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Abstract 

Background: The relevant risks associated with BRCA1 and BRCA2 mutation in breast and 

ovarian cancer have been well studied. BRCA mutations have also been found to be associated 

with other cancers, including colorectal cancer, but with conflicting results. 

Aims: We performed a systematic review and meta-analysis to identify, characterize, and review 

published studies evaluating BRCA mutation carriers with colorectal cancer, and to quantify the 

risk of colorectal cancer overall and in subgroups of BRCA mutation carriers.  

Methods: Eligible studies were retrieved through systematic review using multiple databases. 

Unadjusted odds ratios were used to derive pooled estimates of colorectal cancer risk overall and 

in subgroups defined by mutation type, comparison group, and study design. 

 Results: A total of 18 studies were included in the systematic review, of which 14 were also 

used in the meta-analysis: seven cohort studies comparing to the general population, five case-

control studies, four cohort studies involving pedigree analysis, and two kin-cohort studies. 

Meta-analysis not differentiating between BRCA1 and BRCA2, revealed a statistically 

significant increased risk of colorectal cancer in BRCA mutation carriers in a fixed-effects model 

(OR=1.22, 95%CI=1.01-1.48, p=0.041), but not in a random-effects model (OR=1.20, 

95%CI=0.96-1.50, p=0.111). Analyses stratified by study design and comparator found no 

association between BRCA mutation and colorectal cancer risk. In subgroup meta-analyses by 

BRCA type, BRCA1 mutation was associated with increased risk of colorectal cancer (OR=1.48, 

95%CI=1.13-1.94, p=0.005), but not in BRCA2 mutation.     

Conclusion: Systematic review and meta-analysis point at potential 1.22-fold greater risk of 

colorectal cancer in BRCA mutation carriers, attributable largely to a 1.48-fold greater risk of 

colorectal cancer in BRCA1 mutation carriers, regardless of age.
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CHAPTER 1 

INTRODUCTION 

  

1.1 Statement of Problem 

Mutations of DNA tumor suppressor genes are the leading cause of many cancer types.1 Tumor 

suppressor genes encode diverse proteins that help control cell proliferation, blocking tumor 

development.2  BRCA1 and BRCA2 tumor suppressor genes are involved in homologous 

recombination, which is known to be an error-free repair pathway for DNA double-strand 

breaks.3,4  The association between germline mutations in the BRCA1 and BRCA2 genes and 

diverse types of cancer has been continuously researched since the genes were discovered in 

1994 and 1995, respectively5,6 Individuals with BRCA1 and BRCA2 mutations show 

significantly increased lifetime risks of up to 84% for breast cancer and 40% for ovarian cancer.7-

10 These mutations have also been found to be associated with prostate, pancreatic, stomach, and 

colorectal cancer.11,12 While the relevant risks of BRCA mutations in breast and ovarian cancer 

have been well studied, the magnitude of the risk of BRCA mutations in other cancers is not 

clear.  

 

Concurrence of colorectal, breast, and ovarian cancer has been observed13-16, and the association 

of colorectal cancer with breast or ovarian cancer may arise through a genetic predisposition. 

Several studies suggest a possible contribution of BRCA mutations to colorectal cancer16,17. 

Allelic losses at the BRCA1 locus have been detected in almost 50% of sporadic colorectal 

cancers18. The relative risk of colorectal cancer in BRCA1 mutation carriers has been estimated 

to be 4.11 (95% CI: 2.36-7.15)19. The risk of developing colorectal cancer in relatives of familial 
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breast cancer patients is higher than in the general population20,21. However, studies attempting 

to determine the incidence of colorectal cancer in BRCA mutation carriers have shown 

contradictory results.  

 

According to the American Cancer Society, an estimated 50,260 deaths will occur due to 

colorectal cancer and 135,430 new cases will be detected in 2017 in the U.S.22. Overall, 

colorectal cancer is the second leading cause of death from cancer for men and the third leading 

cause for women22. An individual has a 1 in 22 chance of developing colorectal cancer over their 

lifetime. There are substantial differences in rates of colorectal cancer across ethnic groups and 

geographical areas, suggesting that variations in environment, lifestyle, and genetic factors may 

play a crucial role in its development. Approximately 5-10% of all colorectal cancers are the 

result of inherited genetic abnormalities, such as familial adenomatous polyposis syndromes 

(FAPs), hereditary non-polyposis colorectal cancer (HNPCC), Lynch syndrome, Peutz-Jeghers 

syndrome, Cowden syndrome, and juvenile polyposis20,23. Excluding these syndromes, there is a 

2- to 4-fold increased risk of colorectal cancer in first-degree relatives of colorectal cancer 

patients24,25. It is likely that additional genes and genetic factors remain undiscovered.  

 

Colorectal cancer develops slowly over time, usually beginning as adenomatous polyps that may 

develop into cancer. Approximately 40% of the Western population develops adenomatous 

polyps, but only a small proportion of polyps progress to malignancy26. Colorectal cancer 

screenings, including fecal testing, fecal occult blood testing, and colonoscopy, enable the early 

detection and removal of adenomatous polyps, helping to prevent invasive cancer20,27-29. The 
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gold standard of screening is colonoscopy, which is recommended for average-risk individuals 

once every ten years starting at age 5030.  

 

With advances in sequencing technology, genetic testing has evolved from only including genes 

established to be high-risk to including genes with moderate cancer risks. Approximately 

100,000 individuals in the U.S. have tested annually for BRCA mutations, and this number is 

increasing rapidly31. While there are guidelines for BRCA genetic testing for breast and ovarian 

cancer, there are no guidelines for BRCA testing for colorectal cancer. Further, it is unclear how 

positive results of a BRCA test could be used to improve the clinical management of colorectal 

cancer. To address these issues, the prevalence and magnitude of risk of BRCA 1 and BRCA2 

mutations for colorectal cancer must be determined.  

 

While the prevalence of BRCA mutations in the general population is estimated to be between 1 

in 800 and 1 in 1,000, prior studies have included not only BRCA mutation carriers but also 

families at high risk for a BRCA mutation.32 Furthermore, most of these studies did not 

differentiate between BRCA1 and BRCA2 mutation carriers. The studies that did differentiate 

between BRCA1 from BRCA2 mutation carriers included sample sizes of less than a 1,000 and 

yielded mixed results. Whereas Moran et al.33 reported that BRCA1 mutations were not 

associated with increased risk of colorectal cancer, other studies have shown that BRCA1 

mutation carriers are at a significantly higher risk of colorectal cancer. Ford et al.19 reported an 

elevated risk for both genders, while Thompson11 and Easton9 found a higher risk only in 

women. The Breast Cancer Linkage Consortium (BCLC)10 demonstrated that BRCA2 mutations 

were associated with an increased risk of colorectal cancer in both genders, while van Asperen et 
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al34 found a significantly increased risk only for males.  Lastly, various approaches were used in 

these studies, including prospective and retrospective cohorts, kin-cohort design, case-control 

design, and family-based design. 

 

Given these limitations, generalizable estimates of the magnitude of risk of colorectal cancer in 

BRCA mutation carriers remain lacking. Sopik et al.35 attempted to synthesize the literature on 

colorectal cancer risk associated with BRCA mutation. While their initial effort was helpful, it 

lacked a search strategy and specified search terms. Also, the study was limited to qualitative 

assessments without evaluating the strength of evidence. The main purpose of this study is to 

synthesize the research on colorectal cancer risks in BRCA mutation carriers within the general 

population qualitatively by means of a systematic review and quantitatively by means of an 

overall meta-analysis stratified by study design and participants. 

  

1.2 Research Objectives 

The objectives of this study are two-fold: 

(1)   To identify, characterize, and systematically review published studies involving BRCA 

mutation carriers with colorectal cancer; and 

(2)   To quantify the risk of colorectal cancer overall and in subgroups of BRCA mutation 

carriers using meta-analysis methods. 
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1.3 Research Hypotheses 

The primary hypothesis in this study is that there is a difference in risk of colorectal cancer 

between BRCA mutation carriers and the general population. The secondary hypothesis is that 

there are differences in risk of colorectal cancer among subgroups of BRCA mutation carriers. 
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CHAPTER 2 

 

LITERATURE REVIEW 

 

Chapter two is divided into two parts. The first part provides an overview of BRCA, with a 

discussion related to specific cancers, including breast, ovarian, prostate, pancreatic, and 

colorectal cancer. The rationale is made in this discussion to focus specifically on colorectal 

cancer in this study. In the second part of the chapter, colorectal cancer is explored more deeply 

regarding epidemiology, etiology and risk factors, pathology, screening, and treatment.  

 

2.1 BRCA  

2.1.1 Introduction 

BRCA, which is also known as the breast cancer susceptibility gene, is a human gene that 

produces tumor suppressor proteins. Tumor suppressor genes help suppress tumor formation and 

prevent cancer by promoting DNA repair8. Both BRCA1 and BRCA2 work in a common 

pathway of tumor suppression, but the two genes work at different stages in the process of DNA 

repair. BRCA1 functions in both checkpoint activation and homologous recombination, whereas 

BRCA2 is a mediator of homologous recombination, which occurs when damage occurs on both 

strands of DNA. To be specific, BRCA genes repair double-strand breaks in DNA through 

homologous recombination by locating double-strand breaks36 as shown in Figure 2.1.37  

 

Mutations in BRCA1 and BRCA2 are significantly related to the risk of cancer. Women with a 

BRCA mutation have a risk of developing cancer of up to 87%10,19, while men with a mutation 
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have a risk of up to 20%10. Mutation of DNA can accumulate over time by inhibiting protective 

pathways, such as repair of mutation, blockage of division through cell cycle checkpoint control, 

and apoptosis. As shown in Figure 2.1, BRCA1 and BRCA2 prevent accumulation through DNA 

repair, cell cycle arrest, and cell death38. In addition to serving as a repair system, BRCA genes 

have an inhibitory effect on estrogen signaling through the estrogen alpha receptor39. BRCA 

genes involve autosomal dominant inheritance, meaning that the location on a non-sex 

chromosome8. The majority of individuals with BRCA mutations inherit them from a parent, as 

there is 50% chance of inheriting a mutation from an individual with BRCA pathogenic 

variants40. According to the human gene mutation database at the Institute of Medical Genetics 

in Cardiff, UK, 1,653 mutations in the BRCA1 gene and 1,382 mutations in the BRCA2 gene 

have been identified. 

Figure 2.1 Role of BRCA gene as tumor suppressor and homologous recombination DNA repair 

 

           

          

          

          

          

          

          

          

          

          

          

          

          

          

          

          

          
  

(A) Process of double-strand break repair by BRCA1 in homologous recombination 

(B) Protective pathway of BRCA1 and BRCA2 through DNA repair, cell cycle arrest, and cell death 
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The prevalence of BRCA1 and BRCA2 mutations varies by ethnicity and race. The prevalence 

of BRCA mutations in the general population is estimated to be between 1 in 500 and 1 in 80041. 

The prevalence of these mutations in women who developed breast cancer at any age is 

estimated to be 1 in 5042, while in women who developed breast cancer younger than age 40, it is 

estimated to be 1 in 1043. The prevalence in men who developed breast cancer at any age is 

estimated to be 1 in 2044, and in women with ovarian cancer, it is estimated to be 1 in 10 45,46. 

Specific BRCA mutations, also called founder mutations, are prevalent among specific ethnic 

groups, including Ashkenazi Jews, Africans, Hispanics, and Scandinavians. For instance, 

Ashkenazi Jews have a BRCA mutation prevalence of 1 in 40, with three pathogenic variants 

being most common: 85delAG and 5382insC for BRCA1 and 6147delT for BRCA245,47. The 

association between BRCA1 and BRCA2 mutations and cancer risk varies given the wide variety 

of subject inclusion and exclusion criteria in studies and methods for ascertaining BRCA. For 

instance, one study of high-risk patients in the Czech Republic showed frequencies of 23.6% for 

BRCA1 mutation carriers and 11.6% for BRCA2 mutation carriers48. This differs from another 

Czech study suggesting frequencies of 2% for BRCA1 mutation carriers and 2% for BRCA2 

mutation carriers49. The former study used complete sequencing of all BRCA exons to ascertain 

mutations, whereas, the latter study used heteroduplex analysis, which only sequences potential 

mutation parts48,49.   

 

Although the BRCA1 and BRCA2 genes are similar, they do exhibit distinct characteristics in 

the majority of the tumors they produce50. BRCA1 gene is located on chromosome 17g12-q21. 

With 22 coding exons, it encodes a 220-kilodalton nuclear protein51.  Depending on the 



17 
 

population under study, germline mutations in the BRCA1 account for 15-45% of hereditary 

breast cancer cases and 80% of families with both breast and ovarian cancers52,53. The median 

age of diagnosis of breast cancer cases in BRCA1 mutation carriers is 42 years9.  

 

BRCA2 gene is located on chromosome 13q12-13. With 27 coding exons, it encodes a 384-

kilodalton nuclear protein6. Germline mutations of BRCA2 account for 37% of hereditary breast 

cancer. However, only 15% of breast and ovarian cancers are due to mutations in BRCA232. 

There is evidence for an increased risk of several other cancers, including prostate cancer, 

pancreatic cancer, stomach cancer, and malignant melanoma in carriers of the BRCA2 

mutation12. Therefore, distinguishing between BRCA1 and BRCA2 is important in conducting a 

systematic review on a BRCA mutation carrier’s risk of cancer. 

 

Prediction models have been developed to estimate the likelihood of an individual or family 

having a BRCA mutation54-57.The prediction capacity of the models varies by ethnic group. 

According to the American Society of Clinical Oncology’s (ASCO) policy statement on genetic 

testing for cancer susceptibility, there is no numeric threshold generated from these models to 

determine the appropriateness of genetic testing58. However, utilizing probability models has 

been shown to be useful in discriminating individuals who are likely to have BRCA mutations. 

By testing appropriate candidates, mutation testing could lead to increased effectiveness of 

interventions as well as increased awareness of cancer risk.  

 

BRCA mutations also influence the toxicity of radiation in cancer patients. The presence of 

BRCA mutations is associated with a greater sensitivity of tumor cells to radiation, as BRCA 
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genes repair double-strand breaks in DNA. Huszno et al. reported that neutropenia was observed 

more often in BRCA mutation carriers (32% vs. 10%, p=0.0007) after the first cycle of the 

treatment. Rowland et al. reported that increased risk of neutropenia was associated with BRCA 

mutations (p<0.01) but no significant difference was found regarding thrombocytopenia (p=0.53) 

or anemia (p=0.70) when stratifying by BRCA mutation status. 

 

Improvements in DNA sequencing over the past two decades have allowed for the incorporation 

of genetic tests in clinical practice. Further, in the two decades since the discovery of the BRCA1 

and BRCA2 genes, the DNA pathway has become a target for cancer therapy. Various 

organizations and societies have guidelines for BRCA testing. In the U.S., the most widely 

followed recommendations are those by the National Comprehensive Cancer Network (NCCN), 

a non-profit alliance of 25 cancer centers around the world, and the United States Preventative 

Task Force (USPSTF), an independent panel of non-federal experts in prevention and evidence-

based medicine. NCCN provides a list of criteria for further evaluating genetic risk of hereditary 

breast and ovarian cancers59, and USPSTF recommends individuals with a family history of 

breast or ovarian cancer to be evaluated further.45 

 

2.1.2 Breast Cancer 

In the U.S., breast cancer is the second most common cancer in women after non-melanoma skin 

cancer and the second leading cause of cancer death. In 2017, an estimated 255,180 women in 

the U.S. will be diagnosed with breast cancer, and 39,620 women are expected to die from the 

disease22. In the general population, the lifetime risk of developing breast cancer is estimated to 
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be 12.3% (95% CI: 12.2-12.4), and the lifetime risk of dying from the disease is 2.8% (95% CI: 

2.76-2.80). The 5-year relative survival rate for every stages of breast cancer in the U.S. is 89%. 

 

About 5% to 10% of all breast cancer cases are estimated to be the result of genetic disposition60-

62. Approximately 25% of these cases can be attributed to a mutation in BRCA genes. In BRCA 

mutation carriers, the risk of developing breast cancer for the first time varies from 

approximately 45% to 88% by age 7057,63,64. Numerous studies have estimated breast cancer 

penetrance in carriers of the BRCA1 and BRCA2 mutation.  In one of the first two large meta-

analyses, Antouniou et al.7 analyzed pooled pedigree data from 22 studies including 

289 BRCA1 and 221 BRCA2 mutation carriers. Index cases were females with breast cancer or 

ovarian cancer from families unselected for the presence of the BRCA mutation. In another 

meta-analysis, Chen et al.8 combined risk estimates from the previous study and nine additional 

studies that included 734 BRCA1 and 400 BRCA2 mutation carriers. The results are shown in 

Table 2.1. The estimated cumulative breast cancer risks by age 70 in these two meta-analyses 

were 55% to 65% for carriers of BRCA1 mutation and 45% to 47% for carriers of the 

BRCA2 mutation.  

 

Table 2.1: Estimated cumulative breast cancer risks in carriers of BRCA1 and BRCA2 

mutations 

Study Breast cancer risk(%) at 70 years (95% CI)  

  BRCA1 BRCA2 

Antoniou et al.65 65 (44-78) 45 (31-56) 

Chen et al.66 55 (50-59) 47 (42-51) 

CI= Confidence interval 
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Moreover, many studies have been conducted on the overall survival of breast cancer patients 

with or without BRCA mutations. Diverse systematic reviews and meta-analyses have addressed 

the association between BRCA mutations and breast cancer survival and have shown similar 

results, as shown in Table 2.2. Templeton et al.67 analyzed a total of 16 studies comprising 

10,180 individuals to determine overall survival among those with BRCA mutations. They found 

no association between the presence of BRCA mutations in general and overall survival (HR 

1.06, 95% CI: 0.84-1.34) and no association between the presence of BRCA1 or BRCA2 on 

overall survival (BRCA1: HR=1.20, 95% CI: 0.89-1.61; BRCA2: HR 1.01, 95% CI: 0.80-1.27). 

An earlier meta-analysis by Lee et al.68 analyzed a total of 11 studies that compared disease-free 

survival rates between BRCA mutation carriers and non-carriers. The study demonstrated 

significantly lower short-term survival rates for BRCA1 mutation carriers (HR=1.54, 95% CI: 

1.12-2.12), but no significant difference for BRCA2 mutation carriers (HR=1.23, 95% CI: 0.96-

1.58). A more recent meta-analysis by Zhong et al.69 identified 13 studies that examined the 

effects of BRCA mutations on breast cancer survival. The study found that BRCA1 mutation 

carriers had worse overall survival than non-carriers (HR=1.50, 95% CI: 1.11-2.04, p = 0.009). 

BRCA2 mutations, however, were not associated with breast cancer survival (HR=0.97, 95% CI: 

0.78-1.22). 

 

Table 2.2: Estimated hazard ratio of overall survival for BRCA mutation carriers with 

breast cancer 

  Study Hazard ratio  (95% CI)  

  BRCA1 BRCA2 

Templeton et al.67 HR=1.20 (0.89-1.61) HR=1.01 (0.80-1.27) 

  Lee et al.68 HR=1.54 (1.12-2.12) HR=1.23 (0.96-1.58) 

Zhong et al.69 HR=1.50 (1.11-2.04) HR=0.97 (0.78-1.22) 

CI= Confidence interval 
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2.1.3 Ovarian Cancer 

Ovarian cancer is the fifth leading cause of cancer death in women in the U.S., accounting for an 

estimated 22,4040 new cases and 14,080 deaths in 201722. In the general population, women 

have a 1.40% (95% CI: 1.38-1.43) chance of developing ovarian cancer at least once in their 

lives, and a 1.02% (95% CI: 1.01-1.03) chance of dying from it. The 5-year relative survival rate 

for every stage of ovarian cancer is 44%, though, through early detection, it may improve to 

92%45. However, as ovarian cancer is usually asymptomatic, up to 75% of women with ovarian 

cancer have the nonlocalized disease at the time of diagnosis. Five-year relative survival rates for 

a female with the regional and distant disease are 72% and 27%, respectively45.  

 

Women with BRCA1 and BRCA2 mutations have average cumulative risks of developing 

ovarian cancer by age 70 of approximately 39% (95% CI: 18–54) and 11% (95% CI: 2.4–19), 

respectively70. The risks are greater for BRCA1 mutation carriers than for BRCA2 mutation 

carriers.  Approximately 10% of all cases of ovarian cancer are due to germline mutations in the 

BRCA1 and BRCA2 genes45. This percentage varies among countries and ethnic groups as a 

result of founder effects.  

 

As described before, two large-sample meta-analyses were conducted. Antouniou et al.7 found 

the cumulative risks of ovarian cancer to be 39% (95% CI: 18-54) for BRCA1 and 11% (95% 

CI: 2.4-19) for BRCA2, as shown in Table 2.3. Chen et al.66 found the cumulative risks of 

ovarian cancer to be 39% (95% CI: 34-45) for BRCA1 mutation carriers and 17% (95% CI: 13-

21) for BRCA2 mutation carriers.  
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Table 2.3: Estimated cumulative ovarian cancer risks in carriers of BRCA1 and BRCA2 

mutations 

Study Breast cancer risk(%) at 70 years (95% CI)  

  BRCA1 BRCA2 

Antoniou et al.65 39 (18-54) 11 (2.4-19) 

Chen et al.66 39 (34-45) 17 (13-21) 

CI= Confidence interval 

 

Additionally, two systematic literature reviews were conducted regarding ovarian cancer risk and 

BRCA mutation. In 2010, Trainer et al.71 conducted a systematic literature review covering 

1997–2009 to determine criteria for selecting patients with ovarian cancer for BRCA treatment-

focused genetic testing. That review identified the young age at onset, high-grade serous tumor 

histology, and specific ethnicity associated with known BRCA founder mutations in women with 

ovarian cancer unselected for family history as the main clinical predictors. In 2016, Eccles et 

al.72 conducted a systematic review of publications and identified 22 articles that assessed the 

frequency of  BRCA mutation in women with ovarian cancer, utilizing a range of different full 

mutation detection methods. Germline BRCA mutation prevalence in patients with ovarian 

cancer was 5.8–24.8%72. 

 

With the association between germline mutations in the BRCA gene with breast and ovarian 

cancers widely researched and recognized, additional research has evolved into 

connecting BRCA mutations with other cancers, including prostate, pancreatic, and colorectal 

cancer. 
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2.1.4 Prostate Cancer 

Prostate cancer is the most common cancer in men in the U.S., accounting for an estimated 

161,360 new cases and 26,730 deaths in 201722. In the general population in the U.S, 1 in 7 men 

will be diagnosed with prostate cancer in his lifetime. Most prostate cancer cases develop in 

older men, with approximately 60% of cases diagnosed in men aged 65 and older. Prostate 

cancer is the third leading cause of cancer death in men in the U.S. Approximately one in 39 men 

with prostate cancer will die of it22. 

 

Considerable research has investigated the association between prostate cancer and BRCA 

mutations. Two studies have indicated that male carriers of BRCA2 mutations are at an increased 

risk of developing prostate cancer53,73. Two additional studies have reported that male BRCA2 

mutation carriers are seven times as likely to develop prostate cancer as men without BRCA2 

mutations9,19. Furthermore, Agalliu et al.74 found an increased risk of prostate cancer in BRCA2 

mutation carriers (OR=1.9, 95% CI: 0.9-4.1), but this association was not statistically significant. 

In the same study, BRCA1 mutation carriers with a first-degree relative with breast or ovarian 

cancer showed an increased risk of developing prostate cancer, and BRCA2 founder mutations 

were associated with a 3.2 fold increase in the risk of developing high-grade prostate cancer. 

Narod et al.53 compared the survival of male prostate cancer patients with BRCA1 mutations and 

with BRCA2 mutations. The median length of survival from diagnosis for BRCA1 mutation 

carriers was 8.0 years compared to 4.0 years for BRCA2 mutation carriers. In a cohort study by 

Edwards et al.,75 the median survival of BRCA2 mutation carriers with prostate cancer was 

4.8 years, and median survival in control patients was 8.5 years. 
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2.1.5 Pancreatic Cancer 

Pancreatic cancer is a disease with a generally poor prognosis and low survival rate. In the U.S., 

it is estimated that 53,670 people will be diagnosed with pancreatic cancer and approximately 

43,090 people will die of the disease in 201722. According to an analysis of the literature, 

familial pancreatic cancer (FPC) and unselected pancreatic cancer have shown an association 

with BRCA2 and an association with BRCA1, though to a lesser extent9. It is estimated that 3-

15% of families with familial pancreatic cancer may be BRCA2 mutation carriers, with an 

increased risk of pancreatic cancer when there are more affected relatives.  

 

In a study of more than 1,000 BRCA mutation carriers, Mersch et al.76 found a 21-fold and 4.7-

fold increase in the risk of pancreatic cancer among BRCA2 mutation carriers and BRCA1 

mutation carriers, respectively, compared to the general population. In a study by Axilburd et 

al.77 over half of the study population of pancreatic cancer patients reported a family history of 

breast and/or ovarian cancer.  Bermejo and Hemminki78 demonstrated that families of patients 

with breast cancer diagnosed before age 50 years showed significant standard incidence ratios 

for pancreatic cancers (SIR 5.50 95%CI: 1.43-14.2). 

 

2.1.6 Colorectal Cancer 

Colorectal cancer is the third leading cause of cancer death in women and second leading cause 

in men. In the U.S., it is estimated that 95,520 new cases of colon cancer and 39,910 new cases 

of rectal cancer will be diagnosed in 2017. Annually, approximately 50,260 Americans die of 

colorectal cancer, accounting for approximately 8% of cancer deaths. The lifetime risk of 

developing colorectal cancer is 4.7% for men and 4.4% for women, and this risk increases with 
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age22. Approximately two-thirds of colorectal cancer cases are located in the colon and one-third 

are located in the rectum. 

 

Colorectal cancer is commonly observed in families with hereditary breast and/or ovarian 

cancer15,21,79; however, studies investigating the incidence of colorectal cancer in BRCA mutation 

carriers have shown conflicting results. The first Breast Cancer Linkage Consortium (BCLC)19 

study reported a high incidence of colorectal cancer in BRCA1 mutation carriers (RR:=4.1; 95% 

CI: 2.4–7.2). Phelan et al.80, on the other hand, reported that the SIR (Standardized Incidence 

Ratio) for colorectal cancer in BRCA1 mutation carriers was 0.92 (95% CI: 0.54-1.40) and 

BRCA2 mutation carriers were 0.82 (95% CI: 0.30-1.81).  More than ten other studies have 

attempted to estimate the risk of colorectal cancer in BRCA mutation carriers, with some 

supporting the BCLC’s findings and the others supporting Phelan et al.’s findings.  

 

Perhaps, when including the degree of family history in colorectal cancer, differences in 

population samples account for conflicting results. Furthermore, the use of different inclusion 

criteria, definitions of colorectal cancer, and definitions of BRCA mutation mat lead to variations 

in mutation prevalence. To date, no systematic reviews or meta-analyses have been conducted to 

investigate colorectal cancer risk in BRCA mutation carriers. While, as mentioned in Chapter 1, 

Sopik et al.35 attempted to capture the risk of colorectal cancer in BRCA mutation carriers by 

reviewing several published literature, their study did not use a systematic search strategy to 

capture all published studies. Therefore, there is a need to conduct a study to determine the 

difference in colorectal cancers risks in BRCA mutation carriers within the general population by 

systematically searching published data. As there is heterogeneity in inclusion/exclusion criteria, 
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study design, and participants, an expanded literature review on colorectal cancer was needed for 

deeper understanding. In the next section, etiology, risk factors, staging, screening guidelines, 

and the burden will be further described. 

  

2.2 Colorectal Cancer 

2.2.1 Etiology and Risk Factor 

Adenoma is the precursor to colorectal cancer. Approximately 10% of adenomas progress to 

invasive cancers through a complex interaction of genetic and environment factors over time81.  

Diverse factors are associated with the increased risk of colorectal cancer and can be divided into 

two categories: modifiable and non-modifiable.  

 

Nonmodifiable risk factors include age and hereditary factors81. The likelihood of colorectal 

cancer diagnosis increases dramatically starting at age 40 and rises sharply after age 50. 

Approximately 90% of colorectal cancer cases occur in people aged 50 or older82. Also, the 

incidence rate is more than 50 times higher for people aged 60 to 79 than for those younger than 

4022. Nevertheless, in the U.S., colorectal cancer is one of the ten most common cancers among 

males and females aged 20 to 4983. 

 

Heredity plays a crucial role in developing colorectal cancer. Family history is a strong risk 

factor for colorectal cancer, and up to 15% of all colorectal cancers follow a heredity pattern84. 

The lifetime risk of developing colorectal cancer doubles with a first-degree relative having 

colorectal cancer and quadruples with a first-degree relative being diagnosed before age 45. The 

most well-known inherited colorectal cancer syndromes are Lynch syndrome and familial 
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adenomatous polyposis (FAP). Lynch syndrome accounts for 1-3% of all colorectal cancer cases 

and is caused by a mutation in the DNA mismatch repair genes. The average age of colorectal 

cancer diagnosis in people with Lynch syndrome is 45 years and colorectal cancer85. FAP 

accounts for less than 1% of all colorectal cancer and occurs due to a mutation of the 

adenomatous polyposis coli (APC) gene on chromosome five. The syndrome is distinguished by 

early onset of multiple colorectal adenomas. If untreated, adenomas can become malignant by 

the median age of 4081.  

 

Polyps are another important risk factor for the development of colorectal cancer. The lifetime 

risk of developing polyps is nearly 19% in the U.S. population86. An individual with a history of 

polyps has an increased risk of developing colorectal cancer compared to individuals with no 

history of polyps. This risk increases as the size of polyps increase. Polyps larger than 1 cm in 

size have an approximately 8% risk of developing into carcinomas over a 10-year period22. 

History of inflammatory bowel disease (IBD) also increases the risk of developing colorectal 

cancer. The relative risk of colorectal cancer in patients with inflammatory bowel disease has 

been estimated to be between 4- and 20-fold87.  

 

Modifiable risk factors include diet, obesity, and cigarette smoking. Diet is a factor in the 

developing colorectal cancer. The Western lifestyle, with its low intake of fiber and vegetables 

and high intake of saturated fat and red meat, consumption of processed meat, excessive alcohol 

consumption, and obesity have been suggested to be possible risk factors88. Tobacco has been 

associated with large adenomas and is a factor for colorectal cancer risk. Factors likely to be 
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protective include intake of dietary fiber, fruits, vegetables, fish, calcium, and aspirin, and 

physical activity81. 

 

Recently, sidedness of colorectal cancer is considered to be important regarding prognosis. 

Metastatic colorectal cancer patients whose initial primary tumor was left-sided exhibited 

superior overall survival compared to those with right-sided tumors (HR=1.25 95% CI=1.08-

1.46, p=0.002). Therefore, some studies conclude that trials of metastatic colorectal cancer 

treatments should include sidedness as a stratification factor to ensure balance.  

 

2.2.2 Staging 

The most frequently used system for staging colorectal cancer is the tumor-lymph node-

metastasis (TNM) staging system. This staging system provides information about the infiltrative 

growth of the primary tumor and its spread to regional lymph nodes or distant organs (Table 2.4). 

The tumor status regarding the presence of a residual tumor after treatment is called the residual 

tumor classification (R classification). There are several different tumor grading systems based 

on cytological features. Most of them are based on the level of cell differentiation within the 

tumor and are classified into four groups: well-differentiated (grade 1), moderately differentiated 

(grade 2), poorly differentiated (grade 3), and undifferentiated (grade 4).  
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Table 2.4: TNM Classification 8th Edition 

TNM classification   

Primary Tumor 
(T) 

TX 
 Primary tumor cannot be assessed 

  T0  No evidence of primary tumor 

  Tis  Carcinoma in situ: intraepithelial or invasion of lamina propria 

    T1  Tumor invades submucosa 

    T2  Tumor invades muscularis propria 

    T3  Tumor invades through the muscularis propria into the subserosa 

    T4a  Minimal invasion: < 1 mm beyond the borders of the muscularis 

    T4b Tumor directly invades or is adherent to other organs or structures 
Regional lymph 
nodes (N) 

NX Regional lymph nodes cannot be assessed 

    N0 No regional lymph node metastasis 

    N1 Metastasis in 1-3 regional lymph nodes 

    N1a Metastasis in 1 regional lymph node 

    N1b Metastasis in 2-3 regional lymph nodes 

    
N1c 

Tumor deposit(s) in the subserosa, mesentery, or 
nonperitonealized pericolic or perirectal tissues without regional 
nodal metastasis 

    N2 Metastasis in 4 or more lymph nodes 

    N2a Metastasis in 4-6 regional lymph nodes 

    N2b Metastasis in 7 or more regional lymph nodes 

Distant 
metastasis (M) 

M0 No distant metastasis 

    M1 Distant metastasis 

    
M1a 

Metastasis confined to 1 organ or site (e.g., liver, lung, ovary, 
nonregional node) 

    M1b Metastases in more than one organ/site or the peritoneum 

Implementation of AJCC 8th Edition Cancer Staging System. American Joint Committee on 
Cancer. Accessed: January 10, 2017. 

 

2.2.3 Screening 

According to Biennial Behavioral Risk Factor Surveillance (BRFSS) data, overall colorectal 

cancer screening rates rose from 51.9% to 62.9% from 2001 to 2008, when adjusted for 

age.  Screening rates were lower in the uninsured (35.6%), Hispanics (49.8%), those with low 

incomes (47.6%), and those with less than a high school education (46.1%)89. Similar results 
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were observed from the 2008 National Health Interview Survey (NHIS), which reported an 

overall age-adjusted screening rate of 53.2% in 2008, up from 38% in 2000. The NHIS also 

found lower screening rates among the uninsured (19.5%) and those with less than a high school 

education (37.3%)89. 

 

Several societies have issued various guidelines regarding colorectal cancer screening.  The 

American College of Radiology (ACR), the American Cancer Society (ACS), and the U.S. 

Multi-Society Task Force on Colorectal Cancer published joint guidelines on colorectal cancer 

screening. The guidelines classify the tests by those that primarily detect cancer and those that 

detect both cancer and polyps. Due to their greater potential for cancer prevention, tests 

capturing both cancer and polyps are preferred. Colonoscopy, flexible sigmoidoscopy, CTC, and 

double-contrast barium enema are included in this category. The fecal occult blood test (FOBT), 

FIT, and fecal DNA test can only detect cancer. The American College of Gastroenterology 

(ACG) has independent screening guidelines that recommend colonoscopy as the preferred 

screening test. The U.S. Preventive Services Task Force (USPSTF) guidelines do not 

recommend CTC or fecal DNA testing. 

2.2.4 Burden 

 

In the U.S., the incidence rate of colorectal cancer declined from the mid-1980s to the mid-

1990s. After a short period of plateau, the rate declined again after 1998, with an average of 

2.8% per year for male and 2.2% per year for a female in the mid-1990s81. The screening 

program played a key role in improving the detection of precancerous polyps. However, the 

burden of disease remains high despite the national incidence rate declining slightly over the last 

decade. The staggering financial cost of colorectal cancer treatment demonstrates the heavy 
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economic burden of colorectal cancer. Although the cost of colorectal cancer care makes up less 

than 1% of total health care spending, it accounts approximately to 12% of total cancer care 

costs90. The national annual cost of colorectal cancer care is estimated from $4.5 to $9.6 billion, 

depending on the data source. If current trends persist, the cost of managing colorectal cancer 

could increase to $14.0 billion by 2020. Lang et al.45 demonstrated that the health care costs for 

patients with colorectal cancer are approximate $28,626. However, this cost differed based on 

cancer site, stage at diagnosis, age at diagnosis, and phase of treatment. 
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CHAPTER 3 

METHODS 

 

3.1 Systematic Review 

The Cochrane Collaboration defines systematic review as "a clear review of a formulated 

question that uses systematic and explicit methods to select, identify, and critically appraise 

relevant research, and to collect and analyze data from the studies that are included in the 

review."91 Based on this definition, a systematic review examining the relationship between 

BRCA1 and BRCA2 mutations and colorectal cancer was performed. For data collection, 

reporting, and discussion, we used Preferred Reporting Items for Systematic Reviews and Meta-

Analyses (PRISMA) guidelines92.  

 

3.1.1 Eligibility Criteria: 

Studies were eligible for inclusion if they were written in English and published in a peer-

reviewed journal. We used modified PICOS (participants, intervention, comparison, outcomes, 

and study design) criteria to assess the eligibility of search results to frame our research question 

in a structured way. 

1. Participants:  Human adult participants who tested positive for either BRCA1 or BRCA2 

mutations (carriers) or had a high risk of BRCA mutation defined by a family history of 

colorectal cancer were included.   

2. Intervention: There was no focus on a specific intervention. 

3. Comparison: As an outcome measure, cancer-affected and cancer-unaffected BRCA 

mutation carriers were compared to the general population and BRCA-negative cancer-

affected patients with a risk of colorectal cancer. 
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4. Outcomes: Incidence rate of colorectal cancer, including colon cancer and rectal cancer, 

was the principal outcome measure. 

5. Study design: Experimental, observational, and quantitative studies were included.  

 

Publications including editorial/letter, commentary, and review paper were excluded. Also, 

publications reporting diseases other than colorectal cancer, such as Lynch syndrome, familial 

adenomatous polyposis, Peutz-Jaghers syndrome, or Cowden syndrome, were excluded, as were 

studies without colorectal cancer incidence data or with insufficient data to calculated risk.   

 

For data collection, we used bibliographic databases, including PubMed, Embase, Wiley 

Cochrane Library Central, Scopus, and ProQuest. PubMed was chosen because it is the most 

commonly used database and is known for its broad coverage of scientific literature, containing 

more than 12 million bibliographic records from more than 4,800 journals worldwide. Embase is 

a major biomedical and pharmaceutical database that indexes over 3,500 international journals. It 

was chosen for its greater coverage of European publications. Wiley Cochrane Library Central is 

an international scientific database containing systematic reviews conducted by Cochrane. 

Scopus, a comprehensive database for scientific, technical, and medical information, was 

searched for further studies using reference lists for all identified studies. ProQuest Dissertation 

& Theses is the largest single repository of graduate dissertations, including 3.8 million works. 

We used the MeSH(medical subject headings) terms of "Genes, BRCA1"[MeSH] , "Genes, 

BRCA2"[MeSH] , and "Colorectal Neoplasms"[MeSH]. A literature search was constructed by 
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collaborating with a professional medical librarian and was then performed. The full search 

strategy is described in Appendix I.   

 

3.1.2 Study Selection and Data Collection 

 
Two reviewers independently screened article titles and abstracts for eligibility. A brief search 

of abstracts was conducted based on the inclusion and exclusion criteria following the method 

is shown in Appendix II. Afterward, the two reviewers discussed the inclusion of possible 

articles. Disagreements were resolved through discussion and consensus. Full texts of 

potentially relevant studies were independently assessed following the method is shown in 

Appendix III. The included studies were analyzed based on study design, characteristics of 

study population, measurements, and results. The study groups were analyzed by size, the 

percentage of BRCA1/2 mutation carriers, cancer status, and mean age of participants.  

 

3.1.3 Study design 

The systematic review will be categorized based on the study designs. Cohort studies will be 

divided into prospective cohort and retrospective cohort studies. When estimating incidence 

rates, prospective cohort studies have less potential bias compared to retrospective studies, as 

retrospective cohort studies have the outcome of interest at the time the study is initiated when 

baseline data are collected, which can result in bias. Case-control studies identify individuals 

with colorectal cancer and control subjects without colorectal cancer from the same population. 

BRCA mutation carriers are identified in both groups. Pedigree cohort studies analyze the risk of 

cancer in pedigrees of high-risk carrier families. As these studies may not ascertain and may 

make assumptions regarding BRCA mutations, they are criticized for their significant selection 
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bias. Lastly, kin-cohort studies use family histories as an outcome and compare family histories 

in both mutation carriers and non-carriers. These studies are criticized for their difficulty to 

interpret.  

 
 

3.2 Meta-Analysis 

3.2.1 Overview of Meta-Analysis Technique 

Meta-analysis is defined by the Cochrane Collaboration as "the use of statistical techniques to 

integrate the results of included studies a systematic review "91. Meta-analysis is a method using 

statistical methods to combine the results from individual studies in an attempt to quantify 

evidence relating to a particular issue. Meta-analysis allows for the quantifying of a vast range of 

literature, often with different results93. To date, studies of BRCA mutation carriers and 

colorectal cancer risk have shown mixed results. The study of BRCA mutation carriers is 

challenging due to the lack of adequate statistical power to detect an association resulting from 

small sample sizes. Therefore, meta-analysis is a technique that is particularly useful in the study 

of cancer risk in BRCA mutation carriers.  

 

The main advantage of meta-analysis is that it increases the power and reduces potential false 

negative results by accurately estimating risk94. The main disadvantage is that it can introduce 

potential bias by not including all published studies. In addition to this, it is hard to compare 

individual studies directly. Moreover, it is difficult to ensure that individual studies have 

collected data in a uniform and consistent manner.  
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An underlying systematic review determines the quality of a meta-analysis. A comprehensive 

systematic review that identifies all relevant studies (published and unpublished) addressing the 

same scientific question and assesses the quality of each identified study based on design and 

implementation will have the lowest bias. The meta-analysis provides an overall summary 

estimate in an attempt to provide a clearer and more precise estimate of effect size.  

Meta-analyses are subject to many potential biases, including publication bias, in which studies 

reporting statistically significant findings are more likely to be published than those without 

significant results95. Quality assessment can also result in bias and should, therefore, be 

conducted using a validated quality assessment. By doing so, the quality of each study is 

assessed using explicit and objective criteria. Lastly, mixing the results of diverse individual 

studies may lead to heterogeneity.   

 

To quantify the risk of colorectal cancer in the meta-analysis, included studies must report the 

risk rate, including relative risk, odds ratio, standardized incidence ratio, or hazard ratio, or 

provide sufficient information to compute the risk estimate. Furthermore, at least three studies 

must be included to compute an overall summary. 

 

3.2.2 Data Abstraction  

The following information was retrieved from each study: publication date, location of study, 

description of colorectal cancer, description of cases and controls (e.g., number, recruitment 

method, matching, etc.), demographics of cases and controls (age and gender), subgroup 

analysis, and risk estimates with corresponding 95% confidence intervals.  
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3.2.3 Combining data 

When combining effects, either a fixed effect model or a random effects model can be assumed. 

In the fixed effect model, one true effect size that is the same in all included studies is assumed. 

Therefore, in these models, the combined effect is an estimate of the common effect size. In the 

random effects model, the true effect size is assumed to vary from study to study. The random 

effect model was selected for this meta-analysis, when the I2 is less than 50%, as it allows for the 

difference in effect size by both sampling error and variability in the population. Further, it is 

likely that each study has different outcomes, including odds ratio, relative risk, standardized 

incidence ratio, and hazard ratio. Therefore, the unadjusted odds ratio for each study will be 

computed by creating two by two table based on the information provided. 
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Chapter 4 

RESULTS 

4.1 Search 

Our initial literature search yielded a total of 398 relevant abstracts from PubMed and 662 

relevant abstracts from Embase. The review process of eligible studies is depicted in the flow 

diagram (Figure 4.1). An additional 12 records were identified by reviewing the reference lists of 

articles retrieved in the search. After removing duplicates, 1,044 records were screened. A total 

of 1,012 publications were excluded for being irrelevant based on abstracts review, leaving 32 

publications assessed in full text. Of these, 14 were excluded: ten publications did not include an 

incidence rate for colorectal cancer, one was an editorial, one study was a review paper, and two 

publications did not include information on BRCA mutation. A total of 18 separate studies were 

retained for the systematic review: seven cohort studies comparing to the general population, five 

case-control studies, four cohort studies involving pedigree analysis, and two kin-cohort studies. 

Of these 18 studies, four were omitted from the meta-analysis as two did not include sufficient 

statistical information to compute an effect size, and two were kin-cohort studies using frequency 

of family history of colorectal cancer as an outcome.  

 

4.2 Systematic review 

Due to the variations in study designs, we reviewed studies grouped by their design. 

 

 

 



39 
 

Figure 4.1 Flow diagram 
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Table 4.1 Cohort studies using the general population as comparator 

Reference 
(year) 

Study design 
Cancer 

type 
Case population 

Observed 
cases 

Comparison population 
Expected 

cases 
Estimated relative risk 

(95% CI) 

Mersch96 
(2015) 

Retrospective 
cohort 

Colorectal 
BRCA1 613 6 United States Cancer 

statistics (1999-2010) 

3.8 SIR=1.58 (0.58-3.44) 

BRCA2 459 2 3.7 SIR=0.53 (0.06-1.90) 

Phelan97 
(2014) 

Prospective 
cohort 

Colorectal 
BRCA1 5,481 16 Cancer incidence in five 

continents (2008) 

17.4 SIR=0.92 (0.54-1.40)  

BRCA2 1,474 5 6.1 SIR=0.92 (0.54-1.40)  

Thompson 
(2002)98 

Retrospective 
cohort 

Colon BRCA1 2,245 14 
Cancer incidence in 
SEER (1983-1987) 

7.36 RR= 2.03 (1.45–2.85) 

Lin 
(1999)99 

Retrospective 
cohort 

Colorectal BRCA 252 5.6% 
Cancer incidence in 
SEER (1973-1994) 

6.0% N/A 

Ford 
(1995)100 

Retrospective 
cohort 

Colon BRCA1 464 7 

Cancer incidence in 
Wales and England for 

Europe and cancer 
incidence in SEER for 

the US 

2.22 RR=4.11 (2.36–7.15) 
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4.2.1 Cohort studies using the general population as comparator (n=5) (Table 4.1) 

Mersch et al.96 included 613 BRCA1 and 459 BRCA2 mutation carriers from patients receiving 

counseling on genetics at the University of Texas MD Anderson Cancer Center Genetics clinics 

between 1997 and 2013. The colorectal cancer incidences in the sample were compared with 

expected number of colorectal cancer cases calculated from the general population. Expected 

number was calculated from the number of individuals in the study sample multiplied by age-

specific colorectal cancer incidence in the United States Cancer Statistics (1993-2010). A five-

year interval was used to accommodate different age-specific incidence rates. The majority of the 

carriers were females (n=1010, 94%) and white (n=803, 79%). The standardized incidence ratios 

(SIR), estimated from United States Cancer Statistics (1999-2010) incidence rate, were 1.58 

(95%CI:0.58-3.44) for BRCA1 and 0.53 (95%CI:0.06-1.90) for BRCA2, indicating no 

statistically significant difference in the risk of colorectal cancer between mutation carriers and 

general population 

 

In the only prospective study in this cluster of studies, Phelan et al.97 followed 7,015 women with 

a BRCA1 or BRCA2 mutation from 50 centers in the United States, Canada, Poland, France, and 

Norway with a mean follow-up period of 5.5 years. Participants were enrolled in the study from 

1992 to 2010. Age-standardized incidence rates for each participating country were obtained 

from GLOBOCAN 2008. In total, 21 incident colorectal cancer cases were observed among all 

mutation carriers, which was less than the 23.6 cases expected from the population-specific 

incidence rates. The age-adjusted SIR was 0.92 (95%CI:0.54-1.40) for BRCA1 and 0.82 

(95%CI:0.30-1.81) for BRCA2, indicating no increased risk of colorectal cancer in the mutation 
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carriers. However, in an adequately powered sub-analysis of women younger than 50 years of 

age carrying the BRCA1 mutation (n=2,638), there was a 4.76 (95%CI:2.21-9.0) statistically 

significant increase in the risk of colorectal cancer.  

 

Thompson et al.98  reviewed data from 699 families with at least one known BRCA1 mutation 

carrier from 30 centers across Europe and North America. Of the 11,847 subjects, 2,245 were 

BRCA1 mutation carriers, 1,106 were non-carriers, and 8,496 individuals had not been tested for 

mutations. To estimate relative risk, colorectal cancer incidences in 2,245 BRCA1 mutation 

carriers were utilized. Fourteen cases of colon cancer were screened among BRCA1 mutation 

carriers, compared with 7.36 expected cases from SEER incidence rates for Caucasians (1983-

1987), yielding a statistically significant relative risk for BRCA1 for colon cancer of 2.03 

(95%CI:1.45-2.85).In addition, 8,496 subjects were not tested for the BRCA1 mutation but were 

from a family with ascertained BRCA1 mutation. In this group, 76 cases of colon cancer were 

found compared to 48.77 expected cancers, resulting in SIR of 1.46 (95%CI:1.24-1.94) 

 

Lin et al.99 compared the lifetime colorectal cancer risk in BRCA mutation carriers relative to the 

general population through retrospective cohort study. The Creighton Hereditary Cancer Institute 

Registry from 1972 through 1997 and the Creighton University Tumor Registry from 1965 

through 1996 identified 164 BRCA1 and 88 BRCA2 gene mutation carriers. The lifetime risk of 

BRCA mutation carriers was compared with the lifetime risk from the SEER Cancer Statistics 

Review from 1993 to 1995. The risk in female BRCA mutation carriers was 3.2%, which was 

not significantly different from the 5.9% risk in the general population. Also, the risk in male 

BRCA mutation carriers was 5.6%, which was not significantly different from the 6% risk in the 
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general population. The statistics including confidence interval and the p-value were not 

provided in the study. 

 

Ford et al.100 examined a cohort of 33 families collected by research groups in North America 

and Western Europe. Each of the 33 families included at least four people with ovarian or breast 

cancer diagnosed before age 60 with evidence of linkage to BRCA1 mutation. The incidence of 

colon cancer in BRCA1 mutation was compared with expected numbers of colon cancers from 

the general population using age and sex specific incidence rates from SEER for the United 

States studies, and England and Wales incidence rates for European studies. The study identified 

464 BRCA1 mutation carriers with seven colon cancers and compared it with 2.2 expected cases 

from the general population. The relative risk for colon cancer in BRCA1 mutation carriers was 

4.11 (95%CI:2.36-7.15), indicating an increased risk of colorectal cancer.  

 

Summarized, in this set of four retrospective and one prospective cohort studies that used the 

general population as a comparator, two studies reported an increased risk of colon cancer 

among BRCA1 mutation carriers. The remaining three studies, all of which included both 

BRCA1 and BRCA2 carriers and focused on colorectal cancer, found no increased cancer risk 

relative to the general population.
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4.2.2 Cohort studies using non-carriers as comparator (n=2; Table 4.2) 

Table 4.2 Cohort studies using non-carriers as comparator 

Reference 
(year) 

Study design Cancer type Case population 
Observed 

cases 
Comparison 
population  

Comparison 
cases 

Estimated relative 
risk (95% CI) 

Foster 
(2007)101 

Prospective 
cohort 

Colorectal BRCA1/2 18 4 

21 non-carriers 
with breast 

and/or ovarian 
cancer 

1 RR= 4.7 (2.6-6.7) 

Kadouri 
(2007)102 

Retrospective 
cohort 

Colorectal 
BRCA1 229 6 769 Ashkenazi 

mutation non-
carriers 

12 

OR=1.7 (0.6-2.7) 
HR=3.9 (1.3-12.1) 

BRCA2 100 2 
OR=1.3 (0.5-2.1)  

HR= 2.3 (0.5-11.3) 
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Foster et al.101 prospectively followed a cohort of 285 adults recruited from nine UK centers for 

three years after genetic testing. Participants unaffected by cancer and from families with a 

BRCA mutation identified in first-degree relatives were eligible. Also, it was assumed that first-

degree relatives have a 50% risk of inheriting a BRCA mutation. Thirty-nine men were 

diagnosed with colorectal cancer, of whom 18 were BRCA 1/2 carriers, and 21 were non-carriers 

for a relative risk of 4.7 (95%CI=2.6-6.7), indicating an increased risk of colorectal cancer in the 

BRCA1/2 male mutation carriers. 

 

Kadouri et al.102 conducted a historical cohort study of 1,098 Ashkenazi Jewish women with 

breast and/or ovarian cancer was seen in the cancer genetics clinics of Hadassah Medical Center 

(Jerusalem, Israel) between the year 1995-2003. Of the 339 BRCA-positive subjects, 229 were 

BRCA1 and 100 BRCA2 mutation carriers; leaving a comparison group of 769 non-carriers. Six 

colorectal cancers were identified among BRCA1 and two among BRCA2 mutation carriers 

compared to 12 among non-carriers; corresponding to unadjusted odds ratios of 1.7 (95%CI:0.6-

2.7) and 1.3 (95%CI:0.5-2.1), respectively. The study incorporated time to colorectal cancer by 

using a Cox proportional hazard analysis with the onset time of colorectal cancers as the end 

point. This yielded hazard ratios of 3.9 (95%CI:1.30-12.1) for BRCA1 carriers and 2.31 for 

BRCA2 carriers (95%CI:0.5-11.3). Based on the hazard ratio, BRCA1 mutation carriers have 

statistically significant higher colorectal cancer risk than non-carriers.    

 

In summary, in this set of one retrospective and one prospective cohort studies that used the non-

carriers as a comparator, one study reported an increased risk of colorectal cancer among 

BRCA1/2 mutation male carriers. The other study found no increased cancer risk relative to the 
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non-carriers using odds ratio. However, based on hazard ratio, BRCA1 mutation carriers showed 

higher colorectal cancer risk than non-carriers.
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4.2.3 Case-control studies (n=5; Table 4.3) 

Table 4.3 Case-control studies 

Reference (year) 
Study 
design 

Cancer type 
Colorectal 

cancer patients 
Observed 

cases 
Controls control cases 

Estimated odds ratio 
(95% CI) 

Suchy (2010)103 
Case-

control 
Colorectal 2,398 

BRCA1 
4,570 

BRCA1 
 0.8 (0.4-1.7) 

10 22 

Kirchhoff 
(2004)104 

Case-
control 

Colorectal 586 
BRCA1/2 

5,012 
BRCA1/2 

0.5 (0.22-1.14) 

6 6 

Niell (2004)105 
Case-

control 
Colorectal 1,422 

BRCA1 
1,566 

BRCA1 
1.24 (0.68-2.26) 

24 20 

Chen-
Shtoyerman 

(2001)106 

Case-
control 

Colorectal  225 
BRCA1/2 

5,318 BRCA1/2 

120 

0.78 (0.29-2.14) 

4 

Drucker 
(2000)107  

Case-
control 

Colorectal 
Ashkenazi 

Jews 87 

BRCA1/2 
Non-

Ashkenazi 
Jews 

BRCA1/2 
N/A 

3 0 
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Suchy et al.103 compared 2,398 unselected colorectal cancer patients newly-diagnosed between 

1998-2008 in nine centers in Poland to 4,570 individuals without colorectal cancer from ten 

hospitals throughout Poland. Ten BRCA1 mutations were identified in the case group and 22 in 

the control group for an odds ratio of 0.8 (95%CI:0.4-1.7), which was statistically not significant 

and indicates no increased risk of colorectal cancer in the BRCA1 mutation carriers. When 

analyzing colorectal cancer cases diagnosed before subjects were 60 years of age the odds ratio 

was 1.7 (95%CI:0.7-4.0), also statistically non-significant.  

 

Kirchhoff et al.104 compared 586 unselected Ashkenazi Jewish colorectal cancer patients to 5,012 

unaffected Ashkenazi Jews as a control group. In the case group, six BRCA1/2 mutation carriers 

were identified compared with 118 BRCA1/2 mutation carriers among control subjects. This 

yielded an odds ratio of 0.5 (95%CI:0.22-1.14), which was statistically non-significant and 

indicates no increased risk of colorectal cancer in the BRCA1/2 mutation carriers  

 

Niell et al.105 tested 1,422 unselected colorectal cancer patients matched to 1,566 control subjects 

without colorectal cancer. Matching was conducted through logistic regression analysis adjusting 

for age at diagnosis and gender. Twenty-four BRCA1/2 carriers were identified in the case group 

and 20 in the control group, for an odds ratio of 1.24 (95%CI:0.68-2.26), which was statistically 

non-significant and indicates no increased risk of colorectal cancer in the BRCA1/2 mutation 

carriers. A subgroup analysis of participants younger than age 65 yielded a statistically non-

significant odds ratio of 3.14 (95%CI:0.64-15.43). 
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Chen-Shtoyerman et al.106 screened 225 unselected Ashkenazi Jewish colorectal cancer patients 

for BRCA1/2 mutations and compared them with the mutation frequency in the general 

Ashkenazi Jewish population without colorectal cancer. Four carriers were identified (1.78%) 

which was not significantly different from the population mutation frequency (2.26%). As the 

study did not report odds ratios, confidence intervals, and p-values, the unadjusted odds ratio was 

calculated to be 0.78 (95% 0.29-2.14), which was not statistically significant and indicates no 

increased risk of colorectal cancer in the BRCA1/2 mutation carriers. 

 

Drucker et al.107 screened 136 Israeli Jewish colorectal cancer patients for BRCA1/2 mutations 

and compared Ashkenazi Jews to non-Ashkenazi Jews. Among Ashkenazi Jews, three out of 87 

(3.5%) carriers had colorectal cancer while no carriers were found among 49 non-Ashkenazi 

Jews, indicating possible elevated risk of BRCA mutation in Ashkenazi colorectal patients 

compared to non-Ashkenazi Jews. Being a preliminary study, the study did not include statistics. 

 

Summarized, in this set of five case-control studies, three studies reported no increased risk of 

colorectal cancer among BRCA1/2 mutation carriers and one study reported no increased risk of 

colorectal cancer among BRCA1 mutation carriers. The remaining one study was a preliminary 

study showing a possible increased colorectal cancer risk in Ashkenazi Jews. Two studies 

reported sub-group analysis with early onset colorectal cancer with an odds ratio of 1.7 and 3.1 

but were not statistically significant.
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4.2.4 Cohort studies involving pedigree analysis (n=4; Table 4.4) 

 

  

Table 4.4 Cohort studies involving pedigree analysis 

Reference 
(year) 

Study design 
Cancer 

type 
Case 

population 
#of 

cases 
Comparison 
population  

# of 
cases 

Estimated relative 
risk (95% CI) 

Moran 
(2012)108 

Prospective 
cohort 

Colorectal 

Presumed 
BRCA1/2 
carriers 21 

Cancer incidence in 
England (1975-2005) 

21.7 

BRCA1=1.0 
(0.5-1.7) 

3,341 
BRCA2= 1.0  

(0.5-1.8) 

Asperen 
(2005)109  

Retrospective 
cohort 

Colon 

Presumed 
BRCA2 
carriers 

20 
Netherlands Cancer 

statistics (1990-
2005) 

16.5 RR= 1.5 (0.9-2.3) 

1,811 

Brose 
(2002) 110 

Retrospective 
cohort 

Colon 

Presumed 
BRCA1 
carriers 

19 
(11.0
%) 

Cancer incidence in 
SEER (1973-1999) 

5.6% RR= 2.0(1.5-2.5) 

483 

BCLC 
(1999)111  

Retrospective 
cohort 

Colon 

Presumed 
BRCA2 
carriers 

30 
Cancer incidence in 
SEER (1973-1999) 

23.8 
RR= 1.43 (0.79–

2.58) 

3,728 



51 
 

Moran et al.108 assessed 268 BRCA1 families and 222 BRCA2 families including 3,341 

individuals who had either tested positive for BRCA1 or BRCA2 or who had not been tested 

though a relative had tested positive. Among the 3,341 individuals, 1,148 tested positive, and 

2,193 had a first-degree relative had tested positive.  In total, 1,815 possible BRCA1 carriers and 

1,526 possible BRCA2 carriers were included. Person-years from 1975 to 2005 were used for 

risk analysis, and an assumption was made that 50% of those not tested carried the BRCA 

mutation. SIR was estimated from incidence rates for the Northwest of England for the same 

time frame. For BRCA1 mutation carriers, 11 incident colorectal cancer cases were observed, 

which was less than the 11.4 cases expected, yielding a SIR of 1.0 (95%CI:0.5-1.7). For BRCA2 

mutation carriers, 10.4 incident colorectal cancer cases were observed, compared to 10.3 

expected cases, yielding a SIR of 1.0 (95%CI:0.5-1.8) for BRCA2 mutation carriers. The SIR for 

both BRCA1 and BRCA2 mutation carriers indicate no increased risk of colorectal cancer. 

 

Asperen et al.109 conducted a retrospective cohort study of members of 139 families with a 

member with breast and/or ovarian cancer from eight clinical genetics centers in the Netherlands. 

Pedigrees were drawn for all members, and the youngest typed carrier and his/her first-degree 

relatives were selected for the cohort. These presumed BRCA1/2 mutation carriers comprised 

1,811 individuals, including 1008 women (56%) and 803 men (44%). The observed number of 

colon cancer in the carrier group was 20, while 16.5 was expected based on the Netherlands 

Cancer statistics (1990-2005), yielding a statistically significant relative risk of 2.0 (95%CI:1.5-

2.5) and indicating an increased risk of colorectal cancer in presumed BRCA1/2 mutation 

carriers. 
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Brose et al.110 examined the colon cancer risk in 147 families of patients from a breast cancer 

risk clinic in the United States. The sample of 483 participants included 316 subjects who tested 

positive for BRCA1 and 167 presumed carriers, which referred to siblings or parents of the 

identified BRCA1 mutation carriers. The cumulative lifetime colon cancer risk in the 483 

BRCA1 mutation carriers was compared with the population colon cancer risk of 5.6 % in the 

SEER data. Nineteen cases of colon cancer (11.0%) were identified among carriers resulting in a 

statistically significant relative risk of 2.0 (95%CI:1.5-2.5) of colorectal cancer in BRCA1 

mutation carriers. 

 

The Breast Cancer Linkage Consortium (BCLC)111 examined colon cancer risks in 173 families 

with BRCA2. The final cohort comprised 3,728 individuals, including 681 individuals with 

breast or ovarian cancer, 471 unaffected BRCA2 mutation carriers, 390 tested non-carriers and 

1,186 individuals with unknown BRCA mutation status. Eight colon cancer cases were found in 

the BRCA2 mutation group compared to 6.56 colon cancer cases expected from SEER data, 

which resulted in a statistically non-significant relative risk of 1.43 (95%CI:0.79-2.58) and 

indicates no increased risk of colorectal cancer in the BRCA2 mutation carriers. 

 

In summary, in this set of four cohort studies involving pedigree analysis, two studies reported 

no increased risk of colon cancer among BRCA1/2 mutation carriers and one study reported no 

increased risk of colorectal cancer among BRCA1 and BRCA2 mutation carriers. The remaining 

one study showed an increased risk of colon cancer among BRCA2 mutation carriers.
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4.2.5 Cohort studies involving kindred (n=2; Table 4.5) 

Table 4.5 Cohort studies involving kindred 

Reference 
(year) 

Study 
design 

Cancer 
type 

Case 
population 

Observed 
cases 

Comparison 
population  

# of cases 
Estimated 

relative risk 
(95% CI) 

Risch 
(2001)112 

Kin-
cohort 

Colorectal 

Relatives of 
BRCA carriers BRCA1=2.9 

Relatives of non-
carriers Expected 

cases 4.2 

RR= 0.7 (0.17–
2.8) 

649 ovarian 
cancer cases BRCA2=10.3 

649 ovarian 
cancer cases 

RR= 2.5 (1.0–
6.3) 

Struewing 
(1997)113 

Kin 
cohort 

Colon 
Ashkenazi Jews 

9 
Ashkenazi Jews 

509 
RR= 0.7  

(0.36-1.42) 114 BRCA 
carriers  

4,759 non-
carriers 
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Risch et al.112 screened 649 unselected incident cases of ovarian cancer diagnosed in Ontario, 

Canada during 1995-1996 for mutations in BRCA1 and BRCA2. Of the 515 women with 

invasive ovarian cancer 60 had a BRCA mutation, including 39 with BRCA1 and 21 with 

BRCA2. Family histories of colorectal cancer were compared in mutation carriers and non-

carriers. The incidence rate of colorectal cancer among first-degree relatives was compared with 

the incidence rate for 455 non-carriers from unselected ovarian cancer cases. A total of 2.9 cases 

were observed among BRCA1 and 10.3 among BRCA2 carriers compared to 4.2 cases expected 

in the comparison group.  The relative risk of colorectal cancer for BRCA1 mutation carriers was 

0.7 (95%CI: 0.17-2.8), which was statistically non-significant, indicating that no increased risk 

of colorectal cancer among first-degree relatives of the BRCA2 mutation carriers. However, for 

BRCA2 mutation carriers, the relative risk was 2.5 (95%CI:1.0-6-3), which was statistically 

significant. 

 

Struewing et al.113 screened 5,318 Ashkenazi Jewish volunteers for BRCA1 and BRCA2 

mutations. Family histories of colon cancer were compared in mutation carriers and non-carriers. 

For colon cancer, this comprised 114 BRCA mutation carriers and 4,759 non-carriers. Nine 

(7.8%) colon cancer family history cases were reported in the BRCA carriers, and 509 (9.3%) 

were reported in the non-carriers group. Statistics including relative risk, confidence interval, and 

p-value were not given in the study. By our calculation, the relative risk was estimated to be 0.71 

(95%CI:0.36-1.42), which was statistically not significant, indicating no increased risk of 

colorectal cancer family histories in the BRCA mutation carriers. 
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Summarized, in this set of two kin-cohort studies, two studies reported no increased risk of 

colorectal cancer family histories among BRCA1/2 mutation carriers. 

 

4.3 Meta-analysis 

Of the 18 studies in the systematic review, 14 were included in the meta-analysis. Two 

studies99,114 were excluded as they had insufficient statistical information to compute an effect 

size and two kin-cohort studies115,116 were excluded as the outcome was the frequency of a 

family history of colorectal cancer.  
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4.3.1 Overall meta-analysis 

 

Figure 4.3.1 Overall meta-analysis 

 

  

The meta-analysis of 17 assessments of colorectal cancer risk in BRCA1 or BRC 

A2 mutation carriers found no statistically significant difference in the odds of colorectal cancer 

between BRCA carriers and non-carriers using random-effects model (OR:1.20, 95%CI:0.96-

1.50, p:0.11). However, in a fixed-effect analysis colorectal cancer risk was increased 

significantly in BRCA mutation carriers (OR:1.22, 95%CI:1.01-1.48, p:0.041). There was no 

statistically significant heterogeneity (I-squared:20%, p:0.23).   
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4.3.2 Meta-analysis of BRCA1 

 

Figure 4.3.2 Meta-analysis of BRCA1  

 

 

In this meta-analysis of eight studies focused on BRCA1 only, mutation carriers were found to 

be at higher risk of colorectal cancer (OR:1.48, 95%CI:1.14-1.93, p:0.005). There was no 

statistically significant heterogeneity (I-squared:3.7%, p:0.40).  
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4.3.3 Meta-analysis of BRCA2 

 

Figure 4.3.3 Meta-analysis of BRCA2  

 

 

 

This meta-analysis of five BRCA2 studies found no statistically significant risk of colorectal 

cancer between mutation carriers and non-carriers (OR:1.15, 95%CI:0.79-1.97, p:0.46). There 

was no statistically significant heterogeneity (I-squared:0%, p:0.88).   
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4.3.4 Meta-analysis without pedigree studies 

 

 

This meta-analysis of 13 studies without pedigree analyses found no statistically significant risk 

of colorectal cancer between mutation carriers and non-carriers (OR:1.07, 95%CI:0.82-1.39, 

p:0.62). There was no statistically significant heterogeneity (I-squared:30.7%, p:0.42).   

 
 
 
 
 
 
 
 
 
 
 
 
 

 

Study name Subgroup within study Comparison Statistics for each study Odds ratio and 95% CI

Odds Lower Upper 
ratio limit limit Z-Value p-Value

Mersch BRCA1 General 1.585 0.436 5.756 0.700 0.484

Mersch BRCA2 General 0.539 0.096 3.023 -0.703 0.482

Phelan BRCA1 General 0.919 0.466 1.814 -0.243 0.808

Phelan BRCA2 General 0.819 0.251 2.678 -0.330 0.741

Thompson BRCA1 General 1.908 0.780 4.666 1.416 0.157

Ford BRCA1 General 3.186 0.700 14.498 1.499 0.134

C Foster BRCA1/2 Non-carrier 5.714 0.576 56.727 1.488 0.137

Kadouri BRCA1 Non-carrier 1.697 0.630 4.574 1.046 0.296

Kadouri BRCA2 Non-carrier 1.287 0.284 5.837 0.328 0.743

Suchy BRCA1 Case-control 0.800 0.388 1.649 -0.605 0.545

Kirchhoffet BRCA1/2 Case-control 0.500 0.220 1.138 -1.652 0.099

Neill BRCA1 Case-control 1.240 0.680 2.261 0.702 0.483

Chen-shtoyerma BRCA1/2 Case-control 0.788 0.288 2.152 -0.465 0.642

1.068 0.820 1.392 0.491 0.624

0.01 0.1 1 10 100

Figure 4.3.4 Meta-analysis without pedigree analyses 
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4.3.5 Meta-analysis using the general population as comparator  

 

Figure 4.3.5 Meta-analysis using the general population as comparator 

 

 

In this meta-analysis of six comparisons of BRCA1 or BRCA2 carriers to the general population, 

there was no statistically significant risk of colorectal cancer between carriers and non-carriers in 

(OR:1.21, 95%CI:0.79-1.86, p:0.38). There was no statistically significant heterogeneity (I-

squared:0%, p:0.46).   
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4.3.6 Meta-analysis using the non-carriers as comparator  

 

Figure 4.3.6 Meta-analysis using the non-carriers as comparator 

 

 

In this meta-analysis of three comparisons of BRCA1 or BRCA2 carriers to non-carriers, there 

was no statistically significant differential in risk of colorectal cancer between carriers and non-

carriers (OR:1.81, 95%CI:0.83-3.96, p:0.13). There was no statistically significant heterogeneity 

(I-squared:0%, p:0.56). 
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4.3.7 Meta-analysis of case-control studies 

 

Figure 4.3.7 Meta-analysis of case-control studies  

 

 

This meta-analysis of four case-control studies found no statistically significant risk of colorectal 

cancer between carriers and controls (OR:0.87, 95%CI:0.60-1.27, p:0.48). There was no 

statistically significant heterogeneity (I-squared:37%, p:0.19).  
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4.3.8 Publication bias 

In the funnel plot of standard error by log odds ratio (Figure 4.3.7) large-sample studies at the 

top showed symmetry while minor asymmetry was evident farther down. The p-value is already 

greater than alpha, making the estimation of the number of missing studies needed for the p-

value to exceed alpha is redundant. And the result of Egger’s test (p=0.069) indicates that 

symmetry exists in the funnel plot and no apparent bias exists in the studies included in the meta-

analysis.  

 

Figure 4.3.8 Funnel plot of standard error by log odds ratio 
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CHAPTER 5 

DISCUSSION 

 

From their narrative review of, by their classification, four cohort studies, five case-control 

studies and four pedigree studies, Sopik et al.117 concluded that there may be an increased risk 

for colorectal cancer in BRCA1 or BRCA2 mutation carriers from high-risk families, but that 

there is little evidence of such risk in unselected populations with founder mutations.  Further, 

the Phelan et al. prospective study of 7015 women with BRCA1 and BRCA2 mutations included 

in the Sopik et al.117 review found no colorectal cancer risk signal in the sample at large. 

However, the study identified a 4.76-fold increase in risk in women age 30-49 carrying the 

BRCA1 mutation (within a 95%CI margin indicating a 2.21-fold to 9-fold incremental risk), 

indicating a significantly elevated risk of early onset colorectal cancer in this subpopulation.118 

 

Especially the findings from our meta-analyses of 14 studies provide additional insights into the 

association of BRCA1 and BRCA2 genotypes and colorectal cancer risk. We detected at best an 

equivocal signal in colorectal risk when considering both BRCA1 and BRCA2 studies (random 

effects OR=1.20, 95%CI=0.96-1.50), which was not statistically significant in the random-

effects analysis (p=0.111) but was marginally so (p=0.041) in the fixed-effects analysis. Per our 

results, if there is an increased risk for colorectal cancer, it is among BRCA1 mutation carriers 

(OR=1.48, 95%CI=1.13-1.94, p=0.005) but not among BRCA2 carriers (p=0.461). Importantly, 

these findings were not a function of study design. Whether examining cohort studies comparing 

mutation carriers to the general population (p=0.377), to non-carriers (p=0.134), or case-

controlled subjects (p=0.470), the odds ratios crossed unity and were not statistically significant.  
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We could not meta-analytically validate the risk of early onset colorectal cancer risk in BRCA1 

carriers as the only evidence is from the Phelan et al.118 sub-analysis. This remains a hypothesis 

to be further investigated, also considering a clinical challenge of this finding by Evans and 

colleagues119. Of the eight cancers in the BRCA1-positive women younger than 50, only four 

were confirmed. Of these, two were squamous cell carcinomas of the anus, which the authors 

attribute to human papilloma virus. The two confirmed colorectal adenocarcinomas were similar 

to the expected number of 1.68 cases. Evans et al. also reviewed their own data on 890 women 

with the BRCA1 mutation, of whom 592 women were <50 years of age. One case of colorectal 

cancer occurred, moreover in a woman older than 50; when 3.78 cancers would have been 

expected. Despite this challenge, our quantitative results from 14 studies differ from the 

qualitative interpretations by Sopik et al.117 of 13 studies. Our meta-analysis provides compelling 

evidence of an increased risk of colorectal cancer in carriers of the BRCA1 mutation in general. 

Reasoning by elimination, the finding of no elevated risk among BRCA2 carriers and the 

dilution this likely had on the combined BRCA1 and BRCA2 analysis (non-significant random-

effects but marginally significant fixed effects analysis results) suggests that BRCA1 carriers, in 

general, may be at greater risk of colorectal cancer. This is in contrast to the conclusion by Sopik 

et al.117 of no increased risk in the population of BRCA1 carriers at large, and the possible risk of 

nearly five-fold in BRCA1-positive women under the age of 50.  

 

There are some methodological differences between the Sopik et al.117 conclusions and our 

findings. As noted, we complemented their narrative review with both a systematic review and a 

set of omnibus and stratified meta-analyses. We categorized our 18 studies as cohort studies with 
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the general population as the comparator (n=5), cohort studies with non-carriers as comparator 

(n=2), case-control studies (n=5), cohort studies involving pedigree analysis (n=4), and cohort 

studies involving kin (n=2); of which 14 were included in the meta-analysis (Table 5.1). From 

how the 13 studies in the Sopik et al.117 analysis, we re-classified two pedigree studies100,120 and 

one cohort study subtyped as prospective80 into cohort studies with the general population as the 

comparator; one cohort study sub-typed historical6 into cohort study with non-carriers as 

comparator, and two cohort studies sub-typed kin121,122 into cohort studies involving kin. The 

time frames of both reviews covered approximately the same time period of approximately 20 

years. However, our review included one study123 published after the conclusion of the Sopik et 

al.117 evaluations, but also an additional four studies99,109,109,124,125 released within the Sopik et al. 

1994-2014 period. Of these five studies, four were entered into the meta-analysis. They carried 

moderate weight in the overall BRCA1/2 meta-analysis, and low weight in the BRCA1 but high 

weight in the BRCA2 sub-analyses. This may have strengthened the evidence against a BRCA2 

risk association with colorectal cancer. It may also have added to the finding of, at best, an 

equivocal association between BRCA1 or BRCA2 mutation status and colorectal cancer risk. 

Importantly, the Mersch et al.123 2015 study in the BRCA1 sub-analysis had a low relative 

weight in the meta-analysis that showed a 1.48-fold increase in risk (95%CI=1.08-1.98). This 

may indicate that the studies included by Sopik et al.126 in their review indeed would have 

yielded a significant odds ratio had these authors performed a meta-analysis and had they 

focused less on the Phelan et al.118 prospective study. 
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Table 5.1. Studies included and classification by type in the Sopik et al. and Oh et al. reviews 

Reference (year) 
Sopik et al. Oh et al. 

n = 13 studies n = 18 studies 

Asperen (2005) N/A Pedigree 

BCLC (1999) Pedigree Pedigree 

Brose (2002) Pedigree Pedigree 

Chen- Shtoyerman (2001) Case-control Case-control 

Drucker (2000) Case-control Case-control 

Ford (1994) Pedigree Cohort vs. general population 

Foster (2007) N/A Cohort vs. non-carriers 

Kadouri (2007) Cohort (historical) Cohort vs. non-carriers 

Kirchhoff (2004) Case-control Case-control 

Lin (1999) N/A Cohort vs. general population 

Mersch (2015) N/A Cohort vs. general population 

Moran (2012) N/A Pedigree 

Niell (2004) Case-control Case-control 

Phelan (2014) Cohort  Cohort vs. general population 

Risch (2001) Kin-cohort Kin-cohort 

Struewing (1997) Kin-cohort Kin-cohort 

Suchy (2010) Case-control Case-control 

Thompson (2002) Pedigree Cohort vs. general population 

The studies by Lin et al., Drucker et al., Risch et al., and Struewing et al. were not included in the meta-analysis. 

 

  

Both our and Sopik et al.’s126 findings need to be interpreted with some caution. Reviews hold 

the inherent risk of favoring some studies over others, or some findings over others. Both 

reviews faced the challenge of comparing and integrating the results from studies with different 

designs; and the fact that only one study118  in the Sopik et al.126 and three studies118,124,125 in our 

reviews were prospective. Further, while most studies differentiated between BRCA1 and 

BRCA2 mutation carriers, some studies did not124,125,127,128. Studies differed in how they 

ascertained BRCA mutation carrier. For instance, some studies defined mutation based on three 

well-known founder mutations while other studies used whole gene sequencing. Some studies 

did not confirm BRCA mutation by genetic testing but used pedigree instead, assuming that 50% 
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of the study population would have BRCA mutations. Also, most studies did not mention how 

they dealt with participants with both BRCA1 and BRCA2 mutations. Most studies focused on 

colorectal cancer, but three studies were limited to colon cancer.  

 

Due to the heterogeneity in study design, we used subgroup analyses which, due to limited 

statistical power, did not permit stratification by BRCA mutation type or comparator. Only six 

studies were designed specifically to capture the risk of colorectal cancer in BRCA mutation 

carriers as their primary goal. The low incidence of colorectal cancers in some studies may be 

due to the fact that they studied several cancer types. 

 

Of note also is that all the studies reviewed were non-controlled observational investigations that, 

consequently, may have been unbalanced with regard to baseline clinical, demographic, and 

possibly other characteristics of the subjects. While the real-world practice may be better 

reflected in observational studies, the relative lack of baseline characteristics including risk 

factors make their interpretation more difficult and may induce bias. Family history, pre-existing 

cancer, diet, smoking status, and increasing age are known risk factors for colorectal cancer.129 

Studies varied in the effect measure used, including SIR, RR, and OR, which necessitated some 

effect measures to be converted into ORs to make them useable in the meta-analyses. Unadjusted 

ORs not incorporating baseline characteristics were derived.  

  

5.1 Conclusion 

Where a previous qualitative review suggested an increased risk of early onset colorectal cancer 

in women under the age of 50 carrying the BRCA1 mutation, our systematic review and meta-
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analysis points at 1.48-fold greater risk of colorectal cancer in BRCA1 carriers, but not in 

BRCA2 carriers, regardless of age.
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Appendix I: Search strategy 

 

Medline/PubMed, National Library of Medicine (1940 – present) 

Search conducted: 6/8/17 

 

Search  Query 

#1 ("Genes, BRCA1"[MeSH]) OR "Genes, BRCA2"[MeSH] OR "BRCA 1" 
OR "BRCA 2" OR "BRCA 1/2" OR "BRCA1" OR "BRCA2")) 

#2 (("Colorectal Neoplasms"[Mesh]) OR "colorectal cancer" OR "colorectal 
cancer*" OR "colorectal tumor*" OR "colorectal neoplasm*") 

#3 #1 AND #2 

((("Genes, BRCA1"[MeSH]) OR "Genes, BRCA2"[MeSH] OR "BRCA 1" 
OR "BRCA 2" OR "BRCA 1/2" OR "BRCA1" OR "BRCA2")) AND 
(("Colorectal Neoplasms"[MeSH]) OR "colorectal cancer" OR "colorectal 
cancer*" OR "colorectal tumor*" OR "colorectal neoplasm*") 

N=410 

 

Embase, Elseiver (1948 – present) 

Search Conducted: 6/8/17 

 

Search  Query 

#1 (brca1 or ‘brca 1’ or brca2 or ‘brca2’ or ‘brca1/2’ or ‘brca 1/2’) 

#2 (‘colorectal cancer’/exp) 

#3 #1 AND #2 

'colorectal cancer'/exp AND (brca1 OR 'brca 1' OR brca2 OR 'brca 2' OR 
'brca1/2' OR 'brca 1/2') AND ('article'/it OR 'review'/it) 

N=616 

 

Cochrane Library, Wiley (1898 – present) 

Search Conducted: 3/10/17 

 

Search  Query 

#1 (“brca1” or “brca 1” or “brca2” or “brca2” or “brca 1/2”) OR (MeSH 
descriptor: [Genes, BRCA1] explode all trees) OR (MeSH descriptor: 
[Genes, BRCA2] explode all trees) 

#2 (colorectal cancer) OR MeSH descriptor: [Colorectal Neoplasms] explode 
all trees) 
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#3 #1 AND #2 

(“brca1” or “brca 1” or “brca2” or “brca2” or “brca 1/2”) OR (MeSH 
descriptor: [Genes, BRCA1] explode all trees) OR (MeSH descriptor: 
[Genes, BRCA2] explode all trees) AND (colorectal cancer) OR MeSH 
descriptor: [Colorectal Neoplasms] explode all trees) 

N=12 
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APPENDIX II: Screening Tool  

Study Abstract Screening Tool 

[Title of study] 

 

Reviewer Initials: _______ 

Review Date: _____________ 

Review the abstract and answer the following questions for inclusion.  

(If unable to determine the answers from the abstract or no abstract is available, use the full text article 

for review.) 

 

1. Does the study include participants who were tested positively for either BRCA1 or BRCA2 

mutation or with a high risk of BRCA mutation? 

☐Yes ☐No 

 

2. Did the study define the comparison group? 

☐Yes ☐No 

 

3. Are outcomes related to colorectal cancer reported? 

☐Yes ☐No 

 

If “yes” to all questions, review for additional exclusion criteria below. 

_____________________________________________________________________________________ 

 

Note any additional reason(s) for exclusion below.  

(Check all that apply):  

  

☐ Editorial/Letter    ☐ Other __________________________ 

☐ Commentary  

☐ Case study  

☐ Not English language  

☐ Review 

 

_____________________________________________________________________________________ 

 

Date of review team meeting: _______________________ 

 

Decision:  ☐ Include  ☐ Exclude  ☐ Arbitration Needed 
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APPENDIX III:  Data Extraction Tool 

 

Full Article Data Extraction Tool  

[Title of study] 

 

Reviewer Initials: _________ 

Data Extraction Date:_____ 

 

STUDY CHARACTERISTICS 

 

1. Study design (1) Retrospective cohort � 

(2) Prospective cohort � 

(3) Case-control study � 

(4) Pedigree cohort � 

(5) Kin cohort � 

 

2. Comparison  

 

(1) General population � 

(2) Non-carriers � 

(3) Case-control study � 

 

3. Cancer type (1) Colorectal cancer � 

(2) Colon cancer � 

(3) Rectal cancer � 

 

4. Study Setting 

(country where study was conducted) 

U.S. �   

Other __________________ 

 

5. Concurrent Disease 

(check all that apply) 

 

(1) Breast cancer �                  

(2) Ovarian cancer �                                                         

(3) Other, specify _______________________                                                                                                       

 

 

PATIENT CHARACTERISTICS 

 

6. Number of patients Total # of BRCA1 mutation carriers _________________ 

Total # of BRCA2 mutation carriers _________________ 

# colorectal cancer cases (if applicable)______________ 

# expected cases (if applicable)________ 

 

7. Age 

(report means if available) 

(1) 18-55yrs �     

(2) ≥55yrs � 

(3) Mean age (�): _____  

 Standard Deviation (SD): ±____ 

(4) Median age: ____ 

(5) Age not reported � 
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8. Gender 

 

(1) % of Males: _____ 

(2) % of Females: _____ 

(3) Not reported � 

 

 

STUDY OUTCOMES 

 

9. Estimated relative risk  

 

 

(1) Standardized incidence ratio 

SIR= _______  95% Cl= ________ 

 

(2) Relative risk 

RR=_______ 95% Cl=________ 

 

(3) Odds ratio 

OR=_______  95% Cl=________ 

 

 

Notes:   
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