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Abstract

Background: Liquid biopsy testing offers a significant potential in selecting signal-matched therapies for advanced solid malignancies. The
feasibility of liquid biopsy testing in a community-based oncology practice, and its actual impact on selecting signal-matched therapies, and sub-
sequent survival effects have not previously been reported.

Patients and Methods: A retrospective chart review was conducted on adult patients with advanced solid cancer tested with a liquid-biopsy
assay between December 2018 and 2019, in a community oncology practice. The impact of testing on treatment assignment and survival was
assessed at 1-year follow-up.

Results: A total of 178 patients underwent testing. A positive test was reported in 140/178 patients (78.7%), of whom 75% had an actionable
mutation. The actual overall signal-based matching rate was 17.8%. While 85.7 % of patients with no actionable mutation had a signal-based clin-
ical trial opportunity, only 10% were referred to a trial. Survival analysis of lung, breast, and colorectal cancer patients with actionable mutations
who received any therapy (n = 66) revealed a survival advantage for target-matched (n = 22) compared to unmatched therapy (n = 44): patients
who received matched therapy had significantly longer progression-free survival (PFS) (mPFS: 12 months; 95%Cl, 10.6-13.4 vs. 5.0 months;
95%Cl, 3.4-6.6; P = .029), with a tendency towards longer overall survival (OS) (mOS: 15 months; 95%Cl, 13.5-16.5 vs. 13 months; 95%Cl:
11.3-14.7, P = .087).

Conclusions: Implementation of liquid biopsy testing is feasible in a US community practice and impacts therapeutic choices in patients with
advanced malignancies. Receipt of liquid biopsy-generated signal-matched therapies conferred added survival benefits.
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Implications for Practice

NGS-based liquid biopsy-driven targeted therapy is clinically feasible in a community-based oncology practice and allows matching of
patients to appropriate target-selected therapy. Upfront testing with liquid biopsy allows early signal-based therapeutic matching, referral
to appropriate signal-based clinical trials, and results in superior survival outcomes. The results of this study suggest a potential impact for
incorporating liquid biopsy-based testing in current practice guidelines.

Introduction Compared to traditional cancer tissue biopsy, LBx is
less invasive and more comprehensive to evaluate tumor
heterogeneity because all tumor sites will release ctDNA
into the blood.® Facilitated by the rapid development of
next-generation sequencing (NGS) technologies, ctDNA
sequencing can achieve much higher sensitivity than
tissue biopsy and can be used for different applications
including early screening and diagnosis, treatment se-

lection, and detection of residual disease and recurrent
7-13

Precision oncology relies on the identification of molecular ab-
normalities through molecular profiling of individual patient’s
tumor, and matching actionable mutations to specific target-
based therapeutic agents when available.! While gold standard
profiling has traditionally been based on resected or biopsied
tumor material, recent years have witnessed the development
of liquid biopsy (LBx) assays that allow early, timely, and min-
imally invasive testing for circulating genetic material in the
blood including circulating tumor DNA (ctDNA).> cancer.
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In terms of enhancing molecular profiling and increasing
target-matched therapeutic options, there is an evidence that
higher matching results in improved disease control rates,
progression-free survival and overall survival rates.'* LBx is
uniquely placed to capture changes in the molecular land-
scape of a specific patient over time, and thus enhance mo-
lecular profiling and subsequently target-to-therapy matching
rates. This is due to the capability of LBx to detect tumor
heterogeneity within both primary and metastatic tumor sites,
the high sensitivity of NGS, and the ease of access for poten-
tial serial assessments of a tumour’s genomic landscape upon
treatment failure.'

Herein, we report our experience using NGS-based LBx
testing in a cohort of 178 patients with diverse, advanced solid
tumors treated at a community-based oncology practice. We
focus on testing utilization, LBx impact on molecular-based
treatment selection, and the subsequent impact on patient’s
survival when actionable mutations are detected and targeted
with precision therapy.

Materials and Methods

Patients

We retrospectively reviewed the clinicopathologic and
outcomes data of 178 patients with advanced solid ma-
lignancies seen at the Cancer Center of Kansas, for whom
molecular testing had been performed using LBx assay be-
tween December 2018 and December 2019. Survival analysis
at 1-year post-testing was done (censor date: 01/06/2021).
This study was performed in accordance with the Kansas
University School of Medicine-Wichita Institutional Review
Board guidelines.

Next-Generation Sequencing (NGS)-based Liquid
Biopsy (LBx)

NGS-based LBx testing was performed by Guardant360®
(Guardant Health, Redwood City, CA; http://guardanthealth.
com), a blood-based liquid biopsy assay for comprehen-
sive tumor mutation profiling approved by the US Food
and Drug Administration (FDA) for use in all solid can-
cers. Guardant360® detects ct-DNA in blood specimens
and evaluates exons from 73 genes, reporting point muta-
tions (as a single-nucleotide variant—SNYV), insertion/de-
letions (indels), copy number amplifications, and fusions/
rearrangements. Upfront molecular testing was provided to
patients as part of routine clinical care, and whole blood
samples were collected, preserved, and sent for testing as per
the manufacturer’s instructions (http:/guardanthealth.com/
Blood-Draw-and-Shipping-Instructions).

Selection of Therapy

For each patient, potential molecular targets and therapies
were reviewed based on the aberration(s) detected by the
assay. The distinction was made between actionable muta-
tions (aberrations amenable to targeted therapy with any
FDA-approved agent) and non-actionable mutations. A test
report with one alteration was considered a “positive” test,
while the absence of any alteration was considered as a “nega-
tive” test result. Similarly, within the cohort of patients with
a positive test result, a further distinction was made between
those with non-actionable and those with actionable muta-
tions who could benefit from target-specific FDA-approved
agents (either within or outside current FDA indication/
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off-label use). The availability of target-based clinical trial op-
portunities for patients with a positive test but no actionable
mutation was also noted.

The choice of a therapeutic option was at the discretion
of the treating oncologist, and was reviewed retrospectively:
treatment was considered “matched” if the patient received
at least one agent targeting at least one aberration, whether
using an FDA-approved agent, an off-label agent, or through
a signal-based clinical trial opportunity. Patients who received
non-targeted therapy when an actionable mutation/signal
was available, were considered “unmatched” and the reason
for not matching was listed.

In patients who received signal-based targeted therapy, a
“matching score” was used (described in ') whereby for each
patient, the number of received matched drugs (numerator)
was divided by the number of aberrations reported (denomin-
ator). For example, if a patient harboring 6 actionable muta-
tions received 3 targeted therapies, the matching score would
be 3/6 or 0.50. A cut-off value of 1.0 on the matching score
was chosen for survival analysis according to the minimum P
value criteria 7.

Outcomes and Statistical Analysis

Endpoints of the study included: (i) LBx testing results
including most commonly detected genetic alterations; (ii)
matching rates (defined as the ratio between a total number of
patients who received signal-based matched therapy, and the
number of patients eligible for matched therapy based on LBx
results) and determinants of non-matching (when available);
(iii) Progression-free survival (PFS) after LBx results in a pa-
tient with lung, breast, and colorectal cancer, and (iv) overall
survival (OS) after LBx results in patients with lung, breast,
and colorectal cancer. PFS was defined as the time from the
beginning of initial therapy (post LBx testing) to progres-
sion (as determined by treating oncologist and documented
in patient’s chart) or to last follow-up for patients who were
progression-free. OS was defined as the time from the begin-
ning of therapy to death or the time to last follow-up for pa-
tients who were alive. The cut-off date for the analysis was
January 06, 2021; all patients who were progression-free (for
PES) or alive (for OS) at the date of analysis were censored
on that date.

Simple descriptive statistics were used to determine base-
line characteristics for patients, LBx testing results, and
treatment allocation. Whenever appropriate, Chi-square
(x*) tests were used to compare categorical variables, and
the non-parametric Mann-Whitney U test to compare two
groups on one continuous variable. PFS and OS were deter-
mined by Kaplan-Meier method, and the log-rank test was
used to compare variables.

Results

Patient’s characteristics and Liquid Biopsy
Utilization

A total of 178 patients were referred for testing by 12 on-
cologists within a single community cancer center. Referral
rates varied widely among oncologist (2.25%-22%). The
majority of patients (98%) were tested upfront for mo-
lecular markers evaluation, in either newly diagnosed ad-
vanced cancer patients, or in recurrent patients who did
not have enough tissue for testing. Other patients (2%)
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were evaluated after the failure of first-line therapy to as-
sess for acquired mutations. The mean age at diagnosis
was 65 years. Median (m) Karnofsky Performance Scale
was 90% and a majority of patients (89.9%) had >stage
III-B disease. A total of 18 histological subtypes were tested
including cancers of the lung (LCa), breast (BCa), colon
(CRCa), kidneys (renal cell carcinoma), skin (melanoma),
thyroid, head and neck, ovaries, uterus, smooth muscles
(leiomyosarcoma), pancreas, unknown primary, esophagus,
gastroesophageal junction, parotid glands, endothelial ori-
gins (angio-sarcomas), appendix, prostate, and rectum. LCa
(50.56%),BCa (17.42%), and CRCa (7.87%) were the most
common cancer types (Fig. 1).

Liquid Biopsy Testing Results and Potential for
Matching

A positive test was reported in 140/178 patients (78.7%);
of those, 105/140 (75%) had an actionable mutation, either
with an FDA-approved target-matched therapy (7 = 32/1035;
30.5%) or with a therapy outside current FDA indication (n
= 73/105; 69.5%). In patients with no actionable mutation
(n =35/140525%), 85.7% ( = 30/35) had a signal-based trial
opportunity (Table 1).

The average number of alterations per LBx test was 3.1
(£2.14; n = 481), and varied across subtypes: CRCa (4.36),
prostate cancer (2.73), BCa (2.97), and LCa (2.59), had the
highest average number of alterations per test. Similarly, LCa
(48.44%), BCa (19.13%), and CRCa (12.68%), harbored
most of the detected somatic alterations (rz = 481). Of all the
actionable mutations (z = 457), TP53 (32.17%), PIK3CA
(8.53%), EGFR (7.66%), and KRAS (7.22%) were the most
commonly altered genes (Fig. 1). Supplemental Table S1 pro-
vides a listing of all the alterations of practical significance
and their respective frequencies.
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Impact of Liquid Biopsy Testing Results on
Treatment Assignment

Of the 135 patients who were candidates for targeted therapy,
24 (17.8%) were treated with matched therapy based on LBx
results, and 111 with an unmatched therapy (82.2%). The
actual overall signal-based matching rate (24/135; 17.8%)
included all candidates for matched therapy, either through
an actionable mutation (7 = 105) or via a signal-based clin-
ical trial opportunity when an actionable mutation was not
detected (z = 30) (Table 2). Within candidates for an FDA-
approved treatment, 50% (16/32) received targeted therapy
while only 6.9% (5/73) were treated with targeted agents out-
side current FDA indication. For those, the mean matching
score (number of matched drugs/number of actionable mu-
tations) was 0.6 (range: 0.33-2) and 0.8 (range: 0.17-2), re-
spectively. Only 10% (3/30) were referred to signal-based
clinical trials. Actual target-to-therapy matches are listed in
Supplementary Table S2.

Table 1. Summary of liquid biopsy testing results in 178 tested patients
with potential signal-based therapeutic opportunities. FDA: Food and
Drug Administration

Positive Test
(n/N; %)

Negative Test
(n/N; %)

Total tested patients: 178 140/178 (78.7) 38/178 (21.3)
105/140 (75.0) -

32/105 (30.5) -

73/105 (69.5) -

35/140 (25.0) -

30/35 (85.7) -

Actionable mutation
FDA-approved
FDA-off label

Non-actionable mutation

Clinical trial opportunity
(%)

= Lung Ca (n=90)

= Breast Ca (n=31)

u Colorectal Ca (n=14)
u Other Ca (n=43)

A)Tested histological subtypes (n=178)

B) Distribution of somatic alterations (n=481) across tumor types

®LungCa (n=233)
mBreast Ca (n=92)
wColorectal Ca (n=61)
mOther Ca (n=95)

Other | 1+ 2° o

KRAS [ 7.22%
EGFR [ 7 .66°%
PIK3CA [ s53%

TS O] 117"

C) Actionable mutations (n=457)

Figure 1. Liquid biopsy results: 18 histological subtypes were tested by LBx assays (A). This revealed a total of 481 somatic alterations across all tested
patients (B). Of the overall detected actionable mutations (457), alterations in TP53, PIK3CA, EGFR and KRAS genes were the most common (C).
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In patients with >1 actionable mutations who did not
receive a signal-matched therapy (111/135; 82.2%), the
reasons for not matching included: (i) the availability of a
first-line, FDA-approved, non-targeted therapy (72.6% of
unmatched cases), (ii) a decline in patient’s status and/or
death prior to assigning therapy (11.9%), and (iii) failure of
targeted therapy to the detected signal in the past (2.4%),
and patient’s choice for end-of-life hospice/palliative care

(2.4%) (Table 2).

Survival Analysis: Liquid Biopsy-based Matched
versus Unmatched Therapy

A 1 year survival analysis was done in patients with LCa, BCa,
and CRCa (n = 66) who received either matched (7 = 22) or
unmatched (1 = 44) therapy. The main baseline characteristics
were compared for matched and unmatched patients (Table
3). Mean age at diagnosis, performance status and stage at
testing were similar across both groups. Overall, the cohort
had more women (69.7%) than men (30.3%) but no gender
difference was seen between matched and unmatched patients
(women: 72.7% in matched vs. 68.2% in unmatched; P =
.7). There was no statistically significant difference in the dis-
tribution of histological subtypes between matched and un-
matched groups, but more patients with breast cancer (27.3%
vs. 15.9%; P = .27) and fewer patients with lung (63.6%
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vs. 72.7%; P = .45) and colorectal (9.1% vs. 11.4%; P = 1)
cancer were found in the matched group.

The overall median OS for all patients (7 = 66) was 13
months (95%CI, 11.4-14.6). The mOS was longer in the
matched cohort (z = 22; mOS: 15 months; 95%CI, 13.5-
16.5 vs. 13 months; 95% CI: 11.3-14.7; n = 44 in unmatched
patients) but did not reach statistical significance (P = .087)
(Fig. 2A). Median PFS was compared for matched versus un-
matched patients (Fig. 2B). Patients who received a matched
therapy following LBx testing had a significantly longer mPFS
(12 months; 95% CI, 10.6-13.4) compared with patients who
did not receive a matched therapy (5.0 months; 95% CI, 3.4-
6.6), with P =.029.

In patients who received matched therapy (7 = 22), imple-
mentation of the matching score (the higher the score, the
better the match), showed no statistically significant differ-
ence in survival between patients with a matching score <1
and those with a score >1. In terms of OS, patients with a
low matching score (<1) had a mOS of 14 months (n = 19;
95% CI, 11.11-16.89) compared to a mOS of 16 months in
those with a higher matching score (7 = 3; 95% CI, 12.36-
19.64). Similarly, patients with higher matching scores (>1)
had longer mPFS (14 months; 7 = 19; 95% CI, 5.51-22.49)
than those with lower (<1) matching scores (11 months; 7 =
3; 95% CI, 8.42-13.58). For both OS and PFS, the difference
was not statistically significant.

Table 2. Summary of post-testing therapy assignment based on liquid biopsy signal generation

Matching Rate Matching Score Reasons for not matching signal to therapy
(n/N; %) (mean; range) when actionable mutation is available (%)
Overall match? 24/135 (17.8) - 1st Line, non-targeted therapy available (72.6)
FDA-approved matched therapy 16/32 (50.0) 0.6 (0.33-2.0) iﬁegl)mmg Status/Death prior to treatment
FDA- off label matched therapy 5173 (6.9) 0.8 (0.17-2.0) - Prior Failure of targeted Therapy (2.4)
Signal-based clinical trial therapy 3/30 (10.0) - - Choice of Palliative Therapy (2.4)
Unmatched 111/135 (82.2) - - Unreported (1.2)

‘Includes candidates with actionable mutation (n=105), and without actionable mutation but signal based RCT opportunity (n=30).

Abbreviation: FDA, Food and Drug Administration.

Table 3. Comparison of baseline variables and survival outcomes for the matched vs. unmatched patients

Parameters Total (n=66) Matched (n=22) Unmatched (n=44) P
Age at diagnosis (Mean; 95% CI) 65.5 (62-69) 65.6 (59.6-71.6) 65 (60.8-69.2) 0.11
Gender, 7 (%) 0.7
Women 46 (69.7) 16 (72.7) 30 (68.2)
Men 20 (30.3) 6(27.3) 14 (31.8)
KPS (%) at testing (Mean; 95% CI) 83.9 (81.5-86.3) 84 (79.9-88.1) 84.1 (81.2-87) 0.46
Tumor Type (n;%)
Lung Cancer 46 (69.7) 14 (63.6) 32 (72.7) 0.45
Breast Cancer 13 (19.7) 6 (27.3) 7 (15.9) 0.27
Colorectal Cancer 7 (10.6) 2(9.1) 5(11.4) 1
Stage at testing (% > I1I-B) 65 (98.5) 22 (100) 43 (97.7) 1
Survival
0S (median; 95% CI) 13 (11.4-14.6) 15 (13.5-16.5) 13 (11.3-14.7) 0.087
PES (median; 95% CI) 10 (8.4-11.6) 12 (10.0-13.4) 5.0 (3.4-6.6) 0.029

Abbreviations: CI, confidence interval; KPS:

Karnofsky Performance Scale; OS, overall survival; PFS, progression-free survival.
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Figure 2. Kaplan-Meier survival curves comparing (A) OS and (B) PFS
between matched (blue line) and unmatched (red line) patients following
liquid biopsy testing. OS, overall survival; PFS, progression-free survival;
Cl, confidence interval.

Discussion

The application of precision oncology using biomarker-
driven therapeutic agents is a complex process: the suc-
cess of this targeted approach not only entails a definite
“druggable” target with an effective and safe therapy but
also depends on the safe, timely, and ease of access to
tumor genomic material. Our results demonstrate the suc-
cessful use of LBx based biomarker-driven therapy in pa-
tients with advanced cancer treated in a community-based
oncology practice. Patients who were treated with matched
therapy based on LBx test results had significantly longer
PFS (median, 12.0 vs. 5.0 months; P = .029) than un-
matched patients. OS was also longer in matched patients
(median, 15.0 months vs. 13.0 months; P = .087) but the
difference was not statistically significant. Several previous
studies have demonstrated better survival outcomes when
therapy was matched to specific molecular defects. While
early studies had focused on specific driver mutations in spe-
cific tumor types,'$! the development of multi-gene panel
NGS technologies and the fast-paced development of tar-
geted drugs, have allowed genome-wide biomarker identi-
fication and targeting across several cancer types.?? In an
early multicenter study involving 1007 patients with meta-
static lung adenocarcinoma, an oncogenic driver was identi-
fied in 64% of patients . Patients with an oncogenic driver
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who received genotype-directed therapy had significantly
longer survival than those with an oncogenic driver who
did not (median 3.5 vs. 2.4 years; P = .006).2! A study by
Von Hoff et al was the first to expand the investigation of
responses and outcomes of targeting multiple genes across
different cancers. In this study, molecular profiling was used
in patients who had progressed on prior lines of non-target
matched systemic therapies, and patients were subsequently
treated with drugs that matched their molecular aberra-
tions.?> Results revealed that patients treated according to
molecular profiling results had longer PFS compared to
their own prior PFS on prior therapy (PFS2/PFS1 > 1.3).
Unlike our study, the study did not use NGS. Subsequent
studies using comprehensive genomic profiling (CGP) have
also demonstrated improved outcomes with the selection of
therapy that is matched to patients’ tumor molecular pro-
files in patients with diverse cancers.!®?>**27 Similar to these
studies, our cohort of patients treated with matched therapy
had significantly longer PFS. Although OS was also longer
in the matched cohort, the difference was not pronounced
enough to reach statistical significance and this can be at-
tributed to the small sample size of the cohort (22 patients).
Similar observations have been reported in the University of
California San Diego PREDICT study,'® whereby matching
patients with agents targeting specific genomic alterations
was associated with better PFS but not with improved OS.
In this study however, a subgroup analysis based on pa-
tients’ matching scores showed that within patients who re-
ceived matched therapy, those with higher matching scores
had significantly longer OS compared to lower scores (me-
dian, 15.7 vs. 10.6 months; P = .04).!° In our study, patients
who received matched therapy with high matching scores
(>1) had longer OS (median; 16.0 vs. 14.0 months) and
longer PFS (median, 14 vs. 11 months). However, for both
OS and PFS, the difference was not statistically significant,
making the observation inconclusive given the small sample
size. Yet, despite the small size, our observation echoes prior
reports and highlights the potential positive implication of
combining matched therapies (as opposed to monotherapy)
on survival in patients with multiple target alterations. In
fact, other studies have also suggested that treatment with
single-agent matched therapy resulted in significantly lower
response rates compared to combination therapy.?®

Overall, 140 patients (78.7%) had at least one molecular
alteration. This detection rate is relatively similar to other
studies that used LBx to detect ctDNA. In a recent study by
Poh et al, 1338 samples from patients with solid malignan-
cies underwent LBx testing and the detection rate of at least
one alteration ranged between 44.2% and 74.6% depending
on the tumor type.”” This difference can be attributed to
the inclusion of tumor types with lower genetic biomarkers
prevalence such as nasopharyngeal cancer or tumors of un-
known origin, while in our study lung, breast, and colorectal
cancers, with well-characterized biomarkers, were the most
common tumor types. Compared to tissue-based genomic
profiling, our LBx-based detection rates are relatively lower:
in the MD Anderson IMPACT trial, 82% of patients had at
least one alteration,?* compared to ~91% in the PREDICT
study.'® In fact, detection rates in tissue-based genomic pro-
filing assays have been reported as high as 95% in patients in
whom adequate tissue was analyzed.!#21:2227:3031 This differ-
ence between our LBx assay detection rate and tissue-based
assays is possibly attributed to the difference in patients’
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populations as well as the size of the gene panels. Our pa-
tients’ population was tested upfront at diagnosis or at first
recurrence while patients in other studies were tested fol-
lowing failure of prior lines of the standard of care therapy.
It is thus conceivable that receipt and failure of prior ther-
apies is reflective of more resistance-generating somatic mu-
tations, which eventually reflect in higher detection rates on
CGP assays. The LBx assay used in our study evaluates exons
from 73 cancer-related genes; this is in comparison to sig-
nificantly larger gene panels used in the other studies: for
example, the PREDICT study'® used an NGS panel that al-
lowed the capture of exons from up to 236 cancer-related
genes, and introns of up to 19 genes commonly rearranged
in cancer. Panels of similar sizes were also reported in other
studies?>**?7 and even larger in the IMPACT trial.?* We thus
propose that this difference is less attributed to the detection
methods (liquid vs. tissue biopsy) but rather reflective of the
patients population and the size of the gene panel used. In
fact, LBx as a sampling and detection method potentially al-
lows overcoming challenges associated with tissue-based bi-
opsies such as accessibility to tumor genomic material and
tumor heterogeneity, thus resulting in a more comprehensive
capture of genomic information.32

However, despite differences in crude detection rates seen
in our study compared to tissue-based biopsy, 75% of pa-
tients with detected mutations had at least one actionable
mutation. This is comparable to what was reported in the
IMPACT study** whereby 77.5% of patients had actionable
mutations. Similarly, the genomic profile was also compar-
able to other studies with TP53, PIK3CA, EGFR, and KRAS
as the most commonly altered genes.?*?*3* More import-
antly, we report a signal-to-therapy matching rate of 17.8%,
which is echoed by previously reported matching rates ran-
ging between 17.5% and 27%. '**35 In terms of utilization
of the technology, referral rates varied between the different
oncologists, ranging between 2.25% and 22%. Although
no direct comparison with referral rates to LBx testing is
available in the literature, a national survey of oncologists
in the US revealed that 34% of them referred patients with
advanced solid tumors for NGS testing to specifically guide
treatment decisions.’® Qur reported rates are lower and this
can be attributed to the fact that current practice guidelines
do not observe the use of LBX technology yet which is slowly
gaining grounds in the practice of oncology, as more LBx
assays are being approved as companion diagnostics in spe-
cific tumor subtypes. In our study, the result of testing did
affect the treatment assignment whereby 50% of candidates
for an FDA-approved targeted therapy received a matched
agent, while only 6.9% were treated with targeted agents
outside the current FDA indication. This can be explained
by the setting of the study (private, community-based prac-
tice) that is often dependent on insurance approval to ini-
tiate therapy which can be challenging for off-label drug use.
Only 10% of patients with non-actionable mutations were
referred to signal-based clinical trials. A recent study done
in Turkey revealed that results of CGP testing affected the
treatment assignment in 48.3% of cases, whereby 42.1%
of oncologists referred patients to on-label signal-based tar-
geted treatment, compared to 52.6% of off-label treatment
assignments and only 5.3% to signal-based clinical trials.’”
A direct comparison to our numbers is challenging given sig-
nificant differences in healthcare models, practice settings,
targeted agents availability, and accessibility to clinical trials.
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However, this difference highlights the potential for further
improvement in signal-based treatment assignment when an
actionable alteration is available, and referral to signal-based
trials, when not.

Our study thus establishes the clinical feasibility and
usefulness of NGS-based LBx-driven targeted therapy that
appears as effective at detecting significant alterations and
matching patients to appropriate target-selected therapy, as
tissue biopsy albeit in a less invasive and faster manner,$-4°
and as we show in this study, testing results provide clin-
ical benefit. Although our study focused on biomarker de-
tection and selection of molecularly based targeted therapy,
the potential clinical applications of LBx testing in oncology
are numerous and include screening, the predication of re-
currence, and early characterization of emerging resistance
mechanisms, as well as longitudinal monitoring of disease
progression.3%#

Our study has several limitations. First, it was an obser-
vational, retrospective, non-randomized study. Second, the
study was not controlled and the selection of therapy was
left to the treating physician and the patient, meaning that a
direct analysis between specific therapies and outcomes could
not be done. However, this also implies a more genuine reflec-
tion of the currently ongoing real-world practice as well as
the generalizable nature of our observations. Third, although
statistical significance was obtained for PFS along with a
trend toward significance in OS analysis, the overall sample
size is small. This was even more pronounced in subgroup
analyses rendering strong conclusions regarding the effect of
matching scores, challenging to establish.

Conclusions

Our study demonstrates that LBx-based, biomarker-driven
targeted therapy is feasible in a community practice setting
and that it is associated with superior outcomes when com-
pared with non-matched therapy in patients with advanced
solid tumors. Our study evaluated patients who were tested
upfront while prior studies had evaluated heavily pre-treated
patients. While this is one of the few studies that specifically
focus on LBx-based targeted therapy, large prospective and
controlled clinical trials are needed to consolidate our find-
ings. Whether LBx actually improves patients’ quality of life,
offers early detection of cancer, allows disease monitoring, or
offers any cost benefits compared to tissue-based biopsies are
all important future avenues for research.

Acknowledgments

Part of this study’s findings was presented at the American
Society of Clinical Oncology 2021 Annual Meeting in June
2021. An abstract has been published in the Journal of
Clinical Oncology, Supplementary issue 15; Abstract #3027.

Conflict of Interest

The authors indicated no financial relationships.

Author Contributions

Conception/Design: K.C., P.S.R. Provision of study mater-
ial/patients: B.I.M., Q.V.T., TK., PV.T,, C.D.,, M.W.C,, S.]J.P.,
J.M.D., E.C., D.EM., N.H.N., S.R.D., P.S.R. Collection and/



The Oncologist, 2022, Vol. 27, No. 3

or assembly of data: K.C. Data analysis and interpretation:
K.C., K.J.K., P.S.R. Manuscript writing: K.C., K.J.K., P.S.R.
Final approval of manuscript: All authors.

Data Availability

The data underlying this article will be shared on reasonable
request to the corresponding author.

References

1.

2.

10.

11.

12.

13.

14.

15.

16.

17.

18.

Subbiah V, Kurzrock R. Challenging standard-of-care paradigms in
the precision oncology era. Trends Cancer. 2018;4(2):101-109.
Kwapisz D. The first liquid biopsy test approved. Is it a new era of
mutation testing for non-small cell lung cancer? Ann Transl Med.
2017;5(3):46.

Crowley E, Di Nicolantonio F, Loupakis F, Bardelli A. Liquid bi-
opsy: monitoring cancer-genetics in the blood. Nat Rev Clin Oncol.
2013;10(8):472-484.

Yoshioka Y, Kosaka N, Konishi Y, et al. Ultra-sensitive liquid bi-
opsy of circulating extracellular vesicles using ExoScreen. Nat
Commun. 2014;5:3591.

Pantel K, Alix-Panabiéres C. Real-time liquid biopsy in cancer
patients: fact or fiction? Cancer Res. 2013;73(21):6384-6388.
Siena S, Sartore-Bianchi A, Garcia-Carbonero R, et al. Dynamic
molecular analysis and clinical correlates of tumor evolution
within a phase II trial of panitumumab-based therapy in metastatic
colorectal cancer. Ann Oncol. 2018;29(1):119-126.

Chen M, Zhao H. Next-generation sequencing in liquid bi-
opsy: cancer screening and early detection. Hum Genomics.
2019;13(1):34.

European Medicines Agency. Tarceva.: European Medicines
Agency, 2018 Available at https://www.ema.europa. eu/en/
medicines/human/EPAR/tarceva.

US Food and Drug Administration. Premarket approval P150044
Cobas EGFR MUTATION TEST V2.: FDA. Available at https://
www.accessdata.fda.gov/scripts/ cdrh/cfdocs/cfpma/pma.
cfm?id=P150044.

Goldberg SB, Narayan A, Kole AJ, et al. Early assessment of lung
cancer immunotherapy response via circulating tumor DNA. Clin
Cancer Res. 2018;24(8):1872-1880.

Reinert T, Scholer LV, Thomsen R, et al. Analysis of circulating
tumour DNA to monitor disease burden following colorectal
cancer surgery. Gut. 2016;65(4):625-634.

Lecomte T, Berger A, Zinzindohoué F, et al. Detection of free-
circulating tumor-associated DNA in plasma of colorectal
cancer patients and its association with prognosis. Int | Cancer.
2002;100(5):542-548.

The TRACERXx consortium, The PEACE consortium, Abbosh C et
al. Phylogenetic ctDNA analysis depicts early-stage lung cancer ev-
olution. Nature 2017;545:446-451.

Sicklick JK, Kato S, Okamura R, et al. Molecular profiling of
cancer patients enables personalized combination therapy: the
I-PREDICT study. Nat Med. 2019;25(5):744-750.

Ignatiadis M, Sledge GW, Jeffrey SS. Liquid biopsy enters the
clinic-implementation issues and future challenges. Nat Rev Clin
Oncol. 2021;18(5):297-312.

Schwaederle M, Parker BA, Schwab RB, et al. Precision oncology:
The UC San Diego Moores Cancer Center PREDICT Experience.
Mol Cancer Ther. 2016;15(4):743-752.

Mazumdar M, Glassman JR. Categorizing a prognostic var-
iable: review of methods, code for easy implementation and
applications to decision-making about cancer treatments. Stat
Med. 2000;19(1):113-132.

O’Bryant CL, Wenger SD, Kim M, Thompson LA. Crizotinib: a
new treatment option for ALK-positive non-small cell lung cancer.
Ann Pharmacother. 2013;47(2):189-197.

19.

20.

21.

22.

23.

24.

2S.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

189

Varga Z, Noske A, Ramach C, Padberg B, Moch H. Assessment of
HER?2 status in breast cancer: overall positivity rate and accuracy
by fluorescence in situ hybridization and immunohistochemistry in
a single institution over 12 years: a quality control study. BMC
Cancer. 2013;13:615.

Druker BJ, Talpaz M, Resta DJ, et al. Efficacy and safety of a spe-
cific inhibitor of the BCR-ABL tyrosine kinase in chronic myeloid
leukemia. N Engl | Med. 2001;344(14):1031-1037.

Kris MG, Johnson BE, Berry LD, et al. Using multiplexed assays of
oncogenic drivers in lung cancers to select targeted drugs. JAMA.
2014;311(19):1998-2006.

Schwaederle M, Daniels GA, Piccioni DE, et al. On the road to pre-
cision cancer medicine: analysis of genomic biomarker actionability
in 439 patients. Mol Cancer Ther. 2015;14(6):1488-1494.

Von Hoff DD, Stephenson ]JJ Jr, Rosen P, et al. Pilot study using
molecular profiling of patients’ tumors to find potential targets
and select treatments for their refractory cancers. | Clin Oncol.
2010;28(33):4877-4883.

Tsimberidou A-M, Hong DS, Ye Y, et al. Initiative for Molecular
Profiling and Advanced Therapy (IMPACT): An MD Anderson Pre-
cision Medicine Study. JCO Precision Onco. 2017;1:1-18.
Tsimberidou AM, Iskander NG, Hong DS, et al. Personalized
medicine in a phase I clinical trials program: the MD Anderson
Cancer Center initiative. Clin Cancer Res. 2012;18(22):6373-
6383.

Tsimberidou AM, Wen S, Hong DS, et al. Personalized medicine
for patients with advanced cancer in the phase I program at MD
Anderson: validation and landmark analyses. Clin Cancer Res.
2014;20(18):4827-4836.

Wheler JJ, Janku F, Naing A, et al. Cancer therapy directed by com-
prehensive genomic profiling: a single center study. Cancer Res.
2016;76(13):3690-3701.

Janku E Hong DS, Fu S, et al. Assessing PIK3CA and PTEN in
early-phase trials with PI3K/AKT/mTOR inhibitors. Cell Rep.
2014;6(2):377-387.

Poh J, Ngeow KC, Pek M et al. Comprehensive molecular profiling
of advanced cancers in a real-world setting using an ultrasensitive
amplicon-based next-generation sequencing (NGS) liquid biopsy
assay. Virt: | Clin Oncol, 2021. d0i:10.1200/JC0O.2021.39.15_
suppl.3062

Le Tourneau C, Delord JP, Gongalves A, et al.; SHIVA investigators.
Molecularly targeted therapy based on tumour molecular pro-
filing versus conventional therapy for advanced cancer (SHIVA): a
multicentre, open-label, proof-of-concept, randomised, controlled
phase 2 trial. Lancet Oncol. 2015;16(13):1324-1334.

Said R, Ye Y, Hong DS, et al. Characteristics and survival of
patients with advanced cancer and p53 mutations. Oncotarget.
2014;5(11):3871-3879.

Sholl LM, Aisner DL, Allen TG, et al. Liquid biopsy in lung cancer:
a perspective from members of the pulmonary pathology society.
Arch Pathol Lab Med. 2016;140(8):825-829.

Bedard PL, Hansen AR, Ratain M]J, Siu LL. Tumour heterogeneity
in the clinic. Nature. 2013;501(7467):355-364.

Victoria I, Fernandez DM, Angelats L et al. Genetic profiling across
multiple cancer types using molecular prescreening comprehen-
sive gene panels offered by clinical trials (CT). J Clin Oncol. 38.
do0i:10.1200/JC0O.2021.39.15_suppl.3060

Johnson DB, Dahlman KH, Knol J et al. Enabling a genetically in-
formed approach to cancer medicine: a retrospective evaluation of
the impact of comprehensive tumor profiling using a targeted next-
generation sequencing panel. The Oncologist. 2014;19(6):616-622.
Freedman AN, Klabunde CN, Wiant K et al. Use of next-generation
sequencing tests to guide cancer treatment: results from a nation-
ally representative survey of oncologists in the United States. JCO
Precision Onco. 2018;2:1-13.

Disel U, Kose E Bilici A et al. Determine the impact of hybrid
capture-based comprehensive genomic profiling (CGP) on the
treatment strategies in patients with solid tumors: A national,


https://doi.org/https://www.ema.europa. eu/en/medicines/human/EPAR/tarceva
https://doi.org/https://www.ema.europa. eu/en/medicines/human/EPAR/tarceva
https://doi.org/https://www.accessdata.fda.gov/scripts/ cdrh/cfdocs/cfpma/pma.cfm?id=P150044
https://doi.org/https://www.accessdata.fda.gov/scripts/ cdrh/cfdocs/cfpma/pma.cfm?id=P150044
https://doi.org/https://www.accessdata.fda.gov/scripts/ cdrh/cfdocs/cfpma/pma.cfm?id=P150044
https://doi.org/10.1200/JCO.2021.39.15_suppl.3062
https://doi.org/10.1200/JCO.2021.39.15_suppl.3062
https://doi.org/10.1200/JCO.2021.39.15_suppl.3060

190

38.

The Oncologist, 2022, Vol. 27, No. 3

multicenter, retrospective study. AmSoc Clin Oncol. 2020;38(15. 39. Russano M, Napolitano A, Ribelli G, et al. Liquid biopsy and
supp):e13646. tumor heterogeneity in metastatic solid tumors: the potentiality of
Mathai R, Vidya R, Reddy B et al. Potential utility of liquid bi- blood samples. ] Exp Clin Cancer Res. 2020;39(1):95.

opsy as a diagnostic and prognostic tool for the assessment of solid 40. Sato Y, Matoba R, Kato K. Recent advances in liquid biopsy in pre-
tumors: implications in the precision oncology. JCM. 2019;8:373. cision oncology research. Biol Pharm Bull. 2019;42(3):337-342.



