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Stephanie Chisolm:

So, welcome to Treatment Talk: Genetics and Bladder Cancer Treatments. My name is Stephanie
Chisholm, and I'm the Director of Education and Advocacy at the Bladder Cancer Advocacy Network..
We often hear that many patients patient have no known exposure risk factors to bladder cancer, such
as smoking, and they wonder how they develop bladder cancer, and should they be worried about their
siblings or their children being diagnosed at some point. BCAN is really pleased to welcome Dr. Guru
Sonpavde, Director of GU Oncology at Advent Health Cancer Institute in Florida, Dr. Marianne Dubard-
Gault, Director of the Cancer Genetic Service at Seattle Cancer Care Alliance in Washington, and also
delighted to have the director of bladder cancer research at Wheel Cornell University, Dr. Bishoy Faltas
with our patient advocates, Melanie P. and Ken D., on our Treatment Talk program.

Today's program, our presenters will share the clinically significant genetic changes known as germline
variants that exist in some bladder cancer patients, but not all. And our patient advocates are going to
share their experience with finding out about their own germline variants. So, Dr. Sonpavde and Dr.
Faltas, welcome. You both are doing a lot of research on what is known as germline variants in bladder
cancer, so we're really looking forward to finding out what some of the most common genetic
alterations are in the disease and how they impact the treatment for bladder cancer. So, Dr. Sonpavde, |
know you had some slides, so if you want to share your screen, you can help explain it with your slides
first, and then we'll let Dr. Faltas add any comments at the end.

Dr. Sonpavde:

Thank you, Stephanie. Thanks for the invitation to give a brief lecture on the genetics of bladder cancer.
So briefly, we are going to be talking about inherited mutations in this talk. So, we are not really talking
about mutations found on profiling and studying the tumor tissue itself. I'm at the Advent Health Cancer
Institute in Orlando. There are some broad indications for germline evaluation to see if the patient has



any mutations they were born with
that makes them susceptible to
cancer. And this is of course, young
age of cancer diagnosis. When you
suspect this, if you have a family
history of cancer, especially in a first
degree relative, if you have multiple or
prior cancers, if you have bilateral
cancers, or if you have some
suspicious DNA mutations in the
cancer cell itself when you are
studying the cancer biopsy specimen.
And of course, you do this because
you want to see if you can help with
risk-reducing surgery, chemo
prevention, cancer surveillance, and
cascade testing in other people in the
family if a patient has a mutation that
might increase the risk of cancer.

So, there are some specific indications
for germline evaluation of patients to
see if they were born with certain
mutations that lead to cancer. So, this
includes patients who are younger with
colon or uterine cancer, younger breast
cancer patients. Now, we do it in
metastatic prostate cancer patients and
localized high risk, high Gleason score
prostate cancer because there are
therapeutic implications with PARP
inhibition treatment.

Broad indications for germline evaluation

screening, risk-reducing surgery, chemoprevention, cancer surveillance, cascade testing

* Young age of cancer diagnosis

* Family history of cancer
* Multiple or prior cancers

* Bilateral cancers

* Suspicious genomic (DNA) variants in cancer cells
(Lynch/BRCA/Mismatch repair deficiency)

Latham A, et al. Microsatellite Instability Is Associated With the Presence of Lynch Syndrome. Pan-Cancer. 1 Clin Oncol, 2019; 1;37(4:286-295.
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Breast cancer <45 years/family history

[ I N

Any age/stage: Male breast cancer
Triple-negative breast

Ovarian cancer (PARPi)

? Colorectal cancer

Colon/uterus cancer <50 years/family history.

Pancreas cancer (PARPI)

Metastatic prostate cancer (PARPI) & localized high-risk PCa
Localized breast cancer eligible for adjuvant olaparib
Any malignancy with MSI-H (dMMR}-16.3% Lynch syndrome

Specific indications for germline evaluation of
individuals with a malignancy
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Localized breast cancer that is now eligible for adjuvant olaparib PARP inhibitor where it's approved in

patients with germline alterations. And also, any malignancy where you have something called MSI high

or a deficient mismatch repair, you want to look at whether these patients have a germline alteration

because some of these syndromes, especially the Lynch syndrome, is associated with MSI higher
deficiency in mismatch repair. Also, in certain cancers, germline testing of patients is done in any stage
of cancer with male breast cancer, triple negative breast cancer, ovarian cancer, and pancreatic cancer,

and perhaps colorectal cancer is now the emerging cancer where we are thinking of doing it in

everybody regardless of stage.




Dr. Sonpavde:

Now, just a little bit of
background on bladder cancer,
we see approximately 80,000 new
cases a year in the US. There is a
strong environmental influence.
We know about cigarette
smoking, dyes and paint exposure
that increases the risk of bladder
cancer. It's an older person's
disease. The median age is almost
70 years. There is a male
predominance of the disease,
approximately 70% are male. We
don't really understand why, but
this is a field for study.

Bladder cancer
Background

~80,000 new cases / year in USA

Environmental influence: cigarette smoking, dyes, paint exposure

Median age ~70 years

Male predominance (~70%)

~75% non-muscle-invasive at diagnosis

Muscle-invasive disease associated with microscopic distant/regional metastases in
~50% (systemic peri-op cisplatin-based chemo, adjuvant nivolumab improves
outcomes in high-risk disease)

Metastatic disease largely incurable despite advances (cisplatin-based chemo, 1L PD1/L1
maintenance, antibody drug conjugates [ADCs’, FGFR targeting therapy [erdafitinib])

No established role for screening/chemoprevention

Approximately three-quarters of patients have non muscle invasive disease, so still not invading the
muscle, deeper layer of the bladder or beyond. And we know that once it invades the muscle, it
becomes very aggressive. You can have microscopic distant disease, and this is difficult to cure. Once it
metastasizes and it becomes visible on scans or clinically, then you are really facing mostly incurable
disease, unfortunately. There is not an established role for screening and chemo prevention medical
therapy to prevent cancer at the moment in all patients with bladder cancer.

So, we have known that there is a
familial aggregation of bladder
cancer. When you see historically
back in the 1960s, we've had case
reports and series which described
families with the concentration of
bladder cancer in several people in
the same family. So, there seem to
be a genetic and environmental
interaction. In most cancers, we
think there is an interaction, of
course, of something the patient
was born with and interaction with
something in the environment. For
example, cigarette smoking could
be that risk. There is also, we know

Familial aggregation of bladder cancer

Described since 1967 in case reports and series
Data suggests a genetic-environmental interaction hypothesis for etiology.

Increased surveillance of high-risk patients and prevention of known carcinogens, such as
cigarette smoking in high-risk relatives of cancer-affected patients warranted.

Familial clustering appears rare: a national study could not identify a sufficient number of bladder
cancer kindreds to warrant a study -?under-reporting due to assumed shared environmental
influence and/or polymorphisms in genes involved in the metabolism of environmental toxins
le.g., NAT2, GSTM1]

Among 885 unselected patients at Dana-Farber with bladder cancer, 38 (4.3%) had familial
bladder cancer (defined as proband [patient] + first-degree relative). No association with age
(median 67-69); shared environmental risks unclear

Fraumenil, et al. JAMA 201:97-99, 1967
McCullough DL, et al. J Urol 113:629-635, 1975
Lynch HT, et al. J Urol 122:458-461, 1979
Mahboubi A, et al. J Urol 126:691-692, 1981
Mueller CM, et al. Urol Oncol 26:451-464, 2008
Mossanen M, et al. Clin Genitourin Cancer 2022

that there would be a role for surveillance of high risk patients and prevention of known carcinogen. So,
if you know somebody's at high risk cause they have a born with their mutation, you might want to
surveil them and keep a closer eye on them. And also, in high risk relatives of cancer affected patients,

you want to keep a closer eye on them.

Now, one study found that familial clustering is rare. Now, one of the problems is there might be
underreporting of familial clustering because it first felt that if many people in the same family develop
cancer, it might be because they shared the same exposure. So, if somebody smokes in the family, for
example, everybody in the family is exposed to second hand smoke. Is it because of that, or is it because
they were born with a certain mutation that led to and increases SC bladder cancer? Or were they born




with some mutations and some genes that slows down the metabolism of some toxins and therefore
increases the risk of cancer? So, not directly causing cancer, but slowing down the metabolism of certain
toxins. So, we found, in Dana Farber, that there was a 4.3% incidence of familial bladder cancer defined
as bladder cancer in a person and one more first degree relative with bladder cancer.

Dr. Sonpavde:

And we found interestingly, there was no association with age. So really, it was not like older patients
had a higher risk of family through bladder cancer in a first degree relative, but the shared
environmental risk was unclear in the study. Now, what we know interestingly is that a family history of
bladder cancer and smoking in the person cooperate to increase the risk of bladder cancer. So,
interestingly in the study, those who smoked and had a positive family history had a much higher risk of

bladder cancer, and
especially those who
smoked, and had a family
member diagnosed at a
young age, that really
increased the risk, 6.894, as
you see here. So, really
looked like family history of
bladder cancer and
smoking, cigarette smoking
cooperate to increase
exponentially the risk of
bladder cancer, really
suggesting that smoking is
never good, but smoking,
especially with the history
of bladder cancer in the
family is even much worse.

So, Lynch syndrome is a
syndrome. It's a hereditary
predisposition syndrome
with certain mutations |
show you here that patients
are born with, and we know
that this is a syndrome well
known to be associated with
colon cancer. However, we
also know that this is
associated with bladder and
urinary tract, upper tract
urinary tract cancer. So,
approximately 7.5% of men
and 1% of women with Lynch
syndrome developed urinary
tract cancer over a long

Family History and Smoking cooperate to increase bladder cancer risk

Joint Effects of Bladder Cancer Family History, Age at Onset, and
Smoking on the Risk of Bladder Cancer: Family-Based Population

713 bladder cancer (BC) cases and 658 controls

Analysis* * Those who had smoked + positive family history
had 5.31-fold increased risk of BC vs. individuals
Smoking/Family who never smoked + no family history of BC in first-
history of Smoking/Proband degree relatives.
bladder cancer RR (95% CI)' age, years' RR (95% CI)' i i
z gy : * Ever-smokers who had family member diagnosed at
No/no 1.00 (Reference) ~ No (>65) 100 (Reference) @ YOUNger age (40-65 years) showed a 6.89-fold
Nofyes 047 (008-259)  No (40-65) 097 (0.18-537) increased risk.
Jes/no 279 (087-834) - _Yes (65) AB (L8 o positive family history of bladder cancer (especially
Yes/yes 495 (164-15.21) [ Yes (40-65) 6.89 (225-21.12)| . ; - -
Phori ) young age) interacts with smoking habits to
or interaction 15 [ N .
increase the risk of bladder cancer
Ly
Lin J, et al. Cancer 107:705-711, 2006 =<

Association of Lynch syndrome with urothelial carcinoma

* Carriers and first-degree relatives of 95 Recommendations for urothelial carcinomas surveillance

families with Lynch syndrome (well known to
be associated with colon cancer)

in Lynch syndrome

1. Surveillance with a combination of ultrasound of the bladder

* The overall cumulative risk by 70 years for ! : :
and upper urinary tract, urinary cytology and sediment.

urinary tract cancer (bladder, upper tract . §
Y o/ i { Opp ) 2. In every MSH2 mutation carrier

was overall 7.5% in men and 1% in women % Fem el o o

(MSH2: 18.2% in men and 8.4% in women) 4: Performed every 1—2 years

vander PostRS, et al. | Med Genet 47:464-470, 2010

period of time by age 70. So, really the author here suggested that, based on these findings, patients




who have a known Lynch syndrome, especially the MSH2 gene, perhaps they should consider
surveillance from age 40 and up every one to two years.

Dr. Sonpavde:

There is a different study
here also that looked at
several Lynch syndrome
families and found an
approximately 7% risk of
urinary tract cancer by
age 70. Now, 7%, just to
put it in perspective, it's
higher than baseline of
course, but it's not as
high as the penetrance
of Lynch syndrome for
colon cancer. So, if you
have Lynch syndrome,
the risk of colon cancer
is perhaps
approximately 50%,
while bladder cancer is

Association of Lynch syndrome with urothelial carcinoma
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* 288 Lynch syndrome familiesin
Denmark.

+ Cumulativerisk of urinary tract
cancer (renal pelvis, ureter,
bladder) at age 70 was 6.7%.

Tumor location-bladder (40%),
upper tract (60%).

MSH2 mutationshad increased

Years

Years

risk vs mutationsin MLH1/MSH6.

* Data suggest surveillance should

Figure 3. Cumulative lifetime risk of (A) upper urinary tract and (B) urinary bladder cancer in relation to disease-
predisposing MMR gene. (Color version available online.)

be targeted at individuals with
germline MSH2 mutation.

JoostP, et al. Urology 86:1212-1217, 2015
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much lower, 7%. So, really the penetrance is not high, fortunately, but there is clearly an association
with urinary tract cancer. So, what is the hereditary component of urothelial carcinoma? This is
essentially the most common cell type of cancer of the urinary tract. We know, in a large study that |
show you here, the heritability of cancer, overall, what is the hereditary component of cancer,
approximately 33%. And as you can see here, bladder cancer is right there in the middle of that range.
So, really the heritability of bladder cancer is about average when you compare across different cancer.

So, it's not at the
highest. You see
here, prostate
cancer is much
higher, 57%
inheritability, for
example. Now, this
is a study that
looked at patients
who were
unselected, so any
urinary tract cancer
patients, urothelial
carcinoma patients
who were selected,
close to 600
patients. And they
found that 14% of

Hereditary component of urothelial carcinoma

Familial Risk, % (95% CI)

Heritability Shared Environment
Overall cancer 33 (30-37) 0
Head and neck 9 (0-60) 26 (0-65)
Stomach 22 (0-55) 6(0-31)
Colon 15 (0-45) 16 (0-38)
Rectum and anus 14 (0-50) 10 (0-38)
Lung 18 (0-42) 24 (7-40)
Skin
Melanoma 58 (43-73) 0
Nonmelanoma 43 (26-59) 0
Breast 31 (11-51) 16 (0-31)
Corpus uteri 27 (11-43) 0
Ovary 39 (23-55) 0
Prostate 57 (51-63) 0
Testis 37 (0-93) 24 (0-70)
Kidney 38 (21-55) 0
I Bladder, other urinary organs 30 (0-67) I 0
Leukemia, other 57 (0-100) 0

* Prospective study of 80 309 monozygotic
(identical) and 123,382 same-sex dizygotic
(non-identical) twin Nordic individuals

* Heritability of cancer overall was 33%.

+ Significant heritability was observed for
melanoma (58%), prostate (57%),
nonmelanoma skin (43%), ovary (39%),
kidney (38%), breast (31%), and corpus
uteri (27%).

Mucci LA, et al. JAMA 315:68-76, 2016
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patients had one of these DNA damage repaired gene mutations.

Dr. Sonpavde:

You see here, some of the
Lynch genes are in there, the
BRCA genes are in there, well
known to be associated with
breast cancer. And what was
found was that younger age
was enriched for these
alterations. So really, again,
suggesting that perhaps in
younger age patients, you
should have a lower threshold
to test for germline mutations
that these patients may have
been born with. Thisis a
different study we did at Dana
Farber, which is from a
commercial company, and
more than a thousand
patients. This was a somewhat
more selected group. So, we
sent patients blood for
germline testing if we think
they're at high risk for some
inherited gene mutation. So,
this was somewhat more
selected, somewhat younger
population, 58 years. So, you
can see here 24% of patients
had a pathogenic mutation

¢+ P/LP germline variants were identified in 80 (14%);

GERMLINE EVALUATION OF UNSELECTED UC

* 586 unselected UC patients (all stages, any primary

site), median 63 yrs, other cancer 19%, family hist

7.2%- 77 key genes (MSKCC)

63 (83%) in DDR genes
BRCA2 (n =9; 1.5%),
MSH2 (n = 8; 1.4%),
BRCA1 (n = 8; 1.4%),
CHEK2 (n = 6; 1.0%),
ERCC3 (n = 4; 0.7%)
NBN, RADS50 (n = 3; 0.5% each).
* BRCA2 and MSH2 associated with increased risk
for UC (odds ratio, 3.7 and 4.6)- vs. EXAC.

+ Family history and stage (metastasis) not related to
alterations

Urothelial Cancers (n = 686)

BRCAV/BRCAZ(29%)

|F——

her (0.9%
No gormiing [} other (0.9%)

+ Patients with P/LP variants more commonly
diagnosed at early age (22% v 6%; P = .01).

GERMLINE EVALUATION OF SELECTED UC
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Enrichment of pathogenic DRG variants in urothelial

1038 patients with selected high-risk UC (all stages,
any primary) who underwent targeted germline
testing (Invitae).

Selected cohort (median 58 yrs, 2™ cancer 65%,
family history 11%)

Pathogenicvariantsin 24%; 18.6% with 21 actionable
preventive or therapeutic utility.

Nassar A, et al. Genet Med 2020

1 2 3
I carcinoma vs. maxinun frequency in EXAG (log(ORs)]

* Germline variantsin DDR alterations were 78% of
pathogenicgermline variants.

* Compared to cancer-free EXAC cohort, UC enriched in:

MSH2 (OR: 15.4), MLH1 (OR 15.9),
BRCAZ2 (OR: 5.7), ATM (OR: 3.8).

Ly
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they were born with, and 18.6% of them overall had an actionable, so-called actionable mutation, again,
enriched for some of the Lynch genes and the BRCA genes.



Dr. Sonpavde:

Now, there's a recent study
that looked at patients,
specifically patients who had A
non-muscle invasive bladder
cancer, so cancer that was
not yet invading a muscle
and beyond. The interesting
finding here, was that
patients with high grade
non-muscle invasive cancer
were enriched for germline
mutations, 13.5%, while the
low grade patients did not H
have this mutation. So, this
is somewhat interesting,
suggesting some association
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Germline Variants in Individuals with Non-Muscle-Invasive Bladder Cancer

Overall P/LP alterationsin 22/214 at MSKCC =
10.3%

P/LP germline variants only in high grade NMIBC
(22/163 [13.5%)), but 0/46 with low-grade.

15 (9.2%) patients with high-grade NMIBC had
P/LP variantsin DDR genes, most in (ERCC2/3)

and homologous recombination repair (BRCAL,
NBN, RAD50) pathways.

P/LP germline variants were not associated with
worse outcomes in patientstreated with BCG or
with risk of developingupper tract urothelial
carcinoma

Pietzak EJ, et al. CCR 2022

of higher grade non-invasive

disease with these mutations. So, as you know, we are doing tumor tissue testing a lot these days to
select patients for certain drugs based on mutation found in the tumor. So, not germline, not what you
were born with, but in the tumor. So, one of the questions that arises is, should you do germline testing
if you find certain mutations in the tumor? So, in fact, the NCCN suggest that in patients who have

certain mutations that would be high risk if

For example, the Lynch genes, the BRCA
genes, when you find them in the tumor,
should you be doing a germline test of the
patient's blood or saliva to see if they were
born with some of these mutations? So,
this is what the NCCN suggests, at least to
consider this in patients who have this high
risk mutations in the tumor itself. And in
fact, there is a different study here that
found that tumor sequencing is actually
pretty good at catching germline
mutations, but it does not catch
everything. So really, the author suggests
that really to capture all the patients with
germline mutations, you would have to do
germline testing in everybody and not do it
as a reflects based on tumor testing. So,
this is one direction the research and the
body of research is going, is to do universal
testing in everybody regardless of what
mutation is in the tumor. One other
guestion that arises is we are doing
circulating tumor DNA testing, so this is

they were germline.

alterations)

.

Should some tumor findings trigger reflex germline testing?

+ Somatic profiling of metastatic UC is routinely pursued to detect FGFR3/2
mutations/fusions (Erdafitinib approved for post-platinum patients with these

+ National Comprehensive Cancer Network (NCCN) guidelines recommend germline
testing if somatic pathogenic variant has clinical implications if germline (e.g. BRCA1,
BRCA2, Lynch syndrome genes [MLH1, MSH2, MSHG, PMS2], EPCAM, PALB2)

Some somatic alterations have moderate risk of being germline (ATM, CHEK2, RAD51C)
and many others are rarely confirmed in germline.

+ Significant lack of data in non-White and Hispanic racial and ethnic groups.

Does Tumor Sequencing capture germline alterations?

Endometrial/uterine

Melanoma

Gastric
Renal

Thyraid
Hematologic

cup
Cholangiocarcinoma

Skin (nonmelanoma)

« N=2023 patients, Commercial testing (Invitae): 8.1%
of pathogenic germline variants (PGVs) were missed by
tumor sequencing (assay not designed to identify
PGVs-should ideally select a customized panel for each

20.0% malignancy).
17.8 = N=21,333, MSK-IMPACT: tumor-only sequencing failed
50.01 to detect only 10.5% of clinically actionable pathogenic

germline variants in CSGs, including 18.8%, 12.8% and
7.3% of germline variants in MMR, DDR and HRD

Bladder

genes, respectively

Esophageal
GIST

Urothelial

Cervical
Ampullaryfbile duct
Lelomyosarcoma
Other

Unspecified

* Consider paired (?universal) germline testing of
patients with malignancy and high-risk of PGVs

= Alternative (less optimal) approach may be to perform
reflex germline analysis of any tumor finding with
potential germline relevance (especially those with
high penetrance).

Any cancer

T TR

= Lincoln SE, et al. JAMA Netw Open 2020
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DNA in circulating freely in the plasma, in the blood, not in the blood cells.

Dr. Sonpavde:

So, when we do this, we are looking at
really... We are trying to look at whether
the patient has mutations in the tumor
that are detected in the blood. So, it turns
out that if you have a high threshold and
you try to catch these mutations with a
high, so-called high allele fraction present
in a high fraction, then you can actually
catch hereditary DNA mutations that the
patients may be born with, even in
circulating tumor DNA. So, you should pay
attention to what mutations are seen in
the allele fraction, even in the circulating
tumor DNA, which we do usually just to
look for mutations as a reflection of
mutations in the tumor itself.

Can ctDNA (somatic panel) capture germline alterations?

Identification of Incidental Germline Mutations in Patients
With Advanced Solid Tumors Who Underwent Cell-Free
Circulating Tumor DNA Sequencing

s P: Slavin, Kimberly C. Banks, Darya Chudova, Geoffrey R. €
W

100

° * 10,888 patients with advanced solid cancers who
underwent Guardant360 somatic mutation ctDNA testing

Snmpla * Prevalence of germline mutations identified among 16
actionable hereditary cancer predisposition genes (allele
fraction, 40% to 60%)
* 156 individuals (1.4%) had suspected hereditary cancer
mutations in 11 genes.
: * Germline mutations were more frequent in <50 years

ative Germline
ns Witnessed

* Highest yields of germline findings were in ovarian (8.13%),
prostate (3.46%), pancreatic (3.34%), breast (2.2%) cancer.

* Many mutations were found in cancers without clear
guidelines for hereditary cancer genetic testing.

70
MAF (%)

Slavin TP et al.JCO 2018 BC;\VN

So, the universal germline testing
is emerging. We know that when
you look at across different
studies, when you just test
everybody with any solid tumor,
you see between five and 15% of
patients having some germline
mutation that is relevant. And in
fact, many of these have
therapeutic implications. We know
that many of these drugs here are
approved based on germline
mutations in these BRCA genes,
the MSI high tumors with the

Universal germline testing in unselected patients with solid tumors

summary
Study % with germline
alterations
TCGA 10,389 8%
Mayo Panel 2984 13.3%
MSKCC Panel 1566 15.7%
Indiana University ~ WES 1028 12.8%
U. Michigan WES 1015 15.8%
MDACC Panel 1000 4.3%

Huang KL, Cell 2018; Samadder NJ, JAMA Oncol 2020; Schrader K, JAMA Oncol 2016; Schneider BP, ASCO 2020; Cobain EF, JAMA <=L

deficiency in mismatch repair. So,
as you can see here, several
therapeutic implications based on
germline mutations. And in fact, in
bladder cancer, there's a study that
looked at rucaparib, a PARP
inhibitor in patients with
metastatic cancer as a
maintenance following
chemotherapy setting. And it turns
out that patients with either tumor
or germline mutations, most of
them had pretty much tumor
actually, but germline mutations

Therapeutic implications of germline alterations
Role in precision medicine

Interpretation of germline variant pathogenicity for cancer risk has been well-established; however, focus on
determining therapeutic actionability is still emerging.

L “ e

Prostate Germline or somatic BRCA Metastatic, castration- Olaparib,
(rucaparib), HRR/BRCA genes resistant, pre-treated Rucaparib
(olaparib)

Breast BRCA MetastaticHer2-, pre- Talazoparib,

treated Olaparib

Breast BRCA Adjuvant, Her2- Olaparib

Pancreas BRCA Metastatic, maintenance Olaparib

Ovarian BRCA Metastatic, pre-treated Olaparib

Maintenance Olaparib, Niraparib

Any MSI-H, dMMR (Lynch syndrome) Any cancer Pembrolizumab

JLL
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Richards S, Aziz N, Bale S, et al: Standards and guidelines for the interpretation of sequence variants: A joint consensus recommendation
of the American College of Medical Genetics and Genomics and the Association for Molecular Pathology. Genet Med 17:405-424, 2015




were allowed on this study, there was an improvement in outcomes in patients with a DNA damage or
pain mutation at the tumor level of the germline. So, I'll just give you quickly, a summary conclusion
slide. So, clinically significant germline variants found in mostly DNA damage repair genes are found in
approximately 15% of all patients with urothelial carcinoma, but there is not a single dominant gene
with a high penetrance that causes cancer. As | said, Lynch syndrome, only 7% penetrance.

Dr. Sonpavde:

So, we should really

use general prudent Germline evaluation of Urothelial carcinoma (UC)

principles to refer Summary
patients for germline

testing, younger

Clinically significant germline variants mostly in a family of DDR genes are present in 10-15% of unselected UC

patients, other patients (ho dominant gene with high penetrance for UC)- ?except low grade NMIBC? Enriched in younger.
primaries bilaterality * Use prudent general principles to refer for germline testing: younger (<60, <50) ?especially if other primaries,

. ’ ' multiple, bilateral, ?non-smokers and no shared environmental exposure.
EspeCIally non-smokers * Somatic genomic profiling + paired (for high-risk) or reflex germline analysis should be considered if any somatic
with cancer, there is no finding with potential germline relevance (e.g. MSI-high, BRCA1/2, Lynch [esp. MSH2]).
known environmental « Germline variantscould guide therapy on trials and trigger cascade testing of families.

+ Family history—based criteria to identify patients with hereditary UC are insensitive.

exposure, really should
have a low threshold to
test these patients. If

you have done tumor germline factors.
profiling, you should
consider germline

analysis, especially if

(interaction between genetic factors and environment)

more often and those not identified on somatic profiling alone).

* Annual surveillance of Lynch syndrome patients, beginningat 35-40 years (?BRCA2) & should stop smoking

Future studies focused on under-represented populations (AA, Asians) will improve our understanding of

* Momentum for universal germline genetic testing of all advanced solid tumors is building (captures alterations

-
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you see a mutation that

is of significant relevance if it's present at the germline, for example, a BRCA gene or a Lynch gene found
in the tumor testing. And some of these variants in mutations, of course, could guide therapy on trials
and trigger cascade testing, the so-called cascade testing of other people in the family, especially the
first-degree relatives, if the patient has one of these mutations. Family history is insensitive. Family
history is something that patients don't usually recall very well, occasionally, and actually, quite
commonly, upper urinary tract cancer is frequently misrepresented as kidney cancer, which is it's not.
It's a urinary tract cancer. So, that is a frequent source of confusion for family history. And surveillance,
although it's not done in everybody, surveillance and Lynch syndrome, patients starting in the mid
thirties to 40 should be considered.

And patients with these germline mutations, especially Lynn syndrome, should, of course, stop smoking
because of the cooperation of an environmental insult and a germline alteration. And studies should
really focus on underrepresented populations. All of these germline studies that | showed you, they
were really studied for Caucasian population. So there was not much for Asian population or African
American population. And then finally, the momentum for universal germline genetic testing of all
patients with advanced solid tumor building, because this can capture alterations that will not be always
captured on tumor testing. So, this is where the field is going, but this need for the thought and for the
study. With that, | ended in my talk here.

Stephanie Chisolm:

So, Dr. Faltas, | know you're doing a lot of research. Do you have any comments to add about some of
the work that you're working on in this particular germline area?




Dr. Faltas:

Thank you, Stephanie. Dr. Sonpavde is always a very hard act to follow because | think he's covered all
the important points. Just a couple of points that he's already mentioned that | would like to touch on
briefly. So, | think family history is actually quite an important point. And this is an example... This whole
topic of joint line mutations of bladder cancer is an example of a topic that the more we ask about
family history and the more we look for these mutations, the more we find them. And as clinicians, we
haven't necessarily been trained as genitourinary medical oncologists treating bladder cancer. To be
very specific, so far, we haven't generally been necessarily focused on the family history because up
until the last few years, most of us haven't really known that. Before this research came about, research
from our group, Dr. Sonpavde's group, Dr. Carla's group, and many others, that these germline
mutations are actually prevalent in patients with bladder cancer.

And we're still debating what really to do about them, what are the implications that are empirically
implications for cascade testing, and so on and so forth. And | know we're going to discuss that today
with Dr. Dubard. So, | think these are important points. Just to summarize this point, | think we're all on
a mission here to increase awareness of the high prevalence, relatively high prevalence of these
alterations. And it's very important to ask because although | agree with Dr. Sonpavde, the history is in
insensitive tool, but sometimes also very important in terms of raising the red flags or the suspicion for
testing. The second point | think that Dr. Sonpavde also touched on is that most of our knowledge about
these germline mutations is coming from Caucasian patients, and specifically when it comes down to a
point related to variants of unknown significance, which are essentially classification of these alteration
that could come back.

So, yes, there is an alteration on genetic testing or a mutation, but we don't know its clinical significance.
And these VOSs or variants of unknown significance are a lot more prevalent in non-Caucasian patients,
the patients from other diverse ancestry, mostly because we really haven't been studying these patient
populations in the past. We're working to correct this in our own research, but that's an area that | think
we all need to be aware of and to continue to work on, both to study these variants of unknown
significance and reclassify them to try to understand really what their clinical significance is for patients
from all ancestry. I'll stop there.

Stephanie Chisolm:

Yeah, you guys are doing some amazing work, and | know that the future is going to look brighter
because you're digging deep or into so many of these things.
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