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Background: Many genomic alterations have been identified that are critical to the

malignant phenotype. Some of these, termed “driver mutations,” are critical for tumor

proliferation and progression. The landscape of targeted therapy has expanded as well.

Next-generation sequencing (NGS) of tumors reveals cancer-related genomic alterations

and provides therapeutic recommendations for specific targeted therapy. We analyzed

our experience with FoundationOne, a validated NGS genomic profiling test, in a

community oncology network.

Methods: NGS results from May 2014 to September 2016 from a community oncology

network in Western Pennsylvania were analyzed. Medical records were reviewed for

primary site, stage, biopsy site, time of testing, prior treatment, FDA-approved therapy

in patient’s and other tumor types and potential clinical trials based upon mutations

detected. Two co-primary endpoints for this study were to determine the percentage

of patients having mutations with a FDA-approved targeted agent and the percentage of

patients in whom a treatment decision was made based on these NGS results.

Results: One Fifty-Seven NGS results were available for analysis. 82% patients had

a mutation with a FDA-approved targeted agent available while 18% patients had no

FDA-approved targeted agent for the mutation detected. Clinical trials were available for

93% cases. The NGS results were utilized in treatment decisions in 18% patients (n= 28)

with, 7% (n = 11) initiating a targeted agent, 6% (n = 9) were on an appropriate targeted

agent prior to testing and 5% (n = 8) being unable to start a targeted agent because

of insurance denial, clinical deterioration or patient preference. 38% cases were tested

early in the disease course (at diagnosis, during or shortly after first-line treatment) and

62% at progression.

Conclusions: NGS is a valuable tool to identify molecular targets for personalizing

cancer care. From our experience, the actual number of patients starting a targeted agent

based on NGS results is low but it provides substantial information in terms of providing
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additional treatment options, identifying resistance conferring mutations and facilitating

clinical trial enrollment. Optimal time of testing, early or late in disease course, financial

implications of testing and using targeted therapy and survival benefit of targeted therapy

need further studies.

Keywords: targeted therapy, genomics, driver mutations, molecular profiling, next generation sequencing,

community oncology, precision oncology

INTRODUCTION

There are many genomic alterations that have been identified
as crucial to the malignant phenotype. Known as “driver”
mutations, these alterations have been shown to be vital
for tumor formation, proliferation, and progression (1, 2).
Chemotherapeutic agents have traditionally been the standard
of malignancy treatment, but identification of these driver
mutations has led to the development of targeted therapies
specifically directed toward these genomic alterations (3–6).With
this, the realm of oncology treatment has taken steps toward
precision or personalized medicine. While targeted treatments
may exhibit little or no superiority over traditional treatments
in an unselected population, they have the ability to initiate a
dramatic response within a patient population with targetable
driver mutations.

The technology for detecting these mutations has advanced
as well. Whole genome sequencing (WGS) allows for
comprehensive sequencing of whole genomes and whole
exomes. Because of the cost, burden of data analysis, and time
constraints, WGS is impractical for clinical use, and is limited
to a research role. Next Generation Sequencing (NGS), on the
other hand, can target a large number of preselected genomic
alterations with known significance in malignancy (6, 7). These
genomic alterations or molecular targets can be adequately
measured in patients’ tumors with good quality specimens
(8). Subsequently, they can then be used to develop molecular
diagnostic protocols, facilitate clinical trial development and to
even recommend treatment regimens (9, 10). The implications
and utility of NGS testing in clinical practice remain topics
of ongoing research. While the pace of development of NGS
assays and the output of data from these highly specialized tests
continue to increase dramatically, it is important to assess their
utility for an oncologist practicing in the community. There
are a number of commercially available NGS assays, one of
which is FoundationOne. We analyzed our experience with
FoundationOne within a community oncology network.

MATERIALS AND METHODS

Study Design
Allegheny Singer Research Institute—West Penn Allegheny
Health System Institutional Review Board approval was obtained
with waiver of informed consent as the study was a retrospective
analysis from case records. NGS results from FoundationOne
within an oncology network comprising of academic as well
as community cancer centers in seven locations in Western
Pennsylvania were retrospectively analyzed from May 2014

through September 2016. The medical records were reviewed for
primary site, stage, biopsy site, time of testing, prior treatment,
FDA-approved therapy for the patient’s and other tumor types,
and potential for clinical trials based on the mutations detected
throughNGS. The time of NGS testing during the patient’s course
of disease was solely at the discretion of the treating physician
which was recorded in the analysis. There were two co-primary
endpoints for this study; to determine the percentage of patients
having mutations with a FDA-approved targeted agent and the
percentage of patients in whom a treatment decision was made
based on these NGS results.

Testing
FoundationOne testing is a comprehensive genomic profiling
test which identifies four classes of genomic alterations: base
substitutions, insertion and deletion alterations (indels), copy
number alterations, and select gene rearrangements. Initially, the
assay analyzed 236 genes but currently analyses 324 genes on
its FoundationOne CDx platform which requires formalin-fixed
paraffin-embedded (FFPE) tissue (11). Blood-based testing for
hematological malignancies is done through the FoundationOne
Heme platform which sequences DNA of entire coding region of
406 genes and sequences RNA of 265 genes. The results include
details about the genomic alterations detected, tumor mutation
burden, FDA-approved therapies for the patient’s tumor type
and other tumor types for the specific genomic alteration
as well as potential clinical trials available according to the
genomic alteration identified. Further details within the report
include a summary of the specific gene and alteration detected
and frequency, prognosis and potential treatment strategies for
the same.

Statistics
The study aim was to determine the incidence of patients
with targetable mutations and the influence of NGS results
on clinical decision making. As such, no statistical hypotheses
were examined.

RESULTS

Overall, there were 157 NGS results available for analysis. Only
the NGS results having at least one genomic alteration were
included. Only one sample in our study belonging to a patient
with chronic myelomonocytic leukemia was from peripheral
blood with the rest being FFPE specimens. The tumor types of
the 157 results are as shown in Table 1. The median age was 60
years (range 22–90 years) with 77 patients being female and 80
being male. Majority of the cases, 63% (n = 99), were stage IV
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TABLE 1 | Proportion of different tumor types.

Tumor type Number of samples

CNS 36 (22.9%)

Lung 23 (14.7%)

Pancreaticobiliary 16 (10.2%)

Genitourinary 15 (9.6%)

Breast 14 (8.9%)

Colorectal 11 (7%)

Unknown primary 7 (4.5%)

Sarcoma 6 (3.8%)

Upper GI 6 (3.8%)

Gynecologic 6 (3.8%)

Others* 17 (10.8%)

Total 157 (100%)

*Includes head & neck (2), thyroid (4), melanoma (4), and one sample each from

peripheral blood, appendiceal carcinoma, duodenal carcinoma, hepatocellular carcinoma,

non-Hodgkin’s lymphoma, desmoid tumor, and parotid tumor.

TABLE 2 | Stage distribution of cases.

Stage Number of patients

I 4 (2.5%)

II 5 (3.2%)

III 11 (7%)

IV 99 (63%)

Stage not defined/unstageable tumors (CNS

tumors, hematological malignancy, PEComa)

38 (24.2%)

at the time of testing. Stage distribution of all cases is detailed
in Table 2.

In our analysis we found a total of 185 genes with mutations.
These genes encompassedmultiple oncogenic signaling pathways
in the cancer genome atlas but majority of the mutations
occurred in genes associated with RTK/RAS pathway, PI3K
pathway, p53 pathway and cell cycle pathway as detailed in
Figure 1 (12).

Overall, 82% (n = 129) patients had a mutation with a FDA-
approved targeted agent available while 18% (n = 28) patients
had no FDA-approved targeted agent for the mutation detected
by NGS testing. Of these, FDA-approved targeted agent for a
specific mutation present in the patient’s primary tumor type
was found in 14% (n = 22) cases. In 68% (n = 107) of cases,
FDA-approved targeted agent was found for a specific mutation
but with an indication in another tumor type different from the
patient’s primary tumor as summarized in Figure 2. Clinical trials
based on NGS results were available for 93% (n= 146) patients.

“Early” testing was defined as NGS testing which was
performed at diagnosis, during or shortly after first-line
treatment. “Late” testing was defined as NGS testing performed
at disease progression. In our study cohort, 38% (n = 60) of the
patients were tested “early” and 62% (n= 97) were tested “late.”

NGS results were utilized in treatment decisions in 18%
(n = 28) of the patients. Of these 28 patients, nine were tested
“early” and 19 were tested “late.” 11 of the 28 patients (7% of the
entire cohort) were subsequently initiated on a targeted therapy
based on their NGS results. The clinical details of these patients
are provided in Table 3. The median duration of treatment on
targeted therapy was 79 days (range 42–404 days). Nine patients
(6% of the entire cohort) were found to be on appropriate
targeted agent prior to NGS testing. This cohort included
patients in which NGS testing revealed positivity for targets such
as HER2/neu (ERBB2) in breast cancer specimens, androgen
receptor (AR) in prostate cancer, BRAF in melanoma and EGFR
mutation in NSCLC. These patients were on appropriate therapy
as the results of these targets were available prior to NGS testing
as part of standard practice. The remaining 8 (5% of the entire
cohort) were unable to initiate targeted therapy for reasons of
insurance denial, clinical deterioration, or patient preference.
82% (n = 129) patients did not receive any targeted therapy. Of
these, 79% (n = 102) had a targeted agent available (in patient’s
tumor type and/or other tumor type) whereas 21% (n = 27) had
no therapy option as per NGS testing (Figure 3).

DISCUSSION

In our retrospective analysis of NGS testing of 157 patients
from May 2014 through September 2016 we found that targeted
therapies and clinical trials were available in 82% and 93% of
the patients, respectively. However, treatment decisions based on
these NGS results were utilized in only 18% of the patients with
only 7% of the patients initiating NGS directed therapy. In 5% of
patients where the patients were unable to start therapy due to
clinical deterioration, insurance denial or patient preference, the
treating physicians’ decision to utilize results of NGS testing and
initiate NGS directed therapy was acknowledged. Our analysis
revealed that majority of the patients (79%) did not initiate
targeted therapy despite having a targeted agent as specified by
NGS testing. The most common reason for not utilizing the
NGS results was unavailability of an FDA-approved targeted
agent in the tumor type which was being treated and availability
of an FDA-approved standard of care regimen. Opting for
a non-approved targeted therapy over standard of care thus
contributed to the clinician’s dilemma. Insurance approval for
an off-label indication of a targeted drug when other standard
of care therapies are available is a major challenge as well. In this
situation, a multidisciplinary recommendation from a specialty
molecular tumor board would potentially be beneficial to aid
clinician’s decision-making, which unfortunately was unavailable
during the study period. Also, in minority of cases, clinical
deterioration of the patient precluded any further therapy. While
the actual number of patients initiating a targeted agent based on
NGS results was low based on our experience, it is comparable
to other studies. Johnson et al. analyzed 103 patients, identifying
potentially actionable genetic alterations in 83% of tumors with
21% of these patients receiving genotype directed therapy (13).
The ProfiLER molecular profiling trial identified actionable
alterations in 51% and treatment recommendation in 35% in
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FIGURE 1 | Gene mutation frequencies by oncogenic pathways.

FIGURE 2 | FDA-approved therapies.

analysis of 2490 patients with ultimately only 7% initiating the
recommended therapy (14).

The outcomes of molecularly matched therapy have been
explored by a few trials. In 2010, Van Hoff et al. compared
progression free survival (PFS) between regimens selected by

molecular profiling with the most recent regimen on which the
patient had experienced progression and showed a longer PFS
on a regimen suggested by molecular profiling. Ascertainment
bias, PFS ratio as an endpoint and non-randomized nature of
the study were important issues highlighted by the authors (8).
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TABLE 3 | Clinical parameters of patients on targeted therapy.

P
a
ti
e
n
t

A
g
e

D
is
e
a
s
e
s
it
e

S
ta
g
e

T
im

e
o
f
te
s
ti
n
g

M
u
ta
ti
o
n
s
fo
u
n
d

F
D
A
a
p
p
ro
v
e
d
th
e
ra
p
ie
s
in

p
a
ti
e
n
t
tu
m
o
r
ty
p
e
(w

it
h

c
o
rr
e
s
p
o
n
d
in
g
m
u
ta
ti
o
n
)

F
D
A
a
p
p
ro
v
e
d
th
e
ra
p
ie
s
in

a
n
o
th
e
r
tu
m
o
r
ty
p
e
(w

it
h

c
o
rr
e
s
p
o
n
d
in
g
m
u
ta
ti
o
n
)

P
ri
o
r
li
n
e
s
o
f
th
e
ra
p
y

Ta
rg
e
te
d
th
e
ra
p
y

D
a
y
s
o
n
ta
rg
e
te
d
th
e
ra
p
y

P
F
S
(d
a
y
s
)

To
x
ic
it
ie
s

B
e
s
t
re
s
p
o
n
s
e

1 54 Metastatic

endometrial

adenocarcinoma

IV Late NF2, PTEN, ARID1A,

CDKN1B, NOTCH2,

PIK3R1

None Everolimus, Temsirolimus (NF2,

PTEN)

8 Temsirolimus 63 117 Mucositis grade 2,

thrombocytopenia

grade 1, rash grade 1,

edema grade

1, fatigue grade 2,

grade 1

hyperglycemia, grade

2 diarrhea

Decrease in

CA-125 from

126.3 U/mL to

79.3 U/mL. No

objective response

2 66 Metastatic

endometrial

adenocarcinoma

IV Late PIK3CA, AURKA, EPHB1,

GNAS, PPP2R1A, PRKCI

None Everolimus, Temsirolimus

(PIK3CA)

3 Temsirolimus 78 94 Rash grade 1 Decrease in

CA-125 from

193.9 U/mL to

148 U/mL. No

objective

response.

3 43 Metastatic

pancreatic

adenocarcinoma

IV Late BRCA2, KRAS, TP53,

SMAD4

None Olaparib (BRCA2), Cobimetinib

(KRAS), Trametinib (KRAS)

4 Olaparib 43 55 Nausea grade 1 No response

4 55 Metastatic

cholangiocarcinoma

IV Late FGFR2, NF1, CDKN2A/B None Pazopanib (FGFR2), Ponatinib

(FGFR2), Cobimetinib (NF1),

Trametinib (NF1)

2 Pazopanib 79 96 Thrombocytopenia

grade 1, hypertension

grade 3

No response

5 73 Glioblastoma

multiforme

- Early NF1, CDKN2A/B, CHD2,

PTPN11, TERC, TERT

None Cobimetinib (NF1), Everolimus

(NF1), Temsirolimus (NF1),

Trametinib (NF1)

Surgery +

chemoradiation with

Temozolomide

Everolimus,

Bevacizumab,

Optune device

333 298 Decline in pulmonary

function testing

grade 2

Radiographically

stable disease

6 47 Glioblastoma

multiforme

- Late PDGFRA, CDKN2A/B,

CDKN2C, TERT

None Dasatinib (PDGFRA), Everolimus

(PDGFRA), Imatinib (PDGFRA),

Nilotinib (PDGFRA), Pazopanib

(PDGFRA), Ponatinib (PDGFRA),

Regorafenib (PDGFRA),

Sorafenib (PDGFRA), Sunitinib

(PDGFRA), Temsirolimus

(PDGFRA)

Surgery +

chemoradiation with

Temozolomide + 3

lines of chemotherapy

Imatinib,

Bevacizumab,

Temozolomide

110 110 Thrombocytopenia

grade 4

No response

7 50 Metastatic

papillary thyroid

carcinoma

IV Late RET, NF2, STK11,

RBM10, SMAD4, TERT

Lenvatinib

(RET),

Sorafenib

(RET)

Cabozantinib (RET), Ponatinib

(RET), Regorafenib (RET),

Sunitinib (RET), Vandetinib (RET),

Everolimus (NF2,STK11),

Temsirolimus (NF2,STK11)

Lapatinib (NF2), Trametinib (NF2)

3 Lenvatinib 100 100 Hematuria grade 2,

thrombocytopenia

grade 2

No response

(Continued)
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TABLE 3 | Continued
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8 88 Lung

adenocarcinoma

+ synchronous

metastatic renal

cell carcinoma

IB + IV Early BRAF, PIK3CA, SETD2,

SMAD4

None Dabrafenib (BRAF), Regorafenib

(BRAF), Trametinib (BRAF),

Vemurafenib (BRAF), Everolimus

(PIK3CA), Temsirolimus (PIK3CA)

None Everolimus 68 68 Pneumonitis grade 3 No response

9 47 Metastatic breast

cancer

IV Late PIK3CA, CCND1, CDH1,

EMSY, FGF19, FGF3,

FGF4

Everolimus

(PIK3CA)

Temsirolimus (PIK3CA) 3 Everolimus 127 102 Rash grade 1, fatigue

grade 1

No response

10 68 Metastatic

pancreatic

adenocarcinoma

IV Late STK11, ARID2, DNMT3A,

FLCN, TERT, U2AF1

None Everolimus (STK11),

Temsirolimus (STK11)

2 Everolimus 42 59 Nausea grade 1,

fatigue grade 2,

epistaxis grade 1,

myalgia grade 2

No response

11 67 Metastatic

adenoid cystic

carcinoma

IV Late PIK3CA, PIK3R1,

CREBBP, MYB

None Everolimus (PIK3CA, PIK3R1),

Temsirolimus (PIK3CA, PIK3R1)

2 Everolimus 404 389 Dizziness grade 3 Radiographically

stable disease
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FIGURE 3 | Utilization of NGS results.

MOSCATO 01 trial was also a prospective trial evaluating
PFS benefit of genomics matched therapy compared to prior
therapy in hard-to-treat advanced cancers. Their results indicated
improved outcomes in only a subset of patients with only 7%
of the screened patients benefiting from this approach (15).
The SHIVA trial was a phase two trial which did not report
any PFS benefit of molecularly targeted agents outside their
indications in heavily pretreated patients with metastatic cancer
(16). In comparison, the Princess Margaret IMPACT/COMPACT
trial showed a higher overall response rate in patients treated
on genotype-matched clinical trials compared with genotype-
unmatched trials (17). The EXACT trial conducted in Austria
showed a better PFS in 34 out of 55 patients (112 vs. 61 days) with
molecularly targeted therapy compared to the previous treatment
(18). In our study, the PFS analysis was not feasible because of
small number of patients with different malignancies on NGS
suggested targeted therapies and relative short mean treatment
duration of 79 days. Of the patients initiated on a genomics
matched therapy, majority had no response to therapy and all had
at least grade 1 toxicity as detailed in Table 3.

While some driver mutations are targetable, others have
shown to confer resistance to standard therapy choices such
as KRAS, BRAF, and PIK3CA mutations in colorectal cancer
(19–21). The optimal time of testing, whether early in the
disease course vs. late in the disease course, remains a point of
contention. Earlier testing has the potential to identify resistance
conferring mutations and direct patients away from a futile
therapy such as EGFR directed therapy for KRAS mutations
in colorectal tumors. It also has the possibility to allow for
earlier enrollment in clinical trials, with the potential for better
response rates. The I-PREDICT (Investigation of Profile-Related

Evidence Determining Individualized Cancer Therapy) trial of 47
patients found high molecular matching rates of 36%, high rates
of stable disease >6 months/complete response/partial response
at 53%, and improved PFS in treatment naïve tumors in patients
with metastatic and/or unresectable, untreated lethal cancers
on targeted therapies determined by NGS testing (22). Some
patients in our study had potential treatment options available
but could not be started on a targeted agent because of clinical
deterioration. Whether NGS testing earlier in disease course
could have influenced the clinical course of these patients remains
an interesting question. On the other hand, financial implications
of testing earlier when standard of care options are available, need
to be considered as well.

While there are numerous potential benefits from the use of
NGS, further studies are still needed to determine its full clinical
utility (9). Recognition of targetable mutations through NGS
testing allows for expansion of treatment options, identification
of resistance conferring mutations, and the ability to pinpoint
clinical trials for enrollment. To harness the true potential of
NGS testing, National Cancer Institute (NCI) and American
Society of Clinical Oncology (ASCO) have started enrolling
patients in “basket” clinical trials or single arm sub-studies to
identify signals of clinical activity. Two of the larger trials in
this setting are the NCI-MATCH (molecular analysis for therapy
choice) trial and ASCO TAPUR (targeted agent and profiling
utilization registry) study1.

As molecular tumor profiling continues to evolve and
expand, the number of targeted agents is certain to increase,

1Available online at: https://ecog-acrin.org/trials/nci-match-eay131, Available

online at: https://www.tapur.org/
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along with the number of clinical trials available for patients
(6, 10, 13). There are several national initiatives underway
which seek to harmonize clinical and molecular data from
cancer patients. These include the American Association
for Cancer Research’s Project GENIE (Genomics Evidence
Neoplasia Information Exchange), the NCI’s Genomic Data
Commons, ASCO’s CancerLinQ project, which will expand
public access to de-identified clinical and genomic data.
These databases will aggregate data from a global community
of participating organizations, including healthcare providers,
research institutions, life sciences companies, government
agencies, and individual researchers. In the event of geographical,
institutional or other limitations to patient participation in
relevant trials, expanded genomic data projects can provide the
clinician withmore personalized guidance on treatment selection
based on data from patients with similar characteristics. This will
ultimately improve the evidence-based quality of care that the
patients will receive (23–25).

With the recent FDA approval of FoundationOne CDx
NGS, expanded coverage of the testing will lead to its
increased utilization2. The output of data by these targeted
panel sequencing tests is increasing exponentially as well. As
described by Horak et al., the cost of NGS testing continues
to decrease making genomic analysis of tumors a common
practice going forward adding a layer of complexity to decision
making for clinicians. The confidence to interpret these complex
tests and use them for clinical decision making in daily
practice can be daunting for clinicians in general, especially
for those in community practice. It is a challenge for the
oncology community to generate high-quality NGS data and
integrate them with histopathological and clinical findings
followed by appropriate clinical trials (26). One step in this
direction is incorporation of molecular tumor boards with
faculty well-versed with molecular testing to assist clinicians in
interpreting complex NGS reports, guiding treatment decisions
and designing clinical trials. Distinction between a “driver”
mutation and “passenger” mutation could be perplexing, wherein
a multidisciplinary expert discussion at a molecular tumor
board could be helpful. Many institutions, including ours, have
implemented molecular tumor board discussions as a part of
routine practice.

There are few limitations to our study. Firstly, the study
is a retrospective analysis of NGS results over a period of
more than 2 years. Secondly, multiple tumor types were
analyzed with relatively small sample sizes. Thirdly, the
FoundationOne testing also evolved over that time period with
inclusion of 324 genes compared to the initial 236. Since most
of our patients were from a community practice network,
majority of the clinical trials utilizing targeted therapy were
unavailable locally.

Recently, the Right to Try bill was signed into law. It seeks to
grant all terminally ill patients access to experimental therapies
once approved alternatives have failed. ASCO released a position

2Available online at: https://www.accessdata.fda.gov/cdrh_docs/pdf17/P170019a.

pdf

statement in April 2017 wherein although increased access to
investigational drugs is supported, it is highlighted that the
potential safety and efficacy of investigational drugs that is
monitored by independent review is bypassed in these laws,
exposing patients to a potentially toxic drug without clearly
establishing efficacy. Two other equally important factors that
these laws do not address are the obligations for manufacturers
to provide access to the investigational product, and for insurers
to provide coverage for the cost of the drug and the potential
complications of therapy. In addition, access to the experimental
therapies as a part of Right to Try could potentially limit clinical
trial enrollment (27–29).

The financial implications of NGS testing are also of

importance, especially as more attention is directed toward the

cost of healthcare, and payment models. Additionally, long term

studies analyzing the survival benefit of targeted therapy should
also be pursued. Better response rates, whether in combination
with chemotherapy, or alone, may provide longer and better
quality of life for patients, lead to newer innovations, and
reduce costs in the long run. Other future directions include the
creations of algorithms to identify optimal time for testing as
well as the selection of appropriate patients to test. Strategies to
improve the financial feasibility of testing for patients should also
be pursued.

CONCLUSION

In our genomic profiling analysis of 157 patients from a
community oncology network in Western Pennsylvania, we
found that 82% patients had a mutation which had a FDA-
approved targeted agent available. Thus, our study provides
proof of concept that NGS is a valuable tool to identify
molecular targets for personalizing cancer care. The gain is
substantial in terms of providing further treatment options
for patients, identifying resistance conferring mutations and
clinical trials that will provide the most benefit for the patient.
Although the number of patients initiating treatment with a
targeted agent based on NGS results is currently low, this
number is likely to rise as clinician comfort with interpretation
of results improves with incorporation of molecular tumor
boards and expanded insurer coverage with the advent of
FDA approval of FoundationOne CDx testing. Further studies
are still needed to determine full clinical utility of NGS,
especially regarding time of testing and survival benefit of
targeted therapy. Increase in the number of targetable mutations,
expansion of clinical trials, and the push by the greater oncology
community to create genomic databases are also likely to drive
an increase in NGS utilization in clinical practice in this era of
precision medicine.
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