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Abstract: Background and Objectives: BRCA1 and BRCA?2 are genes located in different chromosomes
that are disproportionately associated with hereditary breast and ovarian cancer syndrome. Their
association with other cancers remains to be explored. Materials and Methods: We systematically re-
viewed cohort studies to explore the association of BRCA 1 and BRCA2 with various cancers ex-
cept lung cancer. We searched PubMed, Medline (EBSCOhost) and relevant articles published up to
10 May 2021. The odds ratio, standardised morbidity rate and cancer-specific standardised incidence
ratio were pooled together as relative risk (RR) estimates. Results: Twelve studies were included for anal-
ysis. BRCA mutation increased pancreatic and uterine cancers by around 3-5- and 1.5-fold, respectively.
BRCA mutation did not increase brain cancer; colorectal cancer; prostate, bladder and kidney cancer;
cervical cancer; or malignant melanoma. BRCA?2 increased gastric cancer with RR = 2.15 (1.98-2.33).
Conclusion: The meta-analysis results can provide clinicians and relevant families with information
regarding increased specific cancer risk in BRCA1 and BRCA2 mutation carriers.
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1. Introduction

Breast cancer genes BRCAI and BRCA2 play a role in DNA repair and co-localise in
the nuclear foci with RAD5]1, a protein required for homologous recombination within a,
probably common, DNA repair pathway [1]. The history of BRCA findings is written in
the article "The Twists and Turns in BRCA’s Path” [2]. BRCA1 is located in chromosome
17q21, whereas BRCA?2 is located in chromosome 13q12.

BRCA genes share a common pathway in DNA repair and are well-known for in-
creasing the incidence of breast and ovarian cancers. The mechanisms of the unequal
distribution or predominance of breast and ovarian cancers remain obscure. For example,
the Breast Cancer Linkage Consortium (BCLC) did not find an increase in the incidence of
haematologic malignancies through BRCA1 or BRCA2 mutation except that of lymphoma
by BRCAI mutation [3,4]. One study reported an increase in haematologic cancers [5].
Another study reported a remarkable rise in laryngeal cancer (relative risk (RR): 7.67) [6],
whereas others reported none [4]. Our group previously performed a meta-analysis and
found no increase in lung cancer incidence due to BRCAI or BRCA2 gene mutation [7].
A systemic review and meta-analysis found conflicting results for colorectal cancer; one
study [8] showed that BRCAI increases cancer risk (odds ratio (OR): 1.49, confidence inter-
val (CI): 1.20-1.86) and another study [9] showed that BRCAI and BRCA2 do not increase
cancer risk.
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Due to the available of poly(ADP-ribose) polymerase inhibitors for BRCA mutation
cancer patients and the advances of precision medicine, the relationships of other cancers,
besides ovary and breast needed to be explored. Only cohort studies were selected because
of their high evidence level.

2. Materials and Methods
2.1. Search Strategy and Data Abstraction

We calculated BRCA1 and BRCA2 separately because these genes are located in
different chromosomes. Lung cancer incidence was previously studied by our group and
therefore not included in the present study [7]. The search procedure was similar to our
previous study. PubMed and Medline (EBSCOhost) databases were systematically searched
for relevant articles published up to 10 May 2021 using the terms “BRCA, cancer” without
language restriction. Additional search methods included a manual review of the reference
lists of relevant studies. Inclusion criteria were as follows: (1) the study was published
and had extractable information, (2) the participants had BRCA1 or BRCA2 mutations
and (3) the control groups involved patients without mutations or the general population.
Abstracts or posters were not selected because their quality is difficult to evaluate. Studies
that grouped BRCA1 and BRCA2 mutations as a BRCA mutation were not included. When
the same patient population was used, the work with the highest patient number was
selected. Cohort studies with ascertained BRCA mutation carriers and cohort studies
involving pedigree analysis were analysed together and the ascertained ones were selected
for analysis. The Preferred Reporting Items for Systematic Reviews and Meta-Analyses
statement was followed for data extraction. Two reviewers (YCL and YLL) independently
examined the titles and abstracts of the publications according to the search strategy. The
full texts of all potentially relevant publications were retrieved. The data extracted from
each study included the publication year, name of the first author, trial type, number of
patients, number of observed cases, number of control cases, OR, standardised morbidity
rate (SMR), cancer-specific standardised incidence ratio (SIR) and RR. Only cohort studies
were selected to decrease the heterogenicity. The Newcastle-Ottawa Scale was used in the
quality assessment. The scale comprises eight items with a total of nine points as follows:
representativeness of the cohort, selection of control cohort, ascertainment of exposure,
demonstration that outcome of interest is not present at the start of study, comparability
(two points, study controls for age and another factor), assessment of outcome, follow-up
long enough for outcomes to occur and adequacy of follow-up of cohorts.

2.2. Statistics

OR, SMR and SIR were treated as equivalent measures of risks and pooled together
as RR estimates. RRs were pooled across studies by using inverse-variance weighted
DerSimonian-Laird random-effect models to allow for between-study heterogeneity. 12
statistics were used to determine between-study heterogeneity. 12 is the proportion of the
total variation in the estimated effects for each study due to heterogeneity between studies.
Analyses were conducted in Stata (version 12.0; Stata Corp, College Station, TX, USA).
Two-sided p < 0.05 was considered statistically significant.

3. Results

Fifty-five full articles were retrieved from a review of 7091 titles and abstracts in total.
Additionally, 22 full articles were obtained through the manual review of the reference
lists of relevant articles (Figure 1). From these 77 articles, 65 were excluded because of the
following reasons: (1) 4 articles had the same cohorts [6,10-12]; (2) 10 articles combined
BRCA1 and BRCA2; (3) 10 articles had no control groups; (4) 6 articles were unextractable;
(5) 15 studies were series or case studies; (6) 20 studies were irrelevant; and (7) 6 studies
were excluded for discussions or news, etc. Finally, 12 articles were selected (Figure 1).
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Figure 1. Study selection scheme.

Six studies were conducted in multiple countries [3,4,13-17]. The remaining five stud-
ies were conducted in the United States [18], the Netherlands [19], the United Kingdom [20],
Israel [21] and South Africa [14] (Table 1). Five cohort studies involved ascertained BRCA
mutation carriers [13,15,16,18,22]. The remaining cohort involved the pedigree to expand
the cohort number by adding the pedigree to the calculation of the risk of being a carrier.
One study [14] only calculated p-values, and overserved results (cases/expected cases)
were treated as the SIR. Four studies focused on females only, and one study focused on
males (Table 1).

Regarding the quality of studies, most study outcomes [13-16] were collected person-
ally, by telephone interview or by mailed questionnaire. One study [18] was secured from
the Progeny database during genetic counselling session or from the patient’s medical
record and one from medical record or death certification [19,20]. The adequacy of follow-
up was reported as a mean of 5.5 years [16] or average person years [3,20] in three studies.
Only one study [18] reported an 85% completion of follow-up, whereas one study [4]
reported 236 patients lost to follow-up. Most studies used cancer data controlled for age-,
sex- and country-specific incidence rates [3,4,15,16,19,20]. The scoring methods are given
in Table 2. The highest possible total score is 9. The distribution of total scores in the
12 studies is as follows: 8 (two studies), 7 (four studies), 6 (two studies), 5 (three studies)
and 4 (one study; Table 2).
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Table 1. Summary of the baseline characteristics of the included studies.

. . . Mean Age . e1es Median .
Studies Study Design BRCA Carrier (Range) Sex Distribution Control Follow-Up Country (Population)
. Kindred BRCA2 3728 Cancer incidence in BCLC, Western Europe, the
BCLC, 1999 [4] Retrospective cohort Pedigree studies ) ) five continents ) US and Canada
. . . . BRCA151.2 Relatives of cases not
Risch HA, 2001 [22] Cohort studies Direct sequencing BRCA2 575 Female only carrying mutation - Toronto
Thompson D, 2002 Direct sequencing Cancer incidence in BCLC, Western Europe, the
[3] Cohort study BRCA 2245 five continents 26.12 years (P-Y) US and Canada
Pathogenic BRCA2
van Asperen CJ, 2005 . mutation 1088 (56%)/803 Dutch cancer incidence
[19] Retrospective cohort 50% prior probability (44%) cates Netherlands
(pedigree)
Direct sequencing . .
.. . University of Toronto,
Beiner ME, 2007 [13] Prospective cohort BRCAT 619 54.4 (45-70) Female only Car}cer qu encemn 33y multicentre North American,
BRCA2 236 five continents
Europe and Israel
Both 2
BRCA1 229
. Cohort studies BRCA2 100 . . 52.8, Hadassah Medical Centre
Kadouri L, 2007 [21] Ashkenazi Excluded both ) Female only Ashkenazi non-carrier 57 years (P-Y) (Jerusalem, Israel)
mutations
Schlebusch CM, 2010 . 3682 (all), 57% National Cancer Clinic atf the Umvers.1 ty of
Cohort study Pedigrees - . - Pretoria, South African
[14] female Registry e
families
. . Regional Genetics Clinics at
Pedg%lg;;nlc lilsded . 1100/715 Northwest of England 22.6 years (P-Y) Manchester and
d 931/595 (1975-2005) oY Birmingham (Northwest and
West Midlands in England)

Moran A, 2012 [20] Prospective cohort

BRCA2 1526
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Table 1. Cont.

Studies Study Design BRCA Carrier N([Ii:;;je Sex Distribution Control F(l)\;ll‘(a)ilrillr.llp Country (Population)
Six centres in the United
States (Northern California
Breast Cancer Family
Deleterious BRCA1 Registry, New York site of
and BRCA2 mutations .. . the BCFR, Utah site of the
Mocdi E, 2013 [15] Cohort study and pedigree - Zg?gggz Cagsee}rcglrf’;ieer;ctes} " - BCEFR, Philadelphia site of
BRCA1 11,946 the BCFR), Canada (Ontario
BRCA2 7773 Familial Breast Cancer
Family Registry) and
Australia (Australian Breast
Cancer Family Registry).
BRCA deleterious
mutation Cancer incidence in Five countries from Canada
Phelan CM, 2013 [16] Prospective BRCA1 5481 47.3 (30-74) Female only fi . 5.5 years (mean) . !
BRCA2 1474 ive continents the United States or Europe
Both 60
Multicentre, the Royal
Marsden Hospital NHS
50% inheriting a Foundation Trust, St Mary’s
Bancroft EK, 2014 . mutation, pedigree 60.1 Family member test Hospital, Manchester; The
[17] Prospective cohort BRCAf 791g 59.8 Male only I}iegative 25 years PriIr)u:ess Anne Hospital,
BRCA2 731 Southampton; and
Addenbrooke’s Hospital,
Cambridge.
BRCA deleter.ious Mean age last 584 (57.82)/29 Unit.ed. States Cancer
mutation, variants Statistics: 1999-2010
. . contact 49.36 (46.77) . MD Anderson Cancer
Mersch J, 2015 [18] Prospective included (range, 17-90 406 (42.18)/33 Incidence and - Centre
Excluded both e ’ Mortality Web-Based
. years) (53.23)
mutations Report
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Table 2. Methodologic quality of studies based on the Newcastle-Ottawa Scale (N = 12).
Representativeness I\IS:rl:]gtIl{ong(f)r Ascertainment Demonstration That Study Controls for Assessment of Was Median Adequacy of
Studies of the BRCA Cancer Was Not Present  Initial Age and/or an Follow-Up 5 Follow-Up Total
General of BRCA o o Outcome
Gene . Initially Additional Factor Years or More? (>80%)
Population
BCLC, 1999 [4] * * * * * % — — *
Risch HA, 2001
[22] * * * * — — — — 4
Thomps[c>3r]1 D, 2002 * * * * *k * * o 8
van Asperen CJ, _ _

2005 [19] * * * * *k * 7
Belner[ll\/gi, 2007 * * * * *— o - o 5
Kadotglll]d, 2007 * * * * o * - 5
Schlebusch CM,

2010 [14] * * o * *— - - - >

A, 2012
Moran 20 * * * * * * * * —
Mocci E, 2013 [15] * * * * * % — — —
Phelan[f()l}d, 2014 * * * * Sk o * - 7
Bancrog ]7£]K, 2014 * * * * * * . 6
Mersch J, 2015 [18] * * * * *— * — * 7

% score one point, —: no point.
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The first score, which is the “representativeness of the exposed cohort”, was scored
as positive if the study was considered truly or somewhat representative of the BRCA
mutation carriers. The second score, which is the “selection of non-exposed cohort”,
was scored as positive if the general population or a population with no BRCA mutation
was selected. The third score, which is the “ascertainment of exposure”, relates to the
measurement of BRCA mutation at the start of the study. The fourth score, which is the
“demonstration that the outcome of interest was not present at start of the study”, was
scored as positive when cancer was not presented initially. The fifth score, which is the
“comparability of cohorts on the basis of design or analysis”, was scored according to
whether the analysis set the initial age and/or an additional factor as the control variable.
The sixth score, which is the “assessment of outcome”, was scored positively when the
procedure of cancer confirmation was described in the chart retrieved. The seventh score,
which is “was the follow-up long enough for outcomes to occur”, was scored positive if
the median follow-up was greater than 5 years, which is considered adequate. The eighth
and final score, which is the “adequacy of the follow-up of cohorts”, was scored positively
when the follow-up was complete or when the subjects lost to follow-up were less than
20%. ¥ score one point, —: no point.

Studies [3,4] grouped laryngeal and thoracic cancers for calculation. One study [21]
did not separate Hodgkin lymphoma from non-Hodgkin lymphoma and did not include
these cancers in the analysis. Cancer types were systematically drawn separately as
follows: head and neck cancer (Figure 2), gastrointestinal cancer (Figure 3), biliary and
pancreatic cancer (Figure 4), gynaecologic cancer (Figure 5), urologic cancer (Figure 6),
thyroid cancer (Figure 7), cancer of the bone and connective tissue (Figure 8), haematologic
malignancies (Figure 9), melanoma (Figure 10) and others (Figure 11). Only one study
focused on pharyngeal cancer and showed that BRCA2 increased the incidence of this
cancer (Figure 2). Others showed that BRCA1 or BRCA2 mutation does not increase head
and neck cancer incidence. BRCA2 mutation increases oesophageal and gastric cancers
based on two and six studies, respectively (Figure 3). BRCAI or BRCA2 mutation can
increase biliary and pancreas cancer incidence by around threefold (Figure 4). BRCA1 or
BRCA2 mutation can marginally increase cervical and uterine cancer incidence. Only one
study [13] emphasised endometrial cancer incidence (Figure 5). A sensitivity test showed
that BRCA2 mutation increases the incidence of endometrial cancer grouped with other
gynaecological cancers (RR 1.74 [1.17-1.58], data not shown). Most of the studies showed
that BRCA1 and BRCA2 mutations do not increase urological malignancies (Figure 6).
Only one study reported an increase in urological malignancy due to BRCA1 and BRCA2
mutations [22]. BRCAT and BRCA2 mutations do not increase thyroid cancer incidence
(Figure 7). However, BRCAI and BRCA2 mutations can increase bone cancer incidence
based on one and two studies, respectively (Figure 8). BRCA1 and BRCA2 mutations can
increase leukaemia incidence based on three studies (Figure 9). Only one study related
to BRCA2 focused on uveal melanoma with increased incidence [20]. Others showed that
the mutation has no effect on melanoma incidence. Figure 11 shows the incidence of other
cancers, including cancers of the peritoneum, intestinal tract, nasal sinuses, pleura, other
genital organs, eye and several sites ill-defined in the studies. All these cancers were
defined ”cancer excluding breast, ovarian and non-melanoma skin cancer” by studies.
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Study Group Risk RR(95% CI) Weight %
BRCA1, brain !

Thompson D, 2002 Carriers RR Lo 1.70(0.53,547) 571
1
Schlebusch CM, 2010 Pedigree SIR . 0.43(0.06,3.02) 274
Moran A, 2012 Pedigree RR : 0.40(0.02,6.51) 1.50
Mersch J, 2015 Carriers  SIR 2.37 51_23, 4 55} 9.68
Subtotal (l-squared =22.7%, p=0.275) g 1.58(0.77,3.24 19.64
1
BRCAZ, brain 1
BCLC, 1989 Pedigree RR —t 1.96 50_52, ?'396 487
van Asperen CJ, 2005 Pedigree RR T * 3.90(0.96, 15.90) 4.51
Schlebusch CM, 2010 Pedigree SIR ——— 0.51(0.19,1.35) G6.94
Moran A, 2012 Pedigree RR + 0.80(0.05, 13.66) 1.46
Mersch J, 2015 Carriers  SIR + 0.93 50 13, 6_60} 274
Subtotal (l-squared = 36.9%, p =0.175) g ——— 1.24 (0.53,2.91 20.52
1
BRCA1, buccal cavity and pharynx & oral cavity !
Thnmpsnn D, 2002 Carreirs RR [ 015 E[} 04, [159} 470
Mersch J, 2015 Carriers  SIR ——— 1.47 (0.55, 3.91 6.94
Subtotal (I-squared =85.9%,p = 0.008) : 0.49 (0.05, 461) 11.64
1
BRCAZ, buccal cavity and pha nx & oral cavi
BCLC, 1999 " phany Pedigree tﬁ : + 226(069, 740) 561
van Asperen CJ, 2005 Pedigree + 2.40(0.64,897) 491
p T
Mersch J, 2015 Carrners SIR T 0.77(0.11,547) 274
Subtotal (l-squared = 0.0%, p=0.601) pam—— 1.93(0.86, 4.31) 13.27
1
BRCAZ, tongue 1
van Asperen CJ, 2005 Pedigree RR t + 2.40(0.21,27.56) 1.90
I — 2.40 (0. 21 27.56) 1.90
1
BRCAZ, salivary glands 1
van Asperen CJ. 2005 Pedigree RR . * 460 (0.45, 47.25) 2.06
: 4.60 (0.45, 47.25) 2.06
BRCAZ2, pharynx !
van Asperen CJ, 2005 Pedigree RR : 7.30(1.66,32.01) 4.21
-¢- K 3
. 7.30(1.66,32.01) 4.21
BRCA1, larynx & throat '
Thompson D, 2002 Carriers RR - 1.06 (029, 387) 503
Schlebusch CM, 2010 Pedigree SIR T 0.36 50_05, 2.58%3 274
Moran A, 2012 Pedigree RR | 0.90(0.05, 16.18) 1.41
Subtotal (l-squared = 0.0%,p = 0.668) e 0.78(0.28,2.15) 9.18
1
BRCAZ, larynx & throat 1
BCLC, 199 Pedigree RR t 0.69(0.10,461) 2.89
van Asperen CJ, 2005 Pedigree RR * 1.20(0.22,6.46) 3.48
Schlebusch CM, 2010 Pedigree SIR ——— 0.86(0.53,1.41) 11.23
Subtotal (I-squared = 0.0%,p = 0.906) | 0.87 (0.55,1.38) 17.59
Overall (l-squared = 36.8%,p = 0.040) 1.25(0.87,1.79)  100.00

|
01

10

Figure 2. Meta-analysis of the association between BRCA gene mutation and head and neck cancer incidence. CI: confidence

interval, RR: relative risk, SIR: cancer-specific standardised incidence ratio. Solid diamonds denote ratio point estimate from

each study, open diamonds represent pooled overall results and the dashed line denotes the overall pooled point.
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Study Group Risk RR (95% CI) Weight %
BRCAT, Es%hangﬂus
Thompson D, Carriers RR —— 098 ED.QS. 3.85% 247
A Moran, 2012 Pedigree RR —— 290 (0.80,10.53) 261
Mersch J, 2015 Carriers SIR —— 247 EDGS. 17.54) 165
Subtotal (l-squared = 0.0%, p=0.502) - 1.86 (0.80, 4.33) 6.73
BRCAZ, Esq{ahagus )
Moran A, 2 Pedigree RR —r— 410 (1.26, 13.30) 281
Mersch J, 2015 Carriers SIR - > = (.00 EU.UU 0.00
Subtotal (-squared = 0.0%, p = 0.993) II-:::- 410 (1.26. 13.30) 281
BRCA1, stomach
Risch HA, 2001 Carriers RR —— 6.20 (1.40, 27.38) 228
Thompson D, 2002 Carriers RR —p— 1.56 (0.56, 4.36 310
Schle usch CM 2010 Pedigree  SIR * 1.06 (0.80, 1.40 450
Moran A, 2 FPedigree RR e 240(078,7.34 293
Mersch ), 2015 Carriers SIR . 1.741(0.24,12.32) 1.65
Subtotal (l-squared = 45.5%, p = 0.119) <> 1.70 (0.93, 3.09) 14.45
BRCAZ, stomach
BCLC, 1999 Pedigree RR —r— 259 EU.QD. ?.49% 3.04
Risch HA, 2001 Carriers RR —— 2.301(0.31, 17.05) 1.60
van Asperen CJ, 2005 Pedigree RR e 1.20(040, 356 2499
Schlebusch CM, 2010 Pedigree  SIR * 215(1.98 233 4.65
Moran A, 2012 Pedigree RR —— 2701087, 837 2490
Mersch J, 2015 Carriers SIR e — 1.75(0.25, 12.48) 1.65
Subtotal (l-squared = 0.0%, p = 0.922) [} 215 (1.98, 2.33) 16.83
BRCAZ small intestine . L
van Asperen CJ, 2005 Pedigree RR 370(0.33 4199 123
3.70(0.33, 41.99 123
BRCA1, colon i
Thompson D, 2002 Carriers RR —rp— 203 EU.QU 4.58; 355
Schlebusch CM, 2010 Pedigree SIR >~ 018(0.11,029 4.19
Subtotal (l-squared = 96.0%, p = 0.000) — - 0.59 (0.05, 6.38) 774
BRCAZ, colon
BCLC, 1999 FPedigree RR —p— 1.43(0.49, 420 301
van Asperen CJ, 2005 Pedigree RR —— 1500057, 3.91 325
Schlebusch CM, 2 Pedigree SIR -»> 0.13(0.09, 0.20 435
Subtotal (I squared 94 0%, p=0.000) - 0.63 (0.10, 4.07 10.60
BRCAT, rectum
Thompson D, 2002 Carriers RR —— 0.23 (0.06, 0.89) 249
- 0.23 (0.06, 0.89) 49
BRCAZ, rectum .
BCLC, 1999 Pedigree RR —— 1.11(0.31, 4.02) 261
- 111 (0.31, 4.02) 261
BRCA1, colorectal
Risch HA, 2001 Carriers RR —— 0.70(0.13, 3.67) 2.02
Kadouri L, 2007 Carriers HR ] 3.90(0.89,17.11) 229
Moran A, 2012 Pedigree RR —rp— 1.00(0.33,2.99 297
Phelan CM, 2014 Carriers SIR * 0.92(0.81, 1.04 463
Mersch J, 2015 Carriers SR bl 158 (1.14,2.19 444
Subtotal (l-squared = 68.5%, p = 0.013) o 122 (0,79, 1.89 16.35
BRCAZ, colorectal
Risch HA, 2001 Carriers RR —p— 2.50(0.65,9.58 251
van Asperen CJ, 2005 FPedigree RR —— 0701(0.27,1.81 327
Kadouri L, 2007 Carriers HR —— 2.31(0.40,13.27) 1.90
Moran A, 2012 Fedigree RR —— 1.00(0.33, 3.07 282
Phelan CM, 2014 Carriers SIR - 0.82(0.55,1.21 4.35
Mersch J, 2015 Carriers SIR —r— 0.53(0.20, 1.41 3.20
Subtotal (-squared = 0.0%, p=0.427) & 0.86 (0.63,1.17 18.16
wverall (l-squared=91.5%, p=0. 23(0.90,1. X
Overall (I d=191.5% 0.000) 1.23(0.90, 1.68) 100.00
NOTE: Weights are from random effects analysis I

Figure 3. Meta-analysis of the association between BRCA gene mutation and gastrointestinal cancer incidence. CI: confidence
interval, RR: relative risk, SIR: cancer-specific standardised incidence ratio. Solid diamonds denote ratio point estimate from
each study, open diamonds represent pooled overall results and the dashed line denotes the overall pooled point.
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Study Group Risk RR (95% Cl) Weight %
BRCAT, liver :

Thompson D, 2002 Carriers RR = 4.06 (1.13, 14.55) 403
Schlebusch CM, 2010 Pedigree SIR 1 0.33(0.05, 2.35) 242
Subtotal (I-squared = 77.3%, p = 0.036) : 1.30(0.11, 15.01) 6.45
BRCA2, liver :
BCLC, 1999 Pedigree RR —a— 418(1.04,16.80) 3.69
van Asperen CJ, 2005 Pedigree RR : -0 10.90 (2.71,4392) 368
Schlebusch CM, 2010 Pedigree SIR —— 1.57 (1.23,2.01) 7.60
Subtotal (l-squared = 77.3%, p = 0.012) ¢— 3.59 (1.04, 12.34) 14.97
1
BRCAT, gallbladder and bile ducts :
Thompson D, 2002 Carriers RR T 1.87 (0.42, 8.39) 3.39
Moran A, 2012 Pedigree RR : » 2.20(0.11, 45.89) 123
Subtotal (l-squared = 0.0%, p = 0.925) | 1.93 (0.50, 7.42) 462
1
BRCA2, gallbladder and bile ducts 1
BCLC, 1999 Pedigree RR —— 497(1.07,23.03) 331
Moran A, 2012 Pedigree RR —e- 430(0.64,29.11) 251
Subtotal (l-squared = 0.0%, p = 0.908) —d—:—- 470(1.42,1553) 582
1
BRCA1, pancreas :
Risch HA, 2001 Carriers RR T 1.50 (0.21, 10.88) 2.39
Thompson D, 2002 Carriers RR — 226 (0.77,6.59) 471
Schlebusch CM, 2010 Pedigree SIR —_—— 1.28 (0.48,3.42) 5.04
Moran A, 2012 Pedigree RR : 0.80(0.13, 4.92) 268
Mocci E, 2013 Pedigree SIR R4 4.11(3.88,4.35) 7.85
Mersch J, 2015 Carriers  SIR —_—— 473(290,7.72) 6.89
Subtotal (l-squared = 54.6%, p = 0.051) Q 3.03(1.97,4.65) 29.55
BRCA2, pancreas :
BCLC, 1999 Pedigree RR —_—— 3.51(1.16,1065) 457
Risch HA, 2001 Carriers RR : 210(0.28,1552) 236
van Asperen CJ, 2005 Pedigree RR —— 5.90 (2.05, 16.97) 4.76
Schlebusch CM, 2010 Pedigree SIR —— | 1.52 (0.93, 2.48) 6.89
Moran A, 2012 Pedigree RR :; 410(1.26,13.30) 4.35
Mocci E, 2013 Pedigree SIR | 5.79 (5.52,6.07) 7.85
Mersch J, 2015 Carriers  SIR 1 21.75(19.61,24.11) 7.81
Subtotal (l-squared = 98.9%, p = 0.000) ¢ 485(223,1053) 3859
Overall (l-squared = 97.8%, p = 0.000) < 3.41(236,492)  100.00
NOTE: Weights are from random effects analysis : : :

Figure 4. Meta-analysis of the association between BRCA gene mutation and biliary and pancreatic cancer incidence. CI:
confidence interval, RR: relative risk, SIR: cancer-specific standardised incidence ratio. Solid diamonds denote ratio point
estimate from each study, open diamonds represent pooled overall results and the dashed line denotes the overall pooled point.
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Study Groups  Risk (95% CI) Weight
BRCA1, cervix :

Thompson D, 2002 Carriers RR e — e — 372(1.39,998) 495
Schlebusch CM, 2010 Pedigree SIR —— 061(0.32,1.18) 6.18
Moran A, 2012 Pedigree  RR + : 0.40 (0.03, 5.95) 1.50
Mersch J, 2015 Carriers SIR e . S m— 1.18 (0.44, 3.13) 498
Subtotal (I-squared = 68.3%, p = 0.024) — T 1.18 (0.45, 3.06) 17.61
1
BRCAZ, cervix :
BCLC, 1998 Pedigree RR s 1.29(0.32, 5.17) 368
Schlebusch CM, 2010 Pedigree SIR —— 1 0.52 (0.32,0.84) 6.76
Moran A, 2012 Pedigree  RR < - 0.50 (0.09, 2.77) 2389
Mersch J, 2015 Carriers SIR ! 441 (3.18,6.11) 724
Subtotal (I-squared = 94.5%, p = 0.000) —::::} 1.17 (0.27, 4.97) 2056
1
BRCA1, other uterus !
Risch HA, 2001 Carrers RR e 1.50 (0.20, 11.12) 235
Thompson D, 2002 Carriers RR — e — 265 (1.03,6.82) 5.10
Kadouri L, 2007 Carriers HR ot 210 (0.35, 12.67) 272
Schlebusch CM, 2010 Pedigree  SIR : 0.24 (0.03, 1.68) 242
Moran A, 2012 Pedigree RR m—ref 200(047,845) 353
Mersch J, 2015 Carrers SIR e . g 1.39 (0.85, 2.27) 6.76
Subtotal (I-squared = 3.2%, p = 0.396) < 153 (1.01, 2.31) 2288
1
BRCA2, other uterus 1
BCLC, 1999 Pedigree RR e 1.25(0.31, 5.05) 365
van Asperen CJ, 2005 Pedigree  RR 4 1.80 (0.49, 6.59) 393
Kadouri L, 2007 Carriers HR — 220 (0.31, 15.45) 244
Schlebusch CM, 2010 Pedigree  SIR e 1.50 (1.23, 1.83) 751
Moran A, 2012 Pedigree RR o 200(047,857) 350
Mersch J, 2015 Carriers SIR —— 1.14 (0.59, 2.19) 6.18
Subtotal (I-squared = 0.0%, p = 0.953) <> 1.48 (1.2, 1.78) 2722
1
BRCA1, endometrial cancers ;
Beiner ME, 2007 Carriers SIR 1 e 5.00 (3.06, 8.16) 6.76
1 - 5.00 (3.06, 8.16) 6.76
1
BRCA2, endometrial cancers |
Beiner ME, 2007 Carriers SIR | —— 6.20 (2.33, 16.52) 498
| — 620(233,1652) 498
Overall (I-squared = 79.9%, p = 0.000) < 162 (1.12,2.35) 100.00

NOTE: Weights are from random effects analysis

I
01

Figure 5. Meta-analysis of the association between BRCA gene mutation and the incidence of uterine and cervical cancers. CI:

confidence interval, RR: relative risk, SIR: cancer-specific standardised incidence ratio. Solid diamonds denote ratio point.
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Study Group Risk ES (95% CI) Weight

BRCA1, urogenital system or urinary bladder, (kidney, bladder)

Risch HA, 2001 Carrier RR 200 (0.37, 10.81) 254
2.00 (0.37, 10.81) 254

BRCA2, urogenital system or urinary bladder, (kidney, bladder)

Risch HA, 2001 Carrier RR 1.40 (0.19, 10.29) 22

van Asperen CJ, 2005 Pedigree RR 120 (053, 2.74) 359

Subtotal (I-squared = 0.0%, p = 0.889) 123 (057, 2.63) 580

BRCAT, prostate

Risch HA, 2001 Carrier RR —— 0.48 (0.07, 3.45) 223

Thompson D, 2002 Carrier RR == 1.07 (0.46, 2.48) 357
Schiebusch CM, 2010 Pedigree SIR e 0.12 (0.06, 0.24) 377
Moran A, 2012 Pedigree RR —.— 1.00 (027, 3.71) 300
Bancroft EK, 2014 Pedigree OR s 8.00 (3.66, 17.47) 364
Mersch J, 2015 Carrier SIR =B= 3.81(1.98,7.32) 377
Subtotal (I-squared = 93.9%, p = 0.000) - 1.15 (0.27,4.92) 19.99
BRCA2, prostate
BCLC, 1999 Pedigree RR =@ 465 (219, 9.89) 367
Risch HA, 2001 Carrier RR e e 1.60 (0.30, 8.48) 257
van Asperen CJ, 2005 Pedigree RR =ffn 250 (1.00, 6.28) 348
Schlebusch CM, 2010 Pedigree SR ' 3 0.64 (059, 0.69) 412
Moran A, 2012 Pedigree RR 6.30 (2609, 14.75) 356
Mersch J, 2015 Carrier SIR 489 (370,6.47) 405
Subtotal (I-squared = 97.9%, p = 0.000) 269 (085, 8.56) 2145
BRCA2, prostate
Bancroft EK, 2014 Pedigree OR 0.83 (0.35, 1.94) 3.56

0.83 (035, 1.94) 356
BRCA1, testis
Thompson D, 2002 Carrier RR 210 (048,9.12) 280

210 (048,9.12) 280
BRCA, testis
BCLC, 1999 Pedigree RR 1.10 (0.16, 7.75) 225

1.10 (0.16, 7.75) 225
BRCAT, bladder
Thompson D, 2002 Carrier RR + 0.48 (0.15, 1.54) 318
Schiebusch CM, 2010 Pedigree SIR - 0.00 (0.00, ) 000
Moran A, 2012 Pedigree RR —— 0.90 (0.19, 4.23) 271
Mersch J, 2015 Carrier SIR £ 0.00 (000, ) 000
Subtotal (I-squared = 0.0%, p = 0.939) <> 0.60 (024, 1.53) 589
BRCA2, bladder
BCLC, 1999 Pedigree RR —— 0.69 (0.16, 2.90) 284
van Asperen CJ, 2005 Pedigree RR + 1.20 (0.35, 4.08) 31
Schlebusch CM, 2010 Pedigree SR i 0.17 (0.09,0.32) 377
Moran A, 2012 Pedigree RR e 0.50 (0.09, 2.69) 255
Mersch J, 2015 Carrier SIR 073 (0.10,5.17) 224
Subtotal (I-squared = 60.9%, p = 0.037) 049 (0.19, 1.23) 14.52
BRCAT, kidney
Thompson D, 2002 Pedigree RR —— 043 (0.11, 1.72) 291
Schiebusch CM, 2010 Pedigree SIR 0.89 (034, 2.38) 341
Mersch J, 2015 Carrier SIR 1.11 (0.42, 2.95) 341
Subtotal (I-squared = 0.0%, p = 0.545) 0.84 (045, 1.56) 973
BRCA2, kidney
BCLC, 1999 Pedigree RR i 0.82 (0.17, 3.99) 267
van Asperen CJ, 2005 Pedigree RR —f— 0.10 (0.02, 0.45) 276
Schlebusch CM, 2010 Pedigree SIR s 0.27 (0.04, 1.88) 224
Mersch J, 2015 Carrier SIR = 1.73 (090, 3.32) 377
Subtotal (I-squared = 77.8%, p = 0.004) L 1 049 (0.12,2.05) 1145
Overall (I-squared = 91.1%, p = 0.000) < 1.07 (0.69, 1.65) 100.00
NOTE. Weights are from random effects analysis l

0.1 1 10

Figure 6. Meta-analysis of the association between BRCA gene mutation and urologic malignancy incidence. CI: confidence
interval, RR: relative risk, SIR: cancer-specific standardised incidence ratio, OR: odds ratio. Solid diamonds denote ratio point.
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Study

BRCAA1, thyroid
Schlebusch CM, 2010

Mersch J, 2015

Group Risk

Pedigree SIR

Carriers  SIR

Subtotal (I-squared = 49.3%, p = 0.160)

BRCAZ2, thyroid

=5,

RR(95% Cl)  Weight %

0.44(0.06,3.10) 3.11
1.83(1.24,2.71) 77.77

1.25(0.36,4.32) 80.88

BCLC, 1999 Pedigree RR 1.55(0.32,7.54) 477
van Asperen CJ, 2005 Pedigree RR —0— 1.10(0.09, 13.45) 1.91
1
Schlebusch CM, 2010 Pedigree SIR€E - > 000(000,)  0.00
1
Mersch J, 2015 Carriers  SIR - 0.86(0.32,2.30) 12.44
Subtotal (I-squared = 0.0%, p = 0.943) 1.02(0.46,2.25) 19.12
1
1
1
1
Overall (I-squared = 0.0%, p = 0.589) 1.56 (1.11,2.21) 100.00
1
1
NOTE: Weights are from random effects analysis :
1
1T
0.1 1 10

Figure 7. Meta-analysis of the association between BRCA gene mutation and thyroid cancer incidence. CI: confidence

interval, RR: relative risk, SIR: cancer-specific standardised incidence ratio. Solid diamonds denote ratio point.

Study

BRCA1, bone
Thompson D, 2002

BRCA2, bone
BCLC, 1999
van Asperen CJ, 2005

BRCA1, connective tissue

Thompson D, 2002

BRCA2, connective tissue
BCLC, 1999
van Asperen CJ, 2005

Group  Risk

Carriers RR &

Pedigree RR
Pedigree RR

Carriers RR

Pedigree RR
Pedigree RR

Subtotal (I-squared = 0.0%, p = 0.834)

Overall (l-squared = 64.1%, p = 0.016)

NOTE: Weights are from random effects analysis

— i

RR (95% Cl) Weight %

0.05(0.00,0.74) 1365
0.05(0.00,0.74) 1365

2.14(0.20,22.42) 15.46
14.40 (2.85,72.70) 19.87
6.76 (1.09, 42.07) 35.33

127(0.28,571) 2061
1.27(0.28,5.71) 2061

115(0.11,11.92) 1552
0.80(0.07,9.28) 14.90
097(0.18,525) 3041

1.32(0.32,5.45) 100.00

Figure 8. Meta-analysis of the association between BRCA gene mutation and the incidence of bone and connective tissue cancers.

CI: confidence interval, RR: relative risk, SIR: cancer-specific standardised incidence ratio. Solid diamonds denote ratio point.
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Study Group

BRCAT1, Haematological
Moran A, 2012 Pedigree

BRCA2, Haematological
van Asperen CJ, 2005 Pedigree

BRCAT1, Hodgkin's disease
Mersch J, 2015 Carriers

BRCA2, Hodgkin's disease

BCLC, 1999 Pedigree
Mersch J, 2015 Carriers
Subtotal (I-squared = 0.0%, p = 0.994)

BRCA1, other lymphoma

Thompson D, 2002 Carriers
Mersch J, 2015 Carriers
Subtotal (I-squared = 0.0%, p = 0.996)

BRCA2, other lymphoma

BCLC, 1999 Pedigree
van Asperen CJ, 2005 Pedigree
Mersch J, 2015 Carriers

Subtotal (l-squared = 58.2%, p = 0.091)

BRCA1, myeloma

Thompson D, 2002 Carriers
Mersch J, 2015 Carriers
Subtotal (l-squared = 0.0%, p = 0.326)

BRCA2, myeloma
Mersch J, 2015 Carriers

BRCA1, leukemia

Risch HA, 2001 Pedigree
Thompson D, 2002 Carriers
Mersch J, 2015 Carriers

Subtotal (I-squared = 33.4%, p = 0.223)
BRCA2, leukemia

BCLC, 1999 Pedigree
van Asperen CJ, 2005 Pedigree
Mersch J, 2015 Carriers

Subtotal Y(I-squared =0.0%, p=0.775)
Overall (I-squared = 61.6%, p = 0.000)

—NOTE: Weights are from random effects analysis

Risk RR (95% Cl)
RR —_— 1.00 (0.28, 3.58)
<> 1.00 (0.28, 3.58)
)
RR — 0.20 (0.06, 0.64)
<> 0.20 (0.06, 0.64)
SR - 379(197,7.28)
<> 379 (197,7.28)
L
RR — 1.48 (0.30, 7.34)
SR 3 0.00(0.00, )
<f> 1.48 (0.30, 7.34)
RR —_— 0.23(0.06, 0.90)
SR » 0.00(0.00, )
<>: 0.23 (0.06, 0.90)
RR —_— 1.91(0.52, 6.98)
RR — 0.20 (0.04, 0.98)
SR —_— 0.50 (0.07, 3.59)
<? 062 (0.15, 2.59)
RR —_— 058 (0.10, 3.33)
SR —_— 216 (0.30, 15.36)
T 1.04 (0.28, 3.83)
SR » 0.00(0.00, )
—_— t 0.00(0.00, )
RR — 260 (0.67, 10.13)
RR — 0.88 (024, 3.27)
SR - 295 (199, 4.37)
< 230 (121, 4.39)
v
RR — 112(0.22,5.61)
RR — 1,50 (0.38, 5.97)
SR 2.01 (1.05. 3.86)
1.79(1.03,3.12)
1.15(0.71,1.87)

Weight %

937
9.37

5.03
5.03

N

__.._Q,O*

3

Figure 9. Meta-analysis of the association between BRCA gene mutation and haematologic malignancy incidence. CI:

confidence interval, RR: relative risk, SIR: cancer-specific standardised incidence ratio. Solid diamonds denote ratio point.

Study Group

BRCA1, malignant melanoma

Thompson D, 2002 Carriers
Schlebusch CM, 2010 Pedigree
Moran A, 2012 Pedigree
Mersch J, 2015 Carriers

Subtotal (I-squared = 95.7%, p = 0.000)

BRCA2, malignant melanoma

BCLC, 1999 Pedigree
van Asperen CJ, 2005 Pedigree
Schlebusch CM, 2010 Pedigree
Moran A, 2012 Pedigree
Mersch J, 2015 Carriers

Subtotal (I-squared = 87.4%, p = 0.000)

BRCA2, uveal melanoma
Moran A, 2012 Pedigree

Overall (l-squared = 94.9%, p = 0.000)

NOTE: Weights are from random effects analysis

RR(95% CI)

1.11(0.36, 345)
0.19 (0.10, 0.36)
0.90 (0.14, 5.64)
331(2.66,4.12)
0.90 (0.16, 5.07)

258 (0.54, 12.27)
0.0 (0.02, 0.55)
0.11(0.06,0.22)
2560 (0.70, 9.60)
081031, 2.17)
056 (0.13, 2.35)

99.40 (15,69, 629.85)
99.40 (15,69, 629.85)

1.08(0.33,3.47)

Weight %

10.23
10.93
8.85

1.28
4130

9.42
LR
10.93
9.92
1049
49.87

8.83
8.83

100.00

Risk
RR —
SR ——
RR ——
SR L
-
RR ——
RR —y—
SR ——
RR -
SR —_—
e )
RR
-] >
| I

Figure 10. Meta-analysis of the association between BRCA gene mutation and melanoma incidence. CI: confidence interval,

RR: relative risk, SIR: cancer-specific standardised incidence ratio. Solid diamonds denote ratio point.
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Study Group Risk RR (95% CI) Weight %

BRCA1, other cancers
Thompson D, 2002 Carriers RR ———» 7.40(3.18,17.24) 10.11

- 740(3.18,17.24) 1011

BRCA2, other cancers
BCLC, 1999 Pedigree RR

413(1.28,1333) 735

——rTTT e 413(1.25,1333) 735
|
I
|
| ———
|
*

BRCA1, all cancers

Thompson D, 2002 Carriers RR — 1.34(0.83,2.17) 13.95

Kadouri L, 2007 Carriers  HR 260(1.01,667) 9.21

Moran A, 2012 Pedigree RR ——— | 0.70 (0.33, 1.50) 10.98
(

|
Subtotal (--squared = 56.9%, p = 0.098) - 1.29(0.69,2.41)  34.14
|
I
I

BRCA2, all cancers

BCLC, 1999 Pedigree RR + 245(1.48,4.05) 1375

Kadouri L, 2007 Carriers HR - 1.80 (0.57, 5.64) 7.56

Subtotal (I-squared = 0.0%, p = 0.628) O 2.33(1.47,3.69) 21.31
]

BRCA2all cancers :

Moran A, 2012 Pedigree RR ——o-ﬂl— 1.50 (0.80, 2.82) 12.35

] - T 1.50(0.80,2.82) 1235

BRCA1, unknown sites
Thompson D, 2002 Carriers RR D E—— 3.45(1.45,8.22) 9.89

— 345(145,822) 989

I
BRCA2, unknown sites :
BCLC, 1999 Pedigree RR : 0.82(0.16,4.12) 486
I 0.82(0.16,4.12) 486
!

Overall (l-squared = 64.1%, p = 0.003) ¢ 2.07 (1.36, 3.15) 100.00

NOTE: Weights are from random effects analysis '

0.1 1 10

Figure 11. Meta-analysis of the association between BRCA gene mutation and the incidence of other cancers. CI: confidence
interval, RR: relative risk, SIR: cancer-specific standardised incidence ratio. Solid diamonds denote ratio point. Other
cancers include cancers of the peritoneum, intestinal tract, nasal sinuses, pleura, other genital organs, eye and several sites
ill-defined in the studies; all cancers, excluding breast, ovarian and non-melanoma skin cancers.

4. Discussion

BRCA-associated tumours occur disproportionately in women'’s breast and ovary,
as well as in other body parts, but to a lesser degree. Some studies grouped these other
cancers with breast and ovarian cancers and pointed out that BRCA mutations increase
cancer incidence, which we think might be attributed largely to breast and ovarian cancers.

Figures 2-11 are summarised below. Cancer incidence based on one to three studies
was considered less strong. These incidences are as follows. BRCA1 and BRCA2 mutations
increased leukaemia (RR 2.3 [1.21-4.39] and 1.79 [1.03-3.12], respectively). BRCAI mutation
increased endometrial cancer (RR 5 [3.06-8.16]) and Hodgkin's disease (RR 3.79 [1.97-7.28]).
BRCA2 mutation increased pharyngeal cancer (RR 7.30 [1.66-32.01]), oesophageal cancer
(RR 4.1 [1.26-13.3]), hepatic cancer (RR 3.59 [1.04-12.34]), gallbladder and biliary cancers
(RR 4.7 [1.42-15.53]), endometrial cancer (RR 6.2 [2.33-16.52]), uveal melanoma (99.4 [15.69-
629.85]) or bone cancer (RR 6.76 [1.09—-42.07]) but did not increase cancers of the tongue or
salivary glands or the small intestines. BRCAI mutation did not increase the incidence of
oesophageal cancer, liver cancer, gallbladder and bile duct cancer or bone cancer. BRCA
mutations were not related to cancers of the buccal cavity, pharynx and oral cavity; cancers
of the larynx and throat; colon or rectum cancer; cancers of the urogenital system or urinary
bladder testis; haematological malignancy; other lymphoma; myeloma; thyroid cancer; or
connective tissue disease.
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Meta-analyses based on more than three studies were as follows. BRCA mutation
increased pancreatic cancer by three- to fivefold and other uterine cancers by around
1.5-fold. BRCA2 mutation increased gastric cancer incidence (RR 2.15 [1.98-2.33]), whereas
BRCA1 did not increase gastric cancer incidence. BRCA mutation did not increase the
incidences of brain cancer, colorectal cancer, prostate cancer, bladder and kidney cancer,
cervical cancer or malignant melanoma.

One study [23] stated that BRCA mutations are associated with the increased incidence
of endometrial carcinoma. BRCA1 and BRCA2 mutations were put together for analysis;
most studies were case-control studies, and cases were selected amongst patients with
endometrial carcinoma. Two studies [23,24] were from the same author (Lavie O). Another
study [24] related to meta-analysis grouped both BRCA genes together. Our study, as well
as another meta-analysis study [9], did not show that BRCA mutations increase colorectal
cancer. Mok Oh et al. [8] showed that BRCA1 mutation is associated with colorectal
cancer with an OR of 1.49 (1.200-1.86) but not BRCA2 mutation. However, the studies by
Thompson and Easton and Brose and Ford used data from the BCLC for calculation. Gene
studies use many resources, and they were conducted in medical centres or cooperation
groups. We tried to avoid repeat sampling by selecting the same author name or institute
only once, and the larger population was selected. Studies on genetic influences also use
many resources. Therefore, the population usually overlaps. For example, three studies
selected patients from the University of Toronto [13,15,16]. We could not tell them apart
and grouped them together. Prostate cancer incidence did not increase in our study, nor
in that of Mok Oh et al. [8]. However, they [25] later performed another meta-analysis
and showed that prostate cancer incidence is increased by BRCA1 or BRCA2 mutation.
The studies buy Thompson and Ford from the BCLC were selected for BRCA1 analysis.
Case-control studies were selected as well. More possible repetitive inclusions may have
occurred if more studies were included. Additionally, most of the studies gathered data in
person or by telephone interview. The ascertained diagnosis of cancer by recall or during
follow-up was hard to confirm. Therefore, the designs of the study were all described as
cohort study (Table 1).

Studies [18] regarding the direct testing of BRCA mutations and variants showed that
these mutations marked increase ovarian cancer with SIR values of 139.12 (BRCA1) and
74.93 (BRCA2), whereas the effects in other cancers mostly have SIR values of around 1-2.
Most studies excluded patients with both mutations [18], but one study [16] included all
patients without specifying the calculation method.

The effects of both genes in different cancers should be separately calculated for
specificity when explaining to patients during daily practice; moreover, many variants
remain largely unknown. Patients with strong family history may be screened for possible
mutations; however, some patients may give less attention to family history and not
undergo screening. Furthermore, patients with non-breast or non-ovarian cancer might be
less likely to come for DNA testing. One study [19] tried to minimise this variance by using
a population with a less-selected mutation. However, we cannot evaluate these affects.

BRCA gene mutations can lead to cancer. The classification systems used in the studies
are highly heterogeneous, and variants of uncertain clinical relevance add a challenge to
interpretations. Some variants were initially regarded as pathogenic but ended up having
no clinical significance, whereas others were the opposite [26]. Many studies discussed the
clinical importance of BRCA1 and BRCA2 variants. These findings need a consensus, and a
long way is still required to reach a conclusion. Nevertheless, some studies [22] implied
that specific mutations, for example, the BRCA2 exon 11 mutation, increase the incidence of
colorectal, stomach and pancreatic cancers more than other mutations. Some studies also
included pedigree to enlarge the study population, which might have led to selection bias
and misclassification. These could be improved in the initial designs of direct sequence
genes and with solid information on direct gene effects. The BRCAI gene spreads over
81 kb, whereas BRCA2 is 84 kb long. Determination of whether point mutation or deletion
leads to clinically significant tumour incidence changes is time-consuming. Sensitivity
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analysis studies separated the results in carriers from those in pedigrees (data not shown).
However, this approach is the best we could do with the evidence given by the current
cohort studies to provide an initial guide.

5. Conclusions

BRCA1 and BRCA2 mutations increased the incidence of pancreatic cancer (RR 3-5)
and uterine cancer (RR 1.5) but were not associated with brain cancer, colorectal cancer,
prostate cancer, bladder and kidney cancer, cervical cancer or malignant melanoma. Pa-
tients with these mutations might pay attention to pancreatic and uterine cancers, with
emphasis on gastric cancer, besides breast and ovarian cancer.
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