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ABSTRACT a population-based case-control study of lung cancer. Exposure levels
were estimated using a newly created HCA database (2—4) in com-
bination with a FFQ. We also investigated the effect of HCAs by
smoking category and histological cell type of lung cancer.

Heterocyclic amines (HCAs) such as 2-amino-3,8-dimethylimidazo[4,5-
flquinoxaline (MelQx), 2-amino-3,4,8-trimethylimidazo[4,5f]quinoxa-
line (DiMelQx,), and 2-amino-1-methyl-6-phenylimidazo[4,5bk]pyridine
(PhIP) are found in meats cooked at high temperatures. In rodents,
MelQx induces lung tumors. The purpose of this study was to investigate PATIENTS AND METHODS
lung cancer risk posed by different HCAs in the diet. A population-based
case-control study of 593 cases and 623 frequency-matched controls in- Study Subjects. The methods used in this population-based case-control
cluding both nonsmoking and smoking women was conducted in Missouri. Study are described in detail elsewhere (1, 7). Among the 742 eligible cases, 13
An administered food frequency questionnaire with detailed questions on subjects refused participation, 13 physicians refused participation of their
meat consumption, degrees of internal doneness, surface browning/char- patients, and 19 cases died with no suitable proxy respondent. Of these 697
ring, and cooking technique was linked to a database that provided cases, 32 cases less than 65 years of age were not eligible because they did not
exposure estimates of three HCAs. Adjusted odds ratios (ORs) and 95% have a driver’s license, which was an eligibility requirement for controls less
confidence intervals (Cls) were calculated using logistic regression. When than 65 years of age. Of the remaining 665 cases, 610 agreed to an in-person
comparing the 90" and 10" percentiles, significant excess risks were dietary interview, and 593 [84% of the 710 eligible cases (742 minus the 32
observed for MelQx (OR, 1.5; Cl, 1.1-2.0), but not for DiMelQx (OR, 1.2;  without driver’s licenses)] had complete and plausible dietary interviews.

Cl, 0.9-1.6) or PhIP (OR, 0.9; ClI, 0.8—1.1). MelQx consumption was Controls between ages 30 and 64 years were randomly selected from
associated with increased risk of lung cancer for nonsmokers (OR, 3.6; Cl, driver’s license files identified through the Missouri Driver’s License Registry.
1.3-10.3) and light/moderate smokers (OR, 2.1; Cl, 1.3-3.3), but not for Controls between the ages of 65-84 years were randomly selected from lists
heavy smokers (OR, 1.0; Cl, 0.7-1.5). There was elevated risk with MelQx provided by the Health Care Finance Administration. A two-stage randomized
intake for subjects with squamous cell carcinomas (OR, 1.9; Cl, 1.2-3.1) recruitment was used to avoid the expected imbalance in smoking among cases
and “other histological cell types” (OR, 1.6; Cl, 1.1-2.5), but not for ~as compared with controls (8, 9). From the 3386 controls who were found to
subjects with small cell carcinomas and adenocarcinomas. Neither be eligible, 730 subjects were selected, 700 completed an interview, and 628
DiMelQx nor PhIP showed an association with smoking categories or lung (86% of the 730 eligible controls) provided information on diet, meat cooking
cancer histology. In conclusion, MelQx may be associated with lung practices, and relevant potential confounders. Five control subjects were ex-
cancer risk, but DiMelQx and PhIP are probably not associated with lung ~ cluded due to implausible dietary information or missing dietary information,
cancer risk. resulting in 623 controls (85% of 730 eligible controls).

FFQ, Cooking Methods, and HCA Database.We used a modified ver-
sion of the 100-item Health Habits and History Questionnaire to obtain
information on usual diet (frequency of consumption and portion size) approx-
W_ately 2-3 years before diagnosis (1, 7). The first of two sections obtained

INTRODUCTION

We previously found an association between meat cooking te<%nﬁormation on consumption frequency and portion size for 22 meat and fish

niques and the risk of Iun_g Cancer_(l)' but '_t 's_ not clear what Cheml(i%ms and other foods including fruits, vegetables, cereals, and grains. The
compounds are reSpons_'ble for this association. Meats cooked at highynd portion of the questionnaire focused on methods of cookiag (
temperatures form various pyrolysis products, with the amoupfn-fried, oven-broiled, grilled/barbecued, microwaved, or other) and done-
formed depending on the methods used. A family of compoundsss levels (rare, medium-rare, medium-well, well-done, and very well-done).
known as HCAS is produced when meats are cooked at high tem- We have developed a HCA database (2—4, 10) for three HCA compounds:
peratures, particularly by pan-frying and grilling (2—4). HCAs aré) MelQx; (b) DiMelQx; and €) PhIP. Using the responses from the FFQ, we
formed when creatine and amino acids in meat juices are pyrolyzeglimated gram consumption of the meat groups using frequency and portion
and are highly mutagenic in Am&almonellaests. In rodents, one of size_ by cooking_ te(_:hnique and doneness level. HCA consumption was then
these compounds, MelQx, produces tumors in the lung when feddﬂwed by multiplying grams of the meat type (doneness level and cooking

. . h ., method) by the HCA concentration measured in that meat. The HCA concen-
rodents at high levels (5, 6). However, the carcinogenic potential OT.. . . . : )
. . tration was summed across all meat items in the diet to estimate total intake for
HCAs in humans has not yet been established.

. . . . individual study subjects. For subjects with missing data on cooking practices
We investigated the role of three HCAs in the etiology of 1ungs an individual meat item, the doneness level was imputed using the median
cancer. We estimated daily ingestion of three HCA compoundgajue among controls, whereas the cooking method was imputed using the
DiMelQx, MelQx, and PhIP, among Missouri women participating imost common choice among controls. No imputations were made for 86% of
the subjects, 11% had one imputation, 2% had two imputations, and less than
Received 11/15/99; accepted 5/17/00. 1% had more than two imputations.
The costs of publication of this article were defrayed in part by the payment of page The tumor slides were examined simultaneously using multiheaded micro-
charges. This article must therefore be hereby maedartisemenin accordance with scopes by three pathologists who were blinded regarding the referring pathol-

18 U.S.C. Section 1734 solely to indicate this fact. feter A . . : :
* To whom requests for reprints should be addressed, at Division of Cancer Epide%g-IStS diagnoses. Consensus diagnoses were obtained for surgical specimens

ology and Genetics, National Cancer Institute, 6120 Executive Boulevard, EPS Ro¥ffth the criteria outlined in the WHO classification scheme (11). When only
7028, Bethesda, MD 20892. Phone: (301) 496-6426; Fax: (301) 496-6829; E-maiitological material was available, a consensus was obtained with cytological
e Abmeviat dare: HCA, h ic amine: MelQx, 2-amino-3,8-dimetry 12 (-2)

e abbreviations used are: , heterocyclic amine; MelQx, 2-amino-3,8-dimethy- : f
limidazo[4,5f]quinoxaline; DiMelQx, 2-amino-3,4,8-trimethylimidazo[4ffuinoxa- Analyses.QRs were Comp,Uted separat.ely for dietary DiMelQx, MelQx,
line: PhIP, 2-amino-1-methyl-6-phenylimidazo[4pyridine; FFQ, food frequency and PhIP using both categorical and continuous data. For the latter, the ORs
questionnaire; OR, odds ratio; Cl, confidence interval. were calculated using the fitted logistic regression (13) taking the ratio of the
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estimated odds at two different consumption levels, the medians of the fifth Table 2 The risk associated with HCA consumption and lung cancer
and first quintilesi(e., the 96" and 1" percentiles) based on the controls. We OR (Cls) 18" vs. 90"
checked for nonlinearity by adding a quadratic term to the continuous model. OR (95% Cls; 10 ng  percentiles (HCA

In no case was the quadratic term statistically significant; thus, it was left out per increment consumption among

H .d .d
of the final logistic regression model. This does not necessarily mean that the HCAs difference} controlsf P
true relation is linear, but any existing nonlinearity is not strong enough to b&ge-adjusted models

determined with the current sample size. The 95% Cls are given for the ORs"\DA'MelQX 1.52(1.13-2.03) 1.4(11-1.7) 0.005
; . L X elQx 1.05 (1.02-1.07) 1.6 (1.3-2.1) 0.0001
To test for trend, we determined whether the fitted logistic regression param-pp,p 1.00 (0.99-1.00) 0.9 (0.8-1.0) 0.21
eter was significantly different from 0. The trend is significant at the 0.05 levelultivariate model8
if the 95% CI did not contain 1. The magnitude of the ORs based on quintiles DiMelQx 1.27 (0.90-1.80) 1.2(0.9-1.6) 0.17
or percentiles cannot be directly compared to one another because the levels elQx 11'%‘(1)((%'%%__11'%)) %‘59((%'}3__21‘01)) %‘%056
ingestion in the upper and lower quintiles are different for various subsets @fjusted for the other HCAS R '
HCAs (1). Therefore, we present a second set of ORs reflecting the relativeDiMelQx 0.85 (0.51-1.41) 0.9 (0.6-1.3) 0.53
risk associated with an increased consumption of 10 ng HCA/day. MelQx 1.06 (1.01-1.10) 1.8 (1.2-2.7) 0.009
These models included age, pack-years of smoking, smoking status (nevef"P 1.00 (0.99-1.00) 0.9(0.7-1.1) 0.20

ever/current), years-quit-smoking, BMI, calories, fat, fruit/fruit juices, andd: The fe'ﬁ‘ive(riSk gStimat? iIS pf‘isenéefd t0h0ne ISignificaE; figur? for gdﬂw‘?suls )

. . - . . . ! percentiles (one decimal place) and for the relative risk/10 g (two decimal places).
vegetables using continuous variables and educat!qn using a Categgrlcal \?arb The multivariate models included age, pack-years of smoking, BMI, calories, fat,
able (<12 years, 12 years, ang12 years). In addition to these variables siviruit juices, and vegetables using continuous variables and education using a cate-
subsequent analysis for lung cancer risk was further controlled for the effectgofical variable €12 years, 12 years, and12 years).
cooking practice and doneness level. This analysis was performed to assesdn addition to the multivariate adjustment variables, these analyses controlled for the

. . . e . her HCAs.
whether th_e excess risk associated with a specific HCA cpuld be explamed%y,A total of 593 cases and 623 controls.
meat cooking method and doneness level. We also examined the role of HCAs
on the risk stratified by smoking status and for specific histological types

(squamous cell carcinomas, small cell carcinomas, adenocarcinomas, and

others types) of lung cancer. We examined the association of lung cancer risk with MelQx
ingestion, controlling for the effects of the baseline covariates as well
RESULTS as meat groupd.é., total meats, red meat, red meat doneness, fried

o o ~ and nonfried red meat, grilled meat, and smoked meat) to investigate
The potential risk factor characteristics of case and control SUbJeWﬁether MelQx is associated with lung cancer above and beyond what

wec;e outlinled in Sgéhm al. (l)ﬁ Briefly, tlhehmc;eanhgghe O]; bOtlh ?aS;Scan be explained by the different meat variables. Comparing tfle 90
and controls was 66 years. The controls had a higher level of edu &1gh percentile of MelQx ingestion, statistically significant eleva-

tion and greater BMI, smoked less, and consumed slightly fewﬁéns in risk continue to be observed when controlling for total meat

e an bt s vegtables, COnpred 40 D0t meat (OR. 1401, 015
) y > = 0.05), barbecued red meat (OR, 1.5; CI, 1.1-2.6; 0.007), and

but a higher dietary intake of PhIP (Table 1). Considerable variabil 3/

in dietary HCA concentrations was observed for all compounds, arsnoked meat (OR, 1.5; 1.1-218;= 0.009). The association of lung

seen in the HCA concentrations at theé"\@ersus90™ percentile. cancer and MelQx was still elevated but was not statistically signif-

In Table 2, age-adjusted ORs, multivariate-adjusted ORs, and m @nt when controlled for intake of well-done red meat (OR, 1.3; Cl,

tivariate analysis accounting for all three HCAs simultaneously ape9—1.9;P = 0'13)_ or fried rgd meat. (OR, 1.3;Cl, 0.9-188:= O.;Q).
shown both for 10 ng/day increments of HCAs in the diet and fdp contrast, the risk as_.somated with well-done meat and frled meat
comparisons of lung cancer risk at theand 10" percentiles of disappeared when adjusted for MelQx but not when adjusted for
HCA intake. After multivariate adjustments were made for the OR&IMelQx and PhiP. _ _
comparing the 99 and 16" percentiles of ingested HCAs, risk was The correlation of cigarette smoking and MelQx and PhIP intake
significantly elevated for MelQx (OR, 1.5; Cl, 1.1-2.0), but not foWere very small. The nonparametric Spearman correlation coefficients
DiMelQx (OR, 1.2; ClI, 0.9-1.6) or PhIP (OR, 0.9; CI, 0.8—1.0)are 0.10 for packyears and MelQx; 0.02 for packyears and the PhiP;
Across quintiles of MelQx consumption, the ORs were 0.9 (CI;0.13 for years-quit-smoking and MelQx; and 0.01 for years-quit-
0.6-1.3), 1.1 (Cl, 0.7-1.7), 1.2 (CI, 0.8-1.8), and 1.4 (CI, 0.9-2.1) féfoking and PhIP. Furthermore, there was no association of cigarette
the second, third, fourth, and fifth quintiles, respectively. The test fémoking and various meat cooking techniques (7).
trend wasP = 0.006 (Table 2). When stratifying the subjects based on pack-years of smoking (0,

For every 10 ng/day increment of MelQx, there was a 4% excessQril—39.9, or 48 pack-years), higher MelQx consumption was asso-
lung cancer risk (Table 2). A 23% excess risk was associated witltiated with increased risk of lung cancer for nonsmokers (OR, 3.6; Cl,
50 ng/day increase in MelQx. A 50% excess lung cancer risk was3—10.3;P = 0.015) and light/moderate smokers (OR, 2.1; ClI,
observed for a 100 ng/day increase in MelQx. Moreover, the OR fr3—3.3;P = 0.003), but not for heavy smokers [OR, 1.0; Cl, 0.7-1.5;
MelQx remained elevated when further adjusted with DiMelQx and = 0.97 (Table 3)]. Looking at the interaction, the difference in
PhIP. Neither dietary DiMelQx nor PhIP was associated with signiiMelQx ORs for the different strata was statistically significant for the
icant excess lung cancer risk in the adjusted models. nonsmokers/ersusheavy smokersR = 0.04), but not for the light

smokersversusthe heavy smokerdP(= 0.09).
We investigated the effect of the three HCAs on the risk of

Table 1 HAC intake among lung cancer cases and controls specific histological types of lung cancer (Table 2). There was
Casesif = 593) Controls = 623) elevated risk with MelQx intake in subjects with squamous cell
) carcinomas (OR, 1.9; CI, 1.2-3.1) and “other” histological cell
HAC intake Mean (10", Mean (16", 50", R 16 Cl 1.1-2 Th isticallv sianifi
(ng/day) 50", 90" percentiles) 90" percentiles) type (OR, _ .6, C 1.1 .5). There was no statistically significant
DiMelOx 41(03 2.8, 10.0) 3.5 (0.2, 2.4, 8.0) rlslf assoglated with small cell carcmoma; apd adgnocarcmgmas.
MelQx 64.0 (11.2, 48.1, 134.0) 52.1 (7.9, 39.3, 111.1) Neither DiMelQx nor PhIP showed associations with any histo-
PhIP 137.5 (9.2, 73.7, 311.1) 158.3 (8.3, 70.1, 317.7)

logical type of lung cancer.
3754



HETEROCYCLIC AMINES AND LUNG CANCER

Table 3 Effect of MelQx on the risk of lung cancer stratified by pack-years of smoking and by specific histological types

OR (Cls) 10" vs. 90" percentiles

Stratified analyses No. of cases No. of controls (HCA consumption among controls) P
All controls and all lung cancers 593 623 1.5(1.1-2.0) 0.006
Subjects stratified by pack-years
Nonsmokers 47 83 3.6 (1.3-10.3) 0.015
Light/moderate smokers{40 pack-years) 203 340 2.1(1.3-3.3) 0.003
Heavy smokers#40 pack-years) 343 200 1.0 (0.7-1.5) 0.97
Cancer stratified by cell type
Squamous cell carcinoma 116 623 1.9 (1.2-3.1) 0.008
Small cell carcinoma 136 623 1.3(0.8-2.2) 0.30
Adenocarcinoma 190 623 1.1 (0.7-1.7) 0.66
Other 151 623 1.6 (1.1-2.5) 0.03

2 The multivariate models included age, pack-years of smoking, BMI, calories, fat, fruit/fruit juices, and vegetables using continuous varietleston using a categorical
variable 12 years, 12 years, and12 years).

DISCUSSION preserved by various methods. In contrast, a study from Uruguay (27)

) . . . found results compatible with ours, showing an increase in lung
MelQx intake was associated with increased risk of lung cancer, t&‘a{ncer risk with higher consumption of fried meat

high intakes of DiMelQx and PhIP were not associated with increasedThe biological relevance of our observation that MelQx is associ-

risk of lung cancer. The increase in risk of lung cancer with MelQxioq yith a significant excess risk of squamous cell carcinoma and
intake appeared to be mainly associated with nonsmokers and ligii{her cell types but not of small cell or adenocarcinoma is unclear
‘r‘nodef’att.e smokers as well as with squamous cell carcinomas @y se the link between exposure and histological type of lung
other” histological cell types. _ cancer remains uncertain. Some studies have observed an increase in
. In an earlier analysis of dietary data from this st_udy @), CONSUMRzy of squamous cancer with red meat, fried meat, and smoked meat
tion of weII-done_ red meat and consumption of fried red_meat were | poultry consumption (22, 27). Evidence suggests for other expo-
observed_to be_rlsk factors for lung cancer. In the ar_1aIyS|s presengaqes' such as smoking, there is a stronger risk factor for squamous
here, we investigated whether specific HCAs found in well-done r%ﬁl]d small cell carcinomas (28) and a weaker risk factor for adeno-

meats could explain this association. Our data support the hypotheSii.inomas, whereas adenocarcinoma of the lung has been associated
that MelQx, but not DiMelQx or PhIP, may be part of the reason f%ith asbestos and pesticide exposure (15, 29).

the elevated risk of lung cancer observed from meat consumption . conclusion, even after adjusting for smoking, we found evidence

There is also evidence from animal carcinogenesis studies (5, 6) tgﬂncreased lung cancer risk among the high consumers of MelQx,

MelQx may be a lung carcinogen. but not among consumers of DiMelQx and PhIP. The increased risk
The correlation between HCA intake and the amount of me lung cancer with MelQx consumption may be associated with

consumed makes it difficult to separate an effect due to a specifig, ,ing status and certain histological types of lung cancer. How-
HCA versusthat of meat or meat cooking practices in general W'thOLétver these preliminary findings need to be replicated.

a very large sample size. However, they do not measure the same
thing. For example, well-done pan-fried steak contains 4.1 ng of
MelQx per gram, whereas well-done oven-broiled hamburger paﬁSFKNOWLEDGMENTS
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