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John P. Leonard, MD

Non Hodgkin lymphoma Non Hodgkin lymphoma epidemiology - SEER
- Epidemiology s =
= Aggressive Lymphomas comtiomtanzs | Tf]?.:%
T

-DLBCL, PMBCL, BL, LBL, PCNSL, T cell
=Indolent Lymphomas

- Follicular, Marginal Zone e R S S
=Mantle Cell Lymphoma

https://seer.cancer.gov/statfacts/html/nhl.html

@@ WeliComell  _ yewvork-Presbyterian @ WeliComell | newvork-Presbyterian
Non Hodgkin lymphoma epidemiology — SEER Non Hodgkin lymphoma epidemiology — SEER
Stage and survival Sex and age
EFS EFS
— P
! L3
rrrrr I/nhl.html cancer. html
@D WeComel  _ newvork-Presbyterian @ WeliComell  _ newvYork-Presbyterian
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NHL Risk Factors WHO Lymphoma Classification 2016

= Infectious

- H. Pylori (Gastric MALT), EBV (Burkitt), Hep C (MZL), HTLV-1 (ATLL)
= Environmental/Occupational = e 100 +

- Pesticides, herbicides, dark hair dye (old) entities

= Autoimmune disease — RA, Sjogrens, IBD, psoriasis

= Immunosuppression - transplant, HIV, medications
= Hereditary - first degree relatives

= Dietary — low vegetable, red meat

Swerdiow et al, Blood 2016

@ Yeucomel | NewYork-Presbyterian () Wemcomel | NewYork-Presbyterian

Most common NHL subtypes NHL presenting signs and symptoms

Distribution of NHL subtypes

= Painless LN enlargement

pertphersi Tl = “B symptoms” (fever, night sweats, weight loss)

Other subtypes with = Splenomegaly
Trequency of £2%

Marginal zone B-cell . ey

Iymphomaof MALTtype = Cytopenias or other laboratory abnormalities

Marginal zone B-cell

Compos ymphomss Iymphomastnodaltype = Site specific symptoms
E ‘Small lymphocytic lymphoma
Lymphopiasmacytic lymphoma (LPL) - Respiratory, CNS, abdominal, edema, etc
(7
6,
b

Diffuse large B-cell
MALT, s avsocianed ymphesd s GAILEKCL. prinay mmeiastina 1rge B coll inphoms
Armitage JO, et al. J Cin Oncol. 1958 16{8)-2780-2796.

@@ WeliComell  _ yewvork-Presbyterian @ WelComell  _ NewvYork-Presbyterian

Tissue evaluation Lymphoma: Staging and Evaluation
= History and Physical = Bone marrow biopsy/aspirate (subtype specific)
= Hematopathology review of slides/blocks - Fertility discussion (as relevant)

Ejection fraction testing - ECHO/MUGA (if
= FNA inadequate = Labs: anthracycline)

- CBC PET/CT (or CT N/C/A/P alone less common)
- Chemistries, LDH, Uric Acid

= Core biopsies often inadequate (need architecture)

= Immunohistochemistry panel essential > — MRI of brain or selected area (as appropriate)
- Hepatitis B (Rituximab use)

Hepatitis C (some NHL)

- Mantle cell (11:14), Double Hit (MYC, BCL2, BCL6) - HIV (when appropriate)

Pregnancy test (as relevant)

= LP-
= Cytogenetics/FISH appropriate for histology

- DLBCL if high risk
- HIV, BL, Lymphoblastic, Blastic MCL, D Hit

- Site — testicular, sinus/eye, near spinal area

@ VNS Newvork-Presbyterian @ WS Newvork-Presbyterian

© 2020 Hematology and Medical Oncology Best Practices Course



Non-Hodgkin’s Lymphoma

John Leonard, MD Sunday, August 16, 2020

Staging of lymphomas: Lugano classification Revised staging system for primary nodal lymphomas

. St Invol E dal St
+ PET-CT standard for FDG-avid lymphomas e e et
Stage | One node or group of adjacent nodes Single extranodal lesion without

nodal involvement
Two or more nodal groups on the same Stage | or Il by nodal extent with

¢ CT for non-avid histologies (CLL/SLL, MZL, MF)

Stage Il side of the diaphragm limited, contiguous extranodal
e . . . . involvement
* MOdI.erd Ann Arbor Stagn_.lg for disease I_ocallzat_lon Bulky stage Il Il as above with “bulky” disease > 7.5 cm | N/A
« Patients treated according to prognostic and risk factors
Advanced
. ) Stage Il Nodes on both sides of the diaphragm | NJA
» Suffixes A and B are only required for HL Nodes above the diaphragm with spleen
involvement
« “X” for bulky disease is no longer necessary, but record the Stage IV Involvement

largest tumor diameter
Cheson et al, JCO 32: 3059-3067, 2014

(57 We Comen

@ WemComel . newvork-Presbyterian 5 NewYork-Presbyterian

Deauville 5-Point Scale for PET Interpretation Revised criteria for response assessment

PET-CT Response CT-based response
1. No upta ke Complete metabolic | Complete radiologic response —
response (CMR) All of the following
2. Uptake < mediastinum
Nodes and Score 1,2,3* with or Nodes/masses < 1.5 cm in LDi
3 Uptake > mediastinum but < liver extralymphatic sites | w/o residual mass No extralymphatic disease
' No_n-measured N/A Absent
4. Moderately increased uptake compared to liver fesions
Organ involvement | N/A Regress to normal
5. Markedly increased uptake compared to liver or New lesions None None
new areas of FDG uptake Bone marrow No evidence of FDG- | Normal by morphology, IHC
avid disease

* Negative at interim scan; positive end of treatment Cheson et al, JCO 32: 3059-3067, 2014

@D WemComel . evork-Presbyterian @D WelComel . newvork-Presbyterian

Revised criteria for response assessment Post therapy follow-up imaging recommendations

Partial i Partial

- All of the

Cheson et al, JCO 32: 3059-3067, 2014

{5 Well Comen

- NewYork-Presbyterian

: o] izati DLBCL Hodgkin FILG
following ——

Nodes ar]d e_x(ra- Score_ 4,5 r_educed from > 5_0% reduction in PPD of up to 6 IWG/Lugano ﬁI :E;;fa:’::::;,:: Same 3:“':; :Li:;?zf;:irﬁy
Lymphatic sites baseline with mass of any | lesions HXIPE/Labs q2-3 m x 1 yr regimen, and clinical

size Q6mox1yr judgment

At interim suggests Then annually

responding disease

At end of treatment ESMO PET surveillance not CT to confirm response | Hx/PE q 3 mo x 2 yr

suggests treatment failure recommended for routine then PRN Q4-6 mox3yr

follow-up Hx/PE/labs with ESR q | Then annual
= Not 3mox2yr CBC, chem q 6 mox 2 yr
losions Q6moto5yr No routine scans
Then annually

Organ Not applicable Spleen regressed >50% from length No PET surveillance
enlargement beyond normal NCCN Q3mox2yr Q24mox1-2yr IfinCR- CTq6moX2
New lesions None None Q6mox3yr Q3-6moto5yr years then no more than
Bone marrow Higher than normal but Not applicable No PET surveillance Then annually yearly

reduced from baseline No PET surveillance

{57 Welll Cornell

- NewYork-Presbyterian

© 2020 Hematology and Medical Oncology Best Practices Course




Non-Hodgkin’s Lymphoma
John Leonard, MD Sunday, August 16, 2020

Diffuse large B-cell ymphoma (DLBCL) DLBCL epidemiology — SEER
Stage and survival
= Most common NHL, peak incidence in 6th decade ; . R e hind] [T S

= Large cells with loss of follicular architecture of node 1 '

= May present as extranodal disease
(stomach, CNS, testis, skin)

= Curable in 60-75% or more of the cases

= Median survival: weeks to months if not treated
= Diagnosis

[re——

- Typical imnmunophenotype: CD20+, CD45+, and CD3-,

- FISH: eval for bcl-2; bcl-6, c-myc rearrangements

- IHC for bcl-2, bcl-6, c-myc expression
- IHC for CD10, Bcl-6, MUM1 (GCB/non-GCB)

- Gene Expression Profile testing/Nanostring non-standard (COO)

https://seer.cancer.govi/statfacts/html/nhl.html

@Y 5 NewYork- @ acomes = NewYork-Presbyterian
General DLBCL standard of care: R-CHOP 21 When to consider treating patients with DLBCL
S today with something other than R-CHOP x 62
for] \ o ol N Limited stage (?)
-::A S ,WT .. - T Testicular

Double hit subtype
Data not robust in double protein subtype
Primary mediastinal
HIV associated (DA-R-EPOCH)
CNS
Elderly (mini-R-CHOP)

Colffir et al. Biood (2010) 116(12): 2040-2045; 1

@ WeRComet  _ newvork- - Newvork-Presbyterian
Long term F/U limited stage DLBCL Approach to limited stage DLBCL
58736 — CHOP x 3 + IFRT vs CHOP x 8 S0014 - R-CHOP x 3 + IFRT
~— = A= - ~ —
= R WY
- . \ g e 2
£ . R £ w0 @
. S - g 2
. 2 w0 €
T, e s e 2 2] s 30 ¢
&
At ’ e S ) ° U L
Time From Registration (years) Time From Registration (years)
Stephens et al, JCO 2016 Persky et al, JCO 2008
@ WA ewvork Presbyterian @ WM Newvork-Presbyterian
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Approach to limited stage DLBCL

Is RT needed?

n=103 3-year TTP 92%

/m
R-CHOPx3
<G

mmd R-CHOPx1

n=134*
n=30 3-year TTP 60%

*1 patient had an indeterminate scan
TTP= time-to-progression

FLYER: Limited stage DLBCL

« Front-line treatment of aggressive B-cell ymphoma
« 18-60 years, stage l/ll, aalPl = 0, no bulk (max. diameter < 7.5 cm)

Sehn, Cancer Journal, 2012

{57y Weill Cornen

= NewYork-Presbyterian

R-CHOP x 6 cycles

R-CHOP x 4 cycles + R x 2 cycles

Poeschel et al, ASH 2018

@) Weucomel | NewYork-Presbyterian

FLYER: Limited stage DLBCL

S$1001: Limited Cycle 3 Cycle 3

Day 15-18 Day 2135 Day 21-42 after IFRT

St DLBCL
e R R

T
Stage /Il DLBCL
by CT and PET

- J

R-CHOP x 3

Deauville 4-5

Deauville 1-3

i Ibritumomab
iPET+ -
/D_{ 36:45 Gy IFRT tiuxetan W

Eligibility criteria
Newly diagnosed DLBCL
Non-bulky (< 10 cm) stage I/1l

1
0.9 At .
0.6 T At 36 months:
0.7 6 x R-CHOP-21
0.6 94% (95% CI: 91 %; 97 %)
0.5 (n =295)
1 a-years PFS differance 4xR-CHOP-21+2xR
ol CoRSHopR192eR - 6xR- 96 %, (95 % CI: 94 %; 99 %)
0.2 3% [95% CI: 0%:6%] (n =293)
0.1 lower limit of 95% CI: 0% > -5.5%
o - non-inferiority
T e o D % % 0
Months
Median follow-up: 66 months Poeschel et al, ASH 2018

{57 Well Cornent

—, NewYork-Presbyterian

Measurable or evaluable

- Buue
iPET- R-CHOP x 1 * Excluded — CNS, testicular,
,7,/

primary mediastinal, and

Stage I/II DLBCL L
by CT but I/IV R-CHOP x 6 ::oncT]rrent/precedmg indolent
by PET Persky et al, JCO 2020 ymphoma

@ WeliComell | newvork-Presbyterian

$1001: Limited stage DLBCL

Progression-free Survival Overall Survival

TN

5-year estimate 87% S-year estimate 90%

R — ) B e

Persky et al, JCO 2020

@ WeNComer | ewvork-Presbyterian

Approach to testicular DLBCL

IELSG10 - 53 patients

Stage | RCHOP x 3* E CR/PR RCHOP x 3 Testicular RT'

s

T

A

G CR RCHOP x 3 Testicular RT + IF-RT*
Stage Il RCHOP x 3* 'L

G PR RCHOP x 5 Testicular RT + IF-RT?

+4 doses IT MTX
Vitolo et al, JCO 2011

@ WeMComel  _ Newvork-Presbyterian
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Approach to testicular DLBCL

IELSG10 - 53 patients

l l Risk of relapse in
opposite testicle

IELSG series

Vitolo et al, JCO 2011

@ Yeucomer | NewYork-Presbyterian

Treatment algorithm for DLBCL
ICHOP-R (100%) (DA-R-EPOCH)
1

e —— |
|Cure (60-70%) Relapsed/Refractory (30-40%)
|

2nd line therapy
R-ICE, R-DICE, R-DHAP, etc

{
Transplant eligible (20-25%)
|

1
Transplant ineligible (10-15%)

| AscT+HDC |

|cure (5%)| |Relapse (15-20%) Relapse (10-15%)

3 line or later therapy (25-35%)‘

Comparison of CHOP-R and EPOCH-R

R-CHOP DA*-R-EPOCH

— 0
Rituximab 375 mg/m? d1 o R"”?:’“:z 375] "‘251’;"(‘”:11 "
Cyclophosphamide 750 mg/m2 d1 oposice 59 mginy h
. Doxorubicin 10 mg/m?/d CI d1-4*
Doxorubicin 50 mg/m2 d1 Vincrletine 0.4 ma/m2/d Gl d14
Vincristine 1.4 mg/m? (2 mg cap) d1 incristine 0. ‘mg m -
Prednisone 40 ma/m? d1-5 Cyclophosphamide 750 mg/m? d5*
9 Prednisone 60 mg/m? bid d1-4
G-CSF 5 ug/kg d6-ANC recovery

q3w x 6 Q3w x 6

G WRCOMS  _ ewvork Presbyterian

International Prognostic Index (IPI) in
aggressive NHL
Prognostic factors (APLES)

« Age >60 years
« Performance status >1

+ LDH >1 normal £
" @
« Extranodal sites >1 OR b=
« Stage Il or IV 2
©
Risk Category Factors &
* Low (L) Oor1
* Low intermediate (LI) 2
« High intermediate (HI) 3
* High (H) 4or5

International NHL Prognostic Factors Project. N Engl J Med. 1993;329:987.
Armitage. CA Cancer J Clin. 2005:55:368.

D WoRComel Nevvork-Presbyterdan

Germinal Center vs Activated B Cell DLBC

Dissecting a Gancer into Molecularly and Clinically Distinct Subgroups: e
Gene Expression Profiling

| =
-

Lymohoma Dogses
Rosenwald A et al. N Engl J Med. 2002;346:1937-1947

IHC surrogate (Hans) - CD10, bcl-6, MUM-1 ’ -
GCB vs “non-GCB” S

@ WeNComer | ewvork-Presbyterian

Outcome by GCB vs ABC gene
signatures in DLBCL
N=233 patients treated with R-CHOP

PFS os
i " s v Gamina corme .l b
~ amramiatie 1 < G st
i o el ——
;i e ,‘2
L 3o
‘; “ d ae A madBoilils
i 1 A eadbaatite
3 nomm « e
i
o 1 H R L I
Yom -
o
GommbormBoalle W@ @ B B B Wow o % om ox
et - T A A % 5 % ¥ BN

Lenz G, et al, NEJM 2008

@ WeMComel  _ Newvork-Presbyterian
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Oncogenic mechanisms and potential
therapeutic targets in GCB and ABC DLBCLs

DLBCL subtype Cell of erigin Oncogenic mechanisms  Potential targets

GCB Germinal centre  BCL2 translocation* BCLE
B-cell EZH2 mutations* EZH2
PTEN deletions’ PI3K/Akt
Loss of PTEN expression
ABC Post-germinal NF-xB activation BCR
centre Bcell CARD11 mutations CBM complex
MYD88 mutations IRAK-4
CD798 mutations JAK-STAT

A20 deletions

Roschewski M. et al. Nat. Rev. Clin. 2013;11:12-23

a7
@5

= NewYork-

“Genetics and Pathogenesis” of DLBCL

MCD — MYD88 plus CD79B mutations ABC / unfavorable
N1 - NOTCH1 mutations

BN2 — BCL6 fusions and NOTCH2 mutations Mixed / favorable
EZB — EZH2 mutations and BCL2 trar i GCB/
. . BN N m ez
ot AB ther GCB Il Other
ABC (N-295) Unclassified (N=115) GCB (N=164)
$65% SLI%

Schmitz et al NEJM 2018

s
@ Yies = New’

Double hit vs Double protein DLBCL
10-25% of DLBCL

= Double-hit lymphoma: High-grade B-cell ymphoma with translocations
of MYC as well as BCL2, BCL6, or both (“triple-hit”)

- Histologically classified as DLBCL or B-cell lymphoma unclassifiable
with intermediate features between DLBCL and Burkitt Lymphoma

- Cell of origin: Virtually always germinal center subtype
- Outcome poor with standard therapies

= Double-expressing lymphomas: DLBCL with dual immunohistochemical
expression of MYC (240%) and BCL2 (270%) in the absence of
translocations
- Cell of origin: Usually activated B cell subtype

- Outcome inferior to other DLBCLSs, but not as poor as DHL

@ VST = NewYork-

High Grade B-cell Lymphoma — DH/TH

Genetic double hit lymphoma (DHL) predominantly observed in the GCB subset of DLBCL
Double MYC and BCL2 protein expression are observed in both the ABC and GCB subsets

DHL accounts for a small subset of the cases with double protein expression

ace ABC
BCL2
translocation e mc e
T protoin expression
[
e
Fansiocation

1Rel Campo, E. et al. Blood
[ (2015)

BOL2 prosein

@ WeaSaT 5 New!

Double hit vs Double expression in DLBCL

10

g o ’ Double expression 4x more
-é Neither (236) common than Double hit
E; os
3
s
5 0s -
3 Double expression
FH intermediate in outcome
S between DH and neither

o 3 5 ' 1

Time (years)

Johnson et al JCO 2012; 30: 3452

@WBSHPS | NewYork-Presbyterian

Mieaicing

DA-EPOCH-R in double hit lymphoma

100
=B ~— R-CHOP (N*63)

z \ - per CVAD (N=38)

: = —~— DA-EPOCH-R (N=57)

3 % R-CODOX-MIVAC (N=41)

;! . 4 +- Other/multiple (N=24)

H ‘ﬁx ™ 05 byl st
S8 ao{l —— T -y

is W

- , .

s -

S

1og rank p=0.0016
o 25 80 75 100 125
Timetrom Diagnosis (months)

Petrich et al Blood 2014
Oki et al BJH 2014

@ "  New
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Alliance/CALGB 50303: R-CHOP vs Alliance 50303: Outcomes

A A R-CHOP DA-EPOCH-R P-value
R-EPOCH in Newly Diagnosed DLBCL R — - 553
CR/CRu 62% 61%
PR 27% 27%

R-CHOP
every 3 wks for 6 cycles

& N 3 <

R-EPOCH o 2.

Doxo cin, etoposide, vi stine Days 1-4, > & N
e S| edan olowp 50y T HR=1.18(0.79-1.77)
 ednieans Dave 4. = HR=1.14 (0.82-1.61) 53
prednisone Days 1-5 §N p= 04386 m(\
= Primary endpoints: EFS, molecular predictors of outcome for each regimen ae l:l q
Secondary endpoints: RR, OS, toxicity, use of molecular profiling ° %Hg g BAERBcHR

Barﬁg&"g{%‘?,“iﬁ’éﬁ'w‘&s's Clinical Trials.gov. NCT00118209. http:/fwww.clinicaltrials.gov %o o 1 2 3 4 s

@

Event Free Survival

2 3 4 5
Years from Study Entry

Overall Survival

]

Years from Study Entry

D Vieasne = NewYork- @ VisasT 5 New’
sve NCCN Guidel Ve 3.2020 . .
Diftuse Large B.Call Lymphoma R-mini CHOP for age 80 and over
prown [P —
0ty i e * Rituximab 375 mg/m2 day 1

e HER— _....‘

’ e [t s = Cyclophosphamide 400 mg/m2 day 1
Stage LY RCHOP x 4 cyvies Folwed by siuimat | NISAT 00, St Kd ot Tonstmnt

\ e = Doxorubicin 25 mg/m2 day 1

e = Vincristine 1 mg day 1
e Bovornt g f = Sy s = Prednisone 40 mg/m2 days 1-5

Peyrade et al: Lancet Oncol 12: 460-68, 2011

R-mini CHOP for age 80 and over Predicting risk of CNS progression: CNS IPI

f S o
WD roeed - - 4-6 factors
Factos Ha lat
015
E Kidney andlor adrenal glands involved 28 ___sb— oS — BCCu
i 25 it
X 24 2-3 factors
i 22 008 ‘f 23(— s — occa
: ! 14 / - e — g — pocy
T ) o T2 3 & 5 & 1 8 9
oo Time to Relapse (years)
Kidney/adrenal involvement
L— -~ 7 . vs not

Peyrade et al: Lancet Oncol 12: 460-68, 2011

Schmitz etal., J Clin Oncol 34:3150.6 2016

@ WemComel  _ newvork-Presbyterian @ s < New!
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CNS prophylaxis for high risk patients
R-CHOP + d14 MTX 3.5 g/m2 x 3-4 cycles

Retrospective analysis A
65 “high risk” patients \"‘—1
2 CNS recurrences 1 T

Prophylaxis options
- ITMTX
- Systemic MTX 3g/m? d15 of R-CHOP or 23
after completion x 2-3 doses Abramson et al, Cancer 2010

@ Yeucomer | NewYork-Presbyterian

SWOG, ECOG, CALGB, NCIC - S9704 Early Versus Delayed High-Dose

Therapy in High Intermediate/High IPI DLCL

Less Than Partial Response

@ Wemcomel | NewvYork-Presbyterian

S$9704: AuSCT in CR1 improves PFS but not OS (ITT)

EEEEE

Stiff et al, NEJM 2013

G WRCOMS  _ ewvork Presbyterian

DA-R-EPOCH in PMBCL

Event Free Survival Overall Survival

—
Adult 3 yr EFS: 87.4% reugin e O3 YT O: 974%

Peds 3 yr EFS: 81.0% Peds 3yr 08: 90.7%

Total Cohort Pediatrics Adult (age 2 21) P value for
n=156 (age<21)n=38 | n=118 peds vs. adult
3yr EFS (95% Cl) | 85.9 (80.3-91.5) | 81.0 (68.3-93.7) | 87.4 (81.2-93.6) 0.338
3yrOS (95% Cl) | 95.4 (91.8-99.0) | 90.7 (80.6-100.0) | 97.1 (94.0-100.0) 0.170
Follow up in mo: 226(2.1-101.0) | 24.0 (6.0-833) | 226 (2.7-101.0) 0.780
Median (range)

Roth et al, BJH 2017

@WHComel  _ NewvorkePresbyterian

Outcome by end of therapy FDG-PET

v EOT PET Deauville
g )
s
2
23
&5 : s
25 :
&3 :
' “\ronths w0 on
Total Cohort EFS os
n=156

Patients evaluated by PET or 149 (96.1%)

PETI/CT at end of therapy:

Deauville score : |<3 94 (75.2%) 95.4% 96.2%

number (%) 4 17 (13.6%) 754% 100%

5 14 (11.2%) 28.6% 74.1%

Roth et al, BJH 2017

@ WeNComer | ewvork-Presbyterian

Gray zone lymphoma (Thymic B cell derived)
PFS improved with DLBCL type therapy and
use of rituximab

Evens et al, Am J Hematology 2015

@ WeMComel  _ Newvork-Presbyterian

© 2020 Hematology and Medical Oncology Best Practices Course



Non-Hodgkin’s Lymphoma
John Leonard, MD

Sunday, August 16, 2020

Treatment algorithm for DLBCL
CHOP-R (100%) (DA-R-EPOCH)
I

e —— |
|Cure (60-70%) |Relapsed/Refractory (30-40%)
|

2nd line therapy
R-ICE, R-DICE, R-DHAP, etc
I : 1
Transplant eligible (20-25%) Transplant ineligible (10-15%)
|

| ASCT +HDC

! 1 R
Cure (5%) Relapse (15-20%) Relapse (10-15%)

3 line or later therapy (25-35%)‘

Chemosensitive relapsed DLBCL patients
benefit from autologous SCT

100 100
ISKL 90
= 80 P=0.001 280 P=0.038
£ 70 70 Transplantation
3 60 Transplantation £ 60
2% ransplantation %
£ 40 Z40
g 30 Conventional Treatment 5 30° . L
220 320 Conventional Treatment
10 10
0. 0
0 15 30 45 60 75 90 0 15 30 45 60 75 90
Months After Randomization Months After Randomization

Philip et al: N Engl J Med. 1995

@ Wemcomel | NewvYork-Presbyterian

DLBCL patients with early relapse and
prior rituximab are high risk

Diagnosis = Relapse < 1 Diagnosis - Relapse > 1 yr

Survival Distribution Function €
g
o
Survival Distribution Function
e e
-

3 ] 7 ] T 0 H 3 H H [
Event-Froo Survival (years) Event-Free Survival (years)

By ITT analysis (includes many patients who never underwent ASCT):

52% of randomized patients were transplanted. .

1Gisselbrecht et al, JCO 28:4184 (2010)

@WHComet . Newvork-Presbyterian

No role for maintenance rituximab after AuSCT in DLBCL

Relapse rate
40-60%

1.0 — Observation n = 120

Z — Rituximab n = 122
3 08
3
o 06
s
= 04
s
g 0.2
p=07435
® oo T T T T T T
0 12 24 36 48 60 72

EFS (months) Gisselbrecht C, ot al. J Clin Oncol 2012.

@WHComel  _ NewvorkePresbyterian

CAR-T cell therapy
Approved for multiply relapsed/refractory
aggressive lymphoma

G ( © oot Tt s
<& *n
W
e Y-
‘@‘“"‘

@ WeComel  _ NewYork-Presbyterian

Initial clinical trial data with CAR-T cells

= Studies are small, single arm (range 100 patients)
= Time in preparing the T cells creates some biases

= Significant responses have been seen (some extending 1-2 years +) in
ALL, CLL and NHL of various types with refractory disease

= Toxicity (cytokine release) involving transient mental status
changes/encephalopathy and ICU stays can occur

= ORR about 60-70%, CR about 30% (tend to be more durable)
= About 1/3 non-respond, 1/3 short response, 1/3 longer response

= Cytopenias, immunoglobulin depletion occur

@D WelComel | Newvork-Presbyterian
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Recent approvals for recurrent DLBCL

e Selinexor (inhibitor of XPO1 nuclear export protein)
¢ Oral, twice weekly
¢ ORR 29%, CR 13%, 38% of responders > 6 mo
» Toxicities — cytopenias, Gl (nausea), fatigue

» Tafasitamab (anti-CD19) with lenalidomide
o Weekly x 12 doses then q 2 week with Len 25 mg
¢ ORR 67%, CR 39%, median PFS 12 mo
 Toxicities — infusion, cytopenias, infection, Gl

Burkitt lymphoma

- Very aggressive NHL
- C-myc translocation, t (8;14) or t (8;22)

- Treatment should be intensive regimen — R-CODOX-M/R-IVAC, Hyper
CVAD - High dose MTX important

- DA-R-EPOCH in older patients or HIV + patients
- Rituximab adds benefit
- CNS treatment or prophylaxis

- Tumor lysis prophylaxis important, watch cytopenias and kidney
function

@ Yieasy = NewYork-

@) Weucomel | NewYork-Presbyterian

Lymphoblastic Lymphoma
= Uncommon
= Usually young males with a large mediastinal mass
= T-cell 95%

= Use an ALL type regimen or Hyper CVAD with a consolidation and POMP
maintenance therapy (ALL type 2-3 years)

= Use of Peg-asparaginase may improve results — but has toxicity
(pancreatitis, thrombosis — need prophylaxis)

= CNS prophylaxis also necessary

Primary CNS Lymphomas
Median age 60’s, 1500 cases/yr, non-GCB subtype primarily
HIV, immunosuppression risk factors
High dose MTX-based induction (>3 g/m?)
Consolidation —
= Cytarabine-based
= Consideration for auto PSCT in CR1

WBRT also consolidation (neurotox esp. > 60 yo) or palliation

Other active agents often included —
= Rituximab, temozolomide (MTR)

= Ibrutinib, checkpoint inhibitors Grommes et al, JCO 2017

i) el Corr 5 NewYork-

@ WelComel . Newvork-Presbyterian

International T-cell Lymphoma Project:
Distribution of 1,314 cases of PTCL by consensus diagnosis

ey ™ Peripheral T-call Lymphoma
%, 122%
?'::/ \ Angioimmunablastic

I Natwral killer/T-cell ymphoma
7%
Adult T-call leukemia/lymphoma
4 W Anaplastic largs coll lymphoma, ALK
| B Anaplastic large cell lymphoma, ALK-
Enteropsthy-type T-csl
Primary cutansous ALCL
18.5% B Hepatosplenic T-cell
W Subcutaneous panniculitis- ke
ot Unclassifisble PTCL
Other disorders

Vose et al: J Clin Oncol; 26:4124-4130 2008

WSSO newvork Presbyterian

Overall survival in PTCL

Anaplastic large cell lymphoma, ALK+
— Anaplastic large cell lymphoma, ALX-
— Allnatural killer/T-cell lymphomas
100 o= Parigheral T-coll ymghoma, not ctherwits speciied
90 Angioimmunoblastic lymphoma
— Adult T-cell leukemia/lymphoma

Overall Survival (%)

Pe< 001 |

[ 1234567 891MWMNMN12131415161718

Time (years)
Vose et al: J Clin Oncol. 2008;26:4124.

@ WRCOm . Newvork Presbyterian
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Approach to PTCL ECHELON-2 Study Design
/ A+CHP \

= CHOP vs CHOEP (? Addition of etoposide of value in age <60) Aey Eligibility Criteria \ zé)) Z;ecr‘\;::gzl;:’e“?g:r; ;6err§r/:g:

. .. . * Age 218 years N=226 (H) doxorubicin 50 mg/m? + ~
= Unclear value of auto vs allo SCT in first remission vs observation + CD30-expression (210% cells) (P) prednisone 100 mg (Days 1-5)
« Previously-untreated PTCL:
R
\J
N

including ALK(+)

22, ALK(-) sALCL

- Anaplastic large cell lymphoma (ALCL) is the key CD30+ subtype o PTCL-N(O)SS, AITL, ATLL, EATL,
HSTCL

= Add/use brentuximab vedotin (Anti-CD30 ADC) if CD30+ (>10%) o Systemic AL L (oL 1 + placebo vincristine
1) . Q3W for 6 to 8 cycles

-

(" cHop N\ | Ex
(C) cyclophosphamide 750 mg/m +

(H) doxorubicin 50 mg/m? +
(O) vincristine 1.4 mg/m? +

= In relapse multiple options (HDAC inhibitors, hypomethylating agents) “targeting 75% (¢5%) ALCL per EU
- HDAC inhibitors - romidepsin, vorinostat, belinostat regulatery commitment

®) 100 mg (Days 1-5)
- Antimetabolite — pralatrexate sﬁ':,‘;";j‘:ﬂ‘};‘fi’;‘i’é vs. 4.5) N=226 + placebo brentuximab vedotin
.. R . ) L * Histologic subtype (ALK-po§itive \ Q3W for 6 to 8 cycles J
- Angioimmunoblastic (AITL) — azacitidine with activity SALCL vs. all other histologies) Horitz ot al, ASH 2018
@ = NewYork- @ ViasT 5 New!
ECHELON-2: Progression-free survival ECHELON-2 Overall Survival
. Events HR(95%Cl) P -
B A+CHP 95 (42%) 0.71 0011 “
an . ® e
e CHOP 124 (55%) (0.54,0.93) g o 75t Percentile
g, @ Not reached
‘% g‘ “ p— .5 mo
£ : Median PFS (95% Cl) 2"
& 3-yr PFS oo 48.2 mo 535,2, NE) §°
» 57% 20.8 mo (12.7, 47.6) i
. 44% - Deaths  HR (95% Cl) P
= A+CHP 51 (23%) 0.66 0.0244
° Median Follow-u| “ o 0.46, 0.95 .
H N o3 montne P . CHOP 73 (32%) (0.46, )
o —g— - - ; 4 ¥ 3 ] ) 3 ) & ] % ® C Median Follow-up
s o= o o moaesom = o= I T (ont) 42.1 months
Increased diarrhea, neuropathy Horwitz et al, ASH 2018 TR WD OND I WS WS 30 M o= I Horwitz et al, ASH 2018
@ Vieuser 5 NewYork- @ Weuser S New!
Nationst
Comprenansive NCCN Guidelines Version 1.2020 At Guntacns R .
B e e e e 2 Diagnosis of ATL
Exatdne Theiaer s ———— * Acute-type ATL (prototy has ch istic find luding flower cells in PB,
At i hypercalcemia, lytic bone lesions, and frequent organ involvement (skin, Gl-tract, lung)
oe PR, ategary 1
Chor — * Peripheral T-cell phenotype (CD4+, CD8-, CD25+)

Done sdnrnsed {FOCN wioporsde.
+ Ohas hintoiogies PTCL WOS. AITL. £

Preterred regumens (o
Tow asnormcn Nt

ATL. MEITL. modst PTCL. TPM, nd FTCLY
-

Presence of antibodies to HTLV-l in serum

Four clinical subtypes; acute-, lymphoma-, chronic- and smoldering types

A

choure
cwor

a A%A _ 00N

®  New

@ eSS

remLa
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Staging of Mycosis Fungoides

\

Mycosis Fungoides/Sézary Syndrome treatment approach

A 1B, A (generalized B i IVA, B
(limited patch,plaque) patch, plaque) (tumors) (erythro-derma) ~ (visceral involvement)

‘ | Photopheresis + IFN + Bex

Romidepsin
PUVA (+ IFN or + Retinoid)

Corticosteroids
(Class |

Denileukin Diftitox |
I e—
Spot Radiation Rx

\,,\Fhemolherapy orAlloSCT =

—

@ ViRasT = New!

FL epidemiology — SEER
Stage and survival

[P S —

' ]

https://seer.cancer.gov/statfacts/html/nhl.html

@ VeuCome  _ Newvork

Common genetic alterations in follicular ymphoma
Pathway Gene. Function Frequency (%)*  Oncogenic alteration
Epigenetic KMTZD Histone H3K4 methyttransferase 10-90 Lossof function
e — Histone H3K27 andH3KIS acetytronsferase 50-10 Lossoffunction
regulation H B A h 20-30 Unknown

EZH2 Histone HIK27 methyltransferase 10-30 Gain of function
0 Hisone HIK27 el HEK1S 0 Lossolh
MEFZB Transcription factor 10-20 Gain of function
BCRsignalling  IGH and IGL varisble Promotes N-glycosylation -80 Gain of function
domains
CARDI1 BCR-NF-xB signalling pathway 1015 Gain of function.
Survival BCL2 Anti- apoptonis Trarnlocation, -85 Gainof function
Monations 50 Unkinonn
SOCS1,STATE and STAT3  JAK-STAT signaling. 20 Gainol function
NOTCHLNOTCHE,  NOTCH pibvaay " Unkinown
NoTCHs NoTCH
DT andSPEN
Imimane HVEM Receptor 500 Loss of function
o EPHAT Ephwinreceptor 00 Loss of unction
Ve oot o Cancer. 018,14 22430
@ s < New

How do FL patients present?
»Lymphadenopathy
= Palpable mass, edema
= Splenomegaly
= Abnormal blood counts
= Skin lesions, endoscopy findings
= Staging: Exam, labs, imaging (CT, PET), ? BM
=FL grade 1, 2, 3a (similar) vs 3b (like DLBCL)

Prognostic tools for newly diagnosed FL patients Follicular
Lymphoma International Prognostic Index (FLIPI) - OS

Risk factors:

Nodal sites > 4 g

Stage IV £

LDH > ULN

Hgb <12 g/dL 1 e

Age > 60y S iissccnam=
Time (manths)

Low risk — 0-1 %ﬂﬁm CE33EBESERE

Intermediate — 2 B sopspppeEnss

High - 3-5 e e

Solal-Celigny P, et al. Blood 2004;104:1258-65.

P e

@ WeNComer | ewvork-Presbyterian
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Refinements with the m7-FLIPI

GLSG training cohort

Figh

$

04

Survival probability

H-DD-D“=||? :

icai T Gene mutations -
00 i =
£ »
i 2 108
M High risk i=
- Non-high risk 0
FUPI mrFUPI
Pastore A, et a. Lancet Oncol, 2015,16:1111-22,
@ YeasaT = NewYork-

What follicular lymphoma patients need treatment?

GELF criteria’
High tumour bulk defined by either

s Tumour>7cm
+ 3 nodes in 3 distinct areas sach > 3 cm
gement

Presence of systemic symploms.

Serum LDH or B2-microgiobusin above normal values.

BNLI criteria’
Rapid disease progression in the preceding 3 months
Life-threstening organ involvement

Renal of Iver infitration

Bone lesons
Systemic symploms of pruntus.

Hb < 10 g/dL or WBC < 3.0 = 10°L or platelet count
<100 = 10%L: related 10 MEMOow Nvolvement

1. Brice P, etal. J Clin Oncol. 1997:15:1110-7
2. Ardeshna KM, et al. Lancet. 2003:362:516-22.

@ Weassre 5 NewYork-Presbyterian

Considerations in the choice of
therapy for a FL patient at diagnosis or relapse

= Indications for therapy

= Bulk of disease

= Comorbidities

= Toxicity concerns

= Interest in and availability of clinical trials
= Risk of transformation

= Grade (typically treat FL grade 1, 2 and 3A similarly)

@VeeSeT = NewYork-

One general framework

Localized

Advanced indolent

Staging
evaluation

Advanced
with symptoms.

for initial therapy for FL

waw
Radiotherapy

waw
Rituximab

R-chemo

G-chemo

No chemo?

R = Rituximab, G = Obinutuzumab

Kah! BS, Yang DT. Blood. 2016; 127:2055-63

@ WelComell | NewYork-Presbyterian

Initial approach to limited stage FL appears to affect PFS
OS impact unclear, concept of “cure” is complex

PFS of rigorously staged patients with stage | FL by treatment modality

10

. —~————

z
3 08
8 g4 Combined modality (n = 26)
2 — R-chemotherapy (n = 57)
& 02 R-monotherapy (n = 25)
WAW (n = 35)
— Radwotherapy (n = 56)
0
0 1 2 3 4 5 6 7

Time (years)

Friedberg JW, etal. J Ciin Oncol. 2012,30:3368.75

@HWemComel  _ newvYork-Presbyterian

IFRT + (R-)CVP vs IFRT alone in limited stage FL

= 150 patients, Stage I/ll FL (PET not mandatory), 75% stage |

= Randomized 30 Gy IFRT alone
= Median f/u 9.6 years
= 10 year PFS 59% vs 41%

= Better with R-CVP, less disease, PET staged

= Overall survival similar (87% and 95% at 10 years)

or with 6 cycles (R-)CVP

MacManus M et al, JCO 2018

@ Wemcomel | newvork-Presbyterian
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General approach to limited stage FL initial treatment

= Watch and wait acceptable

- Particularly if suspicion of disease elsewhere or alternatively low
chance of needing therapy soon (resected low volume disease,
some older patients)

= RT common - location/size dependent - ? “curative”
- Boom-boom (2 fractions less effective than full course)
= Unclear value of combined modality therapy
- Debatable value for early vs later (if relapse) systemic treatment

= Favorable long term outlook (OS) regardless of approach

@ VieasRT 4 NewYork-

« NCCN Guidelines Version 3.2020 B i R
Follicular Lymphoma (grade 1-2)

stacE WTIAL THERAPY RESPONSE TO THERAPY® FoLLOw.uPt

AT s terrea

Single agent rituximab for advanced stage
low tumor burden FL

un

Response (Cheson

PFS

Bvents (n) Median 9% €1

Patieots (%)

Time trom start of treaiment progression

Colombat P, etal. Ann Oncol. 20122323805

&

— NewYork-

Single agent rituximab vs “watch and wait”
for low tumor burden FL

I
—

Ardeshna KM, etal. Lancet Oncol. 2014;15:424-35

- NewYork-Presbyterian

RESORT trial: Single agent rituximab x 4
then maintenance vs retreatment

Treatment failure-free survival

Two-sided log-rank p = 0.54
Median FU 4 §

survival (%)

Treatment failure-free
&

Time since random assignment (years)

Kah! BS, etal. J Ciin Oncol. 2014;32:3096-102.

@HWemComel  _ newvYork-Presbyterian

Approach to low tumor burden, advanced stage FL

= Watch and wait acceptable

- Often at least for some time to allow patient to understand
disease and MD to get a sense of pace over time

= Rituximab x 4 if desires therapy/minimal
symptoms/findings without maintenance

= Chemoimmunotherapy or other emerging combinations
(lenalidomide/rituximab) if patient prefers a longer
remission and prefers efficacy/toxicity tradeoffs

@ Wemcomel | newvork-Presbyterian
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Chemoimmunotherapy for advanced stage FL

Rituximab added to CHOP, CVP improves survival

TS —

i ha

i

g

Study Month
R-Bendamustine commonly administered
Tan B 2013
@ VenseT 1 NewYork-

Bendamustine-Rituximab vs R-CHOP for advanced stage FL

PFS (StiL)

S for FL patients

Protabary

0 T2 84 B8 108120 132144 164 188

4 o n ouow
Time (monens) Time (mantns)

Median for R-CHOP+ observation: 40.9 mo

Rummel MJ, et al. Lancet, 2013:381:1203-10. and
updated ASCO 2017

@ Weassre 5 NewYork-Presbyterian

PRIMA: Maintenance R after R-CHOP/R-CVP improves PFS
but not OS

08 probasany

Tome (years)

Salles G, ot al, ASH 2017

i)y el Corr 5 NewYork-

GALLIUM: Obinutuzumab vs Rituximab with
chemotherapy (and as maintenance)

Induction Maintenance  FU 5 years
-
First-line s
INHL H
co20. —» § CR PR
positive
(N =1,400) e

R + CHOP, CVP
or bendamustine

R-maintenance
q2mo 2 years

MRD assessments during
maintenance and FU

Marcus R, otal. N EnglJ Med. 2017; 377:1331-44.

@ WelComell | NewYork-Presbyterian

GALLIUM: Obinutuzumab vs Rituximab with chemotherapy
(and as maintenance) improves PFS but not OS

PFS o8
Eo - ——
-
K e £ s
£ 3
: §
g 04 04
§ [
2 02— Rechema (N =801
G-chem
o 6 12 18 24 3 3 “
Time (months) 2 B M N ¥ Q2 8 M
S, ot sk F— Tima (months)

Marcus R, etal. N EnglJ Med. 2017;377:1331-44.

@HWemComel  _ newvYork-Presbyterian

RELEVANCE: Lenalidomide-Rituximab (R2) vs Chemo-R

Treatment period 3

Rituximab

Praviously untreated
aner

GELF'

R-chemo Rituximab

Total treatment duration: 120 weeks

Morschhauser F, ot al, NEJM 2018

@ Wemcomel | newvork-Presbyterian
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RELEVANCE: Lenalidomide-Rituximab (R2) vs Chemo-R
Similar ORR and CR as initial therapy for FL

Best ORR CRICRu 120 weeks
(co-primary endpoint)
1% 89% 100
84%
% 8
£ e F & . 53%
] 3
H @
£
40 © 40
g 2
1] 1]
L) 20
0 0
R R-chemo R R-chemo
(n=513) (n=517) IRC (primary analysis)
Morschhauser , ot al, NEJM 2016
@riasee = NewYork-

RELEVANCE: Lenalidomide-Rituximab (R2) vs Chemo-R
Similar PFS and OS as initial therapy for FL

Interim PFS by IRC
104~
0p g,

08 s
o7 \ﬂ{hémo
06 -
05 -
04 R?
03
02
01
o
0 6 12 18 24 30 36 42 48 5 00 68

Months from randomization

PFS probability (IRC)

No. at risk
R? 513 435 400 393 364 282 174 107 49 13 0
Rechemo 517 474 446 417 367 287 175109 51 14 1 0O

Morschhauser F, et al, NEJM 2018

@easeT = NewYork:

RELEVANCE: Lenalidomide-Rituximab (R2) vs Chemo-R
Safety comparisons

R Rechemo
Grade 4 neuropenia. % 2 %0
Time to grace 34 neutropenia, ments 37 08
Febrie neuiopsnia. % 2 7
Ranige of grade = 3 TEAES, % 3 )
Grade 34 infections. % 2 4

7

Grade = 3 rash

R-chemo was associated with more febrile neutropenia, growth factor usage, nausea, vomiting,
neuropathy. and alopecia
Riwas associated with more frequent cutaneous reactions, tumour flare, and diarrhoea

Morschhauser F, et al, NEJM 2018

An approach to higher tumor burden, advanced stage FL

Bendamustine + Rituximab induction most commonly

- Less toxicity, ? greater/similar efficacy to R-CHOP

- However, if concern for occult transformation (high SUV), consider R-CHOP
Maintenance R use variable (PFS but not OS, unclear QOL)
Lenalidomide + Rituximab of limited value (if tox profile preferred)
Obinutuzumab of variable use (PFS but not OS, unclear QOL)

- No subcutaneous option

- Perhaps “commits” to maintenance based on GALLIUM

- Potentially more infection with maintenance after B-antibody

@ easT = NewYork-

[V he oy = Newvork:

Approach to following FL patients in remission

= Tailor followup to risk of relapse (extent of prior disease, CR vs PR,
possibility of occult transformation)

= Periodic history, physical exam, labs (every 4-6 months initially,
longer interval over time)

= Minimize surveillance imaging in asymptomatic patients

= Encourage “return to normalcy” as much as possible

@ WeliComel | newYork-Presbyterian

ssve NCCN Guidelines Version 3.2020
Follicular Lymphoma (grade 1-2)

SUGOESTED TREATMENT REGMENSES

Exat e Toesaee £rat ame Camastaation or Luwnged Dzun (opmensn
“Preterrea .

© 2020 Hematology and Medical Oncology Best Practices Course



Non-Hodgkin’s Lymphoma
John Leonard. MD Sunday, August 16, 2020

Early relapse of FL defines high risk group
needing better therapies
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31— Hodgkin’s Disease

John P. Leonard, MD

Hodgkin lymphoma Hodgkin lymphoma epidemiology - SEER
= Epidemiology 86.6%

*Lymphocyte Predominant vs Classical
=Initial therapy limited stage
=Initial therapy advanced stage

=Relapsed disease

" SurVivorShip http: eer.cancer. html
@ Yiol Comel — NewYork-Presbyterian ) Yol Comell 5 NewYork-Presbyterian
Hodgkin lymphoma epidemiology — SEER Hodgkin lymphoma epidemiology — SEER
Stage and survival Sex and age
EFS EFS

Parcent of Cases by Stage

15%  Stage | (15%)
Confined

Secsan sge
A Duagrons

39

ancer. html cancer. html

@ WemComel i newvork-Presbyterian @ Wemcomel | newvork-Presbyterian
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40

Recurrent Hodgkin's lymphoma
Second malignant condition
Cardiovascular events

Cumulative Occurrence (%)
8

Competing risks after combined modality therapy

Minimize
late effects

Maximize
cure

/\

Armitage JO. N Engl J Med 2010;363:653-662.

@D Yeacomer | NewYork-Presbyterian

Hodgkin lymphoma

= Risk factors
- Genetic, Epstein Barr Virus, immunosuppression
= Presenting signs and symptoms

- Painless LN enlargement (neck, axilla, mediastinum
most common)

- “B symptoms” (fever, night sweats, weight loss)

- Other (fatigue, pruritis, cough/SOB, alcohol pain)

@D YWeucome | NewVYork-Presbyterian

Hodgkin lymphoma — Key subtypes

= Nodular lymphocyte-predominant (NLP) — 5%
- Pathology - “popcorn-like” cells, CD20+, CD30-, CD15-

= Classical Hodgkin lymphoma (cHL) - 95%

- Pathology — Hodgkin Reed Sternberg cells in background of
inflammatory cells, CD15+, CD30+, CD20-

5 NewYork-Presbyterian

s=4 "Popcorn cell” Pe %
7. & | R o

wensay 5 NewYork-Presbyterian

Classical Hodgkin RS cells in background
of inflammatory infiltrate in cHL

= NewYork-Presbyterian

= PET/CT
* Fertility

= Additional in some cases

Hodgkin lymphoma - workup

= Excisional biopsy for diagnosis
= History and physical exam

= Blood tests — CBC, ESR, Chem, Liver enzymes, BHCG

- PFT with DLCO (Bleo), HIV, Hepatitis B/C, Bone marrow
(unlikely positive if PET neg), ECHO/MUGA

@D WelComel  _ Newvork-Presbyterian
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Revised staging system for nodal lymphomas

Stage Involvement Extranodal Status
Limited
Stage | One node or group of adjacent nodes Single extranodal lesion without
nodal involvement
Two or more nodal groups on the same Stage | or Il by nodal extent with
Stage Il side of the diaphragm limited, contiguous extranodal
involvement
Bulky stage Il Il as above with “bulky” disease > 7.5 cm N/A
Advanced
Stage Il Nodes on both sides of the diaphragm N/A
Nodes above the diaphragm with spleen
involvement
Stage IV involvement
Cheson et al, JCO 32: 3059-3067, 2014

@D Yemcomel . NewYork-Presbyterian

Nodular LP HL and classical HL
Patient characteristics (%)

NLPHL cHL
(n=394) (n=7904)
Age (years, median) 37 33
Male 75 56
B-Symptoms 9 40
Early favorable 63 22
Intermediate 16 39
Advanced 21 39 Nogova et al JCO 2008

@) Weucomel | NewYork-Presbyterian

NLPHL and classical HL
FFTF and Overall Survival

Nogova et al JCO 2008

@ WeBCOomel  _l newvork-Presbyterian

Progression-free survival of LP Hodgkin Lymphoma

o Localized disease typically
‘:\‘"“— treated with RT

Advanced stage disease
typically treated

with systemic chemotherapy
(ABVD or CHOP), ? addition of
rituximab, or observation

Prodabity

Randomized comparisons
lacking

FFTF (monthsh

Nogova et al JCO 2008

@D WelComel . newvork-Presbyterian

Rituximab in NLPHL
Phase Il in stage IA pts (PFS and OS)

o o

Lo o

fo o

£ o

3 -

£ Lo

£ i

ta o

]

e o

H

o o

e o

oo = o0 f———

: = = = p 3 : H 1 M
- 2 2 a2 = o3z 3 w 32 mm oa m 3 =z n om ou o
Overall survival Progression-free survival

Eichenauer DA et al, Blood 2011: 118(16):4363-5

@ WeComel  _ NewYork-Presbyterian

NLPHL - The early stage dilemma

or any combination I

@ WelComel | NewYork-Presbyterian
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Various approaches to recurrent NLPHL PFS-2 with various approaches to recurrent NLPHL
10
Single-agent 09
= | OnCO0AD 0.8 —
or RT alone 07
(b=t 2 0.6 p-0s89
o~ 05
CT +/- anti- 204
-p DDA 0.3 — Single-agent anti.CD20.Ab or RT alone
e (n=27) Wi';f:;’“52i 0.29 —— CT +/- anti-CD20-Ab +/- RT
refractory NLPHL Ovarall Soyoar 05:2: 019 HDCT + ASCT
(i) 89.5% 0.04 T T T T T
= 0 1 2 3 4 5
Years from first relapse
Pts. at risk
No therapy 38 32 2 1] 1 10
= o) by o % s by s
Eichenauer DA et al. Blood 2018;132:1519-1525
Eichenauer DA et al. Blood 2018;132:1519-1525
@ YieaseT 5 NewYork- @D WeuComet o NewYork-Presbyterian

sve NCCN Guidelines Version 2.2020
Hodgkin Lymphoma (Age 218 years)

How should we treat NLPHL?

NLPHL (CD30-CD15-CD20*) destinguished by immunohistology from cHL
(CD30*CD15*CD20")

Prognosis slightly better although more late relapses

IF-RT primarily in stage IA NLPHL

Advanced stage, ABVD longest history, ?Rituximab (anti-CD20)

R-ABVD and R-BEACOPP being evaluated, observation also ok — ,,:‘_

st § AT

Anti-CD20 Moabs an option for relapsed NLPHL (and ? upfront) crmey —
e

? Use of NHL regimens (e.g. R-CHOP)

Biopsy at relapse looking for diffuse large B cell (DLBCL) transformation

@VeeSeT = NewYork-

+» NCCN Guidelines Version 2.2020

kg Lymphome fhon 198y S Hodgkin lymphoma (cHL): Early-stage risk groups

YTE PREDOMMANT

SECOND LINE THERAPY®

Early stage: favorable 1, Il (with @ RF)

[ Te——

Early stage unfavorable

reimm— (Intermediate) 1, Il with RF
Advanced stages 11, IV (IIB with bulk >10cm)

Stage l/ll risk factors a) Large mediastinal mass (LMM)
b) Extranodal involvement
c) Elevated ESR > 50
d) 2 3 involved lymph node areas

**EORTC definition of risk factors differs from GHSG**

@ Wemcomel | newvork-Presbyterian
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HD10: ABVD x 2 + 20Gy is a standard in low

HD10 Trial GHSG risk early stage cHL

I Stage 1/l favorable risk I € Comparison
1001 T e
n=1370 . ]
| %A £ %]
i ol Po
13 I Groupl & %] Gt
ABVD ABVD ABVD ABVD E‘ nf Gt Fooloe
ABVD ABVD ABVD ABVD B ot sttt o pois 431000 el s 094 34w
ABVD ABVD Mt L N ot e —
ABVD ABVD I EEEEEEEEE) b I EEEEEL)
No_of Months Months
| | s
| 1 10 B | Gupl B 4 s A W M e N ) m o 20w e 0 b
306y IF 20 GyIF 306y IF 20Gy IF Cope 1 1 s ma ;e i i 1o W B 4 s o 3 6

HD 13 trial subsequently showed AVD

inferior to ABVD in this setting EngertAetal. N Engl J Med 2010

Engert A et al. N Engl J Med 2010

@ Wemcomel | NewvYork-Presbyterian

@ Yeucomer | NewYork-Presbyterian

HD-6 — pros and cons of XRT

Radiation-free approach: HD-6

I Patients with Clinical Stage I-lIA non-bulky Hodgkin’ s lymphoma I

FFDP better in
RT group

B Froadom from Disesse Progrestion, All Patents
100

OS better in

ABVD group

A Oversll Surviva, Al Paients

[ —
Standard Arm Experimental Arm: E N
Treatment by Strata Both Strata: ABVD x 2 E o
Favourable:STNI (35Gy) If CR: x2more=4 E -
»
Unfavourable*: ABVD x 2 + STNI If PR: x4 more = 6 § o]
E oo
YOF = Yar [
* Age >40 Primary Outcome:
S HI I H
* ESR > 50 12yr 08
.MC/LD hi ! Me RM et al. N Engl J Med 2012;366:399-408.
* > 4sites Meyer RM et al. NEJM 2012 ever RN et el B Engl J Med 20T:308: :

@D WemComel . evork-Presbyterian @ WelComell . newvork-Presbyterian

PET adapted approach — Deauville

HD®6 - Causes of death according to treatment/risk 5-Point Scale for Interim-PET Interpretation

Table 2. Causes of Death, According to Treatment Strategy and Risk Profile.

1. No uptake

Cause of Death ABVD Alone (N =196)

Radiation Therapy, with or without ABVD (N = 203)
Cohortwith  Cohortwith Cohortwith  Cohortwith 2. Uptake < mediastinum
Favorable Unfavorable Favorable Unfavorable
Toul Fisk Profie Risk rofle Toul Risk rofie Risk Profie EmEw LR Y] LERE N EEEEEEEEEEEEE
numberofpaiess
o = - - = - — 3. Uptake > mediastinum but < liver
Secord cancer A 9 A L] L 2 ] NN AN NN AR AN NN AN AN EEEEEEEEEEEEEEEEEEEEEEEEEEEE
G r— 7 0 B T g 7
Related to infection o o o 3 0 3 . .
oy o o o s o N 4. Moderately increased uptake compared to liver

* Deaths due to acute treatment.related protocal therapy o 10 therapy given for progressive Hodgiin's lymphoma were attrbuted to Hodghin's
lymphoma
Other causes of death indluded Alzheimer's disease, accidental deowning, suicide, and respiratory fallure; the cause of one death was unknown.

5. Markedly increased uptake compared to liver or
new areas of FDG uptake

Meyer RM et al. N Engl J Med 2012;366:399-408.

@ WemComel | newvYork-Presbyterian @ WSO NewYork-Presbyterian
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A
Stago 1A or 1A
(tavorable or
untavorable
prognosis based
EORTC criteria)
ax ABVD
PET
PET nogativo ] PET positive
(Doauville scare 1-2) (Deauvila score 3-5)
Randomization
Observation IFAT 1% ABVD + IFRT

RAPID UK PET-driven approach in early stage HL

Radford et al. N Engl J Med. 2015;372: 1598-607.

iy Wem Comnen

= NewYork-Presbyterian

RAPID UK PET-driven approach in early stage HL — PET negative

—

i
i
¥
}

OverallSurvival %)

[,

Radford et al. N Engl J Med. 2015;372: 1598-607.

@) Weucomel | NewYork-Presbyterian

ITT Population
hothera,
o By N = 420

[A—
No further treatment

difference: 95% CI
|-8.8 to 1.3 (exceeded
| pre-specified non-

Progression-fee Survval (%)

Rate ratio, 2.36 (9% C1, 113-4.95)
P=002

0 12 M 3% 4 € 72 M % 108 10

Months since Randomization
3-year PF§ 97.1% (94.7%-99.6%) 0.8%486.8%-94.7%)
Rate Ratio 2.36 in favor of IFRT, P = 0.02

|- 3-yr absolute risk

inferiority boundary) _

RAPID: PFS in the Per Protocol Population

Radford J, et al. N Engl J Med. 2015;372(17):1598-1607.

G WRCOMS  _ ewvork Presbyterian

H10: Interim PET driven strategy in early HL

H10
F  _» 2ABVD = PET  1ABVD+INRT30Gy (+6Gy)
R
™ zapvp » BT 2SO
T~ 4 2BEACOPPesc+INRT 30 Gy
(+6 Gy)
H10
U -~ 2ABVD = PET  2ABVD+INRT30Gy (+6Gy)
R
L=
™ 248D = F AABVD
T 4+ 2BEACOPPesc+INRT 30 Gy
(+6 Gy) Raemaekers et al.
JCO. 2014

WelCormet _ Newvorkcpresbyterian

Interim analysis H10

Table 2 Results of Interim Analysis in Pat

With Early PET-Negative Disease

Subset No. of Patients No. of Observed Events HR Adjusted CI" P %

017

100.00

245103573 9493
026

97.28

13510436 9470

survivel
0roun and B0.4% CI for unfavorable oroup.

1-Year PFS

Adpsted CI

918910 96.85

95.171098.48
92111096.46

Chemotherapy only arms closed early

et al. JCO. 2014

@ WeComel  _ NewYork-Presbyterian

BEACOPP arm with improved PFS for PET2 positive patients

§100- BEACOPPesc + INRT

= 90

]

P S ——

g 704

g ABVD + INRT

g o

£ so-

€ 404

5 5]

a HR, 0.42 (95% €I, 0.23-0.74); P=.002

g 204 5-year PFS:91% vs 77%

2 10

2

e o T T T T T T T T
1 2 3 4 5 6 7 8

Years

Raemaekers et al. Lugano 2015

@D WelComel | Newvork-Presbyterian
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CALGB 50604 Design CALGB 50604 Progression Free Survival
Post cycle 2 ABVD PET- and PET+ Patients

&
.E 3 B ABVD x 2 cycles " i
= 3 & 3 &
o ]
4 ~ ~§ E s
» X @ 9 ]
2 i 3 = g
@ B3 o Escalated BEACOPP x 2 cycles o g
-4 =4 - =

H +3060 cGy IF RT 2

a 2 o2 —— PETnegative N=135 Events= 13

- PETposive Neld  Evenised
*PETICT reviewed centrally (2 reviewers, 1 adjudicator) assessed according to 5-point scale (Deauville criteria) 0.0+
. . . 0 1 2 3 4 5
= Phase |l trial in newly-diagnosed stages /Il non-bulky HL Years from study entry
conducted in Intergroup (CALGB/Alliance, SWOG, ECOG) Tyear year year
PET-negative  .96(91-98) 93 (87-96) 91 (84-95) st tal
Prophylactic G-CSF only after febrile neutropenia or neutropenia and Straus et al, :i‘:’_:"’ F_:J‘ e o7isae o7 agel Blz;l;és;mas: 132:1013-1021
infection with ABVD. Prophylactic G-CSF with escalated BEACOPP. Blood 2018: 132:1013-1021 i n e
Z‘\?) Medicine 5 NewYork- @) Meaicine = New k-

CALGB 50604: PFS according to Deauville

PET adapted approach — Deauville score for PET2-

5-Point Scale for Interim-PET Interpretation

4. Moderately increased uptake compared to liver

5. Markedly increased uptake compared to liver or
new areas of FDG uptake

Deauville N (%) 3-yr PFS
1. No uptake -Negar;e Score
2. Uptake < mediastinum = 1-3 137 (91%) 92%
AR RN R R EEEEEEEEEEEEEEEEEEEEEEEEEEEEER (84%-96%)
3. Uptake > mediastinum but < liver 1-2 109 (75%) 95%
EE NN NN NN AN NN NN NN NN NN NEEEEEEEEEEEEEEEEEEEEE (87%_98%)

Positive
scan

) NewYork-

= PET- by scores 1-3 vs 1-2 reduces patients exposed to IF RT by
16% (9% PET+ vs 25% PET+) while maintaining PFS>90%

= RAPID trial' used Deauville 1-2 INEJM 372: 1598-1607, 2015

ke

Naton

% wse NCCN Guidelines Version 2.2020
Hodgkin Lymphoma (Age 218 years)

CLNICAL PRESENTATION
Clavsic Modgam L ymphom.”
Stage 14 F et

PRIMARY TREATMENT®
oilied rmum RAFID.* CALGH 50684 ¥ and RATHL 4

ABYD & 1 eyste otst 302

o N

o . frotat ) st

Restage .9
e 12| | Duseite 3 |23 500 or £ 250y
. PeTct -

Doauvtte 4.8+ 32u A

VD 1 4 yeies fotad § (il stage B8 o

P TR T p——

ansva NCCN Guidelines Version 2.2020 M iions e
Hodgkin Lymphoma (Age 218 years)

L eemarrt
o RAPID* EORTC H1A." CALGE S04047 s RATHL

nayeans
Osszrette .=
Sy Contmoe Abv0x1 | [50
epeies ot 6 4 AT [ s
oo € e
et | BEACOPP 4 7 ey,
f—

potat gt gy

© 2020 Hematology and Medical Oncology Best Practices Course




Hodgkin’s Disease
John Leonard, MD Sunday, August 16, 2020

v NCCN Guidelines Version 2.2020

Hodgkin Lymphoma (Age 218 years) R BCCA management of bulky mediastinal HL

Restaging FDG-PET scan s/p
ABVD x 6 for residual mass >
2cm on CT imaging

‘ End PET End PET

positive negative

v y
|IFRT (30-356y)| | Observation |
Savage et al. ASH 2015
@ WemSome - NewYork-Presbyterian
Patients PET- after ABVD have excellent Alliance — 50801 - ? Future for Bulky HL
FFTF without RT ABVD x 2

T, T PET- n=79 (80.6%)

o gy - . === 5y FFTF 90%

i , JpeTIcT

¥ -

E“'I 5y FFTF foo

fry 86% §“ PET+ n=19 (19.4%)

§°‘*| E“' 5y FFTF 68% BEACOPP x 4 ABVD x 4

§l i (total 6)

k“"l o P=0.013 v

.M!xlv':“ss.‘ev'; ;1551“‘;};5‘1»‘: IFRT
Savage et al. ASH 2015 PET/CT
@ Viease 5 NewYork- & Comell  _ NewYork-Presbyterian
wwvs NCCN Guidelines Version 2.2020 et s Options for eal"ly Stage cHL

Hodgkin Lymphoma (Age 218 years)

= Non-bulky

- Begin with ABVD, check PET after 2-3 cycles

- If neg — Total 3 (RATHL) or 4 cycles ABVD, RT optional (PFS benefit)

- If positive — 4 cycles ABVD total (RATHL) + RT or BEACOPPesc + RT
= Bulky

- ABVD x 6, check PET

- If neg — observe

- If positive - RT

- ? Role of interim change (though value in non-bulky)

@ Wemcomel | newvork-Presbyterian
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CALGB 8251 ABVD/MOPP/Hybrid in advanced stage cHL

Time to Treatment Failure

Canellos et al, NEJM 1992

@ Yeucomel | NewYork-Presbyterian

International Prognostic Score (IPS) for
Advanced HL

= Albumin < 4.0 gm/d|

= Hemoglobin < 10.5 gm/dI
= Male gender

= Age > 45 years

= Stage IV disease

= WBC > 15,000/mm?

= Lymphocyte count < 600/mm?

Hasenclever, et al: N Engl J Med 339: 1506-1514, 1998.

@) Weucomel | NewYork-Presbyterian

Is risk stratification via IPS useful?

Hasenclever
N=1618, validation on N=2643

IPS 5-7: 5-yr. FFP 42%, 5-yr. OS 56%

Hasenclever D, et al. N Eng! J Med. 1998;339:1506-1514.

G WRCOMS  _ ewvork Presbyterian

Early PET in HL

PFS by PET2 and IPS

10 ~——gzem
K
Z o8
= 4
g PET-
v
@
o 06 —— IPS 0.2, PETZ negative
% 1 IPS 0-2, PET2 positive.
H ot — IP$ 3.7, PET2 negative
7 = IPS 3.7, PET2 positive
2
g o024
= -
PET+  iogrankp==0
) 1 2 3 4 5
Time (years) Gallamini, J Clin Oncol. 25:3746, 2007.

- NewYork-Presbyterian

Interim PET adapted strategies in advanced HL

MDD 0607 (Gatamens) 450, "o ABVO2 - PET ABVDA
(Casasnoves | L SOEACOPP £ + @BEACOPPR2
e 155 ww sttacora s pEY] |- SBEACOPPS WBEACOPP2
BEACOPPS + rtusimats
BN PS5 02 ABVDR2 =» PET AGVOud
s
PSS 3T SBEACOPP * PET MGt

Press et al JCO 2016

@ WeComel  _ NewYork-Presbyterian

Interim PET Driven Treatment De-Escalation
AHL2011 LYSA Study

ABVD x 4

(? Consider AVD x 4)

eBEACOPP x4 | N=49  4-yr PFS 75%

N=319 4-yr PFS 94%

eBEACOPP x 2

N=782

eBEACOPP x 4 | N=401 4-yr PFS 91%
= High risk Stage 1B (12%), Il (28%), IV (60%) 4-yr PFS 71%

= 4-yr PFS - standard (87.4%) and PET driven (87.1%), P= 0.68

Casasnovas O et al. Blood 2015126:577

@D WelComel | Newvork-Presbyterian
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Res ons:iclir;tet?éql'lﬁlglal S??tg) e lllto IV Results: US Intergroup Trial (S0816)
P Ho'::lgkin Lym%oma 9 OS and PFS regardless of interim PET scan
result or treatment arm
s % g
Median age yr | 32 (18-60) —
| Age 18-60 Males % :
—— Stage Il 52% 7.
. % 48% i
- Central i § "
. review oo B symptoms %
Bulky disease *
IPS 0-2 49%
0,23ttt 37 51% - 3
Press et al.
Lt ] bl Press et al. JCO 2016 JCO 2016
@ VisaseT = NewYork- @D WeuComet o NewYork-Presbyterian
Results: US Intergroup Trial (S0186) Advances Hodgkin Lymphoma: UK RATHL Trial
PFS according to PET-2 response Interim PET Based Therapy Escalation
— v Deauville 1-3 considered negative -
" 2y est A %
3 ialgy, 82% T - Median age yr |33 (18-79)
i, C o G
; — . B o T .@ Male gender  |55%
é " Stage Il 41%
g PET postive e FiT negeive 1l 31%
§ 22025‘ 2y est PFS 1 | \Y 28%
- o 4 cycien BEACOPP A4 [Randomise ] B symptoms  |61%
f or3 eBEACOPP
8% Bulky disease |32%
|t e e 64% 4 cycles ABVD | |4 cycles AVD
LS T % % & @ 4 o PS0or1 96%
M M M M w ? R N re— SETpove e IPS 0-1 34%
= . RTorsaveoe || or1eseACOPP >4 18%
- “ s » = Press et al. tagimen o RT Potowvp oo ATy
No difference in OS: 2 y estimate 98% JC0 2016 Johnson P et al. N Engl J Med 2016
3 WemCor 4 Newvork- @ WeMCOmeN  _ Newvork-Presbyterian
RATHL Results: Bleomycin can be omitted if interim PET- Results for patients with positive PET-2
| AVD is non-inferior to ABVD in all sub groups | Syear PFS % Syear05%
Primary Endpoint: PFS for PET-negative Overall survival: PET-2 negative patients BEACOPP-14:66.0(55.0-74.9)  BEACOPP-14:89.6 (80.0-94.7)
randomized, eligible patients 3year0s% eBEACOPP 71.1 (59.0- 80.2) €BEACOPP: 82.8 (70.5 - 90.2)
(Median follow up 36.3 months) ABVD: 97.1(94.7 - 98.4)
Intration 1o teat snabh: et pratocel amayis AVD: 97.4 (95.0 - 98.6)

5 VD: 5.1 SN 1 016 - B14) [o—
5, 00 B 955 2 03 82) B

Escalated therapy for interim PET + patients has promising PFS results

Johnson P et al. N Engl J Med 2016 Johnson P et al. N Engl J Med 2016

= NewYork-presbyterian @ WeMComel  _ Newvork-Presbyterian
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Summary of PET adapted strategies

Phase lll Frontline HL (ECHELON-1)
= Results of escalation/de-escalation (Start with ABVD vs BEACOPP) strategies

imil .

simitar Experimental Arm
= Interim PET is not a perfect test " AVD + B-Vedotin x 6

Newly Diagnosed

- Some treatment failures observed, even in PET2-negative patients (most relapses) Stage 3-4 cHL Patients
= Bleomycin can be safely omitted if PET scan is negative after 2 cycles of ABVD >18y

- PET— rate ~ 80% Standard of Care

« N= 1334 ABVD x 6

= Escalation of therapy if PET-2 positive may improve outcome over historical -

results with ABVD » Completed Accrual late 2015

- No control arm with continuing with ABVD, toxicity issues with BEACOPP . Primary Outcome measure: nmodiﬁedn PFS

- BEACOPP or IGEV salvage/ASCT

@ WOUComer . Newvork-Presbyterian @WST™ S Newvork-Presbyterian
ECHELON-1: Modified PFS per independent ECHELON-1: Overall Survival
. review
0 [ e————=
os Modified PFS estimates ;, T
£ o l A+AVD ABVD [
< o Time (95% CI) (95% CI) g
£ osf —AvAVD Censored | D\ 82.1 77.2 §
£ ZRBVD “Censored 5 as 2-yr OS
3. (78.7-85.0) ((73.7-80.4) - AVD + BV 06.6%
. HRO.770 (95% Cl: 0.603-0.982) g ABVD 94‘2;
0
o] P=0.035 Median follow-up (range): : it
o 24.9 months (0.0-49.3)
0 3 4 € 5 1012 14 16 18 20 22 24 2 28 30 32 34 36 38 0 47 44 46 48 50 2 o1
‘Time from randomization (months)
@ WeBCOomel  _l newvork-Presbyterian

Adverse Events ECHELON-1 ve :g:;ﬁ“:::rh‘;::m:::123“::‘_{‘1
Adverse Event A + AVD (n=664) ABVD (n=670)
All Grz3 All Grz3
Any 83% 66%
Hospitalization 37% 28%
Toxic Death 1% (n=7) 1.6% (n=11)
Pneumonitis 2% <1% 7% 3%
F/N (no GCSF) 22% 8%
F/IN (+ GCSF) 11% 7%
Peripheral neuropathy 67% 1% 43% 2%
@ WenComel | NewYork-Presbyterian
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ansve NCCN Guidelines Version 2.2020 S
Hodgkin Lymphoma (Age 218 years) Older Patients with HL

10 - 20% of HL occurs in patients age = 60

Subset Analysis of Phase Ill Study of ABVD and Stanford V

Older
P— (260 years) | Younger | P Value
5-yr FFS 48% 74% 0.002
e 5-yr OS 58% 90% <0.0001
Tx-related mortality 9% 0.3% <0.001

Time to progression similar for younger and older pts, but
deaths without progression significantly higher in older pts.

Evens et al, Br J Haematol 2013,161:76.86

@) Weucomel | NewYork-Presbyterian

Pulmonary toxicity in older patients Front-line sequential BV + AVD in older patients
= US multicenter retrospective analysis, 92 pts ages 60-89 = Small multicenter trial, N = 48
- 32% incidence of bleomycin lung toxicity (BLT) = Elig: age = 60, stage 1IB — IV

- 25% mortality among those with BLT = Treatment (no bleomycin)

=F h multicents t ti lysis, 147 pts, 2 60, ABVD
rench multicenter retrospective analysis pts. "BV x2->AVD x6 > BV x 4

- 21% had Gr 3 -4 pulmonary toxicity
= RAPID trial, N = 602 (median age 34)
- 6 treatment related deaths on ABVD (ages 60, 62, 70, 71, 73, 75)

= 52% completed ALL treatment, 6 pts completed < 2 cycles AVD
=|TT - ORR 88%, CR 81%
- Response rate after C2 BV - ORR 86%, CR 30%

Evens AM, Blood 2012; 119:692, Stamaloullas A, Br J Hematol 2015170179 Evens AM et a. Blood 2017 130:733

- 5/6 due to pneumonia/pneumonitis

@ YeCome NewYork-Presbyterian @ WelComel  _ Newvork-Presbyterian
Results of pre-transplant regimens in HL Relapsed HL combinations for pre-ASCT
I IGEV Regimen CR rate PFS/EFS
i ICE 60% 4yr  68%
psmar ICE &> GVD 78% 4-yr  70%
MINE S
Dexa-BEAM I PR
ce =eR BV > ICE 76% 2-yr  80%
oHAP BV + Bendamustine 79% 1-yr  88%
ove BV +ICE 88%
o BV + ESHAP 70%
o o BV + Nivolumab 61% 6-mo 89%
@ WetComel  _ newvork-Presbyterian @ Wemcomel  _ Newvork-Presbyterian
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.ve NCCN Guidelines Version 2.2020
Hodgkin Lymphoma (Age 218 years)

Primary progressive, early and late relapsed HL
Outcome after secondary Tx (including AutoSCT)

CLASSIC  SECOND-LINE THERAPY® ADOITIONAL THERAFY MAINTERANCE THERAPY
e Ketapred Covese)

GHSG 1988 - 1999 n = 3809; relapses = 513 (13%) v
1

- [ ————
omascae , gresa | s
prens

2 .

E T e . late relapse 169 (33%)

g " e, T . v+ .. earlyrelapse 138 (27%)

* et o v e Tefractory 206 (40%)
R 0.0001

0 12 24 36 48 60 72 84 969 108 120
Overall Survival (Monthg)
@ VieasRT = NewYork-

Brentuximab vedotin Brentuximab vedotin consolidation after
AutoSCT: AETHERA Trial
— — = Anti-CD30 monoclonal = 329 patients were randomized at 78 sites in North America and Europe
SR —— . 0
MY antibody co"]u9_ated_t° = BV/placebo x 16 cycles every 21d
P monomethyl auristatin
(MMAE), a highly potent anti- Egbiity Crilork Additional Study Treatment
PR microtubule toxin Siratication Stalfication Factor S;:&f;:ﬁ
e Refractory to frontiine &3
treatment Bv
= Pivotal study in . PR ASCT
relapsed/refractory cHL after Restage < f \
ERALE AN y aut: SCT: i ‘F"r:‘!“:’ir iy 'R'g'“ms:?"eg"r;m ﬁ,’::g; S ) Placebo
e ; o = ORR75% Relapsed 212 mos with
an:m . « CRR 34% extranodal involvement
feet dea PD Not eligible.
= Median DOR 20.5 months
itz et al, Lancet, 2015
@ Yensom < NewYork- @W 2 New! 4
d iaibili iteri. . . P
PFS” by Eligibility Criteria Key points about brentuximab vedotin in cHL
8 ‘:\\‘___
®
a8 N=196 = Improves PFS (not OS) when incorporated (replacing Bleomycin)
<o . A
< in ABVD as initial therapy
E ol o Refractory
o= 1od . -
5 ‘*—x___\_\w No overall survival In A(BV)VD upfront need GCSF
LE “: N=107 benefit = Studies in elderly patients and as part of second line rx
% 2:. T Bt w9 pelapse <12 Months. = Improves PFS (not OS) after AutoSCT
D 1ol
] .u._H—\____ = ORR 70+% single agent in relapsed setting, 30-35% CR, some
B N=26 durable
D 20| — srernsimso vescin Relapse 212 Monthy A . .
o = o o oo cassen = Principal toxicities neuropathy, cytopenias, rash
EEEEEEEE R
* Per investigator analysis Time (Months) Moskowitz et al, Lancet, 2015
NoSKoWiE"al al, Lafieery2gigesbyterian ® Vs < New
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PD-1 and Hodgkin lymphoma

Classical HL (cHL) is characterized pathologically by a failed
immune response

cHL frequently harbors amplification at 9p24.1 leading to
overexpression of PD-L1 and PD-L2

cHL may have a genetically driven vulnerability to PD-1 blockade

Cellular interactions in the HL microenvironment

P Kiippers et al. J Clin Invest. 2012;122(10):3439-
3447.

PD-L1 expression in cHL
Chen et . Clin Cancer Res, 2013,

PD-L1/L2 copy gain and

Snael et sl Eneld e 205, by FISH
@Y = NewYork- @ VisasT = New

Pembrolizumab in recurrent HL: Keynote 087 Nivolumab in relapsed/refractory cHL

Cohort 1 Cohort 2 Cohort 3 e Partal Response f“‘:";'r'_"_:
Progressed after Failed salvage Failed ASCT and not UG = S =
ASCT and chemotherapy, treated with BV after 10 4 SD (13%) PR (70%) CR (17%) ‘
subsequent ineligible for ASCT |  transplantation — 20 ]
BV therapy and failed BV therapy £ -
N =69 N=81 N =60 § 0
n(%) | 95%CIt | n(%) | 95%CIt | n(%) | 95%CIt & 401
ORR 51(73.9) | 61.9-83.7 | 52 (64.2) | 52.8-74.6 | 42(70.0) | 56.8-81.2 E 80 ----F%
= 60
Complete 15(21.7) [ 12.7-33.3 | 20 (24.7) | 15.8-355 | 12(20.0) | 10.8-32.3 S|
Partial remission | 36 (52.2) | 30.8-64.4 | 32 (39.5) | 28.851.0 | 30 (50.0) | 36.8-63.2 & 80
Stable disease 11(159) | 82267 | 10(123) | 6.1-215 | 10(16.7) | 8.3285 00
Progressive disease 5(7.2) 24-16.1 | 17 (21.0) | 12.7-315 8(13.3) 5.9-24.6 100
Unable to determine | 2(2.9) | 04-10.1 | 2(25) | 0.386 0(0) B Individual Patient Data (N = 23)
\Based on bimomial oxact confionce orva metod Bl ASCT Failure-Brentuximab Vedotin Failure B ASCT Nawe-Brentuximab Vedotin Failure
wor a permited for pi were negaive on PET scanning. Moskowitz et al. ASH 2016 abstract #1107 B Bromuximat Vedotin Naive Ansell et al. NEJM. 2015
@ VieasT = NewYork- @ Vs 5 New!

Pembrolizumab vs Brentuximab Vedotin in recurrent HL:
KEYNOTE-204

Pembrolizumab

200mg v Q3W - Response assessed

pse post-auto-SCT or Up to 35 Cyeles Q12W per IWG 2007
Revised Response

Criteria for Malignant

Key points about immune checkpoint
inhibitors in cHL

* Relapsed or Refractory cHL.

ymph
= AEs evaluated QIW
throughout the trial
Brentuximab Vedotin jperiod, and Q12W during
1.8 mg/kg IV Q3W follow-up
Up to 35 Cycles

= Active in relapsed/refractory setting, some durable (about 70%
ORR), about 30% CR

= Under evaluation as part of frontline and relapsed setting Frimary End Potnt: P75 par indet Idapeniind conil
review (BICR) by IWG 2007 criteria including clinical and

= Principal toxicities autoimmune as in other settings

@HWemComel  _ newvYork-Presbyterian

+ Prior auto-SCT (yes vs no)
* Sttus after 1L therapy (primary refractory vs

relapsed <12 months Vs relapsed 212 months after
end of 1L therapy)

1. Chapen 8D a1at J Con Gmor 00738470604

imaging data following auto-SCT of aliogeneic stem cell
transplant (allo-SCT); OS

Secondary End Points: PFS per BICR by IWG 2007
criteria excluding clinical and imaging data following
auto-SCT or allo-SCT; ORR by BICR per IWG 2007:
PFS per investigator review; DOR; safsty

Kuruvilla J, et al. ASCO 2020 (abstr 8005)

@ ViessaT 5 New’
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Progression-Froe Survival, %
8

Pembrolizumab vs Brentuximab Vedotin in recurrent HL:
KEYNOTE-204

Events HR
n (%) (95% C1)
Pembro  81(53.6)

Pvalue

0.65 0.00271
(0.48-0.88)
BV  BB(57.5)

s —tt——i—— Median (95% CI)
13.2 mo (10.9-19.4)
8.3 mo (5.7-8.8)

Kuruvilla J, et al. ASCO 2020 (abstr 8005).

@D Yemcomel . NewYork-Presbyterian

Surveillance and followup of cHL patients in
remission

= Beyond 2 years, relapse risk lower

= Surveillance scans of little value in asymptomatic patients
(avoid)

= Periodic 3-4 mo, then 6 months, then yearly visits

- History, physical exam, labs, symptom/finding-directed
imaging as needed

= Monitor for long term toxicity

@) Weucomel | NewYork-Presbyterian

« Secondary Malignancies

- Organ damage

Hodgkin lymphoma: Success comes at a cost

AML mmmm Alylating agents

NHL
Solid tumors ¢ammm Combined Therapy

Lung {mmmm Bieomycin-Radiation Therapy
Heart 4mmmm Combined Therapy
Thyroid mmmm Radiation Therapy

Serious late effects

= Second Solid Cancers

- 18,862 5-yr survivors in 13 population-based registries

Age at | 30 year cumulative incidence of second cancer
bi s

d-HL |dJ-control| 2-HL |2 -control

20 yrs 10.5% 24% | 243% ) 4.5%

= Stroke
= CHF

- Doxorubicin

= Valvular heart disease

= Risk factors from treatment

- Radiation to areas near heart/neck

- Typical cardiac risk factors

WIS NewYork-Presbyterian

+ Others Steriity  mmmm MOPP>BEACOPP>ABVD 30yrs 18.3% 6.9% 261% 8.9%

Fatigue 40yrs 27.1% 17.4% 26.7% 15.4%

Psychosocial
e e e e e e - No difference in RR in pts tx 1970-84 vs. 1985-96
Frocraten st pracmacs WCPY mairemamra, TeCTiSSe Foca e freietore W% or - Hodgson D et al. JCO 2007: 25:1489

@ Yiol Comel —, NewYork-Presbyterian ) Yol Comell - NewYork-Presbyterian
Late effects: Cardiac Risk of hypothyroidism after neck RT (Stanford)

= CAD/MI

Survival

Years

- NewYork-Presbyterian
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Recovery of spermatogenesis after HL therapy

Regimen Recovery
MOPP-like 5-14%
ABVD 100%
BEACOPP

10% (variable)

Female fertility nearly unchanged after ABVD,

affected by other regimens

= NewYork-

Survivorship care

= Monitoring for relapse

= Preventing late effects

= Diagnosing late effects

= Managing late effects

= Other health conditions

= General preventative care/wellness

= Coordinating with other providers

() Wem Cornen

= NewYork-Presbyterian

Breast cancer risk associated with chest RT
Greater risk with younger patients receiving RT

Surveillance guidelines

NCCN

— Initiate 8-10y post-RT
orage 40, whichever

COG (adapted)

— Initiate 8y post-RT or
age 25, whichever last

first — Annual mammogram
— Annual mammogram +breast MR

+breast MR if age <30

atRT

wwe NCCN Guidelines Version 2.2020
Hodgkin Lymphoma (Age 218 years)

Hodgkin Lymphoma

John P. Leonard M.D.

Richard T. Silver Distinguished Professor of Hematology and Medical Oncology

Senior Associate Dean for Innovation and Initiatives

Executive Vice Chairman, Weill Department of Medicine

@ Vs

= NewYork-Presbyterian
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ALL. Diagnostic Pre requisites
Morphology + stains: L1,L2, L3

* Immunophenotype
—Pre B ALL * CALLA positive

—TALL: early, thymic, mature—precursor T vs others
—Burkitt
* Cytogenetics-molecular
—Ph +
—Burkitt: t (8;14), t (8;2), t (8;22)
—t (4;11)
—t (12;21) /| TEL-AML1/ETV6-RUNX1

—Ph-like: CRLF2, JAK2, Abl translocations

Burkltt-type Ieukemlallymphoma

T .' ..
%’.ﬂ

Thomas et al, Atlas Clin Oncol, Malignant Lymphomas, 2002

ALL Myeloid Markers

Percent Worse Prognosis For
Study No. Myeloid+ CR CRD Survival
Sobol 76 33 + -- +
Urbano 62 13 + + +
Guyotal 41 46 + -- -
Boldt 113 28 -- -- +
Larson 214 - - -
MDACC 162 40 -- -- -- :

100~

Survival (%)
g

Survival of 39,697 Children With ALL Treated on Sequential

-—__‘*-—_____ 2006—2009 (N=6530]
1 L 2 zmzms (N=7835)
9951999 (N=7287)

CCGJ/COG Clinical Trials

15%s- 1994 (N=38200)
19831988 (N=3711)
19731983 (N=2984)

19751977 (N=1313)
1972-1975 (N=936)

1970-1972 (N=499)

19631970 (N=402)

Hunger. NEJM. 2015;373(16):1541-1552

2 4 [ & 10
Years since Diagnosis
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_ Overall Survival _ P Genetics in Pediatric vs. Adult ALL
Comparison of the GMALL studies 03/87 until Courtesy of T. Haferlach

. | 07/2003 E Em

o9 ———————— 10q24/ HOX11

e B [ Juewmom
08 Study 03: 0.24 (N=353) A ZBNE:22) | MYC ) sors oz oy hypodiploid

Study 04: 0.30 (N=593) P— Y o

o7 Study 05: 0.32 (N=1224) B sas HoxrL2 e
06 Study 06: 0.37 (N=832) L |
o5 Study 07: 0.51 (N=1292) P -
0.4

:luu ‘‘‘‘‘‘‘ o
o e e
0.0 - T ™ - - - - -+ - + + - - - - - - - +

T T T LI S B I SN B e e e
o 1. 2 3 4 5 6 7 8 9 O 11 B B W B B 7 B © 20 21 22 Pediatric Adult

Years Pui . NEJM, 350, 1535-1548, 2004

Reasons Why Pediatric ALL Does Better Than Key subtypes of B-cell precursor ALL

Subtype Prevalence - pedi/adult (%) Comment

Ad u It ALL Hyperdiploidy >50 chromosomes 20-30/5 Excellent prognosis

Poor prognosis, high frequency of Ras pathway and IKAROS gene family and TP53

Hypodiploidy < 44 chromosomes 23

Entity Prognosis | % Pediatric | % Adult , mustors
(12;21)(p13;q22), ETV6-RUNX1 fusion 15-25/2 Excellent prognosis.
N N (1;19)(q23;p13), TCF3-PBX1 fusion 2-6 Excellent prognosis; association with CNS relapse
HyperdlpIOId Favorable 25-30 5 {9:22)(q34:411.2), BCRABLE fusion 2425 Outcome improved with addition of imatinib / dasatinib to intensive

chemotherapy

Multiple cytokine receptor and kinase-activating lesions; associated with IKZF1

t(1 2,21 ), Favorable 20-25 2 Pholike ALL 10/25 alteration and very high leucocyte count
t(4;11)(q21;q23), MLL-AF4 fusion 24 Common in infant ALL (especially <6 months of age); poor prognosis
ETV6-RUNX1

1(8;14)(q24;932), t(2;8)(q12;924),

Ph+ALL Unfavorable 5 25 el e rearngement

CRLF2 rearrangement (IGH-CRLF2; PARL Common in Down syndrome-associated and Ph-like ALL (~50% each); associated
deletion and P2RY8-CRLF2) with IKZF1 deletion and/or mutation and JAK1/2 mutation and poor prognosis

Ph-like ALL Unfavorable 10 25 ERG-deregulated ALL 5 Distinct gene expression profile; majority have focal ERG deletions and favorable

outcome despite IKZF1 alterations

25 Favorable prognosis with short-term high-dose chemotherapy

Mullighan (2015) Nat, Rev. Clin, Oncol

2016 WHO Classification Ph-Like ALL-- Survival and EFS

B-lymphoblastic leukemia/lymphoma 100 100

B-lymphoblastic leukemia/lymphoma, NOS '

B-lymphoblastic leukemia/lymphoma with recurrent genetic abnormalities

B-lymphoblastic leukemia/lymphoma with t(9;22)(q34.1;q911.2);BCR-ABL1

B-lymphoblastic leukemia/lymphoma with t(v;11923.3);KMT2A rearranged

B-lymphoblastic leukemia/lymphoma with t(12;21)(p13.2;q22.1); ETV6-RUNX1

B-lymphoblastic leukemia/lymphoma with hyperdiploidy

B-lymphoblastic leukemia/lymphoma with hypodiploidy

B-lymphoblastic leukemia/lymphoma with t(5;14)(q31.1;q32.3) IL3-IGH

=t Non-Ph-like ALL (n = 207) i Non-Ph-like ALL (n = 207)|

Ph-like ALL (n = 133) Phelike ALL (n = 133)

™

%

Event-Free Survival (%)
2
Overall Survival (%)
g

Pe.00t P00l
B-lymphoblastic leukemia/lymphoma with t(1;19)(g23;p13.3); TCF3-PBX1 <
| Provisional entity: B-lymphoblastic leukemia/lymphoma, BCR-ABL 1-like | 0 2 4 & 8 0 0 1 ¢ § 8 "
Provisional entity: Blymphoblastic leukemialymphoma with IAMP21 Time Since Diagnosis (years) Time Since Diagnosis (years)
T-lymphoblastic leukemia/lymphoma No.atrisk No. atris
—— - - - Non-Phiike ALL 207 146 117 102 73 53 & 35 28 20 13 Non-PhlikeALL 207 162 127 107 80 60 51 I 29 20 W
Provisional entity: Early T-cell precursor lymphoblastic leukemia PhiteALL 133 70 39 32 1 15 M M 9 5 3 PhikeALL 133 82 49 4 21 17 18 12 9 5 3
Arber. Blood 2016;127(20):2391-405 Roberts, et al. JCO 35:394; 2017
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Ph-like ALL. Higher MRD + Rate Ph-Like ALL: More Common in Hispanic
B-ALL Categories (N=155) Ethnicity
B-ALL Categories (N=155)
Ph-Like Ph+ B-other p-value
Ph-Like Ph+ B-other p-value
N 56 46 53 N
CR/CRp 50 (89) 43 (93) 50(94) 0.57 Ethnicity
Caucasian 60 13(22) 20(33) 27 (45)
MRD at CR Hispanic 70 38(54) 16(23) 16(23)  <0.001
Positive 23 (70) 15(44) 4(13) <0.001 African-American 16 2(12) 8(50)  6(38)
Negative 10 (30) 19 (56) 27(87) Asian 7 3 (44) 2 (28) 2 (28)
Unclassified 2 - - 2(100)
GATA3 rs3824662A Variant More Common in Ph-like ALL Molecular Lesions
Hispanics and inPh-like ALL * Ph-like 25-30% of ALL; poor prognosis
8 * GATAS3 variant associated with Ph-lik :
§ ALL (CI;IL:2+ALL)° e e | PhilikeALL |
ge — Children 80% \? % 20%
2o « OR=3.25; P=1.05 x 108 [ CRLF2 Overexpression | [ Non-CRLF2cases |
N — Adults
g2 50%
] « 48% VS 4.6%; P=4.9 X 107 @ i @
? JAK2 (JAK2R683) Fusions — ABL1, ABL2, JAK2, EPOR, PDGFRB
* GATA3 variant more common in Hispanics ‘ Mutations - IL7R, FLT3, RAS
— Allele frequency of 40% (Hispanic) @ @

VS 14% (European descent)

Add MoAb/BCL-2 Add TKI if ABL fusions
e M BCL-2 inhibi
Jain. ASH 2017; Perez-Andreu. Nat genetics 2013 inhibitor 0Ab/BCL-2 inhibitor

Ph-like ALL: non-CRLF2 BCR-ABL TKis + Chemo Rx in Ph-like ALL
. . . . . ¢ 24 pts with Ph-like ALL: NUP214-ABL1-- 6, ETV6-ABL1-- 3, others --
Il Alterai\it':ons activating cytokine receptor and tyrosine 9. 19 frontline; 5 relapse.All Rx with chemo Rx + TKI

-sg::es %eregulating tyrosine kinases/receptors S L E 2 . 1_H1—L_
«NUP214-ABL1, ETV6-ABL1, RANBP2-ABL1, RCSD1-ABL1 - I 3"
« BCR-JAK2, PAX5-JAK2, STRN3-JAK2 o a3
« EBF1-PDGFRB el
= IGH-EPOR e wume § om
= Activate signaling pathways j: W heg 000

= ABL1, PDGFRB fusions: Dasatinib o e

= JAK2 fusions: Ruxolitinib =Ty W Memberwik

Tanasi. Blood 134: 1351; 2019
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Principles in Adult ALL Therapy

Reasons for Recent Success in Adult ALL Rx

®Induction:

*Maintenance:
*Consolidation:

®*CNS prophylaxis:

VCR, steroids,
anthracyclines

6MP, MTX, VCR, steroids

CTX, ara-C, Asp, VP-16,

autoSCT
alloSCT
XRT, IT chemo

*Risk oriented therapy

* Addition of TKiIs to chemoRx in Ph-positive ALL
¢ Addition of rituximab to chemoRXx in Burkitt and
pre-B ALL

* Potential benefit of addition of CD19 antibody
construct blinatumomab, and of CD22 monoclonal
antibody inotuzumab to chemoRXx in salvage and
frontline ALL Rx

¢ CAR-T therapy

ALL Personalized Therapy

Entity Management % Cure/5-yr survival

Burkitt HCVAD-R x 8; ITx16; 80-90
R/O-EPOCH

Ph-positive ALL HCVAD + TKI; TKI maintenance; allo | 75+
SCTin CR1

Ph-like ALL HCVAD+TKI / MoAbs 60-70??

T-ALL ( except ETP-ALL) Lots of HD CTX, HD ara-C, Asp; 60+
nelarabine; venetoclax??

CD20 - positive ALL ALL chemo Rx+ 60-70+??
rituximab/ofatumomab

AYA Augmented BFM; HCVAD-R/O 60-70+

Older ALL>60yrs MiniCVD-ino-blina 60?

MRD by FCM

Prognosis; need for allo SCT in CR1 | --

Hyper-CVAD in ALL — Pearls and Vignettes to Optimize Rx

* Even courses : MTX 750 mg/m2; ara-C 2 g/m2. Dose adjust for older
age

* Check Cr after MTX; if increase( >1.4 ), hold araC ( avoid renal
failure and cerebellar toxicity)

* VCR 2 mg flat dose ( not 2 mg/m2). If constipation or neuropathy,
omit VCR

* Prophylaxis : levo or vantin; posaconazole or voriconazole; Valtrex

* Hold azoles Day-1,0,+1 of VCR ( avoid excess neurotoxicity)

* Switch IT Day 2 from MTX to araC in even courses ( neurotoxicity
with IT MTX and HD systemic MTX)

Rausch. Cancer E-pub, December 3,2019

Kaplan Mcic

SCT for Ph+ ALL. Pre-TKI

® Donor (n=60) - 3-year OS: 37%
* No donor (n=43) — 3-year OS: 12%

Dombret H et al Blood 2002

Hyper-CVAD + TKI in Ph-Positive ALL. Survival
CRD os

Fraction Complete Remission

o

Yewrs Years

Jabbour. Lancet Oncology 16: 1547; 2016. Update April 2016
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Hyper-CVAD + Dasatinib in Ph+ ALL:

Regimen
Intensive phase
i |
[ 1f2fs[els]el7]s]
Maintenance phase
[100 |
[ [ | [ | |
24 months

Risk-adapted intrathecal CNS prophylaxis

O Hyper-CVAD [] Dpasatinib 70 mg po daily
MTX-cytarabine D Vincristine + prednisone

Ravandi . Blood Advances. 2016;1:250-259.

HyperCVAD+Dasatinib in Ph+ALL.
Response

Response N =94 (%)

CR 81 (86)

CRi 2(2)

No CR/CRIi 10 (11)

Missing data

1(1)

Ravandi. Blood Advances 1: 250; 2016

HyperCVAD+Dasatinib in Ph+ALL.

Event-free survival, whole cohort

|} Overall survival, whole cohort

N =94, deaths =28

0 10 20 30 40 50 80 ] 10 20 30 40 60 60
Months since study registration Months since registration
Ravandi. Blood Advances 1: 250; 2016

HyperCVAD+Dasatinib in Ph+ALL. Landmark
Analysis: No ASCT vs. ASCT

Landmark relapse-free survival, 175 days

Landmark overall survival, 175 days

after CR/CRi after CR/CRi
10
D+y _ o
Bttt b b b b it

o8
08

oad — No protocol transplant, N = 40, events = 17 0.4 = No protocol ranaplant, N = 40, doaths = 13

— = Protocol ransplant, N = 38, events = 8 = = Protocol transplant, N = 38, deaths = §
o Log-rank p-value = 0,038 o Log-rank p-value = 0,037
00 00
0 10 50 0 10 20 30 a0 50

20 30 40
Months since landmark date (175 days after CR/CRi) Months since landmark date (175 days after CR/CRi)

Ravandi. Blood Advances 1: 250; 2016

Hyper-CVAD + Ponatinib. Design
Intensive phase

[45 ] [30m5 |
[ rfzfs[e]s]e[7[¢®]
Maintenance phase

[3015 | 30115

24 months

12 intrathecal CNS prophylaxis
[ ] Hypercvap [] Ponatinib 45 mg +30 mg 15 mg
D MTX-cytarabine D Vincristine + prednisone

* After the emergence of vascular toxicity, protocol was amended:
Beyond induction, ponatinib 30 mg daily, then 15 mg daily once in
CMR

Jabbour. Lancet Onc. 16:1547;2015. Jabbour. Lancet Hematology 2018

HyperCVAD + Ponatinib in Ph-positive ALL

« 86 pts Rx; median age 47 yrs (39-61); median FU 43 mos(2-92)
+ CR68/68 (100%); FCM-MRD negative 85/86 (99%); CMR 84%; 3/5-yr OS 78/73%,EFS 76/71%

o8 08
¢

0 Eu;

} H

5 §

Zua Bue
02 02

T T
12 2 £l « ] i o 9 7 2 % @ @ 7 u
Months Months.

Jabbour. Lancet Hematology 5: 618; 2018 ( and update July 2019)
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Hyper-CVAD + Ponatinib in Ph+ ALL. HYPER-CVAD-Ponatinib . IT x8 vs. ITx12 in Ph+ ALL
Landmark Analysis at 6 Months by HSCT 6M Landmark: CNS Relapse-free Survival

® 3-year OS rate was 66% for pts who underwent HSCT (n=18) and

90% for pts who did not undergo HSCT (n=57; P=0.07) 1.0 T
1.0 0.8
] . |
o :% L oe
2 ] 2
S 0.5] S 0.4
E g Median follow-up: 73 months
- Log-rank: P= 0.023
0.2
R Total Event 6-y CNS Relapse-free
—- no SCT - IT Stimes 74 9 87 %
et 0.04 —IT=8times a4 o 100%
° Zo rry o 50 180 o 36 72 108 144 180
Time Months
Jabbour. Lancet Hematology 5: 618; 2018 ( and update July 2019)
National ) ) )
- . e s . . ays wwrehensive NCCN Guidelines Version 5.2017 NCCN Guidelines Index
- CON [P N : jable of Contents
Dasatinib vs Imatinib in Pediatric Ph-positive ALL Gecr " pcute Lymphoblastic Leukemia T o Gonens
Y . . — " Y — PRINCIPLES OF SYSTEMIC THERAPY (1 of 6)
189 pts randomized to dasatinib (n=92) or imatinib (n=97) OUGTION REGIMENS FOR PhFOSITIVE ALLS
. . . . B AYA.oqtients:
OA) 4'yr Dasatl n 1 b Imatl n 1 b p-Va I U e . ::0(; .uLL.rmn rlgil:qn: vincristine, pi { and with or without

(or dexamethasone) and pegaspargase with or without daunorubicin; imatinib added during consolidation blocks'
+ EsPhALL regimen: imatinib; and a backbone of the Berlin-Frankfurt-Minster regimen?
« TKis (ponatinib, imatinib, dasatinib) + hyper-CVAD (hyp vineristine, and

E FS 7 1 49 o 0 0 7 alternating with high-dose methotrexate, and cytarabine™”

. « TKIs (imatinib, nilotinib) + multiagent vineristing, and
« TKls (imatinib, dasatinib, nilotinib)"12 + corticosteroids®
« TKls (imatinib, dasatinib, nilotinib) + vincristine + dexamethasone' 14

: Treatment of Older Patients (265 y) with ALL (ALL-D 6 of 6)
natinib, imatinib, dasatinib) + hyper-CVAD (hyper-fi cloj

altornaling with Nigh-dose motholrexate, and cytarabine)
« TKIs (imatinib, nilotinib) + multiagent vincristine, and )
« TKIs (imatinib, dasatinib, nilotinib)"1:12 + corticosteroids®

C N S 2 7 8 4 0 0 6 « TKIs (imatinib, dasatinib, nilotinib) + vincristine + dexamethasone'®146

Maintenance reqimens:
* Add TKIs (imatinib, dasatinib, nilotinib, ponatinib) to maintenance regimen
* Monthly vincristine/prednisone pulses (for 2-3 years). May include weekly + daily (6-MP) as tolorated®?

Relapse 19 34 0.01

hosphamide, vincristine, doxorubicin, and dexamethasone,

Shen. JAMA Oncology: 6:358;2020

Blinatumomab and Inotuzumab in R-R Ph- o pts?nfjafti?gfy'rgmgt”m°mab in Ph-positive ALL
positive ALL

Dasatinib 140mg/D x 3 mos ; add blinatumomab x 2-5

Parameter Blinatumomab Inotuzumab ) $§1p57;s1tzﬂ-mosk¢;'59;v:: DFSI 92;n s 19135 (54%) 10 CUR (29%) - MRD T in 11—4
No. Rx 45 38 08 DFS
No. CR/marrow CR 16 (36) 25 (66) [ mrtreremin -
(%) | |
% MRD negative in 88 63
CR ‘
Median OS (mos) 71 8.1
% later allo SCT 44 32

Martinelli. JCO 35: 1795; 2017. Stock. Proceedings ASCO 2018 Chiaretti. EHA; abst $1617; 2019
A ;
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os D-ALBA: OS and DFS < Ph-positive ALL — Current and Future
DF .
100 T4 32% € 20.1-100) 89.7% (95% CI: 82.3-97.9) Studies
R z *HyperCVAD + ponatinib
g " S ®* Mini-CVD + ponatinib ( add blina or ino for
o 2 5 2 .
. i MRD+ disease on other protocols)
0 ’ eoowu ’ weoow o ® Ponatinib + blinatumomab/inotuzumab
months months from d+85
Median follow-up: 14.3 months (0.9-25)
24 patients underwent an allo-SCT
Mature B Cell (Burkitt) ALL Hyper-CVAD + Rituximab in Precursor B-ALL
® Median age 25-55 years )
* 1) L3 morphology; 2) T(8;14), t(8;2), t(8;22); 3)MYC — Today, '"‘eﬁﬁve "D“ﬁse oo
if BCL2/BCL6 +, then reclassified as double-triple-hit high-
risk ( Burkitt-like) lymphoma and Rx with R-DA-EPOCH 12 ][4 [s[e 78]
® Tdt negative, Slg positive, clonal K/L
® Rapid doubling time —emergency Rx HH HU HH HH
® LN, hepatosplenomegaly, TLS; high LDH and U.A., renal Maintenance phase
failure
® CNS frequently involved; chin numbness 50% \ 1.5 | 6 ‘ 7 | 817 | 18 ‘ 19‘ 20-30
® Dose intensive short-term chemo; fractionated high-dose Rituximab POMP
CTX, MTX ,HD ara-C + rituximab.No maintenance [ | Hyper-cvAD [ Rituximab [ |
¢ Hyper-CVAD + rit; DA R-EPOCH: CR 90%, cure 60-80%:- [ ] MTX-ara-C [ ]mwmrx,arac [ ] MTX-asp
| __not if BM or CNS + Thomas. JCO 2010; 28:3880-0
ChemoRx +/- Rituximab in Burkitt Disease--Results of the DA-EPOCH in Burkitt Lymphoma
Randomized Intergroup (GRAALL-Lysa) LMBAO2 Study * 113 pts median age 49 (18-86); 87% high-risk (any of Stage = 3; PS > 2; elevated LDH; tumor> 7
cm); 25% BM disease and 10% CNS disease
Event Free Survival o Overall Survival * 5-y OS: 85% low-risk vs 87% high-risk
1o * 4-y EFS with baseline CNS disease 46% vs 90%, P=0.004
s s 08 * 4-y EFS for pts with CNS and/or blood/BM involvement 67% vs 92%, P=0.0086
§ § * CNS relapses: 2/81 vs 6/11 for high-risk pts without and with baseline CNS disease
7 08 g oe 100
; n; =0.04¢ g 4 P=0.024 § w ;E
amentam p“::.:':,. . Henins - coo Tmelwanths) T Tmomonths)
Ribrag. Lancet. 2016;387:2402-11. Pwtu;:::u"_ :;D - - ;3 iMLICO 2020: May 26 " : : :
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, . ) Chemo Rx +/- Rituximab: Results of the
Risk of CNS Recurrence by First-Line Regimen Randomized GRAALL-R 2005 in Pre B-ALL
—__ DAEPOCH ¢ Median follow-up 30 months
— CODOX-M/IVAC NS T o
hyperCVAD/MA SHR 95%C Recurrence at ! S 71% (62:80)
0.2 | DAEPOCH vs. other 350 1.69-7.22 N 3 Yea::s 95% Cl N i X
hy%%%\&?mﬁ S 075 024236 DA-EPOCH 154 12.5% 7.7,18.5 ;q i
. CODOX- 174 4.4% 19,84 i i 6% (5574)
12% MIVAC ¢ st i
0.1 Hyper- 164 2.6% 0.9, 6.1 *1
CVAD/MA | Hazard rato, 066 [0.45.0.98) p= 0038 | Hazard 1o, 070046107}, p= 0085
Higher risk of CNS recurrence with DA-EPOCH ° " # w o B ® " & ® e " o ® B ® 7 o ®
0.0 independent of: - . . . e . . .
3 2 3 ] z HIV-positive status (P interaction = .90) - “ ‘ T e . o .
Years from diagnosis Baseline CNS involvement (P interaction = .70) o . e o
Zayac . Blood 134;2019. Abst 402 . Poor PS Maury. N Engl J Med. 2016;375:1044-53
Survival in AYAALL by Pediatric vs “ Adult” US Intergroup Study for AYA: A041501
Regimens Randomized Phase lll trial, 18-39 yrs
1 Log Rank p<.0001
094
08 CCG (pediatric group); EFS = 64% 70 P 1l ‘ I ‘ ~ ‘ C ‘ ‘I M ‘ D I M
or 60 [~
" s0 | - DNR [inotuzumab|Cyclo  MTX ~ DOX DEX
w wl” | VCR VCR VCR Cyclo VCR
CALGB; EFS = 34% 30 // Dex Dex Peg-ASP Dex 6MP
w w ] Peg-Asp Peg-Asp IT-MTX Peg-Asp MTX
03 1o [ IT-MTX Ara-C Ara-C IT-MTX
02 Ages 16-20 ®Us  France UK IT-AraC 6MP 6-TG
o [ ][ Pedatric Adult IT-MTX IT-MTX
CD20+ Patients will Receive Rituximab with I, C, IM, DI
0 2 4 6 8 0or “ D Pediatric Aduit Maintenance therapy continues for 2 (F) — 3 (M) years
M 112:1646, 2008
Pediatric Regimen (CALGB10403) for AYA < 40 yrs Augmented BFM and Hyper-CVAD
* 318 Rx; 295 evaluable. Median age 24 yr (17-39) R N P t
« CR 263/295=89%. Induction mortality 9 (3%) esponse o. (Percent)
A Overst Survvel B Event Pree Sunvivel
ABFM (n=106) Hyper-CVAD
(n=102)
: - - Complete 99 (93) 100 (98)
b I response
« Induction 1(1) 1(1)
B I mortality
el TOEEEE TR R AL e * Resistant 6 (6) 1(1)
* % 3/5-yr OS 73/60 disease
% 3/5-yr EFS 59/48 Stock Blood. 2019;133:1548 Rytting. Cancer 120: 3660-8; 2014 .Rytting.AJH 91: 819; 2016
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Hyper-CVAD vs. ABFM.Overall Survival
1.0
0.8+
-
é 0.6
@ | .
5
S 0.4
&
0.24
Total Eail Syr OS
—_— ABFM 106 40 60%
——— HCVAD 102 as 60%
0.0
o 1 2 3 4 5 6 7 8 2 10
Years
Rytting. Cancer 120: 3660-8; 2014 . Rytting. AJH 91: 819; 2016

ABFM vs HyperCVAD. Severe Toxicities

% Toxicity ABFM Hyper-CVAD p value
(n=106) (n=102)

Asparaginase allergy 19 N/A NS
Hypofibrinogenemia 35 14 <0.001
Pancreatitis " 3 0.02
TLFTs 41 44 0.60
1 Bili 38 18 0.001
Osteonecrosis 9 8 0.68
Thrombosis 19 12 0.16
Stroke 3 0 0.09
Induction infections 22 45 <0.001
Induction bleeding 1 5 0.09
Infections in CR first 60 days 30 60 <0.001
Bleeding in CR first 60 days 1 5 0.09
Deaths in CR 8 7 .85

Ruiting, Cancer 120; 3660:5: 2014 AJH 91: $12: 2016 |

Hyper-CVAD + Ofatumumab. Design

Intensive phase

00 00 00 0O

ENENEREN BN LN EAED

U000 00 o

Maintenance phase

‘ 15 ‘ 6 ‘7| 817 ‘18‘19| 20-30

[ ] ofatumumab | | POMP

D MTX-Peg asp

[ | Hyper-CVAD

[ ] MTX-ara-C [ ] T MTX, arac

HCVAD + Ofatumumab. Outcome (N=69)

® Median follow up of 44 months (4-91)
® CR98%, MRD negativity 93% (at CR 63%), early death 2%

CRD and OS Overall OS by Age
'
08 0
| ] T
HE 3 054 e
7 3
§ §
Hou §oud
0+ 02 Tdal Pal r 8.
x A e
A Complete Remisscn Duraton e i 3 W8N
e Sural Ul o040
L] W % % . o 7 g

Time {months) Time (months)

Hyper-CVAD + Blinatumomab in Frontline B-ALL
Treatment schedule

Intensive phase

00 00 00 00
ENENENENIEIRENRENIEY
0 1 1| R rapae

Maintenance phase

Blinatumomab phase
*After 2 cycles of chemo for Ho-Tr, Ph-like, t(4;11)

| 13 |4‘ 57 |a‘ 9-11 |12|13-15‘

\:’ Hyper-CVAD \:| Ofatumumab or Rituximab

[ ] MTX-Ara-C [ | 8xITMTX, Ara-C [ | POMP
|:| Blinatumomab

Hyper-CVAD + Blinatumomab in FL B-ALL . Response rates

Response assessment N (%)
CR after induction 20/24 (83)
CR at any time 24/24 (100)
MRD negativity after induction 17/20 (85)
MRD negativity at any time 28/29 (97)
Early death (30-day) 0/24 (0)

* 2 are too early, 5 are CRs at start
Median time to MRD negativity : 20 days

Richard-Carpentier. Blood 134: abst 3807; 2019

© 2020 Hematology and Medical Oncology Best Practices Course




Acute Lymphocytic Leukemia
Hagop Kantarjian, MD

Sunday, August 16, 2020

R/O-Hyper-CVAD + Blina vs O-Hyper-CVAD . Survival

1.0

0.8

14
&
1

Fraction survival
e
a
L

0.2
—- HCVAD+Blina+Ofa or Rtx 69 26 e2%
- HCVAD+Ofa 31 2 0%
0. T T T T T T T T 1
o 12 24 36 a8 60 72 84 96 108
Months

T Cell ALL

® Median age 50 yrs;CD1-CD8 positive;mediastinal involvement 50%

® Rx with ALL regimens that include CTX,
ara-C, asparaginase— now nelarabine included

® Maintenance POMP x2-3 years essential (like ALL, unlike
lymphoma). If not, then autologous SCT

® CNS prophylaxis needed

® ? Mediastinal XRT if bulky mediastinal disease (at time of MRD)

® CR 90%; cure 60% to 70%

® Immunophenotype important: early precursor-T ALL
(CD1a-,sCD3-, MY+) worst = allo SCT

T-ALL Outcome (French GRAALL Study)

® 213 ALL (47 ETP; 22%); MRD positivity post induction ETP vs non-ETP 70% vs 20%; allo
SCT in CR1 in 49% of ETP-ALL
® 5-yr OS rates 60% (ETP) vs 66% (non-ETP)

A Survival Survival Censoring for allo SCT
1.00 Non-ETP 4 Non-ETP
= i~ === ETP = ) ———eaEP
£ - = =
= 3 = v
3 om s £ omq N,
-] 3 = -
E 1=, E |
2 o060 o aa s al ESuedasEs 2 ggod ~T,
s H "o oa [P TP, o
S 0w R
©w 7]
= =
5 020 g 0204
2 >
© P=3 = P02
————————
0 12 3 4 5 6 7 8 9 [ 12 3 4 5 6 7 8 9
Time (years) Time (years)

CNS Prophylaxis in Adult Acute Lymphocytic
Leukemia
* Regimens without cranial irradiation effective

* High dose systemic therapy for low-risk
disease

* Intrathecal MTX alone or alternating with ara-C
effective without need for TIT

* Early IT therapy + high dose systemic therapy
effective for high risk disease

* Risk oriented approach optimal

Cumulative Incidence of Adverse Events in 10-year
EFS of Childhood ALL According to the Use of CNS

Irradiation
Second Neoplasm Any Adverse Event
03 p=0022 p=0.048

9 025 23.4% £ 4.0% Iradiated
é 21.1% + 4.0% Irradiated
2 02
5]
£
o 015 9.7% £ 1.6%
Z 8.1%£15%
S 041 6.0%+8.1%
E 47%+1.0%
o 005 2.3% + 1.4% Non-irradiated

1.0% # 4.0% Non-irradiated
0
10 15 20 25 30 35 4010 15 20 25 30 35 40

Years from Attaining Initial Continuous Remission

MRD in ALL

dies with 2876 patients

.......
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Blinatumomab for MRD-positive ALL in CR1/CR2 .
ALL—Next Questions. Do We Need Allo SCT ?

* 113 pts Rx. Post blina MRD-negative 88/113=78%
* 110 evaluated (blasts <5%, MRD+). 74 received alloSCT.Median FU 53 mos
® Median OS 36.5 mos; 4-yr OS 45%; 4-yr OS if MRD- negative 52% e ALL-MLL: t(1 1q23 ___)
® Continuous CR 30/74 post alloSCT (40%); 12/36 without SCT (33%) ’ ’
ol stz o] e b T * Precursor T ALL
fo ;37' * Complex CG 2 5 abn; near hypoploid+p53
é;::: §31 * Others: Ph-positive ALL PCR+in CR3 mos; Ph-like
i * o ALL; ALL CR1 MRD+---may be managed with blina-
] ol ino
hwd?«mn;m Syl i o Wymmm o .
Goel;bug;t. Bl;od 13.2: al;st 55;; 201;3 ) B
Immuno-oncology in ALL ALL Salvage Standards of Care in 2020
* Antibodies, ADCs, immunotoxins, BiTEs, DARTs, CAR- ® Refer for investigational therapies-- MoAb + ChemoRx; CAR-T
T cells ® Ph-positive ALL-- TKIs+ chemoRXx; blinatumomab
- i
v — Uncorsugated |cug — Blinatumomab (FDA approval 12.2014)
P =@ Conjugated chemotoxin i — Inotuzumab (FDA approval 8.2017)
\)j Ty (=@ conigated cremotonin J‘BiTE — CARTs (FDA approvals 8.2017; age<26 yrs, Salvage 2+)
E= Conjugated immunatoxin| ® T ALL: nelarabine
F CAR .~ DART
fevn” <o Tarastyfy * ChemoRx: FLAG IDA, Hyper CVAD, augmented HCVAD, MOAD
(CD19 & CD3) rm(’-t}—-g Cell
- Rituximab, Of o - ,CDB
Epratuzumab, Alemtuzumaty
=@ Chemotoxin: Calicheamicin, Maytansine, Auristatin T cell
= Immunotoxin: Diptheria, Pseudomonas
Jabbour E. Blood 125: 4010; 2015
Historical Results in R/R ALL Outcome for 609 Adults with Relapsed ALL.
.. . MRC UKALL2/EC0G2993 Studv
® Poor prognosis in R-R ALL Rx with 00
standard of care (SOC) chemotherapy R Y
75 | 2 Outcome of patients after 1% relapse
One prior \ 5-yr 0S: 7%
No prior salvage 22 prior salvages §
Rate (95% Cl) salvage (S1) (S2) (S3) %
Rate of CR, % 40 21 " ]
Allo/MUD: 9%
Median OS, months ot<) Anersi]®
5.8 3.4 29
1] 1 2 3 4 5
Time (years)
. 5 Fielding et al Blood. 2007;109:944-950
Gokbuget N, et al. Haematologica. 2016;101:1524-33.
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ase udy o
in Salvage 1

® 208 pts randomized 1:1 to blina
(n=105) vs chemo Rx (n=103)

Parameter Blina Chemo P
%2-yr DFS 59 41 .05
%2-yr 0OS 79 59 .005
% SCT 73 49 <.001
% MRD clearance 79 21 <.001

* Rates of FUO, infections, sepsis,
all significantly lower with blina

Inatumomabn vs

Sunday, August 16, 2020

emoRXx in

lnaren-

£ os
5 o7
® o6
Eos
% 0.4

Years from Randomization

AmA 103 S8 30 20 18 10 4 1 ' o
AmB 108 68 a7 38 31 19 s 2

Blinatumomab/Inotuzumab vs ChemoRx in R-R ALL
¢ Marrow CR
Blina vs SOC: 44% vs 25% Ino vs SOC: 74% 31%
" HIUU \ * fod  letnls dmrimia S
4 kY "“ ?" HChmo (8 w‘:l ‘:
" ?; 801 N w8 asT a8 sspa |
. = \ [ P
—_— tedian o \
g o {“u :n:mmoosntii‘/‘gymm E 60 \ HRO.7S (97.5% CL 05T, 0.99)
§u U‘ o \ Peancs
fo Ny, LT e | 2
iy Uy £
o 4 £ -
3 12
L H
[ 0
W 0 6 12 18 24 30 33 42 4 5
Mamber of Subjocs af Risk: . Time (menths)
No. atrisk
—_——————— o164 95 54 4 % B 12 5 1
] ] L] H |iw|! " n u a SOC
Kantarjian. NEJM. 376: 836-47; 2017 Kantarjian. NEJM. 375: 740; 2016 . Cancer. May 2019

Brown. Blood 134: LBA1; 2019

MiniHCVD-INO-Blina in ALL. Design

Dose reduced HyperCVD for 4-8 courses

— Cyclophosphamide (150 mg/m? x 6) 50% dose reduction

— Dexamethasone (20 mg) 50% dose reduction

— No anthracycline

— Methotrexate (250 mg/m?) 75% dose reduction

— Cytarabine (0.5 g/m? x 4) 83% dose reduction

Inotuzumab on D3 (first 4 courses)

—Modified to 0.9 mg/m?2 C1 (0.6 and 0.3 on D1&8) and 0.6 mg/m?2 C2-4 (0.3 and
0.3 on D1&8)

Rituximab D2 and D8 (first 4 courses) for CD20+

IT chemotherapy days 2 and 8 (first 4 courses)

Blinatumomab 4 courses and 3 courses during maintenance

POMP maintenance for 3 years, reduced to 1 year

Mini-HCVD + INO * Blina in Older ALL:
Modified Design (Pts #50+)

Intensive phase D Mini-HCVD
‘B’ lll ‘D'Izl |J‘12' ‘ﬂ% | [ ] Mini-MTX-cytarabine [] pinatumomab
0000 00 07 [Clrwwase 7
@ INO Total dose Dose per day
Consolidation phase (mg/m?) (mg/m?)
| 5 ‘ 6 | 7 | 8 | ca 0.9 0.6 D2, 0.3 D8
Cc2-4 0.6 0.3 D2 and D8

) Total INO dose = 2.7 mg/m?
Maintenance phase

[13 [a] 57 [8] 9-11 [12]13-15[16]

18 months
Jabbour E et al. Cancer 2018;124(20):4044-55; Short. Blood 132: abst 36; 2018

Mini-HCVD+Inotuzumab/Blinatumomab in R-R ALL

Mini-HCVD + INO * Blinatumomab in R/R ALL
Response by Salvage (N=89)
Response N (%)
Salvage 1 51/56 91
$1, Primary refractory 5/5 100
S1, CRD1 < 12 mos 19/23 83
S$1, CRD1 2 12 mos 27/28 96
Salvage 2 9/16 56
2 Salvage 3 9/15 60
Overall 69/87 79
MRD negativity 55/67 82
Salvage 1 42/49 86
2 Salvage 2 13/18 72
Early death 7187 8
Sasaki. Blood 132: abst 553; 2018

Fraction survival

Fraction survival
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OS by Salvage Status

Mini-HCVD + INO * Blinatumomab in R/R ALL

Mini-HCVD + INO = Blinatumomab in R/R ALL
210% G3/4 Adverse Events

1.0 Total Event 2-y OS Median
- - S1 57 27 1% 25 months
- S22 17 15 13% 6 months
— S3+ 15 10 29% 7 months
0.8
= Log-rank: p = 0.001
>
= 0.6
=
@
B
@& 0.49
>
o
0.2
0.0
T T T T T T T
o 12 24 36 48 60 72
Months

Sasaki. Blood 132: abst 553; 2018

Sasaki. Blood 132: abst 553; 2018

Elderly ALL. Historical Results Mini-HCVD + INO % Blina in Older ALL . Response
MDACC | GMALL | SEER | Medicare Response (N=59) N (%)
ORR 58 (98)
N 122 268 1675 727 CR 51 (86)
CRp 6 (10)
(mos) No response 1(2)
Early death 0
9 -
%O0S (X-yr) 20 (3) 23(5) | 13(3) NA Flow MRD response N (%)
D21 50/62 (81)
Overall 60/63 (95)

MiniHCVD-INO vs HCVAD in ALL. CAR T-cell Therapy in ALL

1.0
) Total 2y (95% CI} 3ur (06% Cl} Median
3 ' —— HCVD+Ino+/-Rtx 57 %;‘l 87 (62-78) 54 (38-68) MNotReached TREATMENT".m™"
oel i e o .HC\;T‘?B/&?A 77 83 38(27-49) 32(22-43) 16 mos Chlolcal trial
5 or
Y TKI £ chomotherapy™ or TKI # corticosteroids™ —s
ABLT kinase or
B domain Blinatumomab~c (TK intolerantiretractory)
= 0.6 mutation |_'or Consider
@ tosting** (TKI HCTHAmm
s
3% 0.4 | Tisagenlecleucel* (patients <26 y and mnnludmy‘ |
& disease or 22 relapses and failuro of 2 TKIs)®
ez4 T Clinical trial
or
Molecular (category 1)
o characterization o
: 12 24 36 as 50 72 and MRD (catogory 1)
Months if not Consider
Number at Risk previcusly done | Tisagonlecloucel® (patients <26 y and with HCTRLmm
HOVD+Ino+/-Rtx 57 38 26 18 " 8 0 (se0 ALL-1) refractory disease or 22 rolapses)*®
"
HCVAD+/-Rix 77 43 29 24 20 19 15 g‘
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ELIANA Trial Update

* 113 screened, 97 enrolled, 79 infused

Leukemia Questions?
* 3-mo CR 65/79=82%, or 65/97=67%

* 24-mos OS 66%; RFS 62%. G 3-4 CRS 49%. ICU 48% Ce"— 281 _705_7207

\—\—__1— . R‘\\‘i Email-
‘ hkantarjian@mdanderson.org

Censoring time . Censoring time
Al patients (N = 65) All patients (N = 79) —

(N =65) n=79)

g

Relapse-Free Probability (%)
2
&

Survival Probability (%)
2

| » e
months (95% C1) months (95% CI)
o] Mipsents 10 NE (20.0, NE) Allpatients 25 NE (28.2, NE)

°

0 2 4 6 & 1012 14 16 18 20 22 24 26 28 30

Troe (months) 02 46 8 10121416 18 20 22 24 26 28 30 32 34
Nt o pasets st ok umberorpaents sonatrx TIME (months)
Alptents 85 62 4 41 3T 31 M B MM W W 3 2 2 0 npaents 79 76 T3 68 67 62 65 62 47 42 3 2 1 W 9 5 2 0 80
Grupp. EHA. Abst $1618; 2019
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Chronic Myeloid Leukemia

* Clonal myeloproliferative disorder of pluripotent stem cells
* 1 proliferation, Japoptosis
* Hallmarks: Cytogenetic: Ph-chromosome
Molecular: BCR/ABL
* 7% to 15% of adult leukemias

* Incidence 1.5/105; prevalence 5/105 ---Tannually until 2040;
prevalence = 35x incidence = 50/10°%

* 2010 statistics: 4,870 new patients, 440 deaths
* Etiology: irradiation in <5%
unknown in 95%

Number of Cases

200000

180000

160000

140000

120000

100000

2000 2005 2010 2015 2020 2025 2030 2035 2040 2045 2050

CML - Increasing Prevalence Over Time

181,000
o
o

E——
144,000 o
o

o
[ 112,000

=]

2 e Incidence 4700 per year
Lg,,,, * Age-matched mortality ratio vs normal
) population = 1.50
o * Accounts for increased US population to
410 million in 2050

Year

Wang. Blood 127: 2742; 2016

CML. The Past and Today

Parameter Before 2000 Today

*Course Fatal Indolent

*Prognosis Poor Excellent

*10-yr survival 10% 84 - 90%

*Frontline Rx Allo SCT; Imatinib; dasatinib;

IFN-o, nilotinib;

bosutinib

*Second line Rx ? Bosutinib, ponatinib
; allo SCT

o8

0.6

0.4

Survival Probability

0.2

0.0

CML. Survival at MDACC 1975 - 2020

—
De.

Total Died
2001-present 587 22

Years
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Final Results CML IV-Molecular Response With Imatinib - i
* 1538 pts newly diagnosed CML-CP r ized to i inil EOO,' inib 800, i inib + IFN, 5 yr OS SurVIvaI by Response
imatinib + ara-C, or imatinib after IFN . .
10 Response Observation | 5-year Survival
0o Time (years) (%)
07 CGCR 4.7 94
é os MMR 4.5 95
5 oa
:: MR# 3.8 97
o MR45 3.0 97
® e T e chagisite

Relative Survival with TKI by Response to Therapy

+ 483 pts with CML treated with imatinib 400mg (n=71), imatinib 800 mg (n=201), dasatinib (n=111) Natural evolution of CML
or nilotinib (n=101)
* 5-yr relative survival 94.8% [92.1 - 97.4]

| Chronic phase | ‘ Accelerated phase | | Blast phase |
'_=.° 100 I " —— m‘:;:;:

‘S so 5 ’ L 1

g ~ & & . o
& 60 ’@. - .

2 ' 9 ag,
£ : @ »
- S . N £
<8 o0 n o
2, = _

o 12 24 36 96 108 120
—m—All 100.0 99.6 99.5 98.2 92.5 90.6 883

CCyR 100.0 99.7 100.1 99.7
——MMR  100.0 99.9 100.3 100.4
~~—MR4.5 100.0 100.4 100.8 101.3
*-CMR  100.0 100.4 100.8 101.3

95.3 94.0 91.7
97.3 96.4 94.5
99.4 98.3 96.7 Median survival
100.1 98.5 98.2

35-65 months 12-24 months 3-12 months
Sasaki . Lancet Hematology 2: e186-193; 2015
Parameter Old Criteria New Criteria \
% Blasts 215% ?220% 8l Blastic
% Blasts + Pros 230% ?? =
% Basophils 220% ? 12
CG Clonal evolution Any Iso 17, 17p (%
Platelets <100x10°%/L -
BCR-ABL1 p 190 -- yes
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P190 (e1a2) Ph-positive CML

* 41/2307 (1.8%) have 100
e1a2 Ph-positive CML o2
« CP 23, AP 2, BP 16 _
* P190=worse survival &
o 50
and 1 BP o
elaz (n=
e1a2 adverse-HR 2.09; Typical (n=1955)
p=0.002

0
0 24 48 72 96 120 144 168 192
Months

Gong. Blood Cancer Journal 7: e583; 2017

CML Ph-Associated CG and Molecular Events

BCR

LU

@

Translocation (9;22)

£
s

Clinical Relevance of Alternative BCR-
ABL Transcripts

* At diagnosis:Ph+ by CG t (9;22), or FISH
positive, but PCR negative — consider
e13a3, e14a3 (p210), e6a2-3 (p195), or
e19a2-3 (p230)

* Therefore, must do PCR at Dx. Otherwise
later PCRs falsely negative=false CMR

BCR-ABL Transcripts and Messages
* BCR breakpoints: e13 (b2), e14 (b3), e1, €6, e19
* ABL breakpoints: a2, a3
* Total 10 possible transcripts/messages

Transcripts Oncoprotein Incidence Detected by Needs Alternative
messages ine PCR y
Quantitative

e13 a2 (b2 a2) p210 55% Yes

e14 a2 (b3 a2) p210 40% Yes

e13 a3 (b2 a3) p210 1% No Yes

e14 a3 (b3 a3) p210 1% No Yes
e1a2/a3 p190 1% Yes No ( but not IS)
e6 a2/a3 p195 <1% No Yes

e19 a2/a3 p230 <1% No Yes

BCR-ABL Expression Sufficient for
CML Induction

_ LR pepiapL LR

STEM CELL

xCML

(Daley et al., Science 1990) 17

CML Presentations

¢ At diagnosis:
- 85% in chronic phase
- 5% Ph-negative
® 50% asymptomatic
¢ Others:
- constitutional symptoms
- LUQ discomfort
- early satiety
— splenomegaly, hepatomegaly,
purpura "
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CML Workup
¢ Performance, splenomegaly, EMD
® CBC, plts, diff, SMA12
®*BM Asp, CG
¢ If Ph negative — molecular (Southern, PCR)

® FISH, QPCR

CML Presentations

Presentation Percent
®Chronic 80-85
®Accelerated 10
*Blastic 5
*Ph-negative 5

Do We Need Bone Marrow At Dx?

* Assess % of blasts and basos (10-15% have
CML transformation at Dx)

* Confirm Ph by CG; detect clonal evolution
particularly iso17/17p, 3q26.2 rearrangement

* FISH can be falsely positive
* QPCR can be falsely positive or negative

CML. Minimal Workup

® Exam (spleen, EMD); counts (blasts, basos)

® Confirm Ph by CG -- detect clonal evolution; FISH and
QPCR can be falsely + or -

® Marrow to assess % blasts and basos --10-15% have CML
transformation at Dx

® FISH --baseline for later monitoring of CG response

® BCR-ABL transcripts -- baseline for later monitoring; detect
pre Rx false negative if e13a3 or e14a3 (2-3%)

® If Ph-negative + morphologic CML—BCR-ABL molecular
studies; FISH--- Ph-negative BCR-ABL positive CML

2

Ph+ vs. Ph-

Leukocytosis
Hypercellular BM
Splenomegaly

Ph- MPD
Atypical CML
CMML

Poor Prognostic Factors in CML
* Older age
* Splenomegaly
* Anemia
* Thrombocytosis, thrombocytopenia
* 1 Blasts, promyelocytes, basophils
* Marrow fibrosis

* Cytogenetic clonal evolution

Prognostic Models: Sokal, Hasford (Euro), MDACC
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Prognostic Scores in CML

* Sokal: age, spleen, platelets, blasts

* Hasford: age, spleen, platelets, blasts,
eosinophils, basophils

* EUTOS: spleen, basophils

IRIS. PFS Associated With CGCR At
12 Mos, Not With Sokal Risk

100 e ¢ IHIMHHI 4
o 90
@ 80
% 70
£ 60
[a]
o 50
é 40 Estimated rate at 60 months
T 30 Low risk n=179 99% 3 } p=0.09
X 20 ==°=°=° Intermediate risk n= 91 95% ¢ p=0.16

High risk n= 49 95%
10 p=0.200 (overall)

0 6 12 18 24 30 36 42 48 54%60 66
Months since randomization

Developmental Therapeutics in CML

FDA Approval
Agent Salvage Frontline
Interferon 1986 1986
Imatinib 2001 2002
Nilotinib 2007 2010
Dasatinib 2006 2010
Ponatinib 2012
Bosutinib 2012 2017
Omacetaxine 2012

Kantarjian. NEJM 346:645;2002. Kantarjian. NEJM 354:2542;2006. Talpaz. NEJM 354; 2531: 2006. Kantarjian. NEJM 362:2260:2010. Kantarjian.
Lancet Oncol 12: 841; 2011. Cortes. NEJM 367: 2075; 2012, Cortes. Blood 120: 2573; 2012. Cortes. AJH e-Pub 212013,

Normal Bcr-Abl Signaling

The kinase domain

activates a substrate Substrate
protein, eg, PI3 kinase, by
phosphorylation Effector

This activated substrate o

initiates a signaling cascade
culminating in cell (]

proliferation and survival
«at

ADP = ine di ATP= i SIGNALING
triphosphate; P = phosphate.

Savage and Antman. N Engl J Med. 2002;346:683 8
Scheijen and Griffin. Oncogene. 2002;21:3314.

Imatinib Mesylate: Mechanism of Action

Imatinib mesylate

occupies the ATP binding

pocket of the Abl kinase Bor- ’

domain

This prevents substrate

phosphorylation and

signaling ‘
' gl

A lack of signaling
inhibits proliferation and
survival

S.3NAL NG

Savage and Antman. N Engl J Med. 2002;346:683.

Therapy of CML in 2019
*Frontline

- imatinib 400 mg daily

- dasatinib 100 mg daily

- nilotinib 300 mg BID

- bosutinib 400mg daily
*Second / third line

- nilotinib, dasatinib, bosutinib, ponatinib,
omacetaxine

- allogeneic SCT
*Other

- decitabine, peg IFN

- hydrea, cytarabine, combos of TKis and

with TKls
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MDACC Sequence of Frontline and Salvage Strategies in CML CML. Questions
Choice of TKI * Best frontline TKI therapy

Frontline Rx Dasatinib 50mg/D Imatinib 400mg/D * Generic imatinib vs Gleevec and second generation TKls
Salvage for _ |-Ponatinib 30mg/D if no | -Dasatinib 50—100mg/D * Endpoint of Rx: CGCR vs CMR
Resistance guiding mutations or bosutinib 300-500 * Aim of Rx: survival vs Rx-free remission

-if V299L, T315A, mg/D . § . ;

F317LIVIIIC then -if failure then ponatinib Long-term side effects; costs

nilotinib 300-400 mg BID * Role and timing of allo SCT

* TKis vs allo SCT- cost considerations
¢ Optimal monitoring of CML
¢ TKI Rx discontinuation

Salvage for Bosutinib 300-500mg/D |Dasatinib or bosutinib
toxicities

® Always adjust TKI dose if side-effects before considering change of TKI

34

Survival with Imatinib vs IFN + ara-C in Newly CML. Incidence of CML-BP Over Time
Dx CML (IRIS; 10 yr)
® 553 pts randomized to imatinib
® 10 yr survival 83.3%
¢ Cumulative CGCR rate 83%
®10-Yr CGCR rate 22%
®10-Yr MMR rate 93%
®10-Yr MR 4.5 rate 23%

* 10 yr survival by Sokal: low 90%; intermediate 80%; . I I I I
high 69% N B AN . .=

¢ Annual rate of transformation: 1.5%, 2.8%, 1.8%, vears atrar dingnosis
0-9“/0! 0-5°A)! 0%3 OOA’! & 04% Hochhaus. NEJM 2017; 376: 917 Hehimann. Leukemia 2017

25

10 year cumulative incidence 5.8%

Blast crises per 100 patient years

Survival w'tht:mgt,:;'&‘gsu,:':o"“ a)ra-c in Newly Generic vs Patent Imatinib-Chinese Experience
X o :, :’:n, e Survivat ® 442 pts Tx with generic (n=236) or patent imatinib (n=206)
e ”'“‘f'-'-»:::::ﬁ e o % 4-yr Outcome Generic Patent
- T e CGCR 97 97
g~ MMR 88 90
L MR4 55 68
g - MR4.5 33 39
- PFS 94 96
: ) K ] . ' ) . , . ’ ‘ . (0153 96 98
T o Mo since Randomization Dou. Blood 734: abst 2940; 2019
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CML Frontline Therapy

® Up to 16, and 8 main studies compared new
generation TKis to imatinib frontline: ENEST-nd
(nilotinib), DASISION (dasatinib), BELA (bosutinib),
EPIC (ponatinib), others

¢ All showed higher rates of favorable early
surrogate endpoints: CG CR, MMR, MR4.5, | AP/BP

® Increased uncommon toxicities with newer TKis:
PAOD-MI-TIA, pancreatitis, pleural effusions; HT
and pulmonary HT, 1BS, vasospastic reactions,
Tnon-CML deaths

DASISION 5-Year Final Study Results|

DASISION (CA180-056) Study Design

= Treatment-naive
Dasatinib 100 mg QD (n=259)

CML-CP patients
=108 centers 5-year

(N=519)
=26
Imatinib 400 mg QD (n=260)

nal results

=Enroliment:
September 2007
December 2008

m Database lock of 24-Mar-2014

m Primary end point: confirmed CCyR by 12 months
— 77% dasatinib vs. 66% imatinib (P=0.007)"

Kantarjian. NEJM. 362: 2260, 2010

DASISION - The Final Report

*519 pts randomized to dasatinib (n=259) or imatinib (n=260)
*Minimum follow-up 5 yrs

Outcome (%) Dasatinib Imatinib P value or HR
Discontinued 39 37

12m cCCyR 77 66 P=0.007

5y MMR 76 64 P=0.0022

5y MR4.5 42 33 P=0.025

3m <10% 84 64

5y AP/BP 4.6 7.3

5y OS 91 90 HR 1.01

5y PFS 85 86 HR 1.06

Cortes. JCO. 34: 2333; 2016

*N =846
® 217 centers
¢ 35 countries

ENEST-nd. Study Design

Nilotinib 300 mg BID (n = 282)

Nilotinib 400 mg BID (n = 281)

*EN-Z2002Z>%

Imatinib 400 mg QD (n = 283)

* Stratification by Sokal risk score.

10 years of follow-up are planned

Kantarjian. Lancet Oncology 12: 841; 2011

ENESTnd - The 6-Year Update

*846 pts: nilotinib 600 (n=282), nilotinib 800 (n=281) or imatinib
(n=283)
*Minimum follow-up 6 yrs

Outcome (%) Nil 600 Nil 800 Imatinib P value or HR
Discontinued* 40 38 50

5y MMR* 77 77 60 P<0.0001

6y MR4.5 56 55 33 P<0.0001

3m <10% 91 89 67

6y AP/BP 3.9 21 7.4 P=0.06/0.003
6y OS 92 96 92 HR 0.9/0.46

* 5.yr data from Larson ot al ASCO 2014; Abstract #7073 Hochhaus. Leukemia 30: 1044; 2016

Patients Alive, %

1notini

T — (1) Nilotinib 300 mg twice daily 282 32 250
(2) Nilotinib 400 mg twice daily: 281 24 257
— (3) Imatinib 400 mg once daily. 283 20 254

Hughes. Blood 134; 2019. Abst 2924.

Vs Tmatinib in n
Survival

==TU-YT Results

N T
S S Rii [ S
T

-yoar Survival
87.6 (83.5-91.7) nilotinib 300 mg twice daily
90.3 (86.5-94.1) nilotinib 400 mg twice daily
88.3 (84.2-92 4) imatinib 400 mg once daily

Pationts

1111 Censored observations
V] 1 2 3 4 5 6 7 8 9 10 " 12

Time Since Randomization, years
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Nilotinib vs Imatinib in CML(ENESTnd)--10-Yr Results
Progaression-free Survival
100 o Bddge
= o
o0 4 e PO I it ¥
S N
= 80
N Estimated 10-year PES on study (95% CI). %
P 70 1 862(819-905) nilotinib 300 mg twice daily
o 89.9 (86.1.93.8) nilotinib 400 mg twice daily
£ %0 1 87.2(83.091.4) imatinib 400 mg onco daily
§ 50 4
8 40 4
=
2 s
o
e 5 Pationts __ Events _ Censored
400 Mg twice daily: 282 36 246
mg twice daily 281 25 256
1 A 3 once daily 283 32 251
i s
o A
Time Since Randomization, years
Hughes. Blood 134; 2019. Abst 2924.

Nilotinib vs Imatinib in CML(ENESTnd)--10-Yr Results
Cardiovascular Events

100 4

E Consored
B 65 212
90 46 233
80 10 270
= 1 1111 Censored observations
g 1 : Estimated 10 95% CI) :
o : 33.4 (26.540.3) nilotinib 400 mg twicedaily
= %1 : 24.8(18.3-31.4) nilotinib 300 mg twico daily |
Estimoted rate by S vears (5% CI). % '
E 50 17.9 (12.8-23.0) nilotind 400 mg twice daily o :
10.6 (6.5-14.8) niotinib 300 mg twica daily i
2 a0 o 32 (0.6-5.7) imatinib 400 mg onco daily :
s u
o .
= 30 4
" i
g : R t
a 4 ) i i i R
; T :
4 L TR T :
1 " ML Tin LY AL S i _— 4 P
0 _Jﬂﬂé&!p—s-,., PAv s |
0 1 2 3 4 5 6 7 8 9 10 11 12

Time From Treatment Start Date, years

Hughes. Blood 134; 2019. Abst 2924.

CML Therapy in 2020

* Imatinib for lower-risk Sokal and older pts
(2 65-70 yrs); or for all CMLs until second
TKis prices lower?

* Second TKis for high-risk Sokal

* Second TKis for younger pts (< 50 yrs) in
whom Rx DC important (?); but higher cost
and toxicities

CML Monitoring

¢ Establish confirmed CGCR in first year (FISH; PCR)
®* In CGCR
- PCR every 3-6 mos
- If MMR (QPCR < 0.1%), may monitor with PCR Q 6 mos

-If QPCR 1 by 0.5 — 1 log and/or loss of MMR (PCR> 0.1%)
— monitor more frequently

® Mutations studies if resistance / need to change TKls
® Change TKI only for loss of CGCR, not based on
MMR/QPCR

46

Rx Endpoints When Comparing Second TKils
to Imatinib in Frontline Rx

* Lower incidence of early transformation
to AP-BP

* Survival

* Molecular cure

* Long-term safety

* Cost; cost-effectiveness = “Rx value”

TKls Rx DC and Rx-Free Remissions in CML

* 758 pts Rx with TKis for >3 yrs and in Deep MR for >1 yr Relapse=loss of
MMR; BCR-ABL transcripts [IS] >0.1%

* 2-yr molecular RFS 61%
100

—— MRe FS
\ —— MReTFS
804

g ——f—e —
B 3 R o -
£ 40
%
&
20
o T T T T T )
6 12 18 24 30 36
Time since discontinuation of TKI (months)
Number at risk
(number censored)

MRec FS 755 (0) 450(13) 391(26) 332(71) 216 (173) 138(245) 30(350)
MRecTFS 755 (0) 450 (3) 391 (14) 332(58) 216(160)  138(232) 30(337)
Saussele; Lancet Oncology 19: 747757, 2018
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TFR Experience in CML ( France) TKIs Rx DC in Clinical Practice--Requirements
Single Institution Experience Over 15 Years Saramator Ves o
— Observational study of pts Sokal risk low-intermediate high
who DC TKI after DMR (2 1004 o TFRY (n=128): 45.7%
MR4) (n=128) o BCR-ABL transcripts quantifiable-B2A2, B3A2 (e13a2 not quantifiable
—N=128 in TFR1 T 754 or e14a2)
— Median follow-up in TFR1: 6.5 £ CML past Hx chronic AP-BP
yMedian TKI duration: 7.1 y _E_ 504 Response to first TKI optimal failure
- S c
= TKI: imatinib 61%, 2G 11%, § Duration of all TKIs Rx >8yrs <3yrs
2" line 2G 28% & 24 n=9/65 (14%) relapsed after 2 yrs
— MR4 100%, stable MR4 81% Median yrs to late molecular relapse: 3.6 (2.3-6.3) Depth of molecular response CMR (MR 4.5) less than MR 4.0
_ :Ilt\alzl?l':nRijr:t-i,;A:r TKI , "0 é A é é 1'0 1'2 1‘4 1‘6 Duration of molecular >2-3yrs <2yrs
duration, MR4 durétion Years in TFR1 res‘_m"_se - - . -
. Mqr}ltorlng ideal (g2 mo in yrs 1-2) poor; non-compliant
Rousselot P, et al. ASH 2019. Abstract 27. availability/center-pt
P Im nt Monitoring and Rx Chan
Therapy of CML- General Principles | portant Monitoring and Rx Change
in CML. General Principles I
* Patient with CML should be on daily TKls ) )

. . ® Do not discard a TKI unless there is loss of CGCR (not
everyday , whether in CG CR or even if MMR) at the maximum tolerated adjusted dose that does not
100% Ph-positive, in the course of CML- cause grade 3-4 or chronic grade 2 (affecting QOL) toxicities
CP or in transformation (AP-BP= TKis

. . ® Dose ranges
combinations) —imatinib 300-400mg/D (rarely 200mg/D)

* Exceptions: lower-risk CML post allo SCT; —nilotinib  200-400mg BID (rarely 200mg/D)

7] ”. : —dasatinib 20-100mg/D
molecular cure/ TFR ; severe cytopenlas ¢ Mutation studies only if CG or hematologic relapse
52

Overall Survival With TKI After Timing of Allogeneic SCT
Imatinib Failure or With SCT
o * General —Failure of multiple TKis
1004 P e e * | consider allo SCT for candidate patients with resistance
) % (not toxicity) to a second generation TKls and no guiding
s 1 Dasatinib mutations
: R ] | * Scenario 1—Patient with resistance to imatinib — consider
§ % L second generation TKIs (dasatinib if no guiding mutations)
: b W_m before allo SCT
’ o - * Scenario 2—Patient with resistance to dasatinib (if no
o i mutations involving 299 or 317) — alloSCT
0 12 & % 4 @ 72 8 Nilotinib * Scenario 3—Patient with resistance to any TKI and T315I

s s st : T mutation — ponatinib — alloSCT
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When Not to Consider Allo SCT Even if Multiple . -
Imatinib and Pregnancy

TKiIs Failures And no CG CR
® Rare syndrome of fetal malformations (exomphalos,
® Older pt( e.g. age 65-70+) regardless of molecular or kidneys, bones) in 3/125
CG status— Continue most appropriate TKI, and
consider adding LD araC, AZA, omacetaxine, or even
hydrea

¢ Scenario— 70 yr man with CG relapse ( Ph 20-70%; or
PCR > 1%) after second TKI and ponatinib. | would
keep TKI alone or add AZA/LD araC- Pt may live . . g
their normal life with good QOL; rather than aim for with pregnancy / delivery under closer monitoring
allo SCT/cure at the expense of complications (e.g. FISH/QPCR every 2-3 mos) %

Pye. Blood. 111: 5505; 2008

® Stop imatinib if pregnancy
® Fathered pregnancies/deliveries on TKls —no
problems

® If pregnancy / children highly desired: achieve
durable CMR on TKis then hold TKI and proceed

Dasatinib and Pregnancy When to Look For Mutations?

° inib*

8 v.\:omeq b:game pregnant on dasatlnlb’ outcome *Mutation analysis in 1301 pts receiving imatinib or 2"d generation TKI (GIMEMA)

available In Cli_nical condition % Positive
® 15 delivered normal babies (33%) Falluve R at 3 mo “a
® 18(39%) had elective, and 8(17%) had spontaneous N gg;;;f;?mo ];

abortions No CCyR at 18 mo 17

Loss CCyR 31 |

® 5(11%) had abnormal pregnancy —encephalocele, Loss CHR 50

kidneys, hydrops fetalis My i T ;
* 30/33 (91%) fathered infants normal No.COYR af 12 mo :
* Dasatinib may be a selective developmental toxicant N e 18 mo S |

Cortes. AJH 90: 1111; 2015 7 Soverini. Blood 118:1208 and abst 112, 2011

CML. Mutations and Resistance s Analysis of Mutations in CML

* If CG or hematologic relapse, mutations studies help

* No role for mutation studies pre-Rx or in imatinib
responding patients

e 2310 4-foia * T315I: ponatinib; allo SCT;others( DAC/AZA, ara-C,
"o PRy omacetaxine)

* Y253H, E255K/V, F359V/C/I : dasatinib
* V299L,T315A, F317L/V/IIC : nilotinib

Kantarjian. Blood 111:1774, 2007. Soverini. Blood 118 : 1208 ,2011 60
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BCR-ABL Transcripts < 10% at 6 mos Criteria for Response/Failure and
Associated with Better Outcome Change of Rx
Response Time (mo) Imatinib
3 Mo 6 Mo No. % Survival | % PFS % FFS
3-6 Major CG;
<10 <1 342 97 97 87 QPCR < 10%
<10 1-10 42 100 97 79 12 CG CR
<10 >10 10 89 90 51
>10 <1 18 100 100 76 Later CGCR
>10 1-10 36 100 94 79
>10 >10 35 74 69 11 . CG<35%=~QPCR<10%
+ CGCR=QPCR<1%
Brandford. Blood 122: abst 254; 213

Important Response Categories in CML Therapy of CML Post Frontline Failure

Response Translates into:

BCR-ABL = 10% at 6 Significantly improved survival
mos; CCyR later

Modest improvement in EFS; possible

MMR longer duration CCyR; no survival benefit
CMR Possibility of Rx discontinuation

(clinical trials only)

Dasatinib in CML CP After Imatinib Failure OS by Dasatinib Dose After Imatinib Failure
* 670 pts randomized to 4 dasatinib schedules
* 6-year follow-up
Outcome (100 mg/d) Percent
MCyR / CCyR (within 2 yr) 63 /50 2
MMR 46 :
IM Resistant 43 z:: o
IM Intolerant 55 10 - = somgBD
7-yr 0S 65 o TR
7-yr PFS 42 R e
DC Rx 78 Imatinib-resi Imatinib-i Overall
* Reason for DC: AE 30% (related 24%, unrelated 6%), progression 08, % (95% Cl) 63 (53-71) 70 (52-82) 65 (56-72)
21%, other 47%. PES, % (95% CI) 39 (20-49) 51 (32-67) 42 (33-51)
* Pleural effusion 28%, pulmonary hypertension 2%.
Shah . Am J Hematol 2016; 91: 869-74 Shah . AJM 91: 896; 2016
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Ponatinib (AP24534). Pan-BCR-ABL Inhibitor 5-Yearg“>|1|t_cgrg%;v;:t:li;o1r_1}2lt|n|b in
*® Rationally designed inhibitor of BCR-ABL )
* Active against T315l mutant  L_gpratnio * 270 pts CML-CP Rx with ponatinib 45 mg/d post-TKI failure
- Unique approach to accommodating QY AroidsT3IS! .1 * Median F/U 56.8 mo (0.1-73.1 mo)
gatekeeper residue ¢ Lo~ Percent 5-yr Probability
® Potent activity against an array of BCR- ore
ABL variants ) MCyR MMR  MR4.5 MCyR MMR  PFS os
® ﬁlso targets other therapeutically relevant .. % 1TKI 79 58 32 75 NA 62 89
Inases: = )4
- Inhibits FLT3, FGFR, VEGFR and o § .1/1 & 2TKI 71 45 25 88 65 68 78
PDGFR, and c-KIT - / ‘:‘/ ™ 3TKI 50 37 24 84 54 45 73
® Once-daily oral activity in murine models faﬂﬁ_ 4TKI 58 8 8 NA NA NA
@ R i
OHare . Cancer Cell. 2009;16:401412 Hochhaus A, et al. Blood. 2017;130(suppl): Abstract 1617.
Ponatinib in CML—CP (PACE) Ponatinib Toxicities of Concern in CML Therapy
* 449 pts Rx; 270 in CP
* CG major 60%, MMR 40%, 5-yr OS 73% * Optimal dose: 30 vs. 45 mg daily?
Resgose ot Any T .
g — | use 30 mg daily
Wkl Wit 2] 0THE peld
; * Incidence of toxicities of concern
: M 08 # § yeorn m“:u.xxw'\/\
T anem —Pancreatitis 7%
o —Skin rashes 40%; severe 4-7%
' —Vasoocclusive disorders (cardiac, CNS, PAOD)
_ 12%
Cores. Blood 132:93; 2018 —Hypertension 67%; severe 20%
Therapy of CML Transformation Survival in Advanced Phase CML

* Accelerated--TKI alone or combo with low
intensity Rx (DAC, AZA, LD ara C, HU, etc)

* Lymphoid BP--TKI + ALL Rx (e.g. HCVAD)

* Non-lymphoid BP--TKI + AML Rx or
DAC/AZA

Survival Probability
Survival Probal

Kantarjian. Blood 2012; 119: 1981
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CML-BP. MDACC Experience (1997-2016) Low-dose Dasatinib (50mg/D) in CML-CP. Response
* 477 pts Rx: lymphoid BP 28%; TKI alone 35%,
TKI + ChemoRx 48%; allo SCT 22% -

* MHR 50%; CGCR 21%; MHR with TKI alone 43%;
TKI + chemo 64%

* Median OS 12 mos -

* MVA for OS: TKI combo, allo SCT, lymphoid BP
favorable

9%

Naqyi. Cancer 126: 67; 2020; 2020

CML Summary 2020

*Frontline Rx excellent (and getting better, safer Leukemia Questions?
and cheaper?)

*2nd line options grossly equivalent; 3" line

ponatinib better (new ones safer?) * Email:hkantarjian@mdanderson.org
*Dose reductions safe in most instances * Cell: 281-705-7207
*Rx DC feasible (better to wait for long MR4.5 > * Office: 713-792-7026

3-5 yrs = high “cure rates”)
*Minimal intervention during pregnancy
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Chronic Lymphocytic Leukemia

Most common adult leukemia of
Western world

Rate per 100,000

3%
Estimated 18,960 new cases and *
4,600 deaths in 2016 25

20

Male to female ratio is 2:1

Median age of diagnosis is ~ 72 yrs,
with only 10% of patients younger 5
than 50 yrs of age

Highly heterogenous clinical course,
ranging from indolent to aggressive

© 2020 Hematology and Medical Oncology Best Practices Course



Chronic Lymphocytic Leukemia Sunday, August 16, 2020
Matthew Davids, MD

© 2020 Hematology and Medical Oncology Best Practices Course



Chronic Lymphocytic Leukemia Sunday, August 16, 2020

Matthew Davids, MD

Before | * Alkylating agent monotherapy
1985
19%s. | * Purine analog monotherapy Obinutuzumab
1990
Increased Direct Cell Death
19%. | * Purine analog + alkylating agent Type B versus Type | antody
2000 :
% « CIT: Purine analog + mAb +/- alkylator (
J

w « Small molecule inhibitors

GCLLSG - CLL8
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RESONATE-2: Ibrutinib vs
Chlorambucil With Tx-Naive CLL/SLL

¢ An international, randomized phase Ill trial

Ibrutinib

420 mg/day until progression
Pts 65 yrs of age or oldel/
with treatment-naive

Crossover
CLL/SLL; no warfarin use;

no del(17p) Chlorambucil upon PD
(N= 259’; 0.5 mg/kg (up to maximum of 0.8 mg/kg) (n=43)

on Days 1, 15 of 28-day cycle
for up to 12 cycles

¢ Primary endpoint: PFS
* Secondary endpoints: OS, ORR, EFS, rate of hematologic
improvement, and safety

AEs Summary Ibrutinib Chlorambucil

AEs leading to discontinuation, %

Burger JA, et al. N Engl ) Med. 2015

Bendamustine 90mg/mz2 days 182 of each 28 day
cycle + Rituximab 375 mg/m2 day 0 cycle 1, then 500
mg/m2 day1 cycles 2-6

Untreated

patientsage> | -

IWCLL criteria

for CLL

treatment Ibrutinib 420mg daily until disease progression +
Rituximab 375 mg/m2 weekly for 4 weeks starting
cycle 2day1, then day 1 of cycles 3-6

Am

N 26MonthEstimate
176 74% (95% CI: 66-80%)

1o | eweskasiem
R0 | sew(osw st

I EEEEREEE] I EEEEEEEE]
Tiow (snna

24 Month Estimate.
7% (95% c1: 74-90%)
6% (05% c1:72:90%)
885% (95% C1:73.95%)

ek ang mogrordnFme

ocHEEBEZEEE
R -

cEBEEBBEIBEE
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Arm A - Ibrutinib + Rituximab
Cycle 1:
lbrutinib 420 me PO daily,days 1-28
Cycle 2:
Ibrutinib 420 mg PO daily, days 1-28
Ritwmab 50 mg/m IV, day 1

imab 325 mg/m? IV, day 2

PO daily, days 1-25 |
Cycles 37:

torutinib 420 mg PO daiy, days 1.28

Rituximab 500 me/m IV, day 1

reviously untreated CLL
“Requires treatment (IWCLL
Median Follow-up: 38 months 2008)

-Age <70
N 24 Month Estimate EC0G 02

Randomization

N Cycles 16
183 95% (95% Ci: pL-98%) -Able to tolerate FCR Fludarabine 25 e/ IV, days 1-3

90% (95% C1: 85 - 94%) No deletion 17p by FisH Cyclophosphamide 250 me/m? IV, days 1-3
9a% (95% C1:89 - 97%) Cycle 1:
- Rituximab 50 mg/m? IV, day 1, cycle 1
w4 @ Rituximab 325 me/m? IV, day 2, cyele 1
Tire (Worths) Cycles 26:
o . ) Rituximab 500 me/m? 1V, day 1, cycles 26

Disease Progression

MR- Q17 9% C10.06-054)
Ono-sided p #1210
— R evens! 354 cases)

= = FCR (10 vents/ 175 cases)

HR=0.35 (95% C10.22 -05) HR =026 (95% C1 014 - 0.50) HR =044 (95% C10.14 - 1.36)
One sided p < 0.00001 One sided p < 0.00001 One sided p =007

Kinase 1C5o (nM)
Acalabrutinib Ibrutinib
5.1 15
126 10
46 0.8
368 20
64
53
4.9
32
0.1

0 2 4 & B 10121416 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46
Months.
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Statistically significant interaction between therapy

and IGHV mutational status (P = 0.03)

6 12 18 2

Time on study in months
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CLL Patient in
Need of First Treatment

< 65 Years Old > 65 and Fit > 65 and Less Fit

IGHV Mutated, no del (17p)/TP53 mut IGHV Mutated, no
del (17p)/TP53 mut || or unmutated IGHV del (17p)/TP53 mut

Median PFS 5-year PFs| Median 05 5-year 05

Unmutated IGHV (n=73) 43 mo Unmutated IGHV (n73) _ NR
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Median PFS 5-year PFS.
Del17p (n=34) %m0 19%
Delllq (n=28) %
Trisomy 12 (n=5) 80%
Del13q (n=13) o1%
66%

Macian R
—

e
$ass

[
€, 118 mann 10 40

Matard rafio, 0.29 95% CL 100 1o 0481
P00t vik

Progression-Free Survival (%)

Masard ratio, 036 199% CL 019 10 0801
P00t v B R

0123458678 910N2ZUUIBBTIEBNNR]
M

olerant patients can Venetoclax may be better
be successfully treated with choice for patients who

Progression-Free Survival
an alternate KI progress on ibrutinib

HEERLGEE AL
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PFS for BTKi in BTKi-Naive Patients
Following Venetoclax

PES (probability)
zeesegunsd

Median PFS = 32 mo.

SIiiinnunnRRNERD
Months After First Dose
nunvwnr
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The 24-month post-treatment
cessation PFS estimate in VenR
patients who completed 2 years of

venetoclax (n = 130) was 68%

47 PFS, %
Treatment (95% Cl)
VenR 573
(n=194) (49.4-65.3)

BR 46
(n=195) (0.1-9.2)

No definitive data support ven vs. BTKi as first novel agent
in the relapsed/refractory setting
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Number of Costimulatory
Patients with CLL Domain

ORRN, %

Kochenderfer et al.
(2012 and 2015)

/8 (87%) 4/8 (50%)

Porter etal. (2014) 8/14 (58%) 414 (29%)

413 (31%) 1/13 (8%)

Porter etal. (2016)
9/17 (53%) 6/17 (35%)

Turtle et al. (2016 and 2017) 14/19 (74%) 418 (21%)

CARTs Gilletal (2018) 10/14 (71%) 6/14 (43%)

ibrutinib

Gauthier et al. (2018) 14/16 (88%) NR
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MDS | Patient

MDS | Patient

Y 72 yo woman with worsening fatigue:
“Feels like my legs are encased in

]

; cement.”

Now usesa & to park close to the

casino entrance.

PMH: HTN, CAD, smoking

@MikkaelSekeres

Laboratory Results:

WBC 4500/ulL with ANC 2100, no blasts
-~ Hgb 7.8 g/dL with MCV of 102
Platelet count  174,000/ulL

Reticulocyte ct  0.4%

Epo level is 80 miU/ml

A bone marrow biopsy shows hypercellularity (70%),
dyserythropoiesis and 25% ring sideroblasts, and
she is diagnosed with MDS-SLD-RS (2% blasts).

Cytogenetics: no growth; NGS with SF3B1 (VAF 26%)

@MikkaelSekeres
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MDS | Agenda MDS | Definition

* Patient * A heterogeneous clonal hematopoietic disorder
derived from an abnormal multipotent

* Definitions and the Notion of Risk .
progenitor cell

* Ameliorating Anemia

* Tackling Thrombocytopenia » Characterized by a hyperproliferative bone

marrow, dysplasia of the cellular elements, and
ineffective hematopoiesis

* Modifying Multilineage Dysplasia
* The Higher-risk Hurdle

¢ Conclusions .
MDS is a Cancer!!!

@MikkaelSekeres @MikkaelSekeres

MDS mutation landscape 2020

MDS | Epidemiology

PSS independent good prognosis

No clear independent effect

[][[1PsS independent poor prognosis

Proliferation

1

1

1

1

1

1

JAK2 1
BRAF(<1%) | 3 | 2% prpnsye1s) 1
1

1

1

1

1

CBL ﬁe;f;’m Impaired Differentiation

RUNX1 SETBP1
9% 7%

STAG2 and
other

GNAS(<1%) KRAS NRAS PTEN(<1%)

O 1% 4%

cohesins
510%

Epigenetic regulation

1
i
1 /
ASKLT Nl e o e oo
(8%) [ WC
: PRPF40 . -
IDH1/2 , vaars T Incidence Rate = 4.5/100,000 per year
TET2 j2% ' SF3B1 \ p 1%
21% urx ATRX 1 22% / SRSF2
1% (<1%) ! SEER C Statisti i -
o ] 2RSR2 1% U2AF65 ancer Statistics Review, 2012-2016.

! % J <% https://seer.cancer.gov/csr/1975_2016/results_merged/sect_30_mds. 10

MDS | Epidemiology MDS | Epidemiology

Men > Women

SEER Cancer Statistics Review, 2012-2016.
https://seer.cancer.gov/csr/1975_2016/results_merged/sect_30_mds.

Whites > African-Americans

SEER Cancer Statistics Review, 2012-2016.
https://seer.cancer.gov/csr/1975_2016/results_merged/sect_30_mds.
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MDS | Epidemiology — Prostate CA

EBRT (n = 2163); P1 (n = 2336)

|muwmmumm,m I

[ Prostate surgery datadase (n = 5805) |

—

o | [(mmmrran | [(uesew ]

Data linkage

Data linkage:

Prostate Cancer patients
with MOS (n = 59)

Cases excluded from radiation cohort
MOS diagnosed before prostate cancer (n = 4)

Cases excluded from surgical cohort
MDS diagnosed before prostate cancer n = 3)
c but nomal bone

Clirically
marow examination (n = §)
Dysplastic mamow changes seen in associaion
with bono marrow involvement by other
‘conditions (n = 4)

Prioe radiation of cytotoxic chamothaapy for
malignancies Sxchusng prostate cancer (n = 1)

marow examnation (n = 3)
Dysplastic mamow changes seen in assaciation
with bore marrow involvemant by other
condiions (n = 3)

Price raciabon or cylotosic chematherapy for
malignancias xchusing PAstate cancer (n = 4)

[ | rrre—

Mukherjee et al. J National Cancer Inst 2014;106:462

Sunday, August 16, 2020

MDS | Epidemiology — Prostate CA

Cloveland Clinkc cohort

Age at MDS

disgnosis, y SEER 171 Radiation EBRT Pl

02

0 ]
0 o
0 o

6

Yearly incidence rate /100,000

Mukherijee et al. J National Cancer Inst 2014;106:462

MDS | Epidemiology — Thyroid CA

MDS | Epidemiology — Thyroid CA

= 19,520 not 1" cancers

@ PYs at risk for MN (general population)
MPN 1986 - 2014
MDS 2001 -2014
183,804 thyroid cancers identified
[+10,785 non-WDTC histology
» + 651 treated with CT/TKIs
= 1,880 unknown RAI status
* 2,843 treated with EBRT

v
148,215 thyroid cancers included
Y

PYs at risk for MOS/MPN after

v
Observed | e T

MDS/MPN m‘ﬁf—y' Relative risks

cases after S0 (- Observed 2% MDS and MPN cases
WDTC cases Expected 2™ MDS and MPN cases

Molenaar et al. Leukemia 2018:32;952-9. and JCO 2018;36:1831-9.

1,694,552,540 PYs
1,178,901,486 PYs
97,143 MDS/MPN cases identified b
»{ 79,726 MDS/MPN not 2 cancers |
v
17,417 MON/MPN cases included
v
Expectod MDS/MPN cases after
m -~ MDS | MPN
B on .’ | T 1
ground MO RAI| 360 | 207
MDSMPN | RAI | 246 | 222 |

» incidence rate in the general pop.
and the PY's at risk for MDS/MPN

among WDTC survivors (3 *¢).

]
a

0.06 7 —— MPN after surgery alone
~— MPN after surgery + RAI

0.08 7 = MDS after surgery alone

2 o == MDS surgery + RAI 2z
§S §S
§3 004 §5 004
i3 a%
o 8 2
2§ 25
0.02 >3 o002
55 53
0.00 + 0.00 +
o1 2 4 6 8 10 01 2 4 6 8

Years after WOTC diagnosis Years after WDTC diagnosis

RR of developing MDS for surgery + RAI = 3.9 compared
to background rate (P<0.001); for MPN = 3.1 (P=0.012).

Molenaar et al. Leukemia 2018:32;952-9. and JCO 2018;36:1831-9.

10

MDS | WHO Classification

2008 Name Abbrev. 2016 Name Abbrev.
Refractory cytopenia RCUD
with unilineage (includes RA, | MDS with single lineage dysplasia MDS-SLD
dysplasia RN and RT)
Refractory anemia with PR N ~
ring sideroblasts RARS MDS with ring sideroblasts MDS-RS
MDS w/ isolated del(5q) Del(5q) unchanged unchanged
Refractory cytopenia MDS with multilineage dysplasia MDS-MLD
with multilineage RCMD
dysplasia (with ring sideroblasts) MDS-RS-MLD
Refractory anemia with _ " cn_
excess blasts, type 1 RAEB-1 MDS with excess blasts, type 1 MDS-EB-1
Refractory anemia with _ 1 ER.
excess blasts, type 2 RAEB-2 MDS with excess blasts, type 2 MDS-EB-2
MDS, Unclassifiable MDS-U unchanged unchanged
Refrat;':fo ?r'.ilet.?,ﬁ" ia(s) RCC unchanged unchanged

[ Adanted from Arber ef al, Blood 2016:127:2391

MDS | IPSS Classification

Calculation of prognostic score

Score 0 0.5 1.0 1.5 2.0
BM Blast % <5 5-10 11-20 21-29
Cytogenetics Good Intermediate Poor

Cytopenias 0/1 2/3

Estimation of prognosis

Lowdr- Overall IPSS Subgroup Median Survival
Risk Score (Years)
0 Low 5.7
0.5-1.0 Intermediate-1 3.5
1.5-2.0 Intermediate-2 1.2
>2.5 High 0.4

Greenberg P, et. al. Blood 1997:89:2079-88.
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MDS | IPSS “Staging” MDS | IPSS-R Cytogenetics

MDS Survival

Abnormality Overall survival

100 Prognostic Fodan
90 ¥ —
o b Low 267 pts SUBGOD. gt Double  Complex n (%) (months; 95% C1) :9';% )
I3 X\ NC— Int-1 314 pts . P01
§ 60 Ve At 8120)  608(03NR) 050307«
g -=- Int-2 179 pts ery good 2 29) (503NR) 03407)
B oaofd Nk e : !
30 Good (ret) 9243 1900 (657) 486(46543) 1008413
o High 56 pts zﬁg:ﬂ K
20 - . "
10, s NSCLC Survival %23%
o TR A “
Desths /N MST 5-Ye "
years o wo Gm a o Intermediate 170 L LA 52192 BO@IINY 161418

B M4 @ o

Any other

3\ L Ind. clones

RN W TS W T iv3M3ayeey) inc.
WS ‘\\ 7

W RTIET 6 M Poor g 3abn. 148(54) 158(120-180)  26(20:33)+

Very poor o - >3 abn, 187(68) 59(4969) 42(3453)+

= —
Greenberg P, et. al. Blood 1997:89:2079-88. . — I —

Detterbeck et al. Chest 2009;136:260. it e Schanz et al. JCO 2012:30:820-9. *

MDS | IPSS-R Classification MDS | IPSS-R Classification
VARIABLE 0 0.5 1 1.5 2 3 4
Cytogenetics V. Good Good Intermediate Poor V. Poor A B
i ival by IPSS-R LH(<=3.5) IPSS-R LH(<=3.5 thed h: d plot)
BM Blast % <2 >2-<5% 510% >10% e 28 - (=35 temooted hozard piot
Hemoglobin 210 8-<10 <8 - |‘ .= high . LY == high
[ *, 004
Platelets 2100 | 50-<100 | <50 Fosf i .
a2 \,
ANC 208 | <08 N BT Foos .
S g N,
ic Ri i S I <35 = “ _——
Prognostic Risk Categories/Scores g o4 ' - Foo
=1 ) =
RISK GROUP Risk Score Median Survival (Yrs) = Seu,
E 02 >3.5 . LT 001
Very Low 1.5 8.8 & ol
Low >1.5-3 53 0.0 +===total 000
" o 20 40 60 80 100 120 140 ] 20 40 60 80 100 120
Intermediate >3-4.5 3.0 Time to death (months) Time to death (months)
- ple. at sk 15 o ik
High >4.5-6 16 Vv & mee o wss %0 %M W w2 | lw @ 0 wss w0 A i
Very High > 08 Wgh S o7I WA 196 100 8 40 35 Wh s 911 3 196 100 63 40
Greenberg et al. Blood 2012;120:2454-65. ? Pfeilstocker et al. Blood 2016;128:902. 2

MDS | Mutation Risk MDS | Agenda

Low-risk MDS vs. High-risk MDS (univariate)
Driver genes can be ot bt o * Patient
classified into : ;

molecular subtypes
differentially associated
with disease severity

; : * Definitions and the Notion of Risk
pa wen * Ameliorating Anemia

i * Tackling Thrombocytopenia

* Modifying Multilineage Dysplasia
* The Higher-risk Hurdle

* Conclusions

Makishima et al. Nat Genetics 2017;
49:204.

o0t o1

@MikkaelSekeres

' ™ "
Odds ratio (95%C)
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MDS | Treatment MDS | Ameliorating Anemia

Patient diagnosed with lower-risk MDS per IPSS (scores 1) or IPSS-R (score £3.5) Patient diagnosed with lower-risk MDS per IPSS (scores 1) or IPSS-R (score £3.5)

o Isolated| cytopenia ~Multiple cytopenias

- Isolated| cytopenia . Multiple cytopenias
quality of life__

I in clinical trial (ch
NGS for targeted therapy)

txf or
linical trial

Sekeres and Patel Hematology (ASH Educ Book) 2019. - Sekeres and Patel Hematology (ASH Educ Book) 2019. -

MDS | Ameliorating Anemia: ESAs MDS | Ameliorating Anemia: ESAs

ESAs RR 15 - 40% Good response

(74%, n=34)

Intermediate response

RA, RARS, RAEB
(23%, n=31)

Poor response

Growih factors 7%, n=29
o th fact @ (7% )
"\,, < ) o o Treatment response score
. . : 0 0 s-epo <100 +2
" Placeto  Daepoetn 3ty 3 Darbepostn ata U/L 100-500 +1
iLs J » 24 - week Double - blind 43 week Open- abel >500 -3
= = . Transf <2 units/m +2
N=1587 N =147 2:1) URBC/m  =or>2unitsim -2

Golshayan et al. Br J Haem 2007;137:125.
Platzbecker et al. Leukemia 2017;31:1944. Hellstrdm-Lindberg E et al. Br J Haematol. 2003;120:1037

MDS | Patient MDS | Ameliorating Anemia

Patient diagnosed with lower-risk MDS per IPSS (scores 1) or IPSS-R (score £3.5)

Treated with darbepoietin 500mcg q3w el I
} | x 10 months with increase in hgb from i i, ' ~
- 7.8 g/dl t0 9.4 g/dl.

Hgb then slips to 7.6 g/dI.

Repeat bone marrow essentially
unchanged, but cytogenetics
(previously NG) show Del (5q).

NGS with SF3B1, ASXL2

@MikkaelSekeres Sekeres and Patel Hematology (ASH Educ Book) 2019. ~
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MDS | Ameliorating Anemia: LEN MDS | Ameliorating Anemia: LEN

MDS-001

N =43 RBC-TL, un (%) [95% CT]
Phase I/Il initiated 2002
Placebo Lenalidomide £ mg  Lenalidomide 10 mg

Del 59 Non del 5q wITT population n=51 n=4 n=dl
MDS-003 MDS-002 Protocol defined (> 26 weeks) 3 (59)[12-162]  20(426)[283-578]*  23(56.1) [30.7-71 5]*
N =148 N =214 WG 2000% (> § weeks) 4(78)[(22-189] 24 (51.1)[361-659]* 25 (610) [44.5-758)

Phase Il initiated 2003

l

MDS-004
N =205
Phase Il initiated 2005

Phase Il initiated 2003

!

MDS-005
N =239
Phase lll initiated 2010

IWG 2006" (> 8 weeks) 3(5.9)[12-162) :4.:11.[501-0:01“51‘

Fenaux et al. Blood 2011;118:3765-76.

o . o . . .
MDS | Ameliorating Anemia: LEN MDS | Ameliorating Anemia: LEN
‘ Pretreatment ‘ ‘ Double-blind (DB) treatment ‘ ‘ Off-treatment
100 Median duration Tl =2.2 years
o Continue until
£ 9 LEN 10 mg, erythroid relapse or
T 80 T . orally, QD SBS(‘:’;;“ disease progression
g 70 croria A or erythroid Long-term follow-
@ 60 - Centrally reviewed =~ N response up (2 5 years from
¥ IPSS Low or b randomization)
@ 50 Int-1-risk MDS M w - Overall survival
E 40 with karyotypes 1 24 * AML progression
8 2 other than del(5q) z - Subsequent MDS
o +RBC-TD 5 N REET treatments
o 20 * Unresponsive or >8 ks 1 + SPMs
o 10 refractory to ESAs  2:1 g ZOWess L,
Matching orenythroid. | piscontinue
0 placebo 1 [SSPO0SE _ , DB phase
0 1 2 3 4 5
Years
List et al. Leukemia 2014;28:1033. Santini et al. JCO 2016;34:2988

MDS | Ameliorating Anemia: LEN MDS | Ameliorating Anemia: LEN

Significantly more LEN patients achieved RBC-TI 2 8 weeks The median duration of response was 32.9 weeks (95% Cl
versus placebo (P < 0.001) 20.7-71.1) among RBC-TI 2 8 weeks responders with LEN
1.0
30 £ —— LEN
I LEN (n = 160) ﬁmos_
25 [ Placebo (n = 79) %
— 2 g
q =4 i
2 2 8o 0°
£ BN
g 15 c i 04
] L0
a t E
10 - g 02
3
5 0 : T T T T T T T T T
— 0 12 24 36 48 60 72 84 96 108 120
0

Duration of response (weeks)
RBC-TI 2 8 weeks

Santini et al. JCO 2016;34:2988 Santini et al. JCO 2016;34:2988
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MDS | Ameliorating Anemia: LUSPAT

MDS | Ameliorating Anemia: LUSPAT

W Lusp N=153) [l Placebo (N=76)
50-
as. P<0.00
g 4 P<0.001
§ o p
a P<0.001
£ 0
s
g B
lEl 2.
g 1
&

28wk =12wk =12wk =16 wk =16 wk
{wk 1-24) (wk 1-24) (wk 1-48) (wk 1-24) (wk 1-48)
No. of Patients with
Response (% [35% CIJ)
Luspatercept 58 (38 [30-46]) 43 28 [21-36) 51 (33 2641 29 (19 13-26) 43 28 [21-36)
Placebo 10 (13 [6-23]) 6 (8 3-16] 9 (12 [6-21 3 (4111 S (7[2-15

Figure 1. Independence from Red-Cell Transfusi

Fenaux et al. NEJM 2020;382:140-151.

Median duration (weeks) (95% Cl): 30.6 (20.6—40.6) vs 13.6 (9.1-54.9)

—— Luspatercept
—— Placebo

++ Censored

Probability of
Maintaining RBC-TI
&

0O 10 20 30 40 50 60 70 80 90 100 110 120

Duration of RBC-TI? (week)

Fenaux et al. NEJM 2020;382:140-151.

MDS | Patient

MDS | Agenda

On LEN, Hgb improves to 11.7 g/dl x 22
months. Then, over the next few
months changes in Laboratory Results:

WBC 1800/ulL with ANC 950, no blasts
Hgb 7.8 g/dL with MCV of 106
Platelet count  24,000/uL

A bone marrow biopsy shows hypercellularity (80%),
trilineage dyspoiesis, and she is diagnosed with
MDS-MLD-RS (2% blasts).

Cytogenetics: Del (5q); NGS with SF3B1, ASXL2

@MikkaelSekeres

* Patient

* Definitions and the Notion of Risk
* Ameliorating Anemia

* Tackling Thrombocytopenia

* Modifying Multilineage Dysplasia
* The Higher-risk Hurdle

* Conclusions

@MikkaelSekeres

MDS | Tackling Thrombocytopenia

MDS | Tackling Thrombocytopenia

Patient diagnosed with lower-risk MDS per IPSS (scores 1) or IPSS-R (score £3.5)

~~<_Multiple cytopenias

No response of loss of respose

I Py | e h
Sekeres and Patel Hematology (ASH Educ Book) 2019.

26-Week Test Treatment Period 24-Week Extended Treatment Period

|
N
E Romiolost E Romiplostim 'Ll'
% NL,| omiplostim F+R[+| 750 meg weekly + standard of [ Bls/F
B 8 750 meg weekly (N = 160) I care (N = 160) M lu
ELIM :I Bl [a
N z M I B
N
S| [TH  placebowesky i=s0) | Bls| Placete el LG E
H =
N Y $
S
Y
Week 1 Week 26 Week 30 Week 54 Week 58
NolP NoIP

Giagounides et al. Cancer 2014;120:1838.
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MDS | Tackling Thrombocytopenia MDS | Tackling Thrombocytopenia
Placebo Romiplostim Total
(N =83) (N = 167) (N = 250) Baseline pl B line platel
Male, n (%) 53 (63.9) 95 (56.9) 148 (59.2) <20x10°/L > 20x10°/L
Age, median (Q1, Q3) 69 (61, 76) 71(62,77) | 70(61,77) —— ——
RA. RARS, Placebo Romiplostim Placebo Romiplostim
BeMD, RCMD-RS 62(74.7) 126(755) | 188(75.2) (N=43) (N=87) (N=40) (N=80)
WHO classes, n (%) RAEB-1\ 9(10.3) 24(14.) 33(13.2) CSBE (rate/100 pt-yr) s012 514.9 2264 795
RAEB-2 / 0(0) 1(0.6) 1(0.4) RR =1.03,p =0.827 RR = 0.35, p<0.0001
R 12(14.5) 16(9.6) 28(11.2) PTE (rate/100 pt-yr) 1778.6 12505 179.8 2518
Low 23(27.7) 40 (24.0) 63(25.2)
Int-1 58 (69.9) 120 (71.9) 178 (71.2) RR =0.71, p<0.0001 RR =1.38, p=0.1479
IPSS status, n (%)
Int-2 0(0) 1(0.6) 1(0.4)
Missing 2(2.4) 6(3.6) 8(3.2)
Giagounides et al. Cancer 2014;120:1838. Giagounides et al. Cancer 2014;120:1838.

MDS | Tackling Thrombocytopenia MDS | Agenda
Romiplostim Placebo HR 95% Cl .
Deaths 17.9% (30) | 20.7% (17) 0.86 0.47,1.56 * Patient
AML 6.0% (10) 4.9% (4) 120 | 0.383.84 « Definitions and the Notion of Risk
AML-free survival 19.6% (33) 23.2% (19) 0.85 0.48, 1.50
= * Ameliorating Anemia
—— N * Tackling Thrombocytopenia
e * Modifying Multilineage Dysplasia
5years of follow-up = * The Higher-risk Hurdle
. . ¢ Conclusions
LFS
Giagounides et al. Cancer 2014;120:1838. S B
Fenaux et al. BJH 2017,178:906. e o @MikkaelSekeres

MDS | Modifying MLD MDS | Modifying MLD: HMA

Patient diagnosed with lower-risk MDS per IPSS (scores 1) or IPSS-R (score £3.5)

* Regimens:
— DAC 20 mg/m2 IV D1-3 every 4 weeks
— AZA 75 mg/m? IV/SC D1-3 every 4 weeks

* 113 pts with LR-MDS treated and evaluable
for response

* Median duration of follow-up = 14 months
(range: 2-30 months)

' i * Randomized follow-up study NCT02269280

Sekeres and Patel Hematology (ASH Educ Book) 2019. ~ Jabbour et al. for MDS CRC Blood 2017;130:1514
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MDS | Modifying MLD: HMA

MDS | Modifying MLD: ATG

Response N (%) Al responses - intent to treat 9020 333 (1)54)
HIE! 7(18) B
CR 33 (36) HIE, major 6
HI-E, minor 1
HI-N, major% 3(10) 30.0
mCR 8(9) HIR major’ 3(13) 7o
HI 13 (14) _No response - intent to treat 18 (27) 66.7 (46-83)
ORR 54 (59) o I
sD 31(34) , X
» s
PD 6(7)
» Median time to best response: 2 months (range: 1-20) , -
. . -]
* Median number of cycles received: 9 (range: 2-32) Komrokji et al Haematologica 2014;99:1176.
Jabbour et al. for MDS CRC Blood 2017;130:1514 Passweg et al. JCO 2011;29:303.
MDS | Modifying MLD: ATG MDS | Modifying MLD: ATG
A retrospective cohort, International, multi-center, study 166 patients treated with ATG
13 Centers: 8 USA and 5 Europe patients treated wi Response % 95%cl
ATG+CysA  Other
. 7%
Eranercept CR 11.2 | 6.5-18.4
8% PR 56 | 25-11.6
ATG +CysA A HI 32.0 | 24.1-41.0
21%
ATGH / D 39.2 | 30.7-48.4
Tacrolimus.
4% PD 12.0 | 7.1-19.3
MOFFITT () Tacrolimus
% ORR 48.8 | 39.8-57.9
Type of IST used (N=217) and responses
Stahl M et al. Blood Advances 2018;2:1765. Stahl M et al. Blood Advances 2018;2:1765.

MDS | Patient

MDS | Agenda

Treated with 3-day AZA, has
improvement in Plts to 147k and Hgb to
10.4 g/dL, lasting 15 months. But then

; has these Laboratory Results:

WBC 2100/uL with ANC 450, no blasts
Hgb 7.9 g/dL with MCV of 106
Platelet count 21,000/uL

A bone marrow biopsy shows hypercellularity (80%),
trilineage dyspoiesis, but now with MDS-EB2
(12% blasts). Cytogenetics: Del (5q); NGS with
SF3B1, ASXL2, TP53 @MikkaelSekeres

* Patient
* Definitions and the Notion

* Ameliorating Anemia

of Risk

* Tackling Thrombocytopenia

* Modifying Multilineage Dysplasia

* The Higher-risk Hurdle
¢ Conclusions

@MikkaelSekeres
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Higher-risk MDS | HMA and HCT Higher-risk MDS | HMAs: AZA
atient dlagnosed with Bgher ok MOS 1.0
v’-ﬂ"ﬂl‘ﬂ“"zl ) or P55 Ol 09 S Log-Rank p=0.0001
. 0.8 y HR =0.58 [95% CI: 0.43, 0.77]
\
go7 . ORR=35%
g 06 N 50.8%
2 05 h S 24.4 months
g 04 15 momhs/ S -L‘_\_
g o e 26.2%
£ o ma AZA
4l |77 CCR
0.0
0 5 0 15 20 25 30 35 40
Time (months) from Randomization
Sekeres and Cutler Blood 2014;123:829. Fenaux P, et al. Lancet Oncology 2009;10:223-232.

Higher-risk MDS | HMAs: DAC Higher-risk MDS | HMAs: DAC/CED
A 00 Oral Cedazuridine/Decitabine Phase 2
N on In Int-1, Int-2, High, CMML
\‘ —BSQ 96 114 .
= ™ \ Decitabine 99 119 Phase 2 overall (N=80)
2 Log-rank test P = 38 Tvype of response n (%) 95% CI
E 60 CR 17 (21) 13. 32
ZE PR y
S a0 mCR 18 (22) 14.33
3 With HI 6(7) 3. 16
20} ‘1_\_‘_- HI 13 (16) 9.26
S HI-E 8 (10) 4.19
T T T T v T HI-N 2(2) 0.9
0 6 12 18 24 30 36 HI-P 11 (14) 7.23
Time (months) Overall response (CR + PR + mCR + HI) 48 (60) 48,71
Median OS 10.1 vs. 8.5 months No response 32 (40) 29,52
Lubbert et al. JCO 2011;29:1987. Garcia-Manero_et al. Blood 2020

Higher-risk MDS | HMA and HCT Lower-risk MDS | HCT

atient diagnosed with higher-risk MDS.
PSS {score 21.5) or 1P5S- 5)

08
= Test of Equality over
§ E 05 Strata
32 Test p
=3
% E 04 Log-Rank <.0001
S Wilcoxon <.0001

. -2Log(LR) <.0001
0 20 40 60 BYO 100 120 140
Time (months)
Low/Int-1 MDS
Sekeres and Cutler Blood 2014;123:829. Koreth et al. JCO 2013;31:2662
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Higher-risk MDS | HCT MDS | Conclusions
* Biology >> What we can do about it
10 * For Lower-risk MDS, focus on what bugs
— RIC transplantation
_ 08 Test of Equality over patlent mOSt:
[ . Strata -
SE . - . — Anemia
&< et
=y b Log Rank <0001 — Thrombocytopenia
E' = Wilcoxon <.0001 ) .
° 0.2 : “2Log(LR) <.0001 — Lots o’ penia
e K\‘ » Same for Higher-risk, and focus on Response
oo o mommw Duration, Overall Survival.
Time (months)
Int-2/High MDS * Goals of therapy should reflect goals of
patient !
Koreth et al. JCO 2013;31:2662 @MikkaelSekeres

Thanks!!!
Cleveland Clinic Leukemia/MDS Program

Jaroslaw Maciejewski, MD, PhD Jodi Campo, RN, NP =

Sudipto Mukherjee, MD, PhD Barb Tripp, RN, NP ) DRESNERFOUNDATION
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Ronald Sobecks, MD Ben Pannell, BA

Betty Hamilton, MD Eric Wiedenfeld, BA

Aaron Gerds, MD, MS Nicholas Wright, BA
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Yogen Saunthararajah, MD Andrew Brezinsky, BA

Babal Jha, PhD Melena Sharif, BA

Abby Statler, PhD Brielle Barth, BA

Tracy Cinalli, RN Enhxi Myrtaj, BA
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Disclosures

Disclosures of Financial Relationships with Relevant Commercial Interests

* Celgene, Neotope, Annexon, Research to Practice, lonis, Amgen,

Johnson & Johnson

Off-Label Usage
* Bendamustine AL & WM
* Bortezomib AL & WM

MONOCLONAL GAMMOPATHIES
MAYO CLINIC: ROCHESTER, MN
JANUARY 1, 1960 TO DECEMBER 31, 2019

n=53,246
" SMM 4% (2,068)
L —
96) Solitary or extramedullary
2% (953)
o
Multiple myeloma* 3% (1,523)

18% (9,696) Other
2% (1,048)

1 o b 2 - 1 T Includes LC MGUS (n=1659)
* Excludes Poems (n=323)

11 Excludes Schnitzler (n=33)
** Includes SWM (n=234)

AMYLOIDOSIS
MAYO CLINIC: ROCHESTER, MN, 2019

n=277
Secondary
(AA) 1.5% (4)
Senile 22.5% (62)
Amyloidoma
1.5% (3)
Heavy chain

Localized 10% (27) —l

1% (21)

Hereditary
10% (28)

78F RICHMOND KY

= Ak found April 2018

sHb 16.8; M spike 13; IgA 1960; /A 45.7/13.2 3.46 ratio
mUrine was not measured (mistake)

=mReassured MGUS

=Seen WFMC May 10 2019

mROS: Weight loss 68 to 48 kg; numb feet; multiple syncopal
episodes and diarrhea BP 94/64

Patient EKG-Normal Coronary Angio

Anterior Infarction (“Pseudoinfarct”)

ceroeans
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78 YO M SMM

#Oct 2016 AK 0.55g/dL marrow 5% PC no bone lesions
or anemia

mPlaced on randomized trial of len vs obs
mObserved 2 years stable

sSeen a Mayo rising creatinine attributed to long
standing IDDM

sK FLC 46 mg/dl ratio i/u 15
=Urine 3.2 g/d

=TT 0.03; Nt pro-BNP 537
sFat packed with amyloid

PATIENT 2

#79 yo W M DOE 1 yr, LE edema

mEcho concentric LVH, EKG Anterior infarct
mCath negative, normal coronaries
mReferred to Mayo for non cardiac dyspnea

SPEP

Densitometric Tracing

PATIENT 2

sMayo Echo: Heart Walls &
Valves Thickened Restrictive
diastolic filling (stiff heart)-
HFpEF

sHypertrophy reinterpreted as
infiltration

mFat Aspirate +
mBegan Protocol Chemotherapy
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Renal Biopsy Demonstrating “Hyaline”
Eosinophillic Amorphous Deposits

64 YO M WITH WALDENSTROMS

= Diagnosed in MSP with 30 % LPL and IgM of 3000

= Treated with CFZ and R

= Sought opinion for intractable edema

= Albumin 1.0 urine protein 8 g

= [gMA

= Echo thickening with low voltage and abnormal strain

= Renal amyloid 13.3% of biopsies nephrotic > 60years

J Nephrol 2015 28:39-49

SCREENING FAT ASPIRATE IN

NEUROLOGY REFERRAL PATIENT 4 PATIENTS WITH PN, 1994-1999

=71 yo M progressive sensory motor PN \ Age 70, (34, 89) T oabiet et et

=N i i . s
.eurolog.)lst finds 1.1 g/dL GA . - o A

mDiagnosis MGUS-Neuropathy (CIDP like) isolated PN PN+| ="

mPlasma Exchange- Ivig tried over 8 months l o

0 amyloid
diagnoses

17 (6%) amyloid

= Given azathioprine & prednisone e
lagnoses

mProgress & referred
s Sural n biopsy + amyloid

Andrews et al Mayo Clinic Proceedings 2002; 77:1287-90

26 months post SCT sCR
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DISEASE PRESENTATION: ORGAN

CONSIDER AL IN : INVOLVEMENT
= Non-diabetic nephrotic syndrome-check for light . Ma}*o c:)lmrl‘u[ .’192 patients with mass spectrometry-verified AL type
chains * Period:2008-2015
= Non-ischemic cardiomyopathy with an .
echocardiogram showing “LVH”-check for light W Mult-organ involvement
chains W Single-organ involvement.

No. of involved
organs:

« Single-organ: 34%
* 2organs: 41%

« 3organs: 21%

* 4-5organs: 4%

= Hepatomegaly or alkaline phosphatase elevation
without imaging abnormality-check for light
chains

= Peripheral neuropathy with MGUS or CIDP with
autonomic features

= Atypical SMM/MGUS monoclonal light chains
urine and modest marrow plasmacytosis O Theat Kidoey News Lver  GI  Other

= At 20 years 4% of MGUS will develop AL.

Muchiar E et al, Mayo Clinic Proceedings, 2019

SCREEN SUSPICIOUS PATIENTS

s|mmunofixation serum and urine and serum-free light
chain assay
u|f Assay is negative
=lts not AL amyloidosis
=|f its systemic it could be ATTRwt or inherited
slts localized amyloidosis and not systemic

Sensitivity 75%  https://www.youtube.com/watch?v=tctY Tmxd9gQ

cpriosaorzs

AMYLOID TYPING

= Verify that the amyloidosis is light chain with your
pathologist
=3-5% of elderly patients with localized, familial, & secondary
amyloidosis will have an incidental unrelated MGUS
220% of ATTR wt have MGUS
mClassic sites for localized amyloidosis are bladder, gastric
ulcer, colon polyp larynx & skin

Several areas are traced in
the computer screen,
microdissected
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— 10 yrs ago
L] Eclt}o —amyloid, EF
0

"

= 15 |b diuresis — much
improved

= Normal serum
FLC/ratio, no urine or
serum monoclonal
protein

= Negative fat aspirate

Amylord Subtype Number (%] of cases
AL 2553 (61.68)
. . ATTR o5 Zasa
K-light chain V-Iil Distribution of Amyloid [ e
- types ootz 8 .58
.- 4 S s LEE)
e T Identifies amyloid in 28% of amyloid biopsies e Sow
I formalin fixed tissue Are not AL and RAoRT o072
| . as immunoglobulin - h apy - T
: AL contraindi: d AFD 76(063)
ToRETIP =S
ARpoAd T
Now done routinely on AANF 030
all fat aspirates and A2 12(0.29)
bone marrow biopsies AGel 12(0.29)
at Mayo ASemt 12(029)
APro 7(017)
Ay 300N
AcaT 70005
Laboratory Investigation (2008) Enfuvirtide” 2{0.05)
88, 1024-1037 AIAPP 7005)
66-YEAR-OLD MALE, DYSPNEA
ON EXERTION X 1 YEAR
= Previously healthy, no ~ You recommend:
HTN 1. PYP scan
= Bilateral carpal tunnel TC-PYP

MAYO 2012 MODEL SURVIVAL OUTPUT WITH TNT
CONVERSION

¢TaT at 0.025 mcg/L hs-cThT at 40 ng/L
hi sensitivity TT 40; NT-proBNP<1800; dFLC<18)

Kumar S et al, J Clin Oncol. 2019;37:171-173

A phase lll trial of BMDex vs. MDex in newly-

dlagnosed AL Response Dox (56 pt) | BMDex (3 pts) | P
Courtesy of Giovanni Palladini, Overall Hem. 32 (57%) 43 (81%) 0.005
cR 11 (20%) 12 (23%) 0.440
VGPR 11 (20%) 22 (42%) 0.007
PR 10 (17%) 8 (17%) 0454
Heart 10/36 (28%) 10126 (38%) | 0.195
Kidney 16/35 (43%) 16/36 (44%) | 0.448

© 2020 Hematology and Medical Oncology Best Practices Course



Waldenstom’s Macroglobulinemia and Amyloidosis
Morie A. Gertz, MD

Sunday, August 16,

2020

Survival of 230 patients with AL amyloidosis treated with CyBorD.

i
[ H

svwsswsnal

Glovanni Palladini et al. Blood 2015;126:612-615

©2015 by Amarican Socity of Hemalology

A

A prospective observational study of 915 patients with systemic AL amyloidosis treated with
upfront bortezomib

Haematological responses 10,

. —— .
—_—— —
o 20 a0 & B8O 100 0z
%
0o

-ee - vorr e 0 20 a0 &0 8 100
. Follow-up (months)

o 20 a0 &0 8 20 40 @ 80 100
Followup (months) Follow-up (months)

Blood, Dec 19 2019,.

Copyight©2020 Amerioan Saciety.of Hematology G American Society « Hematology

PI's other than bortezomib

= [xazomib™:

= Failed to meet its primary endpoint in phase 3 trial. No
deepening of response

= Carfilzomib2:
= Challenging use in AL amyloidosis: 10% cardiac toxicity
in MM patients; IV infusion
= Dose-escalating phase 1 (n=28). MTD * 20/36 mg/m?
= ORR 54%, 2VGPR 39%
= Cardiac toxicity 36% (VTs, decreased EF, hypoxemia...)

TRIAL OF IXAZOMIB-DEXAMETHASONE VERSUS PHYSICIAN'S CHOICE OF THERAPY IN
PATIENTS (PTS) WITH RELAPSED/REFRACTORY PRIMARY SYSTEMIC AL AMYLOIDOSIS

(RRAL)

Figure. Time to vilal organ deter and efficacy (PA)

of vital organ failure or death

g
2

Hazara ratio
Median: Ixa-Dex:
0. of ever

1) 0.525 (0.316, 0.873)
.8 mos, Physician's choice: 26.1 mos
s: Ixa-Dex: 37, Physician's choice: 40
P=0.0116

B N

—— Physician's choice

o M

0 3 6 9 12 15 18 21 24 27 30 33 36 39 42 45 4B 51 S4 57 60 63 GB 69 72

Time (mes) from randomization

Number of Patients at Risk

Ixa-Dex 85 78 68 58 55 40 42 30 34 20 26 22 16 16 13 7 &5 2z 1 0 O 0 6 0 ©
Physiian's 83 B9 60 51 41 33 25 24 20 19 13 1© 7 5 3 2 1 1 1 1 1 1 1 1 ©

Sanchorawala V et al, Blood. 2017:130(3):507-605 choics

Cohen AD etal, Blood. 2016:128:615-615

TRIAL OF IXAZOMIB-DEXAMETHASONE VERSUS PHYSICIAN'S CHOICE OF THERAPY IN
PATIENTS (PTS) WITH RELAPSED/REFRACTORY PRIMARY SYSTEMIC AL AMYLOIDOSIS
(RRAL)

= Treatment with ixa-Dex significantly prolonged duration of composite survival and
vital organ function, PFS, and time to subsequent therapy vs physician’s choice.
Moreover, ixa-Dex resulted in an improved CR rate and DOR

ASCT for AL versus MM
Survival* Based on Depth of Response and Diagnosis

Patients achieving CR

AL amyloidosis , n=164

o
g
£
2 .
E oo tomn s
c [
2 -
Tt o4
o
g
S o2
o P<0.001
oo T T T T T T T T T T d

Months post-ASCT

*Only patients receiving ASCT within 12 months of diagnosis &surviving 3 months post ASCT included
Dispenzieri et al, Bone Marrow Transplant, 2013;48(10)-1302-7..
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Overall survival in the bortezomib-dexamethasone cohort
according to t(11;14)

)
100 -1(11;14)
No t(11;14)
_— P=.05
g w
=
2 60
2
5
w
= 40
s
s
@
>
o 2
o 12 24 36 48 60
Time (months)

Tilmann Bochtler et al. JCO 2015;33:1371-1378

(£2015 by Amasican Socity of Cirical Oncology.

DOXY

= Oral doxycycline along with meticulous supportive care can
improve survival in cardiac amyloidosis.
= The survival of stage Il and llla cardiac AL can be markedly

improved but has limited impact on advanced stage Illb disease

= Doxycycline has additional benefit only if used in conjunction
with meticulous supportive care and reaching a
haematological CR/VGPR with chemotherapy

= This data supports further randomised prospective study of

oral doxycycline in cardiac AL amyloidosis.

DARATUMUMAB: SUMMARY OF DATA

Ref | Design | Prior N Mediantime | ORR (%) |2VGPRICR | Median FU
lines, to response (%)
med
Retrospectiv | 3 25 1.0 month 76% 60%/36% NR
2 [Retrospectiv | 3 | 44;50%in | 2.2months 83% 80%/17% 10.2 months
° combinati
on
3 |Retrospectiv [ 3 20 4 weeks 86% 86%/33% 10 months
e
4| Phasen 2 21 Fast 100% | 84.2% at 3mo NR
5 | Phasen 3 32 1.0 month 63% 46%/17% NR
| Kaufiman GP ctal, Blood. 2017 3001900902

2 Abekoon JP et al, Leuke
 khouri ] etal, Br Haematol
' rawala V et al, Blood.
5 Roussel M et al, Blood, 2017

ORR=Overal response rate
VGPR=Very good partial response
CR-Complete response

17130 uppl 1):507.
30(Suppl 11:508

o=
Study Design

EHA25 VIRTUAL

Treatment Phase Post-treatment Phase

DARA SC 1,800 mg DARA SC1,800 mg.
Qw Cycles 1-2, Q2w Qaw until
Cycles 3-6 + CyBorD* MOD-PFS or

weekly x 6 cy maximum of
24 total cycles

Key eligibility criteria:
* AL amyloidosis with 21 organ
impacted

= No prior therapy for AL amyloidosis
or MM

Observation until MOD-PFS
(if DARA SC discontinued
prior to MOD-PFS)

- Cardiac stage 11 (Mayo 2004)
* eGFR 220 ml/min

Screening (Day -28)
1:1 Randomisation
(N = 388)

Stratification criteria:
= Cardiac stage (I vs llvs I11A)
= Transplant typically offered in local country (yes vs no)
= Creatinine clearance (260 mL/min vs <60 mL/min)

ANDROMEDA is a randomised, ope ontrolled, phase 3 study of
DARA SC plus CyBorD vs CyBorD alone in newly diagnosed AL amyloidosis

Primary endpoint: Overall haematologic CR rate

Secondary endpoints: MOD-PFS, argan response rate, time ta
haematologic response, overall survival, safety

EHA25 VIRTUAL

Haematologic CR: Primary Endpoint

Best Response of HaematologicCR ~ —  Assessed by blinded Independent Review Committee

Odds ratio 5.1 - CRper Comenzo criteria’ with clarifications
(95% CI, 3.2-8.2); P <0.0001
. t ) = Abnormal FLC ratio does not preclude CR?
3% = CRrequires confirmation
40 - The CR rate at 6 months was consistent with overall CR rate
= 50% DARA-CyBorD vs 14% CyBorD
20 18% (odds ratio 6.1; P <0.0001)
- Median time to CR*:
o = DARA-CyBorD: 60 days
DARA-CyBorD CyBorD .
Am 19 =193 CyBorD: 85 days

Responses with DARA-CyBorD were deeper and achieved more rapidly

o EHA25 VIRTUAL

Organ Response at 6 months?

70 M DARA-CyBorD M CyBorD

60 £ =0.0029°

50
42%

40

30 27%
22%

Response rate, %

20

n=118 n=117 n=113 n=117
Cardiac response’ Renal response?

ith DARA.

enal response rates were doubled

BorD vs CyBorD
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Suspect Amyloidosis
«Nephrotic range proteinuria
POMALIDOMIDE IN AL « Heart failure preserved ejection fraction
- Nondiabetic Neuropathy (carpal tunnel 50%)
AMYLO I D s I S +Hepatomegaly, diarrhea
« Atypical MGUS or smoldering myeloma
Ref | Prior N Dosing Median time to | ORR/ PFS FU
lines response 2VGPR Serum T(;r:’unoféxan%'\ |mmun?%\obulln free Ilght chains
cardiac Pyp scan if heart symptom:
1 2(1-8) 33 | 2mg daily 1.9 months 48%/18% 14 months | 28 months
Dex 40 mgW +ig —Ig
2 2(1-6) 27 5/3 ";5/;1 Uv;:) i 3 months 50%/37.5% 18 months | 17 months Fat aspirate; bone marrow
Doxzomgw o=12) Possible lip biopsy for congo
red +
Lighl chain
Typing of deposit*
3 |2¢7) |28 |2mgac=3) 1 month 68%/29% 16 months | 44 months - yp‘ 9 p ! Vloi
4 mg/d daily (n=25) Amyloid Localized +————+" B e — unllkel If
Dex 20/40 mg/W. excluded Skin, laryn, bladder, "L\ TR P p/DP scan 2
in 85% polyp, or Gl ulcer §
+ Dose reduction: 18%!, NR* 3296 s Systemic
* Grade 3/4 toxicities: s LowIndex of | | High Index Staging & Germline wt TTR
+ Myelosuppression 26%-45% et Bl 3017201312051 suspicon || of sspicion FLC DNAtesting _amyloid very
. Fatigue 18% T NT proBNP for mutation=, likely
e i 162156 Stop mviom Troponin V4
* Pneumonia 119%-21% s Genetic
* Renal failure 8%-7.5% _Cardiac MRl — “frdauof" — Organ biopsy counseling
* Arrhythmias 0-21% Low Index of suspicion - & *Type amyloid with mass
Rise in NT-proBNP was frequently seen, in most cases w/o clinical CHF Suspiion Diagnosis Proceed with mun;;jf;;j;g;;'w very
Stop excluded _amyloid typing export amyloid pathologist

-] [ I |
Q—R MAYO CLINIC Qg MAYO CLINIC

ewly Diagnosed AL Amyloidosis' - Transplant eligible ewly Diagnosed AL Amyloidosis' - Transplant ineligible

BM PC = 10% http://msmart.org 5 http://msmart org
Clinical or CRAB or high risk FISH | Vv8August2019 BM PC = 10% V8 August 2019
pr:!‘.:ll:ec! I Chmeal or CRAB or high risk FISH
No 2 Yes preferred
] No Yes
2 +
| Induction 2-4 cycles ? | | CyBorD x 4-6 cycles 2.2.4 | [CyBorD x 6-12 cycles 2.3.4]
i
Mel 200 ASCT # [ Mel 200 ASCT 4 = Hematologic VGPR 5 | [ = Hematologic VGPR 5
4 13 Yes No No Yes
[ = Hematologic VGPR ° | [ = Hematologic VGPR 5 |

Yes No No Yes [ Observation ‘ Consolidation

Consider maintenance
Bortezomib/ixazomib = 2 yrs

Consolidation " Maintenance = 2 years as ‘
Consider tolerated © t

Observation

Consider adding doxycycline for at least a year
Induction (CyBorD or low-dose lenalidomide VRd) also used if delay (e.g. =1 month) in proceeding to ASCT
If CR, collect stem cells and option to observe without ASCT

For CrCl <30, use Mel 140 mg/m2. Age >70, consider Mel 140

Decision to change/add mempy if > CR made based on a number clinical factors. Re-refer to amylcid center of excellence
If high-risk FISH (del 17p. t(4:14). or 1(14:20)) use proteasome inhibitor for maintenance: otherwise lenalidomide

onelder adding daxycycline for st least a year
Or BMel-De:
If< PR 812 months consider changing therapy

If young. consider stem cell collection for eventual ASCT

Decision to change/add therapy R made based on a number clinical factors. Re-refer to amyloid center of excellence

ERYTINN

ETYIs

MAYO CLINIC @ 19G IgA IgM A

Clinical
trials
preferred

Treatment of AL — off study
[ Relapsed/ Refractory AL Amyloidosis
l 209 line
I Dara or dara-based therapies
'

Heme relapse = 2 years Not
after last therapy refractory refractory 3 line.

CyBorD or Pom-Dex or
B-Mdex' or Vd Len? -Dex
I [~

| Paucity of data, but carfilzomib?® or venetoclax*-based therapies can be considered ‘

! Melphalan and dex doublet very if patient has

2 Starting dese of lenalidomide should be no higher than 18 mg

3 Not recommended in patients with cardiac involvement

£B8 very cautious of infection risk Msmart.org
Cara. Len : Pom. V& August 2019

© 2020 Hematology and Medical Oncology Best Practices Course



Waldenstom’s Macroglobulinemia and Amyloidosis Sunday, August 16, 2020
Morie A. Gertz, MD

Table 1. Relative frequency of the MYD88 L265P mutation among different B-cell LPDs
Monoclonal Marrow Sx. Dueto  Sx dueto gnd table
Serum IgM Infiltration IgM Tumor Mass Entity n  MYD8S L265P
Protein Waldenstrom’s macroglobulinemia 117 | 101 (86%)
IgM MGUS 31 | 27 (87%)
WM Non-GC diffuse large cell lymphoma 48 | 9(19%)
: X + + + Marginal zone lymphomas 14 | 3(21%
Symptomatic B-CLL (16 with monoclonal component) 3
WM + + _ _ Hairy cell leukemia 35
Smoldering Multiple myeloma (three IgM) 24
IgM related + _ + _ 1gATgG-MGUS 2s
disorder Lymphoplasmacytic lymphoma 9
MGUS + Amyloidosis 6
- = = 1gM-related disorder (neuropathy+IgM component) | 1
Healthy volunteers 38
Leukemia 2013; 1722-8

ISSWM: INTERNATIONAL STAGING
SYSTEM FOR WM RITUXIMAB FLARE

Factors Associated with Prognosis in the IWMSS
= Age >65
= Hemoglobin <11.5 gr/dL
= Platelet count <100k/ml
= B2-microglobulin >3 mg/dL

LLE

= Monoclonal IgM concentration >7 gr/dL
Risk Category Factors Median survival (months)
Low 0 or 1 (except age) 1425
Intermediate Age>65 or 2 98.6 =
High >2 435 - .
Morel P et al. Blood 2009;113(18):4163-4170. Cancer. 2004 Dec 1;101(11):2593-8
BENDAMUSTINE =
=41 patients with WM, of whom 22 received L
. s R S JROSI t
bendamustine and rituximab and 19 received R- Sy : 3
CHOP

= [n both groups, the response rate was 95%
= The median PFS for R-CHOP was 36 mo Vs not

reached with bendamustine and rituximab Fowes Pro o 1
(P<.0001). At analysis, 4 relapses (18%) in the

bendamustine and R group & 11 relapses (58%) in Mathas J Rummel, Norbert Niedere , Georg Maschmeyer, G Andre Banat, Urfich von Grnhagen, Christoph Losem ,
the R-CHOP group . )

Lancet. 2013 Feb 19 it doiorg0.1016/50140-6736( 120617632
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RITUXIMAB MAINTENANCE IN MACROGLOBULINEMIA BORTDR RESPONSE ASSESSMENT
- N=23 o
X X X X ) . « Overall Responses
= median progression-free survival for patients treated with R bendamustine 78 ~ CR:3(13%) 91%
months . 83%
. - nCR 2 (9%)
= 218 randomized to R for 2 years vs obs - VGPR: 3 (10%)
= 5 year survival 78% - PR: 11 (48%) J
= 1 AML 1 MDS 0.7% - MR:3(13%)
= PFS 101 versus 83 months p= 0.32; OS P =ns * Median time to response 1.4 months
* With a median follow-up of 22.8
months (range, 3.3 to 33.2 months),
all patients are alive
* 18/23 patients remain free of
disease progression
ash abstract 343; 2019 MAINTAIN trial Treon SP et al. J Clin Oncol. 2009; 27(1):120-126

Impact of ixazomib, dexamethasone, and rituximab therapy on (A) serum IgM and (B) hemoglobin levels.

CARFILZOMIB RD

A
=CFZ 20/36 1,2,8,9 !
=Rd d2,9 of each cycle i

=Maintenance q8 weeks x8
aN=31 1CR 10 VGPR 10PR 6MR (87%); 2VGPR36% B.
=Median TTR 2.1 mos

=NO > gr1 PN; no impact MYD or CXCR4

gt e (18

Jorge J. Castillo et al. Clin Cancer Res 2018;24:3247-3252

ASH abstract 757;2013; Blood 2014 124: 503-10 o oA scionir o et EntY Research
HOW ABOUT IBRUTINIB? IBRUTINIB FOR NEWLY DIAGNOSED WM

= 1 prior treatment =30 patients who were newly diagnosed and received
= Intended therapy consisted of 420 mg of oral ibrutinib daily for 2 years.

= median time to response of 4 weeks. Median IgM 3610 to 1340. Hb 10.5 to 12.6 ibrutinib was recently reporte(_i. The major response
= Diarrhea, bleeding, atrial fibrillation (10.6%) . sunser zee w1 s rate was 80 percent with no difference between
patients with wild type or mutated CXCRA4.

[Efficacy

Response rate: 61.9% (95% CI: 48.8, 73.9)

* Partial response: 50.8% Ibrutinib Is Highly Active As First Line Therapy in i inemi
8 o Steven P Treon, Joshua Gustine, Kirsten Meid, Toni Dubeau, Patricia Severns, Christopher Patterson, Lian Xu,
* Very good partial response: 11.1% Guang Yang, Xia Liu, Maria Demos, Amanda Kofides, Jiaji Chen, Manit Munshi, Nickolas Tsakmaklis,
. . Gloria Chan, Andrew J Yee, Noopur Rae, Elizabeth O'Donnell, Zachary Hunter and Jorge J. Castilo
* Median duration of response: not reached Blood 207 1302767, pur el i o

(range, 2.8+ - 18.8+ months)
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Best Response Rates and a Comparison of IgM Levels.

A et pesponne

-

Tt Placebo- R

Mo ofputnts

DIMOPOULOS ET AL. N ENGL J MED 2018. DOI: 10MA
1056/NEJMOA1802917

BING NEEL SYNDROME

= Multiple case reports of significant benefit using ibrutinib for central nervous
system macroglobulinemia.

= |brutinib is able to cross the blood-brain barrier

= 7 patients reported all reported improvement on magnetic resonance imaging or
cerebrospinal fluid findings

ACALABRUTINIB

= 14 new diagnosis 92 R/R Median 2 prior therapies, median 6.1 years following
diagnosis median time from last therapy 16 months

= NDWM RR 93%; RRWM RR 93%

= Neutropenia 16% pneumonia 7%

= Bleeding 3%

= AF 1%

= adverse events leading to discontinuation of therapy 7%

= 100 mg BID

Lancet Haematology, The, 2020-02-01, Volume 7,
Issue 2, Pages e112-e121

ACALABRUTINIB

Response duration

PFS

os

Lancet Haematology, The, 2020-02-01, Volume 7,
Issue 2, Pages e112-e121

Phase Il Ibrutinib vs Zanubrutinib

ASPEN: Secondary Efficacy Endpoints
Assessment of Response According to Investigator and IgM Analysis

January 2020 Data Cut-Off
i

162 . e

Best Overall Respanse by
investigator assessment (%)

pvalue = 06302

Presented By Constantine Tam at TBD.

ASPEN: AE Categories of Interest (BTKi Class AEs) with additional
5 months follow-up (Data cutoff: 31 January 2020)

- An additional 5 patients had ibrutinib due to AEs versus 0 in the zanubrutinib
arm (14.3% vs 4%)

All Grades Gradez 3

AE Categories, n (%) Ibrutinib Zanubrutinib Ibrutinib Zanubrutinib
(pooled terms) (n = 98) (n = 101) (n = 98) (n=101)
Atrial fibrilation/ flutter? 18 (18.4) 3(3.0) 7(7.1) 0(0.0)
Diarrhea (PT) 32 (32.7) 22 (21.8) 2(2.0) 3(3.0)
Hemarrhage 59 (60.2) 51 (50.5) 9(9.2) 6(5.9)
Major hemorrhage® 10 (10.2) 6(5.9) 9(9.2) 6(5.9)
Hyperension 20 (20.4) 13(12.9) 15(15.3) 8(7.9)
Neutropenia®® 15 (15.3) 32 (31.7) 8(8.2) 23 (22.8)
Infection 70 (71.4) 70 (89.3) 23 (23.5) 19 (18.8)
‘Second Malignancy 12 (12.2) 13 (12.9) 1(1.0) 3(3.0)

HIgROr AT rate in boidbius with = 10% GITETONCe In any GTaGe oF = 4% MITErence in Orads 3 oF Above.
“oen o 3 namarmage of any grade cental nervous sysiem Remorage

neurspenc sapais

Presented By Constantine Tam at TBD.
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6000 e
5000
4000
3000
2000
1000 Waw
[ —
2007 2009

RCD ASCT
’ Zﬂ.H 2013 20‘| 5 ’ 2017
Date
51y0M

)

Hemaglotin

2007 2010 2013 2018 2019
67yo M
2007 2010 2013 2018 2019

« Incidental finding
of elevated IgM

+ No fatigue

* Hb>10

+ Lymph nodes modesty
enlarged

+ No symptoms
consistent with
amyloidosis

+ No nasal gingival
bleeding

Begin l
+ Monitoring

« Schedule for changes
in Hb and IgM/M-spike

Symptomatic due to the
IgM protein not related
to rumor mass

Type Il cryoglobulin cold
agglutinin hemolysis IgM Trial of rituximab
associated neuropathy

Evaluation for
stem cell
transplantation

Amyloidosis POEMS
syndrome

Symptomatic due to the
tumor mass or rapid rise
of IgM with Hb in decline

Hyperviscosity Plasma exchange weekly
syndrome simultaneous to chemo

R Bendamustine
consider only 1 day of
Rx if marrow
involvement extensive
1

- N
Response Young 1e failure or
>36 mos patient relapse <36 mos
12
Repeat Collect Bortezomib +
regimen stem cells cyclophosphamide
and store VCd or Ibrutinib
for relapse
3 line therapy
Fludarabine
everolimus
Lenalidomide
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HEMATOLOGY AND Disclosures
MEDICAL ONCOLOGY commacnae

* Microbot Medical, Inc. (excluding diversified mutual funds)

BEST PRACTICES COUR

“Following” this lecture and study thereafter

. « Will discuss highlighted ‘yellow’ text in lecture; other text is
38 - Bone Marrow Transplantation additional information for you.

« Some extra slides for future study are included that are not
F. Marc Stewart, MD discussed in lecture (see Appendix)
* Results of BMT vs. other treatment approaches left to disease-

group presentations.

Annual Number of HCT Recipients in the US by Allogeneic HCT Recipients in the US, by Donor
Transplant Type Type
=+~Autologous HCT -=-Allogeneic HCT =+=URD-BM/PB -m=HLA-identical sibling =s=Other relative ===URD-UCB
16000 £0%0 URD
14000 A 4500
@ P4 2 4000 pr
g 12000 /\ / 5 3500 A
a a
% 10000 2 3000 e HLA-ID
© © .
= 8000 | = 2500 'ﬂ"&ﬁslb
o o
= 2 2000
5 6000 5
2 . £ 1500 el Pl hiaplo
3 4% /_'./'"' 2 1000 Related
00 _.“.'.:ff ] uce
- 0 T
IO I I O S P 0 SR P P P O s g SOOI PR R O e ®
' C ‘ B MTR CIBMTR Summary Slides, 2019. Available athttps://www.cibmtr.org 3 ' C l B M TR CIBMTR Summary Slides, 2019. Available athttps://www.cibmtr.org 5
Indications for Hematopoietic Cell Transplant in the
Trends in Allogeneic HCT in the US by Recipient Age* Us, 2018
m <60 Years mw60-69 Years =270 Years = Allogeneic = Autologous
10000
» 9000 |-
£ E 8000
‘Ew'; & 7000
& £ 6000
(= % 5000
s 5 4000 |
a
£ £ 3000
5
E Z 2000
1000 |
0
P DI P F PP RO D 0o R Myeloma/ NHL  AML  MDS/ ALL  HD  Non-  Other Aplsstic CML  CLL
£ 0 OV O O S AN o A AT AN NN Y malignant Cancer Anermia
S S G S S S S S S S S S S Fe e o
@ciBMTR @cBMTR
ATransplants for AML, ALL, MDS, NHL, HD, MM 15 - *excludes aplastic anemia. 17
CIBMTR Summary Slides, 2019. Available athttps://www.cibmtr.or
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Autologous Stem Cell
Transplantation

Monday, August 17, 2020

Autologous:

* Treat underlying disease with ablative therapy

+ Results in toxicity such as BM aplasia

« If not rescue patients with infusion of hematopoietic stem cells, they
would die of infection and bleeding problems

* Preference for tumor-free stem cell product.
* Risk for tumor contamination.

* CD34 selection did not change relapse rates and increased
infection risks especially for CMV

* 100 day Non-relapse mortality: less than 5%
* Does not have GVHD issue
* Risk for MDS/AML secondary cancers

Selected Disease Trends for Autologous HCT in
the US

=+=Myeloma NHL/HL

10000
9000
8000 //""
7000

6000 o

5000 el

4000 el

3000 /ﬂ

2000
1000

0 .
AT R P O g e ®

Number of Transplants

' CIBMTR CIBMTR Summary Slides, 2019. Available athttps:/jwww.cibmir.org

Survival after Autologous Transplant for MM and
other PCDs, 2007-2017, by Disease Type

100 = <0.0001
80 1
2
= 60
=
3
o 407 —~
a S —_—
20 Multiple Myeloma (n=58,566)
Light Chain (AL) Amyloidosis (n=2,532)
Plasma Cell Leukemia (n=527)
0 1 2 3 4 5
Years
@cBMTR s Gl .
= : Gandolfi : Clinical Advances in Hematology & Oncology 5o
CIBMTR Summary Slidisgaet2048ikVislatheot6issustBntr org

Tandem Autologous Transplants: IFM 94 : Overall

Survival
100

+s) P <0.01

- Mel 140 ->Mel 140 + TBI

S0, * LN

S amauima e 42%
(20)

25
21%
Mel 140 + 781 7

n]
0 24 a8 72 ER

Attal NEIM 2003

Survival after Autologous HCT for Diffuse Large
B-Cell Lymphoma (DLBCL), 2007-2017

100 p<0.001

801 Chemosensitive (n=12,713)
|
= 60 N .
B ] - _Chemor35|stant (n=841)
« 1 T smeeme ..
8 40
o ]

20

0 1 2 3 4 5
Years
' C ‘ B M TR CIBMTR Summary Slides, 2019. Available athttps://www.cibmtr.org

54
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] ] ¥ et _ Multiple Sclerosis ¥ et
Trends in Survival after Autologous HCT for FL, (A Tielndseprgestn (31 Tme
2001-2017 o o
100 § =
| p=0.0012 . . A —
80 ¢ mmmﬁ:m,. i e
< 1 ——=Io il ; 3
= 604 2001-2005 (n=1,680) £ af F L
£ | 2006-2010 (n=1,466) 0 — H -
a £ — & !
s 1 2011-2017 (n=1,227) A i “ i
g4 S o i S
. 4 | E
2 ! . 1
204 § N H 1 -
1 in e bt sen - S 30| ; lvargtatiin
£ ! ol rarsplantaton < !
R ey | R — : —
0 1 2 3 4 5 : ] i —
Years ¢ ] br—t
' ?l __BMTR CIBMTR Summary Slides, 2019. Available athttps://www.cibmtr.org 52 U E u 2" 36 ‘! 5' U 6 u 2‘ Jé ‘8 w
w But RK ot al JAMA, .165:174 m
Causes of Death after Autologous HCT done in 2016-2017.
Died within 100 days post-transplant  Died at or beyond 100 days post-transplant*
2%.
29%
= Primary Disease = Graft Rejection u Primary Disease = Graft Rejection AUtO I Ogo u S SO u rce Of Ste m Ce | IS
= |nfection Organ Failure u Infection Organ Failure
= Hemorrh = Oth . dary Mali =H .
e “ o B * Peripheral Blood Stem Cells (PBSC)
'CIBMTR  Rarely Bone Marrow (backup)
s i *Data reflects 3-year mortality 24

I Osteoblastic Niche Vascular Niche

Osteoblastic
flining cell CAR =

CXCL12 (SDF-1) abundant reticular cells
Active
HSC

Self-rt}![awall

Proliferation
al
Differentiation

Osteoblast

| Endosteum Zone Central Marow Zone
From: Review Article - Armin Ehninger A, Trumpp A 2011 JEM vol. 208 no. 3 421-428
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CXCR4
CAR Cell el Gratwohl A et al Blood 2008
112 no. 4 923-924

Autologous Peripheral Blood Stem Cells
(PBSC)

PBSC have replaced BM as source of
hematopoietic stem cells
 Superior in speed of engraftment post-transplant
* Decreased TRM to less than 5% and decreased morbidity
* No anesthesia and hospitalization for BM harvest

* Better able to collect stem cells from patients who previously
received pelvic irradiation

* Decreased tumor contamination

How To Collect Autologous PBSC

Using cytokine mobilizing agents alone
¢ Most commonly used: G-CSF
* GM-CSF pegylated filgrastim also used
* G-CSF plus Plerixafor (when failure to mobilize)
* Chemotherapeutic agents + cytokines
* Cyclophosphamide or Cyclophosphamide and
etoposide
* Disease-specific regimens: (eg, (R)ICE,
(R)DHAP, many others)

Administration

Pleraator g H g g

3 4 L] a T L]

= Administer plerixafor subcutaneously approximately 11 hours prior to
initiation of apheresis
G-CSF is to be administered each morning for 4 days prior to first
evening dose of plerixafor and on each morning of apheresis
= Plerixafor can be administered for up to 4 consecutive days

Plerbxafor prescribing information. Availabla at: hitp-/iwww.mozobil.com/document/Package_Insert.pdf.

Collection Goal of Autologous PBSC

Autologous:
* Minimum: 2 x 106 CD34+ cells/kg
* Preference: 4-5 X 10 CD34+ cells/kg

Allogeneic Stem Cell
Transplantation
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Complications Following Allogeneic
Transplantation
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’ Acute GVHD ‘ ’ Chronic GVHD I

CMV and Other ‘ ‘ vzv

Bacterial ‘ Infections Bacterial
Fungal
Cyto-
p

Mucositis
VOD

-10 0 20 40 60 80 100
Days From Transplant (Day 0)

Allogeneic BMT

100 day Non-relapse mortality for myeloablative
regimens: 15-35%
* Need recipient immune suppression to allow donor
engraftment
* Clean normal stem cell source

* Graft versus host disease can cause morbidity and
mortality

* Graft-versus-Tumor Effect
* Tumor Relapse Is Lower after Allogeneic Donor

* Lymphocyte infusions can induce GVT.

Survival after HLA-Matched Sibling Donor HCT for
AML, 2007-2017

100
80
]
= 604
5 1
@©
8 40
a ~—
204 Advanced (n=2608)
0+ T . : . r T T .
0 1 2 3 4 5
Years
' C I BM T R CIBMTR Summary Slides, 2019. Available athttps:/www.cibmtr.org

Survival after Unrelated Donor HCT for AML,
2007-2017

100

80

Probability, %
=)
S

e
o

N
o

Years

‘ CIBMTR CIBMTR Summary Slides, 2019. Available athttps:/iwww.cibmir.org %

Survival after HLA-Matched Sibling HCT for Diffuse
Large B-Cell Lymphoma (DLBCL), 2007-2017

100 1
1
80

601

40 O

20

0+ T . : . r T

p<0.001

Chemosensitive (n=832)

Probability, %

0
'C\B_MTR

CIBMTR Summary Slides, 2019. Available athttps://www.cibmir.org

Survival after Allogeneic HCT for Follicular
Lymphoma, 2007-2017

1001 p<0.001

80
]
= 60
z
8
2 40 HLA-identical sibling, chemosensitive (n=657)
o 1 Unrelated donor, chemosensitive (n=675)

20 HLA-identical sibling, chemoresistant (n=108)

Unrelated donor, chemoresistant (n=126)
0 1 2 3 4 5

Years

‘ CIBMTR CIBMTR Summary Slides, 2019. Available athttps:/iwww.cibmir.org &
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. : : Causes of Death after HLA-Matched Sibling HCT done in
Survival after Allogeneic HCT for Severe Aplastic .

2016-2017
Anemia, 218 Years‘ 2007-2017 Died within 100 days post-transplant ~ Died at or beyond 100 days post-transplant*
20, 2% 2%_ 2%
100 <0001 1% =g er —qurT
1 HLA-identical sibling (n=1,399)
801
e S e il
; 60 Unrelated donor (n=1,076) Organ failure
3 1
g 40/ \
g | GVHD 204
201 ) ) -
= Primary Disease = Graft Rejection u Primary Disease = Graft Rejection
1 GVHD = |nfection GVHD = Infection
0+ Organ Failure Secondary Malignancy Organ Failure Secondary Malignancy
6 ‘II r é ! é “1 r '5 = Hemorhage = Other u Hemormhage u Other
v = Unknown ® Unknown
ears
' C ‘ BMT R CIBMTR Summary Slides, 2019. Available athttps://www.cibmtr.org a7 ‘ C ‘ BMTR *Data reflects 3_yea|- mona"ty 25
Causes of Death after Unrelated Donor HCT done in 2016-2017 :
Allogeneic BMT

Died within 100 days post-transplant  Died at or beyond 100 days post-transplant”

2%, 1% 19, 2%.2%3% * Relies on tumor sensitivity to high dose therapy AND/OR graft
s versus tumor effect.

 Conditioning regimens

« Ablative (defined as: total body irradiation single doses of 2500
cGy, or fractionated doses totaling 2800 cGy, busulfan doses of
>9mg/kg, or melphalan doses of >150 mg/m? given either as
single agents or in combination with other drugs.
Reduced intensity (defined as: <500 cGy of total body
irradiation as a single fraction or 800 cGy in fractionated doses,

9 busulfan dose <9 mg/kg, melphalan dose <140 mg/m?, or
= Primary Disease = Graft Rejection u Primary Disease = Graft Rejection thiotepa dose < 10 mg/kg).

Organ Failure | =S A ]

GVHD

GVHD u Infection GVHD u Infection . . R "

Organ Failue Secondary Malignancy Organ Failure Secondary Malignancy * Non-myeloablative (minimally intensive) (e.g. Flu/TBI 200-400
= Hemonhage # Other ® Hemorrhage u Other cGy). Lower TRM so allows elderly patient and patients with co-
= Uk e morbidity to be offered Allogeneic Transplant;

' CIB M_T R “Data reflects 3-year mortality ¢
1.0+ i+i i
Initial Evaluations
H Donors Patients
Graft vs. Leukemia/Lymphoma Effect .
08 * Hand P, (hx of medical issues * Hand P (same)
.8 including malignancy plus hx of .
° recreational drug use, * Routine Labs plus (same)
% " transfusions, pregnancy, abortion, «Restaging studi
a Twins (N_70) travel, vaccinations); determine estaging studies
o caregiver support and reliability. *BM
L 0.6 « Routine labs plus urine analysis, +Dental Evaluation
. " CMV PCR/Ab, hep A, hep BcAb, .
2 T Depletion (N=401) hep BsAg/Ab, HTLV I/Il, HIV I/1l, *RT consult if TBI or other RT
z EBV, V2V, toxo, RPR, B-HCG +2 Fertility preservation
E 0.4 (females < age 55) West Nile JCard . (
4 4 allo), Chagas Disease (allo), +ECG/Cardiac ejection fraction; PFTs (DLCO >
.g No GVHD (N=433) EIOVI)D scregening/? cry(o Ch)est X- 50)
ray ( hx of pulmonary disease and . - .
E AGVHD only (N=738} SAT< 90%), and EKG (DM, PPD as clinically indicated
2 Cardiovascular disease, *CXR, Sinus CT if clinically indicated
.. L Pulmonary disease, smoke >20
0.2 CGVHD only (N=127) pack years, age: > 40 yr male and -?:L\iecraiz;ts/regulamry standards as
> 50 yr female);
AGVHD + CGVHD (N=485) « Ethical issues: 1 physician serves 2 *COVID Screening
0.0 + persons whose medical care is
R T T T T T T interdependent O’Donnell P: Blood. 2010 Jun 17;115(24):5097-101
0 1 2 24 36 48 60 ?2 Hamadani M: Cryoreservaton of donors cells COVID Liungman P;»EBMT COVID Bone Marrow
Months Biol Blood Marrow Transplant, 2020 Apr 10 Transplantation, May, 2020
0 103016, bae sope 0a con P https://doi.org/10.1038/541409-020-0919-0
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Primary Factors for Allogeneic Secondary Factors forAllogeneic Donor
Donor Selection Selection

* Conventional practice in order of preference:
1. HLA matched family member
2. Then HLA matched Unrelated donor:
* 60-70% chance of finding an 8 of 8 allele level, HLA-A, B,
C, or DRB1 matched unrelated donor for Caucasian

patients
« 10% to 30% for U.S. ethnic minorities 2. CMV status of recipient and donor (preferred combinations)

a. CMV+ donor to CMV+ recipient
b. CMV- donor to CMV- recipient

1. Age of donor (relevant if multiple donors are available)
a. 3% mortality for each decade increase in age of donor.

3. Alternative Donors (Order of preference not defined)
* Haplo-identical
* Cord Blood (usually double)

« Mismatched unrelated 3. ABO red cell match (little effect)

Anasetti C, Biol Blood Marrow Shaw BE et al: Biol Blood Marrow Transplant 24 (2018) 1049-1056
Transplant’ 18:S161-S165, 2012 Ljungman P: Clinical Infectious Diseases 2014;59(4):473-81

A HLA-DPB1-Mismatched Transplants ] T-Cell Epitope: Effects on Inmunogenicity
HLA-DPB1 GVH

Minor histocompatibility antigens

Response

DPB1* TCE group | Immunogenicity

Donor High-expression
rs9277534G{linked HLA-DPB1
mismatch in recipient

03:01, 14:01, 45:01 2

01:01, 02:01, 04:01

Low-expression . + others
rs9277534A}inked HLA-DPBL

mismatch in EECpIE Katharina Fleischhauer Hematology Am Soc Hematol Educ Program (2019) 2019 (1):
Petersdorf E: 2015 N Engl J Med 532-538

Major ABO Mismatch (not important for donor Pre_transplant Risk 5cores

selection- determines method of processing stem cell product)

* Co-morbidity Index: CHF, diabetes, CVA, hepatic,
obesity, renal, pulmonary
* Disease Risk Index:

— Disease: Low, intermediate, high risk — e.g. CML,
chronic phase (low), AML adverse cytogenetics (high).

— Stage: Low: 15t PR, CR, High: induction failure, active
relapse.

* Pre-transplant Assessment of Mortality (PAM):

— Age, Donor Type (degree of matching), Disease Risk,
Conditioning Regimen, Creatinine, ALT, FEV1, DLCO.

Elsawy, and Sorror: Up to date Tools for Risk

iDi A Donor Cells Assessment before Allo BMT: BMT (online) June, 2016;
O ReCIPlent Thakar M, Sorror M, et al: Blood 2019 133:754-762;
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Years After Hematopoietic Cell Transplant
At risk, n
1993-1997 1418 787 682 638 608 689
2003-2007 1148 755 662 618 594 565
2013-2017 1131 810 523 310 161 50

McDonald GB et al. Ann Intern Med. 2020;172:229-239.
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Trends in Survival after Allogeneic HCT for AML,
218, 2001-2017

Years

CIBMTR Summary Slides, 2019. Available athttps://www.cibmir.org
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Reasons for Improvement in
Allogeneic BMT Over Time

* Better HLA matching

* Better supportive care including anti-fungal
and anti-viral therapy

* Less aggressive conditioning regimensi.e.
targeted busulfan

Allogeneic Source of Stem Cells

* Peripheral Blood Stem Cells (PBSC)

* Bone Marrow (haplo-identical, aplastic anemia)

Allogeneic Stem Cell Source: PBSC

Human hematopoietic stem cells are present in the blood in
small numbers so growth factor such as G-CSF needed to
mobilize HSC from BM into blood.

Higher CD34+ cell dose produces faster engraftment than
marrow and UCB (reduced time to neutrophil, platelet
recovery; fewer transfusions)
More T-cells than BM; higher chronic GVHD.
Donor side effects with G-CSF

* Common bone pain 80%

* Rare: Severe cardiovascular events 1 in 1500. splenic
rupture 1in 10,000 est.
G-CSF not proven to induce secondary hematological
malignancies
FDA contraindicated in pregnancy — but probably safe;
check pregnancy test in female donors

Allogeneic G-CSF PBSC Mobilization

* Donor receives G-CSF at a
* Dose = 10 -16 mcg/kg subcutaneously per day,
* Collect stem cells at 4-6 days

* Minimum allogeneic collection at some centers:
* >5-6 CD34+ 10° cells/kg.
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[7200T Jan 18:32403) 175-51
Bone Marrow Vs. Peripheral Blood Stem Cells:

HLA Matched Related

Patients with high-risk
disease (AML beyond first
CR1 or after first chronic
phase of CML) had
improved overall survival if
they received PBSC
compared to patients with

HLA Matched Unrelated

* Showed PBSC are associated
with about same amount of
Acute GVHD, faster
engraftment and higher
probability of keeping graft
compared to marrow.

* Relapses were not less

advanced disease . . .
characteristics who received * Chronic GVHD was higher with
BM. PBSC by a 16% difference

* Survival at 2 years was not
different

Bensinger et al: 2001 Anasetti et al N Engl J Med 2012; 367:1487-1496

N EnglJ Med 2001; 344:175-18

Bone Marrow Is Associated With Better Patient-
reported Outcomes Than Peripheral Blood In
Survivors 5 Years After Unrelated Donor
Transplantation

Patients randomized to receive BM vs PB.

BM; better psychological well-being, fewer chronic GVHD
symptoms, more likely to return to work.

Survival, relapse and treatment-related mortality are
similar.

Failed to see an increase in the proportion of HCTs using
BM.

Suggests clinical results published in 2012 were not
compelling enough to change management of these
patients.

Lee S et al: JAMA Oncol. 2016 December 01; 2(12): 1583—-1589

Alternative Donors:
* Cord blood units.
* Mismatched Unrelated Donor.
* Haplo-identical related donor.

* Advances:

¢ Outcomes:

Mismatched Unrelated BMT

* High-resolution molecular typing and matching for HLA-A, -B, -C, and -DRB1
is the precise current standard.
« Screening for donor-specific antibodies.

* S-year Overall Survival (based on allele match)

* 8of8(37%). } Better outcomes in all categories with

* Lof8(29%). low risk disease
* 60f8(22%).

* Both allele and antigen level mismatches adversely impacted survival.

* Single mismatches at HLA-B and -C may be better tolerated than HLA-A and
-DRB1.

* Mismatch for DQB or DPB does not affect survival of these patients with
malignancy.

* Bone marrow = PBSCT

Anasetti C, Biol Blood Marrow
Transplant 18:5161-S165, 2012

Umbilical Cord Blood Transplantation

Advantages Limitations

Ease of procurement post-transplant * Limited cell dose in each unit
and no donor risk. and defects in bone marrow
homing:
* Delayed blood count
recovery and engraftment
* Higher rates of graft failure
post-transplant (5-15%)
* Delayed immune
reconstitution and
increased infections

Extends transplant to minority * Limit for large recipients
populations (a unit can be found for * Expense (2 cords, extended
many patients (4-6 of 6 HLA matched) hospital stay)

Availability for immediate use

Low risk of GVHD despite HLA
mismatch.

Reduced risk of transmissible infections.

Lower incidence of graft versus host
disease (offset by mismatching).

Double Cord Blood Transplants

* In adults more frequent than single cords since
2005.

* Engraftment rate is comparable although higher
Grade Il acute GVHD in double cords versus single
cord; chronic GVHD is equal.

* At day 21 post transplant single unit dominance can
be detected in 80% (facilitator versus unit with
‘engrafting potential’ OR graft versus graft effects).

* Patients with mixed chimerism at 1 year more
prone to GVL/GVHD.

Milano F et al. Blood 2017 130:1480-1482;  Wagner: N Engl J Med 2014 Oct  Haematologica 2011,96(8):1213-
30;371(18):1685-94 1220. doi-10.3324/haematol. 2010.038836

© 2020 Hematology and Medical Oncology Best Practices Course



Bone Marrow Transplantation Monday, August 17, 2020
F. Marc Stewart, MD

Ha plOIdentlcal Related Donor HLA mismatched haploidentical vs unrelated CB grafts
Tra nsp|a nts comparison of parallel CTN phase 2 studies
. . A.Double UCB C . Haplo-marrow
* Strategies for GVHD prophylaxis paved the way to test = 100 Fal
— Relapse — Relapse
this possible a pproach 8 80 — non-relapse monaiity 8 801 — Non-relapse monality
. T S
60 B so
« Administering cyclophosphamide after transplantation to limit mutual § “ E .
donor/recipient allograft reactivity % @ 2
E 20 1:5‘ 20
* Advantages: 3 ole—r 3 o —
60 120 180 240 -’SOQ. 360 60 120 180 240 300 360
« Likely available parent, child or sibling as a potential donor Days after transplantation Days sher transplantation
« Additional progenitor and immune cells available for cellular therapies waB' Doubls Uce ‘OOD - Haplo-marrow
* Disadvantages: o so
* Need for either ex vivo or in vivo T cell depletion or aggressive immune- = = e
suppression regimens, E o0 TE’
* With T-cell depletion: &3 40 & 40
* Delayed immune reconstitution 20| —— Overall survival 20 | — Overall survival
« Increase the risk of opportunistic infections and relapse Sou NS S e
X . o ————— . o
* With post-transplant cytoxan — less risk of above Months after transplantation ? Months after transplantation
Anasetti C, Biol Blood Marrow Transplant 18:5161-S165, 2012 * Figure 4 Brunstein et al Blood 2011

HLA mismatched haploidentical vs unrelated CB grafts HLA mismatched haploidentical vs unrelated CB grafts
comparison of parallel CTN phase Il studies comparison of parallel CTN phase Il studies
A .Double UCB — Neutrophil A.Double UCB — Acute GVHD C.Haplo-marrow — Acute GVHD
‘ﬁ100 1 - 100 100
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B. Double UCB — = v D. Hapl = = v _ muB- Double UCB — Chronic GVHD o D . Haplo-marrow — Chronic GVH(]
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8 Beo 60 o5 % o8
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Days after transplantatigfynstein et al Blood 2011 Days after transplantation
* Figure 2 Figure 3

Major Drugs Used in Conditioning

Drug Major Toxicities Considerations

High Dose Myelosuppression; SIADH, | Most frequent drug

Cyclophosphamide nasal stuffiness, rare contributing to SOS;
cardiac necrosis, Given alone, not

pericarditis, hemorrhagic myeloablative; stem cell
cystitis (so need give with sparing.
mesna and/or urinary

irrigation)
High Dose Myelosuppression; Targeted dosing based on
Busulfan Seizures (prophylaxis plasma levels; IV or p.o.

required); lung toxicity

Regl men COhSlderatlonS High Dose Mucositis, diarrhea;

Melphalan myelosuppression

Fludarabine Immunosuppression; Reduced intensity
autoimmune syndromes

© 2020 Hematology and Medical Oncology Best Practices Course



Bone Marrow Transplantation Monday, August 17, 2020
F. Marc Stewart, MD

Mucositis and Nutritional
Deficiency

* Risk Factors:
* TBI Containing regimens
* Most intense chemotherapy
* Poor performance status
Prior radiation to head and neck regions.
Increased body surface area.
Methylenetetrahydrofolate reductase 677TT gene mutation (use of

S u p p O r-t i Ve Ca r-e methotrexate for prophylaxis).

* Palifermin
* Indicated for autologous regimens associated with TBI.

* Reduced duration and severity; no change in relapse-free
survival

* Expense is an issue; rash, cotton mouth

TPN vs. Enteral Nutrition

* Research: RCTs are needed Ursodiol

* Clinical Practice: « Alarge multi-center trial of prophylaxis after

 Entereal Nutrition (EN) is safe. myeloablative allogeneic
« Data showi tential benefit vs TPN * Beneficial effect on the incidence of clinical jaundice,
ata showing potentfal benetit vs ’ severe acute GVHD and survival.

* Need to think about role of EN not just for adequate nutrient « Decrease in the number of patients with jaundice and
intake, but also for impact on microbiome. elevated serum alanine aminotransferase (ALT).

« Diet Guidelines: * Lower incidence of grade 3-4 acute GVHD

N o * Lower incidence of stage 2-4 liver GVHD
* Traditional neutropenic diet no longer recommended.

« Liberalizing diet will increase choice as well as pre-/probiotic

food sources to feed the gut. :
g McMillan, Kerry et al Ruufu T et al: Blood. 2002 Sep 15;100(6):1977-83
2020, Seattle Gooley TAetal N Engl J Med 2010; 25: 363_

Factors that Impact Risk of GVHD

* Donor- Host Factors
* Related < unrelated donor
*  HLA disparity between the donor & host
» Fully matched < 1 antigen MM < 2 antigen MM
*  Minor HLA antigen disparities
- Differences in antigen expression (e.g. A vs. G for DP).
*  Sex mismatching and donor parity
» Female donor into male recipient (HY antigens)
» Multi-parous female donor
+  Age (Younger age < older age)
Allogeneic Graft versus Host Disease * Stem Cell Source
. one marrow < peripheral blood
* Immune Modulation
» T cell depletion (in vivo/ex vivo); graft engineering,
« Serotherapy or augmented conventional agent regimens

* Tissue tolerance impaired and perturbed microbiota
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Prevention of Acute GVHD

Immunosuppressive therapy pre/post
transplant
* Methotrexate, cyclosporine +/- sirolimus
* Tacrolimus, mycophenolate mofetil
* Corticosteroids (conflicting data on benefit) or
antithymocyte globulin (ATG).

T-cell depletion from the donor graft (may
increase relapse/rejection) unless very high intensity
conditioning used.

Optimal HLA-matched

Acute GVHD

« Skin rash, diarrhea, elevated bilirubin, infections (bacteria,
virus, fungus)
* Occurs in 10 to 50 percent of patients who receive a
matched related allogeneic transplant
* Response to tx still carries 25% mortality for Grades I-Il; 40-
50% for Grade Ill, 90% for Grade IV
* Infection is major issue
« Severity of GVHD depends on recipient age, toxicity of the
conditioning regimen, donor source, amount of mismatch
and GVHD prevention measures.
* Steroids are the first line of treatment.

« Steroid-refractory acute GVHD has long-term mortality rates
near 90%.

Activation of
APCs and innate
immune cells
Acute GVHD .
o - —
—
Host APC
| Je i ] | o
{r= >
onditioning T & r CVHD
Jegimen, chemo- =+ ——| Chemokines ho T "““»“
herapy or radiation | L9ma0¢ X/ |, End-organ damaged
o (I = skin, lungs, liver
Gut | Cytokine storm: } and gut
commensals | 1Py TN IL-1 o
ic APCs. IL-2, IL-6,0L-12,
j IL-21, IL-22, IL-23
Cytokine Storm Macrophage
Activation of APCs via s
tissue destruction, e
release of gut bacteria, Nevtrophil
pathogen-associated
molecular patterns
(PAMPs) and chemokines /
Mediated TH1, TH17 NK cell Blazar B, et al Nature Reviews,
: Immunol
Stage* Skin Liver IGut (adults)s? IGut (children)®
0 No evidence of lbili < 2.0 mg/dL [ 500 mL/d diarrhea [< 10 mL/kg/d
IGVHD diarrhea
1 < 25% body surface |pili 2.0-3.0 mg/dL  [500 - 999 mL/d 10 - 15 mL/kg/d
larea involved diarrhea, or diarrhea

persistent nausea
iwith histologic
levidence

Acute GVHD: Skin

Erythematous, maculopapular
often beginning on palms and soles.
Becomes confluent over cheeks,
ears, neck, trunk;

In severe cases, bullae and
epidermal necrosis may occur.

Main differential diagnosis: drug
reaction.

Biopsies only helpful after three
weeks (drug effects and GVHD
indistinguishable before then).

Liver or Gl involvement is unusual
without skin involvement

2 25% - 50% lbili3.1-6.0 mg/dL [1000- 1499 mL/d |16 - 20 mL/kg/d
diarrhea diarrhea
3 >50% lbili 6.1-15.0 mg/dL [ 1500 mL/d [21-25 mL/kg/d
diarrhea diarrhea
4 \With bullous lbili > 15.0 mg/dL ISevere abdominal > 26 mL/kg/d
formation pain with/without  |diarrhea
ileus
Grade Skin Liver Gut
0 None None None
1 Stages 1-2 None None
2 Stage 3, or Stage 1, or Stage 1
3 Stages 2 - 3, or Stages 2 -4
4% Stage 4, or Stage 4
« Rising bilirubin, alk phos and AST due to three
components:
* Cytokines from GVHD process (IL-6, similar to cholestasis lenta
mechanism)

* Lymphocytic infiltration of bile ducts
* Hepatitis from alloreactivity

« Persistence of disease and peak intensity both
important prognostic factors.

* In less than 5% of current allograft recipients, acute
GVHD is a fatal iliness for which there is no effective
therapy.

* Persistent jaundice is an independent predictor of
mortality.
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Acute GVHD: Gut

* Upper tract (stomach) GVHD not uncommon.

* Presents with nausea, vomiting often during period of
engraftment; responds to short course steroids/topical
steroids.

« Diarrhea (green, water, mucoid; occasionally intestinal
bleeding, crampy abdominal pain, ileus

* Biopsy for diagnosis. Differentiate from CMV enteritis, C.
Difficile, other enteroviruses.

* May be difficult to treat if failure to respond to first and
second line therapy.

* Patients can live with supportive care for months despite
‘terminal’ nature of gut GVHD.

Gut GVHD: Endoscopy and Biopsy

Gastrointestinal GVHD

Small bowel thickening on CT

Kalantari B N et al. AJR 2003;181:1621-1625

Intestinal Stem Cells are eliminated during GVHD

Untransplanted BM only BM + T cells
3 weeks post-BMT 3 weeks post-BMT

_small intestine

o

|ngenimrs|

Hanash et al, Immunity 2012

%

Increased GVHD mortality with broad
spectrum antibiotic use after allo-HCT

= Recipients who sustain more pronounced microbiota
injury more likely develop severe GVHD

= Microbiota injury manifests in several ways including
loss of overall biodiversity, loss of Blautia (a type of
Clostridiales) and expansion Enterococcus species.
Retrospective study found increased GVHD-related
mortality at 5 years for Imipenem and Pip/Tazo vs
untreated patients (cefeprime and aztreonam were
OK)

= Imipenem reduced the protective mucous lining (in mice)

Shono et al, Sci Trans Med 2016

Treatment of Acute GVHD

* Methylprednisolone at 2 mg/kg/day (max).

* Grade Il GVHD: no disadvantage of lower-dose initial
treatment at 1.0 mg/kg/day.

* Upper Gl tract (anorexia, nausea, vomiting, and
dyspepsia): 1 mg/kg prednisone plus topical steroids
(“Band B”) .

* Experience with lower-dose steroids in patients with
grade Ill to IV GVHD is limited (being studied).

* Tapering of steroid doses should begin as soon as GVHD
manifestations show major improvement.

Martin P, Carpenter P, et al. BBMT, 2012
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Immunosuppressive Drugs for GVHD

* Glucocorticoids

» Osteopenia, avascular bone necrosis, myopathy, impaired wound
healing, and secondary adrenal insufficiency.

« Viral reactivation and mold infections especially with doses >2
mg/kg/day.

* MMF (CellCept, Myfortic)

* Mechanism of action: Non-competitive inhibitor of IMPDH, the
rate limiting step for de novo purine synthesis on which
lymphocytes depend.

* Dose related cytopenia and gastrointestinal toxicity; consider
risk: benefit carefully when treating gastrointestinal GVHD.
Enteric-coated MMF (Myfortic) may be better tolerated.

Immunosuppressive Drugs

* Sirolimus (Rapamune)

* Blocks mTOR, blocks co-stimulation via CD28.

* Toxicity: Reversible cytopenia, hypertriglyceridemia,
and nephrotoxicity (HUS/TMA) and neurotoxicity
(TTP) when combined with calcineurin inhibitors.

* Substrate for CYP3A4 and P-glycoprotein; initial 90%
dose reduction in sirolimus when combining with
voriconazole

* May increase the risk for rhabdomyolysis if used with
statins.

* Dose adjustments for renal failure and increased
bilirubin

ATG (anti-thymocyte globulin)

* Horse:

* Sera from horses immunized with human thymocytes

* Test dose required.

* Frequent fever, chills; thrombocytopenia, leukopenia; minimal
lymphocytopenia; serum sickness in 5% (less if steroids used for
premedication).

* Rabbit

« Sera from rabbits immunized with human thymocytes

* Immunosuppression immediate and greater than horse ATG.

« Viral infection risk high (monitor for EBV and CMV with PCR for
six months).

* No skin testing required.

* Reactions less likely if infusion given > 6 hours.

Post-Transplant High Dose
Cyclophosphamide (e.g. Day 3-4)

* Spares Stem Cells
* Reduces GVHD but no increased relapse risk.
* Reduces HLA barriers to transplant (haplo-ID)

* Reduces GVHD risk with post-transplant Anti-
PD-1 therapy.

Haverkos BM: Blood Volume 130, Issue 2
July 13 2017

DOI: https://doi.org/10.4414/smw.2019.20150
Sandchez DO: 10.11.2019

Swiss Med WKkly. 2019;149:w20150

Extracorporeal Photopheresis (ECP)

Psoralens plus UV light to ex-vivo lymphocytes.
*Direct apoptosis of lymphocytes.
*Reinfusion generates tolerogenic responses by
« interference with dendritic cell maturation.
* modulation of cytokine production.
« expansion of regulatory T cells.

*Advantage: no increased risk for viral reactivation.

*Used in acute and chronic GVHD but very slow
response and very expensive.

Diagnosis of Chronic GVHD

* NIH consensus Working Group standardized criteria :

* No time limit

* requires the presence of at least one diagnostic clinical sign of
chronic GVHD (scleroderma or esophageal thickening) or the
presence of at least one distinctive manifestation
(keratoconjunctivitis sicca) confirmed by pertinent biopsy or
other relevant tests (e.g. Schirmer’s)

« Exclusion of other possible diagnoses to explain clinical findings
e.g. infection.

* Global assessment of chronic GVHD severity has been developed to
replace the historical “extensive/limited” classification.
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Chronic GVHD

* Characteristic clinical presentation
* Some similarity to autoimmune diseases
* Occurs in 30-60%

* Pathogenesis: thymic damage leading to decreased elimination
of autoreactive ? TH2-type responses
(autoimmune/autoantibody); decreased reg T-cells; secretion of
IL-4, 5, 11: 1L2, 10 leading to fibroblastic cytokines, e.g. PDGF in
many organs;

* Key point: chronic GVHD is a syndrome that likely has many
overlapping pathogenic mechanisms, including inflammation,
humoral immunity, cell-mediated immunity, and fibrosis, with
variation in the dominant driver from one patient to the next.

Blazar B, et al Nature Reviews,
Immunology 2012

Treatment of Chronic GVHD

* Glucocorticoids (1mg/kg/day) followed by taper to
eventually reach an alternate-day or daily regimen,
with or without daily cyclosporine or tacrolimus
(FK506).

* Requires at least one year of therapy.

* Approximately 80% of patients require systemic
immunosuppressive for 2 years.

* 40% of them requires therapy for at least 4 years.

Chronic GVHD: Treatment

* Ruxolitinib and Ibrutinib are among the preferred options
for chronic GVHD.

* Ibrutinib has received FDA approval for chronic GVHD based
on a phase Ib/Il study, but suffers from a high rate of
discontinuation.

* ECP remains a viable option for chronic GVHD, particularly if
it affects the skin.

* Novel therapeutic modalities target IL-2 signaling
(aldesleukin, AMG 592), T-cell costimulation via CTLA4
(Abatacept) and those increasing the proportion of T-
regulatory cells (Tregs) with respect to other effector T-cell
populations (the Rho kinase KD-025).

Shapiro RM and Antin J: Expert Review of HematologyVolume}

Chronic GVHD: Controlled Trials of Initial
Treatment—1980 to present

First Double

13, 2020 - Issue 5

Author  Arms Compared Blind N Results
Sullivan Prednisone + azathioprine Yes 179  Decreased survival
Koc Prednisone + cyclosporine No 287  Steroid-sparing?
Koc Cyclosporine/prednisone + thalidomide Yes 51 Toxicity
Arora Cyclosporine/prednisone = thalidomide No 54 Nobenefit
Martin Calcineurin inhibitor i + mofetil Yes 151 No benefit
Gilman Calcineurin inhibitor/prednisone + hydroxychloroguine No 54 No benefit
Carpenter Sirolimus/prednisone + calcineurin inhibitor No 138 No benefit

' >

198 199 200 201 202

= ' ' ' =

Martin, Paul 2019, Seattle

Chronic GVHD: Tolerability of Long-Term
Treatment

Risk Factors for Prolonged Treatment

]

Death or Relapse During Treatment Older donor age

8

Recipient HLA mismatch

Mobilized blood graft

Treatment Continuing

Previous late acute GVHD

&

High serum bilirubin concentration

High prednisone dose at onset

8

Treatment Ended

Percent Off Immunosuppression
3
8
wsty Bunedwon weasey

Female donor for male recipient

High number of involved sites.

© 1 2 3 4 5 8 7 8 9 ®
Years from Onset of GVHD

291 292 292 292 202

Vigorito et al. Blood, 2009

GVHD Overview 3™

= lichen planus,
dyspigmentation,

nail/hair dystrophy,
red rash scleroderma
LIVER (morphea)
TAST/ALT N
GITRACT . : ORAL
anorexia, = sicca, atrophy,
nausea, ] lichenoid
diarrhea changes

= DRY EYES

Martin, Paul 2019, Seattle

@ = GITRACT

= wasting, dysphagia

Grade I-IV
= LUNGS
= Bronchiolitis
~ obliterans
Paul = JOINTS/FASCIA
Capenter = contractures
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Chronic GVHD Fast Facts

H . Median

* Median onset: 6 Graft years on

months source of . systemic
stem Incidence GVHD

—10% happens >1 year cells therapy

* Dx usually requires:
= 21 diagnostic sign or

64%

Cord (late

= >1 distinctive feature  |blood acte) -1 1 1 1
e oot W Infectious Complications
other relevant tests Marrow 48% ~1.9

= Exclude other Dx Peripheral

blood 60% ~3.3

Paul CarpenterSeatlle

b G | Bacterial Infection
Staphylococeus || Encapsulated bacteria
Viral g [ CMV_EBV 1 * Prophylaxis:
. — - * fluoroquinolones for gram negative — no proven
Hsv | Vv survival advantage. Resistance emerging: E. coli,
— strep viridans, Pseudomonas
ungal r ' |
; Candida ] PCP ] * Most use levofloxacin (rare tendonitis)
E N N
Aspergillus [ Aspergillus « C difficile emergence with antibiotic usage.
h C . « Initial Therapy for Fever/Neutropenia (NCCN
Guidelines)
o p Acute . . . . .
Neutropenia GVHD ChrcetH * Need to work up fever and infectious signs aggressively
* Category I: meropenem, piperacillin-tazobactam,
imipenem/cilastin, cefepime
* Category 2B: ceftazidime

Infections: 0-30 Days Infections: 0-30 Days

* Total body irradiation and high dose chemotherapy » Invasive fungal infections have been reported to be 10%-20%.

results in more mucositis, diarrhea, bacteremia than . . X
other regimens * Risk factors: prolonged neutropenia > 7 days, broad-spectrum
! antibiotics, treatment with corticosteroids, TPN; Low CD4 T-cells
* Bacteremia in 15-50% with both gram positive and

gram negative organisms * Candida (50/50 albicans/non-albicans) and Aspergillus accounts for

R ) 80% of fungal infections.
* Staph epi- usually catheter associated. | . dida glab d dida k )
.
* Streptococcus viridans — associated with fluoroquinolone Azole resistant Candida glabrata an C?n 'da rusel,more .
prophylaxis and mucositis. common due to fluconazole prophylaxis; Caspofungin or vori

* Clostridium difficile —associated disease at a higher * Aspergillus occurs in up to 20% of BMT patients;

frequency in this population; most common cause of * Sinusitis or lung disease through inhalation of spores,
infectious diarrhea (15%) * Galactomannan testing (serum, BAL)
« Uncommon infections: * Treatment with Voriconazole (+/- echinocandin).
* Typhlitis: enterocolitis up to 50% mortality. * Mucormycosis (inhalation, trauma) occurs infrequently: 80%
* Nocardia: pulmonary nodules, CNS infection (e.g. brain mortality. Tx: high dose amphotericin-B, surgery.

abscess, meningitis)
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Respiratory Virus Prevention in the
era of COVID

=Healthcare workers and visitors with URI symptoms

Infections: 30-100 Days

* Viruses Other than CMV:
* Adenovirus: 70% mortality in patients with

disseminated adenovirus infection/pneumonia. May ShO,UI,d be restrlctec{ from contact W"th BMT. L
cause cystitis. recipients and candidates under-going conditioning
* BK virus: hemorrhagic cystitis. ? Cidofovir. therapy to minimize the risk for viral transmission.

« Respiratory viral infections (11%)
« Treatable: Influenza: oseltamivir, baloxavir (new); RSV:
ribavirin
* Not Treatable: Metapneumovirus, parainfluenza,

=Some centers restrict all visitors to BMT units.
=Practice of distancing (six feet), masking, COVID

rhinovirus. coronavirus. SARS.CoVi-2 screening donors and patients those both
« Enteroviral infections symptomatic and asymptomatic.
* HHV-6. often asymptomatic but can be associated with =Survey screening for healthcare workers.
prolonged fever and encephalitis, pneumonia, graft X .
failure. =Work from home considerations.

* Pneumocystis carinii and toxoplasmosis: less
common due to prophylaxis with TMP-SMX.

CMV in BMT: Pre-emptive Therapy Based on CMV PCR+
CMV in BMT: High Risk Categories
* Preemptive therapy with GCV reduced CMV disease to <5%
transplantation.
* General Risk:
* Seropositive patients receiving steroids in first 100 days (30%
risk for CMV disease unless pre-emptive therapy given)
* Patients receiving ATG for the treatment of steroid refractory
GVHD or as part of the conditioning regimen (cont weekly

* CMV occurs later in non-myeloablative transplant patients

* Leukocyte reduced platelet and red blood cell components or CMV
sero negative blood products (CMV ‘safe’) reduce the risk of CMV
transmission in all patients.

* GCV used for early CMV PCR positivity in blood. surveillance for six months after last ATG dose)
» CMV disease has significant mortality despite tx with GCV and Ig * Cord blood or CD 34+ selected transplants recipients

(combined therapy for CMV pneumonia only). * Haplo identical related recipients particularly those who
* GCV causes severe neutropenia and delays reconstitution of CMV- received ATG

specific T cell immunity (change to foscarnet if neutropenia or * Late CMV Disease Risk (monitor weekly for 1 year):

failure of G-CSF to increase neutrophils) * CMV-seropositive recipients receiving steroids for chronic GVHD
* Recipients of non-myeloablative conditioning regimens appear to * Patients who were treated for CMV early after transplant.

be particularly susceptible to ganciclovir-related neutropenia. * Cord blood transplant recipients

Boechk M ASH Ed, 2011 Boechk M ASH Ed, 2011

Letermovir Prophylaxis  Marty et al N Engl J Med 377(25):2433-2444, 2017
Dru gs fo r Treatment Of (@1\V/AV/ Infect brug Guy El Helou Resist Infect Drug Resist. 2019; 12: 1481-1491. 2019; 12: 1481-1491.

A Clinically Significant CMV Infection

Ganciclovir: a synthetic nucleoside analogue of 2'-deoxyguanosine

100
that inhibits the replication of herpes viruses in vitro and in vivo. (add F g0 P<0.001 by log-rank test
Ig for pneumonia only); neutropenia “: 55
* Valganciclovir: an oral precursor of ganciclovir, which has 10-fold ‘% 704
greater bioavailability than oral ganciclovir. ‘E 60
* Foscarnet : inhibits the pyrophosphate- binding site on viral DNA E 50 Placebo
polymerases at concentrations that do not affect human DNA § 40
polymerases; Major toxicity is renal and electrolyte changes (Mg, Ca, 2 304
K, PO4)A '_g 20 Letermovir
 Cidofovir: suppresses CMV replication by selective inhibition of viral £ 104 ﬂ/—"‘
DNA polymerase; nephrotoxicity is the major toxicity. = N g
i B T T T T T
* Letermovir: effective for CMV prophylaxis. 0 2 6 10 14 18 24

Weeks since Transplantation

Boechk M ASH Ed, 2011
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CMV: Caveats Infections: After Day 100

= CMV infection acquired close to a planned allogeneic BMT e \ZV:
associated with increased risk of early mortality post-BMT « Median time 5-6 months

= Screen Patient by PCR during the pretransplantation workup and « Manifests as shingles (e.g. reactivation) more
preemptive therapy administered if CMV is detected. commonly than chickenpox (primary infection)

= Drug resistance is rare after BMT * Risk of dissemination with chickenpox.

= Reported with ganciclovir or valganciclovir . . .
) ) . ) - * Bacterial: encapsulated organisms (functional
= Genotypic assays are available for diagnostic analysis in L K L .
reference laboratories asplenia in patients with chronic GVHD).

= Should be suspected when viral load increases for more than 2 * Fungal
weeks on drug. « Late CMV
= After starting preemptive therapy, viral load increases occur in
approximately one-third of patients due to the underlying
immunosuppression.

Boechk M ASH Ed. 2011 Boechk M ASH Ed, 2011

i ; ; Vaccinations Post-BMT (allo or auto Tmproved by qoror
Long-term Prophylaxis for Bacterial, Pneumocystis ccine Recommended ( Time post-BMT toNo. of  vaccination (practicable

carinii pneumonia (PCP) and VZV for use after BMT initiate vaccine ~ doses  only in related-donor

setting)
* Bacterial: L Yes; may be considered
. . . . . ngumococcal Yes when the recipient is at
* Increased risk with chronic GvHD and steroid use, especially Streptococcus Fonjugate 36 th 3.4 high risk for chroni
pneumoniae, H. influenzae, Neisseria meningitidis. PCV) —0 months Igh risk for chronic
* Decreased CD4 T-cells, decreased opsonizing antibodies. Bhingrix -zoster Yes F?VHD~ One.?OGS\‘/eHoé
* TMP-SMX or PCN (if sulfa allergy) neumovax i
« PCP E?[}ﬁtnhuesr’ia Yes Tetanus: likely
+ TMP-SMX for at least 6 months after the transplant or until all L cellular 6-12 months 3 Diphtheria: likely
immunosuppressive medications have been discontinued. bertussis Pertussis: unknown
* 2 consecutive days weekly. Hemophilus
« Sulfa allergy: desensitize if possible or dapsone (test for G-6PD). nfluenzae Yes 6-12 months 3 Yes
 Other alternative PCP prophylaxis regimens have been less effective e.g. inhaled bonjugate

pentamidine, atovaquone. .
/eningococcal

* Varicella-zoster virus Lonjugate Yes 6-12 months 2 unknown
* Seropositive or prior infection: Prophylaxis with acyclovir or valacyclovir . . -
throughout the first year after the transplant or until 6 months after systemic nactivated polio Yes 6-12 months 8 Unknown
immunosuppressive for control of GVHD ends. Recombinant P
 epaitis B Yes 6-12 months 3 Likely
nactivated Yearly (All) 4-6 months 1-2f Unknown
nfluenza

SOS (Sinusoidal Obstruction Syndrome): Clinical
Presentation and Course

* Occurs in the first two to three weeks after transplant.

* Onset usually 3-6 days post-transplant with sudden weight
gain - 2-5% body weight.

* Mild (no tx), moderate (diuretics), severe (renal
cardiopulmonary, high risk of death)

H e p at | C CO m p | |Cat | ons * Elevated conjugated bilirubin occurs on day 6 or later usually

with transaminase abnormalities.

* Complete recovery occurs in over 70% of patients supportive
care only.

* Defibrotide may be helpful in severe cases.*

* Richardson, PG: Blood 2016 127:1656-1665;
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Congestive Hepatopathy

Risk Factors for SOS e e

. oyict . . s i L . Cor pulmonale
Pre t'eX|st|ng liver disease (hepatms. C, hep'atlc fibrosis, cirrhosis) Pericardial disease

* Previous exposure to a myeloablative regimen

* Past history of SOS

* Myeloablative regimens
* High dose total-body irradiation
« Cyclophosphamide-containing regimens
* Reverse order of Bu/Cy to Cy/Bu — Bu depletes liver of glutathione; Cy damages liver)
* Myelotarg

* Cyclophosphamide after busulfan

* Fixed dose of busulfan (i.e. no monitoring of plasma levels)
* Oral rather than IV busulfan

 Performing transplant late in the course of leukemia

* Myelofibrosis with extramedullary hematopoiesis (collagen
deposition)

« Sirolimus containing regimens (late SOS)

Budd-Chiari syndrome

From hepatic veins to right atrium
Hepatic vein thrombosis

Inferior vena caval webs

Bayrakta: World J
Gastroenterol. Apr 7,
2007; 13(13): 1912-1927

Veno-occlusive disease
Obstruction in sinusoids and central veins

Khimani F, McDonald GB Bone Marrow Transplant. 2019 Jan;54(1):85-89

Quiescent
fibroblast

1 SOS: Ultrasonography

Terminal
Suct - hepatic
vein .
Portal * Findings:
vein -
* Ascites
Hepatic B Sinusoidal * Hepatomegaly .
artery p ‘ : endothelial cells « Abnormal portal vein waveform
Sinusoid Perisinusoidal (with fenestrations) * Hepatic artery resistance index
stellate cell (er>0,75
(fat-storing) .
] * Reversal of flow in portal
veil Hepatic i
N Septal vascular  Hepatocyte vein vein

winning

hur I
iy i * Distinction from Budd
Chiari
* venous outflow obstruction in
SOS is due to occlusion of the
terminal hepatic venules and
hepatic sinusoids rather than the
hepatic veins and inferior vena
cava.

e
Loss of
endothelial

Arteriovenous

Activated  shunts
portal ey fenestrations
< Basement membrane ctivate
rctiwoblast and fibrillar collagen  Perisinusoidal stellate
3 formation cells (myofibroblast)

James M. Crawford, M.D., Ph.D. Department of Pathology and Laboratory Medicine
North Shore-Long Island Jewish Health System

Lectin Pathway ICIassical Pathway Alternative Pathway

Pulmonary/Cardiac

C5a

= Complications
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Organ Toxicities: Cardiac

=Incidence of occult cardiac disease higher now
that older patients undergo transplant.

= After high dose cyclophosphamide often in
setting of pre-existing heart disease;

= Cumulative doses of doxorubicin or other
anthracyclines

= After TBI/prior local irradiation

=Sudden death/arrhythmia as a consequence of
amyloid heart.

=Careful fluid management is key if pre-existing
abnormalities in ejection fx

Diffuse Alveolar Hemorrhage

* Occurs in 5% of auto and allo patients; mortality > 50%;

* May be recurrent or chronic.

* Present with cough/SOB, anemia, diffuse pulmonary
infiltrates, hypoxia; Hemorrhage: hemoptysis or on BAL .

* Regimen-related diffuse alveolar damage with cytokine
release.

« Risk factors: older age, myeloablative conditioning regimen,
total body radiation, and acute graft-vs-host disease

* Chest x-ray: patchy alveolar infiltrates which may start in a
focal, unilateral pattern and become more diffuse

* CT may be helpful in guiding location for bronchoscopy.

* High dose steroids, aggressive hematological management of
plt, ? Embrel; mechanical ventilation

Abigail R et al Chest 2010;137;1164-1171
. Diffuse Alveolar Hemorrhage

Monday, August 17, 2020

Spectrum of Noninfectious Lung
Complications

Early Complications
« often leads to acute
respiratory failure

Late Complications

o Incidence up to 20%
* Bronchiolitis Obliterans

* Very early complications Sv\drome (chronic
* Volume GVHD)
gg:m;ad/p“'m"afv * Organizing pneumonia
* Aspiration pneumonitis * Other Interstitial Lung
* Mucositis Disease
. Idiopathic Pneumonia + Pleuropulmonary fibroelastosis

* Pleural Effusions
* Pulmonary Embolism

Syndrome/ARDS

+ Diffuse Alveolar Hemorrhage
« Organizing pneumonia

Abigail R et al Chasf2010,137,1164-1171

Diffuse Alveolar Hemomhage

BAL in DAH
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Long Term Complications After BMT

* Relapse
* Sequela of GVHD
* Immunity and infections « Chronic renal insufficiency
. . ssues * CHF and increased associated
L C | * Ocular, skin and oral ie. risk factors
Ong‘teﬂ I l Ol l Ip |Cat|ons Cataracts, Oral cGVHD
(mucosal changes, poor * Iron overload
Ad u |tS dentition, xerostoml.a) * Endocrine (hypothyroidism,

* Esophageal (\fvebs,. rings, secondary adrenal insufficiency)
submucosal fibrosis & /gonadal (fertility) dysfunction
strictures, aperistalsis, Pill
esophagitis etc.) * Psychiatric /integration into

« Muscle, connective tissue and normal life (employment), sexual
skeletal ie. Osteoporosis dysfunction.

* Respiratory +« CNS

* Liver « Secondary cancers

Bone Loss in Long-term Survivors Late Mortality From Therapy Related Secondary
Cancers After Autologous and Allogeneic
* Occurs predominantly within the first 6-12 Transplant
months after autologous and allogeneic HCT. * After auto:
* Recovery first occurs in the lumbar spine and is * 12X T?‘re likely to die of new malignancy than general
population

followed by a slower recovery in the femoral

neck. * Hematological cancers (68%)

. i 0,
* Recovery slowed by steroids. Solid tumors (32%)
* After allo:

* DXA scan to determine use of anti-resorptive ) ) )
* 3.6 X more likely to die of new malignancy than general
agents. -
population
* Solid tumors (82%)

Bhatia S et al Blood 2007:110, 3784-3792 and
Bhatia S et al Blood 2005:105, 4215-4222

0.05 2 L0y;
2= |
Solid Ty ‘EOSI' Pt
1 umors
0.04 . a O
= 4] ber,
5] 2 Rl b
S 0.03 £0.61 g
L & b " Solid T
- o L\ — oli lumlcrs ,
g 0.02 ¥ & 0.4, N e
= PTLD o o———— ,g L T, " }AIINew M’a]ignanciesl e
. s " 3=
0.011 " " vps/amL = 02 P - I '
P E MDS/AML PTLD
0.00=F —— - ; . : T © 0.0-
0 2 4 6 8 10 12 14 16 18 20 0 1 2 3 4 5 6 7 8 9 10
Years Post Transplant Years Post Malignancy
Baker K S et al. JCO 2003;21:1352-1358
n=3372/35% auto TX Baker K S et al. JCO 2003;21:1352-1358
20038y Amran Sty of Gl Onclgy
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Late Mortality >2 yr Survivors after HCT

N=1479

=3 Entire Cohort

84

b — 1S Femaie

0S sl

2
T
E w
T
@ o
c Maw
5 fstewart@coh.org
3 Non-relapse cause of death:
206-351-4514
@ Late Infections 11%

- SMN 7% (3.6-fold increase risk)

g "L, Pulmonary 5% (15-fold increase risk) |

2 cardiac 3% (2.3-fold increase risk) 25
Other/external  11%

Bhatia, S. et al. Blood 2007;110:3784-3792

Caveats for HLA-Matching Decisions

25% likelihood of HLA matching with a sibling

* < 1% chance of HLA matching with another relative.

* History of intermarriage in families rarely produce HLA
ID cousins or combination of rare haplotype and
common HLA haplotype.

* Mismatch HLA A, B and C increases risk of Graft
rejection.

* Mismatch of HLA DR increase risk for GVHD.

« Single Ag mismatched related transplants

Append IX * Unknown whether to prefer single Ag
mismatched related donor versus MUD (we
prefer MUD)

Haploidentical HCT Recipients in the US, by Haploidentical HCT Recipients in the US, by Graft
Disease Type
-=-AML  =+ALL -mLymphoma -m-MDS/MPN Non-malignant disease* —=Bone Marrow -=-Peripheral Blood
600 1100
1000
500 / 2 900 Pl
A 5 >
2 & 800
E 400 & 700 /
- =4
& / S 600 X
5 300 = 500 /
E / 5
5 200 — g 400 /;/4
E % oy /7V
E 100 1 — Z 200 E——
z — 100 g
o ey 0
A I
T 50 o g g® o 9 g g A ® g g g g g g g
C ‘ B MTR CIBMTR Summary Slides, 2019. Available athttps://www.cibmtr.org C ‘ B MTR
' . 'NDt including aplastic anemia‘ 2 ' ’ CIBMTR Summary Slides, 2019. Available athttps://www.cibmtr.org 1
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Haploidentical HCT Recipients in the US, by Haploidentical HCT Recipients in the US, by
Conditioning Intensity GVHD Prophylaxis
= TCD +- Others = CD34 selection +- Others = PtCy +- Others
1600 EMAC, mRIC =CNI +MMF +-Others = CNI + MTX +- Others CNI +- Others
u Other
1400 — 100 = B S
||
% 1200 —— 0 % .*-*.* — —
2 80 —l—E—N—————N——8
2 1000 —— 270 —— N - . SN N =N = .
) o
= 800 — |- “%50_— — N W — B B B
5 8 50 1 — — | —
§ 600 ——— . 2 40 -8 — E BN . il N B B =
L I—I— 2 B B R —l—l—l— NN NS
00 '._._._._l_ " B B — 10 H — _
0
® o N Q < > o o A > & S R T S T RS N
F S F S S8
' CIBMTR MAC: myeloablative conditioning, RIC: reduced intensity conditioning ‘ CIBMTR Abbeviations - TCD: T-cell depletion; PYCy: Post-transpiant cyclophosphamide; CNI
T CIBMTR Summary Siides, 2019. Available rq L e calcineurin inhibitor, MMF: mycophenolate mofetl, MTX: methotrexate L

Common Conditioning Regimens in AML or MDS Allogeneic
HCT in the US in 2008-2018

Lung Manifestations of CGVHD VAC -
+ Bronchiolitis obliterans (BO) is a diagnostic feature:
— Early BO may be asymptomatic
— Advanced BO may lead to pneumo-thorax / mediastinum

— Must exclude infection

» Restrictive PFT abnormalities may be related to:
— Chest wall sclerosis

— Myopathy from steroids or other causes 40%
— Cryptogenic organizing pneumonia (COP)
u MA Bu+Cy+/-oths L] &
« COP is a common feature not specific to GVHD B e e P omers.
— historically has usually required a lung biopsy to be sure u MA TBI+/-others = RIC TBI+/-others
= MA Others. = RIC Others

‘ C ! B M TR CIBMTR Summary Slides, 2019. Available athttps://www.cibmir.org =

CMV in BMT- Era Before Pre-emptive Therapy

Transplant Preparative Regimens:
Radiation

* Total-Body Irradiation * Seronegative recipients with a seropositive donor
* 10% develop disease

* Seropositive recipients:
¢ 35-40% develop disease

« Dose: nonmyeloablative 200-400 cGy; Ablative 1200-1400cGy

« Careful planning if prior involved field RT; * Seropositive autograft recipients

« Toxicity: nausea, erythema, inflammation of parotid gland, growth failure; * 5-7% develop disease
hypothyroidism; cataracts, infertility, MDS/leukemia; lung with diffuse . : o .
alveolar hemorrhage (fractionation/shielding reduce DAH); Seronegative autograft recipients or seronegative

recipients/seronegative donor

* Radioimmunotherapy: * < 3% develop disease

* Antibody therapy targeted to tumor and spares general organ toxicity;

* Antibodies: ie. anti-CD45 + |13 (expression on leukemia cells) and anti-CD20 * Autologous patients with CD34-selected autologous PBSC
B1 antibody (Tositumomab) for B-cell NHL transplants

« Usually combined with other treatment of varying degrees * >20% develop disease.

« Research efforts to enhance targeting and eliminate non-specific binding

. * CMV exhibits immunosuppressive effect.
(toxicity).

Boechk M ASH Ed, 2011
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Iron Overload

=Patients with aplastic anemia, MDS, or thalassemia
may have hepatic iron overload.

=In heavy iron overload (defined by MRI), effective
pre-transplant chelation therapy improves survival.

=Excess tissue iron does not appear to increase the
toxicity of the conditioning regimen.

=Heavy iron overload has been associated with liver
function abnormalities after transplant.

GB McDonald M.D; Hepatology, 51: 1450-1460. 2010

Monday, August 17, 2020

Viral Hepatitis in Allogeneic HCT
Donors

* Transmission of B and C viruses possible from infected donors.
= Antiviral drugs will reduce viral load prior to procurement of donor cells.

= Viruses may persist in donor cells despite clearance from serum.

All recipients of cells from hepatitis B surface antigen (HBsAg)-positive donors should receive
antiviral prophylaxis.

= HBsAg-negative, anti-hepatitis B core (HBc)-positive donors are viremic in fewer than 5% of cases
and can be used as donors if their serum and peripheral blood stem cells are HBV DNA-negative.

HBCcADb false + which is why rely on PCR testing

= A donor who is naturally anti-HBs-positive is the preferred donor if the recipient is HBsAg-positive
or anti-HBc-positive, as adoptive transfer of immunity can effect clearance of HBV from the
recipient.

Treatment of an HCV RNA+ donor pre-transplant may decrease likelihood of transmission.

If virus is transmitted, the acute phase of HCV infection may cause elevated liver enzymes at 2-3
months post-HCT, after recovery of T cell function.

Severe hepatitis is rare and the outcome of HCV-infected transplant survivors over 10 years of
follow-up is no different than in survivors without HCV infection.

GB McDonald M.D; Hepatology, 51: 1450-1460. 2010

Pror EndothelialInjury
(0. Prior Conditoning,

Racial/ Genelic
GVHD
- }‘ Condiioning Regimen ‘-

P )

Dvorak CC: Front. Pediatr., 09 April 2019
| https://doi.org/10.3389/fped.2019.00133 m

pbmize Ant- NSVES
Minimize: Transfusions
Consider EPO & TPO

]

Q1:1s the Patient Actively Infected?

Second Hit
Endothelia Inury ‘ -

=,

Dvorak CC Front. Pediatr., 09 April 2019
| httpss/idoi.org/10.3389/fped.2019.00133

Q2:Does the Patient have Active GVHD?

[l]

| 3: Coud the Palient have Sub-cinical GVHD‘=‘

=,

H.—

os:mnrlgluemmw ‘ L e

(06: Does the Patient have Proleinuia and |E| E—

Sl e ] G Boio |-‘06a:Raoonse?

]

*Or excessive inflammation
i i GobacktoQf |

Bronchiolitis Obliterans Syndrome
BOS FAST FACTS 2014 NIH Diagnostic Criteria

Affects 3-6% all allo-HCT, 14% of those (Requires Pulmonary Function Testing)

with chronic GVHD
1) Evidence of Airflow Obstruction

* FEV,/VC<0.7 or fifth percentile of predicted
2) Evidence of Airflow Decline
* FEV, <75% predicted (no bronchodilator

Other risk factors:
* Low IgG levels
* Respiratory viral infection
* FEV1decline @ d100

o X response)
+ Conditioning regimen + >/=10% decline from baseline or within 2
2 year survival ~70%; 5-year ~ 40% years
Airflow decline/obstruction is generally 3) Absence of respiratory tract infection
irreversible due to obliterative 4) Evidence of supportive findings
bronchiolitis lesion By high resolution chest CT: air trapping,
Treatment includes inhaled small airway thickening, or bronchiectasis by
chest CT

corticosteroids with bronchodilators,
azithromycin, and montelukast, +/-
prednisone

By PFTs: Elevated Residual Volume (RV) or
elevated RV/TLC
* Only 1-3 need to be met if patient has chronic
Patients who progress may require lung  GVHD in another organ
transplantation « Lung biopsy required if no other cGVHD present
for purposes of clinical trial

Other Late Noninfectious Lung
Disease

Organizing Pneumonia Pleuropulmonary
Fibroelastosis (PPFE)

Rare fibrotic disease involving upper lung
zones

Moderate association with chronic GVHD

May look like infectious pneumonia

Progressive restrictive physiology

Generally responds to prednisone but a
small number progress to fibrosis

Poor prognosis
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Using Azithromycin for Lung
Disease in HCT: Pros and Cons

PROS CONS
* May potentially reduce * Risk of relapse early post-HCT
infectious exacerbations when used for prophylaxis

* Bergeron et al, JAMA 2018

Risk of subsequent
malignancies when given long-
term for BOS

* Cheng et al, BBMT 2020

Associated with arrhythmias

May alter microbiome and
reduce tumor surveillance

No reported effect on lung
function

* Broad experience in other
chronic lung conditions

* Generally well tolerated

Bronchiolitis Obliterans

Cryptogenic Organizing
Pneumonia
o U

10/8/20
14

Inspiration
7
Test of choice is a HR CT scan .
Expiration
1018120
14
Cancer Screening Recommendations:
Special Considerations after HCT
Risk Factors Screening
Breast Chest radiation and/or TBI Yearly mammograms and MRI
(if dose >20Gy) starting beginning 8 yrs after
XRT or age 25 (whichever occurs
last)
Lung BU/CY conditioning and older Not determined. Consider low
age at HCT and history of dose chest CT
smoking
Oral History of cGVHD, Fanconi Annual oral exam
Anemia
Skin Young age at HCT, XRT, aGVHD, Annual Skin exam
cGVHD
Thyroid Young age at HCT, TBI, males, Annual clinical thyroid exam
cGVHD

Multiple Sclerosis: Randomized Controlled Trial Non-
myeloablative transplant vs. conventional tx

110 randomized patients

* Disease progression occurred in 3 patients in the HSCT group and
34 patients in the DMT group.

* Median time to progression could not be calculated in the HSCT
group because of too few events; it was 24 months (interquartile
range, 18-48 months) in the DMT group (hazard ratio, 0.07; 95%
Cl, 0.02-0.24; P<.001).

During the first year, mean EDSS scores decreased (improved)
from 3.38 to 2.36 in the HSCT group and increased (worsened)
from 3.31 to 3.98 in the DMT group (between-group mean
difference, -1.7; 95% Cl, -2.03 to -1.29; P <.001).

» There were no deaths and no patients who received HSCT
developed nonhematopoietic grade 4 toxicities (such as
myocardial infarction, sepsis, or other disabling or potential life-
threatening events).

Burt RK et al: JAMA. 2019;321(2):165-174.

Additional (Challenging) Cases:

Case 1:

A 54-year-old white male in good overall clinical condition was
scheduled for allogeneic BMT to treat high-risk acute myeloid
leukemia in first complete remission. Since he lacked a suitable HLA-
matched sibling, a URD search was initiated and the patient was
typed at high resolution for HLA-A, -B, -C, -DRB1, -DQB1, and -DPB1
(to left of red bar). To further define the search immunogenicity/T
cell epitope (1- high immunogenicity, 2 intermediates, 3 Tow
immunogenicity) and SNP expression genes (A=low expressor, G=high
expressor) were assessed (to the right of the red bar).

Understanding that HLA DPB1 is often mismatched in donor searches
that otherwise show identity, and given the patient’s clinical
condition with high risk for relapse, which donor would you select?

Note the following: Donor 4 is mismatched at one of the HLA-A loci
as well as both loci at HLA DP. ID = allele(s) not shown but identical
with donor. Bold (A or G) connotates mismatch.
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Age |HLA |HLA |HLA |HLA HLA |HLA [Tcell SNP |HLAallele
A B C DRB1 DQ |DP epitope Proxy | matching
B1 (Bl
Patien (60 |ID ID |ID |ID ID |ID A/A
t
Donor (52 |ID ID |ID |ID ID |ID Permissive |A/A [12/12
1
Donor (35 |ID ID |ID |[ID ID |02:01 |Permissive [A/A |11/12
2 ID
Donor (35 |ID ID ID ID ID 02:01 |Non- A/G |10/12
3 03:01 | permissive
Donor (22 [02:01(ID |[ID [ID ID |14:01 [Non- G/G |9/12
4 ID 09:01 | permissive

Select the preferred answer.

* Donor 1
* Donor 2
* Donor 3
* Donor 4
* None of the above.

» Katharina Fleischhauer Hematology Am Soc Hematol Educ
Program (2019) 2019 (1): 532-538.
https://doi.org/10.1182/hematology.2019000057

This case illustrates a standard URD selection workflow for patients
with several 8/8 URD donors. At the time of medical indication for an
unrelated HCT, high-resolution typing of the patient is immediately
performed for all 6 HLA loci (to the left of the red bar). Several well-
matched URD can readily be identified for this patient of white
European descent. The search focuses on donors with high-resolution
6 locus HLA typing already available to avoid the need for time-
consuming complementary typing of the donors. The 8/8 URD (donors
1,2,3) are preferred over the 7/8 donor despite the younger age of the
latter (donor 4), because the effect of donor age is secondary to HLA-
A, -B, -C, -DRB1 matching according to NMDP guidelines. Younger
donors are associated with better survival. Donor 1 is undesirable
compared to other choices due to age of 52 which is nearly two
decades older than the younger donors. This may result in a difference
of up to 6 percent in diminished survival. The next youngest donors
among the 8/8 HLA matches are donors 2 and 3 who happen to be
equal in age.

The next focus is functional matching for HLA-DPB1 which is often
mismatched. Given that the transplantation indication is high-risk
acute myeloid leukemia, a donor with an HLA-DPB1 mismatch is
preferred because HLA-DPB1 disparity has been shown to reduce the
risk of relapse. To keep the risk of severe GVHD limited, the donor
with functional HLA-DPB1 mismatch should be T-cell epitope (TCE)
permissive and low risk (low expression according to the SNP. One can
use (https://www.ebi. ac.uk/ipd/imgt/hla/dpb.html) for T-cell
receptor epitope scoring (refer to tables below). The limited risk of
acute GVHD potentially experienced by the patient is likely reflective
of limited T-cell alloreactivity, possibly helpful to eradicate residual
leukemia cells if present after conditioning. All these factors favored
the long-term positive outcome for this patient if donor 2 is used. In
large studies other factors such as CMV status, gender, and Red cell
blood type were not associated with a discernable difference in
outcome. Some studies suggest that for “CMV Matching” should be
as follows: CMV+ patient should receive CMV+ donor particularly for
ablative regimens while CMV- patient should receive CMV- donor if
possible.

DPB1* TCE group | Immunogenicity

03:01, 14:01, 45:01 2

01:01, 02:01, 04:01
+ others

A HLA-DPB1-Mismatched Transplants

GVH
Response

HLA-DPB1 Minor histocompatibility antigens

Donor High-expression
r59277534Gllinked HLA-DPBL
mismatch in recipient

Donor Low-expression
1s9277534A}inked HLA-DPB1

mismatch in recipient
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Case 2:

A 22-year-old male was referred for hematopoietic stem
cell transplantation for myelodysplastic syndrome
characterized by monosomy 7 (IPSS-R high risk). The

atient’s 24-year-old sister is reportedly healthy apart
rom recurrent herpes stomatitis. She is a 10 of 10 HLA
allele-match to the patient. He has no other siblings. His
mother is 44 years of age and has mild
thrombocytopenia. His father is 51 years of age and is
healthy.

* Which of the following studies is most likely to establish
a diagnosis?

* a. Bone marrow aspirate of donor

* b. Cytogenetics of donor

* ¢. Genetic testing of blood/marrow in donor

* d. Genetic testing of cultured skin fibroblasts in patient
* e. None of the above

This patient presents with a high-risk MDS characterized by monosomy 7
at a young age (22 years-old). Additionally, his family history is notable
for a mother with thrombocytopenia and a sister with recurrent herpes
stomatitis. These findings suggest GATA2 deficiency. Inherited and de
novo heteroz¥gous germline mutations in the hematopoietic
transcription factor, GATA2, cause this pleotropic autosomal dominant

enetic disorder characterized by cellular immunodeficiency
complicated frequently by viral and disseminated nontuberculous
mycobacterial infections) and a high risk for myeloid malignancy.
Hematopoietic stem cell transplantation offers the only cure for
MDS/AML and for reconstitution of the immune system in this
syndrome. GATA2 deficiency underlies ~ 7% of pediatric and adolescent
myelodysplastic syndrome patients and is particularly enriched amon
those whose disease is characterized by monosomy 7 (37%, all ages, 72%
of adolescents).

The broad use of next-generation sequencing technologies in research
and clinical care has led to recognition of an ever-expanding number of
inherited hematologic malignancy predisposition syndromes. These
germline predisposition syndromes are now included in The World
Health Organization’s Classification of Myeloid Neoplasms and Acute
Leukemia.” The European LeukemiaNet Guidelines on the diagnosis and
management of acute myeloid leukemia?®, and The National
Conl\m/lpgghensive Cancer Network Clinical Practice Guidelines in Oncology
on .

Genetic screeninF to evaluate for an underlying genetic cause
among individuals presenting with myeloid malignancies has
emerged as a very clinically relevant need. This is particularly
important in the context of hematopoietic stem cell transplantation
(HSCT). In addition to informing the timing and indication for HSCT,
accurate distinction of these entities informs HSCT approaches.
Many inherited hematologic malignancy predisposition syndromes
are associated with excessive transplant regimen-related toxicities
such as prolonged cytopenias, pulmonary complications, and
severe mucositis, and may require specialized reduced intensity
conditioning regimens for optimal outcomes. These patients ma
also face altered post-HSCT long-term consequences. For example,
post-HSCT Fanconi anemia (FA) patients demonstrate a striking
increase in the cumulative incidence of cancer and their cancers
present at a younger age compared to non-transplanted FA
patients. Additionally, the careful evaluation of a related stem cell
donor is critical in the context of a familial genetic disease; siblin?s
may carry the same mutation as the proband and so screening o
potential sibling donors for the genetic defect may be indicated to
avoid transplantation of the same genetic mutation.
Transplantation using a GATA2 mutation-positive seemingly
“healthy” donor has resulted in donor-derived posttransplant
MDS/AML and fatal infection due to impaired immune
reconstitution.

Apart from the implications of diagnosing these syndromes
on transplant planning, recognition of these syndromes more
broadly informs surveillance for disease-specific extra
hematopoietic complications and family counseling.

In this patient, genetic testing is indicated and testing on DNA
derived from a nonhematopoietic source such as cultured
skin fibroblasts is recommended in order to distinguish a
constitutional (i.e. germline) mutation from a somatic
mutation present in the patient’s MDS (i.e., cancer).
Importantly, the absence of characteristic clinical features or
suggestive family history does not exclude the possibility of
an underlying genetic syndrome due to phenotypic
heterogeneity, which reflects overlapping features between
inherited syndromes and variable expressivity within a
syndrome. Also, a concerning family history of an inherited
disorder is not expected in patients in whom the disease-
causing mutation occurred de novo. Given these
complexities, single-gene testing for diagnosis may lack
adequate sensitivity in the initial evaluation of such patients.

Answer: d
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2016 WHO Classification of Myeloid Malignancies

Acute ) Myeloid/Lymphoid
iferati neoplasms
Myeloid S yelopi MDS/MPN _neoplasms,
y yndromes with eosinophilia
Leukemia (MDS) Neﬁé’aﬁms overlap and PDGFRIFGFR1/
(AML) (MPN) PCM1-JAK2 mutation
Chronic Myeloid | | Chronic Chronic Essential Primary MPN
Leukemia Leukemia ukemi vera (PV) L i L
(CML) (CNL) Not Otherwise Specified (€N (PMF) (MPN-U)
BCR-ABL1 CSF3R (CEL-NOS)
100% mutated 80-100% mutated

97% JAK2 VB17F
3% other JAK2 mutations

60% JAK2 mutated
22% CALR mutated
3% MPL mutated
15% triple-negative

60% JAK2 mutated
23% CALR mutated
7% MPL mutated

Blood. 2016 May 19;127(20):2391-405 10% triple-negative

Objectives
* Molecular pathogenesis
* Practical diagnostic algorithms

* Genetic prognostication

Remarkable discoveries
JAK2V617F

Practice-changing observations

iam Vainchenker

Tiziano Barbui

Nature 2005
. NEJM 2005 NEJM 1995 (HU in high-risk ET)
* Treatment algorithms Lancet 2005 NEJM 2004 (low-dose ASA in PV)
Cancer Cell 2005 NEJM 2013 (aggressive phlebotomy in PV)
W JAK2 V617F
* Overview of mastocytosis and eosinophilic disorders .
ET
»
o 20 40 60 80 100
Frequency (%)
Targeted deep sequencing
me FERM
Total # % Total Total # % Total Total# % Total
JAK2 130 (a8 JAK2 57 JAK2 111 61
TET2 9 22% CALR ((ﬁs% [asxa 65 36%
— - ASXL1 6 12% TET2 16% CALR 40 22
MPL 1 Extracellular Domain © | SH2B3 2 % ASXL1 11% TET2 33 18%
) CEBPA 8 % DNMT3A 6% [SBsez E I T
ZRSR2 3 % [SF3BT A lzaer [ 30 | 16% |
SF3B1 4 % CEBPA 8 4% s i 0%
CSF3R % MPL ¥ 4'1/; SF3B1 18 10%
KIT % —~ SH2B3 3% DNMT3A 17 9%
SRSF2 v, ZRSR2 % CEBPA 16 9%
g‘ﬁn . CSF3R % mPL 11 %)
cair B Woomsin [P Gomam Coms]-xoct DNMT3A % —EZH2 % SH283 11 6%
3
Toow £ £y w = TP53 % — CBL 9 5%
‘ﬁm A wmpL EPOR  GCSFR ggﬁsﬁ i u’/“ SRSEZ w ., SETBP1 8 a%
RUNXA u/‘: SETBP1 % —— RUNX1 8 4%
CBL % RUNX1 % CSF3R 7 4%
Tps3 & PTPN1 % NREAS! 2L 4%
3 KIT 2% — IDH2 6 3%
FLT3 U2AF1 1 suz12 4 2%
D — o &
CALR CBL o —— PTPN11 3 2%
MPL LT3 IDH1 2 1%
EZH2 X —_IDH2 KT 2 1%
NRAS % NRAS —— P53 2 1%
NPM1 % NPM1 T EZH2 A 1%
IDH1 % suz12 FLT3 [ 0%
U2AF1 % I il 9 .
IDH1 % NPM1 0 0%
PTPN1 % IKZF1 %
IKZF1 %

Blood 2017;129:667
J Cell Mol Med 2017;21:1660

Blood Advances 2016 1:21. Blood Advances 2016 1:105. Blood Advances 2018 2:370




Practical algorithm for diagnosis of myeloproliferative neoplasm
JAMA Oncology 2015

v v

Polycythemia vera Essential myerg#szsis
suspected thrombocythemia suspected

¢ suspected

Blood mutation screening Blood mutation screening Bone marrow biopsy

with mutation screening
and cytogenetics

JAK2VB17F+ JAK2VB17F+
1
Ifnegative 1
If negative
JAK2 exon 12+ ° CALR+
1 . T
If negative If negative

ET from prefibrotic PMF

\J Q\ae‘fé; \ /’
Subnormal & MPL+

serum erythropoietin '
level If negative ‘
* “Trip|e_!egaﬁve” Diagnosis considered If bone marrow
morphology is consistent with PMF and
Diagnosis unlikely 1. JAK2, CALR or MPL mutated or
If JAK2 unmutated and 2. trisomy 9 or del(13q) present or
'serum erythropoietin level 3. Other myeloid malignancies are excluded

normal or increased

Reactive thrombocytosis
morphologically normal megakaryocytes

Myelodysplastic/Myeloproliferative
overlap with ring sideroblasts
(arrow head)

Chronic myeloid leukemia
megakaryocytes are typially small
X 5

Essential thrombocythemia
megakaryocytes are large and
mature-appearing and form loose clusters

Prefibrotic myelofibrosis
megakaryocytes display hyperchromatic and
irregularly folded nuclei and form tight clusters

There is usually no anemia Anemia and abnormal

and red blood cell indices, ————————  red blood cell indices

including MCV* and RDW*
are often normal

Peripheral blood smear:

(1RDW, |MCV) might be present

Peripheral blood smear:

leuk

and is* absent

LDH Serum LDH*

is usually within the normal is often increased
reference range

In JAK2 mutated cases,
mutant allele burden is usually
<20%

In JAK2 mutated cases,

exceed 20%

mutant allele burden might

and dacrocytosis* infrequently
present

NEJM 2019;361:2135

Practical approach for

non-PV erythrocytosis " "
Acquired or unknown duration

Life-long

Start with serum erythropoietin level

Epo Epo
b 1 normal or increased Lpo Lpo
subnorma; Scompensated normal”’ _ markedly
or increased
mildly increased
EPOR
mutation Cardiopulmonary disease
Sleep apnea/ Pickwickian
P50 High altitude habitat
Chronic CO poisoning/smoking
Testosterone or other drug use
Contracted volume
Normal
226 mmllg
Epo-producing tumors
Lefe-shified Renal artery stenosis
<1 g Post-transplant erythrocytosis

TEMPI (VEGF normal)
~telangicetasias

~erythrocytosis with 1Epo
-monoclonal gammopathy (IgG)
-perinephric-fluid collections
-intrapulmonary shunting

“VHL (von Hippel-Lindan; Epo norma)
-HIF2A (Iypoxia-inducible fuctor-2 alpha subunit, Epo increased)

-High-oxygen affinity
Brony ’ -PHD2 (proby! bydroxcylase domain-2, Epo increased)

hemaoglobin variants
-2,3-bisphosphoglycerate
deficiency

Overall (A), leukemia-fr

myelof is-fr and is-fre

(D) survival for

(B), m (C) a
3,023 Mayo Clinic patients with myeloproliferative neoplasms (ET; PMF; PV) seen between 1967 and 2017.

Median f/u = 20 years
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Szuber et al. Mayo Clin Proc. 2019 Apr;94(4):599-610.

Figure 3: Comparison of survival data for low risk essential thrombocythemia (figure 3a) and low risk polycythemia vera (figure 3b)
with age- and sex-matched general population from Olmsted county, Minnesota, USA
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Suber et al. Mayo Clin Proc. 2019 Apr;94(4):599-610.

Age and survival in myeloproliferative neoplasms

(A) Age < 40 years (n=361)

(B) Age 41-60 years (n=980)

10 10
P<0.0001 P<0.0001
o8 Median 37 years P
2 o6
=
H
c Ne226
S 04 - Median 22 years
® 19 366
edian 35 years Median 22 years
24 | Ne388
o L Median &
HRVS ET4.4;95%C13.5:5.5
HRvs PV 38,95%C12950
00 T T 00 T T T T
0 10 20 30 40 50 0 B 10 15 20 25 30 35
Years

(C)  Ase>60years (n=1,682)

Years

08

06

04 -

% Surviving

0
Median 10years

02 gz
Median 3.
HR s ET4;95%C13.5:4.7
HRvs PV 3.4

0 H 10 15 20 5 30

P <0.0001

—— Essential thrombocythemia
—— Polycythemia vera
— Primary myelofibrosis

=291

Median 11 years

ol ‘Szuber et al. Am J Hematol, 2018 Dec;93(12):1474




20% incidence

MIPSS-ET and MIPSS-PV /

ET survival risk factors: SRSF2/SF3B1 mutations (2 points), age >60 years (4 points) and male sex (1 point) |
PV survival risk factors: SRSF2 mutations (2 points), age >60 years (2 points), leukocyte count 211 x 10 /I (1 point) and abnormal karyotype (1 point)

MIPSS-£T; n=502 50% incidence MIPSS-PV; n=211

10

SRSF2/SF381 mutation
prevalence = 7

SRSF2 mutation
prevalence = 3%
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Thrombosis-free survival curves.
Barbui T et al. Blood 2012;120:5128-5133

A TRAINING SET
N=535 PATIENTS

Young patients without
JAKVBITF or thrombosis
OR
Older patients without
JAK2VBI7F, thrombosis or CVR

‘L. INTERMEDIATE
T

LOW

2 L
o | 1_‘ JAK2VBI7 F-positive
I OR
1 Thrombosis-positive
~ o
= 4 | oR
o L—m
| Oiderwih VR

= N 217 | 258 63 H HIGH
© - (41%) (48%) (12%) H
o

EV§N' 22 26 1"

RATE 1.19 226 488
Q[ #psr p=0.0001
o T T

T
0 5 10 15
Thrombosis 2; JAK2V617F 2; Age =60 yrs 1; Cardiovascular risk factors 1
(ET: IPSET-thrombosis)
Low risk implies a score = 0-1; intermediate risk, score = 2; and high risk, score = 3

Current Treatment Algorithm in Essential Thrombocythemia

Blood Cancer J. 2018 Jan 10;8(1):2

Very low-risk Low-risk Intermediate-risk High-risk
+No thrombosis history *No thrombosis history *No thrombosis history ! |
*Age <60 years *Age <60 years «Age >60 years Thrombosis Age 260 years
*JAK2/MPL un-mutated *JAK2/MPL mutated *JAK2/MPL un-mutated history and
JAK2/MPL
‘l ‘l mutated
Cardiovascular Cardiovascular Cardiovascular
risk factors, risk factors risk factors

No No Yes No Yes
Observation Once-dail Twice-daily Once-dail Twice-daily

alone aspirin aspirin aspirin aspitin g F—

\ Hydroxyure
Hydroxyurca Twice-daily Onee iy
Hydroxyurea
Additional points:

-Must consider the possibility of AvWS before instituting aspirin therapy, especially in the presence of extreme thrombocytosis
~Second-line treatment in hydroxyurea intolerant or refractory patients is pegylated IFN- a or busulfan

Polycythemia Vera

Risk factors for survival Risk factors for thrombosis

* Age >60 years

* Presence of SRSF2
mutations

» Age >60 years

* History of thrombosis

* Leukocytosis

» Abnormal karyotype

Current Treatment Algorithm in Polycythemia Vera

Blood Cancer J. 2018 Jan 10;8(1):3

Additional points in the treatment of essential thrombocythemia and polycythemia vera

\

Phlebotomy to hematocrit <45% in both male and female patients
+
Once-daily baby aspirin (81 mg)

Low-risk High-risk

Disease disease
*No history of thrombosis *History of thrombosis
«Age <60 years or

«Age >60 years

Hydroxyurea (500 mg BID starting dose) == i olerant or

resistant
Consider Artrial vezs }
twice-daily aspirin thrombosis e
in the presence of: bitary Pegslated PN
(Age <65 years)
*Cardiovasenlar risk factors |
«Hypertension
:I’;w‘ll-m]/wu Consider w  Busilfin
rstot icrmasculr sypioms Consde A (Age 265 years)
aspirin anticoagulation

Ruxolitinib
(If all the above fails)

1. What if you can’t use hydroxyurea
i. Interferon alpha
(Blood 2013; CHR 76% in PV, 72% in ET; CMR 18% in PV and 17% in ET)
i. Busulfan
(A Hemoto 201; CHR n HU.refacory P or €7 was 835 Hoematlogica 2013% R i 2 (1350 of 6 ptints)

i. Anagrelide

increosed thrombosi is n ET phase-3 tudy; NEJM 2005)
i. Ruxolitinib

NEm 201

59% of patients on

hematocrit
CHR 245 No CMR reported)

3. What about treatment during pregnancy?
i. Low-risk...ASA only frttn et
ii. High-risk...IFN alpha

4. What about treatment of pruritus?....paroxetine, IFN-alpha, UVB, ruxolitinib




Background: peg-interferon (eg, pegasys; peg-interferon alfa-2a) induces complete hematologic and
molecular response rates of 76-95 and 18%, respectively

Blood. 2013;122;893; Blood. 2008;112;3065

Ropeginterferon (long-acting mono-pegylated) a-2b in PV
Approved by EMA February 2019 for PV without splenomegaly

Ropeginterferon
Month 48 n=95 hydroxyurea P value
45/94 (48%)
0 Complete hematological response 27/76 (35.5%) 06
He {“\/Tak " 802% phiebotomy free
W
o
M{o\/\}n*" [ Molecular response 63/94 (67%) 19/74 (25.7%) <.0001
W
° 13/94 (14%)
Complete molecular response 0%
)1 Including 11 with CHR
o
T S— o

Incidence of thrombotic events 1.4% patient-year

patient-year
Rate of pts with major thrombotic

3.1% 3.1%
events

Lancet Haematol. 2020 Mar:7(3):¢196-6208,

Disease complications in myelofibrosis

ET:n=1076; median, 18y

P=02
08 i
_ P<00l  PV:n=665;median 15y
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206
= PMF: n=1282; median, 4.4 y
2
T 04
g
é
02
00+
0 10 20 30 40
A Years
< Anemia

¢ Splenomegaly
4 Constitutional symptoms
4 Cachexia

Therapeutic options in myelofibrosis

* Curative or with potential to improve survival
v Allogeneic hematopoietic cell transplant (allo-HCT)

* Palliative
v/ Observation alone (watch-and-wait)
v/ Treatment for anemia
Thalidomide + prednisone
Androgens
Danazol
- ESAs
Lenalidomide/pomalidomide
v Treatment for symptomatic splenomegaly
= Hydroxyurea
= JAK2 inhibitors
= Splenectomy
v Treatment for constitutional symptoms
= JAK2 inhibitors
v Involved field radiotherapy for extra-medullary hematopoiesis
v/ Experimental therapy

Survival of 1,002 patients with primary myelofibrosis stratified by the revised three-tiered cytogenetic risk model

@ Very high risk category; N=75 (7%); median survival 1.2 years
O Unfavorable risk category; N=190 (19%); median survival 2.9 years

A Favorable risk category; N=737 (74%); median survival 4.4 years

Surviving

Independently adverse
mutations in MF

« Absence of type 1 CALR
« ASXL1

« SRSF2

« U2AF1-Q157

Leukemia. 2018;32:1189

GIPSS
pired p scoring ificd survival data
in 641 patients with primary myelofibrosis

Low risk.
o8 N=58; 9%
Zero points
5-yr survival 94%
Karyotype:
Very high risk = 2 points
06 Unfavorable = 1 point
g‘ Driver mutations:
£ Type 1/like CALR absent = 1
3 point
04 High risk mutations:
ASXL1 mutation = 1 point
Intermediate-2 SRSF2 mutation = 1 point
N=192; 30% U2AF1 Q157 mutation = 1 point
2polieg Intermediate-1
5-yr survival 40% Razc it
¥ One point
02 5-yr survival 73%
High risk
N=131;20%
points
£ survival 14%
00} 3 r
0 s 10 15 20 25

Survival time in years

Leukemia. 2018;32:1631

Survival data on Mayo Clinic patients with primary myelofibrosis stratified by MIPSS70+ version 2.0

Risk categories:very high risk 29 points high risk 5-8 points intermediate risk 3-4 points low risk 1-2 points and very low risk zero points

Age 70 years or younger All ages
311 patients

406 patients

1.0 J-
08
g o6
z
£
04
02
00 00
0 5 10 15 20 25 30 Years 0 5 10 15 20 2 30
=== Very high risk; n=44; median 1.8 years; 10-year survival <5% === Very high risk; n=69; median 1.8 years; 10-year survival <3%
— High risk; n=124; median 4.1 years; 10-year survival 13% —  High isk; n=172; median 3.5 years; 10-year survival 10%
~— Intermediate risk; n=64; median 7.7 years; 10-year survival 37% = Intermediate risk; n=76; median 7 years; 10-year survival 30%
—— Low risk; n=61; median 16.4 years; 10-year survival 56% —— Low risk; n=70; median 10.3 years; 10-year survival 50%
—— Verylow risk; n=18; median not reached; 10-year survival 92% —— Very low risk; n=19; median not reached; 10-year survival 86%
Veryhighriskkaryotype 4 points
Unfavorable karyotype 3 points
22 HMR mutations 3 points
One HVR mutation 2points
Type 1/like CALR mutation absent 2points
Constitutional symptoms 2 points v
Severe anemia 2points
Moderate anemia 1 point
22% circulating blasts Lpoint v

J Clin Oncol. 2018;36:1769
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Treatment Algorithm in Myelofibrosis
based on risk stratification according to MIPSS70+ version 2.0
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Blood Cancer J. 2018 Jul 31;8(8):72.

Impact of All

Stem Cell Tr

ion on Survival of Patients Less Than 65 Years of Age With
Primary Myelofibrosis
Stratified by DIPSS including 190 transplanted and 248 non-transplant patients
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Survival impact of ruxolitinib in myelofibrosis: Mayo Clinic study
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COMFORT-2 Ruxolitinib vs best available therapy (BAT) long-term follow-up
Median f/u 4.3 years
27% ruxo-randomized patients completed 5-year treatment
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Survival

Momelotinib therapy in myelofibrosis 7-year follow-up
Comparison of survival between 100 momelotinib treated patients and 442 not receiving momelotinib
DIPSS-plus high or intermediate-2 risk discase only

Momelotinib-treated; N=100
ASXLI+CALR- mutation profile in 34 (36%) of 94 informative cases
Median survival 3.2 years

P=0.44

Not treated with momelotinib; N=442
ASXLI+CALR- mutation profile in 100 (35%) of 282 informative cases
Median survival 3 years

0 2 4 6 8 10 12 14 16

Blood Cancer J. 2018;8:29

Survival

Blood Cancer J. 2018;8:29

Momelotinib therapy in myelofibrosis 7-year follow-up
Survival of 83 molecularly-annotated patients from time of momelotinib
study entry to last follow-up or death, and 1 by age and ion profile

Low risk

Median survival not reached

Intermediate-2 risk

Absence of CALR type 1/like = 2 points
Presence of ASXL{ mutations = 1 point
Presence of SRSF2 mutations = 1 point
Age >65 years = 1 point

Median survival 3.1 years

Low risk = 0-1 points
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Tntermediate-2 risk = 3 points
High risk = 4 or more points

Intermediate-1 risk

Median survival 4.5 years

High risk
N

Median survival 1.5 years

—

0 1 2 3 4 5t 6 7 8
Years




Transplant myelofibrosis (2=56) vs no transplant primary myelofibrosis (#=56), stringently
matched for age, DIPSS and karyotype

10
—Non-transplant
—Transplant
08
2 os
2
2 e
& 04
02 wess
Wedin3yers peoc01
00
0 2 4 6 8 10 12 14
Years

DIPSS-stratified

08
2
Dos £
2 H
g a
a 04
02
00 8
0 2 4 6 8 10 12 14 Years
Years

Am J Hematol. 2018;93:649

Overall Survival Based on Cytogenetic Risk Overall Survival Based on HMR Mutations
109 5 Log rark P-vakse: 0.006 104 4 Log rank Pvalse: 0.79
[}
Q.
o
T
e £
° 2
> 2
= < 04
S o
= 55 Karyotype  Time-Point KM est (95% C1) 5h HMR mutation Time-Point KM est (95% CI)
P e Gowidd GBI 21— Neguiwe  GOmonihe 0610 (0431-0.745)
@] 01 - Unfsvorsble  60months 057 (0.35-0.74) 0.1 === 1Possitve  6Omonths  0.660 (0.459-0801)
I 00.] T Veyhghrak S0monhs  020(00805) « comse g TP eommbe osssozeorse)
2 o 12 2 36 48 60 ° 12 2 36 48 60
; Months from transplant Months from transplant
B
H Overall Survival Based on MIPSS70 Overall Survival Based on MIPSS70+ V2.0
;E 10 Log rank Pakue: 0.023 10 Log rank Pakie: <0.001
8| wit— . ... 09
B 08 7 08
il B 5
S | zos RS g 06
o E 05 505
— & £
O £os &£ o4 .
03 03 (o RN W »
MIPSS70 Time-Point KM est (95% CI) MIPSS70+ V2.0 (95% CI) Time-Point KM est (95% CI)
LT S vsinroltii ol vvonngoes 0.2 { — intermediste JEREND somwas 01t dsi
T 5 ee High NE(747NE)  60monihe 077 (061-087)
o b & ool (M;’ss’ 04 =+ Vary High 248(45388) 60monthe 030 (0,14-0.47)
0.0 e 00 2 Consor
° 12 2 36 48 60 0 12 24 36 a8 60
Manths from transplant Months from transplant

Blood Adv. 2019 Jan 8; 3(1): 83-95.

Phase-3 tested JAK2 inhibitors in myelofibrosis
N EnglJ Med. 2010 Sep 16;363(12):1117 (ruxolitinib phase-2)
JAMA Oncol. 2015 Aug;1(5):643 (fedratinib phase-3)
Leukemia. 2018 Apr;32(41:1035-1038 (momelotinib phase-2)
Blood, 2015 Apr 23,125(17):2649-55 pacrtiib phase.2)

2013 revised IWG-MRT response rates for 166 JAKi treated Mayo Clinic patients

CR PR 1-2-3 years
discontinuation rates
Momelotinib (n=100) 0% 1% 31%-52%-71%
Ruxolitinib (n=51) 0% 0% 49%-71%-86% Loukemia 2014
Fedratinib (n=15) 0% 0% 20%-67%-80%
JAK Other Symp. | Spleen | Anemia Side
targets targets resp. resp. resp. effects
Ruxolitinib JAK1 TRK-B, ACK1 Yes | 3242% 14% |Hgb/Plts
FDA approved JAK2 FAK, LCK (MRI) Ruxolitinib withdrawal synd.
111612011 RET Opportunistic infections
Fedratinib JAK2 FLT3, Yes 47% NR |Hgb/Plts
(SAR302501) RET, ACK1 (MRI) Nausea/Diarrhea
;‘:/;/ ggfg"’ved JNK1 TLFTs/Lipase/amylase
Encephalopathy
Pacritinib JAK2 FLT3 Yes 37% NR Diarrhea/Nausea
(SB1518) (MRI)
Phase-3 completed
Momelotinib JAK1 PKD3, PKCu Yes 39% £ |Plts
(CYT387) JAK2 | CDK2, ROCK2 (PE) - 1¢t dose effect | BP/dizzy
Phase-3 completed JNK1, TBK1 Neuropathy/Headache
ALK-2 TLFTs/Lipase/Amylase

Ruxolitinib practice points

Indications

1. Marked splenomegaly that is symptomatic and resistant to hydroxyurea

2. Severe constitutional symptoms including pruritus, night sweats, fatigue and cachexia
3. Sometimes there is no other option, even in the presence of severe cytopenias

Short-term side effects
1. Anemia, including becoming transfusion-dependent
2. Thrombocytopenia

Long-term side effects

1. Immunosuppression

2. Opportunistic infections

3. Protracted myelosuppression

Special concerns

1. Might compromise future eligibility for clinical trials because of protracted myelosuppression
2. Effect lasts for an average of approximately one year; might be prudent to save it until HU fails
3. BEWARE of withdrawal symptoms that might include SIRS and

overt and immediate relapse of splenomegaly/symptoms

Unresolved issues in myeloproliferative neoplasms

* Pre-transplant management of the spleen
No specific intervention
Splenectomy
Splenic irradiation
Ruxolitinib

« Palliative treatment options after ruxolitinib
First try to increase ruxolitinib dose
Splenectomy
Experimental therapy
Fedratinib (don’t hold your breath)

» Management of splanchnic vein thrombosis

» Management of blast-phase disease

Blast phase myeloproliferative neoplasm: Mayo-AGIMM study of 410 patients from two separate

cohorts
a Leukemia 2018;32:1201210
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Primary eosinophilia

Diagnostic algorithm
Peripheral blood screening Mutation FIP1L1-PDGFRA
for FIP1L1-PDGFRA —— e associated
clonal eosinophilia

using FISH or RT-PCR

PDGFRB
rearranged
clonal eosinophilia

FGFR1
rearranged

Bone marrow biopsy
clonal eosinophilia

with cytogenetics

CEL-NOS

Peripheral blood

Abnormal or clonal
Tymphocytes present

phocytic”
variant hypereosinophilia

Mayo Clin Proc 85:158, 2010

phenotyping and TCR

gene rearrangement studies

Idiopathic eosinophilia
including HES

All the above negative

Management approach to HES or HES-like eosinophilic
disorders

v v

PDGFRA/PDGFRB FGFR1/8p11
P Unmutated for PDGFRA/B or FGFR1
rearranged rearranged
: V
H Hyper-CVAD followed by
! allogeneic transplant
CELorother  [ymphocytic HES
! Joid "
J m':,}’:":'"w v ':s"‘ Asymptomatic may not need therapy
Imatinib 100 mg/day i ' H
13 i M
Treat CSA Prednisone for acute therapy
accordingly MTX B
cytoxan :

Chronic
Low-doD§F@R¥sone
Imatinib 400 mg/d

Mepolizumab 300 mg SC g-dweeks
Benralizumab 30 mg SC q-4 weeks

Hyper-eosinophilic syndrome/idiopathic eosinophilia

Prognostication

NGS revealed 11% harbored pathogenic mutation;

TET2=3, ASXL1 =2, KIT=2, and IDH2, JAK2, SF3B1 and TP53=1 each.
15% harbored a variant of unknown significance;

TET2=8, ASXL1=2, SETBP1=2, and CALR, CEBPA and CSF3R=1 each.

98 Mayo Clinic patients with WHO-defined HES/IH
(Leukemia 2016;30:1924)

NO DIFFERENCE IN MUTATED VS NON-MUTATED IN PHENOTYPE
MUTATED PATIENTS HAD INFERIOR SURVIVAL IN UNIVARIATE ANALYSIS

®  Lowisk, 60 patients, 3 events, 5-year suvival rate=98%
A High-isk 38 patients, 14 vents, 5-year sunival rate=62%

Risk factors for survival:

Advanced age (2 points)
Hgb <10 6/l (one point)

Cardiac involvement (one point)
Hepatosplenomegaly (3 points)

Low risk 0-1 points
High risk 2 or more points

o] 00001
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Mastocytosis

When should you suspect it?

e Urticaria pigmentosa-like lesions

* Mast cell mediator symptoms
* Anaphylactoid symptoms/dizziness
« Diarrhea
* Flushing/urticaria

* Osteopenia/unexplained fractures

Diagnostic Evaluation in Systemic Mastocytosis

Regions with Phospho-Tyr. Structure Domains
activating inding proteins
mutations

Ligand binding

Dimerization

(exon9) 1 SWR2 v Transmembrane
CHK, FYN, s
(exon 1) | LYN, sHC —<K Yoo Juxtamembrane (JM)
Bone marrow biopsy with tryptase stail SHP1
Kinase
(ATP binding)
GRB2—» Y7 Kinase insert
PIBK —» y721
L (exon13) 1
Kinase
D8 1 6V (Phosphotransferase)

Practical classification of mast cell disease

Both can manifest
mast cell

mediator
release symptoms

H :, " B I Bone marrow mast cell flow cytometry I
] " Normal mast cells —
Ve Veorpme” CD117+, CD25-, CD2-
[ Abnormal mast cells —
i CD117+, CD25+,CD2 %
ot e > Pardanand et al. BJH 2003;120:691

GRB2. "
PLoy—3 y I'l'l Carboxy-terminal

tail region
+Ckit mutations
Asp816Val (kinase domain)
Val560Gly (JM domain)

Sattler & Salgia, Leukeria Research, 2004

. 4

Systemic mastocytosi

i
(i.e. no cytopenia, bone disease or organomegaly)

+Uritcaria pigmentosa
+Mast cell mediator symptoms

Advanced SM
-

1. Aggressive SM
2. SM associated

3. Mast cell leukemia

bone disease, etc.)

myeloid neoplasm (SM-AHN)




Survival for 342 systemic mastocytosis patients classified by disease type
compared with the expected age and gender matched US Population’s survival
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Figure 1a: A “clinical” risk model for systemic mastocytosis (N=380)

Figure 1b A “clinical-molecular”

risk model for systemic mastocytosis (N=129)
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Systemic Mastocytosis
Treatment

l

Advanced

|

See next slide

Indolent

Cetrizine 5-10 mg QD
Fexofenadine 60 mg BID
Hydroxyzine 25 mg q 6 hours

H1 and H2 blockers
Leukotriene antagonist
Cromolyn
Phototherapy

A " Ranitidine 150 mg BID
Topical steroids

Famotidine 10 mg BID
Cimetidine 400 mg BID

Montelukast 10 mg QD
Zafirlucast 20 mg BID

Sodium cromolyn 100-200 mg QID

Osteoporosis prevention
Alendronate 70 mg weekly
Risedronate 35 mg weekly
Pamidronate IV 90 mg q-4 weeks
Zolendronic acid 4 mg IV q 4 weeks

If this fails, try cladribine
5 mg/m2
2-hour infusion x 1-5 days
every 4 to 12 weeks

Advanced Systemic Mastocytosis

Treatment

Aggressive SM

Cladribine 5 mg/m2
2-hour infusion x 1-5 days
every 4 to 12 weeks

|

Mast cell
leukemia

SM associated

- with lymphoid
—

OR 50%
CR 0%

MR 38%
PR 13%

Midostaurin
100 mg PO BID

OR 50%

CRO%

MR 45%; PR 15%

Grade % neutropenia 24%;
thrombocytopenia 29%; anemia 41%
Nausea 79%; vomiting 66%
Diarthea 54%; headache 23%

Biood 2015 126:1009
NEJW 2016,374:2530
Blood 2020;135:1365

thrombocytopenia 23%; anemia 29%
Cognitive impairment 19%; ICH 10%

Associated with
another hematologic
neoplasm (SM-AHN)

neoplasm
T Symptoms .
attibutedto sm ___ SM associated
— with myeloid
neoplasm
Avapritinib 300 mg PO QD
o Symptoms
ORI attributed to the
GRh 15%; PR 46% myeloid neoplasm
o Grade % neutropenia 10% 1

Treat the
myeloid neoplasm

Allogeneic hematopoietic stem-cell transplantation (HCT) in 57 patients with
advanced systemic mastocytosis (SM): 38 SM-AHNMD; 12 MCL and 7 aggressive SM
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Question 1

A 55-yo male with newly diagnosed stage IV
colorectal cancer and widespread metastatic
involvement of the liver and lungs has been started
on FOLFIRI chemotherapy in combination with the
anti-VEGF antibody bevacizumab. Within 4 days of
receiving his first cycle of therapy, he begins to note
increased oral discomfort with a number of new
mouth sores, 6-7 loose stools per day, repeat CBC
shows significant myelosuppression with
neutropenia, and the patient’s wife states that her
husband’s mental status appears to be markedly
altered from his normal baseline.

Monday, August 17, 2020

Question 1

Answer for Question 1

(C) Dihydropyrimidine dehydrogenase

This is a classic presentation of the DPD deficiency
in which there is either partial or complete deficiency
in dihydropyrimidine dehydrogenase (DPD). In this
setting, patients present with severe toxicities in the
form of myelosuppression, Gl toxicity with diarrhea,
mucositis, nausea/vomiting, and neurotoxicity with
altered mental status, lethargy, and/or
encephalopathy.

Which of the following enzymes is most likely
altered in this patient?

a) Dihydrofolate reductase

b) UDP glucuronyltransferase

c) Dihydropyrimidine dehydrogenase
d) Thymidylate synthase

e) Thiopurine methyltransferase

Question 2

Which one of the following statements is
correct?

a) All DPD mutations are associated with DPD
deficiency

b) The absence of DPD mutations rules out DPD
deficiency

c) DPD*2A is associated with inactive DPD
protein and DPD deficiency

d) All of the above
e) None of the above

© 2020 Hematology and Medical Oncology Best Practices Course
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Answer for Question 2

(C) DPD*2A is associated with inactive DPD protein and DPD
deficiency

To date, more than 30 sequence variations in the DPD gene
have been identified, with the most well-established variant
being DPD*2A (c.1905+1G>A; IVS14+11G.A;rs3918290). This is
a single-nucleotide variant at the intron boundary of exon 14
that results in a splicing defect, skipping of the entire exon,
and a completely inactive protein. The other DPD variants that
are associated with reduced DPD enzyme activity and
increased 5-FU toxicity include DPD*5, DPD*6, DPD*9A, DPD*13
(c.1679T>G; 1560S; rs55886062), c.2846A>T (D949V;
rs67376798), c.1236G>A (E412E; rs56038477). It has now been
well-established that not all DPD mutations are associated with
DPD deficiency. In fact, there are some mutations that lead to
increased DPD expression and activity. In up to 40% of patients
who present with the class symptoms of DPD deficiency,
mutations in the DPD gene have yet to be identified.

Monday, August 17, 2020

Question 3

A 49 yo white female is diagnosed with stage Il
colon cancer. She is diabetic and has impaired
kidney function with a creatinine clearance of 35
mL/min. She has decided to be treated with the
XELOX combination regimen. Which of the
following statements is correct?

a) Give full dose of capecitabine with no dose
reduction

b) Reduce the capecitabine dose by 25%
c) Reduce the capecitabine dose by 30%
d) Reduce the capecitabine dose by 50%
e) Capecitabine should not be given

Answer for Question 3

(B) Reduce the capecitabine dose by 25%

Capecitabine and capecitabine metabolites are
cleared by the kidneys, and increased toxicity has
been observed with capecitabine therapy in the
presence of renal impairment. The capecitabine dose
does not need to be dose-reduced when the
creatinine clearance is >50 mL/min. The dose of
capecitabine needs to be reduced by 25% when the
creatinine clearance is between 30-50 mL/min.
Capecitabine is contraindicated and should not be
administered when the creatinine clearance is <30
mL/min.

Question 4

A patient with metastatic osteogenic sarcoma is
about to start treatment with high-dose
methotrexate. With respect to the extent of his
disease, the patient has multiple pulmonary
nodules, mediastinal lymph node, and a
malignant left pleural effusion. He complains of
lower back pain, unrelated to his underlying
cancer, which is well-controlled on
indomethacin.

Question 4

Which one of the following is the most appropriate
intervention?

a) Administer intravenous fluids with alkalinization
of the urine to a pH>6

b) Continue with indomethacin

c) Leucovorin rescue should be continued even
when serum MTX levels are <50 nM

d) Drainage of the left pleural effusion prior to
initiation of methotrexate infusion

e) Discontinue indomethacin and begin patient on
a different non-steroidal agent

Answer for Question 4

(D) Drainage of the left pleural effusion prior to initiation of
methotrexate infusion

MTX is cleared by the kidneys, and the process of renal
excretion is inhibited in the presence of aspirin, non-steroidal
anti-inflammatory agents, penicillins, cephalosporins, and
probenecid. MTX distributes in to third-space fluid collections,
such as pleural effusions and ascites, and the fluid collections
should be drained prior to the start of MTX as they can cause
a delay in drug clearance. In the presence of these fluid
collections, patients may experience increased toxicity.
Vigorous intravenous hydration with alkalinization of the urine
to a pH of>7.0 is required to prevent precipitation of MTX and
MTX polyglutamates in acidic urine, which can then lead to
renal failure. The rationale for leucovorin (LV) rescue is to
protect normal cells from methotrexate toxicity. LV should be
given until the serum MTX levels are down to 50 nM, and once
below that threshold level, LV resuce can be stopped.
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Question 5

Monday, August 17, 2020

A patient with metastatic non-squamous non-small
cell lung cancer is being treated with pemetrexed
and cisplatin. Which one of the following is the
most appropriate treatment option?
a) Supplementation with folic acid and vitamin B6
b) Supplementation with folinic acid and vitamin B6
c) Supplementation with folic acid and vitamin B3
d) Supplementation with folic acid and vitamin B12
e) Supplementation with vitamin B6 and
dexamethasone

Answer for Question 5

(D) Supplementation with folic acid and vitamin B12

Patients who receive pemetrexed-based therapy
should receive vitamin supplementation with folic
acid (350 ug/day) and vitamin B12 (1,000 ug IM every
3 cycles) to reduce the risk and severity of toxicity
while on therapy. Steroids have been shown to
reduce the development of skin rash, and
dexamethasone (4 mg PO bid) can be given for 3
days beginning the day before starting pemetrexed.

Question 6

A 46 yo male patient with primary CNS lymphoma
is presently receiving high-dose methotrexate. He
receives leucovorin rescue according to protocol,

and serum MTX levels are being closely monitored.

Which one of the following best describes when
leucovorin rescue can be safely stopped?

a) Serum MTX levels < 500 nM
b) Serum MTX levels <100 nM
c) Serum MTX levels < 250 nM
d) Serum MTX levels < 5x10¢ M

Answer for Question 6

(D) Serum MTX levels < 5x10€ M (50 nM)

The rationale for leucovorin rescue is to protect
normal cells from methotrexate toxicity.
Leucovorin should be given until the serum MTX
levels below 50 nM (5x10-% M), and once below that
threshold level, leucovorin rescue can be stopped.

Question 7

A patient with non-Hodgkin’s lymphoma is being
treated with the combination of fludarabine,
cyclophosphamide, and rituximab. Which one of the
following statements is true?
a) Dose modification of fludarabine is not required in
the setting of renal dysfunction
b) Dose modification of cyclophosphamide is not
required in the setting of renal dysfunction
c) Dose modification of fludarabine is required in the
setting of liver dysfunction
d) Prophylaxis with bactrim to prevent Pneumocystis
carinii is required
e) Fludarabine is active in its parent form

Answer for Question 7

(D) Prophylaxis with bactrim to prevent Pneumocystis
carinii is required

Fludarabine is a prodrug, and following administration, it is
rapidly dephosphorylated to 2-fluoro-ara-adenosine. This
nucleoside then enters the cells via a nucleoside-mediated
process, and it is then initially phosphorylated to the
monophosphate form and eventually metabolized to the
fludarabine triphosphate form, which is the active cytotoxic
metabolite. Both fludarabine and cyclophosphamide are
renally excreted. In the presence of renal dysfunction, the
doses of fludarabine and cyclophosphamide need to be
modified. Dose modification of fludarabine is not required in
the setting of liver dysfunction. Fludarabine therapy is
associated with an increased risk of opportunistic
infections, including Pneumocystis carinii, and patients
should be empirically placed on bactrim prophylaxis.
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Question 8

Monday, August 17, 2020

A deficiency in thiopurine methyltransferase
(TPMT) results in significantly increased
toxicity to which one of the following agents?

a) Methotrexate

b) Nelarabine

c) 6-Mercaptopurine
d) Fludarbine

e) Cladribine

Answer for Question 8

(C) 6-Mercaptopurine

A partial or complete deficiency of TPMT results
in excessive, severe toxicity with
myelosuppression, Gl toxicity, and/or
neurotoxicity, in response to the thiopurines, 6-
mercaptopurine and 6-thioguanine. TPMT is not
involved in the metabolism of other purine
analogs, such as nelarabine, cladribine, and
fludarabine.

Question 9

A 38 yo male with newly diagnosed metastatic
colorectal cancer is started on mFOLFOX6 plus
bevacizumab. There was a miscalculation in the
chemotherapy orders, and he was given a 20-fold
higher dose of 5-FU in the 46-hour infusion. Which of
the following is the most appropriate treatment
intervention?

a) Administer high-dose leucovorin

b) Administer glucarpidase

c) Immediate hemodialysis

d) Administer uridine triacetate

e) Wait for symptoms to occur and then institute

appropriate supportive care measures

Answer for Question 9

(D) Administer uridine triacetate

The administration of uridine triacetate (vistonuridine),
an oral prodrug form of uridine, has been shown to be
a safe and effective antidote to 5-FU overdose, and this
agent was recently approved by the US Food and Drug
Administration. 5-FU can not be removed by
hemodialysis, and it is not known whether peritoneal
dialysis can be used to remove circulating 5-FU.
Leucovorin and glucarpidase are two agents that have
been used to prevent and/or rescue against MTX-
associated toxicities but would not be able to prevent
the toxicities of 5-FU.

Question 10

Answer for Question 10

Which reduced folate is part of the thymidylate
synthase ternary complex?

a) 5,10-methylenetetrafolate
b) 5-formyltetrahydrofolate
c) 10-formyltetrahydrofolate
d) folic acid

e) 5-methyltetrahydrofolate

(A) 5,10-methylenetetrafolate

The thymidylate synthase (TS) ternary complex is made up
of the 5-FU metabolite FAUMP, the reduced folate 5,10-
methylenetetrahydrofolate, and the TS enzyme. The role of
the reduced folate is to enhance the inhibitory effect of the
5-FU metabolite on inhibition of TS. When TS is bound in
this ternary complex, TS enzymatic activity is optimally
inhibited, leading to inhibition of thymidylate synthesis
and subsequent inhibition of DNA biosynthesis.
Leucovorin is 5-formyltetrahydrofolate, which is eventually
metabolized within the cell to 5,10-
methylenetetrahydrofolate.
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Question 1

The multidrug resistance (mdr) phenotype is a
well-established mechanism of cellular drug
resistance. Which one of the following
statements is true regarding this resistance
mechanism?

a) Decreased drug efflux
b) Decreased drug influx
c) Enhanced drug influx
d) Enhanced intracellular drug accumulation

e) Enhanced drug efflux with reduced
intracellular drug accumulation

Answer for Question 1

(E) Enhanced drug efflux with reduced intracellular
drug accumulation

The multidrug resistance (mdr) gene encodes a P-
170 glycoprotein whose function is to cause efflux
of drug out of the cell, which results in reduced
intracellular accumulation of drug within the cell.
This mechanism is a well-established mechanism
for a wide range of unrelated classes of drugs,
which include anthracyclines, taxanes,
camptothecins, and the vinca alkaloids.

Question 2

Which of the following is true relating to
oxaliplatin dosing in a patient with a creatinine
clearance of 35 mL/min?

a) No dose reduction is necessary
b) Reduce the oxaliplatin dose by 25%
c) Reduce the oxaliplatin dose by 33%
d) Reduce the oxaliplatin dose by 50%
e) Oxaliplatin should not be given

Answer for Question 2

(A) No dose reduction is necessary

As with other platinum agents, oxaliplatin is excreted
by the kidneys. However, renal dysfunction studies
have shown no increase in pharmacodynamic drug-
related toxicities in patients with mild or moderate
renal dysfunction and CrCL down to 20 mL/min. No
formal studies have been conducted to date in
patients with CrC1<20 mL/min, and in this setting of
severe renal dysfunction, oxaliplatin should not be
administered.
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Which of the following statements about the platinum
agents is correct?
a) Cisplatin is effective for upper Gl cancers, while
oxaliplatin is only effective in colorectal cancer
b) The mechanisms of resistance to cisplatin,
carboplatin, and oxaliplatin are identical
c) The DNA lesions associated with oxaliplatin are
different than those associated with cisplatin and
carboplatin

d) Carboplatin is less nephrotoxic, less emetogenic, and
less myelosuppressive than cisplatin.
e) Oxaliplatin can be safely administered to patients with

moderate impaired renal function (CrCl, 20-39 mL/min)

Answer for Question 3

(E) Oxaliplatin can be safely administered to patients with
moderate impaired renal function (CrCl, 20-39 mL/min)

The DNA lesions are similar for cisplatin, carboplatin, and
oxaliplatin with formation of both inter- and intra-strand
cross-links. With respect to safety profile, carboplatin is less
nephrotoxic and less emetogenic than cisplatin, but
significantly more myelosuppressive than cisplatin. The
resistance mechanisms for cisplatin and carboplatin are
identical. However, in the presence of mismatch repair
defects where cisplatin and carboplatin resistance develops,
sensitivity to oxaliplatin is maintained, which explains the
efficacy of oxaliplatin in colorectal cancer and other Gl
cancers where mismatch repair defects have been identified.
Oxaliplatin can be safely administered to patients with
abnormal function with CrCl down to as low as 20 mL/min.

Question 4

A 45 yo male patient with metastatic colorectal
cancer is being treated in the second-line setting
with FOLFIRI plus cetuximab. One week after his
initial treatment, the patient presents with a 2-day
history of increasing fatigue and an absolute
neutrophil count of 500/ul. What is the most likely
diagnosis?

a) DPD deficiency

b) FOLFIRI-associated myelosuppression
c) UGT1A1*28

d) UGT2B4

e) UGT2B7

Answer for Question 4

(C) UGT1A1*28

DPD deficiency presents with severe toxicity to 5-FU with
the classic triad of myelosuppression, Gl toxicity, and
neurotoxicity. This patient presents with isolated
myelosuppression, which would be unusual for DPD
deficiency. Irinotecan is metabolized by UDP
glucuronyltransferase, and the process of glucuronidation
leads to inactive metabolites of both irinotecan and SN-38.
In patients with the UGT1A1*28 genotype, there is
significant reduction in irinotecan and SN-38
glucuronidation, which then leads to increased
myelosuppression and/or Gl toxicity. Approximately 10%
of the North American population is homozygous for this
specific genotype.

Question 5

A 38 yo female with stage IV Hodgkin’s lymphoma is being
treated with ABVD chemotherapy. She has been treated
with 4 cycles, and repeat CT scans show a nice response
to therapy. Review of her serum chemistries are notable
for a serum sodium of 125 mEg/L, potassium of 3.7 mEq/L,
bicarbonate of 25 mEq/L, chloride of 100 mEg/L, blood
urea nitrogen of 10 mg/dL, creatinine of 1.1 mg/dL, and
uric acid <4 mg/dL. Which one of the following is the
most appropriate cause of her hyponatremia?

a) Dehydration

b) Adrenal insufficiency

c) Renal tubular acidosis

d) SIADH

e) Underlying kidney disease

Answer for Question 5

(D) SIADH

SIADH presents with hyponatremia and normal potassium,
chloride, BUN/creatinine levels, and reduced serum uric acid
levels. Several anticancer agents are associated with SIADH,
including the vinca alkaloids, cyclophosphamide, cisplatin,
and melphalan. While SIADH has been observed with certain
tumor types, the most common being small cell lung cancer,
Hodgkin’s lymphoma is not normally associated with
SIADH. In patients with dehydration and underlying kidney
disease, the BUN and/or creatinine levels should be
elevated. With adrenal insufficiency, patients present with
hyponatremia and hyperkalemia. In renal tubular acidosis,
the bicarbonate levels are reduced along with an elevation
in chloride levels and a reduction in potassium levels.
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Question 6 Answer for Question 6

Which one of the following agents acts by (C) Estramustine
inhibiting microtubule function?
Estramustine inhibits microtubule function and
the process of microtubule assembly by binding
to microtubule-associated proteins. This agent
was initially developed as an alkylating agent

a) Methotrexate
b) Nelarabine

c) Estramustine but it has no alkylating activity. Methotrexate
d) Topotecan and nelarabine are antimetabolites, topotecan is
e) Mitoxantrone a topo | inhibitor, and mitoxantrone is a topo Il
inhibitor.
Question 7 Answer for Question 7
Which one of the following agents acts by (D) Epirubicin

inhibiting topoisomerase I1?
Epirubicin is an anthracycline analog that
inhibits topo Il. Other mechanisms include
formation of oxygen free radicals resulting in
single- and double-stranded DNA breaks and

a) Vincristine
b) Irinotecan

c) Paclitaxel direct intercalation into DNA. Vincristine,
d) Epirubicin paclitaxel, and TDM-1 are microtubule inhibitors
e) TDM-1 and irinotecan is a topo | inhibitor.
Question 8 Answer for Question 8
Bevacizumb binds to which one of the VEGF (A) VEGF-A
ligands?

Bevacizumab binds to only the VEGF-A ligand,

a) VEGF-A of which there are 6 isoforms. In contrast, ziv-
fli i VEGF-A, VEGF-A PIGF.

b) VEGF-B aflibercept binds to VEGF-A, VEGF-A, and PIG

¢) VEGF-C Ramucirumab binds to the VEGF-R2 receptor.

d) PIGF
e) All of the above
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Question 9 Answer for Question 9
Imatinib inhibits all of the following RTK’s except? (C) Ber-Abl T3151 mutation
a) cKIT Imatinib inhibits Ber-Abl, platelet-derived growth
b) Ber-Abl factor (PDGF), and c-Kit. It is unable to inhibit

i the T315I gatekeeper mutation. Dasatinib and

c) Ber-Abl T3151 mutation nilotinib are able to overcome resistance to

d) Platelet-derived growth factor imatinib by being active against Bcr-Abl

e) None of the above mutations, but they are also inactive against the
T3151 mutant. Only pomatinib has activity
against the T315] mutant.

Question 10 Answer for Question 10
Which one of the following proteasome inhibitors is (B) Carfilzomib
not altered by green tea products?
a) Bortezomib Green tea products/supplements bind to the boron
b) Carfilzomib moiety that is present on bortezomib and ixazomib and

inactivate these proteasome inhibitors. Carfilzomib
does not contain this boron moiety so green tea should
d) All of the above not have negative effects on its clinical activity.

e) None of the above

c) Ixazomib

© 2020 Hematology and Medical Oncology Best Practices Course



# 42

Pharmacology lli

Edward Chu, MD

August 17, 2020

©2020 Hematology and Medical Oncology Best Practices Course



Pharmacology 111
Edward Chu, MD

HEMATOLOGY AND
MEDICAL ONCOLOGY

BEST PRACTICES COURSE

42 - Pharmacology llI

Edward Chu, MD

Monday, August 17, 2020

Disclosures

Disclosures of Financial Relationships with Relevant

Commercial Interests

* None

Question 1

Treatment with cetuximab is associated with which
electrolyte abnormality?

a) Hyponatremia
b) Hypokalemia
c) Hypophosphatemia
d) Hypomagnesemia
e) Hypouricemia

Answer for Question 1

(D) Hypomagnesemia

Treatment with anti-EGFR antibodies, cetuximab and
panitumumab, is associated with magnesium
wasting with inappropriate urinary excretion, which
then leads to hypomagnesemia. EGFR is strongly
expressed in the kidney, especially in the ascending
limb of the loop of Henle, where up to 70% of filtered
magnesium is reabsorbed. In patients being treated
with anti-EGFR antibody therapy, serum magnesium
levels need to be routinely measured and repleted as
necessary.

Question 2

A 48-yo female patient stage IV non-small cell lung
cancer has been treated with erlotinib for the past 5
months. She now presents with progressive disease
with new lesions in both lobes of the liver and new lung
nodules in the right lung. A biopsy of one of the new
liver lesions confirms progressive disease and
molecular testing reveals the presence of the EGFR
T790M mutation. Which of the following is the most
appropriate treatment option?

a) Gefinitib

b) Osimertinib

c) Afatinib

d) Ceritinib

e) Regorafenib

Answer for Question 2

(B) Osimertinib

Osimertinib is FDA-approved for patients with
EGFR T790M mutation-positive NSCLC after
progression on an EGFR TKI therapy. Gefitinib
and afatinib do not have activity in the presence of
the T790M mutation. Ceritinib is an ALK inhibitor
and would not have any activity in this setting.
Regorafenib is an inhibitor of several tyrosine
kinases, but has no activity against the EGFR-
associated tyrosine kinase.
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Question 3

Which one of the following is a true statement?

a) Nivolumab targets the PD-L1 ligand
b) Pembrolizumab targets the PD-1 receptor on

tumor cells
c) Pembrolizumab targets the PD-1 receptor on T
cells

d) Atezolizumab targets the PD-L2 ligand
e) Ipilimumab targets the PD-1 receptor

Monday, August 17, 2020

Answer for Question 3

(C) Pembrolizumab targets the PD-1 receptor on T cells

Nivolumab and pembrolizumab are antibodies that bind
to the PD-1 receptor on T cells and prevents the
interaction of this receptor with the PD-L1 and PD-L2
ligands, which are expressed on tumor cells.
Atezolizumab is an antibody that binds to the PD-L1
ligand and inhibits its subsequent interaction with the
PD-1 receptor.

Ipilumumab is an antibody that binds to the CTLA4
receptor, which is expressed on T cells. This leads to
inhibition of the interaction between CTLA4 and its
target ligands, resulting in inhibition of immune escape.

Question 4

Which one of the following statements is true relating to
sorafenib therapy?

a) Drugs such as rifampin, phenytoin, and
phenobarbital reduce the metabolism of sorafenib
leading to increased drug levels

b) Drugs such as ketoconazole and other CYP3A4
inhibitors increase the metabolism of sorafenib
leading to reduced drug levels

c) Sorafenib is an inducer of UGT1A1

d) Avoid Seville oranges and grapefruit products
while on sorafenib therapy

e) The oral bioavailability of sorafenib is not affected
by food.

Answer for Question 4

(D) Avoid Seville oranges and grapefruit products while on
sorafenib therapy

Sorafenib is metabolized in the liver primarily by the
CYP3A4 microsomal enzymes. There are a number of
important drug-drug interactions with sorafenib therapy.
Drugs that inhibit CYP3A4, such as ketoconazole, may
reduce the metabolism of sorafenib leading to higher drug
levels and potentially increased toxicity. Drugs, such as
rifampin, phenytoin, phenobarbital, and carbamazepine,
increase the metabolism of sorafenib leading to reduced
drug levels and potentially reduced clinical benefit. Seville
oranges, grapefruit products, starfruit, and pomelos contain
substances that inhibit the liver metabolism of sorafenib,
which can then lead to increased drug levels and potentially
increased toxicity.

Answer for Question 4

(D) Avoid Seville oranges and grapefruit products while
on sorafenib therapy

Sorafenib is an inhibitor of UGT1A1, and caution must be
used when sorafenib is administered with agents that are
metabolized by UGT1A1, such as irinotecan.

Sorafenib is rapidly absorbed after an oral dose. The
general recommendation is to take sorafenib without
food at least one hour before or 2 hours after eating, as
oral bioavailability is affected by food. In particular, foods
with a high fat content reduce oral bioavability by as
much as 30%.

Question 5

A 56 yo male patient with advanced renal cell cancer
was treated with sunitinib for 5 months. He now
presents with disease progression with widespread
involvement of both lobes of the liver. The decision is
made to now switch over to everolimus therapy and to
use a daily dose of 10 mg PO. In reviewing his various
laboratory results, his total serum bilirubin level is 2.5
mg/dL, serum albumin is 2.6 g/dL, prothrombin time is
elevated to 18 sec, and there is no ascites. Taken
together, he is determined to have moderate liver
impairment (Child-Pugh Class B).
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Answer for Question 5

Which one of the following statements is true?

a) Grapefruit products can be taken while on
therapy

b) St. John’s Wort can be safely taken as there is
no drug-drug interaction with everolimus

c) The dose of everolimus should be reduced to 5
mg daily

d) Oral bioavailability is not affected by food
content

e) There is no increased risk of opportunistic
infections

(C) The dose of everolimus should be reduced to 5 mg daily
Grapefruit products, Seville oranges, starfruit, and pomelos
should be avoided as these food products can impair liver
metabolism of everolimus, which then leads to increased drug
levels. There is a drug-drug interaction between St. John’s Wort
and everolimus where St. John’s Wort can increase everolimus
metabolism in the liver, resulting in lower effective drug levels.
Food with a high fat content reduces oral bioavailability by up
to 20%. Patients are at increased risk for developing
opportunistic infections, including fungal infections, while on
everolimus therapy. Metabolism of everolimus occurs mainly in
the liver the CYP3A4 enzymes, and elimination of drug is mainly
hepatic with excretion in feces. In patients with moderate liver
impairment (Child-Pugh Class B), the everolimus dose should
be reduced to 5 mg daily, and in the setting of severe liver
impairment (Child-Pugh Class C), everolimus therapy should
not be given.

Question 6

A 65 yo female patient with metastatic HER2-positive disease is
being treated with the combination of capecitabine and
trastuzumab. Of note, she has a history of ischemic heart disease,
but she has not had any cardiac symptoms for the past 2 years.
She has been on therapy for 8 months, and is tolerating this
combination regimen well with no symptoms. CT scans were just
performed, and they confirm a nice response to therapy. A follow-
up MUGA scan to assess her cardiac status shows a 20%
reduction in the LVEF from a normal baseline. Which one of the
following statements is true?
a) Continue with current dose of trastuzumab
b) Reduce dose of trastuzumab by 25%
c) Reduce dose of trastuzumab by 50%
d) Withhold trastuzumab therapy and continue with
capecitabine
e) Stop trastuzumab and capecitabine and switch to a new
treatment regimen

Answer for Question 6

(D) Withhold trastuzumab therapy and continue with
capecitabine

Careful baseline assessment of cardiac function
(LVEF) must be done prior to the start of
trastuzumab therapy with frequent monitoring (every
2-3 months) while on therapy. Trastuzumab should
be held if there is an absolute reduction in LVEF by
>16% from a normal baseline value. Trastuzumab
should be stopped immediately in any patient who
develops clinically significant symptoms of
congestive heart failure.

Question 7

Which one of the following statements is true relating to
pertuzumab?
a) Immunologic mechanisms are not involved in
antitumor activity
b) Binds to subdomain Il of the HER2-neu growth
factor receptor
c) Main biological effect is inhibition of
homodimerization of HER2
d) Patients with prior exposure to anthracyclines or
radiation therapy to the chest are not at increased
risk for developing cardiac toxicity
e) Infusion reactions are usually observed with
prolonged therapy

Answer for Question 7

(B) Binds to subdomain Il of the HER2-neu growth factor
receptor

Pertuzumab is a recombinant humanized IgG1 monoclonal
antibody direct against the extracellular domain (subdomain Il)
of the HER2-neu growth factor receptor. It binds to a different
epitope on HER2-neu receptor than trastuzumab, which binds to
subdomain IV. Binding of pertuzumab to the HER2-neu receptor
leads to inhibition of heterodimerization of HER2 with other
HER family members, including EGFR, HER3, and HER4. As
pertuzumab is an IgG1 antibody, immunologic mechanisms may
also be involved in its antitumor activity, including antibody-
dependent cellular cytotoxicity. The main side effects of
pertuzumab are cardiac toxicity and infusion-related reactions.
Patients with a prior history of anthracycline treatment or
radiotherapy to the chest and/or mediastinal region may be at
increased risk of developing cardiac toxicity, which is usually
manifested by a reduction in LVEF.
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Question 8 Answer for Question 8

Which of the following tyrosine kinases are (E) All of the above
inhibited by crizotinib?
Crizotinib inhibits the tyrosine kinases associated
with c-Met, ALK, RON, and ROS1. This agent is

a) c-Met now approved in the U.S. to treat patients with
b) ALK metastatic non-small cell lung cancer whose
c) RON tumors are ALK-positive or ROS1-positive.

d) ROS1

e) All of the above
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ABIM Exam Blueprint

= Supportive Care, Survivorship, and Communication
1%

= Today:

> Discuss the role of opioids for cancer pain and related substance use disorder

> Recognize mood disorder in the seriously ill patient

> Describe the use of pharmacologic and non-pharmacologic therapies to relieve
common symptoms in cancer patients

> Define total pain

> Refine serious illness communication skills

> Distinguish palliative and hospice care

Question 1:

= A70 yo female was admitted to the hospital with anorexia, severe
abdominal pain and 30-pound weight loss over 4 months. CT revealed a
large pancreatic body mass and a biopsy confirmed malignancy. She
underwent a celiac plexus block with IR during her hospital stay and
experienced initial relief for two weeks.

Now the pain has returned, is aching and constant and she declines an
exam due to fear of more pain. She declines any more procedures for
the pain and asks for something that will work “right away”. This is her
first appointment with you and she is not ready to focus on treatment
options until she is more comfortable. She has normal renal function
and NKDA.

What is the best initial option to help control
her pain?

Fentanyl patch 12mcg TD q72hr

MS Contin (extended release morphine) 15mg po bid
Hydrocodone-acetaminophen 5mg-325mg po g4hr prn pain
MSIR (morphine immediate release) 7.5mg po g4hr prn pain
Acetaminophen 1,000mg po q8hr ATC

mo o w »

Choosing an Approach

= Pain type (visceral, somatic, neuropathic)
m Pain location (localized, regional, diffuse) — is this patient a

candidate for neurolysis/targeted interventional pain technique?
Radiation?

Metabolism (drug-drug Cls, comorbid organ impairment, drug use
disorder)

Route of administration (enteral access, mental status,
cytopenias)

“Think two steps ahead” — What will my patient’s needs be in two
days? in two weeks?
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WHO Pain Ladders

= Adults = Children

WHO’s Pain Relief Ladder WHO’s Pain Relief Ladder

Opioids for Cancer Pain

= If moderate or severe start with mu-agonist opioid (morphine)

Unlike drugs with mixed opioid-monoaminergic mechanisms of action (tramadol),

pure mu-agonist opioids have no dose ceiling

= Avoid combination products due to dose ceilings such as with acetaminophen or
ibuprofen (can schedule those separately)

= Start with an immediate release preparation to “dose find” over at least 24 hours and

monitor effects before committing to a long-acting opioid regimen

Most initial adverse effects of nausea, sedation resolve within days

Rotate to another opioid if dose increase continues to be ineffective or adverse
effects are intolerable

What is the best initial option to help control her pain?

A. Fentanyl patch 12mcg TD q72hr — avoid a long-acting regimen until you
titrate to an appropriate dose, also no reason to avoid oral dosing here

B. MS Contin (extended release morphine) 15mg po bid — as above; must
dose-find first with short-acting agent

c. Hydrocodone-acetaminophen 5mg-325mg po g4hr prn pain — per WHO
pain ladder, severe pain requires a strong opioid

p. MSIR (morphine immediate release) 7.5mg po g4hr prn pain — correct
choice

E. Acetaminophen 1,000mg po g8hr ATC — May schedule in addition if
appropriate but need strong opioid

Question 2:

= Your patient returns to clinic the following week and her pain has
improved from 9/10 to 3/10 which is tolerable for her. She is taking
MSIR 7.5mg orally 4 — 5 times daily to achieve relief. When she
wakes up having not taken morphine in 5 or 6 hours she is in
intense pain which only adequately controlled after her second
dose of morphine each day. Also, she has not moved her bowels
in 5 days and feels bloated.

Which of the following is the best next step in the
management of this patient?

A. Add docusate sodium to her regimen and have her take a long-
acting morphine preparation at night before bed

Opioid induced Constipation

Affects up to 90% of patients receiving opioid therapy

= Leads no non-adherence, hospitalization, suffering

Patients do NOT develop tolerance to this one side effect of opioids
Delay transit time, increase reabsorption fluid in gut
Increased hydration and physical activity may be difficult for some patients

First line is stimulant laxatives; rectal stimulation may be required if
constipation has lasted more than 3 days

B. Administer naloxegol in the office to relieve OIC (opioid induced
constipation)

c. Add psyllium daily and a long acting morphine twice a day for
extended pain relief

p. Start senna twice daily in addition to a long-acting morphine
preparation twice a day

Please co-prescribe opioid and stimulant laxative!
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Which of the following is the best next step in the
management of this patient?

. Add docusate sodium to her regimen and have her take a long-acting

morphine preparation at night before bed — stool softener ineffective for OIC

. Administer naloxegol in the office to relieve OIC — selective opioid receptor

antagonists indicated for refractory OIC

. Add psyllium daily and a long acting morphine twice a day for extended pain

relief — psyllium can predispose to obstruction (requires 1.5 liters fluid intake
daily), especially if less hydrated and less mobile

. Start senna twice daily in addition to a long-acting morphine preparation

twice a day — co-treat to help prevent OIC; also if more than 3 PRNs per
day, think long-acting regimen

Question 3:

» A 45 yo obese female sees you for routine follow-up in breast cancer clinic.
She currently has no evidence of disease and has been able to return to
most of her usual activities but is discouraged by her significant limitations in
her hobbies, aerobic walking and painting, due to persistent numbness and
pain since chemotherapy. Even her arthritis pain is acting up since she’s not
exercising. She’s so thankful her cancer is in remission but so frustrated
about her symptoms! You order a metabolic profile with TSH, which is
reassuring.

mo o w »

Which therapy below is most appropriate to
recommend to help control her pain?

Weight reduction
Oxycodone
Duloxetine
Pregabalin
Naproxen sodium

Chemotherapy-induced Peripheral Neuropathy

Percantage of Patierts (%)

Chemotherapy-induced Peripheral Neuropathy
"™ ————— {03710 € DM neuropathy
€ Fibromyalgia
- Hemesl & Osteoarthritis

o " “1# € CIPN

Farvers Piscets Favers Dutoretoe

Which medication below is most appropriate to
prescribe to help control her pain?

A. Weight reduction — not address CIPN
B. Oxycodone — may provide for immediate short-term pain relief

while awaiting adjuvant agent to take effect

c. Duloxetine — proven useful for CIPN, also FDA approved for

depression and MSK pain

p. Pregabalin — lacks evidence for efficacy
E. Naproxen sodium — may address some arthralgias but not other

symptoms
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Pain Physician 2018; 21:571.592 » 1SS 1533-3159

Systematic Review

Treatment of Chemotherapy-Induced
Peripheral Neuropathy: Systematic Review and
Recommendations

Question 4:

= A 65 yo gentleman with CAD s/p CABG, atrial fibrillation, HTN and now
NSCLC metastatic to bone and lymph nodes only per recent imaging
presents for follow-up in your clinic. When he is using the bathroom his wife
confides in you that her husband’s personality seems different. He’s always
been stoic but lately she finds him staring at old papers, only picking at his
food, skipping their weekly card game and she hears him crying in the
bathroom some nights.

= You interview the patient alone and he denies suicidal ideation.

depressant?

Decreased appetite

Changes in sleep pattern since diagnosis
Episodes of crying and sadness

Feelings of hopelessness

°o 0w >

What feature should prompt you to prescribe an anti-

Depression and Grief in the Terminally Il

= Anticipatory Grief (Preparatory Grief) — natural part of dying process, may
include sadness but there is mixture of good and bad days, hope is there but
may shift, can still experience pleasure, social support seems to help

= Depression — Hallmarks include worthlessness, guilt (about being a burden),
hopelessness, a poisoned sense of self

- Sustained suicidal ideation

= This is NOT your classic SIGECAPS!

Single question screening

“Are you feeling down, depressed or hopeless
most of the time over the last 2 weeks?”

= Up to 100% Sensitivity and specificity in studies

What feature should prompt you to prescribe an anti-
depressant?

A. Decreased appetite — must focus on cognitive symptoms rather
than physical symptoms in terminally ill patients

B. Changes in sleep pattern since diagnosis — same as above

c. Episodes of crying and sadness — can be present in anticipatory
grief

p. Feelings of hopelessness — a hallmark of depression in the
terminally ill, should be treated
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What is the best medication choice for your patient?

Buproprion 150mg po daily
Methylphenidate 2.5mg po bid
Amitriptyline 25mg po ghs
Mirtazapine 7.5mg po ghs
Single dose ketamine

Treating depression

Determine prognosis
Prognosis < 4 weeks consider psychostimulant. Onset 1-2 days and safe in most
patients

Prognosis at least 4 weeks - more options. Try to treat 2 if not more symptoms with
one drug!

» |f insomnia — Mirtazapine (histaminergic)

= If neuropathic pain — SNRI such as duloxetine (CIPN)

= |f anorexia — Mirtazapine

= If hot flashes — SNRI such as venlafaxine
Minimize unwanted adverse effects (SSRI can increase QTc, HA, nausea, diarrhea;
SNRI may increase bleeding time)
Start low and go slow, as always

What is the best medication choice for your patient?

Buproprion 150mg po daily — can be weight negative and no other helpful
effects for this patient

Methylphenidate 2.5mg po bid — may increase energy and appetite; Cl for
CV risk, also not a short prognosis

. Amitriptyline 25mg po ghs — sedating but TCAs would be relatively CI for

this older patient

. Mirtazapine 7.5mg po ghs — may increase appetite (up to doses of 15mg)

and aid in sleep

. Single dose ketamine — limited evidence available but promising, not first

line approach

Question 5:

A 61-year-old male is diagnosed with metastatic cholangiocarcinoma and is
started on a regimen of gemcitabine and cisplatin. He has lost 30 pounds
over 2 months but remains physically active, is able to do all of his activities
of daily living and is motivated to pursue treatment.

After two cycles he informs you that despite taking the medications you
provided he has intense nausea and vomiting even up to a couple of days
after chemo and does not think he can continue. You reassure him that there
are many more options to treat his nausea and vomiting than the
dexamethasone and ondansetron he has already tried.

For next cycle you prescribe aprepitant without good effect.

oo = >

What is the next best choice to help this gentleman
tolerate palliative chemotherapy?

Substitute palonosetron for ondansetron
Discontinue glucocorticoid

Substitute olanzapine for aprepitant
Add a benzodiazepine

Chemotherapy-induced Nausea and
Vomiting

Acute — minutes to hours after chemo; resolves within 24 hours
Delayed — onset 24 hours after chemo up to 5 days
Anticipatory — precedes chemotherapy (N > V)

Breakthrough — despite preventive antiemetics

Refractory — despite preventive and rescue medications
Treatment relates to emetogenicity of the regimen
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Chemotherapy-induced Nausea and
Vomiting
= Low Emetogenic — single agent therapy or even prn

» MEC - Glucocorticoids (acute and delayed CINV) + 5-HT3
receptor antagonists (acute CINV); if refractory add NK-1 receptor
antagonist (aprepitant and pro-drug fosaprepitant) for acute and
delayed CINV

= Refractory — Offer an alternate agent then given with prophylaxis
such as olanzapine or metoclopramide

Chemoreceptor Trigger Zone

= Damaged enterochromaffin cells release serotonin which triggers 5-HT3 receptors on vagal and
splanchnic afferent fibers

= Chemo can also directly activate medullary CTZ mediated by serotonin, dopamine and NK-1
receptors

Olanzapine — a Swiss Army knife
for CINV

= Atypical antipsychotic

= Acts at multiple receptors: dopaminergic (D1, D2, D3, D4),
serotonergic (5-HT2A, 5-HT2C, 5-HT3, 5-HT6), adrenergic (a1),
histaminergic (H1), muscarinic (m1, m2, m3, m4)

= Dose 5-10mg (max 20mg) usually once nightly

m Less strongly affects QTc than other anti-emetics

The Oncologist | [

Effectiveness of Anti i i for Highly i |

Chemotherapy-Induced Nausea and Vomiting: A Systematic
Review and Network Meta-Analysis

What is the next best choice to help this gentleman
tolerate palliative chemotherapy?

A. Substitute palonosetron for ondansetron — 2" generation 5-HT3
receptor antagonists not superior

B. Discontinue glucocorticoid — can prevent acute and delayed
CINV

c. Substitute olanzapine for aprepitant — effective for refractory
CINV due to action on multiple receptors at CTZ

p. Add a benzodiazepine — no need to target GABA receptors as in
anticipatory nausea

Question 6:

= A42 yo female with metastatic squamous cell carcinoma of the cervix is seen in clinic for
ongoing palliative chemotherapy. In previewing her chart you notice repeated calls
requesting dose escalation of oxycontin and oxycodone due to never having had her pain
controlled, and note two missed lab appointments.

= During the visit she notes ongoing severe pain you relate to progressive peritoneal
carcinomatosis. She brings her pill bottles and you note she is using her long-acting
medication as prescribed but is out of the short-acting medication. You prescribe the same
dose of opioid and number of pills she has been receiving for 4 months, refer her for a
therapeutic paracentesis and order a urine tox screen. She consents without issue and
apologizes for missing appointments. She describes her stressful schedule caring for her 8
yo twins. Her car is on the fritz and her mother who usually helps is isolating during the
pandemic. Her faith and a couple close friends give her strength to cope.

= The next week she calls, describes some initial relief after paracentesis but again requests a
higher dose of opioid. A urine tox screen is positive for opioids only.
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Question 6:

What is the most likely diagnosis?

Total pain

Substance use disorder
Tolerance
Pseudoaddiction
Narcotic diversion

During the visit she notes ongoing severe pain you relate
to progressive peritoneal carcinomatosis. She brings her
pill bottles and you note she is using her long-acting
medication as prescribed but is out of the short-acting
medication. You prescribe the same dose of opioid and
number of pills she has been receiving for 4 months, refer
her for a therapeutic paracentesis and order a urine tox
screen. She consents without issue and apologizes for
missing appointments. She describes her stressful
schedule caring for her 8 yo twins. Her car is on the fritz
and her mother who usually helps is isolating during the
pandemic. Her faith and a couple close friends give her
strength to cope.

Question 6:
What is the most likely diagnosis?

Total pain — suffering involving all of a person’s physical, emotional,
social, spiritual and practical struggles

Substance use disorder — disease manifested by compulsive behavior
around drug acquisition and use despite harmful consequences
Tolerance — need to increase drug to achieve same effect
Pseudoaddiction — iatrogenic condition from withholding opioids, can be
prevented and treated with more aggressive opioid prescribing; “drug
seeking” resolves when properly treated

Narcotic diversion — transfer of legally prescribed controlled substance to
another for illicit use

o Puin. 1959 Mar36(3)363-6

Question 7:

m A72-year-old male is seen by you in the hospital for evaluation of metastatic
prostate cancer. He has not seen a physician in 3 years, was previously aware
of a diagnosis of “early mild prostate cancer” but told by his doctor that they
would just watch and wait to see if it got worse. Now he has extensive bony
disease and was hospitalized for related bony pain. You want to review with him
his treatment options. When you enter the hospital room his daughter is present
and they both seem frustrated before you even begin to speak. You introduce
yourself and your role at which point his daughter states, “You didn’t seem to
care about my father three years ago. What do you have to say now? What, are
you going to make more money giving him chemo now? | know how you
doctors think.”

o

o

Question 7:
Which is the most appropriate response?

. | am here to help you. Please calm down so we can talk this out.

. Let me assure you my salary is not based upon your father’s treatment.
| just want to do what’s best for him.

. It sounds like you are frustrated. | can tell you’re doing everything
possible to make sure your father receives the best care. Tell me more
about what has been shared with you already.

. Dad’s cancer is worse and he needs treatment soon to help control it,
even if that means chemotherapy. He could do very well with that.

Exampie Hoter

Exarple Neres Tellme more.

Hsming

Unserstansing pr—

Respectag

i

Suppening

Exploring
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Question 7:

Which is the most appropriate response?

. 1 am here to help you. Please calm down so we can talk this out.
. Let me assure you my salary is not based upon your father’s treatment.

| just want to do what'’s best for him.

. It sounds like you are frustrated. | can tell you're doing everything

possible to make sure your father receives the best care. Tell me more
about what has been shared with you already.

. Dad’s cancer is worse and he needs treatment soon to help control it,

even if that means chemotherapy. He could do very well with that.

>
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Question 8:

Which of the following is/are required for hospice
enroliment under Medicare guidelines?

Two physicians must independently certify that if a patient’s disease
runs its natural course, death may be expected within 6 months

Patient must elect a DNR code status
Patient must no longer be able to work
Patient must agree to no re-hospitalization

. All of the above

Continuum for Serious lliness Care

Figure 1. The Simultaneous Care Model for Palliative Care

Disease-Modifying Treatment

=" Palliative Care Hospice Care | Bereavement
- upport

Integration of Palliative Care Into Standard Oncology
Care: ASCO Clinical Practice Guideline Update Summary
(2016)

“Patients with advanced cancer, inpatients and outpatients, should
receive dedicated palliative care services early in the disease course
and concurrent with active treatment. Referring patients to
interdisciplinary palliative care teams is optimal, and services may
complement existing programs. Providers may refer caregivers of
patients with early or advanced cancer to palliative care services.”

“For newly diagnosed patients with advanced cancer, the Expert
Panel suggests early palliative care involvement within 8 weeks of
diagnosis.”

Ferrell BR, Temel, JS, Temin'S, and Smith TJ. Integration of Pallative Care Ifo Standard Oncology Care:
017 132, 119- 21.

Care Pathways

Palliative Care Hospice Care

> IDT focused on quality of life and
relief of suffering

> Any age, any diagnosis, prognosis
up to 6 months if disease follows a
usual course

> Usually must forego disease related

curative treatments

Any type of home, not one place

Medicare hospice benefit provides

cost-free disease related care

(DME, supplies, meds, IDT

visits/support, 24/7 access)

IDT (ideally) focused on quality of
life

Any age, any diagnosis, any
stage of illness

Concurrent with any life-
prolonging and disease directed
therapies

Inpatient, outpatient, residential
Traditional payment models

v

v

v

vV
Vo

There’. g more
Wi o.

You deserve the MOST care possible.
You deserve the BEST care possible.
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Which of the following is/are required for hospice
enrollment under Medicare guidelines?

A. Two physicians must independently certify that if a patient’s disease
runs its natural course, death may be expected within 6 months -
correct

B. Patient must elect a DNR code status — may be full code

c. Patient must no longer be able to work - as long as prognosis is
appropriate may do any usual activities

p. Patient must agree to no re-hospitalization — may revoke hospice
benefit at any time

e. All of the above

Saying YES — A future of more sensible care

Models of expanded care

= “Open access” — a hospice may agree to cover a non-traditional or
“expanded hospice therapy” such as palliative radiation, TPN, IV
antibiotics, IVF if clinically appropriate for that individual patient

Concurrent care — the future of providing comprehensive cancer care for
advanced illness. Sometimes available under private insurance plans —
you need to ask — and Medicare demonstration projects underway for
cancer diagnosis . . .

Research, Satistics, Ouesch &
Dita & Systems. Edocation

Model

Stage: Ongoing
Number of Participants: £2

icen patcpatog o
imrve caes o hosgice banaSciaries

Communicating Prognosis
in Advanced Cancer

= Function drives prognosis as much as it drives your therapeutic
approach

Many solid tumor cancer patients lose about 70% of function in the
last 2-3 months of life

Provide a RANGE when communicating prognosis with patients
(days to weeks, weeks to months, etc.)

n When in doubt, or a bit tangled in the situation, take a time out and
ask yourself:

- » Survival approximately halved for
each decline in performance level

)
» Prognosis of two months:
e gl » ECOG 3
s > PPS 40-50
=120 > KPS 40-50

> All signify limited self-care;
mainly bed or bed/chair
>50% of daytime, may
have normal or reduced po
intake and consciousness

Jang RW, Caralscos VB, Swami N, et al. Simple Prognostic Mode for Patients With
‘Advanced Cancer Based on Performance Stalus. JOP 2014; 10(5): 335-41.

The Surprise Question

Would | be surprised if this patient
died in the next 12 months?
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Further Resources

Thank you.
May you be safe and well.

F‘ PALLIATIVE CARE 2020 Updates
i1 MNETWORK OF WISCONSIN
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Why Do We Need to Profile Patients? Burning * With the new immunotherapies, do |
Questions still need to molecularly profile my

+ For the patient/individual benefit patient?

For clinical research/drug development (trial accrual) « Is it worth ordering a molecular
profile to search for the rare

mutation?

* For cancer research/benefit of all (biology, resistance)

« Is it not simpler to just order a blood
based test on my patients?

3 SARAH CANNON

3 SARAH CANNON 4l

Biomarker Successes of Precision Medicine . .
Two Trends, One Triage Decision

Breast: hormone receptor, HER2, Bladder: FGFR3, FGFR2

BRCA
Pancreas: BRCA Immuno-Oncology

Ph+ Leukemia: BCR-ABL

+ Ovarian: BRCA
« Colorectal: RAS pathway, MSI, X < j [ >
BRAFV600E Prostate: BRCA, HRR s et
. . G rofilin
« Melanoma: BRAF GIST: PDGFRA exon 18 mutation g
+ Non-small cell lung: EGFR, ALK, + Cholangiocarcinoma: FGFR2 @
ROS, BRAF, RET, MET exon 14, PDL1- Follicular Lymphoma: EZH2 Actionable
* Thyroid: BRAF, RET + Tumor Agnostic: NTRK, MSI, TMB Genomic MSI and TMB
Alterations

2020 Approvals o

sy femstion ormaton.

B SARAH CANNON 6l

ety
o)

B3 saRAH CANNON

© 2020 Hematology and Medical Oncology Best Practices Course



Next Gen Sequencing for the Diagnosis and Treatment of

Neoplastic Disorders Skip Burris, MD

Trastuzumab: The First HER2 Targeted Therapy

100

NSABP B-31/NCCTG N9831
NEJM 2005

Disease-free Survival (%)
3

‘Years after Randomization

5 SARAH CANNON

Imatinib versus Interferon/Cytarabine in Newly
Diagnosed Chronic Phase CML

[P NU——
J -

e o s

M s amomrrion

Major Cytogenetic Response 12 Month PFS 97% versus 80%
85% versus 22% 18 Month PFS 92% versus 74%

O'Brien, et al. NEJM 2003;348:994-1004.

oman By 6o AH CANNON

8l frotienmes

Cancer RN/

“There is a broad consensus Sain, Pl

that cancer is, in essence, a S .. LT

genetic disease, and that //// \\
= o [

accumulation of molecular
alterations in the genome of
somatic cells is the basis of
cancer progression.”-
Vogelstein

o

B9 SARAH CANNON

Types of Genetic Alterations

&
& P
s S5 & ®
Ampliﬁl:al* Deletion

& & ‘a

MokoR T ATVOR

Point Mutation Truncation Fusion

10|

The Functional Consequences

Healthy cell Cancer Cell
Nermat P - s
omer speesen froceent Tomer s frooedt
DOV DDA M MO

Deletions
Truncations

Ampliications
Point mutations
Fusions

DNA Sequencing Reveals Genetic Alterations

Protein Notation

DNA
Alterations Detected by NGS:

+ Point mutations m BRAF “wildtype”
+  Truncations
« Fusions AR AAA]
-+ Amplifications/Deletions ATGGTGTAC

W ‘ BRAF V600E
Inactionable Alterations: VYV Yy
Benign alterations do not impact protein <-ATGGAGTAC
function

M BRAF V600"
Variants of Uncertan Significance (VUS) Far

G

b ot e charactunsed.
MDD “ BRAF-TRIM24 fusion
RN AR
ATGGTGGCATGGCCA

CONFDENTIAL — Catans
12| Nt tncd for sl it

s 5 SARAH CANNON
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What’s Available for Molecular Testing?

Transcriptomic
Alterations

Point Mutations
Translocations
Amplifications &
Deletions

Tumor Mutational
Burden (TMB)

Microsatellite Instability
(Mms1)

Epigenomic Alterations

Protein over/under
Expression

« Expression microarrays

« Next Generation Sequencing (NGS)
« Sequencing (Sanger or NGS)

<SKY FISH

GS

[+ Comparative Genomics Aybridization (Array CGH) |
*IHC
+NGS

*NGS

“PCR

*NGS

+IHC

~ Methylation Profiling

« NGS, Digital Droplet PCR, GWAS Arrays
+THC

« Mass Spectrometry

S SARAH CANNON

Different Vendors Probe Different Analytes

Single-Marker
Molecular Test

Routine
DNA ﬁcﬂm RNA HJ_:-'J Protein ‘ Routine single Single-Marker Molecular
molecular tests Test
. = dig such as IHC, PCR
Q7] FounbaTicnonE TEMPUS #Paradigm and FisH that
P have been used missed Eaung d
"TEMP i . misse
CUARDANTEEE s vs Wil continue to missed )y missed
. . 5,:\‘\ play an ]
f.’f»Parad\gm 1) FOUNDATIONONE*HEME CARIS important role in
cancer diagnosis
‘TEMPUS —
/] T /] g
/4
CARIS -
51 it 3 SARAH CANNON prm—
Multi-gene hot Multi-gene Comprehensive Comprehenswe
spot test “Hot Spot” Test Genomic Profiling Genomic

A hot spot NGS
panels can
identify pre-
specified
mutations
occurring in very
limited areas of
genes of interest
and could fail to
detect all classes
of genomic
alterations

missed Found* missed
Found* missed

* - mutation, short indels, some copy number alterations

CONFIDENTIAL

Test

A comprehensive
genomic profiling
approach is
testing all of the
known clinically
relevant cancer
genes for all
classes of
alterations

Profiling Test

Found* Found* Found*
Found* . Found* AN

*-all classes of alterations, including mutation, indels,
copy number alterations, rearrangements
conrpmTAL
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What'’s the Difference and Why Should We Care? Who Tests for What?
[ Germline — inherited ] [ Somatic — acquired | Somatic Testing Germline Testin Both

/,‘ ’\ - . ; u CUNDATIONONE mv l{]gk ‘TEMPUS

B e N
i GUARDANT36L INVITAE CARIS

#Paradigm

- identify 204 cancer risk
- identify family member risk

« PARP inhibitor eligibilty in breast,
ovarian, and pancreatic

5 SARAH CANNON 0]

5 sARAH CANNON

Self-reported and Physician Assessed
Challenges of Molecular Diagnostics Willingness to Consider Biomarker Testing

» Cost

« Tissue availability

» Time

» Frequency of applicability

.
S //
£ o84 "f &

iello et al. The Oncologist 2016;21:292-300

. v
* Interpreting the data E

[EEST——

B9 SARAH CANNON 2|
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Tissue Biopsy vs Liquid Biopsy Tumor Heterogeneity

Tissue Biopsy Liquid Biopsy - Tumors are comprised of a heterogeneous mix of
« Gold standard « Non-invasive blood test
« Invasive procedure « “Summation” tumor heterogeneity
« Tissue accessibility « Potential for periodic monitoring for response or
« Limited to biopsied resistance
tissue only « Unable to detect gene loss (eg. RB1, PTEN, NF1)
« Clinical complications « ? Cost
« Cost « ? Speed
« Time

&SARAH CANNON 2 |

ﬁ SARAH CANNON
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Tumor Heterogeneity

5 SARAH CANNON

Tumor Evolution

= Tumars change over time, especizlly when challenged

L //’ ‘I’ with therapies.
o S

8
25
~rrr @B
21 T— ——* 3 5ARAH CANNON

Tumor Evolution

+ July 2017 - EGFR L858R detected

+ July 2017 — initiated afatinib Time 1 Time 2
+ June 2018 — EGFR T790M detected

« June 2018 - initiated osimertinib

* August 2019 - EGFR C797S detected

“~——
h

Tissue vs. Liquid Specimens

e A A

+ When, how, and why a tumor “sheds” DNA into the
blood stream is still not well understood.
« Sampling subset of dying cells
« Sampling metastatic site or other primary tumor

) 5 sARAH CANNON

Tissue vs. Liquid Specimens

@ SARAH CANNON

Different Vendors Offer Different Gene Panels

Q {DATIONONE " COx GUARDANT36D
Y
74 genes
324 genes
30 | Personaized Medicine 5 saRAH CANNON
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March 16, 2018

Decision Memo for Next Generation Sequencing (NGS) for Medicare Beneficiaries
with Advanced Cancer (CAG-00450N)

« Patients
» Advanced cancer
» Not previously tested for same cancer
» Willing to have treatment
« Test
»FDA approved as a companion in vitro diagnostic
> FDA approved or cleared indication for the patient's cancer
» Test report includes specific treatment options

3l i

5 SARAH CANNON

[a—

CMS Expands Coverage of Next

Generation ing as a Di; i January 27! 2020
Tool for Patients with Breast and

Ovarian Cancer

Decision Memo for Next Generation Sequencing (NGS) for Medicare Beneficiaries
with Advanced Cancer (CAG-00450R)

+ Patients

» Ovarian or breast cancer*

» Clinical indication for germline testing

> Risk factor for germline cancer

> Not previously tested with the same germline test
» Test

> FDA approved or cleared

» Results include specific treatment options

*MACs may determine coverage for other diagnoses i e fox stnal st

2|

5 sARAH CANNON

FDA
Approved
Tumor
Profiling Tests

FoundationOne CDx (Foundation Medicine)
MSK-IMPACT (Memoral Sloan Kettering
Cancer Center)

Myriad myChoice CDx (Myriad Genetic
Laboratories)

Omics Core (NantHealth)

PGDx elio tissue complete (Personal
Genome Diagnsotics)

Guardant 360® CDx (Guardant Health)

- CONFDENTIAL - G

a8y SARAH CANNON

(&) GUARDANT

Guardant Health Guardant360® CDx First FDA-Approved Liquid Biopsy for Comprehensive Tumor
Mutation Profiling Across All Solid Cancers

Now FDA approved, the Guardant360 CDx delivers eritical genomic information to oncologists from a simple
blood draw

sl SRS e o B SARAH CANNON

Definition of heterogeneity: clinical relevance in colon cancer

Molecular characteristics Tumour characteristics
BRAF
HER2

MS| status ]

Gene expression l

Distal and proximal colon cancers differ in terms of molecular,

pathological and clinical features
P& g>o<50
S
1

i%
N4
0
0
100~

o
Right ? s Right by =59
s © K8l =
> o 12 &
Tl TE D
Left Left
BRAF MT EREG expression
sl 18q loss
KRAS 20 gain
PIK3CA EGFR gain
Mucinous differentiation HER2 gain

Missiagla ot al. Ann Oncol 2014,
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NCIC CO.17 trial: effect of tumour location on PFS Mol lar Profili f Mel
in KRAS WT patients olecular Profiling o elanoma
MUTATED FREQUENCY IN o
* Phase Ill trial of cetuximab plus best supportive care (BSC) vs BSC alone GENE MELANOMA s
in patients with EGFR+ refractory advanced CRC
BRAF 37-50% - SO
Right-sided tumour (n=56) Left-sided tumour (n=105) CTNNBL 2-4% e
" — Cetuximab + BSC 0 — Cetuximab + BSC GNALL 1.2% = -7?;\1'35
X = BSC only g 08 — BSConly
5 = GNAQ 1.3% -
S 06 Cotwinab +B5C: 19 montns © Cetuximab + BSC: 5.4 monihs - — s
% BSC only: 1.9 months s BSC only: 1.8 months KIT 2-8%
£
g_ 04 HR=0. 7;37;:4.27» g_ 04 HR: U:g’(g-u*;’u ~E) MEK1 6-7% ::’?3':':‘“‘;
o’ & 0z NF1 11.9%
Lovly, C., W. Pao, J. Sosman. 2018. Molecuiar Profiing of Melanoma. My Cancer
Genome hips
. 0 5 10 15 % 5 10 15 NRAS 13-25% Mi’rg‘,"wes) (ptes
Time (months) Time (months)
w1 fipimiepicip] 5 sARAH CANNON
Brul ot al Eur J Cancer 2015

FDA Approved Targeted Therapies for Melanoma Genetic Mutations in Lung Cancer (NCCN Guidelines)
Combination Regimen Overall Progression Free | Overall Survival
Response Rate Survival Alectinib MET Exon 14 a ROS1 .
— MELExon 14 earrangement
Dabrafenib/trametinib* semﬁﬁ@ Zﬁ:::’ C%ﬁb Ceritinib
(COMBI-D) 66% 9.3 months 25.1 months Erlotinib Crizotinib Crizotinib Ei'l‘::il":h
(COMBI-V) 64% 11.4 months Not reported DZ‘;TI':‘;‘*' Lorlatinib
Vemurafenib/cobimetinib 70% 12.3 months 22.3 months Osimertinib EGFR Other 4% RET rearrangement
(CoBRIM) BRAFVG0DE Selpercatinib
Dabrafenib/trametinib Cabozantinib
Encorafenib/binimetinib 63% 14.9 months Not reported Vemurafenib Vandetanib
(COLUMBUS)
Vemurafenib/cobimetinib/ 66% 15.1 months 28.8 months NTRKL
atezolizumab (not mature) Rearrangement
(Mspiredso) ey
*Dabrafenib/trametinib also approved in the adjuvant setting Product package insert data
w1 et 3 SARAH CANNON w0l firsitama £ SARAH CANNON
Source: LCFAmerica
FDA grants regular approval to dabrafenib and : FTI
trametinib combination for metastatic NSCLC FLAURA: Osimertinib in Untreated EGFR-Mutated NSCLC
with BRAF V600E mutation 3 I -
Monotherapy Trametinib Trametinib
Previously Treated | Previ y Treated | Untreated
ORR 25% 38% 64%
DOR 9.6 mos 9.8 mos 10.4 mos g e
PFS 5.5 mos 10.2 mos 10.9 mos z'; :
0s 12.7 mos 18.2 mos 24.6 mos i =

Planchard et al. J Clin Oncol 35,n0. 15_suppl (May 2017) abstract 9075
Planchard et al. Lancet Oncol 2017 Oct;18 (10):1307-1316
CONFIDENTIAL ~ Cntans proprisary formation.

arl s o svome s 5 saRAH CANNON a2 Soria et al. NEJM 2018;378:113-125. LS e By SARAH CANNON
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N ) _— Primary endpoint: DFS in patients with stage IIlIA di
Osimertinib as adjuvant therapy in patients leuent i e e i

NE
with stage IB-lIIA EGFR mutation positive . s
NSCLC after complete tumor resection: v
ADAURA i
Roy S. Herbst!, Masahiro Tsuboi?, Thomas John?, Christian Grohe®, Margarita Majem®, b
Jonathan W. Goldman®, Sang-We Kim’, Dominika Mammof®, Yuri Rukazenkov®, Yi-Long Wu?

[T ——

@l 5 SARAH CANNON “l 5 sARAH CANNON
The Challenge of Precision Medicine Tumor Agnostic Approval: Larotrectinib (TRK fusion)
D » 0 % W ngw”:: %0 20 30 Iypertrophi
g ® o gua ] 4 | | mm.,,,m
‘{g 2 lmw?:s :
4] . (o
gtg -
§2
i =

Van Allen et al. Nature Medicine 2014;20:662-688

B SARAH CANNON 461 Presented by D. Hyman 2017 ASCO Annual Meeting B9 SARAH CANNON

Larotrectinib (TRK fusion) Pooled Analysis Recent Approval: Selpercatinib (RET inhibitor)

FDA approves selpercatinib for lung and thyroid
cancers with RET gene mutations or fusions

g | |-

ORR 79%
Median DOR 35.2 months

Hong et al. https://doi.org/10.1016/S1470-2045(19)30856-3
2

a7 o e 3 SARAH CANNON 4 5 saraH CANNON
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sion-positive cancers

[ e—————
L b

- ORR =77%

204 ASCO

@l i o

5 SARAH CANNON

JOUH.NAL o CL]NICAL ONmLmy

Tumor Mutation Burden: Leading Immunotherapy to
the Era of Precision Medicine?

Conor E. Steur 8nd Suresh . Rarnalingam, Winship Cancwr Institute of Emory University, Atents, GA
See accompanying article ok hitps/doiorg/10.12004JC0.2017.75.3384

@l e

5 sARAH CANNON

How is TMB Measured?

+ Measure of the somatic mutation rate within a tumor genome

« Reported as the number of mutations/megabase of DNA sequenced

« Sufficient area of the genome (>800,000 base pairs) must be sequenced
for accuracy

+ Germline mutations and particular mutations associated with cancer
(EGFR or ALK) must be removed from the count to reduce bias

Foundation Medicine Website: TMB FAQs

st i o

B9 SARAH CANNON

Correlation Between TMB and Response Rate to PD-1 Inhibition

ChfciveSenpam e )

2017;377;25:2500-2501
5 sARAH CANNON

52 |

MSI-High specimens are a subset of high TMB specimens (n=46,465)

= The majerity of MSI-H specimens (~84%) are TMB-H, but not the reverse
- Only 14.5% of TMB-H specimens are also MSI-H

[r—

i
e
A

ks T
ot

P Stephens AACR 2017

CONFDENTIAL - Cntans propritary formstion.

53 Not intanded forextormal dstiuton. @ SARAH CANNON

Tissue Agnostic FDA Approval---Mismatch Repair Deficiency

FDA grants accelerated approval to
pembrolizumab for first tissue/site agnostic

Fdication Approximately 60,000 people

per year (4% of all cancers)

Le et al. Science 2017 July 28,357 (6349): 409 - 413
‘CONFIDENTIAL ~Conians epretary

s | N s SARAH CANNON
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FDA Approves Pembrolizumab for Adults and All patients with recurrent or metastatic disease should
Children with TMB-H Solid Tumors have their cancer molecularly profiled

", B B - . TMB-H 210 mutMb . .Incorpor.atlng the f:omplete mollec.ular profile will provide much more
21 information and give us better insights.

0] . - 299
» ORR: 29% « While the rare mutation can be a source of frustration, the impact of

. DoR 212 mos: 57% targeted therapy in these patients can be profound.

« “Basket-style” trials are a source of great learning -- future trials, biology

+ DoR 2 24 mos: 50% :
© mos: 50% of subtypes, areas of opportunity.

« Tumor mutation burden (TMB) will help identify patients who are likely to

\wawfda.qov (June 16, 2020) respond to treatment with immunotherapy.

5 sARAH CANNON

5 SARAH CANNON 51

3 SARAH CANNON
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Blood drawn
contains different .
kinds of killer cells | ; Advantages of T-cell therapies
called “T cells” @ @ N
J Qp©
© - -sequentially kill a multiplicity of target
Some T cells ) ?‘1 )Fg{" CE| |S
recogise and kil - recruit additional components of the
h -killi H
cancer Iceei!i;arre‘.ceer:richer::lgor Immune syStem
modified in the lab - migrate through microvascular walls,
extravasate and penetrate the core of
solid tumors (e.g. EBV lymphomas)
Cancer-killing cells 5 © © © g
infused back into . @ @ @
patient
© © ©
T cell mediated killing of its target cell T cell mediated killing of its target cell

Released CD8+ T cell

&)

CD8+ T cell

Perforin

CD8—

Class | MHC— ]
molecule

Cancer cell .
(target cell) Dying Cancer cell
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Antigen Targets and T cell effectors

Alloantigens :
TARSfontt Ags Donor Lymphocyte Infu5|1t:\lr:s
s
Unselected alloreacting

or anergic T cells

CAR-T cells

CAR Construct

B Xl
Other ? . L .
r—s ' . ‘5:’_ Multiantigen-specific T cells
I antigens: 3 ©
022 slrta pre ncte g\ LMP1/LMP2 Multiple peptides
Costim-TCR - Fv e \s No HILA restriction 1 D LI a nd TI LS
g ' )_ ’
|
cp19 'g‘s 3 v
T % Tumor-associated . #”1 expansion
antigens
cell Survivin, celt :
fivoved 7 TCR transduced T cells
NY-£SO1, Single peptide target
Single surface antigen target WT1

HLA restriction
gene modified

Gene modified cells

DLI FOR POST SCT RELAPSE MOST EFFECTIVE

Adoptive Immunotherapy for Metastatic
WITH CHEMOTHERAPY Melanoma
Expansion of Tumor Reactive
Prolonged survival after DLI / 2nd SCT Best results for DLI after CR induction Specific TIL
2815 RIC allo SCT (1999-2008) LFS after complete remission 2

263 relapse CR after relapse 32%

gals R ’

G %!
Ped.0004 Establish and Screen >
TiL cultures for Tumor Reactivit

DLI or SCT (7.6%) +/- Chemo

} 3
W yr— e®®
* DLl = 7

} - *1 - ’@ !l Adoptive Transfer of Tumor
b I

N -8 | Reactive Specific TIL

L “ o , Ri+DLI i \

T Oweeeny -

e

N
0o '
) . v ' '
osgresm

>
" - ]
: 2 |
e mm mm ue Y
Schmid 3 Transplant. 2014 ; 20: 4-13 Yan et al. Hematology & Oncology (2016) 9:87 Liver Tumor Resection

Rapid Tumor Response after
TIL Transfer Therapy: Cutaneous Melanoma Adoptive TIL Transfer Therapy for Metastatic

Cutaneous Melanoma: Surgery Branch/NIH
Pre 12 days N

n PR (%) CR (%) ORR (%)

194 62 (32%) 44 (23%) | 106 (55%)

= J Clin Oncol. 2005 Apr 1;23(10):2346-57
= JClin Oncol. 2008 Nov 10;26(32):5233-9
= JClin Oncol. 2016 Jul 10;34(20):2389-97
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Survival of Metastatic Melanoma Patients After Adoptive TIL Transfer for Additional Metastatic
TIL Therapy Solid Tumors
Ty g M P v
ar ] ". Cervical Cancer
g0 \ 3/9 responses (1 CR) - NCI
f;" " » Cholangiocarcinoma
5 hS Cancer immunotherapy based on mutation-specific CD4+ T cells in a patient
g o . with epithelial cancer.
£ a4 \ Tran et al., Science. 2014 May 9;344(6184):641-5.
02 N . —_— Colorectal Cancer
o A : ' T-Cell Transfer Therapy Targeting Mutant KRAS in Cancer.
o Tran et al., N Engl J Med. 2016 Dec 8;375(23):2255-2262.
T T nitmentine s
TIL ADVANTAGES TIL CHALLENGES
= Evidence of efficacy . . ity
L= Requires GMP-manufacturing facility
* Documented PR and CR rates with Tong durations ) ) )
« Patients with prior immunotherapy = Special skills required for manufacture
« Patients with brain metastases = Production is expensive (labor, cytokines, plasticware)
¢ Patients with advanced, high bulk disease = Length of time from tumor resection to treatment
= One treatment * Some patients may progress in the interim
* No ancillary therapies needed after TIL and IL-2 = Preconditioning with cy/flu required > TOXICITY
= TIL can now be successfully prepared from > 90% of = High dose IL-2 used
melanoma patients (NCI, Moffitt) * Inpatient treatment to monitor toxicities
= Response rates reproduced at multiple sites and in * Centers need to be comfortable administering high dose
multiple countries IL-2
= Opportunity for combination with checkpoint inhibitors * IL-2 is expensive
15 JCl Insight. 2018 Oct 4; 3(19): €122467. 16

Types of EBV Latency

Optimizing Antigen-specific T cells

EBNA-3c EBNA-3a

<
EBNA-2 EBNA-3b

2. Targeting EBV+ Lymphomas - oo

Type 3 Type 2 Type 1

Post transplant NHL and HL Burkitt’s lymphoma
lymphoproliferative Nasopharyngeal
Disease carcinoma
Lymphoblastoid cell

lines
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EBV-specific T cells for PTLD

® Use of EBV-CTL post HSCT is highly successful
(Rooney and Heslop, Blood 2010 / Doubrovina and
O’Reilly, Blood 2012)

155 patients

6.5% GVHD

=91% success (durable)

14 failures -1 death from PTLD

1.2% CRS Heslop and Bollard, Blood 2016

Monday, August 17, 2020

Rationale of Inmunotherapy for Lymphoma
....Beyond PTLD

® Significant failure rate of therapy for advanced stage
or recurrent disease

® Long-term side effects of chemotherapy and
radiation

® EBV antigens expressed by 20-40% of lymphomas
are potential targets for T cell immunotherapy

Types of EBV Latency

LMP 1
AN
LMP 2
LP \

EBNA-3c | EBNA-3a

q
EBNA-2 EBNA-3b

Type 3 Type 2 ype 1

Post transplant NHL and HL urkitt’s lymphoma
lymphoproliferative NPC

Disease

Lymphoblastoid cell
lines

Making LMP1 and LMP2
Immunodominant Antigens
adherent PBMC

() rAdsf35dLMP1-I-LMP2
GMCSFE L4 1  orAd5f35LMP2

b we W O .
Voo @3 @ EBV-infected B cells

TNFa  PGE2

&

PBMC moDC

LMP-specific CTL

Bollard et al, JIT 2004
Straathof et al J Immunol 2005

Clinical Responses Post LMP T cells
in Patients with Active Disease and Adjuvant Rx

12/21 CR - 50% Disease Free 27/28 CR as Adjuvant
Survival at 2 Years Therapy 90% DFS at 2 years
1 1
P=0.88 — P=0.366
208 08 l_l_.
08 T ] 06

—_—

= LMP2-T protocol
LMP1/2-T protocol

— LMP2-T protocol
LMP1/2-T protocol

=
o

o

PTOpOTION CREasE-T18¢8
PR = PO
Proportion disease-free
o
=

i ] ) 1 2 3
Year

Year
Bollard et al, JCO 2014

Conclusions — LMP1/2 T Cells

® No toxicity

® Accumulation of LMP-T at disease sites

® Anti-tumor effects seen (13/21 patients PR/CR)
(Bollard et al, JCO 2014)

Next....

= LMP T cells post allo BMT (McLaughlin et al,
Blood 2018)

- TGFp resistant LMP-T (Bollard et al, JCO 2018)
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Making T cell Therapies “Off the Shelf”

Utilizing a third party EBV/LMP T cell bank can
bypass the need for an available donor, and

Antigen specific T cells eliminates the wait for T cell production.
3: Making T cells “Off the Shelf” 22,3883

Blood
Patients

Al1,11;B7,8;

Al, A24; B8, 18; DR1, 15 DR3, 15

Third-Party EBV-directed T cells Support Safety CNS Disease Successfully Treated with
3" party EBV-directed T cells

ptudy Target  n SAEs Clinical Results 87% CR/PR after SOT or BMT (MSKCC, BCM, CNMC)

EBV post 14 patients achieved
Haque, 2007 SOT/ BMT 33 None CR, 3 PR (52%)
Barker, 2010; 4 patients achieved CR
Doubrovina, 2012 8V > None (3-5 VST doses)
Uhlin, 2010 EBV 1 None CR (2 VST doses)

CMV, EBV, 8 cases GVHD after 74% CR/PR
.een, 2013 Adv 0 vsT(2denovo)  (69% for EBV n=9)

EBY, BKY, 2 d 92% CR/PR

cases denovo %
lzannou, 2017 CMV,Ad, 38 uib(eradel)  (100% for EBV n=2).
HHV6
65% CR/PR (BMT)
Prockop, EBVpost ¢ None 54% CR/PR (SOT)
Cl, 2020 SOT/BMT Prockop et al, JCI 2020
’ Bollard et al, ASHI 2017 Keller et al, ESID 2017 Pakakasama S et al, Transplantation. 2004
Third party erapy Moving Third Party EBV T cells to a Multicenter Setting
. 1y OS Rituxan Refractory EBV LPD post HSCT | 1y OS Rituxan Refractory EBV LPD post SOT

Pre-VST therapy > = ,nonlhs post
(following steroids,XI . 3T dose 2

i, 65.4%05(n=33) !.|  61.5%O0S (n=13)

Survival Bhonena) Sorveess pHerana)

No patient who achieved a CR or PR has died from EBV lymphoma

Atara Biotherapeutics licensed to develop and commercialize the
MSKCC EBV cell therapy (ATA129). Prockop et al, JCI 2020

Mike Keller, unpublishg
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Targeting TAAs in Heme
Malignancies— The Shortlist
“rooneyeremmuevsois JAMLJCML |ALL CLL [HL _|NHL
WT1 [+ + +
Proteinase 3 + +
PRAME [+ + + + ¥
. LY L] RHAMM [+ + + +
4. Antigen specific T cells - [T VE R S
° ° MAGE [+ + + + +
Targeting tumor associated i :
1 BCR/ABL [+ + +
antigens (TAA) : :
BMI-1 + +
Telomerase [+ + + +
Fibromodulin +
Syntaxin +
SSX + +
Survivin 4+ + + + + +
for Acute Leukemia
* 11 patients infused with HLA-A*0201-restricted WT1-specific PRAME
donor-derived CD8+ T cell clones. o wm stimul
. : o MAGEA3 timulators
i s
O survivin
* 3 patients at high risk for relapse remain in CR. [ Q
. : . ) 12715 &
CTLs generated in the presence of IL-21 remained detectable O %*O 1L15. 1L6 L7 £

long-term moDC  PBMC
Multi-leukemia

Studies using WT1 specific T cells generated using overlapping specific T cells

peptides ongoing at MSKCC

(Koehne and O’Reilly) DC Generation N Initiation N Expansion

7 Days 16 Days 23 Days
Chapuis and Greenberg Sci Trans Med 2013
Weber et al, CCR 2013, Weber et al, Leukemia 2013, Gerdemann et al, Mol Ther 2012

Use of TAA-T cells in Myeloma

B

TAA-T for AML after allo SCT — Phase | study
TAA: WT1 NyESO PRAME Survivin  Dose escalation 5 x 10° = 1x 107 - 2 x 107 /mf

G

foup B PFS
27 enrolled
< 5
(PFS ot 22 monins; 1 10)
J_L < 5
£
13 HIGHRISK for relapse ADJUVANT( | 7 RELAPSE /ACTIVE DISEASE POST SCT >d30 i
3 CcR2/3 1cR t o
3 FLT3-ITD 5 30-70% blasts in BM 1PR £ wl £
3 MDS tAML 2 extramedullary relapse 4NR
i '::‘LL" 8 CCR 1NE N
+ 4 Relapsed
1 DNMT3a
5 20 M5 W0 &5 750 & 1000

Lulla et al, TCT meeting 2019

Days since infusion

Lulla et al, STM 2020
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Prolonged disease stabilization in Patients with solid
tumors post TAA-T

— m SaeDeese

e 1 Foysseees: Doselesel 3

BLL R L E— T Thism

It 2 ol et

I_ 5 -

e -

i | z

=

=il H

= g —

# 5 "

Months elapsed
i ] " ]
[

No SAEs attributable to Rx Hont et al
No CRS JCO 2019

Monday, August 17, 2020

Increased TAA-specific T cells in patients with AML/MDS post
Epigenetic Therapy- Opportunity for Combination RX

J— [ES——

_* 21 patients treated

g with AZA/VPA.

¢ CTLresponses
seenin 10
patients.
8 patients with
circulating MAGE
CTLs achieved a
== ====""" major clinical

response

€ blood

d et al Blood 2010

Summary- Use of TAA-T as Treatment for
Relapsed Cancers

® TAA-T cells can be generated from healthy donors
for clinical use (> 90% success rate)

® TAA-T cells are safe for patients with relapsed
hematopoietic malignancies (lymphoma, AML,
myeloma) after chemotherapy/autologous BMT and
post allo HSCT

® Early evidence of efficacy?

5. abTCR transduced T cells

HIGH AFFINITY WT1 TCR TRANSDUCED T
CELLS
TO PREVENT POST SCT RELAPSE

12 AML HLA A2 (10 proven WT1 +) RISK: 6 adverse, 4 intermediate, 2 favorable

At transplant 8 CR 4 detectable disease
Days between SCT and T cell infusion 47-175 median 100d

1-4 infusions of WT1 high affinity TCR transfected into donor EBV specific CD8+ T cells

Study group Comparative untreated group
12 AML P=0002 88 AML
100% RFA at 44 mo 54% RFS

Long-term persistence of functional WT1 TCR T cells
Chapuis et al 2019 Nature Medicine 25: 1106

Published clinical TCR-T therapy for solid tumors and
Myeloma.

Target Disease Vector Pretreatment #patients Response
MART-1  Melanoma Retrovirus Chemotherapy 20 30% objective antitumor response
Gpl00  Melanoma Retrovirus Chemotherapy 16 19% objective antitumor response
CEA Colorectal Retrovirus  Chemotherapy 3 1 objective response

NY-ESO-1  Melanoma/
sarcoma  Retrovirus Chemotherapy 17 2CR; 1PR

NY-ESO-1 MM Lentivirus  Chemotherapy 20 80% maintained remissions post ASCT

MAGE A3 Melanoma

Sarcoma
Esophageal Retrovirus Chemo/RT/Surgery 9 4 PR (4-12+mths), 1 CR (15+mths)
MAGE-A3  Melanoma
/MM Lentivirus  CY 2 2 died of cardiac toxcities (titin)

MAGE-A4  Esophageal Retrovirus Surgery;
radiotherapy;
chemotherapy 10 7/10 tumor progression

Zhao L, Cao YJ. Engineered T Cell Therapy for Cancer in the Clinic. Front Immunol.
110; X § 2019,02250
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Cancer Regression and Neurological Toxicity Following
Anti-MAGE-A3 TCR Gene Therapy

Richard A. Morgan® Nachinuthu Chinnasamy,* Daniel Abate-Daga* Alena Gros,
Paul F. Robbins* Zhili Zheng* Mark E. Dudley,* Steven A. Feldman®* James C. Yang*
Richard M. Sherry,* Giao Q. Phan® Marybeth S. Hughes.* Udai S. Kammula,®* Akemi D. Miller,*
Crystal J. Hessman* Ashley A. Stewart,* Nicholas P. Restifo,* Martha M. Quezado, t
Meghna Alimchandani, ¥ Avi Z. Rosenberg,t Avindra Narh,} Tongguang Wang,}

Bibiana Bielekova.} Simone C. Wuest.t Nirmala Akula§ Francis J. McMahon§ Susanne Wilde Chimeric Antigen Receptor

Barbara Moserter.)| Dolores J. Schendel||* Carolvn M. Laurencot® and Steven A. Rosenberg®
Case Report of a Fatal Serious Adverse Event Upon (CAR) T cells
Administration of T Cells Transduced With a
MART-1-specific T-cell Receptor

an def aquel Gomez-Eerland', Bart va N, .
Joost H van den Berg'~, Raquel Gomez-Eerland’, Bart van de Wiel’, Lenie Hulshoff 4. CD19 CAR T cells

Daan van den Broek’, Adriaan Bins®, Hanno L Tan’, Jane V Harper®, Namir | Hassan®, Bent K Jakobsen®,
Annelies Jorritsma’, Christian U Blank'#, Ton NM Schumacher' and John BAG Haanen

Plenary Paper

CLINICAL TRIALS AND OBSERVATIONS
Cardiovascular toxicity and titin cross-reactivity of affinity-enhanced T cells in myeloma and

melanoma
Gerald P. Linete,s Edward A V. Maus.2 Aaron P. Rapoport sBruce L. L Emery.Leslo L M. Carreno, Patick .
Cimino,1 Gwendolyn K. 8. Gerry.sNick J 0.8 Joanna €. Brewer, Joseph Dukes,s Jane Harper.s

.« Nick J. P
Helen K. Tayton-Martin,« Bent K. Jakobsen,ssNamir J. Hassan,s Michael Kalos.: and Carl H. Junez
, y

5t Lous

Princern Batmors. %

Designing a Chimeric Antigen Receptor Redirecting the Specificity of T Cells
T\

SR ) ) 3LTH ¢ Different transduction systems
= = = == scFv hinge co-stim | [ = = = = to get CARs into T cells:
SIGNAL 2 / - Retroviral transduction
~ ~ co-stimulatory m]‘ ‘m] . .
© Y ~\ molecule P - Lentiviral transduction
antibody 4 ”
TCR zeta chai
SIzGeNaAE 1am versus

-> non viral transduction
(Sleeping Beauty)

Courtesy of David Porter- U Penn

Incomplete activation of 15t generation Original CD19 CARs
CAR-directed T cells MsKcC Juno Kite/Gilead  Bluebird Bio
Incomplete Improved T cell D28z CAR mskce N"Z 5‘{"’3’
activation of activation and CH2-CH3 = |:> W N “;.t:.m
T cells proliferation Linker oo
\\} £y . cozs cos cozs cozs
cD28 X Tumor i’ - . N -
X "dEen Spacer

D @l

) = .
Teell zq:?n “"’E“A(R iﬁ@jﬁh i%% ﬁ%}k i 4;?: ;\R I:HCRC CH':;);TE;EM

zeta CD28 or D A, %z? i WA
Tcell 41BB| Wi IgG4-CH2-CH. 1| cos
zeta oo cozs
Killing of tumor s s180 res

Increased IL-2 production
Increased T cell persistence o co3; o Courtesy of
M Sadelain MSKCC

cells

Courtesy of Carlos Ramos- BCM

(Maher, Nat Biotechnol 2002 and Savoldo JCI 2011)
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. . .
Efficacy in multicenter CD19 CART
Multicenter CD19 CAR T-cell trials in aggressive NHL trials for ad u |t D LBCL
Study / Sponsor | ZUMAL / Kite JULIET / Novartis__| TRANSCEND / Juno
Ref Neelapu et al. Schuster ‘Abramson et al. ASH 2017,
erence NEIM 2017 NEJM 2018 EHA/ASCO 2018
CART dose 2x 107k et 051x100 | Best response | | Durability of responses
f::::if“‘"‘ cy/Flu S cy/Fu :tudy/ Product | N Boest CBest F/U | Durable | Durable |Ref
RR | CR rat:
Lymphoma DLBCL / PMBCL/ TFL DLBCL/TFL DLBCL/ TFL/ FLGr 38 ponsor rate mo ORR CR rate
suhtxges
Relapsed/ Refractory Relapsed or refractory | Relapsed or refractory ZUMAL/ D19/ Locke et al,
Ny " D3¢/ 108 | 83% | 58% 27 39% 37% |Lancet Oncol
Relapse post-ASCT | 21% 7% 2% Kite/Gilead D28 2018
Bridging therapy | Not allowed Allowed (93%) Allowed o159/ Schuster et
Manufa i
Ve o o p LT I/S 3e/ |111] 5% | a0% 14 | 37% | 30% |al, NEIM
Treated/Enrolled | 101/111 (91%) 111/165 (67%) 108/140 (77%) 4-1BB 2018
Abramson et
TRANSCEND |CD19/CD al. ASH
Celgene/ 3¢/ 88 | 74% | 52% 6 47% 42% ’
Juno 4-1BB 2017/EHA
2018
ZUMA-1: Durable progression-free survival JULIET: Durable responses also seen with
Median follow-up: 27.1 Median PES: 5.9 tisagenlecleucel
months (IQR 25.7-28.8) %
N=101 months
0, . - Progression-free survival
(95 % Cl: 3.3, 15.0) o (N-111) * Among responders, the 12-
3 s0- month PFS was 65%%3
3
H . * 54% (15/28) of patients who had
% ———————————————————————————————————————————— B achieved a PR converted to CR3
& " Ty 2 . ’
‘S 40 ::gum:espm\sa’ LT L-—..e_\ . ludes two with CR 9-
7 o | 44% 12 montbhs after initial PR*
£ 2 Wmonths | 40% 20
g Prr—— * CART cells were detectable for up to
T T — T T T T T T T T T T —— ———— 2 years in responding patients?
0 2 4 6 8 10 1 ¥ 1 18 2 2 24 2% 28 0 2 0 2 4 6 ' 1 1 W 1 18
Time (months) Time (months)
) 1. Tisagenlecleucel CHMP assessment report (Jun 2018; available at: www.ema.europa.eu).
1. Locke FL, et al. Lancet Oncol 2019; 20:31-42 (incl. suppl.). 2. 2.schuster S, et al. N Engl J Med 2019; 380:45-56.
2. Neelapu SS, et al. ASH 2018 (Abstract 2967; poster). 3. Schuster SS, et al. ASH 2018 (Abstract 1684; poster).
H . *
72% of patients progression free at 24 months IF CR at 3 months, 75% IF PR at 3 months' Median PFS: 2.9 months
Median duration of r for r not reached!

(95% Cl: 2.2, 6.2)*

The Cytokine Release Syndrome and Neurotoxicity
Are CD19 CAR T cells Better than Median time of CRS onset = 2-3 days (range 1-22 days)

Standard of Care? Prodromal syndrome* to life-threatening manifestations.
R/R DLBCL: SCHOLAR-1 study Flu-like syndrome with fever, fatigue, headache, arthralgia,

) ) o myalgia, and malaise.
a patient level, pooled analysis from 2 RCTs and 2 registries

Pyrexia (fever > 38°C) is the most frequent, and usually first sign
N=636 patients - hypoxia and mild hypotension

+ N=178 primary refractory 1o

* N=458 refractory to
salvage o relapsed <1 yr
after auto-SCT

GIT Sx such as nausea, diarrhea and vomiting common.

g’ o . Severe CRS->hemodynamic instability and organ dysfunction
g (range, 5.9-7.0)
* ORR: 26% Ny <10% of patients, CNS toxicity occurs in the absence of CRS-> typically
(22,31) D mild (grade 1).
: CR: 7.% (3,15) Other 90%, CNS toxicity concurrent with CRS or following its resolution
m::;:’s‘ 0563 o Clinical features vary from headache, pain, memory loss, meningismus,
Months from Commencement of Salvage Therapy dizziness, alterations in mental status, movement disorders, impaired

speech-> seizures and encephalopathy = coma
Crump et al, Blood 2017
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Treatment
Cytokine Release Syndrome and Neurotoxicity

Commercial CAR T
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Adverse effect - - -
Tisagenlecleucel® Axicabtagene ciloleucel®

Cytokine release syndrome «  administer tocil n patients with CRS that *  Administer tocilizumab if CRS grade 2 2

requires moder gress

« Administer methylprednisolone if CRS grade 2 3 or

° + o clinical improvement within 12 to 18 hours of CRS grade 2 f no improvement within 24 hours
°e X 0" the first tocilizumab dose, or worsening at any time,  after starting tocilizumab.
;;%u 98 ¢ administer methylprednisolone 2me/kg as an initial
o s dase, then 2 mg/kg per day until vasopy o

Central Nervous Toxicity * W neurotoxicity is associated with CRS administer
( tocilizumab as previously described.
+ Wneurotanicity s grade 2 3 administer
dexamethasone (CNS grade 3) or high dose of

methylpr

isolone (CNS grade ) with the first

dose of tocilizumab.

* W neurotaxicity is not associated with RS,
administer dexamethasone (CNS grade 2 or 3) or

high dose of methylprednisclone [CNS grade 4)

Can CAR T-cells beat alloSCT
in DLBCL?

CIBMTR data - 3-5 year PFS = 20-30%
CAR T- 2 year PFS=40%

CAR T-cells alloSCT
Need for a donor No Yes
Need to be in remission No Yes
NRM <5% 20-30%
Acute toxicity (neuro) Yes No

GVHD

Long term complications | hypogamma Opp. infections

Sec malignancies No? Yes

Epperla, Hematol Oncol Stem Cell Therapy
2017:10:.277-284

CD19 CARs — Remaining Issues

® Managing CRS/ MAS/Neurotoxicity

® Complex study esp in multicenter setting
® Managing Prolonged B cell depletion

® Expense! Insurance Issues?

® CAR attributes for potency remain unclear

® Immunogenicity- (Turtle et al, STM 2016)
Hu19-CD828Z CAR T cells

>ORR 12/16, CR 8/16 (NCI)
® Immune escape through antigen loss

BCMA-CART cells for Myeloma

B-cell maturation antigen (BCMA)-directed
CART cells have shown promising efficacy
and safety profiles in various phase /Il
clinical trials.

CR rates range from <10- 30%

However, almost all treated patients continue
to relapse

A BCMA-directed product for the treatment of
multiple myeloma is expected to be
approved shortly. Curr Opin Oncol . 2020 Jul 27

Published Clinical Results: CAR-T Cells in AML

CAR Target Cytotoxicity Results
CDh123 Long term hematopoiesis | Potent in vitro activity
High rates of CRS In vivo studies
No clinical trials results
CcD33 Lung and GI “potent but transient”
Hematopoietic toxicity
Lewis-Y Antigen Gl Toxicity Transient — all pts
High rates of CRS relapsed
NKG2D No toxicity No response

Other Targets Under Investigation:
CD33, CD38, CD56, CD117,CD123,CD34 or Mucl *

Current clinical target of CAR-T therapy in solid tumor

@ mesothelin
WEGFR
HGPC3
EMUC1

W HER2
wGD2

W CEA

W EpCAM

uleY
Zhao L, Cao YJ. Engineered T Cell Therapy for Cancer
in the Clinic. Front Immunol. 2019;10:2250. Published WPSCA
2019 Oct 11. doi:10.3389/fimmu.2019.02250
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elected Clinical Trials - CAR T cells Solid Tumors

37193.204,2017.

Publshed in

Monday, August 17, 2020

CAR Therapy in the USA 2014 to present:
Summary

Large trials with long follow up confirm ability
of CD19-directed CAR T cells to induce CRs

Partnerships with industry and licensure now
broaden applicability

But still no major “home run” beyond CD19-
CAR

Overall Summary

* CD19 CAR-T cells highly effective in R/R - B cell NHL

* CD19-negative escape is a mechanism of relapse

* Other CAR targets are available (with advantages and
disadvantages) - still in early stages of development

* Combinatorial targeting could reduce antigen-negative
escape and improvement of T cell based therapies overall?

- improve outcome with a combination approach (SCT,
checkpoint blockade, vaccines, multi tumor antigen specific
T cells, oncolytic viruses, nanoparticles, etc etc etc) ?

Cell Therapy for Cancer — The Vision

Chemotherapy
Small molecules
Checkpoint inhibitors

Potential for

DC Vaccines

Combination Antibodies Ag-T Cells
Therapies Surger CAR-Ts
NK Cells

TCR-T cells

Disease Burden @

Minimal Residual Disease

N

Sources: Autologous/
Allogeneic
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Hypercoagulability in COVID-19
m an inflammatory coagulopathy
1. Normal coagulation homeostasis OBJECTIVES:
1. Review physiology of clotting
1. Disease course & Lab results COVID-19 2. Understand that inflammatory markers rise during disease course

3. Recognize the high incidence of vascular events in COVID-19
2. Inflammatory coagulopathy COVID-19

— microscopic findings

4. Appreciate prominence of platelets + fibrin deposition in tissues
5. See direct viral infection resulting in endotheliitis.

. 6. Proactive anticoagulation management strategy may be of benefit.
3. Hematologic management COVID-19
hypercoagulability

1. Normal coagulation homeostasis 1. Normal coagulation homeostasis

Vascular injury -  platelets ADHERE to denuded vascular intimal surface.
Human homeostatic system provides balance b/w

procoagulant and anticoagulant forces. primarily to:  a) von Willebrand Factor (vWF)

(large multimeric protein present in plasma + extracellular matrix of subendothelium).

. I L also to: b) subendothelial collagen.
allows for blood flow (normal) vs. clotting (prevent exsanguination following injury)

PLATELET ADHESION —  ACTIVATION + AGGREGATION.

1. platelets
The Players: 2. plasma proteins (clotting factors + inhibitors) Platelet glycoprotein (Gp) lIb/llla complex = most abundant Rc on platelet surface.
3. vessel wall Platelet activation converts: Inactive Gp lib/llla —  Active Gp lIb/llla.
Platelets bind further vWF + fibrinogen .
FIBRINOGEN BRIDGES form b/w platelets.
Further PLATELET-PLATELET INTERACTION recruits more platelets.
- H . hi (in
Procoagulant forces: Anticoagulant forces: Response enhanced/amplified by Eﬁ‘r"a‘::\’b"r“"[z“ﬂa‘::;“’
Adenosine DiPhosphate (from platelets)
platelet adhesion inhibitory proteins Serotonin (from platelets)
platelet aggregration fibrinolysis

Resultant platelet plugs ANCHORS TO FIBRIN MESH.
fibrin clot formation

RESULT = PLATELET THROMBUS.

adapted from Harrison’s Principles of Internal Medicine, 20 Edition

adapied from Harrison's Principles of Internal Medicine, 201 Edition
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-of Internal Medicine, 207 Edition

‘adapted from Harrison's s

1. Normalcoagulation homeostasis  Coagulation cascade

1. Normal coagulation homeostasis “Sdapted from Harrison's Prnciples o Inernal Medicine, 20° Edition

Endothelial cells,
\ Intrinsic Pathway Extrinsic Pathway

Vi

CaQQ
clrns Xi Xia BT
. /_l\_____/-——"— Vilattissue factor
e Contact phase Ca?*
X Xa
K

platelets GPlib-llla
HMWH

X
1 -— Va —V
Prothrombin Thrombin
|,,u aPTT/PT
1 Fibrinogen /
Fibrin )
— =~ Fibrin monomer
von Willebrand factor 1 polymer
st 1131 5 iiia
i o e o -~ GURE 112:1
the gl ity binchng ol " Ewwlamuxmmuwuwynma act: 1) |
1. Normal coagulation homeostasis adapiedfrom Hamison's Pineipls of Intemal Medicine, 20° Editon 2. Disease course & Lab results COVID-19
Coagulation cascade
Vessel X
injury SARS-CoV-2 = “Severe Acute Respiratory Virus-Coronavirus-2"
Xla beta coronavirus 2b lineage
COVID = “Coronavirus Disease 2019”
X1
Fibrinogen’ Fibrin
st 611
o it ok () oposrs,which mith i v, i i — —
2. Disease course & Lab results COVID-19 2. Disease course & Lab results COVID-19
Clinical Characteristics of Coronavirus
Disease 2019 in China
c ’ Ou,J He
b e n=1099
o e N Engl ) Med 2020;382:1708-20.
n=138

JAMA | Original Investigation | CARING FOR THE CRITICALLY ILL PATIENT

Clinical Characteristics of 138 Hospitalized Patients
With 2019 Novel Coronavirus-Infected Pneumonia in Wuhan, China
Dawei Wang, MD; BoHu, MD; Chang Hu, MD; Fangfang Zhu, MD; Xing Liu, MD; Jing Zhang, MD; Binbin Wang, MD; Hui Xiang, MD;
Zhenshun Cheng. MD; Yong Xiong. MD: Yan Zhao, MD; Yirong Li, MD; Xinghuan Wang. MD; Zhiyong Peng. MD

JAMA, 2020,323(11):1061-1069.

Clinical course and risk factors for mortality of adult Lancet 2020;395: 1054-62
inpatients with COVID-19 in Wuhan, China: aretrospective - 191

cohort study

.

Crimages
of cough and fever, proven COVID-19. (A) Day 7 after anset of symptoms: CT demonstrates

ass opacites (660s) (81 Day 10: Rapia
(Figure

entre, The Hague, the

Oudkerk et al, Radiology, 2020

Netherlands )
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median age

M/F

co-morbidity

2. Disease course & Lab results COVID-19

Guan et al., NEIM Wang et al, JAMA
47 56*
58/42 54/46

HTN (31%)*
CAD (15%)*
DM (10%)*
cancer (7%)

HTN (15%)
DM (7%)
CAD (3%)
hep B (2%)

*poor outcome (p <0.05)

Zhou et al., Lancet

56*
62/38

HTN (30%)*
DM (19%)*
CAD (8%)*
COPD (3%)

Wang et al., JAMA, 2020

most common sxs cough (68%) fever (99%) fever (94%)
fever (44%)* fatigue (70%) cough (79%)
w5 drin s fatigue (38%) cough (59%) SOB (29%)
sputum (34%) anorexia (40%)* fatigue (23%)
SOB (19%) myalgia (35%) sputum (23%)
ICU admit 5.0% 26% 26%
mortality 1.4% 4.3% 28%
2. Disease course & Lab results COVID-19 =0
—
e N Y ——— -
\:\ A -
- -

Monday, August 17, 2020

2. Disease course & Lab results COVID-19

Guan et al., NEJM

leukocytosis 6%
83% (<1.5)
36% (<150)

lymphocytopenia

thrombocytopenia

Wang et al, JAMA

*poor outcome (p <0.05)

Zhou et al., Lancet
21%*
40% (<0.8)*
7% (<100)

high CRP 61%

high d-dimer 46% 68%*

high ferritin 80%*

high LDH 41% 40% 67%*

prolong PT 58% (>13) 6%* (>16)

abnorm CXR 59% 59%

abnorm CT Chest 86% 100% 71-75%
ICU admit 5.0% 26% 26%
mortality 1.4% 4.3% 28%

2. Disease course & Lab results COVID-19

Zhou et al, Lancet, 2020

2. Disease course & Lab results COVID-19

“age-dependent defects in T-cell and B-cell function
+

excess production of type-2 cytokines

could lead to:

a) deficiency in control of viral replication
&

b) more prolonged pro-inflammatory response.

possibly leading to poor outcome.”

COVID-19 = highly inflammatory/coagulopathic clinicopathologic state.

Zhou et al., Lancet, 2020

2. Disease course & Lab results COVID-19

nature

hitps://doi.org/10.1038/541586-020- 2588y

Accelerated Article Preview

Longitudinal analyses revealimmunological
misfiringinsevere COVID-19
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2. Disease course & Lab results COVID-19 2. Disease course & Lab results COVID-19 J Thromb Haemost. 2020:18:844-847.
The 3 major types of innate and adaptive cell-mediated s RiEF REPORT jl’h
effector immunity ———————
ranoesco An PhD,” Chiara MD, PhD,” and Sergio Romagnani, MD*  Florenc aly, and Abnormal Coagu|ati0n Darameters are associated With poor

[P prognosis in patients with novel coronavirus pneumonia
VOLUME 135, NUMBER 3
MaRcH 2015

Ning Tang' | DengjuLi® | XiongWang! | Ziyong Sun'
n=191
mortality 11%

coagulation parameters tracked from d1-d14 after admission at 3 day intervals

data from consecutive patients retrospectively analyzed.
FINDINGS:

1) abnorm coagulation results assoc w poor prognosis.

2) DIC common in deaths with COVID-19.

2. Disease course & Lab results COVID-19 2. Disease course & Lab results COVID-19

1) abnorm coagulation results assoc w poor prognosis. 5o 1 s : |
B §
[TABLE 1 Coagulation parameters of NCP patients on admission e - - i
Parameters Normal range Total (n = 183) Survivors (n = 162) Non-survivors(n=21)  Pvalues ) v | e ’
Age lyears) 5412162 5242156 6402207 <001
Sex (male/female) 98/85 82/80 16/5 035 e |
With underlying diseases 75 (41.0%) 63 (38.9%) 12(57.1%) 156 g 1 e
On admission jom g
PT (sec) 115145 137(13.1-14.6) 13.6(130-143) 155(14.4-16.3) <001 - -
APTT (sec) 290-420 416(369-44.5) 41.2(36.9-44.0) 44.8(40.2-51.0) 096 . L o =t
Fibrinogen (g/L) 20-40 4.55(3.66-5.17) 4,51 (3.65-5.09) 516 (3.74-5.69) 149 ¥ v “ v : g
D-dimer (ug/mL} 050 0.66(0.38:1.50) 0.61(0351.29) 242(077-527) <001 s : .
FOP (ug/mk) 50 4014.0-49) 40(40-4.3) 76(4023.4) <001 s
AT (%) 80120 91(83-97) 91(84-97) 84(78-90) 09 wl | 1 N
Abbreviations: APTT, activated partial time; AT, antis activity: FOP. fibe product: NCP. novel coronavirus

[pneumonia; PT, prothrombin time (PT).

Tang et ., J Thromb Hacmost., 2020

Tang eral. ] Thiomb Haemost, 2020

2. Disease course & Lab results COVID-19

2. Disease course & Lab results COVID-19

2) DIC common in deaths with COVID-19.

Articles I
TABLE 2 The grade of DIC in non-survivors with NCP (n = 21)
Number of
patients (%)
Platelet counts (x10°/L) . ) . "
50-100 (L paini] 7@33) Endotheliopathy in COVID-19-associated coagulopathy: Y ®
<502 points) 5(23:8) evidence from a single-centre, cross-sectional study
D-dimer (ug/mL) Googe Gashu, Al B’ ot Meiih', Hong Chang, Hereming Zhang,Paveen Bchel ey Bk, Nofo B
1.0-30(2 points) 3(143) NataNepard T ik, g G s

3.0 (3 points) 18 (85.7)
Fibrinogen (g/L)

<1.0 (1 point) 6(28.6) Measured:
Prolongation of PT (sec)
3-6(1 point) 5(23.8) soluble P-selectin (a marker of endothelial cell and platelet activation),
»6 (2 points) 10 (47.6) On the contrary, only one (0.6%) survivor sCDA4OL (a marker of platelet and T-cell activation),
Meeting the ISTH criteria of DIC (Total points 25) 15(71.4) matched the DIC criteria during hospital stay. soluble thrombomodulin (a marker of endothelial cell activation)
Note: D-dimer cutoff levels were defined according to a previous report . . . -
derived ,rlom more than 1000 Smpl;s in mm“si:/:camrp ! » in 40 ICU and 10 non-ICU patients and in 13 non-COVID-19, non-hospitalised controls
Abbreviations: DIC, disseminated intravascular coagulation; ISTH,
Society on Thromb and b NCP, novel

coronavirus pneumonia Tang et ., I Thomb Haemos, 2020
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2. Disease course & Lab results COVID-19 2. Disease course & Lab results COVID-19
‘Soluble P-sekectin WD40L
p0m pe00078 All patients ICU patients
30- . 500 —pof0 —— Low soluble thrombomodulin
- = . B — High soluble thrombomodulin
] 400 s .
? 7 100 T
£ E . L g
¥ g w0 : = 751 A
1. it Tk E
3 o —j;— = B ‘é 50 4
Contrcls Mon iU U ]
Soluble thrombomodulin S 254 4
proa73 A Log-rank p=0.0087 Log-rank p=0-031
» 5 T T T . T T T )
052 . 10 20 30 40 10 20 30 40
= . N ot itok Days of follow-up Days of follow-up
10, (number censored)
. Low soluble thrombomodulin 25(0) 25(0) 23(0) 22(8) 1(23) 17(0) 17(0) 15(0) 15(0) 1(15)
51 . High soluble thrombomodulin 25(0) 21(0) 18(0) 15(2) 0(15) 23(0) 19(0) 16(0) 14(0) ©0(13)
e i ’
Contich  NoniCU KU Figure 3: Kaplan-Meier curve of survival and soluble thrombomeodulin concentration
— 3 . [p—— Data are shown for patients with low soluble thrombomodulin (<3-26 ng/mL) and high soluble thrombomedulin
and controls (>3-26 ng/mL). Shaded areas represent 95% Cls. ICU=intensive care unit.
¥ vhe selectin and
D401 5
Goshua and Pine e al. Lancet Haematol, 2020 Goshua and Pine e a, Lanet Haenatol, 2020
2. Disease course & Lab results COVID-19 3. Inflammatory coagulopathy COVID-19
BRIEF REPORT "
o . , jth ) L )
ng.h incidence of venous thromboerr.lbohc events in Pulmonary and cardlac pathology in Afrlcan American
anticoagulated severe COVID-19 patients 1 Thromb Haemest. 2020:00:1-4. . . .
patients with COVID-19: an autopsy series from New Orleans
| Jean-Francois Llitjos*J | Maxime Leclerc’ | Camille Chochois® | n=26 o ) )
Jean-Michel Monsallier? | Michel Ramakers? | Malika Auvray® | Karim Merouani® mortality = 12% Sharon € Fox, Aibek Akmatbekov, jack L Harbert, Guang L, | Quincy Brown, Richard S Vander Heide
Lancet Respir Med 2020
Published Onli
Retrospective study of consecutive patients 2 French ICUs. n=10 M;zmo "
Baseline bil LE U/S (within 1-3 days admission to ICU). age 44-78. )
MD choice: prophylactic (31%)/therapeutic (69%) anti-coagulation. cause of death attributed to COVID-19.
Re-Check: 2" bil LEs U/S after 7 days.
CT Chest/Echo if concerns persistent/worsening hypoxia. no evidence 2ndary pulm infection by micoorganisms (except one immunosuppressed patient).
. . - 0
Prophylaxls group: 8 pats - 8/8 VTE =100% rate report relevant cardiopulmonary findings.
Therapeutic group: 18 pats — 10/18 VTE = 56% rate.
(includes 6 PEs = 33%) -0.03 cardiac findings:  dilated RV
p =0 individual cell necrosis w/o lymphocytic myocarditis
. no coronary artery stenosis or acute thrombi.
Combined: 26 pats — 18/26 VTE =69% rate
3. Inflammatory coagulopathy COVID-19 3. Inflammatery coagulopathy COVID-19

lungs heavier than normal.

bronchi: pink froth. Diffuse alveolar damage

serosanguinous peri-cardial + pulm effusions .
Phase |: Early Exudative Phase

) ) d Iy hyal brane f
parenchyma: diffusely oedematous + firm (c/w ARDS). oedema v early yaline membrane formation

throughout periph parenchyma: focal regions dark haemorrhage.

Phase li: Proliferative Phase

Phase llI: Fibrotic Phase

Figure 2: Pulmonary diffuse alveolar damage

ina patient
after fixation, cut surfaces: lines ) 2 i
«
alternating areas tan-gray consolidation / patchy haemorrhage, upto 6cm. rrowhesd) h
Jatso present (HE stain).
additionally, peripheral parenchyma: small, firm thrombi.
Fo et al, Lancet Respis Med, 2020 Fot et af. Lonce, Respi Ml 2000
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3. Inflammatory coagulopathy COVID-19

Figure 4: SARS-CoV-2 cytopathic effects

veolt stain),

Monday, August 17, 2020

showing [

Fox et al.. Lancel Respir Med. 2020

3. Inflammatory coagulopathy COVID-19

inflammatory cell infiltrates: CD4+/CD8+

located in interstitial spaces
+
around larger bronchioles or blood vessels:

Fox et al. Lancet Respir Med. 2020

3. Inflammatory coagulopathy COVID-19

A notable finding: presence of CD61+ megakaryocytes,
possibly representing resident pulmonary megakaryocytes,
w significant nuclear hyperchromasia + atypia.

oy

Figure 3: Pulmonary thrombi and microangiopathy

©we “ Lwith
megakaryocyte stained below (green arrowhead)

These cells were located within alveolar capillaries,
and could be seen actively producing platelets.

The fibrin + platelets present within small vessels also appeared
to aggregate inflammatory cells, with entrapment of many neutrophils.

Thrombi were not grossly apparent in any other organs examined,
including kidneys, spleen, pancreas, and liver.

Fox et al. Lancet Respir Med. 2020

2. Disease course & Lab results COVID-19

€ blood WOVES . ASTEDMON ABSTAACTS . COLLECTIONS

Platelet Gene Expression and Function in COVID-18 Patients

* SARS-CoV-2 induces robust gene expression and functional changes in platelets.

+ ACE2 was not detected platelets. Surprisingly, mRNA from the SARS-CoV-2 N1 gene was
detected in platelets from 2/25 COVID-19 patients, suggesting platelets may take-up
SARS-COV-2 MRNA independent of ACE2

* Platelets from COVID-19 patients had increased P-selectin expression, and circulating
platelet-neutrophil, -monocyte, and -T-cell aggregates compared to healthy donors

* Platelets from COVID-19 patients aggregated faster and showed increased spreading on
both fibrinogen and collagen

+ The increase in platelet activation and aggregation could partially be attributed to
increased MAPK pathway activation and thromboxane generation

These findings demonstrate that SARS-CoV-2 infection is associated with platelet
hyperreactivity which may contribute to COVID-19 pathophysiclogy

* Platelet ¥ to COVID-19 through increased
platelet-platelet and platelet-leukocyte interactions

3. Inflammatory coagulopathy COVID-19

COVID-19 = highly inflammatory/coagulopathic clinicopathologic state.

“thrombotic process may involve activation of megakaryocytes,
possibly those native to the lung,
with platelet aggregation and platelet-rich clot formation,
in addition of fibrin deposition...
Effective therapy for... patients with severe infection...

should target the thrombotic and microangiopathic effects...
and possibly a maladaptive immune response”.

Fox et al. Lancet Respir Med. 2020

3. Inflammatory coagulopathy COVID-19

Does SARS-CoV-2 directly infect endothelial cells?

lammer,

Endothelial cell infection  petersteiger, Martina Haberecker, Vel385 Mayl om0
i Rea Andermatt, Annelies S Zinkemagel,

and endotheliitisin e e

COVID-19 *Frank Ruschitzka, Holger Moch

SARS-CoV-2 infects the host using ACE-2 Rc,
ACE-2 Rc = expressed on lungs,heart, kidney, and intestine.
ACE-2 Rc also expressed in by endothelial cells.

Are vascular derangements caused by endothelial cell infection by the virus?

Here we demonstrate endothelial cell involvement of different organs.
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3. Inflammatory coagulopathy COVID-19 3. Inflammatory coagulopathy COVID-19
Direct viral infection of endothelial cells + diffuse endothelial inflammation: “The vascular endothelium is an active paracrine, endocrine, and autocrine organ
* Luns (d) : Small bowel (c) that is indispensable for the regulation of vascular tone
* Heart {however, o ymphocytic myocardits) « Liver
Kidney (a,b) Vorga el Lancet, 2020 and the mair e of vascular hc

Endothelial dysfunction is a principal determinant of microvascular dysfunction
by shifting the vascular equilibrium towards more vasoconstriction with subsequent
2] organ ischaemia,

Lt i inflammation with associated tissue oedema, and a

alarge arteril vessel .

‘mononudear cel and neutrophil nfiration procoagua lant state.
* e

COVID-19 endotheliitis could explain the

2 caplary withinthepertubular

1 <
e vl d - systemic impaired microcirculatory function in different vascular beds and
H F their clinical sequelae in patients with COVID-19.

caspase 3 stainshows
2poptosis of endothelum

This hypothesis provides a rationale for therapies to stabilise the endothelium
while tackling viral replication,
particularly with anti-inflammatory anti-cytokine drugs,
ACE-|, and statins. ”

caspase 3 stainshows
2poptosis of endothelum
il partice nsidean endothelal cell

Varga et al. Lancet, 2020
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Complement associated microvascular injury -

Pulmonary findings were accompanied by significant deposits in microvasculature:

and thrombosis in the pathogenesis of severe
COVID-19 infection: A report of five cases

1. terminal complement components C5b-9 (MAC),
2. C4d,

[CYNTHIA MAGRO, J. JUSTIN MULVEY, DAVID BERLIN, GERARD NUOVO, STEVEN SALVATORE, 3. mannose binding lectin (MBL)-associated serine protease (MASP)2

JOANNA HARP, AMELIA BAXTER-STOLTZFUS, and JEFFREY LAURENCE
[NEW YORK, NEW YORK; POWELL, OHIO; AND NEW YORK, NEW YORK

The purpuric skin lesions similar.

Translational Research In addition, co-localization of COVID-19 spike glycoproteins with C4d + C5b-9.
June 2020

In conclusion, at least a subset of sustained, severe COVID-19 may define a type of

Skin and lung tissues in severe COVID-19 resp failure (n=5) + purpuric skin rash (n=3). catastrophic microvascular injury syndrome mediated by activation of complement.

COVID-19 pneumonitis = pauci-inflammatory septal capillary injury w significant
septal capillary mural + luminal fibrin deposition.

No viral cytopathic changes observed
Hallmarks of classic ARDS

(DAD w hyaline membranes, inflammation, type Il pneumocyte hyperplasia)
NOT prominent.

Magro et al. Trans! Res. 2020
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3. Inflammatory coagulopathy COVID-19 Magro et al, Transl Res, 2020
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Fig 1. Microscopic features of pulmonary autopsy samples from Case 1. A, Significant fibrin deposition within Fig 2. i istry analysis of 1 y autopsy samples from Case 1. A, Extensive C4d deposi-
the interalveolar septa and alveolar spaces, accompanied by marked hemorrhage and hemosiderin dej tion is seen throughout the: lung parcnchyma, with striking septal capillary localization. (Diaminobenzidene
(Hematoxylin and eosin stain, 200x). B, Prominent destructive septal capillary injury is apparent, with fibrinoid 00x). B, Higher power f a clear of C4d within septal capillaries.
necrosis of the capillaries accompanied by evidence of vascular compromise, with hemorrhage and fibrin and minobenzidene, 1000x). €, A similar septal capillary distribution for C5b-9 deposition is observed,

hemosiderin deposition within alveolar spaces. (Hematoxylin and eosin stain, 400 ). C, Septal capillary injury although it is less pronounced than that observed for C4d. (Diaminobenzidene, 10003). D, A similar septal cap-
E i in and eosin, 1000x). D, The septal capillary injury includes an illary distribution of C3d staining is observed, although it is also less pronounced than was observed for C4d.
d 400

(Diaminobenzidene, 1000 ).
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3. Inflammatory coagulopathy COVID-19
“Our histologic findings are consistent with emerging observations suggesting that COVID-
19 has clinical features distinct from typical ARDS.

That is, COVID- 19-related severe respiratory distress can be manifest by relatively well-
preserved lung mechanics, despite the severity of hypoxemia, characterized by high
respiratory compliance, high shunt fraction, and prolonged requirement for mechanical
ventilation.

The pathology in these cases might therefore be expected to differ from the diffuse alveolar
damage and hyaline membrane formation which are hallmarks of typical ARDS.

Albeit preliminary pathology studies of lungs from COVID-19 cases described DAD with
edema, hyaline membranes, and inflammation, followed by type Il pneumocyte hyperplasia,
features characteristic of typical ARDS, the pulmonary abnormalities in our patients appear
largely restricted to the alveolar capillaries, that is, more of a thrombotic microvascular
injury with few signs of viral cytopathic or fibroproliferative changes.

An increase in the dead space fraction might be anticipated with this type of pathology, i.e.,
respiratory failure accompanied by greater lung compliance and less pulmonary
consolidation than is characteristic of typical ARDS.”

Magro et al. Transl Res 2020
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REVIEW Open Access

The unique characteristics of COVID-19 '«"
coagulopathy

updates
Toshiaki Iba"'®, Jerrold H. Levy?, Jean

ie Connors®, Theodore E kentin®, Jecko Thachil’ and Marcel Levi

Critical Care

(2020) 24:360
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COVID-19: the vasculature unleashed MRS 00

VOLUME 20 |JULY 2020 | 389
Laure-Anne Teuwen'-%, Vincent Geldhof, Alessandra Pasut’ and Peter Carmeliet
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Review anticie i

The contact pathway and sepsis

Vikram Raghunathan MD® | Jevgenia Zilberman-Rudenko PhD? | Sven R. Olson MD'2 ) |
Florea Lupu PhD? | Owen J. T. McCarty PhD? | Joseph J. Shatzel MD'2 (]

ek Pt Tt Mot 3019-3331-390.

W [y —y—

 Fusther st i Bsma e s s vt efficacy o (B et

Abstract
The contact pathway factors 0 (FXI) and X1 (FXIE) huve been demonstrated to be
Largely dispensabie for hemastasis. a5 their absence results in  mikd to absent bleed:
ing dathesis. A prowing body of Eterature, however, suggests that the contact path,

produces the often-fatal syndrome known 1 sepsis. The contact pathway factors
and may offer a po-

tenially safe therapeutic target to mitigate the morbidity and mortalty associated

‘with sepnis. Herein, we summarize published in vivo and in vitro data that have ex-
sepi. chinical apgii-
cations of novel - and FXIl-inhibting drugs cumently under investigation.

KEvwoRos
‘contact actvation, actor X1, factor XL kalkselr i systen, sepsis

Res Pract 2019

3.t logi of COVID-19 hyper ili 3.t logi of COVID-19 hyper labili

— COVID-19 RESOURCES Associaton of Letters Gacc
Treatment Dose Ishan Paranjpe, BS -

. . . “Valentin Fuster, MD, PhD
Anticoagulation With Anuradha Lala, MD
In-Hospital Survival Adam ). Russak, MD
L Benjamin 5. Glicksberg, PhD

Among Hospitalized Matthew A. Levin, MD
All hospitalized patients with COVID-19 should receive pharmacological thromboprophylaxis Patients With COVID-19 1‘:‘:”::'":' ::;mmwn' Mo, Pho
with LMWH over unfractionated heparin to reduce contact, unless the risk of bleeding outweighs Zahi A, Fawd‘ Ph.D
the risk of thrombosis. Emilia Bagiella, PhD

n=2,773 Shan Zhao, MD, PhD

Whether critically ill COVID-19 patients should receive therapeutic-intensity anticoagulation in Girish N. Nadkarni, MD, MPH
the absence of confirmed or suspected VTE is currently unknown.
Multiple randomized controlled trials are underway. Single-institution retrospective study hospitalized pats: examine effect of full-dose AC.
Patients hospitalized for acute medical illness are at increased risk for VTE for upto 90 days after Compared:
discharge. Therefore, it is reasonable to consider extended thromboprophylaxis after discharge ANY treatment-dose systemic AC (28% pats, median 3 days duration, any reason)
using a regulatory-approved regimen (betrixaban for 35-42 days or rivaroxaban for 31-29 days). vs.

NO treatment-dose systemic AC.

B wreov. — - o
3.k of COVID-19 hyper

In-hospital mortality for patients treated with AC: YP

22.5% with a median survival of 21 days, comparedto

22.8% and median survival of 14 days in patients who did not receive AC.

Major bleeding defined:

- No in-hospital anticoagulation - R!cewehﬂ Ireallr_nellt-ﬂnie anticoagulation

during haspitaliration 1) HgB <7 g/dL and any red blood cell transfusion,

2) 22 units PRBCin 48 hrs or

::‘nii::::‘::i:i;‘g:""‘““i“' 3) dx code for major bleeding (intracranial hemorrhage, hematemesis, melena,
peptic ulcer with hemorrhage, colon, rectal, or anal hemorrhage,

hematuria, ocular hemorrhage, acute hemorrhagic gastritis).

B

L Among those who did not receive AC,
M 38 (1.9%) individuals had bleeding events, compared to
oo ol 24 (3%) among those who received AC (p=0.2).

R I T W ®
. Days Since Admission — Days Since Admission
o er TR oo amber

- M S %6 %0 1 3 . W oaw e n 3
In patients who required mechanical ventilation (N=395), in-hospital mortality was

29.1% with a median survival of 21 days for those treated with AC as compared to
62.7% with a median survival of 9 days in patients who did not receive AC.

Survival Probability
Survival Probability
H

Paranipe er al. JACC 2020 Paranjpe ef al_ JACC, 2020
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3. Hematologi of COVID-19 hyper i 3. Hematologi of COVID-19 hypercoagulabil
DC VAMC Heme Interim COVID-19 Recommendations:
3) FLOOR PATIENTS: start PROPHYLACTIC ANTICOAGULATION C(_)V 1D-1 9 and COzlngl at iOn: bleed ing an d th ro n’lbOth
“INTERMEDIATE-DOSE” manifestations of SARS-CoV-2 infection
bodv weight crcl 230 mL/mln CrCl < 30 mL/mln Hanny Al-Samkari,'* Rebecca S. Karp Leaf,"# Walter H. Dzik,'* Jonathan C. T. Carlson,'# Annemarie E. Fogerty,'” Anem Waheed,"*

Katayoon Goodarz, ' Pavan K. Bendapudi,'? Larissa Bomikova,'? Shruti Gupta,*? David E. Leaf,%? David J. Kuter,' and Rachel P. Rosovsky

d Me

ical School, Boston, MA; and *Division of Renal Medicine, Brigham

Regular enoxaparin 40mg sq bid UFH 7,500 units sq tid Division of Hematology Oncology, Massachusetts General Hospital, Boston, MA;

and Women's Hospital, Boston, MA

Obese (>120kg or BMI > 35) enoxaparin 0.5mg/kg sq bid** UFH 10,000 units sq tid ® blood® 23 JULY 2020 | VOLUME 136, NUMBER 4
(max dose 100mg sq bid)

Low body wt (< 60kg) enoxaparin 30mg sq bid** UFH 7,500 units sq tid o a_a
v wt < 60ke i esa a Pulmonary Embolism or Pulmonary Thrombosis in

**Consider check anti-Xa level (send 4-6 hrs after 3-4 injections) target for VTE prophylaxis = 0.2 to <0.5 COVID-19? Is the Recommendation to Use High-

unless: active bleeding, platelets <25K, or fbrinogen <50 me/dL (.e. OK to give with abnormal PT/PTT). Dose Heparin for Thromboprophylaxis Justified?

Marco Cattaneo' 2 Elena M. Bertinato? Simone Birocchi? Carolina Brizio'-?  Daniele Malavolta'Z

4) ICU PATIENTS: start empiric FULL-DOSE THERAPEUTIC ANTICOAGULATION,

Marco Manzoni'?  Gesualdo Muscarella’'?  Michela Orlandi*?

enoxaparin 1maq/kq sq bid or heparin IV/SQ.
(for Cr Cl < 30: heparin).

ciense dell Sabute, Universith degh Stud o Address for comespondenc

unless: active bleeding, platelet <50K, or fibrinogen <100 mg/dL (i.e. OK to give with abnormal PT/PTT) or d-dimer <0.5.
for platelets 25-50K, or fibrinogen 50-100 me/dL: consider intermediate-dose prophylaxis, as above.
for d-dimer <0.5: consider intermediate-dose prophylaxis, as above.

Hypercoagulability in COVID-19

an inflammatory coagulopathy

SUMMARY:

1. Inflammatory markers rise during disease course, may culminate in DIC.
2. High incidence of vascular events in COVID-19.

3. Direct viral infection results in endotheliitis.

1. Prominence of platelets + fibrin deposition in tissues represents unique,
COVID-19 associated coagulopathy (CAC).

5. Proactive anticoagulation management strategy is followed by some centers.
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