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Abstract

Background. Clinical outcomes in high-grade glioma (HGG) have remained relatively unchanged over the last 3
decades with only modest increases in overall survival. Despite the validation of biomarkers to classify treatment
response, most newly diagnosed (ND) patients receive the same treatment regimen.This study aimed to determine
whether a prospective functional assay that provides a direct, live tumor cell-based drug response prediction spe-
cific for each patient could accurately predict clinical drug response prior to treatment.

Methods. A modified 3D cell culture assay was validated to establish baseline parameters including drug concentrations,
timing, and reproducibility. Live tumor tissue from HGG patients were tested in the assay to establish response param-
eters. Clinical correlation was determined between prospective ex vivo response and clinical response in ND HGG patients
enrolled in 3D-PREDICT (ClinicalTrials.gov Identifier: NCT03561207). Clinical case studies were examined for relapsed HGG
patients enrolled on 3D-PREDICT, prospectively assayed for ex vivo drug response, and monitored for follow-up.
Results. Absent biomarker stratification, the test accurately predicted clinical response/nonresponse to
temozolomide in 17/20 (85%, P =.007) ND patients within 7 days of their surgery, prior to treatment initiation. Test-
predicted responders had a median overall survival post-surgery of 11.6 months compared to 5.9 months for test-
predicted nonresponders (P =.0376). Case studies provided examples of the clinical utility of the assay predictions
and their impact upon treatment decisions resulting in positive clinical outcomes.

Conclusion. This study both validates the developed assay analytically and clinically and provides case studies of
its implementation in clinical practice.

Key Points
e An ex vivo assay prospectively predicted drug response for patients with HGG.

e Exvivo assay provided evidence to use dabrafenib when NGS results did not.
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Importance of the Study

HGG, including GBM, is highly aggressive
with limited treatment options and short sur-
vival times. Here, we demonstrate the ana-
lytical and clinical validation of an assay to
predict patient-specific response to chemo-
therapy within an actionable timeframe prior
to treatment initiation. The clinical benefit of
this assay for patients is further supported

Treatment for newly diagnosed (ND), high-grade glioma
(HGG) has remained virtually the same for decades with
minimally improved survival outcomes.” For ND patients,
NCCN guidelines direct clinicians to maximal safe surgical
resection and clinical trial enrollment or concurrent radiation
with temozolomide (TMZ).23 Following first-line therapy,
tumor progression is nearly universal within 6-9 months.*
Time to second recurrence is generally shorter in duration.
Treatment of recurrent HGG is problematic due to these
time constraints and the increasingly aggressive nature
of the disease. Choosing a second-line therapy is complex
due to patient-specific and antineoplastic agent-specific fac-
tors combined with a lack of clear, data-driven algorithms
to guide selection. Patient-specific variability in therapeutic
efficacy and resultant clinical outcomes suggests significant
inter-tumor heterogeneity which has been increasingly elu-
cidated by molecular testing® and highlights the importance
of personalized treatment strategies.

Previous attempts to predict patient-specific response
to chemotherapy ex vivo®® have not been recommended
by the American Society of Clinical Oncology except for
patient treatment selection in a clinical trial'® partially be-
cause they often fail to provide a clinically meaningful
positive predictive value (PPV), with most only advising
which drugs to avoid. The lack of success of these as-
says may be attributed to their failure to prospectively
correlate with sufficient accuracy to clinical outcomes
or their inability to present a result within an actionable
timeframe."12

Utilizing the increased biological fidelity of 3D cell
culture, we previously validated an assay that pro-
spectively and accurately predicts (89%, P =.0004) re-
sponse to first-line chemotherapy in ND ovarian cancer
with results returned within 7 business days of each
patient’s surgery and a PPV of 100%."® We have mod-
ified our platform technology to facilitate testing in
HGG and analytically and clinically validated the new
assay for the individualized selection of chemotherapy
specific for HGG. We present prospective clinical pre-
diction in ND HGG and evidence of the clinical appli-
cation of this assay in recurrent HGG as part of the
observational clinical study 3D-PREDICT (ClinicalTrials.
gov ldentifier: NCT03561207). Together, these data pro-
vide evidence of the validation of the assay for regula-
tory purposes and the clinical applicability of the data
generated.

through clinical case studies demonstrating
successful assay-directed use of salvage
agents not traditionally used in recurrent HGG.
In the future, the clinical application of assay
results may direct patients and clinicians to
more efficacious treatments or provide them
with the information necessary to guide clin-
ical trial enrollment.

Materials and Methods
Cell Lines and Reagents

SF-268, SF-539, SNB-19, and U-251 were procured from
the NCI DTP, DCTD Tumor Repository. No further authenti-
cation was performed following receipt. All cell lines were
used within 10 passages from the stock. Cell lines were cul-
tured in RPMI 1640 supplemented with 10% fetal bovine
serum and 1% penicillin/streptomycin (Corning). Cell lines
were kept at 37°C and 5% CO, with media changes every
other day and passaged at 80%-90% confluency. Drugs
were sourced from Selleckchem or MedChemExpress and
diluted as recommended by the manufacturers.

Specimen Collection for Assay Development

After providing written informed consent, 55 patients,
>18 years of age with suspected or known HGG, ND and
recurrent, were enrolled onto a prospective, noninterven-
tion, Institutional Review Board (IRB) approved biology
protocol at Prisma Health Cancer Institute. Tissue acquisi-
tion was carried out in accordance with the guidelines and
regulations specified by the IRB. Patients received clinical
care according to standard practice and results of the assay
were not provided to the patient or clinician.

Clinical Study Participants and Study Design

ND and recurrent HGG patients were prospectively en-
rolled in the multisite, observational clinical study
“3D-PREDICT REGISTRY: 3D Prediction of Patient-specific
Response Using Ex Vivo Interrogation of Live Cells from
Tumors,” also entitled 3D-PREDICT (ClinicalTrials.gov 1D
NCT03561207). IRB approval for the 3D-PREDICT protocol
was obtained from a central IRB and/or each site's local IRB.
All patients provided written informed consent. Individuals
underwent maximal safe resection and a portion of the
tissue collected was submitted for ex vivo drug response
profiling utilizing the 3D Predict Glioma assay. Clinical data
were collected for each patient during follow-up visits at
approximately 3-month intervals. Clinicians and patients
were informed of the assay predictions according to IRB
preferences. In all cases chemotherapeutic agent selection
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was guided by the neuro-oncologist’s clinical judgement.
For recurrent patients, the clinician considered a combi-
nation of the following factors: patient’s age, performance
status, comorbidities, toxicities/side effect profile of po-
tential chemotherapy agents, and results of the 3D Predict
Glioma assay. For the purposes of this study, progression-
free survival (PFS) and overall survival (OS) were both
defined from the time of surgical resection to the time of
measured progression or death. Clinical progression was
defined by radiographic progression as interpreted by the
treating clinicians.

3D Predict Glioma Assay Performance

The 3D Predict Glioma assay was performed as previously
described.’® Drugs were dosed at 1 of 4 dose curves from
0.005 to 100 pM, 3.9 to 2000 uM, 39 to 20 mM, or 0.0005
to 10 uM depending upon optimized response ranges. For
TMZ response determination, sufficient clinical data were
available to establish binary response/nonresponse pre-
dictions through ROC curve analysis (AUC = 0.8469, 95%
Cl 0.6727 to 1.0, P = .0112). Without sufficient clinical data
to establish binary predictions, IC50 thresholds separating
test-predicted response/nonresponse were determined ex-
perimentally for each drug by quartile analysis of test data
from multiple patient samples. IC50 values were collated
for each individual drug and cutoffs informed by the ap-
proximate 25th and 75th quartiles were used to determine
predicted responders (below the lower threshold), mod-
erate responders (between the lower and upper thresh-
olds), and nonresponders (above the upper threshold).
IC50 values above the range of concentrations tested were
considered nonresponders. No responses fell below the
tested drug curves.

Sequencing

DNA was isolated from tissue fragments of 3D Predict
Glioma samples using QIAGEN’s DNA mini kit. Next-
generation sequencing (NGS) to identify the presence
of BRAF activating mutations was performed by OHSU
Knight Diagnostic Laboratories using their GeneTrails
Comprehensive SolidTumor Panel.

Statistical Analysis

IC50 values were calculated using nonlinear regression
normalized to vehicle treated controls. Primary analysis of
assay data and clinical outcomes utilized a Fisher’s Exact test
to measure statistical significance of the data distribution.
Kaplan—-Meier curves and log-rank tests were used to examine
the statistical associations between assay results and survival.

Results

Optimization and Analytical Validation of
the Assay

To adapt our previously validated and published assay’s
for HGG, 12 drugs were validated for the drug panel

based upon clinician input and potential efficacy in HGG,
including agents listed in current NCCN guidelines® and
those tested in clinical trials.*"” Optimal drug exposure
duration for each drug was established against a panel of
glioma cell lines (Figure 1A) to ensure assay readouts were
not an artifact of extended or shortened exposure times.
Drug response was measured every 24 h and optimal ex-
posure times were defined as producing an IC50 value
midway of the drug concentration range tested. Both TMZ
and procarbazine required modified dose ranges. To ana-
lytically validate the assay, reproducibility was performed
on primary samples (Figure 1B and C). Inter-assay repro-
ducibility was performed by at least 2 technicians with a
high level of reproducibility (Figure 1B). For intra-assay re-
producibility, the assay was performed twice by the same
technician (Figure 1C). The similarity of results was judged
by the ability of the IC50s to fit into previously classified re-
sponse/nonresponse categories.

Newly Diagnosed HGG Study Design and Patient
Characteristics

Fifty-five patients with ND or recurrent HGG were en-
rolled from November 2014 to July 2018. Samples from
44 patients were utilized in assay development, analyt-
ical validation, and the determination of response range
categories. The remaining 11 patients were combined with
an additional 96 patients enrolled from January 2019 to
December 2020 as part of the clinical study 3D-PREDICT
(ClinicalTrials.gov ID NCT03561207) to examine the ability
of the 3D Predict Glioma assay to prospectively predict re-
sponse to TMZ following maximal safe surgical resection
(Figure 2A). Of the 107 samples assayed, 36 were recur-
rent and removed from this analysis. Ten samples failed
quality control based upon cell numbers or viability, and
3 samples failed due to poor assay performance (3/61)
indicating a 95% success rate for assay performance. Of
the 58 remaining samples, 25 were not analyzed: 9 due to
lack of clinical treatment, 15 due to insufficient follow-up at
the time of this analysis, and 1 due to progression due to
other events (Figure 2B and C). The 33 remaining patient
tissue samples were successfully assayed for categorical
response to TMZ and up to 11 other compounds (Figure
3). Every sample had a measurable level of response or
moderate response to at least one agent, supporting the
potential of the assay to benefit a large proportion of HGG
patients during drug candidate selection. All 33 patients re-
ceived clinical treatment consisting of radiation and TMZ
following surgical debulking enabling a comparison be-
tween assay predicted response and clinical response.

Prospective Correlation of Clinical Response and
3D Predict Glioma for Temozolomide in Newly
Diagnosed HGG

To determine the accuracy of 3D Predict Glioma prospec-
tive predictions of patient drug response, assay deter-
mined TMZ response was compared to clinical OS. Assay
prediction was generated within 7 days of the patient’s
debulking surgery, prior to the initiation of treatment. Of
the 33 patients, 20 progressed at the time of this analysis
to compare their clinical response to the test response.
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Figure 1. (A) Timing of optimal drug response prediction in 3 HGG cell lines. (B,C) Representative data of inter- and intra-assay reproducibility
testing. Reproducibility was defined as having similar drug response readouts indicated by the vertical red hash lines in the graphs. (B) Overlapping
nonlinear regression curves of assay generated drug response performed by multiple operators on 2 primary tissue samples and 2 drugs. (C)
Repetition of assay generated drug response by a single operator for 3 different primary tissue samples and 2 drugs each. n=17.

Six were prospectively predicted responders to TMZ and
14 were predicted nonresponders (Figure 4). TMZ test-
predicted responders had a median OS of 11.6 months
(4.2-30.4) compared to 5.9 months (3.3-11.7) for TMZ

test-predicted nonresponders (P = .0376, HR 0.3455, 95%
Cl 0.1333 to 0.8954) (Figure 4B). To determine overall
assay predictivity, clinical response toTMZ was defined as
an OS greater than 11 months post-surgery based upon
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Figure 2. (A) Clinical pathology of all patients enrolled in the study. (B) The patient sample inclusion process. (C) Clinical pathology of the patients

tested in the established assay.

published studies for surgical debulking with radiation
only."®2' This facilitated the categorization of patients as
true positives, true negatives, false positives, and false
negatives (Figure 4C inset). When patients were dis-
tributed along these rules, test prediction accuracy was

85% (P = .007) (Figure 4C and D). This test accuracy rate
is comparable to our previously published accuracy of
89% in high-grade ovarian cancer,’® indicating the poten-
tial of the assay to remain predictive across multiple solid
tumor types.
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Newly Diagnosed, Analyzed Patient Data (N = 33)
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36 GBM WT Unk
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Figure 3. Clinical pathology of the 33 patients whose assay response was correlated to clinical response. Blank squares indicate drug not tested.
Abbreviations: R/T = radiation + TMZ, mT = maintenance TMZ, WT = wild type, U = unmethylated, M = methylated, Carbo = carboplatin, Iri = irinotecan,
Lom = lomustine, Eto = etoposide, Ever = everolimus, Ruc = rucaparib, Pro = procarbazine, Abe = abemaciclib, Osi = osimertinib, Tra = trametinib.

Clinical Application of 3D Predict Glioma in
Recurrent HGG

Commonly used cytotoxic chemotherapies for recurrent
HGG have relatively similar response rates (<20%)%23
and the determination of clinical use may be based upon
a number of factors including patient performance status,
drug toxicities, and ease of administration, none of which
are associated with patient-specific biomarkers predicting
efficacy. Seven patients with recurrent HGG enrolled in
3D-PREDICT for which treatment selection was influenced
by the 3D Predict Glioma results and with at least 6 months
of follow-up from surgical resection, were identified

through physician survey and chart review at one site
(Figure 5). Information obtained from 3D Predict Glioma
was used along with consideration of patient-specific and
agent-specific factors to facilitate selection of therapy.
When considering salvage therapies, the 3D Predict Glioma
assay helped guide therapy in all presented recurrent cases
including agents to consider and those to avoid where no
response was indicated. If 2 agents were being considered,
the agent with a stronger 3D Predict Glioma response
was chosen.

All patients underwent tissue collection at their first re-
lapse or beyond, with one patient on second relapse/third
resection, and one on third relapse/fourth resection (Figure
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Figure 4.

(A) Summary of the 20 patients whose TMZ test prediction data were correlated to clinical response. (B) Kaplan—Meier plot of the 20

patients who progressed enough to make a call on assay prediction following initial surgery separated by assay defined TMZ response. (C) Scatter
plot of patients analyzed within this cohort. Red diamonds indicate the 4 patients who have progressed enough to assess assay prediction of 0S
but are still alive. The inset defines the parameters for categorizing patients as true positive (TP), true negative (TN), false positive (FP), and false
negative (FN) according to both assay response and clinical response. (D) Contingency table of response cohorts based upon assay defined TMZ

response.

5A and B). Drug response was measured across the same
panel of drugs as the ND patients (Figure 5A).The 7 patients
had a median PFS of 7.9 months post-surgery (Figure 5C).
Below we present brief case vignettes of their courses, the
role the assay played, and outcomes to date.

Carboplatin

Carboplatin can cross the blood-brain barrier (BBB) and
has been studied both as monotherapy and in combination

with multiple agents, including bevacizumab' and
etoposide.'®?* 3D Predict Glioma results were used to di-
rect clinical use of carboplatin over other salvage agents
for 4 patients with relative success. Two patients received
carboplatin in combination with bevacizumab previously
shown to have a median PFS of 3.5 months (2.2-3.7) with
no additional clinical benefit over bevacizumab alone." In
our clinical case studies, the PFS of each patient was 5.3
and 9.4 months, exceeding the published median PFS
(Figure 6A). The other 2 patients received carboplatin in
combination with etoposide, also indicated as a responder
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Figure 5.

(A) Clinical pathology of the 7 recurrent patients whose assay response was utilized as part of their clinical treatment. Abbreviations:

WT = wild type, U = unmethylated, M = methylated. (B) PFS of the patients measured from time of surgery for which tumor tissue was used in the
3D Predict Glioma assay to the time of radiographic progression. Clear bar indicates the patient has not progressed at the time this work was sub-
mitted, ¥ indicates the patient tested at their third relapse, fourth surgery, and # indicates the patient tested at their second relapse, third surgery.
Red lines indicate published median PFS and 95% Cl (C) Kaplan—Meier plot of the patients within this cohort.

by 3D Predict Glioma. Carboplatin/etoposide combination
therapy has been shown to have a median PFS of 4 months
(3-5).2* In our clinical case studies, the PFS of each pa-
tient was 15.4 and 4.9 months, meeting or exceeding the
published PFS (Figure 6B). Thus, outcomes of treatment
decisions that incorporated the 3D Predict Glioma assay
indicated drug responses met or exceeded previously pub-
lished median PFS for the drug combinations with which
they were treated.

Case 2, a 59-year-old male, underwent surgical resec-
tion for recurrent IDH wild-type glioblastoma (GBM) with
unmethylated MGMT promoter. He was treated with con-
current chemoradiation withTMZ and 6 cycles of adjuvant
TMZ. Imaging demonstrated radiographic progression at
7 months. The patient underwent re-resection with place-
ment of carmustine wafersin the surgical cavity.Tissue sent

for 3D Predict Glioma revealed a response to carboplatin,
and he was treated with combination carboplatin/
bevacizumab. He remained clinically and radiographi-
cally stable for a period of 5 months before radiographic
progression. Case 4, a 63-year-old female, underwent re-
section of a GBM, IDH wild-type, with methylated MGMT
promoter. She underwent concurrent chemoradiation with
TMZ and 2 cycles of adjuvantTMZ. Imaging demonstrated
radiographic progression 5 months later. She underwent
craniotomy for re-resection, followed by 17 months of
lomustine/bevacizumab. After completion of this therapy,
radiographic progression was noted. Due to excellent per-
formance status, a third craniotomy was performed for
re-resection, and the tissue provided for 3D Predict Glioma
revealed a moderate response to carboplatin. The patient
was subsequently treated with carboplatin/bevacizumab
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Figure 6. (A) PFS of the patients treated with combination carboplatin/bevacizumab. Red line indicates published median PFS and 95% Cl for pa-
tients treated with carboplatin/bevacizumab combination therapy. (B) MRI of the brain of one patient treated with carboplatin/bevacizumab combi-
nation therapy. T1 weighted contrasted axial images immediately preceding the patient’s third resection (1) showing enhancing nodularity (arrow)
within the prior resection cavity, inmediately following the third resection (2), and after 6 cycles of carboplatin/bevacizumab (3) with no evidence
of enhancing disease in the cavity. (C) PFS of the patients treated with combination carboplatin/etoposide. Red line indicates published median PFS
and 95% Cl for patients treated with carboplatin/etoposide combination therapy. The white bar indicates that at the time of this publication, the pa-
tient has not progressed. (D) MRI of the brain of one patient treated with carboplatin/etoposide combination therapy. T1 weighted contrasted axial
images immediately preceding the patient’s second resection (1) with bulky recurrent enhancing disease (arrow), immediately following the second
resection (2), and after 6 cycles of carboplatin/etoposide (3) with no evidence of enhancing disease. (E) PFS of the patient treated with combina-
tion irinotecan/bevacizumab. Red line indicates published median PFS and 95% Cl for patients treated with irinotecan/bevacizumab combination
therapy. (F) MRI of the brain of the patient treated with irinotecan/bevacizumab combination therapy. T1 weighted contrasted axial images immedi-
ately preceding the patient’s second resection (1) showing enhancing area of recurrence (arrow), immediately following the second resection (2),
and after 5 cycles of irinotecan/bevacizumab (3) without evidence of progressive disease. (G) PFS of the patients treated with dabrafenib.
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for 9 months. She remained radiographically and clinically
stable for 11 months before recurring with marked drop off
in performance status (Figure 6A and B).

Case 5, a 63-year-old male, presented with a right tem-
poral mass with significant surrounding vasogenic edema
and midline shift. He underwent craniotomy for maximal
safe resection. Pathology was consistent with IDH-wild
type GBM, unmethylated MGMT promoter. He underwent
standard concurrent chemoradiation with TMZ. Imaging
at completion demonstrated bulky recurrence within the
surgical cavity at 4 months. He underwent craniotomy
for re-resection and placement of carmustine wafers,
with 3D Predict Glioma indicating a moderate response
to carboplatin and etoposide. He completed 6 cycles of
combination therapy over approximately 4 months,
with no recurrent disease noted over the subsequent
15 months to date off treatment, maintaining an excel-
lent performance status. Case 7, a 60-year-old female,
presented with pathology consistent with IDH-wild type
GBM, unmethylated MGMT promoter. She underwent
standard concurrent chemoradiation, followed by gamma
knife radiosurgery to an enhancing nodule noted post-
intensity-modulated radiation therapy. She was treated
with 10 cycles of adjuvant TMZ before progressing at
13 months. Re-resection was performed, and tissue was
sent for 3D Predict Glioma revealing a moderate re-
sponse to carboplatin and etoposide with which she was
treated for 4 cycles. Radiographic progression was noted
at 5 months, followed by a third craniotomy. Tissue was
again sent for 3D Predict Glioma revealing the tissue
was no longer responsive to carboplatin and etoposide
matching the clinical resistance and observed recurrence
(Figure 6C and D).

Irinotecan

Irinotecan has been studied clinically as monotherapy
and in combination with bevacizumab for recurrent
HGG. As monotherapy it has been shown to have a
median PFS of approximately 2.7 months which in-
creases to approximately 4.8 months (3.7-5.6) when
used in combination with bevacizumab.'#2?5-27 Case 6,
a 70-year-old male, underwent craniotomy for resec-
tion of IDH-wild type GBM, unmethylated MGMT pro-
moter. He subsequently underwent standard concurrent
chemoradiation with TMZ, followed by an abbreviated
course of adjuvant TMZ with disease progression after
5 months. He underwent re-resection with tissue sub-
mitted for 3D Predict Glioma which revealed a response
to irinotecan. He was placed on irinotecan/bevacizumab,
which he tolerated well for 8 cycles. He did experience
radiographic progression with punctate areas of en-
hancement noted in the surgical cavity at 6 months.
These relatively small areas of progression were treated
with gamma knife radiosurgery. He continued combina-
tion irinotecan/bevacizumab with excellent tolerance for
an additional 3 months, at which point treatment was
discontinued due to further progression and declining
performance status. Importantly, his PFS of 6.7 months
exceeded that of those published for irinotecan with
bevacizumab (Figure 6E and F).

BRAF Inhibitors

For some patients, targeted therapies for specific ge-
netic mutations have proven successful in solid tumors.
However, many of these therapies are not efficacious
in HGG. Importantly, some patients benefit from these
therapies without harboring the targeted mutation,
demonstrating the limitations of NGS for personalized
medicine and suggesting alternative signaling pathways
not yet identified or described. Assays that measure func-
tional response may identify those patients not recognized
by NGS. During this observational study, 2 patients were
identified by 3D Predict Glioma as responding to the BRAF
inhibitor vemurafenib (Figure 6G). Since dabrafenib has an
improved ability to cross the BBB, both patients received
dabrafenib as their treatment.?82°

Case 1, a 54-year-old male underwent surgical resec-
tion of right temporal GBM, IDH-wild type, unmethylated
MGMT promoter. Standard concurrent chemoradiation
was followed by adjuvant TMZ for 6 cycles in conjunc-
tion with tumor treating fields (TTF) therapy.3® Imaging
at 9 months demonstrated local progression, ulti-
mately confirmed by surgical resection with subsequent
tissue submission for 3D Predict Glioma. The patient
was placed on bevacizumab/dabrafenib based upon
assay determined BRAF inhibitor response. He expe-
rienced a 4-month period of stability and maintained
reasonable quality of life with minimal drug toxicity.
Radiographic progression was noted at 4 months fol-
lowed by a clinical decline. Case 3, a 24-year-old male,
underwent resection of a left temporal lobe WHO grade
lll anaplastic astrocytoma (AA). He completed concur-
rent chemoradiation with TMZ followed by 24 cycles
of adjuvant TMZ then 2 additional years of disease sta-
bility off treatment. Re-resection was performed at first
recurrence, and he was subsequently re-challenged
with TMZ. Disease stability was achieved for 2.5 years.
Additional re-resection was performed after subse-
quent recurrence, and he was treated with combination
lomustine/bevacizumab. He was again noted to have
radiographic progression at 18 months, undergoing a
fourth craniotomy, during which tissue was sent for 3D
Predict Glioma revealing response to vemurafenib. He
was treated with dabrafenib for 12 months with disease
stability and limited toxicity before again progressing,
undergoing a fifth craniotomy during which a second
tissue sample was assayed for drug response. This tissue
sample was noted to be less responsive to BRAF inhib-
itor than the previous tissue specimen. Importantly, the
tissues received for both patients did not harbor any
known BRAF activating mutations. In one of these cases,
the 3D Predict Glioma data aided the facilitation of insur-
ance coverage for dabrafenib in the absence of molec-
ular diagnostic indications.

Discussion

HGG treatment remains challenging and the lack of du-
rable response in ND patients has led to guidelines re-
commending clinical trial enrollment.® Guidance for
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treatment post-recurrence is even more limited and
lacks standardization. This ambiguity combined with ex-
tremely short survival times and short recurrence cycles
makes it imperative that oncologists pick the most ef-
ficacious therapy first. A testing platform with clini-
cally actionable results providing insight into patient
response to potential therapies would be invaluable to
the neuro-oncologist. In this study we analytically and
clinically validated an assay for individualized response
predictions across a panel of 12 relevant agents and
demonstrated institutional experience utilizing this per-
sonalized information in 7 patients with recurrent HGG.
In ND HGG, the assay was 85% accurate (P=.007) in pre-
diction of TMZ treatment response in combination with
radiation. Assay-predicted responders had a 5.7-month
extended survival time compared to assay-predicted
nonresponders. In recurrent HGG, the 7 patients treated
with 3D Predict Glioma defined treatments had a median
PFS of 7.9 months (4.9-15.4) compared to a historical me-
dian PFS of 2.4 months (2.1-3.1).31:32

The need for accurate characterization of patient-specific
outcomes before treatment initiation is generally undis-
puted and evident in the broad use of NGS. However, NGS
only indicates the presence of an actionable mutation
linked to a targeted agent; it does not assess individual
patient response to that agent. Two cases in this study re-
ceived the targeted agent dabrafenib due to 3D Predict
Glioma, but associated NGS results failed to show an asso-
ciated BRAF mutation, demonstrating the potential clinical
limitations of NGS panels. The lack of widespread clinical
adoption of personalized, phenotypic assays is primarily
due to a paucity of demonstrated clinical accuracy. Tumor
response prediction assays must include ex vivo recapitu-
lation of in vivo biology, a high rate of assay performance
success from clinically relevant patient samples, and clin-
ically actionable turnaround times. The high correlation
and positive clinical impact of this assay can be, in part,
attributed to these achievements. This study has shown the
feasibility of using ex vivo drug response testing in clin-
ical care to support personalized approaches in a disease
where evidence-based medicine is minimal, and the accu-
racy has been demonstrated in a clinically relevant patient
population.The median age of GBM is 64 years with typical
IDH mutation rates of 5%.3334 Patients in this study had a
median age of 66 years and a IDH mutation rate of 3% sup-
porting the clinical relevancy of the patient population.

In this study, multiple confounding factors unrelated
to assay performance may have impacted outcomes,
including time between resections and chemotherapy
initiation, bevacizumab/chemotherapy combinations, ra-
diographic versus clinical assessment to define progres-
sion, other treatments including carmustine wafers, TTF,
and gamma knife radiosurgery, inclusion of AA which in
general has a higher survival rate than GBM, and selec-
tion bias toward patients with good performance status
for resection. In the recurrent population, time between
resection and treatment initiation averaged 6.7 weeks
(3-14) with the longest being for the patients who received
dabrafenib as time was spent waiting for insurance ap-
proval. The 3D Predict Glioma assay does not currently as-
sess bevacizumab response. So assay response to single
agent was examined in relation to published PFS for

patients clinically treated by a bevacizumab combination.
Future interventional studies will provide better control
over other treatments, but the inherent selection bias will
always be present as fresh, live tissue is required for assay
performance. Future development to reduce required
tissue amounts for assay performance may increase the
number of patients able utilize the assay. Finally, the per-
formance of a large, randomized controlled trial will pro-
vide better evidence of the assay’s usefulness.

This study presented results from the validation of a new
assay to individually direct the treatment of patients with
HGG. Rather than correlating a biomarker with the proba-
bility of treatment response, this assay assesses evidence
of response by measuring the interaction of a patient’s pri-
mary tumor cells with therapy options. This translates to
patient-specific, biologically driven data, eliminating prob-
abilistic uncertainty from a population study. The prospec-
tive predictive ability of the assay was demonstrated in ND
HGG treated with radiation andTMZ, and in a small number
of recurrent HGG cases in which the clinician chose to use
assay results to direct therapy, the selected therapy met or
exceeded published median PFS. These data indicate the
potential of this new assay to provide clinicians and pa-
tients with a method of determining which treatment op-
tion to use when time is not available for experimentation
with therapy regimens. 3D Predict Glioma provided an
additional tool to guide the neuro-oncologist’'s choice of
therapy for recurrent patients. Decision-making regarding
salvage therapies in GBM can be challenging. In a disease
with such variable responses and survival, tumor-specific
information has the potential to be clinically beneficial.
The ability to have individualized data to guide decisions,
based on patient-specific evidence of response, realizes a
shift toward individualized medicine that other approaches
to HGG treatment have been unable to accomplish.
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