
Human Genome Epidemiology (HuGE) Review

Genotype Misclassification in Genetic Association Studies of the rs1042522

TP53 (Arg72Pro) Polymorphism: A Systematic Review of Studies of Breast,

Lung, Colorectal, Ovarian, and Endometrial Cancer

Issa J. Dahabreh*, Christopher H. Schmid, Joseph Lau, Vasileia Varvarigou, Samuel Murray, and

Thomas A. Trikalinos

* Correspondence to Dr. Issa Dahabreh, Center for Evidence-based Medicine, Program in Public Health, Brown University, Box G-S121-8,

Providence, RI 02912 (e-mail: issa_dahabreh@brown.edu).

Initially submitted January 8, 2012; accepted for publication September 24, 2012.

Preferential loss of heterozygosity at the rs1042522 locus of the tumor protein 53 gene (TP53) (Arg72Pro) is
observed in several tumors. Genetic association studies in oncology often use tumor tissue rather than unaffected

tissue for genotyping; in such cases, loss of heterozygosity at the TP53 locus could lead to differential misclassifi-

cation and could bias estimates of association. We searched multiple databases (through March 8, 2011) for

studies investigating the association of Arg72Pro with breast, lung, colorectal, ovarian, or endometrial cancer.

Meta-analysis was performed with multilevel Bayesian models. Informative priors for the bias effect were derived

from a meta-analysis of the same polymorphism in cervical cancer. Of 160 studies (68 breast, 42 lung, 26 colorec-

tal, 16 ovarian, and 8 endometrial cancer), 22 used tumor tissue as the source of genotyping material for cases.

Use of tumor tissue versus other sources of genotyping material was associated with an apparent protective effect

of the proline allele (relative odds ratio = 0.78, 95% credible interval: 0.70, 0.88). The probability that use of tumor

tissue induced bias was estimated to be higher than 99%. Use of tumor tissue as the source of genotyping mate-

rial for cases is associated with significant bias in the estimate of the genetic effect in cancer genetic association

studies.

Arg72Pro; cancer; meta-analysis; rs1042522; TP53

Abbreviations: Arg, arginine; BRCA1, breast cancer 1, early-onset gene; BRCA2, breast cancer 2, early-onset gene; CrI, credible
interval; LOH, loss of heterozygosity; OR, odds ratio; Pro, proline; TP53, tumor protein 53 gene.

Editor’s note: This article also appears on the website of
the Human Genome Epidemiology Network (http://www.
cdc.gov/genomics/hugenet/default.htm).

Lung, breast, and colorectal cancers jointly account for
the majority of new cancer cases and represent the top 3
causes of cancer-related death in Western countries (1, 2).
Breast, ovarian, and endometrial cancers are major causes of
cancer-related morbidity and mortality among women (2).
Multiple lines of evidence, including studies of familial
clustering and studies of heritability in twins, suggest that
these common epithelial cancers have a substantial hereditary

component (3). One of the most promising cancer-causing
genes is the tumor protein 53 gene (TP53). TP53 encodes a
53-kDa transcription factor, tumor protein 53, which is involved
in regulating apoptosis and cell-cycle control (4). Heritable
mutations in TP53 are associated with the Li-Fraumeni
syndrome, a mendelian disorder characterized by increased
incidence of multiple types of cancer (5). In addition, the
majority of epithelial cancers have been shown to carry
somatic TP53 aberrations, mainly within the DNA-binding
domain of the p53 protein (6). In cases in which TP53 muta-
tions are not present, p53 function often is abrogated either
through loss of heterozygosity (LOH) (by deletion or meth-
ylation of the 17p locus) or through inactivation of p53
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downstream effectors. Furthermore, there is evidence that
TP53 plays a role in modulating the frequency and mecha-
nisms of mutagenesis during carcinogenesis (7). The high
frequency of p53 inactivation in human cancers highlights
the importance of its tumor suppressor function; for this
reason, it has been called the “guardian of the genome” (8).
These observations have provided a strong biological

rationale for the hypothesis that high-frequency functional
TP53 polymorphisms can contribute to the population risk
of developing common cancers (4). Most studies have
focused on a nonsynonymous TP53 polymorphism in exon
4, where a guanine (G)-for-cytosine (C) substitution results
in the substitution of arginine (Arg) for proline (Pro) at
codon 72 of the p53 protein (Arg72Pro; rs1042522) (9). The
2 alleles at this locus encode protein isomorphs that differ in
their capacities to induce target gene transcription, their
ability to interact with p73 (another tumor suppressor
protein), their targeting of the proteasome, and their suscep-
tibility to degradation by human papillomavirus E6 protein
(10–12). These observations have provided the rationale for
a large number of genetic association studies investigating
rs1042522 as a risk factor for various human malignancies
(13). Nevertheless, most studies published to date have had
small sample sizes, rendering them underpowered to detect
small genetic effect sizes, and often have produced contra-
dictory results.
With regard to cervical cancer, although initial evidence

suggested a strong protective effect of the proline-encoding
allele (14), a recent meta-analysis of individual patient data
failed to identify any association with cancer risk (15).
Intriguingly, a subgroup analysis suggested that a protective
effect for the proline-encoding allele was observed in studies
that used tumor tissue for genotyping cancer cases. Several
lines of evidence indicate that epithelial cancers in hetero-
zygotic individuals preferentially retain the arginine-encoding
allele. This phenomenon, which represents nonrandom LOH,
could cause directional genotype misclassification affecting
only studies that use tumor tissue as the source of genotyp-
ing material for individuals with cancer (cases), resulting in
a spurious protective effect of the proline-encoding allele
(16–20).
We performed a systematic review of studies investigating

rs1042522 and the risk of 5 common epithelial cancers:
breast, lung, colorectal, ovarian, and endometrial. We
explored the genetic effect of this polymorphism and evalu-
ated whether a systematic bias due to differential genotype
misclassification had affected study results across cancer
subtypes.

MATERIALS ANDMETHODS

Search strategy and eligibility criteria

We searched PubMed to identify genetic association
studies of the rs1042522 polymorphism and lung, breast,
colorectal, ovarian, or endometrial cancer. We used com-
binations of the following keywords and their syno-
nyms: “TP53,” “cancer,” “neoplasm,” “Arg72Pro,” and
“rs1042522.” The full search strategy is given in the Web
Appendix, available at http://aje.oxfordjournals.org/. These

searches were complemented by searches of the Genetic
Association Database (21) and the Human Genome Epide-
miology Network’s Literature Finder (22). We also used 2
TP53-specific databases that provide information on TP53
polymorphisms: the International Agency for Research on
Cancer TP53 database (23, 24) (http://www-p53.iarc.fr/) and
the p53 website (25, 26) (http://p53.free.fr/). Finally, we
hand-searched the reference lists of all identified eligible
articles and reviews of genetic association studies investigat-
ing TP53 polymorphisms. All searches were performed on
March 8, 2011.
Studies were considered eligible if they used genotyping

methods to determine rs1042522 genotype in patients with
any of the cancers of interest and in controls with no neo-
plastic disease. We considered only studies with an analyti-
cal epidemiologic design (case-control, nested case-control,
or cohort) that separately genotyped samples corresponding
to each participant; studies that used DNA-pooling methods
were excluded (27, 28). When overlapping patient groups
were reported in multiple studies, we included information
from the study with the largest number of cancer cases in
our analyses. We identified overlap by comparing authors,
research centers, recruitment periods, and patient demo-
graphic characteristics among otherwise eligible studies. We
excluded studies in which all subjects had hereditary cancer
syndromes. For example, we excluded studies enrolling exclu-
sively BRCA1 (breast cancer 1, early-onset gene) or BRCA2
(breast cancer 2, early-onset gene) mutation carriers, studies of
patients with familial adenomatous polyposis coli, and studies
of patients with hereditary nonpolyposis colorectal cancer. We
also did not consider family-based studies because of different
design and analysis considerations. We limited inclusion to
English-language studies. Finally, we did not consider editori-
als, narrative reviews, letters to the editor, or other manuscripts
not reporting primary research results.

Study selection and data extraction

One reviewer screened all abstracts to identify potentially
eligible studies, and a second reviewer independently
screened abstracts excluded by the first reviewer; studies con-
sidered potentially eligible by at least 1 of the reviewers were
retrieved and reviewed in full text. A single reviewer extracted
the following information from each eligible study: author,
year and journal of publication, numbers of cases and con-
trols, participant ethnicity, study design, whether cases and
controls were matched (for case-control studies), whether con-
trols were sampled from specific disease groups, the genotyp-
ing method used, whether any genotyping quality control
process was used, and whether genotyping was performed
blinded to the disease status of participants. For our primary
comparison of interest, we collected information on the
source of genetic material that was used for genotyping cases
(cancer tissue versus other DNA source, including buccal
swabs, peripheral blood, and saliva). Finally, we extracted the
rs1042522 genotype distributions in cases and controls.
When studies did not report all the required information but
instead cited relevant publications, we retrieved and extracted
data from them. A second reviewer verified all extracted
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information, and discrepancies were resolved by consensus,
involving a third reviewer.

Evidence synthesis across cancers

We performed meta-regressions based on generalized
linear mixed-effects models to assess the potential biasing
effect of using cancer tissue as the source of material for
case genotyping across cancers. In all analyses, the genetic
effect of rs1042522 was allowed to differ between cancers.
Models were fitted by using a Bayesian approach (29),
which enabled us to incorporate prior information on the
bias arising from use of cancer tissue (30, 31). The prior was
based on the results of a recent individual-patient data meta-
analysis of the association between rs1042522 and cervical
cancer (15) (details on how this prior distribution was
derived are presented in the Web Appendix). We used an
allele frequency comparison (proline-encoding vs. arginine-
encoding allele odds ratios) to ensure consistency and the
inclusion of the maximum possible number of studies.
Details about the modeling approach are presented in the
Web Appendix.

Sensitivity analyses and assessment of bias

We performed sensitivity analyses using alternative prior
distributions for Bayesian analyses, including alternative
distributions for the heterogeneity parameter. We also evalu-
ated the effect of using a noninformative prior for the bias
effect on our results (note that for all other model parame-
ters, prior distributions were noninformative in all analyses).
The model was also fitted by using a maximum-likelihood
approach, which does not require the specification of prior
distributions for the model parameters (32).

In our main analyses, studies that used nontumor tissue
samples obtained at surgery as the source of genotyping
material (for example, lymph nodes determined to be tumor-
negative by pathological examination) were included with
studies that used appropriate sources of genotyping material.
In sensitivity analysis, we excluded these studies from the
data set; this reflects an extreme scenario in which pathologi-
cal examination is not considered informative. Furthermore,
in our main analysis, when studies reported genotyping
results from both tumor tissue and other nontumor sources,
we used the genotype counts from the latter. In sensitivity
analyses, we used the genotype counts from tumor tissue
samples for these studies (thus increasing the number of
studies using tumor tissue in the data set to 27).

Analyses stratified by cancer

In analyses performed separately for each cancer of interest,
summary odds ratios were calculated with random-effects
models (DerSimonian-Laird) under an allele frequency com-
parison (33, 34). Between-study heterogeneity was assessed
with Cochran’s Q statistic and the I2 index (35, 36).

For each of the cancers investigated, subgroup analyses
were performed by stratifying studies on the following char-
acteristics: ethnicity of participants, control selection, use of
genotyping quality control, blind genotyping, and use of

cancer tissue as the source of genetic material for case geno-
typing.We estimated the effect of these study-level covariates
on the genetic effect by using random-effects meta-regression
(37, 38). In view of the evidence that use of tumor tissue as
the source of genotyping material for cases could introduce
bias, subgroup and meta-regression analyses were performed
only among studies that did not use tumor tissue as the
source of genotyping material.

We assessed whether larger studies produced results differ-
ent from those of smaller studies by using the Harbord mod-
ification of the Egger test for small study effects (39–41).
To explore whether a single study affected estimates of the
genetic effect in cancer-specific meta-analyses, we repeated
each meta-analysis by sequentially dropping 1 study from the
analysis and repeating the calculations. We also repeated
the cancer-specific meta-analysis calculations using a fixed-
effects model (Mantel-Haenszel) (42).

Analyses were carried out in Stata, version 11.1/SE
(StataCorp LP, College Station, Texas); R, version 2.11.0 (R
Foundation for Statistical Computing, Vienna, Austria); and
WinBUGS, version 1.4.3 (Medical Research Council Biosta-
tistics Unit, Cambridge, United Kingdom). For Bayesian anal-
yses, we report the median values and 2.5th and 97.5th
percentiles of the posterior distributions as 95% central credi-
ble intervals. For non-Bayesian analyses, we report 95% con-
fidence intervals and P values. Statistical significance was
defined as a 2-sided P value less than 0.05 with no adjustment
for multiple comparisons (43).

RESULTS

Our searches retrieved a total of 7,268 unique citations.
Of these, 6,887 were excluded after screening of titles and
abstracts, and 381 were retrieved and reviewed in full text.
We further excluded 246 papers after full-text review. The
most common reasons for exclusion were case-only designs,
assessment of irrelevant genes or polymorphisms, and
assessment of noncancer conditions or cancers other than
breast, lung, colorectal, ovarian, or endometrial. Overall, 135
articles were considered eligible for this review. Figure 1
presents the details of the search flow. A list of included
studies is provided in the Web Appendix.

In total, the eligible articles reported on 160 case-control
substudies (some articles presented data on cases and controls
sampled from different populations or reported on multiple
cancers). We treated these 160 substudies as separate strata
(“studies”) in our analyses because they pertained to different
study bases (typically sampled from different geographical
locations or belonging to different ethnicities). Overall, 68
studies investigated the association of rs1042522 with breast
cancer, 42 with lung cancer, 26 with colorectal cancer, 16 with
ovarian cancer, and 8 with endometrial cancer. The majority of
studies reported on predominantly white (n = 96 (60%)) or
East Asian (n = 35 (22%)) populations. Table 1 presents the
characteristics of eligible studies stratified by the cancer type
investigated, including details of the genotyping methods.

All studies included in our analyses had a case-control
design. Sixty-nine (43%) of the studies reported matching
participants for at least 1 characteristic; age and sex (in lung
and colorectal cancer studies) were the most commonly
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matched variables. The median number of cases was 137
(interquartile range, 78–293), and the median number of con-
trols was 209 (interquartile range, 109–423). Studies of breast
cancer were generally larger than studies of other cancers;
across cancers, the number of participants increased over time
(P < 0.001 for the numbers of both cases and controls).
Few studies reported that genotyping was blinded to the

disease status of subjects (n = 21 (13%)). Genotyping
quality control procedures were used in 65 (41%) of the
studies. Twenty-two of the studies used tumor tissue as the
only source of genotyping material for cases, 133 studies
used nontumor sources, and 5 studies used both. Specifi-
cally, 9 studies on breast cancer, 3 on lung cancer, 6 on colo-
rectal cancer, 2 on ovarian cancer, and 2 on endometrial
cancer explicitly stated that tumor tissue was used as the
source of genotyping material and did not report the use of
any technique or method that suggested inclusion of an ade-
quate amount of normal tissue (e.g., pathological examina-
tion or microdissection).

rs1042522 and cancer risk

Results of the Bayesianmeta-analysis in which an informa-
tive prior (derived from the cervical cancer meta-analysis)
was used suggested that, in analyses in which nontumor

tissue was the source of genotyping material, the Pro allele
could be associated with an increased risk of lung cancer
(odds ratio (OR) = 1.09, 95% credible interval (CrI): 1.01,
1.16) but not breast (OR = 0.99, 95% CrI: 0.94, 1.03), colo-
rectal (OR = 1.09, 95% CrI: 0.99, 1.20), ovarian (OR = 1.05,
95% CrI: 0.91, 1.19), or endometrial (OR = 1.08, 95% CrI:
0.88, 1.32) cancers (Figure 2 and Web Table 1). These
results were confirmed in Bayesian meta-analyses with a
noninformative prior (Web Table 2).

Assessment of the bias effect across cancers

The use of multilevel models allowed us to borrow strength
by combining information across cancers to better quantify
the bias arising from use of cancer tissue as the sole source of
genotyping material. With external information from the cer-
vical cancer meta-analysis incorporated, the bias effect was
estimated to be 0.78 (95% CrI: 0.70, 0.88), and the probability
that use of cancer tissue as a source of genotyping material
led to bias was higher than 99%. When a noninformative
prior was used, the bias was estimated to have a relative odds
ratio of 0.79 (95% CrI: 0.69, 0.89). Again, the probability that
use of cancer tissue as a source of genotyping material led to
underestimation of the “true” genetic effect of the Pro allele
was estimated to be higher than 99%.

Figure 1. Search strategy and study eligibility flow in a systematic review of TP53 rs1042522 and 5 common epithelial cancers. CA, cancer;
HuGENet, Human Genome Epidemiology Network; NIH GAD, National Institutes of Health Genetic Association Database.
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Table 1. Characteristics of Eligible Studies in a Systematic Review of TP53 rs1042522 and 5 Common Epithelial Cancers (n = 160)

Study Characteristic

Breast Cancer

(68 Studies)

Lung Cancer

(42 Studies)

Colorectal Cancer

(26 Studies)

Ovarian Cancer

(16 Studies)

Endometrial Cancer

(8 Studies)

All Studies

(160 Studies)

No.
% of

Studiesa
No.

% of

Studies
No.

% of

Studies
No.

% of

Studies
No.

% of

Studies
No.

% of

Studies

No. of cases 30,586 16,743 7,377 1,982 726 57,414

No. of controls 36,213 16,504 10,011 5,226 1,292 69,246

Median no. of cases (IQR) 166 (94–436) 147 (91–307) 121 (76–345) 109 (48–193) 94 (43–118) 137 (78–293)

Median no. of controls (IQR) 215 (109–486) 176 (133–379) 220 (140–347) 281 (74–446) 78 (31–310) 209 (109–423)

Ethnicity

White 45 66 16 38 16 62 13 81 6 75 96 60

East Asian 10 15 13 31 8 31 2 13 2 25 35 22

Black 1 1 2 5 0 0 1 6 0 0 4 3

Latino 1 1 3 7 1 4 0 0 0 0 5 3

Other/mixed/NR 11 16 8 19 1 4 0 0 0 0 20 13

Control selection

Healthy 61 90 24 57 19 73 15 94 6 75 125 78

Diseased 7 10 18 43 7 27 1 6 2 25 35 22

Matched controls

Yes 29 43 22 52 10 38 6 37 2 25 69 43

No/not applicable 39 57 20 48 16 62 10 63 6 75 91 57

Blinding to case-control status

Yes 7 10 9 21 3 12 2 12 0 0 21 13

No/NR 61 90 33 79 23 88 14 88 8 100 139 87

Use of genotyping quality
control

Yes 26 38 17 40 11 42 9 56 2 25 65 41

No/NR 42 62 25 60 15 57 7 44 6 75 95 59

Genotyping methods

RFLP 32 47 24 57 13 50 2 12 3 38 74 46

Other methods 36 53 18 43 13 50 14 88 5 63 86 54

Hardy-Weinberg equilibrium

Compliant 53 78 36 86 24 92 13 81 7 88 133 83

In violation 15 22 6 14 2 8 3 19 1 12 27 17

Use of only tumor tissue
for genotypingb

Yes 9 13 3 7 6 23 2 12 2 25 22 14

No 59 87 39 93 20 77 14 88 6 75 138 86

Abbreviations: IQR, interquartile range; NR, not reported; RFLP, restriction fragment length polymorphism.
a Percentages have been rounded to the nearest integer. Percentages might not sum to 100 because of rounding.
b In all cases, studies provided adequate data to evaluate the source of DNA for case genotyping.
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Sensitivity analyses

Sensitivity analyses using alternative prior distributions
for Bayesian analyses, including alternative distributions for
the heterogeneity parameter, produced results similar to
those of the main analyses, which highlighted the robustness
of our results to model specification. Exclusion of studies
that used nontumor tissue obtained by surgery for genotyp-
ing cases did not affect our results. Similarly, using the
genotype counts obtained from analyses of tumor tissue
from the 5 studies that used both tumor tissue and other
sources of genetic material did not qualitatively affect our
findings. Maximum-likelihood methods produced results
very similar to those of the main analyses for both cancer
risk and bias (Web Table 3).

Analyses stratified by cancer type

Details from meta-analyses stratified by cancer type are
presented in Web Tables 4–8. Overall, these analyses were
consistent with the results based on multilevel models,
although they were less precise: We found no significant
effect of the Pro allele for breast, colorectal, or endometrial
cancer but did find some evidence of an increase in the risk
of lung (OR = 1.09, 95% confidence interval: 1.03, 1.15)
and ovarian (OR = 1.10, 95% confidence interval: 1.01,
1.19) cancers. The result for ovarian cancer was based on a
small number of studies. Stratified and regression analyses
of studies that used nontumor tissue as the source of geno-
typing material did not indicate any significant modification
of the genetic effect by the majority of covariates assessed
(Web Tables 4–9).

Assessment of systematic differences across studies

There was no evidence of a systematic difference in the
effect sizes reported in smaller versus larger studies for any
of the cancers of interest according to the Harbord test.
There was also no evidence that the first published study
assessing the association of rs1042522 with any of the
cancers we evaluated produced more extreme results than all
subsequent studies. Finally, among studies that used appro-
priate sources of genotyping material, leave-1-out meta-
analyses and analyses using a fixed-effects model produced
inferences similar to those from our main analyses (data not
shown).

DISCUSSION

TP53 rs1042522 is one of the most commonly investi-
gated variants in cancer genetic epidemiology (13). The
present systematic review suggests that this polymorphism is
unlikely to be a risk factor for breast, colorectal, ovarian, or
endometrial cancer and that the Pro allele at this locus might
cause a small increase in the risk of lung cancer. More
importantly, our work provides evidence that some of the
findings of genetic association studies of this variant could
have been driven by differential genotype misclassification,
such as in cases where tumor tissue was used as the source
of genotyping material for cancer cases. We used different

analytical approaches that allowed us to borrow strength
across cancers and increase the precision of the estimate of
this bias effect. According to the published data on all 5 of
the cancers we evaluated, use of tumor tissue appears to lead
to underestimation of the genetic effect by approximately
20%. The probability that use of tumor tissue actually biases
estimates of the genetic effect downward was higher than
99%whenwe incorporated prior evidence from a recentmeta-
analysis of the same polymorphism in cervical cancer and
was higher than 95% in all analyses. Non-Bayesian analyses
produced results very similar to those of analyses that used a
noninformative prior, further indicating that the prior distri-
butions used were “overwhelmed” by the data. That studies
using cancer tissue are susceptible to bias is biologically
plausible and has empirical support from studies of other
cancers.
We hypothesize that the misclassification arises because

of preferential LOH of the Pro allele in heterozygous indi-
viduals (16, 17, 19, 20). A substantial body of evidence, in
which matched samples of peripheral blood (or other
sources of genotyping material, including buccal swabs and
saliva) and tumor tissue from cancer patients were used,
demonstrates that LOH at the TP53 locus is nonrandom and
preferentially involves the Pro allele. This phenomenon has
been documented in the cancers considered in the present
review as well as in other cancer types, such as cervical, uro-
thelial, and head and neck cancer (17, 18, 20, 44–47). The
biological mechanisms underlying this phenomenon are
largely unknown, but it appears that the occurrence of TP53
mutations is more common on the DNA strand carrying the
arginine-encoding allele (16, 48). It has been suggested that
preferential retention of the Arg allele might be the result of
an antiapoptotic advantage conferred by TP53mutations.
Our findings are consistent with a large individual-patient

data meta-analysis of 49 studies investigating the association
between rs1042522 and cervical cancer risk (15). In that
meta-analysis, studies in which the genotype of cases was
determined from white blood cells produced null results; in
contrast, studies in which genotype was determined from
tumor tissue suggested a protective effect of the Pro allele.
Our Bayesian analyses incorporated these findings in the
form of an informative prior distribution and demonstrated
that the bias toward a protective effect of the Pro allele oper-
ates across several cancers.
Our work suggests that use of tumor-derived DNA in

genetic association studies should be avoided because it can
appreciably bias the results of genetic association studies.
This could be true particularly for variants in regions where
LOH is known to occur, and it might present an important
concern for pharmacogenetic studies where the only avail-
able source of genotyping material is often tumor tissue.
When the interest is in identifying germline (i.e., nonsomatic)
variants potentially associated with treatment outcomes, it
might be prudent to obtain paired normal–tumor samples
from at least a random sample of participants, to establish the
extent of LOH as well as to gauge the effect it could have on
the overall study results.
Our analyses consistently demonstrated an association

between the Pro allele and a small increase in lung cancer
risk. This finding is in agreement with previously published
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meta-analyses on this association (49, 50). However, given
the small effect size we observed (OR < 1.10) and the fact
that in Bayesian analyses the 95% credible interval for the
lung cancer odds ratio was very close to 1, further studies
could be necessary to confirm our results.

Several limitations need to be considered for interpretation
of our results. Our analysis was based on published data,
which prevented any statistical adjustment for individual-
level factors that might modify the genetic effect, such as
sex (for lung and colorectal cancer), age, or smoking.
However, we note that the potential for confounding bias
is limited because of the random assortment of alleles
at meiosis (51). Furthermore, we could not assess gene-
environment interactions because data on potential exposures
of interest were unavailable from most studies. Nonetheless,
it is unlikely that such factors would also influence the esti-
mate of the bias effect. Finally, our findings should be
viewed primarily as hypothesis-generating; large studies
reporting on paired samples of normal tissue and tumor
tissue obtained from the same patient are needed to confirm
our observations. Also, it is unclear whether the phenome-
non described herein occurs in other cancers or other genetic
loci, but some caution could be warranted in evaluation of
variants in genomic regions where little is known about the
prevalence of LOH.

In conclusion, our analyses demonstrate that TP53
rs1042522 is unlikely to be associated with breast, colorec-
tal, or endometrial cancer but that a weak association with

lung cancer could exist. Across cancer types, there is com-
pelling evidence that use of genetic material obtained from
tumor tissue to genotype cases can bias the estimate of the
genetic effect, leading to a 20% underestimation of the Pro
allele’s effect; the probability that bias is toward a protective
effect for the Pro allele was at least 95% in our analyses.
This finding, along with laboratory evidence indicating that
LOH at the TP53 locus in many epithelial cancers is nonran-
dom, suggests that studies that used tumor tissue as the
source of genotyping material for cases have been affected
by differential genotype misclassification. In future studies,
the use of tumor tissue as the primary source of genetic
material should be avoided, particularly when the genetic
loci of interest are known to exhibit LOH.
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