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At the end of the presentation the learner will be able to:

Discuss the toxicities and management 1ssues associated with the
ALK, BTK AND IDH1/2 Inhibitor Therapy
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ALK rearrangements
Discovered in 2007

Present 3-5% NSCLC.
Resulted from alteration in the
short arm of chromosome 2,
joining the exons 1-130f the
EML4-ALK gene to exons 20-29
of ALK gene.

Young age.

Non-smoking history.
Adenocarcinoma of the lung
histology.

ALK Pathway

S

> ,;:':4'-2" i
" ALK fusion protein*

Tumor cell

proliferation
*Subcellular localization of the ALK fusion protein is thought to occur in the cytoplasm,
but it is not confirmed.

With permission from Bang Y et al. Proc ASCO 2010;Abstract 3.
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Stronger Together
ALK tvrosine kinase inhibitors (TKIs

* First generation: o T
CrlZOtlnlb m crizotinib lorlatinib

[ ] Second generation: 2007 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021
s, s Discovery of AL
Ceritinib : mNsk_:Lr(_:M ool

Alectinib
Brigatinib

alectinb

* Third generation:

Lorlatinib

Figure 1. Timeline of discovery of ALK and US FDA approval of ALK-TKIs. ALCL: anaplastic large
cell lymphoma, NSCLC: non-small cell lung cancer.




ALK + IN NSCLC

ALECTINIB
CERITINIB
CRIZOTINIB

SECOND LINE THERAPY:
BRIGATINIB
ENSARTINIB

MOLECULAR LORLATINIB

RESISTANT

MECHANI THIRD LINE THERAPY:

ALK INHIBITORS BASE ON RESISTANT MECHANISM(S), ALTERNATIVE
DRIVER ONCOGENE, MET.OR OTHERS

CHEMOTHERAPY

FOURTH LINE THERAPY:

IMMUNOTHERAPY
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FIRST GENERATION: Crizotinib

Crizotinib

Main adverse events:

Visual disturbances 71%
(diplopia, photophobia, and
blurred vision).
Gastrointestinal disorders:

diarrhea occurred in 61% and
nausea in 59% of patients.

Edema 49%

The most frequent grade 3—4
adverse events were neutropenia
(15%), elevated transaminases
(14%), and pulmonary embolisn
(8%0)

EKG as baseline.

/.

Table 3. Adverse E-‘nﬁe-k-y&mﬁ. ’-Trﬂd Population. =
Crizotind Chemotherasy
Adverse Evernt N =171) N =169
Asvy Grade Crade 3 or 4 Arry Coade Crade I or 4
nuwmber of patients (percent)
Hgher freguency in crizg
Visiom disorder 122 (71) 1) 16 ™) o
Diarches 105 (61) 4 (2) 22 13) 1N
Edemal E3 (&% 1M 21 12y 1)
Vommseg 73 (a48) 3 12) €0 (2§) S 13)
Constipation 74 (43 3 12) 51 {309 o
Eevated s ~otransferases| 61 (36) 24 (14) 22 (13) 4 (2)
Upper respeatory infection) 55 (32 o 21 {12} 1)
Abdorminal paird 45 (26) o 20 {12)
Dysgeusia 45 |28 0 945 o
Headache 37 23 2 () 25 {15)
Pyrexia 32 (19 0 18 {11) 1)
Dizziness| 31 (18 0 17 (104 2 )
Pain in extrematy 27 (18 o 12{7) 0
Hgher fregquency in chemotherapy group
Fatigoe 49 (29 S 3 €5 (33) 4 (2)
Net-openisl 16 (21) 19 (11) 51 {30y 26 (15)
Sroeratitish 24 (14) 1 (1) 34 (20) 2
Asth emia 22 (13 o 41 (24) 21)
Anerrial 15 9) o 54 (32) 15 9)
Lecikcope=wa 12 (7) 32 26 {15) 215)
Tr-o-mscoytopenial 2 (1) o 31 {13) 12 (7)
Sierslar fequency in the two Seatment grouss
Nacsea 95 IS6) 2 (1) 99 {59 3 (2)
Decreased appetite 51 30 <12 57 {34 1)
Coughl 19 (23 o 33 (208
Newropating s (200 211 38 (22)
Dysp=eal 30 (18 513 26 {15) 41(2)

* Adwerse events ave listed here if they were reported in 159 or moce of patients im either trestrment grous, rales were
mot adpmted for differences in treatment duration. Higher |
more between grougs. similar frequency imdicates & Siffere

I Only evests that occursed bef

~cy indicates & difference of § percestage points or
less than S percestage points Between groups

crossover 1o crnizotinid are incdduded

{ The category of vision dsorder comprised a choter of adverie events incduding (i descending order of fegquency in
the crnxotnib group) visual ierpairmen L, photopaia, Blurmred vision, witreouws Soaters, reduced wisual acuty, diplopia, and
phctophaolia

§ This itern commprised & duster of adverse events that may represent simidar dincal spmptor o syndromes




GI

1.Abdominal pain
2. Diarrhea

3. Constipation

4. Vomiting

Diarrhea/Management:
1.. Target therapy teaching

2. May appear first 2 weeks after
therapy

3. To take loperamide with diarrhea
#1 (2 tablets each episode/no more
than 10 daily)

4. If loperamide does not help to add
Diphenoxylate and atropine 2 tablets
X 4 times

5. Prevent to get dehydrated
6. Dietary recommendations

Constipation/ Management:
1. Increased fluid intake

2. Recommended exercise

3. Drink prum juice

4. Take surfactans (docusate socium),
stimulant laxative (senna), etc

Vomiting:
1. Try ginger

2. Treat with 5-HT3 antagonist
(ondasetron)

Crizotinib:

Categorizing side effects

Visual
impairment:

1. To be seen by
ophthalmologist

2. If affecting
ADL’s we should
make dose
reduction

Headaches:

1. Recommended
OTC medications
: aleve/tylenol

Labs:

Elevated
LFT’s x3,
dose
reduction

Physical

Peripheral
Edema

symptoms:

Summary:

1. The most
frequent
adverse events
were mild and
moderate
gastrointestinal
events and mild
visual
disturbances




Crizotinib Adverse Events

m gastrointestinal  m dyspnea
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SECOND GENERATION: Ceritinib

[ ] [ ] [ ] b
C e rltlnl Table 4, All-Causality Adverse Events Occurring in Greater Than 15% (Any Treatment Arm) in Patients With ALK-Positive
NSCLC (Safety Set, n = 304)
Ceritinib 450-mg Ceritinib 600-mg Ceritinib 750-mg
Fed n— 108 Fedn - 86 Fasted n — 110
[ ]
Maln advers e events : All Grades Grade 3or4  All Grades Grade 3or4  All Grades  Grade 3 or 4
Preferred Term n (%) n (%) n (%) n (%) n (%) n (%)

. . . 4 Diarrhea Q6.4 1(09) N 203) g0 100.)
Hepatic disorders: increased | G4 ton U 10N emn o
. Nausea s@n 0 8558 5(58) Q613 605

ALT ln 60% (grade S 3_4 : Alanine aminotransferase increased 44 (40.7) 19 (17.6) 1(47.7) 25(29.1) 45 (40.9) 25(22.7)

O Aspartate aminotransferase increased 38 (35.2) 8(7.4) 3 (38.4) 14 (16.3) 41(37.3)  11(10.0)

3 1 A)) Gamma-glutamyltransferase increased 36 (33.3) 24 (22.2) 23 (26.7) 17 (19.8) 26 (23.6) 15(13.6)
¢ Fatigue 24(2.2) 1(0.9) 0314 2(23) 3027.3) 5(45)
G t o t t. 1 D . Abdominal pain 2204 0 1219 112 R29.1)  2(1.8)
r ln ln * 1 rrh Decreased appetite 20185 0 BR6)  1(1.2) 0245 327
dstro CS al. d €ao Cough B2 0 5174 0 1218 1009

O/ d 3 :I . 5 (y Abdominal pain upper 20 (18.5) 0 11(12.8) 1(1.2) 27 (24.5) 0
8 5 O gra e S . O ) Blood creatinine increased 23 (21.3) 0 15 (17.4) 0 17 (15.5) 0

0 4 . Headache 17(15.7)  2(1.9) 13(15.1) 223 B2 2(18)
nausca 6 9 0 gra cS 4. Pyrexia H02) 109 BY  1(12) B9 109

. . Weight decreased (1300 0 6186 1(12) 170155  1(0.9)
0 0
3 A)) VO I I I ltlng 66 A) (grade S Blood alkaline phosphatase increased 20 (18.5) 5 (4.6) 1001160 3(3.5) 16(14.5  5(45)
b Constipation 1(10) 0 50174 0 16(145 0
3 4 . 5 (y Dyspnea M0 1009 5074 2(23) 2109  403.6)
. 0), Back pain Mo 1009 9(105) 0 (55 2(18)
Hyperglycaemia 13(12.0) 8(7.4) 9(10.5) 5(5.8) 17 (15.5) 10(9.1)

EK G as basellne Noricardiac chest pain 1102 0 90105 0 (55 0
. Asthenia 10(9.3) 1(0.9) 19221) 335 7 (6.4) 2(1.8)

ALK, ALK receptor tyrosine kinase.




Ceritinib : Categorizing side effects

GASTRO

Diarrhea/Management:
1.. Target therapy teaching
2. May appear first 2 weeks after therapy

3. To take loperamide with diarrhea #1 (2 tablets each episode/no
more than 10 daily)

4. If loperamide does not help to add Diphenoxylate and atropine 2
tablets x 4 times

5. Prevent to get dehydrated
6. Dietary recommendations

Constipation/ Management:

1. Increased fluid intake

2. Recommended exercise

3. Drink prune juice

4. Take surfactants (docusate sodium), stimulant laxative (Senna), etc

Vomiting:
1. Try ginger
2. Treat with 5-HT3 anta

Cardiac impairment:

Management:
Monitor EKG and electrolytes
1. EKG as baseline

2. Electrolytes every 4 weeks

To check LFT’s once a month

Labs:

CBC and CMP :

Check liver enzymes every 4 weeks.
Check electrolytes

Diagnostics:
EKG as baseline
Repeat if patient is symptomatic



Ceritinib

Table 3. Recommendations for dose modifications for ceritinib-related adverse events. ™

Taxicity

Monitoring parameters

Criteria for dose modification

Dase modification

Cardiac
QTc¢ prolongaton

Bradycarda

Endocrine
Hypergiycemia

Gascroincestinal
Diarrhea. nausea, vomitng

Hepauc
Elevated LFTs

Periodic ECGs and dectrolytes in patents
with CHF, bradyarrhythmias, clecoraolyte
abnormalicies, concurrent QTc-
prolonging cherapy

Regularly monitor for HR <50 bpen and
blood pressure

Serum glucase

Frequency of diarrhea, nausea, or vomiting;
weight elecrolytes

LFTs monchly; more frequencly wich ele-
vaced ALT or AST

QTc =500 ms, with =2 separate ECGs

QTc prolongation wich torsades de
pointes, polymorphic venoricular tachy-
carda, or sericws arrhychmia

Sympromatic non-lfe-threatening
bradycarda

Significant bradycardia requiring clinical
incervencion or e-threatening brady-
carda in patients also making medication
that can cause bradycardia or

hypovendsion

Life-threatening bradycardia in patients
without concurrent medication that can
cause bradycardia or hypotension

Persiscent BG > 250 mg/dL despite opcimal
management with antibyperglycemics

Symproms persist despite cpcimal man-
agement with antidiarrheals or ante-
mecics or become severe or intolerable

ALT =5 « ULN or AST =5 « ULN and
wotad bilirubin <2 »« ULN

ALT =3 « ULN or AST =5 « ULN and
wotad bilirubin =2 » ULN in absence of
cholestasis or hemolysis

Withhold ceritind uncl QTc <481 ms or
returns o baschne

Resume ceritinib with 150 mg dose
reducton if baseline QTc =481 ms

Disconcinue ceritind indefinicely

Withhold ceritin®d uncll symproms resolve
or HR =60 bpm

Evaluate for concurrent medications that
can cause bradycarda

Adjust dose of ceritindd accordingly

Withhold ceritinid uncll symproms resolve
or HR =60 bpm

Resume cericinib with |50 mg dose
reducton if comcomitant bradycardia-
or hypocension-causing mwedi cation
cannot be adjusted or stopped

Disconcinue ceritind indefinicaly

Withhold ceritinid uncil hyperghycemia is
adequacely comtrolled

Resume ceritinib with |50 mg dose
reducton

Disconcinue cericind if adequate hypergly-
cemia controd cannce be achieved

ithhold ceritind uncdl symproms
improve

Resume ceritinib with | S0 mg dose
reduction

ithhold certin®d uncl AL? and AS?
<3 » ULN or they return to baseline

esume ceritinib with |1 S0 mg dose
reducton

concinue cericind indefinicely

ALT: slarine tramsamirase AST: aspartate tramaminase; BG: blood ghucoae. bpere: beats per minute; OHF: congestive heart failure; ECG alectrocardiogram; HR: heart rate; LFTx lver function teat: QT
corrected QT irterval; LLN upper imit of normal
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Alectinib

Stronger Together

Alectinib

* Main Adverse events:

* Hematological: anemia (20%),

e Vascular: peripheral edema(17%),
* Musculoskeletal: myalgia (16%),

* Hepatic: increased ALT (15%), increas
AST (14%), increased blood
bilirubin(15%)

*  Qastrointestinal: nausea (14%), and
diarrhea (12%).

e Others: gained weight

* The most common grade 3—5 adverse

events were anemia (5%), increased A
(5%), and increased AST (5%)

Table 3. Safety Overview and Adverse Events of Any Grade That Differed by 5 Percentage Points or More in Frequency
between Groups.*

Event Crizotinib (N «151) Alectinib (N «152)
Any Grade Grade 3-5 Any Grade Grade 3-5
number of patients (percent)
Adverse event 146 (97) 76 (50) 147 (97) 63 (41)
Serious adverse event - 44 (29) — 43 (28)
Fatal adverse event} — 7(5) — 5(3)
Adverse event leading to treatment discontinuation 19 (13) 17 (11)
Adverse event leading to dose reduction 31 (21) 24 (16)
Adverse event leading to dose interruption 38 (25) — 29 (19) -
Adverse events that differed by =5 percentage
points in frequency between groups
Nausea 72 (48) 21 (14) 1(1)
Diarrhea 68 (45) 18 (12) 0
Vomiting 58 (38) 11 (7) 0
ALT increased 45 (30) 23 (15) 7(5)
AST increased 37 (25) 21 (14) 8(5)
Blood bilirubin increased 2(1) 23 (15) 3(2)
Weight increased 0 15 (10) 1(1)
y-Glutamyltransferase increased 10 (7) 1(1) 1(1)
[Peripheral edema 42 (28) 1(1) 26 (17) 0
Dizziness 21 (14) 0 12 (8) 0
Dysgeusia 29 (19) 0 4 (3) 0
Visual impairment 18 (12) 0 2 (1) 0
Vision blurred 11 (7) 0 3(2) 0
Photopsia 9 (6) 0 0 0
Myalgia 3(2) 0 24 (16) 0
Musculoskeletal pain 3(2) 0 11 (7) 0
Anemia 7(5) 1(1) 30 (20) 7(5)
Alopecia 11(7) 0 1(1) 0
Photosensitivity reaction 0 0 8 (5) 1(1)

* ALT denotes alanine aminotransferase, and AST aspartate aminotransferase,
1 Two events in the crizotinib group and none in the alectinib group were reported to be related to the trial treatment.



Alectinib

Adverse Events(Grade1,2) Incidence(9¢
Fatigue - 0.25 (0.10, ¢
gastrointestinal disorders \ & 0.22 (0,09, C
Dysgeusia < 0.20 (0.01, ¢
Blood creatine phosphokinase increased _ 0.14 (0.10, ¢
AST increased < 0.14 (0.08,
Blood alkaline phosphatase increased - 0.14 (0.08, ¢
Peripheral cedema > 0.14 (0.09, ¢
Musculoskelaetal pain ——— 0.14 (0.09, C
infection — 0.12 (0.08, ¢
Anaemia - 0.12 (0,04,
Diarrhoaa - 0.11 (0.08, (
ALT increased —— 0.11 (0.07. ¢
Hepatic disorders @ 0.11 (-0.02,
Nausea/vormting —— 0.11 (0.08, «
Headache < 0.10 (0.01_ ¢
genaral —_—— 0.09 (0.05, ¢
Skin toxicities —_— 0.08 (0.05, ¢
Photosensitivity reaction —>— 0.08 (0.04, (
Dizziness . o 0.06 (0,01, ¢
Decreased neutrophil and/or WBC count — 0.05 (0.02, ¢
pulmonary disorders —— 0.05 (0.02, ¢
Visual impairment <> 0.01 (0.00, ¢
Electrocardiogram QT prolonged <> 0.00 (0.00. ¢
1 I 1 1
-.02 05 .1 .39 5

Ann Palliat Med 2020;9(4):1782-1796 |

http://dx.doi.org/10.21037/apm-19-643



Alectinib

Categorizing side effects




Brigatinib

Stronger Together

Brigatinib

Main Adverse events:

Hepatic: grade 3 increased alanine
aminotransferase, pancreatic enzymes
elevation

IDL/Pneumonitis: Cough (39%) , dyspnea
(first week of therapy)

Gastrointestinal: nausea (53%), diarrhea
(41%),
General: fatigue (43%), headache

Cardiovascular;: HTN: check first 2
weeks/then every 4 weeks

Visual disturbance: check with
ophthalmologist. If affect ADL’s , do dose
reduction

Myositis: CPK elevation

CHECK: LFT’S, AMYLASE, LIPASE
AND CPK.

EKG as baseline.

Jdudii e d

Juve

Table 3 AEs observed with brigatinib, alectinib, and ceritinib

Most common
G3-4 AEs

Serious AEs  Discontinuation Dose reduction Treatment-

related deaths

Most common AEs
Brigatinib
Phase I/lI"  Nausea (53%)
Fatigue (43%)
Diarrhea (41%)

Phase Nausea (40%)
Diarrhea (38%)

Cough (34%)

Alectinib

Phasell  Constipation (33%)

global  Fatigue (26%)

Peripheral edema (25%)
Phasell  Constipation (36%)

single  Fatigue (33%)

goup”  Myalga (4%)

Ceritinib

Phase I Diarrhea (86%)
Nausea (81%)
Vomiting (61%)

Phase [1*  Nausea (81%)
Diarrhea (80%)
Vomiting (63%)

T Lipase (9%)
Dyspnea (6%)
Hypertension (5%)

T CPK (8%)

Dyspnea (3%)
Fatigue (1%)
Headache (1%)
T CPK (8%)
TALT (6%)
TAST (5%)

TALT (30%)
Diarrhea (6%)
Hyperglycemia (6%)
na

3

Sudden death
Hypoxia
Unknown cause
nfa

|
Intestinal

perforation
|

Hemorrhage

2

ILD

Ischemic hepatitis
nfa

Abbreviations: AEs, adverse events; ALT, alnine aminotransferase; AST, aspartate aminotransferase; CPK, creatine phospholdnase; ILD, interstitial lung disease; na, not
available; TR, treatment related; G3-4, grades 3-4.



Brigatinib: Categorizing side effects

Gastrointe

stinal

impairment:

1. Diarrhea
2. Nausea
3. Vomit

* Management of diarrhea
* Hold medication if diarrhea is

refractory to
» Reinitiate
reduction

therapy
therapy with drug

Pneumonitis:

* Cough
» Shortness of breath
 FIRST WEEK.

« If patient develop pneumonitis Brigatinib should
be discontinued permanently

Physical symptoms:

1. Hypertension: follc
every 2 weeks for the
months, then every 4

Blood pressure should be
Daily log by patient /caregi
Start patient on BP medicat
Monitor weekly until BP
controlled

EKG as baseline : ma
changes on QTc
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[orlatinib

Lorlatinib
Table 1. Adverse reactions in 210% of all patients or Grade
. >3 adverse reactions in any patient treated with lorlatinib
Main Adverse events: 100 mg once daily
. 1 Pooled lorlatinib 100 mg
Symptoms: peripheral edema, voree g oled loriatinib 100
Welght galn9 p erlpheral neuropathy9 reactions, n (%) All grades
COgIllthe effeCtS, * Hypercholesterolemia® 243 (82.4)
Gastrointestinal: diarrhea -+ Hypertriglyceridemia® 179 (60.7)
.. . Edema® 151 (51.2) n
IDL/ tis: d
pncumonitis. dyspnca * Peripheral neuropathy® 129 (43.7) 7 (2.4) 0 (0.0)
Lipid disorder: * Cognitive effects® 68(23.1) 5(1.7)  0(0.0)
Hypercholesterolemia Fatigue® 68(23.1)  1(03)  0(0.0)
h ertri 1 Ceridemia « Mood effects® 62 (210) 4 (14) 0 (00)
yp gly ) » Weight increase 61 (20.7) 7 (2.4) 0 (0.0)
Serious adverse events (34%): Arthralgia 58(19.7)  0(00)  0(0.0)
pncumeonia, dyspnea, resplratory Diarrhea 52 (17.6) 2 (0.7) 0 (0.0)
failure, cognitive effects, and SriTiiziic L
pyrexia. * Vision disorder® 39 (13.2) 1 (0.3) 0 (0.0)
Speech effects® 28 (9.5) 1(0.3) 0 (0.0)
CHECK LIPID PANEL “Clustered term comprising adverse events that represent similar

clinical symptoms/syndromes.
Based on Common Terminology Criteria for Adverse Events (v4.03).



Lorlatinib: Categorizing side effects

Hyperlipidemia:
Hypercholesterolemia: onset 4
weeks after starting lorlatinib
Treatment:

1. Atorvastatin

2. Rosuvastatin

3. Pitavastatin

Hypertriglyceridemia: onset 4
weeks after starting lorlatinib

Treatment:

1. Omega 3 fatty acid
2. Ezetimibe

3. Phenofibrate

Cognitive effect:

Hallucinations: early onset (days after staring
lorlatinib)

If persist dose hold, rarely needs dose
reduction

Impulse Control: more frequent if history of
CNS radiation therapy.

Avoid high stress (work/personal)
Treatment:
1.Pshychology/psychiatrist therapy

2. If persistent permanent drug reduction

Personality changes: high risk with age and
history of CNS radiation therapy

Treatment:
1. Permanent drug reduction

Mood effect:

Depression/ suicidal ideation:
discuss with patient before starting
therapy, very rare occurrence. There
is not documentation of any suicide
attempt

Euphoria: will be increase on
appetite and weight gain

Does not require dose modification

Recommend patient to exercise and
have a balance diet

Physical symptoms:
Edema/weight gain: months
stating lorlatinib (20% of base
weight)

To decrease edema:

1. Compression stockings

2. Elevated legs above level o
3. Exercise

4. Decrease salt intake

Hold dose for no more than 14
or dose reduction

Peripheral Neuropathy: ons
usually weeks or months after
lorlatinib

Mainly on wrist, joints

Treatment: dose reduction for
14 days
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Management of toxicities from ALK inhibitors

Gastrointestinal toxities: nausea, vomit,
diarrhea (crizotinib/ceritinib)

Elevated LFT’s: transaminase elevation
(crizotinib/ceritinib) and brigatinib
Pulmonary toxicity: crizotinib, ceritinib,
brigatinib and alectinib

Visual toxicity: crizotinib

Neurological toxicity: lorlatinib
Endocrine toxicity: crizotinib

Photosensitivity reactions: brigatinib

Cardiac toxicity: crizotinib, ceritinib and
brigatinib. EKG as baseline.

HTN: brigratinib

Musculoskeletal toxicity: alectinib and
brigatinib

Metabolic toxicity: crizotinib, lorlatinib,

cerinibib (metabolized by P450 3A4
(CYP3A4)

Hypercholesterolemia: lorlatinib
(rosuvastatin/pravastatin)

Hypertriglyceridemia: fibrates
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Bruton tyrosine kinase (BTK) inhibitor

B-cell receptor pathway
has been linked to the
development and
maintenance of B-cell
malignancies

It 1s a protein early 1n this
pathway

B-cell receptor

&

/ \
/ \
—> Cell-fate decisions\

Nucleus
Figure 1.
The B cell receptor signalling pathway controls B-cell fate and function. Reprinted from Aalipour and Advani [2013
with permission from Wiley. BTK, Bruton's tyrosine kinase; IKK, IxB Kinase MAPK. mitogen-activated protein kinase;

NFxB, nuclear factor xB; PI3KS, phosphoinositide 3-kinase; PIP2, phosphatidylinositol 4,5 bisphosphate; PIP3,

phosphatidylinositol 3,4,5 triphosphate; PKC, protein kinase C; PLCy2, phospholipase C y2.
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Bruton tyrosine kinase (BTK) Inhibitor

Ibrutinib

Main adverse events:

Hematological: Hemorrhage, cytopenias, tumor lysis
syndrome

Non Hematological: infections, cardiac arrhythmias,
HTN, second primary malignancy (non skin carcinoma

In patients with B cell malignancy:

Hematological: thrombocytopenia, neutropenia 38 %,
anemia 35%, bruising 32%

Non Hematological:, diarrhea 43.8%, fatigue 39.%,
musculoskeletal pain ,, rash 35%, HTN

Grade 3 or more:

Hematological: neutropenia 20.7 % thrombocytopenia
13.6%

Non hematological: pneumonia 8.2 % and HTN 8%

In patients with BVHD are fatigue, bruising, diarrhea,
thrombocytopenia, muscle spasm, stomatitis, nausea,
hemorrhage, anemia and pneumonia

Monitor for bleeding, infections, cardiac arrhythmias,
HTN, check his CBC once a month.

A <1year

Thrombocytopeni
Atrial fibrillation
Diarrhea

Fatigue

Sepsis

Figure 1. Serial assessment of adverse evenls over
time. (A) Grade =3 AEs by time 1o event onget from first
dose date. The dashed lne denotes a 5% rale; x-axis
maximum i 50%. (B) Frequency of grade =3 AEs by TN
or RR staks.

>1-2 years >2-3 years

L " " "

1 T 1

T T 1

T 1 L
0% 10% 20% 30% 40% 50% 0% 10% 20% 30% 40% 50% 0% 10% 20% 30% 40% 50%

T 1 1 Ll T T 1

B Non-hematologic 25% Hematologic Infectious
R/R ™ RR TN RR TN
100% 7 100% 100%1
80% 1 80% 1 80%1
60% 1 60% 0% 4
40% 1 40% 1 40% 1 =
%9 T o 20%1
= J_V:V_V'
()3 +——r—r—r—r—r T T 0% e 0% —
FEFFIFSIIFFLIES FIL I & $
FEPITEEEFETEFSE g8 dd¢ & ¢
F&y gELETE § & & & &F § &
I R PR &fF  &F D ?
& @ P ¥ ¥y g §
v & v .éo QP \‘:\b &
& N N @b {"L‘
v s
Grade3 [ Graded [ Grades



Ibrutinib

Categorizing side effects

Management:

Hematological impairment:
Hold Ibrutinib
1. Treat neutropenia

Hold dose, recheck a week later.
2. Treat Anemia
3. Treat infections until solved

Non-Hematological
impairment:

1. Treat HTN

2. Any life threatening
arrhythmia should be d/c

3.Treat
diarrhea/dehydration/electrolyte
imbalance (reduce dose)

4. TLS (discontinue)

5. Secondary primary
malignancies (discontinue)
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Bruton tyrosine (BTK)inhibitor

Acalabrutinib

Main Adverse events:

Hematological: anemia 37% and
grade 3 15%, bruise , hemorrhage,
neutropenia 13-48%, grade 3 23%,
thrombocytopenia 33%

Non hematological: Skin rash (9% to
25%), Increased uric acid (15% to
22%), GI disturbances (15-20%), and
grade 3 7%., LFT’s elevation 15-20%,
infection 65% with grade 3 19%.
Muscle pain 32%, respiratory infection
18-33%

Enhance anticoagulant effect. Avoid
PPI’s.

CHECK: EKG as baseline, CBC AND
CMP every 4 weeks, Hemorrhages and
infections

ASCEND: Safety
Acalabrutinib (n = 154} [dR (n=118) BR (n=35)
Most Common AEs, n (%)
Any Grade23 Any Grade23 Any Grade23
Headache 34(2) 1(1) 7(6) 0 0 0
Neutropenia 009 24(1) 53 45) 47(40) 12(34) 11(31)
Diarrhea 28(18) 2() 55(47) 28(24) 5(14) 0
B 1) 1(9) 8(7) 4(11) 3(9)
Cough B(1) 0 18(15) 1) 2(6) 0
Pyrexia 19(1) 1) 21(18) 8(7) 6(17) 109)
Fatigue 15(10) 2(1) 10(3) 0 8(3) 10)
Nausea 1) 0 15(13) 1() 7(0) 0
IRR 0 0 9(8) 2) 8(3) 10)
AEs of clinical interest for acalabrutinib
Atralfibrillation 85) 21) 403) 1() 109) 10)
0l 3 9 3 216 1
Hypertension 5(3) 3(2) 5(4) 1(1) 0 0
SPM (no NMSC) 10(6) 503) 3) 0 103) 109)

0

Ghia. EHA 2019. Abstr LB2606. Slide credit: clinicaloptions.com




Acalabrutinib: Categorizing side effects

Non- Hematological impairment:

1. Gastrointestinal:
1. Diarrhea

2. Infections: Upper and lower respiratory
tract infection

3. Skin rash

4. Headache

5. Hemorrhage
6. Myalgia

7. Fatigue

8. Increase uric acid (check once a
month)

Hematological impairment:

1. Anemia

2. Neutropenia

3. Thrombocytopenia

4. Lymphocytosis

5. Enhance anticoagulants effect

Check first months every 2 weeks
then every 4 weeks

What to do?

1. Treat diarrhea. Reinitiat
same dose.

2. Skin rash: treated with
topical steroids. If infected
topical antibiotics.

3. Bleeding: hold
medication. Reinitiated wi
drug reduction 100 mg by
mouth daily

If grade IV cytopenias
discontinue




Acalabrutinib vs Ibrutinib

Lower Cumulative Incidences of Any Grade Atrial Lower Cumulative Incidences of Any-Grade Bleeding,
Fibrillation/Flutter and HTN With Acalabrutinib Diarrhea, and Arthralgia Events With Acalabrutinib

Afib/Flutter Hypertension . : :
L Bleeding Events Diarrhea Arthralgia
") Acalabruinbbrutii L "1 Acalabrutintbrutin = Acdatnini

e [brutinlp e brutinlp
HR (85% CI): 0.52 (0.32, 0.86) U HR (85% CI): .34 (0.21, 0.54) . ¥ Acalabrutiniblbrutinib — Aty Acalabrutiniblbrutinib — At ) Acalabrutinib:lbrutinib — Acalabrutnib

HR (95% O 063(049,082)  — b HR (95% ) 061 (0.46,080)  — b HR (65% CI) 061 (041,080)  — b
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No. atrisk
Ibrutinib Ibrutinib Ibrutinib
Acalabrutin 266 255 240 231 228 218 206 197 188 183 172 167 142 115 89 58 35 19 & 0  Acalabrutinb 266 246 229 220 216 205 193 164 176 169 157 153 136 114 89 60 M 47 5 0 0 HBIIUININ 0 O BN EBRNBLB1082300 2RI169150131 12010699 0 B2 TT T4 T0 60 51 M 2511 6 2 0 263211102176 168156 148140130120 115111101 84 63 47 29 13 § 0

lortiib 263 241 224 208 199 185 176 166 156 143 136 128 117 % 73 5 3% 16 6 0 [orutin 263 230 203 183 170 163 141 130 120 111 104 98 65 69 48 4 27 16 7 1 0

Cl, confidence interval; HR, hazard rafio. Cl, confidence interval; R, hazard rafo.
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ELEVATE CLL R/R: Phase 3 Randomized Non-inferiority Open-Label Trial




Bruton tyrosine (BTK) inhibitor
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Stronger Together

IDH inhibitor

Mutations in 1socitrate
dehydrogenase genes (IDH]1
and IDH2)

The IDH family of enzymes
comprises three proteins
located 1n the cytoplasm and
peroxysomes (IDH1) and
mitochondria (IDH2 and
IDH3), which are involved in
a number of cellular
processes.

30% Acute Myeloid
leukemia (AML)

IDH Mutations as a Target in AML

* Isocitrate dehydrogenase (IDH) is a critical
enzyme of the citric acid cycle

* [DH mutations occur in a spectrum of solid and
hematologic tumors®

* IDH1 mutations in AML were significantly

mutations®
v IDH1,,,: 6-10% AML, 3% MDS; IDH2,,,: 8-13%
AML, 3-6% MDS

: : —
* IDH1/2 mutations confer a gain-of-function: |8
production of 2-hydroxyghutarate (2:-HG)" 5

+ 2:-HG drives multiple oncogenic processes:
=« Increased histone and DNA methylation
«Impaired cellular differentiation

* Clinical proof of concept established in

hematologic cancers:
AG-221, IDH2,,.,
- AG-120, IDM1,,, inhibitor

a, Based on literature analysis, Estimates will continue to evolve with future data,
b. Chou WC, et al, Blood 2010;115:2749-2754; ¢, Dang L, et al, Nature 2009;462:739-44,




lvosidenib

Stronger Together

Ivosidenib
IDH-1 INHIBITOR
Main Adverse events are:

Hematological:
Differentiation syndrome: steroids (3 days minimum),non

infectious leukocytosis(tx with hydroxyurea/leukapheresis)

Non Hematological: prolonged QTc (monitor
electrolytes),Guillain-Barre Syndrome(d/c)

Grade >3 Adverse events ( >5 percent )

Difterentiation syndrome (DS); which can be fatal if not
treated promptly) (dyspnea, fever, peripheral edema,
hypotension, weight gain, pleuro- perlcardlal effusmn
acute renal failure, musculoskeletal pain, and
hyperbilirubinemia)

Prolonged QTc interval, and fatigue; and Guillain-Barré
syndrome .

CHECK : EKG, CBC,CMP( electrolytes, LFT’s, glucose,
calcium), magnesium, phosphorus, uric acid.

(@

Diarthea
Leukocylosis
Febrile neutropenia
Nausea

Faligue

Dyspnea

QT interval prolongation
Peripheral edema
Anemia

Pyrexia

Cough

0 10 2 30 40
Proportion of patients (%)

Fig.1 Tolerability of ivosidenib in the treatment of /D] mutation-
positive relapsed or refractory acute myeloid leukemia in the safety
population of 179 patients receiving a starting dosage of 500 mg once

(b)

QT interval prolongation

IDH differentiation
syndrome

Anemia
Thrombocylopenia
Leukocylosis

Dacreased platelet count
Hypoxia

Febrile neutropenia

Diarrhea

10

Proportion of patients (%)

daily in the phase | trial [21]: & treatment-cmergent adverse events
reported in 2 20% of patients; b grade 34 treatment-related adverse
events as assessed by the investigator. IDH isocitrate dehydrogenase



lvosidenib

Categorizing side effects

Non hematological impairment:

Non Hematological impairment: Hematological impairment:

AML monotherapy:

AML combination: Ivosidenib +
azacitidine




Stronger Together
IDH?2 inhibitor

isocitrate dehydrogenase-2
inhibitor (IDH2) inhibitor
Spur the synthesis of 2-HG, a
metabolite that prevents \

myeloid cells from "N e
differentiating and drives the .sol.m
development of the cancer

NADP+
Occur in up to 19% of patients + oy KPH .
W]th AML .w.“.“._’v ... e
( *Increased histone methylation
[Dm mut § -+ Increased DNA methylation

Older patients
« Impaired cell differentiation

IDH2 are more common than
IDH1 mutations

Detected by molecular profiling

NADP+

2HG Inhibition of
a KGAependent
action




Stronger Together

IDH?2 inhibitor

Enadisenib Tablo 2.

Treatment-related TEAES of grades 3 or 4 occurring in 22% of all patients

nasideni mgperday(n=1 Il patients (N = 230)
Adverse events: Ml :
o . Ne. % Ne. %
Hematological: non infectious — 3 8 ]
- Hyperbilirubinemia® 1 29 2
leukocytosis |
IDH differentistion syndromet n 7 15 6
Non Hematological: - 7 - 5
Gastrointestinal: nausea, diarrhea, I : : - :
vomiting, elevated bilirubin (greater — 5 , e
than 3 times)and decreased on appetite
Decreased appetite 3 2 6
Grade >3 adverse reactions in >5 - 2 | 6
percent of patients include diarrhea, - 2 6
. . . atigue 1
nausea, and Differentiation Syndrome
(DS) 7% (which can be fatal if not : | ; :
treated promptIY). Lipase increased 2 1 5 2

A treatment-related TEAE was defined as any event that began or worsened on or after the start of enasidenib use until 28 days after the last dose and was considered

by the treating physician to be possibly or probably related to enasidenib. TEAES were coded by using the Medical Dictionary for Regulatory Activities, version 16.0.

C I I EC I< . CBC CMP LFT ’s * Includes the preferred terms “hyperbilirubinemia” and “blood bilirubin increased”
° M M

t Preferred term is “retinoic acid syndrome.’

https://doi.org/10.1182/blood-2017-04-779405
O



Enasidenib: Categorizing side effects

Non Hematological impairment:
Gastrointestinal impairment:
Diarrhea, nausea, vomiting
Decreased appetite
Differentiation Syndrome:

Treatment with systemic
corticosteroids. Hold enasidenib if
severe pulmonary/renal impairment

Resume when signs/symptoms
improve to grade 2 or lower

Hematological impairment:
Non infectious leukocytosis:

Treatment with hydroxyurea.
HOLD enasidenib if there is not
improvement with tx. Resume
when WBC is less than 30 x
10(9)/L

Changes in labs:

Leukocytosis (CBC every 2 weeks for
the first 3 months)

Hypokalemia: treated

- Elevated bilirubin greater than 3 times

the ULN( 2 weeks), Normal
transaminases: Dose reduction to 50

mg po daily
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To Take Home

= ALK inhibitor: once a month visit with CBC, CMP,
lipid panel (lorlatinib), EKG baseline (Brigatinib)

= BTK inhibitor:EKG as baseline, CBC AND CMP
every 4 weeks, Hemorrhages and infections (mainly
pneumonia)

= [DHI1/IDH2 inhibitor:: EKG, CBC,CMP( electrolytes,
LFT’s, glucose, calcium), magnesium (IDH]1),
phosphorus(IDH1), uric acid (IDHI1).

= DS (which can be fatal if not treated promptly).

= (Close monitoring 1s very important
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