
Supplementary Materials

Supplementary Methods
Subjects and sample collection: We conducted this prospective clinical study at The Johns Hopkins Sidney 
Kimmel Comprehensive Cancer Center. Enrollment occurred between August 2010 and January 2011. Men and 
women with newly diagnosed early stage (clinical stage I-III) breast cancer were eligible. All patients signed 
informed consent. Blood samples of 10ml were collected in EDTA tubes at the time of enrollment (pre-surgery) 
and at various time points post-surgery. Approximately ten unstained serially sectioned slides were prepared 
from FFPE tumor samples from the patients’ lumpectomy or mastectomy specimen. A corresponding 
hematoxylin and eosin stained slide was used as a reference for tumor and normal regions for each patient’s 
tumor.

Blood sample processing: Blood was collected in EDTA tubes and underwent plasma isolation within 2 hours 
of phlebotomy. Briefly, blood was centrifuged twice and then 2ml aliquots were used for DNA extraction. DNA 
was extracted according to the QIAamp circulating nucleic acid (CNA) kit (Qiagen) per the manufacturer’s 
instructions. Resulting total plasma DNA was quantified using the Quant-iT Picogreen assay (Life 
Technologies).

Processing and DNA extraction from primary tumor samples: DNA extraction and Sanger sequencing were 
performed using standard protocols. Briefly, histology slides were examined by the study pathologist and areas 
of tumor (at least 70% tumor cells) and normal breast tissue (0% tumor cells) were identified. Ten micron thick 
unstained slides were deparaffinized and regions of interest were macro-dissected using the Zymo pen and 
Pinpoint solution (Zymo Research) per the manufacturer’s protocol. Genomic DNA (gDNA) was then purified 
and isolated from paired tumor and normal samples with the QIAamp DNA FFPE tissue kit (Qiagen) per the 
manufacturer’s protocol. PIK3CA exon 9 and exon 20 regions of interest were PCR amplified and subjected to 
Sanger sequencing. Primers for amplification as well as nested sequencing primers are shown in Table S1.

ddPCR of FFPE genomic DNA samples: gDNA derived from FFPE tissues was also used for ddPCR 
analysis.  Custom TaqMan probes for PIK3CA E545K (1633 G>A) and PIK3CA H1047R (3140 A>G)
mutations and primers flanking these regions were designed as shown in Table S2. Samples were combined 
with primers and probes along with Drop Stabilizer (RainDance Technologies), TaqMan Genotyping Master 
Mix (Life Technologies) and DNase/RNase-free sterile water to total a 25�l reaction volume. Droplets were 
generated using a hydrodynamic flow-focusing microfluidic chip and aliquoted into PCR tubes as aqueous 
droplets suspended in inert fluorinated oil (RainDrop Source, RainDance Technologies) and subjected to 
thermal cycling. Thermal cycling parameters were as follows: 10 minutes at 95oC, 45 cycles of 95 oC for 15 
seconds, 62 oC for 15 seconds and 60 oC for 1 minute. After PCR thermocycling, the emulsions were 
enumerated by fluorescence measurement using a droplet reader (RainDance Technologies) to detect FAM and 
VIC probes simultaneously. Mutant populations were identified and percentages of mutant to total mutant and 
wild type PIK3CA molecules were generated for each sample. Due to potential cross contamination of FFPE 
specimens during preparation of paraffin blocks and cutting of serial sections, samples were scored as positive 
if they contained greater than 5% mutant molecules, which represents the lower limit of detection for 
pyrosequencing used in past studies (1).

ddPCR of plasma DNA: Similar to prior digital PCR techniques analyzing plasma DNA (2), a pre-
amplification step was incorporated prior to ddPCR necessitating new primer design. For pre-amplification, 
primer sets were utilized as shown in Table S3. Pre-amplification was performed in ten x 10�l reactions using 
1�l of template in each reaction with High Fidelity Platinum Taq DNA polymerase (Life Technologies). 
Thermal cycling was performed for twenty two cycles using standard cycling conditions. Samples were then 
pooled and DNA purification was performed using the MinElute PCR Purification Kit (Qiagen). Elution was 
performed with DNase/RNase free water to yield ~10�l of product. 



Custom TaqMan probes and primers were then designed for the PIK3CA E545K (1633 G>A) and 
PIK3CA H1047R (3140 A>G) mutations (Table S3). The PCR amplified products were diluted and 9�l of this 
template was added to 10�l of Droplet PCR Supermix (Bio-Rad Technologies) and 1�l of the primer/probe 
mixture. This 20�l sample was added to 70�l of Droplet Generation Oil (Bio-Rad Technologies) and used for 
droplet generation. Droplets were then thermal cycled as follows: 10 minutes at 95oC, 40 cycles of 94oC for 30 
seconds, 60oC (for PIK3CA E545K) or 64.5oC (for PIK3CA H1047R) for 1 minute followed by 98oC for 10 
minutes. Samples were then transferred to a droplet reader (Bio-Rad Technologies) for fluorescent measurement 
of FAM and VIC probes. Droplets were scored as positive or negative based upon their fluorescence intensity 
which was determined by gating a threshold using positive and negative controls as well as no template controls 
similar to BEAMing (3) (Figure S2).  Mutant populations were identified and fractional abundance calculations
of mutant to total PIK3CA molecules were generated for each sample along with a 95% confidence interval 
using Poisson statistics from the QuantaSoft software as previously described (4) (Table S4). We performed 
multiple replicates (minimally eight) for each plasma DNA sample, and exhausted the DNA in the majority of 
samples. Parameters for determining positive samples were modeled after BEAMing where a fractional 
abundance was considered in the context of the number of molecules assayed, which was set as at least 10,000
molecules as dictated by the denominator of sensitivity, i.e. a sensitivity of 0.01% equals 1 mutant molecule in 
10,000 wild type molecules.  Thus, samples were scored as positive if the mutational fractional abundance was
0.01% or greater (see lower limit of detection analysis below) and to be conservative, we assayed at least 
20,000 individual DNA molecules, with the average number of assayed droplets for positive samples being 
49,000 (range 20905 to 80102). Although in theory, this means at least 2 positive droplets would have been 
scored as positive, our minimal number of positive droplets for positive samples was 6. Normal control plasma 
DNA (from 10ml of blood prepared identically) and no DNA template controls were performed in parallel 
through all pre-amplification steps and ddPCR in parallel with patient samples, including multiple replicates to 
control for contamination. For negative samples, there were no droplets scored as positive and thus fractional 
abundance could not be determined.

To determine the lower limit of detection (LLOD) for the described ddPCR assays, gDNA from 
previously characterized human somatic non-tumorigenic mutant PIK3CA E545K and H1047H knock in cell 
lines (5) were digested with CviQ1 and diluted in digested normal control human gDNA at 10 fold dilutions. 
Results from PIK3CA E545K are shown in Figure S3. Here the thresholds for positive droplets were not gated, 
such that any droplet with fluorescence would be scored as positive. This was performed to measure the 
inherent background noise of ddPCR which is generally attributable to errors induced by thermo stabile 
polymerases, leading to incomplete binding of probes and low level errors as previously described for
BEAMing (4). The LLOD of detection for mutant PIK3CA E545K and H1047R was defined as the point at 
which the 95% confidence interval of the sample did not overlap with that of the 95% confidence interval for 
the control wild type PIK3CA gDNA. For both PIK3CA E545K and H1047R mutations, the LLOD was at least 
0.01%, as both approached 0.001%. In theory, the LLOD is limited by the fidelity of DNA polymerases and the 
amount of DNA that can be practically assayed.



Supplementary Figures

Figure S1

Figure S1. Pre-surgery plasma ddPCR analysis for PIK3CA mutations.
Fractional abundance of PIK3CA H1047R and PIK3CA E545K mutations for pre-surgery ptDNA derived from
Patient 16 and Patient 17 blood samples, respectively. The fractional abundance is shown for each of the eight 
individual sample runs and the merged data to derive the overall fractional abundance. Error bars represent 95% 
confidence intervals.



AFigure S2

Figure S2. Positive and negative controls for droplet thresholds and counts. A. Isogenic PIK3CA mutant 
knock in cell line DNA and wild type controls were used to determine threshold values for positive vs. negative 
droplets. B. Representative bar graph for droplet counts using wildtype and isogenic mutant PIK3CA (E545K) 
knock in cell lines. C. Representative ddPCR analysis (patient 4) for pre- and postop plasma samples for mutant 
PIK3CA (E545K and H1047R) and wild type PIK3CA.
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Figure S3

Figure S3. Lower Limit of Detection for PIK3CA Exon 9. Mutant PIK3CA E545K gDNA was diluted with 
human control gDNA at various concentrations ranging from 50% to 0.001%. Bars represent 95% confidence 
intervals. wt = wild type control gDNA. mut = mutant PIK3CA E545K gDNA.  



Supplementary Tables

Supplementary Table S1: Primers used to amplify and sequence FFPE specimens.
bp=base pairs

Gene Exon Size Forward primer 5’-3’ Reverse primer 5’-3’ Sequencing Primer
PIK3CA
E545K

9 132bp ttacagagtaacagactagc cttacctgtgactccatagaa gctagagacaatgaattaaggg

PIK3CA
H1047R

20 132bp gatgacattgcatacattcg gtggaagatccaatccattt cgaaagaccctagccttag

Supplementary Table S2: Primers and probes used for ddPCR on FFPE samples.
bp=base pairs

Gene Size ddPCR 
Forward 
Primer 5’-3’

ddPCR 
Reverse 
Primer 5’-3’

Wild Type 
Probe

Mutant Probe

PIK3CA
E545K

91bp tcaaagcaatttctaca
cgagatcct

ctccattttagcactta
cctgtgac

VIC-
CTCTCTGAAATCACTG
AGCAG-MGB-3’

6FAM-
CTCTGAAATCACTA
AGCAG-MGB-3’

PIK3CA
H1047R

98bp gcaagaggctttggag
tatttcatg

gctgtttaattgtgtgg
aagatccaa 

VIC-
CCACCATGATGTGCAT
C-MGB-3’

6FAM-
CACCATGACGTGCA
TC-MGB-3’



Supplementary Table S3: Primers and probes for ddPCR of plasma DNA.
S3A: Primer sets were used for preamplification (Pre-amp) of plasma DNA. bp=base pairs

Gene Size Pre-amp Forward Primer 5’-3’
Primer set 2

Pre-amp Reverse Primer 5’-3’
Primer set 2

PIK3CA
E545K

149bp ttacagagtaacagactagc ctccattttagcacttacctgtgact

PIK3CA
H1047R

145bp gatgacattgcatacattcg gctgtttaattgtgtggaagatccaa

S3B: Primers and probes used for ddPCR. bp=base pairs

Gene Size ddPCR 
Forward 
Primer 5’-3’

ddPCR 
Reverse 
Primer 5’-3’

Wild Type Probe Mutant Probe

PIK3CA
E545K

97bp aaaatgacaaaga
acagctcaaag

acttacctgtgactc
catagaaaatc

VIC-
TCTGAAATCACTG
AGCAGG-MGB-3' 

6FAM-
CTGAAATCACTAAGCAGG-
MGB-3' 

PIK3CA
H1047R

80bp gagcaagaggcttt
ggagtattt

atccaatccatttttg
ttgtcc

VIC-
CCACCATGATGT
GCA-MGB-3' 

6FAM-CCACCATGACGTGCA-
MGB-3' 



Supplementary Table S4: Fractional abundance and 95% confidence intervals
of positive ptDNA samples. 
Patient # Pre/Post PIK3CA

mutation
Fractional 
abundance %

95% confidence 
interval 

1 Pre H1047R 0.03% 0.0090%
1 Post H1047R 0.06% 0.0454%
4 Pre E545K 0.01% 0.0012%
4 Pre H1047R 0.02% 0.0067%
4 Post H1047R 0.03% 0.0190%
5 Pre H1047R 0.02% 0.0029%
8 Pre H1047R 0.12% 0.0796%
9 Pre E545K 0.02% 0.0043%
11 Pre H1047R 0.01% 0.0022%
16 Pre H1047R 2.99% 0.2200%
16 Post H1047R 0.02% 0.0067%
17 Pre E545K 0.07% 0.0356%
19 Pre E545K 0.01% 0.0028%
22 Pre H1047R 0.02% 0.0047%
25 Pre H1047R 0.01% 0.0031%
25 Post H1047R 0.02% 0.0079%
28 Pre H1047R 0.02% 0.0103%
28 Post H1047R 0.01% 0.0060%
29 Pre H1047R 0.01% 0.0034%
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