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Etiology of Hepatocellular
Carcinoma

Great talks on known risk factors

= HBV Screening and Treatment for HCC Prevention
= Risk of HCC in NASH
= STOP-HCC: HCV Prevention

» Strong evidence for HBV, HCV and fatty liver
disease

 Large racial/ethnic disparity

* Etiologic role of environmental factors is less
clear in the U.S.



Agents Known/Suspected to
Induce HCC in Humans

Good evidence Limited evidence

Hepatitis B virus Androgenic steroids

Hepatitis C virus Arsenic & inorganic arsenic compounds
Aflatoxin B, Betel quid without tobacco

Alcohol Polychlorinated biphenyls

Cigarette smoke Trichloroethylene

Oral contraceptives x- and y-radiation

Plutonium and thorium-232
Vinyl chloride (liver angiosarcoma)

Santella RM Wu H-C: J Clin Transl Hepatol. 2013 1(2): 138-143



Protests At Kelly Air Force Base
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Spatial Cluster Analysis: Spatial Scan

Cancer Clustering Analysis, Bexar County Texas
Spatial Scan Statistic Method
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U.S. Air Force Environmental Analysis

1999-2000 Total Volatile Compounds (PCE, TCE, 1,2 DCE and Vinyl Chloride) plume map

Total Volatile Compounds  ( PCE, TCE,1,2 DCE and Vinyl Chloride) 1999-2000
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1) The figure was prepared using sample data from 1999 and 2000. This figure k= s
prasents an overall picture of the Total Volatile Organic Compounds within the 3
shallow groundwater.
.
2) The contoured areas were created using samples taken from specific L -
wells, The boundaries are determined based on well location and sample results ¥ \ o
The level of individual chemicals are specifically measured for each well, but levels =
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DATA SOURCES

1) 1999 Annual Base-wide Sampling Event

2) 2000 Annual Base-wide Samping Evenl

—x=4 3) 2000 Zone 4 OU-1 and OU-2 Groundwaler Data
et 4) 2000 Zone 5 Groundwater Data

5) 1999 San Antonio River Authority Sezps and Springs]

3) Dashed lines msvmeimsse depict the estimated plume boundary.

4) Total Volatile Organic Compounds — Tetrachloroethene (PCE), Trichloroethene
(TCE), 1,2 Dichloroethene (1, 2 DCE) and Vinyl Chlorice. The shallow groundwater
is not known to be used for drinking water near former Kelly Air Force Base.

5) Parts per billion (ppb) is the measurement of the concentration of chemicals in
water. For example, cne drop of water in an Olympic-sized swimming poalis
about 1 part per billion.

Developed by the Kelly Restoration Advisory Board with AFBCA SRl
support. Please contact Kelly Public Involvement at 925-0956 with 3 — = b
questions or comments.




Mapped Exposure to Groundwater Contamination
Near Kelly AFB to Census Tracts

Bexar County Liver Cancer Rates
Tracts within Plume of Volatile Compounds
All Compounds, 2000 Data
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Median liver and total cancer incidence rates in
aggregated census tracts

(Aggregates of affected census tracts were formed based on presence of
total volatile compounds assessed in 1999-2000)

Incident Case ) Median
i Census Tract Median
Time ) Total Cancer
i Plume Exposure Liver Cancer .
Period i . Incidence
Status Incidence Rate .
Rate
1999—-2002 In Plume 12.81 375.83
> 2.8x _>(0.9x
1999-2002 Not In Plume 4.6 401.9
2003-2006 In Plume 20.12 358.14
> 2.6x _>(0.9x
2003-2006 Not In Plume 7.8 4201

*Rates are age, race and sex standardized to 2000 Bexar county population,
and expressed as number of cases per 100,000 population. 'p=0.0003
(Wilcoxon rank sum test); 2p<0.0001 (Wilcoxon rank sum test); 3p=0.0137
(Wilcoxon rank sum test); 4p=0.0012 (Wilcoxon rank sum test)



Environmental Determinants
of Hepatocellular Carcinoma
in South Texas
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Case-Control Study

* Incident HCC cases
= No prior systematic treatment (chemo or radiation)

. Eligibility:

No concurrent cancers or cancer history
within the past 5 years

=18 years old

Resident of Texas counties of Bexair,
Comal, Kendall, Guadalupe, Wilson,
Atascosa, Medina, or Bandera counties



Subject Recruitment

 Cases:

= University Hospital (Transplant, Interventional Radiology
Clinics), the Cancer Therapy and Research Center
(CTRC), and UTHSCSA clinics, San Antonio, TX.

 Controls:

= Healthy consented subjects screened for NCI-2012-
02452

Community organization events, physician groups, and public
media outlets

= Randomly selected representative sample from the
general population
Residential parcels from the Counties’ Tax Appraisal Districts



Laboratory Assays

HBYV and HCV serologies/antigens
Hepatic function panel

Chem-20 panel

Hemoglobin A1lc

Serum AFB,, AFM, and AFB,-lysine adduct
assays

Urinary AFM,




Study Questionnaire

* |n-person, trained interviewer administered
guestionnaire (~45 minutes)

« Survey domains:
= Sociodemographic characteristics
= Lifestyle factors
= Dietary exposure
= Medical history / comorbidities
= Family health history
= Occupational/environmental history
= Food consumption over 12 months

Where possible, items were derived from previously validated instruments; e.g., Texas
Neural Tube Defect (NTD) Study Questionnaire, CDC Behavioral Risk Factor
Surveillance System (BRFSS), NHANES, and the Canadian Community Health Survey.



Results



Accrual

51 cases and 104 controls

= 42 pairs post hoc matched by:
* Sex
 Ethnicity (Hispanic, Non-Hispanic)*
* Age (18-57 years, 258 years)

*67% of the study population self-identified as Hispanic



Association Between Risk Factors and HCC
Adjusted Odds Ratio (95% Confidence Interval)

5% Cl)
Healthcare (Ref. = Private)
Medicare/Medicaid & 8.17 (1.74-22.0)
Other insurance & 635 (587-686)
No insurance & 141 (1.88-105)
Income (Ref. = <$10,000/year)
$10,000-19,999 & 0.28 (0.04-1.83)
$20,000-34,999 0.25 (0.04-1.51
$35,000-59,999 0.05 (0.01-0.30
$60,000 or more 004 (0.01-0.27
Education (Ref. = High school or less)
2-yr Technical degree O 0.35 (0.10-1.18)
4-yr Bachelor degree or more 0.21 (0.08-0.76})
Lifetime alcohol use
40+ g ethanol/day — 3.54 (1.19-10.8)
Smoking status (Ref. = Never)
Former smoker & 8.00 (1.81-19.9)
Curent smoker . 11.2 (3.08-41.0}
Physical activity(Ref. = Inactive)
Minimally active —— 045 (0.15-1.39)
Active —— 045 (0.14-1.43)
Medical history
Diahetes —8— 086 (0.30-2.51)
Hvnerchalesterolemia | | ! 1011 (0.02-051)
Hepatitis B 803 {095 (
Hepatitis C - 1 (27&-.”;!
Fatty liver O — 2 .
i s (Il ] I 217 {33.3-co)*
Antecedent transfusions —_— 435 (1.60-11.8)
Medicatinns/sunnlements
Asnirin | T —_—— In31 0 11-n 8K/
Statine | | lanz  {nnomw
Vitamin D & 043 (0.11-1.61
Omega-3/Fish oil 0.10 (0.01-0.78
Laboratory tests
R A posive T 1776 7T
— HBsAg positive & 28 (0.10-)"
‘ ble 609 ¢ 9?8 éq ‘
| , (urine e | . | | 342 (1.07- ‘

*median unbiased estimate (MUE) from exact logistic regression

Odds Ratio



Total Dietary Intake of 16 Foods During the Past 12 Months

Cases Controls
Food OR (95% ClI) p-value
(N=42) (N=42)
Traditional Mexican Foods?

(items/week), mean (sd) 7.9 (11.0) 6.8(11.3) 1.01(0.97-1.05) 0.653

*Corn® (cups/week), mean (sd) 0.9 (2.3) 0.8(1.5) 1.02(0.82-1.27) 0.861

*Products made with corn¢

(cups/week), mean (sd) 0.7 (0.7) 1.0(1.1) 0.66(0.36-1.22) 0.189
*Corn tortillas (per week), mean

(sd) 6.7 (12.5) 4.5(8.5) 1.02(0.98-1.07) 0.348
Flour tortillas (per week), mean

(sd) 9.4 (14.0) 5.3(9.0) 1.04(0.99-1.09) 0.117
Rice (cups/week), mean (sd) 3.1(5.9) 2.0(2.5) 1.07(0.95-1.21) 0.276
Peanut butterd (tbs/week),

mean (sd) 2.2 (3.4) 7.4 (14.0) 0.88(0.79-0.98) 0.026
Peanuts, walnuts, seeds®

(cups/week), mean (sd) 0.4 (0.8) 0.9(1.3) 0.63(0.38-1.06) 0.083
*Tortilla chips/corn chips

(cups/week), mean (sd) 1.1(1.8) 1.9(2.5) 0.84(0.67-1.06) 0.137

Mexican candy’ (pcs/month),
mean (sd) 1.2 (5.5) 0.8(2.0) 1.02(0.92-1.15) 0.675




Total Dietary Intake of 16 Foods During the Past 12 Months

(continued)

Cases Controls

Food (N=42) (N=42) OR (95% ClI) p-value
*Stews like pozole or menudo
(cups/month), mean (sd) 1.5(1.7) 2.0(2.1) 0.83(0.64-1.07) 0.144
Specialty dishes like mole
(cups/month), mean (sd) 0.3(0.9) 0.8(1.4) 0.68(0.45-1.03) 0.071
*Drinks made from corn/rice®
(cups/month), mean (sd) 0.3(1.0) 0.8(1.8) 0.77(0.55-1.08) 0.136
Frozen meals" (servings/month),
mean (sd) 3.7 (6.9) 3.2(5.7) 1.01(0.94-1.08) 0.774
Meal replacements' (per
month), mean (sd) 5.4 (9.9) 3.8(12.4) 1.01(0.97-1.05) 0.531

Other processed/boxed foods
(per month), mean (sd) 4.1 (5.4) 5.1(6.5) 0.97(0.90-1.04) 0.425




Positive Associations

Lower socioeconomic status

More lifetime exposure to alcohol and tobacco
HCV antibodies* [174.0 (26—«)]

Blood transfusions [4.35 (1.60-11.84)]

Aflatoxin markers in:

= Blood [6.09 (1.10-33.71)]
= Urine [3.42 (1.07-10.91)]

Cirrhosis [2.2 (33.3—«)]

*[OR (95% C.1.)]



Inverse Associations

Hypercholesterolemia [0.11 (0.02—-0.51)]
Aspirin use [0.31 (0.11-0.85)]

Statin use [0.03 (0—-0.20)]

Omega-3/fish oil use [0.10 (0.01-0.78)]
Peanut butter consumption [0.88 (0.79-0.98)]

*[OR (95% C.I.)]



Conclusions

Aflatoxin serum markers and evidence of HCV infection
were strongly associated with increased risk

Lower SES, and increased alcohol use and tobacco use
were also associated with increased risk

No evidence of direct dietary associations with corn and
corn product consumption (study design and sample size limitations?)

Cirrhosis is an intermediate risk factor:
= |[mportant to Gl docs and their patients

= Not an optimal target for population-based preventive interventions
(too late)



CO“C' USiOnS (continued)

« Strengths
* |ncident HCC cases (pre-systemic treatment)
= |n-person in-depth interviews by trained observers
= Highly sensitive aflatoxin biomarker assessment

* Limitations
= Very crude dietary assessment (12-month recall)

= Potential selection bias:

 Clinical convenience sample of cases (UTHSCSA
referrals)

= Relatively small sample size



This study provided strong evidence

that aflatoxin exposure is a risk factor
In the U.S.




Aflatoxins

Globally, aflatoxins are
probably the second
most common set of
HCC risk factors

after chronic Hepatitis B
and Hepatitis C infection

Plants like corn that are
heat stressed produce
more aflatoxins




Global Temperature Anomaly
Land & Ocean Temperature Anomalies Jan—Dec 2012

(with respect to a 1981-2010 base period)
Data Source: GHCN-M version 3.2.0 & ERSST version 3b
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Global Differences in
HCC Risk Factors

* Developing countries:
= Hepatitis B virus (HBV) infection

= Environmental factors:
o Dietary exposure to mycotoxins

* Developed countries:
= Hepatitis C virus (HCV) infection
= Obesity
= Diabetes

= Environmental factors
o Excessive alcohol consumption
o Mycotoxins?



Thank you

bpollock@ucdavis.edu
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