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Dear Participant:

We are delighted you have chosen to attend the Charles L. Spurr Piedmont Oncology Symposium.
An outstanding continuing medical education (CME) activity has been planned for you today. We
hope you will enjoy this educational experience.

Agenda/Faculty/Commercial Supporters:
The conference agenda, list of participating faculty, and commercial supporters are enclosed for
your review.

Disclosure Statement:

As an accredited CME provider, Wake Forest University Health Sciences/Wake Forest School of
Medicine requires that everyone involved with a CME activity comply with the Accreditation
Council for Continuing Medical Education (ACCME) Standards for Commercial Support: Standards to
Ensure the Independence of CME Activities. All planning committee members, staff, and speakers
have disclosed any financial interests or relationships they have with the manufacturer(s) of any
commercial products/services. Their responses are enclosed for your review.

Attendance/Credit Certificates/Evaluation:

Please be sure to sign in at the registration desk. Sign in sheets will be available through the
afternoon break.

Your Certificate of Completion will be available online within 10 business days. To receive your
continuing education certificate, you must complete the online program evaluation for this activity.
You will be emailed the link to the online evaluation within 10 business days. We will need your
current email address to send you instructions for obtaining your certificate. Evaluations and
certificates will be available online for 2 weeks after evaluation link is received.

Once again, we hope you find this course helpful. If there is anything we can do for you while you
are here, please do not hesitate to ask any of the faculty or our staff at the registration table. If you
have any questions once you leave, please call us using our direct number (336-713-7700). Thank
you for coming.



Credit:
Credit Statement

The Wake Forest School of Medicine designates this live activity for a maximum of 10.0 AMA PRA
Category 1 Credits™. Physicians should claim only the credit commensurate with the extent of their
participation in the activity.

Accreditation Statement:
The Wake Forest University School of Medicine is accredited by the Accreditation Council for Continuing
Medical Education (ACCME) to provide continuing medical education for physicians.

10.0 Continuing Nursing Education (CNE) Contact Hours

Northwest Area Health Education Center (NWAHEC) is an approved provider of continuing nursing
education by the North Carolina Nurses Association, an accredited approver by the American Nurses
Credentialing Center’s Commission on Accreditation.

(#AP006-190920)

Participants must attend 90% of the activity in order to earn contact hour credit. No partial credit will
be awarded. Verification of participation will be noted by learner-signature on the roster and
completion of the online evaluation.

10.0 Contact Hours from Northwest AHEC

1.0 CEUs from Wake Forest School of Medicine



Learner Objectives:

The objectives for this activity are the following:
e Describe the necessity of opioid medications for pain management in patients with
cancer and survivors, and discuss strategies to ensure that patients have access to

medications necessary for managing pain.

e Define strategies to maintain patient safety and minimize the risks of opioid misuse and
abuse during chronic opioid use.

e Discuss therapeutic targets in difficult-to-treat breast cancer.

e Examine the political landscape impacting healthcare changes.

e Discuss the impact of key healthcare initiatives on oncology care.

e Discuss assessment strategies to predict chemotherapy toxicity in older adults.

e Explore the role of toxicity risk assessment regardless of chronologic age.

e Examine the pathogenesis of testicular cancer.

e Describe testicular cancer treatment considerations.

e Discuss key developments in the treatment of patients with urothelial carcinoma.
e Discuss methods to mitigate cancer-associated anemia.

e Discuss the importance of early ICU transfer for the critically ill cancer patient.

e Discuss treatment strategies for differentiated thyroid cancer.
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Planning Committee, Faculty, & Staff Disclosure

As an accredited CME provider, Wake Forest University Health Sciences/Wake Forest School of
Medicine requires that everyone comply with the 2004 Updated Accreditation Council for Continuing
Medical Education (ACCME) Standards for Commercial Support: Standards to Ensure the Independence
of CME Activities. All planning committee members, staff, and faculty/speakers have been asked to
disclose any financial interest or relationship that they may have with the manufacturer(s) of any
commercial product or service (see below). The Standards require that all presentations be free of
commercial bias and that any information regarding commercial products or services be based on
scientific methods generally accepted by the medical community. When discussing therapeutic options,
speakers have been asked to use only generic names. |If it is necessary to use a trade name, then
those of several companies are to be used. Further, should presentations include discussion of any
unlabeled/investigational use of a commercial product, speakers are required to disclose that
information to the audience. In the spirit of full disclosure, the following information is provided to all
attendees:

e Dr. Marcia Brose receives grant/research support from Bayer, Blueprint Inc., Eisai, Exelixix, Kura
Pharm, Merck, Novartis, and Roche. She serves as a consultant for Bayer and Eisai.

e Dr. Patrick J. Loehrer receives grant/research support from Taiho, Eli Lilly, and Walther Cancer
Foundation.

e Dr. Robert Maki receives grant/research support from Bayer, Karyopharm, Lilly, Pfizer,
Springworks, Regeneron, Presage, Sarcoma Alliance for Research through Collaboration (SARC),
and Tracon. He serves as a consultant for Bayer, Deciphera, Eisai/Morphotek, Epizyme,
GlaxoSmithKline, Inmune Design, Janssen/Pharma Mar, Karyopharm, Lilly/Imclone, Novartis,
Pfizer, Presage, Sarcoma Alliance for Research through Collaboration (SARC), Springworks,
American Board of Internal Medicine, American Society for Clinical Oncology, and UptoDate.

e Dr. Guru Sonpavde receives grant/research support from AstraZeneca, Bayer, Amgen,
Boehringer-Ingelheim, Janssen, Merck, Sanofi, and Pfizer. He serves as a consultant for
Bristol-Myers Squibb, Exelixis, Bayer, Sanofi, Pfizer, Novartis, Eisai, Janssen, Amgen,
AstraZeneca, Merck, Genentech, EMD Serono, and Astellas/Agensys. He also serves on steering
committees for AstraZeneca, Bristol-Myers Squibb, Astellas, Debiopharm, and Bavarian Nordic.

e Dr. Tiffany Traina receives grant/research support from Eisai, Pfizer, Novartis, Innocrin Pharma,
AstraZeneca, Astellas, Inmunomedics, Genentech/Roche, and Daiichi Sankyo. She serves as a
speaker for Roche/Genentech. She also serves as a consultant for Genentech/Roche, Medivation,
Pfizer, AstraZeneca, Merck, Astellas Pharma, Puma Biotechnology, Advaxis, Celgene, Innocrin
Pharma, Genomic Health, Bristol-Myers Squibb, Samsung, Athenex, Aduro Biotech, and
Halozyme.



Speakers Ms. Shelagh Foster, Dr. Peter Miller, Dr. Heidi Klepin, Dr. Ryan Woods, and Dr. Judith A. Paice
have nothing to disclose related to this educational activity. Planning committee members Dr. Bayard

Powell, Dr. Glenn Lesser, Susan Poindexter, and Debbie Olson have nothing to disclose related to this
educational activity.

Printed 9/16/2019. Any additional disclosures received after this date will be announced.
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Thursday, September 19, 2019

6:00 pm Reception and Registration for all Attendees and Exhibitors

Friday, September 20, 2019

7:15 am Continental Breakfast and Exhibits

General Session

8:00 am Welcome & Remarks
Bayard Powell, MD
Professor of Medicine, Section on Hematology and Oncology
Wake Forest School of Medicine

8:10 am Cancer Critical Care
Peter Miller, MD
Assistant Professor, Pulmonary, Critical Care, Allergy and Immunologic Diseases
Medical Director, Medical Oncology Intensive Care Unit
Wake Forest School of Medicine

9:10 am Updates on the Management of Metastatic Triple Negative Breast Cancer
Tiffany A. Traina, MD
Clinical Director, Breast Medicine Service Section Head
Memorial Sloan Kettering Cancer Center

10:10 am Break and Exhibits

10:40 am 2019 Legislative Update and What it Means for Oncology
Shelag Foster, JD
Division Director, Policy & Advocacy
American Society of Clinical Oncology (ASCO)

11:40 am Testicular Cancer: The Incredible Journey to Cure a Cancer
Patrick J. Loehrer Sr., MD, FASCO
Director, IU Simon Cancer Center
H.H. Gregg Professor of Oncology
Indiana University School of Medicine

12:40 pm Lunch



1:50 pm

2:50 pm

3:50 pm

4:00 pm

Urothelial Carcinoma: Current Management and Recent Advances
Guru Sonpavde, MD

Director, Bladder Cancer

Dana Farber Cancer Institute

Anemia in Hematology and Oncology Practice

Ryan Woods, MD

Assistant Professor of Medicine, Section on Hemtology and Oncology
Wake Forest school of Medicine

Adjourn

Private Reception



Cancer Critical Care

Peter Miller, MD

Assistant Professor, Pulmonary, Critical Care, Allergy and Immunologic Diseases
Medical Director, Medical Oncology Intensive Care Unit

Wake Forest School of Medicine




Cancer Critical Care

PJ Miller, MD

Hematology
Critical Care Medicine

OO Wake Forest*
School of Medicine

Goals and objectives

« Gain an understanding of what is and isn’t a critically ill cancer
patient

« Recognition importance of early transfer to an ICU

« Recognize the relationship between organ dysfunction and
mortality

* Recognize the vast unknowns
« Discuss the role of evolving goals of care discussions
» Recognize the oncologists important role in an ICU

My Preference

Let’'s make this an engaging discussion.

| hope to teach and discuss my experience, however, | improve
by hearing others’ opinions, challenges and successes

Ask questions

If you go get coffee, please bring me some
(black, no cream, no sugar)

OO wake Forest
Scheol of Medicine:




Conflicts of Interest

| have numerous conflicts, none of which are very interesting...

| receive no money or royalties from any pharmaceutical or
device manufacturer

In 2012, apparently someone provided me with $13 worth of food
that was reportable.

|ONCCC-R-NET

Information for this
lecture was largely

TEN J. PRICE obtained, adapted or
referenced directly
Oncologic from the new
publication:

Critical Care

Oncologic Critical Care

OO Wake Forest’
Scheo! of Medicine:

Growth of a field

« Approximately 1 in 6 deaths globally is due to cancer

« Estimates of 20 % of patients admitted to an ICU have a cancer
diagnosis
« Estimates continue to increase
« Treatment options improve and evolve
« Targeted therapy reduce multisystem organ failure
« Less toxic treatments with improved survival

* More technologically complex equipment available to support organ
dysfunction

Chen K., Wallace $.K., Nates J.L. (2019) ICU Utilization. In: Nates J., Price K. (eds) Oncologic Critical Care. Springer, Cham
Soares M, Bozza FA, Angus D, et al. Organizational characteristics, outcomes, and resource use in 78 Brazilian intensive care
units: The ORCHESTRA study. Intensive Care Med 2015;41:2149-60.

Koch A., Checkley W. Do hospitals need oncological critical care units?. Journal of Thoracic Disease 2017;vol.9

X™ Wake Forest”
Scheo! of Medicine:




Growth of a field

* 13-22% of all cancer patients estimated to need admission to a
general ICU
« Unbalanced between malignancies
* ~27% directly linked to cancer
« More commonly admitted for concomitant organ dysfunction or iliness

« Survival rates continue to improve
« Urgent recognition of early stage organ failure makes a
difference
« Intricacies and complexities of cancer patients and treatment
« Organize like-minded physicians and providers

Chen K., Wallace $.K., Nates J.L. (2019) ICU Utilization. In: Nates J., Price K. (eds) Oncologic Critical Care. Springer, Cham
Soares M, Bozza FA, Angus D, et al. Organizational characteristics, outcomes, and resource use in 78 Brazilian intensive care
units: The ORCHESTRA study. Intensive Care Med 2015;41:2149-60.

Koch A, Checkley W. Do hospitals need oncological critical care units?. Journal of Thoracic Disease 2017;vol.9

Growth of a field

 Heterogeneity of malignancy affects mortality
+ Solid tumor
« ICU mortality — 5-85%
« Overall hospital mortality 5-77%
* Heme malignancies
« ICU mortality — 24-57%
« Post-operative care most common reason for ICU admission for
solid tumors

« Solid tumor unplanned ICU admissions

* Hospital survival - 69%
+ 180 day survival - 48%

Chen K., Wallace S.K., Nates J.L. (2019) ICU Utilization. In: Nates J., Price K.

* Metastatic (eds) Oncologic Critical Care. Springer, Cham
« 1 year survival -12% Soares M, Bozza FA, Angus D, et al. Organizational characteristics,
. o, outcomes, and resource use in 78 Brazilian intensive care units: The
* 2 year survival - 2.4% ORCHESTRA study. Intensive Care Med 2015;41:2149-60,

Koch A., Checkley W. Do hospitals need oncological critical care units?.
Journal of Thoracic Disease 2017;vol.9

OO Wake Forest’
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Growth of a field

« Solid tumor:
« Probability of leaving ICU greater for patients without organ
dysfunction
« Stem cell transplant patients admitted to ICU on subsequent
admissions — mortality = 67%
« Death rates at 1 year
* Mechanical ventilation — 87%
+ Pulmonary artery catheterization — 91%
* Hemodialysis — 94%
« Outcome of heme malignancy patients depends on number of
organ system failures

Chen K., Wallace $.K., Nates J.L. (2019) ICU Utilization. In: Nates J., Price K. (eds) Oncologic Critical Care. Springer, Cham
Soares M, Bozza FA, Angus D, et al. Organizational characteristics, outcomes, and resource use in 78 Brazilian intensive care
units: The ORCHESTRA study. Intensive Care Med 2015;41:2149-60.

Koch A., Checkley W. Do hospitals need oncological critical care units?. Journal of Thoracic Disease 2017;vol.9

OO Wake Forest’
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Growth of a field

« If 3 organ systems failed:
« Cancer — 75%
« No cancer — 50%

« Associated with increased mortality
+ SOFA score 2 10
« Acute respiratory failure requiring invasive mechanical ventilation
» Need for vasopressors
* Organ failure after transplant

Chen K., Wallace S.K., Nates J.L. (2019) ICU Utilization. In: Nates J, Price K. (eds) Oncologic Critical Care. Springer, Cham
Soares M, Bozza FA, Angus D, et al. Organizational characteristics, outcomes, and resource use in 78 Brazilian intensive care
units: The ORCHESTRA study. Intensive Care Med 2015;41:2149-60.

Growth of a field

« Patients that most benefit (survival) from ICU admission
« < 3 organ systems failing
* Recent diagnosis
« Treatment of oncologic emergencies
« Tumor lysis, pulmonary leukemic infiltrate or leukostasis
« Likelihood of cure or control
+ ECOG 0-1
« Post-operative care

* Admission to an ICU should not be denied to patients solely for
a cancer diagnosis

Chen K., Wallace S.K., Nates J.L. (2019) ICU Utilization. In: Nates J., Price K. (eds) Oncologic Critical Care. Springer, Cham
Soares M, Bozza FA, Angus D, et al. Organizational characteristics, outcomes, and resource use in 78 Brazilian intensive care units:
The ORCHESTRA study. Intensive Care Med 2015;41:2149-60.

OO Wake Forest’
Scheol of Medicine:

Growth of a field

« Patients that DO NOT benefit from ICU admission

« Patient or decision maker do not want aggressive ICU level of care
* When palliative care is the only treatment option
« Poor quality of life not expected to improve with treatment

« Unexpected to recover from acute complication despite aggressive
treatment

Chen K., Wallace S.K., Nates J.L. (2019) ICU Utilization. In: Nates J., Price K. (eds) Oncologic Critical Care.
Springer, Cham

OO Wake Forest’
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Early ICU admission

« Late admission/never admitted to ICU higher risk of death
compared to immediate admission.
« Early intervention of physiologic development best defense
* < 1.5 hours decreased relative risk of 1 year mortality by 16%
« Early ICU admissions increases survival
* < 24 hours from admission to transfer

Chen K., Wallace S.K., Nates J.L. (2019) ICU Utilization. In: Nates J., Price K. (eds) Oncologic Critical Care.
Springer, Cham

OO Wake Forest’
Scheol of Medicine:

Early ICU admission

DEVELOPMENT OF ORGAN
FAILURE, RECOGNITION, AND
EARLY INTERVENTION IN THE
FIRST HOURS OR DAY IS
OUR BEST CHANCE TO
IMPROVE SURVIVAL

OO Wake Forest’
Scheol of Medicine:

Chemotherapy in the ICU

« Chemotherapy in the ICU should be viewed as a life-support
modality
« Should not use if no expectation to cure/control
* Remember, prognosis is dependent on number of organ
systems
« If chemo is expected to induce organ failure, strong consideration
against
« Heme malignancy patients with sepsis or septic shock,
chemotherapy not associated with increased risk of death

« Organ failure secondary to heme malignancy
« Could be INDICATION to give chemotherapy in the ICU

« Can be very challenging to separate what causes what

Chen K., Wallace S.K., Nates J.L. (2019) ICU Utilization. In: Nates J., Price K. (eds) Oncologic Critical Care.
Springer, Cham

OO Wake Forest’
Scheol of Medicine:




Early ICU admission

« Significant survival improvement, irrespective of hematologic or
solid tumor
« Systematic review: Solid tumor
« ICU mortality 31.2%
« Overall hospital mortality: 38.2%
However,
« Population based observational trial of 118,541 patients
« ICU mortality 14.1%
«+ Overall hospital mortality

« Critical Care Medicine is NOT the same specialty it was 20
years ago!

Chen K., Wallace S.K., Nates J.L. (2019) ICU Utilization. In: Nates J., Price K. (eds) Oncologic Critical Care.
Springer, Cham

OO Wake Forest’
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Early ICU admission

« Improvements in critical care management
« Early use of non-invasive mechanical ventilation
* Low tidal volume mechanical ventilation
« Care bundles for sepsis
+ Goal directed therapies
« Antibiotic stewardships
« Improved technology for multi-system organ failures

« If majority of cancer patients are admitted for non-direct cancer
etiologies, survival should improve similar to non-cancer
patients

Chen K., Wallace S.K., Nates J.L. (2019) ICU Utilization. In: Nates J., Price K. (eds) Oncologic Critical Care.
Springer, Cham

OO Wake Forest’
Scheol of Medicine:

Risk Prediction and Admission

« Cancer = terminal diagnosis = no ICU admission
« Cancer # terminal diagnosis # no ICU admission

« Early identification of at-risk patients is critical

« Open and honest discussions between subspecialties, patients
and families

« Nihilism or misplaced optimism may still be present
« Recognition that holistic interventions exist beyond “survival”’

O’Mahony M., Wigmore T. (2019) Patient Risk Prediction Model. In: Nates J., Price K. (eds) Oncologic Critical
Care. Springer, Cham

OO Wake Forest’
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Risk Prediction and Admission

» 80% patients with hematologic malignancy admitted to ICU die
in the ICU or hospital

« Most common cause of death was intractable hypotension
« 4/52 patients requiring mechanical ventilation survived
« If infectious respiratory failure developed, prognosis grim

« Recommended to use data as decision to limit aggressive
treatment

D.P. Schuster, J.M. Marion. Precedents for meaningful recovery during treatment in a medical
intensive care unit: Outcome in patients with hematologic malignancy. Am J Med, 75 (3) (1983)

OO Wake Forest’
Scheol of Medicine:

ents for recovery during treatmentin a medical
with hematologic malig . Am ) Med, 75 (3) (198

OO Wake Forest”
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Risk Prediction and Admission

« Increased volume of cancer patients and specialty centers
show improved outcomes

« French database
« Cancer patients between 1997-2008

< ICU mortality dropped from 70.4 to 52.5% (relative decrease
25%) then 45%

« Low (<5), medium (5-12) and high volume units (>13)

« Case volume associated strong influence on survival
« High volume centers with younger patients and heme- malignancies

Zuber et. al. Impact of case volume on survival of septic shock in patients with malignancies. Critical Care
Medicine, Jan 2012

OO Wake Forest’
Scheol of Medicine:




Risk Prediction and Admission

« Conundrum
* Low volume
« less sick patients, older, lower acuity, less likely to receive transfer
« High volume
« Sicker patients, younger, higher acuity, higher likelihood for transfer

The more you treat, the sicker your patients

O’Mahony M., Wigmore T. (2019) Patient Risk Prediction Model. In: Nates J., Price K. (eds) Oncologic
Critical Care. Springer, Cham

Risk Prediction and Admission

« High volume centers
« Increased experience in management of critically ill oncologic patients
« Multi-disciplinary approach
« Well-established protocols
« Familiarity in complexity of oncologic patients and treatments
« Lack of automatic denials for metastatic disease
« Counterintuitively, admit patients that may look “well”

Why?
« Survival benefit with early intervention!

* 21% of patients died by day 30 that were refused ICU admission for
being considered “too well” for the ICU

OO Wake Forest’
Scheol of Medicine:

Risk Prediction and Admission

« Age
+ People are living longer with more comorbidities
« Half of all cancers after age 70
« In general, not a poor prognostic factor
+ Recommendation for GOC discussions if numerous comorbidities exist

« Performance status
* Improved outcomes with ECOG 0-1
* Higher ECOG due to malignancy # ECOG due to other comorbidities
« Optimize reversibility to better assess true functional status

0’'Mahony M., Wigmore T. (2019) Patient Risk Prediction Model. In: Nates 1., Price K. (eds) Oncologic
Critical Care. Springer, Cham

OO Wake Forest’
Scheol of Medicine:




Risk Prediction and Admission —
cancer specific
« Historically outcomes in solid tumor >> heme malignancies

« Organ failure, specifically mechanical ventilation, becomes less
of solid tumor vs heme prognosticator

« Although cancer type, stage and remission have little impact on
short-term ICU survival, the benefit of aggressive treatment is
questionable

« Goal of ICU should be to return patient to physiologic state that
can withstand further treatment

« If not, then this meets the definition for medical futility

0'Mahony M., Wigmore T. (2019) Patient Risk Prediction Model. In: Nates 1., Price K. (eds) Oncologic
Critical Care. Springer, Cham

OO Wake Forest’
Scheol of Medicine:

Risk Prediction and Admission —
Acute respiratory failure
* Most common reason for referral to ICU
* 10-50% cancer patients will develop respiratory failure
« Mortality rates could be as high as 67-90%
« Increased hypoxia prior to MV is poor prognostic factor

« Causes include infectious, intravascular volume, ARDS,
cardiac, therapeutic pulmonary toxicities, pulmonary
involvement of disease

* NIMV may improve outcomes

« ? Does aggressively treating underlying respiratory failure outweigh
complications of mechanical ventilation

O'Mahony M., Wigmore T. (2019) Patient Risk Prediction Model. In: Nates 1., Price K. (eds) Oncologic
Critical Care. Springer, Cham

OO Wake Forest’
Scheol of Medicine:

Risk Prediction and Admission —
Organ failure
« Increased number = increased mortality
« Gordon et. al (2005): 24 organ failures = 100% mortality

« Intensive Care National Audit and Research Centre (ICNARC)
« 1 organ — 50% mortality
« 3 organs — 84% mortality
« 5 organs — 98% mortality

« Early aggressive management has improved survival

« Renal replacement = 78% mortality
« Higher when delayed

O’Mahony M., Wigmore T. (2019) Patient Risk Prediction Model. In: Nates J., Price K. (eds) Oncologic
Critical Care. Springer, Cham

OO wake F
School c




Risk Prediction and Admission-
Neutropenia

« Higher risk of death (10%) in critically ill cancer patient
» Neutropenic sepsis/septic shock outcomes continue to improve

« Conflicting data with comparing neutropenic and non-
neutropenic patients

« Overall conclusion, chemotherapy-induced neutropenia should
not limit ICU level of care

O’Mahony M., Wigmore T. (2019) Patient Risk Prediction Model. In: Nates J., Price K. (eds) Oncologic
Critical Care. Springer, Cham

OO Wake Forest’
Sehoo! of Medicine:

Risk Prediction and Admission-
Repeated admissions

« Frequent re-admissions associated with worse prognosis

» Repeated admissions conferred 5X higher mortality rate
compared to single admission
 Necessitates the need for multidisciplinary approach
* “What can you offer?”
* “What s the benefit of what you can do?”
« “Are we doing things TO or FOR the patient?”

Renton, Pilcher D, Santamaria J, Stow P, Bailey M, Hart G, Duke G. Factors associated with increased
risk of readmission to intensive care in Australia. Intensive Care Med. 2011;37(11):1800-8.

OO Wake Forest’
Scheol of Medicine:

Risk Prediction and Admission-
Outcome prediction models

« Currently available scoring systems perform poorly due to
heterogeneity of cancer patients with conflicting results
+ APACHE, SAPS and MPM UNDERESTIMATE
« ICU Cancer Mortality model OVERESTIMATES
« Rely on physiologic variables that may be altered at baseline
« Disease
« Treatments
« Initial assessment not always reflective of future response to
treatment*

« 54 patients “too unwell for ICU = 26% alive at day 30 and 17% at 6 months.
« If admitted: 54 % and 32%

 “Too well for admission” — 21% mortality at day 30

Thiery G, Azoulay E, Darmon M, Ciroldi M, De Miranda S, Le'vy V Fieux F, Moreau D, Le Gall IR, Schlemmer B.

Outcome of cancer patients considered for intensive care unit admission: a hospital-wide prospective study. J
Clin Oncol. 2005;23(19):4406-13,

OO Wake Forest’
Scheol of Medicine:




Multidisciplinary care

« Intensive Care is one of the most expensive aspects of
healthcare in the US
« > $108 billion as of 2010
+ ~30% hospital budget
+ Expected to increase as population ages

« Daytime staffing by intensivists improves mortality*
« 24 hour in-house staffing expensive, limited intensivist pool, no further
increase in survival
« If intensivist consultation optional then nighttime intensivist
staffing reduced mortality
« Medical errors caught earlier

« 24h staffing by intensivists (mandatory consult) or closed ICU
did not improve ICU patient mortality

Checkley W, Martin GS, Brown SM, Chang Y, Dabbagh O, Fremant RD, Girard D, Rice TW, Howell MD, Johnson SB, O'Brien J, Park PK, Pastores SM,
Patil NT, Pietropaoli AP, Putman M, Rotello L, Siner J, Sajid s, Murphy DY, Sevransky JE, United States Critical liness and Injury Trials Group Critical
Hliness Outcomes Study Investigators. Structure, process, and annual ICU mortality across 69 centers: United States Critical lliness and Injury Trials
Group Critical lliness Outcomes Study. Crit Care Med. 2014;42(2):344-56.

Multidisciplinary care

« Co-management (cooperative?!)
« No consistent definition
« Leads to inappropriate overlap in medical care
« Lack of practice boundaries
« Potential lack of appropriate management
« Creates an environment of duplicate work
« Can be a frustrating environment when disagreements arise

OO Wake Forest’
Scheol of Medicine:

Multidisciplinary care

* What do we do at Wake?

« Assisted-management
« An improvement, rather than type, of co-management
« Primary management of patient is transferred to ICU team
« Oncology focuses on a “onco-specifics”
+ No longer focused on organ systems outside of specialty
+ Write orders for oncologic specific medications and labs
+ Do not write orders for anything else
+ Oncology team continues to follow patient daily in ICU
« ICU team does not write or cancel oncologic specific orders
«+ ICU team updates oncology team of patient decline, unexpected
results or changes that alter care
« ICU team involves oncology team for goals of care discussion
« Minimum of daily face to face interaction between teams

OO Wake Forest’
Scheol of Medicine:




ICU utilization

« Significant variation creates comparison challenges
« Do patients go to an ICU for life-saving interventions or for increased
nursing care?
» Roughly 10-20% patients receive continuous physician/life support
* Roughly 20-30% patients in ICU for monitoring and intensive nursing
 Between 2000-2010 ICU beds in non-federal acute care
hospitals in the United States has increased from 88,235 to
103,900 (17.8%)

« Ratio of ICU to hospital beds increased from 13.5 to 16.2%
* > 20% increase

« Reason for transfer to ICU highly variable
« Physician/provider practice, bed availability, policies, etc.

Chen K., Wallace S.K., Nates J.L. (2019) ICU Utilization. In: Nates J., Price K. (eds) Oncologic Critical Care. Springer, Cham

OO Wake Forest’
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ICU utilization

« Cost
« In 2010, ICU accounted for 13.2% total hospital expenditure, 4.1%
national healthcare expenditure, and 0.72% GDP
« 2000-2010 annual costs increased $56 to $108 billion
« Hospital stays involving ICU care = 2.5x cost of non-ICU
« Medicare covers 83% of ICU costs on average

* Quality improvement and reduction in cost waste should be constantly
evaluated

Chen K., Wallace S.K., Nates J.L. (2019) ICU Utilization. In: Nates J., Price K. (eds) Oncologic Critical Care. Springer, Cham

OO Wake Forest’
Scheol of Medicine:

ICU utilization — Specialty ICUs

« ORCHESTRA
« admission to an ICU in cancer centers was not associated with lower
ICU mortality, hospital mortality, or better resource utilization
« Although patients were matched for “severity” there were many
limitations
« Study done in Brazil — international disparities known based on global
national income
« Did not evaluate if protocols were actually implemented
« Did not evaluate discussions between intensivist and oncologist
« Only 10% patients had hematologic malignancy
+ Makes it underpowered, especially in this group
« Included both medical and surgical patients

Chen K., Wallace $.K., Nates J.L. (2019) ICU Utilization. In: Nates J., Price K. (eds) Oncologic Critical Care. Springer, Cham

Soares M, Bozza FA, Angus D, et al. Organizational characteristics, outcomes, and resource use in 78 Brazilian intensive care units:
The ORCHESTRA study. Intensive Care Med 2015;41:2149-60.

Koch A, Checkley W. Do hospitals need oncological critical care units? J Thor Dis. 2017;9(3):E304-9.

OO Wake Forest’
Scheol of Medicine:




ICU utilization — Specialty ICUs

* So basically, we still have no idea

XX+ Wake Forest”
7 Scheo! of Medicine

ICU utilization — Optimization

« Benefits to optimization include:
« Improved patient outcomes
« Increased bed capacity
« Improved patient throughput
« Decreased payment penalties
« Increased patient satisfaction

* How to optimize
« Use bundles when available
+ Caution in over-interpretation of results from non-cancer patients
« Early goals-of-care and end-of-life discussions prior to ICU
« Establishing and following triage, admission, and discharge criteria
« Use of intermediate care status/units
« Multi-disciplinary team involvement
« ICU physician with increased knowledge of cancer

Chen K., Wallace S.K., Nates J.L. (2019) ICU Utilization. In: Nates J., Price K. (eds) Oncologic Critical Care. Springer, Cham
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Oncologic Emergencies (OE)

« What is the difference between an OE and general critical
ilness?
« OFE’s are directly related to the underlying disease or result of
complications of therapy
« We'll go through examples but in general:
« OE - Spinal cord compression with paralysis due to metastatic disease
« General critical illness — Influenza pneumonia causing ARDS in
immunocompetent patient

Oncologic Emergencies (OE)

« Metabolic

* Hematologic

« Neurologic

« Cardiovascular

« Pulmonary

« Infectious

« Tumor-directed therapy

Halfdanarson TR, Hogan WJ, Madsen BE. Emergencies in hematology and oncology. Mayo
Clin Proc. 2017;92(4):609-641
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Oncologic Emergencies (OE) -
Metabolic

« Hypercalcemia of malignancy

« Causes:

+ Humoral — tumor production of PTHrP or intact PTH
* Most common cause

+ Bone destruction/osteolysis
+ Excess production of Vitamin D

* Presentation:
« Lethargy, confusion, anorexia, polyuria, polydipsia
« Can result in cardiac dysrhythmias — bradycardia, shortening of QT, cardiac

arrest

+ Physical symptoms as above. Possibly dehydration

Halfdanarson TR, Hogan WJ, Madsen BE. Emergencies in hematology and oncology. Mayo
Clin Proc. 2017;92(4):609-641
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Oncologic Emergencies (OE) -
Metabolic

« Hypercalcemia of malignancy

TABLE 1. Treatment of Hypercalcemia

Intervention Dosage Comments
Saine 250-500 mUUh IV until euvolemic and 100-150 mLh IV The rate of infusion shouid be adjusted for-the cardiovascular
after volume repletion is achieved. Can start by giving. status of the patient
an |- 1o 2.L intal bolus over | h if hypovolemic
Pamidronate 60.90 mg V over 24 h Use with caution i renal insufficiency. Onset of action
may take days
Zoledronic acid 4 mg IV over 15 min Use with caution in renal insufficiency. Onset of action
may take days
Calcitonin 48 1Ulkg SC or V every 12 h Rapid onset of action but short-ved
Glucocorticoids  Prednisone, 60 mg/d PO; hydrocortisone, Useful for hypercaicemia from cakitriol overproduction and
100 mg every 6 h IV in mutiple myeloma
Denosumab 120 mg SC weekly for 4 wh then every 4 wk Safe in renal insuffciency but doses should be reduced.

Can cause severe hypocakcemia
Furosemide 2040 mg IV Only for patients with volume overioad after volume expansion

IV = itravenously, PO = oraly SC = subatancoisly.

Halfdanarson TR, Hogan WJ, Madsen BE. Emergencies in hematology and oncology. Mayo
Clin Proc. 2017;92(4):609-641
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Oncologic Emergencies (OE) -
Metabolic

« Tumor Lysis syndrome
« Rapid cell turnover, cell lysis and release of intracellular contents
« Nucleic acid catabolism = hyperuricemia - uric acid crystals obstruct
renal tubules
« Release of intracellular phosphate = hyperphosphatemia >
HYPOcalcemia
+ Hyperphosphatemia + calcium = calcium phosphate crystals = AKI
« Hyperkalemia — may be first manifestation
« Treatment — prevention with hydration*, decrease uric acid production
and increase clearance
« Controversies —
+ How much fluid?
+ What if they develop renal failure and require renal replacement therapy?
« What if they have heart failure or are near intubation?
+ Remember jump in mortality associated with mechanical ventilation!

Halfdanarson TR, Hogan WJ, Madsen BE. Emergencies in hematology and oncology. Mayo
Clin Proc. 2017;92(4):609-641
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Oncologic Emergencies (OE) -
Metabolic

« Other metabolic issues:
« Lactic acidosis
« Hyponatremia
« Hypoglycemia
« Adrenal insufficiency

Halfdanarson TR, Hogan WJ, Madsen BE. Emergencies in hematology and oncology. Mayo
Clin Proc. 2017;92(4):609-641
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Oncologic Emergencies (OE) -
Hematologic

« Hyperviscosity

« Intrinsic resistance to the flow of blood secondary to increased
production of monoclonal proteins or excessive cellular or acellular
elements

« Waldenstrom macroglobulinemia most common cause — IgM

+ Uncommon if IgM <3g/dL

« Symptoms — headache, blurry/loss of vision, dizziness, chest pain,
shortness of breath, encephalopathy

« Physical exam — retinal venous engorgement, retinal hemorrhaging,
papilledema, bleeding

« Rouleaux on peripheral smear

« Treatment: Plasmapheresis or phlebotomy + isotonic fluid replacement

Halfdanarson TR, Hogan WJ, Madsen BE. Emergencies in hematology and oncology. Mayo
Clin Proc. 2017;92(4):609-641

Oncologic Emergencies (OE) -
Hematologic

« Hyperleukocytosis and leukostasis
« Exact value less important than clinical picture
« Results in tissue hypoxia and infarction
* AML >>>ALL
« Clinical manifestations similar to hyperviscosity

« Treatment — Leukapheresis, hydroxyurea, emergent initiation of
induction therapy

« *Monitor closely for development of tumor lysis!

Halfdanarson TR, Hogan WJ, Madsen BE. Emergencies in hematology and oncology. Mayo
Clin Proc. 2017;92(4):609-641
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Oncologic Emergencies (OE) -
Neurologic

« Malignant cord compression
» Up to 6% cancer patients expected to develop spinal compression
« Most often implicated
« Breast, lung, prostate - 2/3 of all cases

+ Multiple Myeloma and non-Hodgkin lymphoma -> highest cancer-specific
incidence

« Metastases to vertebral body then erosion is most common
« Paravertebral tumors can extend through foramina
« Thoracic spine > lumbar spine > cervical
+ EXAMINE YOUR PATIENT!
« Corticosteroids and emergent surgical consultation for evaluation

Halfdanarson TR, Hogan WJ, Madsen BE. Emergencies in hematology and oncology. Mayo
Clin Proc. 2017;92(4):609-641
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Oncologic Emergencies (OE) —
Cardiovascular

< Malignant pericardial effusion/tamponade

« Can be secondary to pericardial metastases, tumor invasion or
treatment

« Rapidly accumulating typically more emergent

+ Decreased ventricular filling, cardiac output > cardiovascular collapse

* Symptoms — Possible cough, chest pain, hypotension, distant heart
sounds, fixed/elevated JVP, pulsus paradoxus, shock

* EKG - electrical alternans

« Treatment — large and symptomatic — pericardiocentesis, pericardial
drain or window

Halfdanarson TR, Hogan WJ, Madsen BE. Emergencies in hematology and oncology. Mayo
Clin Proc. 2017;92(4):609-641

Oncologic Emergencies (OE) —
Cardiovascular

« Superior Vena Cava Syndrome
« Extrinsic compression or occlusion of SVC
+ Thoracic malignancies most common
« Benign causes — thrombosis of catheters or pacemaker leads
« Symptoms — dyspnea, orthopnea, cough, facial fullness, headache
+ Chest pain, hemoptysis, hoarseness, syncope
« Most cases not truly emergent
» Endovascular stenting
+ Radiation — slow to improve symptoms
* Elevate head of bed
« Disease-specific therapy

Halfdanarson TR, Hogan WJ, Madsen BE. Emergencies in hematology and oncology. Mayo
Clin Proc. 2017;92(4):609-641
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Oncologic Emergencies (OE) —
Respiratory

« Superior Vena Cava Syndrome
« Extrinsic compression or occlusion of SVC
« Thoracic malignancies most common
« Benign causes — thrombosis of catheters or pacemaker leads
« Symptoms — dyspnea, orthopnea, cough, facial fullness, headache
+ Chest pain, hemoptysis, hoarseness, syncope
« Most cases not truly emergent
» Endovascular stenting
+ Radiation — slow to improve symptoms
* Elevate head of bed
« Disease-specific therapy

Halfdanarson TR, Hogan WJ, Madsen BE. Emergencies in hematology and oncology. Mayo
Clin Proc. 2017;92(4):609-641
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Oncologic Emergencies (OE) —
Respiratory

< Malignant airway obstruction

« Most commonly lung cancer
« Anaplastic thyroid, SCC of head and neck, mediastinal lymphoma or germ cell
* Rarely primary tracheal tumors

« Dyspnea, coughing, wheezing, stridor

« CT to diagnose -> STABILIZE AIRWAY!

« Bronchoscopy
+ Restore airway patency
« Stenting, brachytherapy, laser therapy, etc.
+ Stents can migrate or become infected

Halfdanarson TR, Hogan WJ, Madsen BE. Emergencies in hematology and oncology. Mayo
Clin Proc. 2017;92(4):609-641
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Oncologic Emergencies (OE) —
Respiratory

« Acute Hemorrhage of airway
« Tumor erosion
« Massive hemoptysis definition not standardized
+ ~100-600ml bloody expectorant over 24 hours
* Respiratory failure symptoms
« CT angiography to identify bleed > STABILIZE AIRWAY!
« Local therapy vs therapeutic embolization

Halfdanarson TR, Hogan WJ, Madsen BE. Emergencies in hematology and oncology. Mayo
Clin Proc. 2017;92(4):609-641
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Oncologic Emergencies (OE) —

TABLE 12. Emergencies and Other Urgen! Adverse Events Related to Targeled Cancer Therapies
Organ system affected Gass of g Eranpie
Congestie heart fare

Trastauma, peruzumab

Arteral thrombosmbotin

Vencus thromboermbalsm

Anhyimia
Pumonsey
Preumonts TOR ehibtors
Kinse nhistors
Plurs ffsions Kinse inibitors
Gesromtens
perfoaton VEGE inbtors
Darea Kine risiors
[re——
Mutipl trgeed agents
Immuncthery
Immuncthery
TOR ehibtors
VEGE intbitors
Mt trgeted sges
M .

Halfdanarson TR, Hogan WJ, Madsen BE. Emergencies in hematology and oncology. Mayo
Clin Proc. 2017;92(4):609-641
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Questions?

OO Wake Forest’
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PJ Miller, MD

Assistant Professor
Medical Director Oncology ICU

Secti

Department of Internal

onP y, Critical Care, Allergy,
and Immunologic Medicine

Department of Anesthesiology, Section on Critical Care

Department of Internal icine, Section on t gy and Oncology

pemiller@wakehealth.edu
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Information contained likely to be updated prior to Spurr
Symposium presentation.

References and works to be fully cited by symposium

Information for this lecture was largely obtained, adapted or
referenced directly from the new publication: Oncologic Critical
Care.

Citations referencing Oncologic Critical Care should be cross-
referenced for original publications.
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Triple Negative Breast Cancer

Breast Cancer Subtypes
4 \ WER+/HER2-
. WTNBC
L ER-/HER2+
W ER+HER2+

TNBC represents ~15% of the
266,000 new breast cancer
diagnoses in 2018
Compared with ER+ BC, TNBC is
associated with:

— Younger age

— Higher rates of distant recurrence

— Sites of MBC often viscera and brain

— 6% of pts with TNBC present with de
novo MBC

TNBC Recurrence & Survival Patterns

Recurrence in first 1-3 years

s omergovarian
S e ¢ or 19y

Poor overall survival

+ Censared
— HeRar

OverallSurvival {mo)

Dent et al CCR 2007; Seah et al INCCN 2014




SYStemIC Determination of sites and extent of disease
Assessment of HER2, hormone receptor status,

Ma nagement Of disease-free interval, age, and menopausal status
mTNBC

Hormone-
unresponsive
Life-threatening

Hormone responsive
Non life-threatening

15tlineendocrine tx | E—
+/- CDK4/6i
i i . -

2" line endocrine tx
DK4/6i or mTORi

t line chemo

2"line chemo

25t i
3" line chemo

v
Wfrom NCCN

Chemotherapy has been the Standard of Care

e NCCN Guidslines Version 22018 r—
Invasive Breast Ci o ooy
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Factors to consider for treatment

Disease burden

KPS Symptoms
Comorbidities Tech pf)/DFI
gBRCA status Predictive BM
Compliance PDL1 status
Convenience Which therapy? Genomics
Preference Clinical Trials?
Life events
Prior tx Wash out

Trial availability

Activit fil
ivity profile Sequencing?

Toxicity profile
Predictive BM
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CALGB 40502: taxanes prevail

i3 Comparison HR | Pvalue | 95%Cl Agent N Median PFS
2 paclitaxel 283 10.6
£ = nabvspac 1.19 012  0.96-1.49
= nab-paclitaxel 271 92
& = ixavs pac 1.53 <0.0001 1.24-1.90 ixabepilone 245 78
£
Pl rp—
g S = haimchacel
& 7| = e
. o 10 20 30
Triple Negative Disease
N . m— paclitaxel
5 - \\ mm— ixabepilone
[ L"«—\ nabvs.pac 093  0.7354  0.62—1.40
B B ixa vs. pac 146 00647 0.98-2.18
o L
& = ix Y
s m—
a & 10, il 20 26 20 Rugo H et al, JCO June 8, 2015
Months From Study Entry
1 lati
.
TNT: Docetaxel vs. Carboplatin
ITT: No difference gBRCAm status matters!
100
Lt w = Carboplatin + BRCA1Z mutated
01 ) —Carbopatin+ BROAR not mutstod
o § Read
e :E . Docetaxe! + BRCA1Z mutated
ia b Ot
g Absolute difference: g
& X 239 C1-41130%) Ew Median PFS:
20 p=029 2w
i N
Fw o in
10 Y .}
ol 0 -
H 3 G 4 P W ®
Months from random isation o <
0 3 s 2 s P
Montns from randomisation
BRCA 1/2 statu p=003
Tutt et al, SABCS 2014 53-01 and 2018 @ -

TnAcity: 15t Line chemotherapy doublets
nab-paclitaxel and carboplatin

Yardley et al Ann Oncol 2018 Aug




Beyond 15t line?
Eribulin improves OS by ~20% compared to TPC

s
3 o, o
[ Outcome [ Result______|Pvalue |
ORR 5% vs 12% 0.002
£ PFS investigator 2.2 vs 3.6 mo; 0.002
i HR0.76
H PFS IRR 2.2vs3.7 mo; 0.137
! HR 0.87
* 0s 10.6 vs 13.1 mo; 0.041
20 HR 0.81
Nomber at is TRy

«
buiin 508 491 452 406 362 312 274 234 194 142 113 B3
G

PC 254 237 206 178 154 134 106 93

PR
E

Cortes et al, Lancet 2011

Eribulin improves OS by ~30% in patients with metastatic
TNBC compared to capecitabine

s e v i |
0os D EEmEmm ! pmemcemur mem o,
B OER | oS iEEmiEE RS o
Bace iR o (T PSPt oy
B o B M mamimae 4 oo
PFS B mmmem R | pmmmeme ar m
i 3 3 am ]
e oufman et 1, 1C0 2015

Management of TNBC:

Benefit to adding a
um in neoadjuvant?
CALGB 40603
GeparSixto
BrighTNess
ADAPT

‘Should 10 be added?
+ Keynote-522*
* IMpassion-030*

What is the best sequence
for 10/ chemo?
« GeparNuevo

What is best chemo
partner for 102

« GeparSepto

« ETNA

+ NEOTRIP*

Rapidly Changing Landscape

1L Therapy 2L+
What is the role of
Capecitabine?

« CREATE-X
(residual disease)

How should we treat

on progression?

+ ASCENT (IMMU-
132)*

+ Other ADCs?

+ What about continued
10?

How should we treat
gBRCAm patients?
+ OLYMPIAD

+ EMBRACA

* GEICAM
(no residual disease) Should IO be added?
*+ IMpassion-130

+ Keynote-355"

lymp|
« Multiple ongoing
studies

Benefit to adding a
platinum in

Other targeted
therapy?

* AKTi
+ AR

{0y ongoing or data not yet read out




OlympiAD: Ph III trial of olaparib in
gBRCA mutation associated breast cancer

HER2-negative mBC

= ER+and/or PR+ or TNBC
Deleterious or suspected deleterious
gBRCA mutation
Prior anthracycline and taxane
<2 prior chemotherapy lines in metastatic
setting
HR+ disease progresses on 21 ET, or not
suitable for ET

Olaparib
300mg tablets BID

If prior platinum use:
~ No evidence of progression during
treatment in the advanced setting
— 212 mo since (neojadjuvant

TPC: Capecitabine
Eribulin
Vinorelbine

* Primary endpoint: PFS by blinded indeper
Robson et al, NEJM 2017 @ ot

Olaparib associated with a 42% increase in median
PFS as compared to treatment of physician’s choice

A Progression-free Survival
100

4.2MO = 7Mo

Hazard ratia, 0.58 (35% CI, 0.43-0.80)
0.001

Olaparib (N~205)

Progression-free Survival [%)
8

Standard therapy
N=27)

© 1 2 3 4 56 7 % 9 10111213 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30

Months since Randomization
No. at Risk
Olaparib 205201177159154129107100094 73 69 61 40 3623 2121 11 11 11 4 3 3 2 2z
Sundard therapy 97 88 63 46 44 29 25 242) 13 11 11 £ PR S A

Olaparib FDA approved based on these data! @wxw.

1110
0000

Robson et al, NEJM 2017




Overall survival; ITT

Deaths, n (%) 130 (63) 62 (64)

Median 05, months 193 7.1
HR 0.90
95% C10.66-1.23; P=0.513
1.0 Allve at 6 months, % 931 858
Alive at 18 months, % a1 480
Median follow-up, months 189 155

Probability of overall survival

4 8 12 16 20 24 28 32 36 40

Time from randomization (months)
Robson et al AACR 2018 @ Jr——

Overall survival in prespecified subgroups

No prior chemotherapy for mBC (1L) Prior chemotherapy for mBC (2/3L)

Deatts,n(%)  0(08)  21(750)
Medin 05,m0 47

Deatrs,n (%) 100(685)  41(50.4)
Medan O 172

Probability of overall survival

i 1 16 20 2 2 @ 36 @ 0 4 & 1 16 20 2 2 @ 3%
Time from randomization (months) Time from randomization (months)

Robson et al AACR 2018 @ [r——

EMBRACA: Ph III trial of talazoparib in
gBRCA mutation associated BC

Talazoparib
1mg daily

* Locally advanced or metastatic
HER2-negative breast cancer
Germline BRCAL or BRCA2
mutation

No more than 3 prior cytotoxic [~
chemotherapy regimens for

locally advanced or metastatic
disease

Prior treatment with a taxane
and/or anthracycline unless
medically contraindicated

Litton et al SABCS 2017

TPC: Capecitabine
Eribulin
Vinorelbine
Gemcitabine

®
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Summary (OlympiAD and EMBRACA)
[ | oyme | evewaca |

HR (PFS) 0.58 (0.43-0.80) 0.54 (0.41-0.71)
HR (0S) 0.90 (0.66-1.23) 0.76 (0.54-1.06)
HR (0S) 1%t Line setting 0.51 (0.29-0.90) NR

ORR 59.9% (vs 28.8% TPC) 67.6% (vs 27.2% TPC)
Deterioration HRQoL 0.44 (0.25-0.77) 0.38 (0.26-0.56)
SAE > Grade 3 36.6% (vs 50.5% TPC) 25.5% (v. 25.4% TPC)
Anemia > Grade 3 16.1% 39.2%
Neutropenia > Grade 3 9.3% 20.9%
Thrombocytopenia > Grade 3 2.4% 14.7%
MDS/AML 0 0

Nausea (any grade) 58.0% 48.6%
Alopecia (any grade) 3.4% 25.2%

Next steps in PARP inhibition

Extending PARPi therapy Other PARPi in development
« Combinations (conventional cytotoxics) « Veliparib
« Combinations (targeted agents) ~ BrighTNess: C+P+V vs. C+Pvs. P
A Neoadjuvant TNBC > AC.
— PIK3CAi ‘Addition of V did not inc pCR
—  VEGF (e.g. cedirinib) ~ BROCADE: C+P+V vs. C+P in met gBRCA
— Increase replication stress (ATMi, « Niraparib
ATRI) —  BRAVO: Niraparib vs. TPC in met gBRCA.
~ 10 (innate immunity?) Closed early and has not reported
« Early stage disease (adjuvant olaparib, * Rucaparib
neoadjuvanttalazoparib) —  Phase Il of rucaparib in patients with
A . metastatic BC with high loss of
« Other genes, somatic mutations heterozygosity/HRD

e
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FDA approves atezolizumab for PD-L1 positive
locally ads d i

triple-negative breast cancer

Cancer.

in Advanced Tr

“IMpassion 130 is changing the treatment
landscape in metastatic triple negative
breast cancer” — The ASCO Post, Jan 2019

Priming and activation
(APC3 & T colis)

Anti-CTLA-4

Anti-0X40
Anti-GITR

Cancer antigen (73
on \2

/2 Infitration of T cells
5

A\ into tumors.
(CTLs, endotheial celis)

Adapted from Chen

T Cell

Pembrofiumat
Hivolumab.

presenat <
{dendritic colis/ APCs) G & o DS and Mellman, [;
S) Recognition ;
Vaccines mn'cla-ansuytm Immunity, 2013
TLR agonists. (CTLs, cancer cells)
-~ Anti-PD1/PD-L1
1) 7 IDO inhibitors
Coumomersey | cont e s gercacorcas | AhAGS
Radiation {cancar call doath) (Immune and cancer cells) | Anti-TIM-3
Dendritic
cell |
Ipilimumab
Sy
MHC
< w Tumor Cell
Tumorantigen




Why is TNBC a target forimmunotherapy?

IMMUNOTHERAPY ¢ Limited treatment
options

* Increased tumor
mutational burden

* HigherTILs
* High PD-L1 expression

TNBC

Breast cancer has a relatively modest tumor
mutational burden

%, % ¢
% 3 4 %, 4 % 2 o Py <,
S, oy o, %% P 2 o, i, %o, @ Wy
E o n %, o o, 1, 2y, %, & T, % o o Ny P, 9 P, B,
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‘et al.. Nature 2013

TILs as a Predictive and Prognostic Biomarker in Different
Subtypes of BC Treated with Neoadjuvant Rx

* Meta-analysis of 3771 patients (GBG)
— HighTILS are more frequent in TNBC (30%) > HER2 (19%) > luminal (13%)
— TILS are linked to increased pCR rates in all subtypes
— HighTILS associated with OS for TNBC and HER2; Low TILS associated with OS for luminal

60
50
40
30
20

low (0-10%)

intermed. (11-59%)

. high (260%)

PCR rate (%)

all patients  lum/HER2- HER2+ TNBC Denkert et al, Lancet
Oncoll; 2018




PD-La1 expression in early breast cancer

BC subtype PD-L1 IHC expression o N =110 (%)

Lum A 54 (49.5) 5(9.3) Tumor cells 6 (5.5)
Lum B 24(22) 10(s17) immune cells __22 20| ]
Stromal cells 4(3.6)
HER2+ 17 (15.6)  5(29.4) Anycells  26(23.6)
l TNBC 14(12.8)  6(42.9) | rouspestuny:215 expresonontumorer immune o sromicels

Buisseret et al. Oncoimmunology

Single Agent Checkpoint Inhibitors:
Phase Ib Trials

Agent Subtype ORR ORR (PD-L1+)
Pembrolizumab (anti-PD1)
* Single agent (Keynote-012, n=27) TNBC 18.5% 18.5%
« Single agent (Keynote-028, n=25) ER+/HER2- 12.0% 12.0%

Atezolizumab (anti-PD-L1)
* Single agent (n=21) TNBC 19.0% 19.0%

Avelumab (anti-PD-L1)

* Single agent (Javelin, n=168) All 4.8% 33.3% (n=4/12)
ER+/HER2- 2.8% NR
HER2+ 3.8% NR

TNBC 8.6% 44.4% (N=4/9)

Nanda et al, JCO 2016, Emens et al, AACR 2015, Dirix et al, BCRT 2017, Rugo et al, CCR 2018
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Key Trials: Checkpoint + Chemotherapy

BC Disease Prior Lines of Patients mPFS,
subtype | Setting Therapy N=Evaluable/Enrol months
led
7 42 7

ENHANCE-2 n=106/207

HenrCre ALl Pembro + Eribulin PD-L1+ n=49

Atezolizumab b TNBC Metastatic =

. n=32 %7
Atezolizumab + nab-paclitaxel 2*line n=13 % 24

o0
ad

IMpassion13o0:
Nab-Paclitaxel +/- Atezolizumab

- End points

* Primary: PFS, OS

= Secondary: ORR, DOR, QOL,
safety, and anlitherapeutic anlibody

IMpassion 130

Treatment-naive
locally advanced or

metastatic TNBC l-iukg::m
ECOGPS 0-1 oo
Planned n=800 Placebo + * Europe
= North America
nab-paclitaxel 100 mg/m? IV qw 3/4 o Souil Amorion

ClinicalTrials.gov #NCT02425891

*  Archival tissue collection
*  Any PD-L1 status permitted

IMpassion130: Baseline Characteristics
Atezo+nab-P Plac + nab-P Atezo +nab-P | Plac +nab-P
Characteristic N =451 N =451 Characteristic N=4 N=4
Median age (range). y | seoe | seess Metastatc disease, n (%) | esen | aos o)
Female, n (%) 448 (99%) ‘ 450 (100%) ‘ No. of sites, n (%)
Race, n (%)* 03 ‘ 332 (74%) ‘ 341 (76%)
White 308 (68%) 301 (67%) 24 ‘ 118 (26%) ‘ 108 (24%)
Asian 85 (19%) 76 (17%) ‘Slle of metastatic disease, n (%)
Black/Afrcan American 26 (6%) 33 (7%) Lung e | 228
Otherimultple. 20 (4%) 2 (6%) Bone useaw | e
ECOG PS, n (%) Liver 126 (28%) ‘ 118 (26%)
0 256 (57%) 270 (60%) Brain e | 3%
1 193 (43%) 179 (40%) Lymph node only 33 (7%) ‘ 23 (5%)
Prior (neo)adjuvant treatment, n 284 63%) 286 63%) PO-L1+ (C). n (%) [ Y
%)
Prior taxane 231 (51%) 230 (51%)
Schmid P, ot al. IMpassion130
Prior anthracycline. 243 (54%) 242 (54%) 'ESMO 2018 (LBAT PR)
o hitp:/bit.ly/2DMhayg




Atezolizumab prolongs PFS in PDL1+ TNBC

Primary PFS analysis: ITT population Primary PFS analysis: PD-L1+ pepulation
Suatfied HR + 030 e oie Sothod He= 052 oz e |
55 Cl. 0,057 e e (855 €1-0.49,0.78)
mewas 2 n Lol Priewas 8 w
—_— s

N
B

G35 8§ % B WD AT
Months.

%

Overall survival data encouraging...

Interim OS analysis: ITT population® Interim OS analysis: PD-L1+ population

T e [
Ll ol i -
i Sﬂ TR
|
| JER i | Ao 2
& 5 & § % 45 18 91 4 & 0 33 3% @ 3 & 9w W oBow %R ®
e

IMpassioni130 OS Update

median follow up ~18 months

| Nab-pact Atezo

ITT population (events/pt; %) 255/451 (57%) 279/451 (62%)
HR (95%Cl); p 0.86(0.72-1.02) o
P=0.078

Median OS, months 21.0 18.7
(19.0-22.6) (16.9-20.3)

PD-La+ (events/pt; %) 94/185 (51%) 110/184 (60%)

HR (95% Cl); p 0.71(0.54-0.93) -

Median OS, months 25.0 18.0
(19.6-30.7) (13.6-20.1)

Schmid P, et al. IMpassion130 ASCO 6/4/19




IMpassion 130: PFS Subgroups & ORR

S — . ™ PD-L1+>
S o f 6% =%
=l _=
- § “o
= z
€
»

Atezo+ Plac+ Atezo+ Plac+
nabP__nabP nabP _ nabP
median 74 56 85 | 55
(©5% CI). mo (69.90) (55,69 @3enfer.1n
No. of ongoing . s " %
Tosponsen ey TBG1%) 52(25%) 39 (36%) 19 (24%)

Schmid P, et al - N Engl ) Med October 20, 2018 - DOI: 10.1056/NEJMoa1809615

PD-La IC status
predictive of PFS
benefit from
atezolizumab -

RS [
£

The majority of patients with expression
of PD-L1 on TC are included within the
PD-L1 IC+ population

(positive va ne:
t with atezolizumabs

-®
= PD-L11IC-

Emens et al SABCS 2018

PD-L1 IC status predictive of OS benefit

100
ntoraction Test
05 MR (@5% CI)
ttroatment » POL1 1G)
@ PValue 4
[ o1 | 062 045086
£
70 oL | 192 (@79, T31) i
09068
F©
5 ®
S 4

10 15.5 mo 25.0 mo
o (13.1. 19.3)] 5.5.22.0) | (22.6. NE)
6 3 © ® 12 15 18 21 24 =2r 3o 33 36

Time (months)
= A trend toward assaciation Betwoen PD-L1 IC positivity and poor prognesis was observed But was not siatistcally significant
= PD-L1 IC positivity was prodictive of PFS and OS bonefit with atozolizumab + nat-pacitaxel

Emens et al SABCS 2018




BRCA status is not an independent predictor of
atezolizumab benefit

cal benefit derived by P! 1 IC+ pa

endent of their BRCA7/2 mutation

_BRCA1/2 non-mutiPD-L1 IC+ (n
H

BRCAT/2 mutiPD-L1 IC— (n = 44)

1) HR (85% CI) & Value
PFS  0.63(0.48. 0.83) 5 0.005 PES  077(0.37.161) 048
©OS  0.62(0.43,0.81) 0.01 0.85(0.29,243) 076

_BREA - a5) 50% of BRCA1/2
PES 004 mutant tumors are
os 0.82

PDLa1 IC+
= BRCA1/2 mutants and PD-L1 IC+ are independent from each other (P = ns)*
= Patients with BRCA1/2-mutant tumors derived clinical benefit (PFS/OS) only if their tumors were also
PD-LT IC+>

Emens et al SABCS 2018

AESIs suggestive of potential immune-related etiology

Ao
259 (57%)
Important AESTs
Hepatits (all) 69 (15%) 23 (5%) 62 (14%) 13 (3%)
Hepatiis (diagnosis) 10 2%) 6(1%) T@%) 1< 1%)
Hepatiis (1ab abnormalies) 62 (14%) 17 ) 58 (13%) 12.(3%)
Hypothyroidism 78(17%) o 19 %)
Hyperthyroidism 20 (4%) 1< 1%) 6 (1%) 0
‘Pneumonitis 14 (3%) 1(<1%) 1(<1%) 0
Meningoencephalitis® 5(1%) ) 2(<1%) 0
Golis 501%) 1(<1%) 301%) 1< 1%)
Adrenal insufficiency 401%) 1(<1%) 0 0
Pancreatiis 2(<1%) 1(<1%) 0
Diabetes mellius 1< 1%) 1(<1%) 2(<1%) 1< 1%)
Nephrils 1(<1%) o o 3
Otner AESIs®
Rash 154 (34%) 4(1%) 114 (26%) 2(<1%)
nfusion-related reactions. 5(1%) o 5(1%) 0

i Schmid P, etal. IMpassion130
AES), Shersé event ofspeca Interest. Data cutof: 17 April 2018,  Baskets ofprferred terms according to medical concepts. ® All vents ofphotophobia ESMO 2018 (LBA1_PR)
< Incides all AESs oocurting in 2 1% of palents in either am. hitp:/itly/2DMhayg

IMpassion130 Conclusions & Questions

*  Atezolizumab improves mPFS when added to nab-pacli in 2L TNBC and shows
numerical improvement in OS for patients with PD-L1 IC+

¢ PD-L1IC expression =1% is the only predictive biomarker of atezolizumab benefit
— Will this be true for all checkpoint inhibitors?

« Co-expression of BRCA1/2 mutation with PD-L1 IC+ is uncommon (~7%)
— 50% of BRCA1/2 mutations associated with PD-L1 IC+ tumors
— Opportunity for concurrent PARPi and checkpoint blockade for these patients?

* Arethere other chemotherapy partners of benefit? Platinum? Eribulin?

*  What is optimal approach for patients with shorter DFI?

*  What is best second line approach upon POD with checkpoint blockade?




Engineering ADCs in TNBC

* Thetarget

— Selectivity

— Level of expression

— ADC internalization

— Intracellular trafficking
* The linker

— Cleavablevs. non-cleavable
* The payload

— Tubulindirected

— DNAdamaging

Sacituzumab: TNBC Efficacy

mTNBC, 22 priors, s/p taxane. No biomarker selection.

N=110

Progression-free survival

Overall survival

Overall Survial (%)

E
H
3
H
H
H
£
! :
Months.
[——
108 @ 1. 10

ORR 34%, DoR 7.7mo

Bardia et al, NEJM 2018




—I ASCENT: Randomized Ph IIT ongoing

mTNBC
(ASCO/CAP)

R/R after 22 prior SOC chemo
for advanced disease

OR

Continue treatment
until progeession

within 12 months of
(nea)adjuvant therapy

ints
(8M)
« PFS(ITT)
+ 05 (ITT)

dpoint  2*End
S(BM)

@ O —

Other ADCs in TNBC...

trastuzumab deruxtecan

Trastuzumab deruxtecan
DS-8201a

HER2 “low”

\\i I«C’de&f.ojbﬂlg
=

DAR=8 Paylosd [Xd)

Bast parcentage change in tumer siza from baseing

Poster # P6-17-02 - San Antonio Breast Cancer Symposium® - December -8, 2018

Other ADCs in TNBC...
ladiratuzumab vedotin

SGN-LIVIA: Propoded Mechanism af Acticr: Best Change in Tumor Size Per Patient" — TN Patients
S IA oy g i DG componedot
; o 7
oty oo € e B =
e s [
o 2
E - Oty
»
£ -
g = u
E s
" InGMoual Patents.

* Metastatic TNBC, 22 prior chemotherapy

* Results: ORR 25%, mPFS 11 weeks (95% Cl, 6-12 weeks)

* Treatment related AEs, all grade: alopecia 41%, neutropenia 25%, neuropathy
20%, vomiting 24%

Forero et al SABCS 2016, Modi et al SABCS 2017
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AKT inhibition in 15t line mTNBC

Paclitaxel +/- capivasertib  Ipatasertib

mPFS 4.9mo vs. 9m

PTEN Altered  HR03(0.110.79) HR0.37(0.12- s KD 4 360 010700851

13
ImT 42vs59m. 12.6vs19.1 0. et s e 261
N=138 HR0.74(0.51.08) 1, z *,I b
DS HR:0.61(0.37, E

0.99) o

p=0.02 3 uT
PIK3CA/AKT1/ 3.8vs9.3m. 10.4 vs NR. § ’7

_ p=0.01 112) LI R ST S S R T
i p=0.61 Pt i by
(umbmoraeh

PIK3CA/AKT1/ 4.4vs53m. 13.2vs16.6 e B T
PTEN WT HR1.13(0.7,1.82) m,
N=84 ECCEZ HR0.84

(0.48,1.49)

SR, e s o s o D58 e

AR as a target in TNBC

- AR>0% | AR>10% | CBR24 CBR16 m

Bicalutamide® 12% 19% 12 wks
Enzalutamide? 79% *55% *29% *35% *14.7 wks
Abiraterone? = 38% 20% = 11.2 wks
Seviteronel® Phase | published; Phase Il manuscript in preparation

Bicalutamide + Phase | completed; Phase Il ongoing

Palbociclib®

Enzalutamide + Phase | complete

taselisib

1Gucalp et al. CCR. 2013; 2Traina et al. J Clin Oncol. 2018;
3Bonnefoi et al. Annals Oncol. 2016; * Gucalp et al ASCO 2017; Gucalp et al SABCS 2017 LR reee




Management of TNBC: Rapidly Changing Landscape

Neoadjuvant Surgery Adjuvant 1L Therapy 2L+

Benefit to adding a What is the role of

platinum in neoadjuvant? Capecitablne? How should we treat How should we treat

gBRCAm patients? on progression?
+ PARPI + 10 post progression
+ PARPI combinations 10?
with 10? + IMMU-132 in 3L+
« Other ADCs?

CALGB 40603 - CREATE-X
GeparSixto (residual disease)
BrighTNess + GEICAM

ADART (o residual disease)

Should IO be added?
+ Keynote-522* What is the role of
« IMpassion* PARPi?
« ISPY lympiA
+ Multiple ongoing
What is the best sequence studies
for 10/ chemo?
+ GeparNuevo

Should |0 be added? Other targets?

+ IMpassion-130 - AR
+ PD-L1+ TNBC
+ Keynote-355*

Other targets?
+ AKT inhibitors

Should I0 be added? « AR

- « Impassion
What is best chemo + SWOG1418
partner for [0?

« GeparSepto

« ETNA

+ NEOTRIP* *Study ongoing or data not yet read out

Thank You!




2019 Legislative Update and What it Means for Oncology
Shelag Foster, JD

Division Director, Policy & Advocacy

American Society of Clinical Oncology (ASCO)




2019 Legislative Update
and What it Means for Oncology

Shelagh Foster, JD
Division Director, Policy and Advocacy
ASCO

ASCO

All patients should have

access to high-quality,
high-value cancer care —
no matter who they are
or where they live

_ASCO

Turning Our Vision into Reality: Policy Priorities

Research

Expanding patient Reforming cancer Investing in
access to affordable care delivery and cancer research
cancer care and reimbursement that saves
clinical trials

Americans’ lives

ASCO




Policy Priorities

GOAL 1: Pursue access to high quality,
affordable care for every patient with
cancer

GOAL 2: Advance evidence-based policies
and delivery system reform that supports
oncology providers in their delivery of
high quality, high value cancer care

GOAL 3: Advocate for policies that
support a robust federally funded cancer
research, prevention, drug development,
and clinical trials system

ASCO

Political Reality

ASCO

Republicans and Democrats differ over key priorities
for the president and Congress in 2019
Fuw

‘should be a top priority for Trump and Congress this year

# of Rep/Lean Rep.
100

Reps place greater
prioriy than Dems
L —
o

g
Immigration Soclal
Security ©
Miayo ‘Mediodre
e © QHealth care
Budget defictO Ediombor
50 © Poor and
Global trade O S needy
Drugaddiction
Trangportation©  °"¢
o
Race O Environment
reltions
2

© Ciimate change

Dems piace greater
priorty than Reps

7 100

% of Dem/Lean Dem
4 Jan, 916, 2019,

ASCO




Political Impact on Policy...is Real

#InsideHealthPolicy

An Inside Washington news service

HOME  LATESTNEWS  TOPICS  FDAWEEK

INSIDECMS  INSIDE DRUG PRICING ~ HEALTH

Monday, August 12, 2019

Inside Drug Pricing

Drug Import Realities Kick In; Politics Drove CAR-T
Coverage; Novartis In Hot Seat

By John Wikerson
August 12, 2019 at 11:23 AM

ASCO

Major Driver of Change

ASCO

Launch Price of New Cancer Drugs Comp with F I
1975-2014
i Median monthly price
naw cancer drugs
58,000 -
56,000 -
Median monthiy
housenoid income
4,000 ~ ______————._"_—_—_—\
s2.000 -
sod : . : T T T
1075 1a80- 1985 1a50- s 200 2005 2010
1675 1568 1365 bt 155 o 2668 ais
Years

Source: Ramsey S, Blough D, Kirchhoff A, Kreizenbeck K, et al. Washington State cancer patients found to
be at greater risk for bankruptcy than people without a cancer diagnosis. Health Affairs. June 2013.

ASCO




“One of my greatest priorities
is to reduce the price of
prescription drugs.”

PRESIDENT DONALD J. TRUMP

ASCO
Drug Pricing Blueprint
HHS has identified four key strategies for reform:
Competition Seniors
Lower drug prices and Give Medicare Part D
increase innovation plans tools to negotiate
through more competition lower prices for seniors
Incentivgs ) More Options
Develop incentives for Offer more drug options,
drug makers to lower their which will lower out-of-
list prices pocket spending

Part B Changes

Step Therapy

Preauthorization

Pharmacy Benefit
Managers

Rebates

ASCO




Administrative Action on Drug Pricing

2

*

g * Gag Clauses ged ° International o - List Price in
[¢] - Speeding g Pricing Index i DIC
[8) Generic [e] - Competitive p Advertising
Approvals [s]  Acquisition le] ° Rebate Rule
9 Program [’ . Part D Six
"W . 340B [e)] Protected
Reductions? f=) Classes
3
=
°
z
ASCO
Congressional Proposals: Positives
= Price Transparency: Allowing lawmakers,
patients, and providers greater transparency
on all aspects of drug pricing (including _
PBMs!) ASCO in Actiongg
= Pay for delay/evergreening/product Ayt on Comeer oty R
hopping: Preventing drug manufacturers from PEEESS
participating in anti-competitive behaviors
= Reducing Market Exclusivity: Reducing the
time it takes before a generic/biosimilar can
enter the market
= Patient Out of Pocket Maximums in Part D ASCO

Congressional Proposals: Concerns

= ASP Formula: Including Value of Coupons in the
Determination of Average Sales Price for Drugs,
Biologicals, and Biosimilars under Part B

= Establishing a Maximum Add-on Payment for Drugs,
Biologicals, and Biosimilars

= More to come?

ASCO




116t Congress: Looking Ahead

= Federal Budget
= Surprise Billing
= Other ASCO Priority Legislation
 Prior Authorization
» Step Therapy
» Clinical Trials Coverage
» Oral Chemotherapy Parity

ASCO
Federal Funding for Cancer Research
FY2020: Budget resolution passed increasing non-
defense discretionary spending caps. Congress now
working on finalizing spending bills before September
30th.
Medical Funding I As co

With New Budget Deal

Surprise Billing

ST. DAVID'S MEDICAL CENTER BILL

HEART ATTACK
alargeru® Dag
TOTAL:
#51$164,941 <

INSURANCE BILLED
PAYMENT: §% PATIENT:

s55,84108,951 4 J

%%A

Physicians back alternative approach on surprise billing ===

Y 2, 3018 AMA‘%

Trump urges C to end ise billing’ of ital, ER

posonst ASCO




Other ASCO Priorities

ASCO

Medicaid Coverage of Clinical Trial Routine Care

Costs
FEEAFAENT MEDICAID ENROLLEES NEED CLINICAL TRIAL ACCESS The CLINICAL
TREATMENT Act (H.R. 913)

§ e

ASCO

Prior Authorization: the Improving Seniors' Timely Access to
Care Act (H.R. 3107)
Requires Medicare Advantage plans increase
transparency on use of prior authorization and real-
time approval of some treatments.

Step Therapy: Restoring the Patient’s Voice Act (HR 2279)

Requires private plans to implement a clear process for
step therapy and includes protocol exceptions

Oral Parity: Cancer Drug Coverage Parity Act (HR 1730/S 741)
Requires private plans to provide cost sharing for oral
cancer drugs at a rate that is no less favorable than the
cost-sharing for IV cancer drugs

ASCO




WE'RE FIGHTING

Change in prior authorization burden Insurance companies force
::er!‘as‘: ﬁﬁ": V“"j“ e o patients to “fail first" with the
: How has the burden asscated withpiorauthorzaton change
over helat e ears for hephysiciansandstaffin our pracice? wrong treatment.
. ot
st -
" ovurse
o
51% —
: LRSS
. -
38%
n
11%
B 3%

ASCO

Payment Reform: Move From Volume to Value

Pay regardless of outcome Payment reflects

performance

Shared risk,
aligned incentives

Pay per service

No distinction between high/low

performers

Evidence of
higher quality,
lower cost

Less focus on aspects of care,
e.g., coordination

Waste, unsustainable

ASCO

Payments in FFS Linked to Quality and APMs: Aspiration

W eerative payment modess (Categories 3-4)
W 5 Skt 10 usbty (Cotegories 2-4)

AR Mhackcsrn 557 (Catmgores 1-4)

2011 2014 2016

Historical Performance

Kate Goodrich April 2016, PCPI Conference

ASCO




APM MEASUREMENT EFFORT

Public and private health plans, managed Medicaid FFS states, and Medicare FFS
voluntarily participated in a national effort to measure the use of Alternative
Payment Models (APMs) as well as progress towards the LAN's goal of tying

30% of U.S. health care payments to APMs by 2016 and 50% by 2018. ~ = STATUS:
in 2017, -
34% of U.S_health care payments, representing approximately 226.3 ml"lon Slow but
americans gx T 1% of the covered population, flowed through Categories 384 models
steady

In each market, Categories 3&4 payments accounted for:

B P — progress
\ ( ‘ \ [/ toward an
\28.3% | 25y () | ambitious
S N NV N/ goal
COMMERCIAL MEDICARE MEDICARE MEDICAID
ADVANTAGE FFS
ASCO

Highlights from Proposed 2020 Physician Fee Schedule

Coding, billing changes value time with patient

Conversion factor ($ per RVU formula) essentially flat

Streamlined Quality Payment Program (MIPS Value Pathways)

Relaxing barriers to use of non-physician health providers

Expansion of opioid use treatment services

. e o
Overall impact on oncology 0% e

Proposed 2020 Hospital Prospective Payment
A Few Highlights

HOSPITAL OUTPATIENT INPATIENT

Price transparency for « CART

fialgglys?c:vslﬁ?); cf:grsumers » DRG add on payment increase
from 50 to 65% of technology

Continue phasing in site- cost

neutral payments for

services in off-campus

clinics

» Finalized days after rule

v'No requirement for CED
Loosened physician +Must be enrolled in FDA REMS
supervision, from direct to v'Must be in approved compendia

general ASCO




Bottom Line

“Change is possible.

Change is necessary.

And change is

coming...”
HHS Secretary Alex Azar
Federation of American Hospitals Policy
Conference ASCO

March 5, 2018

Goal: Sustainable Practice Environment

= NO MANDATORY
DEMONSTRATIONS

= Test multiple payment models ’ N\
= Pathways vs. UM, step therapy (

= Relieve administrative burden

W e

Hope in Rare Moments of Bipartisanship

NIH Funding

ASCO




Relationships Matter

“...budget of $39 billion this year...world's largest biomedical research
agency

[Francis Collins]...has used charm to rally Congress to restore growth
to NIH's budget after more than a decade of stagnation.

NIH has largely escaped political interference during his tenure.”

ASCO

What Comes Next? Fasten Your Seatbelts

ME‘DIIARE < e o

i CRISIS

Healthcare Payment
Q Rgimmx‘ Ahead !
Ay &
3
L) E@
G

ASCO Health Reform Principles

Access to affordable coverage regardless of income, health status.

-]

2 Reforms should not interrupt access to care/coverage

(-]

Timely access to cancer specialists, full range of services
2 Cancer prevention and screening without copay

T Access to clinical trials

2 Value-based reform should be patient-centered

T Engage patients and providers in reform

ASCO




ADVOCACY 101:

OONOTT Preparing ASCO Advocates
—

for Legislative Success

We Need You.

ASCO

3 Jsohn Joyce &
@RepJohnJoyce
Recently | met with Dr. Carolyn Y d ,t
Hendricks to discuss issues o u o n
impacting patient and cancer care in

st fomth Armon Sy have to be in
Washington.

of Clinical Oncology.
ASCO ACT Network -

; | ASCO




Testicular Cancer: The Incredible Journey to Cure a Cancer
Patrick J. Loehrer Sr., MD, FASCO

Director, IU Simon Cancer Center

H.H. Gregg Professor of Oncology

Indiana University School of Medicine




Testicular Cancer:
The Incredible Journey to
Cure a Cancer

Charles L. Spurr Symposium
September 22, 2019

Disclosures

Grant funding:
* Novartis
« Eli Lilly

When are we going to
find the cure for cancer?
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“Diagnosis: a bulging tumor in the breast...like touching a ba
“Treatment: none”

(L of wrappings”

--Egyptian Text: Ca 2500 BC

Cancer: circa 1968

Acute Lymphoblastic Leukemia was first
disease curable with chemotherapy

Hodgkin Disease treated with MOPP

The most common cause of cancer death
in young men was testicular cancer

Testicular cancer treated with surgery
curing about 50% of patients with early
stage disease in a few centers of
excellence.

95% of all others died of cancer, usually
within a year

Importance of Testis Cancer

Most common carcinoma in men ages
15-35 years

Value of combined modality therapy
Model for randomized studies
New drug discovery

Goal is cure




Germ Cell Tumors:
Primary Sites

* Testis

» Ovaries

* Mediastinum

* Retroperitoneum
* Pineal Gland

Clinical Presentation

Painless unilateral intrascrotal mass (>50%)
Back or flank pain (11%)

Gynecomastia (7%)

Uncommon:

* Hemoptysis

* Dyspnea

* CNS Symptoms

* Bone metastasis

Histology and Serum Markers

BHCG AFP
« Seminoma +/- -

* Non-Seminoma
Teratoma
Choriocarcinoma
Yolk Sac Carcinoma
Embryonal Carcinoma




Staging

- Stage | — Testicle alone

Is — Marker elevation alone after
orchiectomy

» Stage Il — Retroperitoneal Lymph
node involvement

» Stage lll - Disseminated disease (lungs,
liver, brain, bone) or marker
positive disease after RPLND

Isochromosome 12p: i(12p)

Germ Cell Tumors

 Disseminated Disease




Historical Perspectives

1. Single agent studies with Vinblastine +
Bleomycin achieved results similar
Actinomycin-D

. Vinblastine + Bleomycin synergistic to
preclinical systems; initial studies in testicular
cancer produced a 25% cure rate

. Cisplatin produced 3 complete and 3 partial
responses in 11 patients with refractory
testicular cancer

History Of Platinum

* Barnett Rosenberg discovered the effect of
Platinum co-ordination complexes on E-coli cell
growth in an electrolysis experiment

Does electromagnetic
radiation play a role in
mitosise

NHa/NH,* buffer E-colicells

Mitosis

Pt electrode

Magnetic field lines The experiment

Nat
for
Tray




Discovery of cisplatin

Cause:

HaN, ol Cl, NHj
L PH(I) P
cl Hah

Hahl cl

Cl Cl

Clre. U MH Hal o ot
Pt 3 PHIV oy
Hal™ (':|'C| vy Hah 'él"u

B. Rosenberg, L. van Camp, T.
Krigas, Nature (London) 1965, 205,
698

(NiHE

Thomson, J. Biol. Chem. 1967, 242, 1347

Rosenberg et al. Nature 1965,1969; Thomson et al. J Biol Chem, 1967

History Of Platinum

CISPLATIN STRUCTURE 3 5
NH, 1 :

Cl

* Cis-diamminedichloroplatinum (CDDP)
demonstrated a wide spectrum of activity against
experimental tumors

* First entered human clinical trials in 1972
 Early toxicity outweighed therapeutic advantage

Historical Perspectives

. Single agent studies with Vinblastine +
Bleomycin achieved results similar
Actinomycin-D

. Vinblastine + Bleomycin synergistic to
preclinical systems; initial studies in testicular
cancer produced a 25% cure rate

. Cisplatin produced 3 complete and 3 partial
responses in 11 patients with refractory
testicular cancer




Story of two men

Lawrence H. Einhorn John P. Donohue

Testicular Cancer:
Background Material

* Dose Limiting Side effects:
Cisplatin- kidneys
Vinblastine- bone marrow
Bleomycin- lung

« Synergy

« Combination vs. sequential therapy

Original PVB Regimen

Induction

Cisplatin 20 mg/m? IV x 5 days
Repeat every
Vinblastine 0.2 mg/kg IV x 2 days 3wks x4
courses
Bleomycin 30 IU IV push weekly

Maintenance

Vinblastine 0.3 mg/kg IV monthly x 21 mos




Results: PVB

* In 47 consecutive patients, 33(70%) had
a complete remission and 5 more were
rendered disease free with surgery.

+ At five years 27 ( 57%) remain disease
free

* Primary toxicity was sepsis and
neutropenia
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How do you make it “better”?

* Less toxic
 More active
* Improved cure rate




What was done?

» All of the above

Decreased dosage of vinblastine (less toxic)
Deleted maintenance therapy (less toxic)
Improved supportive care

(less toxic, improved survival)

Segregate populations into good and poor
risk (can tailor therapy accordingly)

MAINTENANCE THERAPY

Complete Vinblastine 0.3 mg/kg

remission monthly x 20

No therapy

EN~Z0TZp» X%

MAINTENANCE VINBLASTINE:
RESULTS*

Vinblastine No Maintenance

No pts. 57 56
Relapses: 5 (9%) 4 (7%)
Cures: 54 (95%) 53 (95%)

*Einhorn, et al.: NEJM 305:717-731, 1981




From Schabel FM, et al: Cancer Treat Rep 63:1459-1473, 1979

TREATMENT: IP, DAYS 5, 9, I3
[MLsiNopAYS |

| 108 IP|| AFTERRX || *CELLS

(P388/0] [CAND "CURES™)| [SURVIVING RX|]
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Cisplatin 20 mg/m? X 5
Vinblastine 0.15 mg/kg days 1 & 2
Bleomycin 30 units days 2, 9, 16

Cisplatin 20 mg/m? x 5
VP-16 100 mg/m? x 5
Bleomycin 30 units days 1, 8, 15
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O
\%
I
V4
E

Courses repeated every 3 weeks for 4 courses

International Consensus
Classification®

60% of all patients;
91% 5 year survival and 87% PFS

26% of all patients;
79% 5 year survival and 74% PFS

14% of all patients (all with NSGCT)
48% 5 year and 41% PFS

*JCO 15:594-603, 1997



IGCTCC Classification: NSGCT

« All of the following:
AFP < 1,000 ng/ml
BHCG < 5,000 IU/L
LDH < 1.5 x normal
Non-mediastinal primary
No non-pulmonary visceral metastasis

* JCO 15:594-603, 1997

Carboplatin inferior to Cisplatin

in Good Risk Disease
* PE x4 versus CE x4 (MSKCC, J. Clin Oncol 11:598, 1993)

— 265 patients entered

— Carboplatin arm inferior with respect to:
» Event Free ( IR or Relapse) Survival (p=0.002)
 Progression Free Survival (p=0.005)
+ Toxicity (Myelosuppression, GCP fever)

« BEP x4 vs. BEC x 4 (MRC/EORTC, J Clin Oncol

15:1844, 1997)

— 598 patients entered

— Carboplatin arm inferior with respect to:
* Complete Response rate (94% vs. 87%; p=0.009)
* Survival ( p=0.003)

EST 4887

Cisplatin 20 mg/m? days 1-5
Etoposide 100 mg/m? days 1-5

} x 3 cycles

Cisplatin 20 mg/m? days 1-5
Etoposide 100 mg/m? days 1-5 x 3 cycles
Bleomycin 30 units/week

mMmN-=Z20022>»2X

Results: BEP(n=86) EP (n=86)
Total NED 82 (95%) 78 (90%)
Relapse 8 (9%) 18 (23%)
Dead 3(3.4%) 7 (8.1%)
Continuously NED 74 (88%) 80 (70%)




Historical Perspective:
Good Risk Disease

BEP superior to PVB

BEP x 3 is similar to BEP x 4
Cisplatin is superior to carboplatin
BEP x 3 is superior to PE x 3

BEP x 3 is less toxic than PE x 4

“International Germ Cell Consensus”

Advanced (14% Intermediate (26%)

PMNSGCT or NSGCT with Seminoma with non- pulmonary
non-pulmonary visceral metastasis visceral metastasis

e AFP>10,000 e AFP 1,000 to 10,000 -
at start of chemo at start of chemo

e HCG > 50,000 e HCG 5,000 to 50,000
e LDH>10XULN e LDH1.5t0o10 x ULN

Chemotherapy recommended: Chemotherapy recommended:
BEP x4 orVIP x 4 BEP x4 or BEP x 3
followed by EP x 1

Historical Perspective:
Poor Risk Disease

BEP superior to PVB

P,y VBE superior to PVB
BEP o, superior to BEP,,
BEP similar to VIP

BEP superior to BOP/VIP

BEP x 4 is superior to high dose chemotherapy
plus stem cell transplant




Germ Cell Tumors

 Mediastinal GCT

Case Report

* A 31 year old WM presents with cough
and chest pain.

* Physical exam reveals a thin, tall man
appearing somewhat pale. VS were WNL
LN: normal; CV: distant heart sounds;
Abd: soft and non-tender; GU: atrophic
testis




Differential Diagnosis:
Anterior Mediastinal Neoplasms

Thymoma/ Thymic Carcinoma
Lymphoma ( Hodgkin’s and NHL)
Endocrine (Thyroid and Parathyroid)
Germ Cell Neoplasms




Labs:

« BHCG- 50,000 IU/I
AFP - 251 ng/ml

« CBC:
Hg -10.1
Ht - 29.7
WBC-7.4
Platelet Ct — 74,000

Case Report: (cont’d)

* The patient is begun on BEP and sent to his local
physician for second and third courses.

* Nine weeks later he presents with chest wall mass.

& « His BHCG is now 32 mIU/L and
his AFP is nhormal.

« CBC has Hb=9.7, WBC = 3.2
and Platelet count = 23,000/ml

What’s going on?




Mediastinal Germ Cell Tumors

Most common extragonadal site

Older age onset

Male preponderance (equal for teratoma)
Elevated BHCG and/or AFP

i12p

Associated Syndromes:

— Hematologic disorders

— Non-germ cell malignancies

— Kilinefelter's (younger onset)

Mediastinal NSGCT:
Hematologic Malignancies

Acute megakaryocytic leukemia
Myelodysplastic syndrome

Refractory thrombocytopenia
Refractory Anemia with Excess Blasts
Malignant histiocytosis

Systemic mastocytosis

Mediastinal NSGCT:
Non-Germ Cell Malignancies

Rhabdomyosarcoma
Synovial Cell Sarcoma
PNET

Nephroblastoma
Adenocarcinoma




EGCT: Meta-analysis (cont’d)

5yr. 5yr.
Type PFS Survival

Mediastinal seminoma 88% 89%

Mediastinal NSGCT

Chronic Toxicity of Chemotherapy

Sterility

Peripheral neuropathy
Ototoxicity

Leukemia

Cardiovascular: cholesterol,
hypertension, or vascular events

Metabolic Syndrome In Long-term Survivors
Of Testicular Cancer*

» Scandinavian study of 1,135 patients diagnosed
1980-1994
Patients receiving > 4 courses of cisplatin
combination chemotherapy had increased odds
OR 2.1; 95% C.l. 1.6-4.7) for metabolic syndrome
compared with control group
« Association strengthened after adjusting
for testosterone, smoking, and physical
activity

*Haugnes HS, Fossa SD, et al.: Ann Oncol 18:241-248, 2007




Chronic Toxicity of Chemotherapy

Induction
20 mg/m? IV x 5 days Repeat every

-, 0.2 mg/kg IV x2 days 3 wks xfour courses
A 301U IV push weekly ‘
Maintenance
i Vinblastine
e sEE

0.3 mg/kg IV monthly x 21 mos

IUSCC: Bedside to Bench to Bedside

WEFS1 (Wolfram Syndrome) SNP and o
Cisplatin-associated Hearing loss e e Age:

Mean age 61.7 years

i ) i SNP (MAF, 0.21) in WFS1 associated with T Median age 38 years
B o .¢  cisplatin-associated hearing loss and S
¢ decreased expression of WFS1

* . 4 ° 1 2
R s oot i
E e — Travis et al J Clin Oncol 8/10/16

R01 CA157823 Travis: Pl
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Testicular Cancer:
Incidence and Mortality

+ 8,800 new cases in US annually
* Most common cancer in men between ages of 15-35
» Most curable cancer seen in oncology




Testicular Cancer

Incidence Cure Rate

Stage | 40% 100%
Stage Il 40% 98%
Stage il 20% 80%

OF THE
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'—k_)'\ALIIJI\l

wnﬂmgwnmnq




The disease of cancer will be banished from

life by calm, unhurrying, persistent men
and women, working with every shiver of feeling
controlled and suppressed, in hospitals and
laboratories, and the motive that will conquer
cancer will not be pity nor horror; it will be curiosity

to know how and why.

- H.G. Waells

Germ Cell Tumors:
A Story of ...

Basic research
Clinical research

» Surgery

* Maedical Oncology

* Radiation Oncology
« Pathology
Symptom science
Team Science

Germ Cell Tumors:
A Story of ...




Urothelial Carcinoma: Current Management and Recent Advances
Guru Sonpavde, MD

Director, Bladder Cancer

Dana Farber Cancer Institute




Urothelial carcinoma: current
management and recent advances

Guru Sonpavde, MD
Director, Bladder Cancer
Dana-Farber Cancer Institute
Harvard Medical School
Boston, MA

Disclosures

« Advisory Board: Merck, BMS, Sanofi, Bayer, Genentech, Novartis, Pfizer,
Astellas, Janssen, Amgen, AstraZeneca, Eisai, Exelixis, EMD Serono

* Research Support to Institution: Onyx/Amgen, Sanofi, Bayer, Boehringer
Ingelheim, Celgene, Merck, Pfizer

« Steering committee: Astrazeneca, BMS, Bavarian-Nordic, Astellas,
Debiopharm

First-Line Chemotherapy for Metastatic Urothelial Carcinoma

ECOG PS=2
Cr Cl <60 mL/min
Neuropathy grade 22
. . P . . rp CHF class 2 3
Cisplatin-Eligible’ Cisplatin-Ineligible? [

Treatment
M-CAVI

- GC

GC  14.0 months (12.3-155 ) Log-rank test P = 64

MVAC 15.2 months (13.2-17.3 )
GC 9.3 mo
M-CAVI 8.1 mo

HR: 1.09 (0.88-1.34)

Survival (%)

Eﬁ:aiaeeees;g

Treatment 0 N
M-CAVI 108 119
110 119

1. von der Maase H, et al. J Clin Oncol. 2005;23(21):4602-4608;
2. De Santis M, et al. J Clin Oncol. 2012;30(2):191-199.




First-line ddMVAC or GC + paclitaxel (cisplatin-eligible)

MVAC vs. “dose dense” MVAC GCvs. GC + Paclitaxel

Gemeiabineiciplatin n = 314 1
— Pacitaxelsplstingemeitabine (n - 312; 0 = 268]
HDALYAC MVAC Oversl log aritest P= 075,
madian 15,1 months 139 mowthe
Sy TEE 1355
(1432005 (- 1)

Logrank P
HR =076 (9565 C1

_MNumber o patients al sk
s is "
5 20 23

Stemberg CN. Eur J Can 42:50 (21 Bellmunt J.J Clin Oncol. 2012 Apr 1;30(10):1107-13.

Neoadjuvant MVAC x 3 Improves Survival in Resectable MIBC: SWOG-8710

——— MAVAC and cystectomy (90 deaths; medlan survival, 77 mo)
— Cystectomy alone (100 deaths; median survival, 46 me)

5-Year OS: 57% vs. 43%
PCR: 38% vs. 15%

Months sfer Randomization
No. at Risk

MVAC and cystectomny. 75

Cpstectomy alane 50

M-VAC, methotrexate, vinblastine, doxorubicin and cisp!
08, overall survival; pCR, pathologic complete response.
Grossman HB, et al. N Engl J Med. 2003;349(9):859-866.

Impact of pathologic response on OS: S8710

Qverall Survival
by Path Stage, Nodal Involvement

“FDA has accepted pCR as an endpoint for approval in breast
cancer
“FDA workshop at BCAN 8/8/2019: most participants appeared
T3 - T4NO disease, <P2=35%, P0=24% enthusiastic about pCR as surrogate endpoint in MIBC

<Trial level surrogacy of pCR rate remains unproven
Sonpavde et al, Cancer 115, Issue: 18: 4104-4109, 10 June 2009




DD-MVAC x 3-4 cycles as neoadjuvant therapy: Relapse-free survival by pTO rate

Relapse-Free Survival (%)

Disease-Free Survival (probability)

B3
‘Time From Cystectomy (months)

Elizabeth R. Plimack et al. JCO 2014;32:1895-1901 oRs KCHouR St SEUCOL2IA 22,1 B0Rtons

m CR 26-38%
u Some N1 patients were allowed
m Time from diagnosis to RC was shorter

$1314: Descriptive data on pathologic response by
treatment arm in evaluable subjects

Chemotherapy Response

CR (pTO) 28 (35%) 27 (32%)
PR (downstaged to <T1) 12 (15%) 20 (24%)

CR+PR 40 (50%) 47 (56%)
Non-resp: 42 (50%) 38 (44%)

COXEN disappointing to predict pCR to specific regimens

Flaig T, et al. ASCO 2019

Fractionated weekly split dose gemcitabine + cisplatin or gemcitabine +
carboplatin for patients ineligible for conventional day 1 cisplatin

Overall survval

19 with Cr C1 40-60

PCR was similarto
rd
dat

Koie T. Med Oncol 3 ; Murasawa H. Int J Clin Oncol 2:
T. Int J Clin Oncol 18:724-30, 2013; Mertens LS. 188: 1108. J




Trends in use of perioperative chemotherapy
Reardon Z,...Cookson M. Eur Urol 2015 (n=5692 from NCDB)

# No Perioperative
Chemotherapy

= Neoadjuvant Chemotherapy

= Adjuvant Chemotherapy

Percent of Patients Treated, %

Neoadjuvant chemotherapy increased from 10.1% in 2006 to 20.8% in 2010 (p = 0.005).
Adjuvant chemotherapy remained stable between 18.1% and 21.3% (p = 0.68).

Is precision medicine possible with neoadjuvant cisplatin-based
chemotherapy?

——> DNA repair gene variants
associated with pCR

ERCC2 mutations

with pCR > Bladder sparing
approach for those with somatic
ERCC2 mutations planned to

iler R; Eur Urol 2017
Basal gene expression subtype
showed most improvement in OS
with NAC

Daniel Geynisman, Fox Chase Cancer Center

Major Inclusion Criteria > ‘ N Act_il\lle
« cT2-T3 NOMO ® urveillance
+« ECOGO0-1

+ Urothelial Predominant Histology Viutatio S Intravesicle Tx
OR

+ MFS s defined as the absence of a recurrence of
urothelial carcinoma that is >cN (more than one > T Chemo-RT
clinically suspicious pelvic lymph node) or surgically OR
unresectable local recurrence (e.g., >cT4a) or M1

disease. . Cystectomy

TURBT AMVAC x 3 URBT #2 » e ——
s OR
e Cystectomy
/~ Sequencing
(Caris) )
Mutation positive Cystectomy

defined as any
alterations in: Primary Endpoint: Metastasis-free survival (MFS) at 2 years.

r QEM Non-inferiority design with a 14% margin between risk-adapted design
. EANGE (MF$=78%) and standard-of-care (MFS=64%).

\\ _ ERCC2 / Sample size=70 with an 82% power, Type | error=0.045




Adjuvant Chemotherapy: Randomized Bladder Trials Not Definitive
Retrospective Studies and Meta-analyses Are Supportive

Benerit
Regimen Progression Survival
Skinner ('88) CISCA Yes No

Stockle ('92) M-VA(E)C Yes Not evaluated

Studer (94) Cisplatin Not evaluated  No

Freiha (‘96) cmv Yes No

Bono (89) Cisplatin-MTX No No

Stadler - p53+ (2009) MVAC No No

Cogretti - ASCO 2008 GC No No- Incomplete accrual
Paz-Ares - ASCO 2010 PGC Yes Yes - Incomplete accrual

Sternberg (Lancet Oncol.) GC/MVAC/DD-MVAC  Yes No -Incomplete accrual

ROUT

Results of POUT - A phase Il randomised trial of
peri-operative chemotherapy versus surveillance in
Upper tract urothelial cancer (UTUC)

Primary endpoint: DFS

Kaplan Meier Survival Curve by Am to fist
Disease Free Survval met

Chemotherapy:

Surveillance:

HR (95% Cl) = 0.49 (0.31-0.76), p=0.001

Primary: DFS

o0 s 15 e 20 25 30
Vears b v oy’

PouT2: Ci
cancer

apy with or without il apy following nephro-ureterectomy for upper tract urothelial

ChemoRT for Locally Advanced Bladder Cancer: 5-FU + Mitomycin-

XRT XRT + HR,
(N=178) 5FU/MMC P Value
(N=182)
2-Y Locoregional DFS
EFS 58% 71% NA

5-Y OS 33% 48% .82, 0.16
Toxicities
Acute Grade 3-5 27.5% 36.0% 0.07
Late Grade 3-4 15.7% 8.3% 0.07

5-FU, 5-fluorouracil; DFS, disease-free survival; EFS, event-free survival; XRT,
external radiation therapy; MMC, mitomycin-c; not available; Y, year.
James ND, et al; BC2001 Investigators. N Engl J Med. 2012;366(16):1477-1488.




RT +/- Cisplatin

Cisplatin

Years 0.0 10
s, G50 51 £
G 2

Coppin CM et al Oncol. 1996

Cisplatin-based chemotherapy + XRT

RTOG pooled experience

N=348
Complete response: 69%
Trials evolved to exclude

disease, CIS

5- year OS rate 5

aymond H. Mak,.. Anthony L. Zietman; JCO 2014, 32, 3801-3809.

Cisplatin+5FU + XRT BID vs. Gemcitabine + XRT once daily

g
&
2
=
2
@

Both regimens > DMF3 >75%.
Fewer toxicities with GD

No single optimal chemo regimen
— (Other studies have used cisplatin
—co 8 » alone, paclitaxel alone,
1 2 3 4 5 cisplatin+paclitaxel, carboplatin-
Time Since Random Assignment (years) paclitaxel)

s a  w W oW
% a2 W u

Bladder-intact distant metastasis—free survival (BI-DMFS)
FCT, fluorouracil plus cisplatin and radiation twice a day;
GD, gemcitabine and once daily radiation.

John J. Coen,..William U. Shipley; Journal of Clinical Oncology 2019 3744-51




Post-Platinum Chemotherapy for UC

Vinflunine + BSC vs BSC Phase 11! Taxanes

* Survival longer in eligible population (n = 357) * Nonrandomized phase Il trials24
- Required 1 prior platinum-based line for metastatic disease
. PSO-1

Drug N RR% Median Median
PFS (mo) OS
(mo)

G5t
0781051 10 09)
w03

Paclitaxel? 31 10 22 7.2

Paclitaxel® 45 9 3.0 7.0

Overall Survival (probability)

Docetaxel* 30 13

BSC, best supportive
1. Bellmunt J, et al. J
al. Clin Genitourin Cancer. 2

The era of immune checkpoint inhibitors (ICls) is here!

How effective are PD-1/PD-L1 inhibitors for UC?
* Post-platinum

* First line

* Neoadjuvant

* Switch maintenance

Immune Checkpoint Blockade approach to Cancer Therapy

APC/target cell T cell

\ 1C08-L CD28
» (+) signal

" & 7

COB6 ,//' GTLA-4
100 = )—L
(immune \coso //’
inhibitery) —

| j‘x\ i
RGMb . —= (+) signal
— -

Topalian SL, Drake CG, Pardoll DM. Cancer Cell 2015




High Somatic Mutation Burden

‘Somatic mutation frequency (IMb)

Newotlastoma
Chrorio lympho-
cyic lakemia

Low grade gloma
Diffuse large

B.ccll ymphoma
Head and neck
adenocarcinoma
Ting adono-

Lawrence MS, et al; Nature. 2013;499(7457):214-218.

Checkpoint Inhibitor Approvals: Previously Treated Disease

May 2016 Feb 2017 May 2017

—

Atezolizumab Nivolumab Durvalumab Avelumab Pembrolizumab

Above agents are indicated in patients with locally advanced or metastatic urothelial carcinoma who
have disease progression during or following platinum-containing chemotherapy or within 12 months of
neoadjuvant or adjuvant treatment with (platinum-containing) chemotherapy.

Phase Il KEYNOTE-045: Stu

Key El ity.
= Urothelial carcinoma of the renal
pelvis, ureter, bladder, or urethra

+Transitional cell predominant

- PD after 1-2 lines of platinum-based
chemo or recurrence within 12 mo of

. :::;:::r:t:: platinum-based therapy Pacitaxel 175 e

+Provision of tumorsample for Docetaxel Ts'mglmi Q3w
biomarkerassessment N=272 Vinflunine 320 mg/m? Q3W

Pembrolizumab
200 mg IV Q3W
for 2 years

Stratification Factors Key Endpoints:
EECDO RS (TivE=2) Primary: OS and PFS in total and PD-L1 CPS 210% populations
tHemoglobinlevel(=10 vs2108/at) Secondary: ORR and DOR in total and PD-L1 CPS 210%

* Liver matastases (yes vs no) populations; safety in total population

+Time from last chemotherapy dosa (<3 vs 23 mo)

Bellmunt J, et al. SITC 2016; Abstract 470.; NEJM 2017




Phase 11l KEYNOTE-045 ASCO GU 2018 UPDATE:

Pembrolizumab vs Chemotherapy as Salvage

Overall Survival: Total

14.1 months of follow-up"
Events,n AR @5%C)" P
G022

Pembro

073
Chemo (059:0.91)

s [ ————

0.00017

Median (95% G
10.3 months (8.0-12.3)
7.3 months (6.1-8.1)

0 4 8 12 16 znl 24 z" 32 36 40 S0Sna? 0 motherapy arm
No. at risk Time, m including those who rocaivo .
o o

Pembro 270 14 147 116 98 80 9 pac e ceos oy
Chemo 212 173 109 T3 58 a1

Belllmunt J, et al. 2018 ASCO GU. Abstract 410; Bellmunt J, et al for the KEYNOTE-045 Investigators. N Engl J Med. 2017;376(11):1015-1026.

Phase Il KEYNOTE-045 ASCO GU 2018 UPDATE:
Pembrolizumab vs Taxane/Vinflunine as Salvage

Progression-Free Survival: Total

14.1 months of follow-up’

100 Frenie.n R OSC)
Femiro 2%

Chemo 218

E]
(081-119)
/o (6.2%) i 27.7 months of follow-up.

Events.n___AR(95%C)

Pembro 0.96 031714
(0.75-1.16)

Chemo
Median PFS (95% CI):
1 months (2.0-2.2)

Smomths (2.4-3.5)
24 32 36 40

onth:
"

2%

1
9.

8,4%

Bellmunt J, et al. 2018 ASCO GU. Abstract 410; Bellmunt J, et al for the KEYNOTE-045 Investigators.
N Engl J Med. 2017;376(11):1015-1026.

Phase Il KEYNOTE-045 ASCO GU 2018 UPDATE:
Pembrolizumab vs Taxane/Vinflunine as Salvage

Objective Response and Response Duration

Objective Response Rates BT
=

madian nge)

g

Pombro ) 160103000 mo)

7 R
. R

G atieTe

=
8

2

B
&

1.9%
(14.4%)

Patients, % (95%

Remaining In Response, %
» 2
3

Pembrolizumab  Chemotherapy
N=270 N=272
Time, months
= 1

s — s 2 a

Bellmunt J, et al. 2018 ASCO GU. Abstract 410; Bellmunt J, et al for the KEYNOTE-
045 Investigators. N Engl J Med. 2017;376(11):1015-1026.




Phase Il KEYNOTE-045 ASCO GU 2018 UPDATE: Toxicities
Pembrolizumab vs Taxane/Vinflunine as Salvage

Treatment-Related AEs Occurring in 210% Patients?

AEs of Interest Occurring in 21 Patient2b

Pembrolizumab Chemotherapy

Bellmunt J, et al. 2018 ASCO GU. Abstract 410; Bellmunt J, et
al for the KEYNOTE-045 Investigators. N Engl J Med
2017;376(11):1015-1026.

Immune Checkpoint Inhibitors in Platinum-
Refractory Setting

Phase 1 Il - Single arm  I/1l | 1]

No. patients 459 atezo 265 191 249 266 pembro

Dosing 1200 mg q3w 3mg/kg 2w 10 mg/kg q2w 10 mg/kg q2w | 200 mg q3w

ORR 13.4% 19.6% 17.8% 17% 21.1%

DOR 63% ongoing 77% ongoing 77% ongoing 82% ongoing Median NR at
at 17.3 mo at 7 mo at 5.8 mo at 9.9 mo 27.7 mo

Median 0S 11.1 mo (NS) 8.7 mo 18.2 mo 6.5 mo 10.3 mo

Median PFS 2.1 mo 2.0 mo 1.5 mo 1.5mo (6.3 w) | 2.1 mo

Grade >3 20% 18% 6.8% 8% 15%

trAE

t al. Lancet. 201, :748-757; 2. Sharma P, et al Lancet Oncol. 20 2; 3. Powles T, et al. JAMA Oncol.
72411; 4. Patel MR, et al. Lancet Oncol. 2018;19:51-64; 5. Bellmunt J gl J Med. 2017;376:1015-1026.

Metastatic UC
At least stable
disease

82
Placebo g3 weeks x up to 24
|\
N
~

~ .
Progression
\ g

\

\d
Pembrolizumab 200 mg IV g3
weeks x up to 24 months

ASCO 2019 Abstract 4504 Galsky et al.

< 8 cycles of
platinum-based
chemotherapy




Progression-free Survival with switch maintenance pembrolizuma
HCRN GU14-182

- Pembrol

Median PFS and 95% ClI
Placebo: 3.2 (2.8, 5.5)
Pembrolizumab: 5.4 (3.6, 9.2)

Progression Froo Survival

Hazard Ratio: 0.64 (0.41, 0.98)

Log rank p = 0.038

ASCO 2019 Abstract 4504 Galsky et al.

Second-Line Switch Maintenance: Avelumab Undergoing Evaluation in
Phase Il JAVELIN Bladder 100 Trial

Avelumab

NCT02603432

CheckMate 032: Nivolumab Alone or in Combination with Ipilimumab in
Platinum-Pretreated mUC High response rate with combination in PD-L1 high patients

=NIVO3 (N = 73) i
mNIVO3HPIT (N = 104)
= NIVO1+IPI3 (N = 92)

n=104 & n=26 n=31
Overall PD-L1<1% PD-L121%
PD-L1 Expression

Rosenberg JE et al. Proc ESMO 2018;Abstract LBA32




First-Line PD-1/PD-L1 Inhibitors for Cisplatin-Ineligible UC

Atezolizumab (N=119)'

CR
PR

ORR 23% oD
Median PFS 2.7 mo PD

1. Balar AV, et al; for the IMvigor210 Study Group. Lancet

Pembrolizumab (N=370)23

Total Population
N =370

n %

108 29

27 7
81 22
67 18
155 42

6; 2. O'Donnell PH, et

al. 2017 ASCO. Abstract 4502; 3. Balar AV; et al. Lancet Onco

95% Cl

25-34

5-10
18-27
14-22
37-47

Ongoing First-Line Phase lll Trials Incorporating 10 for
Advanced UC: including Cisplatin-Eligible and -Ineligible Patients in the Same Trial

Trial Strategy Experimental Arm(s) Standard Arm
Placebo + Gem-Plat

PD-L1 + Chemc Atezo
IMvigor130 OR

Atezo + Gem-Plat

PD-1 + Chemo Pembro
KEYNOTE-361 OR

Gem-Platinum

Pembro + Gem-Plat

PD-L1 +/-
DANUBE CTLA-4
Durva + Treme
NCT03036098 PD-1 + Nivo + Ipi*
CM-901 CTLA-4

Gem-Platinum

Gem-Platinum

PD-L1 +/- Durvalumab +Gem-Plat OR| Gem-Platinum
NILE CTLA-4 Durva + Treme + Gem-Plat

(+ Chemo)

Use PD-L1 expression to select therapy for the first-line
therapy of cisplatin-ineligible patients

5/18/2018

FDA Alert
*In two ongoing clinical trials (KEYNOTE-361 and IMVIGOR-
130), the Data Monitoring Committees’ (DMC) found patients
in the monotherapy arms of both trials with PD-L1 low status
had decreased survival compared to patients who received
cisplatin- or carboplatin-based chemotherapy.

*Approval labels changed to: those who not eligible for
cisplatin-containing chemotherapy and whose tumors
express PD-L1 [Combined Positive Score (CPS) 210 for KN-
361, 25% for IMVIGOR130], or in patients who are not
eligible for any platinum-containing chemotherapy
regardless of PD-L1 status

*Platinum-ineligible patients remain ill-defined (?both ECOG-
PS=2 + Cr Cl <60, ECOG-PS=3, Cr Cl <30, comorbidities)

PD-L1 (IHC)

Carboplatin-
based

Pembrolizumab/

atezolizumab

chemotherapy

Platinum-ineligible




Atezolizumab + Platinum-based chemo met PFS endpoint

Sunday, Aug 4, 2010

Genentech'’s Tecentriq® (Atezolizumab) Plus Platinum-Based
Chemotherapy Reduced the Risk of Disease Worsening or Death in
People With Previously Untreated Advanced Bladder Gancer

IMvigor130 is the first positive Phase Il study of # cancer immunctherapy combination in
previously untreated advanced bladder cancer

Data will be shared with health authorities globally, including the U.S. Food and Drug
Administration (FDA)

South San Francisco, CA -- August 4, 2019 -
Genentech, a member of the Roche Group (SIX: RO, ROG; OTCQX: RHHEY), today
announced that the Phase III IMvigor130 study met its co primary endpoint of
investigator asscssed progression frec survival (PFS). The combination of Teeentrig®
(atezolizumah) plus platinum hased chemarherapy showed a statistieally significant
redncrion in the risk of disease worsening or death in people with previonsly unfreared
Tacally advanced or metastatic nrothelial carcinoma (mUC) compared with
chematherapy alone. Iinconraging overall survival (O) resnlts were ohserved at this
interim analysis, however these data are not yet mature and follow-up will continue until

the next planned analysis.

vant PD-1/PD-L1 Inhibitor Phase lll Trials

Pl Population Control Experimental Primary
Arm Arm Endpoint

Industry All-comers MIUC No therapy Atezolizumab PFS
Prior NAC- >pT2
No AC >pT3

Industry All-comers MIUC Placebo Nivolumab
Prior NAC- >pT2
No AC >pT3

Intergroup?  All-comers MIUC No therapy Pembrolizumab PFS/0S
Prior NAC- >pT2
No AC >pT3

Upper tract Gem- Gem-platinum + IO
Urothelial platinum
carcino

Neoadjuvant Checkpoint Inhibition in Bladder
Cancer: Early Results of Phase Il Trials
Necchi #4507 Powles #4506
Pembrolizumab (n=43) | Atezolizumab (n=68)
pTO rates
Eligibility T2-T3b, T2-T3b ‘ with chemo
N1 allowed (5%) N+ not allowed
T4b not allowed T4b allowed (7%) Gem Cis
-26%
% patients cisplatin ineligible 0% 100% il
% who also got neoadj. chemo 12% 0% DDMVAC
Duration of neoadjuvant 3 cycles (9 weeks) 2 cycles (6 weeks) A
therapy
Safe? Yes Yes
Pathologic complete response  40% 29%
rate (pT0)
o e dat o




A Phase 1b/2 Study of Neoadjuvant Pembrolizumab and Chemotherapy for
Locally Advanced Urothelial Cancer

Characteristic Pembrolizumab +
Gem - Cis (n=36)

From the onset of chemo: 18.8 weeks (11.5,
26.6;

Time to surgery
From the end of chemo: 5.7 weeks (3, 13.6)

Pathologic Stage
< ypT1NO (%, 95% Cl) 22 (61.1%)
PO 16 (44.4%)
P1/CIS/Pa 5
P2+ 15
LN status positive 5
LN removed, >10 28
Clinical T and ypPathology
cT2 > <P2
T34 > <P2
cT2 > P2+
CT3-4 > P2+

pCR not associated with PD-L1
Christopher J. Hoimes, ESMO 2018

Merck’s KEYTRUDA® (pembrolizumab) in Combination with Chemotherapy Met Primary Endpoint of
Pathological Complete Response (pCR) in Pivotal Phase 3 KEYNOTE-522 Trial in Patients with Triple-
Negative Breast Cancer (TNBC)

JULY 29,2019

KEYTRUDA s the First Anti-PD-1Therapy to i PCRR: juvant Therapy for TNBC PD-L1
Status.

Upcoming Medical C
KENILWORTH, N.J.--(BUSINESS WIRE)-- Merck (NYSE: MRK), known as MSD outside the United States and Canada, today announced that the Phase 3 KEYNOTE-

522 trial investigating KEYTRUDA, Merck's anti-PD-1 therapy, one of the dual-
response (pCR) following the tof j gimen i p pl b (TNBC). Based on an interim
" DataMonioring Comitiop (DMC) KEVIRUDA istically sig
inpCR i , PD-ListatusJA pathological PCRis defined as a lack of allsigns of
gery. Based on th the DMC, the trial wil conti
without changes to evaluate the other dual-pri point of i , P P KEYTRUDA in this tri
consistent with i ported studies;
“These findi i i KEYTRUDA ime an anti-PD- P
significant i pathological or pre-surgical, t of treatment for tripl cancer," said Dr.
Roger M. Perlmutter, president, Merck Research Laboratories. “TNBC 2 high rate of ithin the first five years of diagnoss.
v d planto ata with health authorities and to present tan upcoming gress.”
The KEYTRUDA breast cancer d , including

enabling studies for TNBC (KEYNOTE-355, KEYNOTE-242, and KEYNOTE-522).

Ongoing neoadjuvant phase lll trials for MIBC

| it

NCT03661320 BMS PCR, EFS GC / Split Dose-GC  Control + Nivolumab + Placebo
Control + Nivolumab + Linrodostat

NCT03732677 Astrazeneca PpCR, EFS GC / Split Dose-GC  Control + Durvalumab

NCT03924856  [L0tey PCR (all, PD-L1+) GC + Placebo Control + Pembrolizumab
EFS (all, PD-L1+)

2018-002676-40 IS pCR, EFS Nivolumab
Nivolumab + NKTR-214

NCT03924895 Merck PCR (all, PD-L1+) - Pembrolizumab
EFS (all, PD-L1+)




Ongoing selected neoadjuvant phase Il trials for MIBC

N -

T N S

Nivolumab + /- Urelumab (CD137 agonist) Johns Hopkins

Nivolumab + /- Lirilumab (KIR agonist) PrECOG
Durvalumab + Tremelimumab MDACC
Nivolumab, Nivolumab + Ipilimumab MSKCC
Durvalumab, Durvalumab + Oleclumab (CD73i) DFCI, MGH
Pembrolizumab + Epacadostat (IDO1i) Milan

Gemcitabine + Pembrolizum:
GC + Pembrolizumab

GC + Nivolumab Minnesota, DFCI, Utah
Nivolumab + TAR200 (gem release wvesically) REUS

Planned Phase lll Trial by NRG, SWOG
ChemoRT +/- Concurrent = Adjuvant Atezolizumab

ATEZOLIZUMAB x 1 year

RT +

Chemotherapy Survival
(5-FU-MMC, PFS
Cisplatin +/- 5-FU)

OBSERVE

Pembrolizumab for BCG-refractory Non-Muscle
Invasive Bladder Cancer (NMIBC)

Pembrolizumab for BCG-refractory Carcinoma In Situ (CIS)

Duration of Response for Patients Who
Overall Response Rate at Month 32 Achieved CR at Month 32

- + Median (range) duraton of CR
127 manths (0.0+to 20.5+ months)

+ 75%of patiens had a CR duration 26 monihs
+ 53% of patiens had a CR duration 29 months

No progression to muscle invasive or metastatic disease

Balar et al, ASCO 2019, abstract 350




Ongoing selected phase lll trials of PD1/L1 inhibitors for NMIBC

Trial ID Primary Control arm | Experimental arm
‘endpoint (s)
BCG

[\[@CEEFXIEZE BCG-naive Astrazeneca DFS Durvalumab + BCG ind
Durvalumab + BCG ind + Maint

[\[GEVARDEVA Post-BCG induction  Merck CR Pembrolizumab + BCG

CG-naive Genentech RFS Atezolizumab + BCG

Oral FGFR inhibitors and other new intravesical agents also undergoing investigation

Are biomarkers ready for prime time to select patients for PD1/PD-
L1 inhibitors?

¢ PD-L1 IHC assay

* Tumor mutation burden (TMB)

* DNA damage repair gene alterations

* Gene expression for intrinsic subtype

* IFN-Y gene expression signature

Variable Assays for PD-L1 Expression have
been used by different companies

SP142 . 88 22¢3 SP263 7310

Ventana Dako Ventana Dako

Cell types scored ic - TC+IC Ic+TC Ic+TC
| for urothelial cancer

PD-L1+as 225%  pD-L1+as25%
Cutoff definitions PD-L1+ (IHC 2/3) as PD-L1+210%TC of ICs and TCs TG or210%
for urothelial cancer  EECHRSJLNRES and IC staining  with membrane [Cstaining
PD-L1 staining

Estimated PD-L1
prevalence in
urothelial cancer trials

Rosenberg J 2 s 4(Suppl 2S):Abstra
0 Med 1376:1015-10;
polo AB et al. J C :34(Suppl):Abstract 4514,




Use PD-L1 expression to select therapy for the first-line
therapy of cisplatin-ineligible patients
5/18/2018
FDA Alert
*In two ongoing clinical trials (KEYNOTE-361 and IMVIGOR-
130),the Data Monitaring Committees’ (DM) found patients
in the monotherapy arms of both trials with PD-L1 low status 1 l

had decreased survival compared to patients who received
cisplatin- or carboplatin-based chemotherapy.
*Approval labels changed to: those who not eligible for
cisplatin-containing chemotherapy and whose tumors ,
express PD-L1 [Combined Positive Score (CPS) 210 for KN-
361, 25% for IMVIGOR130], or in patients who are not Carboplatin-
eligible for any platinum-containing chemotherapy based
regardless of PD-L1 status
chemotherapy

*Platinum-ineligible patients remain ill-defined (?both ECOG- t
PS=2 + Cr Cl <60, ECOG-PS=3, Cr Cl <30, comorbidities) Platinum-ineligible

Phase Ill KEYNOTE-045 ASCO GU 2018 UPDATE: Pembrolizumab vs Taxane/Vinflunine as Post-
Platinum Salvage - Survival Benefit Seen Regardless of PD-L1 Expression!

Overall Survival: Subgroups

Primary site
Lower tract

overal sz Viscorardisesse
priog piatinum thera Limph nae ont
o " 13 Vsceradisesse’
3 Risklacios:
s

s oy o
-l

sz‘ ":"”VS Westigator s cholce
e s itk

5 W [ oot
: AL Y O |

b H o 1
Pembro  Chemo PembroChemo
Hazard Ratio Hazard Ratio

Bellmunt J, et al. 2018 ASCO GU. Abstract 410.

Phase lll Atezolizumab vs Chemotherapy in Platinum-
Refractory, PD-L1-Positive Disease: IMvigor211

Urothelial carcinoma of the renal Atezolizumab 1200 mg IV 1x/3 wk
pelvis, ureter, bladder, or urethra
Transitional cell predominant
PD after 1-2 lines of platinum-based
chemo or recurrence within 12
months of perioperative platinum-
based therapy .
ECOG PS 0-1 Paclitaxel 175 mg/m? 1x/3 wk
Provision of tumor sample for or
biomarker assessment Docetaxel 75 mg/m2 1x/3 wk
N=234 or
Vinflunine 320 mg/m2 1x/3 wk

Key endpoints: OS in PD-L1+ population (primary); OS in ITT population (hierarchical analysis)

Powles T et al. 2018 Genitourinary Cancers Symposium (ASCO GU 2018). Abstract
409; Powles T, et al. Lancet. 2018;391(10122):748-757.




Phase lll IMvigor211: Atezolizumab vs Chemotherapy
in Biomarker-Positive, Platinum-Refractory UC

Events/Number Median OS, mo 12-mo OS Ra

Powles T, et al. Lancet. 2018;391(10122):748-757.

OS Based on Tumor Mutational Burden (TMB): Phase IIl IMvigor211
Analysis

TMB-High* TMB-Low*
— Atezolauma
= e
[Fomesiciosiom ) [R-wewoomim ] * Inthe TMB-high subgroup,
mOS was
longer with atezolizumab

Complete and partial
responses and prolonged
OS were observed in
subgroups of patients
with TMB-low tumors

in both arms.

81mo | 83mo

0240681121122
Months
5 3 2 142121 93 514025 16 7 2
7 62 48 34 2 1 126116 89 “ 310158 4

was 0,65 mutaions/Mo. Reprinted rom The Lancet, Postes T, ot l. 2017 Dec 18, [Epub], © 2017. wih permisson requested fom Elsevir.

PD-L1 or TMB to select patients for 10 alone for MIBC?

™B

pTO was achieved in
-19 patients (54.3%) with PD-L1 CPS > 10%
-2 patients 13.3%) with CPS < 10% (P =
0.011)

A significant (P = 0.022) association

between TMB and pTO |esponse with a
cutoff of TMB > 15 mut/Mb

Joonrewe

CO 2018, JCO 2018; Oct 20.




DDR alterations associated with response to PD-1/PD-L1 blockade in
metastatic urothelial carcinoma.

Any DDR alteration was associated
with a higher response rate (67.9%
v 18.8%; P < .001).

Higher response rate in those with
likely deleterious DDR alterations
(80%) compared with DDR
alterations of unknown significance
- . - (54%) and in those with wild-type

» Sablo isease by sz crtria butprogrossiv cisease wihnow lasions v Brogrossion » 100% DDR genes (19%; P < .001).

Best Overall Response (%)

“”““I [T iy |||||||||||

Min Yuen Teo,..Jonathan E. Rosenberg; Journal of Clinical Oncology 2018 361685-1694.

IS PRECISION MEDICINE POSSIBLE BASED ON TCGA GENE
EXPRESSION SUBTYPES? Lermner,...kwiatkowski; TCGA (N=412), ASCO 2017, CELL

2017

Luminal Basal/Squamous
KRT20+. GATA T3 5.14 i

v

Ke

FGFR? mu, fusicn, amp: | [Low purty
Papillary hisiciogy EMT markers (TWIST1, ZEB1) ‘Sauamaus differentiation
Sk mIR-200 family asal karatin markers
Low IS Medium CD274 PDAT). GTLAS High G274 (PR-L1), GTLA
— | Myofibrobiast markers Immune inflratas

Wi type.

v v

Low nak APO-LT,PD-1 CTLAS  (Targetea herapy? | fAmiPOC1 PO CTAa | (&
HAC! [Gisstasadioniniage, Cispiatin-based NAG
FGFRS inhibiars e

Lo response rate

Femala

Low prodicted
alhosd of responze.

based on preminary
ata

Association between UC molecular subtype, 25-gene
interferon-y signature, and response to nivolumab

Basal 1 and luminal 2 have higher response rates vs the other 2 subtypes
Interferon-y genes are enriched in responders vs those with progressive disease (P<0.01)

Lumival 1 Luminal 2

Basal Basal2 CRIPRISD
(Custor1)  (Custor2)  (Chster3) (Clster4)
6 5 I

ature expression
THE LANC




VEGF inhibitors

CALGB 90601 Study Design Enrollment: 2009-2014
n=500
Gemcitabine 1000 mg/m2 IV
days 1 and 8 Bevacizumab 15

Metastatic or locally N Cisplatin 70 mg/m2 IV day 1* mg/kg q3 week Treatment

advanced unresectable Bevacizumab 15 mg/kg until cancer

urothelial carcinoma g

No prior chemotherapy z;z%zﬁ;:;ie

for metastatic disease .
ECOG PS 0-1 Gemcitabine 1000 mg/m2 IV ZOXKI:W or
eatl

GFR > 50 ml/min . days 1 and 8 Placebo
Cisplatin 70 mg/m2 IV day 1*
Placebo

Primary Endpoint: Overall survival (OS)
454 deaths required to detect a HR of 0.74 with power of 0.87% and two sided a=0.05
DSMB approved the final OS analysis at 420 events

ASCO 2019 Abstract 4503 Rosenberg et al.

Bevacizumab does not improve overall survival in
combination with gemcitabine and cisplatin

Total (Events) HR (95% C)  Median (95% CI)
087 (
254(212)  Reference 143 (121-162)

04707

Percent Alive

Time (Months)

2%
k]

Abstract 4503 Rosenberg et al.




PFS is improved with bevacizumab

Arm Total (Events) HR (95% CI) (95% CI)

) Reference

Stratified Logrank P-value: 0.0

Hazard ratio is statistically significant,
but difference is not clinically significant

Percent Alive and Disease-Free

RANGE Phase lll trial: Modest PFS (but not OS) Improvement by Adding
Ramucirumab (VEGFR2 mAb) to Docetaxel for Post-Platinum Patients

ip duration in the full ITT population erquartle range (IR},

Petrylak DP, et al; RANGE study investigators. Lancet. 2017;390(10109):2266-2277; Petrylak DP. 2018 ESMO.

VEGF + PD1 +/- CTLA4 inhibition

Cabozantinib Plus Nivolumab +/- Ipilimumab for Lenvatinib + Pembrolizumab for Metastatic Urothelial
Metastatic Urothelial Carcinoma and Other GU Tumors Carcinoma

Gaboivo

ORR =37 % Cabotivolp

Change From Baseline (%)

Apolo A, et al,




Ongoing selected trials evaluating VEGF inhibitors

alone or in combination with PD1/L1 inhibitors

Population Sample size | Treatment

Advanced (1st- Pembrolizumab +/- Lenvati
line) (Cisplatin-inels
latinum

Sembrolizumab + Cabozantinib
(Platinum-ineligible) NCT03534804

Avelumab + Axitinib (cisplatin-

ineligible) NCT03472560
Atezolizumab + Cabozantinib NCT03170960

Advanced (post- Regorafenib

platinum) NCT02459119
Cabozantinib + Nivolumab + / -
Ipitimumab

Atezolizumab + Cabozantinib NCT03170960

NCT02496208

FGFR inhibitors

BIOLOGY OF UROTHELIAL CARCINOMA

Molecular heterogeneity but target-rich environment

Genomics Transcriptomics

Luminal Basal/Squamous

¢

e
S o ones
sl

| () (R
EEmE) RS

Robertson AG, et al. Comprehensive Molecular Characterization of Muscle-Invasive Bladder
Cancer. Cell. 2017 Oct 19;171(3):540-556




FGFR3 as a rational therapeutic target in bladder cancer

FDA grants accelerated approval to erdafitinib for
metastatic urothelial carcinoma

723 s e Wt vy | BenT EewL Ay
Gatric cancer

Ll L On Apri 12, 2019 t anc Drug Adrinisaticn grantad ezceleled aogrovel 0 2 o
R,

FRL Amp and
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ERDAFITINIB

Erdafitinib* is an oral pan-FGFR (1-4) inhibitor with ICys in
the single-digit nanomolar range!

Erdafitinib is taken up by lysosomes, resulting in sustained
intracellular release, which may contribute to its long-
lasting activity®

Erdafitinib has demonstrated promising activity in
patients with metastatic or unresectable UC and other
histologies (eg, cholangiocarcinoma) with FGFR
alterations?®

Phase 2 BLC2001 Study Design

. Primary end point

= — Regimen 3 [ primary end point__|
Regimen 2: 6 mg QD e

U

biomarker evaluation, and PK

Primary hypothesis:
+ Progression on 2 1 line prior systemic chemo or within 12 months of (neo)adjuvant chemo ° UIRmRENGD 3523
o - One-sided a - 0.025
+ Chemo-naive: cisplatin ineligible per protocol criteria® G
- Prior immunotherapy was allowed
Dose ptitratinit 5.5 e/l targ ate ot reached by Day 14.and f no TRAES,
A e T e e o St

a g . llsurvivl; 70, pharms




Erdafitinib Phase 2 BLC2001 Study: Baseline Characteristics

From Baseline

Age, median years (range) 68 (36-87)
ECOG performance status 50 (51)
42 (42)
2 7(7)
Pre-treatment Progressed or relapsed after chemo. 87 (88)
Chemo-naive 12 (12)
Prior immunotherapy 22 (22)
Number of lines of prior treatment 11 (1)

29 (29)
14 (14)
Visceral metastases 78 (79)
21 (21)
Hemoglobin Level 210 84 (85) FGFR gene fusions
[0 15 (15) FGFR3-TACC3. FGFR3-BAIAP2L1
Tumor location Upper tract 23 (23) FGFR2-BICC1, FGFR2-CASP7 (n=6)
Lower tract 76 (77)
Creatinine clearance rate < 60 mL/min 52 (53) FGFR3 gene mutations
2 60 mL/min 47 (47) R248C, $249C, G370C, Y373C

FGFR alterations o Gston
FGFR3 mutation 74 (75] Arlene 0. Siefker-Radtke, ASCC

Erdafitinib: Antitumor Activity

Study met the primary objective

99

ssessment2, n (%)

20 @04 T30.750.1]
3(.0)
37 (37.4)

39 (39.4)
18 (18.2)
Unknown 2(2.0)

Median time to response 1.4 months

Median duration of response 5.6 months [4.2:7.2]

ORR among patient subgroups, n (%)
Chemo-naive 5/12 (41.7)
Progressed or relapsed after chemo 35/87 (40.2)
With visceral metastases 30/78 (38.5)
Without visceral metastases 10/21 (47.6)

“Confirmed with second scan at least 6 weeks following the iital observationof response.

There were no confirmed responses in the FGFR2 fusion population (N=6)  ariene o. siefker-Radtke, Asco 2018

Most Patients with advanced UC receiving 8 mg QD
Erdafitinib Had Tumor Shrinkage

+ 75/99 (76%) evaluable patients treated with
8 mg continuous erdafitinib had reduction in
the sum of target lesion diameters

M FGFR mutation [l FGFR fusion

Patient




Erdafitinib: PFS and OS

Median PFS = 5.5 months (95% CI, 4.2- Median 0S = 13.8 months (95% CI, 9.8-NE)
Progression/death events = 77 Survival events =

100 100

atrisk 99 3 5 3 No. at risk 99

—— 8mg

Arlene 0. Siefker-Radtke, ASCO 2018

Erdafitinib Exploratory Analysis
FGFR Alterations May Select for Patients With UC Unlikely to Respond to PD-

8 mg continuous dose
(n = 99)
Patients treated with prior immuno-oncology agent (I0), n 22

Patients with response (per investigator) to prior 10, n (%) 1/22 (5)2

atient had been previously treated with atezolizumab (PD) and atezolizumab and anti CSF1 (CR)

For 22 patients with prior 10, the ORR to erdafitinib was 59%,
consistent with the general trial population

Arlene O. Siefker-Radtke, ASCO 2018

Erdafitinib Treatment-Related AEs

All events

Reported in >20% 8 mg continuous dose Events of special interest

of patients (n=99)

Patients with AEs, 8 mg continuous dose
n (%) ML | GRS _ £

Hyperphosphatemia 72 (73) 202) Patients with AEs, n (% Any grade Grade >3
Hyperphosphatemia 72(73) 2(2)
Skin Events 48 (49) 6(6)
Dry mouth 43 (43) 0 Dry skin 32(32) 0(0)
Diarthea 6 56 Hand-foot syndrome 2(22) 5(5)
Nail Events 51(52) 14 (14)
Lipersh 35 635) 10) Onycholysis 16 16)

Dry skin 32 (32) Paronychia 14 (14)
Nail Dystrophy 16 (16)

Stomatitis 54 (55) 99

Alopecia 27 (27)

Central serous retinopathy (CSR) 21 (1)
Decreased appetite 25 (25) Non-CSR ocular events® 51(52)

Hand-foot o Most common non-CSR ocular events included dry eye (19%), blurry
syndrome ) vision (16%), increased lacrimation (11%), and conjunctivitis (9%).

Fatigue 21 21) Artene 0. Siefher-Radkke, ASCO 2018




Ongoing selected key trials evaluating FGFR inhibitors

INCB054828 for FGFR mutations or Relapse-free  EudraCT 20
fusions survival 004426-15

Advanced (post- Erdafitinib vs Vinflunine or taxane or 0s
platinum) Pembrolizumab based on FGFR
genomic alterations
Rogaratinib vs chemotherapy based on 05
FGFR gene over-expression

NCT03390504
(THOR)

NCT03410693
(FORT-1)

Docetaxel + Placebo vs Docetaxel +

Vofatamab vs Vofatamab post

checkpoint inhibitor based on FGFR (ERENED
genomic alterations

Debio-1347 NCT03834220

Antibody Drug Conjugates (ADC)

Updated Results From the Enfortumab
Vedotin Phase 1 (EV-101) Study in Patients
With Metastatic Urothelial Cancer

W. Flaig,® J. Baranda,” J. Lang,*
,15'S. Srinivas, ™ M. Milowsky,'s

Monoclonal antibody targeting Nectin-4, conjugated by a
protease-cleavable linker to the microtubule-disrupting
agent monomethyl auristatin E
Nectin-4 is a transmembrane adhesion molecule, highly
expressed in cancer, particularly UCC (93% in mUCC)

ORR 41% in mo-treated mUCC (n=112)

Rosenberg et al ASCO 2018




EV-201: Single-arm, pivotal phase 2 trial

Cohort 1 / .
Prior PD-1/L1 inhibitor ( Enfortumabvedotin
and platinum-based
rsosted 1.25 mg/kg IV on
days 1,8, &15
Enrollment completed of each 28 day cycle
Screening & enrollment July 2018

N=128% Primary endpoint:

Previously treated locally ORR per BICR

advanced or metastatic
urothelial cancer

Secondary endpoints:

Prior PD-1/L1 inhibitor, Response duration

platinum naive PFS
cisplatin ineligible 0s

Enrollment ongoing Safety

e enfortumab
eterioration, pa vin after enrollment

Petrylak DP, et

RR assessed by BICR

Confirmed objective response rate
95% confidence interval® (35.1, 53.2)

ISTv 11 n(‘%)

15(12)
40 (32)
35 (28)
23 (18)
12 (10)

Complete response

Partial response
Stable disease
Progressive disease
Not evaluable®

Few treatment discontinuations because of TRAE (12%)
* Peripheral neuropathy was the most common TRAE leading to discontinuation (6%)
* Other common AE’s: fatigue, rash, diarrhea, alopecia, anemia/neutropenia

Petrylak

10 patients had no post-baseline assessment
4 patients had no target lesions identified at baseline
* 1 patient had an uninterpretable post-baseline assessment

Petrylak DP, et a. ASCY




EV-201: Cohort 1 Responses by Subgroup per BICR

‘Subgroup
Overat
ge
5
75
ECOG performance status, n (%)
Grade 0
Geads 1
Betmunt ish scare’

% (95% CI)
4@51.532)

47(387,580)

1234 35{197,535)

2440
38s

80 (43:3,75.4)
361283, 476)

aur2
sz

51 (393,833)
33(203,47.1)

7iss
w81

38244, 545)
47(357.583)

1950 38(247,528)

Na 3075 48 (353, 508)
"Number af prior theraples in metostatic UG setting

-2 2 47(340,599)
3 265 41290, 544)
Besi response to prior FD-1 L1

Respander

Non-responder
PO-L1 expression’

CPS <10

14725
417100

56(349,758)
21313513
se a@s0.5ay)
+ R Dk scorewas ot avaablefor 1 patint; AscFELT or ant R0 1 ety
3 Five patiens were not evaluabe for PDL1 expression e,

EV-201: Cohort 1 Duration of

» First Radiological Respanse.
{CR a PR per BICR)

Historcal response rate

ORR, % {95% CI)

Petrylak DP, et al. ASCO 2019

Response with Enfortumab Vedotin

8 8 8 83 3 8 &8 8

Responders without PD or Death (%)

2

N =55;23 Events
Median DOR: 7.6 months
(range: 0.95-11.30+)

. Gngang Responae
8 9 10 11 12 13 14 15 16)
Months

5 6 7 8 9
Time (Manths)

112

EV-201: Cohort 1 Kaplan-Meier Estimates of Survival

N = 125; 81 Events
Median PFS: 5.8 months
(95% CI: 4.9-7.5)

=

=

Progression-Free Survival (%)
2 8 &5 8 8

a3

=

Overall Survival (%)
s 8 8 &§ 8 8 2

@

54 events
Median 0S: 11.7 mo
95% Cl: 9.1-not reached

012345678811 121314151517
Time (Months)

N at Risk (Events)
Coborl1 125116 01 84 72 65 61 1 ¥ 2 8 1 3 2

18 01

N 3t Rigk (Events)

Petrylak DP, et al. ASCO 2019

234567 8 8101112131415 16 17 18]

Time (Months)

)
(Cohorl 1 126 122 121 113111101 95 91 B2 61 % 24 W 0 4 2 |




EV-201: Cohort 1 Treatment-Related Adverse Events

Treatment-related AEs by preferred Patients (N=125)
term in 220% of patients (any Grade) or n (%)
* Treatment-related AEs led to
25%[2Grade ) Any Grade few discontinuations (12%)
Fatigue 62 (50) 7 (6)
Alopecia 61 (49) -
Decreased appetite 55 (44) 1(1)

Dysgeusia 50 (40) -
Peripheral sensol 50 (40) 202) « 1treatment-related death

Nausea 49 (39) 302) reported by the investigator

Diarrhea 40 (32) 3(2) * Interstitial lung disease
Dry skin 28(22) 0 * Confounded by high-dose

Weight decreased 28(22)  1(1) o T Suskected
pneumocystis jiroveci pneumonia
27(22) 5(4)
Anemia 22 (18) 9(7)
Neutropenia 13 (10) 10 (8)
Hyperglycemia 11% 6%

* Peripheral sensory neuropathy
was the most common (6%)

EV-201: Cohort 1 Summary and Conclusions

Enfortumab vedotin: First novel ADC therapeutic to demonstrate substantial clinical
activity in patients who progressed after platinum chemotherapy and a PD-1/L1
inhibitor

* 44% response rate (CR 12%) and 7.6 months median duration of response

* Responses observed across all subgroups and irrespective of response to prior
PD-1/L1 inhibitor or presence of liver metastases

« Tolerable with a manageable safety profile
* pursuing FDA for accelerated approval

If approved, enfortumab vedotin may have the potential to become a new standard of
care in patients who have progressed after platinum and PD-1/L1 inhibitors

Ongoing enfortumab vedotin trials: EV-201: Cohort 2 enrolling cisplatin-ineligible patients without prior platinum (NCT03219
EV-301: Randomized phase 3 trial of EV vs. SOC post-platinum and a PD-1/L1 inhibitor (NCT03474107); EV-103: EV in combinati
pembrolizumab and/or chemotherapy (NCT03288545)

Sacituzumab Govitecan: Phase I/1l Best Response
ADC targeting TROP-2

Best Percent Change From Baseline in Tumor Size* Patients With Objective Responses (n=14/45)

et Pacent Change From

2019 Getourinary Cancers Symposiom | #GU1S

Phase |l TROPHY-U-01
Ongoing singl: open-label, global study
Tagawa S, et al. GU-ASCO 2019, of SG in advanced UC - NCT03547973




A wealth of
therapeutic
targets—>

1) role for multiple

targeted agents in
selected patients

2) challenge of
multiple small
molecular groups

Sonpavde. ASCO Education
Book 2019.

HER Kinase inhibitors

Her2 targeting deserves a second chance using newer potent drugs and combinations?

GC+/-Trastuzumab Lapatinib

Oudard s, et Powles, et al,
Eur J Cancer 2015 Jan;51(1):45-54. y

Afatinib pan+er i)

Choudhury NJ, etal,
J Clin Oncol. 2016;34(18):2165-2171

Trastuzumab +
Pertuzumab

Bryce AH, GU-ASCO 2017

mTOR Kinase inhibitors
Signal of activity with activation of mTOR pathway (TSC1, mTORC1 mutations)

Everolimus + Pazopanib
Everolimus

Iyer G, et al. Science. 2012;338(6104):221

Wagle N, et al. Cancer Discov 2014;4(5):546-53




Selected trials evaluating kinase inhibitors
Population Phase | Sample size | Treatment

‘Advanced (post- Everolimus based on TSCL, TSC2,

platinum) mTOR alterations
Sapanisertib based on TSC1, TSC2
mutations
Rogaratinib + Copanlisib (PI3Ki) based _ Toxicity
on
Afatinib (for HER-family alterations)  PFS NCT02122172
Trastuzumab Deruxtecan (Her2 ADC) ~ Feasibility,
With Nivolumab for Her2 expression ~ activity

NCT02201212

NCT03047213

NCT03517956

NCT03523572

PRS-343 (bispecific fusion protein  Toxicity

targeting CD137 and HER2) NCT03330561

Durvalumab +/- Toxicity
+  AZD4547 (FGFRi)

Olaparib (PARPi)

AZD1775 (Wee-1i)

Vistusertib (mTOR1-2i)

AZD9150 (Stat3 ASO)

Selumetinih (MFKi}

NCT02546661
(BISCAY)

Rationale for PARP inhibitors +/- checkpoint inhibitors

PARP inhibitors are approved in multiple settings of
other malignancies with vulnerabilities defined by
germline DNA damage repair gene alteration or
platinum-sensitivity (olaparib, niraparib, rucaparib,
talazoparib).

DNA damage repair alterations are present in ctDNA
(somatic) in a proportion of patients with metastatic
urothelial carcinoma and appear associated with
worse outcomes as shown in figures on left
(Grivas,..Sonpavde. EU Oncol 2018)

Tumor tissue DNA damage repair alterations may
sensitize tumors to immune checkpoint inhibitors
{Teo, ...Rosenberg, JCO 2018).

Preclinical data exist showinF activity of PARP

inhibitors in selected urothelial carcinoma patients
ian,..Sonpavde. Anti Cancer Drugs 2014).

PARP inhibition trials

Population Treatment

Durvalumab +/- Olaparib PFS NCT03459846
(platinum-ineligible) (BAYOU)
Effi

Rucaparib ORR NCT03397394 Z‘,j;pri:td:\i;l tr‘,c:w

(ATLAS) continuation
Rucaparib + Nivolumab (allows ~ ORR NCT03824704 criteria)
first-line cisplatin-ineligible) (ARI
Olaparib based on DDR alterations ORR NCT03375307

Durvalumab +/- Toxicity
AZD4547 (FGFRi)
Olaparib (PARP)
AZD1775 (Wee-1i)
Vistusertib (mTOR1-2i)
AZD9150 (Stat3 ASO)
Selumetinib (MEKi)

NCT02546661
(BISCAY)




Epigenetic modulation
Mocetinostat (HDAC inhibitor) for previously treated metastatic urothelial carcinoma and
inactivating alterations of acetyltransferase genes

Patients consenting to genomic
prescresning (N=175)

Not enrolled (1=15)

«No qualfying mutation detected (1=142)

« Receiing earlier ne of therapy (1=6)

« Died prir to screening (1=3)

» Health deterioration prior to screening (1=3)
« Patient decision (n=1)

« Other (1=3)

Envolled (1=
« Safety population (1=17)"

«ITT popuiation (n=17)"

« Efficacy evaluzble popuiation (1=9)"

Discontinued (n=17)

« Objective disease progression (1=9)

« Adverse event (=4

« Symptomatic deterioration (1=3)

« Patient decision (n=1)

One objective e in 9 evaluable patients lasting 3.9 months
in patient with disease restricted to the lymph nodes

Grivas P, ot al. Cancer, 2018 ; 125 (4); 533-540, * Toxicities impacted drug exposure.

Epigenetic modulation + immune checkpoint inhibition

* Hypomethylation may elicit viral mimicry (activate endogenous retroviral sequences) and render tumors
more immunogenic.

* Epigenetic reprogramming of exhausted T cells may yield synergism with immune checkpoint inhibitors

Adding guadecitabine (hypomethylating agent) to
atezolizumab (PDLL Inhibitor) in patients with
resistance to checkpoint blockade will yield
responses by eliciting viral mimicry and epigenetic
programming of exhausted T cells.

\ - ———
Dear AE. Epigenetic Modulators and the New Immunotherapies. N Engl J Med. 2016 el
—

Urothelial carcinoma : Take home points

*Platinum-based chemotherapy remains conventional first-line therapy for most patients.

5 PD1/L1 inhibitors established as secondline therapy post-platinum

*Pembro/atezo are approved as firstline therapy for cisplatin-ineligible patients with PD-L1 high
tumors or platinum-ineligible patients

*Erdafitinib is the first targeted agent approved for metastatic urothelial carcinoma (post-platinum
with FGFR3/2 mutations/fusions)

*Enfortumab Vedotin shows encouraging activity in 3d line setting with a manageable toxicity profile.

*Anti-VEGF/VEGFR2 therapy in combination with chemotherapy has not shown a convincing OS
signal.

*The role of pembrolizumab in combination with first-line chemotherapy and Avelumab in the switch
maintenance setting following platinum-based chemotherapy may be established in the near future.

The role of PD1/L1 inhibitors as perioperative therapy is undergoing phase 1l investigation
(promising in phase Il trials)

«Trials should preferred in all settings!




Anemia in Hematology and Oncology Practice

Ryan Woods, MD

Assistant Professor of Medicine, Section on Hematology and Oncology
Wake Forest school of Medicine




Charles L. Spurr Piedmont Oncology Symposium
Fall Symposium

Saturday, September 21, 2019

7:15 am Continental Breakfast and Exhibits

General Session

7:50 am Welcome & Remarks
Bayard Powell, MD
Professor of Medicine, Section on Hematology and Oncology
Wake Forest School of Medicine

8:00 am Thyroid Cancer
Marcia S. Brose, MD, PhD
Associate Professor
Director, Thyroid Cancer Therapeutics
Director, Center for Rare Cancers and Personalized Therapy
University of Pennsylvania, Abramson Cancer Center

9:00 am Cancer Pain Control During an Opioid Epidemic
Judith A. Paice, PhD, RN
Director, Cancer Pain Program
Division of Hematology and Oncology
Northwestern University, Feinberg School of Medicine

10:00 am Break and Exhibits

10:30 am GIST & Other Sarcomas: Making Sense of a Rare Family of Cancers
Robert Maki, MD, PhD, FACP
Professor, Northwell-Hofstra Medical School
Professor, Cold Springs Harbor Laboratory

11:30 am Geriatric Assessment for Older Adults with Cancer
Heidi Klepin, MD, MS
Professor of Medicine, Section on Hematology and Oncology
Wake Forest School of Medicine

12:30 pm Adjourn
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Marcia S. Brose, MD, PhD

Associate Professor

Director, Thyroid Cancer Therapeutics

Director, Center for Rare Cancers and Personalized Therapy
University of Pennsylvania, Abramson Cancer Center




Thyroid Cancer

Marcia S. Brose MD PhD
Associate Professor
Director, Thyroid Cancer Therapeutics
Director, Center for Rare Cancers and Personalized Therapy

Disclosures
» Companies: AstraZeneca, Bayer/Onyx, Eisai,
Exelixis, Novartis, Roche/Genentech, Bristol-
Myers Squibb, Sanofi/Genzyme, Loxo,
Progenics

Relationships: Advisory board consultant,
honoraria, research grants, and primary
investigator on phase Il and phase lll clinical
trials

| WILL include brief discussion of investigational
or off-label use of a product in my presentation.

Thyroid cancer: clinical pathology

Papillary (87%)
. . ; o
Follicular cells Differentiated E Follicular (6%)
Hiirthle cell (3%)
Snaplastolye) NOTE: Primary
Thyroid
Lymphoma is
most often MALT
Medullary (2%) but can be
aggressive and is
most often
associated with
Treatment of Differentiated Thyroid Cancer includes: Hashimotos
« Surgery - thyroidectomy Thyroiditis
* Radioactive iodine
« Thyroid stimulating hormone (TSH) suppression

Parafollicular cells

Carling T and Uldesman R. Cancer of the Endocrine System: Section 2: Thyroid Cancer. Principles of Ciinical Oncology. 7* edition. Lippincott Wiliams
and Wikins. 2005,

Howtader N otal, SEER Cancer Statistics Review,




Thyroid cancer in the United States

ig73 g7a 1ere Gese 1985 1Ges feal 1aed 167 2000
ear

Papillary Thyroid Cancer

0-1.0cm ‘
1.1-2.0cm ‘

1

i ._’;.;‘,‘;,—’—~’.::::;TT%' - 2.1-5.0cm

hcidence Rataper 100020

(OIS, JAAA CUUS i | 1000 | mo2 | o4 | 1008 | 1998 | 2000 | 2002
295:2164 R E

AJCC/TNM 8th edition

» Tumor (primary only) + Nodal metastases
- T1 <2cm — NO
-T2 2-4cm - N1a  Level VI
— T3 >4cm or gross — N1b  Levels -V or VII

extrathyroidal extension — Nx Regional lymph nodes

invading only strap can not be assessed
muscles

— T4 All other gross
extrathyroidal extension

» Distant mets

— MO none
MSB ’a
— M1 present 05/09/08

AJCC/TNM 8th Addition 2018

Stage <565 y.0. >55y.0.
| Any T, any N, MO T1/T2, NO/Nx, MO

1] Any T, any N, M1 T1/T2, N1, MO
T3, any N, MO

1 T4a, any N, MO

T1-T3, N1a, MO
T1-T3, N1b, MO

T4b, any N, MO

Any T, any N, M1




Initial disease stage predicts
OVERALL SURVIVAL
75%

Stage Il of all

tumors

Survival

Jonklass, Thyroid 2006

Thyroid Cancer: Staging Strategy

Neck Ultrasound for surgical planning of lymph node
involvement

Ulstrasound guided FNA of nodule plus potential
involved LNs

CT scans (note to never use IV contrast as the
iodine can block subsequent use of radioactive
iodione). This can add information to the
ulstrasound

Chest XRAY — note over 90% of disease will be
local so Chest CT is not required

If Medullary thyroid cancer is suspected, then preop
Calcitonin, CEA and urine metanepherines to rule
out MEN2 should be obtained

Differentiated Thyroid Cancer:
Treatment Strategy

* Overview of Treatment for DTC

— Total Thyroidectomy — in limited cases may be a
hemithyroidectomy

— RAI (131]) Ablation — in certain cases may be omitted

— TSH Suppression Therapy with Thyroid Hormone —
risk based

— Follow Serial Thyroglobulin Levels (Tg)

— XRT for recurrent local disease/positive margins — no
longer routinely recommended due to high morbidity

— Surveillance: NeckUS, Tg, Neck MRI, Chest CT, RAI
Whole body scan, FDG-PET




TSH Suppression Improves Survival for
DTC Patients With Metastases

Survival, %

Median
Al >45yr

TSH suppressed 15yr  10yr
—— TSH unsuppressed 11 yr 6yr

p<0.01 p<0.005

Jonklaas et al. Thyroid. 2006;16:1299-1242.

Survival and Response to Treatment

» Group 1: initial '3l uptake
127 patients and CR
4 cancer related
deaths — Age <40 years
— Well-differentiated cancer
— Small size of metastases
» Group 2: initial 3" uptake
and persistent disease

» Group 3: no initial '3l uptake

g
®
2
2
5
@

149 patients

5 10 15 20 25 30 35 40 W

Years after the discovery of metastases g
Durante et al. J Clin Endocrinol Metab. 2006;91:2892-2899.

RAI-Refractory Disease

» 25-50% of Metastatic Thyroid Cancers loose
ability to take up lodine

+ This is attributed to down regulation of the Na+/I-
Symporter (NIS) and other genes of Nal
metabolism

 This results directly in a loss of overall survival




FDG-PET Predicts Survival in Patients
With Metastatic Thyroid Cancer

FDG-negative
176/179 alive

FDG-positive
156/223 alive

Survival Distribution Function

Months

Robbins et al. J Clin Endocrinol Metab. 2006;91:498-505.

Genetics of Differentiated Thyroid Cancer:
aberrant intracellular signaling

Poorly differentiated Anaplastic
RAS (25-30%)
+ TP53 (20-30% ] Medullary
+ CTNNB1 (10-:
BRAF (10-15%)

Mutations identified in ~70%
BRAF: (40-50%)
Mutations in 70-75% RAS® (7-20%)

+ RAS (40-50%; Eg;/:Tsc“’(;:lonal,mpzo%)
lower in oncocytic) \ S ok <(5“/‘°

« PAX8/PPARy (30-35%; Pmé A ;l
lower in oncocytic) . (2%)

- TP53(21%) ey
o ,5,}?&8 /}’Z, Papillary = Follicular - Conventional
BRAF (2(0/)0) = Follicular - Oncocytic
: (Hirthle cell)

| = Poorly differentiated |

Anaplastic
Medullary

3BRAF mutations are mostly V600E; 1-2% are K601E and others
RAS includes N-, H-, and K- NRAS and 61)
Nikiforov YE et al. Arch Pathol Lab Med 2011;135:569-77; COSMIC database — Catalog of Somatic Mutations in Cancer

RAl-refractory disease: criteria

* We need to educate oncologists and endocrinologists
when to refer patients to oncologists for treatment.

» RAI refractory means that there are progressing lesions
that do not take up RAI (Note: there may still be some
that do)

— RAI uptake scan is negative and CT scan shows
nodules

— RAI uptake scan has uptake but not in some nodules
that are progressing

— Patient has exceeded total lifetime dose of 600 mCi




Differentiated Thyroid Cancer:
Andvanced Stage Treatment Strategy

» FDA approved agents
— Sorafefenib 2013 (Brose et al., Lancet, 2012)
— Lenvatinib 2015 (Schlumberger et al., NEJM, 2015)
* Phase Il Data
— Vemurafenib for BRAF V600E pos (Brose et al.,
Lancet Oncology, 2016)

— Dabrafenib for BRAF V600E pos (Shah et al., JCO
2017)

DECISION: Progression-free survival
(by independent central review)

Median PFS,
n days (months)

= Sorafenib 207 329 (10.8)
= Placebo 210 175 (5.8)

HR: 0.587; 95% CI: 0.454-0.758;
p<0.0001

PFS probability (%)

200 300 400 500 600 700 800
Days from randomization

Overall Survival median PFS has not been reached

Full analysis set.
Cl, confidence interval; HR, hazard ratio; PFS, progression-free survival

ORR and Median TTP Higher in the
Sorafenib Group Versus Placebo

Sorafenib Placebo
n (%) n (%)
Total evaluable patients 196 201

Disease control rate
(CR + PR + SD = 6 months)

ORR? 24 (12.2) 1(0.5) P <0.0001
CR (0] (]

106 (54.1) 68 (33.8) P <0.0001

PR 24 (12.2) 1(0.5)
SD for 2 6 months 82 (41.8) 67 (33.2)

Median duration of response L NA
(PRs), mo (range) (95% Cl: 7.4-16.6)
0.56
(95% Cl: 0.43-0.72)
P <0.001

Median time to progression, 1.1 5.7
mo (range)® (95% Cl: 9.3-14.8)  (95% ClI: 5.3-7.8)

CR, complete response; ORR, objective response rate; PR, partial response; SD, stable disease; TTP, {ime to progression.
0RR=CR + PR,

¥Time to progressive disease as defined by RECIST.

Brose MS_ et al_ancel 2014:384(0640):310-328




Maximum reduction in target lesion size:
sorafenib arm (by independent central review)

60
50
40
30

Maximum reduction in target lesion size (%)

Maximum reduction is defined as the difference in the sum of the longest
maximal reduction and positive values to the minimal increast

Most common treatm
(double-blind period)

AE*, %
Any grade
76.3
68.6
67.1
50.2
49.8
46.9
40.6
35.7
31.9
23.2
213

Hand—foot skin reaction
Diarrhea

Alopecia
Rash/desquamation
Fatigue

Weight loss
Hypertension
Metabolic — lab (other)
Anorexia

Oral mucositis
Pruritus

Nausea
Hypocalcemia

Sorafenib (

73% of patients

meter of target lesions from baseline. Negative values refer to

nt-emergent AEs

Placebo (n=209)
ade 3/4

1.0

1.0
0

9.2

CAE) version 3.0

Sorafenib benefit by BRAF status (PFS)
— Papillary histology only

BRAF mutation did not predict PFS b
.393)

treatment interactio

BRAF wild-type ModianpFS BRAF mutation -
days (months) days (months)
100 —  Sorafenib (n=42) 278 (9.1) 100 — Sorafenib (n=32) 623 (20.5)
= — _Placebo (n=42) 170 (5.6) — Placebo (n=40) 286 (9.4)
S 80 HR: 0.58, 95% CI: 0.34-1.00, p=0.049 80 HR: 0.40, 95% CI: 0.20-0.80, p=0.008
>
5 60 60
[
8
5 40 40
2
a 20 20
0+ 0+
0 200 400 600 800 0 200 400 600 800
Days from randomization Days from randomization

nefit from sorafenib (biomarker-




Sorafenib benefit by RAS status (PFS)

RAS wild-type Median PFS. RAS mutation Modian PFS
days (months) days (months)

100 — Sorafenib (n=102) 329 (10.8) 100 = Sorafenib (n=24) 167 (5.5)
= == Placebo (n=104) 175 (5.7) == Placebo (n=26) 105 (3.4)
Ef 80 HR: 0.80, 95% CI: 0.42-0.85, p=0.004 80 HR: 0.49, 95% CI: 0.24-1.00, p=0.045
>
3 60 60
©
8
£ 40 40
@
a 20 20

0+ 0+
0 200 400 600 800 0 200 400 600 800
Days from randomization Days from randomization

RAS mutation was not an independent prognostic factor for PFS
Univariate (placebo arm only): mutant vs wild type RAS, HR=1.80; p=0.022
Multivariate (placebo arm only): mutant vs wild type RAS, H 56; p=0.154

'RAS mutation did not predict PFS benefit from sorafenib (biomarker-treatment interaction p=0.422)

DECISION: A Post Hoc Subgr
Maximum Tumor Size

up Analysis by

Tumor Size 21.5cm Tumor Size < 1.5 cm

A post hoc subgroup analysis by maximum tumor size showed a treatment effect for PFS in favor of
sorafenib over placebo for patients with a maximum tumor size of 1.5 cm or larger (HR = 0.54;

95% Cl: 0.41-0.71)'2

A numerically lower effect was reported in patients with a maximum tumor size < 1.5 cm (HR = 0.87;
95% Cl: 0.40-1.89)2

DECISION: A Post Hoc Subgroup Analysis by
Thyroid Carcinoma Symptoms at Baseline

Symptomatic at Baseline?

1.00

Asymptomatic at Baseline®

« Analysis by thyroid carcinoma symptoms at baseline showed a treatment effect for
PFS in favor of sorafenib over placebo for both symptomatic and asymptomatic
patients’?

+ The HR for PFS was 0.39 (95% CI: 0.21-0.72) for patients with symptoms at baseline

hout symptoms at baseline
hamoptyss. che

ploural ofus smor pain
Tipgmsti-oma-




SELECT: Study Schema

Global, randomized, double-blind, phase 3 trial

Patients with Stratification
DTC (N =392) _
+ Geographic Lenvatinib (n = 261)
IRR evidence of region 24 mg daily PO
progression (Europe,
within previous N. America,
13 months Other) Secondary endpoints
131|-refractory > * Prior VEGF/ > > °ORR
disease VEGFR- - 0S8
Measurable ﬁ:rge(ed - Safety
disease ety
. .1 Placebo (n = 131)
Up to 1 prior e Daily PO
VEGF or
VEGER- (< 65 years,
targeted therapy > 65 years)

Primary endpoint

Lenvatinib
(Optional, open-label)

DTC, differentiated thyroid cancer; I, radioiodine; IRR, independent radiologic review, ORR, overall response rate; OS, over:
survival; PFS, progression-free survival; PO, by mouth; RECIST, response evaluation criteria in solid tumors; VEGF/VEGFR,
vascular endothelial growth factor/receptor.

Schlumberger M et al., N Engl J Med 372(7): 621-630, February 2015

SELECT: Primary Endpoint:
Kaplan-Meier Estimate of PFS

Median PFS, months (95% Cl)
—— Lenvatinib 18.3 (15.1-NE)
= Placebo 3.6(2.2-3.7)

HR (99% CIJ: 0.21 (0.14-0.31)
Log-rank : P < 0.0001

L Progression

events, 41%

Progression
events, 86%

ion-Free Survival

12 14
Time (months)
Number of subjects at risk:

L ib 261
Placebo

Cl, confidence interval; HR, hazard ratio; NE, not estimable; PFS, progression-free survival.

SELECT: PFS by Previous VEGF-Targeted

No Previous VEGF-Targeted Therapy (n = 299) Median (monthe) (95% C1)
e 36(2.1-5.
020 (0.14-027)
P <0001

Survival

Progressi

Number of subjects at risk

Placebo

Median (months) (95% CI)

Previous VEGF-Targeted Therapy: 1 line (n = 93)

n-Free

Survival

Progres:

Number of subjects at risk

Placebo

Cl, confidence interval; HR, hazard ratio; NE, not estimable; PFS, progression-free survival;
VEGF, vascular endothelial growth factor.




SELECT: Response Rates

n (%) Placebo (n

Complete response 4 (2%) 0
Partial response 165 (63%) 2 (2%)
Stable disease 2 23 weeks 40 (15%) 39 (30%)
Progressive disease 18 (7%) 52 (40%)

Duration of response, months,

median (95% CI) REEENE) -

2 Non-responders were not included in the median time to response assessment.
Cl, confidence interval; NE, not estimable.

Presented by: Martin Schlumberger, MD

SELECT: Most Frequent Treatment-related
Adverse Events (> 20%)

Placebo (n = 131)
Any Grade Grade 23

9
8
28
12
15
9
4

Adverse Event, %
Hypertension
rhea

Fatigue / asthenia
Decreased appetite
Nausea / vomiting
Decreased weight
Stomatitis
Palmar-plantar

erythrodysesthesia syndrome
Proteinuria
[ CELET )
Dysphonia

- »
w A waooo

- w3

Presented by: Martin Schlumberger, MD

SELECT: Overall Survival, by Age

Age < 65 Years Age > 65 Years
Median OS, months (95% CI)
—— Lenvatinib NE(22.0,NE) —— Lenvatinib NE (22.1,NE)
- Placebo  NEME,NE)  ==- Placebo  18.4{13.3,20.3)

Percentage of Patients Surviving

12 14
Tima fmanthe)

Brose et al JCO 2017




SELECT: Lenvatinib Responses

Maximum Percent Change From Baseline at Nadir
in Sum of Target Lesion Diameters by Independent Review
Full Analysis Set: Lenvatinib Treatment (blue age >65)

Summary: RAI refractory DTC 2018

» Two drugs are now approved to treat RAI refractory

DTC: sorafenib and lenvatinib

— We have data that lenvatinib is active following
sorafenib.

— Await data on the efficacy of sorafenib following
lenvatinib

— Ability to manage toxicities will be key to success
with these agents

New data from SELECT shows an OS survival

benefit in patients over 65 with rapidly progression
disease.

Differentiated Thyroid Cancer:
Andvanced Stage Treatment New Data

» Cabozantinib (first and second line)
» Pembrolizumab (PD-L1 positive tumors)
« Larotrectinib (TRK Translocations)
» Second Generation RET inhibitors (RET
translocations)
— Loxo-292
— Blu-667

NOTE: Phase Il Data Adjuvant Setting

— Solumetanib for High Risk patients prior to RAI
recently closed early (negative study — ATA 2018)




Clinical Activity in DTC Supports Further
Development of Cabozantinib

Exelixis-Sponsored? CTEP Study? Investigator-Initiated®

—— % -

1 o VEGE palay s

Phase 2 Phase 2

* RAl-refractory RAl-refractory
* 1-2 prior VEGFR-targeted 1L DTC, N=35
therapy, N=25
63% ORR
34% SD

* mDOR: 11.3 (10.3 - NR) mDOT: 40 weeks
* mPFS: 12.7m (10.9 - 34.7) mPFS: NR

COSMIC-311

COSMIC-311 Study Schema

Phase 3, multicenter, double-blind, placeb inib I subjects with
RAlLrefractory DTC (who have progressed after prior VEGFR.
phase for placeba am

Cabozantinib so,

T
-

Unblinded trestment o

Cabozantin s0ma M freatment
Follow-up

2:1 Randomization

Blinded Treatment
Cross-Over with PD
confimed by BIRC

PROGRESSION
per RECIST1.1

N = ~300)

Both A Beck Supporthe Care, gackudng 1

H

Frctocol Artiancar Therapy (NPACT)

Treatment Phase - onal by
« Receipt al priar Lemalinh fyes v, 0o}
+ Apaat inormed conart [ 65 years v = 65 vears)
+ Cross.Over Phase:
 Piaceanm Upan Binded Inoepandant Radalogy Committes (BIRCH-canfimed disease progression, sbiicts
ppoctunity 1o crossever 1o oo
+ Cabozaninib AT Urided SULECTs randonized ta cabozaminib may carlinue on Sl WESTRN I T
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Safety and antitumor activity of the anti—-PD-1 antibody
pembrolizumab in patients with advanced, PD-L1-
positive papillary or follicular thyroid cancer
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Safety and antitumor activity of the anti—-PD-1 antibody
pembrolizumab in patients with advanced, PD-L1-
positive papillary or follicular thyroid cancer

Response evaluation (N =22) % (95% CI) or median (range)

ORR®®, % (95% CI) 9(1-29)

CR 0(0-15)

n
2z
0
2 |90-29)
59(36-79)
32 (14-55)

CBRY, 9% (95% CD) 50 (28-72)

SD =6 months, % (95% CI) 69 (39-91)

TIR (months), median (range) 5(45)

DOR (months), median (range) 14 (8-20)

Follow-up duration (months), median (range) 31(7-34)
Abbreviations: CBR clinical benefit rate, CR complete response, DOR duration of response; NR not
reached, ORR objective response rate, PD progressive disease, PR partial response, SD stable
disease, TTR time to response

Mehnert et al. BMC Cancer, Published online February, 2019

Safety and antitumor activity of the anti—-PD-1 antibody
pembrolizumab in patients with advanced, PD-L1-
positive papillary or follicular thyroid cancer

Median (95% C1) PFS: 7 months (2-14 mooths)
PS rate at 6 months; $9
PS rate at 12 months: 36%

Median (95% 1) OS: NR (22 months-NR)
OS rate at6 months: 100%
OS rate at 12 months: 90%

Overall Survival, %
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Larotrectinib in TRK Fusion
Cancers
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RET altered Thyroid Cancer

RET-altered cancers RET mutations
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Summary: RAI refractory DTC 2019

» Two drugs are now approved to treat RAI refractory
DTC: sorafenib and lenvatinib
— We have data that lenvatinib is active following
sorafenib.
— Await data on the efficacy of sorafenib following
lenvatinib
— Ability to manage toxicities will be key to success
with these agents
* New data from SELECT shows an OS survival

benefit in patients over 65 with rapidly progression
disease.




Summary: RAIl refractory DTC 2019

» As all patients will ultimately progress, both agents will be needed
and will be used sequentially, as well as additional strategies

ASTRA: Phase Il of a MEK inhibitor to increase cures when used
prior to RAI was NEGATIVE.

A Phase Il study of cabozantinib in the second or thirdline setting

is underway based on strong activity in three phase | and Il
studies.

A phase |l of the addition of everolimus to sorafenib at the time of
progression results in a PFS of 13.9 additional months.

Patients with TRK translocations (adolescents) should be treated
with larotractinib (FDA approved 2018).

RET translocations also will be able to have options coming soon

Brose et al ASCO Annual Meeting 2014, Brose et al, ASCO/ASTRO Head and Neck February 2018

Summary: RAI refractory DTC 2019

* BRAF inhibitors vemurafenib and dabrafenib have
been shown to have activity in Phase Il studies and
may be considered for patients who harbor the
BRAF V600E mutation.

No Role for immunotherapy at this time — Single
agent Phase |b data were disappointing

Trials of RET and TRK inhibitors are showing
promise in Phase /Il studies for patients with RET
and TRK Translocations which can occur in DTC,
so testing for these fusions is warranted.

Thyroid Cancer: Clinical Pathology

> Papillary
Differentiated %[A Follicular

Follicular cells
Hurtle Cell
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Medullary Thyroid Cancer:
Advanced Stage Treatment Strategy

» FDA approved agents
— Vandetanib 2011 (Wells et al., JCO, 2013)
— Cabozantinib 2012 (Elisei et al., JCO, 2013)

» Phase Il Data (accruing)
— Loxo-292 for RET mut and translocation pos
— Blu-667 for RET mut and translocation pos

Rationale for RET as a Therapeutic Target

* Activated by mutations in ~50% of cases
(>60% of progressive cases presenting for
clinical trials)

* Somatic mutation of RET associated with
poor prognosis

 Limited expression outside the thyroid,
potentially high therapeutic index

» Associated with familial MTC and MEN 2B

Patients With Distant Metastasis at
Diagnosis Have a Poor Prognosis

Years hom dagnoss

» 10-year overall survival: 40%
* Median overall survival: 3.2 years

Roman et al. 2005.




Risk Stratification Using Serum
Calcitonin Doubling Time (DT)

Calcitonin DT highly predictive of mortality

Independent predictor in multivariate analysis, controlled
for TNM stage

Rapid DT could identify stage Il and Ill patients at higher
risk for death

Survival by cakitonin DT (n=65)

calcitonin O > 2 yr
calcitonin OT 0.5 - 2 yr
calcitonn DT < 0.5 yr

Barbet. JCEM. 2005.

ZETA Study Design’2: Vandetanib in Patients With
Locally Advanced or Metastatic Medullary Thyroid
Cancer: A Randomized, Double-Blind Phase lll Trial

Patients with unresectable locally

300 mg/day Placebo
(n=100)

Randomized phase

Vandetanib
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ZETA Study: Vandetanib
Significantly Prolonged PFS? vs Placebo

PFS: 65% Relative Reduction in Risk of Progression’
—— CAPRELSA 300 mg ——Placebo
10 Events/Patients  59/231 411100
Median PFS not
reached
(95% CI: 22.6 months,
nonestimable)

0.25 16.4 months median

HR=0.35 (95% CI: 0.24-0.53) s .
00 P<0.0001 (95% Cl: 8.3-19.7)

0 6 12 18 24 30
Jants

Progression-free Survival

Numberat Risk
CCAPRELSA 300 mg
Placebo 100

Cl=confidence interval; HR=hazard ratio.
3PFS i defined as time from the date of randomization untilthe date of objective disease progression based on Response
Evaluation Criteria In Solid Tumors (RECIST) assessment or death (by any cause in the absence of progression), provided
death was within 3 months from the last evaluable RECIST assessment.? Centralized, independent blinded review of the
as used in the a ent of PFS.!
andetanib) Tablels insert]. Wilmington, DE: Astra a SLP. 2. Wells SA Jr et al. J Clin Oncol.




ZETA: Important Issues to note

. Eligibility did not require progressive disease. Thus
many patients enrolled may have had stable disease.
1. This could have been done by requiring
progressive disease by RECIST
2. No data on Calcitoning doubling time.

. No difference in overall survival was observed (data
was immature)

. QT prolongation was observed in 8% of the
vandetanib arm, unexplained sudden deaths (4)

. Was first effective systemic agent FDA approved for
progressive or symptomatic MTC in 2011

Cabozantinib in MTC: Phase 3 Study
Rationale and Design (EXAM)

Locally Cabozantinib 140 mg
advanced or
Survival

metastatic MTC
with 2:1 Randomization
follow-up

documented
RECIST
progression Placebo

Treatment until progressi
or unacceptable to:

EXAM: Progression Free Survival by IRC

1 year PFS 47.3%
HR (95% CI) 0.28 (0.19, 0.40)

Probability

p <0.0001

01 2 3 45 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22
Months

Significant difference in tumor response rate
— 28% in cabozantinib vs. 0% placebo; p<0.0001
* Median duration of response: 14.6 months

ASCO 2012 oral presentation




Medullary Thyroid Cancer:
Advanced Stage Treatment New Data

* New Phase Il Data
— RET-292 (RET mutated cancers)
— Blu-667 (RET mutated cancers)

Loxo-292 In Advanced MTC

Kinome selectivity LOX0292 and BLU667
ighly selective for RET
Advantages:
No VEGFR Side Effects

Brain penetration (although
Cabozantinib may have some)

LOX0292 and BLU667
Disadvantages:
No Activity in nonRET mutated
MTC

No Anti VEGFR anti-tumor
Subbish ot & Amn Oneol 2018 activity

Cabo = cabozantind; PDX = paant.derived xencgraft; NSCLG

Brose et al. ATA 2018 oral presentation

Loxo-292 In Advanced MTC

Efficacy of LOX0-292 in RET-mutant MTC and RET fusion-paositive thyroid cancer
(RECIST 1.1)
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EXAM: Important Issues to note

1. Eligibility required progressive disease. Thus many
patients enrolled were different from ZETA study.

. No difference in overall survival was observed in
spite of lack of crossover due to presence of other
active agents (vandetanib).

. Cabozantinib can be associated with fistula formation
or perforations of the Gl tract (often in associated
with known diverticulits). Higher risk in the neck if
external beam is used (XRT should be avoided).

. Was second effective systemic agent FDA approved
for progressive or symptomatic MTC in 2012.

Summary Targeted Therapy for MTC

» Currently there are two approved FDA drugs for
MTC, vandetanib and cabozantinib

» Vandetanib is associated with QT prolongation.
Physicians must complete and comply with the
REMS program in prescribing

Cabozantinb is associated with fistula formation
and Gl tract perforations and care must be given to
assess the risk and monitor treatment
appropriately.

Thyroid cancer: clinical pathology

Papillary (87%)
Differentiated i Y
Follicular cells e ()

Hiirthle cell (3%)

NOTE: Primary
Thyroid
Lymphoma is
most often MALT
Medullary (2%) but can be
aggressive and is
most often
associated with
Treatment of Differentiated Thyroid Cancer includes: Hashimotos
« Surgery - thyroidectomy Thyroiditis
* Radioactive iodine
« Thyroid stimulating hormone (TSH) suppression

Parafollicular cells

Carling T and Uldesman R. Cancer of the Endocrine System: Section 2: Thyroid Cancer. Principles of Ciinical Oncology. 7* edition. Lippincott Wiliams
d Wilkins. 2005,

Howtader N otal, SEER Cancer Statistics Review,




Anaplastic Thyroid Cancer (1-2%)

Defining Characteristics:

« Most aggressive solid tumor with heterogenous histology

* May have associated poorly differentiated or papillary
thyroid cancer (better prognosis)

* Metastasis are not uncommon but often represent a more
differentiated component

* Prognosis is 3 to 12 months depending on ability to have
surgery and local invasion (although patients living longer is
observed not infrequently).

Anaplastic Thyroid Cancer (1-2%)

Treatment Approaches:

» Rarely is full resection possible but if it is it should be
attempted

Treatment is not uniform but include radiation with
sensitizing chemotherapy (no regimen is considered
standard)

Due to the poor prognosis, palliation is the goal of care in
most cases. More research is needed.

New 2018 — FDA approves Dabrafenib plus Trametanib for

BRAF V600E mutated anaplastic thyroid cancer (Subbiah, V

etal JCO 2018)

— Benefit is controversial because no control arm, and BRAF V600E
mutated anaplastic thyroid cancers likely do better regardless of
treatment modality

Review Questions

QUESTION 1:

« A38year old female is diagnosed with thyroid cancer and on staging she has
a 2cm primary and multiple (approx 10) 1 to 2mm metastatic pulmonary
nodules thyroid cancer. Her stage is

Al
B. Il
C. IVa
D. IVb




Review Questions

QUESTION 1:

A 38 year old female is diagnosed with thyroid cancer and on staging she has
a 2cm primary and multiple (approx 10) 1 to 2mm metastatic pulmonary
nodules thyroid cancer. Her stage is

Al
B. Il
C.IVa
D. IVb

Answer is A: stage Il. Patients under 45 are at most a stage Il due to the
overall good prognosis for patients in this age group.

Review Questions

QUESTION 2:

The patients is treated with total thyroidectomy and radioactive iodine. What
additional treatment is indicated at this time?

A. external beam radiation to the neck
B. chemotherapy with doxorubicin

C. observation only

D. TSH suppression therapy

Review Questions

QUESTION 2:

The patients is treated with total thyroidectomy and radioactive iodine. What
additional treatment is indicated at this time?

A. external beam radiation to the neck
B. chemotherapy with doxorubicin

C. observation only

D. TSH suppression therapy

Answer is D: TSH suppression therapy. At this point in her treatment her
disease is likely going to respond to RAI. However as she has residual
disease in her lungs she should start out with her TSH suppressed. With time,
if the disease responds completely and she has not evidence of disease, this
can be liberalize a bit. TSH suppression therapy has shown to have a survival
benefit. C might also be considered, but close surveillance to US and Tg is
indicated. A and B are not indicated.




Review Questions

QUESTION 3:

A patient with metastatic RAI refractory differentiated thyroid cancer has tumor
nodules that have doubled in size over the prior year. What are your treatment
options at this point?

A. observation

B. start treatment with sorafenib
C. start treatment with lenvatinib
D. all of the above

Review Questions

QUESTION 3:
A patient with metastatic RAI refractory differentiated thyroid cancer has tumor

nodules that have doubled in size over the prior year. What are your treatment
options at this point?

A. observation

B. start treatment with sorafenib
C. start treatment with lenvatinib
D. all of the above

Answer is D: all of the above may be correct in different settings. If the tumor
burden is very small (only a few lesions), and the largest lesions are less than
1.5 cm, observation may be considered. Both sorafenib and lenvatinib have
been approved for treatment in this setting, and the choice of which to use first
should be individualized based on patient characteristics, and expected toxicity
profiles.

Review Questions

QUESTION 4:

« A patient with newly diagnosed metastatic medullary thyroid cancer in the neck
and lungs and a documented RET mutation comes to you for evaluation. He
has had a complete thyroidectomy and had positive lymph nodes in the neck
which were also removed. On CT scan the patient has approximately 15
lesions from 5mm to 2cm in the lungs. He is asymptomatic. What do you
recommend?

A. observation

B. start treatment with vandetanib

C. start treatment with cabozantinib
D. external beam radiation to the neck




Review Questions

QUESTION 4:

A patient with newly diagnosed metastatic medullary thyroid cancer in the neck
and lungs and a documented RET mutation comes to you for evaluation. He
has had a complete thyroidectomy and had positive lymph nodes in the neck
which were also removed. On CT scan the patient has approximately 15
lesions from 5mm to 2cm in the lungs. He is asymptomatic. What do you
recommend?

A. observation

B. start treatment with vandetanib

C. start treatment with cabozantinib
D. external beam radiation to the neck

Answer is A: At this point it is unclear how long the MTC has been there. The
most appropriate is to check CEA and Calcitonin levels and restage in three
months. If the disease is progressing on scans then systemic therapy may be
indicated.

Thank You

Marcia.Brose@pennmedicine.upenn.edu
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Objectives

* Review the scope and impact of the United States
opioid crisis and the necessity for careful
prescription of opioid medications.

* Describe the necessity of opioid medications for
pain management in patients with cancer and
survivors, and discuss strategies to ensure that
patients have access to medications necessary for
managing pain.

* Define strategies to maintain patient safety and
minimize the risks of opioid misuse and abuse during
chronic opioid use.




Unintended Consequences

* Unrelieved pain is a public health crisis

¢ Opioid misuse and overdose deaths are
emergencies

¢ Unintended consequences of efforts to
reduce opioid overdoses include further
stigma and unrelieved pain

¢ Simple solutions helped create the current
crisis

¢ Comprehensive, complex solutions are
needed to resolve these two public health
crises

T e S
Cholangiocarcinoma, IVC
stent, Y-90 left hepatic
artery radioembolization

7 day supply opidid
“per CDC guidelines”




Metastatic
prostate
cancer

Difficulty
filling opioids
aft retail
pharmacies

Metastatic NSCLC, severe pain,
dehydration, hypokalemia
MRI'in ED: No IV opioid due to
nationwide shortage




My’ OPI0IDS AND CANCER PAIN:

whZEeh PATIENT NEEDS AND ACCESS CHALLENGES

In 2016, ASCO issued a policy statement on the need to balance public health concerns about opioid abuse with
ensuring access to opioids as a component of appropriate pain management for patients and survivors of cancer.
Recent evidence suggests that access challenges are growing.

OPIOIDS ARE FREQUENTLY NEEDED TO EFFECTIVELY MANAGE CANCER PAIN.
8 OUTOF 10 | grp— :
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IN THE WAKE OF POLICIES INTENDED T0 ADDRESS THE OPIOID CRISIS, IT HAS BECOME HARDER
FOR CANCER PATIENTS T0 ACCESS THE PAIN TREATMENT THEY NEED.
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My’ OPI0IDS AND CANCER PAIN:

wiggzznew  PATIENT NEEDS AND ACCESS CHALLENGES

In 2016, ASCO issued a policy statement on the need to balance public health concerns about opioid abuse with
ensuring access to opioids as a component of appropriate pain management for patients and survivors of cancer.
Recent evidence suggests that access challenges are growing.

of U.S. oncology practices are concerned
927 that restrictions on opioid prescribing
0

will result in undertreating cancer pain
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release/images/opioids-cancer-pain-infographic-%202137x2755. pdf

Cancer Prevalence

In 2012, new cancer cases worldwide — 14.1 million, 8.2 million
deaths, 32.6 million people living with cancer

By 2030, 21.7 million new cases, 13 million cancer deaths, 52.2
million survivors?

Global Cancer Facts & Figures, 3@ Edition, 2015, American Cancer Society (ACS) and
International Agency for Research on Cancer (IARC)




Good News/Bad News

* Good news —more freatments are leading fo better
survival from a variety of serious illnesses

* Bad news — more persistent pain syndromes
* More bad news — opioid abuse epidemic

How the Epidemic of Drug Overdose
Deaths Ripples Across America

By HAEVOUN PARK st MATTHEW BLOCH J4N 15 3056

&he New York Eimes

Overdose deaths per 100,000

Elye New Pork Times

The number who die each year from...

April 14,2017




Figure 1. National Drug Overdose Deaths
Number Among All Ages, by Gender, 1999-2017
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Source: : Centers for Disease Control and Prevention, National Center for He:
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3 Waves of the Rise in Opioid Overdose Deaths

7 Synthetic
opioids
like fentany!

Heroin

@«

Natural
and
semi-
synthetic
opioids
like oxycodone
or hydrocodone

w

Deaths per 100,000 population
~ IS
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2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010
2011
2012
2013
2014
2015
2016

Wave 1: Rise in Prescription Wave 2: Rise in Heroin Wave 3: Rise in Synthetic

Opioid Overdose Deaths Overdose Deaths Opioid Overdose Deaths

https://www.cdc.gov/drugoverdose/epidemic/index.html
ps:/1 gov/dug /ep / SOURCE: National Vital Statistics System Mortality File

Y@ Centers for Disease Control and Prevention
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CDC Recommendations

5. When opioids are started, clinicians should prescribe the
lowest effective dosage. Clinicians should use caution
when prescribing opioids at any dosage, should carefully
reassess evidence of individual benefifs and risks when
increasing dosage to 50 morphine milligram equivalents
(MME) or more per day, and should avoid increasin
dosage to 90 MME or more per day or carefully justify a
decision to titrate dosage to 90 MME or more per day.

6. Long-term opioid use often begins with freatment of
acute pain. When opioids are used for acute pain,
clinicians should prescribe the lowest effective dose of
immediate-release opioids and should prescribe no
greater quantity than needed for the expected duration
of pain severe enough to require opioids. Three days or
less will often be sufficient; more than 7 days will rarely
be needed.

How Do We Achieve Balance?

Pain Control Opioid Misuse
Epidemic




Substance Use Disorder

« Addiction: “chronic disease of brain reward,
motivation, memory, and related circuitry,”
characterized by “an individual pathologically
pursuing reward and/or relief by substance use and
other behaviors”

» Addiction is not a choice or a moral failure

+ Stigma

- "Abuser”
“Frequent flyer”

« Leads to judgment, punitive beliefs rather than

compassion

https://www.drugabuse.gov/publications/drugs-brains-behavior-
science-addiction/drug-abuse-addiction

Substance Use Disorders are
Chronic Medical llinesses

¢ Drug/alcohol continuous abstinence 1 year

post discharge ~40-60%
¢ Optimal adherence to tfreatment

— Diabetes < 60%

— Hypertension < 40%

— Adult onset asthma < 40%
* Proportion of patients requiring medical care to

re-establish conftrol

— Adults with type 1 diabetes 30-50%

— Adults with hypertension or asthma 50-70%

Mclellan AT, et al. JAMA; 2000:284:1689-1695.
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Addiction to opioids in chronic pain patients: A literature review

Jette Hojsted *, Per Sjogren
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Addiction to opioids in chronic pain patients: A literature review
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Under Pressure: The Tension
Between Access and Abuse
of Opioids in Cancer

Pain Management

Judith A Paice

Similar histories of cancer and SUD (stigma, fear,

blame)

DEA reduced opioid manufacturing 25% in 2017; 20%

in 2018; 10% in 2019 (of 6 frequently abused opioids)

444 bills proposed 2018

— Enhanced education, develop guidelines

— Limit opioids to certain groups, fime limits (3-7 day supply,

maximum dosage (100 mg OME/day)

— Some exempt hospice/palliative care, few exempt cancer

Paice JA: J Oncol Pract 2017;13(9): 595-596

Review Article

Cancer Pain Management and the Opioid Crisis in America:
How to Preserve Hard-Earned Gains in Improving the Quality
of Cancer Pain Management

Judith A, Paice, PhD, RN ©'2

Cancer 2018;124:2491-2497.




Barriers Related to Patients and Family Members

'RELUCTANCE TO REPORT PAIN

et
+ Assumptions thot poin s o be expected. that toam knows they hove pain

FEAR OF ADDICTION

Enhanced by media attention o oploid misuse epidemic and celebrity deaths
INADEQUATE TRAINING (N USE OF PAIN MEDICATIONS

Reduced adherence due to misunderstandings regording opioid use and “prn” administration
‘SOCIOECONOMIC LIMITATIONS TO ACCESSING TREATMENT

Support o get o linic for reassessment, ost of transportation, familes toking off work
‘COGNITIVE AND AFFECTIVE FACTORS.

Barriers Related to Health Care Professionals
L7

INSUFFICIENT PAIN ASSESSMENT DUE TO INADEQUATE KNOWLEDGE. COMPETING
PRIORITIES, TIME LIMITATIONS

LACK OF AWARENESS OF THE BIOPSYCHOSOCIAL AND SPIRITUAL COMPONENTS OF PAIN
RELUCTANCE TO PRESCRIBE OPIOIDS.

- Concarns about adverse effects, addiction toerance

- Batlf that opioids are to be used only during terminal phose

ear of reguiatory oversight.foss of lcense

Barriers Related to Health Care Systems

INADEQUATE TIME
LIMITED ACCESS TO PAIN SPECIALTY CARE
LIMITED REIMBURSEMENT FOR OPIOID AND NON-OPIOID THERAPIES

LIMITED PAYMENT FOR AND/OR ACCESS TO NON-PHARMACOLOGIC THERAPIES
(EG, PT/OT. MENTAL HEALTH

COUNSELING, INTEGRATIVE THERAPIES)
LIMITED FORMULARIES

SHORTAGES OF OPIOIDS IN RETAIL AND HOSPITAL PHARMACIES.

Educate patients and family members regarding:

+Importance of reporting and tr eating pain in oncology.

~ Theirinividual isk for addiction based upon risk ossessment along with strategies that wil be
employed to prevent misuse

- Appropriate use of ATC and prn oploids and need to follow dirsctions carefully

+Need to use opioids for pain refef only. not o treat oniety or sodness. o to enhance sleep
lowd 16 have one prascriber (may be one team In oncelogy) provide prescriptions

- Safe storage and disposal of medications

Oncology professionals will obtain education regar

- Comprehanive pain and addiction isk o
~Tolerance, physical dspendence, addiction
+Universal precautio

~Regulatory and icensing statues that guide dinical practice and opiold prescribing In ther state

Health systems and oncology practices will provide
access to:

- Proscription drug monitaing data withn the siectron health record
Laboratary services thatprovide rapid urine toscology results
R —

- Adequate opiid and other phormacalogicol formuiaries
e —

+Non-pharmcologicaland Integrative pain therspies

- Addiction resources

ASCY

American Society of Clinical Oncology

JOURNAL OF CLINICAL ONCOLOGY ASCO SPECIAL ARTICLE

Management of Chronic Pain in Survivors of Adult Cancers:
American Society of Clinical Oncology Clinical

Practice Guideline

Judith A. Paice, Russcll Portenoy, Christina Laa

Louis ‘onstine, Amdrea Cooper, Paul Glare
Christine Miaskowski, Shirley s

chetti, Toby Camplell, Andrea Cheville, Marc Citron,
ik Keefe, Lakshuni Koyyalagunta, Michael Levy,
irces, Pl Sloan, and Eduardo Bruera

Paice JA, et al. J Clin Oncol 34:3325-3345,2016




What is a Cancer Survivor? “ H n

National Codalition for Cancer Survivorship

¢ Survivor - from the moment of diagnosis through the rest of
their life

National Cancer Institute's Office of Cancer Survivorship

* Survivoris a person with a history of cancer who is beyond
the acute diagnosis and treatment phase

¢ 14 million in the United States
¢ 2/3living 5 years or longer
* Prevalence of pain 40% or higher

https://www.canceradvocacy.org/

https://cancercontrol.cancer.gov/ocs/

Van den Beuken-van Everdingen MH, et al. J Pain Symptom Manage 51: 1070-1090,
2016

Key Recommendations

Screening and Comprehensive Assessment (cancer
freatment syndromes)

Treatment and Care Options

Risk Assessment, Mitigation and Universal
Precautions

JOURNAL OF CLINICAL ONCOLOGY

Management of Chronic Pain in Survivors of Adult Cancers:|
American Society of Clinical Oncology Clinical
Practice Guideline

Chamotherapy<elated pain syndromes.
Bony complications of long-tam corticosternids
Avascular necrosis
Vertebral compression fractures
Carpal tunnel syndrome . .
Chemotherapy-nduced peripheral neuropathy Chronlc qun
Raynaud's syndrome

Hormoral therapy-related pain syrcromes Syn dromes

Arthralgias
Dyspareunia H
it Associated
Myaigias .
Osteoporotic comprassion fractures] WIth Ca ncer
Radiation-related pain syndromes
Chest wall syndrome
o Treatment
Entefitis and proctitis
Fistula formation
i Evaluate for
e ondis recurrent
Osteoradionecrosis and fractures d 1sea Se*
Painful secondary malignancies
Peripheral mononeuropathies
Plexopathies: brachial, sacral

Paice JA, et al. J Clin Oncol 34:3325-3345,2016




Stem-cell transplantation-mediated graftversushost disease
Arthralgiasmyaigas
Dyspareunia, vaginal pain
Dysuria
Eye pain
Oral pain and reduced jaw motion
Paresthesias
Scleroderma-like skin changes

Surgical pain syndromes
Lymphedema
Postamputation phantom pain
Postmastectomy pan
Postradical neck dissection pain
Postsurgery pelvic floor pain
Post-thoractomy painffrozen shoulder
Postsurgery extremity pain feg, sarcoms)

Chronic Pain
Syndromes
Associated
with Cancer
Treatment

Paice JA, et al. J Clin Oncol 34:3325-3345,2016

Nonpharmacologic Interventions

Table 4. Discipiines and Interventions for Chronic Pain

Strengih of Evience and Recommendaton

Discipines Examples of Possitie I
Physical medicne and Physical therapy, occupationsl therapy, recreational
renailtation therapy, indwiduaized exercse program, othotes,
ulrasound, heaticold
Integrative therapies Massage, scupuncture, musc
Intervertionsl therapies Nerve blocks, newaval nfusion

Evidence based; benefits outweigh hams; evidence
quallyinermediate;strengthof recommendation

Evidence based; beneiits outweigh harms: evidence
quality. low strength of recommendston: weak

vertebroplesty/yphoplasty

Psychological approsches
relaxation, guided magery

Néurostimulatory thérapies

Cognitive befiavior] therapy, distacton, mindiness,

TENS, spinal cord stmuaton, penphacal nenve
stimuigtion, transcranal simufaton

: hams; evidence
qualty;intormedate; strengthof recommentation
e

moderat
Evidence-based; benefits outweigh harms
evidence ua madate; strength of

recommandation: mederate
Evidencetased; benefits outwaigh hams

evidance quaity; low; strength of

recommendtion: weak

Abbrevation: TENS, transcutaneous electrical nerve stimulation

Paice JA, et al. J Clin Oncol 34:3325-3345,2016

Persistent commeon adverse effects
Constipation
Mental clouding
Upper GI symptoms (pyrosis, nausea, bloating)

Fatigue

Infertility
Osteoporosisfosteopenia
Reduced libido

Neurctoxicity
Myoclonus

increased risk of falls in the elderly)
concern)

Sleep-disordered breathing
sleep apnea

New-onset sleep apnea
Worsening of sleep apnea syndromes

Endocrinapathy (hypoganadi perprolactinemial

Reduced fregquency/duration or absence of menses

Risk of opioid-induced hyperalgesia (incidence and phenomenology
uncertain, but escalating pain in tandem with dose escalation raises

Increased risk of concurrent benzodiazepine in patients predisposed 10

Adverse
Effects
Associated
with Long-
Term

Other changes in mental status fincluding mood effects, memory problems, o pioid U se

Paice JA, et al. J Clin Oncol 34:3325-3345,2016




Risk Assessment

* Pain

* Function

* Misuse/abuse of drugs
— Current/past misuse of prescription or illicit drugs
— Alcohol, smoking, gambling

* Environmental/genetic exposure
— Family, friends with substance misuse disorder

* Sexual abuse, PTSD

Blackhall LJ, et ak. Screening for substance abuse and diversion in Virginia
hospices. J Palliat Med 2013;16(3):237-242.

Dev R, et al. Undocumented alcoholism and its correlation with tobacco and
illegal drug use in advanced cancer patients. Cancer 2011;117(19):4551-4556

Table 3. Risk Factors for Substance Use Disorders
Smoking history

Past or current alcohol use disorder; risky alcohol intake (eg,
binge drinking)

Past or current use of recreational substances

First use of substances at an early age (eg, 15 years of age or
younger)

Family history of alcohol abuse or substance use disorder
Trauma (eg, sexual abuse, posttraumatic stress disorder)

Legal problems, history of incarceration, other issues

Paice JA. Managing cancer pain during an opioid epidemic. Oncology
2018; 32(8)

4
CHILDHOOD

TRAUMA

https://www.newyorker.com/magazine/2018/04/16/the-silence-the-
legacy-of-childhood-trauma




Universal Precautions

* Prescription Drug Monitoring Programs
* Urine toxicology
* Agreements/contracts

.= DruG
NTONITORING
PrOGRAM

- 4

Starrels JL, et al. Systematic review: treatment agreements and urine drug testing to reduce opioid
misuse in patients with chronic pain. Ann Intern Med 2010;152(11):712-720.

Managing Cancer Pain
in the Opioid Epidemic

Assess and

Decide
stratify risk || whether or Respond to

aberrant

of opioid not to behaviors

misuse prescribe

Table 4. Universal Precautions for Opioid Use in Chronic Cancer Pain Management

1. Assess pain and risk of opioid misuse. + Assass pain and risk for substance use disorder.
+ Conduct exarmination and review medical record
+ Review prescription diug moritoring program.
+ Conduet urine drug sereening

2. Decide whether o not to prescribe.  # Stratify risk of diversion and abuse.

3. Minimize risk. * Optimize adjuvant analgesics.
* Use multimodal pain thera
* Obtain treatment for psychiatric iness, including anxiety,
depression, and sleep disorders.

4. Monitor drug olated behaviors. + Evaluate effectiveness (dscreased intensity and improved
function).
+ Review and treat adversa efects.

Oncology * Monitor adherence.
5. Respond to aberman behaviars. + Assess for behaviors that may indicate uncontrolled pain,
2018; 32 (8 ) compulsive use, Use 1o treat other conditions (aniety,
depression, sleep), o diversion
+ Intervene by prescribing small amouris at shorter intervals,
using pil counts, and using drug screening more frequanty
» Consut psychiatrc and/or adiction specialsts

Dsta from: Paice et k. J Cin Oncol. 2016.66]

Structure Based Upon Risk

Minimal Structure Higher Structure
* Annual urine toxicology » Frequent urine toxicology
« Review of PDMP every 3 « Review of PDMP with each refill
months + Reassess pain, function, aberrant
+ Clinic appointments behaviors frequently; reconsider
every 3 months need
« Prescriptions provided for « Prescriptions provided for 1-2
30 day supply - may week supply
provide 3 prescriptions + Engage family

(e.g. “may fill on or after

June 1,2019") Taper when indicated

+ Refer to addiction specialist
Issuance of multiple prescriptions for Schedule Il controlled substances. Diversion Control Division,
Drug Enforcement Agency. https://www.deadiversion.usdoj.gov/fag/mult rx_fag.htm

Paice JA. Risk assessment and monitoring of patients with cancer receiving opioid therapy. The
Oncologist 2019; 24: 1-5




When Opioids are No Longer Beneficial:
Weaning

* Slow downward titration - 10%
reduction/week

» Offer psychosocial support

* Optimize nonopioids and adjuvant
analgesics

* Use antfidepressants rather than
benzodiazepines to treat irritability
and sleep disturbances

* Provide a clear verbal and written
plan

The Management of Opioid Therapy for Chronic Pain Working Group. VA/Dod Clinical Practice

Guideline for Management of Opioid Therapy for Chronic Pain Washington, DC; 2010.

Chou R, et al: Clinical guidelines for the use of chronic opioid therapy in chronic noncancer pain.
J Pain 10:113-30, 2009

Safe Storage & Disposal

¢ Educate patients/families regarding safe
medication practices

— Don’'t leave medications out, medicine cabinet
— Lock boxes

¢ Safe disposal
— Take back programs — pharmacies, police depts

— Mix drug in wet coffee grounds or kitty litter until
dissolved, then dispose in garbage — do not flush
down foilet (FDA recommends flushing opioids)

National Take Back Day pEA NATIONALX
October 26, 2019 @@

www.deadiversion.usdoj.gov

Educational Tools

ASCO

Safe Storage & Disposal of Pain Medications.

Get Help for
Cancer Pain

https://www.cancer.net/sites/cancer.net/files/managing_pain_booklet.pdf
https://www.cancer.net/sites/cancer.net/files/asco_answers_safe_storage_and_disposal.pdf
https://www.cancer.org/content/dam/cancer-org/cancer-control/en/booklets-flyers/get-help-for-cancer-
pain.pdf




Solutions

* Research
» Education

» Evidence based
guidelines for
managing painin
those with
current/past history of
SUD

Access to care + Partnerships
pain, addiction, . E)ieggwore of implicit
mental health |
counseling, PT/OT . Advocatel

The True Tale of America’s Opiate Epidemic

DOPESICK

DEALERS, DOCTORS and the
DRUG COMPANY THAT ADDICTED AMERICA

000

@ b ¢ New ﬂ 0rk @im s Ways to Address the Opioid Crisis

To the Editor:

Your editorial about the opioid crisis brought to mind the words of the great American journalist H.
L. Mencken: “For every complex problem there is an answer that is clear, simple and wrong.”
Ignoring the social determinants that drive drug use and minimizing the critical medical roles of pain
assessment and opioids, as your editorial does, are a disservice to those struggling with opioid
dependence and those suffering from pain.

A few scientific facts: Heroin is now the most frequent opioid of first illicit use, not legally prescribed
opioids. Heroin and synthetic fentanyl account for most opioid-related deaths, and their use is rising.
Concurrently, 100 million Americans experience pain that impairs their ability to work, delays
surgical recovery, causes depression and reduces life expectancy.

We do not minimize the contributions of drug advertising and inappropriate prescribing on the
opioid epidemic. We do not disagree that we need better education in pain management, prescription
monitoring systems and nonopioid treatments.

But unless we meaningfully address the complex problems of poverty and lack of gainful
employment, mental illness and social isolation, we are creating a solution that is not only wrong but
will also lead to unnecessary suffering for millions.

R. SEAN MORRISON

JAMES CLEARY, NEW YORK




“Never doubt that a small group of
thoughtful, committed citizens can
change the world. Indeed, it is the only
thing that ever has”.

Margaret Mead




GIST & Other Sarcomas: Making Sense of a Rare Family of Cancers
Robert Maki, MD, PhD, FACP

Professor, Northwell-Hofstra Medical School

Professor, Cold Springs Harbor Laboratory




Fibrosarcoma
258 (3%) Other
2845 (28%)

Myxofibro

n>40 types

863 (9%)

Lipsarcoma
uPs 1965 (20%)
1378 (14%

Leiomyosarcoma
1399 (14%)




STS histology as function of anatomy
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Brennan MF et al. Management of soft tissue sarcomas, SEringer, 2017.

Two general classes of sarcomas

< Single specific genomic abnormality
— Somatic translocations generating fusion oncogenes
« Lots of these...especially in patients under age 40
— Activating point mutations
* KIT or PDGFRA in GIST (or other alterations)
« CTNNBT in some desmoid tumors
— Tumor suppressor gene inactivation
* SMARCBT1 - INI1/SNF5 in rhabdoid tumors, epithelioid sarcomas
* NF1in MPNST (but also aneuploidy)
* APC in some desmoid tumors
— Larger scale gene amplifications
* MDM2 and CDK4 in WD/DD liposarcomas, surface osteosarcomas, etc
* Multiple, complex genomic aberrancies: chromothripsis?
— Like most other cancers
« Leiomyosarcoma
« Undifferentiated pleomorphic sarcoma (UPS)
« Osteogenic sarcoma

The pathologist is the most important clinician
in sarcoma management

* 20% of diagnoses were changed when reviewed at an expert center

* In sarcoma, even the experts have to be humble

50

» 32 French centers
> Prospective study
» n =384 sarcomas

Pathologist commits to dx,
molecular diagnostic then run

it y i ¢
DFSP Ewing Syno myx
LPS Molecular analyses results

Diagnosis changed in 53 / 384 cases, management/prognosis in 46

Italiano A et al. Lancet Oncol 2016; 17: 532







Gastrointestinal stromal tumor (GIST)

Large necrotic
masses on CT scan

GIST in wall of ileum

Gastrointestinal stromal tumor (GIST)

* Former “Gl leiomyosarcoma”, GANT, other terms
» KIT (CD117)+ , CD34+, DOG1+ (ANO1)
« Origin: interstitial cells of Cajal (or precursors)
— Pacemaker cells of gut
» Impervious to cytotoxic chemotherapy
* Most common gastrointestinal sarcoma
— 10-12 / million incidence
— ~3500 in US in 2019 of ~16 000 sarcomas, 1.76 M cancers
— Some epidemiology studies indicate 4 000-6 000 per year

First line metastatic GIST




Imatinib & GIST: unique among sarcomas

Lab data showed imatinib is active
Single patient and Phase | activity
Phase Il study: >50% response rate
Phase Il studies:

— Europe/Australia: n>900

- U.S.: n>700

FDA, EMA, other regulators approved Rx
Adjuvant studies

— 0 vs 1 year (ACOSOG Z9001)
— 1 year vs 3 years (SSG XVIII)

1st line metastatic GIST: 400 vs 800 mg qd

Progression-free Survival Overall Survival

— 400 mg twice daily
— 400 mq once daily

— imatinib 400 mg twice daily
— imatinib 400 mg ance daily

5 a0+

& 3o

F

10+
ot T 77—
Fstudy o 3 & 9 12 15 18 21 24 27 30

dally 473 404 2366 338 307 270 228 184 137 71 25 Numberatrisk Maonths of study
daily 473 414 388 365 343 300 266 218 147 96 39 Imatinib400mg 473 423 387 315 192 49
5 473 2 399 323 T i
946 allocated patients 3

a5 7 EL ] l 4

Verweij J et al. Lancet 2004; 364:1127

KIT genotype predicts survival
for patients with metastatic GIST on imatinib

Overall Survival (%)

20 No mutation

t T T T T T T T 1
[¢] 100 200 300 400 500 600 700 800
Days

Heinrich MC et al. J Clin Oncol. 2003; 21: 4342




Responsive disease
n=20

Focal resistance
n=13

Progression-free survival

Multifocal resistance
n=7 p <0.001

T T T T
12 24 36 48

Months since operation
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Regorafenib + best
supportive care
Metastatic / 160 (BSC) gail
unresectable GIST: 3';2:::2" aily
progressing 1 week off (n=133)
despite at least
imatinib and
sunitinib
(n=236 screened; + Unblind:
=199 randomized) PI?::;(S :sc Crossover offered for
1 week off (n=‘66) placebo arm or continued
regorafenib for treatment
arm

Disease progression

Regorafenib
(unblinded)
until next progression




GRID phase Il results

Regorafenib, N=133 Placebo, N=66

Median PFS 4.8 months 0.9 months
(95% Cl) (4.1-5.8) (0.9-1.1)

Number of events 81 (60.9%) 63 (95.5%)

Hazard ratio (95% Cl): 0.27 (0.19-0.39)
1-sided p-value: <0.0001

tion function

— Placebo
— Regorafenib

Days from randomization

Demetri GD et al. Lancet. 2013; 381:295

GRID study: overall survival
(following 85% cross-over of patients on placebo arm)

— Placebo
— Regorafenib

Regorafenib, N=133 Placebo, N=66
Median OS Not reached Not reached

Number of events 29 (21.8%) 17 (25.6%)

Survival distribution function

Hazard ratio (95% Cl): 0.77 (0.42-1.41)
1-sided p-value: 0.199

150 250

Days from randomization

Because of the crossover design,
lack of statistical significance between regorafenib and placebo was expected

Demetri GD et al. Lancet. 2013; 381: 295

Newer kinase inhibitors

* (+) Phase lll trial in 4™ line, n=129
— Ripretinib (DCC2618) vs. placebo, crossover allowed
— Press release 08/13/2019

* mPFS 6.3 mo vs. 1 mo, HR = 0.15, p<0.0001
- RR 9% vs 0%, p=0.0504

— mOS 15.1 mo vs. 6.6 mo, nominal p=0.004, but was dependent
upon RR endpoint
» Should placebo have been allowed ?

* Principal AEs

— Alopecia (52% vs 5%), Nausea (39% vs 12%), Fatigue (42% vs
23%), Myalgia (32% vs 12%), Diarrhea (28% vs 14%), PPE (21%
vs. 0%), Headache (19% vs 5%), Incr bili (16% v s. 0%)




Another new GIST targeted agent :
avapritinib = BLU-285

* Phase | study shows activity in several GIST

molecular subtypes, esp KIT exon 17, PDGFRA
D842V

N=40 phase I, 30600 mg oral qd

— 7 PR, 10 SD in PDGFRA D842V patients, ORR 41%

— 2 PR, 5 SD in KIT mutant pts Rx at at least 135 mg qd
AES: Nausea (48%), fatigue (45%), peripheral edema, periorbital

edema, vomiting (30% each), diarrhea (25%), anemia, dizziness,
and lacrimation (23% each)

Heinrich MC et al. Proc ASCO 2017; Abstr 11011

GIST: Adjuvant therapy

SSG XVIII: study design
Open-label phase Il study

=181 /3
Imatinib x Follow-up
Randomize 12 months
1:1
n=177
Stratification Imatinib x 36 months Follow-up

1) RO resection, no

2) R1 resection or

tumor rupture

tumor rupture

Joensuu H et al. JAMA 2012; 307:1265
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Mutation status: another layer of
complexity

* Most GIST have exon 11 KIT mutations

* What about GIST with other mutations?

* Imatinib is probably helpful only PDGFRA
mutations not involving D842V

» Data from Z9001 (0 vs 1 year adj imatinib Rx)

— Data so far unavailable from SSG XVIII
* Further useful data from 1500 patient
retrospective analysis from era before imatinib

Joensuu H et al. J Clin Oncol. 2015; 33:634

RFS for PDGFRA D842V patients by arm:
1 year imatinib vs placebo 29001 trial

100
90
80 -
70
60 -
50- p = not significant
40-
30
20
107 Treatment

[ Imatinib (n=15)
Placebo (n=13)

% Recurrence-Free and Alive

0 6 12 18 24 30 36 42 48
Time in Months

Corless CL et al. J Clin Oncol. 2014; 32:1563

54




KIT exon 11 mutation
PDGFRA mutation (non-D842V)




Options for very large GIST

Rutkowski P et al. J Surg Oncol 2006; 93:304

Neoadjuvant imatinib

» Try to restrict to exon 11 KIT mutant GIST

* Neoadjuvant imatinib 400 mg daily

» Resect at time of best response
— Usually 3-9 months

» Nearly all patients recur off imatinib

» Continue treatment post-op for a total of at least
3 years (adjuvant data)...or even longer?

Rutkowski P et al. | Surg Oncol 2006; 93:304
Fiore M et al. Eur ] Surg Oncol 2009; 35: 739

Progression on imatinib, sunitinib,
regorafenib: what to do

» Soon: Ripretinib (DCC2618)
* Continue last TKI if tolerated
» Another TKI — nothing else yet approved

— Ponatinib
— Dasatinib

* Add an mTOR inhibitor
* Imatinib rechallenge




Sarcomas beyond GIST

1. Adjuvant / neoadjuvant
therapy of STS

Pediatric sarcoma: standard of care: a reminder

Ewing sarcoma (U.S. Rx)

— Vincristine — doxorubicin — cyclophosphamide alternating with ifosfamide —
etoposide (VAC-IE)

— Cycle every 2-3 weeks (2 weeks in children where possible, no proved
benefit in adults) — supports the Norton-Simon hypothesis

Osteogenic sarcoma

— Cisplatin — Doxorubicin backbone

— Methotrexate: used in younger patients despite lack of randomized data

— MTP-PE where available (not in the US, but that's another story)

— Ifosfamide: not helpful in the adjuvant setting

Rhabdomyosarcoma

— Usually VAC-IE or Vincristine-Dactinomycin-Cyclophosphamide for pediatric
subtypes




Largest adjuvant study in adults:
no survival advantage
for doxorubicin + ifosfamide (AIM)

¢ Largest randomized study of adjuvant AIM in STS

— 351 pts recruited, 1995-2003
— 5 cycles of doxorubicin 75 mg/m2 + ifosfamide 5 gm/m2 q21 days

* Interim analysis for futility led to early study closure

| | Estimated 5yrRFS | Estimated 5 yr OS

Treatment 52% 64%
Observation 52% 69%

= The hypothesis that adjuvant chemotherapy improves recurrence
free survival and overall survival was rejected.

Woll PJ et al, Lancet Oncol 2012; 13: 1045

However...2008 meta-analysis showed improved
survival for ifosfamide-based therapy

 Largest adjuvant study compiled to date

» Update to a 1997 meta-analysis
— Greater use of ifosfamide

— 18 trials HAZARD
— 1953 pts RATIOS | Overall survival

Any chemo 0.77 (p=0.01)
* New data are

still needed... Dox only 084 (p=0.09)

Dox + Ifos  0.56 (p=0.01)

Pervaiz N et al. Cancer 2008; 113: 573

STS adjuvant therapy: general suggestions

» Greatest benefit : males over age 40
— RFS, not OS benefit seen from two pooled studies (n>800)

— Benefit to men or age over 40
— Patients had inferior RFS if female or under age 40
— Not beneficial in older patients over 60 (hard to give ifosfamide)

» Some histologies do NOT benefit — avoid in ASPS,
clear cell sarcoma, SFT, EHE...

* Rule out situations where it is less likely to help, then
1:1 conversation

Le Cesne A et al. Ann Oncol. 2014; 25:2425
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Disease Free Survival

~Standard chemotherapy

- " Histotyp tailored chemotherapy
~i Censored

~+= Censored

5-yr DFS 47.4% vs 54.6%

HR: 1.232 (95%Cl 0.875,1.733; p=0.323)

Overall Survival (%)

T T T T 3
12 24 % 48 &0

time to relapse (months)

Overall Survival

- Standard chemotherapy
- Histotype-taifored chemotherapy
- Standard chemotherapy-censored

5-yr 0S 65.9% vs 75.7%

HR: 1.766 (95%Cl 1.101,2.831; p=0.018)

v - ' T v
12 24 36 48 60
time to death (months)







EORTC 62012: progression free survival, response
rate, and overall survival

PFS HR = 0.74 (95%Cl 0.6— 0.9)
Stratified log-rank p=0.003

RR:
27% AIM
Dox: 14% doxorubicin
4.6 mo

OS HR = 0.83 (95%Cl 0.67—1.03)
Stratified log-rank p=0.08

OFF STUDY reason DOX DOX+IFOS
Disease worse, death from PD 42% 21%
Toxicity (incl toxic death) 3% 18%
Patient refusal (not toxicity) 2% 4%

Judson | et al. Lancet Oncol. 2014; 15:415

2015 1stline study

+ GEDDIS : Gemcitabine — Docetaxel vs
Doxorubicin as 15t line therapy for sarcoma

— U.K. randomized phase |l trial

— Predominance of leiomyosarcomas on study

— Bottom line: No PFS difference, no OS difference
— Gemcitabine-docetaxel more expensive

Seddon B et al. Clin Sarcoma Res 2015; 5:13

GeDDiS Trial
Gemcitabine + Docetaxel vs Doxorubicin
Similar Progression-Free Survival

Progression-free survival

Doxorubicin Median 24 week
Gemitabine + Docetaxel ————- PFS PFS
(months)
Dox 54

i Unadjusted HR=1.28
I\ 95% CI: (0.98, 1.67) 46%

p=0.07 G/D 5.5 46%

1.00

0.75

Proportion alive and progression-free
025 050

0.00

0 12 24 36 48 60 72 84

Weeks since randomisation
Number at risk

Doxorubicin 120 93 58 39 26 18 9 5 3

Gemcitabine & Doc. 128 82 58 33 9 5 3 1 1

Seddon B et al. Clin Sarcoma Res 2015; 5:13




GeDDiS Trial
Gemcitabine + Docetaxel vs Doxorubicin
Similar Overall Survival

Overall survival

3
S Doxorubicin Median 24 week
Gemcitabine & Docetaxel ————- oS oS
2. onths)
Qo Unadjusted HR=1.07
= 95% Cl: (0.77, 1.49) Dox 16.4 87%
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12 24 36 48 60 72 84 96 108
Weeks since randomisation

o

Number at risk
Doxorubicin 129 120 105 91 70 51 37 24 14 9
Gemcitabine & Doc. 128 114 102 81 65 46 30 23 16 10

Seddon B et al. Clin Sarcoma Res 2015; 5:13

Best 1st line treatment for metastatic STS?

 Are there symptoms from advanced disease?
— If yes, combination regimens might have better chance of symptom-
alleviating responses.
— If no symptoms, single agents are reasonable
— Doxorubicin and gemcitabine-docetaxel yielded similar results

» Also consider Rx based on histology

MORE active LESS active
Y i Gemcitabine-docetaxel
Myxoid-round cell lip Trab. din, i i Gemcitabine-docetaxel
Angiosarcoma  Taxanes, anthracyclines lfosfamide
Leiomyosarcoma, SFT Anthracycline, DTIC Ifosfamide
ASPS, SFT VEGFR inhibitors Doxorubicin, Gemcitabine-docetaxel
Endometrial stromal sarcoma Anti-estrogens, ifosfamide Gemcitabine-docetaxel

Olaratumab: here yesterday, gone today

OS in tSTS Population
Dox + Olara  Dox + Pbo
Median, months 204 19.7
HR (95% Cl) 1.05(0.84 - 1.30)
Log-rank p-value 0.6945

s Dox + Olara
w— DOX + PbO

15 18 21 24 27 30
Time (months)

Tap W et al. Proc ASCO 2019, Late breaking abstract
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Probability of Overall Survival

Probability of Progression-Free Survival

Time (months} Time (months)

PFS + Overall Survival
by Independ * Response Rate
* Quality of Life
+ Safety




Median PFS (95% ClI)

Pazopanib 4.6 mo (4.12-4.90)

Placebo 1.6 mo (1.01-1.86)

HR =0.35 (0.26-0.48)
0.001
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SARC28

Phase II: n=40 soft tissue tumors + n=40 bone tumors
Pembrolizumab single agent 200 mg IV g3wk
Median follow up ~ 18 mo
Only 3/70 tumors PDL1(+):
-- 3 were UPS
-- all 3 had CD8+ T cell infiltration
» 7140 patients with PR; 11% with immune related SAE

UPS: 1/10CR, 3/10 PR
DD LPS: 2/10 PR
Leiomyosarcoma: n=10, no responses
Synovial:  1/10 PR

Osteosarcoma: 1/22 PR
Chondrosarcoma:  1/5 PR (dediff chondro)
Ewing sarcoma: 0/13 PR

Tawbi HA et al. Lancet Oncol 2017; 18: 1493

ALLIANCE nivo = ipi

Randomized phase I
58% had received
2 3 lines of therapy

ORR: 3% Menotherapy, 16% Combination

Nivolumab 3 mg/kg g2wk

43 Nivo 3 Nivo 3 + Ipi 1
1 Crossover H
pernited I ‘HHH"HIIHHH
42 Ipilimumab 1 mg/kg q3wk x4 + |8
Nivolumab 3 mg/kg q3wk x 4, I . ST
then q2wk Patine patomt
38 evaluable on each arm
Primary endpoint: CR
RECIST response rate Myxofibro
(5/38 = promising) uLmMs
Pick the winner / non comparative
PR PR
ASPS U )
LMS LMS
D'Angelo SP et al. Lancet Oncol. 2018; 19:416 Sarcoma NOS Angio

ALLIANCE nivo = ipi

Randomized phase Il
Combination vs nivolumab alone:

mPFS: 4.5 vs 2.6 mo
6 mo PFS: 36 vs 16%
mOS: 14.3 vs 10.7 mo

D'Angelo SP et al. Lancet Oncol. 2018; 19:416
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