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Abstract

Digital PCR is a new technology that enables detection and quantification of cancer DNA
molecules from peripheral blood. Using this technique, we identified mutant PIK3CA DNA in
circulating plasma tumor DNA (ptDNA) from a patient with concurrent early stage breast cancer
and non-small cell lung cancer. The patient underwent successful resection of both her breast and
lung cancers, and using standard Sanger sequencing the breast cancer was shown to harbor the
identical PIK3CA mutation identified in peripheral blood. This case report highlights potential
applications and concerns that can arise with the use of ptDNA in clinical oncology practice.
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Introduction

PIK3CA encodes the p110a component of phosphatidylinositol 3-kinase (P13K) and has
been shown to harbor somatic mutations in ~ 36% of breast cancers and up to 3% of non-
small cell lung cancers. PIK3CA is one of the most frequently mutated oncogenes in human
cancers (1) and currently there is intense interest in developing P13 kinase inhibitors that
could serve as targeted therapies for cancers that have these mutations. Three hot-spot
mutations have been discovered within two exons (Exon 9: E542K and E545K and Exon 20:
H1047R) and account for 80-90% of all PIK3CA mutations in human cancers. Lung cancers
contain a broader range of PIK3CA mutations with E545K Exon 9 mutations representing
the majority at approximately 30% frequency (2). Although the prognostic significance of
PIK3CA mutations remains controversial, hotspot mutations have been shown to confer
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oncogenic features and resistance to some chemotherapies (3, 4). We and others have
demonstrated that in metastatic breast cancer patients tumors that harbor PIK3CA mutations
will release their DNA such that the mutations can also be isolated from blood by analyzing
circulating cell-free plasma derived tumor DNA (ptDNA) using various methods (5-7).
Although there is likely to be a lower amount of ptDNA in early stage cancers compared to
advanced disease due to less tumor burden, patient tumor PIK3CA status may be determined
by a simple blood draw even in this setting depending on the sensitivity of the assay used.

There are a number of techniques for detecting ptDNA which employ mechanisms for
separating out the smaller variant or mutant fraction that is ptDNA from the larger
circulating cell-free DNA population derived from normal cells. BEAMing is a digital
polymerase chain reaction (PCR) platform that stands for its primary components: Beads,
Emulsion, Amplification and Magnetics and uses emulsion PCR technology to separately
amplify individual molecules and then quantify specific variants using flow cytometry (8, 9)
(Figure 1). BEAMIing has been shown to detect and quantify somatic mutations found in
ptDNA with a high level of sensitivity and specificity (7, 9, 10). In this case report, we
describe one of our patients from an ongoing prospective study who presented with early-
stage synchronous primary breast and non-small cell lung cancers. This afforded us the
unique opportunity to examine which tumor harbored the PIK3CA mutation identified in the
patient’s ptDNA. Importantly, as ptDNA analysis becomes more widespread as a means of
“liquid biopsy” to detect cancer mutations, this case report demonstrates the need for
vigilance when ascribing a mutation found in blood to a patient’s known tumor. Thus, the
possibility of occult malignancies should be considered when a mutation identified in
ptDNA does not necessarily align with the diagnosed tumor type.

Materials and Methods

Case Report

A 67 year-old African American female non-smoker was incidentally noted by imaging to
have a 2 cm right sided breast mass in the axillary tail and a 1 cm mass in the upper lobe of
her right lung. The patient underwent a biopsy of the axillary tail mass and was found to
have a poorly differentiated adenocarcinoma consistent with a primary breast cancer. A
review of the imaging studies suggested that, while the lung lesion could represent
metastatic breast cancer, it was more consistent with the diagnosis of a synchronous primary
lung cancer. The patient underwent a right lumpectomy with sentinel lymph node biopsy
and a right upper lobectomy with thoracic lymphadenectomy for curative intent.

Pathologic review of the breast tumor demonstrated a 1.5cm, grade |1, estrogen receptor/
progesterone receptor positive, HER2 negative infiltrating mammary carcinoma (Figure 2A)
with ductal and lobular features. Sentinel lymph node was negative. Her lobectomy
specimen contained a 1.3 cm adenocarcinoma of mixed histology (Figure 2B) and was
diagnosed as a non-small cell lung cancer which invaded the visceral pleura and had two
positive lymph nodes. Thus she was concurrently staged with Stage IA breast and Stage 1A
non-small cell lung cancer. The lung cancer was sent for mutational analysis and was found
to be KRASand EGFR wild type, and no ALK gene rearrangements were detected by
fluorescence in situ hybridization (FISH).

The patient received four cycles of adjuvant pemetrexed/cisplatin for her lung cancer. She
then received radiation in order to complete local therapy for her breast cancer and began
adjuvant hormonal therapy with an aromatase inhibitor with the expectation of undergoing
five years of treatment. Follow-up for greater than two years has not revealed any recurrent
disease.
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The patient was consented to enroll in a prospective Johns Hopkins IRB-approved
repository study. Ten milliliters (10ml) of blood was collected at the time of study entry
preoperatively and subsequently approximately two weeks after surgery. The patient’s blood
samples were prepared within two hours of collection and the plasma component was
isolated. Genomic DNA was extracted and purified from plasma via the QlAamp
Circulating Nucleic Acid kit (Qiagen). This purified circulating cell-free DNA containing
ptDNA was then subjected to BEAMing (10). The plasma sample was analyzed for three
PIK3CA “hotspot” mutations with three mutation specific probes: PIK3CA Exon 9 1624
G>A E542K, PIK3CA Exon 9 1633 G>A E545K and PIK3CA Exon 20 3140 A>G H1047R.
The result of the BEAMIing assay is reported as the percentage or fraction of mutant DNA
alleles to wild-type DNA alleles.

Archival tumor specimens were collected and underwent pathology evaluation of the
hematoxylin and eosin-stained slides to identify areas of tumor versus normal tissue. DNA
was extracted from formalin-fixed paraffin embedded (FFPE) unstained slides (10 um) using
the Zymo pen and Pinpoint solution (Zymo Research) per the manufacturer’s protocol.
Genomic DNA was isolated and purified via the QlAamp DNA FFPE tissue kit (Qiagen)
according to the manufacturer’s protocol. Primers for PIK3CA Exon 9 and Exon 20 were
designed and used to amplify the two exons for each of the lung and breast tumor samples.
PIK3CA Exon 9 and Exon 20 were also amplified via PCR for the matched normal tissue
controls for the breast and lung cancer specimens. The amplified segments (tumor and
normal from each breast and lung specimen) were sent for Sanger sequencing using nested
sequencing primers (see Supplemental Table 1 for all primer sequences). Investigators
performing the FFPE sequencing assays were blinded to the BEAMing results.

We sought to determine if this patient had detectable mutant PIK3CA in her pre-operative
blood sample, and if so whether this mutant PIK3CA was still detectable after definitive
surgery. BEAMing of the pre-operative plasma sample demonstrated a PIK3CA Exon 9
E545K mutation at 0.0759% of the total cell-free circulating DNA. The post-operative blood
sample taken at 14 days post-surgery was negative for the PIK3CA E545K mutation by
BEAMIing. To determine whether the PIK3CA mutation was derived from the breast cancer,
lung cancer or both, we next performed standard sequencing using tissues derived from
these FFPE samples. Sanger sequencing of PIK3CA Exon 9 and Exon 20 was performed on
genomic DNA extracted from normal and cancerous lung and breast tissues. This identified
a PIK3CA Exon 9 E545K mutation in the breast tumor specimen but not in the normal breast
tissue confirming the somatic nature of the mutation (Figure 2C). In contrast, both tumor
and normal lung tissue demonstrated only wild type PIK3CA sequence.

Discussion

With the advent of digital PCR technologies such as BEAMing, the ability to detect and
quantify cancer DNA molecules using peripheral blood has become a reality. Our own
studies and those of others have demonstrated that ptDNA can be reliably detected in the
blood of metastatic cancer patients using a number of technologies (5, 6, 11-13).
Interestingly, a recent study also suggests that ptDNA can be detected in early stage breast
cancer patients using whole genome amplification and SNP array analysis of blood, though
the nature of this platform precludes its use as a quantitative tool (14). In contrast, BEAMing
only detected ptDNA in a limited number of early stage colon cancer patients (10); however,
BEAMIing has not been addressed in a rigorous study for early stage breast cancers. We are
currently conducting a study to address this question and the current report demonstrates that
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we can indeed detect ptDNA in the pre-operative blood from this patient as evidenced by the
positive result for the PIK3CA E545K mutation by BEAMing.

The PIK3CA ptDNA result in this case presented an unusual situation since the patient had
two synchronous primary cancers, breast and lung, both of which have been reported to
contain PIK3CA mutations. While sequencing of these tumors demonstrated that the breast
cancer harbored the PIK3CA mutation responsible for the same mutation found in ptDNA,
this case highlights a potential pitfall in finding hotspot mutations in the blood of cancer
patients unless verified with the primary tumor DNA. One could picture clinical situations
where mutations found in the blood are not present in the primary tumor and this could
reflect genetic heterogeneity of the primary tumor, or in this case other synchronous cancers
that are either occult or not yet clinically evident. Thus, although the sensitivity of
BEAMing for ptDNA is a technologic achievement, the specificity of these mutations for
identifying the actual cancer in question will need to be verified in future studies. These
results also emphasize many possible uses for ptDNA particularly in the setting of multiple
primary tumors. Although EGFR and KRAS mutational analyses and the EML4-ALK
rearrangement were negative for the patient’s lung cancer, this lung cancer likely harbors
other tumor-specific mutations which could be identified using peripheral blood. Thus, the
use of multiple markers that are specific for a given tumor type may afford the ability to
follow response to therapies independently for each tumor and increase the sensitivity in the
adjuvant setting. Given our understanding of the evolution of tumor mutational status,
having several unique alterations would also ensure that we can follow tumor burden over
time as genetic instability could lead to loss of one or more of these personalized markers.
The use of peripheral blood for this analysis offers added appeal for a noninvasive, easy and
quantitative approach for measuring tumor burden based upon molecular genotypes.

This case report demonstrates that BEAMing can detect ptDNA in the pre-operative setting
in an early stage 1.5 cm node negative breast cancer patient. In addition we demonstrate that
this ptDNA was undetectable post-surgery. Although the relevance of non-detectable
ptDNA post-surgery is unclear, one could hypothesize that if ptDNA reflects tumor burden
it could also correlate with residual micrometastatic disease and therefore have prognostic
implications. Although the sensitivity of BEAMing is currently reported as 1:5,000 to
1:10,000 mutant per wild type molecules, clinically the sensitivity is currently dictated by
the amount of circulating DNA that can be assayed. Of note, newer technologies including
droplet digital PCR, a next generation digital PCR technology that is capable of increased
numbers of emulsions and partitioning of DNA molecules, may afford higher sensitivities
for detecting ptDNA. Further definitive prospective trials are needed to address the clinical
relevance of the detection of ptDNA in early stage patients and the ability to potentially
utilize ptDNA detection post-surgery as a prognostic and predictive marker.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Schematic of BEAMing

DNA is diluted and partitioned into emulsions with magnetic beads such that single or no
DNA template molecules are present within each emulsion. Emulsions also contain primers,
thermostabile DNA polymerase, dNTPs and other PCR reagents. Emulsions are then
amplified massively in parallel and then the emulsions are burst open followed by
hybridization to mutant and wild type specific fluorescent probes. Amplified DNA on beads
are then quantified using flow cytometry to determine the number of mutant and wild type
DNA molecules present.

Amplification Enumeration
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Figure 2. Pathology and sequencing analysis of tumor specimens
FFPE samples were prepared for routine hematoxylin and eosin staining and photographed
under 20x magnification. In addition, genomic DNA (gDNA) was extracted from serial
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sections obtained from FFPE tumor blocks and then used for Sanger sequencing. Shown are
representative sections from the patient’s A: breast cancer, and B: lung cancer. C: PIK3CA
Exon 9 Sequencing results are shown for breast cancer gDNA harboring the mutation (left
panel) and lung cancer gDNA that is wild type for PIK3CA (right panel).
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