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What Is Lymphoma?

Lymphoma

“‘Lymphoma” is a general term for many blood cancers
that originate in the lymphatic system. Lymphoma results
when a lymphocyte (a type of white cell) undergoes a
malignant change and multiplies out of control. Eventually,
healthy cells are crowded out and malignant lymphocytes
amass in the lymph nodes, liver, spleen and/or other sites
in the bodly.

iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii
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Lme- oma
Lymph-ocytes

Axillary nodes

Lme— nodes — :& ( : . | |

White Blood Cells (WBC’s)
— Responsible for immune protection

Areas of generation Blood stem cel
— Bone marrow (B-Cells) and thymus (T-
Cells) : | ;
Areas of population
— Lymph nodes. and ?pleen | ; |L | B_mﬂ
T-cells: cell mediated immunity il
B-cells: humoral immunity (antibodies) "Q * @9 ~ar :



Lymph-node as a filter

AN 4 i
n Oil Filter

Bacteria . Viruses

Parasites Fungi
il flow through
the filter
| Pollution - Toxins
Abnormal
Cells
Abnormal cells Abnormal cells Tumors may form
evade multiply (groups of

immune system (cancer) abnormal cells) Lymph nodes are like oil fitters, filtering out bacteria and other things that don't belang in the body.



Question

A 38 year-old woman 15 evaluated for a & month
history of progressive lymphadenopathy. She 13
otherwize asymptomatic. Medical history 1s
unremarkable, and she takes no medications.

Which of the following diagnostic studies should be

On physical examination, vital signs are normal

: : ) performed next?
Cervical and axillary lvmphadenopathy 1 palpated.
Abdominal exammation reveals splenomegaly; the A Bone mamrow biopsy
i i : B. Exrisional biopsy of an enlarged node
liver 1z not enlarged. The remaimder of the C. Fine-needle lymph node biopsy
: : : D. Lumbar puncture
examination 1s unremarkable. E PET/CT scan

Laboratory studies indicate a leukocyte count of
12 000/ul, with 63% lymphocytes.

CT scans show diffuse cenical, axllary, abdomimal,
and pelvic lymphadenopathy and splenomegaly.




Lymphoma: A group as any other...

+ Helpful to divide into:
— Indolent
« B-cell (follicular lymphoma)
» T-cell (mycosis fungoides)
— Aggressive
» B-cell (diffuse large B-cell ymphoma)
« T-cell (Sezary syndrome)

Isn't just one disease—it's actually “Fsio e Gl Rafel[s s B[« Eithat share a single characteristic in how they develop



Lymphoma: A family as any other...

n elaial el pl e eipl o
) ;
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gt

LEUKEMIA & Non-Hodgkin lymphoma (NHL) has Elslelfisslersilsiei=iclassified by the World Health
LYMPHOMA = - - : . ,
IS today Organization (WHQ). It's important to know your subtype since it plays a large part in

SOCIETY
fighting blood cancers determining the type of treatment you'll receive.



How many types of Lymphoma are there?

Hodgkin and Non-Hodgkin Lymphoma

Hodgkin Lymphoma. Hodgkin lymphoma (HL)
represents 11.5 percent of all types of lymphoma
diagnosed in 2014. This disease has characteristics that
distinguish it from other diseases classified as lymphoma,
including the presence of the Reed-Sternberg cell, a large,
malignant cell found in HL lymphoma tissues.

Non-Hodgkin Lymphoma. Non-Hodgkin lymphoma
(NHL) represents a diverse group of diseases that are
distinguished by the characteristics of the cancer cells
associated with each disease type. The designations
“indolent” and “aggressive” are often applied

iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii
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Lymphoma Subtypes

B-cell |
lymphoma | . HD, LP
Non-Hodgkin's Hodgkin's HD, NS
T-cell lymphoma disease HD, MC
lymphoma HD, LD
35| 31%
R 22%
% 15 1 12%
T 10 7.5% 7% 6% —
51 2.5%
D -
DLBCL  FL | MALT SLL/CLL MCL  BL  T-Cell &
NK-Cell
Medscape

Figure 1. Non-Hodgkin's lymphoma types and prevalence. BL = Burkitt’s lymphoma; CLL = chronic lymphocytic
leukemia; DLBCL = diffuse large B-cell lymphoma; FL = follicular lymphoma,; MALT = mucosa-associated lymphoid
tissue; MCL = mantle cell lymphoma; NK = natural killer; SLL = small lymphocytic lymphoma



- I-_Iodg kinsHisto;‘;/.éom

Hodgkin's Lymphoma (Disease) Past, Present, and Future

The Main Timeline

Home This timeline contains the original history as researched by M. Barela:
What is Hodgkin's Lymphoma [ESES Malpighi publishes the first recorded description of Hodgkin's disease in
R | his paper De wiscerum structuru exercitatio anatomica
VVho was Thomas Hodgki ) )
———— bl Thomas Hodgkin born in England.
LR el 1823 Thomas Hodgkin publishes his doctaral
The Main Timeline thesis Dissertatio Physiologica Inauguralis
e De_ABSORBENDI FUMCTIOMNE (Latin) in
Edinburgh.
1825 Hodgkin joins the staff of Guy’s Hospital.
London.

1832

Transactions, the journal of the Medical and
Chirurgical Society in London.




Michael C. Hall

Ethan Zohn

Reed- Sternherq cells in Hodgkin’'s I',rmphuma characteristic |
clear area surroundmg the nucleoli in the right panel {red arrows), \
3 gi¥ing an "owl's eyes” appearance to the nuclei. Shrinkage artifact
ﬂ-"'. clear area surrounding these cells (e, lacunar cells, blye arrows),

SWEET NOVEMBER

LONTIT TO CHANE 15 1



How old of are patients with Lymphoma?

Age-Specific Incidence Rates for Hodgkin Lymphoma, 2007-2011

Incidence (per 100,000)

45 a5 46
o 3.7 3.6
3 32 29 28 28
24 24 26
2
1.2

]

0.5
o 00" 01 N

<1 1-4 5-9 10-14 15-19 20-24 25-29 30-34 35-39 40-44 45-49 50-54 55-59 60-64 65-69 70-74 75-79 80-84 85+

Age in Years

Figure 7. Source: SEER (Surveillance, Epidemiology and End Results) Cancer Slatistics Review, 1975-2011. National Cancer Institute; 2014.
*<16 cases for each age and time interval, SEER 18 areas.



How old of are patients with Lymphoma?

Non-Hodgkin Lymphoma

Mr. T

Andy Whitfield

Age-Specific Incidence Rates for Non-Hodgkin Lymphoma, 2007-2011

Verngn TR

65
- ." -4 -
| === 44.2
] X | < A %
The "Spartacus: Blood And Sand” actor died at age 39 last 30 ? r
year from nan n's lymphoma, the New York Times 21 6
reported. Whitfield had been first diagnosed with the cancer in 1 4 8 .
2010, which was promptly treated with chemotherapy. But i ~ y
10.3
10 35 49 7.1 Laurence Tureaud
O O* O 6 1.1 1 3 1 7 25 . - - in 1995 with T-cell lymphoma, according to People magazine.
0 e mm He is now in remission.

<1 1-4 5-9 10-14 15-19 20-24 25-29 30-34 35-39 40-44 45-49 50-54 55-59 60-64 65-69 70-74 75-79 80-84 85+

Age in Years

Figure 8. Source: SEER (Surveillance, Epidemiology and End Results) Cancer Statistics Review, 1975-2011. National Cancer Institute; 2014.
*<16 cases for each age and time interval, SEER 18 areas.



How do we diagnhose it?
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How do we diagnhose it?

Excisional lymph node biopsy

In lymphoma, normal lymph node architecture is distorted or effaced by the proliferating malignant lymphoid cells.

)

MNarmal Lyrmph Mode Fartial Involvernent Extenzive Lymphorma with
by Lyrnphoma nearly complete effacernent
of norrnal architecture

The effacement of nodal architecture may be either diffuse (left) or follicular {center). The follicular pattern may evolve into a diffuse

pattern (right). The growth pattern is cbserved at low magnifcatiﬂn while high magnification is used for assessment of cell type (next

W% e ine growin or exiension oflymphoma ouiside ofhe capsuld RIS A AP ERST

[riffuse Follicular Cnodular) Follicular (nodular) and Diffuse



The biopsy gives us the diagnosis:
“Starry sky”

Diffuse monotonous infiltration with a “starry sky™ patte

MONOLonous

=8 b ¢ Numerous bemgn macrophages thathaveq
3. ot mgested apoptotic tumor cell makes the

K ¥ presenice of ! StElI‘" ’5' l
) ’;t P‘%h_'{;ﬂ & :
TR

Burkitt's Iymphoma (African)



Why EBV?

Aricle Talk Read Edit View higtory |Search

Epstein-Barr virus

'The Free Encyclopedia L )
From Wikipedia, the free encyclopedia
Main page The Epstein=Barr virus (EBV), also called human herpesvirus 4 (HHV-4), is a virus of the herpes family, and is one of the most common viruses in humans.
Contents
Featured content U e e sl T e (glandular fever). It is also associated with particular forms of cancer, such as Hodgkin's lymphoma, Burkit's lymphoma, nasopharyngeal carcinoma, and conditions
Current events associated with human immunodeficiency virus (HIV) such as hairy leukoplakia and central nervous system lymphomas "™ There is evidence that infection with the virus is associated with a higher risk of certain autoimmune
B TETRE diseases " especially dermatomyositis, systemic lupus erythematosus, reumatoid arthritis, Sjdgren's syndrome, ¥ and multiple sclerosis
Donate to Vikipedia Infection with EBV occurs by the oral transfer of saliva and genital secrefions.
Wikimedia Shop
Maost people become infected with EBY and gain adaptive immunity. In the United States, about half of all five-year-old children and 90 to §5 percent of adults have evidence of previous infection ¥ Infants become susceptible
v LB to EBV as soon as maternal antibody protection disappears. Many children become infected with EBY, and these infections usually cause no symptoms or are indistinguishable from the other mild, brief illnesses of childnood.
:Em S Inthe United States and other developed countries, many people are not infected with EBY in their childhood years. When infection with EBV occurs during adolescence, it causes infectious mononucleosis 35 1o 50 percent of
out Wikipedia o i
e time
Cammunity partal Two Epstein-Barr virions
Recent changes EBV infects B cells of the immune system and epithelial cells. Once the virus's initial ytic infection is brought under conirol, EBV latently persists in the individual's B cels for the rest of the individual's fife. Virus classification

History [ediy

The Epstein—Barr virus is named after Michael Anthony Epstein, a professor emeritus at the University of Bristol, and
Yvonne Barr (born 1932 in London), a 1966 Ph.D graduate from the University of London, who together
e ke, “ In 1961, Epstein, a pathologist and expert electron microscopist, attended a lecture on
"The Commonest Children's Cancer in Tropical Africa—A Hitherto Unrecognised Syndrome.” This lecture, by Denis
Parsons Burkitt, a surgeon practicing in Uganda, was the description of the "endemic variant" (pediatric form) of the
disease that bears his name. In 1963, a specimen was sent from Uganda to Middlesex Hospital to be cultured. Virus
particles were identified in the culiured cells, and the resulis were published in The Lancef in 1964 by Epstein, Bert
Achong, and Barr. Cell lines were sent to Wemner and Gertrude Henle at the Children's Hospital of Philadelphia who
developed serological markers. In 1967, a technician in their laboratory developed mononucleosis and they were
able fo compare a stored serum sample, showing that antibodies to the virus developed =278 |n 1958, they
discovered that EBV can directly immortalize B cells after infection, mimicking some forms of EBV-related infections,
28 and confirmad the link between the virus and infectious mononucleosis ¥

Burkitt's Iymphoma (African)



What Is Leukemia?

Leukemia

Leukemia is a cancer of the marrow and blood. The four major types of leukemia are
chronic lymphogytic leukemia (CLL), acute lymphoblastic leukemia (ALL), chronic
myeloid leukemia (CML), and acute myeloid leukemia (AML).

Leukemia is called igntslteteustell (or “lymphoblastic”) if the cancerous change
takes place in a type of marrow cell that forms lymphocytes (a type of white blood
cell). Leukemia is called “myelogenous™ (or “myeloid”) if the cell change takes place

ina rj.-'PE.' Cl{: MAarrow 'CEI.I d'lﬂt W'Dl.lld l'l'l.:I'I'l'l'l‘.]”}-r go on o FDI'H'[ I'E.'IEI I:IIICICIEI CEHS, s0me

kinds of white blood cells and platelets.

Acute leukemia is a more quickly growing disease that affects unformed cells or cells
that are not yet fully developed. These immarure cells cannot carry out their normal
functions. [@¥e leukemia is a slow-growing blood cancer that permits the growth

GFE['-EHIEI DU_ITIIJEI'S CI{:H'ICII'E EIE\"EIGIJEEI CE.'I.I.S Il'l gE.'l'l-El';]L d']-ESE.' more mature CEUS can

carry out some of their normal functions.

iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii
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What Is CLL/SLL?

Chronic lymphocytic)

Chronic lymphocytic leukemia (CLL) results from an acquired (not present at
birth} mutation (change) to the DNA of a single marrow cell that develops into a
lymphocyte.

other 5 percent of people with CLL, to

leukemic has the features of a T lymphocyte or a natural killer (NK) cell. Thus, any

of the three major types of lymphocytes (T cells, B cells or NK cells) can undergo
a malignant transformation that causes diseases related to B-cell CLL

Scientists do not yer understand what causes this change
undergoes

| Once the marrow cell

ange, it multiplies into many cells. CLL cells grow and
survive better than normal cells; [Egaalg

, they crowd out normal cells.

The result is the uncontrolled growth of CLL cells in the marrow, leading to

an increase in the number of CLL cells in the blood. The leukemic cells that
accumulate in the marrow in people with CLL do not prevent normal blood cell
prc-duction as extensively as is the case with acute l}-‘m phobl:].stic leukemia. This is an

important distinction: It is the reason for thefaeald RS e

el (CLL) and small cell l}'mphnq'tic{SLI-}

Lymphocyte Development

- Stem Cells

w
Q Lymphocyte Progenitor

Other Blood Cells
L v

+
Early
Specialized
Lymphocytes

Fully Developed
O Specialized
Lymphocytes
B Cells T Cells

MK Cells

Figure 2. | Mutation of DNA can ocour when the early spedalized lymphocytes are formed or after the
lymphocyte progenitor has differentiated into one of the three specific types of lymphocytes. The leukemic

cells may be p rincip:dl:-‘ B cells, T cells or natural killer (NK) cells. Most paticnts have a Bcell typcafCLL

L N B I B N B N N R N B RN N BN L BN R R N N R B R R BN B RE NN IR R RN N R N R BRI NN B BN N N N CNE I I R B R R N N B R RN RN R N N B B I

www.LLS.org




Does Location Matter? (CLL vs SLL)




What Is CLL/SLL?

Lymphocytic Leukemia and Lymphoma. The World Health Organization
(WHO) indudes “lymphocytic leukemias™ and “lymphoma” within one
dassificaton. Each of these cancers is the result of a change to a cell that was destined
to be a lymphocyte. However, lymphocytic lenkemia and lymphoma originate in
different parts of the body. Lymphocytic leukemia develops in the lymphatic tissue
within the bone marrow. Lymphoma begins in a lymph node, or another lymphatic

structure in the skin, the gastminte&tinal tract, or some other site in the bod}'.

Chronic l}rmphmﬂ:lc leukenua [CLL] and small cell lymphocytic lymphoma

en conside PR INETS because they are similar with regard to
mc1dence signs and S}mptﬂms, geneua features, disease progression and treatment.
The leukemic lymphocytes and tissue abnormalities that are observed in people with
SLL are identical to those observed in patients with CLL.

iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii

www.LLS.org



CLL: Why is it important?

1. The most common leukemia in adults.

2. Incurable.

3. Elderly and Unfit.

4. Good versus Bad actors.

5. Watch & Wait versus Watch & Worry.

6. Unmet Medical Needs (17p, 11, unmutated)

1. Chemotherapy 2. Novel agents




CLL:

Spectrum of disease

Monoclonal B

lymphocytosis (MBL)

+ Absolute monoclonal
B lymphocyte count
<5000/mm?3

+ All lymph nodes
<1.5cm

* No anemia

+ No thrombocytopenia

(C

Screening &
Prevention .

* Early viral
drivers

*  Screening tests:
Blood, Plasma,
Serum

Prevention

Etiology & Risk:
Creationof a CLL
Genomic Atlas

GA)
Genomic profile of
coding and non-
coding genes
Familial and ethnic
aggregation

Predicting
Transformation

*  Using CGA data for
building predictors

Cure

Genomic drivers
for Evolution

Richter

transformation
* Correlations of

CGA data with Sick with acute
clinical s
’ rogression
parameters Prog
Progressive Chemorefractory
CLL ATM mutation/deletion
_ . TP53 mutation/deletion
e Sick with NOTCH1 mutation
Fmen late” disease  SF3B1 mutation

CLL

E'Ck w:}h |Clonal expansion |
early disease (microenvironment):

Telomere dysfunction

MBL BCR/antigen
Healthy Initiation: CD38/CD31
atrisk  miR-15a/16 deletion CD49d/VCAM
Healthy and germline mutations
Curable Less Curable

Rawstron NEJM 2008, NCCN guidelines, MDACC Physicians Network 2013



CLL: Spectrum of disease

Monoclonal B-cell TABLE 3. MNCI and Intemnational Workshop on CLL (IWICLLI) diagnestic criferia for CLL

lymphocytosis (MBL) Cells NCI IWCLL

';T’nlum monoclonal Lymphocytes B50% 105/l + =1 B-cell marker =10 = 10°/L Bcell

e iy (CD19, CD20, CD23) + CDS, phenotype or

<5000/mm * Observe monoclonal bone marrow

« All lymph nodes involvement
<1.5cm Atypical cells (eg, <h5Y Mot stated

«No anemia MGUS to MM prolymphocytes)

« No thrombocytopenia Bone marrow [ymphocytes =30% =30%

P e ol s
IgH translocation
at 14q32
{~50 percent of MGUS)
Hyperdiploidy
(50 parcent of MGUS)

Q

B lymphocyte
MGUS CLL
MNational
RPN Ccochensive NCCN Guidelines Version 2.2013 e i T
LANCer
Network® CLLISLL Discussion

Rajkumar Clin Can Res 2009 Schmittgen, Blood, 2013 122: 1843-1844



CLL: What are the symptoms?

Asymptomatic: 25%

Superficial lymph node
presentation: 80%

— Painless, rubbery node in neck

— Less common in axillae/groin

— ‘Waxing and waning’

“B” symptoms: 5-10%

— fever (> 38 degrees), night sweats,

weight loss (>10% over 6 months;
unintentional)




*~J

How do we stage it

Rai System?

il

Stage | Description

0 Lymphocytosis, lymphocytes in
blood >15,000/mcL and >40%
lymphocytes in the bone marrow

Tonsils— ] L.~ 44

| Stage 0 with
enlarged node(s)

. Ark-é /

Vein

I Stage 0-1 with splenomegaly, Lymph node

hepatomegaly, or both Lymph vessel

e Stage 0-ll with hemoglobin <11.0 g/dL
or hematocrit <33%

Taﬁle 1 Comn-wnly Used CLL Stéglng

Systems

Ral Staging System Binet Staging System
Stage and Signs at Diagnosis Stage and Signs at Diagnosis

Low Risk—0 A

Ive Stage 0-lll with
platelets <100,000/mcL

Abnormal i“fm“f m. the “]—““b“ of Abnormal increase in the number
lymphocytes in the circulating blood and of lymphocytes in the circulating
ETs L blood and less than 3 areas of
. “ Intermediate Risk—I & Il palpable enlarged lymphoid tissue
T_hBI_E 2. RC” stoaging syshem Abnormal increase in the number of
ging =y lymphocytes in the circulating blood and Eb ali inth be
sta marrow "ﬂld Elllﬂ.fgﬂd ]anph llDd?S ) _f1OIllL lncre‘?se ;1n ! .e Elun.‘l i
ge o of lymphocytes in the circulating
L h i Abnormal increase in the number of bjo.dhi.ndrﬂgrea(ec;' fhm g a.rdeas o
ymp 0(.']'105 5 Low Intermediate H Igh lymphocytes in the circulating blood and L s
0 L1 n. v marrow and enlarged spleen and/or liver
¥ ¥
High Risk—IIl & IV c
Lym nhﬂcﬂﬂs |E {}5 ey 1(}9_‘."-'_] —+ —+ -+ Abnormal increase in the number of Same as B with anemia
lymphocytes in the circulating blood and (hemoglobin <11 g/dL in men or
L}"ITI Dh EIdEI'ID[IEth}"-S[I |EI'IDFI'IE!gEI |:u" - - + 0r — marrow and anemia (hemoglobin <11 g/dL) hemoglobin <10 g/dL in women)
H L=} o _ or or low platelet count (platelets
ThrDm DD‘EFtD penia {1DD X 1D "Illl‘:l + Abnormal increase in the number of <100,000/pL)
Aﬂem |a |: H B wl 1|:| g-lllrL:I - —_ + lymphocytes in the circulating blood and

marrow and low pl:l[e]et count (plate]e[s

Survival (vr) =10 68 1-2 <100,000/L)




W h m e ? § are considered inherited g
y ™ : ors In eve (

are the re

Causes and Risk Factors. CLL has generally not been associated with any environmental exposures
environmental or external factors. However, the Institute of Medicine of the 0 le random
National Academy of Sciences issued a report “Veterans and Agent Orange: Updare [EESRIRITELCE
2002,” which concluded that there was “sufhicient evidence of an association”
between herbicides used in Vietnam and CLL. For Veterans with Agent Orange Py ——
exposure, this may provide additional VA benefits. If you fall into this group of
patients, it is worth getting a formal evaluation at the VA.

Nt

First-degree relatives of patients with CLL

do not have hirst-degree relatives with the disease.

evelop CLL than people who

However, the risk is still small. For example, the 60-year-old sibling or child of A Mﬁ, .
someone with CLL would have three to four chances in 10,000 of developing the &
disease, mmpa.red with the one chance in 10,000 for a GD—}fE:u'—Dld person without
a family history of the disease.
Figure 1.4 )
Normal cell growth Leukemia cell growth

Normal cell growth versus
leukemia cell growth

bl
< - < A;‘; ;
Normal cells grow and divide to make g @ y

<

new cells as the body needs them. J & M
Normal cells die when they are old or ‘Sﬁ. 3‘ 3‘
He1|ﬂ'~y cedl b 4

damaged. New cells are then made to v No col .lm.h “‘&J

replace the old. Leukemia cells don’t 'ntfe deel o denth
die when they should. Instead, they

continue to grow and divide to make

more and more copies of themselves.

Uncon mll&d cell growth

NCCN Guideli o Babarise lllustration Copyright @ 2014 Nucleus Medical Media, All rights reserved. www.nucleusinc.com
uidelines for Patients



Patience is well rewarded in CLL
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CLL: Spectrum of prognosticators

MDACC Data: Time to First Treatment

1.0
ot
0.8 - -P411__|+
D T +w
=y T,
Lll— -E 0.6 ol -':...H: !'"'—'-"
E g L $ ﬂ.—.H:"- + +
g o PR
+= 2 044 L
g a FISH n___Events i ..o
= - 17p deletion | 35 13 Loy
0.2 == 11a deletion | 77 43 L
=] - Trisomy12 145 46
None 229 49 Y
—= 139 deletion 349 65
1 1 1
0 20 40 60
Time (months)

Wierda WG, et al. J Clin Oncol. 2011;29:4088-4095.



CLL: Spectrum of prognosticators

PROGNOSTIC INFORMATION FOR CLL
Iimmunoglobulin Heavy<hain Variable (IGHV) Region Gene Mutation and Surrogates by Flow Cytometry

Outcome Association
Favorable Unfavorable
DNA sequencing®
Rai System?
IGHV >2% mutation <2% mutation Stage | Description
Flow Cytometry ’ i00d 218 00N oL aad 2eW%
mu ﬂﬂ'ﬁ m lymphocytes in the bone marrow
Zap 70 <20% ~20% " | et
Interphase Cytogenetics (FISH) s ﬁ;j)ijo“r;::;::‘;gfb“;’:*’ga'*f
Unfavorable Neutral Favorable e Stage 0-ll with hemoglobin <11.0 g/dL
or hematocrit <33%
del(11q) Normal del(13q) (as a _
del(17p) +12 sole abnormality) V| plataiets <106,000imeL
How do we integrate results from multiple
markers?
National
Comprehensive i i i NCCN Guidelines Index
NCeN - NCCN Guidelines Version 2.2013 g

Network® CLLISLL Discussion




Is treatment needed?

National
(j‘omprchcnswc NCCN Guidelines Version 1.2015 NCCN Guidelines Index
NCCN gt NHL Table of Contents
Nerwork® CLUSLL Discussion
PRESENTATION See Supportive Care for
SLL/Localized Locoregional ; Patients with CLL (CSLL-C)
(Ann Arbor —RT (if indicated) — Observe
Stage Hh HHind l Consider prophylaxis for tumor
lysis syndrome (See NHODG-B)
Evaluate for indications for
treatment: * See monoclonal antibody and
SLL — ] « Eligible for clinical trial! !"'ﬂ‘ . viral reactivation (NHODG-B)
« Significant disease-related indication
symptoms:
g:;!-L 0 » Fatigue (severe) B R
iLow (0) » Night sweats Frail patients,
cLL and | , Weight loss significant | — See CSLL-4 CLL Without
(Rai Stages Intermediate » Fever without infection comorbidityP Deletion of
0-1v) (1-11) risk! » Threatened end-organ function 11gor 17
or s Progressive bulky disease o See CSLL-5
SLL (spleen >6 cm below costal Indication_,
(Ann Arbor ;mrgm‘ I)fmph nacﬂes >10 em) present Patients with « Evaluate FISHY CLL With
Stages Il-IV)" * Progressive anemia ) adequate | |\ ing as Deletion of
« Progressive thrombocytopenia™ functional N 17
CLL IS appropriate —L
= . T status (See CSLL-6)
Rai High — Progressive cytopenia” ———————
1-1V) Risk!
(H_ ) : ) wansformati CLL With
istologic transformation " "
to dmuge lar Manage as aggressive __, Consider allogeneic stem cell Deletion of 11g
ge B-cell/ " lymphoma (See BCEL-C)°  transplant (See BCEL-C) (See CSLL-7)
Hodgkin lymphomai ymphoma (See ransplant (See
h ) ) .
'See Supportive Care for Pafients with CLL (CSLL-C).
iSee Rai and Binet Classification Systems (CSLL-B). mPlatelet counts 100,000 cells/mm®are typically not associated with clinical risk.
lincreased prolymphocytes in blood (>5%—<55%) (so-called “CLL-PL" or CLL with increased "Select patients with mild, stable cytopenia (ANC<1000/L, Hgb <11 g/dL, or
prolymphocytes) as well as the presence of expanded proliferation centers (broader than a 20x D‘E“e'?! <1DQ:DOD’PL.) may continue to be followed with observation.
field) or a high proliferation rate (either >2.4 mitoses/proliferaton center or Ki-67 >40%/proliferaton  °In addition fo the regimens listed in BCEL-C, R-HyperCVAD has also been used
center) on lymph node biopsy (so-called *accelerated CLL") are associated with more aggressive in this setting.
disease and poorer outcome:; neither of these findings is considered to represent Richter's PSalvi F, Miller MD, Grilli A, et al. A manual of guidelines to score the modified
transformation and optimal management has not been established. cumulative iliness rafing scale and its validation in acute hospitalized elderly

“Ahsnhtelylrw:nyte munt alone is not an indication for treatment unless above 200-300 x 1091 patients. J Am Geriatr Soc 2008:56:1926-1931.
9Re-gvaluation of FISH [f{11;14); {11q;v); +12; del(11q); del(13q): del(17p)] is
necessary to direct treatment.

‘Gwen |ncurab||\ty with c:cnwent\onal therapy, consider a clinical trial as first line of reatment.




What are the therapies for CLL?

NOM-HODGKIN LYMPHOMA ORIGIMNATES IN THE CELLS [LYMPHOCYTES] OF THE IMMUNE

v SYSTEM AND RESULTS IN TUMORS [N THE LYMPH NODES AND THE SPLEEN.
SPLEEN
)
'CELL DIVISION INHIBITORS ! MONOCLONAL ANTIBODIES

[TREANDA; PRALATREXATE] [RITUXAN; BEXXAR & ZEWALIN; OFATUMUMAE]

Rituxan binds to CD20,
a protein on the surface of
Iymphoma cells, Binding to
C020 causes lymphoma

cell death through three

different antibodyv-mediated
mechanisms [see panels

Bexxar and Zevalin are similar o
Rituxan, but these two antibodies
Pralatrexate stops cell division ; % | 5'{, .. are cambined with a radipactive
by preventing the formation of purine 7 ] i B S isotope. When the radioactive
nucleotides, which are building blocks for : : i ¥ antibody binds to CD20,
new DNA Tormation. radiation is delivered to the
tarpet cancer cell as well as
neighboring cancer cells,

After entering

the cancer call,”
Treanda damages
the DMA and
disrupts the
normal process
of cell division.

" Ofatumumab hinds

-2~ to CD20, but has been
= engineered to rev up
the immune system

by enhancing one of
the three ways that
antibodies kill cancer
cells [complement-
dependent cytotoxicily].

LYMPHOMA
CELL
",



Monoclonal Antibodies

TI08 | S473 7&,03

NF-x8 NF-xB | T_ <3 & NFB ¢ B
pathway pathway 1} 2 pathway &
SHvi Ve Survival Motility Retention

Proliferation Proliferation Homing Adhesion
Chemokine secretion




What is Rituximab (Anti-CD20)?

The Addition of Rituximab to chemotherapy

has changed the Survival of Patients With
Indolent Lymphoma

CHOP + MoAb

80 —
0 50 — FroMACE
I
@
=
3
40 —
4-Year
20 — M Death Estimate
179 18 91%
— 425 189 T9%
356 226 69%
| T I 1 I | 1 |
0 2 4 G 8 10

Years After Registration

Fisher R. I. et al. J Clin Oncol: 23:8447-8452 20056



Monoclonal Antibodies

Rituximab

Chimeric Anti-CD20 Monoclonal Antibody

 Binds to CD20 receptor on B cells
« Administered weekly x 4 infusions

Novel anti-CD20 Antibodies

Improving on Rituximab?

Antibody Specificity Activity (vs R) Additional features
Type Isotype CDR CcDC ADCC Apoptosis

Ofatumumab | lgGl Human +++ = = Binds small extracellular
part of CD20; completely
human; slower off-rate

PRO131921 | lgGl Humanized = ++ = Enhanced affinity for
FcyRII

Veltuzumab lgGl Humanized =/+ = = Slower off-rate

AME-133 | lgGl Humanized = + = Enhanced affinity for
cDz20

Tositumomab I IgG2a Murine - = ++ Bound to radioisotopes

GA-101 ] lgGr Humanized - +++ +++ High affinity for FcyRII;

van Meerten T, Hagenbeek A. Neth J Med. 2009;67:251-259,

strong induction of
apoptosis

3

Hurman variable
K constant

Human
IgG1Fc



How to build a
“better” rituximab?

e WHAT IF
e ENGINEERING THE ANTIBODY

COULD IMPROVE ADCC?

change its interaction

‘Rituximab with an attitude”



glycoengineered Type || CD20 monoclonal antibody

GA101-FDA 11/01/13

ASH / FDA DRUG UPDATE FDA

In coffaboration with the Food and Drug Administration (FDA), and as a sernvice fo our
members, ASH provides informafion about newly approved therapies and other impovtant
FDA actions (e.g., updafed safety nformation, new prescribing mformation) for patients. This
allows the agency lo inform hematofogists and professionals i hematology-related fields of
recent approvals in a imely manner. Included in the message below s a link fo the product
fabel, which provides the relevant clinical information on the indication, confraindications,
dosing, and safety. In providing this information, ASH does not endorse any product or
therapy and does nof take any position on the safely or efficacy of the product or therapy
descrbed. The following is a message from the FDA's Office of Hematology and Oncology
Products.

On Movermber 1, 2013, the LS. Food and Drug Administration approved obinutuzumab
(GAZYVA™ injection, for intravenous use, Genentech, Inc.; previously known as GA101) for
use in combination with chlorambucil for the treatment of patients with previously unireated
chronic lymphocyfic leukemia (CLL)

Obinutuzumab - Rituximab
German CLL11 trial randomly assigned 589 elderly
patients (median age 73 years) - CIRS score > 6:

+ Chlorambucil
+ Chlorambucil-rituximab

+ Chlorambucil-obinutuzumab
Chlorambucil- Chlorambucil-
Chlorambucil Rituximab Obinuzumab
ORR 30% 66% 76%
CR 0% 8% 22%
PFS 11 mo 16 mo 23 mo
Grade 3+ AE 41% 46% 67%
Neutropenia 15% 25% 34%
Infection 1% 8% 6%

Goede V, et al. J Clin Oncol. 2013;31: Abstract 7004.

Monoclonal antibodies can induce cell death
through a variety of mechanisms:

+ Antibody-dependent cellular cytotoxicity (ADCC)

+ Complement-mediated cell lysis (CDC)

+ Direct induction apoptosis
In vitro studies:

ADCC CDC DirectApoptosis

Rituximab ++
Ofatumumab +++ ++
Obinutuzumab ++ ++

Rafig 5, et al. J Immunol. 2013;190:2702-2711.

Enhanced ADCC

Glycoengineering for
increased affinity to FcyRllla

Increased Direct Cell Death
Type Il versus Type | antibody

A0 -
_/Go N
y 292 Effector
T oo cell '
P T
E) Lower Complement ,‘Gmm .j“, Complement
, .
' f"l

Activation —
Type Il versus Type | antibody % co2o )] FeyRilla




What is chemo
therapy?

Fiteman patralling the shreshy of Viensa during @ tham aediol gos attack on the ity

The Germans introduced gas against

Gas Attack, 1916 BBt fmaches i Fron

cvlinders opened Once wind favorable

. '_..__,\.-_'
. J L

chemical warfare agent

the most capricious change in wind
Mustard Gas could spell disaster

Bntish gas helmet, 1916




CLL: How do you treat?

National
Comprehensive i i i NCCN Guidelines Index
Neen K NCCN Guidelines Version 1.2015 CCh Gudeines Index

Network” C L US LL Discussion

SUGGESTED TREATMENT REGIMENS 2
(in order of preference)

CLL without del (11q) or del (17p)

First-line theram:b Relapsed/Refractory therapy
((;':t able to toéerat:lpuri“z anflogs} e Age ZTSJ and younger patients with significant See Sugaested Regimens
¢ Obinutuzumab + chlorambuci comor idities ) for Relapsed/Refractory
(category 1) » Obinutuzumab + chlorambucil (category 1) therapy for CLL without del

» Ofatumumab + chlorambucil 1
» Rituximab + chlorambucil
» Bendamustine (70 mg/m2in cycle 1 with

escalation to 90 mg/m?2 if tolerated) % rituximab

¢ Ofatumumab + chlorambucil
¢ Rituximab + chlorambucil
¢ Obinutuzumab (category 2B)

* Rituximab (category 2B) Obinutuzumab (category 2B)

. »>
¢ Chlorambt‘mul (catatgory 2B) » Fludarabine®d# rituximab (category 2B)
¢ Pulse corticosteroids (category 3) » Chlorambucil (category 2B)
»>
»>

or del (17p) (2 of 7)

Rituximab (category 3)
Cladribine (category 3)f

See Supportive Care for . Age <70 ithout significant biditi
Patients with CLL (CSLL-C)  Chemaimmunotherapy o e

¢ FCRC(fludarabine,®cyclophosphamide, rituximab
Consider prophylaxis for tumor {mteg{cory 1) »- cyciophosp ’ )
lysis syndrome (See NHODG-B) * FRC(fludarabine,© rituximab)

¢ PCR (pentostatin, cyclophosphamide, rituximab
See monoclonal antibody and . Bend(apmustine-llrit:ximgb P ! fux )
viral reactivation (NHODG-B)

See Suggested Regimens for CLL with del (17p) (3 of 7)
See Suggested Regimens for CLL with del (11qg) (4 of 7)

aSee references for regimens CSLL-D 6 of 7and CSLL-D 7 of 7.

bSee Supportive Care for Patients with CLL (CSLL-C).

CAutoimmune hemolytic anemia (AIHA) should not preclude the use of combination therapy containing fludarabine and patients should be observed carefully.
dn patients =70 y, fludarabine does not have a benefit for first-line therapy over other therapies including chlorambucil.

€See Discussion for further information on oral fludarabine.

fin rare circumstances of CNS disease, cladribine is potentially useful.




OLD HEAD CONGESTION

Severe

Pain Reliever / Fever Reducer, Nasal Decongestant,
Cough Suppressant, Expectorant

W Headache / Sore Throat................... Acetaminophen
m Nasal Congestion.....ocoiieiiiaienaane. Phenylephrine HCI
B Coughing....c..covcvniiimaecaseaen Dextromethorphan HBr
B Chest Congestion. c..ococviiiiiiciiiieiaeeees Guaifenesin
Actual Size

Daytime / Non-Drowsy

See New
Warnings Cool Taste
Information 24 Caplets

i




CLL: A Projection

CLL TiME-TO-FAIL (ALL CAUSES) BY DECADE

1.0

Pts. Fail  Years

56 55 1970-1979
109 103 1980-1989
373 290 1991-1999
880 431 2000-2009

=
2
t
<]
e
<]
e
[

CLL 2013 —a rapidly changing
scene




What is new? Clinical trials

www.BannerMDAnNderson.com/ClinicalTrials
480-256-6444

Ezoaal Torkge oo

THE UNIVERSITY OF TEXAS

MDAnderson
Center

Making Cancer History"

Publications How You Can Help Contact Us

Patient and Cancer Information Education and Research

Departments, Proar: Labs arch Education and Training

» Departments and

Clinical Trials

* Lymphoma & Myeloma

Faculty & Staff Last Updated: 09/07/2010
Research Untreated
Newsletter

= Indelent Lymphoma

* Clinical Trials * Intermediate/High Grade Lymphoma

Hodgkin's Disesse

* Programs, Centers and Institutes * Hodgkin's Lymphoms
* Mantle Cell Lymphoma Multiple Myeloma
» Labs . .
Peripheral T-Cell Lymphoma Non-Hodgkin's Lymphoma
* Multiple Myeloma

Waldenstrém's Macroglobulinemia

OUR FUBLICATIONS Prior Treated
" Indelent Lymphoma HOW 10 H’:’p
* Intermediate Grade Lymphoma -
* Hodgkin Lymphoma Donate to Lymphoms & Mysloma Research

* Mantle Gell Lymphoma

" Peripheral T-Cell Lymphoma
= Multiple Myeloma

" Phase | Agents

Supportive Care
Previcus Post-Alle Transplant

Untreated

Indelent Lymphoma

' Lenalidomide, Rituximab {2008-0042)

= Bendamustine, Mitoxantrone, Rituximab {Z2008-0204)


http://www.bannermdanderson.com/ClinicalTrials

Useful webpages

Clinical trials:

www.BannerMDAnNnderson.com/ClinicalTrials
480-256-6444

Our facebook page:
www.facebook.com/bannermdanderson

Light The Night Walk:
http://pages.lightthenight.org/az/Phoenix15



http://www.bannermdanderson.com/ClinicalTrials
http://www.facebook.com/bannermdanderson
http://pages.lightthenight.org/az/Phoenix15
http://pages.lightthenight.org/az/Phoenix15

Novel Agents

TREATMENT APPROACHES

Antigen Targeting Cla_ssical Treatment
Blinatumomab (CD19/CD3) cpaSP3 cDaocD19 Chemo(immuno)therapy
Tru-016 (CD37)

GA101 (CD20) Transcription/Translation
avopiridol/Dinaciclib
Omacetaxine
Exportin inh.

Emerging Therapies

Bruton tyrosine kinase inhibitor: Ibrutinib

Signal Transduction | N Aberrant p53

* Mantle cell lymphoma anobinostat/vorinostat
GS-1101 (PI3K) P13 kinase delta inhibitor: Idelalisib
Ibrutinib (BTK) . CLL

-fﬁfp‘f;m?: Pyl - L PEITC, glycolycin
’ ' Bcl-2 inhibitor: ABT-199

etabolic Modulators

« CLL heting Apoptosis
« NHL | itoclax, ABT199

® ,, ROR1 Obatoclax

Microenviron. Modulators v ' SMAC-mimetics
Lenalidomide (Imids) p
CXCR4 antagonists — (:)

Blinatumomab (CD19/CD3) (SDF1 ] '
GvL-effect (allo-SCT) ' T

-




Finding a Target

Molecular . Molecular

“light” “light”
turned off turned on
“Shooting
in the

dark”

P

/ \\;. )| On-Target
o Versus
//-j? Off-Target

Transcriptome
roteomics?!

i.e., BRAF
Cytogenetics,
i.e, del 5q

Lab,
Clinic, i.e., LDH

i.e, age
:T'IME —

[—

Munoz et al. ASCO Educational Book 2013



FDA Drug Approvals and Changes: Year in Review, 2014

P13 kinase delta inhibitor

ASCO Calls Transformation Of Treatment For CLL The “Cancer Advance Of The Year.”

NF-xB NF-kB - Vo W NF-kB NF-xB NF-xB T
pathway pathway @,@ \@ @ palhmy\@ pathway @ pathway ‘\Jg Kﬂ-@
Survival Survival Survival Motility Retention

Proliferation Proliferation Homing Adhesion
Chemokine secretion s P e

Chronic Lymphocytic Leukemia, Follicular B-cell Non-Hodgkin Lymphoma,

Small Lymphocytic Lymphoma
Zydelig (idelalisib)*

= Dose: 150 mg PO BID.
# Phosphoinositide 3-kinase (P13K) delta inhibitor

# *Denotes first approved within a pharmacologic drug class.



P13 kinase delta inhibitor

is limited to
hematopoietic origin

Class | PI3K y y y
Isoform

Mouse Mouse
Cell Type embryonic embryonic bHum:;t:; b::om:'lils
fibroblasts fibroblasts o L P
Cell-Based PDGF-induced LPA-induced fMLP-induced FceR1-induced
Activity pAKT pAKT CD63+ CD63+
I ECs, (NM) >20,000 1,900 3,000 8

Lannutti BJ, et al. Blood. 2011;117:591-594(13); O'Brien SM, et al. J Clin Oncow

7005.014



Idelalisib FDA 07/23/14

AMERICAN SOCIETY OF CLINICAL ONCOLOGY

Making a world of difference in cancer care

From the American Society of Clinical Oncology

In cooperation with the Food and Drug Administration (FDA), and as a service to our
members, ASCO will periodically distribute information about newly approved theraples
for cancer patiemts. This helps FDA inform oncologists and professionals in oncology-
refated flelds of recent approvals fn a timely manner. Included in the emall from the FDA
wili be a link to the product label, which will provide the refevant clinical information on
the indication, contraindications, dosing, and safety. In sending this information, ASCO
does not endorse any product or therapy and does not take any position on the safery or
efficacy of the product or therapy described. The following is a message from the FDA's
Office of Hemarology and Oncology Products Director, Dr. Richard Pazdur:

Om July 23, 2014, the U5, Food and Drug Administration (FDA) approved idelalisib (Zydeligh
tablets, Gilead Sciences, Inc.) for the treatment of patients with relapsed chronic lymphocytic
leukermea (CLL), in combination with ntuximab, for whom rituximab alone would be considered
appropriate therapy due to other co-morbidities

in -:ombmahnn with mummab Rlluxlmab was
administerad in 8 dosaes (first dose at 375 mg/m2, subsequent doses at 500 mgim2) every 2
weeks for 4 infusions, then every 4 weeks for 4 infusions.

Progression-free survival (PFS) assessed by blinded independent review committee (IRC) was
the primary efficacy endpoint. The trial was stopped early based on an interim analysis; madian
duration of exposure to idelalisib was 5.0 months. [ E e SR TN sl G S50 C1 10,7,
MR) in the idelalisib plus rituximab arm and was 5.5 months (95% C1 3.8, 7.1) in the placebo plus
riftccamab arm [HR 0,18 (95% CI: 0.10, 0.32); p = 0.0001]

Idelalisib is being approved with & Boxed Warming alerting pauenls and healthcare professionals
of the followm 0 fatal and sanous advalse reactions: [ G0 i i
Thc most common adverse reactions (noidence greater
than or equal to 20%) are diarrhea, pyrexia, fatigue, nausea, cough, pneumaonia, abdominal
pain, chills, and rash. The most common kab abnormalities {incidence greater than or equal to

30%%) are neutropenia, hypertrighyceridemia, hyperglycemia, ALT elevations, and AST
elevations.

The recommended dose and schedule for idelalisib is 150 mg orally twice daily for patients with
FL and SLL and in combination with rtuximab for patients with CLL.

+100 4

+75 4

+50 4

+25 4

% Change in Lymph Node Area
o

-100

GS1101 >50

* PI3 kinase (delta isoform) inhibitor

* Phase 2 frial

- 54 patients with relapsed/refractory CLL

- Median‘xi prior regimens; 80% bulky disease ‘

- Refractory disease 70%

- |ORR was 30/54 (56%, 2 CR, 28 PR); Jymph node
response 80%

= Median time to first response was 1.9 (0.9-12.9)
months

- Median PFS was 17 months

- Median duration of response was 18 months
Brown JR, et al. J Clin Oneol. 2013;31; Abstract 7003,

Idelalisib (CAL-101, GS-1101)
PI3K &-Specific Inhibitor

= Not evaluable (patients without a follow-up tumor assessment)

INHL* CLL*
(N = 30) (N = 54)

single-agent CAL-101 at starting doses ranging from 50-350 mg/dose twice daily

%o

a. Kahl BS, et al. ASH 2010. Abstract 1777  b. Furman RR, et al. ASH 2010. Abstract 55.



Finding a target

A New Model for Therapeutic Development

OLD MODEL: Treatment is determined by a tumor's NEW MODEL: Treatment is determined by key
location in the body, without regard to the molecular molecular “hubs” that must be targeted within the
charateristics of the patient or the tumor. cells, and is only administered to patients whose

tumors are found to have those hubs — potentially
without regard to the tumor’s location in the body.

Cancer Cell

Key I-I|:|b Hniééular
Pathways




Bcl-2 inhibitor

- — dasatinib,
g bosutinib,
CXCL12 \ saracatinib CAL-101,
e IPI-145
slg Ibrutinib MK-2206
. CXCR4 €C292

0 A

0T S L DO
:

\ g Syk
1]

Iga/IgP BLNK /P 1ua-!ul'lla*nt:lln'lus |
. f““?'.b IP,
sorafenib —| @ _____“ltml_____.__-—--""j
" Ca*™
.

ABT-737, ABT-199,
obatoclax, oblimerseg

Hallek Blood Prepublished online September 24, 2013



Bcl-2 inhibitor

v Abt‘tﬂﬂt
BCL-2

\ 5 E‘XPTESSIGI'I ))
1

Bcl-2 (B-cell lymphoma 2)
encoded by the BCL2 gene

Encodes integral membrane
protein BCL-2

— Progression of double-hit lymphoma
in the midst of R-hyper CVAD

Anti-apoptotic factors

O Additional
genetic

-~
microenvironment | ’ﬂ"‘\’—\

Prolonged
cell
survival

Uptodate, 2013 Munoz, AJH 2012



Bcl-2 inhibitor

Bcl-2 (B-cell ymphoma 2)
encoded by the BCL2 gene

ABT 199
* Oral inhibitor Bcl-2 (BH3-mimetic)
* Phase 1 trial relapsed/refractory CLL
* N=56

ORR = 85%; CR=13%

* ORR patients del (17p13) =88%

Seymor JF, et al. J Clin Oncol. 2013;31: Abstract 7018.

Figure

MNavitoclax

A

/‘" BCL-xL \\\

ABT-199

A N\
\ f ""‘\\ \ ,
| |
@ ) © ,
N qumorcet/ \;jfﬁ-//
If"" A
& )
0.0 .0

-"' BCL-2 "\ ,—/ BCLXL \.\
LE [ & )
4 )
\ T-.n'-o cell/a \\thlou ,/
W @
i“ﬂ Al \Qﬁ
g

ABT-199 Selectively Kills BCL-2-Dependent Tumor Cells While
Sparing Platelets. A) Navitoclax (ABT-263) binds to both BCL-2 and
BCL-X_. Platelets are dependent on the anti-apoptotic activity of BCL-X, for
survival. Consequently, thrombocytopenia is a dose-limiting adverse effect
of treatment with navitoclax. B) ABT-189 is specific for BCL-2 and induces
selective death of BCL-2-dependent tumor cells while sparing platelets.

proteins that regulate cell death (apoptosis)




Ibrutinib: BTK inhibitor

CXCRS5

NP NF-B8 (oo (il aolih NFxB 3B NF-xB ( —SB NFxB < < -3
pathway pathway \E‘ﬁ \I:B @y palhway'\q@ pathway 4 pathway \J@ (\ﬂ,ﬁ
Survival Survival Survival Motility Retention

Proliferation Proliferation Homing Adhesion
Chemokine secretion

Chronic lymphocytic leukemia (CLL), previously treated: Oral: 420 g once daily (Byrd, 2014).
CLL with 17p deletion: Oral: 420 mg once daily (Byrd, 2014).

Mantle cell lymphoma (MCL), previously treated: Oral: 550 my once daily (YWang, 2013).



Ibrutinib: Hype vs Hope

PRE IBRUTINIB+ RITUXIMAB 2 WEEKS ON THERAPY

Very refractory CLL: Continued improvement
3 prior therapies, 11q23del at 4+ months




Ibrutinib: Hype vs Hope

(Btk Inhibitor)

Forms a specific and irreversible bond
with cysteine-481 in Btk

Orally administered with once daily
dosing resulting in 24-hour target
inhibition

In CLL cells promotes apoptosis

Inhibits CLL cell migration and adhesion

No cytotoxic effect on T-cells or NK-cells

100 -

OCR

m PR

ORR (evaluable) 52%
ORR (ITT) 45%

80 -

60 -

Best Response Rate, %

CLL/ MCL WM  MZU/ FL DLBCL
SLL* MALT

* 2 CLL patients had nodal response with lymphocytosis
Fowler N, et al. ASH 2010. Abstract 964.

' L
. '}-

Dubovsky, Blood, online July 25, 2013



Lymphocytosis

Response Pattern:
Blood Lymphocytes vs Lymph Nodes

550 | 25 |
i ALC i SPD

@ i |
£ 450 | !
= : 01
o !
@ !
@ :
E 350 | ‘
e ! '
s 25 |

250 |
o {
- | 4 (] ]
o !
B | | OXICIt
ay {
O 150 |
a { Byrd JC, et al. N Engl J Med. 2013;369:32-42.
c ! i
o ! 75 |
2 %0 |

| pre-treatment 8 weeks
] : i PCI-327
50 Ly — _ , 100 ! CI-32765
01 2 3 4 5 6 7 8 9 10 1 0 1 2 3 4 5 6
Month Month

SPD = sum of products of lymph node dimension; ALC = absolute lymphocyte count.
O'Brien S, et al. Blood. 2011;118; Abstract 983.




MCL: Ibrutinib FDA 11/13/13
CLL: Ibrutinib FDA 02/12/14

@F AMERICAN SOCIETY OF CLINICAL ONCOLOGY
j Making a world of difference in cancer care

From the American Society of Clinical Oncology

In cooperation with the Food and Drug Administration (FDA), and as a
service to our members, ASCO will periodically distribute information
about newly approved therapies for cancer patients. This helps FDA to
inform oncologists and professionals in oncology-related fields of
recent approvals in a timely manner. Included in the email from the
FDA will be a link to the product label, which will provide the refevant
clinical information on the indication, contraindications, dosing, and
safety. In sending this information, ASCO d
product or therapy and does not take any po.

efficacy of the product or therapy described.
message from the FDA's Office of Hematolog
Director, Dr. Richard Pazdur:

On Movember 13, 2013, the U, 5. Food and Dru
accelerated approval to lbrutinib (IMBRUVICA,

treatment of patients with mantle cell lymphome " ."

least one prior therapy

The approval was based on the results of a mul
single-arm trial enrolling 111 patients with previ

lymphoma. The pnimary endpoint was overall ri ‘ ‘

Safety was evaluated in the 111 patients with
received ibrutinib 560 mg daily. The most comi
reported in the clinical trial (occurring in greater
patients) were thrombocytopenia, diarrhea, neul
musculoskeletal pain, peripheral edema, upper |
bruising, dyspnea, constipation, rash, abdomine

ecrrecT Ropoy CAPSULES
DAILY

.) AMERICAN SOCIETY OF CLINICAL ONCOLOGY
_/ Making a world of difference in cancer care

From the American Soclety of Clinical Oncology

In cooperation with the Food and Drug Administration (FDA), and as a service to our
members, ASCO will perfodically distribute information about newly approved therapies
for cancer patients. This helps FDA to inform oncologists and professionals in oncology-
related fields of recent approvals in a timely manner. Included in the emall from the FDA
will be a link to the product label, which will provide the relevant clinical information on
the indication, contraindications, dosing, and safety. In sending this information, ASCO
does not endorse any product or therapy and does not take any position on the safety or
py described. The following Is a8 message from the FDA's
slogy Products Director, Dr. Richard Pazdlur:

Food and Drug Administration granted accelerated approval to
rclics, Inc.) for the treatment of patients with chronic

have received at least one prior therapy. Ibrutinib praviously
1 Movember 13, 2013 for the treatment of patients with mantle
d at least one prior therapy.

on the results of a multi-center, single-arm trial of 48 patients
median age was 67 years (range, 37 to 82 years) and 71%
weling ECOG performance status of 0 or 1. The median time

1d the median number of prior treatments was 4 (range, 1to 12
istered orally at 420 mg once daily until disease progression or

« a 58.3% overall response rate (95% Cl: 43.2, 72.4) as
ew committee. No complete responses were observed. The
GROPEWEIRWLGINE the median was not reached.

@harmacyclicss



The Future

Potential future strategies to achieve long-
term control of CLL

Induction ~ MRD tailored
(combination  maintenance
therapy) (single agents)
Mild chemotherapy with * Kinase inhibitor(s) « Antibody
agents like bendamustine = Antibody * Lenalidomide
or fludarabine * Bcl2 antagonist « Kinase inhibitor
> o What is on the horizon?
; . . http://www.flickrcom/photos/deml/217552761
1-2 months 6-12 months 1year - e
(1-2 courses)

Prepublished online September 24, 2013;
doi:10.1182/blood-2013-05-498287

Signaling the end of chronic lymphocytic leukemia: new frontline treatment
strategies

Michael Hallek



Caveats or Downsides

- CLLis a disease with a long-time horizon

- New drugs are expensive

- Some may have unacceptable long term toxicity
- lbrutinib: Infection, lung toxicity

- ldelalisib: Liver toxicity

—

Younger; Fit Older; > Comorbidity|

Deep remission Do no harm




Question

A 38 year-old woman 15 evaluated for a & month
history of progressive lymphadenopathy. She 13
otherwize asymptomatic. Medical history 1s
unremarkable, and she takes no medications.

On physical examination, vital signs are normal ;‘;@z:ﬂ*ﬁdﬁ“;ﬂ"“iﬂg diagnostic studies should be
Cervical and axillary lvmphadenopathy 1 palpated. |
Abdomimal examimation reveals splenomegaly; the IEL Bone marrow biopsy

Excisional biopsy of an enlarged node ||

liver 1z not enlarged. The remaimder of the C. Fine-needle lymph node biopsy
: : : D. Lumbar puncture
examination 1s unremarkable. E PETICT

Laboratory studies indicate a leukocyte count of
12 000/ul, with 63% lymphocytes.

CT scans show diffuse cenical, axllary, abdomimal,
and pelvic lymphadenopathy and splenomegaly.




Finding a Key

Even a ten foot steel safe, only

as strong as the guy with the key}

BARRY GREGSON-WILLIAMS AND DEFID BUCKLEY






15 YOUr Cancer inerapy

SPECIFIC,
ADAPTABLE,
~DURABLE?

I's time to consider

IMMUNOTHERAPY

as an important treatment in your fight against cancer.
s . e ;
7. g ® .




What 1s CART19?

(C-himeric A-ntigen R-eceptor)

e Autologous T cells collected by leuka- CAR \
pheresis were transduced with a “ Anti-CD19
lentivirus encoding the anti-CD19 % ligand binding
scFv linked to co-stimulatory domains. 'i d‘;g‘;/'”

e Gene-modified T cells were expanded v,
and activated ex vivo by exposure to om0 e kD ) g K e o o
anti-CD3/CD28 beads. o o o e

v A ’
Ny :a
Yy ¢OED 4
L] ) v
Chimera (mythology)” 1| °
>Signaling
- : : domains
From Wikipedia, the free encyclopedia
The Chimera was a monstrous fire-breathing hybrid creature of Lycia in Asia
Minor, composed of the parts of more than one animal. Usually depicted as a lion, with the head

of a goat arising from his back and also dragon, and a tail that might end with a snake's head,"

Porter DL et al. Proc ASH 2012;Abstract 717.




How does CART19 work?
Redirecting the
Specificity of T cells

* Gene transfer technology used
to stably express CARson T
cells

— confer novel antigen specificity

e Many manufacturing systems
use retroviral transduction,
some use lentiviral, and some
the non-viral Sleeping Beauty
transposon system

000

Anti-CD19
CAR construct

CD19




Why CD19?

CD19 expression is restricted to B cells

CD19 is not expressed on marrow stem cells

CD19 is expressed on the surface of most B cell malignancies

Antibodies against CD19 inhibit growth of tumor cells

B cell lymphomu and

. . ". . . ..

mmature B malture B plasma cell

CD19 =

CD2 = =
D20 -

Brentjens and Sadelain



Overview of CTLO19 Therapy

Antibody-coated |
beads | ® .... « ™ -
2] Bead removal W ﬁ
” “ e T-cell activation/ i R 2l t?
transduction® e Modified T-cell b
:;’\_. expansion®

\\

L eIapes Q\'

e

a Transduced ex vivo with a lentivirus encoding anti-CD19 scFv linked to 4-1BB
and CD3-( signaling domains

Porter DL et al. Proc ASH 2013;Abstract 4162.

ég..‘.ﬁ »



Ongoing Response In a Patient
with Transformed CLL

Baseline Month 2 Month 3

10 prior therapies, transformed CLL,
del(17p), ibrutinib resistant, XRT resistant

Porter DL et al. Proc ASH 2013;Abstract 873.



The Molecular Story

Exploring the connections
between the microenvironment
and intracellular signals

B-cell malignancies include Hodgkin lymphomas,
85% of non-Hodgkin lymphomas, and some
leukemias and myelomas. These diseases can
present with nonspecific symptoms and can b
difficult to diagnose and treat. '

Recently, emerging science has
the essential role of signa,li:lg--
B-cell malignancies. These p
normally help to regul:
interactions within (hg F ; ¢ % y-
may become dysregu : ases, / E Fe. \ _ : ; .
The result can be m 5 . y Creative representation of select simplified .ﬁ
and disease progre . ¥ 3 \ e - signaling pathways. lllustration not to scale, %

-
3
L

e




Conclusions

GA101 FDA approved for CLL 11/01/13.

Ibrutinib FDA approved for CLL 02/12/14.
Idelalisib FDA approved for CLL 07/23/14.

Future possible FDA approvals: ABT-199?

BCR pathway appears promising.

Ibrutinib has a unique profile with lymphocytosis.
Downsides include cost and infections.

Long term toxicity unclear.

Next generation molecules in development.

WO NTNRWBWNRE

Host Tumour

“The right patient, the right drug, the right disease”

www.BannerMDAnderson.com/ClinicalTrials 480-256-6444 Munoz, Nature Reviews, 2012



http://www.bannermdanderson.com/ClinicalTrials
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