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categorized into 3 biomarker groups: hormone receptor positive (HRþ; n
¼ 129), HER2 positive (HER2þ; n¼ 16), and triple-negative (TN; n¼ 78).
As expected, ERBB2 alteration was most common in HER2þ BCs.
GATA3 and ESR1 mutations were only identified in HRþ or HER2þ BCs.
The following mutations were enriched in TN BCs: TP53, PTEN, RB1,
and CDKN2A/B. In HRþ BCs, the following mutations were enriched:
FGF19, FGF4, FGF3, CDH1, ZNF217, and MDM2. As expected, CDH1
mutation was predominantly found in lobular carcinomas. The
following mutations were enriched in metaplastic carcinomas: p53,
PTEN, MCL1, CDKN2A/B, and NOTCH2. DNA damage repair (DDR)
gene mutation(s) may be associated with increased tumor mutation
burden, tumor neoantigens, and immune reaction. We found an overall
DDR gene mutation rate of 19.7% but no significant difference among
BC groups (Table).

Conclusions: We have summarized genetic alterations and their
association with clinicopathologic characteristics in 223 BCs. Our data
lay the groundwork for targeted therapy in BCs, including immuno-
therapy in patients with DDR-mutated BCs.

DDR Gene Mutations in 223 Breast Carcinomas With
FoundationOne Test Results

Mutated
Genes

HER2þ BC,
No. (%)
(n ¼ 16)

HRþ BC,
No. (%)

(n ¼ 129)

TNBC,
No. (%)
(n ¼ 78)

Total,
No. (%)

(n ¼ 223)

BRCA2 1 (6.3) 13 (10.1) 2 (2.6) 16 (7.2)
BRCA1 0 (0.0) 2 (1.6) 6 (7.7) 8 (3.6)
ATM 1 (6.3) 4 (3.1) 1 (1.3) 6 (2.7)
FANCA 0 (0.0) 2 (1.6) 1 (1.3) 3 (1.3)
CHEK2 1 (6.3) 2 (1.6) 0 (0.0) 3 (1.3)
BRIP1 0 (0.0) 2 (1.6) 0 (0.0) 2 (0.9)
ATR 0 (0.0) 1 (0.8) 1 (1.3) 2 (0.9)
BLM 0 (0.0) 0 (0.0) 1 (1.3) 1 (0.4)
FANCC 1 (6.3) 0 (0.0) 0 (0.0) 1 (0.4)
RAD51 0 (0.0) 0 (0.0) 1 (1.3) 1 (0.4)
RAD50 0 (0.0) 0 (0.0) 1 (1.3) 1 (0.4)

Total 4 (25.0) 26 (20.2) 14 (17.9) 44 (19.7)
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Context: Most breast cancers arise in the terminal duct lobular units
(TDLUs). TDLU involution occurs with aging and is associated with a
decreased breast cancer risk. The assessment of TDLU involution for
research studies is impeded by the subjectivity and labor-intensiveness
of the task. To address this, we built and validated a computational
method to objectively assess TDLU involution.

Design: Ninety-two whole slide images (WSIs) of normal breast
tissue were annotated and used to develop the automated method to
assess 3 standardized TDLU involution measures: TDLU counts/mm2,
median TDLU span, and number of acini per TDLU. This method was
validated using another 40 WSIs and by comparing with manual
assessments performed by 2 pathology residents. Interobserver and
intraobserver correlation, and correlations between manual and
automated results were evaluated using intraclass correlation coeffi-
cients (ICCs). The association of involution measures with age was
calculated.

Results: The intraresident and interresident ICC scores ranged from
0.82 to 0.96, and 0.71 to 0.81, respectively. The automated results
correlated with the mean of the residents’ measurements (ICC scores of
0.69 to 0.85). All automated and manual measures of involution, except
median TDLU span measured by the automated method, were
inversely associated with age (P , .01).

Conclusions: We have developed a computational method to
measure TDLU involution with performance comparable to manual
assessment. Eliminating the labor-intensiveness and subjectivity of
manual assessment will facilitate evaluation of large cohorts of women
with benign breast disease to better understand the impact of TDLU
involution on breast cancer risk, and ultimately develop more refined
predictive models.
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Context: The nonreceptor tyrosine kinase ACK1 (also known as
TNK2) is highly activated in breast cancer, with expression of
phosphorylated ACK1 (pACK1-Tyr284) correlating with proliferation
and invasion. We have identified a potent ACK1-specific small
molecule inhibitor, (R)-9bMS, that significantly compromises breast
cancer tumorigenesis. However, the immunohistochemical expression
of ACK1 and its activated form pACK1-Tyr284 in breast cancer have not
been well characterized.

Design: Sections from formalin-fixed, paraffin-embedded tissue
microarrays composed of breast cancer cores were stained separately
with hematoxylin-eosin, ACK1-specific, and pACK1-Tyr284–specific
antibodies (n¼ 399). Staining intensity was scored semi-quantitatively
by blinded readers. Statistical analysis was performed by v2 test.

Results: Both ACK1 and pACK1-Tyr284 immunostaining did not
differ with respect to ER/PR/HER2 status (ACK1: v2 ¼ 4.23, P ¼ .12;
pACK1-Tyr284: v2¼ 5.71, P¼ .06; Figure 63). When grouped together,
breast cancers stained more frequently for pACK1-Tyr284 than pACK1
(87% versus 33%; v2 ¼ 66.7; P , .001).

Conclusions: Breast carcinomas have high rates of ACK1 and
pACK1-Tyr284 immunoreactivity, irrespective of hormonal status. This
is in contrast to normal breast tissue, which possesses minimal ACK1
and pACK1-Tyr284 expression. Interestingly, we found more pACK1-
Tyr284 than ACK1 staining in these tumor samples, which could be due
to aberrant activation of ACK1 by other receptor tyrosine kinases in the
setting of carcinogenesis. Additional studies are needed to determine if
these immunostains are predictive of response to ACK1 inhibition by
(R)-9bMS. If so, ACK1 and pACK1-Tyr284 immunostaining may have
potential as a predictive biomarker to direct ACK1-targeted therapies,
not only in triple-negative breast cancer but in all molecular subtypes.
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