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Estimated New Cases*
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Colorectum 71,830 * Colorectum b5, 0]
Urinary bladder 56,390 Uterine corpus 52,630
Malanoma of the skin -~ 43,830 3! Thyroid 47,790

Kidney & renal pelvis 39,140 Won-Hodgkin lymphoma 32,330
Non-Hodgkin lymphoma 38,270 Melanoma of the ekin 32,210
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SEIGAL ET AL. CANCER STATISTICS, 2015. CA CANCER JCLIN 2015;64:9—29
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Advances In Oncology

e Evolving Paradigms
e New Discoveries In Cancer

* Advances in Clinical Oncology



Advances in Oncology

 Predictors of OQutcomes

— Primary Predictors
o Size
« Pathology
e Grade
— Secondary Predictors
e Tumor Markers
e Ploidy
» Receptors
— Tertiary Predictors
e P33 Gene Expression
« EGFR-2 Receptor Expression
* Molecular & Proteomic Profiling



Role of the EGFR in
Signal Transduction and Tumor Progression
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VEGF Receptor Activation
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Approaches to VEGF Signal Inhibition

1. Ligand sequestration:
mADbs, soluble receptors
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2. Receptor blocking:
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Targeted Therapies
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Targeted Therapies



*

Slide 9

Treating cancer with chemotherapy has become the standard, but its side effects are systemic, affecting healthy cells as well as cancerous cells.  

In contrast, targeted therapies are directed toward specific pathways involved in tumor growth, maintenance, and metastasis. Drug development focuses on targeting a specific antigen, growth factor, receptor, or other molecule in a pathway. By acting on just one target, these therapies can moderate, control, or kill cancer cells. 

This slide depicts many of the targeted therapies currently approved and/or in clinical trials. Agents that target areas within the cell, receptors on the surface of the cell, or target ligands that will attach to receptors are shown.

There are diagnostic tests for some targets, such as human epidermal growth factor receptor 2 (HER2). Patients who are HER2-positive are candidates to receive trastuzumab (Herceptin®, Genentech, Inc.), a monoclonal antibody that targets HER2. 

Other targets may not have diagnostic tests. However, an understanding of a target in the disease process can guide patient selection. For example, vascular endothelial growth factor (VEGF) is fundamental to the process of angiogenesis, the formation of new blood vessels. Tumors need a blood supply to grow beyond 2 mm. By interfering with VEGF, tumor growth may be inhibited.



References: Rieger, Green, & Murray, 2001, pp.13, 318; Ross, Gray, Gray, et al., 2003
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New Discoveries in Oncology

o Targeted Therapies
— Herceptin for breast cancer

— Avastin for advanced lung, ovary and colon
cancers

— Rituximab (Rituxan) for B-cell lymphomas
— Erbitux for head & neck cancers

— Tarceva for lung Cancer

— Gleevec for CML



Medicine

Immuno Modulation-A New Frontier
In Cancer Treatment



Immuno Modulation-A New Frontier in
Medicine Cancer Treatment

EACH STAGE IN THE DEVELOPMENT AND PROGRESSION OF CANCER IS

THE RESULT OF CROSS-TALK BETWEEN THE TUMOR AND THE HOST S
IMMUNE SYSTEM.

THE ESCAPE OF TUMOR CELLS FROM IMMUNE CONTROL PLAYS A
SIGNIFICANT ROLE IN

TUMOR PROGRESSION.

RESISTANCE TO IMMUNE REJECTION HAS BEEN RECOGNIZED AS AN
ESSENTIAL REQUIREMENT FOR TUMORS TO BECOME CLINICALLY
DETECTABLE.



Immuno Modulation-A New Frontier in
Medicine Cancer Treatment

DURING THE PAST 5 YEARS, A FUNCTIONAL REDEFINITION OF CELL

DEATH,
BASED ON ITS EFFECTS ON IMMUNE CELLS (IE, TOLERANCE OR

ACTIVATION) HAS EMERGED.

[ONIZING RADIATION INDUCES IMMUNOGENIC CELL DEATH.

JAMA ONCOLOGY PUBLISHED ONLINE AUGUST 12


Presenter
Presentation Notes
When tumor cells are radiated, dendritic cells are activated and present antigens to T cells.


Radiation and Immuno Modulation-A New

Medicine

RADIATION HAS COMPLEX
EFFECTS

ON THE TUMOR
MICROENVIRONMENT.

IT CAN OVERCOME EFFECTOR T-
CELL

EXCLUSION OR INHIBITION.

RADIATION CAN COMPLEMENT
THE EFFECTS OF
IMMUNOTHERAPY

VIA A NUMBER OF DIFFERENT
MECHANISMS TO GENERATE
ROBUST ANTITUMOR T-CELL
RESPONSES.

Frontier in Cancer Treatment

JAMA ONCOLOGY PUBLISHED ONLINE AUGUST 13, 2(


Presenter
Presentation Notes
PD-L1 inhibits the activities of T cells and hence inhibits tumor killing activities by T cells during radiation.


Immuno Modulation-A New Frontier In
Medicine Cancer Treatment

CTLA-4 (cYTOTOXIC T-LYMPHOCYTE-ASSOCIATED PROTEIN 4)
CTLA-4 1S UPREGULATED
ON
THE PLASMA MEMBRANE
WHERE IT
FUNCTIONS TO
DOWNREGULATE
v T-CELL FUNCTION
>, THROUGH A
Dendritic | & ———mmcozs—rg¥ VARIETY OF MECHANISMS.
cell B7
- \_ﬂ_& el ANTIBODY BLOCKADE OF
i CTLA-4
COULD RESULT IN
ANTITUMOR
IMMUNITY IN PRECLINICAL
Lymph Node MODELS

IMHC with antigen

J CLIN ONCOL. 2015 JUN 10;33(17):1974-82..


Presenter
Presentation Notes
Mechanism of how CTLA-4 works, CTLA-4 inhibits T cell functions, therapys targeting CTLA-4 with antibodies will result in enhanced anti-tumor actions by T cells.


Table 1 Clinical trials with checkpoint inhibitors

ne

Radiation and Immuno Modulation-A New
Frontier in Cancer Treatment

CLINICAL TRIALS: MELANOMA, BLADDER, RENAL CANCER, NSCLC.

Drug

Study

N

Line OR (%)

0S (m)

0S (%) PFS(m) PFS (%)

Pembrolizumab KEYMNOTEOO1 (B1) (8)

Nivolumab

Nivolumab +
ipilimumab

Ipilimumab

KEYNOTEOO1
(B1+B2+D) (9)
KEYNOTEQO2 (10)

KEYNOTEO0O6 (11)

Weber (12)
Hodi (13)
CheckMate037 (14)

1356

411

540

]
2 mg'kg 3w
10 mg/kg 3w
Chemo

1
10 mg/kg 2W
10 mg/kg 3W
IPI

|

|

1

IPIL, IPI-N
190 IPI-N

38 (IPI-N 38)
40 (IPI 28)

1P 21-25

556 IPI-N
34
33
12
44 IPI-N 24 (IPI-N 25)
IPI-N 30-40
IPI 32

—=ITETRatevos (15)

IPI-N 40

Wolchock (16)
CheckMateD69 (17)

CheckMateO67 (18)

MDX010-20 (19,20)
024 (16)

[srgs]
502

|

]
NIVO + IPI
IPI

1l
NIVO + IPI
NIVO
IPI

1

1

IPI-N

IPI-N
81
11

58

44

19
2nd 11 10
1st 15 11.2

IPI, pretreated with ipilimumalb; IPI-N, ipilimumab naive; 2W, ever 2 weeks; 3W, every 3 weeks.

ANN TRANSL MED

. 2015 OcCT;3(18):267.



Presenter
Presentation Notes
CheckMate 066; Nivolumab substantially improved overall and progression-free survival for metastatic melanoma patients without a BRAF mutation.
Overall survival at 12 months72.9% vs 42.1% (HR 0.42; 95% CI 0.25 to 0.73; P<0.001)


Radiation and Immuno Modulation-A New
Medicine Frontier in Cancer Treatment

CHECKMATE O17

A PHASE Il sTUDY (CHECKMATE O17) OF NIVOLUMAB (NIVO; ANTI-
PROGRAMMED DEATH-1 [PD-1]) vS DOCETAXEL (DOC) IN PREVIOUSLY
TREATED ADVANCED OR METASTATIC SQUAMOUS (SQ) CELL NON-SMALL
CELL LUNG CANCER ( ).

272 PATIENTS. NIVOLUMAB, AT A DOSE OF 3 MG PER KILOGRAM OF BODY
WEIGHT EVERY 2 WEEKS, OR DOCETAXEL, AT A DOSE OF 75 MG PER
SQUARE METER OF BODY-SURFACE AREA EVERY 3 WEEKS

PRIMARY END POINT WAS OVERALL SURVIVAL.

THE MEDIAN OVERALL. SURVIVAL WAS (95% CONFIDENCE
INTERVAL [CI], 7.3 TO 13.3) WITH NIVOLUMAB VERSUS (95%
ClIl, 5.1 TO 7.3) WITH DOCETAXEL..

TREATMENT-RELATED ADVERSE EVENTS OF GRADE 3 OR 4 WERE REPORTED
IN 79 OF THE PATIENTS IN THE NIVOLUMAB GROUP AS COMPARED WITH
559% OF THOSE IN THE DOCETAXEL GROUP.



Radiation and Immuno Modulation-A New
Medicine Frontier in Cancer Treatment

Biomarkers that predict Disease Outcome

WHOLE-EXOME SEQUENCING OF TUMORS FROM PATIENTS TREATED WITH
CTLA-4 BLOCKADE

HAS REVEALED MUTATIONS THAT LEAD TO NEOANTIGENS, WHICH MAY BE
IMMUNOLOGICALLY

RELEVANT IN RESPONSES TO IMMUNE CHECKPOINT BLOCKADE.

PATIENTS WHOSE TUMORS EXPRESS PD-L. 1, AS DETECTED BY IHC,
HAVE NUMERICALLY HIGHER RESPONSE RATES TO PD-1/PD-L 1
BLOCKADE THAN PATIENTS

WHO DO NOT EXPRESS PD-L.1.

PROGRESSION FREE SURVIVAL CORRELATED WITH INTENSITY OF PD-L.1
EXPRESSION.

HOWEVER, PATIENTS WHO DO NOT EXPRESS PD-L.1T CAN STILL HAVE
IMPRESSIVE RESPONSES
TO PD-1 BLOCKADE

PERSONALIZED MEDICINE IN ONCOLOGY: VOLUMEZ2 NO.6 ,NOVEMBER 2015



Radiation and Immuno Modulation-A New
Medicine Frontier in Cancer Treatment
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Cancer Immunology Research: Cancer Immunology at the Crossroads

1. RADIATION GENERATE IMMUNOLOGICAL CELL DEATH.
2. CYTOTOXIC T LYMPHOCYTES (CTL) ARE ACTIVATED VIA RADIATION AND IMMUNOTHERAPY

3. CTLS THEN ATTACK RADIATED AND NONIRRADIATED TUMOR CELLS



Radiation and Immuno Modulation-A New
Medicine Frontier in Cancer Treatment

Abscopal Effect

ABSCOPAL EFFECT REFERS TO A RARE PHENOMENON OF
TUMOR REGRESSION AT A SITE DISTANT FROM THE PRIMARY
SITE OF RADIOTHERAPY.

LOCALIZED RADIOTHERAPY HAS BEEN SHOWN TO INDUCE
ABSCOPAL EFFECTS IN SEVERAL TYPES OF CANCER,
INCLUDING MELANOMA, LYMPHOMA, AND RENAL-CELL
CARCINOMA.

THE COMBINATION OF RADIOTHERAPY WITH IMMUNE
MODULATORS CAN TAKE ADVANTAGE OF ABSCOPAL EFFECT
AND HAVE THE CAPABILITY TO ESCALATE ANTITUMOR
RESPONSES TO A LEVEL THAT COULD SUPPRESS OR
ELIMINATE SYSTEMIC METASTASIS.



Radiation and Immuno Modulation-A New
Medicine Frontier in Cancer Treatment

IPILIMUMAB AND LOCAL RADIOTHERAPY RESULT IN
AN ABSCOPAL RESPONSE. PET IMAGING AND
SELECT FUSED PET/CT AXIAL IMAGES FROM
AUGUST 2012 (LEFT) AND JANUARY 2013 (RIGHT)
ARE DISPLAYED.

THE AXIAL IMAGES IN THE SECOND ROW REVEAL
THE HYPERMETABOLIC LIVER LESION THAT WAS T
ARGETEDAND RESPONDED TO RADIOTHERAPY
(WHITE ARROWS, SECOND ROW).

AN ABSCOPAL RESPONSE WAS SEEN IN A LEFT
LOWER LOBE LUNG LESION (WHITE ARROWS, THIRD
ROW) AND A LEFT SACRAL LESION (WHITE
ARROWS, BOTTOM ROW).

A MIXED RESPONSE WAS SEEN IN THE

August 2012 PET/CT  January 2013 PET/CT HILAR/MEDIASTINAL LYMPH NODES (STRIPED
ARROWS, THIRD ROW).




Radiation and Immuno Modulation-A New
Medicine Frontier in Cancer Treatment

FORMER US PRESIDENT JIMMY CARTER
il ANNOUNCED THAT HIS LATEST BRAIN
L RN SCAN SHOWED NO SIGN OF CANCER.

HE UNDERWENT SURGERY TO HIS LIVER
AND RADIATION TREATMENTS FOR HIS
BRAIN, ALONG WITH TAKING KEYTRUDA.

P e M KEYTRUDA (PEMBROLIZUMAB)
WORKS BY BLOCKING WHAT’ S
KNOWN AS THE PD-1 PATHWAY




Human Genome

Single Nucleotide Polymorphisms (SNPs) in Human
Health & Disease

An amazing aspect of human Genome is the minimal
variation in the DNA sequence in. the Genome of different
Individuals

« Of the 3.2 Billion bases, roughly 99% are identical between
two individuals.

e It is the variation in the remaining tiny fraction of the
Genome , 0.1%, that makes a person unique.

« This small amount of variation determines critical attributes
of the individuals in developing cancer and response to the
treatment.

e The Genome of each individual contains its own pattron
SNPs and SNP profile.

* Generic variation in human Genome Is an emerging resource
for studying cancer.



Expleiting the Tumor Melecular Profile of
Individual Patients for Selection of Therapy

Patients with the HI‘IIE Diagnosis & Clinical Features
(Stage IV Non-small Cell Lung Cancer)




Exploiting the Tumor Molecular Profile of
Individual Patients for Selection of Therapy

Patlents with same diagnosis, but different Molecular Profiles




Same Diagnosis, Same Prescription

Drug Toxic & Beneficial Drug Toxic & Not Beneficial
~ 0H -~

' \J

\ Patient Group /

Drug Not Toxic & Not Beneficial Drug Not Toxic & Beneficial




Advances In Oncology

Advances In Clinical Oncology
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Refer to text on slide



HDR Radiation Treatment

Deliver radiation using any
Connect MammoSite to HDR afterloader commercially available HDR

afterloader (Nucletron, Varian,
Gamma Med®)



New Innovations
In the
Treatment of Breast Cancer

IMRT (6 Weeks)
*APBI (3 Weeks)
BRT (1 Week)

|ORT (1 Day)



Local Recurrence with
MammosSite Brachytherapy

Institution/Study # of Patients Follow-up (Months) Local Recurrence (%)
ASBS registry trial* 1449 63 2.8
NYP/Weill Cornell 650 72 2.4

medical center*

William Beaumont* 678 62.8 1.7

Medical University of 90 24 2.2
South Carolina

Rush university medical 70 22
center

*2016 UPDATE




Cosmetic Outcomes with
MammosSite Brachytherapy

Institution/Study

# of Patients

Follow-up (Months)

Good or Excellent comesis
(%)

ASBS registry trial* 1449 63 90.6
NYP/Weill Cornell medical 650 72 96
center*

William Beaumont* 678 62.8 88
Medical University of South | 90 24 90
Carolina

Rush university medical 70 22 93

center

*2016 UPDATE




Minimally Invasive
Dose & Image-guided
Outpatient Brachytherapy for Early Stage
Prostate Cancer



Prostate Brachytherapy

e Higher radiation doses — =
— Lower PSA levels — better biochemical control
— Lower positive biopsy results
— Better local control | distant metastasis

e Brachytherapy delivers highest dose of radiation
compared to other radiation modalities

— 80 Gy EBRT =BED 153

— 1-125 180 Gy = BED 190

— Pd-103 100Gy + 45Gy EBRT = BED 198

— Proton therapy (78 Gy in 2 Gy fractions) = BED 156



Dose & Image-guided
Brachytherapy Planning
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3D Trans-rectal Ultrasound
Evaluation

Nori D. M.D.,
Cornell, 2016






Brachytherapy Outcomes

Institution Stage Outcome Result (%0)

University of Low 12-yr bNED
Washington, Seattle
Utrecht, Netherlands 10-yr bNED

Mount Sinai School of | Low 8-yr bNED 88
Medicine
N'YP — Weill Cornell 10-yr bNED -




Side Effects Are Fewer In
Therapy With Pellets

“Like other prostate cancer patients
deciding on treatment, Mayor Rudolph
W. Giuliani had to weigh both medical
and personal factors. In choosing to have
radioactive pellets implanted in his
prostate . . . he selected an effective
treatment with far fewer side effects than
surgery.”

——

~THE NEW YORK TIMES




PROSTATE CANCER — INDEX

Cancer

— Bladder
wall .
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Prostate cancer — Index Lesion

e The largest tumor focus within the prostate
— Driver of natural history of the prostate cancer
— Generally indicates the prognosis

— May harbor clonogen that is responsible for
YEENENE

— Increased interest in focal therapy

— preservation of normal prostate and surrounding
structures, “organ-preservation approach”

REFERENCE:

1. AHMED HU. THE INDEX LESION AND THE ORIGIN OF PROSTATE CANCER.N ENGL J MED.
2009 OCT 22:361(17):1704-6

2. LIuW, LAITINEN S, KHAN S, ET AL. COPY NUMBER ANALYSIS INDICATES MONOCLONAL
ORIGIN OF LETHAL METASTATIC PROSTATE CANCER. NAT MED 2009; 15:559-65.
[ERRATUM, NAT MED 2009;15:819.]



MORE OPTIONS FOR CANCER CARE

| CANCERCARE

Ad3IANs

|

Physicians often refer to the “pillars” of cancer treatment.
For thousands of years, there was only one treatment
pillar: surgery. In 1896, a second pillar, radiotherapy, was
added (117). The foundations for the third treatment pillar,
cytotoxic chemotherapy, were laid in the early 1940s when a
derivative of nitrogen mustard was explored as a treatment
for lymphoma. These three pillars—surgery, radiotherapy,
and cytotoxic chemotherapy—continue to be the mainstays
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of cancer care. However, in the late 1990s, the first precision
therapeutics were introduced, leading to the fourth pillar,
precision therapy, which continues to grow. Likewise, the
late 1990s laid the groundwork for the fifth treatment pillar,
immunotherapy. The number of anticancer therapeutics that
form the most recent pillars of cancer care has increased
dramatically in the past 5 years.

Figure adapted from Ref. (24)




Advances In Oncology

o Summary & Future Directions

— Progress in cancer treatment will increasingly utilize
iIndividualized treatment strategies based on complex
biology of most cancers.

— Modern pathological characterization will determine
which tumors respond best to a particular therapeutic
approach.

— Targeted therapies with drugs aim at EGFR
receptors, tumor environment, angiogenesis

— Immno Modulation Treatments either alone or
combination with Radiation will enhance the
outcomes in majority of cancers



Steps to Achieve Caner Moonshot

1.

Increase Federal Funding for Cancer Laboratory Research
Fund Basic Cancer Screening for Early Detection

Open Up Access to Stat-of-the Art Cancer Care
Rationalize the Cost of Cancer Drugs

Develop a Better Coordinated Care System

Speed Up the Sharing of Electronic Medical Records

PRESIDENT OBAMA 2016



£ Jason Hawkes
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