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Epidemiology and
Classification



Leukemia in the U.S., 2020

lﬁ:ﬁ FRED HUTCH

ALL
CLL
AML
CML
Other
Total

New Cases Deaths
6,150 1,520
21,040 4,060
19,940 11,180
8,450 1,130
4,950 5,210
60,530 23,100

Siegel, et al. CA Cancer J Clin 2020;70:7-30.



Acute Leukemia Incidence by Age
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Adult ALL: Lineage Assignment

- B-lineage:

Strong CD19 with = 1 of the following also strong: CD79a,
cytoplasmic CD22, or CD10

OR

Weak CD19 with = 2 of the following also strong: CD79a,
cytoplasmic CD22, or CD10

- T-lineage:
Strong cytoplasmic CD3 (with antibodies to CD3 ¢ chain)
OR
Strong surface CD3
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Arber, et al. Blood. 2016;127:2391-2405.



Risk Stratification



Classical Risk Factors at Presentation

Age > 35

High WBC
B-lineage: >30,000
T-lineage: >100,000



Major Cytogenetic Categories in Adult ALL

1(9;22) (Ph+)
Ph-

Favorable

High hyperdiploidy

Unfavorable

t(4;11)

-7

+8

Low hypodiploidy/near triploidy

Complex
iIAMP21
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19%
81%

10%

7%
6%
10%
4%
5%
Rare

Wetzler, et al. Blood. 1999;11:3983-39
Moorman, et al. Blood. 2007;109:3189-97



Early T-Cell Precursor (ETP)-ALL

Distinct immunophenotype

Cytoplasmic CD3
Lack CD1a and CD8

Weak or absent CD5

Often co-express stem cell or myeloid markers -
“subset” of biphenotypic leukemia

Felt to have a relatively poor prognosis
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Conceptualization of MRD

.
o
'S

100
2 Complete remission Hematological relapse
§ 10" Detection limit
2 (cytomorphology)
2 MRD persistence
S 102
E

)
L]

MRD-based MRD-based
remission assessment post remission monitoring
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Bruggemann, et al. Blood. 2012;107:4470-81.



Measurement of MRD in ALL

Target Method % Pts. Sensitivity Pros Cons

IG and TCR gene RQ-PCR ~90% 0.01-0.001 Sensitive Laborious
rearrangements

Fusion transcripts RQ-PCR ~40% 0.01-0.001 Sensitive Applicability
(e.g., BCR-ABL1)

Leukemia MFC ~95% 0.01 Rapidly User
immunophenotype Applicable expertise
IG and TCR gene NGS/HTS Unk 0.00001 Most Role still

rearrangements Sensitive unclear

i
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Cumulative Survival

NILG-ALL 09/00: Importance of MRD Status

DFS Among MRD"¢ Patients DFS Among MRDP°s Patients
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In a multivariate analysis of patients with complete data (n = 93), only two
factors were predictive of relapse:

« MRDpos

- High WBC
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Bassan, et al. Blood. 2009;113:4153-62.



MRD Predicts Outcome after Allo HCT:
The Fred Hutch Experience

Myeloablative HCT Non-Myeloablative HCT
Outcomes are anecdotally

0 MRD Negative (N = 94)
08 ;'“\ 4 abysmal if MRD > 0.01%
0.6 | -11 -

Ram, et al. Haematologica. 2011;96:1113-20.
0.4 1 L\“i—,—ﬂ_‘_'m_v_‘

MRD Positive (N = 59)

of RFS

Probability

0.2 -

0.0 4
I I | I | ] |
0 1 2 3 4 5 f
Years after HCT

Bar, et al. Leuk Res Treatment. Epub 2014 Mar 23.
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Risk Stratification in ALL: Summary

Past Present
Age MRD
WBC at Diagnosis WBC at Diagnosis
Cytogenetics Cytogenetics

(Molecular sub-
classification)



Front-Line Therapy



Contemporary Treatment

DFS
Median age Ph+ T-cell at 3-9 yrs

Group N (range) (%) (%) CR (%)
UKALL XII/ 1826 31 (15-65) 19 20 91 38
EC0G2993
CALGB 19802 163 41 (16-82) 18 - 78 35
GIMEMA ALL 778 27.5 (12-60) 22 22 82 29
0288
GMALL 05/03 1163 35 (15-65) 24 24 83 35
GOELAMS 02 198 33 (15-59) 22 21 86 41
Hyper-CVAD 288 40 (15-92) 17 13 92 38
JALSG-ALL93 263 31 (15-59) 22 21 78 30
LALA-94 922 33 (15-55) 23 26 84 36

Pui & Evans. New Engl J Med. 2006;354:166-78.



Rituximab Improves Outcomes in CD20+ B-ALL.:

GRAALL-2005/R

100

.y
wn
|

Rituximab

Event-free Survival (%)
Ln
T

T
Control

231 pP=0.04
0 I I T T T T T 1
0 12 24 36 48 60 72 24 96

Maonths
Mo. at Risk

Control 104 63 45 34 25 19 14 6 3

Rituximab 105 73 58 47 35 26 18 10 5

EFS and OS
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Overall Survival (3%)

Mao. at Risk

Rituximab

100

75

Rituximab

TR

50 s

Control
251 P=0.10
G ] ] | | 1 ] ] |
0 12 24 36 43 &0 72 24 96

Months

104 75 57 iz 2% 22 16 [ 3
105 82 &4 51 39 28 19 10 5

CD20 positivity = expression on = 20% of blasts
More patients in R group received HCT (34% vs 20%)
Adjust for HCT in CR1 = R group had significantly better

Maury, et al. New Engl J Med. 2016;375:1044-53.



Adult ALL: CNS Prophylaxis

Without prophylaxis — risk of CNS relapse is 35%
With prophylaxis — risk is 10%
Risk factors include

T WBC
T LDH

T-cell or mature B-cell phenotype (i.e., Burkitt)
? Need for cranial XRT if IT MTX is used




Post-Remission Therapy of Adult ALL

Intensive multi-drug consolidation followed by
maintenance chemotherapy

Allogeneic transplantation




MRC UKALL XI/ECOG2993

1929 patients entered

INDUCTION Matched Sib, < 50 or 55 yo

(If Ph+, include MUD)

No Donor, > 50 or 55 yo

Randomize

HD MTX x3 HD MTX x3 HD MTX x3

Conventional
Auto HCT Therapy

Allo HCT

Rowe, et al. Blood. 2005;106:3760-7.
Goldstone, et al. Blood. 2008;111:1827-33.




PERCENT

UKALL Xll / ECOG2993: Overall Survival

10
Ph negative

75 - — Donor

n= 443 —— No Donor
50 - — 53%

n= 588 45%
25 -

P=.01
0 .
0 2 3 4 5
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UKALL XI/ECOG2993:
Less Relapse but More NRM with Allo

PERCENT

Less
Relapse

More
NRM
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100

75

Ph negative Standard risk

Ph negative High risk

100
— Donar —— Donor
=== No donor . 75 = = -No donar
=
L P T — % O R S s 63%
. € 50
__."' T L 37%
ﬁ R 25 7 ™ =204
- P = < 00005
L AL L O 1 2 3 4 5 & 7 & 3 1
YEARS YEARS
3 months | 6 months | 1 year |2 years
High Risk
Donor 1.5 7.3 26.0 35.8
No Donor 1.2 2.0 10.3 13.6
Standard Risk
Donor 0.4 34 17.6 19.5
No Donor 0.3 1.2 5.3 6.9

Goldstone, et al. Blood. 2008;111:1827-33.



UKALL XII/ECOG2993:
Auto x 1 vs POMP x 2 years

100 -

75 1

PERCENT

25 .
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50 .

Chemotherapy
Autologous transplant

YEARS

Goldstone, et al. Blood. 2008;111:1827-33.



Donor vs No-Donor Meta-Analysis:

Ph- ALL in CR1

Deaths/Patients Statistics O.R. & 99% CI'

Stratum Donor No donor (O-E) Var. (Doner : No donor)

Age 35+ 229/366 350/562 08 1358 _ 01 (0,89, 1,961
WBC <10 219/458 445/804 -252 1517 0.85 (068, 1.04]
WBC 10-29 971207 214/373  -192 700 0.76 (0.56, 1,03)
WEBC 30-99 118/215 212/368 -84 751 0.92 (0.68, 1.24)
WBC 100+ 12111986 186/284  -6-4 710 0.91 (067, 1.24)
Standard risk 369/770 755/1358 -451 2577 0.84 (0.72, 0.99)
High risk 192/319 315/496 -12-8 1183 080 (079 114
. Overall 566/1097  1076/1865 -53-4 3801 <{> 0.87 (0.79, 0.96)

(51.6%)

* i 99% or 1= 95% limils

(57.7%)

Test for helerogeneity (18 groups): X%, = 16-8, P =05

Donor
better

2P = 0-006
| |
1-7 50
Ma donor
better

Only sub-group with improved mortality with allogeneic HCT = Age < 35

drny
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Comparison of RIC vs MAC: EBMT

1.0%.

Characteristics:

Any ALL in CR1 or
CR2

45 years or older

MSD PBSCT or BMT
from 1997-2007

127 RIC’s vs 449
MAC's

0.8=

D5

D4~

Overall Survival

0.0
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Summary: Role of HCT in CR1 for ALL

Level | evidence supporting matched related-donor
myeloablative allogeneic HCT in CR1 for adults with
ALL, though overall benefit is modest

Autologous HCT is not superior (and is likely inferior)
to prolonged maintenance therapy

Reduced-intensity/non-myeloablative allogeneic HCT
may be reasonable in pts ineligible for high-intensity
conditioning, based on retrospective/registry data

Improved risk-stratification methods can help
determine which patients are most likely to benefit
from allogeneic HCT in CR1 (particularly MRD)




MRD and Transplant for Ph-, KMT2A- ALL.:
The Cassaday Approach

NEG DeferAlo |
HCT in CR1*
MRD Status NEG Consider Other
at <1 Month Risk Features,
Donor Status, L
MRD Stat etc. .
us . 1 Relapse

Persistence | at 3 Months

Novel -
Therapies [<-------
+ Allo HCT

Persistence

* Assuming patients can complete a full course of treatment
and remain MRD negative

.
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Specific Scenarios:

Adolescents and
Young Adults (AYA)



EFS of Young Adults (16-21 yo) on CCG and
CALGB Trials for ALL (1988-1995)

Proportion

0.4

‘=_-
—

T+
=

‘q--
=]

0.2

0.0

CCG

e e e i f—p—

CALGB (median = 2.5 yrs)

Stock, et al. Blood. 2008;112:1646-54.



Pediatric vs. Adult Therapy for ALL.:
Reasons for Different Outcomes

Therapies are different
Doctors are different

Patients are different




EFS by MRD Status: C10403

100 +

70 -

80 =
70 -
60 -

50 -

% event free

40 4
30 4

20 4 MRD Status N (Evt)] HR (95% Cl)
—— Detectable 45 (24) Reference
10 4 — Undetectable 35(4) 0.25(0.10-0.561)
Likelihood-Ratio P-value: 0.00046 + Censor

0 <

0 12 24 36 48 60 72 84 96 108115
Time (in months)

« Of 263 patient who achieved remission, only 20 (8%)
underwent HCT in CR1 - reserve HCT for MRD+?

* Increased BMI associated with worse outcome
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Specific Scenarios:

Ph+ ALL



The Philadelphia Chromosome:
t(9;22) Translocation

- -,

- |

Ll L

[ !

B m -

— - —
r
WA - - = beravl W
abl = = FUSION PROTEIN

= WITH TYROSINE
= KINASE ACTIVITY
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Management of Ph+ ALL: Summary

The basics:
Include TKI with chemotherapy

Controversial topics:
s one particular TKI superior?

How much chemo is necessary?
ACT in CR1 for all patients?




SWOG 0805: HyperCVAD + Dasatinib

Relapse-Free Survival Overall Survival

1.0
1

b o e —

0.8 - i
de-Hemrh e i b e
(0.6 =
0.4 — Mo protocol transplant, N = 40, events = 17 0.4 = Mo protocol transplant, N = 40, deaths =13
1 = = Protocol transplant, N = 38, events =8 1 = = Protocol transplant, N = 38, deaths =5
0.9 - Log—rank p-value = 0.038 0.9 - Log—rank p-value = 0.037
0.0 = 0.0 =
] 10 20 30 40 50 4] 10 20 30 40 50
Months since landmark date (175 days after CR/ CRi) Months since landmark date (175 days after GR/GRi)

All patients with matched donor were “encouraged” to undergo
allogeneic HCT followed by dasatinib maintenance

If no HCT, dasatinib-based maintenance therapy

P
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Lower-Intensity Options: Likely Safer, but Less
Effective?

GIMEMA LAL1205: EWALL-PH-01:
Dasatinib + Prednisone Dasatinib + Low-Intensity Chemo
Disease-free survival (OFS), from day +85
. 1.0
Median EFS 19 months
S 084 - At 36 months 31%
=
2 0.6
:qf 0.4 -
Median DFS 21.5 months & 0.2+
At 20 months 51% 0.0 -
0 12 24 36 48 60 72 84

[~ 3 'I:.l T 2:21 Fi o = TimE (mﬂnth}
Fla. 8t ris Disease Free Survival time (morths) Atrisk 71 39 29 22 21 17 4 3

Foa, et al. Blood. 2011;118:6521-8. Rousselot, et al. Blood. 2016;128:774-82.

T3151 mutations at relapse are COMMON

P
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Specific Scenarios:

ALL In The Elderly



Outcomes with Different Approaches for
Older Patients with ALL

Abbroach N CR Early Survival
PP Rate Death Rate (Median/2-yr)
Population-Based Studies = N/R | 40% N/R 6-30%
Palliative Treatment 94 | 43% 24% 7 mo
Intense chemotherapy 519  56% 239, 149%

designed for younger adults

P_rqspectlve studies 447 | 71% 15% 339,
specifically for older adults

Author’s Conclusion: “Palliative, supportive treatment in acute leukemia does not, in
general, reduce the risk of early death and does not improve quality of life compared
to moderate intensive chemotherapy.”

@ rreo woren Reviewed by Gokbuget. Blood. 2013;122:1366-75.



Relapsed/Refractory
ALL



Outcome of Relapsed ALL: UKALL XII/ECOG2993

—
& 8

Overall Survival from Relapse

25 |
— . Allo/MUD: 9%
L = = e e e e e ——— eyl ﬁ:gr-ﬂgg%
0 | | . |
0 1 2 R : :
Time (years)

ifdp rrep noren Fielding, et al. Blood. 2007;109:944-50.



HCT in MRDNe¢ CR2+ Comparable to
MRDNed CR1

- 1.0
1.0 MRD- CR1 g
n / 3 *
— 084 ; g 0.8 4 MRD- CR2+
E _Li"_l-o—.-n-gﬁ @ . - ) \\
> 4 ; I @ T _
5 061 / ; H.l_ $ 06
b £
° MRD- CR2+ g Py
= ®  04- / —
i > MRD- CR1
o =
a 02- 2 021
3
P=0.93 s P=0.60
0.0 1 0.0
0 1 2 3 4 5 0 1 2 3 4 5
Years from HSCT Years from HSCT

Patients who achieve MRDN¢9 CR1 are significantly more likely
to achieve MRDNes CR2+ if they relapse.

ffp reeo woren Revised from Cassaday, ef al. Leuk Lymphoma. 2016;57:2109-118.



Options for Relapsed/Refractory ALL

Purine analogues

Nelarabine (T-ALL)
Clofarabine (age < 21; > 2 prior therapies)

Liposomal vincristine (> 2 prior therapies; Ph- only)

ABL kinase inhibitors: ponatinib (Ph+ with T315l or no
other option)

CD3-CD19 BIiTE: blinatumomab
CD22 antibody-drug conjugate: inotuzumab ozogamicin

CD19 CAR-T cells: tisagenlecleucel (age < 25; refractory
or = 2" relapse)

450
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Blinatumomab = Bispecific T-Cell Engager

Anti-CD3 antibody Anti-CD19 antibody

Blinatumomab 4? e
(anti-CD19 BiTE®)
\'EE F/

Effector: normal T cell N Target: B-precursor ALL cell
(©membrane CD3g) A~/ __l_p (©membrane CD19)

{fgﬁ FRED HUTCH )
- Kapoor, et al. Clin Cancer Invest J. 2014;3(6):577-8.



Blinatumomab for Rel/Ref B-ALL

Median Overall Survival (mo)

Blinatumomab 7.7 (95% Cl, 5.6-9.6)
o Chemotherapy 4.0 (95% Cl, 2.9-5.3)
S G:Q— Hazard ratio, 0.71 (95% Cl, 0.55-0.93)
2 sl P=0.01
0
= 0.7+
g 0.6 Blinatumomab
8 054
S 04-
:EE 0.31 H_m'u'u-l—u-luu_L N TN
E 0.2- Chemotherapy Iy ]
o 0.14
- 0.0 I I I I I I I |
0 3 6 9 12 15 18 21 24
Months since Randomization
No. at Risk
Blinatumomab 271 176 124 79 45 27 9 4 0
Chemotherapy 134 71 41 27 17 7 4 1 0

« Given as 24-hr continuous infusion: 4 weeks on, 2 weeks off

- Side-Effects: neurologic toxicity, cytokine release syndrome

P 0
,ﬁ}ﬁ FRED HUTCH
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Kantarjian, et al. New Engl J Med. 2017;376:836-47.



Blinatumomab for MRD

1: MRD responder at cycle 1 in 1st CR (N = 60); Median (95% CI) NR (20.8-NR)

1.0 == == = 2 MRD responder at cycle 1in 2nd or 3rd CR (N = 25); Median (95% Cl) 13.9 (7.8-NR)
09 - ll-'h-r m== = = 3: MRD nonresponder at cycle 1 (N = 15); Median (95% Cl) 5.7 (1.6-13.6)
=, 0.8 - . ||
£ 07 - § BT b M
2 06+ . hy _ L L T I I
+—= o 05+ _l_-_. "I.—”.‘ i
%E‘ 0.3 = = 1- — L — F ——————— H
— © 02 - - S O . . - - . 4
& 2 0.1
= 0.1+ o _ _281). _ p_
z 0.0 4 Number of Patients at Risk: HR (95% Cl) for 2 vs. 1 = 2.02 (1.07-3.81); HR (95% CI) for 3vs. 1 = 3.34 (1.66-6.71); P = .001
1: | 60 56 49 47 46 45 28 27 19 18 13 13 6 5 3 3 3 1 0
2: | 25 21 19 16 14 12 6 6 5 5 2 2 2 2 0 0 0 0 0
3: 15 11 7 7 5 4 3 3 3 3 1 1 0 0 0 0 0 0 0
| | 1 | 1 | | 1 1 | | | | 1 1 | | 1 1 | | | | 1 1 | |
0 3 6 9 12 15 18 21 24 27 30 33 36 39 42 45 48 51 54

Study month (landmark analysis beginning at study day 45)

* 78% achieve complete MRD response
«  CRS and severe neurotoxicity are uncommon (~10%)

* |f no HCT or chemo after response to blin, 25% in continuous CR
(median f/u = 24 mo)
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Inotuzumab Ozogamicin = Anti-CD22 ADC

Linker
-hydrazone-

L o o = = N\Fo
v | O 0 /%;3\/ ) G,\
~N
Inotuzumab HO HHO

o] o) 0

(HzlgG4SerPro) L B
-Lys-NH, (random) s A, ~ N ‘é;&/

H {

Calicheamicin =
(2 to 3 per IgG)

lﬁ;:’l FRED HUTCH
o Thomas. Blood Lymph Cancer: Targets and Therapy. 2014;4:1-8.



Inotuzumab Ozogamicin for Rel/Ref B-ALL

1.0
1] Hazard ratio, 0.45 (97.5% Cl, 0.34-0.61)
& 99 P<0.001
= 0.8
a 0.7-
®F 0.6
&5 05 A e Dosina:
£ 07 osing.
":-u . "
E E;' Inotuzumab ozogamicin group i 1 'hr IV |nfUS|On
-E L4 =
E 014 Standard-therapy group * DayS 1 ) 8’ &1 5

mﬂ 5 10 15 20 25 ¢ Every 21 (C1) to 28
Months (CZ+) days

Inotuzumab ozogamicin group

.Té gz: E'féaéf ratio, 0.77 (97.5% Cl, 0.58-1.03) ° Slde effeCtS

2 o7, .  SOS/VOD

g N . Elevated ALT/AST
S o4 . Cytopenias

0.1 Standard-therapy group

0.0 1 ! ! ! ! ! ! !
0 5 10 15 20 25 30 35 40

Months

Kantarjian, et al. New Engl J Med. 2016;375:740-53.



Tisagenlecleucel = CD19 CAR-T Cells

Pl
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Antibody-coated
beads

Q T-cell activation/ ¢

% transduction
’\I

N = . ™

@ Leukapheresis @ Modified T-cell infusion

00%0

Bead removal

Modified T-cell
expansion

Maus & June. Clin Cancer Res. 2016;22(8):1875-84.




Tisagenlecleucel in Children and Young
Adults with Rel/Ref B-ALL

» Multicenter, single-arm phase |l
trial (ELIANA)

- 107 pts screened = 92 T
0.9- iy
enrolled - 75 treated N .y
Medlan age = 11 yr 0.74 -lI_I_:‘!':'hEerallsuwiual
Median prior therapies = 3 oy T 'ﬂw
(range: 1-8) 3 o5 Jﬁ[
+  CR/CRIi rate within 3 mo: oo ‘ o
0.1 No. of No.of Medjan
o Treated 81% (a” MRDNeg) Patients Events Survival Rate até Mo
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Long-Term Outcomes with CAR-T Cells in
Adults with Rel/Ref B-ALL
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ALL in Adults: Summary

Disease risk primarily defined by WBC, cytogenetics,
and response to therapy (MRD)

Several standard options for front-line therapy

Allogeneic HCT in CR1 reserved for high-risk
patients—MRD may be best tool to determine this

Single-agent options for relapsed/refractory disease:

B-ALL: inotuzumab ozogamicin, blinatumomab (including
MRD), tisagenlecleucel

T-ALL: nelarabine
Ph+: ponatinib
Ph-: liposomal vincristine
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Learning objectives

> To review the appropriate diagnostic workup for
metastatic breast cancer (MBC)

> To review current guidelines for the treatment and
monitoring of metastatic breast cancer

> To understand recent key developments in drugs to
treat MBC

W



Lecture structure

> (Case based
> NCCN-guideline focused
> Emphasis on standard therapies




Locally recurrent disease: Case 1

60 yo patient with a history of stage IlIA ER/PR positive, HER2
negative L breast cancer treated 6 years prior with neoadjuvant
anthracycline-based chemotherapy, lumpectomy with sentinel
lymph node biopsy (SLNB), radiation and 5 years of an aromatase
inhibitor, presents with an expanding mass near her lumpectomy
scar. Biopsy demonstrates invasive ductal carcinoma with similar
histology to her prior tumor. Your next step is:

A) Mastectomy with (SLNB)

B) Mastectomy with axillary lymph node dissection (ALND)
C) Chemotherapy

D) Aand C

E) Band C

W



Locally recurrent disease: Case 1

> Answer: B Mastectomy with ALND
(Of note, actual real first step: Probably restaging)

> Patients with prior mastectomy should undergo
surgical resection (if possible) and radiation to the
chest wall and supraclavicular area (if the chest wall
was not previously irradiated). Benefit of repeat SLN
biopsy after mastectomy is unknown, not
encouraged.

> Patients with prior breast-conserving surgery and
radiation therapy with prior SLNB: NCCN panel

consensus recommendation is mastectomy an
level I/1I axillary dissection.




Locally recurrent disease: Chemotherapy?

> CALOR trial: Studied effect of chemotherapy after
complete resection in patients with isolated
locoregional recurrence

> Adjuvant chemotherapy improved DFS and OS. Five-
year OS 88% vs. 76%, P .024 in chemo vs non-chemo
group.

> Benefit of adjuvant chemotherapy greater in
hormone-receptor negative disease: DFS = 67%

versus 35% versus in ER-positive disease, DFS 70%
versus 69% (HR, 0.94; 95% Cl, 0.47-1.89).

Aebi S, Gelber S, Anderson SJ, et al. Chemotherapy for isolated locoregional recurrence of breast cancer (CALOR)W
randomised trial. Lancet Oncol 2014;15:156-163




Diagnosis and workup: Case 2

A 52 yo woman presents with a self-detected R breast
lump. Diagnostic mammogram demonstratesa 4 cm R
breast mass at 3:00, N+8. MRI shows 5.1 cm unifocal
mass, and 3 suspicious-appearing axillary lymph node.
Biopsy reveals grade 2 invasive lobular carcinoma, ER+
(95%), PR+ (75%), HER2 1+. She inquires about next
steps. You advise:

A.) Neoadjuvant chemotherapy with ddAC/T
B.) Surgical resection with SLNB
C.) PET scan

D.) Biopsy to evaluate extent of disease
E.) CT C/A/P and bone scan




Diagnosis and workup: Staging scans

> Answer: E.
NCCN guidelines: “For patients presenting with
disease confined to the breast (stage | to Il) the NCCN
Panel does not recommend routine systemic imaging
in the absence of signs or symptoms suspicious for
metastatic disease. According to the panel, additional
tests may be considered in patients who present with
locally advanced (T3 N1-3 MO) disease and in those
with signs or symptoms suspicious for metastatic
disease.”

W



Diagnosis and workup: PET vs. CT/bone scan

> Why not a PET?

> The non-diagnostic CT scans used for PET under-
evaluate the lungs and the liver compared with
contrast-enhanced diagnostic CT scans.

> FDG PET/CT is optional, may be most helpful when
other imaging is equivocal

W



Diagnosis and workup: Case 2, con’t

The patient undergoes CT C/A/P and bone scan, which
reveal multiple lesions in liver, the largest measuring 2
cm, and diffuse metastases to the spine and axial
skeleton. The patient endorses lower back pain x 2
months which you suspect corresponds to an L3 lesion.
She inquires about next steps. You advise:

A) Initiate treatment with a CDK 4/6 inhibitor and
endocrine therapy

B) MRI spine w/ referral to radiation oncology for RT to
L3

C) Liver biopsy
D) L3 biopsy




Diagnosis and workup: Biopsy

> Answer: C, Liver biopsy

> Metastatic disease should be biopsied at first
presentation or at first recurrence in order to confirm
the diagnosis and determine tumor histology and
molecular profile.

> Soft tissue tumor biopsy preferred over bone sites as
demineralization procedures degrade proteins and
DNA needed for IHC, FISH and molecular assays.

> Retest ER, PR and HER2 status: Primary and
metastatic sites can be discordant.

W



Diagnosis and workup: Markers

> Molecular/IHC markers for MBC (i.e., not standard for
early stage) w/ clinical significance: PIK3CA, MSI (rare),
NTRK, TMB, PDL1, possibly ERBB2, others (FGFR2,
AKT)

> Genetic testing: Germline BRCA1/2 mutations should
be assessed in all patients with recurrent or
metastatic breast cancer as positive results have
implications for therapy

W



Treatment: Case 2, con’t

This patient’s biopsy of her largest liver mass returns
with the same histology as index tumor (ER/PR+, HER2-).

Molecular analysis reveals a PIK3CA mutation. You
advise:

A) Tamoxifen

B) CDK 4/6 inhibition plus endocrine therapy
C) Alpelisib plus fulvestrant

D) Capecitabine

W



Treatment: First line therapy for HR+ disease

> Answer: B, CDK4/6 inhibition plus endocrine therapy.

> Aromatase inhibitor in combination with CDK4/6
inhibition is a preferred first-line treatment.

> Trials of all three medications in this class have
demonstrated improved PFS over Al alone:
MONALEESA-2 and -7 (ribociclib), PALOMA-2
(palbociclib), MONARCH-3 (abemaciclib).

> Ribociclib has also shown an OS benefit

> Only MONALEESA 7 looked at premenopausal
patients, but all these agents are given to youn
patients along with ovarian suppression or BSCO.




Treatment for HR+ MBC: Similarities and
differences within the CDK4/6 class

> All CDK 4/6 inhibitors exhibit hematologic toxicities
(neutropenia, leukopenia), Gl toxicities, elevated LFTs,

increased risk of pulmonary embolism, prolonged
QTc

> Ribociclib: Higher rate of QTc prolongation,
administration requires cardiac monitoring

> Abemaciclib: higher incidence of both all-grade and
Grade 3/4 gastrointestinal toxicities, may (?) have
some blood/brain barrier penetration, and can be
given as monotherapy.

Sammons SL et al, Curr Cancer Drug Targets. 2017 Sep; 17(7): 637-649. w




Treatment for HR+ MBC: Other first-line therapies

> Fulvestrant monotherapy. (Improved time to
progression was seen with fulvestrant compared to
anastrazole, FIRST study)

> Fulvestrant + Al (mixed trial results, FACT and SoFEA)
> Fulvestrant + CDK4/6 inhibitor
> Monotherapy with endocrine agents

Ellis MJ, Lliombart-Cussac A, Feltl D, et al. J Clin Oncol 2015;33:3781-3787.
Bergh J, Jonsson PE, Lidbrink EK, et al. J Clin Oncol. 2012;30:1919-1925

Johnston SR, Kilburn LS, Ellis P, et al. Lancet Oncol 2013;14:989-998. w




Treatment: Case 2, con’t

Nine months later, scans reveal that the patient’s tumor
has progressed, demonstrating enlarging mediastinal
nodes and new bone metastases. As a next line of
therapy you choose:

> Fulvestrant monotherapy
> Exemestane + everolimus
> Targeted therapy
> Any of the above

W



Treatment: Case 2, con’t

> Answer: D, any of the above. Acceptable second line
regimens for HR+ MBC include:
—  Fulvestrant monotherapy
— Fulvestrant + CDK 4/6 inhibitor
— Exemestane + everolimus (only approved FDA second line)

— Targeted therapy when appropriate. In this patient, many
would choose a targeted therapy given her PIK3CA mutation.

W



Second line therapy for HR+ MBC: Targeted agents

I ENGLAND JOURNAL of MEDICINE

* PIK3CA mutations: ~40% of
patients with hormone- | |
receptor positive, HER2-

Alpelisib for PIK3CA-Mutated, Hormone

N egative breast cancer Receptor—Positive Advanced Breast Cancer
e PFS=11.0 months in the H. Ty, P Conte L Mayer, B Kaufman, T Yorashia, 5 Lo, K noue,
e e M. Takahashi, Z. Papai, A.-S. Longin, D. Mills, C. Wilke, S. Hirawat,
al pe| isib-fulvestrant group, Vs and D. Juric, for the SOLAR-L Study Group*

5.7 months in the placebo-
fulvestrant group

« FDA approval: May 24, 2019,
along with approval for
companion diagnostic

* For ER/PR+ patients with
advanced breast cancer
following progression on or
after endocrine-based
treatment




Treatment: Case 3

45 year old woman with a history of stage 11IB ER/PR
negative, HER2+ breast cancer presents with metastatic
recurrence to liver and bone three years out from
curative therapy. Liver biopsy reveals histology similar to

her original tumor. Her performance status is ECOG 0-1.
You recommend:

A) HER2 directed monotherapy
B) Taxane + trastuzumab
C) Taxane + trastuzumab and pertuzumab

W



Treatment: Case 3

> Answer: C, Taxane + trastuzumab and pertuzumab.

> CLEOPATRA: Compared efficacy and safety of
docetaxel + trastuzumab and pertuzumab versus
docetaxel versus docetaxel + trastuzumab as first-line
treatment women with HER2-positive metastatic
breast cancer. The addition of pertuzumab resulted in
improvement in PFS (median, 18.5 versus 12.4
months. At 30 months: Statistically significant

improvement in OS for pertuzumab-containing
regimen.

Baselga J, Cortes J, Kim SB, et al. N EnglJ Med 2012;366:109- 119. w




Treatment for HER2+ MBC: Which taxane?

> PERUSE study: Patients with advanced HER2-positive
breast cancer received docetaxel, paclitaxel or nab-
paclitaxel with trastuzumab + pertuzumab: Median
PFS comparable among agents. Paclitaxel
demonstrated more neuropathy (31% vs. 16%) than
docetaxel, but less febrile neutropenia (1% vs. 11%)
and mucositis (14% vs. 25%).

> NCCN recommends a taxane plus pertuzumab and
trastuzumab in first line: Docetaxel + HP is a category
1, paclitaxel + HP is a category 2A recommendation.

W



Treatment for HER2+ MBC: Other regimens

> TDM-1, a drug antibody conjugate, trastuzumab to
the microtubule-inhibitory agent DM1 (first line,

MARIANNE study, has activity in second line as well,
EMILIA)

> Trastuzumab + paclitaxel +/- carboplatin, docetaxel,
vinorelbine, capecitabine

> Lapatinib + capecitabine or trastuzumab

> HERZ2 directed agents + anthracycline and

cyclophosphamide CONTRAINDICATED (27% rate of
cardiac dysfunction)

W



Treatment for HER2+ MBC: New agents

JOURNAL of MEDICINE

> Patients with HER2 |

positive disease o
. . Trastuzumab Deruxtecan in Previously
p Frevious |y treated Wlth Treated HER2-Positive Breast Cancer

trastuzumab, untreated it i Voo
or symptomatic brain e R e e e e DETR e GHimester
metastases excluded

overall response rate: R
60.9% (95% Cl, 53.4 to
68.0), of which 6.0% had
a complete response.
Disease control rate was
97.3% (95% Cl, 93.8 to

99.1),

ABSTRACT

Modi S et al. N Engl J Med 2020;382:610-21.




Treatment for HER2+ MBC: New agents

> FDA grants accelerated approval in Dec. 2019 for patients
with HER2+ disease after two prior lines of therapy

> 13.6% of patients developed interstitial lung disease,
leading to at least four deaths. Agent is contraindicated
for patients with pneumonitis or interstitial lung disease

c\Ch gelumasel n Tumor Size
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in Sum of Diameters

z:illl‘
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Treatment for HER2+ MBC: New agents

> HER2CLIMB: Tucatinib +
trastuzumab +
capecitabine

> Patients with HER2+
disease with progression
on two prior lines of
therapy

> PFS for Tucatinib combo

vs. placebo combo 7.8 vs.

5.6 months (p<0.001)

> FDA approval in April
2020 for use after ONE
prior line of therapy

e NEW ENGLAND
JOURNAL of MEDICINE

BRUARY 13, 2020

Tucatinib, Trastuzumab, and Capecitabine for HER2-Positive
Metastatic Breast Cancer

R.K. Murthy, S. Loi, A. Okines, E. Paplomata, E. Hamilton, 5.A. Hurvitz, N.U. Lin, V. Borges, V. Abramson,
C. Anders, P.L. Bedard, M. Oliveira, E. Jakobsen, T. Bachelot, S.5. Shachar, V. Miiller, S. Braga, F.P. Duhoux,
R. Greil, D. Camcr’n L.A. Carey, G. Curigliano, K. Gelmon, G. Hortobagyi, |. Krop, S. Loibl, M. Pegram, D. Slamon,

M.C. Palanca-Wessels, L. Walker, W. Feng, and E.P. Winer

ABSTRACT

Pa nsmhhm epidermal growth factor receptor 2 (HER2)-positive metastatic The authors ! full names, academic de-
brcast cancer who have disease progmssmn f dimpy w1'rJ1 multiple HER_Z targeted  8rees ;""“;zﬁ“a'iﬂﬂs_m listed in tge
nte have limited treatment anti The: nuectioatianal aral hichly Appen . Ad ress_re!)rml‘requests m r.

Murthy et al. N Engl J Med 2020; 382:597-609




Treatment of HER2+ MBC: New agents

> Patients with brain

m eta Sta S e S i n C | u d e d A Kaplan-Meier Esti;;;t_es of Progression-free Survival among Patients with Brain Metastas
unless in need of
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immediate treatment.
Patients with untreated
brain mets >2 cm enrolled

Patients Alive and Free from
Disease Progression (%)

Tucatinib
with approval from the 0] combimion 'y embiwin
medical monitor. Patients Months since Randomizaion
with leptomeningeal R e i

disease were excluded.

> Risk of CNS progression
reduced by 68% |n patlents Murthy et al. N Engl J Med 2020; 382:597-609
with brain metastases,
with a median CNS-PFS of
9.9 vs 4.2 months.




Treatment for HER2+ MBC: What about HR+
disease?

> PERTAIN trial: Postmenopausal women assigned to
first-line pertuzumab plus trastuzumab and an Al or
trastuzumab plus an Al, with a ~3 month
improvement in PFS for triplet combo

> If patient is treated initially with chemotherapy and
trastuzumab plus pertuzumab, and the
chemotherapy is stopped, endocrine therapy may be
added.

> NCCN includes other trastuzumab combinations (e.g.,
fulvestrant or tamoxifen), but should be considered

only after chemotherapy plus HER2-directed th
or in some patients with indolent disease w

Rimawi M et al. J Clin Oncol 2018;36:2826-2835.




Treatment: Case 4

A 58 year old woman with a large, clinically node
positive breast tumor; biopsy demonstrates a high-
grade invasive ductal carcinoma, ER/PR/HER2 negative.
Aside from moderate axillary pain, she is asymptomatic.

What will be the most important factor in choosing her
first therapy?

A) Mutations on molecular testing

B) Additional immumohistochemistry testing
C) Presence of visceral disease

D) Brain MRI results

W



Treatment for mTNBC: Immunotherapy

> Answer: B, Additional immumohistochemistry testing
(i.e., PDL1)

> |Mpassion 130: Patients with treatment-naive TNBC
randomized to atezolizumab plus nab-paclitaxel vs.
placebo plus nab-paclitaxel.

> At a median follow-up of 12.9 months, PFS was 7.2 vs.

5.5 months for treatment arm vs. placebo, also a
trend towards better OS (not significant).

Schmid P et al. N Engl J Med 2018; 379:2108-2121 w




Treatment for mTNBC: Immunotherapy

> In patients with PD-L1-expressing tumors, PFS was 7.5
vs. 5 months and and OS (25 vs. 15.5 months; HR
0.62, 95% Cl 0.45-0.86).

> In March 2019 FDA grants accelerated approval for
atezolizumab + nab-paclitaxel in the first line for
patients with PD-L1 expressing tumors; also approves
the VENTANA PD-L1 Assay as the companion
diagnostic for identifying PD-L1 expression.

Schmid P et al. N Engl J Med 2018; 379:2108-2121 w




Treatment for mTNBC: Chemotherapeutic agents

> Taxanes (paclitaxel), anthracyclines (doxorubicin and
liposomal doxorubicin), anti-metabolites
(capecitabine and gemcitabine), microtubule
inhibitors (eribulin and vinorelbine), platinum agents

> Single agent chemotherapy - Lower response rates
and time to progression, but multi-agent chemo ->
more toxicity and no overall survival benefit.

W



Treatment for mTNBC: Case 5

A 46 yo woman with a BRCA1 mutation transfers care to
you. She has breast cancer metastatic to her lungs,
pleura, liver, and mediastinum, ER/PR/HER2 neg. Her
disease has progressed on paclitaxel. PDL1 is negative.
She feels well, has few symptoms, is still working. What
do you recommend next?

A) Capecitabine

B) Olaparib

C) Ixabepilone

D) Atezolizumab + nab paclitaxel

W



Treatment for mTNBC: BRCA mutations

> OlympiAD trial (NEJM 2017): Among patients with
HER2-negative metastatic breast cancer and a
germline BRCA mutation, olaparib monotherapy
provided a significant benefit over standard therapy;
median progression-free survival was 2.8 months
longer and the risk of disease progression or death
was 42% lower with olaparib monotherapy than with
standard therapy.

> FDA has approved olaparib in advanced breast,
ovarian, fallopian tube, peritoneal, and pancreatic
cancer for patients with germline BRCA mutations.

> Other PARPi w/ FDA approval: rucaparib,
talazoparib, niraBarib (not yet approved for brea

Robson M et al. N Engl J Med 2017; 377:523-533




Treatment: Bone metastases

> |n metastatic bone disease, bisphosphonate
treatment is associated with fewer skeletal-related
events (SREs), fewer pathologic fractures, and lower
need for radiation and surgery to treat pain.

> No impact on OS

> Dosing can be Q4 vs Q12 weeks w/ no significant
difference in SREs in multiple trials. Reminder: Q6
months is nonmetastatic dosing for osteoporosis.

W



Treatment: Role for surgery and radiation

> Multiple studies demonstrating no survival advantage
for resection of breast tumor in setting of metastatic
disease (exception: Turkish Federation MFO7-01 trial,
but groups were arguably not well balanced)

> Palliative role for surgery in case of painful breast
tumors, impending fractures.

> Palliative role for radiation in pain control,
stabilization of bone tumors, treatment of CNS

disease

W




Surveillance: Principles of monitoring MBC

> Monitoring includes periodic assessment of
symptoms, physical exam, lab tests, imaging, and
blood biomarkers

> Same imaging modality should be used consistently
to allow “apples to apples” monitoring

> Optimal frequency of testing is uncertain

> Frequency of monitoring can be reduced in patients
who have long-term stable disease.

W
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Goals

* Review risk stratification for multiple myeloma
* Review treatment strategies for transplant eligible multiple myeloma

* Review treatment strategies for transplant-ineligible multiple
myeloma

* Discuss treatment of relapsed/refractory multiple myeloma



What is the current best practice for

treatment?
Transplant Eligible

;n(;juction — Autologous §tem cell — Mainter?ance
rug transplantation Standard:
combinations — Lenalidomide
PI/IMiD/Steroid High risk:
Bortezomib,
Not Transplant Eligible PI/IMID

Induction

2 or 3 drug esssssssssssssssssmm——) [V aintenance

combinations

Supportive Care —




Risk stratification in multiple myeloma

* Disease burden — beta 2 microglobulin, LDH

* Tumor-specific factors — circulating plasma cells (extreme example is
plasma cell leukemia)

 Genetic factors - chromosomal abnormalities



Myeloma

Revised-International Staging System for

ISS or R-ISS | ISS Criteria R-ISS Criteria
Stage

I Serum beta-2
microglobulin < 3.5
mg/L, serum albumin >
3.5 g/dL

[ Not ISS stage | or Il

1l Serum beta-2
microglobulin > 5.5

mg/L

Palumbo et al, JCO 2015

ISS Stage | AND standard
risk CA by iFISH and
normal LDH

Not R-ISS stage | or lll

ISS Stage Il AND either
high-risk CA by iFISH or
high LDH



Incidence of chromosomal abnormalities in
multiple myeloma

Avet-Loiseau et al, Blood 2007



What does “high-risk” myeloma mean?

* Outcomes for many patients with myeloma are improving

* However, a subset of patients (20-25%) with certain biologic, genetic,
and excess disease burden have poorer outcomes, even with novel
agents and new therapies

* New strategies to identify and offer more effective treatments for
these patients are needed



Current conception of high risk myeloma by the IWMG
and others

* IMWAG: Revised ISS definition of high-risk
* |SS Stage Il (Elevated Beta-2 Microglobulin (> 5.5 mg/L))
* AND

* 1. High risk Chromosomal abnormalities:
* Deletion 17p
* t(4;14), t(14;16)
* OR

e 2.Serum LDH > upper limit of normal
* Circulating tumor cells (plasma cells — extreme case is plasma cell leukemia)
* Gene expression profiling
* Complex karyotypes

e Other chromosomal changes: 1p deletion or 1q amplification on FISH; t(14;20) translocation on
FISH

e Extramedullary disease

* Plasmablastic morphology
WIJ Chang et al Leukemia 2014



High Risk Chromosomal Changes

* [gH translocations — 40% of cases (chr 14)
* t(4;,14): 4p16 — FGFR3 — deregulation of fibroblast growth factor
* t(14;16): 16923 — MAF — deregulation of c-MAF proto-oncogene
e t(14;20): 20911 — MAFB — deregulation of MAFB oncogene

* Del(17p) — p53 — clonal immortalization, resistance to
apoptosis

* 1q amplification — CKS1B — activation of cyclin dependent
kinase = deregulation of cell cycle control

Sonneveld et al Blood 2016



What is the preferred upfront treatment
approach?

* Induction with IMID/PI 3 drug combination, followed by autologous stem cell
transplantation (Attal, NEJM 2017)

* On the horizon: 4 drug induction including a monoclonal antibody — CASSIOPEIA
— Dara-VTD, and GRIFFIN - DaraRVD

* Maintenance therapy with IMID post transplant, for standard risk (McCarthy
JCO 2017)

* Maintenance therapy with Pl post transplant for high-risk cytogenetics
(Del(17p) and t(4;14) (HOVON-65)

* Intravenous bisphosphonates (MRC IX trial)



Multiple Myeloma Approved Drugs

* Proteasome inhibitors
* Bortezomib
e Carfilzomib
* |xazomib

 Monoclonal antibodies
* Daratumumab (CD38)
* |satuximab (CD38)
* Elotuzumab (SLAMF7)

* Immunomodulatory agents

* Lenalidomide * Alkylating agents
* Pomalidomide * Melphalan
* Thalidomide * Cyclophosphamide

e Bendamustine
e Selective Inhibitors of Nuclear
Export (SINE)

e Selinexor

e HDAC Inhibitors
 Panobinostat



The overall, more than VGPR and nCR/CR rates for a selection of phase 2 and phase 3 trials
incorporating novel agents.

B orRR M vGPR ® CR/nCR

Response (%)

VAD D KD FAD VviD CyvD RVD CyVRD CRD

induct:on Regimen

A. Keith Stewart et al. Blood 2009;114:5436-5443;

Jakubowiak et al, Blood 2012 . bl d
€ bloo
40
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Does it matter which 3 drugs are used?

Del(17p) and/or t{4;14) pos
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Cavo M et al, ASH 2014



IMID/PI Combination most effective

Table 1. Response to VTD and VCD induction therapy

All patients VID (n=236) VCD (n=236) P
Complete response 44 (19%; 14-24) 13 (6%; 3-8) < 0.001
Very good partial response or better 151 (64%; 58-70) 87 (37%; 31-43) < 0.001
Partial response or better 220 (93%; 90-96) 192 (81%; 76-86) < 0.001
Stable disease 16 (7%; 4-10) 38 (16%; 11-21) 0.001
Progressive disease 0 (0%) 6 (3%; 1-5) 0.015
Patients with IS5 2-3 VID (n=129) VCD (n=129)

Complete response 26 (20%; 13-27) 5 (4%; 1-7) < 0.001
Very good partial response or better 86 (67%; 59-75) 45 (35%; 27-43) < 0.001
Patients with t(4;14) and/or del(17p) VTD (n=53) VCD (n=53)

Complete response 12 (23%; 11-34) 4 (8%; 0-15) 0.030
Very good partial response or better 44 (83%; 73-93) 25 (47%; 34-61) < 0.001

Abbreviations: ISS, international staging system; VCD, bortezomib with cyclophosphamide plus dexamethasone; VID, bortezomib with thalidomide plus

dexamethasone. Data are number of patients (%; 95% Cl). Comparisons were performed by y? test or Fisher's test, as appropriate.

Cavo et al, Leukemia 2016




Triple drug induction is superior to doublet

Confirmed response
Very good partial response

Partial response

Patients given bortezomib
with lenalidomide and
dexamethasone (VRd group;
n=216)-

34 (15-7%)
60 (27-8%)

82 (38%)

Overall response rate (partial 176 (81-5%)

response or better)

Stable disease
Stable disease or better

Progressive disease or death

34 (15-7%)
210 (97-2%)

6 (2:8%)
Durie B et al Lancet 2017

Patients given lenalidomide
and dexamethasone (Rd
group; n=214)-

18 (8-4%)
50 (23-4%)

85 (39-7%)
153 (71-5%)

52 (24-3%)
205 (95-8%)

9 (4-2%)


https://www-sciencedirect-com.offcampus.lib.washington.edu/science/article/pii/S014067361631594X?via%3Dihub#tbl3fn1
https://www-sciencedirect-com.offcampus.lib.washington.edu/science/article/pii/S014067361631594X?via%3Dihub#tbl3fn1

Superiority of RVD over Rd: SWOG SO777

100

80

Median PFS 75 months

=)}
o
|

Overall survival (%)

B
(=
|

Deaths Median, months
(n/N) (95% Cl)

20 — VRd  76/242 75(65-NR)
——Rd  100/229 64 (56-NR)

Two-sided p=0-0250
0 T T I
0 24 48 72

Months from registration

Number at risk
VRd 242 (0) 227 (2) 211 (3) 196 (9) 132 (53) 59(116) 15(152) 0(166)
Rd 229 (0) 212 (1) 193 (2) 168 (5) 115(35) 48 (89) 17 (112)

Durie B et al Lancet 2017



ENDURANCE: RVd vs KRd, ASCO 2020

Patient Randomization and Treatment Schedule

INDUCTION"?
Arm A
Step 0 Step 1 Bortezomib Step 2
1.3 mg/m2 SQ or IV days 1, 4, 8, 11 Cycles 1-8
[ B 1.3 mg/m2 50 or IV days 1 and 8 Cycles 9-12 P
" Lenalidomide " MAINTENANCE"?
E 25 ma PO daily days 1-14° ArmC
- " Dexamethasone N Lenalidomide Observation
. 5 20 mg PO days 1, 2,4, 5, 8,9, 11, 12 Cycles 1-4 5 15 mg PO daily days 1-21° |——#] Unlil disease
10mg PO days1,2,4,5 8,9 11, 12 Cycles 5-8 o g oo % progression
X epeal cycles every
E a 10 mg PO days 1, 2, 8 and 9 Cycles 9-12 - /,ﬂ\ webks for o total of 24
G w4 Stratification: | Repeat cycles every 3 weeks for a total of 12 cycles T VR, i
' + Intent 1o stem ; :
s | ( call transplant at | ( “Lﬁﬁﬂm ?ﬁ.n;:]r)
progression: 1.3 CRd (Arm B)
T 2 Nesorte /| INDUCTION z (N 2/ maNTENANCE™
R
A Carfilzomil A
A 20 mg/m2 IV days 1, 2; 38 mg/m2 days 8, 9, 15, 16 Cycle 1 \,M
mg/m ays 1, 2; 36 mg/m2 days 8, 9, 15, ycle o
) T 36 mg/m2 IV days 1, 2, 8, 9, 15, 16 Cycles 2-9 i 17mg PO ARy days =21
| 1 I R&p:at w-:;las every 4
memm. , weeks until progression or
B 0 25 mg PO daily days 1-21° o ettt ol Lo s
N* Dexamethasone
N N
40 mg PO days 1, 8, 15, 22 Cycles 1-4
20 mg PO days 1. 8, 15, 22 Cycles 5-9
Repeat cycles every 4 weeks for a total of 9 cycles Stem cell collection was allowed after 12 weeks
of therapy at investigator discretion
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Progression Free Survival from Induction Randomization

100
« 2" interim analysis of PFS (Jan 2020):
o0 298 PFS events (75% of 399 planned)
% * Median (95% Cl) estimated follow up of
5 0] 15 (13-18) months
LE  For patients >/= 70 years, median
z PFS(95% Cl) for VRd = 37 (29-NE) and
? : KRd = 28 (24-36) months
207 Median (95% Cl) PFS: VRd=34-4 (30-1-NE); KRd=34-6 (28-8-37-8) months ° With CenSOFing at SCT or alternatlve
N S S s therapy: Median PFS (95% Cl) for VRd =
0 6 12 18 24 30 36 42 48 54 60 31-7 (28-5-44-6) and KRd = 32-8 (27-2-
Time from Randomization (Months) 375) months

Numbers at Risk
545 401 252 187 127 83 59 38 25 13 3
542 377 243 183 114 73 43 31 26 14 0

KRd
VRd
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4 drug combinations

* RVd is the standard of care for newly diagnosed MM... but does
adding a CD38 antibody improve outcomes?

2 key studies in transplant eligible MM:
e CASSIOPEIA: Daratumumab + VTd vs VTd

e GRIFFIN: Daratumumab + Rvd vs Rvd



CASSIOPEIA Study Design ﬁ Siovon

* Phase 3 study of D-VTd versus VTd in transplant-eligible NDMM (N = 1,085), 111 sites from 9/2015 to 8/2017

Consolidation

D-VTd D-VTd

D: 16 mg/kg IV QW Cycles 1-2, Q2W D: 16 mg/kg IV Q2W

1
= Cycles 3-4 R V: 1.3 mg/m? SC Days 1, 4, 8, 11
Key eligibility - V: 1.3 mg/m? SC Days 1, 4, 8, 11 A T: 100 mg/day PO
criteria: = T: 100 mg/day PO N d: 20 mg IV/PO#
= d: 20-40 mg IV/PO? 5
» Transplant- = =
eligible NDMM 2 L
=
« 18-65 years & A
« ECOG 0-2 g A N \/T.
& VTd T VTd
VTd administered as in the D-VTd arm VTd administered as in the D-VTd arm
4 Cycles of 28 days 2 Cycles of 28 days
| I
| 1 ——
Part 1 Part 2

D-VTd, daratumumabibortezomib/thalidomide/dexamethasone; VTd, bortezomib/thalidomide/dexamethasone; ECOG, Eastern Cooperative Oncology Group; IV, intravenous; QW, weekly: Q2W, every 2 weeks;
SC, subcutaneous; PO, oral; PR, partial response; Q8W, every § weeks; PD, progressive disease.
#Dexamethasone 40mg on Days 1,2, 8,9, 15,16, 22, 23 of Cycles 1-2 and Days 1 & 2 of Cycles 3-4; 20 mg on Days B8, 9, 15, 16 of Cycles 3-4; 20 mg on Days 1,2, 8, 9, 15, 16 of Cycles 5-6.

PRESENTED AT: 201? ASCO ::; ’ 1 ' PRESERTED BY: F-|-.;||;|;u.-3 Moreau MD

ARMNUAL MEETING

Presented By Philippe Moreau at 2019 ASCO Annual Meeting



Efficacy: Post-consolidation Depth of Response

<
F 0000 * Primary endpoint
sl _ORR =93% ORR = 90% = Post-consolidation sCR
90 - - 29% D-VTd vs 20% VTd
_ 80 —— SCR: P=0.0010 }acn: - Odds ratio, 1.60;
R 101 399, 26% 95% ClI, 1.21-2.12; P=0.0010
o 60 -
.5 50 - 1 -
T + sCR definition
& 40 52 = All required:
S 45 - SIFE negative
20 - - UIFE negative
10 - - <5% plasma cells in the BM
0 9 12 - Four-color flow negativity
D-VTd VTd — Normal FLC ratio
(n = 543) (n = 542) — Disappearance of all plasmacytomas

PR © VGPR ® CR B sCR
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Efficacy: PFS From First Randomization

« Median (range) follow-up: 18.8 (0.0-32.2) months 18-month PFS?
100 ~ P ame, 593%
c | D-VTd
S 80 — ;
o : 85%
E- B0 — i =0 \/Td
2 s
S dbe D-VTd VTd
£ (n = 543) | (n = 542)
s , ; :
= Events,n (%) 45(8) 91(17) |  Primaryand final PFS
20 — i
2 HR (95% CI) 0_33_{]_5?} analysis of Part 1
Pvalue <0.0001 '
o T T T T T i T | T T 1
0 3 g 9 12 15 18 21 24 27 30 33
0-\Td 543 520 501 492 442 346 261 185 122 61 14 0
VTd 542 519 487 475 413 319 233 163 104 50 14 0

53% reduction in the risk of progression or death in the D-VTd arm

HR, hazard ratic.
K aplan-Meier estimate.
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GRIFFIN (NCT02874742): Randomized Phase

* Phase 2 study of D-RVd vs RVd in transplant-eligible NDMM, 35 sites in US with enrollment from 12/2016 and 4/2018

Key eligibility
criteria:

Transplant-
eligible
NDMM

18-70 years
of age

ECOG score O-
2

CrCl 230
ml/min?

1:1 Randomization

Induction:
Cycles 1-4

D-RVd
D: 16 mg/kg IV Days 1, 8, 15
R: 25 mg PO Days 1-14
V: 1.3 mg/m? SC Days 1, 4,
8,11
d: 20 mg PO Days 1, 2, 8, 9, 15,
16

Rvd
R: 25 mg PO Days 1-14
V: 1.3 mg/m? SC Days 1, 4,
8,11
d: 20 mg PO Days 1, 2,8, 9, 15,
16

T
R
A
N
)
P
L
A
N
T

21-day cycles

Consolidation:
Cycles 5-6°¢

D-RVd

: 16 mg/kg IV Day 1
: 25 mg PO Days 1-14
: 1.3 mg/m? SC Days 1, 4,

8,11

:20 mg PO Days 1, 2, 8, 9, 15,

16

Rvd

: 25 mg PO Days 1-14
: 1.3 mg/m? SC Days 1, 4,

8,11

:20mg PO Days 1, 2, 8, 9, 15,

16

21-day cycles

Stem cell mobilization with G-

CSF =% plerixafor®

Maintenance:
Cycles 7-324

D-R
D: 16 mg/kg IV Day 1
Q4W or Q8W®
R: 10 mg PO Days 1-21
Cycles 7-9; 15 mg PO
Days 1-21 Cycle 10+

R
R: 10 mg PO Days 1-21
Cycles 7-9; 15 mg PO
Days 1-21 Cycle 10+

28-day cycles

Voorhees P et al. ASH Annual Meeting, Orlando, 2019

Endpoints &
statistical assumptions

Primary endpoint:
sCR (by end of consolidation);
1-sided alpha of 0.1

80% power to detect 15%
improvement (50% vs 35%),
N =200

Secondary endpoints:
MRD (NGS 107), CR, ORR, 2VGPR




Primary Endpoint: sCR by the End of Consolidation®

Primary endpoint met at pre-set 1-sided alpha of 0.1

Patients (%)

sCR by end of consolidation
— 42.4% D-RVd vs 32.0% Rvd
— Odds ratio, 1.57; 95% Cl, 0.87-2.82; 1-sided P = 0.068"

100
90
80
70
60
50
40
30
20
10

0

100
90
80
70
60
50
40
30
20
10

sCR: 1-sided P = 0.068"

Patients (%)

D-RVd Rvd
(n=99) (n=97)

Post-consolidation depth of response?

2CR:

51.5% ||

2VGPR:
90.9%

PR

VGPR B CR N sCR

ORR: 2-sided P = 0.0160°

ORR =99.0%

sCR: 1-sided
P =0.068

ORR =91.8%

32.0

10.3

2CR:

[ 42.3%

2VGPR:
73.2%

30.9
39.4
18.6
8.1
D-RVd Rvd
(n=99) (n=97)

Voorhees P et al. ASH Annual Meeting, Orlando, 2019



Treatment considerations for high-risk
chromosomal abnormalities

* [FM 2005 01 — bortezomib showed better EFS and OS for patients with
t(4;14)

* HOVON65/GMMG-HD4 — bortezomib based induction and maintenance
showed improved outcomes for Del(17p)

* GIMEMA trial of VTD vs TD —in t(4;14) pts, OS was improved with VTD

e Conclusion: bortezomib partly overcomes the adverse effect of t(4;14) on
PFS and SO, and del(17p) on PFS

Sonneveld et al, Blood 2016



Summary

* Modern PI/IMID combinations can overcome high-risk changes and
improve outcomes for standard risk patients

* 4 drug combinations including a CD38 antibody are likely the future of
induction therapy

* Can consider alkylator/Pl combo for acute renal insufficiency, change to
IMID/PI after renal function improves

e Goal of induction: deep response!
e Usually like to see at least PR, ideally VGPR or better before autologous transplant



Autologous stem cell transplantation for
multiple myeloma

 Remains a cornerstone of management for eligible newly diagnosed
patients — randomized trials show benefit for PFS

* Most recommend early or delayed transplant, rather than no
transplant after induction therapy

* Very low treatment related mortality in modern era (1-2%)

* Acute regimen toxicities (mucositis, infections, diarrhea) are
manageable



Transplant eligible vs ineligible

* What factors are important?
* Age — not an absolute contraindication
 Comorbidities, general level of health (“eyeball test”)

 Patient preference



IFM 2009: Study Design

Newly Diagnosed MM
<= 65 years

Randomize

PBSC PBSC
Collection Collection

Melphalan
200 mg/m2 +
ASCT

ASCT at Lenalidomide maintenance Lenalidomide maintenance
12 mo 12 mo

relapse

Attal NEJM 2017



IFM 2009 Results

* Median PFS significantly longer in the ASCT arm, 50 mos vs 36 months
(p<0.001) — primary endpoint

* Benefit observed across all subgroups (high risk vs standard)
* Higher percentage of CR in the transplant arm

 No overall survival benefit observed



A Progression-free Survival E
100~

75— Transplantation

Patients (%)
wn
T

RVD alone

25 P<0.001
\ﬁé\n full'size | | | |
0 12 24 36 48
Months of Follow-up
No. at Risk
RVD alone 350 294 228 157 32

Transplantation 350 308 264 196 50



Lenalidomide Maintenance Post ASCT Improves
PES

* Lenalidomide maintenance improves PFS post ASCT

e Attal et al NEJM 2012:

* 614 patients; Len maintenance 10 mg daily, increased to 15 mg if tolerated, vs Placebo
* Primary end point: PFS
* PFS 41 mos vs 23 mos, p<0.001.

e Attal ASH 2013, update:
* 5vyear PFS: 42 vs 18 mo. No difference in 5 year OS!

* Lenalidomide stopped at median of 2 years due to secondary primary
malignancy (SPM) concern



Lenalidomide Maintenance Post ASCT Improved PFS
and OS in 1 study

* McCarthy et al, NEJM 2012

* 460 patients, randomized to lenalidomide at starting dose of 10 mg, or
placebo, post ASCT, daily, until progression

* Median time to progression, 46 mo vs 27 mo (p<0.001)

* 3 year OS rate 88% vs 80%



Lenalidomide Maintenance Improves PFS and
OS, McCarthy NEJM 2012

A B
1.0+ 1.0-
- Two-sided P<0.001
2
% i T}u 0.8+ Lenalidomide
o 2
$ 5
8 0.6+ ?ﬁ 0.6+ Placebo
L]
L7
a Lenalidomide 5
[T
o r -
& 041 y I Z 04-
o =
F = Two-sided P=0.03
= =)
E 0.2+ & 0.2
E Placebo
0.0 , , , | I I I 0.0 T | | T T T T
0 10 20 30 40 50 60 70 0 10 20 30 40 50 60 70

Months since Autologous HSCT Months since Autologous HSCT
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Meta-Analysis of Lenalidomide Maintenance
after ASCT

* McCarthy et al, JCO, July 2017

* Used documentation from 3 RCTS (CALGB 100104, GIMEMA , IFM 2005)

* 1208 patients in meta analysis

e Median OS:

e Not reached for lenalidomide maintenance group
* 86 months for the placebo/obs group
« P=0.001



Summary — Lenalidomide Maintenance Post-
ASCT

* Lenalidomide maintenance post ASCT improved PFS in several large
studies

* Lenalidomide maintenance post-ASCT improved OS in one study
(McCarthy et al)

* Meta analysis of 3 RCTs showed OS benefit with lenalidomide
maintenance



Bortezomib Maintenance: HOVON-65/GMMG-
HDA4 Trial

 Study design:

 Randomized study, PAD (bortezomib) vs VAD induction, followed by transplant,
followed by maintenance with either

* Thalidomide 50 mg daily x 2 years

* Bortezomib 1.3 mg/m2 Q2week x 2 years
* CR rate superior:

e After PAD induction, 15 vs 31%

e After bortezomib maintenance, 34 vs 49%

Sonneveld et al JCO 2012



t(4;14) - PFS
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Bortezomib Maintenance Post ASCT Improves
Outcome for Del(17p)

* Analysis of the HOVON-65 trial data
* Looked at the prognostic value of 12 chromosomal abnormalities

* Patients with t(4;14) receiving bortezomib based treatment had a
prolonged median PFS (25.3 vs 21.7 mo), and improved 3 year OS rate

(66 vs 44%)

 Patients with del(17p13) receiving bortezomib had a prolonged
median PFS (26 vs 12 mos), improved 3 year OS (17 vs 69%)

Neben et al. Blood 2012



Summary — Bortezomib maintenance for
high-risk myeloma

» Aggregate data from analysis of the HOVON-65/GMMG HD4 trial
indicates a benefit for bortezomib maintenance post ASCT, given
every 2 weeks for 2 years, particularly for those patients with the
following chromosomal abnormalities:

* Del(17p)

. t(4;14)



IXazomib maintenance improves PFS post
ASCT

* 39% improvement in overall PFS 04

from time of randomization for 5
patients receiving ixazomib vs g oo
placebo maintenance: i
* HR:0.72; 95% Cl: 0.582-0.890
* P=0.002 .
* Median 26.5 months vs 21.3 s
months E %21 — ixazomib
o At d median fO”OW-up Of31 D{} 3 6 9 12 15 18 21 24 27 30 33 36 30 42 45

Months from Randomization

months) median OS nOt reaChed Ezés:nﬁgtients?ETSrlsgi:jB 340 311 279 2515 2558 213 187 135 9.5 5':0' 35 9 3 0
in either treatment arm Placebo 261 238 210 195 174 153 130 117 100 69 46 32 15 3 0 0

Dimopoulos M et al, ASH Annual Conference 2018



RVd Maintenance for high-risk MM

SWOG 1211 Schema

Randomized Phase
11 (1:1)

Induction??
21-Day Cycle
(8 Cycles)

Maintenance
28-Day Cycle

ARM A
Rvd

Bortezomib 1.3 mg/m2 5C
Days 1,4,8,11
Lenalidomide 25 mg PO
Days 1-14
Dexamethasone 20 mg PO Days

rrrrrr

’ Bortezromib 1.0 mg/m2 SC
Days 1,8,15

Lenalidomide 15 mg PO
Days 1-21
Dexamethasone 12 mg PO Days
1,815

ARM B
RVd-Elotuzumab

Bortezomib 1.3 mg/m2 SC
Days 1,4,8,11
Lenalidomide 25 mg PO
Days 1-14
Dexamethasone 20 mg PO Days
1,2,4,58911,12
Elotuzumab 10 mg/kg IV
Day 1,8, 15

Q

L[]

Bortezomib 1.0 mg/m2 SC a
Days 1,8,15 8
Lenalidomide 15 mg PO a
Days 1-21 =3
Dexamethasone 12 mg PO Days A
1,815 o
Elotuzumab 10 mg/kg IV %
Day 1,15 0

! o

PRIMARY ENDPOINT

PFS : 82% power and a one-
sided a =0.1 to detect a
HR=1.75 between the two
treatment arms or an
increase in median PFS from
2 years to 3.5 years in the
RVd-Elo arm compared to
the RVD arm.

SECONDARY ENDPOINTS

ORR
0S
Safety

1. ONE CYCLE OF PRIOR THERAPY ALLOWED PRIOR TO ENROLLMENT
2. STEM CELL COLLECTION ALLOWED AFTER CYCLE 2 ON PROTOCOL. ASCT ALLOWED OFF-PROTOCOL AT PROGRESSION/RELAPSE

A SWOG =

Opened to all National Clinical Trials Network members
Usmani S et al. EHA Annual Meeting 2020




Treatment of non-transplant eligible
myeloma, newly diaghosed

* Consider triplet combination, or
* IMID/PI Triplet combination — RVD lite
 Daratumumab, lenalidomide, dexamethasone — MAIA trial

* Consider doublet for frail/elderly
* Lenalidomide/low dose dexamethasone
* Bortezomib/low dose dexamethasone

e Other options
* Alkylator/Pl combination (CyBorD)
e Daratumumab+VMP (ALCYONE Trial, NEJM 2018) **



FIRST Trial — Randomized study of Rd, MPT

Newly Diagnosed MM
>= 65 years or <65 and ineligible

Randomize
1:1:1
Lenalidomide/dex, Melphalan, prednisone,
28 cycles until thalidomide (MPT) in

progression 42 day cycles for 72
weeks

Lenalidomide/dex,
28 cycles for 72
weeks

All patients received:
* Antithrombotic prophylaxis

Benboubker et al NEJM 2014 * Low dose aspirin, 70-100 mg/day
* DVT/PET within 5 years: LMWH, Heparin, Warfarin



Benboubker et al NEJM
2014

A Progression-free Survival
100

80~
60—

40+

Patients (%)

20+

Mo. at Risk

Continuous Ld 535 400
Ld138 341 391
MPT 547 380

12

i19
319
304

18

265
263
244

24 30 1]
Months

218 168 10§
167 108 36
170 116 58

42

55
30

ol Y ]

oo

Median
Progression-free

Survival
(mo)
—— Continuous 25.5

Ld (N=535)

— —Ld18 (N=541) 207
....... MPT (N=547) 212

Hazard ratio:
Continuous Ld

vs. MPT, 0.72; P<0.001

Continuous Ld
vs. Ld18, 0.70; P<0.001

B Owerall Survival
100+

80+

60~

40-

Patients (%)

20+

Mo. at Risk

Continucus Ld 535 433
Ld18 541 505
MPT 547 484

12

457
465
448

13

433
425
418

T T T
24 i0 16

Months

403 338 224
393 324 209
75 312 205

42

121
124
106

48

43
44
30

54

(VR Y, ]

&0

=1 = = ]

4-Yr
Overall
Survival
(%)
—— Continuous 59
Ld (N=535)
——1d18 (N=541) 56
------- MPT (N=547) 51

Hazard ratio:
Continuous Ld
vs. MPT, 0.78; P=0.02

Continuous Ld
vs. Ld18, 0.90; P=0.31




Table 2. Response Rates and Time to Response.

Continuous
Lenalidomide-
Dexamethasone
Variable (N=535)
Overall response — no. (%) 402 (75)*
Complete response 81 (15)
Very good partial response 152 (28)
Partial response 169 (32)
Stable disease — no. (%) 101 (19)
Progressive disease — no. (%) 7 (1)
Response could not be evaluated — no. (%) 25 (5)
Median time to response — moT 1.8

Lenalidomide-
Dexamethasone
for 18 Cycles
(N=541)

397 (73)*
77 (14)
154 (28)
166 (31)
111 (21)
12 (2)
21 (4)
1.85

MPT
(N =547)

341 (62)
51 (9)
103 (19)
187 (34)
145 (27)
19 (3)
42 (8)
2.8

Benboubker et al NEJM
2014




Modified RVD (“RVD-Lite”) for elderly/frail

* Dosing
* Lenalidomide 15 mg days 1-21 of a 35 day cycle
e Bortezomib 1.3 mg/m2 weekly days 1, 8, 15, 22
* Dexamethasone 20 mg twice weekly for pts <75 yrs and days 1, 8, 15, 22 for pts older than 75

53 patients treated

Median age of patients: 72 years

iORR - 90% (10 CR, 14 VGPR, 12 PR, 4 SD)

Toxicities manageable:
* Grade 3 or greater toxicities included hypophosphatemia in 15 (31%) and rash in 5 (10%) pts.
* Fatigue most common, in 31/49 (63%) patients, mostly grade 1-2

* Peripheral neuropathy of any grade was reported in 21/49 (43%) pts including grade 1 (11, 22%), 2 (9,
18%), and 3 (1, 2%).

O’Donnell et al ASH 2015



Dara-Rd vs Rd: MAIA Trial — Study Design
MAIA Study Design

« Phase 3 study of D-Rd vs Rd in transplant-ineligible NDMM (N = 737)

D-Rd (n = 368)
Primary endpoint:
P Daratumumab (16 mg/kg IV)?
Ke‘é:t'ﬁ,'i::"w Cycles 1-2: QW —
5 Cycles 3-6: Q2W ik asnan 4
+ Transplant- = Cycles 7+ Q4W until PD sonrmensdd
QEIEERNIVIVE B ~ Bl R: 25 mg PO daily on Days 1-21 until PD i ol
. ECOG 0-2 12, d: 40 mg® PO or IV weekly until PD + 2CRrate
«© + ZVGPR rate
» Creatinine x - MRD-negative rate
clearance_ = Rd (n = 369) (NGS; 10-5)
230 mL/min —|* ORR
R: 25 mg PO daily on Days 1-21 until PD - OS
d: 40 mg® PO or IV weekly until PD + Safety
Stratification factors Cycle; 28 days
- 1SS (Ivs Il vs IlI) _
s Region {NA VS Olth:} jL;J; da‘:f:w:r:;ﬁ?:?equrigﬁet:a::?: :se':jel::e;;;‘axamema;ore was administered to patients in the D-Rd arm and served as the treatment dose of steroid for that

« Age (<75 vs 275 years) “For patients cider than 75 years of age or with BMI <18.5, dexamethasone was administered at a dose of 20 mg weekly
“Efficacy endpoints were sequentially tested in the order shown

Facon T, Kumar SK, Plesner T, et al. Phase 3 randomized study of daratumumab plus lenalidomide and dexamethasone (D-Rd) versus lenalidomide
and dexamethasone (Rd) in patients with newly diagnosed multiple myeloma (NDMM) ineligible for transplant (MAIA). Abstract #LBA-2. Presented at
the 2018 ASH Annual Meeting, December 4, 2018; San Diego, CA.



MAIA Trial: Dara-Rd vs Rd Upfront Treatment for ASCT-ineligible
NDMM Patients

Efficacy: PFS

Median follow-up: 28 months (range: 0.0-41.4)

=
o
o
ol
2 D-Rd
=) 5 FRET g
s 50 — | 56% Median: not reached
3 !
(=] i
T e = A R T R e R T B T v e R, T e
.E :
& A i
& ;
= i
E |
O | e | Rd
o HR 0.56; i Median: 31.9 mo
95% CI, 0.43-0.73; P <0.0001 ;
D | | I | | | | | | I| | | | |
0 3 3] ] 12 15 18 21 24 2F 30 33 36 39 42
Months
Mo at risk
Rd 369 332 T 280 254 235 24 200 1449 04 =0 18 3 2 1]
D-Rd 368 37 35 320 309 300 240 M 203 145 &6 35 11 1 1)

44% reduction in the risk of progression or death in patients receiving D-Rd

Facon T, Kumar SK, Plesner T, et al. Phase 3 randomized study of daratumumab plus lenalidomide and dexamethasone (D-Rd) versus lenalidomide
and dexamethasone (Rd) in patients with newly diagnosed multiple myeloma (NDMM) ineligible for transplant (MAIA). Abstract #LBA-2. Presented at
the 2018 ASH Annual Meeting, December 4, 2018; San Diego, CA.



Myeloma therapy - dosing in frail patients

Frontline treatment

Lenalidomide-steroid

R*: 10-15 mg/d, d 1-21

d: 10 mg/d once weekly or
P: 25 mg/d every other d

Bortezomib-steroid
V: 1.3 mg/m? once weekly
d: 10 mg/d once weekly or
P: 25 mg/d every other d

Second-line treatment

Bortezomib-steroid
V: 1.3 mg/m? once weekly
d: 10 mg/d once weekly or
P: 25 mg/d every other d

Lenalidomide-steroid

R%: 10-15 mg/d, d 1-21

d: 10 mg/d once weekly or
P: 25 mg/d every other d

Re-treatment

Following lines of treatment

Melphalan-prednisone
M: 2 mg every other d
P: 25 mg/d every other d

Cyclophosphamide-
prednisone
C: 50 mg every other d
P: 25 mg/d every other d

Thalidomide-prednisone
T: 50 mg every other d
P: 25 mg/d every other d


http://www.bloodjournal.org/content/126/19/2179.long?sso-checked=true#fn-6
http://www.bloodjournal.org/content/126/19/2179.long?sso-checked=true#fn-6

Bisphosphonates for bone health in multiple
myeloma: MRC IX trial

A
* Randomized study comparing 100-
first-line treatment with HR 0-87 (95% CI 0-77-0-99)
zoledronic acid as compared oo p=0-04
with clodronate in newly
diagnosed MM: MRC IX .
x 607
* Only reported bisphosphonate 5 40
to show survival benefit (5.5
mos)
20
Zoledronic acid
* 3-4% risk of ONJ seen in this 0 . , . . — Clodronicadd
study 0 1 2 3 4 5 6 7

Number at risk Time (years)

Zoledronic acid 981 806 675 418 222 79 3
Clodronic acid 979 776 642 399 208 69 0



Supportive care — hypercalcemia, HSV/VZV
and VTE

* Hypercalcemia:
e Hydration, bisphosphonates (Zoledronic acid), steroids, +/- calcitonin

* Herpes zoster prophylaxis
e Acyclovir or valacyclovir
* For ALL patients receiving proteasome inhibitors or daratumumab

* VIE

* Aspirin 81-325 mg PO daily for all patients receiving IMiDs
* Therapeutic anticoagulation for patients at high risk for VTE



Why does treating relapsed MM seem so challenging?

Q7% o maintenance improved
3 well " pomalidomide second

&= agent
weekly - u E nwgrall daratumumgan
pannhlnus.ldh_.
bincol Crmu tiple refractory

et 5 o2 dexamethasone
o = EE Eﬂth r cells imid
thalidomide - & O e a fg s w
$85sc 3 PYecansss
cpatientsi. -
elotuzumab U ﬁ EEEE
figure Ccell EE
duration IIIyEIOIIIE’l relapse®
dﬂmruhglﬁentﬁdts e rE|EDEEd %i;
especially
ixazomib *
rE'PSES?ﬁﬁgEﬁ ?gﬂmldeas'ﬂﬂlmmalqmdﬂ

EtudyrESQDﬂ se may ﬂpmsma'”'ﬁ'—'m"ﬂ

s s

Dingli D et al, Mayo clin Proc 2017 Apr;92(4):578-598; R Core Team (2013). R: A Ianguage and environment for statistical computing. R Foundation for
Statistical Computing, Vienna, Austria. URL http://www.R-project.orq/.



Relapsed Multiple Myeloma is Not One
Disease!

RVD+ASCT+Lenalidomide Relapse 2
Maintenance

Relapse 3

Relapse 1 Relapse 2

Relapse 1

Disease Activity

Relapse 1

Time: Years!



Relapsed MM is a Biologically and Genetically
Heterogeneous Disease

Primary events

Secondary events

_HRD

Hyperdiploid
L 3

- t4:14)

= del(13c¢

0 1{14;16)

- t(11:14)

Non-hyperdiploid

O t(6;14)
o t(14;20)

Disease
progression MGUS

“I'i"e'lépseﬂ
MM

Nature Reviews | Clinical Oncology

Manier, S. et al. (2016) Genomic complexity of multiple myeloma and its clinical implications
Nat. Rev. Clin. Oncol. doi:10.1038/nrclinonc.2016.122



Key Questions to Ask for R/R MM

* 1. Sensitivity to PI/IMID/CD38?
2. Toxicity from prior therapy, and baseline comorbidities?
* 3. Urgent need to treat / how aggressive?

* 4. Prior autologous stem cell transplant?



Key Phase 3 Trials for Relapsed MM

Trial Regimen and | Prior Median PFS, Mo Population
Comparator Theraples

POLLUX{a] DRd vs Rd

ELOQUENT- ERd vs Rd
2b]

ASPIRE(c] KRd vs Rd
CANDOR(q] KDd vs Kd
CASTOR(e] DVd vs Vd
ENDEAVORi  Kd vs Vd
PANORAMA PanoVd vs Vd

ARROW/n Kd weekly vs
Kd twice wk

1-3
1-3
1-3
21

1-3
1-3
22

646

792

466

498

929

768

478

NR vs 18.4

19.4 vs 14.9

26.3vs 17.6

NR vs 15.8

NR vs 7.2

18.7vs 9.4

12 vs 8.7

11.2vs 7.6

IMiD sensitive

IMiD sensitive

PI/IMiD sensitive
PR to > 1 prior line
Pl sensitive

Pl sensitive

Pl sensitive

Carfilzomib naive

[a] Dimopoulos et al, NEJM 2016 Oct 6:275(14):1319-1331; [b] Lonial S et al, NEJM 2015 Aug 13;373(7):621-31; [c] Stewart AK et al, NEJM 2015 Jan 8;372(2):142-52;
[d] Dimopoulos et al, Lancet 2020; [e] Palumbo et al, NEJM 2016 Aug 25;375(8):754-66; [f] Dimopoulos et al Lancet Oncol 2016 Jan;17(1):27-38 [g] San-Miguel JF et al,
Lancet Haematol 2016 Nov;3(11):e506-e515; Moreau P et al, Lancet Oncol 2018 Jul;19(7):953-964



In General, 3 Drugs >> 2 Drugs

* Many studies have shown that 3 drug treatment is superior to 2 drug
therapy for relapsed multiple myeloma

* In general, 3 drug regimens should be the standard for treatment of
relapsed MM

* However, cannot always use a one size fits all approach —
personalization is key



Toxicities from Prior Therapy & Other
Comorbidities to Consider

e Bortezomib — peripheral neuropathy (with or without pain)
 COPD/Asthma — can use daratumumab, but cautiously
e Congestive heart failure — careful with carfilzomib

e General frailty — 2 drug vs 3 drug



Carfilzomib for Relapsed Multiple Myeloma

e Options for use:

e Carfilzomib + Dexathasone (ENDEAVOR)?

e Carfilzomib + IMID (ASPIRE)®

* Carfilzomib + Alkylator®

 Carfilzomib + Monoclonal Antibody (MMY1001)¢

* |s retreatment with bortezomib an option?

* Choice of Pl should be driven by safety issues, patient preference (e.g.,
peripheral neuropathy history, or cardiac/renal issues)

* Consider for ‘aggressive relapse’ — proteasome inhibitors tend to work quickly

a. Dimopoulos et al Lancet Oncol 2016 Jan;17(1):27-38; b. Stewart AK et al, NEJM 2015 Jan 8;372(2):142-52 c.
Bringhen et al, Blood 2014 Jul 3;124(1):63-9; d. Chari A et al, ASCO Annual Conference 2018



Weekly Carfilzomib — ARROW Trial

Once weekly Twice weekly
group (n=240) group (n=238)
Progression/death, n (%) 126 (53%) 148 (62%)
Median PFS, 11-2(95%C186-13-0)  76(95%C158-92)
100 months
HR (95% CI) 0-693 (0-544-0-883)
p value (2-sided) 00029
£ 804
:
28-day cycles 2 60+
Arm B: Twice-weekly carfilzomib + dex 2 @
(10 min infusion of K) E Stie
Carfilzomib 20 mg/m2 IV D1, 2 (Cycle 1) :?“F;_WE:H
Carfilzomib 27 mg/m? IV D8, 9, 15, 16 (Cycle 1), D1, 2, 8, 9, 15, 16 0 , : r : : 1 , ,
(Cycle 2+) 0 3 6 9 12 15 18 21
D th 40 IV/PO D1. 8. 15 (All [ Number at risk Months from randomisation
examethasone 40 mg » 8, 15 (All cycles) i i catgored)
Dexamethasone 40 mg IV/PO D22 (Cycles 1-9 only) Onceweekly 240 (0)  178(13)  145(19) 114(24)  69(60)  24(%4)  5(110)  0(114)

Twiceweekly 238(0)  164(11)  119(21) 86(28)  41(57) 15(76) 4 (86) 0{90)

Primary end point: PFS

Moreau P et al, Lancet Oncology 2018 Jul;19(7):953-964



1.0 e —— KdD group
= —— Kd group
5 “‘hﬁ
@ 0-8- -,
a
2 Carfilzomib-Daratumumab-Dex
g
3 06-
=
2 I
=3 ¥-u; Carfilzomib-Dex
= HH— }
e 04-
a
5 KdD group (n=312) Kd group (n=154)
t
Q 0.9 — Disease progression or death 110 (35%) 68 (44%)
GE_’ Median progression-free survival NE 15-8 months
Hazard ratio for KdD group vs Kd group HR 0-63 (95% Cl0-46-0-85)
p value (two-sided) 0-0027
0 I I 1 I I I I |
0 3 6 9 12 15 18 21 24
Number at risk Time since randomisation (months)
KdD group 312 279 236 211 189 165 57 14 0
Kdgroup 154 122 100 35 /0 55 13 2 0

Dimopoulos et al. Lancet 2020



Daratumumab for Relapsed MM

e Daratumumab, lenalidomide, and
dexamethasone

e POLLUX Trial, NEJM 20162

e Daratumumab, bortezomib,
dexamethasone

e CASTOR Trial, NEJM 2016°

* Daratumumab, pomalidomide,
dexamethasone

* EQUULEUS, Blood 2017¢

e Daratumumab and dexamethasone
e SIRIUS Trial, Blood 20164

a.Dimopoulos et al, NEJM 2016 Oct 6:275(14):1319-1331
b. Palumbo et al, NEJM 2016 Aug 25;375(8):754-66

c. Chari A et al, Blood 2017 Aug 24;130(8):974-981

d. Lonial S et al, Lancet 2016 Apr 9;387(10027):1551-60

Progression-tree Survival (%)

100

80+

60+

404

201

Median
No.of Progression-free
Patients Survival
mo
Daratumumab Group 236 NE
Control Group 283 12.4

12-mo
progression-free
survival

1 83.2 (95% CI, 78.3-87.2)

Daratumumab group

. ' 60.1 (95% Cl, 54.0-65.7)

Hazard ratio for progression or death,
0.37 (95% CI, 0.27-0.52)
P<0.001
B E)
Control group

Manth




Elotozumab / IMiD for Relapsed MM

* Important — Elotuzumab has no S y
o e o Hazard ratio for disease progression or death, 0.54 (95% Cl, 0.34-0.86)
single agent activity os1 L

0.8+
0.74
0.6+
0.54

* SLAMF7 Monoclonal Antibody

Elotuzumab group

0.4
&
0.3 Uk

0.24 L
: -0 --0-0--0
0.1 Control group

* ELOQUENT-Z Trial: EIOtuzumab’ O'OD i é % fli é IIB '} é é lIO lll 1|2 ll_’: li4 ]IS 1[6 l|7 lIS 1|9 ZIO 2Il 2l2
lenalidomide, dexamethasone?® Morths since Randomization

Probability of Progression-free Survival

No. at Risk
Elotuzumab group 60 54 48 46 43 41 37 33 32 27 2515 7 4 1 1 1 1 1 1 1 1 O
Control group 57 51 42 33 31 24 22 2016 14 10 8 6 3 2 1 1 0 O O O O O

° - il
ELOQU.ENT _3 Trial: EIotuzumab,b Lonial S et al, NEJM 2015 Aug 13;373(7):621-31
pomalidomide, dexamethasone b. Dimopoulos et al NEJM 2018 Nov 8;379(19):1811-1822

Q



Selinexor: First in class, oral Selective Inhibitor
of Nuclear Export (SINE\(l‘3

Tumor suppressors
Cell PP

membrane “ i XPO-1

* Exportin 1 (XPO1): major ® =
nuclear export protein for: v

* Tumor suppressor proteins,
Glucocorticoid receptor,

Tumor suppressors

p53 Par-4

PP2A

pHB
oncoprotein mMRNAs 21
ﬂﬂo .IkB
* XPO1 - highly overexpressed S'“E " 'jjcm
. . P
in MM; correlate with poor Cctonr P
. . ore (myc.bc12)
Prognosis, drug resistance complex Tumorsuppressors '
ﬁ* #
Nuclear ’ ‘

envelope

1. Schmidt et al, Leukemia, 2013; 2. Tai et al, Leukemia 2013; 3. Argueta et al,
Oncotarget 2018, 4. Talati et al, Int ) Hematologic Onc 2018



Selinexor: Phase 2B STORM Trial

* STORM Trial: Selinexor 80 mg and Dexamethasone 20 mg twice
weekly

* Population: PI/IMiD, Daratumumab resistant

* Overall response rate: 26.2%
« sCR (2), VGPR (6), PR (24)

* Median PFS 3.7 mos (5.3 mos if > PR), median OS of 8.6 months
* FDA Approval 7/2019 for relapsed multiple myeloma



BOSTON Trial: Phase 3, Global, Randomized, Open Label, Controlled Study in
Patients with Multiple Myeloma who Had Received 1-3 Prior Therapies

Primary endpoint: PFS
Key Secondary Endpoints:
* ORR
+ >VGPR
* Grade 22 PN
Secondary endpoints:

0S

DoR

TINT

Safety
Efficacy Assessed by IRC

Selinexor (oral) 100 mg Days 1, 8, 15, 22, 29
Bortezomib (SC) 1.3 mg/m? Days1, 8§, 15,22
Dexamethasone (oral) 20 mg Days 1,2,8,9,15,16,22,23,29,30

SVd Weekly
35-days cycles

vd BIW Bortezomib (SC) 1.3 mg/m? Days1,4,8, 11 Vd Weekly*
21-days cycles Dexamethasone (oral) 20 mg Days 1,2,4,5,89,11,12 35-Days cycles
Cycles 1-8 If IRC confirmed PD: crossover to SVd or Sd permitted Cycles 29

=
-
c
o
=
1]
-
E
o
©
c
m
e

PD or Unacceptable Toxicity

Planned 40% lower bortezomib and 25% lower dexamethasone
dose at 24 weeks (8 cycles) in SVd arm vs. Vd arm

Stratification : Prior Proteasome Inhibitor (Pl) therapies (Yes vs No)
Number of prior anti-MM regimens (1 vs >1)
R-I1SS stage at study entry (Stage Il vs Stage I/Il)

S5HT-3 prophylactic recommended in SVd arm

b = Multiple Myeloma, PD = Progresshve Disease, DRR = Overall Redponas Rate, Of= Complete Reiparse, sCR = Stringent Complete Redponie, VGPR = Yery Good Pa1isi Responss, PR = Paitial Respocie, PH = Peripherall Neuropathy PFS = Pragredsion Fres Survival, 05 = Overall susvival, Do = Durstion of Respands, TTNT: time ta
Mewt Therapy, IRC = Independent Review Committes, IMWG = International Myeloma Worling Group,  PFS defined ax: Tine from date of randomization unill the firsy date of progrieshe disease, per IMWG response oriteria, or death doe tooany cause, sihichever occurmed first, as assesse d by IRC. ORR: Any respone 29 {le, PR,
YGPR, CR, or sCR) hased oo the TRC'Y redpane ouloame sdsessments, socording 1o IMWG resporde critecia (Kurar &1 al. Lancet aacology 20061, All changes bn WA G ase e siments weie baded on bassling MM dieaie sassiaments. ® Vd weekly dosing and schedule for gycleds a8 per SV aim descripgtion

FREAMIED AR ED2DASCO . v of e e PRESENTED BY

AMMUAL MEETING

Dimopoulos MA et al, ASCO Annual Meeting 2020




BOSTON Trial: PFS significantly longer with SVd compared to Vd
Early and Sustained PFS benefit (assessed by IRC)

Median PFS (mos) Svd 13.93
vd 9.46 Treatment Group

— SVdarm
Vd arm

i
(=
(T
=)
-
o
.-5
1)
L
o
C—
oo

Hazard Ratio 0.70, P=0.0075

L T e T
8 9 10 11 12 13 14 15 16 17 18 19

Time (Months)

SVdArm 195 187 175 152 135 117 106 89 79 76 689 64 57 51 45 41 35 27 26 22
VdArm 207 187 175 152 138 127 111 100 90 81 66 59 56 53 49 42 35 26 20 16

Intention-to-treal (T} popolation N=402, Data cut-off February 18, 2020 " . ¥
R R R R e i e e e Median follow-up 13.2 and 16.5 months in 5Vd and Vd arms respectively

e 2020ASC0) —

AMNMNUAL MEETING

Dimopoulos MA et al, ASCO Annual Meeting 2020




The Type, Timing of MM Relapse is Important

* Biochemical (i.e., rise in M protein or serum | S
free light chains), vs clinical (i.e., new onset : \
CRAB symptoms or extramedullary disease) *

* Timing of relapse - example: relapse post
autologous

* In MRC IX Trial: Relapse at < 12 months post
autologous stem cell transplant associated with
worse PFS?

Bygrave CA et al, ASH Annual Conference 2018, San Diego



Using Genetic Changes to Guide Treatment
Choice

* High risk Myeloma: e.g., Del(17p), t(4;14), t(14,16), t(14,20), 1g+/1p-,
continuous therapy, 3 drug regimens.

* t(11,;14) — sensitivity to venetoclax, a BCL2 inhibitor — investigational
at this time, not FDA approved

* Plasma cell leukemia — unique disease biology. Anthracycline based
regimens (e.g., VTD PACE, Hyper CVAD)



What About Late Relapse after Transplant?

 Current state of underlying organ function / frailty index?

» Stem cells still stored? (viability has been good at our center up to 10
years and beyond)

* Relapse on maintenance or not on maintenance?

* Age, willingness to undergo second transplant?



When to consider 2" transplant as a
treatment for relapsed multiple myeloma

* A patient who previously underwent autologous transplantation may
be eligible for a second transplant if the duration of remission from
the first transplant was > 18-24 months (probably 3-4 years if on
maintenance therapy).

* If no maintenance was received post transplant #1, then it should be
considered strongly after transplant #2

* If initial therapy only included RVD and maintenance (no transplant),
then autologous transplant should be STRONGLY considered as the
next best therapy once in remission

Laubach et al, Leukemia 2016 May;30(5):1005-17; Attal et al, Blood 2017 Apr 6;376(14):1311-1320



Outcomes for Salvage Transplant in Relapsed MM

_ Months from auto-SCT2, median (range)

Time to progression

after auto-SCT1 (N) PFS 05

<12 months (9) 5.6 (3-8) 12.6 (4-23)
<18 months (25) 7.1 (6-8) 19.4 (10-42)
<24 months (47) 7.3 (6-10) 22.7 (13-62)
<36 months (68) 7.6 (7-12) 30.5 (19-62)

Gonsalves WI et al BMT 2013 Apr;48(4):568-73



Summary

* Upfront myeloma treatment: transplant ineligible vs eligible; 3 drugs are
superior (and 4, coming soon)!

* There are many options for treating relapsed multiple myeloma, and...
Personalization is key!

* Choose therapies based on prior sensitivity, disease status, toxicities, and
general state of the patient (frail vs robust)

* Autologous transplantation should be considered in appropriate patients
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Overview

* Breast Cancer epidemiology
* Breast Cancer local therapy

* ER/PR+ Breast Cancer

e Adjuvant Anti-Estrogen Therapy
e |ndications for Chemotherapy

* HER2+ Breast Cancer
e Adjuvant Trastuzumab
 Neoadjuvant Pertuzumab

* Adjuvant Chemotherapy



Breast Cancer - Epidemiology

e Most common cancer in women and 2"9 leading cause of cancer death in the US
* |t is estimated that 268,600 individuals were diagnosed and 41,760 died of breast

cancerin 2019
e 5year Overall Survival 91%

Rate per 100,000 population

1930 1840 1950 1960

@ Breast (female) Colorectum  @Liver and intrahepat...  @Lung and bronchus @ Pancreas @ Stomach @ Uterus (cervix and ¢...

\\_

s

1970 1980 2000 2010 2014

Year

1980

American Cancer Society. Breast Cancer Facts & Figures 2019 — 2020 at www.cancer.org.



http://www.cancer.org/

Breast Cancer Subtypes A T

e
; e 2
e !n- | L o oy F_ - .
B 23 e e LR
-

° Triple Negative Breast Cancer (TN BC) Legs "Trql-g.—-'!-f".—p?.‘i.‘.'f‘:-rl.—-ﬁg;'-‘t 'r'.-j-'-!"—.“-r'-r'r'i"ﬁi'—_"—"'.t".-'i;
Basal-like
* Estrogen Receptor (ER),Progesterone
receptor (PR), and HER2 negative

e Tx: Chemotherapy alone

=i —
e

» HER2 Positive Breast Cancer Claudin-low

e HER2 overexpressing or amplified
e Tx: Chemotherapy + HER2 therapy

HER2+ enriched

* Hormone Receptor Positive BCa Luminal A

e Estrogen Receptor (ER) and / or :
Progesterone receptor (PR) positive I
e Tx: Anti-estrogen, Chemotherapy

o

2 Luminal B

Prat A, et al. Breast Cancer Res. 2010



Breast Cancer—Specific Survival by Joint
Hormone Receptor Expression (SEER Data)

Joint ER/PR Phenotype

0.95 A ER+PR- (n=2,436)

1.00

ER-PR+ (n=663)
0.90 -
ER-PR- (n=3,631)

o
0
O

0.80 -

Cumulative proportion surviving

0.75 T T T T T T T 1
0 10 20 30 40 50 60 70 80
Survival (mo)

Anderson et al. J Clin Oncol. 2001:19:18.



Breast Cancer — Local Therapy

LUMPECTOMY

 Lumpectomy + Radiation (BCT) vs Mod Rad Mastectomy
* 6 randomized trials bt\

=\

tumor

* No survival difference \/ ¥, R

lymph nodes

* Contraindications to breast conservation therapy (BCT)

e Prior radiation MODIFIED RADICAL MASTECTOMY

Multifocal disease

e Ongoing pregnancy Eﬁﬁtm
e Poor cosmetic outcome i;{: ©}

e Connective tissue disease involving the skin lymph nodes /2

= |




Breast Cancer — Local Therapy

e Sentinel lymph node localization or Axillary LN dissection (AXLND)
 Randomized trials confirmed utility of sentinel LN localization

* |s completion axillary LN dissection required for +SLN?

 ACOSOG 20011 (Z11) Trial

e Enrolled pts with clinically node negative w T1/T2 primary but <3+ LNs on SLN
localization

e Randomized to: Completion AXLND + XRT vs XRT alone
e Results: No difference in DFS or OS at 10 yrs. follow-up

Giuliano AE, et al. JAMA. 2017



Biomarker testing

* ER and PR testing e HER2

* Up to 20% inaccuracy Up to 20% inaccuracy

e Determine on all invasive and e Determine on all invasive cancers
recurrent cancers Positive if IHC 3+ or FISH amplified

e Positive >1% positive tumor nuclei ASCO/CAP 2018 guidelines



Adjuvant Anti-Estrogen Therapy
ER/PR+ Breast Cancer



Adjuvant Therapy — ER/PR+ disease

* Foundation of adjuvant therapy — anti-estrogen therapy
* Chemotherapy is not need in all cases

 Chemotherapy is always needed for:
e Large primary tumor >5cm (T3 or T4)
>3+ axillary LNs
High Oncotype RS (>25)
High Risk Mammaprint (Clinically High Risk)
* Inflammatory breast cancer



How Effective is Adjuvant
Tamoxifen?



Tamoxifen

e Selective estrogen receptor Estrogen Receptor Antagonists

modulator (SERM) * Compete with estrogen binding to
» Agonist: bone, liver, uterus receptor?

e Antagonist: breast, CNS

N V Estrogen
EstrogenV V

e Effective in pre- and post-menopausal Site of action
states

BI ‘ Tamoxifen
e Side effects: ‘!

ERs

* Hot flashes ‘\—/l

* Mood alterations O
 Hair Thinning Cytoplasm  Nucleus

e Endometrial carcinoma (rare)
e DVT/PE (rare)

1. Gradishar WJ, Jordan VC. Hematol Oncol Clin North Am. 1999



EBCTCG Overview, 2000
% Alive with and without Tamoxifen in ER+

5vyears 10vyears 15 vyears

Tamoxifen 91.4 80.9 73.0

Control 87.8 73.2 64.0

Reduction @ 3.6 (0.7) 7.8(1.0) 9.0(1.4)
in Risk (SE)




		

		5 years

		10 years

		15 years



		Tamoxifen

		91.4

		80.9

		73.0



		Control

		87.8

		73.2

		64.0



		Reduction in Risk (SE)

		3.6 (0.7)

		7.8 (1.0)

		9.0 (1.4)






Benefits of Adjuvant Tamoxifen (5 yrs., ER+)

Recurrence Breast cancer mortality
10645 women (100% ER positive, 44% node positive, 51% chemotherapy) 10645 women
>0 Control 1
46:2%
401% ™y
40+ 9 4
— "
& & Control
?‘ 33.0% 2 33-1%
& 30 28-7% =5 years g
g tamoxifen 2
5 T
s 25:9% : 23:9%
& 20 — E — =5 yeafs
@ tamoxifen
g
16-4% =
10+ -
RR 0-61 (95% Cl 0-57-0-65) RR 0-70 (95% Cl 0-64-0-75)
Log-rank 2p<0-00001 Log-rank 2p<0-00001
15-year gain 13-2% (SE 1-1) 15-year gain 9-2% (SE 1-0)
0 T l T B T T T
0 5 10 15 years 0 5 10 15 years
Recurrence rates (% per year) and log-rank analyses Death rates (% per year: total rate minus rate in women

without recurrence) and log-rank analyses

Davies et al. EBCTCG, Lancet. Sept 2011



Post-menopausal women: Are Aromatase
nhibitors (Als) Better Than Tamoxifen?




Aromatase inhibitor (Al)

e Blocks aromatase, that converts
androgens to estrogens

e Aromatase is the main source of
estrogen in post-menopausal women

e Side effects that of estrogen loss:
e Hot flashes
* Mood disturbances
e Hair thinning

e Accelerated loss of bone mineral
density

* Musculoskeletal pain and stiffness

1. Gradishar WJ, Jordan VC. Hematol Oncol Clin North Am. 1999; 2. Goldhirsch A, Gelber RD. Semin Oncol. 1996.

Aromatase Inhibitors

* Inhibit synthesis of estrogens?-?

Endoplasmic
reticulum

Testosterone =+ Estradiol
Androstenedione -« Estrone

Site of Al action O

Nucleus




Aromatase Inhibitors

Steroidal Inactivator: Nonsteroidal Inhibitors:

5 e\ HE NN,

| N | M
4 '

McXéXCN G

O
H4C LH,
£t CH, HsC o
(third generation) (third generation) (third generation)

Smith et al. NEJM. 2003




Adjuvant Hormonal Therapy in ER+
Postmenopausal Breast Cancer

ATAC 2001: Tamoxifen vs. Anastrazole

Tam —
Al e *
MA-17 2003: Tamoxifen +/- Letrozole

|IES 2004: Tamoxifen vs. Switch to Exemestane

—t— %



ATAC: Adjuvant Anastrazole vs Tamoxifen

e 10 year follow-up of Anastrazole A o
vs Tamoxifen in post-
menopausal women

e Tamoxifen
m— Anastrozole

Patients (%)

* Anastrazole significantly 5 |
improved: 0 I | | | | I | I T 1

0 1 2 3 4 5 6 7 8 9 10

* Time to recurrence Nomber at sk Follow-up (ears)

Tamoxifen 2598 2516 2398 2304 2195 2086 1934 1796 1650 1453 753

® Disease-free SU rVival Anastrozole 2618 2541 2452 2362 2279 2163 2028 1896 1728 1542 800
e Time to distant recurrence

Cuzick et a. Lancet Oncol. 2010 Dec;11(12):1135-41.




ATAC: Time to distant recurrence

30 === Tamoxifen

== Anastrozole
25—
20
g 17-7%
s
10 —
5 !
7:9%:
0 T T T T ] T T T T i
0 1 2 3 4 5 6 7 8 9 10
Follow-up (years)
Number at risk
Tamoxifen 2598 2533 2440 2363 2263 2151 2024 1900 1750 1556 821
Anastrozole 2618 2551 2470 2393 2320 2201 2075 1948 1775 1606 855

Cuzick et a. Lancet Oncol. 2010 Dec;11(12):1135-41.




Adjuvant Aromatase

Trial Time Since Random Assignment
[5[-a]3[2]10o[1[2]3]4a]s
Primary Adjuvant
ATAC™ » TAM
80-month strategy; median follow-up 100 mos » ANA
Postmenopausal, HR (+) » TAM + ANA
BIG 1-98% » LET
60-month strategy » TAM
Median follow-up 76 mos (monotx), 71 mos (switching) > » LET (2 yrs), TAM (3 yrs)
Postmenopausal, HR (+) > » TAM (2 yrs), LET (3 yrs)

ABCSG-12%2

36 moenth strategy

Median follow-up 47.8 mos
Premenopausal, ER and/ or PR (+)

> TAM+ GOS
» ANA+GOS

» TAM + GOS + ZOL
>

ANA + GOS +ZOL

Inhibitor Trials

Absolute Gain in DFS of Al vs Tam

at 3-6 yrs.

Sequencing

ABCSG-8%°

Primary random assignment

60 month strategy; median follow-up 72 mos
Postmenopausal, ER(+)/PR({+), no chemo

TAM
TAM (2 yrs), ANA (3 yrs)

Yy

ITA™R
Randomly assigned to 2-3 yrs tx (5 yrs total)
Median follow-up 64 mos

Postmenopausal, ER(+), Node (+)

TAM (2-3 yrs)
_’

Al vs Tamoxifen
Primary

2-4%

TEAM?!

Primary random assignment

60 month strategy; Follow-up 61 mos
Postmenopausal, ER and/or PR (+)

TAM (2142 yrs), EXE (2Y2 yrs)

v
vy

EXE

IES113

Randomly assigned to 2-3 yrs tx (5 yrs total)
Median follow-up 55.7 mos
Postmenopausal, ER(+) or unknown

» TAM

I——» EXE

Tam -> Al
Sequential

3-5%

NSAS BC-03*

Randomly assigned to 1-4 yrs tx (5 yrs total)
Median follow-up 42 mos

Postmenopausal

— TAM

>

ANA

»

ARNO 95

Randomly assigned to 3 yrs tx (5 yrs total)
Median follow-up 30.1 mos
Postmenopausal, hormone responsive

—— »TAM

L L ANA

Extended Adjuvant

Tam x 5 yrs. -> Al
Extended

6%

MA.17"5

5 yrs of TAM, randomly assigned to 60 mos of tx
Median follow-up 64 mos

Postmenopausal, HR(+)

—LET

>

>
Placebo

ABCSG-6a"®

5 yrs TAM, randomly assigned to 36 mos of tx
Median follow-up 62.3 mos

Postmenopausal, endocrine responsive

» ANA

) Placebo

NSABP B-33'"

5 yrs of TAM, randomly assigned to 60 mos of tx
Median follow-up 30 mos

Postmenopausal, ER or PR (+)

_ EXE

_ Placebo

>

Burstein et al. JCO 2010



Extended Adjuvant Anti-Estrogen
Therapy



Benefit of Tamoxifen by Period of Follow-up

The benefit of 5 years of tamoxifen extends to 10 years, after
which recurrence rates are similar.

EBCTCG, Lancet 365:1687-1717, 2005



		

		Events/woman-years



		

		Tamoxifen

		Control

		Ratio of annual event rates (SE)



		Years 0-1

		3.2%

		6.5%

		0.47 (0.05)



		Years 2-4

		3.6%

		5.9%

		0.58 (0.05)



		Years 5-9

		2.6%

		3.5%

		0.69 (0.06)



		Years 10+

		2.6%

		2.5%

		1.01 (0.11)






ATLAS: 5 vs 10 yrs. of Tamoxifen

A Recurrence B BC mortality
504 -®- Continve tamoxifento 10 years -
*N=6,846 who had received A SISpEMOHIShRESYESE
b)
i 5-9 years: RR 0-90 (0-79-1-02) 5-9 years: RR 0-97 (0-79-1-18)
5 yrs ’ Of TamOXIfen 40+ =10years: RR 0-75 (0-62-0-90) - =10years: RR 0-71(0-58-0-88)
All years: log-rank p=0-002 Allyears: log-rank p=0-01
) =
*Randomized to: g
. . @ N 7
- Additional Tam x 5 yrs. 3 e
T LY
= StOppI ng Tam .L% S0 : 21-4% |
£
14-5%
3 * 15:0%
1o- 131% | 12:2%
6-0%
5-8%
0 1 ] I I I I
0 5 10 15 0 5 10 15
(Diagnosis) (ATLAS (End of (10 years (Diagnosis) (ATLAS (End of (10 years
entry) treatment) since entry) entry) treatment) since entry)

sreduced BC mortality (331 vs 397 deaths, p=0-01)

sreduced overall mortality (639 vs 722 deaths, p=0-01) Davies et al. Lancet. 2012 Dec 4.



ATLAS: Adverse Events

Death without recurrence

Vascular death

Stroke 1-03 (0-72-1-46) 0-89

Pulmonary embolus 1.21 (0-48-3-04) 0-69

Heart disease$§ 0-85 (0-69-1-03) 0-10
Meoplastic death

Endometrial cancerq] 1-49 (0-71-3-13) 0-29

Other neoplastic disease 1.01 (0-74-1-39) 0-94
Other death

Specified cause 1-03 (0-83-1-28) 0-80

Unspecified cause 1-06 (0-86-1-32) 0-58

Second cancer incidence
Contralateral breast cancer 0-88 (0-77-1-00) 0-05
Endometrial cancerq 1.74(1-30-2-34) 0-0002
Primary liver cancer 0-99 (0-20-4-90) 0-99
Colorectal cancer 0-86 (0-58-1-27) 0-44
Unspecified site 0-99 (0-83-1-18) 0-91
Mon-neoplastic disease (ever hospitalised or died)

Stroke 1-06 (0-83-1-36) 0-63
Pulmonary embolus 1-87 (1-13-3-07) 0-01
Ischaemic heart disease 076 (0-60-0-95) 0-02
Gallstones 1-11 (0-80-1-54) 0-54
Cataract 111 (0-79-1-56) 0-54
Bone fracture 0-86 (0-61-1-21) 0-39

+53 cases

+20 cases

Davies et al. Lancet. 2012 Dec 4.



MA.17R: Extended Adjuvant with Al

e Breast cancer pts who had

completed 5 yrs. of adjuvant
anti-estrogen therapy

e 5-year disease-free survival rate:

e Letrozole - 95%
* Placebo -91%

* No significant difference in
overall survival

Disease-free Survival
100+

W
80+ p=0.01 T
60 NNT =1:25

40-

Patients (%)

0 | ctrozole
2 —
== == Placebo

0

T T T
0 1 2 3

Overall Survival
100

80+

60

40-

Patients (%)

= | ctrozole

201 ... Placebo

0

Goss et al, NEJM 2016



Variable

MA.17R: +10 years Al?

Patients with a recurrence of the primary cancer or with contra-

lateral breast cancer

Recurrence®y

Local breast
Local chest wall
Regional

Distant

Contralateral breast cancerf

NNH =

1.
2.

Fracture, 1:20 (14% v 9%, p=0.001)
New osteoporosis, 1:20 (11% v 6%, p<0.001)

Letrozole [N =959)

67 (7.0)

55 (5.7)
8 (0.8)
6 (0.6)
5 {0.5)

42 (4.4)
13 (1.4)

number (percent)

Placebo [N =959)

98 (10.2)

68 (7.1)
10 (1.0}

7 (0.7)
13 (L.4)
53 (5.5)
31 (3.2)

NNT =
Distant Mets1:100

Goss et al, NEJM 2016



Pre-menopausal women and adjuvant anti-
estrogen therapy



Adjuvant ovarian suppression

e [n pre-menopausal women ovarian supression:
 Further decreases risk of recurrence
e Enable use of Aromatase Inhibitors

e Direct

 Medical: GnRH analogues
e Goserelin, Leuprolide

e Surgical: oophorectomy

e Radiation

 Indirect:
e Chemotherapy-induced



The NEW ENGLAND JOURNAL of MEDICINE

Longer Therapy, latrogenic Amenorrhea, and Survival
in Early Breast Cancer

— 100 100+
S
T 80 o R 804 Hazardratio,0.76 """ seea_ . =
- Hazard ratio, 0.70 Bl @ P=0.04
- Eﬂ'— e o == Eﬂ_.
» P<=0.001 z
@ S
= 40+ 9 40-
? T
= 20- 5 -
,E 5 20
]
ﬂ' 1 ] I 1 G T | ] I
0 2 4 6 & 0 2 4 6 &
Years since Randomization Years since Randomization
Subgroup No. of Patients No. of Events Hazard Ratio Hazard Ratio with 95% CI
Mo Amenorrhea Amenorrhea
Sequential ACT 752 34 143 0.53 —a— l
Doxorubicin-docetaxel 788 83 127 0.56 —— |
Concurrent ACT 771 55 150 0.53 —a— |
Age |
<40yr 528 98 71 0.55 —a— |
4044 yr 477 34 a1 0.70 O i
=44 yr 1203 32 227 0.49 —— |
ER status |
Negative 592 96 147 0.71 —u—
Positive 1719 76 273 0.62 —!— l
[ [ 1
0.4 0.6 0.8 1.0
= -
Amenorrhea Better No Amenor-
rhea Better

Swain NEJM 2010



SOFT and TEXT Trial = Pre-menopausal

Disease-Free Survival

* Pre-menopausal women 100-
Combined analysis of: QD_N__ =
e Tamoxifen 80— — ——==
e OS + Tamoxifen 70—
* OS+Al X sl Absolute difference
e OS + Al significantly reduced £ . Bvr st Al i
Disease- a RS
recurrence +-§ 40— ?:::E Hazard Ratio
No.of No.of Survival (95% CI
= 30+ Pat?e:ts Evzni's l;r:;:a : vs. T ;
e Clinical application: B v oumr us e
° _ T-05 1015 167 83.2 0.76 (0.62-0.93
(I\)/Incl)itn%reedqr]aer?]opausal women ]'D_ E-OS 1014 143 85.9 0.65 EG.SS—U.Sl%
: : . 0
e Consider OS + Al with high risk o 1 2 3 4 5 6 7 8 o9
features
e <35y0 Years since Randomization

e Received chemotherapy

PA Francis et al. N Engl J Med 2018;379:122-137.



Which ER/PR+ Patients Need
Chemotherapy



Clinically Available Genomic Profiling
Assays Iin Breast Cancer

Agendia Mammaprint 70-Gene Prognostic

- Oncotype Dx Signature Assay
- Mammaprint
- Prosigna Civ

ing vou the expression of 7O gemne =

- Breast Cancer Index



Oncotype Dx: Indications for assay

Criteria:
* Invasive breast cancer
* Hormone receptor positive (ER+ and/or PR+)
e HER2 negative (IHC 0-1+ or FISH/ISH non-amplified)
e pT1lb (>0.5cm to 1.0cm) AND histologic grade 2 or 3, LVI
epllcorpl2




TAILORX: Prospective Validation for Oncotype
Dx, 9-yr event rates

Arm A: ET alone (RS 0-10)
X 3% Distant recurrence rate
—
Arms B & C: Randomized
(RS 11-25)

5% Distant recurrence rate
overall

-
=]
|

=
oo

=
(=1}
I

ot
-
l

RS 11-25: Randomized to ET Alone

RS 11-25: Randomized to CHEMO + ET Arm D: Chemo +

RS 26-100: Assigned to CHEMO + ET endocrine (RS 26-100)
13% Distant recurrence

rate despite chemotherapy

| | | + endocrine therapy
60 72 84 96

>
=
=
[
L
=]
p =
o
w
7.
o

=
(%]
|

=
(=]
I

Months

Sparano J et al, N Engl ) Med 2018



TAILORx: Benefit of Chemotherapy in Women
<50yo0

* Interaction between Age — Recurrence Score — Chemotherapy
e Some chemotherapy benefit in women < 50yo with a RS of 16-25
e Greatest impact on distant recurrence with RS 21-25

Subgroup Age <50 years
RS 0-10 RS 11-15 RS 16-20 RS 21-25 RS 26-100

No CT Benefit No CT Benefit ~1.5% CT Benefit ~7% CT Benefit Large CT
Benefit

Sparano J et al, N Engl ) Med 2018



TAILORX: Integrating Clinical Risk and
Recurrence Score

o . . Estimated Absolute Chemo Benefit | Clinical | No. Estimated Absolute Chemo Benefit
e Low Clinical Risk tumors: " NotStratified by ClinicalRisk | Risk | | Stratifiedby CinicalRisk
e <1cm and high grade RS 16-20 Low | 671 A-0.2% (+SE 2.1%)
(N=886) A iie% (76%)
e <2cm and int. grade (+SE 1.9%)
S High | 215 A +6.5% (+SE 4.9%)
e <3cm and low grade (24%)
RS 21-25 Low | 319
(N=476) A +6.4% (+SE 4.9%)
A +6.5% AbEL)
. . . SE 3.7% .
e High Clinical Risk tumors: (15637 g | 357 1 .7 (aSE 6.2%

e Everything else _ o _
Absolute difference in distant recurrence rates by chemo use in women

< 50 stratified by Recurrence Score and clinic risk

Sparano J et al, ASCO 2019, abstract #503



MINDACT Trial: Mammaprint

e Phase Ill Trial
* Mammaprint - 70-gene assay

 Clinical High + Low genomic risk
-> No benefit from
chemotherapy

e Clinical High + High genomic risk

-> Benefit from chemotherapy

Survival without Distant

Metastasis (%)

100—=

90
80
70+
60
50
40
30
20
10+

= _ Low clinical and genomic

High clinical,

g : ; low genomic
Low clinical, high genomic

High clinical and genomic

Year

Cardoso et al. NEJM. 2016



Mammaprint: Indications for assay

1 COnSider Wlth patients WhO are HER2 status Grade Nodal status Tumor Size ?::’;:ﬁ:d':'stk
Clinical High Risk (per Adjuvant! ) <sem Clow
Online)

e Grade 1 and >3cm or >2cm with 1- | spostvenodes |
3+ LNSs gﬂ <2cm C-low

e Grade 2 and >2cm _|_/_ 1-3+ LNSs é moderately differentiated " 2.1-5 cm C-high
e Grade 3 and >1cm +/- 1-3+ LNs - T2 postlenoces A:m cc';f:
o s .

1-3 positive nodes Any size C-high

Cardoso et al, NEJM. 2016



Adjuvant Bisphosphonates

e Meta-analysis of adjuvant
bisphosphonates
e Post-menopausal women:

e Significant reduction in bone
recurrence (RR 0-83, 0:73-0-94;
2p=0-004)

e SEs:
e Osteonecrosis of the jaw
e Renal impairment

Bone recurrence rate/year (%) events/woman-years

L0 11767 women RE 072 (95% Ol 0-60-0-86)
Log-rank 2p=0-0003
10-year gain 2-7% (95% 0 0-6 to 3-3)
404
S 30
; 20
- Control 8-8%
s 5-4% -—
A -—_':__: e i
e _‘Ej% Bisphosphonate &-6%
D 3 = T

EBCTCG, Lancet 2015




HERZ2+ Breast Cancer



HER2 Positive Breast Cancer

e 25-30% of breast cancers

* Human epidermal growth factor receptor 2 (HER2) important in cell
signaling and proliferation

e Overexpression of HER2 correlates with a more aggressive breast
cancer

e HER2+ disease diagnosed by immunohistochemistry (IHC) or gene
amplification by fluorescence in-situ hybridization (FISH)

e ASCO/CAP updated guidelines - 2018



Trastuzumab (Herceptin):
humanized anti-HER2 antibody

e Targets HER2 protein’s ECD

High affinity and specificity

95% human, 5% murine

* Increases potential for
recruiting immune effector
mechanisms

Fc portion recruits and interacts
with immune effector cells

Extensively investigated
mechanisms of action




Pivotal adjuvant trastuzumab trials:
patient characteristics

 HER2 positive (IHC 3+ or FISH amplified) invasive breast cancer, post
lumpectomy/mastectomy

 Nodal status

* Node positive (NSABP B-31)
* Node positive or high-risk node negative (NCCTG N9831, HERA, BCIRG 006)

* No previous or current cardiac disease



HER2+ Randomized Phase

NSABP B-31
Am 1 T T B X

NCCTG N9831
AMmA  EEEE

HERA {Randomization after chemotherapy)
Amm A No Herceptin
AmB OO0D DoOO0 O0OoD cooo oflyr)

Am C 0000 0000 0000 0000 O (2yr)

BEEE ACq3wk=4

2009 @& =paclitaxelq3I wk™4  cesesssseses = paclitazel q 1 wk ™12
ccoceccoccco = trastuzumab g 1w 0000 =trastuzumab q 3w

11l Trials

No vs. sequential vs.
concurrent




NCCTG N9831: Sequential Trastuzumab

N9831 Disease-Free Survival
Control vs Sequential
e Sequential vs Chemo alone
1001 AC—-T—H

e No benefit from sequential gn_\-\i\mm;m

Trastuzumab 80+ AC T S
70 Events=117

601
% 50+
401
30+ Hazard ratio=0.87
201 Stratified logrank 2=0.2936
101
n L L] 1 1
0 1 2 3 4
Years
Number of patients followed
A 979 629 353 168 15
B 985 637 403 169 20

Romond et al; NEJM 2005



Combined Analysis of B-31 and N9831

e Trastuzumab improved DFS

100

Trastuzumab
E?.l%(lﬁ events)

85:3%

g N
= 20 L]
% Control
3 (261 events)
702 75149 e
E ll--l
@ 67.1%
&
3 60—
P=0.0001
Hazard ratio, 0.438
50—
)7
07 I I I I |
0 1 2 3 4 5

Years after Randomization

Overall Survival (%)

e Trastuzumab improved OS

100 Trastuzumab
¢, (62 death
-.___‘ 04,39 (91.4;2 s)
Control "= wmy
90 (02 deaths) g,

01.79% L,

-
[ ]
1
20+ |
{ g
86.6%

70+

b0—

P=0.015
Hazard ratio, 0.67

Years after Randomization

Romond et al; NEJM 2005



Combined analysis of B31 and N9831 — 10 yr.

73.7%
I

e Adding Trastuzumab to
chemotherapy resulted in:
* Improved DFS —40%
 Improved OS —37%

* Acceptable toxicity
e Cardiac events — 3%

Disease-Free Survival (%)

Overall Survival (%)

100 4=

80

60

40 +

20 ~

0

HR, 0.60; 95% CI, 0.53 to 0.68
P <.001

AC = TH (473 events)
= AC =+ T (680 events)

62.2%

1 2 3 4 5 6 7 8 9

Time Since Random Assignment (years)

100 =mee

80

60

40

20

0

HR, 0.63; 95% Cl, 0.54 t0 0.73
P<.001

AC =+ TH (286 events)
= AC =+ T (418 events)

10

84%

75.2%

1 2 3 A 7] 6 7 8 9

Time Since Random Assignment (years)

10

Perez et al. JCO. 2014



CV Risk: Trastuzumab and Anthracyclines

Clinical Event

Total events
Distant breast-cancer recurrence
Grade 3 or 4 congestive heart failure

Acute leukemia

AC-T plus
AC-T Trastuzumab TCH

number of events

201 146 149

188 124 144
7 21 4
5 1 1§

CV side effects w/ Anthracycline and Trastuzumab:
- 15% will have clinically significant decrease in EF

- 1-3% w/ symptomatic CHF

Mean LVEF (%)

66—=

TCH (N=1030)
65

64-

| AC-T (N=1014)
63-
62-

AC-T plus trastuzumab
(N=1042)

61+

60—

59+

584

0 I I I I I
0 12 24 36 48

W,
-~

Months since Randomization

Slamon et al. NEJM, 2011



Duration of Trastuzumab (HER2 therapy)

e HERA Trial: 1 year vs 2 years of Trastuzumab
* No difference between 2-year vs 1-year for DFS (HR, 0.99, 95% Cl, 0.85-1.14; P=0.86)
e OS was also similar between both groups (HR, 1.05, 95% ClI, 0.86-1.28; P=0.63)
* Asymptomatic cardiac dysfunction was higher after 2 years of trastuzumab (7.2% vs. 4.1%)

* PHARE Trial: 6 months vs 1 year of Trastuzumab

 HR for DFS in the study was 1.28 (95% Cl: 1.05-1.56; p=0.29).

e The non-inferiority of 6 months of trastuzumab compared to 12 months could not be
demonstrated

e Could not prove noninferiority of 6 months

Gelber RD et al. 2012 ESMO 2012, Abstract LBAG.
Pivot X et al. ESMO 2012, Abstract



Stage | HER2+ breast cancers: APT Trial

e APT Trial
* Multicenter, Single-Arm Trial
e Paclitaxel + Trastuzumab
e Eligibility:
e HER2+ (3+ or FISH>2.0)
* Primary tumor < 3cm

e Results:

e 7 yr. Relapse Free Interval:
e 97.5% at 7 yrs.

* DFS by HR status:
* HR positive: 94.6%
* HR negative: 90.7%

1.0 ‘_‘E_I_I_
0.8 -
=
= Stratum No. of Events 7-yr DFS (%) 95% Cl (%)
= 0.6+ Negative 10 90.7  84.6%1097.2%
= Positive 13 94.6  91.8%to 97.5%
| —
= 0.4 - Hazard ratio (pos : neg), 0.61 (95%, CI 0.27 to 1.4)
w
[l
(=]
0.2 -

0O 12 24 36 48 60 72 84 96 108
Time (months)

No. at risk:
Neg W 134 126 126 123 119 111 73 43 10 0
Pos M 272 262 259 255 243 236 174 77 24 0

Tolaney EM, et al. JCO 2019



Neosphere Trial: Neoadjuvant Pertuzumab

Patients with
operable, locally
advanced, or
inflammatory
HER2+ breast
cancer

Primary tumors
=2 cm (N=417)

domization”
111

‘Ran

Neoadjuvant therapy

PERJETA + Herceptin +

docetaxel (4 cycles)

Herceptin + docetaxel
(4 cycles)

PERJETA + Herceptin
(4 cycles)

PERJETA + docetaxel
(4 cycles)

Surgery

Adjuvant therapy

FEC + Herceptin
(3 cycles)

FEC + Herceptin
(3 cycles)

docetaxel +
Herceptin
{4 cycles)

Herceptin {10 cycles)

Herceptin (10 cycles)

FEC + Herceptin Herceptin
(3 cycles) (6 cycles)

FEC + Herceptin
(3 cycles)

Herceptin (14 cycles)




Neosphere Trial: Path complete response

e Highest pathologic CR rate in the 50
Pertuzumab + Trastuzumab + 2L
Docetaxel arm 40
e 45.8% (95% Cl 36.1-55.7) -
= 30 29
% 24
* Most common grade >3 AEs: % 20 s
* Neutropenia
e Febrile neutropenia 10
e Leukopenia
° DTP DT DP TP

(n=107) (n=107) (n=96)  (n=107)
Experimental arm

Schiemann et al. Cancer Management and research. 2016



Residual disease after neoadjuvant therapy

Residual Cancer Burden (RCB) - _ ]
Prognostic £ P<.0

g_ 0.8 P < .01
 pCR had RFS of 95% - 5 yrs. and 10 yrs.) = p- 33
e RCB-I (RFS of 81% - 5 yrs., 77% - 10 yrs.) S 061 :
e RCB-II (RFS of 74% - 5 yrs., 47% - 10 yrs.) = o e
e RCB-IIl (RFS of 21% - 5 yrs. and 10 yrs.) IS

S 0.2 —

E—" P < .001 . EEE::l

= RCB-III

* Additional Therapies Needed 0 2 4 6 8

Time (years)

Symmans et al JCO 2017



KATHERINE Study — Adjuvant TDM-1

KATHERINE Study Design

= ¢T1-4/NO-3/MO at presentation (cT1a-b/NO excluded)
= Centrally confirmed HER2-positive breast cancer

= Neoadjuvant therapy must have consisted of e
— Minimum of 6 cycles of chemotherapy
* Minimum of 9 weeks of taxane
+ Anthracyclines and alkylating agents allowed N=1486

+ All chemotherapy prior to surgery
— Minimum of 9 weeks of trastuzumab
+ Second HER2-targeted agent allowed
= Residual invasive tumor in breast or axillary nodes

= Randomization within 12 weeks of surgery

Stratification factors:

T-DM1
3.6 mg/kg IV Q3W
14 cycles

Trastuzumab
6 mg/kg IV Q3W
14 cycles

Radiation and endocrine therapy
per protocol and local guidelines

Clinical presentation: Inoperable (stage cT4 or cN2-3) vs operable (stages cT1-3N0-1)
= Hormone receptor: ER or PR positive vs ER negative and PR negative/unknown
Preoperative therapy: Trastuzumab vs trastuzumab plus other HER2-targeted therapy
Pathological nodal status after neoadjuvant therapy: Positive vs negative/not done



KATHERINE — Invasive disease-free survival

T-DM1
Trastuzumab

3-Yr Invasive

No. of No.of  Disease-free
Patients Events (%) Survival, %
T-DM1 743 91 (12.2) 88.3
Trastuzumab 743 165 (22.2) 77.0

Unstratified hazard ratio for disease recurrence or death,
0.50 (95% Cl, 0.39-0.64)
P=<0.001

100
g 804
i
28 604
2
ﬂ {act
g
m 40
E A
(1]
-
= 20—
0
0
No. at Risk
T-DM1 743

Trastuzumab 743

T | T T T | T T T
6 12 18 24 30 36 42 48 54

Months since Randomization

707 6381 658 633 561 409 255 142 44
676 635 594 555 501 342 220 119 38

T

60

4
4

* [nvasive disease occurred in:
e TDM-1: 91 (12.2%) patients
e Trastuzumab: 165 (22.2%) patients

e Estimated invasive disease-free
survival at 3 years:
e TDM-1: 88.3%
e Trastuzumab: 77.0%

Von Minckwitz et al. NEJM. Feb 14, 2019



KATHERINE — Distant recurrence

T-DM1

Trastuzumab

3-Yr Freedom

No.of No.of from Distant

Patients Events (%) Recurrence, %
T-DM1 743 78 (10.5) 89.7
Trastuzumab 743 121 (16.3) 83.0

Unstratified hazard ratio for disease recurrence,
0.60 (95% Cl, 0.45-0.79)

100+
b= e
E —
3%
- g 60—
Eg
g § 404
-
o
™ 204
0
0
No. at Risk
T-DM1 743

Trastuzumab 743

T T T T T T T T T

6 12 18 24 30 36 42 48 54

Months since Randomization

707 682 661 636 564 412 254 143 45
679 643 609 577 520 359 233 126 41

60

I

e Distant recurrences:
e TDM-1: 78 (10.5%) patients
e Trastuzumab: 121 (16.3%) patients

e To date no significant difference in
overall survival

e Adverse events leading to
discontinuation occurred in:

e TDM-1: 133 (18.0%)
e Trastuzumab: 15 (2.1%)

Von Minckwitz et al. NEJM. Feb 14, 2019



Chemotherapy regimens

Localized or locally advanced breast cancer



Benefits of Adjuvant Chemotherapy

e Polychemo. vs No Chemo, results in:

e Decreased risk of recurrence
e Decreased breast cancer mortality
* Improved OS

Recurrence (%)

i

40

e
L=}

Pk
=

10

£253 women: standard CMF
{or near-standard CMF)
{34% N+) No CTX
/'_/.'/i 20.8%,
y

302% &

W 20.6%
- CMF

/ r e
o -

/ .
§ 203w
.'". ./

. RR 070 (95% C1 0-63-0-77)
F i Log-rank 2p<0-00001

% 10-year gain 10-2% (SE 1-4)

| I
Recurrence rates (%/year) and log-rank analyses
Years 0-4 Years 5-9 Year 10+

e CMF vs Anthracycline Based
chemotherapy

Recurrence
507 9527 women: regimens with higher cumulative
anthracycline dosage (53% MN+) vs CMF
40
CMF
33-8%
3 25.5% Anthracycline
z
g
& 207 22.3%
107 RR 0-89 (95% Cl 0-82-0-96)
Log-rank 2p=0-003
10-year gain 2-6% (SE 1-1)
0 T T
Recurrence rates (%/year) and log-rank analyses
Allocation Years 0-4 Years 5-9 Year 10+

EBCTCG, Lancet. 2012



Dose Density — Q2 vs 3 weekly Anthracycline

e Meta-analysis of 26 studies
adjuvant chemo trials

* Dose Dense Q2 weekly chemo is

superior to Q3 weekly chemo in
reducing:

e Risk of recurrence
e Breast cancer mortality

Recurrence (%)

A Any recurrence (10004 women)

50 =

40 -

Ll
o
]

]
o]
1

104

- [ose-dense
—8— Standard schedule

RR 0-83 (95% C1 0-76-0-91)
Log-rank 2p<0-0001
10-year gain 4-3% (95% (1 2.1to0 6-4)

8- %4,-;.

24-0%

EBCTCG, Lancet 2019



Disease-Free Survival

Adjuvant Taxane vs Anthracycline Chemo

e TC associated with improved DFS
compared to Q3 wk. AC

e TC associated with improved OS
compared to Q3 wk. AC

1.0 4 1.0 5
0.9 TE 0.9 4 87%
p— }' —
- 'S g
= 81% S £ -
t (]
S 081 : B HEs 2%
o TC °2 TC
o — AC ?5-‘_'0 7 Lo — AC
0.7+ 95% CI: 0.56 to 0.98 o 0.7 4 95% CI: 0.50 to 0.97
P=.033 P=.032
HR =0.74 HR = 0.69
0.6 T T T T T T T T 0.6 I I I T T T
0 12 24 36 48 60 72 84 96 0 12 24 36 60 72 84 96

Time (months)

Time (months)

Jones JCO 2009



Adjuvant chemotherapy: Taxane +
Anthracycline

Recurrence
207 11167 women: control with the SAME
° - non-taxane chemotherapy—ie, unconfounded
Addltlon Of Taxane comparisons (100% N+)
chemotherapy to Anthracycline 40-] Nithcachnesonitral
. 8%
resulted in: _ 5
. = 30- 27-3% 30-2%
* Decreased risk of recurrence g Taxane+anthracycline
e Decreased breast cancer mortality S ™ 23.7%
o &
e Improved overall survival
10 RR 0-84 (95% Cl 0-78-0-91)
Log-rank 2p<0-00001
B-year gain 4-6% (SE 1.0)
0 | 1 1 | | | | |

Recurrence rates (%/year) and log-rank analyses

EBCTCG, Lancet. 2012



The NEW ENGLAND JOURNAL of MEDICINE

Weekly Paclitaxel in the Adjuvant Treatment of Breast Cancer

What is the optimal Taxane and schedule?

Treatment Gmup

Weekly paclitaxel

Docetaxel every 3 wk

Weekly docetaxel

Treatment Group

Weekly paclitaxel

Docetaxel every 3 wk
Weekly docetaxel

No. of
Patients
2484

2489
2483

MNo. of
Patients

2484
2489
2483

Hazard Ratio for Disease-free
Survival (98.3% CI)

1z

1.27 (1.03-1.57)
1.23 (1.00-1.52)
1.09 (0.89-1.34)

0.5 1.0 1.5

Hazard Ratio for Overall
Survival (98.3% Cl)

- 1.32 (1.02-1.72)
—— 1.13 (0.88—1.46)
—— 1.02 (0.80-1.32)
| | | |
1.0 1.5 2.0

0.5

2.0

P Value

0.01
0.25
0.80

P Value

0.006
0.02
0.29

Sparano et al, NEJM. 2008



Cochrane Database of Systematic Reviews

Preoperative chemotherapy for women with operable
breast cancer
* Meta-analysis of 14 trials

e Neoadjuvant vs Adjuvant Chemotherapy

e Equivalent OS rates (HR 0.98, 95% Cl, 0.87 to 1.09)
e Equivalent DFS rates (HR 0.97, 95% Cl 0.89-1.07)

 Neoadjuvant associated with improved breast conservation rates

e Pathologic complete response associated w/ significant improvements in:
e OS (HR 0.48, 95% Cl 0.33-0.69)
e DFS (HR 0.48, 95% Cl 0.37-0.63)

Mieog et al. Cochrane Database Syst Rev.2007



Adjuvant chemotherapy regimens

e Preferred Regimens (NCCN) e Additional Regimens (NCCN)
 Dose-Dense AC followed by e Dose dense AC
Paclitaxel wkly (Doxorubicin/Cyclophos)
 Dose-Dense AC followed by e AC Q3 wkly
Paclitaxel Q2 wkly e CME

* TC (Docetaxel/Cyclophos) Q3 wkly e AC Q3 wkly followed by Paclitaxel wkly




Triple Negative Breast Cancer



The NEW ENGLAND JOURNAL of MEDICINE

Adjuvant Capecitabine for Breast Cancer
after Preoperative Chemotherapy

Disease-free Survival among Patients with Triple-Megative Disease

: 1.0+ \\
* HR+ and TNBC patients with e "] o

Control
residual disease after
neoadjuvant chemo

=
-]

0.4

0.2 Hazard ratic for recurrence,
second cancer, or death, 0.58
953 Cl, 0.39-0.87
T T

T T T
0 1 2 3 4 5

Probability of Disease-free Survival

0.0

Years since Randomization
Overall Survival among Patients with Triple-Negative Disease

* In TNBC patients adjuvant o
Capecitabine improved: P
e Disease-free survival 53 -
e Overall Survival % :
£ | s

Years since Randomization

Masuda N, et al. NEJM. 2017



The NEW ENGLAND JOURNAL of MEDICINE

Goserelin for Ovarian Protection during
Breast-Cancer Adjuvant Chemotherapy

* Pre-menopausal undergoing
adjuvant chemo assigned to:
e Goserelin + chemotherapy
e Chemotherapy alone

e Goserelin associated with:
e Less ovarian failure
 More pregnancies (21% vs 11%)
e Improved DFS and OS

Disease-free Survival (%)

M‘r’r estimate, 89% Chemotherapy plus goserelin
I--."_I Ll |I|_IFIII LA L1

‘|.l...|.u.:h.l.l..al.l_l_-.h-l
L

4.Yr estimate, 78% Chemotherapy alone
|

P=0.04 by multivariable Cox regression

4 5 6

Years since Randomization

Moore, NEJM 2015
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Objectives

» Epidemiology and pathology

» Management
» Indication for treatment, options for frontline and relapsed/refractory

» Areas of unmet need and anticipated next steps



Natural History

» Presents with advanced disease, progresses slowly
» lterative treatment responses and relapses

» Not thought curable with conventional therapies
» Exceptions include certain examples of limited stage disease treated with local therapies

» Most patients die from causes unrelated to lymphoma



Epidemiology

Total mature NHL = 112,380
A»

Follicular
lymphoma  / Mantle cell lymphoma, 3320 (3%)
13,960 / P
CLL/SLL (12%) | y
20,980 Lymphoplasmacytic lymphoma*

(19%) 7 ¥ 2330 (2%)

Marginal zone lymphoma, 7460 (7%)

Peripheral T-cell lymphoma, 3950 (4%)

Hairy cell leukemia',
1910 (2%)

Mycosis fungoides, 1620 (1%)

Plasma cell neoplasms —-
25,980 (23%) Burkitt lymphoma/leukemia,
' DLBCL 1480 (1%)
27,650 (25%) Others
1710 (1%)

Estimated Cases and Distribution of Mature Non-Hodgkin Lymphoid Neoplasm Subtypes: US, 2016

Teras et al. CA Cancer J Clin 2016;66:443—-459



Risk Factors

» Follicular lymphoma _
» Autoimmune conditions 40
» Cigarette smoking (women) =
> Benzene, other solvents % 30
» Agent Orange, other herbicides S
%
» Marginal zone lymphoma % <0
» As above, also specific infections (e.g. H pylori) §
- 105
o]

Teras et al. CA Cancer J Clin 2016;66:443—-459

https://www.publichealth.va.gov/exposures/agentorange/conditions/nonhodgkinslymphoma.asp

{ — Diffuse large B-cell lymphoma

{—CLL/SLL

] = Marginal zone lymphoma

1~ Lymphoplasmacytic lymphoma*

2c. Mature B-cell non-Hodgkin
lymphoid neoplasms

Plasma cell neoplasms
- Follicular lymphoma

Mantle cell lymphoma

Hairy cell leukemia®

Burkitt lymphoma/leukemia
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Age at diagnosis (years)
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Work-up

» Excisional or incisional biopsy preferred to core (FNA inadequate)
» Labs including LDH, hepatitis B
» Diagnostic CT, whole-body PET
» Marrow exam (clinical stage I-Il disease)

Choi et al. Arch Pathol Lab Med. 2018;142:1330-1340 7
https://www.sciencephoto.com/media/115304/view/normal-human-lymph-node



Typical Follicular Lymphomagenesis

» B cells differentiate in lymph node germinal centers

» Maturation occurs by random genetic modification followed by antigen driven selection

» FL arises from developmentally-blocked germinal center B cells

LYMPH NODE

Re-entry into the Zr
Dﬁrmigl center il

J t(14;18)+ B cells

} =3 FL

"FL-like cell” \ a g s """ ™
J SECONDARY
LYMPHOID ORGANS

i ination <

Accumulation of secondary events and progressien to da

< PRE-CLINICAL

>< CLINICAL >

» 1t step: acquisition of t(14;18) that occurs in the bone marrow (pre-B cell stage)

» Leads to constitutive expression of anti-apoptotic protein BCL-2

» B cells with t(14;18) that enter the germinal center (highly mutagenic environment) are at risk for
developmental arrest leading to clonal expansion, new mutations, and ultimately FL

Lackraj et al Best Pract Res Clin Haematol. 2018 Mar;31(1):2-14.



Molecular Characteristics: Typical FL

» Light chain restricted

» Pan B-cell markers (CD20+, CD19+)

» Arise from germinal center B-cells, thus CD10+ and BCL6+

> Also typically BCL2+ and CD5- jooisasdey

translocation

> [t(14;18)(g32;921)] ~85% of cases
» Juxtaposes Ig heavy chain promoter with BCL-2
» Constitutive BCL-2 expression (anti-apoptosis)

» Variants [t(2;18)] and [t18;22)]
» Alternative BCL-2 juxtapositions (kappa LC / lambda LC)

Choi et al. Arch Pathol Lab Med. 2018;142:1330-1340 9



Pathways in Follicular Lymphomagenesis

Activation of the Activation of the BCR signalling pathway: Inhibition of the Inhibition of the
JAK-STAT = N-glycosylation sites in immunoglobulins: 80% S1PR2-Gar13 NOTCH pathway:
pathway: 20% * Mutations in downstream effectors: 30% pathway: 10% 20%

R2— NOTCH "

’ L.J

..-

-> Also, mutations in

T_®_, [ Migration ‘____ epigenetic modifiers
' I occur in nearly 90% of
Activation of the

mTORC1 pathway:
25%

Nutrient sensing

cases of FL

>
a&«—J

N = | Proliferative, survival and anti-apoptotic signals dmm e mm e m e e ——— . ———

) 0

A Inactivating mutations

Survival pathways in FL # Activating mutations

r Mutations with unknown
functional impact

Huet et al. Nat Rev Cancer. 2018 Apr;18(4):224-239 10



Pediatric-type FL

» Definitive entry in 2016 WHO Lymphoma Classification

» Clinical presentation
» Localized disease
» Males > Females
» Not necessarily young patients!

» Key pathologic/molecular features
» High Ki67 (> 30%)
> No t(14;18)
» (Not commonly mutated in epigenetic modifiers)
» (Low genetic complexity)

» Local therapy preferred

11



Clinical Characteristics of Follicular Lymphoma

> Median age at diagnosis approximately 65 years o
> Multiple sites of waxing and waning adenopathy TE;%E'
> Approximately 25% present with B symptoms Posteerica

Supraciawicular

> 65-70% stage IlI/IV Vesssing o @,

|
Paratracheal | p
Medizstinal |I'|| || | |
Hilar . I".
Right Axillary '.'\"u\ Left Axillary
"-, Left Epitrochlear

|

| H& Mesenteric

Para-&ortic

Para-Aortic | Mesanteric
Cormrmcn Bac Sphenic Hilar
Extermnal Nac [ | Portal
Right Inguinal |I | - Left Inguinal
Inguinal | | Inguind
Fermoral \ { Fermoral

Legend for labels

Blue = Bilateral
Black = Midline

N
Right Popliteal | T Left Popliteal
|
|
|
II\

NCCN Guidelines Version 4.2019 B-cell Lymphomas 12



Follicular Lymphoma International Prognostic Index

» N =4,167 diagnosed 1985 - 1992

» Adverse factors
» Nodal areas (> 4)
» LDH (elevated)
» Age (>60)
» Stage (I1l/IV)
» Hemoglobin (<12 g/dL)

No

L
A
S
H

Survival Probability

2,37%

23, 27%

s P<10+4

0.0~
I

T I I 1 I 1 I I I 1

0 12 24 36 48 60 72 84 96 108 120

Time (months)

Celigny et al Blood. 2004 Sep 1;104(5):1258-65

0-1, 36%

13



Next Generation FLIPIs

_ FLIPI FLIPI-2 PRIMA-PI M7-FLIPI
Age (4 v v

Stage v v
Hemoglobin v v v
LDH v v
Nodal sites v v
B2M = 3 gm/L v v

Marrow inv v v

Mass 26 cm v

ECOG v
7-gene mutations v

Federico et al. J Clin Oncol 27: 4555-4562, 2009; Jurinovic et al. Blood 128: 1112-20;
Huet et al, ICML 2017; Salles et al. Blood. 2018 Jul 5;132(1):49-58. 14



Advanced Stage FL: Treatment Initiation

Table 2. Spontaneous Regressions in initially
Untreated Patients.*

e o TS o o e

i —

NoO. OF MONTHS TO MONTHS OF
PATIENTS (%) REGRESSION REGRESSION

median range median range

Total 19/83 8 2-120 >13 >4->72
FSC/NLPD  13/44 (30) 7 2-120 15 >4->72
FM/NM 3/18 (17) 2-23 >4-12
SL/DLWD 3/21 (14) 26-93 6->72

FSC = Follicular small cleaved; FM = follicular mixed; SL = small lymphocytic; DLWD = diffuse well
differentiated lymphocytic

Hornig, NEJM 1984. 15



Advanced Stage Early Treatment (Chlorambucil)

2R

Asymptomatic

Chlorambucil N= 158
Observation N= 151

4 8 12 16 20 24
TIME (YEARS)

19% did not require treatment at 10 years

Ardeshna et al, Lancet. 2003 Aug 16;362(9383):516-22 16



Advanced Stage Early Treatment (Rituximab)

Time to Next Treatment

— Watch and wait
—— Rituximab induction
— Maintenance rituximab

|
N
1

Mo new treatment (%)
LN
=
1

25— Rituximab induction vs watch and wait
HR 0-35 (95% CI 0-22-0-56); log-rank p<0-0001 -
Maintenance rituximab vs rituximab induction

HR 0-75 (95% C1 0-41-1-34); log-rank p=0-33

0 T T T 1 1 é
0 1 2 3 4 &

e ] ek

Owerall survial (3:)

Overall Survival

L e e W, S

|
i
1

L
=]
1

]
wn

0

iy !

| Rituximab induction vs watch and wait

HR 104 (95% €l 0-39-2-80}; log-rank p=0.93
Maintenance rituximab vs rituximab induction
HR 112 (95% C1 0-43-2-90); log-rank p=0-82

0 1 2 3 4 5

=
]

» Those that received induction plus maintenance rituximab had some benefit related to anxiety

» Conversation on toxicities, costs, and potential for never requiring therapy

Ardeshna et al, Lancet Oncol. 2014 Apr;15(4):424-35

17



Groupe d’Etude des Lymphomes Folliculaires Criteria

Involvement of > 3 nodal sites, each >3 cm “Bulky”
Any lesion >7 cm

B symptoms

Splenomegaly

Threatened organ function

Pleural/peritoneal effusion

VV VYV V VYV

Cytopenias (leukocytes < 1k or platelets < 100k) or leukemia

A\

NCCN: also, steady or rapid progression, candidate for trial

» Median time between diagnosis and start of treatment = 2 to 3 years

Solal-Celigny et al. J Clin Oncol 1998; 16:2332-2338

18
Nastoupil et al. Br J Haematol. 2016 Mar;172(5):724-34



Frontline Treatment: Addition of Rituximab

=
o
]

pa [LIT T Ty = -, i
"? 0.9 - - -"‘\.,‘"‘ — R-CVP: median not reached
-_E ""\.""“-"Ll.l —_ errrerarie s
o 0.8 - ‘IIII‘II.lﬁlﬁllﬁ
O (111 ]
o 0.7- b |
— S ATEEEEEE
O 0.6
D CVP: median not reached
o 0.5
FL stage llI/IV + T o4l
+|JC .
S 0.3
) 0.2 -
0.1 4-year overall survival estimates:
' P =.0290 R-CVP, 83%; CVP, 77%

0 6 12 18 24 30 36 42 48 54 60 66 72

Study Month

Patients at risk
CVP 159 155 151 141 136 132 125 120 111 67 30 8 0
R-CVP 162 162 160 155 150 144 142 132 124 81 40 7 0

Marcus et al. J Clin Oncol. 2008 Oct 1;26(28):4579-86 19



Primary Rituximab and (Maintenance v Observation) PRIMA

1-0 = PFS —— Rituximab maintenance
—— QObservation

/' - 0-6

0-4

. - -

HR 055 (95% C1 0-44-0-68); p<0-0001
'D 1 1 1 1 ] I ] | | |
Time (months)
w \
OS

HR 0-87 (95% Cl 0-51-1-47); p=0-60
I I I | | ] 1 1 1

0 6 12 18 2I4 30 3% 42 48 54 60
Time (months)

Salles et al. Lancet. 2011 Jan 1;377(9759):42-51.  ,,
Updated 2019 ASCO (9 years follow-up)



PRIMA: Toxicity

Cservation (n=503) Ritximab maintenance (n=501)
Grade 3/4 Leading totreatment  Grade 3/4 Leading to treatmient
discontinuation discontinuatson
All adverse events 84 (17%) 8 (2%) 1 (24%) 19 (4w)t
Meoplasia 17 (3%) 6 (1%) 20 (4%) L (1%)
Meutropsnia G (1%} 0 1B (4%) 0
Febrile neutropenia 2 (1%} 0 1{<1%) 1{<1%)
Infections C({1%) 0 22 (4%) 4 (1%)
CMS disonders 13 (3%) 0 10 (%) 0
Cardiac disonders G (1%} Q 11 (2%) 1[<1%)
Pregnancy MA 2 [<1%] MNA 311%)

» Logistics, financial

Salles et al. Lancet. 2011 Jan 1;377(9759):42-51.

21



Rituximab Extended Schedule or Re-treatement (RESORT)

Doses of Rituximab

Time to treatment failure Time to first cytotoxic chemo

. N 7%,.

° — Maintenance °
z 8 z e "= Retreatment Re-treat
% % —— Maintenance

o Two-sided Log-rank p=0.80 ‘ o Two-sided Log-rank p=0.03 M al nt 5 3 1 15 . 5 15 . 8

o ! o

0 1 2 3 4 5 6 7 0 1 2 3 4 5 6 7
Y Y

Kahl et al. J Clin Oncol. 2014 Oct 1;32(28):3096-102. 22



Rituximab Hyaluronidase

» Subcutaneous injection over ~ 5 minutes

» Efficacy and safety are similar to IV

» May be substituted after patients have received 1st full dose of IV rituximab

» Time-saving (for patients and infusion clinic) 2 monitor for 15 min post injection
» Injection-site erythema in 11%

NDC 50242-108-01

ffituximab and B
hyaluronidase human)
Injection !

. N
{Muximab and
hyaluronidase human)
Injection o

ngle-Dose Vial.
20 Discard Unused Portion.
Single-Dose Vial. ),
Discard Unused Portion.

LLURR LI LNRE LL

eMPR.com accessed June 2020. 23



BR vs CHOP-R (StiL NHL1)

B-R CHOP-R
N=260 | N=253

Alopecia <0.0001
Paresthesias 18 73 <0.0001
- STomatte 16 47 <0001
Allergic reaction 40 15 0.0003
Infections 96 127 0.0025
Sepsis 1 8 0.0190
*No grade 3 Neutropenia G3/4 11% 47%

Rummel et al. Lancet. 2013 Apr 6;381(9873):1203-10. 24



Probability

StiL NHL1

BR CHOP-R
ORR 93% 91%
CR  40% 30%

A C
1-0- Median (IQR; months) 104 Median (IQR; months)
0.9 —B-R Mot reached (221 to not yet reached} 0.9 — B-R 57-2 (20-9 to not yet reached)
g —— R-CHOP  40-9 {15-2 to not yet reached) 08 —— R-CHOP 472 (20-3-657)
0.8 - 8-
ﬂ-?" ﬂ?_
0-6- 2 06
&
0-5 = 05 - .
> 2 MZL
0-4 - e 044
o3 FL 0-3-
024 0-24
HR 0-61 (95% Cl 0-42-0-87) 01 HR 0-70 (95% C1 0-34-1-43)
19 p-00072 p=D2245
0 0 1 | T | T 1 1 ]
' ' ' J ' 0 12 24 36 48 60 72 84 96

» No difference in OS

Time (manths)

Rummel et al. Lancet. 2013 Apr 6;381(9873):1203-10. 25



BRIGHT: BR vs R-CVP or R-CHOP (5-year follow-up)

1.0 ; )
1.0 . = 0.9 4 it
= 091 2 08 T
= 074 @ .6
S 06 S 05
© 054 o 044
S 0.4 o 037 -
0.3 024 —
w S
£ 02 BR © 014 — rcHOPR-CVP
8- 0.14{ —— R-CHOPR-CVP T T T T T T T T T T T T T T T T
0 2 4 6 8 10 12 18 24 30 36 42 48 54 60 66 72
0 2 4 6 8 10 12 18 24 30 36 42 48 54 60 66 72 .
Tk irarte) Time (months)
lme mun s No. at risk:
No. at risk: BR 224 220 217 213 208 205 205 197 196 191 185 182 176 167 158 48 0
BR 224 218 210 202 197 194 191 183 177 160 154 W6 13 W 122 I 0 R-CHOP/ 223 213 213 209 206 202 202 198 191 187 181 176 167 160 155 18 0O
RCHOP/ 223 205 201 194 191 183 179 162 147 134 126 114 105 100 94 11 0 R-CVP
R-CVP

» Primary endpoint: noninferior CR rate (31% vs 25%; P for NI = .0225)
» 5vyear PFS 65.5% vs 55.8% (HR 0.61, 95% CI 0.45 — 0.85; P =.0025)

» No difference in OS

» Comparable safety data to Stil
» Use of maintenance rituximab at discretion of clinician; similar across arms

Flinn et al. J Clin Oncol . 2019 Apr 20;37(12):984-991. 26




Maintenance Rituximab after BR

» Retrospective, limited to patients
in CR or PR after induction BR (at
least 4 cycles)

» Findings comparable to other,
cross-trial analyses

Maintenance Rituximab after R-chemo

PR CR
Concern for toxicity
from 2" line
Cost, time

Some toxicity
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Hill et al. Br J Haematol. 2019 Feb;184(4):524-535.
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BR for Frontline Treatment of FL

https://substance.etsmtl.ca accessed July 2020 28



https://substance.etsmtl.ca/

FL Histologic Grade

Diffuse areas
Centrocytes
Marrow invasion
CD10+

BCL2 break

1/2
Absent
Present

Frequent
100%
88%

3A
Absent
Present
Frequent
83%
58%

Horn et al. Haematologica. 2011 Sep;96(9):1327-34 29

3B
Present
Absent
Uncommon
43%
9%



FL Histologic Grade
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FL PFS by Grade

Probability

| Median follow-up = 7.8
1=— FL3B
1 — FL3A
0.1+ FL1/2

Probability

01 2 3 4 56 67 8 91
Years from registration

Mumbers at risk

FL38 14 13 12 11 10 & & 4 3
FL3A 47 39 34 20 26 23 20 12 6
FLi/2 1EB412801016 856 T02 606 510 407 318 232 164 112 €6 37

011121

1.0
0.9 -
0.8 -
0.7
0.6 -
0.5 -
0.4 -
0.3 4 Median follow-up = 6.7
e b FL3B

] — FL3A
019 _ FLie

0.0
01 2 3 4 5 6 7 8 9 1011 12 13 14 15
Mumbers at risk Years from registration

FL3B 5 4 2 1 0
FL3A 27 23 2 19 18 16 14 B8 3 1 i)
FL1/2 744 626 b16 452 370 319 20 106 160 00 653 28 6 O

H-CHOP

Koch et al. Ann Oncol. 2016 Jul;27(7):1323-9



R-Chemo Frontline for Advanced FL: Conclusions

» BR preferred standard for bulky disease, treatment indication
» R-CHOP perfectly acceptable alternative considering no difference in OS
» Deserves particular consideration in case of 3A grade

» Maintenance rituximab can be offered
» Benefit and limitations in shared-decision making

32



Alternatives to R-Chemo: #1, O-Chemo

» Obinutuzumab binds overlapping epitope of CD20 (as rituximab) but in different orientation: results
in different CD20 arrangement in cell membrane and increased apoptosis (type Il)

» By manipulating glycosylation of cells that produce obinutuzumab, improvement in direct cell death
and higher antibody dependent cell-mediated cyto-toxicity (via NK cell recruitment) is achieved

Rituximab Obinutuzumab

Human IgG
Human IgG

Typel

Typell

Direct Killing + Direct Killing +++
CcDC +++ cDC +
ADCC ++ ADCC did
ADP +

ADP +++

Pierpont et al. Front. Oncol., 04 June 2018 33



GALLIUM: R-Chemo vs O-Chemo, Frontline FL

» FLonly, grades 1 —3A

» Maintenance antibody given g2 mo x2 years

» Dosing: obinutuzumab: 1000 mg days 1, 8, 15 of C1 then 1000 mg D1 subsequent cycles

Patients with Progression-free
Survival (%)
(¥, ]
o
1

P=0.001

o

Obinutuzumab-based chemotherapy

Rituximab-based chemotherapy

Hazard ratio for progression, relapse, or death, 0.66 (95% Cl, 0.51-0.85)

0 6 12 18 24 30
Months

36 42 43 54

Patients Who Survived (%)

Obinutuzumab-based chemotherapy

Rituximab-based chemotherapy

Hazard ratio for death, 0.75 (95% Cl, 0.49-1.17)
P=0.21

6 12 18 24 30 36 42 48 54 60
Months

Marcus et al. N Engl J Med. 2017 Oct 5;377(14):1331-1344 34




GALLIUM: Higher Toxicity with O-Chemo, Bendamustine

Table 3. Adverse Events and Serious Adverse Events, According to Treatment Phase, and Selected Grade 3 to 5 Adverse Events during Treatment, According to Chemotherapy Agent and
Treatment Phase in the Safety Population.*
Maintenance and Observation
Event Overall Trialy Induction Phase Phases Follow-up
Obinutuzumab Rituximab  Obinutuzumab  Rituximab  Obinutuzumab Rituximab Obinutuzumab  Rituximab
Group Group Group Group Group Group Group Group
(N=595) (N=597) (N=595) (N=597) (N =548) (N=535) (N=427) (N =428)
No. of events 10,311 9343 7012 6533 3002 2578 295 230
Patients with =1 adverse event — no. (%)
Any event 592 (99.5) 587 (98.3) 580 (97.5) 577 (96.6) 501 (91.4) 458 (85.6) 130 (30.4) 106 (24.8)
Event ofgrade 3tos 444 (74.6) 405 (67.8) 357 (60.0) 336 (56.3) 205 (37.4) 169 (31.6) 56 (13.1) 33 (7.7)
Event of grade 5% 24 (4.0) 20 (3.4)§ 4 (0.7) 3 (0.5) 10 (1.8) 10 (1.9) 10 (2.3) 7 (1.6)
Infection — —
Bendamustine . = 27/338 (8.0)  26/338 (7.7) 52/312 (16.7)  39/305 (12.8) 25/270(9.3)  6/263 (2.3)
CHOP —_ — 14/193 (7.3) 13/203 (6.4) 7/179 (3.9) 11/187 (5.9) 2/128 (1.6) 2/143 (1.4)
CVP —_ —_ 3/61 (4.9) 4/56 (7.1) 5/57 (8.8) 1/43 (2.3) 1/44 (2.3) 2/45 (4.4)

» Bendamustine associated Ols: PJP and VZV prophylaxis, especially with B-O

Marcus et al. N Engl J Med. 2017 Oct 5;377(14):1331-1344 35




Alternatives to R-Chemo: #2, R-Lenalidomide

» Lenalidomide: immune-mediated inflammatory disease immunomodulatory agent

» Combined with rituximab: enhanced antibody-dependent cellular cytotoxicity and direct cytotoxicity

Older model

Anti-inflammatory
Effect

Aberration of . Anticances
Limb Formation
Effect
Inhibition of . Sedative and

Angiogenesis Hypnotic Effect

E *
Target Specifjcity
\
a,y

targets
e

IMiDs

Newer model

Anti-inframmatory
Effect

Aberration of )
Limb Formation . Anticancer
Effect

¢ Inhibition of . Sedative and
:  Angiogenesis Hypnotic Effect

e *
Sub}ite pec V
\

substrates
CRBN

t Single target
Cjw__;nl

IMiDs

» Cereblon is a substate receptor of a ubiquitin ligase; executes pleiotropic effects of lenalidomide

Ito et al. Int J Hem. 2016 Sep;104(3):293-299
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RELEVANCE: Lenalidomide + Rituximab vs R-Chemo

Treatment Period 1 Treatment Period 2 Treatment Period 3

Hl vs R-chemo pf vs R maint. R maint. vs R maint.

A i
i . il il 1

Previously
untreated CD20+ FL
requiring treatment

Morschhauser et al. NEJM. 2018 Sep 6;379(10):934-947 37



RELEVANCE: “Inferior” Primary End-Point?

» N=1,030
» CR/ CRu at 24 months
» R2=48%

» R-chemo =53% (P =0.13)

» Toxicity
» Overall, comparable frequencies
» R2 =less nausea, vomiting
» R2 = more rash, diarrhea
» R2 =toxicities drawn out

» No FDA approval (though NCCN inclusion)

A Progression-free Survival

0.24 Hazard ratio for progression or death,
1.10 (95% Cl, 0.85-1.43)
0.19 p_o.48

1.0+
S 0.9
£ “ o
& 0.8- Rituximab—
@ chemotherapy
£ 0.7
5 06 o
@
9 054
&o Rituximab—
& 0.4- lenalidomide
[T
5 group
E 03_
E
1]
o
<
o

0.0 I T T T T T I T

0 6 12 18 24 30 36 42 48

Months since Randomization

No. at Risk

Rituximab—lena-
lidomide group

Rituximab—-chemo- 517 474 446 417 387 287 175 109 51
therapy group

513 435 409 393 364 282 174 107 49

54 60 66
I3 49
14 1 0

Morschhauser et al. NEJM. 2018 Sep 6;379(10):934-947
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Outcomes of Patient with FL and “EFS12”

A All Patients Achieving EFS12 B Immunochemotherapy Treated Patients Achieving EFS12
8 31 g S -
g 2
=0 3
w 73]
B 3
2 o 5 2
O o 7 o oS 7
o L
[o=] L=
—— MER Survival —+— MER Survival
---- Expected MER Survival ---- Expected MER Survival
—+—  Lyon Survival —+—  Lyon Survival
S —{---- Expected Lyon Survival S —---- Expected Lyon Survival
T T T T T T T T T T
0 2 4 6 8 10 12 0 2 4 6 8 10 12
Years from EFS12 Years from EFS12

Maurer et al. Am J Hematol. 91: 1096-1101, 2016 39



Follicular Lymphoma: Relapse

0.020 -
A 1.0
=
=
L4 0.015 - 0.8 4
E % —
gn: © :E'_.‘ 0.6
o = D= b
= 0.010- = 5
- O E w
D = -g
o T 7 2 04-
= =
2 0.005«4
L 0.2 -
== Early POD
- Reference
0 12 24 3 48 60 72 84 0 12 24 36 48 60 72 84 96

Time (months)

Time From Risk-Defining Events (months)

» Risk of progression highest in 24 months after R-CHOP > Inthe 20% with “early” (< 24 mo) progression,

survival markedly worse (independent of FLIPI)

» To date, no reliable marker for early POD or preferred treatment

Casulo et al. J Clin Oncol. 2015 Aug 10;33(23):2516-22 40



Relapsed FL: Treatment

> Treatment indication?

» Switch out chemotherapy backbone and/or antiCD20
» Obinutuzumab vs rituximab in R/R FL
» GAUSS (R-sensitive): equivalent outcomes; GADOLIN (R-resistant): superior survival (albeit, to nothing)

1.0 B 100

©

=

E 0.8 4 B0 4

: ——

S .2 06+

T E o

c 9 P=.74

S S 04 i

= = U4 Randomized treatment , RS

g . == Obinutuzumab j SRR = Bin=177)

g — Rituximab 20 G-B (n = 164)

0.2
8 Hazard ratio = 0.93 + Consored
o (95% CI, 0.60 to 1.44) v . . v . . . . ' ' .
—r—Tr—Tr—Tr T T T T T T T 0 6 12 18 24 30 36 42 48 654 60 66
0 3 6 9 12 15 18 21 24 27 30 33 36 39 42 .
_ Time (months)
Time (months) No. at risk:

No. at risk
Obinutuzumab 74 62 56 47 42 39 31 30 28 27 19 15 7 3 0 B 171 189 137 122 103 84 65 49 32 13 7
Rituximab 75 63 b6 50 41 39 34 34 29 27 10 8 b 1 0 G-B 164 147 141 129 1M1 90 n 56 38 20 12

Sehn et al. J Clin Oncol. 2015 Oct 20;33(30):3467-74. Cheson et al. J Clin Oncol. 2018 Aug 1;36(22):2259-2266.



R2 in the R/R Setting: AUGMENT

» FLgrade 1—3A or MZL, previously treated, and in need of treatment for relapse. Prior treatment
necessarily included rituximab, though cannot be considered rituximab-refractory

» ORR 78 vs 53% (P < 0.001)
» CR34vs18% (P =.001)

Leonard et al. J Clin Oncol. 2019 May 10;37(14):1188-1199. 42



AUGMENT: Results

PFS (probability)

1.0 e Primary end point = PFS
0.9 1 3
0.8 - *
o,

0.7
0.6 |

Lenalidomide + rituximab
0.5 4

I---...,sl
0.4 - =
ﬂ""'ll-u---q-
0.3 4 1"""----1 Placebo + rituximab
55 B s e
’ Hazard ratio for progression or death 0.46 (95% ClI, 0.34 to 0.62)
0.14 P<0.0001
" 1 I 1 I 1 I 1
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Leonard et al. J Clin Oncol. 2019 May 10;37(14):1188-1199. 43



Molecular Targets in Follicular Lymphoma

Activation of the Activation of the BCR signalling pathway: Inhibition of the Inhibition of the
JAK-STAT = N-glycosylation sites in immunoglobulins: 80% S1PR2-Gar13 NOTCH pathway:
pathway: 20% * Mutations in downstream effectors: 30% pathway: 10% 20%

R2— NOTCH "

’ L.J

. @ -
g [T

Activation of the
D — @D
a&«—J

mTORC1 pathway:
. =

25%
b | Proliferative, survival and anti-apoptotic signals dmm e mm e m e e ——— . ———

- Also, mutations in
;---. eplger?etlc modifiers
occur in nearly 90% of
cases of FL

Nutrient sensing

) 0

A Inactivating mutations

Survival pathways in FL # Activating mutations

r Mutations with unknown
functional impact

Huet et al. Nat Rev Cancer. 2018 Apr;18(4):224-239 4



Other Oral Oncolytics for R/R iB-NHL

FL
BTK inhibitors
PI3K inhibitors Idelalisib
Copanlisib
Duvelisib
Setting
Idelalisib () Double refractory (R, alkylator) FL

Duvelisib (y,0) Double refractory (R, alkylator) FL
Copanlisib* (a,6) =2 prior lines of therapy for FL
Ibrutinib >1 prior anti-CD20 therapy in MZL

*IVondays 1,8, 15928

MZL
Ibrutinib

ORR
56%
47%
59%
48%

Gopal et al. N Eng J Med. 2014 Mar 13;370(11):1008-18

CR
6%
2%
12%
3%

mPFS
11.0 mo
9.5 mo
11.0 mo
14.2 mo

Dreyling et al. J Clin Oncol. 2017 Dec 10;35(35):3898-3905

Flinn et al. J Clin Oncol. 2019 Apr 10;37(11):912-922
Noy et al. Blood. 2017 Apr 20;129(16):2224-2232
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Single Arm Phase 2 Studies of Oral Oncolytics for R/R iBNHL

» Primary endpoint = ORR

Maximum percent change from baseline SPD (%)*

100

50 A

-50 -

-100

Ibrutinib in MZL

W Extranodal
W Splenic
W Nodal

Patients

I

I

Best Change in
Target Lesions From Baseline (%)

150 A M Follicular lymphoma
125 ' Marginal zone lymphoma
B Lymphoplasmacytoid lymphoma/Waldenstrom macroglobulinemia
100 4 B Small lymphocytic lymphoma
%

75 1

50 ||}

25 4|1},

Copanlisib in iB-NHL

Individual Patients (n = 125)

-25 -
-50 - .
-75 -

-100

Dreyling et al. J Clin Oncol. 2017 Dec 10;35(35):3898-3905
Noy et al. Blood. 2017 Apr 20;129(16):2224-2232
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Toxicities of Targeted Oral Oncolytics

Idelalisib Opportunistic infections, transaminitis, PJP; CMV monitoring

diarrhea/colitis, pneumonitis, intestinal

Duvelisib perforation, dermatologic events

Copanlisib Ol’s, Hyperglycemia (short-lived), PJP

hypertension

Ibrutinib Atrial fibrillation, hemorrhage

/

IEIEIES

Copanlisib
Idelalisib (CYP3A4 Inhibitors (Strong)) Voriconazole (CYP3A4 Inhibitors (Strong))
Simvastatin

Idelalisib (CYP3A4 Inhibitors (Strong))
Sonidegib

Idelalisib

st John's Wort Duvelisib (CYP3A4 Substrates (High risk with Inhibitors})

Grapefruit Juice (CYP3A4 Inhibitors (Moderate))

~

%
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Zeste Homolog 2 (EZH2)

DON R QL

ler chromatin = H2A, H2B, H3 and H4 * Disrupted structure . . . . . .
e s acces o > Genetic lesions that disrupt histone-modifying enzymes

enzymatic machineries

b occur in nearly all cases of FL

» Gain of function mutation to EZH2 found in ~20% of FL

CREBBP‘
« EP3004

T @m®
I BCLE-SMRT-HDAC3 | I B cell differentiation

= Permissive chromatin state EZH2% * Repressive chromatin state

« Transcriptional activation @_‘,@ — = Transcriptional repression

» Reduction in histone methyltransferase EZH2 activity =2

G0

Cytosine methylation
redistribution

* Differentiation
* Cell cycle regulation
* Proliferation
* Genomic instability

@ H3K27Ac (enhancers) @ H3K4me3 (promoters) o DNA methylation ¥ Activating mutations H uet et a I . N at ReV Ca ncer. 20 18 Ap r; 18(4) : 224_2 39
@ H3K4me1l (enhancers) ) . H3K27me3 (promoters) A Inactivating mutations X Pathway inactivation M o rSCh ha user et a I . AS H CO ngreSS 20 19 .




Zeste Homolog 2 (EZH2) Inhibitor: Tazemetostat

Median PFS of 13.8 and 11.1 months was Observed in MT and WT EZH2 Cohorts

MT EZH? IRC Assessment WT EZHZ
M £
;- ]
'g &)= % 40
¥
! | :
» ORRin N =45 EZH2 mutant FL = 69% (13% CR); mDOR =11 mo
» ORRiInN=54 EZH2 WT FL = 34% (4% CR); mDOR =13 mo
» AEs = fatigue, URI, MSK pain, nausea, abdominal pain

Y VYV

Accelerated approval in June 2020: EZH2 mutant FL: 2 prior therapies; EZH2 WT FL: no satisfactory alternatives
Companion diagnostic for EZH2 mutation also approved

Morschhauser et al. ASH Congress 2019.
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Topics of Special Interest in iB-NHL: 2020

» Early relapse
» Prediction

Sensitivity

Specificity

70-78
56-58

43-61 61-78
79-86 67-73
*High-risk pre-treatment FLIPI found in 75% of patients with POD24 and 40% of patients without POD24

» Bottom line: ongoing research into clinical, molecular, radiographic factors

» Management

» Biopsy if possible: HT identified in 20% - 75% of cases of early relapse

» Cellular therapy
» Autologous SCT
» CAR-T
» Bi-specifics

No current FDA approval

Casulo et al. Blood . 2019 Apr 4;133(14):1540-1547 ¢




High Dose Therapy and Autologous SCT in FL

» CUP trial (2003, pre-rituximab)

» Randomized 70 patients with at least PR
to 3 cycles of R-CHOP(like) for relapsed
FL to HDT and autoSCT or 3 more cycles

Experimental Control Hazard Ratio Hazard Ratio 0.3 -
Study or Subgroup  log[Hazard Ration] SE Total Total Weight IV, Random, 95% CIl I, Random, 95% CI
1.1.1 Untreated patients 0.2 |
GELAMGELF-94 -015 014 204 182 44 9% 086 [0.59, 1.249] Events Total Chemo
GITMOIL -013 04 6a 66 101% 0.88[0.40,1.82] 0.1 S Chemotherapy 14 24
GOELAMS 064 011 019 a6 a0 44.9% 1.12[0.77,1.62) N Unpurged 6 22
Suhbtotal (95% CI) 363 338 100.0% 0.97 [0.76, 1.24] . Purg ed 8 24
Heterogeneity: Tau®= 0.00; Chi*=1.00, df= 2 (P =061}, F= 0% T — Y — . . ——
Testfor averall effect: Z=0.24 (P = 0.81) 0 12 24 36 48 60 72 84
1.1.2 Relapsed patients
CLIP trial -0.82 04 46 24 100.0% 0.401[0.18, 0.89] t
Subtotal (95% CI) 46 24 100.0% 0.40[0.18, 0.89]
Heterogeneity: Mot applicahle
Test for overall effect: £=2.24 (P=0.02)

001 0 10 100
) . Fawours experitmental  Fawours contral
Test for subdroup diferences: Chif= 429, df=1 (P =004, F=TA.7%
Schouten et al. JCO 21: 3918, 2003 -

Schaaf et al. Cochrane Database of Systematic Reviews 2012



HDT and ASCT for Early Relapse FL

» Retrospective analysis of CIBMTR

and NLCS (N = 174 + 175)

» Overall, no significant
improvement in OS with ASCT

» Planned subgroup: OS benefit if
early ASCT (within 1 year of ETF),
73 vs 60% at 5 years

Probability, %

100 1

Overall Survival of Patients Receiving HCT Within 1 year of

Therapy Failure Compared to no HCT

P value at 5 years: 0.05
G _I | | | 1 I

—
=
—3

—
—

0 1 2 3 4 5
Years

Casulo et al., Biol Blood Marrow Transplant. 2018 Jun;24(6):1163-1171 .,



CAR-T for iB-NHL

» ZUMA-5: R/R iB-NHL
> N =96 (80FL, 14 MZL)
» 66% with POD24
» ORR 94% in 87 evaluable patients

> ORR95% in cases of FL with 80% CR rate

100 -

s

i

Best Objective Response, %
F
=]

ORR sD ND"
All Patients (N = 96)

S0
FL {n = 80)

* The median time to first response was 1 month {range, 0.8 -3.1)

sCH
81% ORR BPR
50D
BND

S0 MDD
MZL (n = 16)

Jacobson et al. ASCO Congress 2020 53



CAR-T for iB-NHL

1004 & 100+
2 804 80+
I
E 2
‘E 60+ Té 60+
: ¢ |
p i
5 404 = 404
= g
g (o] FL MZL
g (n=80) {n=16)
& 20 MZL 20+ Median OS | Not reached | Not reached
(n=80) (n=186) (95% Cl), mo | (NE —NE) (NE = NE)
Median PFS | = 23.5 11.8 12mo OSrate| 934 100
0l (95% Cl), mo |(22.8 - NE)|(6.0 - 12.0) 0. (95% Cl), % | (84.9 —97.2) | (NE —NE)
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
0123456 7 8 91011121314 1516 17 18 19 2021 22 23 24 25 26 27 28 29 30 0123456 78 91011121314151617 18182021 222324 252627 26829 30
Time, months Time, months
Patients at Risk Patients at Risk
FLBO 78 76 74 69686361 6159494943343326181815 6 6 6 68 5 3 0 FLBO 7978787877 77777776 726961584843 36312216161615 13 73 2 1 1 0
MZL16 131313121211 8 8 7 3 2 1 @ MZL16161515141414141410 9 8 7 5 5 4 3 3 3 2 2 21 0O

Jacobson et al. ASCO Congress 2020



Bi-Specific Antibodies

» Mosunetuzumab: redirects T cells to engage and eliminate B cells

CD3

cD20

‘ i arge‘t:j
or

T-cell activation

S

CRS
NAEs

Granzyme &
Perforin l

Immune synapse
formation

Tumor cell death

1.1%
3.7%

Cytokine release syndrome
Neutropenia*

Fatigue
Hypophosphatemia
Diarrhea

Pyrexia

Headache

Nausea

3%

78
65
55
52
45
44
42
41

(28.9%)
(24.1%)
(20.4%)
(19.3%)
(16.7%)
(16.3%)
(15.6%)
(15.2%)

Schuster et al. ASH Congress 2019 55



Best change (%) in SPD

Mosunetuzumab in R/R iB-NHL

100

80

60

40

204

_20 —

—40 -

_60 —

_80 —

-100-

Indolent NHL

History of POD24

67

33/61

42 (62.7%)

20 (60.6%)

29 (43.3%)

14 (42.4%)

ORR: 42/67 (62.7%)
CR: 29/67 (43.3%)

H 0.4/1.0/2.8mg
M 0.8/2.0/4.2mg
[11.0/2.0/6.0mg
M 0.8/2.0/6.0mg
B 1.0/2.0/9.0mg
B 1.0/2.0/13.5mg

Indolent NHL: FL (Grade 1-3A), marginal zone lymphoma and small lymphocytic lymphoma

Schuster et al. ASH Congress 2019
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Summary

» iB-NHL often not a life-limiting diagnosis
» Clinical variables
» remain standard for prognostic stratification
» inform treatment initiation and follow-up
» New options in frontline and relapsed settings allow better precision fitting of treatment to patient

» Oral targeted oncolytics associated with important limitations and toxicities

» Cellular therapies likely to have a growing role in certain iB-NHL, e.g. early relapse
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Marginal Zone Lymphoma

» Extranodal MZL, nodal MZL, splenic MZL
» Immunophenotype: typically negative for CD10, CD5, and BCL2
» Advanced stage: generally apply FL principles and management

Gastric EMZL
Ocular adnexal MZL

MZL, splenic
lymphoma, MALT
Small intestinal variant EMZL
Pulmonary EMZL

Cutaneous MALT

Heliobacter pylori
Chlamydia psittaci
Hepatitis C

Campylobacter jejuni
Achromobacter xylosoxidans

Borrelia burgdoferi (Lyme)

PPl + triple antibiotics ~75%
Doxycycline ~50%
IFN, DAA’s ~75%

Zucca et al. Clin Cancer Res 2014;20:5207-5216
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Uterine Cancer

Adenocarcinoma: O 4t most commonly
Endometrioid diagnosed cancer
Mucinous In US females
Clear cell
S O 65,620 new cases

estimated in 2020
(12,590 deaths)

Sarcoma: T
Leiomyosarcoma e
Endometrial stromal sarcoma
Adenosarcoma

Carcinosarcoma

endometrium

myometrium

cervix




Endometrial Adenocarcinoma

Type | Type I
Endometrioid Histology (non-estrogen related)
grade1-2 (estrogen-related) O Grade 3

O Risk factors include endometrioid
those leading to

O Non-endometrioid
A exposure to

histologies:
unopposed estrogen . SErous
0 Often associated * Clear cell
with PTEN mutations 0 Associated with
O May demonstrate pS3 mutations,
microsatellite instability chromosomal

instability



Endometrial Cancer

O Unopposed estrogen stimulation
* Obesity
* Estrogen-only HRT
* PCOS
 Tamoxifen
* Granulosa cell tumors
* Nulliparity

O Increasing Age
O Diabetes
O Genetics (Lynch syndrome)

Risk
3-10X
4-8X
2-6X
2-3X
5X

2X




Tamoxifen

Endometrial Cancer  Tablets BP

: _ (behaves as estrogen agonist
Tamoxifen = SERM at the endometrium)

 Associated with small but significantly
A risk of endometrioid adenocarcinoma
and carcinosarcoma
« Causes cystic hypertrophy of endometrium
* ALL patients on tamoxifen should have annual
pelvic exam and be asked about postmenopausal
or irregular vaginal bleeding or discharge
* No benefit to use of U/S and endometrial biopsy
for endometrial cancer screening

Curtis RE et al. J Nat’| Cancer Inst 2004.
ACOG Committee Opinion 336. ACOG June 2006.



Lynch syndrome

0 ~3-5% of endometrial cancers

O Due to autosomal dominant mutation
iIn mismatch repair genes — MLH1, MSH2,
MSH6, PMS2

0 40-60% lifetime risk of endometrial cancer
* Mean age at presentation: 40s
« Ovarian cancer ~12% lifetime risk*
« Screening with endometrial biopsy, possibly
with U/S and CA 125, can be considered
 Consider prophylactic hysterectomy
and removal of tubes/ovaries

Lindor NM et al. JAMA 2006.
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Endometrial Cancer &% :* N\
Poor Prognosis Histologies ‘;gw*" ‘if:»_ :
e "'u* F‘?‘”ﬁfa’

O Clear cell and serous carcinomas
* Nearly 70% will have extrauterine disease
at presentation
* In recent SEER review, serous and clear cell
carcinomas accounted for 10% and 3% of all
endometrial carcinomas, but responsible for
39% and 8% of deaths, respectively

. Hamilton CA et al. Br J Cancer 2006.
O Carcinosarcoma

» Considered a high-grade carcinoma,
with sarcomatous dedifferentiation

« <5% of uterine cancers but poor prognosis

O Squamous
» Rare but aggressive



Endometrial Cancer
Survival by Stage (FIGO 2009)

m S I

90% <50% myometrial invasion
1B 81% >50% myometrial invasion
|l 81% Cervical stroma involvement
A 69% Uterine serosa or adnexal involvement
1B 93% Vaginal and/or parametrial involvement
lIC1-2 51-58%  Pelvic, paraaortic lymph node involvement
IVA 22% Bowel or bladder mucosa
VB 21% Distant metastasis (includes intra-

abdominal disease, inguinal nodes)



Endometrial Cancer
Treatment

O Surgical staging
« Total hysterectomy/removal of tubes and
ovaries = pelvic/periaortic lymphadenectomy
or sentinel lymph node biopsy

* Minimally invasive approach as effective as
open surgery Walker JL et al. J Clin Oncol 2012.

O Adjuvant radiation
* If risk factors for recurrence present

O Chemotherapy
» Advanced stages, o
high-risk histology

Endometrium -




Endometrial Cancer

CANDIDATES:
O Grade 1 endometrioid histology on D&C

O Disease confined to endometrium on
MRI (no myometrial invasion)

O No evidence of metastatic disease on
imaging

O No contraindications to medical therapy
or pregnancy



Endometrial Cancer

Management:

O Continuous progestin-based therapy
O Megestrol, Medroxyprogesterone, or
Levonorgestrel IUD
O Endometrial sampling every 3-6 months

O If complete response: encourage conception.
Hysterectomy after childbearing complete

O 50-70% complete response. 20-35% relapse
after initial CR

Gunderson CC et al. Gynecol Oncol 2012
Baker J et al. Gynecol Oncol 2012



Endometrial Cancer
Lymph node dissection

O Two large RCTs failed to show survival benefit

O Can identify those at high risk of recurrence
and guide adjuvant therapy

O Who benefits most, and extent of LND highly
debated

» “Mayo criteria”. Risk of LN involvement <2% if
grade 1-2, <50% myometrial invasion, and
tumor <2 cm

« Sentinel lymph node dissection another standard

of care

Panici PB et al. JNCI 2008

ASTEC study group. Lancet 2009
Mariani Aet al. Gyn Onc 2008.

Milam MR et al. Obstet Gynecol 2012.
Rossi EC et al Lancet Oncol 2017.



Endometrial Cancer

O Low Risk: Grade 1-2, confined to endometrium
* Observation

O Intermediate Risk: Stage |IA (with myoinvasion),
stage IB, stage Il

* Low-intermediate risk: observation
* High-intermediate risk: brachytherapy or RT

O High Risk: Stage llI-1V; high-risk histology
(serous, clear cell, carcinosarcoma) any stage

« Chemotherapy =+ radiation



Endometrial Cancer

O 55 yo s/p laparoscopic hyst, BSO. No
lymphadenectomy done

* Grade 2
* 1 cm tumor, no myometrial invasion
 Peritoneal wash positive

» Management?

A. Observation, she is low-risk

B. Pelvic RT, because she did not receive
lymph node dissection

C. Chemotherapy, because the peritoneal
wash was positive



Endometrial Cancer

O 65 yo s/p laparoscopic hyst, BSO, sentinel
node biopsy.

» Grade 1

* 70% myometrial invasion

* Lymphovascular space invasion (LVSI) present

« Sentinel nodes negative

» Management?

A. Observation; she is low-risk

B. Vaginal brachytherapy; she is
high-intermediate risk

C. Pelvic RT; she is high-intermediate risk



Postoperative Treatment

0 GOG99
* Risk factors: Outer third myometrial invasion,
grade 2-3, LVSI
* HIR group: age=70 + 1 risk factor, age 50-69 + 2
risk factors, age<50 + 3 risk factors

o0 PORTEC 1~
* Risk factors: Age>60, 250% myometrial invasion,
grade 3
* HIR group: 2 risk factors

» Pelvic RT in HIR: reduced risk of locoregional
recurrence (13-18%->5%), no overall survival
benefit



Postoperative Treatment

O PORTEC 2: Non-inferiority trial of vaginal
brachytherapy vs. pelvic RT in stage | with HIR,

stage IIA*

 Vaginal recurrence rate the same (1.6-1.8%), 5-yr
locoregional relapse rate 5% vs 2% (not
significant), less toxicity with brachytherapy

Nout RA et al. PORTEC-2 Lancet 2010.

O Conclusion: Vaginal brachytherapy is as effective
as pelvic RT for preventing locoregional recurrence
for:

 Grade 1-2 =250%
* Grade 3 <50%



Endometrial Cancer

O 65 yo s/p laparoscopic hyst, BSO, sentinel
node biopsy.

» Grade 1
* 70% myometrial invasion
* Lymphovascular space invasion (LVSI) present
« Sentinel nodes negative
» Management?

A. Observation; she is low-risk

B. Vaginal brachytherapy; she is
high-intermediate risk

C. Pelvic RT; she is high-intermediate risk



Endometrial Cancer

WARNING: CONTROVERSIAL CASE!

O 68 yo s/p laparoscopic hyst, BSO, sentinel
node biopsy.

» Grade 3, 85% myometrial invasion

* Lymphovascular space invasion (LVSI) present
» Sentinel nodes negative

» Management?
A. Vaginal brachytherapy
B. Pelvic RT
C. Chemotherapy + vaginal brachytherapy
D. B or C are reasonable
E. Chemotherapy + Pelvic RT



Postoperative Treatment

O GOG 249: Pelvic RT vs. vaginal brachytherapy +
carbo/taxol x3 in stage | with HIR*, stage Il, stage

-1l clear cell/serous
* No difference in RFS or OS, no diff in subgroups

Randall ME et al. JCO 2019.

0 PORTEC 3: Pelvic RT vs. cisRT + carbo/taxol x4
In stage | gr3 with deep myometrial invasion and/or
LVSI, Stage Il or lll, serous or clear cell

* Subgroup analysis: No difference in FFS or OS for

stages I-ll
deBoer SM et al. Lancet Oncol 2018.



Endometrial Cancer

WARNING: CONTROVERSIAL CASE!

O 68 yo s/p laparoscopic hyst, BSO, sentinel
node biopsy.

» Grade 3, 85% myometrial invasion

* Lymphovascular space invasion (LVSI) present
» Sentinel nodes negative

» Management?

A. Vaginal brachytherapy

B. Pelvic RT

C. Chemotherapy + vaginal brachytherapy
D. B or C are reasonable

( E. Chemotherapy + Pelvic RT )




NCCN Guidelines
O Surgically Staged — Stage |

Mational

Network

FIGO Stage

Histologic Grade

Adjuvant Treatment

1A

G1, G2

Observation preferred
or
Vaginal brachytherapy if any risk factors?P

G3

Vaginal brachytherapy preferred

or

Consider observation if no myoinvasion
and no lymphovascular space invasion®

G1, G2

Vaginal brachytherapy preferred
or
Consider observation if no risk factors®

G3

RT (vaginal brachytherapy and/or EBRT)
+ systemic therapy9

9 risk factors that would lead to EBRT = systemic therapy are: age, LVSI, and depth
of myoinvasion. Risk factors are continuous variables. Risk of recurrence is higher
with older age (especially >60 yrs), extensive LVSI, and deeper myoinvasion (>50%).
Also, when there are more risk factors present, the risk of recurrence is higher.



Endometrial Cancer

O 63 yo s/p laparoscopic hyst, BSO, sentinel
node biopsy.

* Grade 2

* 30% myometrial invasion

* Left pelvic sentinel node positive
» Management?

A. Pelvic RT

B. Chemotherapy = vaginal brachytherapy

C. Chemotherapy + pelvic RT, because adding
pelvic RT improves survival



Postoperative Treatment
Advanced Stage Disease

O Historical gold standard? Radiation

0 GOG 122
PFS and OS advantage with doxorubicin
+ cisplatin vs whole abdominal radiation

o0 GOG 177 Randall ME et al. J Clin Oncol 2006.
Addition of paclitaxel to AP improved survival

o GOG 209 Fleming GF et al. J Clin Oncol 2004.
Non-inferiority of carboplatin/paclitaxel to TAP

o RTOG 9708 Miller D et al. Gynecol Oncol 2012.
RT followed by chemotherapy associated with

excellent survival rates in high-risk patients
Greven K et al. Gynecol Oncol 2006.

O New standard of care: chemo = radiation



Proportion Alive and Recurrence-free

Endometrial Cancer

Advanced Stage Disease

0 GOG 258: Stage lll, IV <2cm residual
« Chemotherapy (Carbo/taxol x6)
vs. ChemoRT (cisRT, then carbo/taxol x4)

Chemotherapy only

No.of Total

Events No.
Chemoradiotherapy 132 370
Chemotherapy Only 139 366

Hazard ratio, 0.90 (90% Cl, 0.74-1.10)
P=0.20

Chemoradiotherapy

| | | |
12 24 36 43

Months

I
60

72

Addition of RT to
chemotherapy did
not improve RFS

5-yr RFS:
Chemo - 58%
ChemoRT - 59%

Matei D et al. NEJM 2019.



Endometrial Cancer
O Advanced Stage Disease

0 GOG 258: Stage lll, IV <2cm residual
« Chemotherapy (Carbo/taxol x6)
vs. ChemoRT (cisRT, then carbo/taxol x4)

Overall Survival

5-yr OS estimates:

Efi\ﬁ Chemo - 73%
g o7 ChemoRT - 70%

E_ 0.4
* o . Eens ot (Data not mature for final
1] —CT 7o 30 IVSi
0.0l | analysis)
0 12 24 36 48 60 72

Months from Study Activation

Matei D et al. ASCO 2017.



Endometrial Cancer
Advanced Stage Disease

O GOG 258:

ChemoRT arm vs. chemotherapy:

‘ vaginal recurrence (2% vs 7%)
‘ pelvic and PA node recurrence (11% vs 20%)

4 distant recurrence (27% vs 21%)

Matei D et al. NEJM 2019.



Endometrial Cancer

O PORTEC 3: Pelvic RT vs. cisRT + carbo/taxol x4

* Addition of chemo to RT improved 5-yr FFS 76% vs.
67%

Subgroup analysis:
Stage I-lIl — no diff in FFS

Stage Ill — chemoRT with improved FFS (69% vs 58%,
p=0.031), no diff in OS (79% vs 70%, adjusted p=0.07)

-reinforces importance of chemo in stage llli

deBoer SM et al. Lancet Oncol 2018.



Postoperative Treatment
Poor Prognosis Histology

Serous Carcinoma and Clear

Cell Carcinoma

O Comprehensive surgical staging,
including upper abdominal evaluation

O CA125 levels often reflect disease response
to treatment

O Associated with high frequency of distant
recurrence, even in early stage disease

O Retrospective data suggests benefit
chemotherapy (platinum-taxane) in all stages
» Exception: If disease limited to endometrial polyp,

possibly if limited to endometrium

Boruta DM et al. Gynecol Oncol 2009.
Kelly MG et al. Gynecol Oncol 2005.



Endometrial Cancer

O 63 yo s/p laparoscopic hyst, BSO, sentinel
node biopsy.

* Grade 2

* 30% myometrial invasion

* Left pelvic sentinel node positive
» Management?

A. Pelvic RT

B. Chemotherapy = vaginal brachytherapy

C. Chemotherapy + pelvic RT, because adding
pelvic RT improves survival




Postoperative Treatment
Poor Prognosis Histology

Carcinosarcoma

O Ifosfamide and paclitaxel previously associated
with greatest survival benefit

Bansal N et al. Obstet Gynecol 2008.
Tanner EJ et al. Gynecol Oncol 2011.
Homesley HD et al. J Clin Oncol 2007 .

0 GOG 261: RCT comparing ifosfamide/paclitaxel to
carboplatin and paclitaxel (OS primary endpoint)

+ 37 moPCvs. 29 mo Pl : 8.3 mo difference

+ Adjusted treatment death hazard ratio is 0.87

« The 90% C1 0.70 to 1.075.

+ p-value < 0.01. Rejects the null hypothesis: inferiol
Superiority: Not significant (p=0.14); one-tailed

Carbo/taxol non-inferior!

P ropoicn
e @
= &

L i

Powell et al. ASCO 2019. . R A E

rity



Uterine Adenocarcinoma

O Surveillance
* Physical exam, including pelvic, every 3-6
Ea.“‘i‘,’,‘;:{w,,: months for 2 years, then every 6-12 months

(S &Vl Cancer

R,  Pap test no longer recommended
» Consider CA125, if elevated preoperatively

» Counseling on lifestyle changes

O Recurrence
* A Recurrence risk with high-risk histology
* Sites: Type 1—Local (pelvis/vagina)
most common
Type 2—Distant (outside pelvis)



Recurrent Uterine Adenocarcinoma

O Consider radiation for local vaginal recurrence
or isolated recurrence in nodal beds

O Surgical resection can be an option
for isolated recurrences

O Hormonal therapy
* Most effective in low-grade endometrioid cancers
» Medroxyprogesterone/tamoxifen — RR 27%
* Progestins — RR 15-20%
O Chemotherapy
* For many, carboplatin/paclitaxel is 1st line
* RR 50-60%

Carey MS et al. Gynecol Oncol 2006.



Recurrent Uterine Adenocarcinoma

O Second-line chemotherapy (RR 10-25%):
doxorubicin, taxanes (weekly), ifosfamide

O Biologics: - Bevacizumab
* Pembrolizumab in MSI-high

O Two prospective studies (GOG 86P, ENDO-7)
demonstrated PFS benefit of adding bevacizumab
to chemotherapy

O Phase 2 study of everolimus and letrozole
demonstrated clinical benefit rate of 40%

Notable lack of response in patients with serous tumors
Carey MS et al. Gynecol Oncol 2006

O Pembrolizumab and Lenvatinib: Oza AM et al. J Clin Oncol 2011,
Aghajanian C et al. J Clin Oncol 2011.
Response rate 40-50% Slomovitz BM et al. J Clin Oncol 2015.

Makker et. Lancet Oncol 2019.



Recurrent Uterine Adenocarcinoma

O Immune checkpoint inhibitors - ORR
Avelumab! Durvalumab? Dostarlimab® Durvalumab™ Durvalumab + Pembrolizumab
Tremelimumab™ + lenvatinib™
MMRd 26.7% 43% 49% NA NA 50%
(7.8-55.1) (6.8-93.2)
MMRp 6.25% 3% 20% 15% 1% 39.6%
(0.16-30.2) (21.9-51.2)

1. Konstantinopoulos et al. ASCO 2019 Abs 5502 2. Antill et al. ASCO 2019 Abs 5501 3. Oaknin et al. SGO 2019 4. Rubinstein et
al. ASCO 2019 Abs 5582 5. Makker et al. Lancet Oncol. 2019 20(5): 711-718

::}:'“ i .~ Dostarlimab: clinically meaningful responses
i § W53 status unknown
0 T Omoing regardless of MSI status

70+

* >50% reduction in total tumor burden in 85% of
MSI-H and 69% of MSS responders
» ~50% of responders remained on therapy >1 yr

&0
Ll
ELE
=3 -
50 -

Avelumab predictors of response:

* responses seen regardless of PD-L1 status
 tumor mutational burden and TILs did not
predict response

704
50

1104




Uterine Sarcomas
Background & Evaluation

O Epidemiology
» Rare—only 3% of all uterine malignancies

O Risk Factors
* Prior pelvic radiation
* A Rate leiomyosarcomas in African Americans

O Surgery

« Hysterectomy, = removal of ovaries, =
lymphadenectomy

« Surgery one of few interventions with impact on uterine
sarcomas



FIGO Staging

O Stage I: Limited to uterus
|A: <5 cm
IB: >5 cm

O Stage Il: Extends beyond uterus, within pelvis
lIA: Involves adnexa
lIB: Involves other pelvic tissues

O Stage llI: Infiltrates abdominal tissues
llIA: One site
lIB: > 1 site
[1IC: Regional LN mets

O Stage IV: Bowel/bladder invasion or DM
IVA: Involvement of bladder/bowel mucosa
IVVB: Distant mets



Uterine Sarcomas
O Treatment

O Leilomyosarcoma Y 15,
~» Gemcitabine/docetaxel active in advanced stages

of disease, superior to historical treatments
Hensley ML et al. Gynecol Oncol 2008.

* No survival benefit of adjuvant RT in early stage
Reed et al. Eur J Ca 2008.

* No survival benefit of adjuvant chemotherapy in
early stage disease
GOG20: Doxorubicin vs obs  omuraetal. J ciin 0ncol 1985
GOG277:

Gemcitabine/docetaxel x 4
GOG 277 Observation
Doxorubicin x 4

.Hensley ML et al. J Clin Oncol 2018.




Uterine Sarcomas
O Treatment

O Leilomyosarcoma g
 GeDDis: Gemcitabine/Docetaxel vs.

Doxorubicin as first-line in
advanced/metastatic — similar PFS/OS

Seddon et al. Lancet Oncol 2017.

 Doxorubicin + olaratumab: no better than
doxorubicin alone Tap WD et al. ASCO 2019.

| « GOG 250 (phase lll trial): no benefit to adding

| bevacizumab to gemcitabine/docetaxel
Hensley ML et al. J Clin Oncol 2015.

* Recurrent disease: pazopanib, trabectedin,
ifosfamide, dacarbazine, eribulin. Consider
hormonal blockade if ER/PR+, slow pace.




Uterine Sarcomas
Treatment

O Low-grade Endometrial Stromal Sarcoa

« Hormonal therapy 15t line: Aromatase inhibitors,
progestins, GnRH analogs, fulvestrant

O High-grade Endometrial Stromal Sarcoma/
Undifferentiated Uterine Sarcoma

« Chemo often offered due to high risk of recurrence.
Doxorubicin-based therapy first-line.

» Consider radiation to reduce local recurrence



Cervical Cancer

Histologic Types Epidemiology

* Squamous cell ~ ~70% O Peak age incidence

* Adenocarcinoma ~25% 40-60 yo

* Adenosquamous US |
- Glassy cell 0 2020: - - .. 7
« Small cell 13 800 new cases f’

4 290 deaths

_Q_—\|F1_i¢_-l
Wsm .

Significantly ¥ incidence
due to implementation
of screening with Pap

Worldwide «

>85% of all cases of
cervical cancer occur in
low-resource countries

Global Cancer Facts & Figures, 4th ed.
American Cancer Society.



Cervical Cancer
Risk Factors

0 Smoking (
O Multiple sexual partners
O Sexually transmitted infection

O Immunosuppression
* HIV/AIDS
* Prior organ transplant recipient

O HPV infection




Cervical Cancer
O Role of HPV

O Human papilloma virus incorporated
into cellular genome; persistent infection
can = dysplasia

O HPV oncoproteins E6 and E7 lead to inactivation
of p53 and Rb

O >20 high-risk types associated

with anogenital cancers
* Types 16 & 18: >70% of cervical cancers

Transient Infection Persistent HPY Infection

Mild cytologic =
HPV abnormalities ot : ‘
oo o |

‘i o
L1
o =
L |
Sion

Wright & Schiffman.
N Engl J Med 2003.



Cervical Cancer /
® HPV Vaccine %ﬂﬂ

Gardasil: Quadrivalent (types 6,11,16,18)
Available Cervarix: Bivalent (types 16,18)
Gardasil 9: Nanovalent (ypes 6, 11, 16, 18, 31, 33, 45, 52, 58)

O Significantly ¥ incidence squamous and glandular
dysplasia and carcinoma in situ
FUTURE Il Study Group. N Engl J Med 2007; Joura EA et al. Lancet 2007. Joura EA et al. N Engl J Med 2015.

0 ACIP, ACS, ACOG, AAP: ALL girls and boys should
be vaccinated against HPV at age 9—12 yrs

O Approved for all genders, ages 9-26, now expanded to
include ages 27-45



Cervical Cancer
Screening

O Start at age 21
O Ages 21-29: Pap every 3 years

O Ages 30-65: Co-testing with Pap and HPV
every 5 years (new: HPV testing alone every
5 years also acceptable by USPSTF)

O Age >65: No screening if normal prior screening

O Screen even if vaccinated

O No screening after hysterectomy with
removal of cervix, unless prior CIN3/cancer



Cervical Cancer
Diagnosis and staging

O Diagnosis via biopsy
O Previously clinically staged — NEW staging FIGO
2018 allows imaging and pathology
* Pelvic exam (speculum, bimanual, rectovaginal)
* Biopsies, cervical cone/LEEP
» Cystoscopy
* Proctosigmoidoscopy
* Intravenous pyelogram (IVP)
* Chest x-ray
« US, CT, MRI, PET scan now allowed

» Pathology from lymph nodes, other surgical or
biopsy specimens now allowed



Cervical Cancer
Staging - OLD

Stage |
IA
A1
A2
1B
IB1
1B2
Stage Il

A
A1
A2

lIB

Confined to cervix (disregard corpus extension)
Diagnosed only by microscopy

<3 mm depth and <7mm horizontal spread

>3 and <5 mm depth, and </mm horizontal spread
Clinically visible, or microscopic lesion greater than |A
<4 cm tumor

>4 cm tumor

Beyond uterus, but no to pelvic sidewall or lower
third of vagina

Vaginal involvement (less than upper two-thirds)
<4 cm tumor

>4 cm tumor

Parametrial invasion




Cervical Cancer
Staging - OLD

Stage Il

[HIA
1IB

Stage IV

IVA
VB

Extends to pelvic sidewall* and/or involves lower
third of vagina

Involves lower third of vagina (no pelvic sidewall)

Extends to pelvic sidewall, and/or causes
hydronephrosis or non-functioning kidney

Involves bowel or bladder mucosa, or extends
beyond true pelvis

Bowel or bladder mucosa (bullous edema not sufficient)
Distant metastases (extends beyond true pelvis)




Cervical Cancer
New Staging - 2018

Stage |

A

1B

Stage |l

A

lIB

B1
|IB2
IB3

A1
A2

Confined to cervix (disregard corpus extension)
Diagnosed only by microscopy, with maximum depth <dmm
<3 mm depth

=3 mm and <5 mm depth

Depth invasion 25 mm, confined to cervix

<2 cm in greatest dimension

<2 cm and <4 cm

=24 cm

Beyond uterus, but not to pelvic sidewall or lower third of vagina
Vaginal involvement (less than upper two-thirds)

<4 cm in greatest dimension

24 cm

Parametrial invasion




Cervical Cancer
New Staging - 2018

Stage lll Involves lower third of vagina and/or extends to pelvic sidewall*
and/or involves pelvic or paraaortic lymph nodes
A Involves lower third of vagina (no pelvic sidewall extension)
1IB Extends to pelvic sidewall*
< HC Involvement of pelvic and/or paraaortic lymph nodes, irrespective of
tumor size and extent

[IIC1  Pelvic lymph node metastasis only
IC2  Paraaortic lymph node metastasis
Stage IV Involves bowel or bladder mucosa, or extends beyond true

pelvis
IVA Bowel or bladder mucosa (bullous edema not sufficient)
VB Distant metastases (extends beyond true pelvis)

* or causes hydronephrosis or nonfunctioning kidney



Cervical Cancer
® Management

Confined to cervix, A1 Simple hysterectomy or cone
microinvasive

Confined to cervix, <4 cm  1A2-IB2 Surgery or Chemoradiation

Bulky cervix and/or locally IB3-IVA Chemoradiation
advanced disease

Distant spread IVB  Chemotherapy = radiation




Cervical Cancer
Early Stage Disease

O Surgical
* Ex-lap, radical hysterectomy with pelvic
lymphadenectomy
» Favored approach for preservation of sexual function

O (Minimally invasive h feasible
Wlth exce”ent ShO UtCOmeS) Ramirez PT et al. NEJM 2018.

O Non-Surgical
* External beam radiation with chemosensitization,
followed by brachytherapy



Cervical Cancer
Fertility-Sparing

O Radical trachelectomy with lymphadenectomy

O Criteria:
* Reproductive age / Desires to preserve fertility
« Squamous cell or adenocarcinoma (no high-risk
histologies)
« Stage 1A1 with LVSI, 1A2, or IB1

* Tumor size <2 cm™ with limited endocervical
extension (assessed by colpo, MRI)

* No evidence of lymph node metastasis

* LVSI is a risk factor for nodal recurrence, but not

a strict contraindication Kim CH et al. Gynecol Oncol 2012.
Diaz JP et al. Gynecol Oncol 2008.



Cervical Cancer

O 52 yo with stage IB2 cervical SCC (3 cm tumor)
s/p ex-lap, radical hyst, BSO, sentinel lymph
node biopsy

 Depth of cervical stromal invasion: 50%
* LVSI present
« Sentinel nodes negative

» Management?
A. Observation, she is low-risk
B. Pelvic RT, she is intermediate-risk
C. ChemoRT, she is high-risk



O Intermediate-Risk

Cervical Cancer
Indications for Post-op Treatment

+ Deep third Any

+ Middle third =2 cm
+ Superficial third 25 cm
- Middle or deep >4 cm

With combination of risk
factors, pelvic radiation
WV risk of recurrence
(28% ->15%)

Sedlis A. Gynecol Oncol 1999.



Cervical Cancer

O 52 yo with stage IB2 cervical SCC (3 cm tumor)
s/p ex-lap, radical hyst, BSO, sentinel lymph
node biopsy

 Depth of cervical stromal invasion: 50%
* LVSI present
« Sentinel nodes negative

» Management?

A. Observation, she is low-risk

B. Pelvic RT, she is intermediate-risk
C. ChemoRT, she is high-risk




Cervical Cancer

O 65 yo with stage IB2 cervical adenocarcinoma
(3.5 cm tumor) s/p ex-lap, radical hyst, BSO,
bilateral pelvic and common iliac LND

 Depth of cervical stromal invasion: 85%
* LVSI present
* One of 16 pelvic lymph nodes positive
» Management?
A. Pelvic RT
B. RT with cisplatin-based chemosensitization
C. Chemotherapy



Cervical Cancer
Indications for Post-op Treatment

o High'RiSK Postop adjuvant treatment with
* Positive lymph nodes chemoradiation to ¥
 Parametrial disease recurrence and improve

overall survival
Peters WA. JCO 2000.

* Positive/close margins



Cervical Cancer

O 65 yo with stage IB2 cervical adenocarcinoma
(3.5 cm tumor) s/p ex-lap, radical hyst, BSO,
bilateral pelvic and common iliac LND

* Depth of cervical stromal invasion: 85%

* LVSI present

* One of 16 pelvic lymph nodes positive
» Management?

A. Pelvic RT

B. RT with cisplatin-based chemosensitization

C. Chemotherapy



Cervical Cancer
O Locally Advanced Disease - Optimizing
Chemoradiation

O Radiation historical treatment
for cervical cancer

O 5 RCTs in 1990s showed significant survival
benefit with chemotherapy and radiation
for stage |IB2-1VB diseases

ONA Strong consideration should
CER be given to chemoradiation
INSTITUTE instead of RT alone

« Chemo regimens not consistent across studies

— Weekly cisplatin (40 mg/m?) most feasible, least toxicity
— Cisplatin and 5-fluorouracil

Recommendations _ Mitomycin
el e~ “concurrent cisplatin-containing chemotherapy”

Eifel PJ et al. Semin Radiat Oncol 2006.



Cervical Cancer

O Radiation with concurrent chemotherapy,

followed by brachytherapy
 Radiation dose goal: 80-85 Gy

O International Phase lll trial in advanced disease:

Weekly Cisplatin & Gemcitabine Weekly Cisplatin
Concurrent EBRT/Brachytherapy Concurrent EBRT/Brachytherapy
Adjuvant Cis/Gem q 21d x 2 cycles

* Gemcitabine + cisplatin arm associated
with significant improvement in PFS/OS
* A Toxicity in cis/gem arm, concern regarding the
monitoring for side effects
» Unclear if benefit due to concurrent or post-radiation

chemotherapy Duenas Gonzalez A et al. J Clin Oncol 2011,



Cervical Cancer
Ongoing Controversies

O Assessing the specific benefit of chemotherapy
after primary chemoradiation

GOG 274/Outback — Locally Advanced

ChemoXRT — Weekly CDDP

Stage I1B2 - IVA
ChemoXRT — Weekly CDDP

Then Carbo/Paclitaxel x 4




Cervical Cancer
Locally Advanced Disease —
Alternatives to Chemoradiation?

O Neoadjuvant chemotherapy followed by radical
surgery instead?

Inferior to chemoRT
* Phase Il RCT in stage IB2-II1B cervical cancer:

-ChemoRT vs. Neoadj Carbo/taxol x3 followed by
radical hysterectomy (+- post-op RT or chemoRT if

indicated)
-ChemoRT with superior 5-yr DFS 77% vs. 69%

Gupta S et al. J Clin Oncol 2018.
« EORTC GCG 55994

-Similar finding, ChemoRT superior to neoad;
chemotherapy followed by surgery (5-yr PFS 66% vs

57%) ASCO 2019,



Cervical Cancer

O Lymph node involvement important

prognostic indicator
« 5-yr DSS 50-60% with pelvic lymph node involvement,

20—-40% with paraaortic lymph nodes ;n
O Diagnostic Techniques :
PET/CT:* Best sensitivity/specificity -)
for nodal involvement e 4
MRI: « Less sensitivity for nodes , ?"‘.-5:'
» A\ accuracy for determining \ &’
local invasion/spread

O Consider lymph node dissection in setting of \

PET/CT showing bulky nodes, or (+) pelvic LN but negative
PALN

Gien & Covens. J Surg Oncol 2009.
Uzan C et al Oncologist 2011
Ramirez PT et al. Cancer 2011



Cervical Cancer
Surveillance

O NCCN Recommendations:

Pelvic exam every 3-6 months
for complete responders

« Consider imaging, as clinically indicated
 Although Pap tests routinely used,
may not be accurate in detecting recurrence

O Future use PET/CT scan: Assessment
of metabolic
response

A post-treatment PET/CT performed at 3-6
months after chemoradiation can be used
to identify early persistence/recurrence

NCCN Clinical Practice Guidelines. Cervical Cancer. Version |. 2012.
Kidd EA et al. Int J Radiat Oncol Biol Phys 2012.



Recurrent Cervical Cancer

O Majority occur within 2 years of primary
treatment

O Recurrence sites:
Local: Vaginal cuff, cervix, ovaries
Distant. Lungs, paraaortic/supraclavicular lymph
nodes, abdominal cavity most common

O Poor prognosis with recurrence
* Review of 3 prospective clinical trials
showed OS of 6-13 months
* Importance of focusing on QOL and
Incorporating palliative care

Elit L et al. Gynecol Oncol 20009.
Chase DM et al. Gynecol Oncol 2012.



Metastatic/Recurrent Cervical Cancer
Treatment Options—Chemotherapy

O GOG 204: Comparison of 4 cisplatin-based
doublets for recurrent cervical cancer
favored cis/taxol

0 GOG 240:
Comparison of chemotherapy * bevacizumab

Monk BJ et al. J Clin Oncol 2009.

 No difference between chemo arms
« Arms containing bev with significant improvement
in PFS, OS, ORR

o JCOG 0505
« Randomized phase Il trial of cis/T vs carbo/T
 Similar OS - carbo/taxol not inferior

- However, if no prior cis, OS shorter with carbo/T
Kitagawa R et al. J Clin Oncol 2015.

Tewari K et al. NEJM. 2014.



Recurrent Cervical Cancer

O Chemotherapy — Second-line options:
» Abraxane, Paclitaxel, Ifosfamide, Topotecan,

Carboplatin, Pemetrexed, Vinorelbine, Irinotecan
* Response rates 15-29%

O Radiation
 Consider if no prior RT or have recurrence
outside irradiated field

O Surgery
* Patients with central (i.e., pelvic/vaginal)
recurrence: potential candidates for pelvic
exenteration

Benn T et al. Gynecol Oncol 2011.



Recurrent Cervical Cancer

O Strong rationale for immunotherapy in HPV-
related cancers Liao JB. Gynecol Oncol 2016
O Adoptive T-cell therapy?

« NCI trial of 9 patients receiving T-cells harvested &
expanded from tumor showed 3/9 had objective tumor

responses Stevanovic S et al. J Clin Oncol 2015.

O Immune checkpoint inhibitors

* Pembrolizumab — now FDA-approved (if PD-L1+)
- Keynote-158 (cohort E): Overall response rate 14.3%
- Keynote-028: ORR 12.5%

* Nivolumab

-Checkmate-358 (cervix cancer cohort n=19, PDL1+ not
required): ORR 26%
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Transfusion

Transfusion is one of the most common inpatient procedures!

Transfused daily in the U.S.% :
— 36,000 U red blood cells (RBCs)
— 7000 U platelets
— 10,000 U plasma

Source: ASH Image Bank.

1. Delaney M, Wendel S, Bercovitz RS, et al; Biomedical Excellence for Safer Transfusion (BEST) Collaborative. Transfusion
reactions: prevention, diagnosis, and treatment. Lancet. 2016;388(10061):2825-2836.

2. American Red Cross. Blood needs & blood supply. Available at: https://www.redcrossblood.org/donate-blood/how-to-
donate/how-blood-donationshelp/blood-needs-blood-supply.



Transfusion: Progress from a potentially lethal procedure to a
now largely safe and common treatment

A patient having blood let from his
right arm, while the blood of a dog
is transfused into his left arm.
Engraving, ca.1692.

Wellcome Library, London
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Blood transfusion used during childbirth,
including instruments. From Gustave-Joseph
Alphonse Witkowski’s Histoire des
accouchements, ca. 1887. Wellcome Library,
London



ABO Blood Group

A B
) @
Antigens
Alleles AO or AA BO or BB AB
Anti-A e
Anti-B M

Discovery of ABO made safe transfusion possible
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The four blood groups. From Laurence H
Snyder’s Blood Grouping in Relation to

Clinical and Legal Medicine, 1929. Wellcome
Library, London



Now over 300 known red cell blood group antigens!

Carbohydrate ABO Lewis P1PK I
Blood Groups A B H Le? LeP LeX LeY P P P1 L %
Q Gal 3 E o = 3 P “ 2o UI'E"_ 3 %
[] GalNAc ' ' &3 “ =
B GlcNAc P . :
@ Gic f - N _ 4
A& Fuc MM : | |
Protein Multipass  Single-Pass Single-Pass Multi-Pass GPl-Linked
BloodGroups RHD, RHCE,RHAG Type1 Type2 Duffy Cartwright
Diego, Kidd, Colton ~ MNS Kell Dombrock
Gill, Kx, RAPH Gerbich Cromer
Junior, Lan Lutheran, LW JMH

Knops, Indian, Vel

1. Johnsen J. Hematology (ASH Education Program). Dec 5;2015(1):168-76



Patient may need a transfusion? - order a “type and screen”

“TYPE” is a test to determine blood type
ABO and RhD (D) are considered in all transfusions
Extended typing tests for other blood groups (next most common: C,E,K)

Forward type: detects antigens on the patient’s RBCs using reagent antibody
Reverse type: detects antibodies in plasma/serum using reagent RBCs

“SCREEN” is a test to identify presence of anti-RBC antibodies

(Ordering a type and screen is a good time to consider IV access)



TYPE: Routine blood group testing is based on interaction
of RBCs with anti-RBC antibodies

All transfusions: ABO, D.
Higher risk transfusions: C, E, K, potentially others
Genotyping can also be done, can test more blood groups at once

A
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N
35
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Anti-IgG (Coombs)

7a,
@

Tube testing image courtesy of Kerry Lannert



SCREEN: test for anti-RBC antibodies

Incubation of patient plasma/serum with red cells from 2-3 very well
characterized “reagent” blood cell donors

— Collectively, these donors present the non-ABO blood group antigens likely to
provoke allosensitization and transfusion reactions

PANOSCREEN o

Master List 3
= IMMUCOR, INC. Norcross, GA 30071 USA =
H US LICENSE NO: 886 H
|y LOT NO: 23502 ) : : Luth- | (1
O : EXPIRES: 2014/08/15 Rh - Hr Kell Duffy | Kidd | Lewis | P MN abn s )
7)) A (73]
..‘_o, 1 Donor D|Clc|E|e|V]C] K|k [Kp|kp*[ds® st |Fy|Fyfoke|uke]Le?|Let )P IM| N | S | s JLu?|Lu®]Xg™ g
< <
0. I R1IR1B8691 |+|+|oJo|+|ofojo]|+|of+« o f+ +[+]+|+]+|o]+]+|o|+|+]o|+]+ o

Il R2R2C4281 |+ |0+ |+|oJojojo|+|of+Jof+Jo|+ +]Jojo |+ +Jo[+[+[ojo|[+]oO

|“|I mG1239 0|0 +]O|+|JOJOy+]|+|]O|+]O)+)+|OJO]+)+|O0)+JO(+]|]O|+])+]|+] +

* Indicates those antigens whose presence or absence may have been determined using only a single ple of a specific antibody




Antibody screen positive? Next step: Antibody identification

NAME

. . . ;. . PANOCELL -10 No.
Antibody identification Master List i

ANTIBODY IDENTITY

IMMUCOR, INC, Norcross, GA 30071 USA TECH DATE
US LICENSE NO: 886

L]
A IOgIC pUZZIe LOTNO: 22142 } Rh- Hr kel Dutty | idd [ Lewis | P MN uan T g [rrressermest resuirs

EXPIRES: 2015/08/07 eran TEST ME
]
I . . . I f ; Special Type Donor DiC|c|E]e|V]|c] K|k |kp|Kp|us” ps® Fy Py Jkefi| Le® Le"h" MIN|S|s fLu|Lu|xg™
[ests agglutination against a panel o 1 s TRl oo e e [ e e o T o
2 R1wR1B6816 = |+|+|ofo]+|of«Jo]+jo+|of++]of+]+]o|+]ofo|+]+|+fa|+]+]2
10-16 human red cells that express ;
4| Ror D1378 +lo|+fof+jofojof+«foj+jof=fojol+|+]ojo+jof+|ofjofo|+]+]4
blood group antigens in different :
g p g 6 r'r F869 ofoy+p++jo(ojof+jof+qpoj+g=jop+jojo-j+-jof+joj+jo|+«y+1{|=e
. . 7 |Batar) Luts 51263 ojoj+{of+jojof+|[+]o]+jo]+)o]+Qol+dol+)+)+]|o)+|oda|+)oO]7
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g [Vita-b+) rN3192 olof«|o|+|ojojol+|of+fo]|+Jol+]+]o)o]+fodof+]+|ofo|+]+]o
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e Can take hours to days to solve
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Patient needs a transfusion: order a “Type and Cross”
TYPE, SCREEN, and Crossmatch

CROSSMATCH: identifies blood components for transfusion in this patient

If negative antibody screen:
e Electronic Crossmatch (most common!)
e Immediate Spin Crossmatch
— Rapid mixing of patient serum with donor RBCs for ABO compatibility
If positive antibody screen:

e Full Crossmatch

— Requires incubations and Coombs reagent to test that the patient’s serum does not react with
donor RBCs

— Takes >45 minutes
— Takes a lot longer if there is an antibody to a high incidence (very common) antigen




Blood components are from blood donors

Volunteer blood donors

Complete a health assessment and questionnaire
Meet minimum physiologic criteria

Blood is sampled for testing

— Blood groups: minimum ABO and D (including testing for weak D)
e Other blood groups in recurring donors and/or for special situations

— Blood borne pathogen testing:
Serology: HIV-1/2, HCV, HTLV-I/1l, HBc, HBsAg, syphilis
Nucleic acid testing: HCV RNA, HIV-1 RNA, WNV RNA, HBV DNA

At least once: serology negative for Trypanosoma cruzi
More recent additions: Zika, Babesia microti



Blood components for transfusion

e Red cells (packed red blood cells, or PRBCs): increase Hgb ~1 g/dL*
— Hct 65-80% in 225-350mL, stored at 4C, shelf life 42 days

e Platelets (160-400 mL in plasma): increase platelets ~40-50 K/ulL*
— single donor (pharesis) or pooled (4-6 donors from whole blood centrifugation)
— stored at RT, shelf life 5 days

e Plasma (albumin, coag factors, fibrinolytic proteins, Igs, others): 200-250mL
— fresh plasma or fresh frozen plasma (FFP)
— stored frozen, shelf life one year; thawed shelf life 24 hours

Further manufacturing:

e Cryoprecipitate (insoluble cold precipitate of plasma):
— fibrinogen, VWF, factor VIII, factor Xll|

 Prothrombin complex concentrates (thrombin, FIX, FX, FVII), IVlg, Aloumin, etc.
*in average-sized adults



Infectious risks of transfusion

Transfusion-Transmitted Residual Risk Per Transfused

Infection Component

HIV 11in 1,467000

Hepatitis C 1in 1,149,000

Hepatitis B 11in 282,000

West Nile Virus Uncommon

Cytomegalovirus 50-85% of donors are carriers. Leukocyte
reduction is protective.

Bacterial Infection 1in 2-3,000 (mostly platelets)

Parasitic Diseases Relatively uncommon

Babesiosis, Chagas, Malaria

Weinstein R. Red Blood Cell Transfusion: A Pocket Guide for the Clinician.
American Society of Hematology. November, 2016.



Immediate immunologic complications of transfusion

Hemolytic transfusion reaction (HTR)
— Destruction of RBCs by anti-blood group antibodies, life-threatening

Immune-mediated platelet destruction (alloantibodies: HLA or platelet)

Febrile non-hemolytic reaction (anti-WBC antibodies, cytokines)
— Anti-pyretics can offer symptom relief; if recurrent consider leukocyte reduction
* Incidence <1% leukocyte reduced RBCs, 5% leukocyte reduced platelets

Transfusion-related lung injury (TRALI)
— Acute hypoxemia, non-cardiogenic pulmonary edema within 6 hours
— Due to donor anti-WBC antibodies, pro-inflammatory molecules in stored components

Allergic reactions (1-3% of plasma-containing components)
— Common, mild, self-limited urticarial reaction, usually responsive to antihistamines

Anaphylactoid/anaphylactic reactions (rare, IgA-deficient patients high risk)
— If refractory to meds, consider washed cellular components to reduce plasma exposure



Delayed immunologic complications of transfusion

Delayed hemolytic transfusion reaction (destruction of RBCs)
— Similar to HTR: hemolysis due to either anamnestic or new alloimmune response

Alloimmunization to (donor) antigens (any blood cell antigens or plasma proteins)
— Blood components contain things not on the label (e.g. in platelets: some RBCs, WBCs)

Post-transfusion purpura (PTP)
— Rare, dramatic, self-limited purpura 7-10 days later
— Platelet specific antibody destroys autologous and allogeneic platelets, IVIg can treat

Transfusion-associated graft-vs-host disease (TA-GVHD) (rare)
— Transfused allogeneic T-cells (from any component with viable T-cells)
— Risks for TA-GVHD: severe cellular immunodeficiency, purine analagues (e.g.
fludarabine), haploidentical HLA to a homozygous donor
— Irradiated components are indicated for patients at risk for TA-GVHD



Model of events leading to
delayed hemolytic transfusion reaction (DHTR)?

Primary i Anamnestic
e L Antibody evanescence
allosensitization tibody response
| | | | | | | l l

1°" exposure 2" exposure

R Level of detection

Antibody titer

A y

[ime

1. Tormey C. and Hendrickson J. Transfusion-related red blood cell alloantibodies:
induction and consequences. Blood 2019,133(17);1821-1830. (2019)



Other (non-immune) complications of transfusion

Transfusion-associated circulatory overload (TACO)
— From excessive volumes or excessively rapid rates: treat pulmonary edema, reduce fluids

Hypothermia: from infusing large volumes of cold components
— Risks arrhythmia/arrest and coagulopathy: mitigated by blood warmers

Metabolic complications: usually with large volume / rapid transfusions
— Citrate “toxicity” : chelation of ionized calcium by the citrate anticoagulant in blood components

Iron overload
Donor-transmitted infectious agents: Viruses, bacteria, parasites, variant Creutzfeldt-Jakob

Bacterial sepsis or endotoxin rxns from contamination (infrequent, life-threatening):
— Most common culprit component is platelets
— Treat aggressively with antibiotics and supportive care

Cytomegalovirus (CMV): can reside in donor WBCs
— Risks for immunocompromised patients and premature infants of seronegative mothers
— Risks reduced by transfusing CMV-seronegative or leukocyte-reduced components



Noninfectious adverse outcomes per unit transfused?

From National Blood Collection and Utilization Surveys 2011-2015

Febrile non-hemolytic A |
Allergic/urticarial -
Delayed Serologic - L
TACO - ]
Hypotensive - |
Transfusion-associated dyspnea - N
Delayed Hemolytic - |
Anaphylactic - [ |
Post-transfusion purpura - B
TRALI A [
Acute Hemolytic (non-ABO rel.) - I
Acute Hemolytic (ABO related) - L]
Transfusion-associated GVHD - e

10% 107  10°% 10° 10%*  10° 102 10
Risk of adverse reactions per transfused component

1. In: Goel R., et al. Noninfectious transfusion-associated adverse events and
their mitigation strategies. Blood 2019 133: 1831-1839



Serious Hazards Of Transfusion (SHOT) 2019*

Summary data for 2019 (n=3397)

NM: Near miss S‘ 1314
Anti-D: Anti-D immunoglobulin errors

IBCT: Incorrect blood component transfused

HSE: Handling and storage errors

FAHR: Febrile, allergic and hypotensive reactions
RBRP: Right blood right patient

TACO: Transfusion-associated circulatory overload

ADU: Delayed transfusion

Mistakes are the
most common of the
serious hazards

ADU: Avoidable transfusion

HTR: Haemolytic transfusion reactions

ADU: Over or undertransfusion
CS: Cell salvage
TAD: Transfusion-associated dyspnoea

ADU: Prothrombin complex concentrates (PCC)

UCT: Uncommon complications of transfusion

TRALI: Transfusion-related acute lung injury

Il Error
[l Not preventable
[l Possibly preventable

TTI: Transfusion-transmitted infection

PTP: Post-transfusion purpura

o O NN ow

TAGvHD: Transfusion-associated graft-vs-host disease
1. www.shotuk.org



When to transfuse PRBCs? = Choosing
2 Wisely
An initiative of the ABIM Foundation

AABB Choosing Wisely (#1): Don’t transfuse more units of blood than absolutely necessary.

ASH Choosing Wisely (#1): Don’t transfuse more than the minimum number of red blood cell (RBC)

units necessary to relieve symptoms of anemia or to return a patient to a safe hemoglobin range (7 to 8
g/dL in stable, non-cardiac in-patients).

e Transfuse for symptoms and/or hemoglobin
— Threshold 7.0-8.0g/dL for most hospitalized, stable patients
— Threshold 8.0g/dL for pre-existing cardiovascular disease

 Order one PRBC unit unless actively bleeding (use weight-based dosing in children)
— Order more units only after re-assessment
— Remember that each unit of blood carries risks

e Liberal transfusion strategies do not improve outcomes compared to restrictive strategies

 Unnecessary transfusion generates costs and exposes patients to risks without likely benefit
Adapted from www.choosingwisely.org




When not to transfuse: Asymptomatic iron : Choosi
deficiency anemia z LI100SING
: Wisely
An imitiative of the ABIM Foundation

AABB Choosing Wisely (#2):

Don’t transfuse red blood cells for iron deficiency without hemodynamic instability.

e Cheaper and safer alternatives to treat iron deficiency (e.g. iron treatment)
e Unless otherwise meet criteria for transfusion, don’t transfuse

Adapted from www.choosingwisely.org



High risk for transfusion AEs: = Choosin

Sickle cell disease patients B @ 8
: Wisely

ASH Choosing Wisely (#7): An initatiseof the ABIM Foundation

Don’t routinely transfuse patients with sickle cell disease (SCD) for chronic anemia or uncomplicated
pain crisis without an appropriate clinical indication.

e SCD patients are at higher risk for harm from unnecessary PRBC transfusion
— alloimmunization to minor blood group antigens
— iron overload

e Even most severe types of SCD (baseline hemoglobin 7-10 g/dl) usually tolerate

further temporary hemoglobin reductions without symptomes.
— 1V fluids may contribute to a decrease in hemoglobin by 1-2 g/dL
— routine transfusion in this setting should be avoided

 No evidence transfusion reduces SCD vaso-occlusive crisis pain!
e Guidance for transfusion in SCD is in the NHLBI 2014 guidelines

Adapted from www.choosingwisely.org



° - . [ |
“Universal” blood and emergencies =Choosmg
: Wisely
An imitiative of the ABIM Foundation
“Universal units”: O-negative RBCs, AB-positive (male) plasma

— Mitigate risks of ABO incompatibility
— Reduce risks of allosensitization to D

AABB Choosing Wisely (#5): Don’t transfuse O negative blood EXCEPT:

— to O negative patients
— in emergencies for women of child bearing potential with unknown blood group.

 O-negative PRBC units are in chronic short supply
— Shortages are exacerbated by overutilization for patients who are not O-negative
— Common practice during shortages to transfuse O-positive in males, use low titer anti-A plasma

Adapted from www.choosingwisely.org



Blood testing for transfusion: * Choosi
Monitoring recommendations z LI100SING
: Wisely
An imitiative of the ABIM Foundation

AABB Choosing Wisely (#4):

Don’t perform serial blood counts on clinically stable patients.

e Unless bleeding or otherwise unstable, transfusion (PRBCs or platelets) should
use the results from the first labs of the day

 Multiple blood draws to recheck the transfusion threshold can lead to:
— excessive phlebotomy
— latrogenic anemia

— unnecessary transfusions

Limit blood draws!!

Adapted from www.choosingwisely.org



[ ] . y
When not to use plasma and PCCs: Warfarin reversal =0|I_008|!lg
: Wisely
AABB Choosing Wiselv (#3): An imitiative of the ABIM Foundation
Don’t routinely use blood products to reverse warfarin.
ASH Choosing Wisely (#4):

Don’t administer plasma or prothrombin complex concentrates for non-emergent reversal of
vitamin K antagonists

(i.e. outside of the setting of major bleeding, ICH, or emergency surgery)

e Rationale: blood products have risks, are costly, and are rarely indicated
e Most patients can be reversed with holding warfarin and/or vitamin K

e For serious bleeding or emergency surgery / invasive procedures only:
— prothrombin complex concentrates (PCCs)
— (plasma)

Adapted from www.choosingwisely.org



When to transfuse plasma

 Preoperative or bleeding patients who require replacement of multiple coagulation
factors (e.g., liver disease, DIC)

e Patients undergoing massive transfusion

e Patients on warfarin who are actively bleeding or in need of an immediate invasive
procedure

e Patients with coagulation factor or plasma protein deficiencies, congenital or
acquired, for which no specific products are available (e.g. FXI, C1 inhibitor)

e Thrombotic thrombocytopenic purpura (TTP)

See lectures on coagulation for underlying disorders and management



When to transfuse platelets?

 Thresholds for platelet transfusion are evolving: the general trend is towards

more conservative use of platelet transfusion
— PLADO trial
— Pragmatic use of a scarce resource

e Thrombocytopenia: correction of quantitative defects
— Prophylactic transfusion: historically PLT <10k, but PLADO trial used threshold < 5K

— For invasive procedures, trauma, and active bleeding in patients with moderate to severe
thrombocytopenia

— Rapidly falling platelet count with active bleeding or significant consumption

e Platelet dysfunction: correction of qualitative defects
— Consider functional platelet count to be the predicted post-transfusion platelet count

See lectures on thrombocytopenia for causes and management



THANK YOU!
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l. Mucosal Squamous Cell Carcinomas
— epidemiology and pathogenesis
— staging
— treatment

* locally advanced disease
— unresectable/organ preservation
— postoperative therapy

 metastatic disease

Il. Thyroid Cancer
lll. Salivary Gland Cancer



Part |
Mucosal squamous cell
carcinomas of the head and
neck



Pathogenesis

Causally linked to exposure to

1. Tobacco and alcohol
— oral cavity, larynx, hypopharynx
— declining in incidence
— economic and racial disparity
2. Viral infection
— HPV in oropharynx, increasing incidence
— EBV In nasopharynx




Tobacco and Alcohol

Mormal appeari . Mild . Invasive
o e * Hyperplasia . i :
epithelium : dysplasia ’ carcinoma

Carcinogen

exposure 2 :
Qerl del..atlonl . ' 11q%3 18q deletion
pl6/pl4 inactivation 3p deletions 13921 10023
Genetic Trisomy 7 TP53 mutations 8p deletion 3q:']'é
EGFR Tetraploidy Aneuploidy e
Telomerase activation Cyclin D1 amplification HERNS
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Immune escape

Argiris et al. Lancet. 2008 May 17;371(9625):1695-709.



The oropharynx and HPV16

Virus DNA

Capsid
protein

Iinfaction

~B80% heal HPFYV DNA integrated
within wo years into tumour cell DA

Infocted L HPV in epithaolial Invasive [ £
basal cell cells cancer |

@ Nobel Committee for Physiclogy or Medicine 2008  lllustration: Annika Réhl




HPV and p16

& E6 prevents p53 from making
damaged commit suicide.

_< E7 binds to Rb and prevents it from stopping
@ damaged cells from growing.
[P
P
h
p16
upregulation

§

Snde courtesy of O’ Deboroh Chate




Patient Characteristics

HPV related Non HPV related
Median age |58 68
Race Caucasian Higher proportion of African
Americans and minorities
Sex Male Male
Risk Factors | Sexual activity Tobacco
Alcohol

Performance
Status

Minimal comorbidity

Frequent vascular, cardiac,
pulmonary comorbidity




Tumor Characteristics

HPV related Non HPV related
Subsite Tonsil Oral tongue

Base of tongue Larynx/Hypopharynx
T/N at Small T, large N Bulkier primary tumors
presentation | Cystic lymph node

appearance
Tumor Poorly differentiated, Well to poorly differentiated

differentiation

nonkeratinizing, basaloid

P53, Rb status

Wild type

Mutant




Clinical Behavior

HPV related

Non HPV related

Chemotherapy
responsiveness

High

Lower

Prognosis in
curative setting

Excellent 5 year survival

Low rate of long term
survivors

Survival expectation
in R/M setting

~24 mos

~9mos

Failure patterns

Late recurrences
Non pulmonary metastases

Distant, mostly lung

Second primary tumors
due to condemned mucosa




HPV+ OPC is heterogeneous

RTOG 0129

Low risk

High risk

=
&
=
S
e
=
w
=
B
8

2 3

Years since Randomization

Ang KK et al. N Engl J Med. 2010 Jul 1;363(1):24-35.



Key points on HPV+OPC

» |[HC for p16 is highly correlated with HPV-
positivity in the oropharynx

« Completion of HPV+ clinical trials have
established standards of care

* Treatment deescalation remains a
research question in active investigation




Staging

* General Principles:
— T1-2 lesions small
— T4 lesions invade into surrounding structures
— N3 >6cm nodes

* Unknown primaries (Tx)
— Occur in 10-13% of cases
— Curable

 HPV related OPC is now staged
separately




STAGING: AJCC v. 8
NonHPYV related

Stage | T1 NO MO 15% new diagnoses
Surgery or XRT with curative intent
Stage | 12 NO MO /0% or greater 5 year Overall Survival
Stage Ml I3 NU VIO
113 N Ll 75% of new diagnoses
Stage IVA T4a NO-1 MO Curable with multimodality therapy
T1-4a N2 MO Usually chemotherapy + XRT
30-50% 5 year over all survival
Stage IVB T4b AN MO
Any T N3 MO
Stage IVC AnyT AnyN M1 10% new diagnoses

Incurable, median survival <1 yr

AJCC Cancer Staging Manual, Seventh Edition (2002)



STAGING: AJCC v. 8
HPV related OP Cancer

N CATEGORY

T CATEGORY

10

"Any M1 is stage IV.

AJCC Cancer Staging Manual, Seventh Edition (2002)




Locally Advanced Disease

« Curative intent approach is possible
— Surgery (preferred for oral cavity)
— Radiation

— Chemotherapy as a single modality: NOT
curative

» Multidisciplinary assessment is critical
» Functional outcome/ long term QOL



Organ Preservation:
Nasopharyngeal Carcinoma

Epidemiologically distinct
EBV associated
Unresectable at diagnosis

Classic presentation:
— Middle ear effusions in adults
— Level V (post triangle) LAD

Intuitive subset to explore nonsurgical,
curative intent therapy



Nasopharyngeal carcinoma:

Intergroup 0099

1a

S\, 200mg/m2Day 1,22, 43
Followed by 3 cycles of cis+5-

FU — CODP + RT /5FU + CODP
- RT

R 0% L.._,'.“
i XRT alone to 70Gy '&m‘
N

Locally Advanced D 2

NPC 20 <
N= 193 M XRT concurrent cisplatin

I
F
E

Fig 2. Owverall survival for completely eligible patients on RT only and
combined CT/RT ().

 PFS and OS advantage to experimental arm
« Subsequent RCTs in SE Asia have shown no advantage to adjuvant chemo

Al- Sarraf. J Clin Oncol 16:1310-1217 1998



Induction chemotherapy:
Nasopharyngeal Carcinoma

Trial SChema Overall Survival

Induction chemotherapy

Standard therapy

UICCIAJCE T ad
non-metastatic,
stage [I~IVE NPC ,
stratified by

3-Yr overall survival:
Induction chemotherapy, 94.6%
vs. standard therapy, 90.3%
Hazard ratio for death, 0.43
(95% Cl, 0.24-0.77)

center and stage

excluding Standard-Therapy Group
T3-4NO

1]
—
=
L H]
E=]
]
o
LS
o
8b
(3]
)
=
Q
Y
Q
o

* CCRT
Cisplatin 100mg/m?, d1 g3w * 3 cycles
IMRT 68-T0Gy in 30-33fr over 6.5w

Clinical Trial: NCT01872962 24 36 48 60
Months since Randomization

we WRASCO nnn

 RFS and distant FFS superior in Exp arm.

Zhang et al. N Engl J Med. 2019 May 31



Organ Preservation:
Laryngeal Carcinoma

» Laryngectomy was historical standard of care

* VA Larynx Trial (NEJM 1991)

— Randomized phase lll larynx study

— surgery vs. chemo followed by XRT for
responders

— 64% in experimental arm had successful organ
preservation

— OS similar, attributed to successful surgical
salvage




Landmark Studies in Organ Preservation:

Larynx Ca RTOG 91-11

k-]
iz
b é
Cis 100mgim2 %g
R D1,22,43 of gu‘-
A . XRT 70 Gy
N CR/PR:
St v _ D/  3cycles —  XRT70Gy AV
Glottis/Supraglottis® 0 Cis 100mg/m2 + : Tuars siter Randomizstion
IM E;_E]M 000mg/m2/d = \ <PR of PD- u::xﬂm 2
L Laryngectomy R
XRT 5[]_?E|GY corcyrrent cisplatin
E Radthenpy sore
XRT 70 Gy Figure 7. Rates of Locoregional Contrel According 1o the Treatment Group,

* T4 tumors with cartilage
invasion excluded

Forastiere AA et al. NEJM. 2003, 22{349) 2091-98.

g
2
]
2
3

05 Lo 10 in
Years after Randomization

Ma. at Risk
Chemotherapy followed
by radiotherapy
Radiotherapy with
concurrent cisplatin
Radiotherapy alone

Figure 1. Rates of Laryngeal Preservation According to the Treatment Group.




Organ Preservation.

Larynx Cancer RTOG 91-11

Table 2. Grade 3 or 4 Acute Toxic Effects, According to the Treatment Group.*

Radiotherapy with Concurrent Radiotherapy Alone
Towxic Effect Cisplatin plus Flusrouracil Followed by Radistherapy Cisplatin (N=171) [(M=171)

Chemaotherapy Pericd Radiotherapy Period
(N-168) (N=156)
grade3 graded total grade3d graded total grade 3 graded total grade 3 graded total
number of patients (percent)
Hematologic 3 44 87(52) 13 10 23(15) 64 17 81(47) 5 (3)
Infection 4 5 9 2 2 7 7 (4) 2(1
Mucosal (stomatitis) 27 7 34200 36 38 (24) 64 73 (43) 41 (24)
Pharyngeal or esophageal — — 30 30 (19) 60 80 (35) 32(19)
Laryngeal — — (13 29 31(18) 28 (18)

Dermataologic — — 1e 16 (10] 10 12 (7 159
(in radiation field)

Mausea orvomiting 231 (14) 0 28 35 [20)

Renal or genitourinary 3(2) 2 2 (1) E T4

Neurologic E (4) 0 0 2 2 (%)

Other 27 [16] 2 15 (12 58 69 (407 10 (6
Overall maximal severity 111 (&86) 13 79 (5]) 99 131 (77) B0 47

Forastiere AA et al. NEJM. 2003; 22(349) 2091-98.




Landmark Studies in Organ Preservation:

RTOG 91-11

— Distant metastasis decreased in groups
receiving chemotherapy

— Overall survival not significantly different
among treatment groups

« Success of salvage surgery

— Long term results reported in 2013
* Results hold up with 6.9 years median F/U

Forastiere AA et al. NEJM. 2003; 22(349) 2091-98.
Forastiere A et al. J Clin Oncol. 2013 Mar 1;31(7):845-52.



Organ Preservation.

Intergroup Study

Arm A Arm B Arm C

XRT CisXRT splitXRT
XRT OS (3yr) 23% 37%
E - Avs B
N=295 . ,/. p=0.14
U?wzaegéZéltglt;’;e g & . Cis+XRT DSSurvival 33% 51%
asce | (3yr) Avs B
: Split course p=0.01
cispﬁ;:m:u Distant 17.9% 21.8%

Failure

Toxicity 51% 85%
Avs B
p<.0001

Adelstein et al. J Clin Oncol, 2003; 21(1):92-8.



Organ Preservation with cetuximab:

Bonner Study

XRT | XRT+ p Value
alone | Cetux

LRCI(3yr) 34%

5
A XRT alone
o Mo
HNSCC 3 PFS(3YI‘) 31%
| - XRT+
é Weekly Cetuximab
*Oral Cavity Excluded OS(3yr) 45%

Gr 23 52%
toxicity

Bonner JA. NEJM 2006:354:567-78.



Landmark Studies in Organ Preservation:

Bonner Study

60% had oropharynx primaries
—Subsequent HPV testing shows lower (but present)
magnitude of benefit in HPV negative OP pts

No impact on distant metastatic failure rate
No identifiable biomarker for response
Control arm not regarded as standard of care

— RTOG 1016 with published showing inferiority
compared to cis+XRT in HPV+ population

Bonner JA. NEJM 2006:354:567-78.
Rosenthal et al. J Clin Oncol. 2016 Apr 20;34(12):1300-8



Organ Preservation:
Oropharyngeal Carcinoma

« Recognition of superior prognosis
« Therapeutic standards developed in preHPV era
 Toxicities of concern, overtreatment

 Treatment deescalation an intuitive direction



N=987
Locally
Advanced
P16+
OPSCC

Organ Preservation:
Oropharyngeal Carcinoma

RTOG 1016

Accel IMRT 70 Gy x 6 weeks
T stage ~ Concurrent cisplatin on D1, 22 E=3?I;|4
N st e ey
il | 8 Advanced
S ki i P16+
MOKIRAG .. Accel IMRT 70Gy x 6 weeks OPSCC
Concurrent weekly cetuximab

De-ESCALaTE Study

IMRT 70 Gy x 35 Fx
+ Concurrent cisplatin on D1, 22, 43
Center
T stage
TNstage [
XRT

\ IMRT 70Gy x 35 Fx

PEG .
Concurrent weekly cetuximab

Gillison et al. Lancet.2019 Jan 5;393(10166):40-50
Mehanna et al. Lancet. 2019 Jan 5;393(10166):51-60



Phase lll clinical trials in HPV + OPC

« RTOG 1016 and TNM 8™ EDITION TNM Il (REMOVE T4/N3)
D e- E S C A L aT E Very low risk population

- Overgll Survival | 2yr0S

— Superiority of ; ——— s64%
cisplatinXRT vs. wz
CetuxXRT in e

O S L I a C ¢ 95% Cl: 0.92 10 19.75
J -.. cran
u ’ | ? Tirme |'.I ears ) e 2

. - Log rank p-value = 0.043
— No difference In
acute/late tox

— T score higher in
CisXRT in 1016

De-escalation remains a research question in HPV+ OPC

Gillison et al. 2019 Jan 5;393(10166):40-50
Mehanna et al. Lancet. 2019 Jan 5;393(10166):51-
60




Functional Imaging after
definitive chemoradiation

Planned neck dissections (ND) post chemoXRT
was standard of care for N3 or bulky N2b
disease

PET-NECK randomized 564 pts to ND vs.
surveillance with PET-CT at 12 weeks post CRT

Necks with nonPETavid LNs <1cm observed In
exp arm

Less NDs done in exp arm, no difference in OS

Mehanna et al. N Engl J Med. 2016 Apr 14;374(15):1444-54



KEY POINTS:
Locally advanced disease

» Organ preservation/unresectable disease

— Concurrent bolus cisplatin based chemoradiation
supported by RTOG 91-11, Intergroup, RTOG 1016, DE-
ESCALaTE, Intergroup 099

— CetuximabXRT is inferior to cisXRT in the HPV+OPC

— Neoadjuvant gem/cis for locally advanced NPC with
nodal burden

« PET-CT can be used after chemoXRT to guide
need for neck dissection



KEY POINTS:
Locally advanced disease

« A multidisciplinary approach is essential

o Patient selection is critical

— Not everyone is meant for nonsurgical treatment
approach

— Remember exclusion criteria in organ preservation
studies

« Deescalation in HPV+ remains a research question



Postoperative therapy
RTOG and EORTC studies

R
A XRT
N
5 . D
esected High
Risk** ——> O
HNSCC M XRT
| Cisplatin
Z 100mg/m?2
E D1, 22, 43

*** Eligibility criteria varied in 2 studies

Bernier et al. N Engl J Med. 2004,;350(19):1945
Cooper et al. N Engl J Med. 2004;350(19):1937



RTOG 9501

‘“"‘“'l-\.._ . Combined therapy
TR R e AR e o e

Radiotherapy

Local and Regional Contrel (%)

T
4 £1] 4E
Months after Randomization

Mo, at Risk
Combined therapy b 123
Radiotherapy 210 108

EORTC 22931

Combined therapy

........ .

——
Radiotherapy
(103 events)

Progression-free Survival (%)

No. at Risk
Radiotherapy le/ 119 73 57 45 30 18
Combined therapy 167 125 105 385 66 42 20

Figure 1. Rates of Local and Regional Control.

100

‘q\
\ Sy l—l..“r&:m bined therapy

‘H“ g

y
w

L
=]

U
"“—usr'*-\.
Radiotherapy

Owerall Survival (%)

(=]

T T L T

k1 48
Maonths after Randomization

=

Ma. at Rick
Combined therapy 206 132
Radiotherapy 210 120

Figure 1. Kaplan—Meier Estimates of Progression-free Survival.

Figure 3. Kaplan-Meier Estimates of Overall Surnvival.

Owerall survival did not differ significantly between groups (P=0.19 by the log-

Combined therapy
(79 events)

Radiotherapy
(95 events)

Overall Survival (%)

T T
4 5

Years

No. at Risk
Radiotherapy 167 139 93 68 49 31 19
Combined therapy 167 141 118 93 72 47 33

Figure 2. Kaplan—Meier Estimates of Overall Survival.




Pooled Analysis

Overall survival advantage to
Cisplatin + XRT for

« Positive surgical margin
« Extracapsular extension

LRC, PFS benefit confirmed

EORTC versus RTOG Eligibility

i
Stage -1V

Or, OC with

level 4 or SLN .
Margins +

Perineural ECE
Disease

Vascular
Embolisms

v/

FIGURE 1. Eligibility criteria in EORTC 22931 and RTOG 9501
trials. OP, oropharynx; OC, oral cavity: LN, lymph node; ECE,
extracapsular extension.

Bernier et al. Head Neck. 2005 Oct;27(10):843-50.



Alternative cisplatin dosing +

XRT In postoperative setting

 Randomized phase Ill study of 30mg/m2 vs
100mg/m2

* Indian population, mostly adjuvant post resection

* Inferior LRC with weekly
Noronha, et al JCO 2018.

 Randomized phase lll study of 40mg/m2 vs
100mg/m2

« Japanese study in adjuvant setting for high risk disease

» Weekly dosing non-inferior
Kiyota et al. ASCO 2020 Abs 6502



Postop treatment in HPV+ OPC

ECOG-ACRIN E3311 schema

LOW RISK Arm A :
Observation
pT1-T2NO-N1 [Observa |

negative margins

Radiation Therapy

T @15 LIMRT 50Gy/25 Fx ‘\‘
HPV (p16)* SCC V A
oropharynx n| INTERMEDIATE: | Evaluate 2-year PFS
Transoral Resection p| Close margins |Local-Regional
Stage ll-IV: ¢T1-2, || (any approach) o <imm ENE | Recurrence, Functional
N1-2b M| 2-4 metastatic LN
Baseline N l". P /
Functional/ b
QOL Assessment c “w..j_ IH,;;!: tﬁinnnﬁ‘lhl“mr;ir
HIGH RISK Arm Dr

Radiation Therapy
IMRT 66 Gy/33 Fx +
CDDF 40 mg/m® waekly

Positive Margins
>1mm ENE ar
=5 metastatic LN

. Arm B m2 yr PFS threshold will be
compared to nonsurgical therapy



KEY POINTS:
postoperative therapy

» High Risk pathologic features that benefit
from concurrent cis+XRT:

— Positive margins
— Extracapsular nodal extension
* Most data is with 100mg/m2 on days 1,22,

43 of therapy
— If weekly cisplatin given, use 40mg/m2



The Cisplatin Ineligible Patient

* No randomized data specific to population
— This is changing

Trial Treatment Population N Intervention

REACH Avel + cis + RT vs cis + RT
Stage III/IVb HNSCC 688
NCT02999087 Avel + cetux + RT vs cis + RT

NRG-HN0O4  Cisplatin-unfit locally advanced
NCT03258554 HNSCC

523 Durva + RT vs cetux + RT

* No data in the postoperative setting



Non bolus cisplatin XRT
regimens in Phase lll trials

Trial
GORTEC 94011

GORTEC 2007-012

Bonner IMCL981534

TROG 12.01
NCT01855451

N(%) p16+ OPSCC
Unknown

41(21%) of 236 OPC

75(41%) of evaluable
pts

189 (100%)

Arms

XRT vs
Carbo+5FU XRT

CetuxXRT vs
Carbo5FUCetuxXRT

XRT vs
Cetux XRT

Weekly cisplatin
+70Gy
Cetuximab +70Gy

Results

OS DFS superiorin
carbo+F5u XRT

PFS and LRC
superior in
Carbo5FUCetuxXRT

OS and LRC
superior in
CetuxXRT

Pending

1Denis et al. J Clin Oncol 2004
2Tao et al. J Clin Oncol 2018
3Rosenthal et al. J Clin Oncol 2015
“Bonner et al. N Eng J Med 2006



Induction Chemotherapy: TAX 324

R
A TPF x 3 cycles
\
N=494 D / \ NGIE
Stage IlI/IV —> 0O Carbo AUC 1.5
HNSCC \Y/ \
|
7 PF x 3 cycles
=
RESULTS:

* OS, CR rates statistically better in TPF Arm
« Higher rates of hematologic toxicities in TPF arm, with some pts unable to

proceed with XRT
» Controversial design due to control arm

Posner M et al. N Engl J Med. 2007 Oct 25;357(17):1705-15



Induction vs. ChemoXRT trials

Trial Design Accrual OS/PFS (0]41-1¢
findings

PARADIGM!' R Phase Il Planned: 330 No difference Higher rate of
TPF chXRT in 3 yr PFS Neutropenic
VS Actual: 145 and OS Feverin
Cis XRT Induction Arm

DECIDE? R Phase Il Actual: 285 No difference No difference
UofC ChXRT in ORR, OS, in distant
Vs PFS failure
TPF chXRT

In both studies: control arm performed better than historical controls

"Haddad R et al. Lancet Oncol. 2013 Mar;14(3):257-64
2Cohen et al. J Clin Oncol. 2014 Sep 1;32(25):2735-43.



Ongoing Clinical Investigation:
Themes

* Therapeutic intensification

— Incorporation of 10 agents into standard of
care chemoXRT, including neoadjuvant and
maintenance PD1

* Therapeutic deintensifcation for HPV+
— Upfront surgical approaches
— 10 + XRT in NRG HNOO5

 Cisplatin ineligible pts
— NRG HNOO4, Reach study



Ongoing Clinical Investigation:
definitive therapy

KEYNOTE-
/ 1

JAVELIN
HN 1002

KEYNOTE-
6894

IMvoke010°

KEYCHAIN®

HNO05’

Treatment Population
LAHNSCC (HPV+ for select

LAHNSCC HPV- HNSCC (HPV+ for
select stages/primary sites)

Resectable stage Ill/IVa L, HP, OC,
p16-OPC

Stage lll p16+ OPC

LAHNSCC treated with curative-
intent therapy

LAHNSCC p16+ OPC, L, OC

Locally advanced good risk p16+
OPC

Intervention

nivo  ipi vs SOC surgery + chemoRT

Pembro prior to surgery/with adj chemoRT vs
surgery

Atezo vs placebo after chemoRT

Cis + RT vs pembro + RT

Cis 70GyRT vs Cis 60GyRT vs Nivo 60GyRT




Ongoing clinical investigation:
postoperative therapy

Trial Phase N Endpt Intervention
NCT Identifier
PATHOS QOL/0S TORS followed by risk stratification.

(NCT02215265) Low: observation

Intermediate: randomized to 50 vs 60 Gy
High: randomized between 60Gy +/- cisplatin

ORATOR2 Randomize XRT +/- chemotherapy vs TORS
(NCT03210103)

SIRS TORS followed by risk stratification
(NCT02072148) Low: observation

Intermediate: 50 Gy XRT
High: 60 Gy XRT + cisplatin

DELPHII TORS followed by risk stratification.
(NCT03396718) Low: observation;

Intermediate: 50 Gy XRT

High: 60 Gy XRT + cisplatin




Metastatic Disease

* Poor prognosis, survival measured in months (longer for
HPV+ patients)

« Multiple active single agents

« Combination vs. single agent chemotherapy trials
reproducibly:

1. Improve response rates
2. Increase toxicity
3. Do not improve in survival



Until 2008: EXTREME trial

Hazard ratio (95% C1): 0.80 (0.64=0.99)

. Chemotherapy plus
™y, cetuximab (N=222)
L

— b,
Chematherapy (N=220) "'-t:"u--._.,_
‘h,__“ )

Platinum+
5-FU

Probability of Overall Survival

Mo. at Risk

Chemotherapy

Chemaotherapy
plus cetuximab

R/M
HNSCC —>
N= 442

MN—Z200Z2>»2X0

Platinum+ - _
Hazard ratio (95% CI): 0.54 (0.43-0.67)
5_FU+ P<0.00]
Cetuximab

Probability of Progression-free
Survival

Mo. at Risk

Chemotherapy 220

Chemotherapy 2
plus cetuximab

Figure 2. Kaplan—Meier Estimates of Overall Survival and Progression-free
Survival According to the Treatment Group.

Vermorken J et al. N Engl J Med 2008;359:1116-1127



First Line Approval for Immune checkpoint inhibitor: Keynote 48

KEYNOTE-048 Study Design (NCT02358031)

Key Eligibility Criteria Painibroliziimak

« SCC of the oropharynx, Monotherap
oral cavity, hypopharynx,
or larynx

R/M disease incurable by
local therapies

ECOG PS Oor 1 oTiran 500
. embrolizumab 200 mg + .
Tissue sample for PD-L1 Pembrolizumab Carboplatin AUC 5 GQR Pembrolizumab

assessment? Chemotherap Cisplatin 100 mg/m? + 200 mg Q3W

Known p16 status in the il 5-FU1000 mg/m?/d for 4 days for up to
b j
oropharynx for 6 cycles (each 3 wk) 35 cycles total

Pembrolizumab 200 mg Q3W

for up to 35 cycles

Stratification Factors

* PD-L1 expression? Cetuximab 250 mg/m? Q1W< +

RIS s A, Carboplatin AUC 5 OR _
+ p16 status in oropharynx EXTREME Cisplatin 100 mg/m? + Cetuximab

[peoiiisduizyings, 5-FU 1000 mg/m?/d for 4 days 250 mg/m® QIW

= ECOG performance status
(0 vs 1) for 6 cycles (each 3 wk)

*Assessed using the PD-L1 IHC 22C3 pharmDx assay (Agilent). TPS = tumor proportion score = % of tumor celis with membranous PD-L1 expression.
Sassessed using the CiNtec p16 Histology assay (Ventana); cutpoint for positivity = 70%. “Following a loading dose of 400 mgim?.




First Line Approval for Immune checkpoint inhibitor: Keynote 48

Note:
Results for CPS <1 not reported

Summary Of OVG rall SU Pembro + chemo high rates of Gr 3 AE

1A21 FA
Population HR (95% CI) HR (95% CI)
Pembrolizumab monotherapy vs EXTREME
PD-L1 CPS 220 0.61 (0.45-0.83); P = 0.00072 0.58 (0.44-0.78)°
PD-L1 CPS 21 0.78 (0.64-0.96); P = 0.00862 0.74 (0.61-0.90)°
Total 0.85 (0.71-1.03)° 0.83 (0.70-0.99); P = 0.0199¢

Pembrolizumab + chemotherapy vs EXTREME

PD-L1 CPS 220 — 0.60 (0.45-0.82); P = 0.00042
PD-L1 CPS 21 —_ 0.65 (0.53-0.80); P < 0.00012
Total 0.77 (0.63-0.93); P = 0.0034a® 0.72 (0.60-0.87)°

aSuperiority demonstrated, ®Noninferiority demonstrated (boundary of 1.2). “No statistical testing performed, 9Superiority not demonstrated,
1. Burtness B et al. Ann Oncol 2018;29(suppl 8):LBAB_FPR.




Second line Immune checkpoint
inhibitor

Phase Ill CheckMate 141 Study Design
Nivolumab in R/M SCCHN After Platinum Therapy

Randomized, global, phase lll trial of the efficacy and safety of nivolumab vs
investigator's choice in patients with R/M SCCHN

Key eligibility criteria:

« R/M SCCHN of the oral
cavity, pharynx, or larynx

+ Progression on or within 6
months of last dose of
platinum-based therapy

+ Irrespective of no. of prior
lines of therapy

* Documentation of p16 to
determine HPV status
(oropharyngeal)

+ Regardless of PD-L1
status®

Stratification factor:
« Prior cetuximab treatment

T k= we redquired 107 Testmng.

—~

Nivolumab ma Primary end
3 mg/kg IV Q2W point:
« 0S

Other end
points:
« PFS

- ORR

« Safety

« DOR

+ Biomarkers
« Quality of life

DOR = duraton of responze; I = infmvenous ; ORR - objecive responsze rale; PFS - progrezsion-fee surdval; O2W

= once every 2 weeks ) R = randamized.
Farriz a1 al, 2016.




Checkmate 141 results

A Overall Survival

No. of  No. of 1-Yr Overall
Patients Deaths Survival Rate

B Progression-free Survival

Median Overall
Survival

Patients

MNa. of No. of
Events

Median Progression-free
Survival (95% CI)

9% (95% CI)
36.0 (28.5-43.4)
16.6 (8.6-26.8)

mo (95% Cl)

7.5 (5.5-9.1)
5.1 (4.0-6.0)

o

2.0 (1.9-2.1)
2.3 (1.9-3.1)

180
103

MNivolumab 240
Standard Therapy 121

Mivolumab 240
Standard Therapy 121
100
a0-
20—
70
B0—
50—
40+
30—
20—

133
85
. 100+
90 X
80
70+
60
50
404
304

204
Standard

10+ 104
therapy
0 T 0 T
0 9 0 3

Months

Hazard ratio for death, 0.70
(97.73% CI, 0.51-0.96)
. P=0.01

Hazard ratio for disease progression
or death, 0.89 (95% CI, 0.70-1.13)
P=0.32

I

) HNivolumab
s [ TR

Standard
therapy

Overall Survival (35)

Progression-free Survival [%2)

Mo. at Risk

MNivalumab
Standard
therapy

Mo. at Risk

MNivolumab
Standard
therapy

240
121

109
42

52
17

240
121

1&7
a7

Exploratory biomarker data: OS benefit independent of p16 status
Higher magnitude of OS benefit in >1% PDL1 tumors

Ferris, et al. NEJM 2016 Nov 10;375(19):1856-1867




Pembrolizumab
Phase 3 KEYNOTE-040 Study (NCT02252042)

<
Key Eligibility Criteria Pembrolizumab

SCC of the oral cavity, oropharynx, 200 mg IV Q3W

hypopharynx, or larynx for2y
PD after platinum-containingregimen

for RIM HNSCC or recurrenceor PD

within 3-6 mo of multimodal therapy
using platinum? Methotrexate 40 mg/m? QWe

ECOGPS0or1 OR
Known p16 status (oropharynx)® Docetaxel 75 mg/m2 Q3W
Tissue samplecfor PD-L1 assessment? OR

Cetuximab 250 mg/m?2 QW*

Stratification Factors
-« ECOGPS(0vs1) * Clinically stable patients with radiologic PD
could continue treatment until imaging
performed z4 wk later confirmed PD

+ p16 status® (positive vs negative)
« PD-L1TPS9(250% vs <50%) _
+ Crossover not permitted
2| imit of 2 prior therapies for RAM HNSCC. PAssessed using the CiNtec p16 Histology assay (Ventana), cutpoint for positivity = 70%.

“Mewly collected preferred. tAssessed using the PO-L1 IHC 22C3 pharmDx assay (Agilent Technologies). TPS = tumor proportion score = % oftumor cells with membranous PD-L1 expression.
=Could be increased to 60 mg/m= QW in the absence of toxicity. "Following a loading dose of 400 mg/m=.

Cohen et al. ESMO 2017 Abstract LBA45 PR



Keynote-40

E Cohen_ESMO 2017

Overall Survival in ITT Population

100 Events,n HR (95% ClI) P
90- Pembrolizumab 179 0.812(0.66-0.99) | 0.0204"
80 SOC 201
70- .
2 60- 137.3%
o 50- 1 27.2%
O 40/ '
30-
20- I Median(95% CI)
10 : L— 8.4mo (6.5-9.4)
D- ! 7.1 mo (5.9-8.1)
0 5 10 12 15 20 25 30
No. at risk Time, months
247 159 103 48 14 2 0
248 148 82 34 10 1 0

2Cox proportional hazards model with treatment as a covariate stratified by the randomization stratification factors. Initially reported data: HR 0.82 (95% Cl, ongress
0.67-1.01), F = 0.0316. After the initial report, updated survival data were obtained for 4 patients. "One-sided Pvalue based on the log-ranktest stratified M
by the randomization stratification factors. Data cutoff date: May 15, 2017.



Metastatic NPC

Randomized Phase lli
N=362, first line R'M

Gemcitabine + Cisplatin
vs. 5-FU+ Cisplatin

PFS advantage to GC

Hematologic toxicities with
GC compared to mucosal
for FC

o
o

HR 0-62 (95% Cl 0-45-0-84); p=0-0025

_._L_I—l—l—l—H—l—l

=
i
£
=
w1
E
|_'_I
&

2 15 18 21 24 27 30 33 3% 39 42 45 48

Number at risk Follow-up fram randomisation (months)

Zhang et a. Lancet. 2016 Oct 15;388(10054):1883-1892.


https://www.ncbi.nlm.nih.gov/pubmed/27567279

KEY POINTS:

Metastatic Disease
* Non NPC

— Pembro/Plat/5-FU prolongs OS compared
EXTREME in R/M setting

— Pembro monotherapy with OS benefit in CPS2=1

— Nivolumab and Pembrolizumab prolong OS in
plat treated R/M disease compared to 2" line
systemic tx (independent of PDL1 or HPV
status)

* NPC

— Gem+Cis improves PFS compared to 5-FU Cis




Future landscape of head and neck
cancer therapy

* Deescalation studies in good risk HPV
» Upfront surgery(robotic) vs lower dose XRT

* Immune checkpoint combinations in R/M
» Cellular therapeutics in R/M

* Integration of immune checkpoint inhibitors
Into curative intent therapy

» Epidemiologic changes with prophylactic
vaccines






Thyroid Cancer Review

» Differentiated Thyroid Cancer
— Papillary (85%) and Follicular (5%)
— Familial in 3-9% (AFP,Cowden’s, Werner’s)

* Medullary thyroid Cancer (5%)
— Parafollicullar C cells, produce calcitonin

— Familial (less common, MENZ2) or Sporadic (majority)
— RET

* Anaplastic thyroid Cancer
— Elderly patients, rapid growth, airway compromise
— Evolved from prior differentiated cancers



The historical role of the medical
oncologist

Gottleib, 1974

Shimaoka,
1985

Williams, 1986

Ain, 2000

Agent

doxorubicin

Doxorubicin vs
cisplatin &
doxorubicin

Doxorubicin and
cisplatin

Paclitaxel

\\ Histology

Objective
Response Rate

11 (37%)

7 (17%) vs. 11
(26%)

2 (9%)

10 (53%)

Overall Survival

Responding patients:
11 months

< 24 months

NR

Median OS: 25 weeks

Kondo T et al. Nat Rev Cancer. 2006 Apr;6(4):292-306.



Molecular targets in Thyroid Cancers

Tumor tvpe

Prevalence (%)

Papillary carcinoma
BERAF
RET/PTC
RAS
TRK

Follicular carcinoma
RAS
PAX8-PPARy
PIK3CA
PTEN

Medulllary carcinoma
Familial forms of RET
Sporadic RET

Poorly differentiated carcinoma
RAS
p-Catenin (CTNNB1)
P53
BRAF

Anaplastic carcinoma
P53
p-Catenin (CTNNB1)
RAS
BRAF

(L CATFRTYARTETA II.I.::_II BT T T e
5 |

| ceLL oiFFERENTIATION |

+
- i\
o pappaleb L \:r | ceLL pROLIFERATION |

MAPK signaling pathway

Nikiforov YE. Mod Pathol. 2008 May;21 Suppl 2:S37-43




FDA approved TKils in RAI

refractory DTC
EE-E_EEE

Lenvatinib? VEGEF, RPhlllvs. 64.8% vs 18.3 vs 3m 75.9% vs
BRAF, Placebo 1.5% (p<0.001) 9.9%
FGFR, SELECT (p<0.001)
RET, (N=392)

KIT
Sorafenib? VEGEF, RPhillvs. 12.2% vs 10.8 vs. 5.8m NS 37.2 vs
BRAF, Placebo 0.5% (p<0.0001) 26.3%

RET DECISION
RAF, (N=417)
PDGFR

Selpercatinib® RET Ph1/2 62% NR NR  Mostly
N=27 Gr1/2

** Other multikinase inhibitors have activity in DTC, studied in nonrandomized
phase Il trials: axitinib, cabozantinib, pazopanib, sunitinib.

Schlumberger et al. N Engl J Med. 2015 Feb 12;372(7):621-30.

2Brose et al. Lancet. 2014 Jul 26;384(9940):319-28.
3Wirth et al. ESMO 2019


http://www.ncbi.nlm.nih.gov/pubmed/25671254

SELECT Trial Update

Treatment Total  Treatment Failure  Censored  Median, months (95% Cl Treatment Total  Treatment Failure Censored  Median, months (95% CI
— Lanvatinib 106 N TE MNE {22.1 to ME) — Lonvatinib 155 40 115 MNE {22.0 to NE)
100 4 100
80 - a0 -
2 &
] 80 - ] 20
= =
— 70 - —_— ]
£ = E = 70
— g0 — &0
M E: Wl g:l
&5 507 >3 507
<'Z 40- <z a0
& & S
[ ]
g 30 I'.'ICJ 30
® 20 - : = 20
ﬂ'-"f Un:aclumtnrl log-rank test Pvalua = 011 EE Unadjusted log-rank test Pvalue - .904
10 Adjusted log-rank test P value = 020 10 4 Adjusted log-rank test P value = 933
HR [95% CI), 0.53 10.31 to 0.97) HR (95% CI), 0.978 (0,577 to 1.656)
e o L e e s e T e
0 2 4 6 8 10 12 14 16 18 20 22 24 26 2B 0 2 4 6 8 10 12 14 16 18 20 22 24 26 2B
Time (months) Time (months)
Mo, of patients at nisk: Mo, of patients at risk:
Lenvatinib 106 98 95 91 B8 82 79 67 42 31 24 B 4 1 0O Lemvatinib 155 150 144 139 131 129 124 102 70 47 31 14 & 2 0O

Brose et al. J Clin Oncol 2017 Aug 10; 35(23):2692-2699



FDA approved TKis in MTC

Agent Target | Evidence | Ob;. Adverse
Response Events
Rate

Vandetanib? RET R Ph Il 45% vs 13% NRvs19.3m NR Gl: 56 vs
VEGF vs.Plac (p<0.01) (p<0.01) 26%
EGFr ZETA
(N=331)
Cabozantinib? RET R Ph Il 28% vs 0% 11.2vs.4m NS Gr369%
MET vs. Plac (p<0.0001) vs 33%
VEGF EXAM
(N=330)
noXover
Selpercatinib® RET Phase I/12 56% NR NR  Most
Libretto Gr1/2

N=226

"Wells, et al. J Clin Oncol. 2012 Jan 10;30(2):134-41.
2Elisei et al. J Clin Oncol. 2013 Oct 10;31(29):3639-46.

SWirth et al. ESMO 2019


http://www.ncbi.nlm.nih.gov/pubmed/22025146

Anaplastic Thyroid Cancer
Often unresectable and metastatic at
diagnosis, very poor prognosis

Controlling local disease and improving
QOL are priorities of therapy

Radiation often concurrent with
chemotherapy often used to achieve
treatment goals

Paclitaxel has a response rate of ~50%
Dual BRAF/MEK inh. For BRAF V600E+



BRAF and MEK inhibition

Phase | clinical
experience with
dabrafenib and
trametinib

N= 16 pts with BRAF
v600e mutations

Responses in 11 (69%)

80% previously treated
with XRT

FDA approved

Patient

B Complete response
Partial response

B Stable disease

B Progressive disease

=% Ongoing study treatment
@ Dizease prograssion

»  First response
#  Treatment discontinuation {AE}
*

BRAF VB0OE mutation not
cantrally confirmed

40 50 60 70 80 90 100 110 120 130 140
Treatment Duration (weeks)

Subbiah et al. J Clin Oncol. 2018 Jan 1;36(1):7-13



https://www.ncbi.nlm.nih.gov/pubmed/29072975

Key Points: Thyroid Cancer

» Multikinase inhibitors are for thyroid
cancer independent of mutational status

— RAIl refractory differentiated thyroid cancer
 Lenvatinib and sorafenib

— Medullary Thyroid Cancer
* Vandetanib and cabozantinib
* Anaplastic thyroid cancer

— Recognize and attempt local control
— Test for BRAF V600E




Part lli




Salivary Gland Cancers
Uncommon (5% of head and neck CA)

Diverse histology (2017 WHO)

— Most common: adenoid cystic (ACC),
mucoepidermoid carcinoma, adenocarcinoma

Variable clinical behavior
— Indolent subtypes such as ACC

Molecular profiling
— Secretory Carcinoma (ETV6-NTRKS3 fusion)



Salivary Gland Cancer: Local or
Locally advanced

» Surgical resection of localized disease

» Postoperative radiation therapy in high risk
disease
— Data to support Neutron Radiation

— Photon radiation also extensively studied and
reported in postoperative setting

— Concurrent chemoradiation being studied in
RTOG 1008



Salivary Gland Cancer:

Metastatic
 No current standard of care

— Small trials with heterogeneous population
* Low response rates, stable disease
« Contemporary experience with single agent paclitaxel
and gemcitabine-cisplatin
— Recent reports/publications
 Lenvatinib in adenoid cystic (15%0RR)
 Entrectinib in NTRK mutant sal gland cancer
* Trastuzumab+chemo and TDM1 in Her2+
« Androgen deprivation in AR+ sal gland cancer
* Pembro in PDL1>1% (10% ORR)

 Clinical trials preferred



Thank you!
rodrigcr@uw.edu




JIVIMIARY | AD
Definitive XRT in Locally Advanced

HNSCC

Locally advanced p16+ cisplatin 100mg/m2 bolus RTOG 1016

oropharynx cancer + XRT DE-ESCALaTE
OS, LRC benefit vs.
cetuxXRT

Unresectable HNSCC of  cisplatin 100mg/m2 day 1, Intergroup Study

OC, OP, L, HP 22,43 of XRT OS, DSS and LRC
advantage vs XRT or
splitXRT

Unresectable HNSCC of  cetuximab weekly Bonner Study
OC, OP, L, HP concurrent with XRT OS, LRC and PFS
advantage vs XRT

St l1l-1IVB Larynx CA cisplatin 100mg/m2 day 1, RTOG 91-11

(supraglottis or subglottis) 22, 43 of XRT Larynx Preservation and
LRC benefit vs XRT or
ind.+ XRT




SUMMARY TABLE 2
Noncisplatin regimens Locally
Advanced HNSCC

Disease Standard/s of Care Evidence

Unresectable HNSCC of  cetuximab weekly Bonner Study
OC, OP, L, HP concurrent with XRT OS, LRC and PFS
advantage vs XRT

Locally advanced Carbo + inf 5FU days 1, GORTEC 94-01

Oropharynx cancer 22 and 43 of XRT OS and LRC advantage
vs. XRT alone




SUMMARY TABLE 3
Checkpoint inhibitors in
Metastatic HNSCC

Line of therapy Drug or Regimen Evidence
(biomarker)

1st line (CPS 1 or Pembrolizumab "Keynote-48 Phase Il
higher) monotherapy trial

1st line (any CPS) Pembrolizumab + "Keynote-48 Phase Il trial
carboplatin + 5FU

2nd line post cisplatin Nivolumab 2Checkmate 141
Phase lll trial

2nd line post cisplatin Pembrolizumab 3Keynote-40
Phase Ill trial

'Rischin et al. ASCO 2019 abstract 6000
2Ferris, et al. NEJM 2016 Nov 10,;375(19):1856-1867
3Cohen et al. Lancet 2019 Jan 12;393(10167):156-167



SUMMARY TABLE 4
Nasopharyngeal Cancer

Disease Standard/s of Care | Evidence Emerging
Evidence

Locally Advanced  Cisplatin + XRT Intergroup 0099 No adjuvant
NPC (consider adjuvant OS and PFS vs therapy after CRT
cis+5FU) XRT alone noninferior in
endemic studies

Node+ Locally Gemcitabine Zhang et al NEJM

advanced cisplatin followed by Phase Il study

NPC CisXRT OS advantage vs.
CisXRT

1st line R/IM NPC Cisplatin + Zhang R Ph il PD1 inhibitors have
gemcitabine x 6 PFS adv. vs cis + 5- activity (Keynote-
cycles FU 28)




SUMMARY TABLE 5
Thyroid Cancer

RAI refractory Sorafenib
differentiated thyroid

cancer Lenvatinib

Medullary Thyroid Vandetanib
Cancer

Cabozantinib

RET mutated thyroid ca  Selpercatinib

Anaplastic Thyroid Paclitaxel

Dabrafenib +
Trametinib

Ph Il DECISION trial
PFS adv. vs placebo

Ph [Il SELECT trial
ORR, PFS adv. vs placebo
ORR 64%, allowed prior TKI

Ph IIl ZETA study
PFS adv. vs. placebo

Ph Il EXAM study
PFS adv. vs. placebo

Ph1/2 LIBRETTO study

Ph Il data, 53% ORR

Ph | data in BRAF V600E
mutated pts




SUMMARY TABLE 6
Salivary Gland Cancer

Disease

Local or locally
advanced sal. gland
cancer

Metastatic sal. gland
cancer

Standard/s of Care | Evidence/Emerging Data

Resection followed
by postop XRT for
high risk disease

No treatment
standard

Clinical trial
preferred

Historical improvement with
postop

Adjuvant Concurrent chemoXRT
under study

Consider molecular profiling:
NTRK,

Her2/AR inhibitors have activity
Trials for specific molecular
abberrations available




Hodgkin Lymphoma
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Goals

* Provide an overview of the evidence supporting current clinical
practice

* Since this also serves as a board review, | will refrain from addressing
“early” data, unless it may immediately affect clinical practice

* | will try to summarize the points that are most likely to be addressed
or not addressed on the exam



Outline

* Background

 Early Stage (Stage I-11)

* Advanced Stage (Stage IlI-1V)

* Relapsed/refractory patients

* Survivorship

* Nodular lymphocyte predominant HL



Background

* Classical Hodgkin lymphoma (CHL) represents ~ 10% of all ymphomas
e 8000 new cases annually in the United States

* Highly curable with frontline therapy (chemotherapy +/- RT)

* Early stage > 90%
* Advanced stage ~ 75%



Hodgkin vs. non-Hodgkin lymphoma incidence by age

Hodgkin Lymphoma: Age-Specific Incidence Rates 2006-2010 Figure 1. Non-Hodgkin Lymphoma: Age-Specific Incidence Rates 2009-2013
5 120
]
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Figure 1. | The horizontal axis shows 5-year age intervals, The vertical axis shows the frequency of new cases of Hodgkin N [ o) o o %
lymphoma per 100,000 people, by age-group. Incidence of Hodgkin lymphoma peaks ar ages 15 to 44 and ar age 60 and NS ‘:‘ A ‘:\ Uﬁl'rﬁon' o ,,,‘-)?J hﬁ’w‘oh Qc) ")c) @’bh ")b Q’ ‘jﬁ o LY
older {source: Surveillance, Epidemiology and End Results [SEER] Program; Narional Cancer Instituce; 2013)

SEER Data, chart from Leukemia & Lymphoma Society



Hodgkin lymphoma can be challenging to diagnose

Mostly comprised of an inflammatory infiltrate with bands of sclerosis
FNA and flow cytometry often negative

CORE biopsies are often sufficient, but if there are insufficient RS cells in the specimen, it may be non-
diagnostic
Excisional biopsies when possible offer the highest chance of diagnosis and excluding similar entities

* Diffuse large B-cell lymphoma

* Primary mediastinal B-cell ymphoma

* Nodular lymphocyte predominant Hodgkin lymphoma
* Anaplastic large cell ymphoma (peripheral T-cell ymphoma)

It is common to see patients with symptoms for 6-12 months before diagnosis!



Hodgkin Reed-Sternberg cell

The malignant cell is rare

WebPathology.com

Hematology.org



Hodgkin lymphoma staging

I single lymph node or extranodal site

A — absence of B symptoms
B — Presence of B symptoms

Il two or more involved lymph node
regions on the same side of the

diaphragm e Stage |-l — Early stage
1 lymph node involvement on both * Favorable

sides of the diaphragm e Unfavorable
\Y presence of diffuse or disseminated °

Stage llI-IV - Advanced stage

* Risk stratified by International
Prognostic Score (IPS)

involvement of one or more
extralymphatic organs



Unfavorable Criteria — early stage

Risk Factor GHSG EORTC NCCN

Age 250

Histology

ESR and B symptoms >50ifA;,>30if B >50ifA,>30ifB =50 or any B symptoms
Mediastinal mass MMR > .33 MTR = .35 MMR = .33

# Nodal sites [>2* ] >3* >3

E lesion any

Bulky >10 cm
GHSG = German Hodgkin Study Group MMR = Mediastinal mass ratio, maximum width of mass/maximum intrathoracic diameter
EORTC = European Organization for the MTR = Mediastinal thoracic ratio, maximum width of mediastinal massfintrathoracic

Research and Treatment of Cancer diameter at T5-6

NCCN Guidelines, Hodgkin Lymphoma, Version 3.2016



IPS — risk stratification for advanced HL

Serum albumin <4 g/dL
Hemoglobin < 10.5 g/dL

Freedom From Progression »
{prabability)

* Male NE

« Age >45y =

* Stage IV . rime years

« WBC: 215,000/microL s
’ L

e Absolute lymphocyte
count <600/ul and/or <8
% of the total WBC

Overall Survival
|probability)

o o

L] - o
A L
|

Time (years]

Moccia et al. J Clin Oncol 30:3383-8, 2012



Deauville 5-point score

+ Standardizes PET/CT

response assessment 1 No uptake

Uptake < mediastinum

e Based on mediastinal

2

) 3 Uptake > mediastinum but < liver
and liver max SUV 4
5

Uptake moderately higher than liver

Uptake markedly higher than liver
and/or new lesions

e Reduces inter-user
variability

X New areas of uptake unlikely to be
related to lymphoma

Barrington SF, et al. J Clin Oncol 32:3048-58, 2014



Prognostic value of interim-PET using Deauville 5-
point criteria

"‘“'b..:|—
0.8 —PS 0-2 PET2 positive
—|PS 3-7 PET2 posilive
- —IPS 02 PET2 negaiive
w o —|PS 3-7 PET2 negative
L
o
0.4
|
0.2
0 = 4 '
0 10 2 a0 40 50 1]

Time {months)

Gallamini A et al. Haematologica 99:1107-13, 2014



Hodgkin Lymphoma

Expected outcomes and goals of therapy in 2020

Stage % Cured with Therapeutic Priority
primary therapy

Early stage favorable 90 Reduce Toxicity
(Stage I-11)
Early stage unfavorable 80-85 Increase Efficacy

(stage I, Il with risk factors*)

Advanced stage 75-80 Increase Efficacy
(bulky 11B, 111, IV)

* Large mediastinal mass, extranodal extension, = 3 nodal sites,
elevated ESR; age = 50, MC histology



Take home - background

* Fair game
* Ann arbor staging

* Deauville score (would be in the context of a clinical question, but should
know what it means if a question says “PET scan was Deauville 2”

* Should understand, but likely don’t need to memorize
 Components of IPS score

* Favorable/unfavorable criteria
e EXCEPT for GHSG > 2 sites = unfavorable



Early Stage



Early stage favorable HL-
abbreviated chemo plus radiation

F— GHSG HD10 trial

w T T ——— ! D —
i = g * 4 Arm study
=& = -
i n T é o TR * Chemo ABVD x2 vs. x4
E ? Jﬁrw;u:nl‘:lw ﬂ:‘p-rvlnu-«l-::'poﬁ o |pl'.1:. ?m::l: _:ﬂs_‘p-:_rf;w:m r!m:u..-a-u.li'.w ° RT 30 Gy VS. 20 Gy
" — » “uth.. MO MM I
Fatierta Fatien
'l-.:'l\'li;lk L1 W |:r:'lk WA T W »

.._.....,:,.,,_,.,;_ G W6 S HH LI M B BARG M S M 4 T Me 4 e b DM M _ ABVD X 2 + 20 Gy |IFRT =

T —— ABVD X 4 + 30 Gy IFRT
i o —E wl
%.! o] e IR B sty
Dnf¥iesmite il § 7, <08 perceslige paeth (I9% L <0818 L8 ﬁ ::;-:i.'ﬁ'f'wrﬂ!v'. . pereerlage paah [TY% L -J 018 LT . .
A T = e s * GHSG unfavorable criteria
e o n - * ESR>50,>30ifB

LusmEneseg s symptoms
 MMR >0.33
e More than 2 nodal sites

Engert A, et al: N Engl J Med 363:640-52, 2010 . Any E lesion



RAPID trial — PET adapted elimination of XRT in early
stage HL

A Intention-to-Treat Analysis
RAPID trial schema 100+

Na further treatment

Progression-free Survival (36)
&

Figure 1
ELIGIBILITY 80-
Mo mediastinal bulk or B symptoms
- 0 T
Deauville 1-2 PET -ve m:t?“';unﬁﬁrn} 0 12 24 36 48 60 72 84 96 108 120
Menths since Randomization

Histologically confirmed classic HL
Stage IA/IIA by CT scan
PET +ve then IFRT
Response /
ABVD
0 104 P=0.16
* No difference in OS
Radford J et al: N Engl J Med 372:1598-607, 2015




Maximum tumor dimension impacts
outcomes when RT omitted

100
A [

L]
80 < T
1

--------

60 -

40 -

Event-free survival

20 S

0

Ll L] Ll Ll L] LI L L] LI I
0 12 24 36 48 60 72 84 96 108 120
Time since registration (months)
# at rsk (IFRT 25om): 40 3F 35 30 24 18 B [ 4 1 o
# at risk (IFRT <5cm): 168 162 158 142 116 89 59 27 10 2 o

# &t risk (NFT =5cm): 3/ AN 28 28 24 19 ] 2 1 0 0
# at risk (NFT <Bem): 172 162 153 136 117 88 51 18 ]

Maximum Tumour Dimenson
==« IFRT&AMTD z5cm ==« NFT & MTD = 5cm
— |[FRT & MTD < Som N FT & MTD < Scm

e MTD =5 cm correlates with worse outcomes when RT omitted

Adapted from llidge et al. ISHL 2018



HD16 study

HD16:
GHSG-Study for Early favorable Stages

CS I/l ohne RF*

Standard Experimental
Ars

2 x ABVD 2 x ABVD | [2 x ABVD .
PET (+/-) Deauville 1-2

*a) large mediastinal mass; b) extranodal disease, <) nigh ERS; d) 3 or more areas

Adapted from slide from Volker Diehl 2011



Inferior outcomes seen in early stage PET2neg
patients with omission of RT

A

o BT
08 m smmi
0.8 4
) 0.7 4
= 0.6 5-year estimate (85% CI)
Y= P ABVD + 20 Gy [FAT  92.4% [90.4% to BE5%)
o 159 2oaem B6.1% [21.4% 1o B0.5%)
3 p4 ] Dimerance —7.9% |-12.0% 1o ~1.6%)
(i
=
03 1 Hazardratio(ss%cl 178010212213
02 | Logranktest P 04D
0.7 9 medran ratow-up 47 months
T
0 12 24 36 48 B0
Time (months)

M. a3t risk (N0, censored):
328 (0 307 (19 26E |50 2121103) 148 {162) 5T (214}
204 (0} 280 (12) 238140 173 (84 134 {137 B5 (183)

* Radiation CANNOT be safely omitted in PET negative early
stage favorable patients after 2 cycles ABVD

Fuchs et al. JCO 2018



EORTC H10 - PET-adapted therapy in early stage HL

H10
F _» 2ABVD = PET | 1ABVD+INRT 30 Gy (+ 6 Gy)
R Deauville criteria
not used (IHP
g p-+ = | 2ABVD e
EABVOR"™ [E criteria)
T . 2BEACOPPesc + INRT 30 Gy
(+6 Gy) _
1950 patients
HL]]U _» 2ABVD = PET | 2ABVD +INRT 30 Gy (+ 6 Gy) enrolled
R
-+ — | 4ABVD
™ 2ABVD » £
T, 4+ 2BEACOPPesc+ INRT 30 Gy

(+ 6 Gy)

* PET-negative experimental arm closed by independent data
monitoring committee due to excess events



Higher risk of progression in ES-
favorable patients without RT

ES-unfavorable received ABVD x 6 without RT instead of ABVD x 4

_ 100 4 100
E gn - E m o ]
£ 80 2 80
£ 70 - & 70 -
& @
a 804 Early stage favorable s P Early stage unfavorable
= . ] . .
= = PET2 negative s % PET2 negative
= 40 - = 40 -
- 30 = 20
@ o 2 1
@ 20 T 20
= ]
2 10+ 2 10
[~ HA, 168 |96% Cl, 3.79 to BE.0T) =l HE, 1.45 |96% CI, 0.84 to 2.50)
T T T T T T T T L T T T T T T T
0 1 2 3 4 5 & 7 & o 1 203 4 5 § 7 8
Time {years) Time (years)

E n MNo. at risk: i n Mo. at risk:

2 IR 223 221 Fali] 203 112 Fa] 2 =— APND « INRT 22 282 284 277 255 248 147 15 3 = AEVD & INRT

b} el | 4 188 177 108 x 2 AEVD anly a2 Aoz 282 258 261 242 145 15 2 ABVD anby

Andre MPE, et al. J Clin Oncol 35:1786-1794, 2017



Early Stage Boards Take Home Points

 GHSG early stage favorable patients can be treated with ABVD x 2 + 20 Gy

 ABVD x 4-6 + RT is reasonable in other cases of early stage HL
* If not meeting RAPID criteria and considering omitting RT, then ABVD x 6 should be
given

* Patients who are interim PET positive represent higher risk group and
should receive consolidative RT

* Radiotherapy offers small PFS benefit even in interim PET negative patients
 RAPID — PET3 neg represents low risk group that can have RT eliminated in select
patients

* Unlikely to have a question that asks you if should or should not give RT
in interim PET neg patients



Advanced Stage



How do we treat advanced stage HL?

ABVD
* Doxorubicin, bleomycin, vinblastine, dacarbazine

Escalated BEACOPP
* Bleomycin, etoposide, doxorubicin, cyclophosphamide, vincristine, procarbazine, prednisone

Stanford V (for IPS 0-2, never seen it used for advanced stage HL, even at Stanford)

Brentuximab vedotin + AVD (FDA approval March 2018)



How do we treat advanced stage HL?

e ABVD
* Escalated BEACOPP

* Brentuximab vedotin + AVD



ABVD VS. escBEACOPP

75% success rate (FFS) * 90% success rate (FFTF)
Extremely low infertility * High rates of infertility that increases with age
Low rates of (~60% at age 30)

* heme toxicity * Higher rates of

« febrile neutropenia * heme toxicity

* treatment-related mortality * febrile neutropenia

1% secondary malignancies at 10 years * treatment-related mortality

* 10% secondary malignancies at 10 years

With long term follow-up (10 years), no statistical difference in overall survival



Why is escBEACOPP x 6 not standard of care in North America?

Importance of long term follow-up: HD2000

ABVD x 6 vs escBEACOPP x 4 + BEACOPP,__;. . X 2

Median follow up 10 years
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Merli F, Luminari S, Gobbi PG, et al:. J Clin Oncol, 2015



Sterility

1.0
0.8
=
= 0.6
=
13 ]
0
2 04
o

with BEACOPP

Amenorrhea

6-8 cycles escBEACOPP
HD15

15 20 25 30 35 40

Age at Random Assignment (years)

Behringer K, et al. J Clin Oncol 31:231-9, 2013

Percentage of Total Frequency >

Inhibin-B and FSH lavels corrasponding to...
W Qligespermia ™ Unclear status W Fertility

100 4

Q-
2"MBIVD (m = E2)
4*ABVD in =116}

2+2(n=130)
B*Besc (n=128)

6"Besc (n = 136)
8*Blain=112)



escBEACOPP is not for everyone

Treatment-related mortality risk score (add factors)

B = 1.0
— 1504 2 D :
E 153 E o8 -b\
=
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@ 751 o5 g . 0 <40 0-1
0= w
50 = 024 —3
é g P 001 1 40 - 49 2
=
g 28 15 S o 12 24 3 48 80 72 2 >50
= 07 . =
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- - Time (months)
0 1 2 3 .
MNao. at risk
SGOI‘B 1] 2,164 2,142 2,113 2,058 1,823 1,718 1428 993
1 T00 BET &8 BES &19 £29 447 3 [
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n= 2,164 n=700 n=493 n=d5 1 45 35 34 30 a8 o5 23 19

Wongso D, et al. J Clin Oncol 31:2819-24, 2013



Can we determine which subset of
patients may benefit from
intensification of treatment to
escBEACOPP?



US Intergroup S0816 trial: Study design

Advanced HL
Stage IlI-IV
IPS 0-7

PET-f’fJ

ABVD x 2
\

PET +

ABVD x 4

BEACOPPgscalates X 6

No Radiotherapy

Press OW, et al: J Clin Oncol, 2016

Progression-Free Survival (%)

100 - —

tx% 3y PFS ~ 80%

L um PETZ-nagstivie
PET2-positha

o 12 2I4 30- 4-3 BCI ?'2
Time After Registration (months)

Median follow up 39.7 months

escBEACOPP x6 after positive PET-2 improves
PFS compared to historical controls



RATHL Trial: Study design

Stage IIA with bulk

) [ CTPET 1iS1aging) |
and/or > 3 sites ‘ 2 cycies ABVD |

Stage IIB-IV Full dose, on schedule |
FET positive | | FET negative
i 4 cycles BEACOPP-14 _ Randomise |

or 3 eBEACOPP //\‘

| 4cycles ABVD | | 4 cycles AVD |

CI-PETY |
ET-positree ] PET-négative |
___l | 2cycles BEACOPP-14 |
| RTorsalvage | | or 1 eBEACOPP
regimen | Follow-up {no RT)

*1 No RT

Radiotherapy at MD discretion in some cases

Johnson P, et al. N Engl J Med 374:2419-29, 2016

Characteristic
Median age
Male

Stage Il
1]
v

B symptoms
Bulky disease
PS 0-1

IPS 0-1
2-3
24

33 (18-79)
55%

41%
31%
28%

61%
31%
96%

34%
49%
18%



RATHL Trial: Results in PET2 negative patients

Median follow up 41 months

A Progression-free Survival among Patients with Negative PET Findings | B Overall Survival among Patients with Negative PET Findings

100 -
£ s - ABVD
E 75+ """155
£
@ ITT analysis
£ 1 HR1.13(0.81-1.57, p=0.48)
8 ABVD 3-year PFS 85.7% (82.1%-88.6%)
£ 7 AVD 3-year PFS 84.4% (80.7%-87.5%)
£ Difference 1.6% (-3.2% to 5.3%)
0 — T T T — T T T T 7
0 6 12 18 24 30 36 42 48 54 BD 66 72 78
Menths since Registration
Mo. at Risk
ABVD 470 464 433 417 394 340262 169 100 67 26 14 4 1
AVD 465455419396 376327264 182112 68 28 16 3 O

100 —~———_____AVD
£ 75 ABVD
s
E 50+
w
T‘f 3-year OS
8 254 ABVD 97.2% (95.1 to 98.4)
AVD 97.6% (95.6 to 98.7)
0 T T T T T T T
0 6 1|? 18 ?rd 0 36 4|? 48 54 ﬁllt: A6 72 ?Is
Months since Registration
Mo. at Risk
ABVD 470464 450 456 441 3B529E 197119 79 33 16 5 1
AVD 465457 450438 421371298 209126 72 29 16 3 O

* No statistical difference in 3-year PFS and OS
 Just outside pre-determined non-inferiority margin of 5%



RATHL trial: Results in PET2 positive patients

C Progression-free Survival among Patients with Positive PET Findings | D Owverall Survival among Patients with Positive PET Findings
100+
g BEACOPP-14
T 75 Escalated BEACOPP g 75 Escalated BEACOPP
=3 -
= Ll
@ BEACOPP-14 £
E 50 5 504
% PET2+ Group = PET2+ Group
2 0
§ .| 3-year PFS67.5% & 5| 3-year0S87.8%
3 (95% Cl, 59.7 to 74.2), (95% Cl, 81.5 t0 92.1)
a T T T T T T T T T T T T T 0 T T T T T T T T T T T T T
0 & 12 18 24 20 36 42 43 54 o0 66 72 78 0 6 12 18 24 30 36 42 48 54 60 66 72 78
Manths since Registration Months since Registration
Ne. at Risk No. at Risk
BEACOPP-14 54 B4 70 63 60 46 39 29 15 7 4 3 2 1 BEACOPP-14 94 B9 B5 85 80 58 47 36 18 7 4 3 2 1
Escalated 78 72 59 53 50 45 3B 23 18 14 9 4 1 O Escalated TE 73 68 66 63 56 45 34 22 1710 4 1 0
BEACOPP BEACOPP

* Improved PFS in PET2 positive patients compared to historical controls

Johnson P, et al. N Engl J Med 374:2419-29, 2016



ABVD in patients age = 60

* GHSG analysis of 117 patients receiving ABVD on HD10 and HD11
studies

* Lower proportion of patients with RDI > 80% (59% vs. 85%)
e Higher TRM (5% vs. <1%)

Boll B, et al. J Clin Oncol 31:1522-9, 2013



Inferior outcomes in advanced HL patients age = 60
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* 45 patients treated with ABVD or Stanford V in E2496 trial

Evens AM, et al. Br J Haematol 161:76-86, 2013



Increased toxicity and TRM in patients age 2 60

Age > 60 years (n = 45) Age < 60 years (n = 789)
Gradet Gradet
3 4 5 3 4 5
Toxicity type n (%) n (%) n (%) n (%) n (%) n (%)
Haematological 11 (24) 31 (69) - 372 (47) 308 (39) -
Non-haematological 14 (31) 6 (13) 322 (41) 53 (7) 2 (<1)

» 11/45 (24%) patients developed bleomycin lung toxicity
e 2/11 (18%) died

Evens AM, et al. Br J Haematol 161:76-86, 2013



* De-escalation based on negative interim PET has been widely adopted
and integrated into NCCN guidelines

e Escalation to escBEACOPP remains controversial due to lack of control
arm, though is an option for select patients

* Do novel agents have the opportunity to improve efficacy while
minimizing long term side effects?



Brentuximab vedotin

* Anti-CD30 antibody-drug conjugate

MMAE Diffusible MMAE -‘esponslble
* FDA approved E.Gma{ ! e
* Relapsed HL after auto HSCT e
* Failure of 2 re%imens in I? ) e,
patients not eligible for @% ok LrF

transplant

e Consolidation for high risk HL
patients after auto HSCT

e CD30+ mycosis I Microtubule
fungoides/cutaneous ALCL '

* Relapsed ALCL

MMAE is cleaved
from SGN35

MMAE potenity disrupts
microlubule polymerization

& 2012 American Association for Cancer Reseanch

CCR Drug Updates AR

* Untreated Advanced HL with
chemotherapy

Deng C, et al. Clin Cancer Res 19:22-7, 2013



Can brentuximab improve outcomes in patients with
advanced stage HL?

Advanced Classical
Hodgkin
Lymphama

N=1040

3
RANDOMIZED

Experimental: A + AVD
AAVD consists of bremuximab
vedotin [ADCETRIS®) 1.2 mg/kg )
phues doxarubicin X5 mg/m2,
vinblastine & migfma, and
dacarbazine (DTIC) 375 mp/m2”

L,

ABVD .
ABVD consists of doxorubicin 25 .

mg/m, blecmycin 10 units/m3, r
vinblastine & mg/m2, and
dacarbarine (DTIC) 375 mg/m2

Comparizon of PFS

* International phase Il
randomized clinical trial

* Brentuximab + AVD (A-AVD)

* ABVD

Characteristic

Median age
Age =245
Age > 60

Male

Stage
v

36 (18-83)
34%
14%
58%
36%
64%



A-AVD associate with modest mPFS improvement
over ABVD

Probability of progression-free survival

\% - At

ABVD

log-rank
M Events Hazard Ratio (#5% CI)  p-value
— AsAVD [0 0% 0,704 (0.550, 0.907) p=0.005
ABVD &70 151
|||||||||||||||||||||||||||
0 2 4 & 8 1012174 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 45 48 50 52

Time from randomization (maonths)

N at Risk (Evants)
A+AVD  A54 &40 AZ4 SOT 563 547 536 517 503 497 484 478 471 449 444 439 376 365 360 247 237 F26 145 139 133 T &7

ABVD 670 836 628 803 545 513 497 485 472 467 456 450 440 410 403 IFF 342 332 325 222 218 210 130 119 113 3% 37

Connors et al. NEJM 2018
Straus et al. Blood 2020

* Median follow up 37.1 months
* Primary endpoint - 3 year
modified PFS

* A-AVD: 83.1% (95% Cl 79.9-85.9)
* ABVD: 76.0% (95% Cl 72.4-79.2)

Benefit not as strong as predicted
but was statistically significant



A-AVD associated with higher rates of toxicity

* A-AVD: 7/9 on study deaths due

to neutropenia (no primary Neutropenia 58% 45%
GCSF).'”ttge A,E"hAVD AT ere Febrile 19% 8%
associated with neutropenia neutropenia
* ABVD: 11/13 on study deaths Grade > 3 18% 10%
due to pulmonary toxicity infection
* Protocol later amended to give Peripheral 67% 43%
A-AVD patients primary GCSF neuropathy
(n=83) Peripheral 11% 2%
* Febrile neutropenia reduced neuropathy
from 19% to 11% grade >3
* Grade 23 infections reduced from Pulmonary <1% 39

18% to 11%.

toxicity grade 2
3



Should A-AVD be the new standard of care
for advanced stage HL?

FOR

Improved 2 year mPFS
* Statistically significant and met pre-
specified end point
* Predicted 8% vs. 4.9% difference

Fewer relapses mean fewer patients
subjected to cost/toxicity/infertility due
to auto transplant

Febrile neutropenia/infection likely
overstated since only 83 patients had
later mandated GCSF

Not up to individual providers to decide a
regimen based on cost if patients
insurance will cover a more efficacious
treatment

AGAINST

NNT: 14 patients to prevent one
treatment failure (based on 3 year data)

Most patients who fail can likely be
salvaged with brentuximab-based
salvage regimen

A-AVD is more toxic

A-AVD + GCSF costs $SS
* >5$100,000 for Brentuximab alone



NCCN Hodgkin Guidelines

CLINICAL PRESENTATION:
Classic Hodgkin Lymphoma®

Stage -1V o i Observe
PRIMARY TREATMENTK 1o e AVD x 4 cycles?@ - or —
(Modified from RATHL,3@ ISRTY to initially bulky or selected PET+ sites
GHSG HD15,™™ ECHELON-1"") Continue escalated See
Eszcalatled BEACOPP BEACOPP x 2 cycles | Follow-up
ABVDS x Restage . X « cycles” ) (total 4) £ ISRTY to initially (HODG-12)¥
2 cycles with Deauville_,, |or - E“g‘“"“ —» |bulky or PET+ sites
[preferred“ FET.-'CTt‘dd 4 ABVD x 2 G“FGHS -3 or
(total 4)" Restade Continue ABVD x 2 cycles
astag (total 6) £ ISRT to initially
Escalated BEACOPP | [With bulky or PET+ sites
or Deauville X 2 oycles""® M
5u,q9 . Negative —]
or Negative Deauville Bi
(see Deauville 4 4.5u > Biopsy See
5tage+ Biopsy® pathway above) Positive —— | Refractory
-V Useful in certain circumstances: Positive »| Disease
Escalated BEACOPP' > See HODG-9 (HODG-14)

(in selected patients if IPS 24, age <60)°°
or

(category 2A in select patients; eg, no known

Brentuximab vedotin + AVD"PP (category 2B)

neuropathy, IPS 24 or bleomycin contraindicated)PP

I—' See HODG-10

¥Complete response should be documented including reversion
of PET to "negative” within 3 months following completion of
therapy.

S3RATHL study: Johnson PW, et al. N Engl J Med 2016;374:2419-




Take home points for boards— Advanced stage

* It is reasonable to omit bleomycin after cycle 2 if interim PET
negative (Deauville 1-3)

* escBEACOPP should NOT be given to patients age 60+

* For younger patients, you will not have to decide between AAVD,
ABVD, escBEACOPP, but should get at least 6 cycles

* AAVD has not been widely adopted by experts outside of high risk patients
(stage IV, IPS 4+) due to toxicity concerns (cat 2B except for IPS 4-7)

* Unlikely to have questions on escalation after positive interim PET

due to lack of control arm (not in NCCN guidelines, but can be done
for select patients



Relapsed/refractory HL

* Clinical trials strongly recommended in this setting!

* 15t relapse in autologous transplant eligible patient

* Salvage chemotherapy followed by autologous transplant
* |CE, DHAP, GND, Brentuximab + bendamustine
* Increasing evidence that brentuximab-based salvage may have higher CR rates
* Brentuximab maintenance x 1 year for those with relapse within 1 year or extranodal
sites at relapse (unclear impact in those with prior brentuximab)
e Patients who do not achieve complete metabolic response are unlikely to be
cured with transplant and should be considered for alternate salvage or
treatment with novel agents



Novel drugs in treatment of relapsed HL

* Anti-CD30 antibody/drug conjugate

 Brentuximab vedotin

e PD1 inhibitors

 Nivolumab
* Pembrolizumab



Brentuximab in patients who relapsed after
autologous transplant

Percentage of patients free

of PD or death

100 7 Median
90 - N Evenis (Months)
80 - — [TT Patients 102 70 9.3
70 - + Patients on Study and in Remission
60 -

Eﬂ -
40 -
30 -
2() - - T
10 4
0- T T T T T T T T T
0 9 18 27 36 45 54 B3 T2

Time (months)

* 5 year end of study analysis
* 9% (9/100) of patients achieved sustained CR without additional therapy

Percentage of patients free

of PD or death

100 A Median
90 - N Events (Months)
—s¥E .
70 — 5D 28 20 58
60 -

50 - e o ——
40
30
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Time (mnnthe)

Chen R, et al: Blood 128:1562-6, 2016



Hiding in plain sight: better understanding of HL biology

£ ES-F (n =33) ES-U (n = 41) AS (n = 34)
E Il Dizomy
E Polysomy
a- [ Copy gain
0r1 Y B Amplification
F= 02 Bl Translocation
] 50 100 150 200
Time (Months)
1 =y H 5
0.8 -
z
o 06 -
E I
2"]| e
~— Copy gain
0.2 - — Amplification
— Translocation
P< 001 .
. - - A Roemer MG, et al. J Clin Oncol 34:2690-7, 2016

Time (Months)



Long term follow up - pembrolizumab
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86.3% !
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* Visually, PFS and OS appear better with pembro (3 year OS 86%!)

Zinzani et al. ASH 2019



Boards take home points — relapsed HL

 Salvage chemo then auto HCT if in CR for 1% relapse/primary refractory
disease and transplant eligible

* Brentuximab maintenance x 1 year for those with relapse within 1
year/extranodal sites at relapse

 Know mechanisms of novel agents and toxicities
e Brentuximab — NEUROPATHY and cytopenias (esp if with chemo) and
* PD1 inhibitors —autoimmune effects

* Transplant ineligible/transplant failure

* For boards —would give brentuximab then PD1 agents (may be changing due to
recent keynote-204 data)

* In clinical practice — these patients should be STRONGLY considered for trials
(combinations of novel agents)



Survivorship

* THERE IS ALMOST ALWAYS A SURVIVORSHIP QUESTIONS — THEY LOVE
THIS TOPIC!]



NCCN Surveillance Guidelines

Relapse detection
e Clinic visits
* Every 3 months for first 2 years

* Every 6 months years 3-5
* Every 12 months beyond year 5

* Imaging

* NO PET SCANS IN ABSENCE OF
SUSPECTED RELAPSE/SYMPTOMS

* CT at clinician discretion in first 2 years

* Lab studies

* CBC, ESR (if elevated at diagnosis),
chemistry panel

Late effect detection
* Clinic visits
* Every 3 months for first 2 years

* Every 6 months years 3-5
* Every 12 months beyond year 5

* Imaging
* Breast imaging 7 years post RT
* Cardiac echo at 10 years
* Carotid US at 10 years if neck RT

e Lab studies

* CBC, ESR (if elevated at diagnosis), chemistry
panel

* TSH if neck RT yearly, Lipid panel every other
year (can be done with PCP)




Nodular lymphocyte predominant Hodgkin
lymphoma

* VERY rare subtype (about 400 new cases in US each year)

* Typically acts like an indolent lymphoma, so wide variety of treatment
options (observation, chemotherapy, radiation) are accepted
depending on clinical scenario

* So what can they test you on?



CHL vs. NLPHL pathology
I

Tumor cells Diagnostic RS cells. "L&H" or "popcorn" cells
Mononuclear or lacunar
cells
Background Lymphocytes, histiocytes, Lymphocytes, histiocytes
eosinophils, plasma cells
Fibrosis Common Rare
CD15 + (15% can be negative) -
CD30 + -
CD20 - +
PAX5 Dim + +

EBV +/- -



Other take home points - NLPHL

* Consider chemotherapy (rituximab containing regimen, R-CHOP, R-
ABVD) for advanced stage, symptomatic patients

* Observation reasonable in asymptomatic advanced stage patients

* Limited stage patients have high rates of disease control with
radiotherapy

* Late relapse common, often > 10 years after initial treatment

* Patients can transform to T-cell/histiocyte rich DLBCL
* Spleen involvement highly predictive of eventual transformation

* Re-biopsy if suspicion of transformation
 DOES NOT TRANSFORM TO CLASSICAL HODGKIN LYMPHOMA!



Other special issues!!!

* No bone marrow biopsy needed at diagnosis if PET used for staging and no
marrow involvement

* Consider biopsy for unexplained cytopenias
* Anemia common, but other cytopenias are not

* Avoid routine growth factors with ABVD due to ? increased risk of
pulmonary toxicity (no primary prophylaxis)

* NO dose delays with ABVD due to neutropenia — treat on time with
standard doses. Inferior outcomes with decreased dose intensity. Consider
prophylactic antibiotics

* Repeat biopsy with refractory disease or relapse prior to starting
subsequent therapy.



Questions?
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Abbreviations

e NET = neuroendocrine tumor
e PNET = pancreatic neuroendocrine tumor

e GEP NET = gastroenteropancreatic neuroendocrine tumor =
neuroendocrine tumor of Gl tract and pancreas



Pancreatic NETs

polypeptidoma

Sites of NETs

Carcinoid Tumors J

Foregut
* Thymus

* Esophagus
* Lung

* Stomach

* Duodenum

Hindgut

* Distal large

bowel
* Rectum

Neuroendocrine cells
found at various body sites

Produce hormones and
peptides with biological
activity

NETs can arise in different
organs

Gl tract and pancreas are
common sites of origin for
NETs

Some cases of unknown
primary



Epidemiology — SEER data

6.4-fold increase in incidence of all NETs from 1973 to 2012 Increased incidence of earlier stage disease

Figure 1. Incidence Trends of Neuroendocrine Tumors (NETs) From 1973 to 2012

METs by stage and grade
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Trends may be related to improved diagnostic tests and more awareness of disease

Dasari et al. JAMA Oncol. 2017;3:1335.



Incidence of NETs by anatomic site

NETs by site

1.8+
#Lung
16 W Stomach
7 A Small intestine
+ Cecum
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SIIONCICICICNCICH RGO RO JC I R S S O S I SICAAN Small intestine: 29%

Rectum: 29%

Incidence per 100,000 persons (SEER 18, 2000-2012 data): Pancreas: 13%

e Lung: 1.49
e GEP NETs: 3.56

e Unknown primary: 0.48
Dasari et al. JAMA Oncol. 2017;3:1335.



Pathologic classification

GEP NETs are characterized by strong immunohistochemical staining of synaptophysin and

chromogranin

Very heterogeneous group of tumors with different biology and behavior
WHO classification — based on degree of proliferation (Ki67 index, mitotic count)

2010 WHO classification for gastrointestinal tract NETs (carcinoid tumors)

GEP NETs”
Lhifferentiation Grade MNET FProliferative Hate
Well-differentiated G1 (low grade) NET < 2 mitoses/10 hpf
AND < 3% Ki-67
index .
G2 lintermediate NET 2-20 mitoses/10 hpf Neuroendocrine tumor
grade) OR 3%-20% K-
67 index
Poorly differentiated G3 (high grade) Neurcendocrine carcinoma > 20 mitosesf10

hpf OR > 20%
Ki-67 index

small-cell type;
neurcendocnne
carcinoma large-cell
type

Abbreviations: GEP, gastroenteropancreatic; hpf, high-powered field; NET, neurcendocnine tumor

1. Modlin et al. Lancet Oncol 2008;9:61. 2. Bosman et al. WHO Classification of Tumours of the Digestive System (ed 4), 2010.

Neuroendocrine
carcinoma



Grade 3 well-differentiated NETs (WD NETSs)

e Distinct group of tumors from grade 3 poorly differentiated
neuroendocrine carcinomas (PD NECs)

e Compared to PD NECs, the grade 3 WD NETs are more likely to:
— Be diagnosed at earlier age and be functional
— Have lower Ki67 (typically 21-55%)
— Have +ve somatostatin receptor imaging

— Carry mutations associated with low/intermediate grade NETs (i.e.
mutations in DAXX, ATRX, MEN1)

— Have longer overall survival (i.e. median OS 98.7 months for WD NETs
vs. 17.0 months for PD NECs, p<0.001)

Heefeld et al. Endocr Relat Cancer 2015;22:657.
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WD G3 NETs have lower Ki67

Cell differentiation and TNM stage are
independent prognostic factors for grade 3
neuroendocrine neoplasms

Heefeld et al. Endocr Relat Cancer 2015;22:657.



2017 WHO classification for PNET

Neoplasm Proliferation
Mitotic
Differentiation Ki67 Count
T_ype Status Definition Grade (% of 2500 cells) (2 mm?)
NEN Well differentiated NET G1 <3 <2
G2 3-20 2-20
G3 >20 >20
Poorly differentiated NEC (default G3) >20 >20

Small cell type
Large cell type

MINEN® Well/poorly differentiated NET or NEC G1-G3 See above See above
ADC® or SCC  G1-G3 See Ref.!" See Ref.!’

Takes into account the heterogeneity of PNETs

Grade 3 includes both well-differentiated PNET (PanNET G3) and poorly differentiated pancreatic
NEC (PanNECs G3)

Cell differentiation distinguishes between NET and NEC, not Ki67 value

Therapy for the well-differentiated G3 tumors needs to be further studied

Inzani et al. Endocrinol Metab Clin N Am 2018;47:463.



Prognosis

 Wide range of prognosis based on:

— Stage at diagnosis (localized > regional > distant)
e By AJCC TNM staging system (stages 1-4)

— Grade (well diff > poor diff)

— Age at diagnosis (younger > older)

— Primary site

— Time of diagnosis (2000-2004 < 2005-2008 < 2008-2012)

e Greater improvement in survival for advanced GEP NETs (especially
carcinoids) due to better therapies

Dasari et al. JAMA Oncol. 2017;3:1335.



Functionality

e GEP NETs may produce and secrete bioactive amines and peptides (hormones,
neuromodulators) causing clinical symptoms

e (lassified as functional vs. non-functional
e Symptoms do not correlate with tumor burden

 Treatment of clinical syndromes of hormone excess: somatostatin analogue
(SSA), except insulinoma

Carcinoids (8-35% functional) PNETs (10-40% functional)

- Carcinoid syndrome -2 flushing, diarrhea, Secretion of:

right sided valvular fibrosis, - *Insulin (insulinoma) = hypoglycemia
bronchoconstriction - *Gastrin (gastrinoma) =2 PUD

- Typically associated with serotonin and - Vasoactive intestinal peptide (VIPoma) =2

midgut NETs in the setting of liver metastases diarrhea, hypoK
- Glucagon (glucagonoma) =2 flushing,
diarrhea, hyperglycemia

1. Choti et al. J Clin Oncol 2012;30:suppl abstr 4126. 2. Soga et al. J Exp Clin Cancer Res 1999;18:133. 3. Oberg K. Semin Oncol
2010;37:594. 4. Halfdanarson et al. Ann Oncol 2008;19:1727.



Characteristics of carcinoid tumors by location

T gt | widgat | incut

Localization

Secretory
products

Carcinoid
syndrome

Stomach, duodenum,
bronchus, thymus

5-hydroxytryptophan,
histamine, multiple
polypeptides

Rare, and atypical when
it happens
(angioedema, hive-like
pink flushing, rash)

Jejunum, ileum,
appendix, ascending
colon

Serotonin
prostaglandins,
polypeptides

Classic (flushing,

diarrhea, wheezing due
to bronchoconstriction,
R valvular involvement)

Transverse, descending,
and sigmoid colon,
rectum, genitourinary

Variable

Rare (usually found on
lower Gl endoscopy,
patients may present
with obstructive
symptoms)

1. Loughrey et al. Endocrinol Metab Clin N Am 2018;47:557. 2. UptoDate.



Carcinoid syndrome

» Occurs in approximately Percentage of patients with symptoms
8% to 35% of patients with NETs of carcinoid syndrome*
and occurs mostly Remember to
In cases of patients with ' obtain echo every

hepatic metastases’ 2-3 years or as
clinically indicated

in patients with
carcinoid syndrome

Consequence of vasoactive
peptides such as serotonin,
histamine, or tachykinins released
into the circulation?3
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Manifested by episodic flushing,
wheezing, diarrhea, and,
potentially, the eventual
development of carcinoid heart
disease?3

1. Rorstad O. J Surg Oncol. 2005; 89:151-60.

2. Modlin IM, Kidd M, Latich I, Zikusoka MN, Shapiro MD. Gastroenterology. 2005;128:1717-1751.
3. Vinik A, Moattari AR. Dig Dis Sci. 1989;34(3 Suppl):14S-27S.

4. Creutzfeldt W. World J Surg. 1996;20:126-131.




Workup

e Goals of workup
— Assess primary site and stage

— Characterize aggressiveness (grade, differentiation) — need tissue
— Establish functionality

e NCCN guidelines (v2.2020)

— Recommend: multiphasic CT or MRI abdomen/pelvis
— As appropriate:
e CT chest with or without contrast

e Somatostatin receptor-based imaging (Ga68 dotatate PET/CT preferred, or
Octreoscan)

e Endoscopy
e Biochemical evaluation as clinically indicated (if suspicious symptoms present)

NCCN Practice Guidelines (Neuroendocrine Tumors). https://www.nccn.org/professionals/physician_gls/pdf/neuroendocrine.pdf



e >90% well-differentiated GEP NETs

Somatostatin receptor-based imaging

express variable levels of SSTR

* |Imaging using radiolabelled SSAs

e Bind to SSTR2 and 5 on NET cells
e OctreoScan (Indium-111 pentetreotide)

e Functional PET imaging (68Ga DOTATATE
PET/CT) — more sensitive for detecting small
lesions, shorter time (30-60 min)

Should stop short-acting SSA 24 hours and long-
acting SSA 5-6 weeks before imaging
NOT recommended for routine surveillance

: e .
g 3 . .
E AD
]
"n Octreoscan® ®Ga DOTATATE
(24 hours) {1 hour)

http://www.carcinoid.org/2014/06/30/carcinoid-cancer-foundation-awards-grant-to-
stanford-university/.

Kidd et al. Nat Rev Clin Oncol 2016;13:691.



A

111-In-DTPAOC SPECT 68-Ga-DOTATOC PET

Buchmann et al. Eur J Nucl Med Mol Imaging 2007;34:1617.



Biochemical testing (NCCN v2.2020)

Location Clinical Symptoms Testing
NETs of Primary tumors in Gl tract |+ Primary tumors in the Gl tract usually « Chromogranin A (category 3)
Gastrointestinal (ileum, appendix, rectum), are not associated with symptoms of * 24-hour urine or plasma 5-HIAA
Tract, Lung, and lung, or thymus hormone secretion unless extensive » Foods to avoid for 48 hours prior to
Thymus metastasis. and during testing: avocados, bananas,
« Symptoms of hormone secretion cantaloupe, eggplant, pineapples,
may include flushing, diarrhea, plums, tomatoes, hickory nuts/pecans,
cardiac valvular fibrosis, and plantains, kiwi, dates, grapefruit,
bronchoconstriction. honeydew, or walnuts.
= Bronchial/thymic tumors may be « Test for Cushing's syndrome (NE-C, 2 of 3)

associated with classic carcinoid
syndrome as well as Cushing's syndrome.

PanNET (see Pancreas Depends on hormone secreted, can be « Serum pancreatic polypeptide (category 3)
subtypes below) clinically silent « Chromogranin A (category 3)
Insulinoma Pancreas Hypoglycemia « While hypoglycemic:

» Serum insulin
» Pro-insulin

» C-peptide
« See Workup for insulinoma (PanNET-3)
VIPoma Most common in pancreas, | Diarrhea, hypokalemia Serum VIP
can be extra pancreatic
Glucagonoma Pancreas Flushing, diarrhea, hyperglycemia, Serum glucagon
dermatitis, hypercoaguable state
Gastrinoma Pancreas or duodenum Gastric ulcers, duodenal ulcers, diarrhea Serum gastrin?

e Chromogranin A

— Ubiquitous distribution in neuroendocrine tissues, stored in secretory granules and
secreted with modified amines

— Sensitive, but non-specific
— Trend is more important

NCCN Practice Guidelines (Neuroendocrine Tumors). https://www.nccn.org/professionals/physician_gls/pdf/neuroendocrine.pdf



False elevations

Chromogranin A e 24h urinary 5-HIAA (5-

— Proton pump inhibitors (should be hydroxyindoleacetic acid)
discontinued at least 2 weeks — Ingestion of tryptophan/serotonin-
before) rich foods

— Other disorders: endocrine, Gl, — Avoid for 48h before measurement:
cardiac, inflammatory diseases, avocado, banana, cantaloupe,
renal impairment, other non-Gl eggplant, pineapple, plum, tomato,
cancers hickory nut/pecan, plantain, kiwi,

date, grapefruit, honeydew, walnut
— Malabsorption syndromes



Systemic therapy for
metastatic GEP NETs

Somatostatin Molecular targeted Peptide radionuclide Chemotherapy
analogues agents (everolimus, receptor therapy (CAPTEM)
(octreotide, sunitinib) (Lul77-dotatate)
lanreotide)

e For symptom (if present) and tumor control
e Multidisciplinary approach if appropriate
e Therapy selection depends on:
e (Carcinoid vs. PNET, grade and cell differentiation, SSTR expression, symptoms,
tumor burden, rate of growth



Systemic therapy for symptoms

Clinical symptoms associated with hormone secretion

SSA is mainstay of treatment

— Octreotide
e Highest affinity for SSTR2
e Short-acting and long-acting formulations
e Recommend short-acting for 2-3 weeks until steady levels of octreotide LAR are reached

— Lanreotide (SSTR2) and pasireotide (SSTR1,2,3,5)

e Equally effective as octreotide in controlling carcinoid syndrome
Telotristat — for refractory carcinoid syndrome-related diarrhea
— Tryptophan hydroxylase inhibitor in serotonin synthesis pathway

Consider octreotide during surgery to avoid carcinoid crisis

1. Strosberg et al. J Clin Oncol 2014;19:930. 2. O’Toole et al. Cancer 2000;88:770. 3. Wolin et al. J Clin Oncol 2013;31:suppl 15s;abst 4031.



SSAs have anti-tumor activity against GEP NETs and inhibit growth factors
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Octreotide

PROMID trial Octreotide LAR 30 mg IM

every month (n=42
Patients with metastatic well-differentiated y ( )

midgut NETs, treatment naive
Placebo (n=43)

A
B U T Caveorie an a5 v i 13 mont
2 08 : - Improvement in median time to
EL 06 progression (HR 0.34, 95% Cl 0.2-0.59,
= a0 p=0.000072)
E - '-._: - Stable disease: 67% vs. 37% (at 6m)
I el - No improvement in overall survival
' - Both functional and non-functional

0 6 12 18 24 30 36 42 48 b4 60 66 72 78

Time Since Random Allocation (months) tumors responded
No. of patients at risk - Most common adverse events related

Placebo 43 21 9 3 1 1 0 0 0 0 0O 0O 0 O :
Octreotide LAR42 30 19 16 15 10 10 9 9 6 5 3 1 0 to Gl tract (diarrhea, flatulence)

Log-rank test stratified by functional activity: P=.000072, HR = 0.34 (95% ClI, 0.20 to 0.59)
Rinke et al. J Clin Oncol 2009;27:4656.



Lanreotide

CLARINET trial

Patients with metastatic well differentiated NETs

- PNET, mid/hindgut, unknown origin

- SSTR positive, non-functioning

Patients with Progression-free

No. at Risk

Lanreotide
Placebo

Survival (%)

100+
90+
804
704
60+
504
404
304
204

Lanreotide 120 mg
32 events, 101 patients
Median not reached

Placebo
60 events, 103 patients
Median, 18.0 mo (95% ClI, 12.1-24.0)

P<0.001 for the comparison of progression-free survival

109 Hazard ratio for progression or death, 0.47 (95% Cl, 0.30-0.73)
0 I I I I I I 1
0 3 6 9 12 18 24 27
Months
101 94 84 78 71 61 40 0
103 101 87 76 59 43 26 0

Lanreotide 120 mg deep
SC every 28 days (n=101)

Placebo (n=103)

Improvement in median progression-free
survival

PFS (at 24m): 65% vs. 33%

Greater rate of reduction in
chromogranin A by >50%

No improvement in overall survival or
quality of life

Most common side effect: diarrhea (26%
Vvs. 9%)

Caplin et al. N Engl J Med 2014;371:224.



Side effects of SSAs

Injection site pain (8-10%)
Nausea (9-30%)

Abdominal cramps (4-44%), diarrhea (7-58%), steatorrhea (0-4%),
flatulence (0.5-13%)

Hyperglycemia (15%)
Cholelithiasis/biliary sludge (52-62%)
— Consider prophylactic cholecystectomy if anticipate long-term use

— Assess with ultrasound of gallbladder and bile ducts every 6-12 months
— Gallstones may be treated with ursodiol

1. Narayanan and Kunz. J Natl Compr Canc Netw 2015;13:109. 2. BC Cancer Agency Drug Manual.



Everolimus
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Figure 1| Selected signalling pathways and drugs for RCC. a | A simplified overview of the
PI3K-AKT-mTOR pathway, together with points of action of drugs for RCC. b | Everolimus.

Atkins et al. Nat Rev Drug Discov 2009;8:535.



- Patients with metastatic well-

differentiated PNETs

- Disease progression in last 12 months
- Any # and type of prior therapy

Everolimus — RADIANTS3

Everolimus 10 mg daily

(n=207)

ORR: 5% vs. 2%
SD: 73% vs. 51%

Placebo (n=203)

A Progression-free Survival, Local Assessment
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Kaplan—Meier median
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P<0.001 by cne-sided log-rank test
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Yao et al. N Engl J Med 2011;364:514.



Everolimus — RADIANT4

Everolimus 10 mg daily

- Patients with metastatic well- (n=205) :
ratients wit pave w ORR: 2% vs. 1%
ifferentiated NETs of Gl or lung 2:1 Crossover NOT allowed SD: 81% vs. 64%
- Non-functioning
Placebo (n=97)
A C
100 Kaplan-Meier median progression-free survival
Everolimus 11-0 months (95% Cl 9-2-13-3)
o Placebo 3-9 months (95% Cl 3-6-7-4)
g 7 HR 0-48 (5% Cl 0-35-0-67)
g p<0-00001 by stratified one-sided log-rank test g
2 60 E
g 5
|-.I— Lﬂ
S 404 E
§ 20 @ ¥ Censoring timepoints 20
—e— Everolimus ) ) o HR 0-64 (95% C10-40-1-05)
—»— Placebo p=0-037 by stratified one-sided log-rank test*
0 | | T T I I I I T T | ] 0 | | T I | | | | | | | |
0 2 4 6 8 10 12 15 18 21 24 27 30 0 2 4 6 8 10 12 15 18 21 24 27 30
NumEber alif risk s . ) ] Number at risk Time (months)
"e;’ 'ml:s 205 1 ; 145 124 101 81 65 >2 2 12 3 o 0 Everolimus 205 195 184 179 172 170 158 143 100 59 31 5 0
acebo 97 65 39 30 24 AV 5 1 > ! 0 Placcho 97 94 86 80 75 70 67 61 42 21 13 5 0

PFS by central review OS

Yao et al. Lancet 2016;387:968.



Everolimus (n=202) Placebo (n=98)
Allgrades  Gradel Grade 2 Grade 3 Grade 4 Allgrades  Grade 1 Grade2  Grade3 Grade 4

Stomatitis* 127(63%) 72(36%) 37(18%) 18(9%) 0O 19(19%) 17(17%) 2(2%) O 0
Diarthoea 63(31%) 30(15%) 18(9%)  13(6%) 2 (1%) 16 (16%)  10(10%)  4(4%)  2(2%) 0
Fatigue 62(31%) 35(17%) 20(10%)  5(2%) 2 (1%) 24(24%) 17 (7%) 6(6%)  1(1%) 0
Infectionst 59(29%) 12(6%)  33(16%) 10(5%)  4(2%) 4(4%) 1(1%) 33%) O 0
Rash 55(27%)  42(21%) 12 (6%) 1(<1%) 0O 8 (8%) 6 (6%) 2Q2%) 0 0
Peripheral oedema 52 (26%) 30(15%) 18 (9%) 4(2%) 0 4 (4%) 2 (2%) 1(1%)  1(1%) 0
Nausea 35 (17%)  26(13%)  6(3%) 2(1%)  1(<1%) 10(10%) 7 (7%) 33%) 0 0
Asthenia 3(16%)  8(4%)  22(11%)  2(1%)  1(<1%) 5 (5%) 4 (4%) 1(1%) 0 0
Anaemia 3(16%) 5(2%)  20(10%) 8(4%) O 2 (2%) 0 1(1%)  1(1%) 0
Decreased appetite 2(16%)  22(11%)  9(4%) 1(<1%) 0O 6 (6%) 2 (2%) 4(4%) 0O 0
Non-infectious pneumonitis 32 (16%) 5 (2%) 24(12%) 3 (1%) 0 1(1%) W] 1(1%) 0 W]
Dysgeusia 30(15%) 26 (13%) 3 (1%) 1(<1%) O 4 (4%) A(4%) 0 0 0
Pruritus 26(13%) 19 (9%) 6 (3%) 1(<1%) 0O 4(4%) A(4%) 0 0 0
Cough 26(13%)  18(9%) 8 (4%) 0 0 3(3%) 3(3%) 0 0 0
Pyrexia 22(11%) 14 (7%) 4(2%) 201%)  2(1%) 5 (5%) 4(4%) 1(1) 0 0
Hyperglycaemia 21(10%)  5(2%) 9 (4%) 7(3%) 0 2 (2%) 2 (2%) 0 0 0
Dyspnoea 21(10%)  4(2%)  15(7%) 2(1%) © 4(4%) 2 (2%) 1(1) 0 1(1)

*Included in this category are stomatitis, aphthous stomatitis, mouth ulceration, and tongue ulceration. TAll types of infections are included. included in this category are

pneumonitis, interstitial lung disease, lung infiltration, and pulmonary fibrosis.

Table 3: Treatment-related adverse events reported in at least 10% of patients (safety population)

Most significant toxicities: stomatitis, diarrhea, fatigue, infections, rash
Possible hyperglycemia and pneumonitis

Yao et al. Lancet 2016;387:968.



Sunitinib
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Sunitinib

Sunitinib 37.5 mg daily
- Patients with metastatic well- (n=86)
differentiated PNET

- Progressed in last 12 months

ORR: 9.3% vs. 0%

Placebo (n=85)

A Progression-free Survival B Overall Survival
100+ Hazard ratio, 0.42 (95% Cl, 0.26—0.66) - 100+ o
§ P<0.001 %_ - ; Sunitinib
e i © i .
= 80 Median: 11.4 vs. 5.5 z 8 T,
- e TR HEE
w months 3 _
Q ~0 L - .
gné, 60 = 60+ Placebo esimsmiomif s Benefit observed
= _N ": P a
o % N Sunitinib 3 acCross subgroups
© S 404 o 404
>0 Placebo § <)
5 KL £
s 204 o % 204 Hazard ratio, 0.41 (95% Cl, 0.19-0.89)
o) Y
E: 4 P=0.02
"""""""""" 'l""": m
0 T T T T 1 0 T T T T
0 5 10 15 20 25 0 5 10 15 20
Months since Randomization Months since Randomization
No. at Risk No. at Risk
Sunitinib 86 39 19 4 0 0 Sunitinib 86 60 38 16 3
Placebo 85 28 7 2 1 0 Placebo 85 61 33 12 3

Raymond et al. N Engl J Med 2011;304:501.



Table 3. Common Adverse Events in the Safety Population.*
Event Sunitinib (N=83) Placebo (N=82)
All Grades Gradelor2 Grade3or4 All Grades Gradelor2 Grade3or4
aumaher an:nnﬁpwfc {percent)
Diarrhea 49 (59) 45 (54) 4 (5) 32 (39) 30 (37) 2(2)
Nausea 37 (45) 36 (43) 1(1) 24 (29) 23 (28) 1(1)
Asthenia 28 (34) 24 (29) 4 (5) 22 (27) 19 (23) 3 (4)
Vomiting 28 (34) 28 (34) 0 25 (30) 23 (28) 2(2)
Fatigue 27 (32) 23 (28) 4 (5) 22 (27) 15 (18) 7 (8)
Hair-color changes 24 (29) 23 (28) 1(1) 1(1) 1(1) 0
Neutropenia 24 (29) 14 (17) 10 (12) 3 (4) 3 (4) 0
Abdominal pain 23 (28) 19 (23) 4 (5) 26 (32) 18 (22) 8 (10)
Hypertension 22 (26) 14 (17) 8 (10) 4 (5) 3 (4) 1(1)
Palmar—plantar erythro- 19 (23) 14 (17) 5 (6) 2 (2) 2(2) 0
dysesthesia
Anorexia 18 (22) 16 (19) 2 (2) 17 (21) 16 (20) 1 (1)
Stomatitis 18 (22) 15 (18) 3 (4) 2(2) 2 (2) 0
Dysgeusia 17 (20) 17 (20) 0 4 (5) 4 (5) 0
Epistaxis 17 (20) 16 (19) 1 (1) 4 (5) 4 (5) 0
Headache 15 (18) 15 (18) 0 11 (13) 10 (12) 1(1)
Insomnia 15 (18) 15 (18) 0 10 (12) 10 (12) 0
Rash 15 (18) 15 (18) 0 4 (5) 4 (5) 0
Thrombocytopenia 14 (17) 11 (13) 3(4) 4 (5) 4 (5) 0
Mucosal inflammation 13 (16) 12 (14) 1(1) 6 (7) 6 (7) 0
Weight loss 13 (16) 12 (14) 1(1) 9 (11) 9 (11) 0
Constipation 12 (14) 12 (14) 0 16 (20) 15 (18) 1 (1)
Back pain 10 (12) 10 (12) 0 14 (17) 10 (12) 4 (5) Raymond et al. N Engl J Med
2011;304:501.




Peptide receptor radionuclide therapy (PRRT)

radionucide  I-EIN-DTPAP]Octreotide

[PY-DOTAL, Tyr3]Octreotide

Chelator

‘ Chelator

[1"Lu-DOTAO, Tyr3]Octreotide

Peptide

Cyclic [""Lu-DOTADO, Tyr3]Octreotate

Octapeptide

(stabilized)

177Lu-dotatate

e Delivers radionuclides directly to tumor cells via SSTR
e Used for SSTR-positive metastatic well-differentiated NETs in Europe since 1990s
e Lutetium-177 is a beta and gamma emitting radionuclide

Kunz PL. J Clin Oncol 2015;33:1855.



The NEW ENGLAND JOURNAL of MEDICINE

ORIGINAL ARTICLE

Phase 3 Trial of "Lu-Dotatate for Midgut

Neuroendocrine Tumors

J. Strosberg, G. El-Haddad, E. Wolin, A. Hendifar, J. Yao, B. Chasen, E. Mittra,
P.L. Kunz, M.H. Kulke, H. Jacene, D. Bushnell, T.M. O’Dorisio, R.P. Baum,
H.R. Kulkarni, M. Caplin, R. Lebtahi, T. Hobday, E. Delpassand, E. Van Cutsem,
A. Benson, R. Srirajaskanthan, M. Pavel, J. Mora, J. Berlin, E. Grande, N. Reed,
E. Seregni, K. Oberg, M. Lopera Sierra, P. Santoro, T. Thevenet, J.L. Erion,

P. Ruszniewski, D. Kwekkeboom, and E. Krenning, for the NETTER-1 Trial Investigators*

Patients with metastatic well-
differentiated midgut NETs
- SSTR-positive
Progressed during treatment
with octreotide LAR for at
least 12 wks prior to study

177Lu-Dotatate 7.4
GBg/200mCi every 8
weeks x 4 + octreotide
LAR 30 mg IM (n=116)

Octreotide LAR 60 mg IM
every 4 weeks (n=113)

For renal protection, IV amino acid
solution (lysine, arginine) given
concomitantly for at least 4 hours
starting 30 min before infusion of
177Lu-Dotatate

Octreotide LAR given 24 hours after
each infusion of 177Lu-Dotatate,
then monthly

Strosberg et al. N Engl J Med 2017;376:125.



A Progression-free Survival
1004

90-
80-
70-
60-
50-f--------

40

177 .u-DOTATATE

(% of patients)

20+
10

Progression-free Survival

Control
0 i i I i i |

0 5 10 15 20 25 30

Months since Randomization

No. at Risk
77 u-DOTATATE 116 97 76 59 42 28 19 12 3 2 0

group

Control group 113 8 47 28 17 10 4 3 1 0 O

Rate of progression-free survival at 20 months:
65% vs. 11%
Median PFS: not reached vs. 8.4 months
(HR 0.21, 95% Cl 0.13-0.33, p<0.001)

B Overall Survival (Interim Analysis)

100
90+
177 N

30 Lu-DOTATATE
r— 70—
S
c 5 60 P=0.004
@ & LY o T R _————
- 0
T Control
S5 40
6 X

20

10

0 l i i l i |
0 5 10 15 20 25 30
Months since Randomization
No. at Risk
77 u-DOTATATE 116 108 96 79 64 47 31 21 8 3 0
group

Control group 113 103 8 64 41 32 17 5 1 0 O

Interim analysis for overall survival:
14 vs. 26 deaths (p=0.004)

Strosberg et al. N Engl J Med 2017;376:125.




* The safety population included all patients who underwent randomization and received at least one dose of trial treatment.

T P values were calculated with the use of Fisher's exact text.

Table 2. Objective Tumor Response.*
Y7L y-Dotatate Group Control Group
Response Category (N=101) (N=100) P Valuey}
Complete response — no. (%) 1(1) 0
Partial response — no. (%) 17 (17) 3 (3)
Objective response
No. with response 18 3
Rate — % (95% Cl) 18 (10-25) 3 (0-6) <0.001
Table 3. Overview of Adverse Events (Safety Population).* e 177Lu-Dotatate group:
177) u-Dotatate Group Control Group - Nausea 59%, vomiting 47% (due
Event (N=111) (N=110) P Valuey . . . .
, to amino acid), fatigue/asthenia
number of patients (percent)
40%
Adverse event . o
Any 106 (95) 5 (86) 0.02 - Grade 3 or 4: neutropenia 1%,
in 70
Related to treatment 95 (86) 34 (31) <0.001 thrombocytopenla 2%,
e lymphopenia 9% (none in control
Any 29 (26) 26 (24) 0.76 group)
Related to treatment 10 (9) 1(1) 0.01 * No renal toxicity observed at median
Withdrawal from trial because of adverse event fO”OW-Up duration of 14 months
Because of any adverse event 7 (6) 10 (9) 0.46 e 1 patient dEVElOpEd myelodysplastic
Because of adverse event related to treatment 5 (5) 0 0.06 Syndrome pOSSibly related to PRRT

Strosberg et al. N Engl J Med 2017;376:125.



Update of NETTER-1

=g

, Median PFS: 28.4 vs. 8.5 months
Median OS: not reached vs. 27.4 months (HR 0.214, 95% Cl 0.139-0.331, p<0.0001)

Strosberg et al. J Clin Oncol 2018;36:suppl abstr 4099.
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FDA News Release

FDA approves new treatment for certain digestive
tract cancers

f sHaRE in LNKEDIM | @ PINIT | &% EMAIL | & PRINT

For Immediate
Release

January 26, 2018

Release The U.S. Food and Drug Administration today approved Lutathera (lutetium Lu 177
dotatate) for the treatment of a type of cancer that affects the pancreas or
gastrointestinal tract called gastroenteropancreatic neuroendocrine tumors (GEP-
NETs). This is the first time a radicactive drug, or radiopharmaceutical, has been
approved for the treatment of GEP-NETs. Lutathera is indicated for adult patients

with somatostatin receptor-positive GEP-NETs.

“GEP-NETs are a rare group of cancers with limited treatment options after initial
therapy fails to keep the cancer from growing,” said Richard Pazdur, M.D., director of
the FDA's Oncology Center of Excellence and acting director of the Office of
Hematology and Oncology Products in the FDA's Center for Drug Evaluation and
Research. “This approval provides another treatment choice for patients with these
rare cancers. It also demonstrates how the FDA may consider data from therapies
that are used in an expanded access program to support approval for a new
treatment.”

PRRT approved for
refractory SSTR-
expressing well-

differentiated GEP NETs

Pharmacokinetics:

e Half-life 6.71 days

e Poorly metabolized and mainly excreted renally as
intact compound

e 60% eliminated in urine within 24h; 65% within
48h

Use in patients with CKD:

 CrCl <30 mL/min: contraindicated

e CrCl <50 mL/min: not recommended

e Mild to moderate CKD with CrCl 250 mL/min: use with
caution, consider dose reduction

1. https://www.fda.gov/NewsEvents/Newsroom/PressAnnouncements/ucm594043.htm 2. Lutathera® monograph



https://www.fda.gov/NewsEvents/Newsroom/PressAnnouncements/ucm594043.htm%202

Practical considerations for 1//Lu-Dotatate

Interval between each infusion is 8 (+/-1) weeks, can be
extended up to 16 weeks for toxicity

May use half-dose (3.7 GBq) due to toxicity
*No long-acting SSA within 4 weeks of treatment
*No short-acting SSA within 24 hours of treatment

Concomitant infusion of amino acid solution is required for
renal protection (over 4 hours)

— Composition: lysine 25g, arginine 25g in 1L NS

Lutathera® monograph



Chemotherapy

e Carcinoids
— Generally do not respond well to chemotherapy
— May be considered for progressive disease with no other standard or trial
options
* PNETs

— Activity has been shown with alkylating agents

— May be initially considered for bulky, rapidly progressing, and/or
symptomatic well-differentiated PNETs
e Greater response rate

— Synergistic activity of temozolomide and capecitabine in PNET in
preclinical and early studies



A randomized phase |l study of temozolomide or
temozolomide and capecitabine in patients with
advanced pancreatic neuroendocrine tumors: A trial

of the ECOG-ACRIN Cancer Research Group (E2211)

Pamela L. Kunz', Paul J. Catalano?3, Halla S. Nimeiri4, George A. Fisher Jr', Teri A. Longacre’,
Carlos J. Suarez!, James C. Yao’, Matthew H. Kulke®, Andrew E. Hendifar’, James C. Shanks8,
Manisha H. Shah®, Mark M. Zalupski'®, Edmond Schmulbach'', Diane L. Reidy-Lagunes'?, JonathanR.
Strosberg'3, Peter J. O’Dwyer'4, and Al B. Benson Il1* on behalf of the E2211 Study Team

1Stanford University, 2Dana Farber Cancer Institute, 3ECOG-ACRIN Biostatistics Center, “Northwestern University, >MD Anderson
Cancer Center, ®Boston University, Cedars Sinai Medical Center, 8Saint John’s Hospital Healtheast, °Ohio State Comprehensive
Cancer Center, %University of Michigan Comprehensive Cancer Center, ''Kaiser Permanente South San Francisco, '?Memorial
Sloan Kettering Cancer Center, '*Moffitt Cancer Center, *University of Pennsylvania

==ECOG-ACRIN

cancer research group

Reshaping the future of patient care
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E2211 Study Design

Progressive,
G1/G2,
metastatic
pancreatic NETs

Stratified by:

* Prior everolimus

* Prior sunitinib

» Concurrent octreotide

Concurrent SSAs allowed

esereo s 2018 ASCO

ANNUAL MEETING

ARMA:
Temozolomide 200 mg/m?2 po QD days 1-5

ARM B:
Capecitabine 750 mg/m? po BID days 1-14
Temozolomide 200 mg/m?2 QD days 10-14

Cycle length = 28 days; max 13 cycles.
Imaging performed every 12 weeks (RECIST 1.1)

presentep By:  Pamela L. Kunz, MD Abstract #4004

Primary Endpoint:
* PFS (local review)

Secondary Endpoints:
* RR

« OS

» Toxicity

Correlative Endpoints:

*  MGMT by IHC

*  MGMT by promoter
methylation

NCT01824875

Presented By Pamela Kunz at 2018 ASCO Annual Meeting



Progression Free Survival

Progression-Free Survival Probability

Median (mo) HR (95% ClI)

p-value

= A: Tem

= B: Tem+ Cape

14.4
22.7 0.58 (0.36, 0.93)

0.023

Months

Time from Diagnosis (months)

*WHO Grade
Low (Grade 1)
Intermediate (Grade 2

Temozolomide
(N=72)

Temozolomide + Capecitabine
(N=72)

Progression-Free Survival

Progression-Free Survival

Overall Survival

o

Median (mo)

HR

— A: Tem 38.0
— B: Tem+ Cape Not reached

0.41 (0.21,0.82)

W .
V_\LH_,‘ l

I
10

WHO Grade 1

WHO Grade 2

I
20

Months

I
30

Months

Grade was not
associated with PFS/0S
PFS/0S benefits were
observed after adjusting
for grade

Kunz et al. J Clin Oncol 2018;36:suppl; abstr 4004.



Response Rates

Temozolomide Temozolomide + Capecitabine valua
(N=72) (N=72) i
0

Complete response 2.8%
Partial response 25.0% 33.3%
Stable disease 40.3% 48.6%

Progressive disease 19.4% 13.9%

Unevaluable 12.5% 4.2%

Objective Response Rate
(CR+PR)

Disease Control Rate
(CR+PR+SD)

Response Duration (median) 9.7 mo 12.1 mo

. Safety
- Grade 3/4 treatment-related AEs: 44% vs. 22% (p=0.007)
- Most common grade 3/4 AEs with CAPTEM — neutropenia (13%),
thrombocytopenia (8%), nausea/vomiting (8%), diarrhea (8%),
lymphopenia (5%), fatigue (5%)

Kunz et al. J Clin Oncol 2018;36:suppl; abstr 4004.



Summary of systemic therapy for unresectable or
metastatic well-differentiated GEP NETSs

Carcinoid tumor PNET
e SSA (octreotide, lanreotide) e SSA (octreotide, lanreotide)
e PRRT e PRRT
e Everolimus e Everolimus
e Sunitinib
 CAPTEM

Other cytotoxic chemotherapy regimens may be considered (less preferred) (for instance,

FOLFOX or CAPOX)

No data to support a specific sequence of systemic therapy options
Consider clinical trials



Thank you for your attention!



Chronic Lymphocytic Leukemia

and
Hairy Cell Leukemia

Mazyar Shadman, MD , MPH

Associate Professor, Fred Hutch and University of Washington
Member, NCCN guidelines committee for CLL/HCL
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Disclosures

* Main purpose of this presentation is “Board Review”

e Will not discuss experimental treatments:
 New biomarkers (prognostic and predictive)
* New and unapproved BTKis or PI13Kis
e Topic of MRD with venetoclax
e Combination studies (ibrutinib + venetoclax, etc)
e Details on CAR-T cell therapy (will have one slide)




Approved drugs for CLL

acalabrutinib

venetoclax

obinutuzumab

duvelisib
ibrutinib
idelalisib

ofatumumab

bendamustine

fludarabine
chlorambucil

rituximab

alemtuzumab
corticosteroids

l& FRED HUTCH
gL



Epidemiology

e CLL/SLL is the most common leukemia in adults in western countries
* 4.5 cases per 100,000

 Median age ~ 70 years

e Slight male predominance (1.7:1)

e Familial risk (7-8 fold)

e Caucasians > African Americans > Asian Pacific Islanders

e Genetic > Environmental



Top 10 topics in CLL

Initial diagnosis and appropriate work-up

Prognostic and predictive markers

Important therapeutic agents for CLL

Who should be treated?

Is there a role for early intervention in “high-risk” patients?

Treatment options for treatment-naive patients (without del17p/P53 mutation)
Treatment options for previously treated patients (without del17p/P53 mutation)
Treatment options for patients with del17p/P53 mutation

Cellular therapies (CAR-T cell and Allogeneic Transplant)

O 0 N O UL e WNPRE

10. Practical points about novel drugs



1. Initial diagnosis and appropriate work-up



\

Lymphocytosis
(ALC 5X10°/L)

-

Complete history

Blood smear

Physical exam |—P -

Reactive

Viral infections (EBW, CMV, mumps, VZV, influenza,

hepatitis, rubella, measles, HTLV-1, HIWV)

Bacterial infections (pertussis, cat scratch disease,
rickettsiosis, toxoplasmosis and babesiosis)
Autoimmune (CTD)

Other (smoking, drugs, stress, splenectomy)

)

Manage
underlying
condition

>

e

Flow cytometry

R

!

> Polyclonal

Clonal

CLL phenotype
clone

.

h 2

phenotype clone

Non-CLL

B-cell count

il

w

-

> 5X10°/L
CLL

<5X10°%/L,LN+
SLL

w
B-cell (MCL, FL, T-cell (LGL, MF, T-
SMZ, HCL, LPL) PLP, T-leu)

<5X10°/L, LN- L

MBL

*

Lymphoma staging
(BM/LN biopsy, CT)

Strati, Blood, 2015




Immunophenotypic Features

CLL/SLL | + ] + _ ] + ]

(weak)




Immunophenotypic Features

CLL/SLL | + ] + ] ] N ]
(weak)
MCL + - - - - + +
LPL i _ i _ _ + ]
sMZL - - - - - + -
FL . +/- | -/+ - + + -
HCL - - - + - + +/-
CD23 Cyclin D1 t(11,14)
CLL/SLL + . -
MCL ; + +




MBL (monoclonal B cell lymphocytosis)

< 5x 10°/L monoclonal B-cellsinthe PB.  AND  no lymphadenopathy

Almost all cases of CLL are preceded by MBL but only a small percentage of persons
with MBL will ultimately develop CLL

Low-count MBL (< 0.5x 10°/L) = rarely progresses to CLL
High-count MBL (20.5x 10°/L) =» progresses to CLL at a rate of 1-2% /year

Up to 17 percent of first-degree family members of patients with CLL were found by
flow cytometry to have MBL

Screening of family members is NOT recommended
Strati, Blood, 2015



Diagnosis

» Flow cytometry of blood is essential and adequate to make the diagnosis

» Biopsy may be needed if PB flow cytometry is not conclusive

» Cytogenetic and molecular studies are informative for prognostic and/or therapy
determination .

O 09. %, 9" ) 8 e
. . . . . 88, OPo “. b I‘ : ﬁ ’ML
»Baseline CT scan (or PET) is NOT required for asymptomatic patients > 800 00p YW T m it B
(The ASH “Choosing Wisely” List) %, 0o oW Tl B
(,; o Sbc P
[Po. 0% % O 00O R0 o
3 '.,:.. X { WF - % ; . ‘ o -I_'\'E G .,)‘- ;ij
‘@Y American Society o Hematology American Board Do g om0 Do W
”’;;uawj.’c Helping hematologists conquer blood diseases worldwide Of Internal 1\_/'[edjcineQi ] o -



2.Prognostic and predictive markers



Staging for CLL

Rai Staging System for Chronic Lymphocytic Leukemia

Overall
Stage Risk Clinical Features Survival, y
Ral
0 Low Lymphocytosis in peripheral blood and bone marrow only >10
/Il Intermediate Lymphadenopathy * hepatosplenomegaly /
I/1V High Anemia £ thrombocytopenia <4

Some use Ann Arbor staging for SLL




Molecular Biomarkers for CLL

FISH Karyotype Mutations

Unfavorable del (17p) Complex TP53
del (11q) (>3 - unmutated IGHV (£ 2%) *
abnormalities) e
(>57?) SF3B1
BIRC3
ATM
Neutral Normal
+12
Favorable del (13q) mutated IGVH (>2%)

(sole abnormality)

* If chemotherapy is used T



Prognostic Models: CLL-IPI

Characteristic Points

Del(17p) or TP53 mutation _ 0N v ki SO
N . "ty High risk .
Serum beta-2-macroglobulin 23.5mg/L | 2 " T
Un-mutated IgVH - o Y
Rai Stage 11V I
Age > 65 years
- ~ Yy
& 40 o
Points Risk 5-y OS 10-yr OS i e+
Group (%) (%) - H*HH_
p=0-0001
o V] IIJ _lla 51{1 dlﬂ E1|n ,‘1J HI.-t glh 1[‘13 Ll‘t} 1;.) 11;.1 1‘_;(1

v’ Developed for chemoimmunotherapy

v Not validated for novel agents

Number at risk
Lo risk
Intermediate risk
High risk

Very high risk

Time from study entry (months)
341 339 331 320 279 270 224 169 118 81 40 20 8 o
474 452 441 415 352 312 232 143 B3 52 27 13 & 1
337 314 28B4 266 205 178 120 69 40 19 12 4 1 0
62 46 31 25 16 13 5 3 0

CLL-IPI Group, Lancet Oncol 2016




3. Important therapeutic agents for CLL



Treatment options for CLL

Chemotherapy anti-CD20 Abs BCR inhibitors BCL-2 inhibitor
o e BTK inhibitors e venetoclax
rituximab —

* fludarabine e jbrutinib
. ofatumumab e acalabrutinib

cyclophosphamide
bendamustine

chlorambucil

obinutuzumab

ublituximab *

e zanubrutinib*t

e PI3K inhibitors
e idelalisib

e duvelisib
e umbralisib *

* Not FDA approved for CLL as of August 2020
T Approved for MCL



Anti-CD20 antibodies

Complement-mediated
lysis

\ Bocell NHL
7 AY (tumnor cell]

cD20 .

antigen A=
Direct ﬁ)
effects

Antibody binding induces
antiproliferative signaling, apoptosis,
and cell-growth inhibition

Ofatumumab
binding site FEs bk

Rituximab,
tositurmomab,
obinutuzumab

binding site

Binding Epitopes of

Ofatumumab £
epitope ()

R e, 3

Anti body structure

e

sequence
sequence
Chimeric antibody Human antibody
(rituximab) (ofatumumab)

Maloney, NEJM, 2012

Anti-CD20 Antibodies AR,

Ritux/Ocre
epitope

Rituximab chimeric T

ofatumumab humanized No I ’I‘ T ’l"l‘
obinutuzumab  humanized Yes I TP ™ 1T
ublituximab chimeric Yes I N TP T



BCR Pathway inhibitors vs. BCL2 antagonist

Idelalisib
Duvelisib

Copanlisib
Umbralisib

ibrutinib
Acalabrutinib
Zanubrutinib

=10E  PLCy2 —

Cell survival, proliferation,
activation

BLNK

Byrd, JCO,2014

. = ]
. w== Venetoclax
ST

| -

wvw

|

BCL2

| TP53S DMNA damage

MCL1

Cell stresses

BH3-only
proteins

(e.qg. BIM) .
b

T

T

Apoptosis

activation

Roberts, CCR Drug Updates,2017




4. Who needs to be treated?



Indications for treatment

" Progressive marrow failure

= Massive , progressive or symptomatic lymphadenopathy or
organomegaly

" Constitutional symptoms

= Autoimmune anemia and/or thrombocytopenia that is poorly
responsive to corticosteroids or other standard therapy

- Lvrapl oubling &



5. Is there a role for early intervention in “high-risk” patients?



CLL-12 Study — Early intervention with Ibrutinib

Key eligibility:
+ BinetA
+ Asymptomatic

+ Treatment-naive

Phase 3, placebo-controlled, double-blind, multicenter trial

J

ZOo——FO—T——>@m—w =w —m

(

Low
N=152

INTERM.
N=273

HIGH
N=82

VERY HIGH
N=8
—_—

ZOoO——ABN—=200Z>2

WATCH & WAIT N=152

.

IBRUTINIB N=182

PLACEBO N=181

\

J

Primary endpoint EFS: time from randomization until symptomtatic PD, new treatment, death

Secondary endpoints: survival, PFS, TFS, TTNT, ORR, safety

™, : median EFS from 24 to 48 months with ibrutinib (superiority test)

Event-free survival

Ty
HH—,

i HHE H'IH—HI

0,8 -
*
0.6 -]
P medianges 47.8 vs. NR
£ o Fvalue <0.0001; HR 0.248
total events N %o
02 1 Ibrutinib 182 18 164 901
Placebo 181 55 126 69.9
363 73 290 79.9
0.0 -
T T T T T T
o 10 20 30 40 50 60

Time to Event [EFS] (months)

* No OS benefit
e Study is powered for OS so longer follow-up would be interesting

e Early intervention with ibrutinib is NOT recommended at this time

24
Langerbeins, Lugano (15-ICML) meeting , 2019



Upcoming US Intergroups Early Intervention Trial with Venetoclax

CLL-IPI
Characteristic Points -
Del(17p) or TP53 mutation 4 c
S
Serum beta-2-macroglobulin 2 3.5mg/L 2 . ety Rando DELAY V + O*
Diagnosed CLL ; r mize =
Rai Stage I-IV 1 CLL-éPI 2 T &/or t (Early:
omplex -
Age > 65 years ! Karyotype . Delay) EARLYV + O° | Open2020 |
Points Risk Group Y O = Obinutuzamab
V = Venetoclax
0-1 Low High risk *Treatment initiated once
2-3 Int VS. IWCLL indications are met
Very high STreatment length = O
4-6 High risk months 1-6, V months 2-14
7-10 Very High

Courtesy: Dr. Deborah Stephens (study PI) SWO G "

Leading cancer research. Together.



6. Treatment options for treatment-naive patients
(without del17p/P53 mutation)



For all
pts:

First line treatment

for patients with normal TP53

Acalabrutinib = G

OR

Ibrutinib

OR

Venetoclax + G

FCR is not preferred but can be a reasonable option for selected patients if:
e younger than 65 and fit
e mutated IGHV
* no evidence of del17p or TP53 mutation
* (no evidence of del 11q)

G = Gazyva = obinutuzumab



Frontline (normalTP53)

Historical studies from the “chemo era”

I N O S N

GermanCLL10  FCRvs. BR FCR>BR PFS but not OS ' No benefit if > 65
AML/MDS: 5% with FCR
German CLL11 CHL-obino vs. CHL-ritux vs. CHL | 780 | CHL-obino > CHL-ritux > CHL | PFS and OS

RESONATE-2 lbrutinib vs. CHL 269 lbrutinib > CHL PFS and OS

Eichhorst, Lancet Oncology, 2016 ; Eichhorst, ASH, 2016; Geode, NEJM, 2014; Geode, Leukemia, 2015; Burger, NEJM,2015



Progression-free survival (%)

IGHV mutation as a predictive marker for FCR

CLL10 Study

— FCRIGHV™
— BRIGHY™
— FCRIGHV™

20+

— BRIGHV"™"
0 T | |

|
0 1 24 36 48
Time from randomisation (months)

Eichhorst, Lancet Oncology, 2016

1004

Percent progression-free

0

757

501

251

MD Anderson

N Prog-free
—— IGHV mutated 88 49
----- IGHV unmutated 126 12

, D

CURE ?!

p < 0.0001

0123 4656 7 8 9 10111213 14 15 16
Time (Years)

Thompson, Blood, 2106

29



First line — Summary of novel vs. chemo studies

2, Fit and young FCR ? Ibrutinib
‘ (E1912) -
Older BR ? Ibrutinib
(AD041202) + R
Older or with CHL+G 2 Ibrutinib
comorbid conditions ] .
(ILLUMINATE) +G
Olderorwith CHL+G ? acalabrutinib
comorbid conditions [ELEU;TE} + G
with comorbid CHL+G ? Venetoclax+
conditions (CLL14) G

G = obinutuzumab
R = rituximab



FCR vs. IB+R (E1912 Study)

Study design

l

E1912
Eligibility:
-Previously untreated CLL
-Requires treatment (IWCLL 2008)
-Age <70
-ECOG 0-2
-CrCL>40
-Able to tolerate FCR
-No deletion 17p by FISH

Randomizationl

Disease Progression

Planned Accrual: 519

Reshaping
the future
of patient care

==ECOG-ACRIN

cancer research group

Shanafelt. NEJM,2019



Progression-free Survival

FCR vs. IB+R (E1912 Study)

(48 months follow-up)

S _
@ _|
o
> © _| e - - - - -
E o
=
©
0
S «
o 5 - HR=0.39,(95% Cl: 0.26 - 0.57)
P < 0.0001
3-year rates: 89%, 71%
N
© - - FCR (52 events/ 175 cases)
—— IR (58 events/ 354 cases)
o
S A
| | | | |
0 1 2 3 4 5
Years
Number at risk
-- 175 145 123 82 31 0
— 354 338 321 280 121 8

Overall Survival

O p— ﬁ
- . T Taa T - -- 1
(s 0]
g
> © _|
= o
=
©
0
e
o & - HR=0.34,(95% Cl:0.15-0.79)
P =0.009
3-year rates: 99%, 93%
N
© - - FCR (12 events/ 175 cases)
—— IR (11 events/ 354 cases)
o
S -
| | | | | |
0 1 2 3 4 5
Years
Number at risk
-- 175 155 143 131 69 9
— 354 347 343 335 193 37

Shanafelt, ASH,2019



|

FCR vs. IB+R (E1912 Study)

(48 months follow-up)

IGHV Mutated IGHV Unmutated
< o |
«Q _] o _|
o o
@ | © |
2o >0 -,
= = i
© © -
o o [
o e 1P 0 T==-==
o g —HIHR =042, {95% C!. 0.16 — 1.16) o g - HR =0.28, (95% CI: 0.17 — 0.48)
P =0.086 P < 0.0001
3—year rates: 88%, 82% 3—vyear rates: 89%, 65%
N N
g - — FCR (8 events/ 44 cases) < - — FCR (29 events/ 71 cases)
— IR {10 events/ 70 cases) — IR (36 events/ 210 cases)
o o
o | o |
| | | | | | | | | | | |
0 1 2 3 4 5 0 1 2 3 4 5
Years Years
Number at risk Number at risk
- - 44 38 34 25 11 0 -- 71 63 50 31 8 0

— 70 67 64 54 20

—

— 210 202 193 165 72

~J

Shanafelt, ASH,2019



BR vs. IB+R vs. IB (A041202 Study)

* Multicenter, randomized, double-blind phase Il study (data cutoff: October 4, 2018)

Stratified by Rai stage (high vs intermediate
risk), del{11g22.3) or del{17p13.1) (presence vs
absence), ZAP-70 methylation (< vs 2 20%)

| Ibrutinib 420 mg QD .
(n = 182) Until PD

Untreated patients with CLL
meeting IWCLL 2008 criteria for tx /

initiation; aged = 65 yrs; EGOG PS Ibrutini
rutinib 420 D+ -
0-2; ANC > 1000 unless due to BM NP ki 2 ke o tf"g Q 2 Doy 1 cuclos 3.6 Day 1 Ibrutinib
involvement; PLT 2 30; CrCl 2 40; tuximab 375 mg/m* wkly x ""E : 51"’;2']“3 GycleraLaylcyt Sk lay until PD
n=
AShT ”ALT.E 23X U;' Nf — . . Crossover to
no heparin or warfarin . .. en amustlne 90 mg/m? on Days .1, 2+ ibrutinib w/n
(N =547) Rituximab 375 mg/m? on cycle 1 Day 1; 500 mg/m? on cycles 2-6 Day 1* 1yrof PD
(n=183)
allowed

* Primary endpoint: PFS *28-day cycles.

Woyach,NEJM,2018



A041202: Results

Progression-Free Survival Overall Survival

Events, MedianPFS,  2-Vr PFS, 1.0+
n/N  Mos (95%CI) % (95% CI) 0.9-

— Ibrutinib 34/178 NR 87 (81-92) :
— |brutinib+ R 32/170 NR 88 (81-92) 0.8+

100 - — BR 68/176 43 (38-NR) 74 (66-80)

_.?=" 0.7 1
80 1 5 0.6-

8 05- Events, Median 0OS, 2-Yr OS,
< 60 o n/N  Mos (95% Cl) % (95% Cl)
& a 0.4
- a — Ibrutinib 24/182 NE 90 (85-94)
& 40- O 0.39 — Ibrutinib+R 22/182 NE 94 (89-97)

0.24 — BR 20/183 NE 95 (91-98)
20 0.1+
' P > .65 for all pairwise comparisons
0-0 ] ] ] ] ] ] ] ] |
0 ' ' ' ' ' ' ) s 0O 6 12 18 24 30 36 42 48 52
Patients at Risk, n Mos Patients at Risk, n Mos
Ibrutinik 178 165 154 147 136 120 78 45 22 0 Ibrutinib 182 175 166 161 156 146 100 02 26
lbrutinib+ R 170 153 145 138 132 115 74 40 20 0 Ibrutinib+R 182 172 169 165 161 147 100 55 @ 24
BR 176 140 15 122 13 & Y7 20 oo BR 183 166 163 160 153 143 98 53 23 1

Woyach,NEJM, 2018



IB+G vs. CHL+G (iLLUMINATE)

= Randomized, open-label, multicenter phase Il trial

Stratified by ECOG PS (0-1 vs 2), del{17p)/del(11q) (+/+ vs +/- vs -/+ vs -/~)

l Ibrutinib 420 mg PO QD continuously + . . . .
Untreated patients with o Obinutuzu rgn ab IV for 6 cycles’ y Ibrutinib continued until

—_—

CLL/SLL needing treatment (n =113) PD or unacceptable toxicity

by iwCLL criteria, 2 65 yrs or

< 65 yrs with comorbidities™
(N =229)

\ Chlorambucil 0.5 mg/kg PO D1,15 for 6 cycles + If IRC-confirmed progression,
Obinutuzumab IV for 6 cycles’ — crossover to next-line single-

(n=116) agent ibrutinib permitted

*Cumulative lllness Rating Score = 6, creatinine clearance < 70 mL/min, and/or del(17p)/TP53 mutation.
*Cycle 1: 100 mg, Days 1; 900 mg, Day 2; 1000 mg, Days 8, 15. Cycle 2-6: 1000 mg, Day 1.

= Primary endpoint: PFS

Moreno, Lancet Oncology, 2018



PFS (%)

1007

20+

601

40-

201

0

IB+G vs. CH

Progression-free Survival

HR: 0.23 (95% CI: 0.15-0.37; P < .0001)

0

3 6 9 12 15 18 21 24 27 30 33 36
Mos

Patients, Median 30-Mo PF5,
n PFS, Mos % (95% Cl)

Ibrutinib +
obinutuzumakb

Chlorambucil +
obinutuzumahb

113 NR 79 (70-85)

116 19.0  31(23-40)

Results

+G (iLLUMINATE)

No Overall Survival Benefit

Moreno, Lancet Oncology, 2018



Acalabrutinib + G vs. CHL+G
(ELEVATE)

Treatment-naive CLL
(N=535)
Age 265 or

<65 years with
coexisting conditions:

Acala3-GP
4100 mg PO BID
51000 mg IV on D1, 2, 8, and 15 of Cycle 2, + D1 of * PFS (assessed by IRC)
subsequent 28-day cycles for a total of 6 cycles Acala-G vs G-Clb

Key secondary endpoints
* PFS acalabrutinib vs G-Clb

Primary endpoint

« CIRS score >6, or ini
= Acalabrutinib monotherapy . ORR (assessed by IRC
« creatinine clearance 100 mg PO BID and investigator)
<70 mL/min + Time to next treatment
Ge¢-Clbd + 0S
Stratification <1000 mg IV on D1, 2, 8, and 15 of Cycle 1, + D1 of + Safety

SMN-Z00Z>»3X

—

subsequent 28-day cycles for a total of 6 cycles
90.5 mg/kg PO on D1 + 15 of each 28-day cycle for 6 cycles

del(17p), yvs n

ECOGPS 0-1vs 2

) _ Crossover from G-Clb to acalabrutinib monotherapy was allowed after
Geographic region IRC-confirmed progression
(N America, W

Europe, or other)

Sharman, Lancet, 2020



100

80 -

6 -

40 -

0-

Acalabrutinib £ G vs. CHL+G (ELEVA

Progression-free Survival

L Ll L
UL T

Median PFS
(95% CI), mo

Est. 2-year PFS,
% (95% C)

NR(NE,NE) 9 67, 96)
NR(42NE)  B7(61,92)
N6 419,55

Hazard rafio (35% C1)

AcalaGvs G- 0.10(0.06,0.17)
Clb p<0.0001

Acalabrutinib  0.20(0.13,030)
vs GClo p<0.0001

AcalaG vs

bty P 08.0%)

Months

8-

60-

§-

0-

= hcalaG
= Acala

1 =G

E)

Overall Survival

Median 0~ Est. 2 year 05,

i ——
A T

NR(NE, NE)
NR(NE, NE)
NR(NE,NE}

851,
35,90,
12,86,

Hazard ati (%% Cl)

Acala-6 047(021,
vsGClh  106) p=0.0577

Acalzbrutinib 0,60 (0.28,127)

vs 6Ll .15
90 0F 177 patients (31%) randomized to G-Clo Al

had cisease progression, 43/55 crossed over o
receive acalabrutinlb monotherapy

0

12

Months

Sharman, Lancet, 2020



Venetoclax + G vs CHL + G
(CLL-14)

Obinutuzumab +

”~ . venetoclax
Previously (6 cycles) +
untreated CLL venetoclax
Venetoclax + with coexisting (6 cycles)
obinutuzumab =l . Follow-up
saf?'?;;;;‘_ln conditions? Obinutuzumab + Rhase
chlorambucil
(N=445) (6 cycles) +
chlorambucil
(6 cycles)
Primary endpoint: Secondary endpointss:
e PFS as assessed by e PFS as assessed by IRC e EFS
investigator? e MRD e OS
e« ORR e TTNT
o CR rate e Safety
e DOR

aCIRS =6 and/or CrCl <70 mL/min

Fischer, NEJM,2019



Venetoclax and TLS

Figure 1: Dosing Schedule for Ramp-up Dose

Week 5 and beyond

Week 4

Blood Chemistry Monitoring®

Setting and Frequency of Assessments

Outpatient

* Pre-dose, 6-8 hours, 24 hours at first dose of
20 mg and 50 mg

= Pre-dose at subsequent ramp up doses

Outpatient

» Pre-dose, 6-8 hours, 24 hours at first dose of
20 mg and 50 mg

* Pre-dose at subsequent ramp up doses

« Consider hospitalization for patients with CrCl
<80 mL/min at first dose of 20 mg and 50 mg;
see below for monitoring in hospital

Week 3
Week 2
Week 1 '
500 50 mg 100 mg
Prophylaxis
Tumor Burden et Anti-
Hydration hyperuricemics
All LN <5 cm AND Oral P
o ALC <25 x 10%/L (1.5-2 L) Slopuring
Any LN 5 cmto OCral (1.5-2 L)
i =10 cm and consider ;
Medium OR atdiional Allopurinol
ALC 225 x 10%L intravenous
Oral (1.5-2 L) | Allopurinol;consider
Hiah itél'agﬁaln1%$|_oﬁ and intravenous rasburicase
9 AND any LN 25 cm (150-200 mL/hr | ifbaseline uric acid is
y B as tolerated) elevated

In hospital at first dose of 20 mg and 50 mg
= Pre-dose, 4, 8,12 and 24 hours
Outpatient at subsequent ramp-up doses

= Pre-dose, 6-8 hours, 24 hours

[.

For patients at risk of TLS, monitor blood chemistries at 6-8 hours and at 24 hours after each

subsequent ramp-up dose

]
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Venetoclax + G vs CHL + G

(CLL-14)

Progression-free Survival
100
80
60

40

20

Hazard ratio 0.31 (95% CI0.22 — 0.44), P < (.0001

0 39.6 months median f()//()w-z,fp:r

6 12 18 24 30 36 42 48

Time on study in months

Venetoclax—
Obinutuzumab

Chlorambucil-
Obinutuzumab

100

80

60

40

20

Overall Survival

Hazard ratio 1.03 (95% CI 0.60 — 1.75), P=0.92
Venetoclax-Obinutuzumab, 13% patients with event

Chlorambucil-Obinutuzumab, 13% patients with event

— ™ By o — .
Venetoclax—
| .
Obmutuzumab

Chlorambucil—
Obinutuzumab

6 12 18 24 30 36 42

Time on study in months

48

Fischer, ASH,2019



uMRD4 at the end of treatment (12 months) and PFS

Venetoclax-  Chlorambucil-
Obinutuzumab Obinutuzumab P value

Number of patients, N 216 216
Peripheral blood

Negative (<104 35 % <0.001

Negative (<104) in complete response 42 % 14 % <0.001
Bone marrow

Negative (<104) 17 % <0.001

Negative (<10) in complete response 34 % 1% <0.001

By ASO-PCR 3 months after completion of treatment

Landmark Progression-free

survival (%)

100

80 -

60 -

40 -

20 -

PFS by MRD status at E(;)T

Venetoclax—Obinutuzumab
uMRD (n=163)

Chlorambucil-Obinutuzumab
uMRD (n=76)

Venetoclax-Obinutuzumab
MRD + (n=25)

Chlorambucil-Obinutuzumab
MRD + (n=106)

6 12 18 24 30 36 42

Time on study after last treatment in months

48

Fischer, ASH,2019




First line — Summary of novel vs. chemo studies

- Fit and young FCR < Ibrutinib
(E1912) +R
Older BR < Ibrutinib
(A041202) + R
Older or with ini
comorbid conditions CHL+G . < lertlnlb
(ILLUMINATE) +G
Older or with CHL+G < acalabrutinib
comorbid conditions (ELEVATE) + G
with comorbid CHL+G < Venetoclax+
conditions (CLL14) G

G = obinutuzumab
R = rituximab



For all pts:

First line treatment

for patients normal TP53

Acalabrutinib = G OR Ibrutinib

OR

Venetoclax + G

younger than 65 and fit

mutated IGHV

no evidence of del17p or TP53 mutation
(no evidence of del 11q)

FCR is not preferred but can be a reasonable option for selected patients if:

G = Gazyva = obinutuzumab



Acalabrutinib or Ibrutinib

 Head-to-head trial is done in the relapsed setting and will be reported “soon”

lbrutinib
Adverse
Effects

_ Arthralgia

Inhibition of Platelet
Aggregation via

Bleeding
Glycoprotein VI

Inhibition of
interleukin-2-
inducible T-cell
kinase, inhibition of
macrophage function

{ Unknown, but
possible inhibition of
an alternative target
of ibrutinib

Acalabrutinib Ibrutinib

Treatment discontinuation rates due to toxicity

Ibrutinib Frontline: 15%
Relapsed: 22%

Acalabrutinib Frontline: no data
Relapsed: 12%

Mato, Haematologica, 2018 ; Yazdi,ASH,2019; Roeker, Clin Cancer Research, 2019 ;Shadman, ASH,2019; Stephens, Blood, 2019



Acalabrutinib in Ibrutinib intolerant patients

Did Not Recur’

Recurrent
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of 61 ibrutinib-related AEs associated with intolerance, 72% did not recur and 13% recurred at a

lower grade with acalabrutinib

Awan, Blood Adv, 2019



BTKIs vs. Ven-G

BTKi (Acalabrutinib/lIbrutinib)

Indefinite treatment (responses mostly PR)

Fixed-duration ; High CR and uMRD rate

Long-term efficacy data available

Time-limited treatment

Easier to start

Better tolerated and easier to continue

Preferred in patients who:
e (Can’t follow the ramp-up schedule for venetoclax
e Significant/unstable renal issues

Preferred in patients with:
e Cardiac (arrythmia, HTN)
 Bleedingissues

IB is studied against stronger regimens:
(FCR and BR)

Deep remissions (@ MRD level) — would expect the same
in younger pts

Can use after Ven and is effective

Can use after BTKi and is effective

No head-to-head comparison
Both are reasonable options

Consider patient and disease factors

Look at pros and cons for each




7. Treatment options for previously treated patients
(without del17p/P53 mutation)



For all pts:

Previously Treated CLL Summary

Acalabrutinib

OR

Ibrutinib

OR

Duvelisib

Venetoclax + R

OR

Idelalisib

R = rituximab




Previously Treated CLL Summary

1. First
* Venetoclax + Rituximab
or
e BTKi : Ibrutinib or acalabrutinib

2. Second
e lbrutinib/acalabrutinib if previously treatment with Ven
 Ven-R if previously treated with BTKi (ibrutinib or acalabrutinib)

3. Third
e |delalisib+ rituximab OR duvelisib



Previously treated CLL : Principles

1. Repeat FISH panel - look for del (17p) or TP53 mutation
2. Bone marrow needs to be repeated to assess for MDS if prior FCR

3. Very limited role for chemoimmuntherapy (almost never)

52



Ibrutinib vs Ofatumumab in R/R CLL (RESONATE: Phase lIl)

CLL/SLL diagnosis

= > 1 prior therapy

= ECOGPSO-1

= Measurable
nodal disease
by CT

Primary endpoints:
Ibrutinib S
0Ss
420 mg PO once daily until PD or ORR
unacceptable toxicity Safety
(n =195)
Ofatumumab
—_— Crossover = 122 pts
IV starting dose of 300 mg followed by 2000 To Ibrutinib 420 mg once dally
mg x 11 doses for following PD
24 wks ollowing
(n=196)

PFS

90 -

80 -
< 704
=
% 60 - -Li‘.
@ 1
£ 50+ !
= 1
=) [
@ 40 4 l' Ibrutinib Ofatumumab
g -ll Median PFS, months (range) NE 8.1
o 304 ! Hazard ratio (95% Cl) 0.133 (0.099-0.178)
o 1

1

20 A -I‘

10— torutinib (n=195) 1~ *%=ae

0 ===« Ofatumumab (n = 194) == Fe e aaa ===}

0 12 15 18 21 24 27 30 33 36 39 42 45 48 51 54

Time (month)

Overall survival (%)

100

90 4

80 -

70 -

60 -

50 +

40 -

30 -

20 -

10 1

temdaleddle =i

m— |brutinib
= = = Ofatumumab

Ibrutinib Ofatumumab
Median OS, months (range) NE NE
Hazard ratio (95% Cl) 0.591 (0.378-0.926)

15 18 21 24 27 30 33 36 39 42 45 48 51 54

Time (month)

53
Byrd, NEJM, 2014 ; Byrd, Blood, 2019



Acalabrutinib vs. Investigator choice for relapsed CLL

Relapsed/Refractory
CLL (N= 310)

Stratification:
del(17p), y vs n
ECOG PS 0-1vs 2
1-3 vs 24 prior therapies

(ASCEND Study)

Acalabrutinib : :
- Primary endpoint:

R 100 mg PO BID * PFS (assessed by IRC)
: Key secondary endpoints:
D Idelalisib plus Rituximab (IdR * ORR (assessed by IRC
o and investigator)

M Idelalisib 150 mg PO BID + rituximab? + Duration of response

| -or- * PFS (assessed by

7 ) e investigator)

= Bendamustine plus Rituximab (BR . 0S

Bendamustine 70 mg/m? IV® + rituximab®

Crossover from IdR/BR arm allowed after confirmed disease progression

Ghia,JCO,2020*



Acalabrutinib vs. Investigator choice for relapsed CLL
(ASCEND Study)

Progression-Free Survival, %

80

60

40

204

Median PFS =NR

Patients With ~ 1-Year

Events,n (%)  PFS,%
— Acala (N=155) ~ 27(17) 88 ;- Medan PFS = 16.9mo BR)
= |dR (n=118) 54 (45 68 i
== BR (n=36) 14(39) 69 A

Median PFS = 15.8 mo (IdR)
HR vs [dR, 0.29 (95% CI: 0.18, 0.46); P<0.0001

| HRvs BR, 0.36 (95% CI: 0.19, 0.69); P<0.0001

T T T T T T T

012345678 910112131415 161718122 223

Months

Yo

Overall Survival,

100+

80+

60-

40-

20+

Overall Survival

m

Patients With ~ Median 91% of patients (35 of 68) who
Events,n(%)  OS were randomized to IdR/BR and

— Acala (N=155)  15(10)  NR had documented disease

= IdRBR (N=155) 18(12)  NR progression crossed over fo

receive acalabrutinib monotherapy

HR, 0.84 (95% ClI: 0.42, 1.66); P=0.6

T T T 1 T I T T T T I 1 T I T T 1

012 3 456 7 8 9101121314 1516 17 18 19 20 21 22 23
Months

Ghia, JCO, 2020




ldelalisib and Rituximab for Previously Treated Patients

Disease progression,* death, or discontinuation due to AF

100 - = |delalisib + rituximab

Stratified by del(17p)/TP53 .
mutan:nﬁzfiﬁym;flnﬂgaw; Primary Study 116 l Extension Study 117 Medlan PFS n0t reaChEd
751

Patients -

. . Clinical Endpoints X
W'th heaVI|V Primary: PFS as assessed by [RC e 50

Events: Disease progression or death m — Placebo + rituximab

DFEtFEHtEd, Secondary: ORR, LNR, 05 o

Median PFS: 5.5 mos

OIIIIII 1
0 2 4 6 8 10 12 14 16

Mos

(95% Cl: 0.08-0.28: “1
- P <.001)

Furman, NEJM,2014



Duvelisib vs Ofatumumab (DUO trial) - Relapsed/Refractory

Optional Crossover Study

Duvelisib Ofatumumab IV
25 mg BID continuously * Administration same as
Relapsed or DUO
N=160
Refractory =8
CLL/SLL patients
319 patients Ofatumumab IV Duvelisib
Randomized 1:1 - 300 mg IV infusion on Day 1 25 mg BID continuously
- 2000 mg IV weekly (x7) then N=89
monthly (x4)
N=159
100 ]
DUV OFA 100
90+ 90+
Median PFS (Months) 13.3 9.9
— 80 80
g 95% Cl 12.1,16.8 9.2,11.3
g 70 L2 _ 74
n Hazard ratio 0.52 g
q, z
3 60 S 60
i 4 p-value <0.0001 7 Median OS (Months)  NE
° 50 H -, T 504
b g 95% Cl 31, NE 29, NE
£ 40 0 0.
Q 'S
& ¢ Hazard ratio 0.99
5 307 £ 30
= o
o4 o p-value 0.4807
E —H E 20 1
a'.g 10 LtL**fi"'*ﬂ-———-v-————
. 104 .
0 < Number at Risk I Number at Risk
0+ 160 155 141 132 124 116 99 77 53 3 20 13 3 0
190 1 e - e % * o b 1 ; : ’ 159 143 136 130 124 114 93 78 54 33 16 6 0
159 126 95 77 43 15 7 6 3 2 1 1
tll g é elz 1I2 1|5 1I8 2|1 2|4 2|7 3‘0 3|3 3‘6 ' ' ‘ ' ' ' ' ' ' ' ' ' ‘ ‘
0 3 6 9 12 15 18 21 24 27 30 33 36 39
Time (months) )
Treatment Duvelisib 25 mg BID (N= 160) — — — - Ofatumumab (N= 159) Time (months)
NE = Not estimable Treatment Duvelisib 25 mg BID (N= 160) —— — Ofatumumab (N= 158)

Flinn, Blood, 2018 -,



Ven-R vs. BRin R/R CLL (MURANO Study)

C1D1
/ Relapsed/refractory CLL N

(N=389)
« 218 years of age

Venetoclax 400 mg orally once daily to PD,

+ Prior 13 lines of therapy, including cessation for toxicity, or max. 2 years from Cycle1 Day1
=1 chemo-containing regimen l l Rituximab

« Prior bendamustine only if DoR vy RR“% 2 375 mg/m? Day 1, Cycle 1;
>24 months af 1 500 mg/m?2 Day 1 Cycles 2-6

« Del(17p) :;Zg:ﬁ:bb:: f Bendamustine g
‘ \ 2
+ Responsiveness to prior therapy* 70 mg/m* Days 1 and 2 Cycles 1-6

+
+ (Geographic region : .
e */ e Rituximab o

Primary Endpoint INV-assessed PFS

Seymour, NEJM,2018



Ven-R vs. BR in R/R CLL (MURANO Study)

PFS

100 =g "y

PFS (7o)

The 24-month post-treatment
cessation PFS estimate in VenR
patients who completed 2 years of Ven
(n=130) was 68%

201 HR, 0.19(95% Cl, 0.14-0.25), p<0.0001

EQCT EQT

|
0 3

Time (months)

Il T T
6 9 121518 21 24 27 30 33 36 39 42 45 48 51 54 57 60

- —————
— i
80 -
HR, 0.41 (95% Cl, 0.26-0.65); p<0.0001
60 -
Treatment  4yr0S,%
p .
40 - = VerR(n=194) 853 | OS benefit with VenR seen despite a high
proportion of patients with PD in the BR arm
BR (n=135) 66.8 (811103: 79%) receiving novel targeted
20 - agents as their first follow-up therapy
EOCT EQT after PU
} \
L e o o T D e ) o S L
0 3 6 91215182124 27 30 33 36 39 42 45 48 51 %4 57 60

Time (months)

Seymour, ASH,2019




Ven-R outcomes (MRD and PFS)

100 -

80 - N

60 - H[ _____ N F]::

L.,.,h PFS* (95% Cl)
40 MRD status 18 month 24 month
uMRD 90 3% (835-972) 839% (729-949)
20 7 64.4% (42 1-86.6) 457% (18.1-734)

High-MRD-» 8.33% (0.0-24.0) NE

MRD status at EOT
(month 24; n=130)

Landmark PFS (%)

0 | | 1 I T T | T | T 1 [
EOT 3 5 ) 12 1o 1 21 24 2fr 30 33 I

Time since EOT (months)

uMRD Low-MRD+ High-MRD+ Unknown

(<104) (104-102) (>102)
Status off-therapy, n (%) n=83 n=23 n=14 n=10
Progression-free 72 (86.7) 14 (60.9) 1(7.1) 8 (80.0)
PD 11 (13.3) 9 (39.1) 13 (92.9) 2 (20.0)

Seymour, ASH, 2019



Novel Agents for R/R setting

Target BTK BCL-2 PI3K delta+gamma / delta
Duration Indefinite 2-years Indefinite
Addition of Anti | No major benefit Recommended Idelalisib + R
CD20 Ab Faster “response” Duvelisib monotherapy
Major side effect | Bleeding (anticoagulation) | TLS (initially) Colitis (diarrhea)
(concern) Infections (FDA alert)
Other side e Body pain  Neutropenia * Pneumonitis
effects e Fatigue e Transaminitis (mainly idela)
e Hypertension * PJP
o« Afib e CMV
FDA label for CLL | All settings All settings Relapsed




Previously Treated CLL Summary

1. First
* Venetoclax + Rituximab
or
e |brutinib or acalabrutinib

2. Second
e lbrutinib/acalabrutinib if previously treatment with Ven
 Ven-R if previously treated with BTKi (ibrutinib or acalabrutinib)

3. Third
e |delalisib+ rituximab OR duvelisib



8. Treatment options for patients with del17p/P53 mutation



Frist line

Second line

Third line

CLL with dell7p or TP53

Acalabrutinib | OR Ibrutinib

Venetoclax + R

Duvelisib OR Idelalisib

R = rituximab



There is no role for chemotherapy in abnormal TP53

(deletion or mutation)

FCR (frontline) 11.3 m
Alemtuzumab (frontline) 11 m
BR (frontline) 7.9m
HDMP + R 7.5m
BR (relapsed) 7 m
FC (frontline) 6.5 m
FCR (relapsed) 5m

5—-11 months
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Ibrutinib for abnormal TP53

survival(%)
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Study Setting Outcome
NIH study TN 5-year PFS 74%
R/R 5-year PFS 19%
PCYC-1102/1103 5-year f/u R/R median PFS 26 m
RESONATE f/u R/R Median PFS 40 m
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Ahn,Blood,2018 ; O’Brien, Blood, 2018; Byrd, Blood, 2019




Venetoclax for abnormal TP53

Progression-free survival (%)

Study Setting Outcome
CLL14 TN 24 m PFS 74%
M13-982 study R/R 24 m PFS 54%
m PFS 27 m
MURANO R/R m PFS 48 m
100
100 7
20 24-month estimate:
‘E_ 75 A 54% (95% Cl, 45% to 62%)
E
60 - [
o)
O B0 frmrmrm e
40 4 =
w
(i
20 J i — Venetoclax—Obinutuzumab a- 25 A
{ TP53 deleted and/or mutated
o 39.6 months median follow-up
é 1 2 1 3 2:1 3;) 3;3 4:2 4.3 0 lll- EIS '1I2 1 IB ZIO 2I4 2I8 3:2 3I6
Time on study in months Time Since First Dose (months)

Fischer, ASH, 2019; Stilgenbauer, JCO,2018; Seymour, ASH, 2019



Acalabrutinib for abnormal TP53

Study Setting Outcome
ELEVATE TN TN Not reported
ACE-CL-001 R/R PFS 36m (21 — NR)
ASCEND R/R Not reported
- ‘\q&%_s—__ B
-

IIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

0 2 4 6 8 1012 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50 52 54 56 58 60

Sharman,ASH, 2019; Byrd, Blood, 2020; Ghia,15-ICML,2019



lbrutinib vs. Ven-G for first-line treatment in

CLL patients with abnormal TP53

Ibrutinib

Venetoclax

survival(%)

TP53 cohort: PFS

1

— TN |
— RR _l|

P= .0002
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Venetoclax—Obinutuzumab
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Frist line

Second line

Third line

CLL with dell7p or TP53

Acalabrutinib | OR Ibrutinib

Venetoclax + R

Duvelisib OR Idelalisib

R = rituximab



9. Cellular therapies for CLL



CAR-

for CLL

Experimental, not FDA approved
Registration studies are currently ongoing
Long-term remissions ~ 30-35%

Best predictor od response: MRD neg after
treatment

e Recommend before alloSCT, if available

Collecton of patent Administrafon
T ol by lukapheress Of AR T cells
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Allogeneic SCT for High Risk CLL

* Reduced intensity/ Nonmyeloablative allogeneic transplant

Author Shadman | Kramer Sorror Dreger Brown Khouri | Khouri | Michallet
Year 2019 2017 2008 2013 2013 2011 2017 2013
N 55 90 82 90 76 86 26 40
Conditioning Flu-TBI-R | variable Flu-TBI FCx ATG Flu-Bu FCR BFR FCR
Follow-up (yr) 3 10 5 6 5 5 3 3
(0} 54 51 50 58 63 51 82 55
PFS 45 34 39 38 43 36 63 46
NRM 38 (<12)* 20 23 23 16 17 8 27
aGVHD 20 ? 16-23 14 17 7 4 23
Extensive 66 ? 49-53 55 48 56 45 29
cGVHD

50
40
20-25

* in pts without comorbidities



10. Practical points about novel drugs



New Agents: Practical Considerations

e BTKI: 1brutinib and acalabrutinib
e PI3KI: 1delalisib and duvelisib
* \/enetoclax



BTKIis (ibrutinib/acalabrutinib)

= Common side effects:
= Muscle/bone pain
= Cytopenia
» Hypertension
» Diarrhea (early , reversible)

= Serious side effect:
» Bleeding: (peri-procedural management)

= Atrial fibrillation
= Opportunistic infections: PJP, aspergillosis (?) (case reports)

« Second generation BTKI, acalabrutinib has a better toxicity profile
« Acalabrutinib



P13Kis (idelalisib/duvelisib)

» |[mportant side effects
= LFT abnormalities (idelalisib)

* Pneumonitis
= CMV reactivation and PJP (FDA alert 2016)

= Colitis/Diarrhea
= Median time to grade I11/1V : 7 months
= Not responsive to anti-motility agents
= Corticosteroids ; treat as aGVHD

Management of adverse events associated wvith
idelalisib treatment: expert panel opinion

Stewven E. Coutré, Jacqgueline C. Barrientos, Jennifer R. Browvwmn, Sven de Vos,
Richard R. Furmamn, Michael J. Keating, Damniel Li, Susamn M. O'Brien, Johmn M.
Pagel, Martim H. Poleski, Jeff P. Sharmamn, MNMai-Shun Yao & Andrew D. Zelenet=z




Don’t use ldelalisib In treatment naive patients!

Toxicity Frequency

Phase | Overall Upfront Pts 2 65 yo | Upfront younger
relapsed Pts
Number of patients 54 760 64 24
Median prior 5 (2-14) 21 0 0
treatments
Median age 63 (37-82) 66 (21-91) 71 (65-90) 67 (58-85)
Median time to 15 (0.2-49) - 22 (0.8 - 46) 8 (0.7-16)
therapy (months) .
Grade2 3 1.9% 14% @ @
transaminitis
Grade 23 5.6% 14% 13%
Colitis/diarrhea o
Any grade 5.6% 3% 3% (13%)
pneumonitis
Reference Brown Blood 2014 | Coutre EHA 2015 | O’Brein Blood 2015 Lampson ASH 2015
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Week 2

Venetoclax

Figure 1: Dosing Schedule for Ramp-up Dose

Week 3

Week 1

20 mg

50 mg

Tumor Burden

100 mg

Prophylaxis

Hydration®

Anti-

Week 4

Week 5 and beyond

Blood Chemistry Monitoring®

Setting and Frequency of Assessments

hyperuricemics
Outpatient
o All LM =5 cm AND Oral Allopurinol® *  Pre-dose, 6-8 hours, 24 hours at first dose of
ALC <25 = 10%L (1.5-2 L) 20 mg and 50 mg
*» Pre-dose at subsequent ramp up doses
Outpatient
Any LN 5 ecmto Oral (1.5-2 L) *  Pre-dose, 6-8 hours, 24 hours at first dose of
=10 cm and consider 20 mgand 50 mg
Medium OR additional Allopurinol - Pre-dpse at subsequent ramp up doses
ALC 225 x 10%/L S5 ————— = Consider hospitalization for patients with CrCI
=80 mL/min at first dose of 20 mg and 50 mg;
see below for monitoring in hospital
Oral (1.5-2 L) | Allopurinol;consider | In hospital at first dose of 20 mg and S0 mg
High izél;gsajﬂ%glﬂﬁ and intravenous 1 rai:‘.buriqase i F're—_dnse, 4 B 12 and 24 hours
AND any LN 25 cm (150-200 mL/hr | ifbaseline uric acid is  Outpatient at subsequent ramp-up doses
as tolerated) elevated « Pre-dose, 6-8 hours, 24 hours

[-

For patients at risk of TLS, monitor blood chemistries at 6-8 hours and at 24 hours after each
subsequent ramp-up dose 79




Venetoclax

e Consider debulking strategies

e Follow the standard ramp-up schedule

e Coordinate with the inpatient team

e Selected patients can be treated using the “escalated inpatient ramp-up” *
e Follow ALL TLS labs (not just uric acid!)

e Will take some effort to start

* Jones. Lancel Ong, 2017



Treatment
indication per iIWCLL

Yes
MNo

TP33
aberration
*  Watch and Wait Na y
* Consider early intervention 1)venetoclax + obinutuzumab &
e 2)acalabrutinib or ibrutinib
risk features
1) ibrutinib or acalabrutinib
2) venetoclax + obinutuzumab

If novel agents not feasible:
FCR only if mutated IGHV AND fit/young

(<65)

venetoclax + rituximab

(if venetoclax was not used
before) HLA-typing ; co-merbidity

assessmant
« jdelalisib
»  duvelisib

lovino & Shadman, Curr Treat Options Oncol, 2020

venetoclax + rituximab (if venetoclax was not used
before)

acalabrutinib or ibrutinib (if BTKi was not used
before)

consider cellular therapy
CAR-T vs. alle-5CT

« idelalisib
« duvelisib
= chemotherapy
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9.

CLL (Night before the test)

Flow cytometry is critical (and adequate) to make the diagnosis

Remember CLL immunophenotype (and differences with MCL and other lymphomas)
Review Indications for treatment. This hasn’t change even with new agents.

Check FISH before each line of treatment (r/o del 17p/P53 mutation)

Frontline (no dell7p or P53mutation): Ven-G or BTKi (acalabrutinib is better tolerated). FCR
reasonable for: fit,<65 and mutated IGHV.

Relapsed setting: Ven-R or BTKI (acalabrutinib better tolerated), idelalisib/duvelisib.

For del 17p patients: BTKIi (more data with ibrutinib), Ven-R, cellular therapy,
idelalisib/duvelisib.

BITKi: (ijr)litial lymphocytosis (is OK), bleeding, Afib, HTN, body pain (acalabrutinib is better
tolerate

Idelalisib/duvelisib: lymphocytosis (is OK), colitis, pneumonitis, hepatitis (more with idela),
PJP, CMV - Don’t use in frontline setting

10. Venetoclax: watch for TLS at the beginning. Ramp-up HAS to be done!



Hairy Cell Leukemia

»Uncommon chronic B cell lymphoid neoplasm

» Small mature B cell lymphoid cells with abundant cytoplasm and
"hairy" projections within the peripheral blood, bone marrow, and
splenic red pulp

» Splenomegaly and cytopenias




Hairy cell Leukemia
(Diagnosis)

BRAF V600E mutation is a disease-defining event

HCL variant:

CD25 (-), CD123 (-), annexin Al (-) and BRAF V600E (-)



Hairy cell Leukemia

 Clinical presentation
e Splenomegaly
e Cytopenias (infections, bleeding)
e Constitutional symptoms

* Treatment Indications:
e Systemic symptoms
* Splenic discomfort
e Recurrent infections
e Cytopenias (Hb <11, ANC < 1000, bleeding due to plt <100,000)



Hairy Cell Leukemia

Treatment

* First Line
e Purine analogs

e Cladrabine (2-CdA) — Up to 80% CR with a CR duration of 57 months
(7 — 246) after a single cycle

 Pentostatin

e Refractory (failure in less than a year) or Relapsed disease
e Purine analogs * Rituximab
e INF-alfa
e Rituximab
* BRAF targeting agents (Vemurafenib)
e Moxetumomab Pasudotox (anti CD22 immunotoxin conjugate)



Moxetumomab Pasudotox for R/R HCL

* Anti CD22 immunotoxin conjugate
e |V; D1,3,5 of 28D cycle (up to 6 cycles)
* At least 2 prior systemic therapies, including a purine analog

e Efficacy:
e ORR: 75%
e durable CR: 30%
e MRD eradication 34% of all CRs

* Unique side effects
1. Hemolytic-uremic syndrome
2. Capillary leak syndrome
e supportive care and discontinuation were effective

e could occur at any cycle




Please Consider Clinical Trials!

mshadman@fredhutch.org

w Seattle .
MediCine Cancer Care
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Biliary Tract Cancer: Classification

« Cholangiocarcinoma

" |ntrahepatic

Pancreas

= Extrahepatic
» Perihilar (Klatskin Tumor)
» Distal

» (Some include ampullary cancers)

« Gallbladder cancer




Biliary Tract Cancer: Statistics
* Relatively rare in United States (1-2 cases/100,000 population)

* Precise incidence/prevalence confounded by varying classifications in databases

~10,000-12,000 incident cases/year
» ~9,000 extrahepatic/gallbladder
» ~3,000 intrahepatic cholangiocarcinoma

* Changing Incidence Trends:
» Increase of intrahepatic cholangiocarcinoma
» Decrease of incidence of extrahepatic/gallbladder cancer

* Incidence increases with age (average 50-70 years)

" Siegel RL, et al. CA Cancer J Clin. 2020.

3 -Jepsen P, et al. J Natl Cancer Inst. 2007.
West J, et al. Br J Cancer. 2006.

Welzel TM, et al. J Nat/ Cancer Inst. 2006.
Shaib YH, et al. Hepatol. 2004.




Biliary Tract Cancer: Risk Factors
Frequently Sporadic; Often no identifiable strong risk factor

Intrahepatic Extrahepatic Gallbladder
Male > Female Male > Female Female > Male
Cirrhosis Primary Sclerosing Gallstones
Cholangitis
(10-15% lifetime risk)

Hepatitis B Choledochal cyst Obesity
(10-15% lifetime risk)
Hepatitis C Liver fluke infection Hispanic/
Native American
Diabetes Mellitus Diabetes Mellitus Diabetes Mellitus
Obesity Thorotrast exposure

Alcohol Use




Biliary Tract Cancers: Clinical Presentation

* Intrahepatic Cholangiocarcinoma
= Often incidentally found on imaging
= RUQ pain
= Anorexia
= Weight loss

» Extrahepatic/Perihilar/Gallbladder

= Biliary obstruction/Cholangitis
= Abdominal pain

= Weight loss
= 1-2% rate incidental gallbladder adenocarcinoma at time of cholecystectomy




Biliary Tract Cancer: Diagnosis

e Often misdiagnosed as cancer of unknown primary

 Biliary tract cancer is a CLINICAL diagnosis in setting of following:

Dominant liver mass(es) (i.e. intrahepatic) or

Perihepatic/peripancreatic/gallbladder mass (i.e. extrahepatic) or

CBD biliary obstruction with suspicious/confirmed ERCP brushings (e.g. hilar/Klatzkin’s tumor)
+

Pathology suggesting upper Gl or pancreaticobiliary primary source

+
Ruled out for other primary Gl cancer (i.e. rule out gastroesophageal mass or pancreatic mass)

* Correct diagnosis is critical to guide treatment options, including new

. approved targeted agents and eligibility for clinical trials




Biliary Tract Cancer: Staging

 Different staging systems for intrahepatic vs perihilar vs distal vs gallbladder

« TNM Staging (AJCC 8! edition, 2017)
* Size and # tumors important for intrahepatic

« Depth of invasion (in mm) important for extrahepatic

* # lymph nodes important for all EXCEPT for intrahepatic




Biliary Tract Cancer: Staging Summary (AJCC 8th Ed)
-m

1 tumor w/o vascular invasion Confined to Bile duct wall T1a: Invade lamina propia
and is bile duct invasion <5 mm  T1b: Invade muscle layer
Tla=<5cm
Tlb=>5cm
T2 One tumor w/ vascular invasion  T2a/b: Invades Bile duct wall T2a/b: Invades perimuscular
OR adipose or liver invasion 5-12 connective tissue
Multiple tumors +/- vascular tissue mm
invasion
T3 Any tumor perforating visceral Invades Bile duct wall Involvement of serosa or invasion of
peritoneum unilateral invasion >12 mm liver or adjacent organs
branches
portal v or
hepatic aa
T4 Any tumor with direct invasion of Invades main Involves celiac Invades portal v, hepatic aa, or two or
local extrahepatic structures PV or bilateral axis, SMA, more extrahepatic organs
branches or and/or CHA
CHA
N1 Any + regional nodes 1-3 1-3 1-3

N2 N/A >4 >4 >4



Biliary Tract Cancers: Goals of Therapy

e Curative intent for resectable tumors
o Palliative for unresectable/metastatic disease

* General criteria for unresectable tumors
— Distant metastatic disease
— Nodal involvement beyond porta-hepatis
— Extrahepatic adjacent organ invasion

— Invasion of main portal vein and main hepatic artery




Surgical Management of
Resectable Biliary Tract Cancer




Surgical Management

* Intrahepatic: Hepatic resection +/- portal LN dissection

* Perihilar/Distal: Bile duct resection + cholecystectomy + Whipple

* Gallbladder: Cholecystectomy + hepatic segmental resection (IVB/V),

lymphadenectomy, possible bile duct excision




Resectable Perihilar Cholangiocarcinoma: Specific Points

 High recurrence rates due to early involvement of

confluence of hepatic ducts

* Neoadjuvant chemoradiation + liver transplantation for

select patients:

*Primary sclerosing cholangitis
* Solitary tumor with radial diameter < 3 cm
*No evidence of non-regional/distant disease

« Referral to specialized center/multidisciplinary

evaluation important

« AVOID percutaneous biopsy in localized, perihilar
disease given risk of seeding

Bismuth-Corlette Classification

Type I Type 11
Tumor below the T mur r\each I'ig
confluence of the
left and right
hepatic ducts

f |
|
Type IlIa

Type IIIb
Tumor occluding Tumar occluding
the common hapatic the common hepatic
n|:| right hepatic ncl left hapatic o
=
I

UpToDate, 2020



Resectable Gallbladder Cancer: Specific Points

 Know 2T1b = muscle invasive disease

« Simple cholecystectomy is sufficient for T1a disease (75-100% long term survival)

« For 2T1b, extended resection is needed (Cholecystectomy + hepatic segmental
resection (segments IVB/V), lymphadenectomy, possible bile duct excision
(7%-60% long term survival)

A M b - MDY

“_~anatomy




Adjuvant Therapy for
Biliary Tract Cancer




Outcomes for Resectable Disease: Retrospective Series

Study n Tumor location 5-year survival
Nakeeb et al. Ann Surg. 1996 294 Intrahepatic, Hilar, 44% intrahepatic
and Distal 11% hilar
28% distal
Jang et al. Ann Surg. 2005 151 Extrahepatic/Distal 32.5%
Fongetal. BrJ Surg. 1996 104 Distal 54%
Choi et al. Ann Surg Onc. 2009 64 Intrahepatic 39.5%
DeOliveira et al. Ann Surg. 2007 564 Intrahepatic, Hilar, 63% intrahepatic
and Distal 30% hilar
27% distal
Paik et al. J Gastroenterol Hepatol. 97 Intrahepatic 31.1%
2008
Lang etal. JAm Coll Surg. 2009 83 Intrahepatic 30% (if RO
resection)
Kosuge et al. Ann Surg. 1999 65 Hilar 51.6% (if RO
resection) _
Tsao et al. Ann Surg. 2000 255 Hilar 43% (US) and 25% _ ,
(US and Japan) (Japan) =



Adjuvant Therapy: Current NCCN Guidelines

Gallbladder Intrahepatic Perihilar
Extrahepatic

RO - Observe - Observe - Observe
N- - Chemo (5FU or Gem) - Chemo - Chemo

-  CRT - CRT
R1/R2 - CRT - Chemo/CRT - Chemo
N+ - Chemo - CRT - CRT

- CRT/Chemo - CRT/Chemo

Important Points:
« Adjuvant capecitabine is standard of care per BILCAP study (Primrose JN et al, Lancet Oncol, 2019)

* The role of radiation is still unclear

« Some small retrospective series suggest survival benefit with chemoradiation, typically in &
extrahepatic, margin+, or nodal+ disease o




Adjuvant Therapy: Historical Data

Large SEER analysis suggests benefit of adjuvant chemoradiation vs.
chemotherapy alone for resected gallbladder cancer

« Recommend incorporating adjuvant chemoradiation in patients with at least T2 or N1
disease.

Meta-analysis conclusions-- based upon limited retrospective data from
~20 trials of biliary tract cancers:

* |n patients with + nodes, suggestion of benefit from adjuvant therapy
Chemotherapy OR chemoradiation: OR .49, p=.004

* In patients with + margins, suggestion of benefit from adjuvant therapy
Mostly radiation or chemoradiation: OR 0.36, p=.002

« Unclear role of adjuvant radiation alone in node +, margin — patients

Wang SJ et al. JCO 29(35) Dec 2011
Horgan et al. JCO 30(16) April 2012




SWOG S0809: Adjuvant Chemotherapy + Chemoradiation
in Extrahepatic Biliary Tract Cancer

* Phase Il trial, single arm trial attempted to establish a standard practice for adjuvant
therapy of extrahepatic Cholangiocarcinoma/Gallbladder

* 79 evaluable patients
 pT2-4 AND either N+ or R1 resection

« 4 cycles Gemcitabine/Capecitabine - capecitabine-based chemoradiation 54-59 Gy

All pts (%, 95% CIl) Extrahepatic Gallbladder

2-yr OS 65 (53-74) 68 (54-79) 56 (35-73)
2-yr DFS 54 (40-66) 54 (39-66) 48 (28-66)
2.yr LR 11 (4-18) 13 (4-22) 8 (0-19)

*Differences in extrahepatic and gallbladder were not statically significant

« Key results:

* Treatment well tolerated

+ 86% completed planned therapy
* Promising median OS 34 months

« Applicability of results limited by a Phase Il, single arm study and to extrahepatic disease only
Ben-Josef E et al. J Clin Oncol, 2014;33:261-2622



BILCAP STUDY: ADJUVANT CAPECITABINE

* Phase lll randomized, open-label study

_ Designed to
Interventions Resection detect

. 2yr OS
e Observation vs Jl v
 Capecitabine (1250mg/m?) twice a day on day 1 v

1:1 Randomization
to 14 of a 3 weekly cycle for 24 weeks (8 cycles)

. o, . ° ° / \
* Treatment initiated within 16 wks of surgery

Outcome measures

* Primary: Overall survival (OS) by intention-to-treat jl
* Seconda ry: Primary analysis after a minimum 2 year follow-up
— Outcome by per-protocol analysis ﬂ

. Long term analysis after a minimum 5 year follow-u
- Relapse free survival (RFS) d y y p

— Toxicity, Quality of life, Health economics

Primrose JN et al. Lancet Oncol 2019; 20: 663-73



BILCAP: Main Results

Intention-to-treat analysis Per-protocol analysis
A Intention-to-treat analysis B Per-protocol analysis
100 k1 100=
— Capecitabine group = Adjusted HR
__HL\\_'?;\L ---- Observation group et 0-75 {95% C1 0.58-0-97); p=0-028
R Adjusted HR v
75 RN 0-81(95% C10.63-1-04); p=0-097 75+ N
2 3 NN
3 3 s
B . -
5 s 5 507 RN ‘_\—L\_\_
E I e
s 8
25+ 25+
G T T T T 1 E I I T T 1
0 12 24 36 48 &0 0 12 24 36 48 60
Number at risk Number at rick Time since randomisation (months)
{E':p:::;ﬂi:r:ﬁ 223(0) 195 (6) 155(7) 105 (25) 83(39) 56 (53) o usesed)
Observation group 224 (0) 193(3) 137 (5) 95 (23) 67 (34) 46 (47) {gﬁ:ﬁi‘ﬁ gm: o :gg :g E; Ei g; 1;; E;; 533 gﬁ; ijf[:gi

No OS benefit in ITT analysis, but OS benefit seen in Per-protocol Analysis
Difference of 17 patients ineligible/withdrawal of consent prior to starting treatment
Median OS: 53 mo vs 36 months

Median RFS: 25.9 mo vs 17.5 mo (similar for both ITT and per-protocol analysis)
Main Point: Adjuvant capecitabine is standard of care

Primrose JN et al. Lancet Oncol 2019; 20: 663-73



? Benefit of Combination Adjuvant Chemo w/ GEMOX:
Prodige 12/Accord 18/Unicancer Gl STUDY

 Ph3 Adjuvant GEMOX x 6 mo vs surveillance
* Primary Endpoint: RFS / Secondary Endpoint: OS
* Conclusion: No benefit of adjuvant GEMOX

1 1
+ Censored ey + Censored
0.9 Log-rank P = .4724 0.9 . Log-rank P = .7352
0.8 0.8 =
0.3 0.7
0.6 0.6

o
®
2 o«
=

L
=
(2]

Overall Survival (probability)

e o o
[

e o

P

Relapse-Free Survival (probability)
=

0 12 24 36 48 B0 72 0 12 24 36 48 60 72
Time (months) Time (months)

Mo. at risk: Mo, at risk:
GEMOX 95 | GEMOX 95 67 40 22
Surveillance 99 20 Surveillance 99 64 50 24

Edeline J et al. J Clin Oncol 2019; 37: 658-667.



BILCAP vs PRODIGE 12

BILCAP (ITT Analysis) PRODIGE 12
Cape Obs HR GEMOX Obs HR
N=223 N=224 (95% Cl) p N=95 N=99 (95% ClI) P
Median 24.4 mo 17.5 mo 0.75 0.033 30.4 mo 18.5 mo 0.88 0.48
RFS (0.58 —0.98) (0.62-1.25)
Median 51.1 mo 36.4 mo 0.81 0.097 75.8 mo 50.8 mo 1.08 0.74
OS (0.63-1.04) (0.70-1.66)

* Possible reasons for conflicting outcomes
— Different primary endpoint (OS in BILCAP vs RFS in PRODIGE 12)
—  Greater statistical power in BILCAP vs PRODIGE

—  Effects on OS benefit with therapy received at time of recurrence

* ACTICCCA-1 Trial Ongoing: Adjuvant Gemcitabine/Cisplatin vs Capecitabine

RSP rose N et al. Lancet Oncol 2019; 20: 663-73.
Edeline J et al. J Clin Oncol 2019; 37: 658-667.




Adjuvant Therapy Conclusions

 Adjuvant capecitabine prolongs survival in all grossly resected biliary tract
cancers and is standard of care

* Role of radiation for node/margin+ disease remains unclear although
retrospective data supports its use

— T2 or greater, MO gallbladder
— Extrahepatic disease (especially node+ or margin + based on SWOG S0809)

* Role of adjuvant combo chemo remains unclear (await ACTICCA-1 results) _

019 ASCO'Practice Guideline for Resectable Biliary Tract Cancers:
Schroff RT et al. J Clin Oncol 2019; 37 (12): 1015-1027



Advanced/Metastatic Disease




Advanced/Metastatic Disease:
Gemcitabine/Cisplatin is Standard of Care in 1L

A 1 « ABC-02 Trial: Randomized, phase Ill study
00—
b . .
\ e o o ooy * Conducted at 37 centers in UK
P<0.001
o]t o Control arm:
3
E * Gemcitabine 1000 mg/m2 Days 1, 8, 15 q28 days
% >0 Treatment arm:
E * Gemcitabine 1000 mg/m2 + Cisplatin 25mg/m2 Days 1,8 q21 days
25+
* Improved DCR: 81.4% vs. 71.8% (p=0.049)
0 i & 1L 1 2 2 2 %+ Median survival 11.7 vs. 8.1 months (p<0.001)
N Months since Randomization + Treatment compliance better in the Gem + Cis arm _«
Gemitabine ~ 206 151 97 53 28 1S 4 3 2 _,_,f.fr*-‘r{; >
@ Cisplatin-gem- 204 167 120 76 51 28 17 8 2 Jf

citabine

Valle J. et al. N Engl J Med 2010;362:1273-81.




ABC-06: FOLFOX is Standard 2L for Metastatic Disease

Primary end-point: Overall Survival (ITT)

ArmB
[ASC +
mFOLFOX)

0.69 (95% Cl 0.50-0.97)
p=0.031

Overall survival by trial arm ey

(ASC alone)

* The primary end-point was met:
adjusted™ HR was 0.69 (95% ClI

Adjusted* Hazard Ratio

. 80 1 Median OS 5.2 months 6.2 months
0.50-0.97; p=0.031) for OS in g
f f ASC - FOLFOX ( ] &-month survival-rate 35.5% 50.6%
avour o m afm {vs -E B0= 12-month survival-rate 11.4% 25.9%
ASC) k2
E=
8 404
k)
X 204

No marked evidence was identified against
the key proportional hazards assumption**; E

which confirmed the validity of using the Cox . , . . . . , . . . ,
o 3 6 9 12 15 18 21 24 27 30

Regression analysis

*adjusted for platinum sensitivity, albumin and stage
**proportional hazards ass i 0.6521
ITT: intention-to-treat analysis; ASC: active symptom control

wesenreo . 2019 ASCO

AMMNUAL MEETING

HASCO19

Higes ore che propeniy of e outhon
ETninken reguined for feuse.

Mumber at risk

ASC alone
ASC + mFOLFOX

PRESENTED BY: DrAngela Lamarca, MD, PhD, M5c

Months from randomisation

14 9 T 5 3 1
29 21 9 & 4 3

11
Abstract #4003 | ABC-06 study

Lamarca A, et al. Abstract 4003. 2019 ASCO Annual Meeting



Targeted Therapy for Biliary Tract Cancers

% FGFR2 fusions/
FGFR1-3 alterations

% IDH 1/2 substitution

% MSI-H/dMMR

% NTRK fusions

% BRAF V600E

% ERBB2 (Her-2) amplification

% ARIDA1A Alterations

Intrahepatic

10-15

15-20

1-3

1-2

18

Extrahepatic

0

1-3

1-2

11

12

Gallbladder

3

1-3

1-2

16

13

Pemigatinib FDA Approved
Apr 2020?
ORR 35.5%; DCR ~80%

In NCCN Guidelines; pending
FDA Approval
ORR 2%, DCR 53%?2

In NCCN Guidelines
PD1 inhibitors: ORR 30-50%3

In NCCN Guidelines
Larotrectinib/Entrectinib:
ORR ~40-70%%>

ORR 36%, DCR 75% with
BRAK/MEK inhibition®

ORR ~40% with
trastuzumab/pertuzumab’
Multiple ongoing basket trials
with novel agents

Rationale for checkpoint
inhibition and BET, EZH2,
PARP inhibitors

KEY POINT:
Perform broad
molecular profiling
early in treatment
course for advanced
biliary tract cancer

*Table modified from 2019 ASCO
Discussion by Dr. William P. Harris and
data derived from Javle MM et al,
Cancer 2016; 122(24) 3828-3847.

1 Abou-Alfa GK et al. Lancet Oncol
2020; 21(5):671-684. 2Abou-Alf GK et
al. Lancet Oncol 2020; 21(6):796-807.
3le DT et al. N Engl J Med 2015. “Drilon
Aetal. N Engl) Med 2018;378:731-9.
>Doebele RC et al. Lancet Oncol 2020;
21:271-82. ®Wainberg Z et al. ASCO Gl
2019. Abstract 187. “Javle MM et al.
ASCO GI 2017. Abstract 402.



FIGHT-202 Study: Pemigatinib in 22L for
FGFR Altered Metastatic Biliary Tract Cancer

B0

m baseline in target lesion size

e fron

ang

Best percentage ch

40

204

0=

=20

404

-0+

-804

] Complete response (n=3)
= Partial response (n=35)
[ Stable disease (n=50)

[ Progressive disease (n=16)
Mot evaluable®

__________ " s ‘"

=100

IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

Figure 2: Best percentage change from baseline in target lesion size for individuval patients with FGFR2 fusions or rearrangements
Coloured bars indicate confirmed responses assessed by RECIST 1.1, FGFR=fibroblast growth factor receptor. RECIST 1.1=Response Evaluation Criteria in Solid Tumors

version 1.1,

*Patient had a decrease in target lesion size but was not evaluable for response using RECIST.

Abou-Alfa GK et al. Lancet Oncol 2020; 21(5):671-684.

Phase 2, single arm global study
Pts progressed 1 prior line tx, ECOG 0-2

3 cohorts: 1) FGFRZ2 fusion/rearrangements
2) Other FGF/FGFR alterations 3) No
FGF/FGFR alterations

Tx: Pemigatinib (oral FGFR1-3 inhibitor) 13.5
mg po daily D1-14 21 days

Primary endpoint: ORR

Activity seen in FGFRZ2 fusion pts w/ ORR
35.5%, DCR 82.2%

Median PFS 6.9 mo, OS 21.1 mo

Conclusion: Pemigatinib should be a standard
of care option for advanced biliary cancers
with FGFRZ2 fusions



Evolving Landscape of Biliary Tract Cancer

Landscape in Advanced Biliary Tract Cancer: Systemics

Chemotherapy +/- Checkpoint inhibitor trials

NGS Assessment = Targeted therapy trials: IDH1, FGFR, Homologous Recombination Deficiency, Others

15t Line Triplet Regimens:
» Gem/Cis/nab-Paclitaxel SWOG Phase Il (Accruing: NCT03768414)

Phase II: 45% ORR, mOS 19.2 months'
= 1st Line: mFOLFIRINOX Phase II/11l (Prodige 38, Accruing: NCT02591030)

15t Line ? Maintenance 2M Line

L Gemcitabine/Cisplatin x 6 months “ﬁ s the new
as tolerated : _— A benchmark

Continue Gem/Cis if &

=3

_ tolerated 712
S 1. Shroff et al. JAMAOnc Apr 2019 epub

e s 2019 ASCO

AMMUAL MEETING

Presented By William Harris at 2019 ASCO Annual Meeting



Conclusions for Biliary Tract Cancer

Biliary tract cancer should be diagnosed in the correct clinical context

Adjuvant capecitabine x 6 months prolongs survival for resected biliary tract cancer

Possible benefit of adjuvant chemoradiation in retrospective series
— Extrahepatic cholangiocarcinoma (especially node+ or margin +)

— T2 or greater, MO gallbladder

>T1b (muscle invasive) gallbladder ca require extended hepatectomy + LN staging

Gemcitabine + Cisplatin is the standard of care 1L treatment for advanced disease
FOLFOX is now the established 2" line treatment for advanced/metastatic disease
Molecular profiling should be performed = High frequency of actionable mutations
Pemigatinib is FDA approved for advanced biliary tract cancers with FGFR2 fusions

Consider clinical trial enrollment when available
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ABIM & MPNs

Hematology
° MPN- 4.5%:
o CML
PV and secondary erythrocytosis

o

o

Myelofibrosis
ET
Mastocytosis
o CNL

o

(o]

Oncology

o CML and MPNs: 2%, focus on diagnosis, testing, treatment/care
decisions



Overview

1) Overview MPNs

2) Presentation, Diagnosis, Risk Stratification, Treatment
> Polycythemia vera
o Essential thrombocythemia
> Myelofibrosis

3) “Pearls” for mastocytosis, chronic neutrophilic leukemia
(CNL), CMML



r Myeloproliferative Neoplasms
Ph positive (BCR-ABL) -

Ph-negative
e e

Primary MF  POStPVMF  PostETMF | [MF

MF=myelofibrosis CNL=Chronic neutrophilic luekemia
PV=polycythemia vera CEL=Chronic Eosinophilic Leukemia
ET=essential thrombocythemia CML=chronic myeloid leukemia




Epidemiology of MPN

e ET:1.55-2.53/100,000 Median age 72
e PV:1.9/100,000 Median age 62

e MF:0.3-1.46/100,000 Median age 67

100 ] PV n=1213

10 10-15 16-20 21-25 26-30 31-35 3640 4145

46-50 51-55 56-60 61-65 66-70 71-75 76-80 B1-85 B6-50 >90
1 1.3 22 095 14 14 1.8 1.3 1.2 11 1.2 0B85 04 r ]



Symptoms in 1179 MPN Patients

ET (n=304)
m PV (n=405)
B MF (n=456)

a5 B

Weight Bone Pain Night  Pruritus Fatigue
Loss Sweats
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				ET (n=304)		PV (n=405)		MMM (n=456)

		Weight Loss		7%		9%		21%

		Bone Pain		41%		43%		47%

		Night Sweats		40%		49%		56%

		Pruritus		40%		65%		50%

		Fatigue		72%		85%		84%
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Mutations in MPNSs

PV

JAK2V61T7F
JAKZ2 exon 12

Unknown

ET

JAK2 V617F
CALR exon 9
MPL exon 10

Triple-negative

PMF

JAK2 V617F
CALR exon 9
MPL exon 10

Triple-negative

ET

PMF

JAK2 V16F 95-97%
JAK2 Exon 12 2-4%
JAK2 V16F 60-65%
CALR 20-25%
MPL 5%
“triple-neg” 10-15%
JAK2 V16F 60-65%
CALR 20-25%
MPL 5%
“triple-neg” 10-15%




MPN Etiology: Role of JAK2 Mutation

. Linker

Extracellular

Intracellular

CORE

V617F single point mutation in JAK2 gene - Affects the expression of genes involved
an altered protein that constitutively in regulation of apoptosis and regulatory

activates the JAK/STAT signal transducers

. 11 proteins and modifies the proliferation
and activators of transcription pathways

rate of hematopoietic stem cells




ET and PV: Sequelae

Thrombosis

& Bleeding

*All Risk = ASA

PV
ET

Post ET/PV MF,

MDS, AML

Increased viscosity

Functional platelet abnormalities
Leukocyte activation

Increased platelets lead to acquired VWD




Transformation to MF and AML

Polycythemia vera

MPN blast-phase;
Acute myeloid leukemia

Essential
thrombocythemia

Essential thrombocythemia 1-5%
Polycythemia vera 3-5%
Primary myelofibrosis 20%



MPN survival improving over time

A L)
= 1993-2008
(]
(= =4
O 1 2 3 4 5 6 7 & 9 1011 12 13 14 15
Time From Diagnosis (years)
B 7 ——‘\\x
D_B.-
2001-2008
0w
L]
(= =4
0.4
el
ET
024 :mg-u
0 1 2 2 4 6 & 7 8 8 10
Time From Diagnosis (years)




Case 1

33 yo M with no PMH, presented with painful/red toes, later developed joint pain
and pruritis

Physical: plethoric, no joint abnormalities

CBC: WBC21, Hgb 18.8, HCT 48, plts 490
o Epo level <1

JAK2 VI6F mutation found positive on peripheral blood, BCR-ABL neg

Bone marrow: hypercellular >95%, trilineage hematopoiesis and proliferation, no
fibrosis or increased blasts

Diagnosis of PV was made:
o Start Aspirin 81 mg daily

o Started phlebotomy target HCT <45%
> Did not tolerate phlebotomy = hydrea—> did not control symptoms = ruxolitinib



Erythromelalgia




Polycythemia Vera: Presentation

MPN IWG Study presenting signs/symptoms

* Laboratory evaluation:

*  Hemoglobin — median 18.4 g/dL (range 15.1 to 26.5)

*  Hematocrit — median 55% (range 36 to 78%)

*  Leukocyte count — median 10,400/mL (range 3000 to 172,000)
*  Platelet count — median 466,000/mL (range 70 to 2,370,000)
*  Elevated lactate dehydrogenase — 50%

* Hypertension — 46%

* Palpable spleen — 36%

* Pruritus (aquagenic) — 36%

» Vasomotor symptoms (eg, erythromelalgia) — 29%

* Arterial thrombosis — 16%

*Venous thrombosis — 7%

* Major hemorrhage — 4%




Diagnostic Criteria

— Start with CBC, Epo level and JAK2 V16F/BCR-ABL mutation; exclude secondary causes

WHO Criteria: PV

Major Criteria (all 3 major or first 2 with minor)

*Hgb > 16.5 g/dL (HCT 49) in men, 16

g/dL HCT (48) in women or increased

RCM* R

Bone Marrow Bone Marrow
Peripheral Blood (hemataxylin amd eosin) (reticulin stain)

L
=
2 ot il
3 *
L .

LH

fi
=
e
i
S MG
3E
=t
roga sy

«TBM Trilineage Proliferation (panmyelosis)

*JAK2V617F or JAK2 exon 12 mutation

Minor Criteria o
*Low Epo level (<3mU/mL)

tCriterion number 2 (BM biopsy) may not be

required in cases with sustained absolute

erythrocytosis: Hgb>18.5 g/dL in men (HCT55.5%)

or >16.5 g/dL in women (HCT49.5%) if major

criterion 3 and the minor criterion are present. Idiopathic
Myelofibrosis

**Initial myelofibrosis (up to 20% of patients) can - _ P opa W %

only be detected by performing a BM biopsy; 1 o ﬁ*"‘ﬁ : A .p.ﬁ,‘__,‘ﬁ‘ e

may predict a more rapid progression to overt 4 [ .:#,.-' s ﬂét‘l“'.'ﬁr*}"

myelofibrosis (post-PV MF).

*elevated RCM > 25% above predicted




PV Risk Stratification

LOW RISK:
° Age <60
> No history of thrombosis

HIGH RISK
o Age> 60 OR
o History of thrombosis



PV: Treatment

Phlebotomy to maintain HCT <45% )

Aspirin _ALL

Cardiovascular risk-factor modification High-risk OR
_ — uncontrolled

Hydroxyurea PV symptoms

Interferon

Ruxolitinib

Ch¥mo



Initial trials in PV: no more chemo

Lower cumulative survival with chemotherapy in
polycythemia vera

100
§
]
=
1]
=5
]
E Lower malignancy-free survival with chemotherapy in
5 50+ polycythemia vera
@ Phlebotomy
g 100 -
]
% P-32
E Chlorambucil
3 ;
8 Phlebotomy
1] I . ;
0 5 10 £ .
# 50-
Time, years ]
&
H
.5 i Chlorambucil
=
=
o T T 1
0 5 10 15

Time in years




Hydroxyurea vs. Pipobroman

(alkylating agent) in PV

FPatients with
polycythemia vera
{n =285}

Random
assignment

e T

Hydroxyurea Fipobroman
(n = 136) {n=149)

AN

Hydroxyurea Switch to Fipokroman Switch to
only pipobroman only hydroxyurea
(n =34) (n=42) (n=130) {n=18)

Phlebotomy if Hct >55%

Switch to Pi HR 2.06 (95% Cl 1.09-3.87, p=0.026)
3.08), p=0.45

Switch to HU HR 1.37 (95% CI 0.61to

Cause of death
MDS/AML 54%
Thrombosis 15%

>

Overall Survival (probability)

Overall Survival (probability)

O

Overall Survival [probability)

Age and gender matched

1.0 4 — Obaerved
Expacted
0.8 4
0.6 -
0.4
. N=285
1SMR 1.84 (1.5-2.23)
0 5 10 15 20 28 30 38
Time (years)
1.04 — Hydramyurea
Fipobroman
0.8+ =008
0.6 -
0.4 4
0.2 4
By Randomization
0 5 10 15 20 5 30 35
Time (years)
1.0 4=
Ny = Hydroxyurea
i, Pipobroman
0.8 P= 026
0.6
0.4 4
0.2
By main Rx
o 5 % 18 20 25 30 35
Time [years)




ECLAP TRIAL: RCT ASA vs. Placebo in PV

100
Aspirin
0.95- Placebo
$
'§' 0.85
B
5 0.30- 2 :
Non-fatal arterial thrombosis
2 0.75+ and CV deaths
- HR 0.41 (95% CI1 0.15-1.15), p=0.08
: 3
0.00 T T T T T T )
0 180 180 540 720 900 1080 1260 1440 1620 1800
Days after Randomization
No. at Risk (No. of Events)
Aspirin 253(0) 250(1) 249(0) 232 () 213(1) 155(0) 113(1) B2(0) 24(0) 1(0) 0
Placebo 265(3) 261(3) 254 (00 243 (2) 234(2) 177 (1) 132(hy &5(L 28(0) 1 o
100
0.95 Aspinin
§ 0.90+4 Macebo
z
Z 0854
H
'; 0,80
i : .
g - Non-fatal arterial and venous thrombosis
' and CV deaths
0.70- HR 0.40 (95% Cl 0.18-0.91), p=0.02
0.00 - - 7 1 T 1
(1] 130 360 540 720 900 1080 1260 1440 1620 1800
Days after Randomization
No. at Risk (No. of Events)
Aspirin 153 (0) 250(1) 249(1) 231 (1) 212¢2) 153 (0) 112(2) B1(0) 24(0)

m— Pl2cebo

265(4) 260(3) 253 (3) 239(4) 228(2) 171(3) 125()) 79(1) 26(0)

10 0
1(0) 0

- 500 PV patients randomized to
Aspirin 100 mg daily vs placebo

- Reduced risk combined endpoint
non-fatal arterial+venous thrombosis
+CV deaths

- No reduction in overall mortality

- No increase incidence bleeding



Target HCT in PV: CYTO-PV Trial

Death from CV Causes or *Major Thrombotic Event

llﬂ-u Low Hcr
<45%
0.9 h
£ o 45-50%
El. ngh HCT 0
u —
3 0.7
2 06
E
£ 054
-
% 0.4
% 0.3 Hazard Ratio
8 0.2 Low HCT ~ 5/182 (2.7%) 1.00 P=0.004 by log-rank test
E : High HCT 18/183 (9.8%) 3.91 (95% ClI, 1.45-10.53)
0.1+
{}'c | | | I | | ] 1
1] B 12 12 24 30 16 42 48
Mo. at Risk
Low HCT 182 (0) 177 (1) 168 (2) 154 (1) 129 (1) 95 (0) 62 (0) 13 (0) 0
High HCT 183 (6) 168 (0) 160 (3) 143 (4) 110 (2) 92 (2) 54 (1) 12 (M) 1



RESPONSE: Ruxolitinib vs BAT in PV
' N B Fulinis 8 Sandud hersp Open label, 222 patients with PV
o i?i‘rm”‘& Resistant (46%) or intolerant to HU (54%)
f ol m m Randomly assigned to:
' ARl P I Ruxolitinib (110)
bt 2 Splonn Volume jrimreiy BAT (112): 59% HU, INF 12%,
pipobroman 2%, no med 15%
TR
§§ l Primary endpoint HCT control (wk 32)
It : I and >35% reduction spleen volume
CANmET e Jmes el
gg 1-_-.|
| I | l | rl | | I I | Symptoms evaluated by MPN-SAF TSS
g
N
L I TIISS




Thrombosis Risk-Adapted
Management of PV

Low-risk Age <60 AND Phlebotomy : goal HCT <45
No thrombosis Aspirin 81 mg daily
Address CV risk factors
High-risk Age > 60 OR All of the above AND

Thrombosis history Cytoreductive Therapy:
1) 1%t Line: Hydrea
PeglFN
1) 2" Line: Ruxolitinib
PeglFN
Busulfan (age >70)

Indications for cytoreduction in low-risk pts may include:
> Poor tolerance of phlebotomy — Platelets > 1500 x 109/L (risk of bleeding)
o Progressive leukocytosis — Severe disease-related symptoms

**Pts with plts >1 million should be tested for acquired VWD prior to initiation of Aspirin

Barbui T, et al. J Clin Oncol. 2011;29:761-770. Tefferi A, et al. Am J Hematol. 2015;90:162-173.




Case #1.5

40 yo M with presenting with fatigue, pruritus and burning after
showers and sexual activity

On exam: ruddy, plethoric, obese

CBC: white count of 8, hemoglobin of 18.5, plts 455

History:
> Non-smoker
o Lives in Seattle area
> No history of lung disease
> Not on diuretics
o Girlfriend says he snores and “stops breathing” all night long
o Self-injects testosterone x 4 years
° Epo levelis....18



Primary vs secondary polcythemia

Polycythemia vera: EPO independent

Secondary polycythemia: EPO dependent
o Appropriate Epo production:
o High altitude
o COPD
o OSA/obesity
o Smoking
o Diuretics
o Carbon monoxide poisoning (chronic)
o ***Anabolic steroids, testosterone, blood doping™**

° Inappropriate Epo production:
o Tumors: RCC, HCC, uterine leiomyoma
o Renal ischemia
o Hereditary defects in Epo/associated proteins/high-affinity oxygen Hgb (familial polycythemia)

Distinguish these by history and Epo level



Case 2

31 yo F found to have thrombocytosis to 550k on routine lab check 2010

JAK2, MPL negative; +CALR

Bone marrow: normocellular, trilineage hematopoeisis, atypical
megakaryocytic proliferation, no increased blasts, no fibrosis, normal
cytogenetics

Monitored for 10 years, plts decreased in 2 pregnancies

2018 — plts rose to 1.85 million, developed headaches, fatigue, chest
tightness, heavy menstrual bleeding

VWEF testing negative
Initiated on Aspirin and PeglFN = plts now 500K, symptoms improved



Essential Thrombocythemia (ET)

*Asymptomatic ~50%

*Vasomotor symptoms — 13-40%
* Headache
* Lightheadedness
* Syncope
* Atypical chest pain
* Acral paresthesia
* Livedo reticularis |
* Erythromelalgia (burning pain of the hands or feet with erythema and warmth)

* Transient visual disturbances (eg, amaurosis fugax, scintillating scotomata,
ophthalmic migraine)

* Splenomegaly — 35%
*Thrombosis — 9-20% (fetal loss 11%)
*Hemorrhage — 3-37%



Diagnostic Criteria

WHO Criteria: ET

Major Criteria (all 4 major or first 3 with minor)
*PIt Count = 450 x 109/L sustained

*BM bx: megakaryocyte proliferation with
increased # of enlarged mature
megakaryocytes. No significant increase in
granulo/erythropoiesis

*Not meeting WHO criteria for : PV¥, MFT,
CML*, MDS/

*JAK2V617F, CALR, or MPL mutation

Minor Criteria (all 3 major or first 2 with minor)
*Presence of a clonal maker or no evidence
of reactive thrombosis$

¥ failure of Fe to increase Hgb in setting of a low ferritin

T absence of relevant reticulin or collagen fibrosis,

leukoerythroblastosis, or abnml meg morphology (n/c ratio,
hyperchromatic, bulbous, irregularly folded nuclei, and clustering)

T absence of BCR-ABLA1.

[ absence of erythroid and granulocytic dysplasia

§ the presence of a condition associated with reactive thrombocytosis (Fe
def, infection, inflammation, met cancer, connective tissue disease,
lymphoproliferative d/o) does not exclude possibility of ET



ET Prognostic Models

IPSET
Scores
Risk factors 0 1 2
Age,y < 60 =60
WBC count, x 10%/L <11 =11
History of thrombosis No Yes

Low risk implies a sum of scores equal to 0; intermediate risk, a sum of scores
equal to 1-2; and high risk, a sum of scores equal to 3-4.
ET indicates essential thrombocythemia; and WBC, white blood cell count.

IPSET-Thrombosis

Risk factor HR Score
Age =60y 1.50 1
Cardiovascular risk factors 1.56 1
Previous thrombosis 1.93 2
JAKAEITF 2.04 2

Low risk implies a score = 0-1; intermediate risk, score = 2; and high risk,

score = 3.

Low (0)
Intermediate (1-2)
High-risk (3-4)

48%
47%
5%

NR
24.5 years
13.8 years

m %/year thrombosis

Low (0-1)
Intermediate (2)

High-risk (>2)

1%

2.4%
3.6%




IPSET Risk Stratification

1.01
g0 N 867 patients total
S o
,cé 22 e 87 patients died
8 05- 91% thrombosis
T 041 — 10% hemorrhage
g 03- |_He 17% AML/MDS
§ o) \ 22% other cancer

0.0+ ' | | | | |

0 5 10 15 20 25

Time (years)
Number at risk

Low 342 211 123 63 25 3
Intermediate 374 223 109 51 15 2
High 151 84 32 10 2 0



Impact of Mutations on prognosis

JAK2 associated with higher thrombotic risk than CALR

C Thrombosis in Essential Thrombocythemia

B Survival in Essential Thrombocythemia

100~ — CALR exon 9 mutation
50 JAKZNE17F mutation 1.04
0 — MPL exon 10 mutation 0.9
& 704 E 0.8+ —h,
-
'EE 60- E 0.7 s "
E g 50 E 0.5
= 2 054
=28 404 :
2F 304 ;'E 0.4
a ..E . B 0.3 — CALR exon 9 mutation
20 JAKZVB17F mutation
m__;r- ]_ =— MPL exon 10 mulation
I::'_l' T T T T T 1 0.19
0 5 10 15 20 23 30 0.0 T T T T T 1
B 0 5 10 15 20 25 0
Years
Mo, at Risk .
CALR mutation 136 115 63 27 9 3 0 Mo. at Risk
JAKZ mutation 575 267 116 62 25 5 0 CALR mutation 136 122 71 13 1 3 o
MPL mutation 35 71 13 2 4 2 0 JAKZ mutation 576 310 145 83 42 10 1

MPL mutation 35 25 14 3 4 2 0




ET: Treatment Options

"Observation
=Aspirin
"Hydroxyurea
"Interferon
"Anagrelide

" Rerxetitintd



Treatment Recs for ET

Diagnosis ET
« > LOW-V W-risk
No thrombosis Prior thrombosis
Age < 60 yrs Age > 60 yrs (JAK2 mutated)*
Plts >1.5 million

Very-low risk \ \

Aspirin 81-100 mg daily
v Aspirin 81-100 mg daily
Cytoreductive therapy

Age <60, no CV risk factors,
no JAK2, no vasomotor symptoms

|

Observel *Age >60, no thrombosis, CALR = no HU?




Hydrea in High-Risk ET: RCT
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Age > 60 or previous thrombosis and plt < 1.5 million




Hydrea vs. Anagrelide (+ASA)
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Time after Trial Entry [yr)
MNo. at Risk
Hydrowyurea plus aspirin 404 188 298 204 1246 57
Anagrelide plus aspirin 405 174 2712 190 119 52

Anagrelide-treated patients had a significantly greater increase in bone marrow reticulin and a higher rate of
transformation into myelofibrosis at five years (7 versus 2 percent, odds ratio 2.9, 95% CIl 1.2-6.9)




PEG-IFN-a-2a
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Table 2. Molecular response rates to PEG-IFN-«-2a therapy
JAK2VG1TF allele burden PV (n = 40) number (%) ET (n = 18) number (%)

CMR (undetectable) 7 (18) 3(17)
PMR (=>50% decrease) 14 (35) 6 (33)
mMR (20%-49% decrease) 3(8) 3(17)
Mo response 16 (40) 6 (33)




Case 3

55 yo F with no PMH p/w bilateral leg swelling and DOE. Did not
respond to herbal tea/supplements/CBD oil

> ROS: 20 Ib wt loss/2 months, night sweats
o PE: tachycardia, holosystolic murmur, JVD, LE edema, splenomegaly

o Labs: Hgb 3.4, WBC5.9, plts 79, normal BMP, ferritin 487, iron sat
38%, B12 548, folate >24, LDH 584, INR 1, Hapto 64, normal BR,
smear: tear drop cells

o = 13 units of PRBCS
o CT Abdomen
° Bone marrow biopsy




CT Abdomen




Bone marrow biopsy

Hypercellular 90%; Megakaryocytic atypia
WHO Grade 3/3 fibrosis

No increased blasts on morphology or flow
Cytogenetics: 46, XX, del(7)(q11.2g922)[4]/46, XX[2]

+JAK2 V617F and ASXL1 mutation 1] y'qil iﬂﬁfﬂ, e
2PN N S
Y R 1




MF Diagnostic Criteria

Major criteria (all 3 major + 1 minor) Major C.ﬁl'iteri.a (all regUil’ed)

*Megakaryocyte proliferation and atypia with * Previous diagnosis of ET or PV

reticulin or collagen fibrosis grade 2 or 3 « Grade 2-3 bone marrow fibrosis

*Does not meet WHO criteria for other myeloid (_On 0'_3 scale) or Grade 3-4 bone marrow
disorders (ET, PV, CML, MDS) fibrosis (on 0-4 scale)

*Clonal marker (JAK2, MPL, CALR), presence of Minor criteria (must meet 2)

another clonal marker, or absence of reactive « 25 cm increase in palpable splenomegaly
fibrosis S or new splenomegaly

Minor criteria (2 consecutive determinations) » Leukoerythroblastosis

*Increase in serum LDH >ULN « One or more constitutional symptoms
*Palpable splenomegaly « Increase in serum LDH (Post-ET MF only)
*Leukocytosis (>11x10°%/L) « Anemia with a Hgb =22 mg/mL decrease

. from baseline (Post-ET MF onl
eAnemia (Pos only)

* Anemia or sustained loss of requirement
for either cytoreductive treatment or

§ infection, autoimmune, chronic inflammatory, hairy cell leukemia or ph|eb0tomy (Post-PV MF only)
other lymphoid neoplasm, met malignancy, or toxic chronic myelopathies

eLeukoerythroblastosis




MF Disease Features

85% or more of MF patients present with
palpable splenomegaly at the time of diagnosis?

60% to 80% of MF patients report spleen-related
symptoms?

o Abdominal pain/discomfort, early satiety

Other MF symptoms that can be present
include3

° Pruritus- 50%
> Night sweats — 56%
° Bone pain —47%

Extramedullary features:
o Sinusoidal hepatic fibrosis

o Extramedullary hematopoiesis (collage deposition
blue)

o Pulmonary and portal HTN



PMF - Risk Classification

Age > 65 years (1) ~ '\
Constitutional symptoms (1)
Hgb <10 /L (2)

WBC > 25,000 (1)

PB blasts > 1% ()
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Abnormal chromosomes*

Plts <100,000
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Transfusion dependence

Absence of CALR

High-risk mutations”

Marrow fibrosis > grade 2

HMR genes: ASXL1, EZH2, SRSF2, IDH 1/2, U2AF1

—

*+8,-7/79-,i(17q), -5/50-, 12p-, inv(3) or 11923 rearrangement " any abnormal karyotype other than normal or sole abnormalities in 20g-, 13q-,
49, chromosome 1 translocation/duplication, -Y or sex chromosome abnormality other than =Y




DIPSS-plus and Survival
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Overall Survival by Mutation
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Treatment Options

= Active surveillance in low-risk disease

= Hydrea for proliferative disease, splenomegaly
= Anemia: Lenalidomide/prednisone, danazol

"Newest options:

= Ruxolitinib (Jakafi) — JAK1/2 inhibitor: best for splenomegaly, constitutional
symptoms, pruritis

= Fedratinib (Inrebic) — JAK2 inhibitor; just approved

=Allogeneic stem cell transplant for higher risk disease (generally DIPSS
int-2 and high-risk)



COMFORT-1 : MF patients randomized to
Ruxolitinib or placebo
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Series 1

≥35% Reduction in Spleen Volume
at 24 Weeks (%)
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Series 1

≥50% Decrease in Total Symptom Score at 24 Weeks (%)
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Comfort 2: MF patients
randomized to Ruxolitinib vs. BA
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