Genotype misclassification in genetic association studies of the rs1042522
TP53 (Arg72Pro) polymorphism: a systematic review of studies in breast,
lung, colorectal, ovarian, and endometrial cancer

Submitted by

Issa J. Dahabreh, MD

In partial fulfillment of the requirements for the degree of

Master of Science

in

Clinical and Translational Science

TUFTS UNIVERSITY
Sackler School of Graduate Biomedical Sciences
May, 2011

ADVISER: Dr. Joseph Lau, MD

Abstract
Background: Genetic association studies in oncology often use tumor tissue as the
source of genotyping material for cancer patients. Because tumors exhibit multiple
somatic genetic aberrations, tumor-derived genetic material may not accurately represent
the individual’s constitutional genotype. Loss-of-heterozygosity (LOH) that preferentially
affects one variant allele at a locus may affect genotyping results and lead to differential
misclassification. We hypothesized that preferential loss of the proline (Pro)-encoding
allele at the rs1042522 locus of the TP53 gene (known as Arg72Pro) may cause such
differential misclassification.
Methods: We performed a systematic review of MEDLINE, the Human Genome
Epidemiology Literature Finder, the Genetic Association Database and two locus-specific
databases dedicated to TP53 (last search: March 8th, 2011) to identify studies
investigating the association of rs1042522 with breast, lung, colorectal, ovarian or
endometrial cancer. Data on the populations enrolled, aspects of study design, genotyping
methods used and the genotype distribution in cancer cases and controls were extracted
from eligible studies. Meta-analysis was performed using both maximum likelihood and
Bayesian approaches. For Bayesian analyses, informative priors for the bias effect were
derived from a recently published meta-analysis of the same polymorphism in cervical
cancer.
Results: We identified 161 case-control studies reported in 134 papers. Sixty-nine studies
(28513 cases/31850 controls) investigated breast cancer, 42 (16743 cases/16504 controls)
lung cancer, 26 (7377 cases/10011 controls) colorectal cancer, 16 (1982 cases/5226
controls) ovarian cancer and 8 (726 cases/1292 controls) endometrial cancer. Twenty-two

studies (14%) used tumor tissue as the source of genotyping material for cases. Using
multilevel models incorporating evidence from all 5 cancers, we found strong evidence
that use of tumor tissue was associated with an underestimation of the Pro allele’s effect
by approximately 20% (OR =0.78; 95% confidence interval, CI, 0.69-0.90). Among
studies not using tumor tissue for genotyping we found a significant association between
rs1042522 and lung cancer, OR=1.09 (95% CI, 1.02-1.15). In Bayesian analyses, the use
of tumor tissue was estimated to lead to an underestimation of the genetic effect by 25%30%. The probability that use of cancer tissue is associated with underestimation of the
Pro allele’s “true” effect was more than 95% in all analyses (and higher than 99% in
analyses using informative priors). These results were robust to sensitivity analyses.
Conclusions: Use of tumor tissue as the source of genotyping material for cases is
associated with significant bias in the estimate of the genetic effect in genetic association
studies of rs1042522 with beast, lung, colorectal, ovarian and endometrial cancer. Future
studies should avoid the use of tumor tissue as the source for material for genotyping
cases, particularly for loci that may be affected by LOH.
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Genotype misclassification in genetic association studies of the rs1042522
TP53 (Arg72Pro) polymorphism: a systematic review of studies in breast,
lung, colorectal, ovarian, and endometrial cancer

Introduction
Lung, breast and colorectal cancer jointly account for the majority of new cancer
cases and represent the top three causes of cancer-related mortality in Western countries.12

Breast, ovarian and endometrial cancer are major causes of cancer-related morbidity and

mortality among women.1 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
genes for cancer causation is TP53, a gene encoding for a 53kD transcription factor
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 cancer types.5 In addition, the majority of epithelial
cancers have been shown to carry somatic TP53 aberrations, mainly mutations of the
DNA binding domain of the p53 protein.6 In cases where TP53 mutations are not present,
p53 function is often abrogated either through loss-of-heterozygosity (LOH) by deletion
or methylation of the 17p locus, or through abrogation of the function of p53 downstream
effectors. The high frequency of p53 inactivation in human cancers highlights the
importance of the p53 tumor suppressor function; for this reason it has been called the
“guardian of the genome”.7
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These observations have provided a strong biological rational to the hypothesis
that high frequency functional TP53 polymorphisms may contribute to the population
risk of developing common cancers.4 Most studies have focused on a non-synonymous
TP53 polymorphism in exon 4, where a cytosine (C, variant allele) to guanine (G)
substitution results in the substitution of proline (Pro) for arginine (Arg) at codon 72 of
the p53 protein (Arg72Pro, refSNP number: rs1042522).8 There exists evidence to
suggest that the two variant alleles at this locus code for p53 protein isomorphs that differ
in their capacities to induce target gene transcription, their interaction with p73 (another
tumor suppressor protein), their targeting of the proteasome, and their susceptibility to
degradation by human papillomavirus E6 protein.9-11 These observations have provided
the rationale for a large number of genetic association studies investigating rs1042522 as
a risk factor for various human malignancies.12 However, most studies published to date
have had small sample sizes, rendering them underpowered to detect small genetic effect
sizes, and have often produced contradicting results.
In cervical cancer, where initial evidence suggested a strong protective effect for
the Pro-encoding allele13, a recent meta-analysis of individual patient data failed to
identify any association with cancer risk.14 Intriguingly, a subgroup analysis suggested
that the protective effect for the Pro-encoding allele was present in studies that used
tumor tissue for genotyping cancer cases. Several lines of evidence indicate that epithelial
cancers preferentially retain the Arg-encoding allele. This phenomenon, which represents
non-random LOH, could cause directional genotype misclassification affecting only
studies using tumor tissue for genotyping cases.15-19
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We performed a systematic review of studies investigating rs1042522 and the risk
for five common epithelial cancers: breast, lung, colorectal, ovarian and endometrial
cancer. We used maximum likelihood and Bayesian methods to explore the genetic effect
of this polymorphism in common human cancers and to evaluate whether a systematic
bias, due to differential genotype misclassification, has affected study results across
cancer subtypes.
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Methods
Search strategy and eligibility criteria
We considered three common epithelial cancers, which have been extensively
investigated in association with the rs1042522 polymorphism: lung, breast and colorectal
cancer. In addition, we considered studies of ovarian and endometrial cancer, because
these cancers represent a major source of morbidity for women. All five cancers have
high public health importance because of their high incidence and associated mortality; in
addition, they are all known to frequently exhibit LOH at the TP53 locus.
We searched the MEDLINE database (through PubMed, last search: March 8th,
2011), to identify genetic association studies of the rs1042522 polymorphism and breast,
lung, colorectal, endometrial and ovarian cancer. We used combinations of the following
keywords and their synonyms: “TP53”, “colorectal cancer”, “breast cancer”, “lung
cancer”, “endometrial cancer”, “ovarian cancer”, “Arg72Pro”, and “rs1042522”. The full
search strategy is available in Appendix Document 1. These searches were
complemented by searches of the Genetic Association Database20 (GAD, last search:
March 8th, 2011) and the Human Genome Epidemiology Network’s Literature Finder
(HuGe Net, last search: March 8th, 2011).21 We also used two TP53-specific databases
that, in addition to collecting data on TP53 mutations, provide information on TP53
polymorphisms: the International Agency for Research on Cancer TP53 database22-23
(http://www-p53.iarc.fr/) and the p53 Website24-25 (http://p53.free.fr/). Finally, we handsearched the reference lists of all identified eligible articles, reviews relevant to our topic
and meta-analyses of genetic association studies of the TP53 polymorphisms.
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Studies were considered eligible if they used genotyping methods to determine
rs1042522 genotype in patients with breast, lung, colorectal, ovarian or endometrial
cancer and in controls with no neoplastic disease. We only considered studies with an
analytical epidemiologic design (case control, nested case control or cohort). Studies had
to genotype individual samples corresponding to each participant; studies using DNA
pooling methods were excluded.26-27 When multiple studies reported on overlapping
patient groups, 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 demographic characteristics among otherwise eligible
studies. We excluded studies where all individuals had hereditary mutations. For
example, we excluded studies enrolling exclusively BRCA1 or BRCA2 mutation carriers,
studies of individuals with familial adenomatous polyposis coli (FAP) or individuals with
hereditary non-polyposis colorectal cancer (HNPCC). We also did not consider familybased studies due to different design and analysis considerations. To limit local literature
bias, we only considered studies published in English.28 Finally, we did not consider
editorials, narrative reviews, letters to the editor, or other manuscripts not reporting
primary research results.
Data extraction
One reviewer (IJD) screened all abstracts to identify potentially eligible studies
and a second reviewer (VV) independently screened abstracts excluded by the first;
studies considered potentially eligible by at least one of the reviewers were retrieved and
reviewed in full text. One reviewer (IJD) extracted the following information from each
eligible study: author, year and journal of publication, number of cases and controls,
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participant ethnicity, study design (case-control or cohort), whether cases and controls
were matched (for case-control studies), whether controls were sampled from specific
disease groups, the genotyping method used (RFLP versus all other methods), whether
any genotyping quality control process was employed (defined as repeat genotyping of all
or a subset of samples either with the same or an alternative genotyping method), and
whether genotyping was performed blind to the case-control 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 (VV) verified all extracted information and discrepancies were
resolved by consensus, involving a third reviewer (TAT).
Evidence synthesis
From each study we calculated the odds ratio (OR) for the genetic effect of the
Pro-encoding allele and its variance under an allele frequency comparison (Pro- versus
Arg-encoding allele) to ensure consistency and the inclusion of the maximum number of
studies. For each cancer, summary odds ratios and their 95% confidence interval (CI)
were calculated using random effects models (DerSimonian-Laird).29-30 This model
incorporates between-study heterogeneity in the summary estimate of the genetic effect
and – in the presence of heterogeneity – will result in wider CIs around this estimate,
compared to fixed effects models.31 Between-study heterogeneity was assessed using
Cochran’s chi-square-based Q statistic and the I2 index.32-33 Heterogeneity was considered
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statistically significant at pQ<0.1. The I2 index takes values ranging from 0 to 100%, with
higher values suggesting greater inconsistency between studies.
For each of the cancers investigated, subgroup analyses were performed by
stratifying studies on the following study-level characteristics: ethnicity of participants
(White versus East Asian, excluding other ethnicities), control selection (healthy versus
non-cancer disease controls), use of genotyping quality control (yes versus no/not
reported), blind genotyping (yes versus no/not reported), use of cancer tissue as the
source of genetic material for case genotyping (yes versus no). We also estimated the
effect of these study-level covariates on the genetic effect using random effects metaregression.34-35 In view of the evidence that using tumor tissue as the source of
genotyping material for cases may introduce bias, subgroup and meta-regression analyses
were only performed among studies that used more appropriate sources of genotyping
material.
We also used a generalized linear mixed effects model meta-analysis approach to
evaluate the effect of using cancer tissue as the source of material for case genotyping
across cancers. Briefly, we fit a two-level logistic regression model using maximum
likelihood to take into account clustering of patients within studies (i.e. the first level
accounted for variation within study and the second level for variation between studies)
and we modeled the effect of genotyping tumor tissue (for cases) as an interaction term,
i.e. a factor modifying the genetic effect across cancers.36-37 In all such analyses, the
genetic effect of rs1042522 was allowed to differ between cancers. Details about the
modeling approach are presented in Appendix Document 3.
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We also implemented the same model using a Bayesian two-level logistic
regression model,38 which enabled us to incorporate prior information on the bias arising
from using cancer tissue for genotyping.39-40 The prior was developed from results of a
recent individual-patient data (IPD) meta-analysis of the association between rs1042522
and cervical cancer.14 As a sensitivity analysis for the effect of using alternative prior
specifications, we also evaluated results when using a non-informative prior for the bias
effect.
Bayesian models were estimated using Markov Chain Monte Carlo (MCMC). For
each model we ran 3 MCMC chains for a total of 100,000 iterations, using a burn in of
10,000. Convergence of the MCMC chains was checked by the Brooks-Gelman-Rubin
criteria41-42 and by inspection of trace plots. We evaluated the fit of the Bayesian models
based on the summary Deviance Information Criterion (DIC) as well as inspection of
shrinkage plots (graphs of posterior estimates for model parameters plotted along with the
prior study estimates). DIC is a deviance measure of goodness of fit equal to the posterior
mean of minus twice the log likelihood, penalized by an estimate of the effective number
of parameters in the model. The DIC is a Bayesian measure analogous to the Akaike
Information Criterion used in classical analysis, but which can also be applied to
hierarchical models. It penalizes the likelihood for addition of parameters so that models
of different complexity can be appropriately compared.43
Sensitivity analyses and assessment of bias
We assessed whether studies producing more precise estimates (larger studies)
produced different results compared to studies producing less precise estimates (smaller
studies) using the Harbord modification of the Egger regression-based test.44-45 These
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tests are often erroneously referred to as “publication bias” tests, however, the term tests
“for small study effects” (i.e., tests of association between precision and effect size) may
be more appropriate.46
We performed sensitivity analyses using alternative prior distributions for
Bayesian analyses, including alternative distributions for the heterogeneity parameter (τ2).
These analyses produced quantitatively similar results (not presented here), suggesting
that the Bayesian models were not sensitive to choice of priors. We also explored a
Bayesian three-level model (see Appendix Document 3), in which patients were
considered nested within studies and studies were nested within specific cancer topics.
To explore whether a single study affected estimates of the genetic effect in cancer
specific meta-analyses, we repeated the cancer-specific meta-analyses by sequentially
dropping one study from the analysis and repeating the calculations. We also repeated the
cancer-specific meta-analysis calculations using a fixed effects model (MantelHaenszel).47
Software
Statistical analyses were carried out in Stata version 11.1/SE (StataCorp, College
Station, TX), R version 2.11.0 (R Foundation for Statistical Computing, Vienna, Austria),
and WinBugs version 1.4.3 (MRC Biostatistics Unit, Cambridge, UK.). Statistical
significance for frequentist hypothesis tests was defined as a two-sided p-value<0.05 with
no adjustment for multiple comparisons.48 For Bayesian analyses we reported the
medians and 2.5 and 97.5 percentiles of posterior distributions as 95% credibility
intervals (CrI).
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Results
Eligible studies
Our searches retrieved a total of 7268 unique citations from Medline, HuGE Net
Literature Finder, and the TP53-related databases searched. 6888 citations were excluded
after screening titles and abstracts and 380 were retrieved and reviewed in full text. Of
these, 246 were excluded. The most common reasons for exclusion were inclusion of
cases only, assessment of irrelevant genes or polymorphisms, non-cancer conditions or
cancers other than breast, lung, colorectal, ovarian or endometrial (a detailed list of
reasons for exclusion is presented in Figure 1). Overall, 134 articles were considered
eligible for this review. Figure 1 presents the details of the search flow and Appendix
Document 2 presents a list of included studies.
In total, the eligible manuscripts reported on 161 case-control sub-studies (some
articles presented data on cases and controls sampled from different populations or
reported on multiple cancers). We treated these 161 sub-studies as separate strata
(“studies”) in our analyses because they pertained to different study bases (typically
sampled from different geographic locations or belonging to different ethnicities).
Overall, 69 studies investigated the association of rs1042522 with breast cancer (28,513
cases/31,850 controls), 42 with lung cancer (16,743 cases/16,504 controls), 26 with
colorectal cancer (7377 cases/10,011 controls), 16 with ovarian cancer (1982 cases/5226
controls) and 8 with endometrial cancer (726 cases/1292 controls). Ninety-seven (60%)
studies reported on predominantly white populations, 35 (22%) reported on East Asian
populations, 4 (2%) on black populations, 5 (3%) on Hispanic populations, and 20 (12%)
on populations of mixed or other ethnicities. Table 1 presents the characteristics of
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eligible studies stratified by the cancer investigated, including details regarding the
genotyping methods.
All studies included in our analyses had a case-control design. Seventy-three
(45%) of the studies reported matching participants for at least one characteristic; age and
sex (in lung and colorectal cancer studies) were the most common matching
characteristics. The majority of studies enrolled healthy controls (n=124, 77%) and the
remaining (n=37; 23%) studies used non-neoplastic disease controls. Studies were
published between 1991 and 2011. The median number of cases was 138 (25th percentile
= 78; 75th percentile = 288); studies in breast cancer were larger compared to studies in
lung or colorectal cancer. The median number of controls was 211 (25th percentile = 109;
75th percentile=434); breast cancer studies tended also to have larger control groups.
Overall the number of participants increased over time; the Spearman test p-value was
<0.001 both for the number of cases and controls.
Genotyping methods
Very few studies reported that genotyping was blinded to the case-control status
of individuals (n=22, 14%). Genotyping quality control procedures were employed in 64
(40%) of the studies. Genotyping was through RFLP-based methods in most studies (75,
47%). Twenty-two of the studies (14%) used tumor tissue as the source of genotyping
material for cases. Specifically, 9 studies on breast cancer, 3 on lung cancer, 6 on
colorectal 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 that would ensure the presence of an adequate amount of normal tissue
(such as pathological examination or micro-dissection).
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rs1042522 and cancer risk
Random effects meta-analyses using all 161 studies found no significant effect for
the Pro allele for breast cancer [OR=0.97 (95% CI, 0.92-1.02)], colorectal cancer
[OR=1.05 (95% CI, 0.94-1.17)], ovarian cancer [OR=1.05 (95% CI, 0.93-1.18)] or
endometrial cancer [OR=1.02 (95% CI, 0.83-1.26)], but did find some evidence of an
increase in the risk of lung cancer [OR=1.07 (95% CI, 1.01-1.14)]. The meta-analyses of
breast, lung and colorectal cancer found substantial between-study heterogeneity: the pvalue of the Q-statistic was <0.001 in all three cases and the I2 index values were 59%
(95% CI, 47%-69%), 58% (95% CI, 41%-70%) and 75% (95% CI, 63%-83%) for breast,
lung and colorectal cancer, respectively. Heterogeneity was less pronounced in the
ovarian and endometrial cancer meta-analyses. The Q-statistic p-values were 0.04 and
0.11 and the I2 values were 42% (95% CI, 0%-68%) and 40% (95% CI, 0%-74%),
respectively.
Figure 2 presents the summary estimates for the effect of rs1042522 on cancer
risk, stratified by cancer and the tissue used for case genotyping. The studies using tumor
tissue for case genotyping had summary ORs of 0.78 (95% CI, 0.58-1.04), 0.70 (95% CI,
0.43-1.12), 0.88 (95% CI, 0.60-1.27), 0.47 (95% CI, 0.30-0.74) and 0.73 (95% CI, 0.381.43) for breast, lung, colorectal ovarian and endometrial cancer, respectively. In contrast,
subgroup analyses suggested that studies using more appropriate sources of material for
case genotyping demonstrated no significant association for breast, colorectal, or
endometrial cancer, OR=0.98 (95% CI, 0.94-1.03), OR=1.09 (95% CI, 0.97-1.22) and
OR= 1.10 (95% CI, 0.91-1.33) respectively, and even suggested an increased risk for
lung, OR=1.09 (95% CI, 1.03-1.16; p=0.003), and ovarian cancer, OR = 1.10 (95% CI,
1.01-1.19; p=0.031). It is evident that studies using tumor tissue suggest a protective
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effect for the Pro allele (statistically significant only for ovarian cancer; p=0.001)
whereas studies using other sources of genotyping material either found no effect (for
breast, colorectal and endometrial cancer) or even indicated an increased risk for the Pro
allele (for lung and ovarian cancer). Forest plots for each cancer separately are presented
in Appendix Figures 1 to 5.
Based on meta-regression analyses for each cancer, the relative OR comparing
studies using tumor tissue with those using other sources of genotyping material was 0.82
(95% CI, 0.65-1.03) for breast cancer, 0.67 (95% CI, 0.47-0.96) for lung cancer, 0.81
(95% CI, 0.58-1.12) for colorectal cancer, 0.43 (95% CI, 0.27-0.67) for ovarian cancer
and 0.69 (95% CI, 0.41-1.17) for endometrial cancer, in all cases suggesting that studies
using tumor tissue tend to produce lower ORs for the Pro allele, i.e., that these studies
systematically underestimate the genetic effect of the Pro allele.
Assessment of the bias effect across cancers
To further explore and quantify the bias arising from using cancer tissue as the
source of genotyping materials, we used a multilevel model that allowed us to borrow
strength by combining information across cancers. The details of the modeling approach
are presented in Appendix Document 3; it is important to note that although the bias
effect is assumed to be common across cancers, the genetic effect (adjusted for any
genotyping bias) of the Pro allele is allowed to differ across cancers. Using a two-level
mixed effects logistic regression model, we estimated this common bias effect to have a
relative OR = 0.78 (95% CI, 0.69-0.90) with a p-value<0.001. This result suggests that
studies using tumor tissue will underestimate the genetic effect of the Pro-allele by
approximately 20%. Figure 3 presents the summary estimates for the effect of rs1042522
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on cancer risk, stratified by cancer and the tissue used for case genotyping from the
multilevel model fit using maximum likelihood.
To allow direct probabilistic statements to be made based on the model
incorporating information from all cancers, we also used a Bayesian approach with an
informative prior. The prior was derived from the subgroup estimates (by source of DNA
for genotyping) from an individual patient data meta-analysis of rs1042522 and cervical
cancer risk.14 In this analysis the bias effect was estimated to be 0.78 (95% CrI, 0.700.88). Table 4 presents the meta-analysis results for this model. The posterior probability
that use of tissue for genotyping cases is associated with an underestimation of the Pro
allele’s effect, i.e., the probability that using cancer tissue as a source of genotyping
material leads to underestimation of the “true” genetic effect of the Pro allele, was
estimated to be higher than 99%. Using a non-informative prior, the results were very
similar: the bias was estimated to have a relative OR=0.79 (95% CrI 0.69-0.89) and the
posterior probability of the effect being lower than 1 was estimated to be >99% (Table 5).
As expected, estimates of the bias effect from models using non-informative priors are
very close to those from maximum likelihood estimation. Appendix Figure 6 presents
the posterior distributions for the summary OR of each cancer and the bias effect. For
Bayesian analyses, model convergence was adequate as was evident from the GelmanRubin statistics for each model parameter (all values <1.01), the multivariate GelmanRubin statistic for each model (all values<1.01) and the graphical assessment of trace
plots. Appendix Figure 7 presents the trace plot corresponding to the 2-level Bayesian
model discussed above.
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Other modifiers of the genetic effect
To assess whether other covariates modified the genetic effect of the Pro allele,
we used subgroup and univariable meta-regression analyses, separately for each cancer of
interest, for the following study-level characteristics: participant ethnicity, study design,
control selection methods, the specific genotyping method used, whether genotyping
quality control procedures were used and whether investigators were blind to the
case/control status of participants. Given the potential for bias in studies using tumor
tissue for genotyping cases, such studies were excluded from these analyses.
Overall, the results of stratified and regression analyses did not indicate any
significant modification of the genetic effect by the majority of covariates assessed;
Appendix Tables 1-6 present the results of subgroup and meta-regression analyses
results. Potential exceptions were ethnicity and use of RFLP genotyping methods in
studies of colorectal cancer and whether the genotype frequencies of the control group
were in HWE in studies of breast, colorectal and endometrial cancer. Specifically, in
studies of colorectal cancer the genetic effect of the Pro-allele appeared to be stronger in
studies of East Asian participants [relative OR = 1.21 (95% CI, 1.03-1.44; pvalue=0.023)], studies using RFLP genotyping methods [relative OR = 1.31 (95% CI,
1.04-1.65; p-value=0.023)], and studies where the control group genotype frequencies
were not consistent with HWE [relative OR=2.93 (95% CI, 1.79-4.80; p-value <0.001)].
In studies of breast and endometrial cancer the genetic effect was lower in studies where
the genotype frequencies in the control group deviated from HWE [relative OR = 0.85
(95% CI, 0.73-0.99; p-value =0.042) and 0.60 (95% CI, 0.38-0.94; p-value = 0.026),
respectively].

15

Sensitivity analyses and assessment of bias
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. The Harbord test p-values
were 0.184, 0.071, 0.290, 0.985 and 0.680 for breast, lung, colorectal, ovarian and
endometrial cancer, respectively. Inclusion of studies that used tissue as the source of
genotyping material for cases changed the results for breast and lung cancer towards a
suggestion of a systematic difference between smaller and larger studies (p=0.049 and
0.017, respectively). This finding possibly reflects the fact that studies using tumor tissue
as the source of genotyping material for cases were generally smaller compared to studies
using more appropriate DNA sources.
There was no evidence that the first published study assessing the association of
rs1042522 with any of the cancers we evaluated produced more extreme results
compared to all subsequent studies. The relative ORs comparing the first with all
subsequently published studies on each cancer were 0.92 (95% CI, 0.56-1.51), 0.99 (95%
CI, 0.52-1.87), 0.72 (95% CI, 0.23-2.23), 1.03 (95% CI, 0.56-1.91) and 1.33 (95% CI,
0.15-12.06) for breast lung, colorectal, ovarian and endometrial cancer, respectively. The
corresponding interaction p-values comparing the first with all subsequent published
studies were 0.747, 0.968, 0.549, 0.913 and 0.738 for breast, lung, colorectal, ovarian and
endometrial cancer, respectively.
Sensitivity analyses using alternative prior distributions for Bayesian analyses,
including alternative distributions for the heterogeneity parameter, produced results
similar to the main analyses, highlighting the robustness of our results to model
specification. We also explored fitting a Bayesian three-level model (see Appendix
Document 3), in which patients were considered nested within studies and the specific
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cancer topic was considered as an additional level. Using the informative prior from the
cervical cancer meta-analysis suggested that the posterior probability that use of tumor
tissue for genotyping cases was associated with an underestimation of the Pro-encoding
allele’s genetic effect was again higher than 99% (Table 6). Using a non-informative
prior, this model gave a probability of 97.8% that the bias effect leads to underestimation
of the genetic effect of the Pro allele (Table 7).
Finally, among studies using appropriate sources of genotyping material, leaveone-out meta-analyses and analyses using a fixed effects model produced similar
inferences with our main analyses (data not shown).
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Discussion
TP53 rs1042522 is one of the most commonly investigated variants in cancer
genetic epidemiology.12 This systematic review provides compelling evidence that this
polymorphism is unlikely to be a risk factor for breast, colorectal, ovarian or endometrial
cancer and suggests that the Pro allele at this locus may 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 may have been driven by differential
genotype misclassification, in cases where tumor tissue was used as the source of
genotyping material for cancer cases. We used different analytic approaches that allowed
us to borrow strength across cancers and increase the precision of the estimate of this bias
effect. Based on the published data on all 5 cancers we evaluated, use of tumor tissue
appears to lead to an underestimation of the genetic effect by approximately 20%. The
probability that using tumor tissue actually biases estimates of the genetic effect
downward was higher than 99% when we incorporated prior evidence from a recent
meta-analysis of the same polymorphism in cervical cancer and higher than 96% in all
analyses. The fact that studies using cancer tissue are susceptible to bias is both
biologically plausible and has empirical support from studies in other cancers.
We hypothesize that the misclassification arises due to preferential LOH of the
Pro-allele in heterozygous individuals.15-16, 18-19 A substantial body of research, using
matched samples of peripheral blood (or other sources of genotyping material, including
buccal swabs or saliva) and tumor tissue from cancer patients, demonstrates that LOH at
the TP53 locus is non-random and preferentially involves the Pro-allele. This
phenomenon has been documented in the cancers considered in this review (breast, lung,

18

colorectal, ovarian, endometrial), as well as other cancer types, such as cervical,
urothelial, and head and neck cancer.16-17, 19, 49-52 The biological mechanisms underlying
this phenomenon are largely uncertain, but it appears that the occurrence of TP53
mutations is more common on the DNA strand carrying the Arg-encoding allele.15, 53
This suggests that preferential retention of the Arg-allele may be the result of an antiapoptotic advantage conferred by the TP53 mutation.
From an epidemiological standpoint, our findings are consistent with a large
individual-patient data meta-analysis of 49 studies (7946 cases and 7888 controls)
investigating the association between rs1042522 and cervical cancer risk.14 The metaanalysis concluded: “excess risks were most likely not due to clinical or biological
factors, but to errors in study methods”. Specifically, studies in which the genotype of
cases was determined from white blood cells produced null results; in contrast, studies
where genotype was determined using 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 suggested that the bias towards a protective effect of
the Pro allele operates across cancers.
Our findings suggest 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 may be particularly true for variants in regions where LOH is known to
occur, and may present an important concern for pharmacogenetic studies where the only
available source of genotyping material is often tumor tissue. When the interest is in
identifying germline (i.e. non-somatic) variants potentially associated with treatment
outcomes, it may be prudent to obtain paired normal-tumor samples at least from a
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random sample of participants, in order to establish the extent of LOH as well as to gauge
the effect it may have on the overall study results. Currently, such information is
available only for a minority of genes, based on studies enrolling small numbers of
participants.
When analysis was limited to studies using appropriate sources of material for
genotyping cases, presence of the Pro allele with lung cancer was positively associated
with lung cancer, OR=1.09 (95% CI, 1,02-1.15; p=0.006, based on the multilevel model
fit using maximum likelihood). This finding is consistent with previously published metaanalyses on this association.54-55 However, given the small effect size we observed
(OR=1.09) and the fact that in Bayesian analyses the 95% CrI for the lung cancer OR was
very close to one, further studies may be necessary to confirm our results. Furthermore,
among lung cancer studies, there was some indication of a systematic difference between
smaller and larger studies. Given the substantial between-study heterogeneity (I2=58%)
for this association, both “true” between-study differences and publication bias are
tenable explanations for this discrepancy.46
We found no indication of temporal changes in the summary effect size of each
meta-analysis or indications of any association between the genetic effect and patient
ethnicity or aspects of study design. We also explored the interaction between several
study-level covariates relevant to the genotyping procedures employed and the magnitude
of the genetic effect. There was little evidence that blinding investigators to the
case/control status of samples, use of quality control or specific genotyping methods
influenced the estimate of the genetic effect from individual studies.
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Aspects of the genotyping process, such as the selection of samples, their
procurement and the specific genotyping method used, have received relatively little
attention compared to other aspects of study design.56-57 However, these issues have come
to the forefront in the era of genome-wide association studies because, with increasing
sample sizes, even small effects from genotyping errors can reach statistical significance
and distort study results.58 The present work identifies a source of bias that appears to
have affected the results of candidate gene studies. The extent to which similar issues
may be present for other genetic loci is unknown.
Our work has several strengths: first, we used a comprehensive search strategy
across multiple databases and identified a large number of informative studies for our
analyses. Second, we believe there is little potential of selective reporting bias to have
affected our results as only a few otherwise eligible studies were excluded due to inability
to extract genotype data. Most importantly, we were able to extract information on the
source of genotyping material from all studies (i.e. the relevant information was always
reported), indicating that misclassification of this variable in our dataset is unlikely.
Third, our finding that use of cancer tissue as a source of genotyping material may lead to
underestimation of the Pro allele effect was consistent across cancers and robust to the
use of alternative analytical approaches.
Several limitations need to be considered when interpreting our results. Our
analysis was based on published data, preventing any statistical adjustment for individual
level factors that might modify the genetic effect, such as gender (mostly for lung and
colorectal cancer), age or smoking (a major determinant of lung cancer risk). However,
we note that the potential for confounding bias is limited due to the random assortment of
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alleles at meiosis (Mendelian randomization).59 Furthermore, we could not assess geneenvironment interactions because data on potential exposures of interest were unavailable
from most studies. Nonetheless, it is unlikely that such factors would also influence the
estimate of the bias effect. Finally, our findings should primarily be viewed as hypothesis
generating; large studies reporting on paired samples of normal and tumor tissue obtained
from the same patients are needed to definitively confirm our observations.
In conclusion, our analyses demonstrate that TP53 rs1042522 is unlikely to be
associated with breast, colorectal or endometrial cancer; however a weak association with
lung and ovarian cancer may exist. Across cancer types, there is compelling evidence that
using genetic material obtained from tumor tissue to genotype cases can bias the estimate
of the genetic effect, leading to a 25% underestimation of the Pro allele’s effect; the
probability that bias is towards 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 non-random, suggests that studies using tumor
as the source of genotyping material for cases have been affected by differential genotype
misclassification. Future studies, particularly when the genetic loci of interest are known
to exhibit LOH, should avoid the use of tumor tissue as the primary source of genetic
material.
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Tables
Table 1
Characteristics of eligible studies.a
Study characteristics

Number of cases/
controls
Median number of
cases
25th – 75th percentile
Median number of
controls
25th – 75th percentile
Ethnicity
White
East Asians
Black
Latinos
Others/ mixed/ NR
Control selection
Healthy
Diseased
Matched Controls
Yes
No/ not applicable
Blinding to casecontrol status
Yes
No/NR
Use of genotyping QC
Yes
No/NR
Genotyping methods
RFLP
Other methods
HWE
Compliant
In violation
Use of tumor tissue
for genotypingb
Yes
No

Breast
cancer
(69 studies)
28513/
31850
175

Lung
cancer
(42 studies)
16743/
16504
147

Colorectal
cancer
(26 studies)
7377/ 10011

Ovarian
cancer
(16 studies)
1982/ 5226

Endometrial
cancer
(8 studies)
726/ 1292

All studies
(161 studies)

121

109

94

55341/
64883
138

94-468
218

91-307
176

76-345
220

48-193
281

43-118
78

78-288
211

109-500

133-379

140-347

74-446

31-310

109-434

46 (67)
10 (14)
1 (1)
1 (1)
11 (16)

16 (38)
13 (31)
2 (5)
3 (7)
8 (19)

16 (62)
8 (31)
0 (0)
1 (4)
1 (4)

13 (81)
2 (13)
1 (6)
0
0

6 (75)
2 (25)
0
0
0

97 (60)
35 (22)
4 (2)
5 (3)
20 (12)

61 (88)
8 (12)

23 (55)
19 (45)

19 (73)
7 (27)

15 (94)
1 (6)

6 (75)
2 (25)

124 (77)
37 (23)

32 (46)
37 (54)

23 (55)
19 (45)

10 (38)
16 (62)

6 (37)
10 (63)

2 (25)
6 (75)

73 (45)
88 (55)

8 (12)
61 (88)

9 (21)
33 (79)

3 (12)
23 (88)

2 (12)
14 (88)

0
8 (100)

22 (14)
139 (86)

25 (36)
44 (64)

17 (40)
25 (60)

11 (42)
15 (57)

9 (56)
7 (44)

2 (25)
6 (75)

64 (40)
97 (60)

33 (48)
36 (52)

24 (57)
18 (43)

13 (50)
13 (50)

2 (12)
14 (88)

3 (36)
5 (63)

75 (47)
86 (53)

54 (78)
15 (22)

36 (86)
6 (14)

24 (92)
2 (8)

13 (81)
3 (19)

7 (88)
1 (12)

134 (83)
27 (17)

9 (13)
60 (87)

3 (7)
39 (93)

6 (23)
20 (77)

2 (12)
14 (88)

2 (25)
6 (75)

22 (14)
139 (86)

a

Unless otherwise stated, numbers indicate the number of studies and % of studies that had each
characteristic of interest.
b
In all cases, studies provided adequate data to evaluate the source of DNA for case genotyping.
HWE = Hardy-Weinberg equilibrium; NR = not reported; QC = quality control; RFLP = restrictionfragment length polymorphism.
Percentages have been rounded to the nearest integer. Percentages may not sum up to one due to rounding.
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Table 2
Meta-analysis results for breast, lung, colorectal, ovarian, and endometrial cancer
using a random effects model (DerSimonian-Laird), separately for each cancer.
Subgroup

Breast cancer

All studies

0.97 (0.92-1.02);
<0.001, 59%
0.98 (0.94-1.03);
<0.001, 56%

Lung cancer

Colorectal
cancer
OR (95% CI); pQ, I2
1.07 (1.01-1.14);
1.05 (0.94-1.17);
<0.001, 58%
<0.001, 75%
1.09 (1.03-1.16);
1.09 (0.97-1.22);
<0.001, 54%
<0.001, 75%

Ovarian cancer

Endometrial
cancer

1.05 (0.93-1.18);
0.042, 42%
1.10 (1.01-1.20);
0.534, 0%

1.02 (0.83-1.26);
0.110, 40%
1.10 (0.91-1.33);
0.265, 22%

Studies with
somatic DNA used
for case genotyping
Studies using
0.78 (0.58-1.04);
0.70 (0.43-1.12);
0.88 (0.60-1.27); 0.47 (0.30-0.74);
tumor tissue for
<0.001, 68%
0.06, 65%
0.002, 74%
0.549, 0%
case genotyping
CI = confidence interval; OR = odds ratio; pQ = p-value of Cochran’s Q statistic.

0.73 (0.38-1.43);
0.103, 62%
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Table 3
Meta-analysis results for breast, lung, colorectal, ovarian, and endometrial cancer
using a 2-level mixed effects logistic regression (maximum likelihood) model.
Cancer

Studies using
appropriate DNA
sources
OR (95% CI)
0.98 (0.94-1.03)
1.09 (1.02-1.15)
1.10 (0.97-1.25)
1.05 (0.94-1.18)
1.09 (0.91-1.30)

Breast cancer
Lung cancer
Colorectal cancer
Ovarian cancer
Endometrial cancer
Bias effect
(across cancers)
CI = confidence interval; OR = odds ratio.

p-value
0.484
0.006
0.155
0.362
0.363

Studies using tumor
tissue
OR (95% CI)
0.77 (0.68-0.88)
0.86 (0.74-0.99)
0.86 (0.73-1.01)
0.83 (0.70-0.98)
0.85 (0.69-1.05)

pvalue
<0.001
0.025
0.074
0.025
0.133

0.78 (0.69-0.90), p<0.001
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Table 4
Meta-analysis results for breast, lung, colorectal, ovarian, and endometrial cancer
using a 2-level mixed effects logistic regression (Bayesian implementation) model
(informative prior).
Cancer

Studies using
appropriate DNA sources
OR (95% CrI)
0.99 (0.94-1.03)
1.08 (1.00-1.16)
1.09 (0.99-1.20)
1.04 (0.91-1.19)
1.08 (0.88-1.32)

Studies using tumor tissue
OR (95% CrI)

Breast cancer
0.77 (0.68-0.87)
Lung cancer
0.85 (0.74-0.97)
Colorectal cancer
0.86 (0.75-0.98)
Ovarian cancer
0.82 (0.68-0.97)
Endometrial cancer
0.84 (0.67-1.06)
Bias effect
0.78 (0.70-0.88)
(across cancers)
*
Probability bias <0
>0.999
CrI = credibility interval; OR = odds ratio.
*
This effectively expresses the probability that use of tumor tissue as the source of genotyping material for
cases leads to underestimation.
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Table 5
Meta-analysis results for breast, lung, colorectal, ovarian, and endometrial cancer
using a 2-level mixed effects logistic regression (Bayesian implementation) model
(non-informative prior).
Cancer

Studies using
appropriate DNA sources
OR (95% CrI)
0.99 (0.94-1.04)
1.08 (1.00-1.17)
1.09 (0.99-1.20)
1.05(0.92-1.19)
1.08 (0.88-1.32)

Studies using tumor tissue
OR (95% CrI)

Breast cancer
0.78 (0.68-0.88)
Lung cancer
0.85 (0.74-0.98)
Colorectal cancer
0.86 (0.75-0.99)
Ovarian cancer
0.83 (0.69-0.99)
Endometrial cancer
0.85 (0.68-1.06)
Bias effect
0.79 (0.69-0.89)
(across cancers)
*
Probability bias <0
>0.999
CrI = credibility interval; OR = odds ratio.
*
This effectively expresses the probability that use of tumor tissue as the source of genotyping material for
cases leads to underestimation of the genetic effect of the Pro-allele.
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Table 6
Meta-analysis results for breast, lung, colorectal, ovarian, and endometrial cancer
using a 3-level mixed effects logistic regression (Bayesian implementation) model
(informative prior).
Cancer

Studies using
appropriate DNA sources
OR (95% CrI)
1.07 (0.98-1.20)
1.08 (1.01-1.14)
1.00 (0.94-1.05)
1.06 (0.98-1.16)
1.06 (0.93-1.25)

Studies using tumor tissue
OR (95% CrI)

Breast cancer
0.85 (0.69-1.08)
Lung cancer
0.74 (0.56-0.92)
Colorectal cancer
0.81 (0.69-0.97)
Ovarian cancer
0.68 (0.41-0.87)
Endometrial cancer
0.75 (0.52-1.03)
Bias effect
0.76 (0.63-0.90)
(across cancers)
*
Probability bias <0
0.997
CrI = credibility interval; OR = odds ratio.
*
This effectively expresses the probability that use of tumor tissue as the source of genotyping material for
cases leads to underestimation of the genetic effect of the Pro-allele.
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Table 7
Meta-analysis results for breast, lung, colorectal, ovarian, and endometrial cancer
using a 3-level mixed effects logistic regression (Bayesian implementation) model
(non-informative prior).
Cancer

Studies using
appropriate DNA sources
OR (95% CrI)
1.07 (0.98-1.20)
1.08 (1.02-1.15)
0.99 (0.94-1.05)
1.06 (0.98-1.17)
1.06 (0.93-1.27)

Studies using tumor tissue
OR (95% CrI)

Breast cancer
0.85 (0.68-1.10)
Lung cancer
0.73 (0.54-0.92)
Colorectal cancer
0.81 (0.68-0.98)
Ovarian cancer
0.65 (0.39-0.87)
Endometrial cancer
0.75 (0.50-1.02)
Bias effect
0.75 (0.51-0.99)
(across cancers)
*
Probability bias <0
0.978
CrI = credibility interval; OR = odds ratio.
*
This effectively expresses the probability that use of tumor tissue as the source of genotyping material for
cases leads to underestimation of the genetic effect of the Pro-allele.
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Figures
Figure 1
Search strategy and study eligibility flow.
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Figure 2
Summary meta-analysis results for breast, lung, colorectal, ovarian and endometrial
cancer, stratified by the source of genotyping material for cases.

This forest plot summarizes the results of meta-analyses for each of the cancers of interest, stratified by the
source of material used for case genotyping. Results are derived from random effects meta-analysis for
each subset of studies (DerSimonian-Laird model). Point estimates from studies using appropriate DNA
sources are shown as black squares and point estimates from studies using tumor tissue as the source of
genotyping material are shown as white circles. Extending lines represent the 95% confidence interval of
each estimate.
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Figure 3
Summary meta-analysis results for breast, lung, colorectal, ovarian and colorectal
cancer stratified by the source of genotyping material for cases. Estimates were
derived from a 2-level logistic regression model fitted using maximum likelihood.

This forest plot summarizes the results of meta-analyses for each of the cancers of interest, stratified by the
source of material used for case genotyping. Results are derived from a 2-level mixed effects logistic
regression model that incorporated evidence from all cancers to estimate the bias effect. Point estimates
from studies using appropriate DNA sources are shown as black squares and point estimates from studies
using tumor tissue as the source of genotyping material are shown as white circles. Extending lines
represent the 95% confidence interval of each estimate. Note the change in scale compared to Figure 2;
summary point estimates for each subgroup from the multilevel model are in most cases similar to the
cancer-specific analyses (Figure 2), however precision is greatly increased.

32

Appendix documents
Appendix Document 1: Search strategies.

MEDLINE
(tp53[All Fields] OR p53[All Fields] OR p-53[All Fields] OR tp-53[All Fields]) AND
("neoplasms"[MeSH Terms] OR "neoplasms"[All Fields] OR "cancer"[All Fields] OR
carcinoma* OR cancer OR cancer? OR neoplasm* OR adenocarcinoma*)
AND (("polymorphism, genetic"[MeSH Terms] OR ("polymorphism"[All Fields] AND
"genetic"[All Fields]) OR "genetic polymorphism"[All Fields] OR "polymorphism"[All
Fields]) OR arg72pro[All Fields] OR arg72[All Fields] OR pro72[All Fields] OR
pro72arg[All Fields] OR rs1042522[All Fields] OR variant* OR variati* OR
"haplotypes"[MeSH Terms] OR "haplotypes"[All Fields] OR "haplotype"[All Fields] OR
polymorph*)

Human Genome Epidemiology Literature Finder
Database: www.hugenavigator.net
Search criteria: All publications>>TP53, TP53I3, TP53BP2, TP53RK, TP53INP1,
TP53AIP1[Gene]>>Mammary Neoplasms, Invasive Ductal Breast Carcinoma,
Carcinoma, Endometrioid, Noninfiltrating Intraductal Carcinoma, Carcinoma, NonSmall-Cell Lung, Colonic Neoplasms, Colorectal Neoplasms, Hereditary Nonpolyposis
Colorectal Neoplasms, Endometrial Neoplasms, Neoplasm of lung (disorder),
Neoplasms, Hormone-Dependent, ovarian neoplasm, Rectal Neoplasms, Small cell
carcinoma of lung[Mesh]
Note: In addition to TP53, we searched for genes belonging to the p53 pathway to
increase the sensitivity of the search (in studies of these genes TP53 polymorphisms are
also often investigated).

Other databases (International Agency for Research on Cancer TP53 database, the p53
Website, Genetic Association Database)
These databases provide annotated bibliography lists; as such, no specific search strategy
was constructed.
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Appendix Document 3: Model specification for maximum likelihood and Bayesian
analyses.
2-level model (cancer as a covariate)
We wanted to examine the effect of using DNA isolated from tumor tissue vs.
normal tissue on the association of the Arg72Pro polymorphism with five common
epithelial cancers (lung, breast, colorectal, ovarian, endometrial). Because of loss-ofheterozygosity (LOH), associations in tumor tissue are spurious (biased). We assumed
that LOH has the same effect (biases the association by a similar amount) across the three
cancer topics; however, we allowed the genetic effect to be different for each cancer
subtype.
We specified a two level model: the first level was the patient. The second level is
the study. At the second level we have parameters that are common across all five cancer
topics. Subscript i = [1,2,…,N] denotes the study. N is the number of published studies.
Level one (within studies)
For the cases and controls in the i-th study we assume that the number of Proencoding alleles, r, follows a binomial distribution with probability p (i.e., the true
frequency of the minor allele) out of a sample of size n (the total number of alleles in
each group):

ri cas ~ Bin ( picas , nicase ) and ri con ~ Bin ( picon , nicon )
We assume that the log-transformed odds ratios, d i , of each study

d i  log

picas
picon

log
1 picas
1 picon

are random effects that vary by function of a study specific genetic effect, d i* , and its
modification by explanatory variables x i (an indicator of the use of tumor or normal
tissue for genotyping), wi (an indicator of whether the study investigated lung cancer), z i
(an indicator of whether the study investigated colorectal cancer), v i (an indicator of
whether the study investigated ovarian cancer) and g i (an indicator of whether the study
investigated endometrial cancer); breast cancer is not encoded by an indicator variable
because it serves as the baseline cancer type in this analysis

d i = d i* + btissue  x i + blung ,i  wi + bcolorectal ,i  z i + bovarian ,i  v i + bendometrial ,i  g i
Here btissue, blung, bcolorectal, bovarian and bendmetrial are the regression coefficients for the
indicator variables for use of tumor tissue, lung cancer, colorectal cancer, ovarian cancer
and endometrial cancer, respectively. d * is technically the log odds ratio for breast
cancer studies.
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Level two (study level)
We assume that d * ~ N ( ,  2 ) , blung ~ N ( lung ,  2 ) , bcolorectal ~ N ( colorectal ,  2 ) ,

bo var ian ~ N ( o var ian ,  2 ) , bendometrial ~ N ( endometrial ,  2 ) and log

picon
~ N ( , 2 ) , where
con
1 pi

 is the log-transformed “overall” summary effect in breast cancer and   lung ,
  colorectal ,   o var ian ,   endmetrial are the summary log-transformed effect sizes for
lung, colorectal, ovarian and endometrial cancer, respectively.  is the summary logittransformed frequency of the minor allele in controls (a nuisance parameter).
In this analysis the bias effect was treated as a fixed effect across studies with
prior distribution btissue ~ N (0,106 ) . Analyses where the bias effect was treated as a
random effect across studies produced similar results (not shown).
Non-informative priors for the above formulae:  ~ N (0,106 ) , lung ~ N (0,106 ) ,

colorectal ~ N (0,106 ) , o var ian ~ N (0,106 ) , endometrial ~ N (0,106 ) ,  ~ N (0,106 ) ,
 ~ U (0,10) and  ~ U (0,10) .
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3-level model (cancer topics as an additional level)
We also specified a three level model with the first level within study, second
level within cancer topic study and third level across topics. Again, subscript j  [1, ...,5]
denotes the cancer topic, and subscript i  [1, 2,..., N j ] denotes the study. N j is the
number of published studies for the i-th cancer.

Level 1 (within studies)
For the cases and controls in the i-th study nested within the j-th cancer topic, we
assume that the number of C alleles, r, follows a binomial distribution with probability p
(i.e., the true frequency of the minor allele) out of a sample of size n (the total number of
alleles in each group):
case
con
con
con
ricasj  ~ Bin( picas
 j  , ni  j  ) and ri  j  ~ Bin( pi  j  , ni  j  )

The log-transformed odds ratios, d i j  , of each study nested within a cancer topic
di j   log

picas
 j
1  picas
 j

 log

picon
 j
1  picon
 j

are random effects with cancer-specific means that vary by whether or not the study
employed tumor or normal tissue for genotyping





d i  j  ~ N  j  btissue , j  x i  j  ,  2j .
We also assume that a distribution for the random effects of the cancer specific summary
logit-transformed frequency of the minor allele (a nuisance parameter)
picon
 j
log
~ N (  j , 2j ) .
1  picon
 j
Non-informative priors for the variances are  j ~ U (0,10) and  j ~ U (0,10) .

Level 2 (within cancer topics)
2
),
We assume that the cancer-level bias is a random effect btissue , j ~ N ( tissue ,  tissue

where tissue is the “common” bias effect incurred by the LOH phenomenon across
cancer topics. Similarly, at the cancer-level,  j ~ N ( , 2 ) and  j ~ N (0,106 ) , where 
is the “common” true unbiased effect (log odds ratio) across all cancers.
Priors for the variances in the above formulae:  ~ U (0,10) , and  tissue ~ U (0,10) .
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Level 3 (common parameters across topics)
The prior for he common bias effect incurred by the LOH phenomenon across all
cancers is tissue ~ N (0,106 ) and for the common “true” unbiased genetic effect is

 ~ N (0,106 ) .

47

Appendix Tables
Appendix Table 1
Meta-analysis results for breast cancer, excluding studies using tumor tissue as the
source of genotyping material for cases.
Characteristic
All studies
Ethnicity
Control selection
Matching
Genotyping QC
Blinding
Genotyping method
HWE

Whites
East Asians
Disease controls
Healthy controls
No/NR
Yes
No/NR
Yes
No
Yes
Non-RFLP
RFLP
Compliant
In violation

Studies
(cases, controls)
60 (27728, 31073)
41 (23490, 25646)
7 (2859, 2880)
5 (1485, 1593)
55 (26243, 29480)
31 (16691, 17314)
29 (11037, 13759)
38 (8643, 11923)
22 (19085, 19150)
54 (23323, 25811)
6 (4405, 5262)
30 (20795, 22849)
30 (6933, 8224)
48 (26076, 28120)
12 (1652, 2953)

Heterogeneity
(pQ; I2)
<0.001; 56%
<0.001; 52%
0.055; 51%
0.224; 30%
<0.001; 57%
0.075; 28%
<0.001; 69%
<0.001; 57%
0.001; 55%
<0.001; 58%
0.199; 32%
<0.001; 59%
<0.001; 55%
<0.001; 53%
0.003; 61%

OR (95% CI); p-value
0.98 (0.94-1.03); 0.465
1.02 (0.97-1.07); 0.527
1.04 (0.92-1.16); 0.525
1.13 (0.99-1.28); 0.077
0.97 (0.92-1.02); 0.219
0.98 (0.93-1.03); 0.399
0.98 (0.90-1.06); 0.603
0.95 (0.87-1.02); 0.175
1.01 (0.96-1.07); 0.670
0.98 (0.92-1.03); 0.368
1.01 (0.94-1.09); 0.735
0.97 (0.92-1.03); 0.314
1.00 (0.92-1.09); 0.968
1.01 (0.96-1.05); 0.793
0.84 (0.68-1.00); 0.033

CI = confidence interval; HWE = Hardy-Weinberg equilibrium; OR = odds ratio; pQ = p-value from
Cochran’s Q statistic; QC = quality control; RFLP = restriction fragment length polymorphism.

48

Appendix Table 2
Meta-analysis results for lung cancer, excluding studies using tumor tissue as the
source of genotyping material for cases.
Characteristic
All studies
Ethnicity
Control selection
Matching
Genotyping QC
Blinding
Genotyping method
HWE

Whites
East Asians
Disease controls
Healthy controls
No/NR
Yes
No/NR
Yes
No
Yes
Non-RFLP
RFLP
Compliant
In violation

Studies
(cases, controls)
39 (16522, 16235)
15 (7121, 8596)
12 (8028, 5877)
18 (7209, 7472)
21 (9313, 8763)
18 (8951, 6965)
21 (7571, 9270)
22 (7488, 5545)
17 (9034, 10690)
30 (12125, 11457)
9 (4397, 4778)
16 (10801, 9502)
23 (5721, 6733)
34 (16034, 15519)
5 (488, 716)

Heterogeneity
(pQ; I2)
<0.001; 54%
<0.001; 68%
0.067; 41%
0.230; 19%
<0.001; 67%
0.008; 50%
0.001; 55%
<0.001; 59%
0.018; 47%
<0.001; 55%
0.037; 51%
<0.001; 65%
0.011; 45%
0.003; 45%
<0.001; 82%

OR (95% CI);
p-value
1.09 (1.03-1.15); 0.003
1.04 (0.93-1.14); 0.521
1.13 (1.05-1.21); 0.002
1.15 (1.09-1.21); 0.000
1.03 (0.93-1.12); 0.579
1.10 (1.02-1.18); 0.018
1.08 (1.00-1.17); 0.063
1.07 (0.97-1.17); 0.178
1.10 (1.03-1.17); 0.006
1.09 (1.02-1.16); 0.020
1.09 (0.99-1.19); 0.098
1.09 (1.00-1.18); 0.064
1.09 (1.01-1.18); 0.032
1.10 (1.04-1.15); 0.001
0.95 (0.52-1.38); 0.810

CI = confidence interval; HWE = Hardy-Weinberg equilibrium; OR = odds ratio; pQ = p-value from
Cochran’s Q statistic; QC = quality control; RFLP = restriction fragment length polymorphism.
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Appendix Table 3
Meta-analysis results for colorectal cancer, excluding studies using tumor tissue as
the source of genotyping material for cases.
Characteristic
All studies
Ethnicity
Control selection
Matching
Genotyping QC
Blinding
Genotyping method
HWE

Whites
East Asians
Disease controls
Healthy controls
No/NR
Yes
No/NR
Yes
No
Yes
Non-RFLP
RFLP
Compliant
In violation

Studies
(cases, controls)
20 (6951, 9275)
12 (5273, 6446)
7 (1592, 2669)
7 (1537, 1935)
13 (5414, 7340)
13 (3962, 5272)
7 (2989, 4003)
10 (1620, 2527)
10 (5331, 6748)
17 (5886, 7515)
3 (1065, 1760)
10 (4559, 5788)
10 (2392, 3487)
19 (6865, 9115)
1 (86, 160)

Heterogeneity
(pQ; I2)
<0.001; 75%
0.358; 9%
0.005; 67%
0.218; 28%
<0.001; 83%
0.156; 29%
<0.001; 86%
0.002; 65%
<0.001; 81%
<0.001; 77%
0.033; 71%
0.266; 19%
<0.001; 78%
<0.001; 62%
NA

OR (95% CI);
p-value
1.09 (0.98-1.20); 0.136
0.97 (0.90-1.04); 0.351
1.18 (1.00-1.35); 0.074
1.05 (0.91-1.18); 0.501
1.11 (0.96-1.26); 0.183
0.98 (0.88-1.08); 0.721
1.25 (1.05-1.46); 0.033
1.07 (0.89-1.24); 0.456
1.11 (0.95-1.26); 0.196
1.10 (0.96-1.23); 0.171
1.06 (0.82-1.30); 0.633
0.95 (0.87-1.04); 0.252
1.25 (1.07-1.44); 0.016
1.05 (0.95-1.14); 0.344
3.07 (2.68-3.45); 0.000

CI = confidence interval; HWE = Hardy-Weinberg equilibrium; NA = not applicable; OR = odds ratio; pQ =
p-value from Cochran’s Q statistic; QC = quality control; RFLP = restriction fragment length
polymorphism.
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Appendix Table 4
Meta-analysis results for ovarian cancer, excluding studies using tumor tissue as the
source of genotyping material for cases.
Characteristic
All studies
Ethnicity
Control selection
Matching
Genotyping QC
Blinding
Genotyping method
HWE

Whites
East Asians
Disease controls
Healthy controls
No/NR
Yes
No/NR
Yes
No
Yes
Non-RFLP
RFLP
Compliant
In violation

Studies
(cases, controls)
14 (1892, 5146)
12 (1779, 4711)
1 (68, 95)
1 (45, 340)
13 (1847, 4806)
9 (1091, 2934)
5 (801, 2212)
6 (484, 910)
8 (1408, 4236)
13 (1700, 4691)
1 (192, 455)
12 (1755, 4829)
2 (137, 317)
11 (1512, 4071)
3 (380, 1075)

Heterogeneity
(pQ; I2)
0.534; 0%
0.567; 0%
NA
NA
0.650; 0%
0.674; 0%
0.208; 32%
0.385; 5%
0.560; 0%
0.476; 0%
NA
0.463; 0%
0.575; 0%
0.574; 0%
0.190; 40%

OR (95% CI);
p-value
1.10 (1.01-1.19); 0.031
1.11 (1.02-1.21); 0.019
1.15 (0.69-1.60); 0.558
0.78 (0.32-1.24); 0.281
1.12 (1.03-1.21); 0.016
1.12 (1.01-1.24); 0.050
1.07 (0.90-1.23); 0.437
1.19 (0.99-1.39); 0.086
1.08 (0.98-1.18); 0.131
1.09 (1.00-1.18); 0.063
1.18 (0.91-1.45); 0.224
1.09 (1.00-1.18); 0.071
1.26 (0.96-1.57); 0.135
1.10 (1.00-1.20); 0.065
1.12 (0.87-1.38); 0.372

CI = confidence interval; HWE = Hardy-Weinberg equilibrium; NA = not applicable; OR = odds ratio; pQ =
p-value from Cochran’s Q statistic; QC = quality control; RFLP = restriction fragment length
polymorphism.
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Appendix Table 5
Meta-analysis results for endometrial cancer, excluding studies using tumor tissue
as the source of genotyping material for cases.
Characteristic
All studies
Ethnicity
Control selection
Matching
Genotyping QC
Blinding
Genotyping method
HWE

Whites
East Asians
Disease controls
Healthy controls
No/NR
Yes
No/NR
Yes
No
Yes
Non-RFLP
RFLP
Compliant
In violation

Studies
(cases, controls)
6 (590, 1202)
4 (368, 665)
2 (222, 537)
2 (305, 732)
4 (285, 470)
4 (278, 582)
2 (312, 620)
4 (278, 582)
2 (312, 620)
6 (590, 1202)
none
4 (361, 777)
2 (229, 425)
5 (482, 1107)
1 (108, 95)

Heterogeneity
(pQ; I2)
0.265; 22%
0.739; 0%
0.080; 67%
0.803; 0%
0.114; 50%
0.119; 49%
0.912; 0%
0.119; 49%
0.912; 0%
0.265; 22%
NA
0.700; 0%
0.078; 68%
0.834; 0%
NA

OR (95% CI);
p-value
1.10 (0.91-1.29); 0.338
1.22 (1.01-1.43); 0.068
0.91 (0.46-1.36); 0.682
1.15 (0.94-1.36); 0.193
1.08 (0.69-1.47); 0.697
1.07 (0.69-1.44); 0.735
1.17 (0.94-1.39); 0.175
1.07 (0.69-1.44); 0.735
1.17 (0.94-1.39); 0.175
1.10 (0.91-1.29); 0.338
NA
1.19 (1.00-1.39); 0.080
0.92 (0.44-1.39); 0.716
1.18 (1.01-1.36); 0.055
0.71 (0.29-1.13); 0.104

CI = confidence interval; HWE = Hardy-Weinberg equilibrium; NA = not applicable; OR = odds ratio; pQ =
p-value from Cochran’s Q statistic; QC = quality control; RFLP = restriction fragment length
polymorphism.
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Appendix Table 6
Meta-regression results for breast, lung and colorectal cancer, excluding studies
using tumor tissue as the source of genotyping material for cases.
Cancer
Breast cancer

Contrast
rOR (95% CI)
p-value
East Asians versus Whites 1.02 (0.88-1.17)
0.821
Disease versus healthy controls 0.85 (0.70-1.04)
0.119
Matching versus no matching 1.01 (0.90-1.13)
0.889
Genotyping QC versus no/NR 1.06 (0.95-1.19)
0.304
Blinding verso no/NR 1.04 (0.88-1.22)
0.651
RFLP versus non-RFLP method 1.04 (0.93-1.17)
0.512
Violations versus compliance of HWE 0.85 (0.73-0.99)
0.042
Year of publication (continuous) 0.99 (0.98-1.01)
0.337
Lung cancer
East Asians versus Whites 1.07 (0.91-1.25)
0.415
Disease versus healthy controls 0.90 (0.79-1.02)
0.108
Matching versus no matching 0.99 (0.86-1.12)
0.822
Genotyping QC versus no/NR 1.02 (0.89-1.16)
0.807
Blinding verso no/NR 1.00 (0.86-1.16)
0.977
RFLP versus non-RFLP method 1.00 (0.88-1.15)
0.955
Violations versus compliance of HWE 0.97 (0.76-1.24)
0.818
Year of publication (continuous) 1.01 (0.99-1.02)
0.303
Colorectal cancer
East Asians versus Whites 1.21 (1.03-1.44)
0.023
Disease versus healthy controls 1.05 (0.80-1.40)
0.711
Matching versus no matching 1.25 (0.98-1.61)
0.077
Genotyping QC versus no/NR 1.04 (0.80-1.36)
0.754
Blinding verso no/NR 0.97 (0.68-1.39)
0.869
RFLP versus non-RFLP method 1.31 (1.04-1.65)
0.023
Violations versus compliance of HWE 2.93 (1.79-4.80)
<0.001
Year of publication (continuous) 1.01 (0.99-1.04)
0.215
Ovarian cancer
East Asians versus Whites 1.03 (0.65-1.63)
0.908
Disease versus healthy controls 1.44 (0.90-2.29)
0.129
Matching versus no matching 0.95 (0.80-1.14)
0.607
Genotyping QC versus no/NR 0.90 (0.73-1.12)
0.363
Blinding verso no/NR 1.08 (0.81-1.43)
0.591
RFLP versus non-RFLP method 1.16 (0.84-1.59)
0.361
Violations versus compliance of HWE 1.02 (0.82-1.26)
0.864
Year of publication (continuous) 1.00 (0.96-1.03)
0.814
Endometrial cancer
East Asians versus Whites 0.76 (0.52-1.12)
0.164
Disease versus healthy controls 0.91 (0.59-1.42)
0.678
Matching versus no matching 1.12 (0.73-1.73)
0.593
Genotyping QC versus no/NR 1.12 (0.73-1.73)
0.593
Blinding verso no/NR 1.10 (0.91-1.32)
0.321
RFLP versus non-RFLP method 0.77 (0.53-1.13)
0.189
Violations versus compliance of HWE 0.60 (0.38-0.94)
0.026
Year of publication (continuous) 1.03 (0.94-1.12)
0.539
CI = confidence interval; HWE = Hardy-Weinberg equilibrium; NR = not reported; RFLP = restriction
fragment length polymorphism; QC = quality control; rOR = relative odds ratio. Significant results are
shown in bold type.
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Appendix Figures
Appendix Figure 1
Forest plot for studies in breast cancer. Studies have been stratified by the source of
DNA for genotyping cases.

Each study is shown by the point estimate of the odds ratio (square proportional to the weight of each
study) and 95% confidence interval for the odds ratio (extending lines); the summary odds ratio and 95%
confidence intervals by random effects calculations is depicted as a diamond. Values higher than 1 indicate
that the Pro-encoding allele is associated with increased cancer risk. Studies are listed by year of
publication and then alphabetically (by first author name).
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Appendix Figure 2
Forest plot for studies in lung cancer. Studies have been stratified by the source of
DNA for genotyping cases.

Layout is similar to Supplementary Figure 1.
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Appendix Figure 3
Forest plot for studies in colorectal cancer. Studies have been stratified by the
source of DNA for genotyping cases.

Layout is similar to Supplementary Figure 1.
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Appendix Figure 4
Forest plot for studies in ovarian cancer. Studies have been stratified by the source
of DNA for genotyping cases.

Layout is similar to Supplementary Figure 1.

57

Appendix Figure 5
Forest plot for studies in endometrial cancer. Studies have been stratified by the
source of DNA for genotyping cases. Layout is similar to Supplementary Figure 1.

Layout is similar to Supplementary Figure 1.
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Appendix Figure 6
Bayesian posterior distributions for the summary effect sizes from the 2-level
Bayesian model using an informative prior.

Posterior probability distributions for selected parameters of interest. The top panel is the posterior
distribution of the bias effect. The remaining panels represent posterior distributions of the summary odds
ratios for studies in breast, lung, colorectal, ovarian and endometrial cancer using appropriate DNA sources
(left) or tumor tissue (indicated with b = bias). Note that distributions for studies using tumor tissue are
displaced to the left (compared to the corresponding estimates from studies not using tumor tissue). Three
MCMC chains are shown for each parameter (lines in different colors).
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Appendix Figure 7
Mixing of chains for the 2-level Bayesian model using an informative prior.
Simulation hains for a single parameter (the bias effect are shown).

Trace plot of three chains (different initial values for the Bayesian simulation) for the bias effect across
cancers. The lack of a discernible pattern is consistent with successful convergence.
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