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ABSTRACT
BACKGROUND: PALB2 has been identi� ed as a breast cancer 

susceptibility gene conferring ~ 2-4 fold increased risk of 
breast cancer. A number of studies have estimated the PALB2 
mutation prevalence to range from 0.5% - 2.9% in populations 
of breast cancer patients. We performed an analysis to 
determine the PALB2 mutation prevalence in a large US referral 
testing population.

METHOD: DNA samples were anonymized from two 
subsets of patients: 955 early onset breast cancer patients 
with severe family history, and 524 patients with later onset 
of breast cancer and/or less severe family history. All patients 
were negative for deleterious sequence mutations or large 
rearrangements in BRCA1 and BRCA2. 

RESULTS: We identi� ed 10 disease associated PALB2 
mutations in the high risk group of 955 patients and 2 
deleterious PALB2 mutations in the lower risk group of 524 
patients. Identi� ed PALB2 mutations included 8 nonsense, 3 
frameshift mutations and a splice site mutation. The mutation 
prevalence for the high risk population was 1.05% (95% C.I., 
0.5 -1.92) whereas that for the lower risk population was 0.38% 
(95% C.I., 0.05-1.37). The observed rate of PALB2 variants of 
unknown signi� cance (VUS) identi� ed in this study was ~5% 
(78 VUS were in 75 of the 1479 patients that were tested). Our 
variant classi� cation program which successfully decreased 
the VUS rate in BRCA1 and BRCA2 is similarly expected to 
enhance mutation classi� cation on an on-going basis for 
PALB2 genetic testing.  

CONCLUSION: Genetic testing for PALB2 may be indicated 
as a re� ex test for breast cancer patients who test negative for 
BRCA1 and BRCA2.

BACKGROUND

Disease associated (deleterious) mutations in the Hereditary 
Breast and Ovarian Cancer syndrome genes (BRCA1 and BRCA2) 
confer a signi� cantly increased risk for cancer. The identi� cation 
of a disease associated mutation in these genes has important 
implications for the clinical management of patients in guiding 
strategies for prevention and early detection of cancer. While 
mutations in BRCA1 and BRCA2 are responsible for the majority 
of families with a hereditary predisposition to breast cancer, 
these two are not the only genes that when mutated increase 
the risk for breast cancer (i.e. p53, PTEN, ATM, CHEK2, etc.).

PALB2 (Partner and Localizer of BRCA2) was initially identi� ed 
as a breast cancer susceptibility gene conferring a ~2-4 fold 
increased risk for breast cancer.1 PALB2 interacts with BRCA1 and 
together with BRCA2 promotes homologous recombination 
repair at DNA damage sites2 (Figure 1). The PALB2 gene 
consists of 13 exons that encode an 1186-amino acid protein. 
Heterozygous or monoallelic germline mutations in PALB2 
are associated with an increased risk of breast cancer3 and/or 
pancreatic cancer4,5 whereas homozygous or biallelic mutations 
in PALB2 result in Fanconi Anemia Subtype N3. It is unknown 
whether PALB2 mutations are more prevalent in patients with a 
severe personal and family history of breast cancer compared 
to a group of patients with a less severe personal and family 
history of breast cancer.

GOALS
  To determine the mutation prevalence of PALB2 in a large 

cohort of breast cancer patients negative for BRCA1 and 
BRCA2 mutations, including comparing the prevalence in 
patients with severe personal and family cancer history with 
a group of patients with less severe personal and family 
histories of cancer.

  To assess the rate of PALB2 variants of unknown clinical 
signi� cance (VUS) in this patient population with breast cancer.

METHODS
PALB2 was sequenced by � uorescent dideoxy sequencing in 

both forward and reverse directions for ~3950 bp comprising 
13 coding exons and ~390 bp of � anking introns in PALB2. This 
PALB2 mutation prevalence study was determined in a large 
US referral testing population of 1,479 breast cancer patients. 
All patients were considered to be at su�  ciently elevated 
risk for a hereditary breast cancer syndrome based on their 
personal or family history as determined by their health care 
provider’s clinical judgment. For purposes of this study, we 
strati� ed this population into a more severe risk group (Higher 
risk) and less severe risk group (Lower risk). DNA samples were 
anonymized from these two subsets of breast cancer patients: 
1) Higher-Risk group of 955 patients and 2) a Lower Risk group 
524 patients. The Higher Risk group consists of patients who 
quali� ed automatically for the BRACAnalysis®rearrangement 
test (BART) by meeting the criteria shown in Table 1, based 
on personal and family history provided on the patient’s 
test request form. The Lower Risk group consists of patients 
whose personal and family history information did not meet 
criteria in Table 1, but who elected to order BART testing at the 
same time as their BRACAnalysis sequencing test. All patients 
previously tested negative for deleterious sequence mutations 
in BRCA1 and BRCA2.  

RESULTS

Disease associated mutations were identi� ed in 12 out 
of 1479 patients for a prevalence of 0.81%. Figure 2 shows 
the speci� c PALB2 sequence mutations identi� ed. The 
Y1183X mutation was seen 3 separate times while all other 
mutations were only observed once. We identi� ed disease 
associated PALB2 mutations in 10 out of 955 (1.05%) patients 
in the Higher Risk group and 2 out of 524 (.38%) patients 
in the Lower Risk group. Many di� erent types of mutations 
were identi� ed throughout the PALB2 gene supporting the 
importance that full gene sequencing is the best technique to 
detect mutations. 

Although the PALB2 positive rate is about 2.74 times higher 
in the Higher Risk group compared to the Lower Risk group, 
this di� erence was not statistically signi� cant at the 5% level. 
Using an exact Fisher test, we obtained a one-sided p-value 
of 0.143.

Among the Higher Risk group of PALB2 mutation carriers, 
there were 9 a� ected females and 1 a� ected male, whereas 
among the Lower Risk group of PALB2 mutation carriers there 
were 2 a� ected females: one with an age of diagnosis > 50 
with family history of breast cancer, and the other with age of 
diagnosis <50 without any family history of breast cancer. 

SUMMARY
  The mutation prevalence of PALB2 in this population of 

breast cancer patients, negative for BRCA1 and BRCA2 
mutations was 0.81% overall, with the Higher Risk group at 
1.05% (95% C.I., 0.5-1.92) and the Lower Risk group at 0.38% 
(95% C.I., 0.05-1.37). This di� erence between the two groups 
was not statistically signi� cant at the 5% level. 

  The overall VUS rate of PALB2 in this patient population with 
breast cancer was identi� ed to be ~5%.  

DISCUSSION
  After consideration of a BRCA1 or BRCA2 mutation, a 

reasonable di� erential could be a PALB2 mutation in 
individuals and families with breast cancer.

  Based on our previous experience with reclassifying VUSs, 
we expect the 5% VUS rate in PALB2 to eventually be lower 
as greater testing allows for more reclassi� cation of variants.

  No current medical management guidelines for PALB2 
mutation carriers currently exist but increased breast 
surveillance or participation in research studies may be 
appropriate.

  Advancing testing technologies are beginning to impact the 
way clinicians view the � eld of hereditary cancer syndromes 
from highly penetrant single gene(s) disorders to a more 
robust consideration which includes lower penetrant genes 
that modestly impact cancer risk. 
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Table 2. Mutation Prevalence by Risk Group

 Groups  Mutation Prevalence

 High Risk  10/955 = 1.05% (95% C.I., 0.5-1.92)

 Lower Risk  2/524 = 0.38% (95% C.I., 0.05-1.37)

 TOTAL  12/1479 = 0.81%

1 2 3 4 5 6 7 8 9 10 11 12 13Exons

start ATG stop TAA

G596X W1038X Y1183X (3x)

509delGA

1546delA G796X

IVS10+5G>CE884XE545X 1924delA

Table 3. Identi� ed PALB2 Variants of Unknown Signi� cance (VUS).
Variants of Uncertain Signi� cance (VUSs) were identi� ed in 75 out of the 
1479 (5%) patients that were tested. Three of these patients had 2 VUSs.

Total number of VUS 78
Number of patients with a VUS 75
Percent of (patients with) VUS 75/1479=5%

Table 1: High risk criteria based on the patient’s personal history of 
cancer and age of onset (left column), and additional family history 
where applicable (right column).

Patients a� ected with: Additional Family History Required:

Breast cancer before 
age 50 AND

   2 or more diagnoses of breast 
cancer before age 501 and/or 
ovarian cancer at any age2

 OR

Male breast cancer at 
any age AND

   2 or more diagnoses of breast 
cancer before age 501 and/or 
ovarian cancer at any age2

1. Male breast cancer quali� es at any age
2.  At least one relative must be a � rst or second degree relative and qualifying 

cancers must be on the same side of the family
Note:  For this criteria, “breast cancer” includes ductal carcinoma in situ (DCIS) 

and invasive breast cancers.

  Figure 1. PALB2 acts as a molecular sca� old that links BRCA1 
and BRCA2, and together form a complex that is essential for 
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Figure 3. PALB2 mutations and personal and family history
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Figure 2. The 12 disease-associated and/or deleterious PALB2 
mutations identi� ed in patients. The Y1183X mutation was seen 3 
times in 3 di� erent patients. 
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