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BACKGROUND. Among the genes that encode the glutathione S-transferase (GST)
superfamily of Phase 2 metabolizing enzymes, GSTPI has the highest expression
in the lung. The polymorphic GSTPI gene encodes glutathione S-transferase =,
which is an enzyme that detoxifies cigarette carcinogens, such as benzo-[a]-py-
rene. The variant GSTP1 GG genotype is associated with lower enzymatic activity
and higher DNA adduct levels in human lymphocytes compared with the AA
genotype.

METHODS. The authors evaluated the association of GSTPI genotypes with lung
cancer in 1921 cases and 1343 controls of Caucasian descent by using polymer-
ase chain reaction-restriction fragment length polymorphism techniques. The
results were analyzed with multiple logistic regression adjusting for age, gender,
smoking status, and pack-years. To investigate specifically the subset of younger
lung cancer patients and controls, the effect of age (either as a dichotomous or
continuous variable in separate models) was analyzed as a modifying factor of
the association between the GSTPI polymorphism and lung cancer.

RESULTS. The GSTPI1 GG genotype was not associated with an overall increased
risk of lung cancer (adjusted odds ratio, 1.02; 95% confidence interval [95% ClI],
0.78-1.34) compared with the GSTPI AA genotype. In both models that evaluated
the gene-age interaction, an overall statistically significant interaction (P < .01)
was observed between age and the GG genotype. However, for the model that
included age as a dichotomous variable, the odds ratio of lung cancer risk with
the GG genotype compared with the AA among individuals age <50 years was
2.67 (95% CI, 1.36-5.22); in older individuals, the risk was 0.87 (95% CI, 0.65-1.2).
CONCLUSIONS. The GSTPI GG genotype was associated with increased lung can-
cer susceptibility among younger study participants. Cancer 2006;107:1570-7.
© 2006 American Cancer Society.

KEYWORDS: GSTP1, early age onset lung carcinoma, case control, logistic regres-
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Young individuals with lung cancer may be an optimal subset of
patients in whom to study disease susceptibility genes. In older
individuals, the cumulative effect of smoking may mask underlying
genetic predispositions, because smoking has such a high attributa-
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ble risk in lung cancer. Kreuzer et al. reported that
having a smoking first-degree relative with early-
onset carcinoma may increase the risk of early-onset
lung carcinoma (odds ratio [OR], 5.65; 95% confi-
dence interval [95% CI], 0.7-46.9), although their
results were not statistically significant. To our
knowledge to date, early-onset lung cancer has been
associated with a specific lung cancer subtype (ade-
nocarcinomas),”* although the effect of genetic poly-
morphisms on early-onset lung carcinoma has not
been studied extensively. Cote et al. and Taioli
et al.*® described the association between metaboliz-
ing genotypes and early-onset lung cancer, but those
investigators did not assess the effect modification of
age at onset. Early-onset lung carcinoma has been
associated with specific variant genotypes, which
have been related to reduced function.

Certain genetic polymorphisms of metabolizing
genes have been associated with altering lung can-
cer risk by modifying the effect of tobacco smoke
carcinogens in the lung. The glutathione S-transfer-
ase (GST) M1 gene (GSTMI1) polymorphism is an
example. Its association with lung cancer as an in-
dependent risk factor and its role in modifying
smoke effects on lung cancer risk have been studied
extensively.°® London et al.® and Saarikoski et al.'°
suggested that the effect of the GSTMI null geno-
type is statistically significant only in populations in
which cumulative pack-years are relatively low (<40
pack-years). In the lung, the GSTPI gene has the
highest expression of all genes in the GST superfam-
ily. In addition, the GSTPI polymorphism codes for
an enzyme, GST class m, which is a major metabo-
lizer of the activated products of benzopyrene
(Bla]P), a principal carcinogen in cigarette smoke.''™
Thus, its function provides a strong rationale for
studying this polymorphism in relation to lung can-
cer risk.

A functional genetic polymorphism of GSTPI is
the result of a single base-pair (bp) substitution in
which (A) adenine is replaced by (G) guanine, lead-
ing to an amino acid substitution in which isoleucine
is replaced by valine. This substitution results in a
disabled detoxification function and, thus, the accu-
mulation of higher levels of activated carcinogens in
the lung. The GSTPI GG homozygous genotype is
associated with higher adduct levels in human lym-
phocytes'* and significantly lower enzymatic activ-
ity."® Recent studies”*'®'? that examined the association
between GSTPI polymorphisms and lung cancer re-
ported no statistically significant associations. Because
sample sizes for these studies ranged from 169 to
639 patients, larger studies may help clarify some of
those findings.
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After adjusting for exposure to smoking, carrying
the GSTPI GG genotype may lead to an earlier onset
of lung cancer because of prolonged exposure to
tobacco carcinogens, even in younger individuals. We
tested this hypothesis and investigated the role of
GSTP1 GG as an independent risk factor in a large
case—control study.

MATERIALS AND METHODS

Participants in the current study were recruited as
part of an ongoing case-control study that was
initiated in 1992 at the Massachusetts General Hospi-
tal (MGH), in Boston. The study was approved by the
Institutional Review Boards at both MGH and the
Harvard School of Public Health. Eligible cases
included any individual age >18 years with a diagno-
sis of primary lung cancer who was evaluated by the
Pulmonary, Thoracic, or Hematology-Oncology Unit
at MGH for either for surgery (from 1992) or for
chemotherapy, radiation treatment, or any combina-
tion of treatment modalities (from 1996). An MGH
lung pathologist histologically confirmed all diag-
noses. Controls were recruited from among friends
and nonblood-related family members of patients in
the case group (usually spouses) (41%). If friends of
lung cancer patients were not available, then controls
were recruited from among friends and family of
patients who either were undergoing thoracic sur-
gery, receiving chemotherapy, or receiving radiation
treatment for a condition other than lung cancer
(59%). To reduce potential variation in allele fre-
quency by ethnicity, only white patients (97% of our
genotyped study population) for whom there was
complete information regarding gender, age, and
smoking variables (smoking status, pack-years) were
analyzed. Our objective was to select a large, un-
matched set of controls with a broad spectrum of
variability in age, gender, and smoking variables to
allow for effect modification evaluation of these vari-
ables. To determine whether our set of controls were
similar with regard to average smoking habits to the
general Massachusetts population, we compared
smoking exposure covariate data obtained from our
controls with information provided by the Massachu-
setts Tobacco Survey (1993-1997)*° and observed
that they were similar. The variables that were avail-
able for comparison were mean cigarettes per day,
smoking status, age started smoking, and, for exsmo-
kers, the number of years quit smoking. The partici-
pation rate was >85% and did not differ between
cases and controls. Although recruitment was not re-
stricted to residents of Massachusetts, 84% of cases
and 79% of controls were from Massachusetts, and
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another 10% of cases and 11.5% of controls were
from the New England area.

Blood samples were collected from all partici-
pants at the time of recruitment. Two to three 10-mL
ethylenediamine tetracetic acid tubes and a single
5-mL silicon-coated tube were used for sample col-
lection. Samples were processed in the Molecular
Epidemiology Laboratory at the Harvard School of
Public Health. DNA was extracted from whole blood
for the purpose of genotyping. GSTPI genotypes were
determined by using polymerase chain reaction-re-
striction fragment length polymorphism methods, as
described by Harris et al.,'” without the knowledge of
case or control status. The presence of a 330- base
pair (bp) fragment identified the I,o5 allele; the V5
allele was detected by the presence of a 220-bp frag-
ment and a 110-bp fragment; the heterozygote pos-
sessed all 3 fragments. For quality control, a random
5% of the samples were repeated with 100% compli-
ance. Two authors independently reviewed 100% of
the agarose gels.

Two research nurses directly administered a
health questionnaire. Some participants opted to
complete the questionnaire at home and return it by
mail in a self-addressed, stamped envelope. Partici-
pants were contacted by telephone when there were
missing data. Other variables were obtained through
the health questionnaire.®??* Age, gender, race,
weight, education, medical history, smoking history,
family history of cancer, work history, exposure to
various substances, participation in many activities,
and food preparation and consumption data were
collected. Smoking status was defined as nonsmoker
(smoked <1 cigarette per day for <1 year), exsmoker
(at the time of diagnosis) and current smoker, (at the
time of diagnosis). Pack-years were calculated to esti-
mate the cumulative exposure to smoking by multi-
plying the number of packs smoked per day by the
number of years smoked.

Population characteristics were tabulated, and
significant differences in the distribution of the prin-
cipal covariates were tested by using the chi-square,
Fisher exact, and Student ¢ tests, as appropriate. Ge-
notype frequencies among controls were tested for
conformity to Hardy—-Weinberg equilibrium. Multiple
logistic regression was used to assess the association
between GSTPI GG and lung cancer risk, adjusting
for age, gender, indicator variables for smoking status
(nonsmoker, exsmoker, and current smoker), a con-
tinuous variable for cumulative smoking exposure
(pack-years), and an indicator variable for the het-
erozygote. To evaluate whether GSTPI is associated
with early-onset lung carcinoma, we considered age
as an effect modifier of the association between

GSTP1 and lung cancer risk. We evaluated the inter-
action between genotype and age, in which age was
considered either as a continuous variable or as a di-
chotomous variable. When age was included as a
dichotomized variable (age <50 years and age >50
years), the interaction term was the product of this
variable and the indicator variable for GSTPI GG.
Because the average age of lung cancer patients in
our sample was 66 years, using a cutoff age of 50 years
appropriately included all younger patients in the eva-
luation. To determine whether the interaction terms
were significant, we used a likelihood-ratio test to
compare the 2 nested models®® with and without the
interaction term. All analyses were adjusted for smok-
ing status, gender, and pack-years. Several analyses
were conducted to determine whether disease stage
or cumulative smoking dose (pack-years) may con-
found the association between age at diagnosis and
genotype. To determine whether disease stage was a
factor that contributed to the results, the cases were
stratified into 2 groups: patients with early-stage dis-
ease and patients with late-stage disease. Two multiple
logistic regression analyses were performed comparing
the control group with both case groups individually.
To evaluate the role of pack-years, the main multiple
logistic regression analysis was stratified into groups
divided by the median pack-years among the con-
trol.?* The SAS statistical package® was used to per-
form all analyses.

RESULTS

Table 1 shows the distribution of demographic, histo-
logic, and genotypic characteristics among cases and
controls age <50 years and those age >50 years. The
distributions of the covariates described above within
age categories were similar. The distributions of the
genotypes in the control group for all of the strata
considered were in Hardy-Weinberg equilibrium.
Women were represented equally among the cases
(50.3% and 52.2%, respectively); they were under rep-
resented among controls (41.9% and 45.8, respec-
tively). The frequency of current smokers was greater
among cases than among controls in both age cate-
gories. The frequency of exsmokers was slightly
greater among cases, whereas the frequency of non-
smokers and exsmokers was significantly higher
among controls (P <.0001). Education level was not
available for 10% of study participants (322 cases, 34
controls). Family history of cancer was more frequent
among cases (P < .02). Almost 50% of the reported
cancer cell types were adenocarcinoma. The rela-
tively high percentage of early-stage (potentially cur-
able) cancers in our sample reflected a referral bias
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TABLE 1
Descriptive Characteristics of the Study Population Stratified by Age Category and Case Status*
No. of patients (%)
Age <50 years Age >50 years

Characteristic Cases (n = 159) Controls (n = 351) P Cases (n = 1762) Controls (n = 992) P
Median age (range), y 45.1 (30.4-50.0) 43.5 (26.7-50.0) .0005 67.9 (50.1-90.7) 64.2 (50.1-96.3) <.0001
Gender

Male 79 (49.7) 204 (58.1) 10 842 (47.8) 537 (54.1) .001

Female 80 (50.3) 147 (41.9) 920 (52.2) 455 (45.8)
Smoking history

Nonsmokers 21 (13.2) 152 (43.3) .0001 122 (6.9) 325 (32.8) <.0001

Exsmokers 37 (233) 101 (28.8) 983 (55.8) 510 (51.4)

Current smokers 101 (63.5) 98 (27.9) 657 (37.3) 157 (15.8)

Ever smokers: Median pack-years (range) 31 1(0.2-147.8) 18.0 (0.1-100.6) <.0001 54.0 (0.03-231.0) 28.5 (0.03-210.0) <.0001
College degree 49 (30.8) 128 (36.5) .003 388 (22.0) 282 (28.4) <.0001

No college degree 95 (59.8) 214 (61.0) 1067 (60.6) 685 (69.1)

Not available 15 (9.4) 9 (2.5) 307 (17.4) 25 (2.5)
Family history of lung cancer 02 002

Yes 27 (17.0) 31 (8.8) 311 (17.6) 127 (12.8)

No 119 (74.8) 297 (84.6) 1311 (74.4) 796 (80.2)

Not available 13 (8.2) 23 (6.6) 140 (8.0) 69 (7.0)
Cell type

Adenocarcinoma 85 (53.5) 754 (42.8)

Squamous cell 23 (14.5) 389 (22.1)

Large cell 16 (10.1) 130 (7.4)

Small cell 7 (4.4) 169 (9.6)

Bronchioalveolar 9(5.7) 166 (9.4)

Mixed 6 (3.8) 48 2.7

>1 primary 5@3.1) 26 (1.5)

Nonsmall cell not otherwise classified 8 (3.6) 62 (3.5)

Not available 5(3.1) 18 (1.0)
Stage

Early stage/limited disease 46 (28.9) 919 (52.2)

Late stage/extensive disease 113 (71.1) 843 (47.8)

* Medians were tested with the Wilcoxon rank-sum test, and frequency was tested with the chi-square test.

because of the surgical expertise at MGH, which was
the institution of preference for surgical patients in
the earlier years of recruitment (1992-1996). We did
not have an a priori hypothesis leading us to believe
that stage would have an impact on our results.

The distribution of the covariates from Table 1,
stratified by the different polymorphisms, is shown
in Table 2. The GSTP1 GG and AA genotypes were
slightly more frequent among cases than controls in
both age categories; conversely, heterozygote status
was proportionally lower among cases than controls.
Cases with GSTP1 GG were slightly younger (median
age, 66.4 years) than the other cases, whereas con-
trols with GSTPI GG were slightly older than other
controls (median age, 61.0 years). Among patients in
the case group who had the GSTP1 GG polymorph-
ism, 13% were age <50 years compared with the
control group (18% of controls were age <50 years).
The frequency of the GSTPI GG genotype was higher

among men than among women in cases (56% vs.
10%, respectively) and did not differ among controls
(50% and 50%). The distribution of the heterozygote
AG was higher among men than among women for
cases (52% and 48%, respectively), but the reverse
was true in controls (43%, 57%). The distribution of
genotypes across different educational levels did not
differ. The frequency of the GSTP1 GG genotype was
43% for patients in the case group who had adeno-
carcinoma cell histology and 22% for patients in the
case group who had squamous cell histology.

Among cases, the frequencies of the GSTPI1 AA,
AG, and GG genotypes were greatest in current smo-
kers and exsmokers and lowest in nonsmokers. For
the control group, the lowest frequency for all geno-
types was in the current smokers category.

Table 3 summarizes the results from the multiple
logistic regression models on all cases and controls.
The overall effect of GSTPI polymorphism on lung
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TABLE 2

Descriptive Characteristics of the Study Population Stratified by Case Status and Genotype*

No. of patients (%)

Cases Controls
GSTPI AA GSTP1 AG GSTP1 GG GSTPI AA GSTP1 AG GSTP1 GG
Characteristic (n = 885) (n=816) (n =220) P (n=579) (n=623) (n=141) P
Age
Median (range), y 66.9 (30.7-88.8)  66.7 (30.4-90.7)  66.4 (36.2-87.8) .47  60.7 (27.1-83.9) 58.3 (26.7-96.3)  61.0 (34.3-83.8) .007
>50 822 (92.9) 748 (91.7) 192 (87.3) 03 436 (75.3) 441 (70.8) 115 (81.6) .02
<50 63 (7.1) 68 (8.3) 28 (12.7) 143 (24.7) 182 (29.2) 26 (18.4)
Gender
Male 448 (50.6) 427 (52.3) 124 (56.4) 30 264 (45.6) 268 (43.0) 70 (49.6) 32
Female 437 (49.4) 389 (47.7) 96 (43.6) 315 (54.4) 355 (57.0) 71 (50.4)
Smoking history
Nonsmokers 64 (7.2) 66 (8.1) 13 (5.9) 81 199 (34.4) 230 (36.9) 48 (34.1) 74
Exsmokers 267 (52.8) 431 (52.8) 122 (55.5) 272 (47.0) 271 (43.5) 68 (48.2)
Current smokers 354 (40.0) 319 (39.1) 85 (38.6) 108 (18.6) 122 (19.6) 25 (17.7)
Ever smokers: Median pack-years (range) ~ 52.0 (0.2-231.0) ~ 51.3 (0.03-209) ~ 52.0 (0.2-186.0) .89  24.0 (0.03-210.0)  26.5 (0.1-152.0) ~ 26.5 (0.05-100.6) .85
Education level
College degree 197 (22.3) 181 (22.2) 59 (26.8) 20 171 (29.5) 197 (31.6) 42 (29.8) 57
No college degree 547 (61.8) 483 (59.2) 132 (60.0) 396 (68.4) 410 (65.8) 93 (66.0)
Not available 141 (15.9) 152 (18.6) 29 (13.2) 12 (2.1) 16 (2.6) 6 (4.2)
Family history of lung cancer 39 95
Yes 161 (18.2) 146 (17.9) 31 (14.1) 71 (12.3) 72 (11.6) 15 (10.6)
No 660 (74.6) 604 (74.0) 166 (75.5) 466 (80.5) 511 (82.0) 116 (82.3)
Not available 64 (7.2) 66 (8.1) 23 (10.4) 42 (7.3) 40 (6.4) 10 (7.1)
Cell type
Adenocarcinoma 402 (45.4) 343(42.0) 94 (42.7)
Squamous cell 190 (21.5) 173 (21.2) 49 (22.3)
Large cell 69 (7.8) 62 (7.6) 10 (6.8)
Small cell 69 (7.8) 80 (9.8) 27 (12.3)
Bronchioalveolar 79 (8.9) 77 (9.4) 19 (8.6)
Mixed 25(2.8) 26 (3.2) 3(14)
>1 Primary tumor 10 (0.9) 14 (1.7 2 (L1
Nonsmall cell not otherwise classified 31 (3.6) 31 (3.8 8 (3.5)
Not available 10 (1.1) 10 (1.2) 3(14)
Stage
Limited 438 (49.5) 405 (49.6) 122 (55.4)
Extensive 447 (50.5) 411 (50.4) 98 (44.6)

GSTP1 indicates glutathione S-transferase P1.

* Medians were tested by using the Wilcoxon rank-sum test, and frequency was tested by using the chi-square test.

cancer risk was assessed, and the adjusted OR for
lung cancer associated with the GSTP1 GG genotype,
compared with the GSTPI AA genotype, was 1.02
(95% CI, 0.78-1.34). We observed an increased risk of
lung cancer among younger participants. The inter-
action terms between the GSTP1 GG polymorphism
and age for both models (a model with age as a di-
chotomous variable and a model with age as a con-
tinuous variable) was statistically significant (P < .01).
The trend for both models was the same and
showed the same greater association between
GSTPI GG and lung cancer with younger age. The
adjusted OR of lung cancer associated with GSTP1

GG compared with GSTP1 AA among individuals
age <50 years was 2.67 (95% CI, 1.36-5.22). Among
older individuals, the OR was 0.87 (95% CI, 0.65—
1.2). None of the interaction terms between GSTPI
AG and age were statistically significant. In com-
paring the patients who had early-stage disease in
the case group with all controls or the patients
who had late-stage disease in the case group with
all controls, no differences were observed in the
GSTP1 GG-age interaction or in the association
with lung cancer risk. In addition, analyses that
were stratified by the median pack-years in the
control group did not alter the GSTPI GG-age



TABLE 3
Multiple Logistic Regression Results
Analysis No. of patients OR 95% CI p
Overall effect
Crude
AA 1464 1.00 (Referent group)
AG 1439 0.86 0.74-0.99 04
GG 361 1.02 0.81-1.29 .86
Adjusted*
AA 1464 1.00 (Referent group)
AG 1439 0.90 0.76-1.34 23
GG 361 1.02 0.78-1.34 .89
Among patients age <50 y
Crude
AA 206 1.00 (Referent group)
AG 250 0.85 0.57-1.27 42
GG 54 2.44 1.33-4.50 .004
Adjusted*
AA 206 1.00 (Referent group)
AG 250 0.89 0.57-1.38 .60
GG 54 2.67 1.36-5.22 .004
Among patients age >50 y
Crude
AA 1258 1.00 (Referent group)
AG 1189 0.90 0.76-1.06 21
GG 307 0.89 0.69-1.15 .36
Adjusted*
AA 1258 1.00 (Referent group)
AG 1189 0.89 0.74-1.07 20
GG 307 0.87 0.65-1.16 .35

OR indicates odds ratio; 95% CI, 95% confidence interval.

* Analyses were adjusted for age, pack-years, smoking status (indicator variables for exsmokers and
current smokers), gender, and an indicator variable for the heterozygote. Interaction terms for GG
were significant both for crude and adjusted analyses and for dichotomous and continuous variables.
The intercation term for AG was not significant for any of the analyses.

interaction or the association with lung cancer risk
(data not shown).

DISCUSSION

Previous studies have indicated the possibility of a
gene effect in early-onset lung cancer. Bailey-Wilson
et al. reported the location of a gene locus that, con-
trolling for smoke exposure and acting in concert
with it, may predispose individuals to earlier onset
lung cancer.’® Gauderman and Morrison also re-
ported the presence of a susceptibility locus that
may lead to early-onset lung cancer.?” Yang et al.
observed that the high risk of a gene that contributes
to early-onset lung cancer was more evident in non-
smokers and decreased with age as the effect of
smoking increased with age.>* At older ages, patients
also may die of other causes related to their smoking
exposure, reducing the overall contribution of the
gene.”® Genetic susceptibility may lead to a faster
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accumulation of DNA damage and to a higher carci-
nogenic accumulation, resulting in an earlier onset
of lung cancer. Biologic confirmation of this hypoth-
esis is needed.

It has been demonstrated that polymorphisms in
the genes involved in Phase 1 activation and Phase 2
detoxification of carcinogens alter lung cancer suscepti-
bility.>*#**2% Cumulative smoking and dietary factors
were examined as potential confounders or as effect
modifiers of the polymorphisms, whereby the associa-
tion between pack-years or dietary habits and lung can-
cer differed among the different genotypes®®!6*2837
Polymorphic variants of the cytochrome P450 en-
zymes (Phase 1) encoded by the CYP gene super-
family have been implicated in modifying lung
cancer risk. The activated products of Phase 1 can
bind to DNA (adducts), and among 1 of the more
active carcinogens in tobacco smoke is the activated
form of B(a)P, B(a)P-7,8-diole-9,10-epoxide (BPDE).

In contrast, Phase 2 enzymes detoxify activated
carcinogens, rendering them hydrophilic and, thus,
more excretable. The GST superfamily®® has promi-
nent Phase 2 function, and GSTPI is involved primar-
ily in the detoxification of BPDE.''™® Studies have
evaluated the effect of GSTPI on lung cancer risk.
Ryberg and colleagues'? reported a significantly higher
frequency of the GSTP1 GG genotype among lung
cancer patients than among controls (15.9% vs. 9.1%).
The data from Ryberg et al., although not statistically
significant, also suggest that there are higher levels of
DNA adducts in patients who have the GSTP1 GG
polymorphism compared with patients who have the
GSTP1 AA polymorphism (15.5 + 10.2 per 10® nucleo-
tides vs. 7.9 + 5.1 per 10® nucleotides)."* Watson et al.
reported differences in GST activity when comparing
the GSTPI GG genotype with GSTP1 AA genotype and
reported specifically that enzymatic activity was sig-
nificantly lower for the GSTPI GG genotypes.'®

The role of the heterozygote status often is unclear
when examining genetic susceptibility to cancer. In
the case of the GSTPI gene, there was no significant
association between the heterozygote status (AG) and
lung cancer. A review of the literature revealed no pub-
lished statistically significant association between
GSTPI AG and lung cancer, although the actual esti-
mate of the OR was < 1 in several studies.”'*!>719:39

We evaluated the roles that disease stage and
pack-years may play in the results. For disease stage,
models with interaction between the genotype and
age that compared the control group with the early-
stage case group and separately with the late-stage
case group were analyzed. The association of the ge-
notype-age interaction and lung cancer risk did not
differ. For pack-years, we ran stratified models to
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determine whether the association of the genotype-
age association and lung cancer risk also was de-
pendent on cumulative smoking exposure. The strata
were based on the median pack-years among the
controls. The results were not different in heavy smo-
kers or light smokers, as defined by pack-years.

We acknowledge several limitations to our cur-
rent study. A concern of any case—control study is
selection bias and control selection. In the current
investigation, both patients and study investigators
were blinded to genotypic status at the time of
recruitment, and all genotyping was done blinded of
case status. If there was a factor linked to the parti-
cular “at-risk” polymorphism that would lead to a
higher directional recruitment of cases compared
with controls, then there may be reason for concern
about selection bias. This was not likely in the cur-
rent study. Control selection is another concern. Our
controls were recruited in the hospital but were not
hospital patients themselves. Forty-one percent of
controls were nonblood-related family and friends of
the cases, whereas the remaining 59% of controls
were family and friends of nonlung cancer patients
at MGH (i.e., they had no relationship to any case).
This design was adopted for its efficiency in recruit-
ing controls. To address concerns of representative-
ness, we compared the smoking habits of our
controls with the smoking habits of the general Mas-
sachusetts population and found no significance dif-
ferences. We believe that these controls were likely to
be referred to MGH for treatment if they ever
became cases. Anecdotally, a very small number of
controls have become cases seen at MGH—these
individuals were eliminated from all analyses.
Another limiting factor was the number of cases who
were age <50 years at diagnosis (n = 159 patients),
which was reduced further when they were stratified
by genotype. However, all of our cases were recruited
from the same study population.

We conclude that the GSTPI GG genotype is asso-
ciated with a higher risk of earlier onset lung cancer.
Future investigators who study the role of genetic
polymorphisms associated with a higher risk of cancer
should consider the age of patients when performing
their analysis. The effect of these polymorphisms may
be more evident in younger populations. Although all
smokers are at a much greater risk of lung cancer, the
presence of the GSTPI GG polymorphism may lead to
an earlier presentation of disease.
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