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INTRODUCTION

In 2018, the US Food and Drug Administration (FDA) approved a record 59 new drugs across all medical specialties; of these, 17 (29%)
approvals were relevant to oncology/hematology specifically.

This represents an increase from 2017, in which the FDA approved 12 new oncology/hematology agents.
8 of the 17 oncology/hematology approvals in 2018 are indicated for the treatment of various blood cancers.

Breast - the risk of invasive recurrence of human epidermal growth factor receptor 2—positive, early-stage breast cancer was 50% lower
in patients treated with ado-trastuzumab emtansine compared with those who received trastuzumab alone. This finding supports the
use of ado-trastuzumab emtansine as a new standard of care in these patients.

Two CLL [chronic lymphocytic leukemia] studies established ibrutinib as the standard of care for front-line treatment of CLL in the
younger and older populations, respectively.

Adenocarcinoma of Lung - Paz-Ares et al found that adding pembrolizumab to chemotherapy (pemetrexed and carboplatin) nearly
doubled the objective response rate (ORR) in patients and is in tolerable safety profile.

Lung — Target Therapy - New EGFR inhibitor delays lung cancer progression in drug resistant mutations of EGFR — osimertinib (Tagrisso)

Prostate - two new agents for treatment of high-risk, non-metastatic, castration-resistant prostate cancer was particularly important.
Apalutamide and enzalutamide approved by the FDA based on findings of SPARTAN and PROSPER trials.

Immunotherapy - Nobel Prize in Physiology or Medicine awarded to James P. Allison of United States and Tasuku Honjo of Japan for
work on cancer immunotherapy. Their findings on checkpoint inhibitors “brought immunotherapy out from decades of skepticism.”

Combination Immunotherapy - Combination of two immunotherapy agents, nivolumab and ipilimumab in patients with intermediate
or high-risk RCC improved 18-month overall survival compared with tyrosine kinase inhibitor sunitinib (Sutent), 75% for the
combination v 60% for sunitinib. And, 9% of patients receiving nivolumab with ipilimumab had complete regression of the cancer.

Radiation Therapy - SBRT [stereotactic body radiation therapy] for the treatment of oligometastatic disease (small number o% mets)

http://www.cancernetwork.com/oncology-journal/key-advances-oncology-2018
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2019 INCIDENCE & MORTALITY ESTIMATES

Figure 3. Leading Sites oklNew Cancer Cases and Deaths - 2019 Estimates

Female

Prostate 174,650 Breast 268,600
Lung & bronchus 116,440 Lung& bronchus 111,710
Colon & rectum 78,500 ; Colon & rectum 67,100
Urinary bladder 61,700 ; Uterine corpus 61,880
Melanoma of the skin 57,220 ; Melanoma of the skin 39,260
Kidney & renal pelvis 44120 5% Thyroid 37,810
Non-Hodgkin lymphoma 41,090 59 Non-Hodgkin lymphoma 33,110
Oral cavity & pharynx 38,140 ; Kidney & renal pelvis 29,700
Leukemia 35,920 ; Pancreas 26,830
Pancreas 29,940 39 Leukemia 25,860
All sites 870,970 All sites 891,480

Estimated New Cases

Fema le

Lung & bronchus 76,650 249% Lung & bronchus 66,020 23%
Prostate 31,620 109% Breast 41,760 15%
Colon & rectum 27,640 9% Colon & rectum 23,380 8%
Pancreas 23,800 7% Pancreas 21,950 8%
Liver & intrahepatic bile duct 21,600 7% Owvary 13,980 5%
Leukemia 13,150 4% Uterine corpus 12,160 4%
Esophagus 13,020 49 Liver & intrahepatic bile duct 10,180 4%
Urinary bladder 12,870 4% Leukemia 9,690 3%
Non-Hodgkin lymphoma 11,510 4% Non-Hodgkin lymphoma 8,460 3%
Brain & other nervous system 9,910 3% Brain & other nervous system 7,850 3%
All sites 321,670 Allsites 285,210

Estimated Deaths

Estimates are rounded to the nearest 10, and cases exclude basal cell and squamous cell skin cancers and in situ carcinoma except urinary bladder. Estimates do not include
Puerto Rico or other US territories. Ranking is b on modeled projections and may differ from the most recent observed data.
32019, American Cancer Society, Inc., Surveillance Research 6
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2019 INCIDENCE & MORTALITY ESTIMATES

Figure S Average Annual Incidence Rates and Case Distribution by Age, US, 2011-20I5 >
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Age at diagnosis

Sources: Surveillance, Epidemiology, and End Results (SEER) program, 18 SEER registries, custom data (2000-2015).
©@2019, American Cancer Society, Inc., Surveillance Research

2018 Cancer Facts and Figures — American Cancer Sociery




2019 INCIDENCE & MORTALITY ESTIMATES

Trends in-Cancer Death Rates* Among Males, US,1930-2016

Trends4n Cancer Death Rates* Among Females, US,1930-2016>
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*Age-adjustedtothe 2000 US standard population. TUterus includes uterine corpus and uterine cervix combined. fincludesintrahepatic bile duct, gallbladder,
and other biliary.

MOTE: Dueto International Classification of Diseases coding changes, numeratorinformation for colorectal, liver, lung, and uterine cancers has changed over
time.

Source: Mational Centerfor Health Statistics, Centers for Disease Control and Prevention, 2018,

*Age-adjustedtothe 2000 US standard population. TIncludes intrahepatic bile duct, gallbladder, and other biliary.
MOTE: Dueto International Classification of Diseases coding changes, numeratorinformation for colorectal, liver, and lung cancers has changed overtime
Source: Mational Center for Health Statistics, Centers for Disease Control and Prevention, 2018,
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DIRECT COSTS OF CANCER

CARE ARE STARTLING BETWEEN
AUGUST 1, 2017,

ﬂwﬁnﬁm&ﬂmnshghdimsﬂnd AND JULY 31,2018,

feeeaEH R R THE FDA APPROVED:

From 2011 to 2015,
overall cancer death rates fell by:

1.8%

per year

naw znilcancer therapeutics,
which are bolstering the
plilars of cancer care.

for U.S. men for U.S. women

anticancer therapeutics for
treating new types of cancer.

42%

CIGARETTE REDUCTION

SE%KEEG INU.S. s
CANCER new
ME\ODTJ(L;T%S' DEATH surgery
RATE gulding system.

Billions of Dollars

o)
14% " L
2.4 million WS direct FYxos FYz0E FYa207  FY2oa
lives medical costs

saved. eane
o CANCEr NIH EudEEt

careim 2015

RESEARCH CONTINUES TO POWER RESEARCH CONTINUES TO ADVANCE
PRECISION MEDICINE, LEADING TO: IMMUNOTHERAPY, LEADING TO:

The: first therapeutic to target IDHZ, which is benefiting patients h ~
with acute myeloid leukemia, ke Chuck Dandridge, p. 589, transformative new Immunctherapeutics called CAR T-cell theraples,
which are benefiting patients with certain blocd cancers,

Itk Torl Lee and Mike Della, p. 84 and p.

previously approved Immunotherapeutics called checkpoint Inhibitors, belng
approved for treating new types of cancer, Including cervical, lver, and stomach cancers.
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NEWLY FDA-APPROVED ANTICANCER

TABLE1

Approved Indication

CAR T-cell Therapy

Cartain type of no digkin lymphoma

Certain types of kaukemia and non-Hodgkin lymphoma®

Certain type of breast cancer

cdgkin lymphoma
Certain type of non-Hodgkin lymphoma
Certain type of thyried cancert
Certain type of melanoma

Certain type of blood cancer®

Certain types of leukemia
Certain types of leukemia

Certain type of leukemia?

Cartain brazst cancerst

Certain type of leukemia

Certain type of leukemia

Hormones,/Antihormones

Prostate cancer

Immune-checkpoint inhibitors
Certain type of lung cancert

rtain types of colorectalt and liver cancert
Certain types o wectal and kidney cancert

Cartain types of lymphoma, stomach, and cervical cancert

Certain types of neurcendecrine tumors
Certain types of neurcendocrine tumors

fnew cancer type approv 7-2018
* reuires 3 companicn diagnastic

axicabtagene ciloleucel

tizageniecieucel

brentuximab vedotin

acalabrutinib

copanlisib

dabrafenib and trametinib
encorafenib and binimetinib®

vemurafenib

dauncrubicin and cytarabine
inotuzumab ozogamicin

ozogamicin

olaparib®

apalutamide

durvalumab
nivolumab
nivolumab and ipilimumab

pembrolizumab”

lutetium 177 dotatate

iobenguane | 131

Trade Name

Verzenio

Calgquence

Aligopa

Tafinlar and Makinist
Braftovi and Mektovi

Zedboraf

Lynparza

Idhifa
Tibsowe

Iméinzi
Opdivo
‘Opdivo and Yervoy

Keytruda

Lutathera
Azedra

THERAPEUTICS: AUGUST 1, 2017-JULY 31, 2018

Formulation

'Whare muitipia trada Rames an used, anly the mast commaen have boon sted

WHY DO CANCER HEALTH DISPARITIES EXIST?

Complex and interrelated factors contribute te U.S. cancer health disparities.
The factors may include, but are not imited to, differences and/or Inequalities In:

s to and use of health care; genetics;

atments soclal and
received; economic status;

&

exposure to environmental cancer clinicaltrial participation; health literacy:
Tisk factors; and %

lifestyle, Including welght, diat,
and physical activity.

Adspted from (18)

physical and mental health;

U.S. CANCER HEALTH DISPARITIES

Significant progress has been made against cancer. However, not everyone has benefited equally

from the advances and adverse differences in numarous cancer measures exist among certain segments
of the U.5. population (see sidebar on What Are Cancer Health Disparities? p. 12). Some recently
identified examples of disparities in cancer incidence rates, death rates, and stage at diagnosis are
highlighted here. Disparities in other cancer measures are outlined slsewhere in the report (see sidebars
on Dispanties in the Burden of Avoldable Cancer Risk Factors, p. 26; Disparities In Cancer Screening,
p. 47; Disparities in Cancer Clinical Trial Participation, p. 51; Dispartties In Treatment, p. 57;

and Disparities in Quality of Life after a Cancer Dlagnosls, p. 96).

MORE THAN

DOUBLE

Non-Hispanic bizack men have a prostate cancer death rate tha
maore than double that formen In any raclal or ethnic grou,

African-American and Hispanic women are 75 percent and 69 percent,
tively, more likely to be diagnosed with breast cancer atan

black women have a triple-negative breast cancer
e that 1= double that for non-Hispanic white women (13).

Non-Hispanic bizck women have a breast cancer deathrate that Is
39 percent higher than that for non-Hispanic wihite women (13).

39% HIGHER

Men lving In Appalachia have 3 lung cancer Incidence rate that 1s 26 parcent
higher than that for men living In the remainder of the United States (14).

26% HIGHER

Adolescents and young 2dults (ages 15 to 39y with head and neck cancer
who have Medicald coverage or no Insura 1percent and 51 percent,
respectively, more lkely tod m thelr disease than those

who have private Insurance (15).

Patients of low socloeconomic status with anal cancer
are more than 20 percent more likely to die from the disease
than those of high socloeconomic status

Women living with 3 same-sex relatianship partner are
3X three times more likely to die from b cer than women
Iving with a male spouse or cohabiting relationship partner (17).
MORE LIKELY 3 e spause areahauting P et




FDA NOVEL DRUG APPROVALS FOR 2018

Drug Name Active Ingredient FDA-Approved Use

Elzonris  Tagraxofusp-erzs Blastic Plasmacytoid Dendritic Cell Neoplasm (BPDC)

Asparlas |Calaspargase pegol-mknl acute lymphoblastic leukemia (ALL) in pediatric and adult patients age 1 month to 21 years

Xospata |gilteritinib Relapsed or refractory acute myeloid leukemia (AML) ﬁ Ui, Fo0D & DRUG

Daurismo |glasdegib Newly-diagnosed acute myeloid leukemia (AML)

Gamifant emapalumab-lzsg hemophagocytic lymphohistiocytosis (HLH) CENTER FOR DRUG EVALUATION AND RESEARCH
ADVANCING HEALTH

Lorbrena |lorlatinib anapalastic lymphoma kinase (ALK)-positive metastatic non-small cell lung cancer THROUGH INNOVATION

Talzenna talazoparib locally advanced or metastatic breast cancer with germline BRCA mutation 2018 NEW DRUG
THERAPY APPROVALS

Vizimpro |dacomitinib metastatic non-small-cell lung cancer st ) imnesain | Predicay bty | Acm

Libtayo |cemiplimab-rwlc cutaneous squamous cell carcinoma (CSCC)

Copiktra |duvelisib relapsed or refractory chronic lymphocytic leukemia, lymphocitic lymphoma, follicular lymphoma
Lumoxiti |moxetumomab pasudotox-tdfk hairy cell leukemia
Poteligeo 'mogamulizumab-kpkc two rare types of non-Hodgkin lymphoma

Tibsovo livosidenib relapsed or refractor acute myeloid leukemia (AML)

Braftovi encorafenib unresectable or metastatic melanoma
Mektovi binimetinib unresectable or metastatic melanoma

Erleada apalutamide prostate cancer

Lutathera lutetium Lu 177 dotatate pancreatic and gastrointestinal tract gastroenteropancreatic neuroendocrine tumors (NETSs)

12

2018 New Approvals Report (/downloads/Drugs/DevelopmentApprovalProcess/Druglinnovation/UCM629290.pdf)
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ASCO 2019 CLINICAL CANCER ADVANCES

Advance of the Year: Progress in Rare Cancers

Thiz year, ASCO names Progress in Treating Rare Cancers as the Advance of the Year Inthe

United States, rare cancers account for about 20% of all cancers diagnosed each year, and
incidence rates vary worldwide * Progress has historically lagged behind the achieverments
miade in more commaon cancers, however, five major studies this past year offer significant steps
forward, making this a notable year for advances in rare cancers

A new combination of targeted
therapies for a rare, hard-to-treat
form of thyroid cancer produced
responses inover two thirds of
patients

Sorafenib becams the first trestment to
improve progression-free survival for
desmoid tumors, a rare type of sarcoma

Lutetium Lu 177 dotatate (" Lu
Dotatate), a new therapy that

delivers targeted radiation to turmor
cells, lowered the risk of disease
progression or death by 79% for
patients with advanced midgut
neurcendocrine tumors, compared to
standard treatment

Trasturumakb, a standard treatment
for HERZ positive breast cancer,
significanthy slowed progression
of HERZ -positive uterine serous
carcinema

The first promising therapy—he
colomy stimulating factor 1 imhibitor
pexidartinib—for a rare cancer of
the joints known as tenosynovial
giant cell tumor, showed an overall
response rate of 39.3%,

v 0% for those taking a placebo

14



ASCO 2019 CLINICAL CANCER ADVANCES

Advances in
Cancer Treatment

frrutr ent ad'mn es across the spectrum of cancers have rﬂnl'nmﬁara F.:|:'J|_'.| pace. L ung cancer

Progress in treatment was also seen in systemic chemotherapy, targefed chemotherapy, surgery,
and radiotherapy.

Immunotherapy
e Checkpoint Inhibitors
e Combination Immunotherapy — melanoma, renal cell
carcinoma
e PD-1 Inhibitor for skin cancer
e Pembrolizumab for H&N with high PD-L1
 CAR-T therapy trials show longer term benefits
Targeted Therapies
e Tagrisso (EGFR Inhibitor) delays lung cancer progression
e Verzenio (protein-targeted therapy) delays progression
for CDK4/6 active advanced breast cancers
e Vidaza and Dacogen for elderly patients with AML
Other Therapeutic Approaches
e Less is more for ovarian cancers — no 2" look surgery
e Xtandi or Erleada f+
* or hormone resistant prostate cancer

15



ASCO 2019 CLINICAL CANCER ADVANCES

Advances 1n

Diagnostics

This year marked a major advance with a molecular test that can help many women with early-

stage breast cancer safely forgo chemotherapy. There were also advances in the use of liquid
biopsies for refining treatment in several major cancers.

Advances in Liquid Biopsy for Early Detection using protein
biomarkers and tumor-specific mutations in circulating DNA
found in blood samples

21-gene expression assay identifies women who can safely skip
adjuvant chemotherapy for HR+/HER2- breast cancer in women

over age 50 with low and intermediate recurrence risk scores of
0-10 and 11-25 respectively

Not All is Good News

Alternative Medicine:
Widespread Misconceptions

| | A surprising number of Americans believe that cancer
B can be cured solely through alternative therapies

Nearly 4 in 10 Americans

Mt

0, ofcaregivers to 20 of people who
38 /O cancer patients /0 ave/had can

have/had cancer

Younger people are most likely to hold this view

4r% 21%

of people ages 18-37 of people ages 72+

16

Alternative Medicine Is Not a Substitute
for Conventional Therapy
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Advancing
Quality

Cancer Care

2018 Annual Report

New in 2018

Abramson Cal cerC nter at the University of Pennsylvania
becomes the 28% NCCN Member Institution.

nal Comprehen:
NCCN G er Network®

i.lelw] 2018 Annual Report

17



NCCN ANNUAL REPORT 2018

NCCN Guidelines

NCCN Guidelines are the most thorough and frequently updated

clinical practice guidelines available in any area of medicine.

T

""3 NCCN

- NCCN Categories for Fvidence and Consansis.
basad on the lavel of clinical evidence available and

- Contain cancer care recommendations that are

continuously updated and revised to reflect new data

arg

tha degree of consensus within NMCCN Guidelines
Panals.

- NCCHN Categories of Praference clarify panel and

insfitutional preferences for interventions, provida
guidanca to usars of the NCCN Guidelines on which
dationis) is considered optimal, and

Guidelines

‘continue fo provide a wide range of recommendations
‘o meet varying clinical circumstances and patient
prafarances.

- NCCN Guidelines with NCCN Evidence Blocks™

-are a visual represantation of five key measures that
provide important transparent information about
specific NCON Guidalines recommendstions that
informs decisions about systemic therapies based
upen treatmant, supporting data, and cost. ltis a
starting point for shared decision-making considering
the patient's own valua system. NCCN Evidence
Blocks™ ara included in 47 out of 51 NCCMN
Guidelines that include systemic therapies, which are
free and available at NCCN.org.

. NOCN Guidlings for T i
Ly Site apply to 979% of cancer casas in the
United States

& Hisk Hoaduction

- NCCN Guidelines for Supportive Care

ACGESS

+ Fres download oniine from
NCCN.org

+ NCCN Mobile App
- Print coples
« Pocket Guidelines

+ E-mail alerts {with

subscription to NCCN Flash
Updates™)

« Health Information

Technology (HIT) companies

2018 Annual Report

2018, NCCN added five NEW NCCN Guideli

NCCN Guidelines for Treatment of
Cancer by Site

Acuts Lymphaoblastic Leukemia
Acute Mysloid Leukemia
AlDE-Related Kaposi Sarcoma
Anal Carcinoma

B-Cell Lymphomas

Bazal Call Skin Cancer
Bladder Cancer

Bone Cancer

Bresst Cancer

Caniral Merwous System Cancers
Candcal Cancer

Chronic Lymphaooytic Leukemia’Smal Lymphocytic Lymphoma

Chronic Mysloid Leukemia
Colon Cancer
Cuteneous Melanoma
Dermatofibrosarcoma Protubarans
ric Junclion Gancers

Haad and Mack CE.I"K'.!BFB
Hepatobiiary Cancers

Hexdghkin Lymphoma

Fidnay Cancer

Malignant Fleural Mesothefioma
Merkel Call Carcinoma

Muitiple Mysloma
Myalodysplastic Syndromes
Mysloprofferative Meoplasms
Meuroendocring and Adrenal Tumors
Mon-Small Cal Lung Cancer
Ocoult Primary

Defining Quality Care

Onarian Cancer

Pancreatic Adenocarcinoma
Perile Cancer

Primary Cutanecus Lymphomas
Prozstate Cancer

Ractal Cancer

Small Cell Lung Cancer

Saoft Tiesue Sarcoma
Sq.leumua Cell Shan Cancer

Tesml..la' Cancer

'I'I'Tymcrnsa End Thymic: Carcinomas

bulinemia’Lymphoplasmacytic

NCCN Guidelines For Detection,
Prevention, & Risk Reduction

Breast Cancer Risk Reduction

Bireast Cancer Screening and Diagnosis
Colorectal Cancer Screening

Gematic/Familidl High-Fisk Aszsessmeant: Breast and Cvanan

Gensetic/Familial High-Fisk A=sessmant: Colorectsl
Lung Cancer Screening
Prostate Cancer Early Detection

NCCN Guidelines For Supportive Care

Adult Cancar Pain

Antiermesis

Cancer- and Chemotherapy-Inducad Anemia
Cancer-Aszociated Venous Thromboembolic Cizease
Zancer-Helated Fabigua

MEW Mansgement of Immunotherapy-Helated Toxicties
L Factors

Paliafive Care

Prewantion and Treatment of Cancer-Related Infactions
Smioking Cessation

Survivorship

NCCN Guidelines For Specific
Populations

Agol T UL [ Ty T ey
NEW &u«;ﬂ[n Paopls | ving with HIV
Adult Oncology
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« Contains authoritative, scientifically derived information dasigned to support decision-
making about the appropriate use of drugs and biclogics in patients with cancer

Compendium
{(MCCHN Compendium)

Clinical NCCN Biomarkers Com
Resources

MNCCHN Imagin ropriate Use

= K E LIC ™

« Subscription-based sasrchable databasa online at NCCM.org

« Contains information designed to suppaort decision-making aroun: g

« Provides essential details for tests recommendad by the NCCN G

Clinical
Resources
(continued)

«» Contains more than 3,200 active
« Updated in conjunction with the MNCCM Guidelines on a continual
« Recognized by public and private insurars as an authoritative rafel

>10.1 million downloads in 2018

coverage policy T 26% from 2017

biomarkars in cancer care

as tests that measure changes in genas or gena products for prad
monitoring, sunvaillance, or prognostic information

Most Frequently Downloaded Largest Increase in
NCCN Guidelines in 2018 NCCN Guidelines Downloads in 2018

» Gontains 1,200 records
« Subscription-based searchable databasa online at NCCMN.org

Breast Cancar = 790,000 downloads Ovarian Cancer 60% increase
Non-Small Cell Lung Cancer » 560,000 downloads Meuroendecring and Adrenal Tumaors 60% increase

. Details all imaging recommendations included in the NCCN Guidg  Colon Cancer > 410,000 downloads oopages) and Esophagogastric 479 increase
« Ayailable for more than 50 cancer typas in addition to screaning
« NCCHN is racognized by Centars for Medicare & Medicaid Sonices (CMS) as a qualified

Junction Cancers

provider-led entity for creation of the NCCN Imaging AUC™

. Free searchable databasa online at NMCCN.org
« MCCHM Imaging AUC™ are available for commercial use through license of the M

Includes information designed to support clinical decision-making around the use
of radiation therapy in patients with cancar

Includas a full complament of radiation tharapy recommandations found in tha
currant MCCN Guidelines

Contains 43 dissase sites and 848 radiation therapy recommendations
Bubscription-based searchable database online at MCOCN.org

Intendead to improve the safe use of drugs and biologics in cancer cara

Includes chemotherapy, immunotherapy, supportive care agents, monitoring

paramatars, and safoty instructions 19
Spacial instructions for salf-administerad chemotharapautic agents also provided

Contains mora than 1,330 active tomplatas

NCCHN Chemothaor:
Templates (NCCN TemplatosE)

Downloaded ~500,000 times in 2018
Bubscription-based searchable database online at MCCN.org



ANNUAL REPORT TO THE NATION ON STATUS OF CANCER

J The Annual Report to the Nation on the Status of Cancer is an update of rates for new cases and deaths as well as trends for the most common cancers in the United
N AT I ON AL C AN CE‘R IN q’T ITUTE States. This year's Special Section focuses on cancer trends among adults ages 20 to 49.
L.

Special Topic: Cancer Among
Overall Cancer Statistics Adults Ages 20-49 Shareable Resources

Annual Report to the Nation on the Status of
Cancer, 1999-2015, Featuring Cancer in Men and

Women ages 20—49 @

Elizabeth Ward, PhD ¥4, Recinda L Sherman, PhD, MPH, CTR, S Jane Henley, MSPH,
Ahmedin Jemal, DVM, PhD, David A Siegel, MD, MPH, Eric J Feuer, PhD, MS,

Albert U Firth, BS, Betsy A Kohler, MPH, CTR, Susan Scott, MPH, Jiemin Ma, PhD, MHS ...

Show more

Deadliest Cancer Types
for Ages 20-49, 2012 - 2016

MEN WOMEN
CAN C E R 1. COLORECTAL 1. BREAST
DEATH RATES 2.LUNG 2.LUNG
DECLINED 3, BRAIN 3. COLORECTAL

FOR WEN, WOUEN, £ CIOLDREN

1999 — 2016

JNCI: Journal of the National Cancer Institute, djz106,

https://doi.org/10.1093/jnci/djz106
Published: 30 May 2019  Article history v

Most Common Cancer Types
for Ages 20-49, 2011-2015

PDF NN Splitview ¢ Cite  # Permissions  «§ Share v

“Among people of all ages, overall cancer
MEN WOMEN incidence (2011-2015) and death (2012-
R sl 2016) rates were higher in men than in
2. TESTICULAR 2. THYROID

women, whereas among adults age 20-49
years, incidence and death rates were
lower among men than women.”

Abstract

Background

3. MELANOMA 3. MELANOMA

The American Cancer Society, Centers for Disease Control and Prevention,
National Cancer Institute, and North American Association of Central Cancer

Registries (NAACCR) provide annual updates on cancer occurrence and trends 20

by cancer type, sex, race, ethnicity, and age in the US. This year’s report

highlights the cancer burden among men and women ages 20—49 years.




UPDATE ON NATIONAL CANCER MOONSHOT

THE NATIONAL CANCER MOONSHOT INITIATIVE

The National Cancer Moonshot Initiative seeks to accelerate cancer research to make more therapies
available to patients while also improving our ability to prevent cancer and detect it at an carly stage.

The 21st Century Cures Act, passed in 2016, authorized $1.8 billlon over 7 years to fund the Cancer
Moenshot. The same year, NC| cenvened 2 Blue Ribbon Panel (BRP) of many of the nation's top cancer
experts - cancer researchers, oncologists, patlent advocates, and private-sector leaders - to glve careful
thought to what could be done to expedite progress agalnst cancer. To provide recommendations to the
National Cancer Advisory Board, the BRP members collaborated with over 100 colleagues from across
the cancer research community to Identify 10 of the most compeliing research opportunities polsed

for acceleration to help meet the goals of the Cancer Moonshot.

Implementation of the Moonshat 15 well under way, and over the past two fiscal years Congress has
appropriated a total of $500 million for the Cancer Moonshet, which has enabled NCI to support and
accelerate research In each of the 10 areas recommended by the BRP. In fiscal year 2017 NC| recelved
Its appropriation In May and was able to rapidly Invest 2pproximately $277 million In new rasearch
opportunities befere the end of the Nscal year. NCI issued 17 new Cancer Moonshot funding
opportunities In Nscal year 2018 and Is In the process of finalizing awards.

The Cancer Moonshot 1s providing the research community with new resources to pursue critical research
questions and to bulld upon collaborations to ensure thelr success. These opportunities for acceleration
were made possible by decades of Investment In baslc sclence and sustalned support for the entire
cancer research enterprise. Examples of new and engoing Cancer Moonshot projects Include:

New zdult 2nd pediatric Improving the evidence-based

rcl . follow for Individuals at

¥ networks / l rdue toan

ceptibillty

eneration of a detalled

follow-up through
muitilevel interventions

MCI s currently planning new research opportunities for FY 2019 and beyond. For more and updates, visit

THE NATIONAL CANCER MOONSHOT INITIATIVE

The National Cancer Moonshot Inltlative secks to accelerate cancer research to make more therapies
available to patients while also improving our ability to prevent cancer and detect it at an early stage.

The 21st Century Cures Act, passed In 2016, authorized 51.8 bllllon over 7 years to fund the Cancer
Moonshot. The same year, NCI convened a Blue Ribbon Panel ¢ERP) of many of the natlon's top cancer
axperts - cancer researchers, oncologlsts, patlent advocates, and private-sector leaders - to give careful
thought to what could be done to expedite progress agalnst cancer. To provide recommendations to the
Matienal Cancer Advisory Board, the BRP members collaborated with over 100 colleagues from across
the cancer research community to ldentify 10 of the most compelling research opportunities polsed

for acceleration to help meet the goals of the Cancer Moonshot.

Implementation of the Moonshot 1s well under way, and over the past two fscal years Congress has

appropriated a total of $600 milllon for the Cancer Moonshot, which has enabled NCI to support and
accelerate research In each of the 10 areas recommended by the BRE. In fscal year 2017 NCI recelved
Its appropriation In May and was able to rapidiy Invest approximatety $277 milllon In new research
opportunitles before the end of the Mscal year. NCI Issued 17 new Cancer Moonshot funding
opportunitles In fiscal year 2008 and Is In the process of finalizing awards.

The Cancer Moonshot 15 providing the research community with new resources to pursue critlcal research
questions and to bulld upon collaborations to ensure thelr success. These opportunities for acceleratlon
were made possible by decades of Investment In baslc sclence and sustalned support for the entire
cancer research enterprise. Examples of new and engolng Cancer Moonshot projects Include:;
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NCI MATCH TRIAL MUTATIONS & AGENTS

TABLE7. Broadening Molecular Profiling Boundaries—Biomarker-Targeted Therapy Matches

TARGETED MUTATION

HC-MATCH trial:
EGFR actwvating muta
HERZ activating mutation
BRCAT ar BRCAZ muta
FaFR pathway sbaratons
NRA NRASTS, NRASE! mutation
AKT mutation
PIE3CA mustation
PTEN mutation
PTEN
ME T amplificatian
MET emon 14 deletion

ALK translocation

ating mutation
PTEN mutation or deletion and FTEN ex)
PTEN |oss
FGFR mutation oo fusion
FaFR amplification
NTRET, NTRE
Loss of MLET ar M5H.

mTOR mutation
ki exon 9, 11, 13, or 14 mutation
PIE3CA mutation
GiA \ATT mutation
BRAF non-VEDI mutation

DRUG

Afatinih

Afatinih

Adavosertib (ATD1TT5)
ATDASAT

Binimetinib
Capivasartib (AZD 5363)
Copanlisib

Copanlisib

Copanlisib

Crizotinib

Crizotinib

Crizotinib

Crizotinib

Dafwaienib + frametinib
Dasatinid

Dedactinib

G5K26367T1 (PEKS inhibitor)
Erdafitinib

Erdafitinib

Lanotrecting (L

Nevodumab

Oisimertini

Palbociclin

Pa

Pertuzumab + trastuzumah
Sapaniserti
Sapaniserti

Sunitinib

Taselisib

Trametinib

Trametinib

Trametinib
Trashuzumah emtansine

egh
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The Current State of Molecular Testing in the Treatment
of Patients With Solid Tumors, 2019

Wafik 5. El-Deiry, MD, PhD, FACP'; Richard M. Goldberg, MD®; Heinz-)osef Lenz, MD, FAPC?; Anthony F. Shields, MO, PhD*;

Geoffrey T. Gibne
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Abstract: The world of molecular profiling has undergone revolutionary changes ower
the last few years as knowledge, technology, and even standard clinical practice have
evohed. Broad molecular profiling is now nearly essantial for all patients with meta-
static solid tumors. New agents have been approved based on molecular testing
instead of tumor site of onigin. Molecular profiling methodologies have likewise
changed such that tests that were performed on patients a few years ago are no
longer complete and possibly inaccurate today. As with gl rapid change, medical
providers can quickly fall behind or struggle o find up-to-daie sources to ensure he
or she provides optimum care. In this review, the authors provide the current state
of the art for molecular profiling/precision medicine, practice standards, and a view
imio the future ahead. CA Cancer ) Clin 2019;69:305-343. @ 2019 The Authors. CA
A Cancer Journal for Clinicians published by Wiley Periodicals, Inc. on behalf of
American Cancer Society. This is an open access article under the terms of the
Creative Commons Attribution-NonCommercial License, which permits use, dis-
tribution and reproduction in any medium, provided the original work is properly
cited and iz not used for commercial purposas.

Keywords: biomarkers, cancer, gene expression profiling, drug target, molecular-
targeted therapy, molecular profiling mutation, precision medicine, sequence analysis

MOLECULAR TESTING FOR SOLID TUMORS 2019
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MOLECULAR TESTING FOR SOLID TUMORS 2019

* Includes the Current Recommendations for Biomarker/Molecular Testing for the Following Solid Tumors

e Can be Single Test or Molecular Profiling Assay

ANY Solid Tumor — Microsatellite Instability and Mismatch Repair Testing

Non-Small Cell Carcinoma of Lung
Colon and Rectum

Gastric, Esophageal and GE Junction
Pancreas

Prostate

Endometrial

Ovarian

Breast

Brain and Central Nervous System
Sarcoma

Head and Neck

Melanoma

Somatic Mutations that could also be Germline Mutations

And much more....

TABLE7. Broadening Molecular Profiling Boundaries—Biomarker-Targeted Therapy Matches

TARGETED MUTATION
NCI-MATCH trial: NCTO2E50607
EGFR arthating mutation
HER2 activating mutation
BRCAT or BRCAZ mutations
FGFR pathway aber
NRAS1Z, NRASTS, NRASE] mutation
AKT mutation
PIE3CA mistation
PTEN mutation
PTEN loss
MET amplification
MET exon 14 deletion
ALK 1 tion

0D mutation

PTEN mutation or deletion and PTEN expressian
PTEN loss

FGFR mutation or fusion

mpificetion & Rb expression
and Rb pratein

TSC2 mutatian
mTOR mutation

oI exon 9, 11, 13, or 14 mutation

GNAGNATT mutation

BRAFfiusion or BRAF non-VED] mutation
NF1 mutation

HERZ ampiification

SMOIPTCHT matation

DRUG

Afatindd

Kfatinih

Adavosertib (AZD1T75)
AZDASAT

Binimetinib
Capivasertih (ATD 5363]
Copanlisib

Copanlisib

Crizotinit
Datwatenib + frametinib

JETE367T1 (PEKR inhibitor)

Erdafitinib

Endafitinib

Larotrectind (LOXO-101)
Mvodumab:

Oisimertini

Palbodclih

Palbodiclih

Pe mab + trastuzumah

Sapanisertih

Sunétinib

Taselisib

Trametinib

Trametinib

Trametinib
Trashuzumal emtansine

Vismodegh



MOLECULAR TESTING FOR SOLID TUMORS 2019

Predictive Microsatellite Instability/Mismatch Repair Testing for Any Solid Tumar
BIOMARKER TEST DETECTS TE CHNO LG GY RECOMMENDATIO NS EVIDENCE CANCER TYPE
(AT Expressan Se= Microsareilite ins tabine- High IHC dWPd A and MEFH Bsts an avalals e s Lowwer lewel; wide Al

Tumors and DA Mismarch recammendsd 1o predict respan se 1o permbiralizumah® aceptance
Repair in tha st

MLHDY, MEHZ, MEHE, Mutation = dkAR £ W her applicab ke, dbRR 2 nd MEI-H tests are usad
or PRS2 BXpression) ipgether o identfy whethera patient should undemo
fis ither mu Etion testing for Lynch syncrome®

M4 Testing (changes In short Sep A e dnstability- Hig FCR, M5 deR and Mal-H tests on avallable tesue are ot level, wide Al
repeated DM A sequences) i K recommendsd 1o predict respan se 10 permbingliz umah ™

2] j . ||.'| underga
rlll'[hl‘l mu@Eion [r‘Ilﬂu for Lynch synirome®

Abbreviations: d MM, deficient mismatch repair; IHC, immunohisiochernistry; MMR, mismatch repair; M5 L microsatellite irstahility; M8 1-H, microsatelite instability-Righ, NGS | next-generation sequencing; FC R, palymer
mms chain resction

I‘i'.u:||u-r|.1l:| alane ar |n- ambination with ipilimumab may dsa be an option for palents wWth coorectal cancer

B4k MR is a characteristic Baure af Lyreh syrdmme, which can |.'I.1'.- apartin patien s {par fcularly yonger patie nts) with cancers ofthe gastraniestinal tract iparticularly calorectal), endame rium, owary, brain, bresst,
ard rend pelvis. v Lynch synidrome, d MMR leads ta irsufficientrepar of repetifve OHA sequences and thus a higherrisk afmultiple maigran t tumaors
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MOLECULAR TESTING FOR SOLID TUMORS 2019

L —
TABLE 2.1, Currently Recommended Molecular Testing for MSCLC

HOMARKER

TEST DETECTS

WHEN

TECHNOLOGY

RECO MPAEN DATI ONS

EVIDEN CE

CANCER TYPE

aLK

EGFRTTEOM

EGFR exon

21 (LB5SR,
LBG1), exan 20
[STEEI), exon 18
(GTI9x, GT19)

EGFR exon 19

EGFR exon 20

TRz

ROSD

FO-L1

KRAS

BRAF

HERZ

MET
RET

Gana fusian

Fusion protein
sxpresdan

Mutatcn

Mutabicn

Deleticn

Inserticn mutatcn

Fuskin marmngement
Frotein expession
=50

Mutaticn

Mutatcn, VEDDE

Mutation

Amplficaion, mustion
Fusion, earrangement

Metastatic warkup

Together with EGFR
Esingin “rever
smo kars” ar small!
mixed histology
pedmens

Metastatic workup

Metastatic workup

Metastatic workup

Metastatic workup

Metastatic warkup
Metastatic workup
Metastatic workup
Metastatic workup
Anytime

Ary time
Anytima

FISH, HGS, AT-PCR

HEY

MNGh, multiple muta-
fantesing

MNGh, multiple muta-
fantesing

MNGS, multiple muta-
fan tesing

MNGh, multiple muta-
tion testing

NGE, FISH, AT-PCA

MNGh, multiple muta-
tion testing

Gene sequencing

NG5, pyrosequencing,
AS-PCR

MNGS, multiple muta-
fan tesing

NG, FEH
MNGE, FISH, RT-PCR

Respanse to oml ALK Tl alectinib has
Improwed efficacy over oizotinibin
rstline

Response tooml ALK TKs, eg, cizotnib

FResistant to EGFR TEls

Sensitive o EGFR TEIs

Sensitive to EGFR TKIs

Likely resistant o EGFR TS

Raspansive o A0S TKIs

Response to pembrolizumakb in First-line;
FOA approved treatm ent'

Resistance o EGFR TEls. Gives poor
prognoas campaned with KRAS wi

Ememin g tamgeted agents'™; responsive
o camiingd BRAF and MEE nhibition

Ememingtamgeted agents™

Emenging targeed agents’!
Ememing tameted agents*

High dewel, wide acceptance

Lower level, wide acceptance

High Jevel, wide acceptance

High Jevel, wide acceptance

Lower level, wide aceprance

High Jevel, wide acceptance

Lower level, wide aceprance

High Jevel, wide acceptance

Lower level, wide acceprance
Lovwar lewal, wide acceptance

Lower level, wide acceprance
Lower level, wide aceeprance
Lower level, wide acceprance
Lower level, limited acceptance

Lower level, wide acceptance
Lower level, wide aceeprance

Adenocarzinama, large cell, HACLE NOS

Sgquamous cel

Adenccardnoma, large cell, NSCLC NOS

Adenccardnoma, large cell, NSCLC NOS

Squamous cel

Adenccardnoma, large cell, NSCLC NOS

Squamous cel

Adenccardnoma, large cell, NSCLC NOS

Squamous cel

Adenacarzinoma, large aell, squamaus
cell, MSCLE ROS

Adenccardnem a, large cell, M5CLE,
s amous cell NS

ALMECLE

Al MSCLE

AL MSCLE

ALNSCLC
Al NSCLE

Abbreviatiors: A5-PCR, alele-specifc palymerase chan resc forg FDA LS Faod and Drug Adminisratarg FISH, luoresencs in siv hytridizstiony IHC, immunchisbche mistry; HGS, nextgeneration sequencing NS, nat

atherwise specified; KSCLE, nan-small cell lung cancer; PD-L1, programmed death 1 ligand; RT-PCR, reserse transcription-palymerass chain reaction; TEK, tyrasine kinass inhibitors, wt, wild type

"FEHis the LIS Faod and Drug Adminisration
IHC can be used s a good alternative ta FISH.’

aﬂ.‘lrmnd method for ALK gene rearrangement. NGS and RT-PC R currently are nat used widely in clinical practice




MOLECULAR TESTING FOR SOLID TUMORS 2019

TABLE 2.&Turrently Recommended Predictive Molecular Testing for Colon and Rectal Cancers >

TEST

EIOMARKER DETELTS WHEN

TECHMOLOGLY

RECOMMENDATIONS

EVIDENCE

CAMNCER TYPE

KRASINRAS®  Mutation Workup for
mietastatic
disegss
fsuspected ar
praven)

Mutation
ViEOE

Woakup for
metastatic
dizegse
isipspected ar
DIoven)

MG

Sovond cetuximab or
panitumumah treatment
in patients who beve
tumars with KRAS and
NMARAS mutations [exons
2 3, and 4 in bath)

MGE, pyrosequenc-  Cetueimah or panitu-

ing, AS-PCR®

maumzb treatment 5 not
recommended in patients
whio hawe tumois with
BRAFYRODE mutabons
umiless given with a BRAF
infabitor such as
vemusafeni

The use of Finotecan in
combination with
cefomah or panitu-
maumzb plus vemusafenh
is recommended in a
patients with previowsly
treated mCRC

MNCCN indicate lower
leved, wide
accepiance, but
many belisve
classfication is
high-leve], wide
accepiance

MCCN indicates kower
leve] wide
accepiancs, but
miany believe
classification is
high-lavel wide
accapiance

Metasiatic synchronous
adenofaiinoma fany T,
any N, M1},
suspected or
docwmented: or

Metachronous
metastases by CT, MR,
andior biogsy,
diocismented

Metastatic synchronous
adenocainoma fany T,
any W, M1},
suspected or
docimented: or

Metachronous
metastases by CT, MR,
andior bicigsy,
docismanted

Aboreyiations: AS-PCR, allele-specific polymerase chain reaction: CT, compuied tomography; mCRC, metastatic colorctal cancer; MRI, magnetic resonance
imaging: NCCM, Maticnal Comprehensive Cancer Metwork; MGS, next-generation sequencing; PCRL polymerase chain =action
"W R4S and NRAS are determined alongside SRAF mutations.
*Testing can be parformed on primary and/or metastatic colorcial tissue spacimens.
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TABLEZZ_Currently Recommended Predictive Molecular Testing for Ovarian Cancers”

BIOMARKER

BRCA! and BRCAZ Mutation

Mutatiin

SRiE] Mutation

Mutation

kutatian

RADS N, RADSID Mutation

TEST DETECTS

WHERN

Rearrentdsease; Initid woarkup If the patient
has a srang fam Iy histary an initial diagnasis

Recurentd Eaase: initial warkup i the patiemt

has a strong fam ly history on initlal diagn osis

Rewurrent deease; initial workup I the patient
hias astang amily history an it dagnods

ReqrrentdEease; initid workup If the patient
has a strang 1.=|ml:.' histary an initial diagnasis

Recurentd Baase; initial warkup if the patient
has a strong fam ly history on initlal diagn osis

q.||1 the pa

"ﬁ |:1: r|:|-l|n1.1|: h '-t' of cvaria n caroe r'I'mf = rn'lln-" or 5o n'm:lr mul:"ll:u:rr in E'H .-1 e I1|: |:||:1'

rrl1|: d,_:r: £ |anU|:||r|;t E'H..-! I, E'H ..-1 H!I'
tors, but he LS Food and Drug Administraion recently extended the approval of the PARP inhibitors niraparib, rocaparib, and alaperib o patientsy

RECO MM ENDATIONS

indude aiher hamalagas rem binatian pahway genss and
keI ar DA, BARR; helps gquide tharapy g, PARP ar ather
DOR enzyme inhibitors; chemotherapy esponse)

Include athar hama kgau s recom hingtkan pathway genss and
NG| or DMA MME; hr-l'= rmrjr- I:hr':"-qu' (B |='.t- i
DDA ereyme inkibitors

Indude ctherh cmu:-lu:g:u & FECOM I:matn:n palh way genes and
W or DRl MM A helps gude haapy eg, PARP or ather
DDA enzyme inhibfars; ¢hemat herapy 25 panse)

i|'|u-:|- aiher homalogols |-'-'-'|T|h|'L:|1|- n patway

ODOR enzyme inhibitors; ¢ |1|-|11| {I'IH Apy mesponse)

include athar hama kagau s recom binatkan pathway gensas and
NG| or DMA MMER; helps ouide therapy (g FARF or cther
DDA ereyme Inbibitors; chematherapy resporse)

EVIDEN CE

Lower lewel, wids
Acepane

lovwear beyval, wide
acCep@nce

Lower level, wide
AEpBne

Lotwver ey, wide
acEpEne

Lower laval, wida
acceptance

A%EF

CANCER TYPE

Ovarlan canger

Unarian cancer

Cnarlan cancer

(warlan cancar

H TI': = tumors ans targetable by PARP inhiki

s mutations
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INFORMATION SOURCES AND RESOURCES

Key Advances in Oncology, 2018; DeVito, Leavitt, Saleh; CancerNetwork/Oncology; 1/17/2019; Vol 33
Issue 1

American Cancer Society; 2019 Cancer Facts and Figures

AACR Cancer Progress Report 2018; Harnessing Research Discoveries for Patient Benefit
Update on National Cancer Moonshot Initiative

NCI Match Trial Mutations and Agents

2018 New Drug Approvals Report
(/downloads/Drugs/DevelopmentApprovalProcess/Druglnnovation/UCM629290.pdf)

ASCO Clinical Cancer Advances 2019 — ASCQO’s Annual Report on Progress Against Cancer
Advancing Quality Cancer Care — NCCN 2018 Annual Report

The Current State of Molecular Testing in the Treatment of Patients With Solid Tumors, 2019; CA CANCER
J CLIN 2019;69:305-343

Cancer Statistics, 2019; CA CANCER J CLIN 2019;69:7-34

A Blueprint for Cancer Screening and Early Detection: Advancing Screening’s Contribution to Cancer
Control; CA CANCER J CLIN 2019;69:50-79
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