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Background and study aim: Many 

studies have reported that insulin resistance 

raises the risk of primary hepatocellular 

carcinoma (HCC). Caspase-generated 

cytokeratin-18 (CK-18) fragments are 

produced during apoptosis of hepatic 

cells. The present study aims to evaluate 

the value of serum CK-18 and the impact 

of insulin resistance on recurrence of 

HCV related HCC in patients treated with 
radiofrequency ablation (RFA). 

Patients and Methods: The present study 

was conducted on 60 HCV patients. 

Group I: 30 patients with HCC treated by 

RFA and group II: 30 non HCC cirrhotic 

patients. Insulin resistance was estimated 

by the homeostatic model assessment of 

insulin resistance (HOMA-IR) and CK-18 

level was measured for all patients using 

ELISA.  

Results: HOMA-IR and CK-18 levels 

were significantly elevated in HCC patients 

when compared to non HCC cirrhotic 

patients. There was a significant increase 

in CK-18 and HOMA-IR levels in 

patients with local recurrence versus those 

with no recurrence (p<0.001). Univariate 

analysis revealed that HOMA-IR 
(p=<0.001) and CK-18 (p=<0.001) were 

significant predictors of recurrence of 

HCC. 

Conclusion: CK-18 and HOMA-IR are 

potential prognostic markers as they can 

predict the recurrence of HCC. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

INTRODUCTION 

Hepatoceullar carcinoma (HCC) is a 
common cause of cancer-related death 

and its incidence is increasing worldwide 

[1]. Egypt has a rising rate of HCC.  
The currently increasing incidence of 

HCC in Egyptians may be due to the 

increased  prevalence  of hepatitis C 

virus (HCV) as a primary risk factor [2]. 
Diabetes mellitus (DM) increased the 

risk of chronic non-alcoholic liver 

disease and HCC in male patients 
without concomitant liver disease [3]. 

Insulin resistance (IR) is a condition 

where body cells fail to respond to the 

normal actions of insulin leading to 
hyperglycemia [4]. 

Steatohepatitis is associated with IR 

and characterized by inflammation, 
apoptosis of liver cells, fat and fibrotic 

tissue accumulation in the liver, which 

may progress to cirrhosis and HCC. 

IR seems to play a fundamental role 

in the pathogenesis of non-alcoholic 
fatty liver disease (NAFLD) [5]. 

Current data suggest that an alteration 

in the regulation of hepatocyte apoptosis 
could play an important role in hepatic 

damage, steatohepatisis and HCC 

progression [6].  

The HCV core protein induces insulin 
resistance by increasing tumor necrosis 

factor  which disturb tyrosine 
phosphorylation of insulin receptor 

substrate-1 thus, diabetes mellitus 
including insulin resistance seems to 

be closely associated with various liver 

diseases that can lead to HCC [7]. 

Liver cell damage in chronic HCV 
infection is mediated by the induction 

of apoptosis. During apoptosis, there 

is an activation of specific intraceullar 
protesases (caspases) that able to cleave  
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different substrates, including cytokeratin-18 

(CK-18), a major inter-mediate filament protein 

in the liver. The action of these caspases shows a 

neoepitope in CK-18(M30) which is not detectable 
in alive or necrotic cells

 
[8]. 

When surgery is not possible for HCC, there are 

several minimally invasive options for tumor 
ablation either chemical or thermal [9-11]. The 

most frequent event observed during the follow 

up of curatively treated HCC patients is 
intrahepatic recurrence [12-14]. Which may be 

either local tumor progression or intrahepatic 

distant recurrence [15]. 

Radiofrequency ablation (RFA) is among 
therapies that offer a high rate of complete 

response and potential cure . RFA induces tumor 

destruction by heating the tumor tissue to a 
temperature that exceeds 60

o
C. This heating is 

generated from a high frequency alternating 

current that is delivered through an electrode 
placed in the center of the tumor. The generated 

heat result in coagulative necrosis of the tumor 

tissue with denaturation of the intra-cellular 

proteins and dissolution of the cell membrane 
lipid bilayers [16]. 

The objective of this study is to evaluate the 

impact of insulin resistance and cytokeratin 18 
on HCC recurrence after initial treatment with 

RFA.  

PATIENTS AND METHODS 

The present study was carried out in Tropical 

Medicine, Radiotherapy, Clinical Pathology and 

Family Medicine Departments, Zagazig University. 
The study included 60 chronic HCV patients; the 

diagnosis of HCV was based on positive anti-

HCV antibodies. Patients were divided into 2 
groups: group I: 30 patients with HCV related 

HCC, group II: 30 patients with HCV related 

cirrhosis without HCC. 

Exclusion criteria included diabetes mellitus, 

treatment with any medication known to affect 

glucose tolerance or insulin secretion, alcoholics, 

pregnant and breast feeding women.  

This study was approved by the local Ethical 

Committee of Faculty of Medicine, Zagazig 

University and an informed written consent was 
obtained from each participant in the study. 

All patients were subjected to the following:  

 Full history taking and clinical examination. 

 Venous blood samples were taken from all 

patients, serum was separated from the 

cellular fraction via centrifugation at 5,000 

RPM for 3 minutes. Serum samples were kept 

at-80°C till the time of assay. Serum CK-18 
assay was performed using CK-18 M30 

apoptosis ELISA assay (PEVIVA, Alexis, 

Günwald, Germany). 

 HCVAb in serum was detected by ELISA 

third generation, using kit from ORTHO. 

Catalogue number; 631300942.  

 Insulin resistance using homoestasis model 

assessment of insulin resistance (HOMA-IR) 
which was calculated on the basis of fasting 

values of plasma glucose and insulin 

according to the HOMA model formula; 

HOMA-IR= fasting insulin (mIU/L) x fasting 
glucose (mmol/L)/ 22.5 [17]. 

 AFP level was measured on Cobas E411 

immunoassay (Roche Diagnostics, USA) [18].  

 Routine laboratory tests include liver function 

tests:  Albumin, total bilirubin, ALT, AST; 
were analyzed using Cobas 501 (Roche 

diagnostics, Switzerland) and platelet count 

was done by automated cell counter Cell Dyne 
(APOTT, USA). 

Radiological investigations including:  

a) Abdominal ultrasonography (US) to assess 

liver cirrhosis, hepatic focal lesions as regard 
its number, size and for needle guidance 

during percutaneous RFA[19]. 

b) Triphasic CT scan to confirm the diagnosis of 
HCC, diagnosis of HCC based on the typical 

hypervascular tumor stain on angiography and 

typical dynamic-study findings of enhanced 

staining in the early phase and attenuation in 
the delayed phase[20]. 

Tumor ablation:  

The technique was started by a small puncture 
into the skin using a scalpel (No 11). We used a 

common, commercially available RFA technique 

and system (RITA 1500X RF generator and 
RITA StarBurst XL, RITA Medical Systems, 

Mountain View, California). Grounding was 

achieved by attaching 2 pads to the patient’s 

thighs. After administration of analgesia as well 
as local anesthesia, the electrode needles were 

introduced into the tumor under ultrasonographic 

guidance, then a gradual unfolding of the 
electrodes was obtained, and the generator was 
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activated to achieve RF energy and maintain an 

average temperature of 105°C. At first, the 

electrodes were moved by 2 cm, then the 

electrode needles were pushed forward and 
unfolded gradually to 3 cm, 4 cm and 5 cm until 

they reached or crossed the borders of the tumor 

according to the ablation range, delivering RF 
energy for 5 minutes for every intermediate step 

and for 7 to 10 minutes in the final step of the 

procedure. The ablation area was intended to 
cover the tumor as well as at least 0.5 to 1.0 cm 

of the surrounding tissue [21]. In case of tumor 

recurrence, RFA was repeated while in cases of 

multiple new focal lesions or metastases other 
treatment options were performed [22]. 

Follow up of therapy 

Triphasic CT, HOMA-IR, serum AFP and CK-
18 levels were performed at 1, 3 and 6 months 

after the last session of RFA to evaluate the 

response to treatment and its effect on these 
parameters. 

Statistical Analysis 

Data were collected, tabulated and statistically 

analyzed using SPSS 22.0 for windows (SPSS 
Inc., Chicago, IL, USA) & MedCalc 13 for windows 

(MedCalc Software bvba, Ostend, Belgium). 

Quantitative variables were expressed as mean ± 
SD and median (range). Mann Whitney U test 

was used to compare between two groups of 

independent non-normally distributed data. 

Friedman test was used to compare more than 
two groups of dependent non-normally distributed 

data. The Spearman’s rank  correlation 

coefficient (r) was calculated to assess the 
relationship between CK-18 & selected study 

parameters. Receiver Operating Characteristic 

(ROC) curves were obtained to calculate the 
optimized cutoff point for CK-18, AFP, and 

HOMA-IR to reach the best compromise in the 

prediction of recurrence. The cutoff point with 

maximum  sensitivity and specificity (validity) is 
used as the recommended cutoff point and also 

Area Under Curve (AUC) was calculated. 

Survival (S) was calculated as the time from 
diagnosis to death or the most recent follow-up 

contact (censored). Stratification of S was done 

according to CK-18 & HOMA-IR subgroups. 
These time-to-event distributions were estimated 

using the method of Kaplan-Meier plot, and 

compared using two-sided exact log-rank test. 

All tests were two sided with p<0.05 was 

considered statistically significant (S), p<0.01 was 

considered highly statistically significant (HS), 
and p>0.05 was considered non statistically 

significant (NS). 

 

RESULTS 

This study was conducted on 30 HCV related HCC 

patients and 30 HCV related cirrhotic patients. 

Their demographic, clinical and biochemical 
characteristics are shown in Table 1. There was a 

statistically significant difference in the studied 

markers (AFP, CK-18 and HOMA-IR) among 
subgroups of Child classes as well as tumor size 

in HCC patients (Table 2). There was positive 

significant correlation between CK-18 and 

maximum tumor diameter, AFP and HOMA-IR. 
Also, there was positive significant correlation 

between HOMA-IR and maximum tumor diameter 

and AFP (Table 3 & Figure 1). 

After treatment with RFA, the level of HOMA-

IR, CK18 and AFP showed significant reduction 

in the responded patients [1 month 26 patient, 3 
months 21 patient and lastly, after 6 months 18 

patients] (Table 4). 

Most patients with recurrent tumor were in Child 

class B and all patients with recurrence had 
maximum tumor diameter (3-5cm) (P<0.001). 

CK18 and HOMA-IR level were significantly 

increased in patients with recurrent HCC versus 

those without recurrence 324.8(317.9-340.9)] 

versus 308.5 (287.8-317.2) ng/ml, P<0.001 and 
3-4(2.9-6.4) versus 2.3(1.29), P<0.001) respectively 

(Table 5). 

According to receiver operating characteristic 
curve (ROC) the most accurate predictor of 

recurrence in HCC patients was CK-18 (Table 6 

& Figure 2). Six months recurrence-free survival 
in total was 60% (Table 7). Analysis of the data 

using Kaplan-Meier estimates of survival probability 

for patients with serum CK-18 ≤318.9 ng/mL 

and HOMA-IR ≤2.7 showed significant longer 
free survival and higher overall survival 

probability when compared to CK-18> 318.9 and 

HOMA-IR>2.7 (p value=<0.001) (Tables 7 and 
8, Figures 3 and 4). 
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Table (1): Demographic, clinical and biochemical characteristics of studied groups 
Demographic, clinical 

and biochemical characteristics 

HCC patients 

(N=30) 

Cirrhotic patients 

(N=30) 
t 

p-

value 

Demographic characteristics 

Age(year) 53 (25 – 68) 50 (34 – 57) -1.672‡ 0.095 

Sex       

Male 27 (86.7%) 25 (83.3%) 0.180* 0.672 

Female 3 (13.3%) 5  (16.7%)   

Clinical characteristics 

Splenomegaly 8 (26.7%) 0 (0%) 10.479* 0.001 

Lower limb edema 5 (16.7%) 2 (6.7%) 1.731* 0.188 

Hepatic Encephalopathy 1 (3.3%) 0 (0%) 1.552* 0.213 

Child-Pugh classification       

Child A 21 (70%)  - -  

Child B 9 (30%)  - -  

 Diameter of focal lesion (cm) 3.5 (1.9 – 5)     

Biochemical characteristics 

AST (IU/L) 83.5 (43 – 203) 17 (12 – 23) -7.705‡ <0.001 

ALT (IU/L) 77.5 (41 – 216) 16 (11 – 21) -7.706‡ <0.001 

Total bilirubin (mg/dL) 1.4 (0.7 – 3.8) 0.6 (0.2 – 1.5) -6.531‡ <0.001 

Serum albumin (g/dl) 2.8 (2.2 – 3.4) 2.8 (1.1 – 5.1) -0.360‡ 0.719 

Platelet count (x103/mm3) 160 (96 – 210) 273.5 (233 – 298) -7.705‡ <0.001 

AFP 215.5 (2 – 398) 2.7 (0.8 – 8.7) -7.579‡ <0.001 

CK-18 (ng/mL) 431.4 (287.8 – 557) 92.6 (81.4 – 100) -5.797‡ <0.001 

HOMA-IR 3 (1 – 24) 1.3 (1 – 2.2) -5.250‡ <0.001 

Continuous variables were expressed as the median (range); Categorical variables were expressed as number (percentage); ‡ 
Mann Whitney U test;* Chi-square test; p< 0.05 is significant. 

 
 

 

Table (2): AFP, CK-18 and HOMA-IR difference among different demographic and clinical 

subgroups of HCC patients (N=30) 

 AFP CK18 HOMA-IR 

Sex 

Male (n=27) 62 (2 – 321) 314.4 ± 13.4 2.6  (1 – 6.3) 

Female (n=3) 49 (12 – 63) 308.8 ± 10.7 2.5 (2 – 2.7) 

Test -0.899‡ 0.702• -0.729‡ 

p-value 0.369 0.489 0.466 

Child-Pugh classification 

Child A (n=21) 41.7 ± 25.1 310.9  (287.8 – 317.9) 2.3 ± 0.5 

Child B (n=9) 187.9± 65.1 328.2  (318.9 – 340.9) 4.2 ± 1.2 

t -6.532• -4.279‡ -4.381• 

p-value <0.001 <0.001 <0.001 

Diameter of focal lesion 

< 3 cm (n=4) 11.5 (2 – 12) 292.2 ± 3.76 1.6 (1 – 2) 

3 – 5 cm (n=26) 65.5(23 – 321) 317.2 ± 10.55 2.8 (2 – 6.3) 

t -3.173‡ -4.639• -3.065‡ 

p-value 0.002 <0.001 0.002 
Continuous variables were expressed as the mean ± SD for normally distributed data or median (range) for non-normally 
distributed data; ‡ Mann Whitney U test; • Independent samples Student-t test;* Chi-square test; p< 0.05 is significant. 
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Table (3): Correlation of CK-18 level and HOMA-IR with other studied parameters in HCC patients 

(N=30) 

Studied  parameters 
CK-18 level HOMA-IR 

R P r P 

Mean diameter of focal lesion + 0.986 <0.001 + 0.980 <0.001 

AFP + 0.999 <0.001 + 0.995 <0.001 

CK-18 --- --- + 0.994 <0.001 

HOMA-IR + 0.994 <0.001 --- --- 
r Spearman rank correlation coefficient; p< 0.05 is significant. 
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c                                                                                            d 
 

 

Figure (1): Scatter plot with regression line shows correleation between the studied markers in HCC patients 

(N=30). Blue lines representing the 95% confidence interval (CI) & red lines representing the 95% prediction 

interval of regression line. (a) CK-18 & HOMA-IR, (Spearman's rank correleation coefficient r= +0.994, 
p<0.001); (b) CK-18 & alpha-fetoprotein level (Spearman's rank correleation coefficient r= +0.999, p<0.001); 

(c) HOMA-IR & maximal diameter of focal lesion, (Spearman's rank correleation coefficient r=0.980, p<0.001); 

(d) HOMA-IR & alpha-fetoprotein level, (Spearman's rank correleation coefficient r=0.995, p<0.001). 
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Table (4): Analysis of AFP, CK-18 and HOMA-IR in HCC patients after treatment 

 AFP CK18 HOMA-IR 

Before treatment (n=30) 42 (2 – 121) 312.6 (287.8 – 319.4) 2.5 (1 – 3) 

1 month after treatment (n=26) 21.6 (10.5 – 33.5) 247.8 (220 – 257.5) 1.4 (0.2 – 2.01) 

3 month after treatment (n=21) 19 (11.9 – 33.5) 216.4 (203.6 – 228) 1.1 (1 – 1.8) 

6 month after treatment (n=18) 15 (10.8 – 66.8) 192 (146.2 – 202) 1.02 (0.3 – 1.3) 

Χ
2
 38.053 69.000 55.339 

p-value <0.001 <0.001 <0.001 

Continuous variables were expressed as the median (range); χ2 Friedman test; p< 0.05 is significant. 

 

  

 

 

                   
Table (5): Univariate analysis difference in characteristics of patients with recurrent HCC versus those 

without recurrence 

Parameter 
No recurrence 

(N=18) 

Recurrence 

(N=12) 
Test p-value 

    

Age 40.2 ± 9.4 50.7 ± 4.3 3.598• 0.003 

Sex 

Male 15 (83.3%) 12 (100%) 2.222* 0.136 

Female 3 (16.7%) 0 (0%)   

Clinical characteristics 

Child-Pugh classification 

Child A 18 (100%) 3 (25.0%) 19.286* <0.001 

Child B 0 (0%) 9 (75.0%)   

Diameter of focal lesion 

< 3 cm 4 (22.2%) 0 (0%   

3 – 5 cm 14 (77.8%) 12 (100%) -4.633‡ <0.001 

Biochemical characteristics 

AST (IU/L) 74.5 (59 – 122) 70.5 (43 – 99) -1.673‡ 0.076 

ALT (IU/L) 64 (45 – 109) 45 (41 – 90) -2.375‡ 0.034 

Total bilirubin (mg/dL) 1.7 ± 0.8 1.6 ± 0.6 0.275• 0.785 

Serum albumin (g/dl) 2.8 ± 0.3 2.9 ± 0.3 -0.639• 0.528 

Platelet count (x10
3
/mm

3
) 149.8 ± 32.1 153.2 ± 33.4 -0.281• 0.781 

AFP 35.1 ± 20.3 161.2 ± 73.8 -5.772• <0.001 

CK18 
308.5 (287.8 – 

317.2) 
324.8 (317.9 – 340.9) 

-4.574‡ <0.001 

HOMA-IR 2.3 (1 – 2.9) 3.4 (2.9 – 6.4) -4.572‡ <0.001 
Continuous variables were expressed as the mean ± SD for normally distributed data or median (range) for non-normally 
distributed data; Categorical variables were expressed as number (percentage); ‡ Mann Whitney U test; • Independent 
samples Student-t test;* Chi-square test; p< 0.05 is significant. 
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Table (6): Diagnostic performance of AFP, CK-18 and HOMA-IR in prediction of recurrence in HCC 

patients (N=30). 

Cutoff 

value 

Sensitivity 

(95%CI) 

Specificity 

(95%CI) 

PPV 

(95%CI) 

NPV 

(95%CI) 

LR+ 

(95%CI) 

LR- 

(95%CI) 

Accuracy 

(95%CI) 

AUC 

(95% CI) 

AFP 

 > 63 

100% 

(73.2-100) 

94.4% 

(72.7-99.9) 

92.3% 

(64-99.8%) 

100% 

(80.5-100) 

18 

(16.1-20.1) 

0 

 

96.6% 

(72.9-999) 

0.998‡ 

(0.880-1.000) 

CK-18  

> 317.2 

100% 

(73.5-100) 

100% 

(81.5-100) 

100% 

(73.5-100) 

100% 

(81.5-100) 

18 

(16.1-20.1) 

0 

 

100% 

(78.3-100) 

1.000§ 

(0.884-1.000) 

HOMA-

IR > 2.7 

100% 

(73.5-100) 

94.4% 

(72.7-99.9) 

92.3% 

(64-99.8%) 

100% 

(80.5-100) 

18 

(16.1-20.1) 

0 

 

96.6% 

(72.9-999) 

 ٭0.998

(0.880-1.000) 

‡p<0.001 (HS); § p<0.001 (HS);٭p<0.001 (HS) 
ROC curve: Receiver Operating Characteristic curve; PPV: Positive Predictive Value; NPV: Negative Predictive Value; 
LR+: positive Likelihood Ratio; LR-: negative Likelihood Ratio; AUC: Area Under Curve; 95%CI: 95% Confidence 
Interval; p< 0.05 is significant. 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

Figure (2): Receiver Operating Characteristic (ROC) curves of AFP, 
CK18 and HOMA-IR in prediction of recurrence in HCC patients (N=30). 

 

 

 

 

 

 

 

 

 



  Original article  

 

 

Khorshed et al., Afro-Egypt J Infect Endem Dis 2015; 5(2):102-114 

http://mis.zu.edu.eg/ajied/home.aspx 
 

109 

 
Table (7): Recurrence free survival (RFS) in HCC patients (N=30). 

Characteristics 
All 

(N=30) 

AFP CK-18 HOMA-IR 

≤63 

(n=17) 

>63 

(n=13) 
p-value 

≤317.2 

(n=18) 

>317.2 

(n=12) 
p-value 

≤2.7 

(n=17) 

>2.7 

(n=13) 
p-value 

1 month RFS 

(%) 
86.7% 100% 69.2% 

<0.001§ 

100% 66.7% 

<0.001§ 

100% 69.2% 

<0.001§ 
3 month RFS 

(%) 
70% 100% 30.8% 100% 25% 100% 30.8% 

6 month RFS 

(%) 
60% 100% 7.3% 100% 0% 100% 7.3% 

Recurrent 12 

(40%) 

0 

(0%) 

12 

(92.3%) 
<0.001* 

0 

(0%) 

12 

(100%) 
<0.001* 

0 

(0%) 

12 

(92.3%) 
<0.001* 

Non-recurrent 18 

(60%) 

17 

(100%) 

1 

(7.7%) 

18 

(100%) 

0 

(0%) 

17 

(100%) 

1 

(7.7%) 

Max. tumor 

diameter 

< 3 cm 

4 

(13.3%) 

4 

(23.5%) 

0 

(0%) 

0.060* 

4 

(22.2%) 

0 

(0%) 

0.079* 

4 

(23.5%) 

0 

(0%) 

0.060* 
Max. tumor 

diameter 

3 – 5 cm 

26 

(86.7%) 

13 

(76.5%) 

13 

(100%) 

14 

(77.8%) 

12 

(100%) 

13 

(76.5%) 

13 

(100%) 

Qualitative data are presented as number(%);*Chi-square test.; § Log rank test; p< 0.05 is significant. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

a                                                                                            b 

 
Figure (3): Kaplan-Meier estimates recurrence free survival probability in relation to time in HCC patients 

(N=30). (a) as regard CK-18 subgroups. (b) as regard HOMA-IR subgroups. 
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Table (8): Overall survival (OS) in HCC patients (N=30). 

Characteristics 
All 

(N=30) 

AFP CK-18 HOMA-IR 

≤104 

(n=22) 

>104 

(n=8) 
p-value 

≤318.9 

(n=22) 

>318.9 

(n=8) 
p-value 

≤2.9 

(n=19) 

>2.9 

(n=11) 
p-value 

Median OS 
(months) 

NR NR 2.5 --- NR 2.5 --- NR 4 
--- 

1 month OS (%) 100% 100% 100% 

<0.001§ 

100% 100% 

<0.001§ 

100% 100% 

<0.001§ 3 month OS (%) 83.3% 100% 37.5% 100% 37.5% 100% 54.5% 

6 month OS (%) 73.3% 100% 0% 100% 0% 100% 27.3% 

Dead 8 
(26.7%) 

0 
(0%) 

8 
(100%) 

<0.001* 

0 
(0%) 

8 
(100%) 

<0.001* 

0 
(0%) 

8 
(72.7%) 

<0.001* 
Alive 22 

(73.3%) 
22 

(100%) 
0 

(0%) 
22 

(100%) 
0 

(0%) 
19 

(100%) 
3 

(27.3% 

Max. tumor 
diameter 

< 3 cm 

4 
(13.3%) 

4 
(18.2%) 

0 
(0%) 

0.195* 

4 
(18.2%) 

0 
(0%) 

0.195* 

4 
(21.1%) 

0 
(0%) 

0.102* 
Max. tumor 

diameter 
3 – 5 cm 

26 
(86.7) 

18 
(81.8%) 

8 
(100%) 

18 
(81.8%) 

8 
(100%) 

15 
(78.9%) 

11 
(100%) 

Qualitative data are presented as number(%);*Chi-square test.; § Log rank test; p< 0.05 is significant. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

a                                                                                            b 
Figure (4): Kaplan-Meier estimates survival probability in relation to time in HCC patients (N=30). (a) as regard 

CK-18 subgroups. (b) as regard HOMA-IR subgroups. 
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DISCUSSION 

Hepatocellular carcinoma is a worldwide 
malignancy, and the incidence rate has increased 

significantly over the past few decades [23]. The 

reason for this increase has not yet been 

explained clearly, although more than 50 % of 
this increase has been attributed to hepatitis virus 

or alcoholic liver disease [24]. Insulin resistance 

is frequently seen in patients with HCV [25]. 
Although in the general population, lack of 

exercise and overeating are major causes of 

insulin resistance, in patients with HCV infection, 
hepatic inflammation, activated inflammatory 

cytokines, and HCV-induced impairment of 

insulin and lipid signaling molecules are also 

important factors for the development of insulin 
resistance [26].Therefore, the prevalence of 

insulin resistance is higher in patients with HCV 

infection compared to that in the general 
population and patients with other hepatobiliary 

disorders [27-28]. 

In the present study HOMA-IR was significantly 
higher in HCC patients compared to cirrhotic 

patients. In consistence with our results, 

Donadon et al. [29] found that the mean levels 

of HOMA-IR increases progressively among 

chronic hepatitis C, liver cirrhosis and HCC 

patients. There is association of IR with cancer in 
various organs [30]. The mechanisms by which 

insulin acts as carcinogenic factor are: First; 

insulin functions as a growth factor by 
phosphorylating insulin receptor substrate 1 and 

second; hyperinsulinemia increases peripheral 

lipolysis and hepatic accumulation of free fatty 

acids. The excess B-oxidation in mitochondria 
and microsome leads to the production of 

reactive oxygen species [31] that play a 

significant role in carcinogenesis [32-33]. 

The results of the present study demonstrated 

highly significant increase in HOMA-IR level in 

patients with recurrent lesions versus those without 
recurrence. Also, HOMA-IR had significant 

correlation with age, tumor diameter, AFP and 

CK-18. 

The strong relation of recurrent HCC to HOMA-
IR may be due to the possibility of the presence 

of microvascular invasion and angiogensis. This 

finding not only basically agree with previous 
studies that suggested an association between 

insulin resistance and carcinogenesis [34-35], but 

also, suggests that insulin resistance is a significant 
risk factor for early recurrence of HCC and thus 

might be a critical target to prevent the 

recurrence. Muto and his colleagues described 

that oral supplementation with Branched-chain 

amino acid (BCAA) granules inhibited liver 
carcinogenesis in HCV-related liver cirrhosis 

with DM and obesity [34]. 

Current data reveled that there was correlation 
between HOMA-IR and CK-18 (P=<0.001). These 

finding could be explained by the importance of 

IR in the induction of hepatocytes apoptosis such 
that HCV replication and production in infected 

hepatocytes can induce apoptosis and a release of 

inflammatory cytokines/chemokines, such as 

tumor necrosis factor alpha (TNFα), transforming 
growth factor-Beta (TGFβ), interferon-gamma 

(IFNγ), interleukin 10 (IL-10), IL-12, IL-22, 

chemokine receptor (CCR5) ligands, and regulated 
on activation, normal T cell expressed and secreted 

(RANTES) [36-37]. These inflammatory cytokines/ 

chemokines can stimulate hepatocyte apoptosis 
through different pathways and during apoptosis 

there is an activation of specific intracellular 

proteases that able to cleave different substrates, 
including cytokeratin-18(CK-18) [38]. 

By following up HCC patients who performed 

RFA, this study revealed that the median 

HOMA-IR level was significantly decreased at 1, 
3 and 6 months progressively in responding 

patients; Our results were in line with Kenji Imai 

et al. [39] who proved that IR raises the risk of 

HCC development in patients with chronic HCV. 

Our data revealed that the median serum AFP 

level was significantly higher in HCC group 
compared to HCV related cirrhotic patients. This 

finding was in agreement with Arrieta et al. [40] 

who said that AFP level was significantly higher 

in patients with HCC compared to patients with 

liver cirrhosis.  

After follow up of patients in HCC group who 
were treated by RFA, our data showed that the 

median serum AFP level before treatment was 

significantly decreased at 1, 3 and 6 months 
progressively in all cured HCC patients. 

Similarly Berry et al. [41] concluded that the 

serum AFP level and changes in its level strongly 
predict survival independently of the tumor 

burden. 

Liver cell damage in chronic hepatitis C (CHC) 
virus infection is mediated by the induction of 

apoptosis. The key morphological alteration of 

apoptosis is mediated by family of intracellular 
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cysteine protease, called caspases [42] which 

cleave a number of different substrates inside the 

cells including (CK-18) the major intermediate 

filament protein in the liver [43]. Kawai et al. 
[44] revealed that CK-18 plays an important role 

in tumor genesis of hepatocellular carcinoma 

In the present study, there is a significant increase 

in CK18 level in HCC patients compared to 

cirrhotic patients. Moreover CK-18 was significantly 

higher in patients with recurrent tumor versus non 
recurrent. These could be explained by increase 

in the spontaneous apoptosis of HCC cells which 

released into blood vessels. 

We have also observed significant increase of 

CK-18 level in large tumor size. This could be 

explained by the crosstalk between angiogenesis, 
cytokeratin-18, and insulin resistance [45]. 

McHugh and co-workers found that microvascular 

invasion is strongly associated with the tumor 

size and AFP >100 ng/ml and greatly increase 
the risk of recurrence after transplantation for 

HCC [46]. 

 It is vital to assess patients' prognosis to 
determine the suitable treatment and improve the 

outcome thus we investigated risk factors of 

recurrence which could help in its prevention and 

follow up of patients. The present study revealed 
that Child  class B, large tumor size (3-5cm), 

increased serum CK-18, AFP and HOMA-IR 

levels were risk factors that predict HCC 

recurrence Also, Lai et al. [47] found a strong 

correlation between AFP level, tumor dimensions 

and microvascular invasion which all are 
predictors of HCC recurrence. Carcinogenesis 

may develop when the homeostatic balance 

between cell survival and apoptosis is disturbed 
in our study; we found that the CK-18 and 

HOMA-IR response independently predicted the 

recurrence free survival (together with Child-
Pugh score and tumor size). We can expect more 

favorable prognosis in patients with CK-18 
<317.2 and HOMA-IR had response than that of 

those with CK-18 >317 and HOMA-IR >2.7. 
The close observation of the non-response 

patients might be required to detect disease 

progression.  

The main limitations of our study included small 

sample size in limited observation period and 

there was no correlation between tissue and 
serum CK-18 levels.  

Finally, we can conclude that CK-18 correlates 

with HOMA-IR and is related to HCC size which 

makes them potential prognostic markers for 

follow up of patients after therapeutic strategies 

to predict recurrence of HCC. 

Acknowledgements 

The authors would like to express their sincere 

gratitude to the patients and staff of Tropical 
Medicine Department and to the laboratory 

technicians, for their great endeavor. We'd like to 

appreciate Dr. Inas M. Elfiki, Lecturer of 
Radiology, for her great help. 

Funding: None 

Ethical Approval: This study was approved by 
the ethical committee of  Faculty of Medicine, 

Zagazig University and all patients provided 

written informed consent before participation in 

any protocol specific procedure. 

Conflicts of interest :There are no conflict of 

interests 

 

REFERENCES 

1-Altekruse SF, McGlynn KA, Reichman ME. 

Hepatocellular carcinoma, incidence, mortality, 

and survival trends in the United States from 1975 

to 2005. J Clin Oncol 2009; 27:1485-1491. 

2- El-Zayadi AR, Badran HM, Barakat EM, Attia 

Mel-D, Shawky S, Mohamed MK, et al. 
Hepatocellular carcinoma in Egypt: a single center 

study over a decade. World J Gastroenterol 2005; 

11:5193–8. 

3- El Serage HB, Tran T, Everhart JE. Diabetes 

increases the risk of chronic liver disease and 

hepatocellular carcinoma. Gastroentrology 2004; 

126:460-8. 

4- Lebovitz HE. Insulin resistance : definition and 

consequences. Exp clin Endocrinol Diabetes 2001; 

109:136-48. 

5- García-Monzón C, Martín-Pérez E, Iacono OL,  
Fernández-Bermejo M, Majano PL,  Apolinario  A, 

et al. Characterization of pathogenic and prognostic 

factors of non-alcoholic steatohepatitis associated 

with obesity. Hepatology 2000; 33:715-724. 

6- Feld Stein AE, Canbay A, Angulo P, Taniai 

M, Burgart LJ, Lindor KD, et al. Heaptocyte 

apoptosis and fas expression are prominent features 

of human non alcoholic steatohepatitis. Gastro-

entrology 2003 Aug;125(2):437-43. 

7- Shintani Y, Fujie H, Miyoshi H, Tsutsumi 

T, Tsukamoto K, Kimura S, et al. Hepatitis C 

Virus infection and diabetes : direct involvement 
of the virus in the development of insulin 

resistance. Gastroentrology 2004; 126:840-8. 

8- Ueno T, Toi M, Linder S. detection of epithelial 

cell death in the body by cytokeratin 18 

measurement. Biomed Pharmacother 2005; 59 

(suppl.2) s359-s362. 

 

http://www.ncbi.nlm.nih.gov/pubmed/?term=Garc%C3%ADa-Monz%C3%B3n%20C%5BAuthor%5D&cauthor=true&cauthor_uid=11097478
http://www.ncbi.nlm.nih.gov/pubmed/?term=Mart%C3%ADn-P%C3%A9rez%20E%5BAuthor%5D&cauthor=true&cauthor_uid=11097478
http://www.ncbi.nlm.nih.gov/pubmed/?term=Iacono%20OL%5BAuthor%5D&cauthor=true&cauthor_uid=11097478
http://www.ncbi.nlm.nih.gov/pubmed/?term=Fern%C3%A1ndez-Bermejo%20M%5BAuthor%5D&cauthor=true&cauthor_uid=11097478
http://www.ncbi.nlm.nih.gov/pubmed/?term=Majano%20PL%5BAuthor%5D&cauthor=true&cauthor_uid=11097478
http://www.ncbi.nlm.nih.gov/pubmed/?term=Apolinario%20A%5BAuthor%5D&cauthor=true&cauthor_uid=11097478
http://www.ncbi.nlm.nih.gov/pubmed/?term=Taniai%20M%5BAuthor%5D&cauthor=true&cauthor_uid=12891546
http://www.ncbi.nlm.nih.gov/pubmed/?term=Taniai%20M%5BAuthor%5D&cauthor=true&cauthor_uid=12891546
http://www.ncbi.nlm.nih.gov/pubmed/?term=Burgart%20LJ%5BAuthor%5D&cauthor=true&cauthor_uid=12891546
http://www.ncbi.nlm.nih.gov/pubmed/?term=Lindor%20KD%5BAuthor%5D&cauthor=true&cauthor_uid=12891546
http://www.ncbi.nlm.nih.gov/pubmed/?term=Tsutsumi%20T%5BAuthor%5D&cauthor=true&cauthor_uid=14988838
http://www.ncbi.nlm.nih.gov/pubmed/?term=Tsutsumi%20T%5BAuthor%5D&cauthor=true&cauthor_uid=14988838
http://www.ncbi.nlm.nih.gov/pubmed/?term=Tsukamoto%20K%5BAuthor%5D&cauthor=true&cauthor_uid=14988838
http://www.ncbi.nlm.nih.gov/pubmed/?term=Kimura%20S%5BAuthor%5D&cauthor=true&cauthor_uid=14988838


  Original article  

 

 

Khorshed et al., Afro-Egypt J Infect Endem Dis 2015; 5(2):102-114 

http://mis.zu.edu.eg/ajied/home.aspx 
 

113 

 9- Shiina S, Tagawa K, Niwa Y, Unuma T, Komatsu 

Y, Yoshiura K, et al. Percutaneous ethanol injection 

therapy for hepatocellular carcinoma: results in 

146 patients. AJR Am J Roentgenol 1993; 160: 

1023-8.  

10- Rossi S, Buscarini E, Garbagnati F, Di Stasi M, 

Quaretti P, Rago M, et al. Percutaneous treatment 

of small hepatic tumors by an expandable RF 

needle electrode. AJR Am J Roentgenol 1998; 

170:1015-22.  

11- Seki T, Wakabayashi M, Nakagawa T, Itho T, 
Shiro T, Kunieda K, et al. Ultrasonically guided 

percutaneous microwave coagulation therapy for 

small hepatocellular carcinoma. Cancer 1994; 

74:817-25.  

12- Choi D, Lim HK, Rhim H, Kim YS, Lee WJ, Paik 

SW, et al. Percutaneous radiofrequency ablation 

for early-stage hepatocellular carcinoma as a 

first-line treatment: long-term results and 

prognostic factors in a large single-institution 

series. Eur Radiol 2007; 17:684-92. 

 13- Raut CP, Izzo F, Marra P, Ellis LM, Vauthey JN, 
Cremona F, et al. Significant long-term survival 

after radiofrequency ablation of unresectable 

hepatocellular carcinoma in patients with 

cirrhosis. Ann Surg Oncol 2005;12:616-28.  

14- Tateishi R, Shiina S, Teratani T, Obi S, Sato S, 

Koike Y, et al. Percutaneous radiofrequency 

ablation for hepatocellular carcinoma. An analysis 

of 1000 cases. Cancer 2005;103:1201-9. 

15- Kim YS, Rhim H, Cho OK, Koh BH, Kim Y. 

Intrahepatic recurrence after percutaneous 

radiofrequency ablation of hepatocellular carcinoma: 

analysis of the pattern and risk factors. Eur J 
Radiol 2006; 59:432-41. 

16- Shiina S, Tatesishi R, Arano T, Uchine K, Enooku 

K, Nakagawa H, et al. Radiofrequency Ablation 

of Hepatocellular carcinoma. Am J Gastroenterol. 

2012; 107(4):569-77. 

17- Mathews D, Hosker IP, Rudenski AS, Naylor BA, 

Treacher DF, Truner RC .Homostasis model 

Assessment :Insulin resistance and B.cell 

function from fasting plasma glucose and insulin 

concentration in man. Diabetologia 1985; 

28(7):412-9. 
18- Farinate F, Marino D, De Giorgio M, Bakian A, 

Contarini M, Cursaro C, et al. Diagnostic and 

prognostic role of alphafetoprotein in hepatocellular 

carcinoma: Both or neither? Am J Gastrenterol 

2006; 101:524-32. 

19- Lencioni R, Crocelti L, Della Pina MC, Cioni D. 

Guidelines for imaging focal lesions in liver 

cirrhosis. Expert. Rev. Gastroenterol Hepatol 

2008; 2:697-703. 

20- Lee KH, O' Malley ME, Haider MA, Triphasic 

CT of Hepatocellular carinoma. Am J Roentyenol 

2004; 182:643-9. 
 

 

21- Tanaka S, Shimada M, Shirabe K, Taketomi A, 

Maehara S, Tsujita E, et al. Surgical radio-

frequency ablation for treatment of hepatocellular 

carcinoma: an endoscopic or open approach. 

Hepatogastroenterology 2009, 56(93):1169-

1173. 

22- Bruix J, Sherman M. Management of hepatocellular 

carcinoma: an update. Hepatology 2011; 53(3): 

1020-2. 

23- Goa C, Yao SK. Diabetes mellitus a "ture" 

independent risk factor for hepatocellular 
carcinoma ? Hepatobiliary Pancreat Dis 

Int.2009; 8: 465–473. 

24 Yuen MF, Hou JL, Chutaputti A. Hepatocellular 

carcrinoma in the Asia pacific region. J 

Gastroenterol Hepatol 2009;24: 463–353. 

25- Davila JA, Morgan RO, Shaib Y, McGlynn KA, 

El-Serag HB. Diabetes increases the risk of 

hepatocellular carcinoma in the United States: a 

population based case control study. Gut 

2005;54: 533–539. 

26- Tazawa J, Maeda M, Nakagawa M, Ohbayashi H, 
Kusano F, Yamane M, et al. Diabetes mellitus 

may be associated with hepatocarcinogenesis in 

patients with chronic hepatitis C. Dig Dis 

Sci.2002;47:710–715 

27- Franz MJ, Bantle JP, Beebe CA, Brunzell JD, 

Chiasson JL, Garg A, et al. Evidence-based 

nutrition principles and recommendations for the 

treatment and prevention of diabetes and related 

complications. Diabetes Care; 2002;25:148–198. 

28- Nagao Y, Sata M. High incidence of multiple 

primary carcinomas in HCV-infected patients 

with oral squamous cell carcinoma. Med Sci 
Monit 2009;15 :CR453–CR459. 

29- Donadon V, Balbi M, Perciaccante A, Casarin P. 

Insulin resistance and hyperinsuliemia in patients 

with chronic liver disease and hepatocellular 

carcinoma.Clinical Medicine Endocrinology and 

Diabetes 2009; 2:25-33.   

30- Hotamisligil GS. Inflammation and metabolic 

disorders. Nature 2006;444:860-867 

31- Pessayre D, Berson A, Fromenty B, Mansouri A. 

Mitochon-dria in steatohepatitis. Semin Liver Dis 

2001; 21:57-69. 
32- Cerutti PA, Trump BF. Inflammation and oxidative 

stress in carcinogenesis. Cancer Cells 1991;3:1-7 

33- Dreher D, Junod AF. Role of oxygen free radicals 

in cancer development. Eur J Cancer 1996; 32A: 

30-832 . 

34- Muto Y, Sato S, Watanabe A, Moriwaki H,  

Suzuki K, Kato A, et al. Overweight and obesity 

increase the risk for liver cancer in patients with 

liver cirrhosis and long-term oral supplementation 

with branched chain amino acid granules inhibits 

liver carcinogenesis in heavier patients with liver 

cirrhosis .Hepatology research2006;35(3):204-
14. 

 

http://www.ncbi.nlm.nih.gov/pubmed/?term=Cioni%20D%5BAuthor%5D&cauthor=true&cauthor_uid=19072346
http://www.ncbi.nlm.nih.gov/pubmed/?term=Moriwaki%20H%5BAuthor%5D&cauthor=true&cauthor_uid=16737844
http://www.ncbi.nlm.nih.gov/pubmed/?term=Suzuki%20K%5BAuthor%5D&cauthor=true&cauthor_uid=16737844
http://www.ncbi.nlm.nih.gov/pubmed/?term=Kato%20A%5BAuthor%5D&cauthor=true&cauthor_uid=16737844


 Original article 

 

 Khorshed et al., Afro-Egypt J Infect Endem Dis 2015; 5(2):102-114 
http://mis.zu.edu.eg/ajied/home.aspx 

114 

35- Shimizu M, Shirakami Y, Iwasa J, Shiraki 

M, Yasuda Y, Hata K, et al. Supplementation 

with branched-chain amino acids inhibits 

azoxymethane-induced colonic preneoplastic 

lesions in male C57BL/KsJdb/db mice. Clin 

Cancer Res 2009; 15: 3068–75. 

36- Barrett S, Collins M, Kenny C, Ryan E, Keane 

CO, Crowe J. Polymorphisms in tumor necrosis 

factor-alpha, transforming growth factor-beta, 

interleukin-10, interleukin-6,interferon-gamma, 

and outcome of hepatitis C virus infection. J Med 
Virol 2003; 71: 212–218. 

37- Moreno C, Gustot T, Nicaise C, Quertinmont E, 

Nagy N, Parmentier M et al. CCR5 deficiency 

exacerbates T-cell-mediated hepatitis in mice. 

Hepatology 2005; 42: 854–862. 

38- Valva P, De Matteo E, Galoppo MC, Gismondi 

MI, Preciado MV. Apoptosis markers related to 

pathogenesis of pediatric chronic hepatitis C 

virus infection: M30 mirrors the severity of 

steatosis. J Med Virol 2010; 82: 949–957. 

39- Imai K, Takai K, Nishigaki Y, Shimizu S, Naiki 
T, Hayashi H. Insulin resistance raises the risk for 

recurrence of stage I hepatocellular carcinoma 

after curative radiofrequency ablation in hepatitis 

C virus-positive patients: A prospective, case 

series study. Hepatology Research 2010; 40:376-

382 

40- Arrieta O, Cacho B, Morales-Espinosa D, Ruelas-

Villavicencio A, Flores-Estrada D, Hernández-

Pedro N. The progressive elevation of alpha 

fetoprotein for the diagnosis of hepatocellular 

carcinoma in patients with liver cirrhosis. BMC 

Cancer 2007; 728-39. 
41- Berry K, Ioannou GN. Serum alpha protein level 

independently predicts post transplant survival in 

patients with hepatoccellular carcinoma. Liver 

Transpl. 2013; 19(6):643-45. 

42- Bantel H, Lügering A, HEidemann J, Volkam X, 

Poremba C, Strassburg Cp, et al. Detection of 

apoptotic caspase activation in sera from patients 

with chronic HCV infection is associated with 

fibrotic liver injury. Hepatology. 2004; 40(5): 

1078-87. 

43- Danial NN, Korsmeyer SJ. Cell death: Critical 

control points.Cell 2004;116:205-219. 

44- Kawai M, Saegusa Y, Kemmochi S, Harada T, 

Shimamoto K, Shibutani M, et al. Cytokeratin 

8/18 is a useful immunohistochemical marker for 

hepatocellular carcinoma. J Vit Med Sci 2010; 

72:263-9 

45- Kitade M, Yoshiji H, Noguchi R, Ikenaka Y, Kaji 

K, Shirai Y, et al. Crosstalk between angiogenesis, 

cytokeratin-18, and insulin resistance in the 
progression of non-alcoholic steatohepatitis, 

World J Gastroenterol. 2009 7; 15(41): 5193–5199.  

46- Mcltugh Pp, Gilbert J, Vera S, Kock A, Ranjan D, 

Gedoly R. alpha-fetoprotein and tumer size are 

associated with microvascular invasion in 

explanted livers of patients undergoing 

transplantation with hepatocellular carcinoma. 

HPB (oxford) 2010;1256-61. 

47- Lai P, Meli M, Ginanni-Corradini S, Mennini G, 

Gentili F, Malinaro A, et al. Predictive factors of 

recurrence of hepatocellular carcinoma after liver 
transplantation a multivariate analysis. 

Transplant Proc 2009; 41:1306-9.  

 

Peer reviewers:Maysaa Saed, Professor of 

Tropical Medicine and 
Hepatogastroenterology, Faculty of 

Medicine, Zagazig University, Egypt.  

Amira Suliman, Professor of Tropical 

Medicine and Hepatogastroenterology, 
Faculty of Medicine, Zagazig University, 

Egypt. Mohamed El-Sebaee, Department of 

Internal Medicine, Faculty of Medicine, 
Tanata University, Egypt. 

Editor: Mohamed Emara, Lecturer of 

Tropical Medicine and 
Hepatogastroenterology, Faculty of 

Medicine, Zagazig University, Egypt. 
 

 

 

http://www.ncbi.nlm.nih.gov/pubmed/?term=Shiraki%20M%5BAuthor%5D&cauthor=true&cauthor_uid=19366832
http://www.ncbi.nlm.nih.gov/pubmed/?term=Shiraki%20M%5BAuthor%5D&cauthor=true&cauthor_uid=19366832
http://www.ncbi.nlm.nih.gov/pubmed/?term=Yasuda%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=19366832
http://www.ncbi.nlm.nih.gov/pubmed/?term=Hata%20K%5BAuthor%5D&cauthor=true&cauthor_uid=19366832
http://www.ncbi.nlm.nih.gov/pubmed/?term=Cacho%20B%5BAuthor%5D&cauthor=true&cauthor_uid=17288606
http://www.ncbi.nlm.nih.gov/pubmed/?term=Morales-Espinosa%20D%5BAuthor%5D&cauthor=true&cauthor_uid=17288606
http://www.ncbi.nlm.nih.gov/pubmed/?term=Ruelas-Villavicencio%20A%5BAuthor%5D&cauthor=true&cauthor_uid=17288606
http://www.ncbi.nlm.nih.gov/pubmed/?term=Ruelas-Villavicencio%20A%5BAuthor%5D&cauthor=true&cauthor_uid=17288606
http://www.ncbi.nlm.nih.gov/pubmed/?term=Flores-Estrada%20D%5BAuthor%5D&cauthor=true&cauthor_uid=17288606
http://www.ncbi.nlm.nih.gov/pubmed/?term=Hern%C3%A1ndez-Pedro%20N%5BAuthor%5D&cauthor=true&cauthor_uid=17288606
http://www.ncbi.nlm.nih.gov/pubmed/?term=Hern%C3%A1ndez-Pedro%20N%5BAuthor%5D&cauthor=true&cauthor_uid=17288606

