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The development of resistance to initially successful cancer therapies is a major

cause of the morbidity and mortality associated with cancer. Identifying evolving

resistance at an early stage could inform clinical decision making to adapt

therapies before resistant cancer cell phenotypes have become clonally dominant or

metastasized. This goal of early detection has prompted heavy investments in liquid

biopsy, organoid, and high-throughput screening methodologies. Recently, High-Speed

Live-Cell Interferometry (HSLCI), a quantitative phase imaging (QPI) methodology, was

shown to predict triple-negative breast cancer (TNBC) patient-derived xenograft (PDX)

sensitivity to carboplatin only 40 h after tumor removal from a mouse. In this paper

we discuss barriers to applying HSLCI to therapy selection in human TNBC patients,

and present preliminary results addressing some of those barriers. Our results include

engineering improvements to increase sample throughput and demonstrating that HSLCI

can measure drug response of agents with a variety of mechanisms of action. Finally, we

show proof of concept data for direct testing of samples obtained fromminimally invasive,

fine needle biopsies.

Keywords: quantitative phase imaging, personalized medicine, fine needle biopsy, patient derived xenografts,

breast cancer, high speed live cell interferometry, proteasome inhibitors, CDK 4/6 inhibitors

INTRODUCTION

Approximately one third of triple-negative breast cancer (TNBC) patients experience
drug-resistant metastatic disease that is often fatal [1]. Current guidelines attempt to personalize
cancer therapy based on a patient’s general state of health, clinical tumor staging, hormone receptor
status, and mutation profile. But these guidelines are often inadequate at predicting therapeutic
resistance before bulk tumor growth restarts and potentially metastasizes [2–4].

Liquid biopsies, which detect circulating biomarkers, exosomes, microRNAs, circulating tumor
DNA, and tumor cells in blood, accurately reflect tumor heterogeneity and are easy to acquire. Yet,
this approach still depends on sequencing and requires an understanding of the clinical significance
of each detected mutation. This dependency leads to a high specificity (>95%) but poor sensitivity
(66%) for predicting therapeutic resistance in patients [5]. If a known resistance-related mutation
is detected, liquid biopsy methodologies reliably predict patient therapeutic sensitivity. However,
in more than one third of cases, potential resistance-related mutations are not found, or the
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significance of detected mutations is unknown, resulting in the
incorrect prediction of susceptibility to therapeutics.

Recent improvements in tumoroid culture allow for the ex
vivo proliferation of primary patient samples. These advances
make it feasible to screen patient samples for therapeutic
sensitivity against a large panel of potential drugs [6, 7]. However,
this technology suffers from cost and procedural complexity
drawbacks that limit its utility in clinical settings. Furthermore,
as implemented, these assays rely on the bulk averaging of
fluorescent viability signals acquired from an entire sample
well (representing a heterogeneous cell population), making the
detection of minute subpopulations inherently impractical.

High-Speed Live-Cell Interferometry (HSLCI) is one
approach our laboratory has been exploring as an ex vivo assay
method to predict therapeutic response in cancer. HSLCI uses
rapid, microscopic quantitative phase imaging (QPI) to detect
changes in the biomass of single living cells or cell clusters in
response to cytotoxic or cytostatic drug exposure. The system
(Figure 1) consists of a custom inverted microscope equipped
with a modified Shack-Hartman wavefront sensing camera
(SID4Bio, Phasics) for rapid, vibration-insensitive cell mass
measurements. Dynamic focus stabilization enables continuous
image collection over the entire sample area without pause. Cells
are imaged in a glass-bottomed, standard-footprint multi-well
plate (24–96 wells). Whole microscope enclosures provide
long-term environment stability for imaging under standard cell
culture conditions.

FIGURE 1 | Schematic of the HSLCI multi-well biomass accumulation assay. (A) The HSLCI system is configured with (i) fiber-coupled LED illumination source,

(ii) standard footprint 24 well plate with X-Y motion controlled by motorized stages, (iii) a 40x Nikon Plan Flourite, N.A. 0.75, objective on top of piezo actuator (light

gray) with focus maintained by autofocus system (iv), and (v) a wide field phase detection camera (SID4Bio, Phasics). (B) Example image of TNBC PDX cells. (C)

Individual cells are tracked between images; biomass vs. time plots are generated. Shown is a typical normalized mass vs. time plot for a single drug sensitive (orange)

and drug-resistant (blue) cell.

This technology can non-invasively measure the dry mass
of living cells in real-time over the course of 12 h to 5 days
[8, 9]. Earlier work by our group has established that live cell
mass accumulation rates measured by QPI can be used to assess
response to cytostatic or cytotoxic cancer drugs. These mass
accumulation-based responses were found to be concordant with
traditional cell counting and fluorescent reporter viability assays
in a variety of cancer types, including breast, multiple myeloma,
and melanoma [9–11].

More recently, we showed similar results in a small pilot
study using carboplatin treated patient-derived xenograft (PDX)
models of Triple Negative Breast Cancer (TNBC) [9]. While
establishing that “fresh out of the animal” tissues could be tested
in a similar fashion to cell lines, this work was limited in both the
diversity of the tumors (three PDXs were tested) and the scope of
the therapeutic mechanisms of action studied. To firmly establish
the preclinical efficacy of the HSLCI assay, as a prelude to testing
human patients, the technology must be compared to a spectrum
ofmeasures which serve as a proxy for response in patients. These
proxies include both in vitro assays, such as the luciferase assay,
and tumor animal models. In detail, the effectiveness of a drug
as measured by the decrease in mass accumulation of single cells
by HSLCI must be compared to current preclinical assays which
rely on metabolic indicators for a proxy of cell number [12]. This
work must be completed in multiple tumor models and with
multiple drugs of different mechanisms. Finally, the response
measured by HSLCI would be compared to clinical results in
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a Phase 1 correlative clinical trial, as we have previously done
correlating T-Cell mass to the severity of graft vs. host disease in
stem cell transplantation [13]. Through these studies and future
clinical studies, a threshold parameter such as a level of median
growth can be established to predict effectiveness in patients.

Additionally, drugs and drug combinations representing
current and emerging therapies for TNBC need to be evaluated
simultaneously, as would be required for any therapy selection
assay. Finally, in practice the amount of live cell tumor
material obtainable for an in vitro assay will be quite limited
to possibly only hundreds to thousands of cells. Ideally,
accurate measurements would be obtainable using the least
invasive biopsies.

In this paper we describe recent improvement in the HSLCI
methodology designed to address these hurdles. Hardware
modifications are employed that increase imaging throughput
by 8-fold, enabling the effective screening of a wide range
of cell concentrations, as is required when the incoming
sample quantity is unknown and may vary greatly from sample
to sample. We also show that HSLCI delivers qualitatively
and quantitatively similar measurements using two classes of
investigational TNBC therapeutics, proteasome inhibitors and
CDK 4/6 inhibitors.

TNBC therapy is currently limited to chemotherapeutics,
as TNBC tumors lack typical targets for drugs such as
human epidermal growth factor receptor 2 (HER2), estrogen
receptor (ER), and progesterone receptor (PR) [2]. This
has led to the pursuit of new targeted agents such as
proteasome inhibitors and CDK 4/6 inhibitors, both of which
have both shown promise in TNBC cell lines and TNBC
mouse models.

THROUGHPUT CONSIDERATIONS

Our recent work with TNBC PDX models [9] demonstrated
that “fresh from the animal” samples generate mostly non-
adherent spheroids when processed, and that the sample contains
a significant amount of remnant cell debris which must be
excluded from analysis. The total number of cells in each sample
well can vary widely depending on the individual tumor. To
compensate for these issues, which result in low or variable viable
cell counts, we sought to increase the overall throughput vs. that
reported previously [10].

The raw imaging throughput was increased roughly 8-fold,
from 4 to 32 fps, by increasing the bandwidth of the autofocus
feedback loop using a custommicrocontroller-based PID control
circuit. The current system operates at a refresh rate >1 kHz,
enabling much faster point-to-point translation of the sample.
At the operating depth of field (0.5µm; Nikon 40x air objective),
testing demonstrated the PID loop kept the microscope within
±0.295µm of the commanded focus position 95% of the time
(Supplementary Figure 1).

The substantial increase in speed is necessary for ex-vivo
samples which can be highly variable in cell number and must
all be screened in a limited time window shortly after biopsy.
While Figure 1B illustrates a representative image, images can

vary from having no cells to cells so closely grouped that they
become challenging to track depending on the cellularity of the
sample and success of the biopsy.

The short window of viability of patient samples requires that
all data must be collected within a tight time frame. Cells must
be exposed to drugs for between 24 and 48 h to give time for the
drugs to take effect, and then imaged for around 12–16 h before
viability is lost. To properly track cells from image to image, an
image must be taken in the same location about every 10min.
Additionally, drug resistant cancer cells which must be detected
may be present in as low as 1/1,000–1/10,000 [14]. Due to the
time constraints discussed above, the number of cells screened
cannot be increased by lengthening the experiment. The number
of cells can only be increased by faster imaging. By taking 8xmore
images in the same time period as earlier platforms, the increases
in speed have enabled us to increase the number of conditions in
a single experiment from five to twelve.

In contrast to imaging speed, processing speed is only limited
by convenience and can be upgraded through increasing the
number of GPU and CPUs without technical changes. Therefore,
as it is critical to obtain as much data as possible in the limited
time window after biopsy, images are processed after the data has
been collected so the processing time does not serve as barrier
to data collection. The imaging throughput is not the same as
processing throughput.

In the past, processing throughput was limited in practice
by the time required to calculate the phase image from the
raw interferogram (typically ∼500ms on a single Intel Core i7
processor). To process this large amount of data in a timely
fashion, we employed a new GPU-based (NVIDIA Quadro
P2000) phase unwrapping algorithm provided by the camera
manufacturer (Phasics). This new implementation reduced the
comparable frame processing time to 85ms. Further increases in
speed can be accomplished by increasing the number of CPU or
GPU cores.

PROTEASOME INHIBITORS (PIS)

Proteasome inhibitors (PIs) target the process of protein
degradation via the ubiquitin-proteasome system. Degradation
of proteins through proteasome activity is essential for the
maintenance of cell homeostasis. Blocking the activity of
the proteasome leads to the accumulation of toxic poly-
ubiquitinated proteins within the cell. This accumulation is
more pronounced in cancer cells given their high rate of
proliferation and subsequently increased rate of protein synthesis
[15]. PIs have become very successful in treating hematologic
malignancies, and are being investigated for use in solid cancers,
including TNBC.

Results from experiments on TNBC cell lines and xenograft
models have shown that a subpopulation of cells usually survive
after treatment with PIs [16]. This has been attributed to the
ability of the resistant cells’ proteosomes to utilize alternative
enzymatic sites not blocked by the inhibitor molecule [16].
These findings provide a rationale for screening with a method
like HSLCI that can resolve intra-tumor heterogeneity to better
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identify risks of failure due to minority resistant populations.
Furthermore, since proteasome inhibitors directly interfere with
the protein synthesis functions of the cell, one would expect that
mass accumulation would serve as a good reporter for response
in this therapeutic class.

We used HSLCI to measure the response of two TNBC PDX
tumors to the FDA-approved PI bortezomib, a drug currently
used to treat multiple myeloma and certain lymphomas, and
the same class of drug that is currently being tested in
TNBC (ClinicalTrials.gov Identifier: NCT02993094). Tumors
were excised from mice and enzymatically digested to single-
cell suspensions following previously-described protocols [9, 17].
Cells were then treated for 24 h and then monitored by HSLCI
for the following 16 h (24–40 h after treatment). Each HSLCI
assay included parallel measurements of cells exposed to a log-
scale dose range of bortezomib (Figure 2). For comparison, we
also conducted standard luciferase viability assays under the same
conditions. These assays differ from HSLCI in that rather than
measuring cell-by-cell kinetic responses, they quantify average
ATP content of the sample at a fixed time point (usually 72 h
after dosing).

Bortezomib was effective in reducing the mass accumulation
rates of both PDX tumors, even at the lowest dose of 10 nM
from ∼1 to ∼0%. In previous studies, a median growth
rate of 0% at a dose equivalent to the highest concentration
seen in patients reduced tumor burden in mice [9]. But
more studies are required to determine the exact level of
mass accumulation reduction that will correlate in patients.
The data in Figure 2 is pooled from two replicates. For
the individual replicates the median growth rates for each
condition were within 0.1% of each other with p-values >

0.11 in both PDX models, demonstrating reproducibility of
these HSLCI screens. Despite the drastic decrease in median
growth, at all doses we observed many individual cells that
vigorously accumulated mass during the observation period,
indicating little or no drug response. This included doses well
above the maximum tolerated serum concentration in patients
(0.1µM). The mass vs. time behavior for one such “resistant”
cell from a UCD52 PDX is shown in Figure 3. As discussed
previously, it is possible that these “resistant” cells are effectively
utilizing non-targeted proteasome sites [16]. We note that the
actual fraction of drug resistant cells is likely smaller than

FIGURE 2 | Effect of the proteasome inhibitor bortezomib in TNBC PDXs HCI09 and UCD52, measured by HSLCI (A,B) and standard luciferase assays (C,D).

Individual dots in the overlaying the box plot represent the mass accumulation rates of single cells measured over the interval 24–40 h post-dosing. Box-plot notches

are indicative of 95% confidence intervals for the medians. The “∧” symbol indicates the in vitro dose that corresponds to the maximum tolerated serum concentration

in humans [18]. In HSLCI experiments, the data shown was pooled from two replicates. In (C,D), error bars represent standard deviation. Two sample t-tests were

performed between all populations compared to the control populations.
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FIGURE 3 | An example UCD52 cell resistant to 1µM bortezomib, from the data set presented in Figure 2B. This cell continued accumulating mass a 1.2 ± 0.1%

per hour over the interval 30–40 h post dosing. The white scale bars are all 10µm.

measured, as many responsive cells have died and become debris
after 24 h.

In concordance with the HSLCI results, luciferase
assays found significant decreases in the median sample
viability due to bortezomib treatment for both PDXs at
concentrations of 0.1µM and above (Figure 2). The luciferase
assay indicated a less dramatic response for both PDXs
at low drug concentrations (0.01µM) than did the mass
accumulation assay. Our interpretation of these results is
that at the 0.01µM concentration, bortezomib effectively
inhibits biomass synthesis, which is primarily due to protein
production. However bortezomib may only modestly impact
cell viability as measured by ATP production at 72 h. The
clinical significance of this difference could be resolved by
comparison to in vivo anti-tumor response at the same dose.
As tumor growth can be variable from mouse to mouse and the
need for a large number of cells to re-seed tumors in the next
generation of mice, the number of doses tested in the luciferase
assay was limited by the amount of material available at the
time of testing.

CDK 4/6 INHIBITORS

CDK 4/6 inhibitors block cyclin dependent kinases, which serve
to progress cells through the cell cycle. They are typically
upregulated in cancer cells as part of an increase in proliferation.
Several drugs of this class are approved for treatment of hormone
receptor-positive, HER2-negative breast cancer. These drugs are
not effective in the common basal type TNBCs, however recent
work has shown that luminal androgen receptor-positive TNBCs
are sensitive to CDK 4/6 inhibitors [19], and thus they are
becoming a more clinically relevant class of drugs for this disease.

Drugs that target the CDK cell cycle control pathway have
not been previously tested using HSLCI. Because they specifically
target the G1 cell cycle checkpoint, timing of exposure and the
window in which the mass accumulation measurement occurs

may impact the observed response differently than do drugs such
as boretezomib, which are not cell cycle specific.

To gain insight into the timing and magnitude of response
measurable with HSLCI, we prepared cells from the luminal
androgen receptor-positive PDX HCI09 as described in the
Methods and exposed them to CDK4/6 inhibitors palbociclib or
abemaciclib at a range of escalating concentrations for 60 h. We
monitored the samples for 12 h with HSLCI, starting at hour 48
after dosing (Figure 4, Supplementary Table 1).

The median hourly mass accumulation rate of cells treated
with palbociclib was slightly reduced for three of the four doses
above 0.01µM (median treated growth rate ∼0.8% per hour vs.
0.9% for control; p < 0.001). Though statistically significant, the
small magnitude of response and the lack of a clear relationship
to escalating doses suggests that pablociclib would not be an
effective treatment in vivo for this tumor. Past experience with
HSLCI dose response curves informs us that a fluctuation of this
magnitude (∼0.1%) is relatively insignificant and within typical
random error (such as tumor sampling heterogeneity or pipetting
error) for such samples [9, 10]. This conclusion is supported
by the results of a luciferase assay, which showed a similar
marginal response at the highest tested dose of 10µM. However,
we note that 10µM is well above the maximum tolerated serum
concentration in humans (0.01 µM).

In the HSLCI assay, the magnitude of response to abemaciclib

was similar to that seen with pablociclib, except that the dose
response was more clearly defined. Above 1µM, the maximum
tolerated serum concentration in humans, the reduction in
median mass accumulation rate vs. control became statistically
significant. Similarly, the luciferase assay showed a scaled
reduction in viability corresponding to increasing doses which
became significant also at 1µM, but again the small magnitude of
response indicates abemaciclib may only be marginally effective
in vivo. Due to smaller than anticipated tumor size, the number
of doses tested in the luciferase assay was limited by the amount
of material available at the time.
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FIGURE 4 | Effect of the CDK4/6 inhibitors on TNBC PDX HCI09, measured by HSLCI (A,B) and standard luciferase assays (C,D). Individual dots in the overlaying

the box plot represent the mass accumulation rates of single cells measured over the interval 24–40 h post-dosing. Box-plot notches are indicative of 95% confidence

intervals for the medians. The “∧” symbol indicates the in vitro dose that corresponds to the maximum tolerated serum concentration in humans [18]. In HSLCI

experiments, the data shown was pooled from two replicates. In (C,D), error bars represent standard deviation. Two sample t-tests were performed between all

populations compared to the control populations.

TESTS USING FINE NEEDLE
BIOPSY-DERIVED SAMPLES

Prior HSLCI PDX experiments employed bulk excision and
enzymatic digestions of murine tumors, resulting in the
acquisition of millions of cells [9]. This approach is not feasible
in the clinic where procedures need to be minimally invasive for
the patients and samples are often divided for multiple analyses,
including sequencing and histology. Fine needle biopsy (FNB)
is a frequently-utilized procedure which provides minimally
invasive access to patient tissue through the use of small needles.
A key question to be resolved in use of FNB with HSLCI
is whether or not the process is so perturbative to the cells’
physiologic state that it masks the effects of the drug under study.

To address this question, we developed a simple needle biopsy
protocol and compared the results obtained with it to those
previously obtained using a bulk tumor extraction (Figure 5).We
tested this protocol using PDX model HCI09, previously shown
to be resistant to carboplatin at the therapeutically relevant dose
of 100µM in vivo [9]. HCI09 tumors were biopsied with a

22-gauge needle, yielding between 10,000 and 40,000 viable cells.
Debris and dead cells were removed using the Easy Sep R© Dead
Cell removal kit, which selects for inner leaflet phospholipid
Annexin V [20]. The remaining viable cells were then directly
plated into standard-footprint 24-well plates, treated with high
dose carboplatin (100µM), and imaged 24–36 h after drug
administration. For comparison, a standard bulk enzymatic
digestion was performed in parallel.

Four independent fine-needle biopsies were performed,
labeled as FNB #1 etc. in Figure 5. Between 700 and 1,500 cells
were isolated andmonitored from each biopsy.We found that the
negative purification process was absolutely required due to the
relatively large fraction of debris present in the FNB as compared
to the bulk sample prep, which could be used without this step.

Compared to the bulk prep, both the treated and untreated
FNB samples displayed slightly lower median hourly mass
accumulation rates, down ∼0.3%, from ∼0.9% per hour in
the bulk prep to ∼0.6% per hour in the FNB prep. FNB
and bulk prep samples showed a comparable spread of single
cell growth rates about the median. The four FNB replicates
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FIGURE 5 | Fine needle biopsy (FNB) sample preparation compared to bulk prep. (A) Timeline for key steps in the FNB. (B) HSLCI results for carboplatin-resistant

PDX HCI09. Box plot notches are indicative of 95% confidence intervals for the medians, and each dot represents the growth rate of one cell.

behaved similarly to one another, with minor differences between
replicates in line with our previous PDX results [9]. Two of
the four carboplatin treated cases showed a slight (∼0.2%) but
statistically meaningful median reduction in mass accumulation
rate, again within the previously observed range for PDX bulk
prep replicates (Supplementary Table 2).

We conclude that the isolation process results in a slight
reduction in median population mass accumulation rates relative
to the bulk prep approach (<0.3% suppression), but this effect
is small enough that it does not mask carboplatin resistance in
this particular PDX, nor does it appear to substantially alter the
intra-sample growth rate heterogeneity. The mass accumulation
suppression induced by FNB could become more meaningful
in cases where the untreated samples have naturally low mass
accumulation rates and is clearly an issue requiring further
study. However, our initial experiments support the viability of
FNB as a route to obtaining HSLCI-measurable samples from
human patients.

DISCUSSION AND CONCLUSIONS

In these experiments, HSLCI and standard luciferase assays
proved to be generally concordant. There were slight differences
between the twomethods with regard to themeasuredmagnitude
of dose response for both PIs and CDK 4/6 inhibitors. The
ultimate significance of these differences will have to be
determined by comparison with in vivo experiments in the PDX
models, an area currently under study.

The methodological improvements in throughput and
sample preparation allowed us to conduct measurements
using fine needle biopsy material, vs. the prior requirement
of bulk quantities of disaggregated tissues. In the particular
PDX model tested, HCI09, the main artifact attributed
to the needle biopsy was a slight decrease on median
sample mass accumulation rate. While this perturbation
was too small to obscure the results here, this effect needs
to be assessed across a range of different PDX tumors.
Nevertheless, we feel that the success of the fine needle
biopsy experiments support the potential viability of HSLCI as
an ex vivo assay technique which can be practically applied in
the clinic.

Multiple other analytical methodologies are being explored
to address the practical issues of in vitro chemosensitivity
assays. For instance, to distinguish tumor response heterogeneity,
fluorescent signals from individual cells can be directly counted
[21]. However, these assays must be designed carefully as
fluorescence can be influenced by several factors such as cell
attachment, intracellular calcium, and drug induced artifacts
[12, 21]. Additionally, fluorescence is typically transient, lasting
a couple of hours at peak intensity [21]. Alternatively, unlabeled
chemical spectroscopy, such as Raman [22–24] or fluorescence
lifetime imaging [25] can provide details on changes in
metabolism or DNA content of cells due to drugs. Compared to
HSLCI, these techniques currently have limited throughput and
research is ongoing to improve these methods for patient tissue
screening [10, 24, 26].
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METHODS

HSLCI Drug Screen
The HSLCI platform is a custom-built inverted optical
microscope coupled to an off-axis quadriwave lateral shearing
interferometric camera (SID4BIO, Phasics, Inc.). Cells are
imaged in single, standard-footprint (128 × 85mm), glass-
bottomed, multi-well plates. Acquired images are analyzed by a
downstream PC using NVIDIA K2000 GPU. All of the platform’s
hardware and software components are available commercially.
A 40x objective (Nikon, NA 0.75) was used for the growth
kinetics studies described. The HSLCI platform was installed
inside a standard cell culture incubator. Cells were plated on
24-well glass bottom plates at 5–7.5 × 104 cells per well in M87
medium [17]. Cells were treated for 24 or 48 h depending on
whether the drug was cell cycle specific and then monitored for
the following 16 h.

To account for the potential noise introduced by drifting cells
and cell debris that could artificially impact measured growth
rates of stable cells, data was quality filtered such that only
biomass tracks (mass vs. time) exhibiting linear fit standard
errors of less than 0.002 normalized mass units per hour and a
total mass of greater than 300 pg but less than 3,000 pg were
included. These error bounds ensure our confidence in the hourly
mass accumulation rates is±0.2% and that only true physiologic
cell growth is measured. The minimum mass filter ensures that
our data only include individual cells or two-three cell clusters,
and not cell debris.

Luciferase Assays
HCI09 and UCD52 cells were plated in M87 medium
[17], in triplicate (25,000 cells/100 µl per well) in 96-
well plates and incubated at 37◦C for 3 days with six
different concentrations of carboplatin. To assess cell viability
over time, D-luciferin (10 µl/well) was added and plates
were imaged using an In Vivo Imaging System (IVIS)
on day 3.

Fine Needle Biopsy
Tumors were excised and then biopsied with a 22-gauge needle.
Debris and dead cells were removed with Easy Sep R© Dead Cell
Removal kits. Cells were then plated and dosed for 24 h, and then
monitored by HSLCI for 12 h.

Statistical Tests
Two-sample t-tests were performed between each drug condition
and the appropriate control condition for both HSLCI and
luciferase assay. For HSLCI, the null hypothesis was that
the growth rates of single cells in the control and drugged
populations were from independent random samples from a
normal distribution with equal means and equal but unknown
variances. The data was pooled from two replicates for these
experiments. Similarly, in luciferase assays, the normalized
fluorescence values for each test were compared.
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