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Biomarker Findings
TTumor Mutational Burumor Mutational Burdenden -- TMB-High (23 Muts/Mb)
MicrMicrosatosatellitellite Statuse Status -- MS-Stable

Genomic Findings
For a complete list of the genes assayed, please refer to the Appendix.

CCCND1CND1 amplificationamplification
ERBB3ERBB3 amplificationamplification
RAF1RAF1 amplificationamplification
BCL2L1BCL2L1 amplificationamplification
CDKN2ACDKN2A p16INK4a D84N and p14ARF R98Qp16INK4a D84N and p14ARF R98Q
FFGF19GF19 amplificationamplification
FFGF3GF3 amplificationamplification
FFGF4GF4 amplificationamplification
LLYNYN amplificationamplification
TERTERTT prpromotomoter -er -146C>T146C>T
TP53TP53 E285KE285K

1818 TTherherapies with Capies with Clinical Benefitlinical Benefit

00 TTherherapies with Lack of Rapies with Lack of Responseesponse

2266 CClinical Tlinical Trialsrials

BIOMARKER FINDINGSBIOMARKER FINDINGS THERAPIES WITH CLINICAL BENEFITTHERAPIES WITH CLINICAL BENEFIT
(IN P(IN PAATIENT’TIENT’S TUS TUMOR TYPE)MOR TYPE)

THERAPIES WITH CLINICAL BENEFITTHERAPIES WITH CLINICAL BENEFIT
(IN O(IN OTHER TUTHER TUMOR TYPE)MOR TYPE)

Tumor Mutational Burden - TMB-High (23
Muts/Mb)

10 T10 Trialsrials see psee p.. 1717

Atezolizumab

Avelumab

Durvalumab

Nivolumab

Pembrolizumab

none

Microsatellite status - MS-Stable

GENOMIC FINDINGSGENOMIC FINDINGS THERAPIES WITH CLINICAL BENEFITTHERAPIES WITH CLINICAL BENEFIT
(IN P(IN PAATIENT’TIENT’S TUS TUMOR TYPE)MOR TYPE)

THERAPIES WITH CLINICAL BENEFITTHERAPIES WITH CLINICAL BENEFIT
(IN O(IN OTHER TUTHER TUMOR TYPE)MOR TYPE)

CCND1 - amplification

6 T6 Trialsrials see psee p.. 2020

none Abemaciclib

Palbociclib

Ribociclib

ERBB3 - amplification

3 T3 Trialsrials see psee p.. 2121

none Ado-trastuzumab emtansine

Afatinib

Lapatinib

Pertuzumab

Trastuzumab

Trastuzumab-dkst

No therNo therapies or clinical trials.apies or clinical trials. see Biomarker Findings section

PATIENT TUMOR TYPE QRF#

Bladder urothelial (transitional cell)
carcinoma
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GENOMIC FINDINGSGENOMIC FINDINGS THERAPIES WITH CLINICAL BENEFITTHERAPIES WITH CLINICAL BENEFIT
(IN P(IN PAATIENT’TIENT’S TUS TUMOR TYPE)MOR TYPE)

THERAPIES WITH CLINICAL BENEFITTHERAPIES WITH CLINICAL BENEFIT
(IN O(IN OTHER TUTHER TUMOR TYPE)MOR TYPE)

RAF1 - amplification

9 T9 Trialsrials see psee p.. 2222

none Cobimetinib

Regorafenib

Sorafenib

Trametinib

GENOMIC FINDINGS WITH NO REPORTABLE THERAPEUTIC OR CLINICAL TRIAL OPTIONS

For more information regarding biological and clinical significance, including prognostic, diagnostic, germline, and potential chemosensitivity
implications, see the Genomic Alterations section.

Note: Genomic alterations detected may be associated with activity of certain FDA approved drugs; however, the agents listed in this report may have varied clinical evidence in the patient’s tumor type. Neither the
therapeutic agents nor the trials identified are ranked in order of potential or predicted efficacy for this patient, nor are they ranked in order of level of evidence for this patient’s tumor type.
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BCL2L1 amplification
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FGF19 amplification
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BIOMARKERBIOMARKER

Tumor Mutational
Burden
CACATEGORTEGORYY

TMB-High (23 Muts/Mb)

POPOTENTIAL TREATENTIAL TREATMENT STMENT STRATRATEGIESTEGIES
On the basis of emerging clinical evidence,
increased TMB may be associated with greater
sensitivity to immunotherapeutic agents,
including anti-CTLA-41, anti-PD-L12-4, and
anti-PD-1 therapies5-7; FDA-approved agents
include ipilimumab, atezolizumab, avelumab,
durvalumab, pembrolizumab, and nivolumab.
In multiple solid tumor types, higher
mutational burden has corresponded with
response and improved prognosis.
Pembrolizumab improved progression-free
survival (14.5 vs. 3.4-3.7 months) in patients
with non-small cell lung cancer (NSCLC) and
higher mutational load (greater than 200
nonsynonymous mutations; hazard ratio =
0.19)5. In studies of patients with either
NSCLC or colorectal cancer (CRC), patients
whose tumors harbor elevated mutational
burden reported higher overall response rates
to pembrolizumab5-7. Anti-PD-1 therapies have
achieved clinical benefit for certain patients

with high mutational burden, including 3
patients with endometrial adenocarcinoma
who reported sustained partial responses
following treatment with pembrolizumab8 or
nivolumab9, a patient with hypermutant
glioblastoma who obtained clinical benefit
from pembrolizumab10, and two pediatric
patients with biallelic mismatch repair
deficiency (bMMRD)-associated
ultrahypermutant glioblastoma who
experienced clinically and radiologically
significant responses to nivolumab11. In
patients with melanoma, mutational load was
associated with long-term clinical benefit from
ipilimumab1,12 and anti-PD-1/anti-PD-L1
treatments4. For patients with metastatic
urothelial carcinoma, those who responded to
atezolizumab treatment had a significantly
increased mutational load [12.4 mutations
(mut) per megabase (Mb)] compared to
nonresponders (6.4 mut/Mb)2, and mutational
load of 16 mut/Mb or higher was associated
with significantly longer overall survival3.

FREQUENCFREQUENCY & PROGNOY & PROGNOSISSIS
In the Bladder Urothelial Carcinoma TCGA
dataset, the median somatic mutation burden
was 5.5 mutations per megabase (mut/MB)13.
One study found somatic mutation number to
positively correlate with increased tumor stage

and grade of bladder cancers14. For patients
with metastatic urothelial carcinoma receiving
atezolizumab, however, higher median
mutation load has been reported to be
significantly associated with improved
progression-free and overall survival3,15.

FINDING SUMMARFINDING SUMMARYY
Tumor mutation burden (TMB, also known as
mutation load) is a measure of the number of
somatic protein-coding base substitution and
insertion/deletion mutations occurring in a
tumor specimen. TMB is affected by a variety
of causes, including exposure to mutagens
such as ultraviolet light in melanoma16-17 and
cigarette smoke in lung cancer5,18, mutations in
the proofreading domains of DNA polymerases
encoded by the POLE and POLD1 genes19-23,
and microsatellite instability (MSI)19,22-23. The
tumor seen here harbors a high TMB. This
type of mutation load has been shown to be
associated with sensitivity to immune
checkpoint inhibitors, including anti-CTLA-4
therapy in melanoma1, anti-PD-L1 therapy in
urothelial carcinoma2, and anti-PD-1 therapy
in non-small cell lung cancer and colorectal
cancer5-6, potentially due to expression of
immune-reactive neoantigens in these
tumors5.

BIOMARKERBIOMARKER

Microsatellite status
CACATEGORTEGORYY

MS-Stable

POPOTENTIAL TREATENTIAL TREATMENT STMENT STRATRATEGIESTEGIES
On the basis of clinical evidence, MSS tumors
are significantly less likely than MSI-H tumors
to respond to anti-PD-1 immune checkpoint
inhibitors24-26, including approved therapies
nivolumab and pembrolizumab6,27. In a
retrospective analysis of 361 patients with
solid tumors treated with pembrolizumab, 3%
were MSI-H and experienced a significantly
higher ORR compared with non-MSI-H cases
(70% vs. 12%, p=0.001)28. Pembrolizumab
therapy resulted in a significantly lower

objective response rate (ORR) in MSS
colorectal cancer (CRC) compared with MSI-H
CRC (0% vs. 40%)6. Similarly, a clinical study
of nivolumab, alone or in combination with
ipilimumab, in patients with CRC reported a
significantly higher response rate in patients
with MSI-H tumors than those without27.

FREQUENCFREQUENCY & PROGNOY & PROGNOSISSIS
MSI has been detected in 26-49% of urothelial
carcinomas29-30; MSI-high (MSI-H) has also
been reported in multiple case studies of upper
urinary tract urothelial carcinoma31. MSI, as
determined through loss of MSH2 or MSH6
protein expression, correlated with non-
invasive, well-differentiated tumors and
favorable overall survival29.

FINDING SUMMARFINDING SUMMARYY

Microsatellite instability (MSI) is a condition of
genetic hypermutability that generates
excessive amounts of short insertion/deletion
mutations in the genome; it generally occurs at
microsatellite DNA sequences and is caused by
a deficiency in DNA mismatch repair (MMR)
in the tumor32. Defective MMR and
consequent MSI occur as a result of genetic or
epigenetic inactivation of one of the MMR
pathway proteins, primarily MLH1, MSH2,
MSH6, or PMS232-34. The tumor seen here is
microsatellite-stable (MSS), equivalent to the
clinical definition of an MSS tumor: one with
mutations in none of the tested microsatellite
markers35-37. MSS status indicates MMR
proficiency and typically correlates with intact
expression of all MMR family proteins32,34,36-37.

PATIENT TUMOR TYPE QRF#

Bladder urothelial (transitional cell)
carcinoma

BIOMARKER FINDINGBIOMARKER FINDINGSS

The content provided as a professional service by Foundation Medicine, Inc., has not been reviewed or approved by the FDA.

Electronically signed by Julia Elvin, M.D., Ph.D. | Jeffrey Ross, M.D., Medical Director | 25 May 2018 |
Foundation Medicine, Inc. | 1.888.988.3639

Sample PSample Prrepareparaation:tion: 150 Second St., 1st Floor, Cambridge, MA 02141 ·· CLIA: 22D2027531
Sample AnalySample Analysis:sis: 150 Second St., 1st Floor, Cambridge, MA 02141 ·· CLIA: 22D2027531

PROFESSIONAL SERVICES - PAGE 3 of 23

SAMPLE



GENEGENE

CCND1
ALALTERATERATIONTION

amplification

POPOTENTIAL TREATENTIAL TREATMENT STMENT STRATRATEGIESTEGIES
Amplification of CCND1 may predict
sensitivity to CDK4/6 inhibitors, such as
abemaciclib, palbociclib, and ribociclib38-39

40-44. Clinical benefit has been reported for
patients with solid tumors harboring CCND1
amplification or expression in response to

treatment with palbociclib45 and ribociclib38-39

40,43.

FREQUENCFREQUENCY & PROGNOY & PROGNOSISSIS
CCND1 amplification has been reported in
12-15% of bladder urothelial carcinomas13,46-47.
In patients with surgically treated lymph
node-positive bladder urothelial carcinoma,
CCND1 amplification correlated with shorter
survival, although high nuclear cyclin D1 in
metastases predicted a favorable response to
adjuvant chemotherapy48. One study of non-
muscle-invasive bladder cancer correlated high

cyclin D1 expression with increased
progression-free survival49-52.

FINDING SUMMARFINDING SUMMARYY
CCND1 encodes cyclin D1, which interacts
with the cyclin-dependent kinases CDK4 and
CDK6, resulting in the phosphorylation and
inactivation of Rb and the progression of the
cell cycle. Amplification of CCND1 and/or
overexpression of cyclin D1 may therefore lead
to excessive proliferation53-54. CCND1
amplification has been positively correlated
with overexpression of cyclin D155.

GENEGENE

ERBB3
ALALTERATERATIONTION

amplification

POPOTENTIAL TREATENTIAL TREATMENT STMENT STRATRATEGIESTEGIES
ERBB3/HER3 possesses a low-activity kinase
domain and requires other ERBB family
members for efficient signaling56-58. Therefore,
ERBB3 amplification or activating mutation
may predict sensitivity to therapies targeting
ERBB2, such as pertuzumab, trastuzumab,
ado-trastuzumab, lapatinib, and afatinib. In a
study of afatinib monotherapy for patients
with metastatic urothelial carcinoma, patients
with ERBB3 mutation or ERBB2 amplification
had significantly improved overall survival

compared to patients without alterations (6.6
months vs. 1.4 months)59. A patient with
HER2-negative breast cancer harboring an
activating ERBB3 mutation had a partial
response to the combination of trastuzumab
and lapatinib60. In preclinical studies, cells
with ERBB3 activating mutations were
reported to be sensitive to anti-ERBB2
inhibition57. Antibodies targeting ERBB3 are
also being studied in clinical trials.

FREQUENCFREQUENCY & PROGNOY & PROGNOSISSIS
Amplification of ERBB3 has been reported in
2.3% of bladder urothelial carcinoma samples13.
Expression of ERBB3 has been reported in
urothelial carcinoma of the bladder in multiple
studies, although the data surrounding the

association between HER3 expression and
invasion and metastasis is conflicting61-66.

FINDING SUMMARFINDING SUMMARYY
ERBB3 (also known as HER3) encodes a
member of the epidermal growth factor
receptor (EGFR) family67. Focal amplification
of ERBB3 is relatively rare, observed in a
limited number of cancer types, although
signaling through ERBB3 has been shown to
have important roles in oncogenic signaling in
several cancer types56. ERBB3 has been
reported to be amplified in cancer68 and may
be biologically relevant in this context69-70.
One study has demonstrated a weak but
significant association between ERBB3 gene
amplification and protein expression in breast
cancer tissue71.

GENEGENE

RAF1
ALALTERATERATIONTION

amplification

POPOTENTIAL TREATENTIAL TREATMENT STMENT STRATRATEGIESTEGIES
Alterations that activate RAF1 may predict
sensitivity to inhibitors that target RAF1 such
as sorafenib and regorafenib. Activation of
RAF1 kinase leads to the downstream
activation of MEK; activating alterations may
also confer sensitivity to MEK inhibitors such
as cobimetinib and trametinib. The addition of
sorafenib to chemotherapy improved

progression-free survival for patients with
melanoma and RAF1 copy number gains
(HR=0.372, p=0.025)72. A patient with
RAF1-rearranged pancreatic cancer achieved a
partial response to sorafenib combination
therapy73.

FREQUENCFREQUENCY & PROGNOY & PROGNOSISSIS
In the Bladder Urothelial Carcinoma TCGA
dataset, RAF1 amplification is reported in 13%
of cases13. One study reports RAF1
amplification in 2% (1/50 samples) of
urothelial cancers analyzed74. Amplification
and overexpression of RAF1 have been
reported to be associated with high tumor

grade, advanced tumor stage, and poor patient
survival in urothelial carcinoma, and may be
involved in tumor progression75-76.

FINDING SUMMARFINDING SUMMARYY
RAF1, also known as CRAF, is a member of
the RAF family of signaling kinases77. These
kinases are downstream of RAS proteins and
activate the MEK-ERK signaling pathway that
promotes cell proliferation and survival78.
RAF1 has been reported to be amplified in
cancer68, and may be biologically relevant in
this context69-70.

PATIENT TUMOR TYPE QRF#

Bladder urothelial (transitional cell)
carcinoma
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GENEGENE

BCL2L1
ALALTERATERATIONTION

amplification

POPOTENTIAL TREATENTIAL TREATMENT STMENT STRATRATEGIESTEGIES
There are no approved therapies that target
BCL2L1 amplification in cancer. Multiple
investigational drugs that target BCL-2 family
members including ABT-737, oblimersen
sodium, AT-101, ABT-263 (navitoclax), and
GX15-070 (obatoclax) are being studied in

clinical trials79. Preclinical studies have shown
activity of BCL-XL inhibitors in NSCLC cell
lines and a xenograft mouse model80-81.
Elevated BCL-XL levels protect cancer cells
against apoptosis in multiple cancer types and
may contribute to chemotherapy
resistance82-85.

FREQUENCFREQUENCY & PROGNOY & PROGNOSISSIS
Gain of the 20q region where BCL2L1 is
located has been reported in 34% of lung
adenocarcinoma samples and in 75% of lung
adenocarcinomas with EGFR mutations86-87.

Expression of BCL-XL protein has been
associated with poor prognosis in ovarian
cancer and has been reported to be associated
with taxane resistance in colorectal cancer88-92.

FINDING SUMMARFINDING SUMMARYY
BCL2L1 encodes BCL-XL, an anti-apoptotic
member of the BCL-2 protein family that is
frequently overexpressed in cancer93. In
colorectal cancer, 20q gain has been associated
with BCL-XL protein overexpression94-96.

GENEGENE

CDKN2A
ALALTERATERATIONTION

p16INK4a D84N and p14ARF
R98Q

POPOTENTIAL TREATENTIAL TREATMENT STMENT STRATRATEGIESTEGIES
Preclinical data suggest that tumors with loss
of p16INK4a function may be sensitive to
CDK4/6 inhibitors, such as abemaciclib,
ribociclib, and palbociclib97-100. However,
multiple clinical studies have shown no
significant correlation between p16INK4a loss
or inactivation and therapeutic benefit of these
agents42,101-103, and it is not known whether
CDK4/6 inhibitors would be beneficial in this
case. Although preclinical studies have

suggested that loss of p14ARF function may be
associated with reduced sensitivity to MDM2
inhibitors104-105, the clinical relevance of
p14ARF as a predictive biomarker is not clear.

FREQUENCFREQUENCY & PROGNOY & PROGNOSISSIS
CDKN2A loss or mutation has been found in
36% and 5.5% of bladder urothelial carcinomas,
respectively13. CDKN2A loss of heterozygosity
has been reported in 33% of bladder tumors
(n=28)106. Studies have reported loss of
p16INK4a expression in 13-59% of patients
with bladder urothelial carcinoma107-110.
Assessment of p16INK4a immunoreactivity in
urine cytology has been proposed as a
diagnostic tool for low-grade urothelial
carcinomas111. Loss of expression of p16INK4a
has not consistently been associated with
histological stage or grade, nor with prognosis

in patients with bladder urothelial
carcinoma108,112-115.

FINDING SUMMARFINDING SUMMARYY
CDKN2A encodes two distinct tumor
suppressor proteins, p16INK4a and
p14ARF116-117. p16INK4a inhibits CDK4 and
CDK6, thereby maintaining the growth-
suppressive activity of the Rb tumor
suppressor; inactivation of p16INK4a
contributes to dysregulation of the CDK4/
6-cyclin-Rb pathway and cell cycle
control118-119. The tumor suppressive functions
of p14ARF involve stabilization and activation
of p53, via MDM2 inhibition120-121. This
alteration is predicted to result in
p16INK4a122-142 and p14ARF126,143-145 loss of
function.

PATIENT TUMOR TYPE QRF#

Bladder urothelial (transitional cell)
carcinoma
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GENEGENE

FGF19
ALALTERATERATIONTION

amplification

POPOTENTIAL TREATENTIAL TREATMENT STMENT STRATRATEGIESTEGIES
There are no targeted therapies that directly
address genomic alterations in FGF19.
However, amplification of FGF19 predicts
sensitivity to inhibitors of FGFR4 in liver
cancer cell lines146; in one preclinical study,
selective inhibition of FGFR4 reduced tumor
burden in an FGF19-amplified HCC xenograft
model147. A Phase 1 study of the FGFR4
inhibitor BLU-554 for previously treated HCC
(11/14 sorafenib) reported 1 partial response
and 1 stable disease (SD) in patients with
FGF19-positive HCC148. Preliminary results
from the dose escalation part of a Phase 1/2
study evaluating another FGFR4 inhibitor,
FGF401, showed an overall response rate of

8% (4/53), 53% (28/53) SDs, and a median time
to progression of 4.1 months; responses were
observed in both FGF19-positive and -negative
cases149. In one clinical study, a trend toward
response to sorafenib treatment and FGF19
copy number gain was observed in patients
with HCC, and 2 patients harboring FGF19
copy number gain experienced a complete
response150. Multiple therapies targeting
FGF19 or FGFR4 signaling are in preclinical
development151, and clinical trials evaluating
inhibitors of FGFR4 are under way for
patients with solid tumors.

FREQUENCFREQUENCY & PROGNOY & PROGNOSISSIS
In the TCGA datasets, FGF19 amplification has
been reported with highest incidence in
esophageal carcinoma (35%), head and neck
squamous cell carcinoma (28%), breast
carcinoma (16%), lung squamous cell
carcinoma (12%), bladder urothelial carcinoma
(12%), and cholangiocarcinoma (11%)

(cBioPortal, 2017). In HCC, FGF19 is an
important driver gene147,152-153, and FGF19
protein expression correlates with tumor
progression and poorer prognosis154.
Exogenous FGF19 has been shown to promote
prostate cancer tumorigenesis in a preclinical
study155, and the presence of FGF19-positive
tissues is an independent factor for worse
prognosis following radical prostatectomy156.

FINDING SUMMARFINDING SUMMARYY
FGF19 encodes fibroblast growth factor 19, an
FGFR4 ligand involved with bile acid
synthesis and hepatocyte proliferation in the
liver147,157. FGF19 lies in a region of
chromosome 11q13 frequently amplified in a
diverse range of malignancies that also
contains FGF3, FGF4, and CCND1158.
Correlation between FGF19 amplification and
protein expression has been demonstrated in
hepatocellular carcinoma (HCC)159 but was not
observed in several other tumor types152.

GENEGENE

FGF3
ALALTERATERATIONTION

amplification

POPOTENTIAL TREATENTIAL TREATMENT STMENT STRATRATEGIESTEGIES
There are no targeted therapies that directly
address genomic alterations in FGF3.
Inhibitors of FGF receptors, however, are

undergoing clinical trials in a number of
different cancers.

FREQUENCFREQUENCY & PROGNOY & PROGNOSISSIS
FGF3 lies in a region of chromosome 11q13
that also contains FGF19, FGF4, and CCND1,
the latter gene encoding cyclin D1, a key
regulator of cell cycle progression. This
chromosomal region is frequently amplified in
a diverse range of malignancies53.

FINDING SUMMARFINDING SUMMARYY

FGF3 encodes fibroblast growth factor 3, a
growth factor that plays a central role in
development of the inner ear. Germline
mutations in FGF3 give rise to an autosomal
recessive syndrome characterized by
microdontia, deafness, and complete lack of
inner ear structures160.

PATIENT TUMOR TYPE QRF#

Bladder urothelial (transitional cell)
carcinoma
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GENEGENE

FGF4
ALALTERATERATIONTION

amplification

POPOTENTIAL TREATENTIAL TREATMENT STMENT STRATRATEGIESTEGIES
FGF4 amplification and overexpression was
associated with cell sensitivity to the
multikinase inhibitor sorafenib in preclinical
studies161-162 and amplification of FGF4/FGF3
in HCC significantly correlated with patient
response to sorafenib (p=0.006)161. Therefore,
FGF4 amplification may confer sensitivity to
sorafenib, which is FDA approved to treat
HCC, renal cell carcinoma, and differentiated

thyroid carcinoma. Sorafenib is under
investigation in clinical trials in multiple
tumor types.

FREQUENCFREQUENCY & PROGNOY & PROGNOSISSIS
This chromosomal region is frequently
amplified in a diverse range of malignancies53

including esophageal carcinoma (35%), head
and neck squamous cell carcinoma (HNSCC;
28%), breast invasive carcinoma (16%), lung
squamous cell carcinoma (12%), bladder
urothelial carcinoma (12%), ovarian serous
cystadenocarcinoma (8%), stomach
adenocarcinoma (7%), skin melanoma (6%), and
hepatocellular carcinoma (HCC; 5%)
(cBioPortal, 2017).

FINDING SUMMARFINDING SUMMARYY
FGF4 encodes fibroblast growth factor 4,
which plays a central role in development of
the teeth163 and acts synergistically with other
FGFs and SHH (sonic hedgehog) to regulate
limb outgrowth in vertebrate development164.
FGF4 lies in a region of chromosome 11q13
that also contains FGF19, FGF3, and CCND1,
the latter gene encoding cyclin D1, a key
regulator of cell cycle progression.
Amplification of FGF4, along with that of
FGF3, FGF19, and CCND1, has been reported
in a variety of cancers47,53,161,165-167 and may
confer sensitivity to the multi-kinase inhibitor
sorafenib161.

GENEGENE

LYN
ALALTERATERATIONTION

amplification

POPOTENTIAL TREATENTIAL TREATMENT STMENT STRATRATEGIESTEGIES
Dasatinib is a kinase inhibitor that targets the
BCR-ABL fusion protein, SRC family kinases
including LYN specifically at nanomolar
concentration168-169, and other kinases, and has
been approved for the treatment of chronic
myelocytic leukemia (CML) and acute
lymphoblastic leukemia (ALL). Dasatinib and
other kinase inhibitors that target LYN are
under investigation in clinical trials in solid
tumors. In preclinical studies, dasatinib has
been reported to inhibit cell migration and
invasion in LYN-expressing solid tumor
cells168-170. However, amplification or other
genomic alterations in LYN in solid tumors,
and their potential predictive value for
sensitivity of these tumors to dasatinib and

other kinase inhibitors, remain poorly
understood. LYN is known to play oncogenic
roles in hematopoietic malignancies such as
CML, acute myeloid leukemia (AML), and
chronic lymphocytic leukemia (CLL)171, and a
clinical trial examining LYN inhibition in
patients with CLL is recruiting participants.

FREQUENCFREQUENCY & PROGNOY & PROGNOSISSIS
LYN mutations have been documented
infrequently in various cancers (COSMIC,
cBioPortal, 2017), but LYN amplification has
been reported at high frequencies in
endometrial carcinosarcoma (19%), breast
carcinoma (7%), and prostate adenocarcinoma
(4%) and at lower frequencies in other tumor
types (cBioPortal, 2017). LYN expression and
activation have also been reported in several
types of solid tumors, including
glioblastoma172, prostate cancer173, head and
neck squamous cell carcinoma (HNSCC)174, and
Ewing sarcoma175. LYN has also been reported
to be overexpressed in 14.2% of breast cancer

specimens (in particular in 47% of triple-
negative breast cancers vs. 4% of others) and
LYN overexpression was an independent poor
prognostic variable (p=0.02) in that study170.
LYN activation and overexpression has also
been implicated in chemoresistance of
colorectal cancer cells176. In preclinical studies,
inhibition of LYN decreased the proliferation
and tumorigenicity of multiple cancer cell lines
in vitro and/or in xenografted mice173,175 and
cell invasion and migration of other cell
lines168,170,174.

FINDING SUMMARFINDING SUMMARYY
LYN encodes a SRC family intracellular
membrane-associated tyrosine protein kinase.
LYN is expressed predominantly in
hematopoietic cells and conveys signals from
the B-cell receptor (BCR) and other receptors
to activate the PI3K, STAT, and other signaling
pathways171,177.
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GENEGENE

TERT
ALALTERATERATIONTION

promoter -146C>T

POPOTENTIAL TREATENTIAL TREATMENT STMENT STRATRATEGIESTEGIES
Therapeutic options for targeting tumors with
TERT mutations are limited, although a variety
of approaches are under development,
including immunotherapies utilizing TERT as
a tumor-associated antigen, antisense
oligonucleotide- or peptide-based therapies,
and TERT promoter-directed cytotoxic
molecules.

FREQUENCFREQUENCY & PROGNOY & PROGNOSISSIS

TERT promoter mutations have been observed
in melanoma, glioma, and thyroid and bladder
cancers178-186. One study reported TERT
promoter mutations in 67% (14/21) of high-
grade and 56% (34/61) of low-grade bladder
carcinomas179, while another study
demonstrated that 85% (44/52) of all bladder
cancer samples and 88% (7/8) of bladder
cancer cell lines exhibited TERT promoter
alteration185. TERT promoter mutations
correlated with increased TERT mRNA
expression in urothelial cancer cells187. In
patients with bladder urothelial carcinoma,
both TERT promoter mutations and increased
TERT expression associate with poor
prognosis, although carrying an additional
germline alteration at -245 (rs2853669) may
confer a better prognosis181,187-188.

FINDING SUMMARFINDING SUMMARYY
Telomerase reverse transcriptase (TERT, or
hTERT) is a catalytic subunit of the telomerase
complex, which is required to maintain
appropriate chromosomal length189. TERT
activation is a hallmark of cancer, being
detected in up to 80-90% of malignancies and
absent in quiescent cells190-192. Mutations
within the TERT promoter region that confer
enhanced promoter activity have been reported
in two hot spots, located at -124 bp and -146
bp upstream of the transcriptional start site
(also termed C228T and C250T,
respectively)178-179,193, as well as tandem
mutations at positions -124/-125 bp and
-138/-139 bp193.

GENEGENE

TP53
ALALTERATERATIONTION

E285K

POPOTENTIAL TREATENTIAL TREATMENT STMENT STRATRATEGIESTEGIES
There are no approved therapies to address
TP53 mutation or loss. However, tumors with
TP53 loss of function alterations may be
sensitive to the WEE1 inhibitor AZD1775194-197,
therapies that reactivate mutant p53 such as
APR-246198-201, or p53 gene therapy and
immunotherapeutics such as SGT-53202-206 and
ALT-801207. In a Phase 1 study, AZD1775 in
combination with gemcitabine, cisplatin, or
carboplatin elicited partial response in 10%
(17/176) and stable disease in 53% (94/176) of
patients with solid tumors; the response rate
was 21% (4/19) in patients with TP53
mutations versus 12% (4/33) in patients who
were TP53-wild-type208. Combination of
AZD1775 with paclitaxel and carboplatin
achieved significantly longer progression-free
survival than paclitaxel and carboplatin alone
in patients with TP53-mutant ovarian
cancer209. Furthermore, AZD1775 in
combination with carboplatin achieved a 27%

(6/22) response rate and 41% (9/22) stable
disease rate in patients with TP53-mutant
ovarian cancer refractory or resistant to
carboplatin plus paclitaxel210. In a Phase 1b
trial in patients with p53-positive high-grade
serous ovarian cancer, APR-246 combined
with carboplatin and pegylated liposomal
doxorubicin achieved a 52% (11/21) response
rate and 100% disease control rate198. In a
Phase 1b clinical trial of SGT-53 in
combination with docetaxel in patients with
solid tumors, 75% (9/12) of evaluable patients
experienced clinical benefit, including two
confirmed and one unconfirmed partial
responses and two instances of stable disease
with significant tumor shrinkage206.
Additionally, the combination of a CHK1
inhibitor and irinotecan reportedly reduced
tumor growth and prolonged survival in a
TP53 mutant, but not TP53 wild-type, breast
cancer xenotransplant mouse model211.
Kevetrin has also been reported to activate p53
in preclinical studies and might be relevant in
the context of mutant p53212. Clinical trials of
these agents are under way for some tumor
types for patients with a TP53 mutation.

FREQUENCFREQUENCY & PROGNOY & PROGNOSISSIS

Mutations in TP53 have been reported in 48%
of bladder urothelial carcinoma samples
analyzed in the TCGA dataset13. A study of
Stage 4 urothelial carcinomas that had
undergone relapse or progression after surgery
and chemotherapy reported genomic
alterations in TP53 in 54% (19/35) of cases46.

FINDING SUMMARFINDING SUMMARYY
Functional loss of the tumor suppressor p53,
which is encoded by the TP53 gene, is common
in aggressive advanced cancers213. Any
alteration that results in the disruption or
partial or complete loss of the region encoding
the TP53 DNA-binding domain (DBD, aa
100-292) or the tetramerization domain (aa
325-356), such as observed here, is thought to
dysregulate the transactivation of
p53-dependent genes and is predicted to
promote tumorigenesis214-216. Germline
mutations in TP53 are associated with the very
rare disorder Li-Fraumeni syndrome and the
early onset of many cancers217-222. Estimates
for the prevalence of germline TP53 mutations
in the general population range from 1:5,000223

to 1:20,000222, and in the appropriate clinical
context, germline testing of TP53 is
recommended.
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AAttezezolizumabolizumab
Assay findings association

TTumor Mutumor Mutational Burational Burdenden
TMB-High (23 Muts/Mb)

APPROAPPROVED INDICAVED INDICATIONSTIONS
Atezolizumab is a monoclonal antibody that binds to PD-
L1 and blocks its interaction with PD-1 to enhance
antitumor immune responses. It is FDA approved to treat
patients with advanced urothelial carcinoma who are not
eligible for cisplatin-containing chemotherapy or who
progress during or following platinum-based
chemotherapy and to treat patients with metastatic non-
small cell lung cancer (NSCLC) and disease progression
on prior treatments.

GENE AGENE ASSSOCIASOCIATIONTION
On the basis of emerging clinical data in patients with
urothelial carcinoma2-3, non-small cell lung cancer
(NSCLC)224-225, or melanoma4, high tumor mutation
burden (TMB) may predict sensitivity to anti-PD-L1
therapies such as atezolizumab.

SUPPORTING DSUPPORTING DAATTAA
Patients with metastatic urothelial carcinoma who were
treated with atezolizumab as first-line therapy
experienced an overall response rate (ORR) of 23%, a
complete response (CR) rate of 9%, and a clinical benefit
rate of 30%3. Increased tumor mutational burden (TMB)
was associated with response to atezolizumab, and
patients with the highest TMB [at least 16 mutations per
megabase (muts/Mb)] lived significantly longer than
patients with lower TMB3. As second-line therapy for

advanced urothelial carcinoma, atezolizumab compared
with chemotherapy did not significantly improve median
overall survival [OS; 11.1 vs. 10.6 months, hazard ratio
(HR) of 0.87] for patients with PD-L1 expression on 5% or
more of tumor-infiltrating immune cells. ORRs (23% vs.
22%) and median progression-free survival (PFS, HR of
1.01) were similar between the treatment arms, but
atezolizumab was associated with a numerically longer
median duration of response (15.9 vs. 8.3 months) and a
favorable adverse event profile226. Median OS with
atezolizumab was numerically longer in the PD-
L1-unselected overall study population (8.6 vs. 8.0
months, HR of 0.85) as well as for patients with high TMB
(above 9.7 muts/Mb) compared with those with lower
TMB (11.3 vs. 8.3 months)226. An earlier Phase 2 trial
reported an ORR of 15%, with 80% (37/46) of the
responses ongoing at the median follow-up of 14.4
months; the median PFS was 2.1 months, and the
12-month OS rate was 37%2,227. A significantly higher
median TMB (12.4 muts/Mb) was observed in patients
who responded to atezolizumab compared with that in
nonresponders (6.4 muts/Mb)2. Long-term follow-up of a
Phase 1 expansion cohort reported a 3-year OS rate of 27%
on second-line atezolizumab228. In an expanded access
study, the benefit/risk profile of atezolizumab for a
broader range of previously treated patients was
comparable with the one observed in Phase 1-3 trials229.

AAvvelumabelumab
Assay findings association

TTumor Mutumor Mutational Burational Burdenden
TMB-High (23 Muts/Mb)

APPROAPPROVED INDICAVED INDICATIONSTIONS
Avelumab is a monoclonal antibody that binds to PD-L1
and blocks its interaction with PD-1 in order to enhance
antitumor immune responses. It is FDA approved to treat
patients 12 years and older with metastatic Merkel cell
carcinoma and patients with advanced urothelial
carcinoma who have progressed on or after platinum
chemotherapy or within 12 months of neoadjuvant or
adjuvant platinum chemotherapy.

GENE AGENE ASSSOCIASOCIATIONTION
On the basis of emerging clinical data in patients with
urothelial carcinoma2, non-small cell lung cancer224-225, or

melanoma4, high tumor mutation burden (TMB) may
predict sensitivity to immune checkpoint inhibitors
targeting PD-1/PD-L1 signaling such as avelumab.

SUPPORTING DSUPPORTING DAATTAA
In a Phase 1b trial evaluating single-agent avelumab,
patients with metastatic urothelial carcinoma achieved a
median progression-free survival (PFS) of 6.4 weeks, a
median overall survival (OS) of 7 months, and an objective
response rate (ORR) of 17.6% (27/153), which included 9
complete responses; the median PFS, median OS, and
ORR were similar regardless of PD-L1 status230.
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DurvDurvalumabalumab
Assay findings association

TTumor Mutumor Mutational Burational Burdenden
TMB-High (23 Muts/Mb)

APPROAPPROVED INDICAVED INDICATIONSTIONS
Durvalumab is a monoclonal antibody that binds to PD-
L1 and blocks its interaction with PD-1 to enhance
antitumor immune responses. It is FDA approved to treat
patients with advanced urothelial carcinoma that has
progressed on or after platinum chemotherapy or within
12 months of neoadjuvant or adjuvant platinum
chemotherapy. Durvalumab is also approved to treat
patients with unresectable, Stage 3 non-small cell lung
cancer that has not progressed following concurrent
platinum-based chemotherapy and radiation.

GENE AGENE ASSSOCIASOCIATIONTION
On the basis of emerging clinical data in patients with
urothelial carcinoma2, non-small cell lung cancer224-225, or
melanoma4, high tumor mutational burden (TMB) may

predict sensitivity to immune checkpoint inhibitors
targeting PD-1/PD-L1 signaling such as durvalumab.

SUPPORTING DSUPPORTING DAATTAA
In a Phase 1/2 study of single-agent durvalumab, patients
with locally advanced or metastatic urothelial carcinoma
experienced an objective response rate (ORR) of 20.4%
(21/103), including 4 complete responses (CRs) and 17
partial responses; the ORR was higher in patients with
PD-L1 positivity on ≥ 25% of tumor cells or tumor-
infiltrating immune cells (31.1%, 19/61) than in PD-
L1-negative patients (5.1%, 2/39), although CRs were
reported in both groups231-232. Durvalumab is being
evaluated in the DANUBE Phase 3 study (NCT02516241)
in combination with the CTLA4-targeting antibody
tremelimumab in the first-line setting for urothelial
carcinoma (May 2017).

NivNivolumabolumab
Assay findings association

TTumor Mutumor Mutational Burational Burdenden
TMB-High (23 Muts/Mb)

APPROAPPROVED INDICAVED INDICATIONSTIONS
Nivolumab is a monoclonal antibody that binds to the
PD-1 receptor and blocks its interaction with PD-L1 and
PD-L2, thereby reducing inhibition of the antitumor
immune response. It is FDA approved as adjuvant
treatment for completely resected advanced melanoma
and as treatment for unresectable or metastatic melanoma
as both a single agent and in combination with the
immunotherapy ipilimumab. Nivolumab is also approved
in combination with ipilimumab to treat intermediate or
poor risk, previously untreated advanced renal cell
carcinoma (RCC) and as monotherapy to treat advanced
RCC after prior antiangiogenic therapy. Nivolumab is also
approved to treat metastatic non-small cell lung cancer
(NSCLC) following disease progression on prior
treatments, recurrent or metastatic head and neck
squamous cell carcinoma (HNSCC) following disease
progression on or after platinum-based therapy, advanced
urothelial carcinoma that has progressed on or after
platinum chemotherapy or within 12 months of
neoadjuvant or adjuvant platinum chemotherapy,
hepatocellular carcinoma (HCC) in patients who have
been previously treated with sorafenib, and classical
Hodgkin lymphoma (cHL) that has relapsed or progressed
after autologous hematopoietic stem cell transplantation
(HSCT) and posttransplantation brentuximab vedotin.
Furthermore, nivolumab is approved to treat patients 12
years and older with mismatch repair deficient (dMMR) or
microsatellite instability-high (MSI-H) metastatic
colorectal cancer (CRC) that has progressed on
fluoropyrimidine, oxaliplatin, and irinotecan.

GENE AGENE ASSSOCIASOCIATIONTION
On the basis of emerging clinical data in patients with
non-small cell lung cancer5,225, colorectal cancer6, or
melanoma233 and case reports in endometrial cancer8-9

and glioblastoma11, high tumor mutation burden (TMB)
may predict sensitivity to anti-PD-1 therapies such as
nivolumab.

SUPPORTING DSUPPORTING DAATTAA
In a Phase 2 study evaluating nivolumab in patients with
platinum-refractory metastatic urothelial carcinoma, the
objective response rate (ORR) was 19.6%, with 2% and
17% of patients achieving a complete response (CR) or a
partial response (PR), respectively; median progression-
free survival (PFS) was 2.0 months and median overall
survival (OS) was 8.7 months234. In a Phase 1/2 study for
patients with metastatic urothelial carcinoma who
progressed on platinum-based therapy, nivolumab
treatment resulted in an ORR of 24.4%, with a median
PFS of 2.8 months and a median OS of 9.7 months235. In a
retrospective study of patients with non-melanoma
cancer types (of which 13% were urothelial carcinomas)
who were treated with nivolumab or pembrolizumab, 19%
of patients achieved a PR, and 25% had stable disease
(SD)236. Another retrospective study of 27 patients with
solid tumors, including 4 patients with urothelial bladder
cancer, who received nivolumab or pembrolizumab,
reported 1 CR, 4 PRs, and 11 SDs, with median PFS of 169
days237.
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PPembrembrolizumabolizumab
Assay findings association

TTumor Mutumor Mutational Burational Burdenden
TMB-High (23 Muts/Mb)

APPROAPPROVED INDICAVED INDICATIONSTIONS
Pembrolizumab is a monoclonal antibody that binds to
the PD-1 receptor and blocks its interaction with the
ligands PD-L1 and PD-L2 to enhance antitumor immune
responses. It is FDA approved as second-line treatment
for adult and pediatric patients with unresectable or
metastatic, microsatellite instability-high (MSI-H) or
mismatch repair deficient (dMMR) solid tumors or with
MSI-H or dMMR colorectal cancer that has progressed on
a fluoropyrimidine, oxaliplatin, and irinotecan.
Pembrolizumab is also approved in unresectable or
metastatic melanoma; recurrent or metastatic head and
neck squamous cell carcinoma that has progressed on or
after platinum chemotherapy; adult or pediatric classical
Hodgkin lymphoma that is refractory or following relapse
after three or more prior lines of therapy; advanced
urothelial carcinoma that is not eligible for cisplatin-
containing chemotherapy, has progressed on or after
platinum chemotherapy, or has progressed within 12
months of neoadjuvant or adjuvant platinum
chemotherapy; and PD-L1-positive gastric or
gastroesophageal junction (GEJ) adenocarcinoma that has
progressed on two or more lines of therapy.
Pembrolizumab is approved in PD-L1-positive metastatic
non-small cell lung cancer (NSCLC) following progression
on prior therapy, as first-line treatment for metastatic
NSCLC with high PD-L1 expression and without EGFR
or ALK genomic alterations, and as first-line treatment in
combination with pemetrexed and carboplatin for
metastatic nonsquamous NSCLC.

GENE AGENE ASSSOCIASOCIATIONTION
On the basis of emerging clinical data in patients with
non-small cell lung cancer5,225, colorectal cancer6, or

melanoma233 and case reports in endometrial cancer8-9

and glioblastoma11, high tumor mutation burden (TMB)
may predict sensitivity to anti-PD-1 therapies such as
pembrolizumab.

SUPPORTING DSUPPORTING DAATTAA
As second-line therapy for patients with advanced
urothelial carcinoma and disease progression on or after
platinum-containing chemotherapy, the Phase 3
KEYNOTE-45 trial found pembrolizumab superior to
chemotherapy of choice in terms of overall survival [OS;
10.3 months vs. 7.4 months, hazard ratio (HR)=0.74,
P=0.002] and overall response rate (ORR; 21.1% vs.
11.4%)238. Improved efficacy of pembrolizumab compared
to chemotherapy was observed for all subgroups
examined, including the subgroup positive for PD-L1 in
10% of cells or more (8.0 months vs. 5.2 months,
HR=0.57), PD-L1 score of 1% or less, or for patients with
liver metastases. Progression-free survival (PFS) was not
significantly different between pembrolizumab and
chemotherapy groups (2.1 months vs. 3.3 months on
chemotherapy, HR=0.98, with no significant difference
based on PD-L1 expression over 10%)238. Antitumor
activity for pembrolizumab in urothelial carcinoma was
also observed in the Phase 1b KEYNOTE-12 study, which
reported 3/27 complete responses, 4/27 partial responses,
median PFS of 2 months, and median OS of 13 months239.
For cisplatin-ineligible patients with advanced urothelial
carcinoma, the Phase 2 KEYNOTE-52 trial found first-line
therapy with pembrolizumab achieved an ORR of 24%;
39% of patients with PD-L1-high status (at least 10%)
responded240. Notably, pembrolizumab has been reported
to benefit patients with both high and low tumor cell PD-
L1 expression238-239.
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AbemaciclibAbemaciclib
Assay findings association

CCCND1CND1
amplification

APPROAPPROVED INDICAVED INDICATIONSTIONS
Abemaciclib inhibits the cyclin-dependent kinases 4 and
6 (CDK4/6) and is FDA approved to treat hormone
receptor-positive (HR+), HER2-negative (HER2–)
advanced or metastatic breast cancer in combination with
an aromatase inhibitor as initial endocrine-based therapy
for postmenopausal women, in combination with
fulvestrant for women who have progressed on endocrine
therapy, or as monotherapy for adults who have
progressed on endocrine therapy and chemotherapy in the
metastatic setting.

GENE AGENE ASSSOCIASOCIATIONTION
On the basis of clinical data in breast cancer and mantle
cell lymphoma44,241, CCND1 amplification or activation

may be associated with response to abemaciclib. In a
Phase 1 study, 4/10 patients with CCND1-amplified
breast cancer responded to single-agent abemaciclib, with
all of the responders having HR+ tumors44.

SUPPORTING DSUPPORTING DAATTAA
Abemaciclib has been investigated primarily in the
context of breast cancer44,242-243. A Phase 1 study
evaluating abemaciclib as monotherapy for patients with
various solid tumors reported 11 partial responses
(PRs)(31%, 11/36) and 18 stable diseases (SDs)(50%, 18/36)
in HR+ breast cancer, 1 PR in patients with melanoma
(4%, 1/26), and SDs in patients with colorectal carcinoma
(13%, 2/15), melanoma (23%, 6/26), and glioblastoma (18%,
3/17)44.

AAdo-do-
trtrastuzumabastuzumab
emtansineemtansine
Assay findings association

ERBB3ERBB3
amplification

APPROAPPROVED INDICAVED INDICATIONSTIONS
Ado-trastuzumab emtansine (T-DM1) is an antibody-drug
conjugate that targets the protein HER2 on the cell
surface, inhibiting HER2 signaling244-245; it also releases
the cytotoxic therapy DM1 into cells, leading to cell
death245-246. T-DM1 is FDA approved for the treatment of
HER2-positive (HER2+) metastatic breast cancer.

GENE AGENE ASSSOCIASOCIATIONTION
ERBB3/HER3 possesses a low-activity kinase domain and
requires other ERBB-family members for efficient
signaling, HER2/neu in particular56-58,247. Tumors with
activating mutations in or amplification of ERBB3 may be
susceptible to therapies such as T-DM1.

SUPPORTING DSUPPORTING DAATTAA
The vast majority of data investigating the therapeutic use
of T-DM1 has been in the context of breast cancer. A

Phase 3 trial with 602 HER2+ breast cancer patients
reported that those who received T-DM1 showed an
improved progression-free survival (PFS) and a lower rate
of adverse events than patients who received the
physician’s choice of therapy248. A second Phase 3 trial
with 991 HER2+ breast cancer patients reported that T-
DM1 brought about significantly longer overall survival
(OS) and PFS, as compared with lapatinib plus
capecitabine, in patients previously treated with
trastuzumab plus a taxane249-250. Two separate Phase 2
trials reported robust activity for single-agent T-DM1 as a
treatment for HER2+ metastatic breast cancer in patients
previously treated with standard HER2-directed therapies
or HER2-directed therapies plus chemotherapy, with
objective response rates of 34.5% and 25.9%, respectively,
and PFS of 6.9 months and 4.9 months, respectively.251-252.

AAffatinibatinib
Assay findings association

ERBB3ERBB3
amplification

APPROAPPROVED INDICAVED INDICATIONSTIONS
Afatinib is an irreversible kinase inhibitor that targets the
kinase domains of EGFR, ERBB2/HER2, and ERBB4. It is
FDA approved for the treatment of metastatic non-small
cell lung cancer (NSCLC) in patients with EGFR exon 19
deletions or exon 21 (L858R) missense mutations.

GENE AGENE ASSSOCIASOCIATIONTION
ERBB3/HER3 possesses a low-activity kinase domain and
requires other ERBB family members for efficient
signaling, ERBB2/HER2 in particular56-58,247; therefore,
ERBB3 amplification or activating mutations may indicate
sensitivity to therapies such as afatinib. Partial response
(PR) or stable disease (SD) was elicited in 5/7 patients
with urothelial carcinoma harboring ERBB3 mutations
(V104M, R103G, or G284R) and/or HER2 copy number
gain treated with afatinib59.

SUPPORTING DSUPPORTING DAATTAA
A Phase 2 study of afatinib in platinum-refractory
urothelial carcinoma reported a response (1 PR and 4 SD)

in 5/23 patients; response was observed in 5/7 patients
with alterations in ERBB2 and/or ERBB3, and in 0/16
patients without alterations in these genes59. A Phase 2
trial of afatinib in patients with either EGFR or ERBB2
amplification and esophagogastric, biliary tract, urothelial
tract, or gynecologic cancer reported a 5% (1/20) objective
response, with complete response achieved in one patient
and stable disease achieved in 8 patients; the authors
concluded that afatinib activity as a single agent was
encouraging253. A Phase 1 trial of afatinib in advanced
cancer reported disease stabilization in 14/31 patients254.
A Phase 1 study of afatinib combined with pemetrexed in
patients with advanced solid tumors reported confirmed
partial response in 3% (1/30) of patients and stable disease
in 33% (10/30) of patients255. A Phase 1 trial of volasertib
and afatinib in patients with advanced solid tumors
reported partial response in 7% (2/29) of patients256.
Outcomes of partial response and/or stable disease have
been reported in various clinical trials involving multiple
cancer types, including HER2-positive breast cancer,
NSCLC, colorectal cancer, and esophageal cancer257-261.

PATIENT TUMOR TYPE QRF#

Bladder urothelial (transitional cell)
carcinoma

IN OIN OTHER TUTHER TUMOR TMOR TYPEYPETHERTHERAPIES WITH CLINICAPIES WITH CLINICAL BENEFITAL BENEFIT

The content provided as a professional service by Foundation Medicine, Inc., has not been reviewed or approved by the FDA.

Electronically signed by Julia Elvin, M.D., Ph.D. | Jeffrey Ross, M.D., Medical Director | 25 May 2018 |
Foundation Medicine, Inc. | 1.888.988.3639

Sample PSample Prrepareparaation:tion: 150 Second St., 1st Floor, Cambridge, MA 02141 ·· CLIA: 22D2027531
Sample AnalySample Analysis:sis: 150 Second St., 1st Floor, Cambridge, MA 02141 ·· CLIA: 22D2027531

PROFESSIONAL SERVICES - PAGE 12 of 23

SAMPLE



CCobimetinibobimetinib
Assay findings association

RAF1RAF1
amplification

APPROAPPROVED INDICAVED INDICATIONSTIONS
Cobimetinib is a MEK inhibitor that is FDA approved in
combination with vemurafenib for the treatment of
unresectable or metastatic melanoma with BRAF V600E
or V600K mutations.

GENE AGENE ASSSOCIASOCIATIONTION
RAF1 amplification or activating mutations may lead to
activation of the MAPK pathway and may predict
sensitivity to cobimetinib.

SUPPORTING DSUPPORTING DAATTAA
Cobimetinib has been investigated primarily in the
context of BRAF V600-mutant melanoma. A Phase 3
study with 495 patients treated either with the BRAF
inhibitor vemurafenib plus cobimetinib or vemurafenib
alone reported a 68-70% overall response rate, 9.9-12.3
months progression-free survival, and a lower rate of
cutaneous squamous cell carcinoma in the combination
group; benefit of cobimetinib was observed regardless of
prognostic factors, and disease progression did not
correlate with concurrent alterations in the RAS
pathway262-263 264. In a Phase 1b study, vemurafenib

combined with cobimetinib achieved an objective
response rate of 87%, including 19% complete response
rate, for patients with BRAF V600-mutant melanoma
who had not previously received a BRAF inhibitor;
median OS of this patient cohort was >2.5 years265-266.
One study reported near-complete response to
vemurafenib in a patient with BRAF V600K-mutant
melanoma who subsequently developed chronic
myelomonocytic leukemia (CMML) with NRAS G12R
mutation, and concurrent cobimetinib treatment led to
suppression of CMML267. A Phase 1b study evaluated
cobimetinib in combination with the anti-PD-L1 immune
checkpoint inhibitor atezolizumab for advanced solid
tumors and enrolled 23 patients with colorectal cancer,
who were mostly (22/23) KRAS-mutant; 17% (4/23) of
these patients achieved objective partial responses, 22%
(5/23) of patients experienced stable disease, and no dose-
limiting toxicities were encountered268. In a Phase 1b
study, out of 47 patients treated with cobimetinib and the
AKT inhibitor ipatasertib, 3 patients with KRAS-mutant
ovarian, mesonephric cervical, or endometrial carcinoma
had a partial response, with prolonged stable disease
lasting for >6 months269.

LapatinibLapatinib
Assay findings association

ERBB3ERBB3
amplification

APPROAPPROVED INDICAVED INDICATIONSTIONS
Lapatinib is a tyrosine kinase inhibitor that targets EGFR,
ERBB2/HER2, and to a lesser degree, ERBB4. It is FDA
approved in combination with capecitabine or letrozole
for the treatment of HER2-overexpressing (HER2+)
metastatic breast cancer.

GENE AGENE ASSSOCIASOCIATIONTION
ERBB3 requires other ERBB-family members for efficient
signaling, ERBB2 in particular56-58,247, and may predict
sensitivity to HER2 inhibitors such as trastuzumab. A
patient with ERBB3-mutated breast cancer achieved a
response to a lapatinib and trastuzumab combination
therapy60.

SUPPORTING DSUPPORTING DAATTAA
Lapatinib has shown limited clinical benefit for the
treatment of urothelial carcinoma. A Phase 3 study of

lapatinib or placebo in patients with EGFR or
ERBB2-positive metastatic urothelial bladder cancer who
progressed on first-line chemotherapy reported no
significant difference in progression-free survival (PFS) or
overall survival (OS)270. A Phase 2 study of single-agent
lapatinib in patients with urothelial carcinoma did not
meet its primary endpoint of objective response rate, but
clinical benefit was observed, particularly in patients with
EGFR or ERBB2 amplification271. A small study of six
patients with metastatic transitional cell carcinoma
treated with paclitaxel and lapatinib reported negative
side effects; most patients discontinued therapy272. A trial
of lapatinib, gemcitabine, and cisplatin as a neoadjuvant
regimen for patients intending to undergo radical
cystectomy reported substantial treatment-related toxicity
and the study was terminated early273.
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PPalbociclibalbociclib
Assay findings association

CCCND1CND1
amplification

APPROAPPROVED INDICAVED INDICATIONSTIONS
Palbociclib inhibits the cyclin-dependent kinases 4 and 6
(CDK4/6) and is FDA approved to treat hormone receptor
(HR)-positive/HER2-negative advanced or metastatic
breast cancer in combination with an aromatase inhibitor
as first-line therapy for postmenopausal women or in
combination with fulvestrant following progression on
endocrine therapy.

GENE AGENE ASSSOCIASOCIATIONTION
Clinical studies in liposarcoma and mantle cell lymphoma
as well as responses in patients with breast cancer or
melanoma indicate that activation of cyclin D-CDK4/6
may predict sensitivity to therapies such as
palbociclib39,45,274.

SUPPORTING DSUPPORTING DAATTAA

Palbociclib has been studied primarily for the treatment
of ER+ breast cancer42,102,275. Single-agent palbociclib has
shown limited activity against solid tumors, with a Phase
1 study reporting no partial responses (PR) and a 16% (6/
37) stable disease (SD) rate (>9 months)41. Phase 2 trials of
palbociclib in patients with KRAS-mutant colorectal
cancer or p16INK4a-deficient non-small cell lung cancer
(NSCLC) also reported no responses, although SD was
seen in 33% (5/15) and 50% (8/16) of patients,
respectively101,276. A Phase 2 study of palbociclib for the
treatment of advanced Rb-positive hepatocellular
carcinoma reported disease control (responses or stable
disease) for 9/21 (43%) patients, including one patient
with a PR; the trial has met its primary endpoint277. For
various tumor types, preclinical studies suggest that
palbociclib may be useful in combination with other
therapies targeting oncogenic drivers such as MEK, BRAF,
PI3K, or IGF1R278-282.

PPerertuzumabtuzumab
Assay findings association

ERBB3ERBB3
amplification

APPROAPPROVED INDICAVED INDICATIONSTIONS
Pertuzumab is a monoclonal antibody that interferes with
the interaction between HER2 and ERBB3. It is FDA
approved in combination with trastuzumab and docetaxel
to treat a subset of patients with HER2-positive (HER2+)
breast cancer283.

GENE AGENE ASSSOCIASOCIATIONTION
ERBB3 amplification or activating mutations may predict
sensitivity to pertuzumab.

SUPPORTING DSUPPORTING DAATTAA
Of 9 patients with HER2-activated advanced bladder
cancer treated with trastuzumab plus pertuzumab, 5
patients achieved clinical benefit, including 1 complete
and 2 partial responses284. Pertuzumab has been studied
primarily for the treatment of HER2+ breast cancer, and
addition of pertuzumab to trastuzumab and docetaxel
significantly improved median progression-free survival
and overall survival as first-line treatment for patients
with HER2+ metastatic breast cancer283,285-286.

RRegegororafafenibenib
Assay findings association

RAF1RAF1
amplification

APPROAPPROVED INDICAVED INDICATIONSTIONS
Regorafenib is a small-molecule inhibitor of multiple
kinases, including RET, VEGFRs, PDGFRs, KIT, and RAF
family proteins287. It is FDA approved to treat
hepatocellular carcinoma that has been previously treated
with sorafenib288, metastatic colorectal cancer (CRC), or
advanced gastrointestinal stromal tumors (GISTs)289-291.

GENE AGENE ASSSOCIASOCIATIONTION
RAF1 amplification or activating mutations may lead to
increased RAF1 activity, and may therefore indicate
sensitivity to RAF inhibitors such as regorafenib.

SUPPORTING DSUPPORTING DAATTAA
Published clinical studies have not evaluated regorafenib
specifically for the treatment of bladder carcinoma
(PubMed, Aug 2017). Regorafenib has primarily been
studied as a treatment for CRC and GIST, and data are
limited for other tumor types. Regorafenib improved
overall survival in patients with CRC and progression-
free survival in patients with imatinib/sunitinib-
refractory GIST as compared with placebo289-290. A Phase
1 trial of regorafenib in 47 patients with solid tumors
reported 3 (6%) partial responses in patients with CRC,
renal cell carcinoma, or osteosarcoma292.
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RibociclibRibociclib
Assay findings association

CCCND1CND1
amplification

APPROAPPROVED INDICAVED INDICATIONSTIONS
Ribociclib inhibits the cyclin-dependent kinases 4 and 6
(CDK4/6) and is FDA approved in combination with
aromatase inhibitor as first-line therapy to treat
postmenopausal women with hormone receptor (HR)-
positive, human epidermal growth factor receptor 2
(HER2)-negative advanced or metastatic breast cancer.

GENE AGENE ASSSOCIASOCIATIONTION
On the basis of clinical responses for 3 patients with
bladder cancer, BRAF/NRAS-wild-type melanoma, or ER-
positive breast cancer39,43, CCND1 amplification may
predict sensitivity to CDK4/6 inhibitors such as
ribociclib. In a prospective trial, 1 out of 12 patients with
CCND1-amplified solid tumors responded to ribociclib39.

SUPPORTING DSUPPORTING DAATTAA

The Phase 1 Signature study of ribociclib for the
treatment of patients with CDK4/6 pathway activated
tumors reported clinical benefit for 18.4% (19/103) of
cases, 58% (11/19) of whom had p16INK4a mutation or
loss; antitumor activity was observed in 3 patients39.
Phase 1 studies of ribociclib for the treatment of patients
with Rb+ advanced solid tumors reported 2.4% partial
responses and 23.5-34.4% stable diseases (SD)43,293; the 3
responders had alterations in the CDK4/6 pathway43.
Another Phase 1 study of ribociclib monotherapy
reported some efficacy in pediatric patients with
neuroblastoma (4 SD - including two for >280 days and
four progressive disease [PD]) and CNS rhabdoid tumors,
including ATRT (1 SD [ongoing after 444 days] and 9 PD),
although RB1 status was not determined in any of the
patients; of the patients with CDK4-amplified tumors (all
neuroblastoma) 1 achieved SD (for >280 days) and 2
exhibited PD294.

SorSorafafenibenib
Assay findings association

RAF1RAF1
amplification

APPROAPPROVED INDICAVED INDICATIONSTIONS
Sorafenib is a kinase inhibitor that targets the RAF
kinases, KIT, FLT3, RET, VEGFRs, and PDGFRs. It is FDA
approved for the treatment of unresectable hepatocellular
carcinoma, advanced renal cell carcinoma, and recurrent
or metastatic differentiated thyroid carcinoma.

GENE AGENE ASSSOCIASOCIATIONTION
RAF1 amplification or activating mutations may lead to
increased RAF1 activity, and may therefore indicate
sensitivity to RAF inhibitors such as sorafenib. Addition
of sorafenib to chemotherapy improved progression-free

survival in patients with melanoma harboring RAF1 copy
number gains (HR=0.372, P=0.025)72.

SUPPORTING DSUPPORTING DAATTAA
Two Phase 2 trials showed minimal activity of sorafenib
as a single agent in metastatic urothelial cancer295. A
Phase 2 clinical trial comparing sorafenib with
gemcitabine and cisplatin therapy to gemcitabine/
cisplatin alone in locally advanced or metastatic urothelial
cancer was terminated due to the lack of clear benefit
from sorafenib addition296. Sorafenib has been shown to
enhance proliferation of bladder cancer cell lines297.

TTrrametinibametinib
Assay findings association

RAF1RAF1
amplification

APPROAPPROVED INDICAVED INDICATIONSTIONS
Trametinib is a MEK inhibitor that is FDA approved as a
monotherapy and in combination with dabrafenib to treat
patients with unresectable or metastatic melanoma with
BRAF V600E or V600K mutations, as well as in
combination with dabrafenib as adjuvant treatment for
completely resected advanced BRAF V600E- or V600K-
positive melanoma. It is also approved in combination
with dabrafenib to treat patients with metastatic non-
small cell lung cancer (NSCLC) with a BRAF V600E
mutation and to treat patients with BRAF V600E-
positive anaplastic thyroid cancer (ATC) who lack
satisfactory locoregional treatment options.

GENE AGENE ASSSOCIASOCIATIONTION
Amplification or activating mutation of RAF1 may lead to
the downstream activation of MEK and may predict
sensitivity to trametinib.

SUPPORTING DSUPPORTING DAATTAA
Clinical data on the efficacy of trametinib specifically for
the treatment of bladder cancer are limited (PubMed, Feb
2017). A Phase 1 trial of trametinib in 206 patients with
solid tumors reported 21 (10%) objective responses298.

Phase 1 monotherapy trials of RO4987655, another MEK
inhibitor, have shown significant response rates in
patients with melanoma, including those with BRAF and
NRAS mutations, but very low response rates in patients
with other solid tumors, including those with KRAS
mutations299-300. A Phase 1b trial of trametinib in
combination with gemcitabine in patients with solid
tumors showed a complete response in a patient with
breast cancer, as well as partial responses in pancreatic
and salivary gland cancer301. A Phase 1b trial of
combination treatment with the MEK inhibitor MEK162
and the PI3K-alpha inhibitor BYL719 reported disease
control (partial responses or stable disease) in 47% (21/45)
of patients, including partial responses in 2 of 3 patients
with KRAS-mutant ovarian cancer and 1 of 3 patients
with NRAS-mutant melanoma; a 43% rate of stable
disease was observed in patients with KRAS-mutant
colorectal cancer, with responses independent of PIK3CA
mutation status302. However, a Phase 1b trial of a
combination of trametinib and the mTOR inhibitor
everolimus in patients with solid tumors reported
frequent adverse events and was unable to identify a
recommended Phase 2 dose and schedule for the
combination303.
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TTrrastuzumabastuzumab
Assay findings association

ERBB3ERBB3
amplification

APPROAPPROVED INDICAVED INDICATIONSTIONS
Trastuzumab is a monoclonal antibody that targets the
protein HER2/neu (encoded by ERBB2). It is FDA
approved for the treatment of HER2-overexpressing
breast and metastatic gastric or gastroesophageal
adenocarcinomas.

GENE AGENE ASSSOCIASOCIATIONTION
ERBB3 requires other ERBB-family members for efficient
signaling, ERBB2 in particular56-58,247, and may predict
sensitivity to HER2 inhibitors such as trastuzumab. A
patient with ERBB3-mutated breast cancer achieved a
response to a lapatinib and trastuzumab combination
therapy60.

SUPPORTING DSUPPORTING DAATTAA
A multi-center, randomized Phase 2 study comparing
trastuzumab in combination with gemcitabine and
platinum chemotherapy to chemotherapy alone for the
treatment of patients with urothelial carcinoma reported

no significant difference in progression-free survival
(PFS), objective response rate, or median overall survival
between the two treatment arms; however, the authors
noted that only 13% (75/563) patients in this study were
HER2-positive304. In a Phase 2a umbrella basket trial, out
of 9 patients with bladder cancer and HER2 alteration, 1
patient had a complete response, 2 patients had a partial
response, and 2 patients had stable disease284.
Trastuzumab has been reported to show activity in
combination with chemotherapy in patients with
HER2-positive urothelial carcinoma, but the relative
benefit is difficult to ascertain without Phase 3 data305-306.
Trastuzumab was approved for breast cancer on the basis
of a Phase 3 randomized clinical trial comparing
treatment with trastuzumab and chemotherapy to
treatment with chemotherapy alone. The addition of
trastuzumab was associated with significant
improvements in time to progression, objective response
rate, response duration, and overall survival307.

TTrrastuzumab-astuzumab-
dkdkstst
Assay findings association

ERBB3ERBB3
amplification

APPROAPPROVED INDICAVED INDICATIONSTIONS
Trastuzumab-dkst is FDA approved as a biosimilar
therapy to trastuzumab. Trastuzumab-dkst is a
monoclonal antibody that targets the protein ERBB2/
HER2, and is FDA approved as monotherapy and in
combination with chemotherapy for HER2-positive
(HER2+) metastatic and early breast carcinoma and in
combination with chemotherapy for HER2+ metastatic
gastric or gastroesophageal junction adenocarcinoma.

GENE AGENE ASSSOCIASOCIATIONTION
ERBB3 possesses a low-activity kinase domain and
requires other ERBB family members for efficient
signaling, HER2 in particular56-58,247; therefore, ERBB3
amplification or activating mutations may indicate
sensitivity to anti-HER2 therapies such as trastuzumab-

dkst57. A patient with HER2-negative breast cancer
harboring an activating ERBB3 mutation had a partial
response to the combination of trastuzumab and
lapatinib60.

SUPPORTING DSUPPORTING DAATTAA
The Phase 3 Heritage study demonstrated comparable
24-week objective response rates (69.6% vs. 64.0%) and
progression-free survival for patients with treatment-
naïve HER2+ metastatic breast cancer treated with either
trastuzumab-dkst or trastuzumab in combination with
taxane308. In both patients with HER2+ breast cancer and
in healthy adults, trastuzumab-dkst demonstrated
comparable pharmacokinetic, safety, and
immunomodulation profiles to trastuzumab308-309 310.

Note: Genomic alterations detected may be associated with activity of certain FDA approved drugs, however the agents listed in this report may have little or no evidence in
the patient’s tumor type.
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IMPORTIMPORTANTANT Clinical trials are ordered by gene and
prioritized by: age range inclusion criteria for pediatric
patients, proximity to ordering medical facility, later
trial phase, and verification of trial information within
the last two months. While every effort is made to
ensure the accuracy of the information contained
below, the information available in the public domain

is continually updated and should be investigated by
the physician or research staff. This is not a
comprehensive list of all available clinical trials.
Foundation Medicine displays a subset of trial options
and ranks them in this order of descending priority:
Qualification for pediatric trial → Geographical
proximity → Later trial phase. Clinical trials listed here

may have additional enrollment criteria that may
require medical screening to determine final eligibility.
For additional information about listed clinical trials or
to conduct a search for additional trials, please see
clinicaltrials.gov. Or, visit
https://www.foundationmedicine.com/genomic-
testing#support-services.

BIOMARKERBIOMARKER

TTumor Mutational Burumor Mutational Burdenden
CACATEGORTEGORYY

TMB-High (23 Muts/Mb)

RARATIONALETIONALE
High tumor mutational burden may predict
response to anti-PD-1 and anti-PD-L1 immune
checkpoint inhibitors. Examples of clinical trials
that may be appropriate for this patient are listed
below. These trials were identified through a
search of the trial website clinicaltrials.gov using
keyword terms such as "PD-L1", "B7-H1", "PD-1",

"pembrolizumab", "nivolumab", "atezolizumab",
"MPDL3280A", "durvalumab", "MEDI4736",
"avelumab", "MSB0010718C", "BMS-936559",
"CT-011", "bladder carcinoma", "urothelial
carcinoma", "solid tumor", and/or "advanced
cancer".

NCT0NCT022450450331331 PHAPHASE 3SE 3

A Phase III, Open-Label, Multicenter, Randomized Study of Atezolizumab (Anti-PD-L1 Antibody)
Versus Observation as Adjuvant Therapy in Patients With High-Risk Muscle-Invasive Urothelial
Carcinoma After Surgical Resection

TTARGETARGETSS

PD-L1PD-L1

LLOCAOCATIONS:TIONS: Wroclaw (Poland), Villejuif (France), Helsinki (Finland), Lyon (France), Meldola (Italy), London (Canada), Nanjing (China), Iwate (Japan),
Bochum (Germany), Terni (Italy), Nizhny Novgorod (Russian Federation), Edmonton (Canada), Beijing (China), Melbourne (Australia), Hiroshima (Japan),
Rhode Island, Gent (Belgium), Oshawa (Canada), Izmir (Turkey), Florida, Ramat Gan (Israel), Berlin (Germany), Arizona, Angers (France), Istanbul (Turkey),
Tokyo (Japan), Dresden (Germany), Ekaterinburg (Russian Federation), Hokkaido (Japan), Edirne (Turkey), Bristol (United Kingdom), Ulm (Germany),
Gyeonggi-do (Korea, Republic of), Aachen (Germany), Herne (Germany), East Bentleigh (Australia), Tampere (Finland), Pardubice (Czechia), Shizuoka
(Japan), Quebec (Canada), Osaka (Japan), München (Germany), Bruxelles (Belgium), Arezzo (Italy), San Sebastian (Spain), Kyoto (Japan), Macquarie
University (Australia), California, Preston (United Kingdom), Ufa (Russian Federation), Taichung (Taiwan), Utrecht (Netherlands), Taipei (Taiwan), Athens
(Greece), Adana (Turkey), Moscow (Russian Federation), Hamburg (Germany), Warszawa (Poland), Düsseldorf (Germany), Stuttgart (Germany), Hafia
(Israel), Barcelona (Spain), Taoyuan (Taiwan), Ohio, Oxford (United Kingdom), Kharkiv (Ukraine), Illinois, Bordeaux (France), Barrie (Canada), Saitama
(Japan), Montreal (Canada), Sabadell (Spain), London (United Kingdom), Tübingen (Germany), Nancy (France), Bologna (Italy), Changchun (China), Caen
(France), Valencia (Spain), Orbassano (Italy), Groningen (Netherlands), Novi Sad (Serbia), Madrid (Spain), Shanghai City (China), Rostock (Germany),
North Carolina, Roma (Italy), Kiev (Ukraine), Amsterdam (Netherlands), Maryland, Michigan, Leuven (Belgium), Mannheim (Germany), Kentucky,
Matsuyama-shi (Japan), Kfar-Saba (Israel), Saint Herblain (France), Massachusetts, Tel Aviv (Israel), Guangzhou City (China), Nebraska, Rotterdam
(Netherlands), Maine, Aichi (Japan), Birmingham (United Kingdom), Niigata (Japan), Zerifin (Israel), Milano (Italy), Connecticut, Okayama (Japan), Petach
Tikva (Israel), New York, Colorado, Ottawa (Canada), Praha 5 (Czechia), Ibaraki (Japan), Nice (France), Karşıyaka (Turkey), Jerusalem (Israel),
Pennsylvania, Clermont Ferrand (France), Vancouver (Canada), Middlesborough (United Kingdom), Halifax (Canada), New Jersey, Lublin (Poland), Seoul
(Korea, Republic of), Texas, Poznan (Poland), Dnipropetrovsk (Ukraine), Patras (Greece), Iowa, Brno (Czechia), Ivanovo (Russian Federation), Herston
(Australia), Napoli (Italy), Turku (Finland), Paris (France), Avignon (France), Virginia, Olomouc (Czechia), Southampton (United Kingdom), Toruń (Poland),
Washington, Zürich (Switzerland), Toronto (Canada), Shanghai (China), Belgrade (Serbia), Aomori (Japan)

NCT0NCT028528533053305 PHAPHASE 3SE 3

A Phase III Randomized, Controlled Clinical Trial of Pembrolizumab With or Without Platinum-Based
Combination Chemotherapy Versus Chemotherapy in Subjects With Advanced or Metastatic
Urothelial Carcinoma

TTARGETARGETSS

PD-PD-11

LLOCAOCATIONS:TIONS: Dublin (Ireland), Louisiana, South Carolina, Istanbul (Turkey), Haarlem (Netherlands), Oregon, Utah, Madrid (Spain), Midrand (South Africa),
Buenos Aires (Argentina), Haar (Germany), Illinois, Tennessee, California, Connecticut, Hoddesdon (United Kingdom), Santiago (Chile), North Carolina,
Missouri, Florida, Montana, Maryland, Maine, New York, Kirkland (Canada), Budapest (Hungary), Bangkok (Thailand), Oklahoma, Sao Paulo (Brazil), Texas,
Chiyoda-Ku, Tokyo (Japan), Colorado, Vermont, Nebraska, Virginia, Taipei (Taiwan), Michigan, Washington, Brussels (Belgium), Pennsylvania, District of
Columbia, Moscow (Russian Federation), Hod Hasharon (Israel), Seoul (Korea, Republic of), Paris (France), Arizona
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NCT0NCT026263232409409 PHAPHASE 3SE 3

A Phase 3 Randomized, Double-blind, Multi-center Study of Adjuvant Nivolumab Versus Placebo in
Subjects With High Risk Invasive Urothelial Carcinoma (CheckMate 274: CHECKpoint Pathway and
nivoluMAb Clinical Trial Evaluation 274)

TTARGETARGETSS

PD-PD-11

LLOCAOCATIONS:TIONS: Hirosaki-shi (Japan), Tennessee, Athens (Greece), Stuttgart (Germany), Osaka-Sayama-Shi (Japan), Perth (Australia), Seoul (Korea, Republic
of), Florida, Niigata-shi (Japan), Viedma (Argentina), Ciudad de Buenos Aires (Argentina), Villejuif (France), Sapporo-shi (Japan), Jena (Germany),
Regensburg (Germany), Michigan, Oregon, London (United Kingdom), Tsukuba-shi (Japan), Liege (Belgium), Edmonton (Canada), Mexico City (Mexico),
Guadalajara (Mexico), Greifswald (Germany), Akita-shi (Japan), Seongnam-si (Korea, Republic of), Paris (France), Strasbourg (France), Df (Mexico),
Sheffield (United Kingdom), Lodz (Poland), Ciudad Autonoma De Buenos Aire (Argentina), Ramat Gan (Israel), Nijmegen (Netherlands), Chemnitz
(Germany), Hasselt (Belgium), Sevilla (Spain), San Miguel De Tucuman (Argentina), Roma (Italy), Santiago (Chile), Maastrict (Netherlands), Haifa (Israel),
Nebraska, Suresnes (France), Vina Del Mar (Chile), Aalborg (Denmark), São Paulo (Brazil), Liverpool (Australia), Lund (Sweden), Basel (Switzerland), St.
Leonards (Australia), Zerifin (Israel), Dublin (Ireland), Bunkyo-ku (Japan), Floridablanca (Colombia), Muenster (Germany), Barretos (Brazil), Lima (Peru),
Nevada, Okayama-shi (Japan), Taipei (Taiwan), Pisa (Italy), Vienna (Austria), Porto Alegre (Brazil), Bogota (Colombia), Munich (Germany), Shinjuku-Ku
(Japan), Marseille Cedex 9 (France), Colorado, Sutton (United Kingdom), Monterrey (Mexico), Elizabeth Vale (Australia), Amsterdam (Netherlands), Chiba-
shi (Japan), Madrid (Spain), Copenhagen (Denmark), Medellin (Colombia), Badalona-barcelona (Spain), Berazategui (Argentina), Aarhus C (Denmark),
Alaska, Minnesota, Sherbrooke (Canada), Pennsylvania, Louisiana, Higashinari-ku (Japan), Hamburg (Germany), South Carolina, Hamamatsu-shi (Japan),
Milano (Italy), Edinburgh (United Kingdom), Shinjuku-ku (Japan), Wilton (Ireland), Bucuresti (Romania), Craiova (Romania), Wien (Austria), California,
Heidelberg (Germany), Arezzo (Italy), Siena (Italy), Mexico (Mexico), Indiana, Nagasaki-shi (Japan), Ijui (Brazil), Jerusalem (Israel), Fukuoka-shi (Japan),
Zuerich (Switzerland), Timisoara, Timis (Romania), Moscow (Russian Federation), Waratah (Australia), SB B o Paulo (Brazil), Floresti (Romania), Temuco
(Chile), Arizona, Kaohsiung (Taiwan), Barcelona (Spain), New York, Manchester (United Kingdom), Illinois, Capital Federal (Argentina), Sao Paulo (Brazil),
Taichung (Taiwan), North Carolina, Linz (Austria), Saint-Petersburg (Russian Federation), Montreal (Canada), Thessaloniki (Greece), Wroclaw (Poland),
Gdansk (Poland), La Roche sur Yon (France), Essen (Germany)

NCT0NCT028340283401313 PHAPHASE 2SE 2

DART: Dual Anti-CTLA-4 and Anti-PD-1 Blockade in Rare Tumors TTARGETARGETSS

CTLACTLA-4, PD--4, PD-11

LLOCAOCATIONS:TIONS: Nevada, Florida, Kentucky, North Carolina, Kansas, Idaho, Wisconsin, Washington, Colorado, Iowa, Mississippi, Alaska, Missouri, Delaware,
North Dakota, Montana, Ohio, Tennessee, South Dakota, District of Columbia, New York, Louisiana, New Hampshire, Oklahoma, Wyoming, Hawaii,
Massachusetts, Utah, Maryland, South Carolina, Vermont, California, Oregon, Michigan, Indiana, Alabama, West Virginia, Nebraska, Illinois, Minnesota,
Georgia, Connecticut, Texas, Pennsylvania, New Mexico, Arkansas

NCT0NCT025002500121121 PHAPHASE 2SE 2

A Randomized, Double-blinded, Phase II Study of Maintenance Pembrolizumab Versus Placebo After
First-Line Chemotherapy in Patients With Metastatic Urothelial Cancer: Hoosier Cancer Research
Network GU14-182

TTARGETARGETSS

PD-PD-11

LLOCAOCATIONS:TIONS: Maryland, California, Utah, South Carolina, Pennsylvania, Indiana, Minnesota, Virginia, Missouri, New Mexico, Ohio, Arizona, Nebraska,
Florida, North Carolina, District of Columbia, New York, New Jersey

NCT0NCT026269933553355 PHAPHASE 2SE 2

Targeted Agent and Profiling Utilization Registry (TAPUR) Study TTARGETARGETSS

ABL, CDK4, PABL, CDK4, PARPARP, E, EGFR, DDR2,GFR, DDR2,
PDGFRs, VEPDGFRs, VEGFRs, RGFRs, ROOS1, CSF1R,S1, CSF1R,
ERBB2, PD-ERBB2, PD-1, ERBB3, MEK, RAF1,1, ERBB3, MEK, RAF1,
KITKIT, AXL, SMO, AXL, SMO, TRK, TRKC, mTC, mTOR,OR,
TRKA, METTRKA, MET, ALK, BRAF, ALK, BRAF, RET, RET, SR, SRC,C,
FLFLT3, CDK6T3, CDK6

LLOCAOCATIONS:TIONS: North Dakota, Pennsylvania, Washington, Illinois, Georgia, Arizona, Utah, North Carolina, Oklahoma, South Dakota, Michigan, Oregon,
Nebraska

PATIENT TUMOR TYPE QRF#

Bladder urothelial (transitional cell)
carcinoma
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NCT0NCT021721788772222 PHAPHASE 1 / PHASE 1 / PHASE 2SE 2

A Phase 1/2 Study Exploring the Safety, Tolerability, and Efficacy of Pembrolizumab (MK-3475) in
Combination With Epacadostat (INCB024360) in Subjects With Selected Cancers (KEYNOTE-037/
ECHO-202)

TTARGETARGETSS

IDO1, PD-IDO1, PD-11

LLOCAOCATIONS:TIONS: Illinois, Tennessee, Texas, Florida, Kansas, New Jersey, California, Colorado, Georgia, Ohio, Maryland, Pennsylvania, Minnesota, Connecticut,
Michigan, South Carolina, Virginia

NCT0NCT021183321183377 PHAPHASE 1 / PHASE 1 / PHASE 2SE 2

A Phase 1/2, Open-label Study to Evaluate the Safety and Antitumor Activity of MEDI0680 (AMP-514)
in Combination With MEDI4736 and MEDI0680 Monotherapy in Subjects With Select Advanced
Malignancies

TTARGETARGETSS

PD-L1, PD-PD-L1, PD-11

LLOCAOCATIONS:TIONS: California, New Jersey, Oregon, Kansas, Kentucky, Florida, New York, South Carolina, New Hampshire, West Virginia, Ohio, Minnesota,
Oklahoma, Washington, Pennsylvania

NCT0NCT022447755213213 PHAPHASE 1SE 1

A Phase 1, Open-Label, Dose Escalation Study of MGA271 in Combination With Pembrolizumab in
Patients With B7-H3-Expressing Melanoma, Squamous Cell Cancer of the Head and Neck, Non-Small
Cell Lung Cancer and Other B7H3 Expressing Cancers

TTARGETARGETSS

B7B7-H3, PD--H3, PD-11

LLOCAOCATIONS:TIONS: Nebraska, Florida, Nevada, Texas, Pennsylvania, Maryland, Michigan, New York, Massachusetts

NCT0NCT026558222655822 PHAPHASE 1SE 1

A Phase 1/1b, Open-Label, Multicenter, Repeat-Dose, Dose-Selection Study of CPI-444 as Single Agent
and in Combination With Atezolizumab in Patients With Selected Incurable Cancers

TTARGETARGETSS

ADORA2A, PD-L1ADORA2A, PD-L1

LLOCAOCATIONS:TIONS: Illinois, Hamilton (Canada), Camperdown (Australia), Missouri, Wisconsin, Brisbane (Australia), Maryland, Clayton (Australia), Georgia,
Massachusetts, Colorado, Vancouver (Canada), New York, Michigan, North Carolina, Edmonton (Canada), Nebraska, Ohio, Melbourne (Australia), Arizona,
Pennsylvania, Washington, Indiana, Ottawa (Canada), California, District of Columbia, Connecticut, Texas, Malvern (Australia)

PATIENT TUMOR TYPE QRF#

Bladder urothelial (transitional cell)
carcinoma
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GENEGENE

CCCND1CND1
ALALTERATERATIONTION

amplification

RARATIONALETIONALE
Amplification of CCND1 may predict sensitivity
to CDK4/6 inhibitors. Examples of clinical trials
that may be appropriate for this patient are listed
below. These trials were identified through a
search of the trial website clinicaltrials.gov using

keyword terms such as "CDK4", "LEE011",
"LY2835219", "PD0332991", "palbociclib",
"ribociclib", "bladder carcinoma", "urothelial
carcinoma", "solid tumor", and/or "advanced
cancer".

NCT0NCT022770033557711 PHAPHASE 1/PHASE 1/PHASE 2SE 2

A Phase I/II Study of Safety and Efficacy of Ribociclib (LEE011) in Combination With Trametinib
(TMT212) in Patients With Metastatic or Advanced Solid Tumors

TTARGETARGETSS

CDK4, CDK6, MEKCDK4, CDK6, MEK

LLOCAOCATIONS:TIONS: Arkansas, California, Connecticut, Florida, Massachusetts, Texas, Alberta (Canada), Amsterdam (Netherlands), British Columbia (Canada),
Catalunya (Spain), Koeln (Germany), Leuven (Belgium), Ulm (Germany), Utrecht (Netherlands), Victoria (Australia)

NCT0NCT030991730991744 PHAPHASE 1SE 1

An Open Label, Phase Ib Dose-escalation Study Evaluating the Safety and Tolerability of BI 836845 and
Abemaciclib in Patients With Locally Advanced or Metastatic Solid Tumors and in Combination With
Endocrine Therapy in Patients With Locally Advanced or Metastatic Hormone Receptor-positive
Breast Cancer, Followed by Expansion Cohorts

TTARGETARGETSS

CDK4, ArCDK4, Aromatase, ER, IGF-omatase, ER, IGF-2,2,
IGF-IGF-1, CDK61, CDK6

LLOCAOCATIONS:TIONS: Connecticut, Paris (France), Barcelona (Spain), Minnesota

NCT0NCT029293456834568 PHAPHASE 2SE 2

An Open-label, Multi-center Rollover Protocol for Patients Who Have Participated in a Novartis-
sponsored Ribociclib (LEE011) Study and Are Continuing to Benefit From Ribociclib as Single Agent or
in Combination With Other Investigational Treatments

TTARGETARGETSS

CDK4, CDK6CDK4, CDK6

LLOCAOCATIONS:TIONS: Singapore (Singapore), Madrid (Spain), Villejuif Cedex (France), Michigan, Tennessee, Massachusetts

NCT0NCT028289977337755 PHAPHASE 1SE 1

A Phase 1 Study of Palbociclib in Combination With Cisplatin or Carboplatin in Advanced Solid
Malignancies

TTARGETARGETSS

CDK4, CDK6CDK4, CDK6

LLOCAOCATIONS:TIONS: Georgia

NCT0NCT010103377779090 PHAPHASE 2SE 2

Phase II Trial of the Cyclin-Dependent Kinase Inhibitor PD 0332991 in Patients With Cancer TTARGETARGETSS

CDK4, CDK6CDK4, CDK6

LLOCAOCATIONS:TIONS: Pennsylvania

NCT0NCT030650623065062 PHAPHASE 1SE 1

Phase I Study of the CDK4/6 Inhibitor Palbociclib (PD-0332991) in Combination With the PI3K/mTOR
Inhibitor Gedatolisib (PF-05212384) for Patients With Advanced Squamous Cell Lung, Pancreatic,
Head & Neck and Other Solid Tumors

TTARGETARGETSS

CDK4, mTCDK4, mTORORC1, PI3KC1, PI3K-g-gamma,amma,
mTmTORORC2, PI3KC2, PI3K-alpha, CDK6-alpha, CDK6

LLOCAOCATIONS:TIONS: Massachusetts

PATIENT TUMOR TYPE QRF#

Bladder urothelial (transitional cell)
carcinoma
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GENEGENE

ERBB3ERBB3
ALALTERATERATIONTION

amplification

RARATIONALETIONALE
Activating mutations or amplification of ERBB3
may be associated with response to therapies
targeting this kinase. Examples of clinical trials
that may be appropriate for this patient are listed
below. These trials were identified through a
search of the trial website clinicaltrials.gov using

keyword terms such as "ERBB3", "MM-121",
"U3-1287", "AV-203", "afatinib", "pertuzumab",
"lapatinib", "trastuzumab", "ado-trastuzumab
emtansine", "bladder carcinoma", "urothelial
carcinoma", "solid tumor", and/or "advanced
cancer".

NCT0NCT025065172506517 PHAPHASE 2SE 2

Molecular Basket Trial In Multiple Malignancies With Common Target Pathway Aberrancies TTARGETARGETSS

EEGFR, ERBB2, ERBB4GFR, ERBB2, ERBB4

LLOCAOCATIONS:TIONS: Toronto (Canada)

NCT0NCT022451554515533 PHAPHASE 1SE 1

Phase I/IB Multi-center Study of Irreversible EGFR/HER2 Tyrosine Kinase Inhibitor Afatinib (BIBW
2992) in Combination With Capecitabine for Advanced Solid Tumors and Pancretico-Biliary Cancers

TTARGETARGETSS

EEGFR, ERBB2, ERBB4GFR, ERBB2, ERBB4

LLOCAOCATIONS:TIONS: Indiana, Washington

NCT0NCT021521529432943 PHAPHASE 1SE 1

Combination Treatment With Everolimus, Letrozole and Trastuzumab in Hormone Receptor and
HER2/Neu-positive Patients With Advanced Metastatic Breast Cancer and Other Solid Tumors:
Evaluating Synergy and Overcoming Resistance

TTARGETARGETSS

ArAromatase, ERBB2, mTomatase, ERBB2, mTOROR

LLOCAOCATIONS:TIONS: Texas

PATIENT TUMOR TYPE QRF#

Bladder urothelial (transitional cell)
carcinoma
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GENEGENE

RAF1RAF1
ALALTERATERATIONTION

amplification

RARATIONALETIONALE
RAF1 amplification or activating mutation may
lead to increased RAF1 activity and subsequent
activation of the MEK pathway; therefore, tumors
with RAF1 alterations may be sensitive to RAF
inhibitors and/or MEK inhibitors. Examples of
clinical trials that may be appropriate for this
patient are listed below. These trials were

identified through a search of the trial website
clinicaltrials.gov using keyword terms such as
"RAF", "MEK", "sorafenib", "regorafenib",
"trametinib", "cobimetinib", "bladder carcinoma",
"urothelial carcinoma", "solid tumor", and/or
"advanced cancer".

NCT0NCT026269933553355 PHAPHASE 2SE 2

Targeted Agent and Profiling Utilization Registry (TAPUR) Study TTARGETARGETSS

ABL, CDK4, PABL, CDK4, PARPARP, E, EGFR, DDR2,GFR, DDR2,
PDGFRs, VEPDGFRs, VEGFRs, RGFRs, ROOS1, CSF1R,S1, CSF1R,
ERBB2, PD-ERBB2, PD-1, ERBB3, MEK, RAF1,1, ERBB3, MEK, RAF1,
KITKIT, AXL, SMO, AXL, SMO, TRK, TRKC, mTC, mTOR,OR,
TRKA, METTRKA, MET, ALK, BRAF, ALK, BRAF, RET, RET, SR, SRC,C,
FLFLT3, CDK6T3, CDK6

LLOCAOCATIONS:TIONS: North Dakota, Pennsylvania, Washington, Illinois, Georgia, Arizona, Utah, North Carolina, Oklahoma, South Dakota, Michigan, Oregon,
Nebraska

NCT0NCT022779951565156 PHAPHASE 2SE 2

Phase II Study to Evaluate the Activity of Commercially Available Molecularly Matched Targeted
Therapies in Selected Tumor Types Based on Genomic Alterations

TTARGETARGETSS

EEGFR, BRAFGFR, BRAF, RET, RET, ERBB2, RAF1, KIT, ERBB2, RAF1, KIT,,
PDGFRs, VEPDGFRs, VEGFRs, ERBB4GFRs, ERBB4

LLOCAOCATIONS:TIONS: Tennessee, Colorado, Florida, Missouri

NCT0NCT022770033557711 PHAPHASE 1/PHASE 1/PHASE 2SE 2

A Phase I/II Study of Safety and Efficacy of Ribociclib (LEE011) in Combination With Trametinib
(TMT212) in Patients With Metastatic or Advanced Solid Tumors

TTARGETARGETSS

CDK4, CDK6, MEKCDK4, CDK6, MEK

LLOCAOCATIONS:TIONS: Arkansas, California, Connecticut, Florida, Massachusetts, Texas, Alberta (Canada), Amsterdam (Netherlands), British Columbia (Canada),
Catalunya (Spain), Koeln (Germany), Leuven (Belgium), Ulm (Germany), Utrecht (Netherlands), Victoria (Australia)

NCT0NCT021434021434011 PHAPHASE 1SE 1

A Phase I Trial of ABT-263 (Navitoclax), a Bcl-2 Inhibitor, and Sorafenib (Nexavar) in Patients With
Relapsed or Refractory Solid Organ Tumors

TTARGETARGETSS

BCL2, RAFBCL2, RAFs, RETs, RET, BCL, BCL-XL, FL-XL, FLT3, KITT3, KIT,,
PDGFRs, VEPDGFRs, VEGFRs, BCLGFRs, BCL-W-W

LLOCAOCATIONS:TIONS: Maryland, Arizona, Minnesota, Iowa, New York

NCT0NCT020207705405499 PHAPHASE 1SE 1

A Phase I Trial of Single Agent Trametinib (GSK1120212) in Advanced Cancer Patients With Hepatic
Dysfunction

TTARGETARGETSS

MEKMEK

LLOCAOCATIONS:TIONS: Ohio, Pennsylvania, California, Missouri, Toronto (Canada), Texas, Massachusetts, Vancouver (Canada)

NCT0NCT031626231626277 PHAPHASE 1SE 1

Evaluation of the Combination of Selumetinib and Olaparib in Endometrial, Ovarian and Other Solid
Tumors With Ras Pathway Alterations, and Ovarian Tumors With PARP Resistance

TTARGETARGETSS

PPARPARP, MEK, MEK

LLOCAOCATIONS:TIONS: Texas

PATIENT TUMOR TYPE QRF#

Bladder urothelial (transitional cell)
carcinoma
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NCT0NCT022466804668022 PHAPHASE 1SE 1

Phase I Study of Regorafenib and Sildenafil for Advanced Solid Tumors TTARGETARGETSS

BRAFBRAF, RET, RET, RAF1, KIT, RAF1, KIT, PDGFRs,, PDGFRs,
VEVEGFRsGFRs

LLOCAOCATIONS:TIONS: Virginia

NCT0NCT025832583542542 PHAPHASE 1 / PHASE 1 / PHASE 2SE 2

A Phase Ib/IIa Study of AZD2014 in Combination With Selumetinib in Patients With Advanced Cancers TTARGETARGETSS

mTmTORORC1, MEK, mTC1, MEK, mTORORC2C2

LLOCAOCATIONS:TIONS: London (United Kingdom)

NCT0NCT025100025100011 PHAPHASE 1SE 1

A Sequential Phase I Study of MEK1/2 Inhibitors PD-0325901 or Binimetinib Combined With cMET
Inhibitor PF-02341066 in Patients With RAS Mutant and RAS Wild Type (With Aberrant c-MET)
Colorectal Cancer

TTARGETARGETSS

METMET, ALK, R, ALK, ROOS1, MEK, AXL, TRKS1, MEK, AXL, TRKC,C,
TRKATRKA

LLOCAOCATIONS:TIONS: Oxford (United Kingdom)

PATIENT TUMOR TYPE QRF#

Bladder urothelial (transitional cell)
carcinoma
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NONOTETE One or more variants of unknown significance (VUS) were detected in this patient's tumor. These variants may not have been adequately characterized in
the scientific literature at the time this report was issued, and/or the genomic context of these alterations makes their significance unclear. We choose to
include them here in the event that they become clinically meaningful in the future.

ATRX
Q2330E

AURKB
S313L

BRAF
R384T

ERBB2
amplification†

GATA3
amplification

GRM3
R277H

MET
M849L

MLL
A53V

NOTCH2
Q1343H, S1804L, and V1667I

NRAS
P140A

P2RY8
A159V

POLE
R1580Q

PPARG
amplification

RPTOR
D1042N

SGK1
E6K and Q30H

STK11
F354L

U2AF1
E225K

WHSC1L1
rearrangement

† An ERBB2 amplification of copy number 4 was detected. While this result is considered a variant of unknown significance across tumor types, in a clinical concordance
study of breast cancer samples with an FDA-approved FISH test, 70% (7 out of 10 samples) with copy number 4 were positive with an average ratio of 2.3, and 30% (3
out of 10) samples were negative by the FISH test.

PATIENT TUMOR TYPE QRF#

Bladder urothelial (transitional cell)
carcinoma
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INTENDED USEINTENDED USE
FoundationOne CDx™ (F1CDx) is a next
generation sequencing based in vitro diagnostic
device for detection of substitutions, insertion and
deletion alterations (indels), and copy number
alterations (CNAs) in 324 genes and select gene
rearrangements, as well as genomic signatures
including microsatellite instability (MSI) and tumor
mutational burden (TMB) using DNA isolated from
formalin-fixed paraffin embedded (FFPE) tumor
tissue specimens. The test is intended as a
companion diagnostic to identify patients who may
benefit from treatment with the targeted therapies
listed in Table 1 in accordance with the approved
therapeutic product labeling. Additionally, F1CDx is
intended to provide tumor mutation profiling to be
used by qualified health care professionals in
accordance with professional guidelines in
oncology for patients with solid malignant
neoplasms. The F1CDx assay is a single-site assay
performed at Foundation Medicine, Inc.

INDICATION GENOMIC FINDINGS THERAPY

EGFR exon 19 deletions and EGFR exon 21
L858R alterations

Gilotrif® (Afatinib),
Iressa® (Gefitinib), or
Tarceva® (Erlotinib)

EGFR exon 20 T790M alterations Tagrisso® (Osimertinib)

ALK rearrangements
Alecensa® (Alectinib),
Xalkori® (Crizotinib), or
Zykadia® (Ceritinib)

Non-small cell
lung cancer
(NSCLC)

BRAF V600E Tafinlar® (Dabrafenib) in combination with
Mekinist® (Trametinib)

BRAF V600E Tafinlar® (Dabrafenib) or
Zelboraf® (Vemurafenib)

Melanoma

BRAF V600E or V600K
Mekinist® (Trametinib) or
Cotellic® (Cobimetinib), in combination with
Zelboraf® (Vemurafenib)

Breast cancer ERBB2 (HER2) amplification
Herceptin® (Trastuzumab),
Kadcyla® (Ado-trastuzumab emtansine), or
Perjeta® (Pertuzumab)

KRAS wild-type (absence of mutations in
codons 12 and 13) Erbitux® (Cetuximab)

Colorectal cancer KRAS wild-type (absence of mutations in
exons 2, 3, and 4) and NRAS wild type
(absence of mutations in exons 2, 3, and 4)

Vectibix® (Panitumumab)

Ovarian cancer BRCA1/2 alterations Rubraca® (Rucaparib)

TTABLE 1ABLE 1

TThe median ehe median exxon con coovvereragage fe for this sample is 888xor this sample is 888x

PATIENT TUMOR TYPE QRF#

Bladder urothelial (transitional cell)
carcinoma
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TESTEST PRINCIPLET PRINCIPLE
FoundationOne CDx will be performed
exclusively as a laboratory service using DNA
extracted from formalin-fixed, paraffin-embedded
(FFPE) tumor samples. The proposed assay will
employ a single DNA extraction method from
routine FFPE biopsy or surgical resection
specimens, 50-1000 ng of which will undergo
whole-genome shotgun library construction and
hybridization-based capture of all coding exons
from 309 cancer-related genes, one promoter
region, one non-coding (ncRNA), and select
intronic regions from 34 commonly rearranged
genes, 21 of which also include the coding exons.
The assay therefore includes detection of
alterations in a total of 324 genes. Using the
Illumina® HiSeq 4000 platform, hybrid
capture–selected libraries will be sequenced to
high uniform depth (targeting >500X median
coverage with >99% of exons at coverage >100X).
Sequence data will be processed using a
customized analysis pipeline designed to
accurately detect all classes of genomic alterations,
including base substitutions, indels, focal copy
number amplifications, homozygous gene
deletions, and selected genomic rearrangements
(e.g., gene fusions). Additionally, genomic
signatures including microsatellite instability
(MS) and tumor mutational burden (TMB) will be
reported.

PERFORMANCE CHARAPERFORMANCE CHARACTERISCTERISTICSTICS
Please refer to product label:
foundationmedicine.com/f1cdx

LIMITLIMITAATIONSTIONS
1.1. For in vitro diagnostic use.
2.2. For prescription use only. This test must be

ordered by a qualified medical professional in
accordance with clinical laboratory
regulations.

33.. Genomic findings other than those listed in
Table 1 of the intended use are not
prescriptive or conclusive for labeled use of
any specific therapeutic product.

4.4. A negative result does not rule out the
presence of a mutation below the limits of
detection of the assay.

5.5. Samples with <25% tumor may have
decreased sensitivity for the detection of
CNAs including ERBB2.

6.6. Clinical performance of Tagrisso®
(osimertinib) in patients with an EGFR exon
20 T790M mutation detected with an allele
fraction <5% is ongoing and has not been
established.

77.. Concordance with other validated methods
for CNA (with the exception of ERBB2) and
gene rearrangement (with the exception of
ALK) detection has not been demonstrated
and will be provided in the post-market
setting. Confirmatory testing using a
clinically validated assay should be performed
for all CNAs and rearrangements not
associated with CDx claims noted in Table 1
of the Intended Use, but used for clinical
decision making.

8.8. The MSI-H/MSS designation by FMI F1CDx
test is based on genome wide analysis of 95
microsatellite loci and not based on the 5 or 7
MSI loci described in current clinical practice
guidelines. Refer to the Summary of Safety of
Effectiveness Data (SSED) for additional
details on methodology. The threshold for
MSI-H/MSS was determined by analytical
concordance to comparator assays (IHC and
PCR) using uterine, cecum and colorectal
cancer FFPE tissue. The clinical validity of the
qualitative MSI designation has not been
established.

99.. TMB by F1CDx is defined based on counting
the total number of all synonymous and non-
synonymous variants present at 5% allele
frequency or greater (after filtering) and
reported as mutations per megabase (mut/
Mb) unit rounded to the nearest integer. The
clinical validity of TMB defined by this panel
has not been established.

1010..Decisions on patient care and treatment must
be based on the independent medical
judgment of the treating physician, taking
into consideration all applicable information
concerning the patient’s condition, such as
patient and family history, physical
examinations, information from other
diagnostic tests, and patient preferences, in
accordance with the standard of care in a
given community.

11.11. The test is intended to be performed on
specific serial number-controlled instruments
by Foundation Medicine, Inc.

PATIENT TUMOR TYPE QRF#

Bladder urothelial (transitional cell)
carcinoma
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FoundationOne CDx™ is designed to include all genes known to be somatically altered in human solid tumors that are validated targets for therapy, either
approved or in clinical trials, and/or that are unambiguous drivers of oncogenesis based on current knowledge. The current assay interrogates 324 genes as
well as introns of 28 genes involved in rearrangements. The assay will be updated periodically to reflect new knowledge about cancer biology.

DNA GENE LISDNA GENE LISTT: ENTIRE C: ENTIRE CODING SEQUENCE FOR THE DETECTION OF BAODING SEQUENCE FOR THE DETECTION OF BASE SUBSSE SUBSTITUTIONS, INSERTION/DELETIONS, AND CTITUTIONS, INSERTION/DELETIONS, AND COPOPY NUMBERY NUMBER
ALALTERATERATIONSTIONS
ABL1 ACVR1B AKT1 AKT2 AKT3 ALK ALOX12B AMER1 (FAM123B) APC
AR ARAF ARFRP1 ARID1A ASXL1 ATM ATR ATRX AURKA
AURKB AXIN1 AXL BAP1 BARD1 BCL2 BCL2L1 BCL2L2 BCL6
BCOR BCORL1 BRAF BRCA1 BRCA2 BRD4 BRIP1 BTG1 BTG2
BTK C11orf30 (EMSY) C17orf39 (GID4) CALR CARD11 CASP8 CBFB CBL CCND1
CCND2 CCND3 CCNE1 CD22 CD274 (PD-L1) CD70 CD79A CD79B CDC73
CDH1 CDK12 CDK4 CDK6 CDK8 CDKN1A CDKN1B CDKN2A CDKN2B
CDKN2C CEBPA CHEK1 CHEK2 CIC CREBBP CRKL CSF1R CSF3R
CTCF CTNNA1 CTNNB1 CUL3 CUL4A CXCR4 CYP17A1 DAXX DDR1
DDR2 DIS3 DNMT3A DOT1L EED EGFR EP300 EPHA3 EPHB1
EPHB4 ERBB2 ERBB3 ERBB4 ERCC4 ERG ERRFI1 ESR1 EZH2
FAM46C FANCA FANCC FANCG FANCL FAS FBXW7 FGF10 FGF12
FGF14 FGF19 FGF23 FGF3 FGF4 FGF6 FGFR1 FGFR2 FGFR3
FGFR4 FH FLCN FLT1 FLT3 FOXL2 FUBP1 GABRA6 GATA3
GATA4 GATA6 GNA11 GNA13 GNAQ GNAS GRM3 GSK3B H3F3A
HDAC1 HGF HNF1A HRAS HSD3B1 ID3 IDH1 IDH2 IGF1R
IKBKE IKZF1 INPP4B IRF2 IRF4 IRS2 JAK1 JAK2 JAK3
JUN KDM5A KDM5C KDM6A KDR KEAP1 KEL KIT KLHL6
KMT2A (MLL) KMT2D (MLL2) KRAS LTK LYN MAF MAP2K1 (MEK1) MAP2K2 (MEK2) MAP2K4
MAP3K1 MAP3K13 MAPK1 MCL1 MDM2 MDM4 MED12 MEF2B MEN1
MERTK MET MITF MKNK1 MLH1 MPL MRE11A MSH2 MSH3
MSH6 MST1R MTAP MTOR MUTYH MYC MYCL (MYCL1) MYCN MYD88
NBN NF1 NF2 NFE2L2 NFKBIA NKX2-1 NOTCH1 NOTCH2 NOTCH3
NPM1 NRAS NT5C2 NTRK1 NTRK2 NTRK3 P2RY8 PALB2 PARK2
PARP1 PARP2 PARP3 PAX5 PBRM1 PDCD1 (PD-1) PDCD1LG2 (PD-L2) PDGFRA PDGFRB
PDK1 PIK3C2B PIK3C2G PIK3CA PIK3CB PIK3R1 PIM1 PMS2 POLD1
POLE PPARG PPP2R1A PPP2R2A PRDM1 PRKAR1A PRKCI PTCH1 PTEN
PTPN11 PTPRO QKI RAC1 RAD21 RAD51 RAD51B RAD51C RAD51D
RAD52 RAD54L RAF1 RARA RB1 RBM10 REL RET RICTOR
RNF43 ROS1 RPTOR SDHA SDHB SDHC SDHD SETD2 SF3B1
SGK1 SMAD2 SMAD4 SMARCA4 SMARCB1 SMO SNCAIP SOCS1 SOX2
SOX9 SPEN SPOP SRC STAG2 STAT3 STK11 SUFU SYK
TBX3 TEK TET2 TGFBR2 TIPARP TNFAIP3 TNFRSF14 TP53 TSC1
TSC2 TYRO3 U2AF1 VEGFA VHL WHSC1 WHSC1L1 WT1 XPO1
XRCC2 ZNF217 ZNF703

DNA GENE LISDNA GENE LISTT: FOR THE DETECTION OF SELECT REARRANGEMENT: FOR THE DETECTION OF SELECT REARRANGEMENTSS
ALK BCL2 BCR BRAF BRCA1 BRCA2 CD74 EGFR ETV4
ETV5 ETV6 EWSR1 EZR FGFR1 FGFR2 FGFR3 KIT KMT2A (MLL)
MSH2 MYB MYC NOTCH2 NTRK1 NTRK2 NUTM1 PDGFRA RAF1
RARA RET ROS1 RSPO2 SDC4 SLC34A2 TERC* TERT** TMPRSS2
*TERC IS A NCRNA
**THE PROMOTER REGION OF TERT INTERROGATED

ADDITIONAL AADDITIONAL ASSSSAAYYS: FOR THE DETECTION OF SELECT CANCER BIOMARKERSS: FOR THE DETECTION OF SELECT CANCER BIOMARKERS
Microsatellite Status (MS)
Tumor Mutational Burden (TMB)

PATIENT TUMOR TYPE QRF#

Bladder urothelial (transitional cell)
carcinoma
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QUQUALIFIED ALALIFIED ALTERATERATION CALLSTION CALLS
(EQUIV(EQUIVOCAL AND SUBCLOCAL AND SUBCLONAL)ONAL)
An alteration denoted as “amplification
–equivocal” implies that the FoundationOne
CDx™ assay data provide some, but not
unambiguous, evidence that the copy number of
a gene exceeds the threshold for identifying copy
number amplification. The threshold used in
FoundationOne CDx™ for identifying a copy
number amplification is four (4) for ERBB2 and
six (6) for all other genes. Conversely, an
alteration denoted as “loss – equivocal” implies
that the FoundationOne CDx™ assay data
provide some, but not unambiguous, evidence for
homozygous deletion of the gene in question. An
alteration denoted as “subclonal” is one that the
FoundationOne CDx™ analytical methodology
has identified as being present in <10% of the
assayed tumor DNA.

PROFESPROFESSIONAL SERSIONAL SERVICES FINDINGSVICES FINDINGS
Incorporates analyses of peer-reviewed studies
and other publicly available information
identified by Foundation Medicine; these
analyses and information may include
associations between a molecular alteration (or
lack of alteration) and one or more drugs with
potential clinical benefit (or potential lack of
clinical benefit), including drug candidates that
are being studied in clinical research. NOTE: A
finding of biomarker alteration does not
necessarily indicate pharmacologic effectiveness
(or lack thereof) of any drug or treatment
regimen; a finding of no biomarker alteration
does not necessarily indicate lack of
pharmacologic effectiveness (or effectiveness) of
any drug or treatment regimen.

RANKING OF ALRANKING OF ALTERATERATIONS ANDTIONS AND
DRUGSDRUGS
Biomarker Findings
Appear at the top of the report, but are not
ranked higher than Genomic Findings.

Genomic Findings
Therapies with Clinical Benefit In Patient’s
Tumor Type → Therapies with Clinical Benefit in
Other Tumor Type → Clinical Trial Options → No
Known Options (if multiple findings exist within
any of these categories, the results are listed
alphabetically by gene name).

Therapies
Sensitizing therapies → Resistant therapies (if
multiple therapies exist within any of these
categories, they are listed in no particular order).

Clinical Trials
Pediatric trial qualification → Geographical
Proximity → Later trial phase.

LEVEL OF EVIDENCE NOLEVEL OF EVIDENCE NOT PROT PROVIDEDVIDED
Drugs with potential clinical benefit (or potential
lack of clinical benefit) are not evaluated for
source or level of published evidence.

NO GUNO GUARANTEE OF CLINICAL BENEFITARANTEE OF CLINICAL BENEFIT
Foundation Medicine makes no promises or
guarantees that a particular drug will be effective
in the treatment of disease of any patient. This
report also makes no promises or guarantees that
a drug with potential lack of clinical benefit will
in fact provide no clinical benefit.

NO GUNO GUARANTEE OF REIMBURSEMENTARANTEE OF REIMBURSEMENT
Foundation Medicine makes no promises or
guarantees that a healthcare provider, insurer or
other third party payor, whether private or
governmental, will reimburse a patient for the
cost of FoundationOne CDx.

TREATREATMENT DECISIONS ARETMENT DECISIONS ARE
RESPONSIBILITY OF PHYRESPONSIBILITY OF PHYSICIANSICIAN
Drugs referenced may not be suitable for a
particular patient. The selection of any, all or
none of the drugs associated with potential
clinical benefit (or potential lack of clinical
benefit) resides with the physician. Indeed, the
information in this Report must be considered in
conjunction with all other relevant information
regarding a particular patient, before the patient’s
treating physician recommends a course of
treatment. Decisions on patient care and
treatment must be based on the independent
medical judgment of the treating physician,
taking into consideration all applicable
information concerning the patient’s condition,
such as patient and family history, physical
examinations, information from other diagnostic
tests, and patient preferences, in accordance with
the standard of care in a given community. A
treating physician’s decisions should not be based
on a single test, such as this Test, or the
information contained in this Report.

TUMOR MUTTUMOR MUTAATIONAL BURDENTIONAL BURDEN
Tumor Mutational Burden (TMB) is determined
by measuring the number of somatic mutations
occurring in sequenced genes on the
FoundationOne CDx test and extrapolating to the
genome as a whole. TMB is assayed for all
FoundationOne CDx samples and may be
reported in Professional Services as “TMB-High”,
“TMB-Intermediate”, “TMB-Low”, or “Cannot Be
Determined”. TMB results, which are rounded to
the nearest integer, are determined as follows:
TMB-High corresponds to greater than or equal
to 20 mutations per megabase (muts/Mb); TMB-
Intermediate corresponds to 6-19 muts/Mb;
TMB-Low corresponds to fewer than or equal to
5 muts/Mb. Tumor Mutational Burden is

reported as “Cannot Be Determined” if the sample is
not of sufficient quality to confidently determine
Tumor Mutational Burden.

Genomic Findings with Evidence of Clinical Significance
Genomic findings listed at Level 2 are associated
with clinical significance. Clinical significance may
be indicated by evidence of therapeutic sensitivity
or resistance and/or diagnostic, prognostic or other
clinically relevant implications. Included in this
category will be findings associated with clinical
validity as supported by professional guidelines
and/or peer-reviewed publications.

Genomic Findings with Potential Clinical Significance
Genomic findings listed at Level 3 are cancer-related
mutations and biomarkers with potential clinical
significance. These include findings in genes known
to be associated with cancer and are supported by
evidence from publicly available databases, and/or
peer-reviewed publications.

A Fluid Approach to Reporting Levels
As additional information becomes available, as
recognized by the clinical community (professional
guidelines and/or peer-reviewed publications),
findings may move between Levels 2 and 3 in
accordance with the above descriptions.

SELECT ABBREVIASELECT ABBREVIATIONSTIONS

ABBREVIATION DEFINITION

CR Complete response

DCR Disease control rate

DNMT DNA methyltransferase

HR Hazard ratio

ITD Internal tandem duplication

MMR Mismatch repair

muts/Mb Mutations per megabase

NOS Not otherwise specified

ORR Objective response rate

OS Overall survival

PD Progressive disease

PFS Progression-free survival

PR Partial response

SD Stable disease

TKI Tyrosine kinase inhibitor

PATIENT TUMOR TYPE QRF#

Bladder urothelial (transitional cell)
carcinoma
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11 Snyder A, Makarov V, Merghoub T, et al. (2014)
Genetic basis for clinical response to CTLA-4
blockade in melanoma. N Engl J Med 371(23):2189-99

22 Rosenberg JE, Hoffman-Censits J, Powles T, et al.
(2016) Atezolizumab in patients with locally
advanced and metastatic urothelial carcinoma who
have progressed following treatment with platinum-
based chemotherapy: a single-arm, multicentre,
phase 2 trial. Lancet 387(10031):1909-20

33 Balar AV, Galsky MD, Rosenberg JE, et al. (2017)
Atezolizumab as first-line treatment in cisplatin-
ineligible patients with locally advanced and
metastatic urothelial carcinoma: a single-arm,
multicentre, phase 2 trial. Lancet 389(10064):67-76

44 Johnson DB, Frampton GM, Rioth MJ, et al. (2016)
Targeted next generation sequencing identifies
markers of response to PD-1 blockade. Cancer
Immunol Res ePub Sep 2016

55 Rizvi NA, Hellmann MD, Snyder A, et al. (2015) Cancer
immunology. Mutational landscape determines
sensitivity to PD-1 blockade in non-small cell lung
cancer. Science 348(6230):124-8
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Med ePub May 2015
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