
RESULTS
● Overall, 6,674 (7.6%)

women diagnosed
with breast cancer
had a PV associated
with high or
moderate breast
cancer risk (Table 2).

● We observed a trend
towards younger
ages of diagnosis
in women with PVs
in high risk genes
compared to those in
moderate risk genes
(Figure 1).

● The proportion of
women with a PV
in high risk genes
diagnosed < 45 or
< 50 was higher than
that for women with
a PV in a moderate
risk gene (Table 2,
Figure 2).

Figure 2. Distribution of Diagnosis Age by Gene
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METHODS
● Clinical testing was performed for 88,081 women with a personal diagnosis of breast cancer using

a 25-gene hereditary cancer panel that included genes with a high (BRCA1, BRCA2, PTEN, TP53)
risk (42-100%), and moderate (PALB2, CHEK2, ATM, STK11, CDH1, NBN, BARD1) risk (17-58%)
of breast cancer.

● Individuals for whom the NCCN criteria in Table 1 do not apply (known family mutation or Ashkenazi
Jewish heritage) were excluded from analysis.

● The proportion of women with a PV diagnosed before age 45, age 50, and age 60 was evaluated.

CONCLUSIONS
● Approximately half of the women with a PV in a moderate breast cancer risk gene identified here

were diagnosed before age 50.
● This analysis may overestimate the proportion of moderate-risk PV carriers with early onset breast

cancer, as women included here met the current testing criteria. Additional studies are needed to
further investigate this question.

● Given that there are now medical management guidelines for women carrying PVs in moderate risk
breast cancer genes, it is important to consider whether the current testing criteria, developed for
high risk genes, effectively identify women who could benefit from the recommended interventions.

BACKGROUND
● The National Comprehensive Cancer Network (NCCN) currently recommends consideration of

genetic testing for appropriate, high risk individuals when it will impact medical management of the
individual or at-risk family members.1

● Current NCCN testing criteria for women affected with breast cancer are based on the age of
diagnosis, the number of affected relatives, and the presence of multiple primary cancers. Women
diagnosed before age 45 are considered candidates for testing regardless of family history, and
those diagnosed before 50 are candidates if their family histories are limited or unknown (Table 1).

● These criteria were developed when testing was typically limited to BRCA1 and BRCA2, with the
occasional addition of other high risk genes with at least a 6-fold increased risk for breast cancer.

● However, recent years have seen the widespread adoption of multi-gene panels that include testing
for moderate risk genes associated with a 2- to 4-fold increased risk for breast cancer. NCCN
and other professional groups now provide medical management guidelines for women carrying
pathogenic variants (PVs) in these genes.1

● Here we investigate whether current testing criteria based on the age of breast cancer diagnosis,
which were developed to identify women with clinically significant PVs in high risk breast cancer
genes, appropriately identify those women whose breast cancers are attributable to PVs in the
moderate risk genes.

Table 2. Distribution of PVs in Genes with Moderate or High Breast 
Cancer Risk According to Age

Gene BC 
Risk

Diagnosed 
< 45

Diagnosed 
< 50

Diagnosed 
< 60 Total

Moderate Breast Cancer Risk
CHEK2 23-48% 370 (35.3%) 608 (58.1%) 856 (81.8%) 1,047

PALB2 17-58% 291 (36.2%) 446 (55.5%) 666 (82.9%) 803

ATM 17-52% 276 (35.2%) 419 (53.4%) 599 (76.4%) 784

BARD1 Elevated 57 (31.5%) 99 (54.7%) 152 (84.0%) 181

NBN 30% 40 (27.6%) 72 (49.7%) 115 (79.3%) 145

CDH1 39-52% 18 (34.6%) 29 (55.8%) 42 (80.8%) 52

STK11 45-50% 4 (57.1%) 6 (85.7%) 7 (100%) 7

Total – 1,056 (35.0%) 1,679 (55.6%) 2,437 (80.7%) 3,019

High Breast Cancer Risk 
BRCA1 46-87% 1,068 (61.7%) 1,330 (76.8%) 1,610 (93.0%) 1,732

BRCA2 43-84% 774 (43.1%) 1142 (63.6%) 1543 (86.0%) 1795

TP53 65-100% 76 (83.5%) 81 (89.0%) 87 (95.6%) 91

PTEN 77-85% 25 (67.6%) 33 (89.2%) 36 (97.3%) 37

Total – 1,943 (53.2%) 2,586 (70.8%) 3,276 (89.6%) 3,655

Figure 1. Cumulative Age of Diagnosis According to Breast Cancer Risk
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Table 1. NCCN Testing Criteria for complete BRCA Analysis1 
Age of BC 
Diagnosis

Additional PHx and/or FHx Requirements (must have at least 1)
PHx FHx*

≤ 45 • None • None
≤ 50 • 2nd primary BC

• Male BC
• OC

• ≥ 1 BC, PaC, or PrC (Gleason score ≥ 7), or unknown/limited FHx**
• ≥ 1 BC (≤ 50 years of age), OC, or male BC
• ≥ 2 any combination of BC, PaC, PrC (Gleason score ≥ 7) at any age
• Tumor BRCA1/2 mutation in absence of germline mutation analysis

≤ 60 • TNBC
• BC
• OC

• ≥ 1 BC (≤ 50 years of age), OC, or male BC
• ≥ 2 any combination of BC, PaC, PrC (Gleason score ≥ 7) at any age
• Tumor BRCA1/2 mutation in absence of germline mutation analysis

≥60 • OC
• BC

• ≥ 1 BC (≤ 50 years of age), OC, or male BC
• ≥ 2 any combination of BC, PaC, PrC (Gleason score ≥ 7) at any age
• Tumor BRCA1/2 in absence of germline mutation analysis

PHx, Personal Cancer History; FHx, Family Cancer History; BC, Breast Cancer; OC, Ovarian Cancer; PaC, Pancreatic Cancer; PrC, Prostate Cancer
*FHx requirements are applicable to a close relative (1st, 2nd or 3rd degree blood relative on the same side of the family)
**Fewer than two female 1st or 2nd degree relatives that lived beyond age 45 in either lineage
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