Group
Table 4 shows the associations between immune cell count and BCLC stages, and patients with advanced stages (BCLC 
stage C and D) were more likely to have significantly higher percentage of CD33+ than patients with early stages (BCLC 
stage A and B): 83.9 (74.9, 88.7) and 74.9 (60.0, 85.6), respectively (P = 0.05).

Table 3 Immunological Data of the Study Groups (All Data are Presented as Percentage)

Variables HCC Group  
(N=56)

Liver Cirrhosis Group  
(N=56)

P value

CD3+, Median (IQR) 50.4 (8.6, 61.1) 50.9 (32.5, 77.0) <0.001

CD4+, Median (IQR) 13.9 (4.3, 36.4) 24.2 (16.0, 49.2) <0.001

CD8+, Median (IQR) 14.9 (8.3, 27.8) 26.9 (16.3, 36.4) <0.001

CD19+, Median (IQR) 5.4 (2.4, 14.6) 34.8 (11.1, 59.6) <0.001

CD56+, Median (IQR) 14.3 (9.3, 21.1) 24.0 (16.6, 58.0) <0.001

CD14+ CD16− Classical, Median (IQR) 11.7 (5.1, 20.5) 38.4 (17.9, 55.7) <0.001

CD14++ CD16+ Intermediate, Median (IQR) 4.0 (2.1, 9.5) 18.3 (14.0, 33.5) <0.001

CD14−+ CD16++ Non-Classical, Median (IQR) 3.5 (0.5, 9.0) 39.9 (19.8, 68.7) <0.001

CD16+ CD36+, Median (IQR) 6.0 (3.8, 7.6) 46.9 (38.2, 71.2) <0.001

CD36+ HLA DR+, Median (IQR) 10.0 (7.7, 23.7) 60.4 (30.0, 78.8) <0.001

CD36+ CD16−, Median (IQR) 15.4 (6.4, 20.3) 13.7 (7.2, 18.8) 0.79

CD11C+, Median (IQR) 78.6 (68.9, 87.8) 74.1 (66.4, 96.6) 0.67

CD33+, Median (IQR) 80.7 (68.4, 88.7) 77.8 (27.5, 94.2) 0.33

HLA DR+ lymphocytes, Median (IQR) 15.1 (7.3, 26.0) 32.9 (19.0, 36.9) <0.001

CD16+ HLA DR+, Median (IQR) 3.6 (2.5, 12.3) 58.1 (37.4, 77.7) <0.001
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With regard to the median (IQR) level of HLA DR+ lymphocytes % in the HCC case group, they were 21.8 (14.1, 
31.0) in patients with more advanced disease (BCLC stage C and D) and 13.1 (1.6, 25.0) in patients with early stages of 
the disease. High HLA DR expression on lymphocytes was associated with HCC progression (P = 0.04).

Figure 2 Monocyte subsets (classical, intermediate, and non-classical monocytes) on gated monocytes. The upper part of the figure shows marked increase in non-classical 
monocytes. The lower part of the figure shows decreased intermediate and absent non-classical monocytes.

Table 4 Immunological Data of the Different Barcelona Clinic Liver Cancer (BCLC) Scoring 
Systems of HCC (All Data are Presented as Percentage)

Variables BCLC (A and B)  
(N=23)

BCLC (C and D)  
(N=33)

P value

CD3+, Median (IQR) 16.5 (1.3, 61.7) 50.9 (10.3, 61.1) 0.55

CD4+, Median (IQR) 16.3 (1.3, 39.3) 11.4 (4.8, 21.3) 0.68

CD8+, Median (IQR) 9.4 (0.6, 24.0) 15.5 (9.4, 29.1) 0.35

CD19+, Median (IQR) 2.8 (0.6, 13.2) 8.3 (3.2, 15.5) 0.07

CD56+, Median (IQR) 10.9 (4.7, 21.1) 14.7 (10.6, 27.8) 0.06

CD14+ CD16− Classical, Median (IQR) 9.2 (4.7, 21.2) 14.2 (5.5, 18.4) 0.79

CD14++ CD16+ Intermediate, Median (IQR) 3.9 (2.6, 9.5) 4.1 (2.0, 10.1) 0.89

CD14−+ CD16++ Non-Classical, Median (IQR) 3.5 (0.4, 9.0) 2.6 (0.5, 22.0) 0.91

CD16+ CD36+, Median (IQR) 6.0 (4.0, 7.7) 6.0 (3.8, 7.3) 0.38

(Continued)
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Comparing immunological parameters for the HCC study group and TNM staging, patients with early stages (TNM 
stage I and II) were more likely to have significantly lower median (IQR) CD14+ CD16− Classical monocyte subset, 
CD36+ HLA DR+, and CD36+ CD16− than patients with advanced stages (TNM stage III); the former were 9.1 (1.6, 
15.0), 7.7 (6.4, 12.1), and 7.1 (1.7, 15.4), respectively, while the latter were 14.9 (7.2, 40.3), 10.0 (7.7, 23.7), and 15.4 
(6.8, 20.3), respectively (P = 0.04), (P = 0.04), and (P = 0.03), respectively (Table 5).

Table 5 Immunological Data of the Different TNM Scoring Systems of HCC (All Data are 
Presented as Percentage)

Variables TNM (I and II)  
(N=19)

TNM (III)  
(N=37)

P value

CD3+, Median (IQR) 56.1 (11.9, 61.7) 16.5 (7.2, 58.7) 0.07

CD4+, Median (IQR) 17.8 (4.3, 37.2) 11.4 (3.9, 27.9) 0.42

CD8+, Median (IQR) 23.9 (9.4, 30.3) 9.4 (6.4, 24.0) 0.06

CD19+, Median (IQR) 4.9 (2.4, 14.6) 5.8 (2.4, 13.9) 0.77

CD56+, Median (IQR) 14.3 (10.3, 34.5) 14.3 (9.0, 21.1) 0.50

CD14+ CD16− Classical, Median (IQR) 9.1 (1.6, 15.0) 14.9 (7.2, 40.3) 0.04

CD14++ CD16+ Intermediate, Median (IQR) 4.4 (1.6, 20.8) 3.9 (2.5, 9.2) 0.59

CD14−+ CD16++ Non-Classical, Median (IQR) 3.5 (0.4, 58.1) 3.4 (0.5, 9.0) 0.68

CD16+ CD36+, Median (IQR) 4.0 (2.2, 28.6) 6.0 (4.0, 7.3) 0.42

CD36+ HLA DR+, Median (IQR) 7.7 (6.4, 12.1) 10.0 (7.7, 23.7) 0.04

CD36+ CD16−, Median (IQR) 7.1 (1.7, 15.4) 15.4 (6.8, 20.3) 0.03

CD11C+, Median (IQR) 78.6 (68.9, 96.6) 78.6 (63.1, 87.8) 0.31

CD33+, Median (IQR) 74.9 (68.4, 83.9) 81.0 (71.3, 88.7) 0.27

HLA DR+ lymphocytes, Median (IQR) 18.5 (6.2, 25.0) 15.1 (10.9, 26.4) 0.99

CD16+ HLA DR+, Median (IQR) 69.4 (49.0, 89.8) 49.0 (33.0, 77.7) 0.18

Table 4 (Continued). 

Variables BCLC (A and B)  
(N=23)

BCLC (C and D)  
(N=33)

P value

CD36+ HLA DR+, Median (IQR) 9.9 (7.1, 23.7) 10.0 (7.7, 23.7) 0.33

CD36+ CD16−, Median (IQR) 7.1 (6.3, 20.3) 15.4 (7.1, 20.3) 0.28

CD11C+, Median (IQR) 78.6 (68.9, 94.2) 69.1 (57.4, 87.8) 0.47

CD33+, Median (IQR) 74.9 (60.0, 85.6) 83.9 (74.9, 88.7) 0.05

HLA DR+ lymphocytes, Median (IQR) 13.1 (1.6, 25.0) 21.8 (14.1, 31.0) 0.04

CD16+ HLA DR+, Median (IQR) 49.0 (37.4, 77.7) 69.4 (35.2, 77.7) 0.93
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Discussion
Both cellular and humoral immune responses work together to kill tumor cells, with a more important role of the cellular 
than the humoral immune response.22 The three categories of lymphocytes (T lymphocytes, B lymphocytes, and natural 
killer cells) are of great importance in the immune system by maintaining immunological balance through suppressing 
a great number of immune responses.23,24 Disruption in lymphocyte function is associated with disturbance of the 
immune system.25 It is widely accepted that the occurrence and progression of HCC is associated with the condition of 
the adaptive immunity; in addition, a normally functioning immune system can serve as therapeutic antitumor.26,27

As far as we are aware, only a few studies have examined the part played by a subset of monocytes in the initiation 
and progression of HCC. In view of the important activities of these cells, we detected the levels of peripheral blood 
monocytes and different lymphocyte subsets in patients with accidentally discovered HCC, and we found a marked 
reduction in total white blood cell count and total lymphocyte count in HCC patients compared with the group of patients 
with liver cirrhosis which is in agreement with Fujiwara et al, who found reductions in total white blood cell count and 
lymphocyte count in patients with HCC and considered that a raised white blood cell count correlated with advanced 
HCC and worse survival.28

Monocytes play an important role in innate immunity and exhibit prognostic value in cancers.29 Classical (CD14+ 

CD16−), intermediate (CD14++ CD16+), and non-classical (CD14−+ CD16++) monocytes are the three subsets of human 
monocytes that are distinguished by their CD14 and CD16 expressions.30

As opposed to patients with liver cirrhosis, patients with HCC in our study displayed a significantly lower level of 
each of the three monocyte subpopulations.

This is in line with the findings of Cardoso et al, 2021, who discovered a rise in monocyte subsets in their liver 
cirrhosis patients, with a higher rise in monocyte subsets in patients with decompensated cirrhosis.31

To our knowledge no study has evaluated mononuclear cell count as a diagnostic marker for early diagnosis. 
However, a few studies have evaluated the role of mononuclear cells as a prognostic marker and correlated low cell 
count with HCC recurrence and poor outcome.32–34

In this study a significant reduction in CD3, CD4 (helper T-cell marker), CD8 (cytotoxic T-cell marker), and CD19 
(B-lymphocyte marker) lymphocytic count was detected in patients with HCC compared with patients with liver 
cirrhosis.

More than 80% of our cirrhotic patients had decompensated cirrhosis, and Buch et al’s study indicated that peripheral 
lymphocyte count can increase along with liver cirrhosis progression. Moreover, Wang et al discovered that patients with 
liver cirrhosis had an increase in peripheral blood lymphocytes, and that this increase was directly correlated with the 
severity of the disease and a bad prognosis.35,36

Regarding peripheral reduction of all lymphocyte subsets in our HCC patients, our results agree with those of Liu 
et al, who found in their study on HCC patients a marked reduction of all lymphocyte subsets except CD8+, which 
showed marked elevation, and considered it related to the fact that more than 80% of their patients were HBV carriers, 
which alters the proportions of the peripheral blood lymphocytes.37

In our opinion, in the current study, a marked reduction of all lymphocyte subsets in patients with HCC compared 
with patients with liver cirrhosis could be related to the functional depletion of lymphocytes during both HBV and HCV 
infections in the trial to clear the infection.

In this study, a marked increase of CD56+ (NK cells markers) was detected in patients with liver cirrhosis compared 
with healthy controls.

This could be related to both chronic HBV infection and chronic HCV infection being associated with increases in 
peripheral blood NK cells.38

Otherwise, a marked reduction in CD56+ (NK cell markers) was detected in this study in the HCC patient group 
compared with the liver cirrhosis group.

The same finding was detected by Liu et al and Heiberg et al in their studies, where a marked reduction of NK cells 
was seen in HCC patients.37–39
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This could be related to antiviral and antitumor functions of NK cells, and the reduced number of NK cells in patients 
with post-hepatitis liver cirrhosis suggests that NK cells may be involved in the development of HCC.

In our study CD16+ CD36+, CD36+ HLA DR+, CD11C+, HLA DR+ lymphocytes percentage, and CD16+ HLA DR+ 

showed marked reduction in patients with HCC compared with patients with liver cirrhosis.
It is known that CD16+ is expressed on monocytes, lymphocytes, and NK cells in addition to being able to stimulate 

strong cytotoxicity and cytokine production.40 Most probably its reduction is linked with impairment of function of the 
immune system. At the same time, the low CD36 expression has been linked with highly aggressive malignancy, tumor 
metastasis, and a poor prognosis.41 CD36 being expressed on hepatocytes, its reduced level may play a great role in HCC 
development and early progression. Also, the HLA DR reduction indicates impairment of both adaptive and innate 
immunity in patients with hepatocellular carcinoma.

CD11c+ is expressed on monocytes, granulocytes, B cells, dendritic cells, and macrophages with abundant expression 
in monocytes. So, its level is reduced in patients with HCC compared with patients with liver cirrhosis related to 
monocytopenia in patients with HCC.42

It has been found by multiple previous studies that HCC triggers an intrinsic inflammatory reaction.43 In addition, 
oncogenes such as RAS and MYC family members induce the recruitment of leukocytes and lymphocytes.44 The 
subsequent inflammatory response stimulates neo-angiogenesis and elicits immune cells that can provide growth factors 
to malignant cells.45

In this study, CD33+ (as a neutrophil marker of inflammation) was higher in patients with advanced liver HCC as 
classified by the BCLC staging system.

This is in agreement with Liu et al, who found that the CD33+ marker was significantly associated with aggressive 
HCC and poor survival rates.46

Also, in this study we found that the HLA DR+ lymphocytes % in the HCC case group (as a marker of lymphocyte 
activation) was higher in patients with more advanced HCC disease (BCLC stage C and D).

This is in agreement with Mossanen et al, who concluded that the immune system, especially lymphocytes, has 
a great role in HCC development and progression.47

In our study we found that patients with HCC and advanced TNM staging (TNM stage III) have obvious higher 
CD14+ CD16− Classical monocyte subset, CD36+ HLA DR+, and CD36+ CD16− than patients with early TNM stages 
(TNM stage I and II).

This agrees with Sasaki et al, who found that a higher peripheral blood monocyte count was associated with a poor 
prognosis in patients with hepatocellular carcinoma.48 Also, Luo et al found that CD36 has a stimulatory effect on HCC 
growth and metastasis, by aerobic glycolysis through the Src/PI3K/AKT/mTOR signaling pathway.49

Conclusion
Patients with HCC with unremarkable raised AFP showed marked reduction in lymphocytes, natural killer cells, and all 
monocyte subpopulations, and increased CD33% as a neutrophil marker and HLA DR+ lymphocytes %, CD14+ CD16− 

Classical monocyte subset, CD36+ HLA DR+, and CD36+ CD16− in patients with advanced stages of HCC.
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