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ABSTRACT 

Purpose: Hepatocellular carcinoma (HCC) is a leading health problem worldwide. Any agent causing chronic liver 
damage and cirrhosis is a risk factor for HCC. Genetic and environmental factors may be responsible for regional varia- 
tions in the occurrence of HCC worldwide. The aim of this review was to describe the risk factors that may be contribut- 
ing to low prevalence of HCC in the Mexican population. Methods: An electronic systematic search was conducted in 
four databases to retrieve studies on hepatocellular carcinoma in Mexico. Results: Eighteen publications gave a total of 
1042 HCC cases with a percentage that ranged from 0.25% to 1.87%. Cirrhosis was registered in 7 studies while the 
main etiologies were: HCV (66%), HBV (11%) and alcoholism (6.6%). Conclusions: In the last 50 years, the studies 
performed in Mexico have shown a very low incidence and/or mortality rate of HCC. These findings contrast from 
those reported in high endemic regions, such as Asia, where viral hepatitis and HCC are prevalent. One significant dif- 
ference is the predominance of HBV genotype H in Mexico and HBV/B and C in Asia. In Mexico, high endemic areas 
of HBV infection have been detected, mainly among the native population; however, infection seems to resolve very 
quickly, due to a prominent immunological response among the population. Other factors are that patients with liver 
cirrhosis die prematurely before that HCC can be detected. Furthermore, an environmental factor that may exert a pro- 
tective effect against HCC, in spite of the high consumption of potentially aflatoxin-contaminated food products, is the 
neutralization of these substances by alkaline treatment. This study shows that genetic and environmental factors as- 
sociated to HCC among the Mexican population are different from others reported worldwide. 
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1. Introduction 

Hepatitis B virus (HBV) infection is a serious worldwide 
healthcare problem. It may be spread by horizontal trans- 
mission of the virus through parenteral exposure to infec- 
tious blood or body fluids such as semen and vaginal 
fluids. Vertical transmission is caused by perinatal expo- 
sure from infected mother-to-infant [1].   

The prevalences of HBV infection in populations vary 
according to the incidence and age of the primary infec- 
tion. In the endemic regions of the world, vertical trans- 
mission of HBV infection is most prevalent among in- 
fants and children, while in the low-risk regions, adoles- 
cents and adults are mainly infected by horizontal trans- 
mission [1].  

The severity and outcomes of chronic liver disease 
such as liver cirrhosis and hepatocellular carcinoma (HCC) 
may depend on a complicated viral-host-environment inter- 
action. Thus, viral factors such as HBV genotypes as 

well as the host/ethnic immune response may play an 
important role, whereas, environmental factors such as 
the use of alcohol and exposure to aflatoxins are also in- 
volved [2-4].  

Hepatocellular carcinoma (HCC) is a common cancer 
worldwide, responsible for approximately 6% of all new 
cases of human cancer (fifth cause in men, and eight 
cause in women), and for one million deaths/year world- 
wide [1-4]. The burden of HCC disease is reported as 
incidence, prevalence or mortality rates, all of which can 
be subject to significant uncertainties [5]. However, pre- 
valence and incidence are often very similar since HCC 
almost always kills the patient within 2 or 3 years. The 
age-adjusted incidence rate (AAIR) serves to compare 
the frequency of HCC among different population sizes 
normalized by 100,000 inhabitants. Accordingly, in re-
gions with high risk for HCC, the AAIR ranges from 
27.6 to 36.6 per 100,000 in men, in Eastern Asia; 20.8 - 
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31.1/100,000 in Middle Africa and 30 - 48/100,000 in 
some Western African countries. In contrast, in the low- 
risk regions, such as Northern Europe, Australia, New 
Zealand and the Caucasian populations of North and 
Latin America, the AAIR ranges from 1.5 - 3.0/100,000 
[1,3]. The board incidence rate of HCC depends largely 
on differences in ethnicity and the distribution of the pu- 
tative risk factors confined to each population [1,3].   

HCC is a serious health problem associated to cirrho- 
sis in 80% of the cases. Thus, any agent leading to severe 
liver damage, and ultimately cirrhosis, should be seen as 
a risk factor for HCC [6-9]. The main causes of HCC are 
the same as for cirrhosis: HBV, HCV and alcohol [7]. 
The exposure to high levels of aflatoxins is another en- 
vironmental factor that often overlaps with chronic viral 
hepatitis in certain regions of the world [10,11]. Al- 
though HCC has been associated either to HBV or HCV 
infection in the high-risk populations of Asia [3,7], it is 
highly likely that host population genetics and environ- 
mental factors, other the virus itself may also play a cru- 
cial role in the onset and progression of HCC [12].  

The prevalence rate of HBV infection among the gen-
eral Mexican population has been estimated to be 0.3% 
(HBsAg serological marker), which has remained stable 
since 1974 [13]. However, studies carried out among the 
native Mexicans, Nahuas and Huichol, have revealed a 
seroprevalence of HBsAg of 6% and occult hepatitis B 
infection is prevalent in 14% of the cases [14]. Regarding 
HCV infection, the prevalence ranges from 0.4% to 1.4% 
among the general population [15], but recent studies 
suggest that it may be re-emerging [16]. Furthermore, 
alcoholic cirrhosis is one of the top leading morbidities 
with a high mortality rate of over 25,000 deaths/year [17] 
and several studies suggest a moderate to relatively high 
consumption of aflatoxin-contaminated cereals [maize/ 
corn] among the Mexican population [18,19].  

Despite the presence of several environmental etio- 
logic factors, the incidence rate of HCC has been re- 
ported as low, at least in the western region of Mexico 
[20], however, this information should not be extrapo- 
lated to the rest of the country without detailed analysis. 
Therefore, the aim of this study was to investigate which 
risk factors could be contributing to the low frequency of 
HCC in Mexico and which may differ from those re- 
ported in other countries with higher prevalence rates.  

2. Materials and Methods  

2.1. Data Sources 

A systematic query was conducted to search for publica- 
tions regarding the existence of hepatocellular carcinoma 
in Mexico. PubMed  
(http://www.ncbi.nlm.nih.gov/pubmed), by means of the 

MeSH terms, “hepatocellular carcinoma” and “Mexico” 
or together with “epidemiology”; Artemisa  
(http://www.artemisaenlinea.org.mx), Medigrafic  
(http://www.medigraphic.com) and Imbiomed  
(http://www.imbiomed.com.mx) were consulted with the 
terms in Spanish, “carcinoma hepatocelular” or “cancer 
primario de higado”. The electronic search was filtered 
for publications dated from 1989 (after HCV testing 
was available) until July 2012. Additional studies were 
manually identified by back tracking the reference list of 
the selected papers, which were verified either by Pub- 
Med or Google Scholar.   

2.2. Study Selection 

The authors selected either prospective or retrospective 
epidemiological studies regarding cohort or serial cases 
of HCC in pediatric or adult Mexican patients. Publica- 
tions were admitted if cases of HCC were defined as 
primary liver cancer, whereas other types of liver cancers, 
such as cholangiocarcinoma or hepatoblastoma were not 
considered. Case reports were included for descriptive 
purposes only.  

Inclusion criteria were related to sample size, number 
of HCC cases, frequency rate, patient’s demographics, 
description of histopathological or clinical findings, and 
recognized environmental factors associated to HCC.  

Publications regarding studies on coliangiocarcinoma, 
hepatoblastoma, metastatic tumors of the liver, treatment 
modalities, imaging studies, clinical trials or manage- 
ment, experimental animal models, liver transplantation 
or drug therapy were not included in this review. Also, if 
study information was insufficient to draw conclusions, 
the paper was also excluded.   

2.3. Data Extraction and Analysis 

Each author conducted his/her own search by means of 
the keywords aforementioned. All eligible or excluded 
publications were cross-checked among all authors, and 
then read by authors SR and AP. SR conducted the data 
extraction of accepted studies by enlisting them accord- 
ing to the time interval and registering the following data: 
sample size, number of HCC cases, reported frequency 
rate, patient’s demographics, description of histopatho- 
logical or clinical findings, and use of alcohol or afla- 
toxin exposure. Frequencies were estimated as propor- 
tions and expressed as percentages. The extracted data 
were summarized in tables arranged by the inclusion 
criteria aforementioned.  

A descriptive analysis of quantitative and qualitative 
results was conducted and then integrated into a com- 
prehensive discussion of the main features of HCC cases 
in Mexico within each subheading.  
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3. Results and Discussion 

3.1. Studies 

A total of 132 publications were retrieved by means of 
the designated keywords, of which 18 of them met the 
eligibility criterion. Among these, if information was 
missing, it was marked as “not reported” in the respec- 
tive table.  

3.2. Demographic and Clinical Data in Mexican  
HCC Patients 

Among the 18 publications, 20 studies of HCC cases 
were conducted. The demographic and clinical data of 
1042 HCC cases reported from 1953 to 2007 are summa- 
rized in Table 1. Subjects were 459 males and 330 fe- 
males (ratio 1.39 to 1) that attended third level medical 

 
Table 1. Summary of relevant data as reported from publications on HCC cases in Mexico. 

No. Year/Ref. 
Study  

Period (years) 
Study source 

Sample 
size 

HCC cases 
(n) 

Gender
(M/F)

Age 
(years)

Hispathological, clinical 
and risk factor data 

Cirrhotic 
cases n (%)

Inst.

1 1968, [21] 1953-66 Autopsy series 6558 30 21/9 50 - 60
Post-necrotic 

macronuclear pattern 
20 (66) 1 

2 1977, [22] 1966-89 Necropsy series 12,556 73 49/24 22 - 78 Alcoholic cirrhosis 55 (75) 2 

3 1994, [23] 1971-90 
Prospective series HCC 

patients 
76 64 49/27 66* 

HBV infection markers 
(40%) 

61 (80) 3 

4 1996, [24] 1985-93 
Retrospective liver 

biopsy series of HCC 
patients 

NR 21 15/6 NR 
66% solid tumors; 

AFB1-albumin adducts; 
HBV, HCV infection 

None 3 

5 2007, [25] 1980-00 

Retrospective cohort of 
HCV-related  

cirrhotic patients with 
follow-up 

750 161 NR 52** 
Moderate to severe  

histological activity, CP: 
56% A 37% B, 7% C-- 

282 (100%) 4 

1982-91 NR 3 1/2 <15 NR None 0 
6 2002, [26] 

1996-99 

Retrospective study in 
children NR 3 2/1 <15 NR None 9 

7 1997, [27] 1985-94 Cross sectional study 63 58 32/31 16-87 

Associated to liver disease 
(56%), 28% alcoholic  

cirrhosis, O: 10% I, 70% II, 
17% III---- 

None 4 

8 2002, [28] 1987-01 Retrospective cohort 121 114 NR NR Fibrolamellar variant 5.6% NR 7 

9 2005, [29] 1990-02 Retrospective cohort 130 17 8/9 12-39 Fibrolamellar variant 29% None 4 

10 2005, [30] 1990-03 Retrospective cohort 174 159 101/58 17-87 
Fibrolamellar variant 8.6%, 

viral hepatitis 
NR 7 

11 2004, [31] 1991-00 Retrospective cohort NR 135 77/58 16 - 87
HCV infection; CP: 19% A, 

28% B,18% C 
89 (66) 7 

12 2005, [32] 1992-02 Retrospective cohort NR 127 63/64 17 - 82
HCV infection; CP: 35% A, 

45% B,-20% C--- 
NR 4 

1989-98 
Retrospective  
autopsy series 

2620 5 NR NR NR NR 5 
13 1999, [20] 

1996-98 
Prospective cohort 

cancer patients 
10,025 25 14/11 NR NR 20 (80) 5 

14 2009, [33] 2004-07 
Prospective,  

consecutive cases 
NR 47 17/30 35 - 68

Criptogenic cirrhosis, HCV 
infection, CP: 15% A, 50% 

B, 35% C--- 
34 (72) 2 

15 2002, [34] 2002 Case report NA 1 1/0 22 Fibrolamellar variant None 8 

16 2003, [35] 2003 Case report NA 1 0/1 56 None None 8 

17 2007, [36] 2007 Case report NA 1 0/1 17 Fibrolamellar variant None 4 

18 2007, [37] 2007 Case report NA 2 0/2 49/68 
Autoimmune liver  

disease and primary biliar 
cirrhosis 

None 8 

No. = Consecutive number. Ref. = Reference. NR = Not reported. NA = Not applicable, Inst. = Institution: 0All public hospitals that attends pediatric cancer 
patients; 1Hospital General, SSA. Mexico City; 2Centro Médico Nacional, 20 de Noviembre, ISSSTE, Mexico City; 3Hospital Dr. Jose E. Gonzales, 
Universidad Autónoma de Nuevo León, Monterrey, Nuevo Leon; 4Instituto Nacional de Cancerologia, Mexico City; 5Centro Médico Nacional de Occidente, 
Guadalajara, Jalisco; 6IMSS, Mexico City; 7Instituto Nacional de Ciencias Medicas y Nutrición, Salvador Zubirán, Mexico City; 8Médica Sur, Mexico Cty; 
9Hospital de Pediatria, Centro Medico Nacional Siglo XXI and Hospital General del Centro Medico Nacional La Raza, Mexico City. CP = Child-Pugh staging, 
O = Okuda staging.  
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centers in Central (Mexico City, n = 16), West Mexico 
(Guadalajara, Jalisco, n = 2) and North Mexico (Monter- 
rey, Nuevo Leon, n = 2). The age range of the adult pa- 
tients was 16 to 87 years. In 7 studies, cirrhosis was pre- 
sent among liver biopsy or autopsy of HCC cases [20- 
25,31,33]. In these cases, cirrhosis was attributed either 
to alcohol or viral hepatitis. In 6 studies, fibrolamellar 
HCC was diagnosed, especially among young patients 
[24,28-30,34,36].   

However, certain limitations were identified in this re-
vision, such as, a lack of updated prospective studies, 
very few studies reported seroprevalence of viral markers 
and none of the studies performed nucleic acid testing 
(NAT) for viral hepatitis.  

3.3. Reported Incidence of HCC in Mexico  

Table 2 depicts the occurrence of HCC rates in either 
prospective or retrospective studies. Only one study es-
timated a prospective incidence of 0.25% from 10,025 
new cancer patients [20]. In one retrospective study, 
mean annual incidence of 1.87% for HCC was estimated 
in a three year period among 282 liver disease patients 
[25]. In three autopsy series, the prevalence rate ranged 
from 0.19% to 0.59% [20-22]. As for HCC incidence 
adjusted by age, two retrospective studies carried out 
among pediatric patients (<15 years of age) in Mexico 
City estimated an AAIR that ranged from 0.11 to 0.94 × 
106 [26]. In another retrospective study, 17 cases out of 
130 HCC cases were detected among patients younger 
than 40 years of age [29].   

The demographic data presented in this study is repre- 
sentative of individuals that reside mainly in Mexico City 
and in a lesser extent from other regions of the country 
that attend tertiary hospitals to receive specialized health 
care. It may not reflect the total number of cases, since 
not all individuals can travel to their respective regional 
hospital for treatment nor does it cover most private in- 
stitutions. Additionally, the lack of estimations based on  

AAIR (by 100,000 inhabitants) in adults besides the in-
cidence rate previously reported earlier (0.22/100,000) 
[20] enabled us to compare the study groups. Despite 
these limitations, the data analyzed in this study relies on 
publications reporting histopathological confirmation of 
HCC cases and not overall liver cancer.  

The low percentage of HCC cases is consistent with 
earlier observations reported from our locality [20], inci- 
dence rates reported in children and young adults [26,29], 
and statistical estimations based on international cancer 
mortality rates, including liver cancer, that indicate that 
Mexico has the lowest rate of HCC when compared to 
other regions of the world [38]. However, to fully sup- 
port this conjecture, further updated prospective studies 
beginning at earlier stages of disease, i.e., in pre-cirrhotic 
or cirrhotic patients from different regions are required, 
together with a national-based incidence registry system 
for HCC cases.  

3.4. Relative Frequencies of HBV, HCV Infection  
and Alcohol Abuse in HCC Patients  

Table 3 depicts the facts regarding the relative frequency 
of the risk factors associated to HCC that was extracted 
from 6 studies [20,24,25,31-33]. Few studies reported 
seroprevalence of viral markers; from a total of 530 HCC 
cases, the seropositivity for HBsAg, anti-HCV, or both 
markers was 11%, 66% and 2.2% respectively. Alcohol 
abuse was reported in 6.6% of the cases, whereas other 
nonviral etiologies for HCC were reported in 14% of the 
studies.  

In this present study, the primary risk factor was HCV 
infection as described previously [22], since the global 
ratio of HCC cases related to HCV compared to HBV 
was 6:1. In 11% of the HCC cases was HBsAg detected, 
however, HBV was not reported as the primary etiologi-
cal agent of the 6 studies detailed in Table 3. To explain 
this high proportion of HCV-HCC related cases, we al-
ready have emphasized the discrepancy between the pre-  

 
Table 2. Frequency rate reported for HCC cases in Mexico. 

Time Interval Study design Study Period Number of Study Cases HCC cases (n, %) Institution*/Reference 

13-year period Retrospective study 1953-66 6558 autopsies 30 (0.45) 1, [21] 

25-year period Retrospective study 1965-89 12,556 necropsies 75 (0.59) 2, [22] 

10-year period Retrospective study 1982-91 NR 0.11 × 106 (AAIR) 9, [26] 

10-year period Retrospective study 1989-98 2620 autopsies 5 (0.19) 5, [20] 

20-year period Retrospective study 1980-00 
282 chronic liver disease patients 

with 3 year-follow up 
1.87%** 4, [25] 

3-year period Prospective study 1996-98 10,025 new cancer patients 25 (0.25) 5, [20] 

10-year period Prospective study 1996-99 NR 0.94 × 106(AAIR) 9, [26] 

*= Institutions are provided in Table 1. **Mean annual incidence; NR = not reported. 
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Table 3. Relative frequencies of risk factors related to HCC cases in Mexico. 

Prevalence n (%) 
Time Interval (years) Sample size 

Anti-HCV+ HBsAg+ HBsAg+/anti-HCV+ Alcohol Other* 
Reference

1980-00 282 243 (86) 39 (14) 0 0 0 [25] 

1985-93 21 4 (19) 4 (19) 2 (10) 0 11 (52) [24] 

1990-02 71 43 (61) 6 (8.0) 10 (14) 7 (10) 5 (7) [32] 

1991-00 89 37 (41.6) 5 (5.6) 0 24 (27) 23 (25.8) [31] 

1996-98 20 4 (20) 2 (10) 0 4 (20) 10 (50) [20] 

2004-07 47 21(44) NR NR NR 26 (56) [33] 

Total 530 352 (66.0) 56 (11.0) 12 (2.2) 35 (6.6) 75 (14)  

Bold = preponderant cause, NR = not reported, *Other factors: Reference [24]: high serum levels of aflatoxins, [31]: criptogenic cirrhosis and minor causes of 
cirrhosis, [32] not specified, [20]: congenital (n = 2) and unidentified factors (n = 8), [33]: diabetes mellitus (n = 7), no risk factors (n = 7), missing data (n = 
12). 

 
valence of viral hepatitis infections detected by immuno- 
assays against highly sensitive molecular techniques 
[12,13,39] and the validity of the immunological diag- 
nostic techniques. For example, in patients with HBV 
infection, there is evidence that the major commercial 
immunoassays developed to detect HBsAg have a low 
specificity and sensitive for the predominant HBV geno- 
type H [13,14]. Furthermore, this may also explain the 
steady state of HBsAg seroprevalence among the general 
Mexican population, and in blood donors [13]. This 
situation greatly hinders the possibility to detect HBV as 
a potential risk factor for HCC, together with the fact that 
NAT is not routinely performed for HBV or HCV in ei- 
ther clinical settings or blood banks nationwide. In con- 
trast, the use of third-generation immunoassays for anti- 
HCV have currently rendered less false-positive results 
that have enhanced the predictive value of this test for 
the diagnosis of HCV infection [40] and its potential 
etiological role in HCC cases. Moreover, it has been re- 
cently described, that 28% of the anti-HCV positive pa- 
tients are HCV-RNA negative, a situation that could be 
related to the difference aforementioned [15].    

On the other hand, hepatitis C seroprevalence and 
correspondence between viral load and viral genotype 
among primary care clients in Mexico is present, but the 
number of HCC cases does not correlate to the number of 
HCV infected patients as in other countries [16]. Unfor- 
tunately, HCV infection does not seem to be decreasing, 
even if the transfusion transmission has importantly de- 
crease, other risk factors are increasing such as the 
nosocomial infection with infected material, the use of 
intravenous or intranasal drugs, imprisoned patients and 
homosexual patients have a higher risk of infection 
[16,41].   

HBV genotypes are associated to the course and out- 
come of the further complications. For instance, HBV 

genotype F and its four subtypes [F1-F4] are endemic to 
America and are regionally distributed throughout the 
continent [42]. HBV genotype F has been associated to 
aggressive HCC cases in Native Alaska people [43] and 
to a poor long-term outcome in a cohort of chronic liver 
disease patients from Spain [44]. In these cases, other 
environmental factors different from those detected in 
Latin American may be involved [45].  

Regarding HBV infection in Mexico, HBV genotype 
H is predominant among both the native [14] and mes- 
tizos as shown by registered migration events, DNA se- 
quencing and phylogenetic analysis [39,46,47]. It has 
been estimated that at least 15 million people have been 
infected [13,39,41] and among the native population, 
composed of another 10 to 12 million people, occult 
hepatitis B infection is common [14]. However, despite 
this situation, viral-related HCC incidence is low.   

One reasonable explanation is the presence of a very 
low viral load [39] or a strong immune response that 
quickly lowers viral load. For example, we have recently 
described that native Nahuas serum samples that were 
HBsAg negative but HBV-DNA positive revealed dif- 
ferences in the serum levels of GRO-alpha, MCP-1 and 
-2 in individuals that were anti-HBc negative compared 
to those anti-HBc positive. These results indicate that, in 
these subjects, immune-ethnical mechanisms may be 
involved to suppress viral replication in occult HBV- 
genotype H infection [48]. Moreover, given that the 
processes involved in cell differentiation and the pro- 
gression of HCC development is modulated through 
multiple growth factors and chemokines, this piece of 
information is suggestive of a coordinate cytokine pro- 
duction against HBV in Mexican individuals, which ul- 
timately determines the degree of liver damage during 
viral infections. However, if the high incidence of occult 
hepatitis B infection turns out to be true for the majority 
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of the native population, then, this entity may become a 
risk factor for HCC as demonstrated in other populations 
[49].   

Altogether, these features differ from those reported in 
the high endemic areas of Asia, where HBV genotype B 
and genotype C carriers are prone to develop HCC [42, 
50]. Further prospective studies are required to under- 
stand the HBV genotype H-Mexican host connection that 
could justify the low prevalence of HCC in Mexico 
compared to high-risk HCC populations.   

Alcohol-induced cirrhosis is the second cause of death 
among the Mexican population between the ages of 15 to 
64 years [17]. In fact, in Mexico, cirrhosis either due to 
alcohol or viruses is prevalent among young patients, 
mean age 44.6 years [51]. Additionally, we have de- 
scribed that alcoholic cirrhosis can be prevalent at young 
ages as 31.2 years (mean) [52], which is consistent with 
the fact that cirrhotic patients die prematurely of compli- 
cations directly related to cirrhosis, such as upper gas- 
trointestinal bleeding, hepatic encephalopathy, and infec- 
tions. Thus, any evidence of early stage HCC might not 
be diagnosed or may not even be present at the time of 
death, due to the short period of progression of chronic 
liver disease.    

Another aspect that occurs in Mexican patients is that, 
in the public institutions not all patients with chronic 
liver diseases or cirrhosis have an adequate screening for 
HCC, causing that many patients are not diagnosed 
opportunely. Interestingly, in this present study, 6.6% of 
the HCC cases were reported to relate to alcohol abuse 
and only a slightly higher proportion were related to viral 
hepatitis (Table 3). This finding is concordant with an 
earlier autopsy series study, in which the high incidence 
of cirrhosis did not correlate with the incidence of HCC 
[21]. To test this observation, the authors carried out a 
test that revealed that the main histopathological feature 
of the cirrhotic liver without HCC is a post-necro- 
tic/micronodular type lesion attributed to a more benign 
regenerative process, whereas the cirrhotic scar in HCC 
is a post-hepatitic/macronodular type. These results high- 
light the relevance from an epidemiological standpoint 
that in spite of the high morbidity and mortality of liver 
cirrhosis, the prevalence of HCC in Mexico that should 
be expected is actually lower. Furthermore, it does not 
comply with the epidemiological pattern that suggests 
that the relative contribution of alcoholic cirrhosis to 
HCC should be higher in regions with low viral hepatitis 
prevalence [7].   

3.5. A Unique Protective Environmental Factor  
in Mexico  

Several studies have shown a strong association between 
dietary habits and human cancer incidence, including 

liver cancer [38,53,54]. Aflatoxin B1 is one of the most 
common mycotoxin that contaminates human foodstuffs 
such as corn, peanuts and cotton seeds [55]. The presence 
of this powerful hepatocarcinogen may overlap with 
chronic viral infections in developing countries of the 
Asian and African continents [56].   

Regarding the Mexican population, we are the number 
one consumers of corn products in the world. The aver- 
age consumption of “tortillas” is 300 - 325 g/person/day, 
which could account, for a daily exposure of serum afla- 
toxins of 14 - 85 ng/kg body weight [56]. These serum 
levels are equivalent to those that correlate with other 
populations living in regions that have an intermediate or 
a high incidence of HCC [18,19,21]. According to [56], 
the estimated annual HCC incidence with these serum 
aflatoxins levels among HBsAg negatives in Mexico 
could be 0.14 - 0.85/100,000, whereas among the HBsAg 
positives, the incidence could rise to 4.20 - 25.5/100,000.  

However, an intriguing paradox can be expressed due 
to the following evidence. Many traditional Mexican 
meals include maize (corn) tortillas and other similar 
products are prepared with a maize dough designated as 
“nixtamal”, a word derived from the “nixtamalli”, (nextli, 
ashes and tamalli, tamal) from the Aztec language, Na- 
huatl. The process of nixtamalization was developed by 
the Mesoamericans (in Mexico and Central America) in 
the pre-Columbian era and has been practiced without 
modifications ever since. To make the “nixtamal”, dry 
corn grains are soaked and cooked in water added with 
alkaline lime either by CaO or Ca(OH)2, washed thor- 
oughly and rinsed to remove the pericarp and then 
grinded by a stone or a mill [57].    

It has been shown that nixtamalization can reduce sig- 
nificant amounts of aflatoxins in maize that would other- 
wise be present due to poor crop storage. [46] Addition- 
ally, in vitro studies have demonstrated that, with a 
0.25% CaO solution [w/v] per kilo of maize, 96% of the 
toxin molecules in aflatoxin-contaminated nixtamal are 
inactivated [58]. Therefore, despite the exposure to po- 
tential high levels of aflatoxins, it seems likely that this 
nixtamalization process could be a specific environ- 
mental factor that protects Mexicans against HCC de- 
velopment. This is consistent with the fact that Asian and 
African individuals that consume aflatoxin-contaminated 
corn products without alkaline-lime treatment [56] and 
additionally reside in high prevalence regions for hepati- 
tis B and C viruses have a higher risk of developing HCC 
[56].   

In this present analysis, only one study reported serum 
alfatoxins with no clear association to HCC [24]. Further 
case-control trials are required to confirm the relationship 
between the use of alkaline-treated corn products and the 
low incidence of HCC in Mexico.  
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4. Reported Mortality Rates of HCC in  
Mexico 

Another way to estimate the burden of HCC on the 
Mexican population was to evaluate the mortality rates 
reported as the number of fatalities/100,000 inhabitants. 
These are available as a nationwide repository at the Se- 
cretariat of Health website   
(http://sinais.salud.gob.mx/mortalidad/). However, nei- 
ther the incidence nor prevalence rate of liver cancer 
cases, (specifically as HCC cases) is recollected on a 
population-based registry. Moreover, there are some 
limitations concerning the liver cancer mortality rates in 
Mexico, which gave rise to this research. First, informa- 
tion regarding liver cancer mortality before 1999 is con- 
sidered unreliable [59]. Secondly, the following records 
registered an increase from 4.16 to 4.74 cases/100,000 
inhabitants from 2000 to 2006 [59], and that the number 
of predicated liver cancer cases for the year 2050 may be 
over 77,000 [60] may not reflect the actual scenario of 
this malignancy in the Mexican population.   

Our arguments are based on the discrepancy between 
the low percentage of HCC cases found in each study 
reviewed herein, contrary to what other authors could 
have overestimated [60,61] This may be because all In- 
ternational Classification of Diseases codes for liver 
cancer (C22.0 - C22.9) were included in the mortality 
rate study. Additionally, the higher mortality rate may 
differ from the occurrence rate reviewed in this study, 
because HCC is not detected earlier. Consequently, it is 
diagnosed until relatively advanced stages of disease. In 
this situation, HCC may not be diagnosed with a histo- 
pathological confirmation that could allow distinguishing 
primary liver cancers from secondary metastasis of ma-
lignancy, thus leading to an equivocal registration of 
HCC on the death certificate. Yet another situation could 
be that diagnosis and certification of primary liver cancer 
may be influenced by increased surveillance of cirrhotic 
patients through different imaging techniques, which 
may lead to an apparent increase in the incidence of HCC 
[33,62].   

Furthermore, the predication that the mortality rate due 
to liver cancer could increase in the next 50 years repre- 
sents a theoretical point of view, which seems hard to 
accept, due to the low percentage of HCC cases and low 
prevalence of associated risk factors identified in the 
present study. However, it is important to state that obe- 
sity and obesity-related conditions such as type 2 diabe- 
tes mellitus, steatosis and nonalcoholic steatohepatitis are 
currently rising in Mexico (Secretariat of Health, 2010 
Edition.). Altogether, given the evidence that we have 
shown regarding the early death of cirrhotic patients, it is 
more likely that these morbidities could have a more sig- 
nificant impact on the incidence and mortality for liver 

cirrhosis per se than in the development of HCC in 
Mexican patients.   

Overall, despite these drawbacks, Mexico may still be 
consider of low incidence and low mortality rate for 
HCC cases compared to other countries worldwide [1,4], 
that may differ from one region to another. Further veri- 
fication of the diagnosis criterion and estimates of HCC 
disease burden are required in order to avoid misleading 
statistics [63] that can cause serious diversions on the 
real scope of both the incidence and mortality rate of 
HCC.   

5. Conclusions 

In the last 50 years, the studies performed in Mexico 
have shown a very low incidence and/or mortality rate of 
HCC. These findings contrast from those reported in high 
endemic regions, such as Asia, where both, viral hepatitis 
and HCC are prevalent. One significant difference is the 
predominance of HBV genotype H in Mexico and 
HBV/B and C in Asia. In Mexico, high endemic areas of 
HBV infection have also been detected, mainly among 
the native population; however, the disease seems to re-
solve very quickly, as a consequence of a prominent 
immunological response among the Mexican population. 

Other factors that are in involved are that patients with 
liver cirrhosis die prematurely before that HCC can be 
detected. Furthermore, an environmental factor that may 
exert a protective effect against HCC, in spite of the high 
consumption of potentially aflatoxin-contaminated food 
products, is the neutralization of these substances by al- 
kaline treatment. This study shows that genetic and en- 
vironmental factors associated to HCC among the Mexi- 
can population are different from others worldwide.  
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