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Clinical Application of the FoundationOne CDx
Assay to Therapeutic Decision-Making for Patients
with Advanced Solid Tumors
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/ABSTRACT

Background. Implementation of personalized medicine known or likely pathogenic variants were TP53 mutations
requires the accessibility of tumor molecular profiling in (n=113), PIK3CA mutations (n=33), APC mutations
order to allow prioritization of appropriate targeted thera- (n=32), and KRAS mutations (n=29). Among the

pies for individual patients. Our aim was to study the role
of comprehensive genomic profiling assays that may inform
treatment recommendations for patients with solid tumors.
Materials and Methods. \We performed a prospective study
to evaluate the feasibility of application of the
FoundationOne CDx panel—which detects substitutions,
insertions and deletions, and copy number alterations in
324 genes, select gene rearrangements, and genomic signa-
tures including microsatellite instability and tumor mutation
burden (TMB)—to patients with advanced or recurrent solid
tumors before its approval in Japan.

Results. A total of 181 samples were processed for genomic
testing between September 2018 and June 2019, with data
being successfully obtained for 175 of these samples, yield-
ing a success rate of 96.7%. The median turnaround time
was 41 days (range, 21-126 days). The most common

153 patients assessed for TMB, the median TMB was
4 mutations/Mb, and tumors with a high TMB (210 muta-
tions/Mb) were more prevalent for lung cancer (11/32)
than for other solid tumor types (9/121, Fisher’s exact test
p < .01). No clear trend toward increased efficacy for
immune checkpoint inhibitor (ICI) monotherapy or ICI com-
bination chemotherapy in patients with a high programmed
cell death—ligand 1 tumor proportion score or a high TMB
was apparent. Among the 174 patients found to harbor
known or likely pathogenic actionable alterations, 24 indi-
viduals (14%) received matched targeted therapy.

Conclusion. The FoundationOne CDx assay was performed
with formalin-fixed, paraffin-embedded tumor specimens with
a success rate of >95%. Such testing may inform the matching
of patients with cancer with investigational or approved
targeted drugs. The Oncologist 2021;26:588—e596

Implications for Practice: This prospective cohort study was initiated to investigate the feasibility and utility of clinical appli-
cation of FoundationOne CDx. A total of 181 samples were processed for genomic testing between September 2018 and
June 2019, with data being successfully obtained for 175 of these samples, yielding a success rate of 96.7%, and 24 individ-
uals (14%) received matched targeted therapy.
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INTRODUCTION

The increasing availability of targeted therapies for certain
types of cancer with corresponding genetic alterations
underscores the need to detect actionable driver mutations
in patients with cancer. Next-generation sequencing (NGS)
has emerged as a key technology for simultaneous sequenc-
ing of multiple cancer predisposition genes with only small
amounts of tissue. Since 2013, several institutions including
the National Cancer Center (NCC) and academic hospitals in
Japan have begun NGS-based clinical sequencing for the
purpose of matching investigational or approved drugs to
patients with corresponding molecular alterations [1-4].
Given that such screening was initially undertaken for
research purposes, actionable gene alterations identified by
NGS panels needed to be validated by other methods for
enrollment of patients in clinical trials.

In December 2018, the Pharmaceuticals and Medical
Devices Agency (PMDA) of Japan approved FoundationOne
CDx and NCC Oncopanel as comprehensive genomic profil-
ing (CGP) tests for all solid tumors [2]. FoundationOne CDx
covers alterations of 324 genes known to drive cancer
growth, and NCC Oncopanel captures mutations or amplifi-
cations of 114 genes including 12 gene fusions. Both tests
thus provide potentially actionable information to help
guide molecularly targeted therapy. Entrectinib was subse-
quently approved as the first tumor-agnostic medicine in
Japan. This drug targets NTRK gene fusions, which have
been identified in a range of hard-to-treat solid tumor
types, including pancreatic, thyroid, salivary gland, breast,
colorectal, and lung cancer. Its approval was based on the
promising results of the STARTRK-2 trial, a phase Il basket
study of entrectinib for the treatment of patients with solid
tumors positive for NTRK1, NTRK2, NTRK3, ROS1, or ALK
fusions [5]. The difficulty of enriching NTRK fusion—positive
patients with common tumors based on patient background
such as smoking history and sex highlights the need for
NGS panel testing in order to detect oncogenic drivers that
occur at low frequency regardless of tumor type.

Before the approval of the two NGS panels in Japan, we
initiated this prospective cohort study to investigate the fea-
sibility and utility of clinical application of FoundationOne
CDx, and we determined the proportion of tested patients
who were treated with genotype-directed targeted therapy
and assessed their outcome.

MATERIALS AND METHODS

Patients

Patients were eligible for genetic testing of their cancer if
they had a cytologically or histologically confirmed diagno-
sis of an advanced or recurrent solid tumor and if both clini-
cal information and a formalin-fixed, paraffin-embedded
(FFPE) tissue block for genetic testing were available. It was
desirable that 2 20% of the biopsy tissue area in the guide
H&E slide be occupied by invasive cancer cells, as evaluated
by a pathologist; however, samples with <20% of tumor
cells were also submitted to Foundation Medicine
(Cambridge, MA) for testing if no other alternative tissue
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was available. Patients also needed to be aged 20 years or
older and to be candidates for chemotherapy. No restric-
tions on tumor histology, previous or subsequent treat-
ment, performance status, or other factors were imposed.
All patients provided written informed consent to the per-
formance of genomic analysis, and the study was approved
by the Institutional Review Board of Kindai University. The
gene alterations identified by the FoundationOne CDx panel
are categorized as (a) known or likely pathogenic variants in
the Foundation Medicine database, which includes entries
in the COSMIC database, or (b) variants of unknown signifi-
cance (VUS), and they are addressed in the FoundationOne
CDx Report. Treatment recommendations were determined
after discussion by the multidisciplinary members of molec-
ular tumor boards (MTBs). The proportion of patients who
received matched targeted therapy includes those who
received such therapy as a result of the FoundationOne CDx
Report and those who had already received targeted ther-
apy on the basis of standard diagnostic testing, the results
of which were confirmed by the FoundationOne CDx panel.
The primary endpoint of the study was to assess the feasi-
bility of the application of FoundationOne CDx to Japanese
patients with solid tumors before its approval by PMDA.

FoundationOne CDx Testing and MTBs

FoundationOne CDx is a CGP platform that applies NGS to
in vitro diagnostics with a hybrid capture-based target
enrichment approach and whole-genome shotgun library
construction in order to identify all four classes of somatic
genomic alterations, including substitutions, insertions and
deletions (indels), copy number alterations, and select
rearrangements. The typical median depth of coverage is
>500%. The FoundationOne CDx panel detects alterations in
a total of 324 genes, including all coding exons of 309 can-
cer-related genes, one promoter region, one noncoding
RNA, and select intronic regions of 34 commonly
rearranged genes, the coding exons of 21 of which are also
included. FoundationOne CDx specimens are also simulta-
neously profiled for tumor mutation burden (TMB) as well
as microsatellite instability (MSI) status (detailed informa-
tion available at https://www.foundationmedicine.com/
genomic-testing/foundation-one-cdx).

The complexity of the FoundationOne CDx Report deliv-
ered for each patient has highlighted the need for MTBs,
also known as “expert panels” in Japan, which assess when
molecular testing for tumor profiling is appropriate and
address the opportunities for therapy with approved or
investigational new drugs. MTBs consist of medical profes-
sionals including medical oncologists, a molecular biologist,
pathologists, a geneticist, a genetic counselor, and a nurse
navigator.

Immunohistochemical Staining of PD-L1 in NSCLC

Assessment of the expression of programmed cell death—
ligand 1 (PD-L1) in advanced non-small cell lung cancer
(NSCLC) is now routine practice. The expression of PD-L1 on
the surface of tumor cells was evaluated by immunohisto-
chemistry (IHC) as performed at SRL (Tokyo, Japan) with the
use of a PD-L1 IHC 22C3 pharmDx kit (Agilent Technologies,
Santa Clara, CA) and a Dako Autostainer Link 48 platform

© 2020 The Authors.
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(Dako, Carpinteria, CA). Staining intensity for PD-L1 and the
percentage of PD-L1-positive tumor cells were determined
for each sample by pathologists of the commercial vendor.
The tumor proportion score (TPS) was calculated as the per-
centage of viable tumor cells showing partial or complete
membrane staining (21+) relative to all viable tumor cells
present in the sample.

Statistical Analysis

We conducted this observational study without determining
sample size or power. Progression-free survival (PFS) was
calculated from the date of starting chemotherapy to the
date of disease progression or death. The probability of sur-
vival as a function of time was estimated with the Kaplan-
Meier method. The relation between tumor type and TMB
status was assessed with Fisher’s exact test. A p value of
<.05 was considered statistically significant. All statistical
analysis was performed with GraphPad Prism software ver-
sion 5.0 (GraphPad Software, San Diego, CA).

RESULTS

Patient Characteristics

Between September 2018 and June 2019, written informed
consent was obtained from 202 patients at Kindai Univer-
sity Hospital whose disease had already been cytologically
or histologically proved (supplemental online Fig. 1). Eleven
of these 202 patients were subsequently excluded from the
study because they had insufficient tissue remaining for fur-
ther genetic analysis on institutional pathological review
(n=9) or they had only a cytology specimen available
(n = 2). Specimens from 191 patients were thus considered
adequate for genomic testing and were shipped to Founda-
tion Medicine. Pathological evaluation at Foundation Medi-
cine revealed that an additional eight specimens contained
an insufficient amount of tumor tissue for genomic testing,
with an alternative specimen being available in one
instance, and three samples yielded an insufficient amount
of DNA. A total of 181 samples were therefore processed
for genomic testing, 6 of which failed to complete the
sequencing process. The remaining 175 samples yielded
gene profiling data, making the success rate 96.7%. Among
175 samples available for gene profiling data, 60 were
biopsy specimens and 4 were cell block specimens. Among
those 64 small tumor samples, 58 tumors had >20% tumor
cells, and the remaining 6 tumors had <20% tumor cell.
Three of 6 patients (50%) whose tumor had <20% tumor
cell were missing TMB data, whereas 5 of 58 patients (9%)
whose tumor had 220% tumor cell were missing TMB data.
Among six samples unavailable for genome profiling data,
four were surgical specimens and the remaining two were
biopsy specimens, and their tumor cells per the biopsy tis-
sue area is 17% and 30%, respectively (supplemental online
Table 1). The turnaround time, defined as the interval
between the date informed consent was obtained and
receipt of the NGS assay results by the treating physician
after the MTB meeting, was 41 days (range, 21-126 days).
The median turnaround time until providing the CGP results
from attending physician to the patients was 11 days

© 2020 The Authors.
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Table 1. Characteristics of patients evaluated for genetic
alterations (n = 175)

No. of
Characteristic Subset patients (%)
Median (range) age, years 62 (19-83)
Sex Male 88 (50)
Female 87 (50)
ECOG PS 0 56 (32)
1 102 (58)
2 14 (8)
3 3(2)
Type of cancer Lung cancer 41 (23)
Colorectal cancer 33 (19)
Breast cancer 23 (13)
Head and neck cancer 12 (7)
Esophageal carcinoma 8 (5)
Unknown primary 8 (5)
cancer
Biliary cancer 6(3)
Gastric cancer 5(3)
Cervical cancer 4(2)
Pancreatic cancer 4(2)
Extramammary Paget 4(2)
disease
Thyroid carcinoma 3(2)
Other 24 (14)
Lines of previous 0 39 (22)
GIx 1 56 (32)
>2 80 (46)
Tissue source Biopsy 60 (34)
Cell block 4(2)
Surgery 111 (63)

Abbreviations: CTx, chemotherapy; ECOG PS, Eastern Cooperative
Oncology Group performance status.

(range, 0-60 days), and 10 patients died before receiving
CGP results.

The demographics of the 175 patients included in the
study are shown in Table 1. Eighty-seven patients (50%)
were female, with the median age for all patients being
62 years (range, 19-83 years). One patient aged 19 years
was allowed to enroll for ethical reasons. Most (90%)
patients had a good Eastern Cooperative Oncology Group
performance status (0 or 1) at the time of testing. The most
common tumor types were lung cancer (23%), colorectal
cancer (19%), breast cancer (13%), and head and neck can-
cer (7%). Sixty specimens (34%) were derived from tissue
obtained at tumor biopsy, and 111 (63%) were from surgi-
cally resected tissue.

Prevalence of Genetic Alterations

A total of 1,999 gene alterations other than amplifications
were detected, with a mean of 11.4 alterations per tumor,
and 560 and 1,439 of the alterations were categorized as
known or likely pathogenic variants or as VUS, respectively,

Oncologist
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Figure 1. Distribution of the most frequent mutations (A) and amplifications (B) for the 175 patients with sequencing results.
Genetic alterations are classified as known or likely pathogenic variants (blue) or as VUS (red).
Abbreviation: VUS, variants of unknown significance.
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Figure 2. (A): Distribution of TMB according to tumor type. Bars indicate median and quartile values; the dashed line indicates the
cutoff (10%) for high and low values. (B): Regression analysis for TMB and PD-L1 TPS in patients with NSCLC (n = 26).
Abbreviations: CRC, colorectal cancer; NSCLC, non-small cell lung cancer; PD-L1, programmed cell death-ligand 1; TMB, tumor

mutation burden; TPS, tumor proportion score.
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Figure 3. Swimmer plots for patients who received approved treatment with a programmed cell death—1 inhibitor either alone (ICI
monotherapy) or together with a platinum-based regimen (ICl + platinum). The length of each bar represents PFS, with the arrows

indicating an ongoing response at data cutoff.

Abbreviations: CRC, colorectal cancer; ICl, immune checkpoint inhibitor; NSCLC, non-small cell lung cancer; PD-L1, programmed cell
death-ligand 1; PFS, progression-free survival; TMB, tumor mutation burden.

by the Foundation Medicine database (Fig. 1A). Actionable
fusions involving ALK or RET were detected in two patients
each. The most common known or likely pathogenic alter-
ations were in TP53 (n=113), PIK3CA (n=33), APC
(n=32), KRAS (n=29), ARID1A (n=21), MLL2 (n=13),
BRAF (n =12), and CDKN2A (n = 10). A total of 599 gene
amplifications were detected, with a mean of 3.4 amplifica-
tions per tumor, and 311 and 288 of the amplifications were
categorized as known or likely pathogenic variants or as
VUS, respectively (Fig. 1B). The most frequent known or
likely pathogenic amplifications involved ERBB2 (n =17),
MYC (n = 15), FGF19 (n = 14), FGF3 (n = 14), FGF4 (n = 14),
RAD21 (n =13), and CCND1 (n = 12). In the present study,
35 cases (20%) included a potential germline mutation such
as APC, RB1, or BRACA1/2. At the start of this study, no spe-
cific algorithms for potential germline mutation—detected
tumor-only genomic profiling had been established in
Japan, and germline testing to confirm hereditary cancer
had not been covered by insurance. None received genetic
counseling and tested normal cells to confirm such heredi-
tary mutations.

Prevalence of MSI and TMB

Among the 175 patients assessed for MSI, 2 patients (1%)
were categorized as MSI-high, 150 patients (86%) as MSI-
stable, and the remaining 23 patients (13%) as “cannot be
determined.” Among the 153 patients with TMB results
available, the median TMB was 4 mutations/Mb, with a
range of 0 to 122 mutations/Mb. The two MSI-high cases

© 2020 The Authors.
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included one patient with colorectal cancer and one with
unknown primary cancer, with the TMB values for these
two patients being 39 and 45 mutations/Mb, respectively.
One colorectal cancer case classified as MSI-stable with a
high TMB (33 mutations/Mb) by FoundationOne CDx turned
out to be categorized as MSI-high by the MSI CDx test
(FALCO). The distribution of TMB across different cancer
types is shown in Figure 2A. The median TMB (mutations/
Mb) was 6 for lung cancer and head and neck cancer; 5 for
colorectal cancer and esophageal cancer; 4 for breast can-
cer, unknown primary cancer, and gastric cancer; 3 for bili-
ary cancer; and 1 for pancreatic cancer. Classification of
patients into two groups based on TMB value revealed that
20 and 133 had a high or low TMB (TMB of 210.0 or < 10.0
mutations/Mb), respectively. Tumors with a high TMB were
more prevalent in lung cancer (11/32) compared with other
solid tumors (9/121, Fisher’s exact test p < .01).

Relation Between PD-L1 Expression and TMB in
NSCLC

Given that PD-L1 testing results are available for patients
with NSCLC in routine clinical practice, we next evaluated
the possible relation between PD-L1 expression and TMB in
such patients. Among the 41 patients with lung cancer who
underwent FoundationOne testing, two patients were
excluded because their tumors showed neuroendocrine fea-
tures such as small cell lung cancer and carcinoid tumor.
Another nine patients were excluded because the TMB
value could not be determined, although information on

Oncologist
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Table 2. Characteristics of patients who received genotype-matched therapy (n = 24)

Type of cancer

Driver oncogene alteration

Targeted drug No. of patients (%)

EGFR Ex19del
EGFR L858R

EGFR L861Q

EGFR Ex20ins
HER2 amplification
ALK rearrangement
HER2 amplification
MSI-high

TMB-high/MSI-stable (F1),
MSI-high (FALCO)

HER2 amplification
HER2 amplification
HER2 amplification
HER2 amplification
BRCA2 mutation
RET rearrangement
HER2 amplification
TMB-high

BRAF mutation
MSI-high

HER2 amplification

Lung cancer

Colorectal cancer

Gastric cancer

Breast cancer

Extramammary Paget disease

Unknow primary cancer

Cervical cancer

Osimertinib 2(8)
Erlotinib 1(4)
Afatinib 1(4)
Investigational 1(4)
Investigational 1(4)
Alectinib 2 (8)
Investigational 1(4)
Investigational 1(4)
Pembrolizumab 1(4)
XP/HER 1(4)
VNR/HER f/b Investigational 1(4)
T-DM1 f/b Investigational 1(4)
PER/HER/DTX 1(4)
Olaparib 1(4)
Investigational 1(4)
Investigational 3 (13)
Investigational 1(4)
Investigational 1(4)
Investigational 1(4)
Investigational 1(4)

Abbreviations: Ex19del, exon-19 deletion; Ex20ins, exon-20 insertion; F1, FoundationOne CDx; f/b, followed by; MSI, microsatellite instability;
PER/HER/DTX, pertuzumab plus trastuzumab plus docetaxel; T-DMI, trastuzumab emtansine; TMB, tumor mutation burden; VNR/HER, vin-
orelbine plus herceptin; XP/HER, capecitabine plus cisplatin plus herceptin.
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Figure 4. Progression-free survival rate for patients who
received genotype-matched targeted therapy (n = 24).

clinically relevant genetic alterations and available clinical
trials for these patients was available. A total of 26 patients
with NCSLC had results available for both PD-L1 TPS and
TMB. No correlation was apparent between PD-L1 TPS and
TMB for these patients (R® = 0.0126; Fig. 2B).

Association Between PD-L1 or TMB and ICI Efficacy

We next examined the relationship between PD-L1 expres-
sion or TMB value and approved ICI efficacy across tumor
types, including 21 patients with NSCLC, 8 with head and
neck cancer, 4 with esophageal carcinoma, 2 with gastric

www.TheOncologist.com

cancer, and 1 with CRC, melanoma, and mesothelioma,
respectively (Fig. 3). Among patients with NSCLC,
11 received immune checkpoint inhibitor (ICl) monotherapy
and 10 received an ICI plus platinum-based combination
therapy. No clear trend toward increased efficacy for ICI
monotherapy or ICl combination chemotherapy in patients
with a high PD-L1 TPS or a high TMB was apparent regard-
less of tumor type.

Proportion of Patients Treated with Genotype-
Directed Therapy

To evaluate the clinical utility of the FoundationOne CDx
panel, we determined the proportion of patients who were
able to access matched targeted therapy. Among the
175 tested patients, 174 had at least one known or likely
pathogenic gene alteration, and 24 of these patients (14%)
received corresponding targeted therapy, including that
with clinically approved (n = 11) or investigational (n = 11)
agents, or both (n = 2; Table 2). Kaplan-Meier analysis rev-
ealed that the median PFS for the patients who received
matched targeted therapy was 12.1 months (95% confi-
dence interval, 6.9-17.4 months; Fig. 4). Eight patients
(33%) benefited from such targeted treatment for >1 year.

Discussion

Clinical cancer research is undergoing a paradigm shift from
a tumor-specific treatment strategy to a tumor-agnostic
approach that targets specific genomic alterations or

© 2020 The Authors.
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molecular features regardless of tumor site. In 2018, PMDA
of Japan approved the ICl pembrolizumab for treatment of
adult and pediatric patients with unresectable or metastatic
solid tumors found to be either MSI-high or mismatch
repair—deficient [6]. In 2019, PMDA and subsequently the
U.S. Food and Drug Administration approved entrectinib—a
selective tyrosine kinase inhibitor that targets TRKA, TRKB,
TRKC, ROS1, and ALK proteins—for patients with NTRK
fusion—positive advanced or recurrent solid tumors. The
clinical development of a RET inhibitor for RET-altered solid
tumors is currently underway in a global phase Il study
including patients in Japan. High-throughput and multiplex
genotyping tests are thus urgently required in daily clinical
practice in order to take advantage of the development of
such tumor-agnostic drugs. We here investigated the feasi-
bility and utility of the FoundationOne CDx panel, which
was recently approved by PMDA for profiling of actionable
mutations in solid tumors and which also provides an
assessment of genomic signatures such as TMB and MSI.

The success rate of this NGS assay as performed with
clinical FFPE samples including biopsy specimens (34%) was
96.7%, suggestive of the feasibility of such sequencing in
clinical practice. The higher success rate observed in our
study compared with a previous study [7] of
FoundationOne CDx may be attributable to the fact that we
evaluated tissue before shipment, even though the propor-
tion of surgical specimens was similar in the two studies.
On the other hand, the median turnaround time was
41 days (range, 21-126 days) in our study, which is not sat-
isfactory for the clinical setting. Foundation Medicine
announced that their turnaround time is 14 days on aver-
age from receipt of a sample that meets requirements. The
long turnaround time in our study reflects the fact that it
takes several days to ship tumor tissue from Japan to the
U.S. as well as 1-2 weeks for the report to be returned to
the referring physician after discussion by the MTB.

Most patients (99%) in the present study harbored
known or likely pathogenic mutations, but only 24 of these
individuals (14%) received matched targeted therapy, a pro-
portion similar to that of a previous study with the NCC
Oncopanel (13.4%) [2]. Our study enrolled patients with
common cancer types such as lung cancer (n=41) and
breast cancer (n =23). Most patients harboring known
actionable driver alterations such as those with EGFR
mutation—positive lung cancer or HER2-positive breast can-
cer were not enrolled in the present study, given that such
individuals already receive molecularly targeted therapy as
a result of testing with rapid companion diagnostics such as
the Cobas EGFR Mutation Test or HER2 fluorescence in situ
hybridization. However, some patients with such
alterations—EGFR-mutated lung cancer (n=4), ALK-
rearranged lung cancer (n = 2), HER2-amplified breast can-
cer (n = 3), and HER2-amplified gastric cancer (n = 1)—were
included in this CGP analysis. The MATCH (Molecular Analy-
sis for Therapy Choice) trial of the U.S. National Cancer
Institute is a phase Il basket study that was launched in
August 2015 [8]. It will enroll ~1,000 patients with any solid
tumor or lymphoma and assign them to treatment arms
based on the molecular profile of their disease. A few
tumor-agnostic basket trails, such as for RET-rearranged or
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ERBB2-amplified tumor, are also ongoing in Japan. The RET
inhibitor conducted in Japan is LOX0-292 in RET-fusion—
positive cancers regardless of the tumor type. On the other
hand, an example of the successful implementation is pro-
vided by the LURET study (UMINO00010095), a phase I
study of vandetanib in patients with RET-rearranged
advanced NSCLC, showing a response rate of 47% [9]. There
is an urgent need to develop novel tumor-agnostic thera-
pies, to guide patients to clinical trials evaluating drugs mat-
ched to identified molecular alterations, and to increase
accessibility to such drugs at smaller regional cancer hospi-
tals. The promising results in terms of PFS for patients who
received matched targeted therapy in the present study
should be interpreted with caution, however, given that the
study was nonrandomized and observational in nature.
Even the SHIVA trial, a randomized basket trial designed to
evaluate whether matched targeted drugs could extend PFS
compared with conventional chemotherapy in patients with
advanced solid tumors, failed to show any improvement in
survival or response with genome-based targeted ther-
apy [10].

The predictive role of TMB has been investigated largely
in advanced NSCLC. CheckMate 568, a phase |l trial that
evaluated the efficacy and safety of the combination of the
ICIs nivolumab and ipilimumab as first-line treatment for
advanced NSCLC, adopted the FoundationOne CDx assay
and identified a TMB of 210 mutations/Mb as an effective
cutoff for selection of patients most likely to benefit from
this drug combination [11]. Moreover, the CheckMate
227 study met its coprimary endpoint of PFS for nivolumab
plus ipilimumab compared with cytotoxic chemotherapy in
patients with a TMB of 210 mutations/Mb, regardless of
PD-L1 expression status [12]. On the basis of these data, we
selected a TMB of 10 mutations/Mb as the cutoff for TMB
in the present study. We found that tumors with a high
TMB were more frequent for lung cancer than for other
solid tumor types, consistent with a previous study in which
TMB was measured with other CGP panels targeting
315 genes across tumor types [13]. We also evaluated PD-
L1 expression by IHC with the Dako 22C3 pharmDx Kkit,
which has been adopted as a biomarker to direct first-line
treatment, with a TPS of 250% having been established as
the threshold for a positive result in KEYNOTE-024 [14].
Although a high TMB has previously been found to be pre-
dictive of a favorable outcome for immunotherapy [11, 15],
consistent with previous results [11, 16], we detected no
clear relation between PD-L1 expression and TMB in our
study of specimens from patients with advanced or recur-
rent NSCLC—even though the method for determination of
TMB and the antibody used to detect PD-L1 differed
between our and these previous studies. There are several
reports investigating the correlation between TMB or PD-L1
status and ICI efficacy. TMB or PD-L1 may be a predictor of
response for single-agent immunotherapy, but it has failed
to demonstrate the correlation with response when immu-
notherapy is combined with chemotherapy [17-19].
Because the efficacy of the ICI plus platinum-based chemo-
therapy can be maintained independent of TMB or PD-L1
status, evaluation of TMB or PD-L1 is not required for mak-
ing treatment decisions for patients eligible to receive
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combination therapy. Among ICI monotherapy-treated
patients in our study, we could not demonstrate a superior
clinical efficacy of ICIs in patients with NSCLC with high
TMB or high PD-L1 expression owing to small sample sizes.

CoNCLUSION

We have demonstrated the successful application of the
FoundationOne CDx assay to the performance of multiple
genomic tests with a single small FFPE tumor specimen. In
June 2019, two gene panels were approved with reimburse-
ment: FoundationOne CDx Cancer Genomic Profile and
OncoGuide NCC Oncopanel System. The fee for these prod-
ucts would be ¥560,000 (USD 5,100), and patients will have
to pay 10%—-30% of the total fees. It is an expensive test,
but approximately 85% of patients do not benefit from
panel testing. Such multiplex genomic testing will assist
physicians in matching patients found to harbor actionable
mutations with available targeted treatments or clinical tri-
als of new targeted agents; however, there is a tremendous
need to develop novel targeted agents matched with tumor
molecular alteration.
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