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VENCLEXTA + GAZYVA® (obinutuzumab) DELIVERS
CHEMO-FREE TREATMENT WITH THE

STRENGTH" TO STOP'

AFTER 12 MONTHS IN 1L CLL’

*CLL14 was a randomized (1:1), multicenter, actively controlled, open-label phase 3 study that evaluated the efficacy and safety of VEN+G
versus GClb for previously untreated CLL in 432 patients with coexisting medical conditions (total Cumulative lliness Rating Scale [CIRS]
score >6 or creatinine clearance <70 mL/min). The primary endpoint was IRC-assessed PFS. VEN+G significantly reduced the risk of death
or progression by 67% vs GAZYVA + chlorambucil (HR=0.33; 95% CI: 0.22-0.51 [P<0.0001]). After a median follow-up of 28 months

(range: 0.1-36 months), median PFS was not reached in either arm.

fThe VEN+G regimen is designed to be completed after 12 months (twelve 28-day treatment cycles): GAZYVA is administered in Cycles 1-6,
and VENCLEXTA is taken orally 400 mg/day from Cycle 3, Day 1, after the first cycle of GAZYVA and the 5-week VENCLEXTA dose ramp-up.

OFFER YOUR 1L CLL PATIENTS A CHANCETO
LOOK FORWARD TO A TREATMENT-FREE PERIOD

1L=first line; CLL=chronic lymphocytic leukemia; VEN+G=VENCLEXTA + GAZYVA; GClb=GAZYVA + chlorambucil; IRC=independent review committee;

PFS=progression-free survival; HR=hazard ratio; Cl=confidence interval.

LEARN MORE AT VENCLEXTAHCP.COM

Indication and Important Safety Information

Indication

* VENCLEXTA is indicated for the treatment of adult patients with chronic
lymphocytic leukemia (CLL) or small lymphocytic lymphoma (SLL).

Important Safety Information

Contraindication

* Concomitant use of VENCLEXTA with strong CYP3A inhibitors at initiation
and during ramp-up phase is contraindicated in patients with CLL/SLL
due to the potential for increased risk of tumor lysis syndrome (TLS).

Tumor Lysis Syndrome

* Tumor lysis syndrome, including fatal events and renal failure requiring
dialysis, has occurred in patients with high tumor burden when treated
with VENCLEXTA.

® In patients with CLL who followed the current (5 week) dose ramp-up and
the TLS prophylaxis and monitoring measures, the rate of TLS was 2% in
the VENCLEXTA CLL monotherapy studies. The rate of TLS remained
consistent with VENCLEXTA in combination with obinutuzumab or
rituximab. With a 2- to 3-week dose ramp-up and higher starting dose in
patients with CLL/SLL, the TLS rate was 13% and included deaths and
renal failure.

VENCLEXTA poses a risk for TLS at initiation and during the ramp-up
phase. Changes in blood chemistries consistent with TLS that require
prompt management can occur as early as 6 to 8 hours following the first
dose of VENCLEXTA and at each dose increase.

Patients should be assessed for TLS risk, including evaluation of tumor
burden and comorbidities, and should receive appropriate prophylaxis for
TLS, including hydration and anti-hyperuricemics. Reduced renal function
further increases the risk. Monitor blood chemistries and manage
abnormalities prompitly. Interrupt dosing if needed. Employ more
intensive measures (IV hydration, frequent monitoring, hospitalization) as
overall risk increases.

Concomitant use of VENCLEXTA with P-gp inhibitors or strong or
moderate CYP3A inhibitors may increase the risk of TLS at initiation and
during the ramp-up phase, and requires dose adjustment due to
increases in VENCLEXTA exposure.

aobbvie | Genentech

A Member of the Roche Group

Neutropenia

® In patients with CLL, Grade 3 or 4 neutropenia developed in 63% to 64%
of patients and Grade 4 neutropenia developed in 31% to 33% of
patients treated with VENCLEXTA in combination and monotherapy
studies. Febrile neutropenia occurred in 4% to 6% of patients treated with
VENCLEXTA in combination and monotherapy studies.

* Monitor complete blood counts throughout the treatment period.
Interrupt dosing or reduce dose for severe neutropenia. Consider
supportive measures including antimicrobials for signs of infection and
use of growth factors (e.g., G-CSF).

Infections

* Fatal and serious infections such as pneumonia and sepsis have occurred
in patients treated with VENCLEXTA. Monitor patients closely for signs
and symptoms of infection and treat promptly. Withhold VENCLEXTA for
Grade 3 and higher infection.

Immunization

* Do not administer live attenuated vaccines prior to, during, or after
treatment with VENCLEXTA until B-cell recovery occurs. Advise patients
that vaccinations may be less effective.

Embryo-Fetal Toxicity

* VENCLEXTA may cause embryo-fetal harm when administered to a
pregnant woman. Advise females of reproductive potential to avoid
pregnancy during treatment.

Increased Mortality in Patients with Multiple Myeloma when

VENCLEXTA is Added to Bortezomib and Dexamethasone

* In a randomized trial (BELLINI; NCT02755597) in patients with relapsed or
refractory multiple myeloma, the addition of VENCLEXTA to bortezomib
plus dexamethasone, a use for which VENCLEXTA is not indicated,
resulted in increased mortality. Treatment of patients with multiple
myeloma with VENCLEXTA in combination with bortezomib plus
dexamethasone is not recommended outside of controlled clinical trials.

Distributed and marketed by AbbVie Inc., 1 North Waukegan Road, North Chicago, IL 60064
Marketed by Genentech USA, Inc., 1 DNA Way, South San Francisco, CA 94080-4990
©2020 AbbVie Inc. and Genentech USA, Inc.
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DURABLE PROGRESSION-FREE SURVIVAL'?

After a median follow-up of 28 months (range: 0.1-36 months)':
* Median PFS was not reached in either arm

® There were 29 events (14 progression and 15 death events) in the
VEN+G arm compared with 79 in the GClb arm (71 progression and
8 death events)*

VEN+G reduced the risk of progression
or death by 67% vs GClb (HR=0.33;

95% Cl: 0.22-0.51 [P<0.0001])

risk reduction IRC-assessed PFS (primary endpoint)'

*Number of events based on earliest event of disease progression or death due to any cause. Events due to progression may include deaths occurring post-progression.

RATES OF RESPONSE AND UNDETECTABLE MRD (uMRD)’$

Select secondary endpoints®

INV-assessed response rates for VEN+G vs GClb, respectively’*!
o CR+CRi: 50% (n=107/216) vs 23% (n=50/216)"

uMRD rates in ITT population
* Undetectable MRD in peripheral blood (ITT population) was 76% (n=163/216) in VEN+G patients (5% Cl: 69-81), compared with 35% (n=76/216) in
GClb patients (95% Cl: 29-42)%

— In patients with CR, the rate of undetectable MRD in peripheral blood was 87% (n=87/100) for VEN+G (95% Cl: 79-93) and 62% (n=29/47) for
GClb (95% Cl: 46-75)*

Rates of uMRD in peripheral blood in evaluable patients

# Undetectable MRD in peripheral blood of evaluable VEN+G patients was 87% (n=163/187) compared with 42% (n=76/182) in the GClb arm*

* The population with evaluable results (n=369) excludes results missing due to progressive disease, withdrawal (including withdrawal due to
toxicity), deaths, unknown MRD status, and other missing samples or assessments. Not prespecified or tested for statistical significance*>

— In a post hoc analysis of patients who had achieved uMRD with VEN+G, INV-assessed PFS rate 24 months after treatment completion was
92% (95% Cl: 88-97) compared with 56% (95% Cl: 37-75) in VEN+G patients with MRD positivity?***

SuMRD was evaluated using ASO-PCR 3 months after treatment ended and was defined as having achieved <1 CLL cell per 10,000 leukocytes."
I Assessed 3 months after treatment completion. Per the 2008 iwCLL guidelines.™*

1P<0.0001.

#P=0.0005.

**PFS was assessed in evaluable patients who achieved uMRD in peripheral blood 3 months after treatment completion.?**

MRD=minimal residual disease; INV=investigator; CR=complete remission; CRi=complete remission with incomplete hematologic recovery; ITT=intent to treat;
ASO-PCR=allele-specific-oligonucleotide polymerase chain reaction; iwCLL=International Workshop on Chronic Lymphocytic Leukemia.

Adverse Reactions

* In patients with CLL receiving combination therapy with obinutuzumab,
serious adverse reactions were most often due to febrile neutropenia and
pneumonia (5% each). The most common adverse reactions (>20%) of
any grade were neutropenia (60%), diarrhea (28%), and fatigue (21%).

¢ In patients with CLL receiving combination therapy with rituximab,
the most frequent serious adverse reaction (>5%) was pneumonia (9%).
The most common adverse reactions (>20%) of any grade were
neutropenia (65%), diarrhea (40%), upper respiratory tract infection (39%),
fatigue (22%), and nausea (21%).

® In patients with CLL/SLL receiving monotherapy, the most frequent
serious adverse reactions (25%) were pneumonia (9%), febrile neutropenia
(5%), and sepsis (5%). The most common adverse reactions (=20%) of
any grade were neutropenia (50%), diarrhea (43%), nausea (42%),
upper respiratory tract infection (36%), anemia (33%), fatigue (32%),
thrombocytopenia (29%), musculoskeletal pain (29%), edema (22%),
and cough (22%).

Drug Interactions

e Concomitant use with a P-gp inhibitor or a strong or moderate CYP3A
inhibitor increases VENCLEXTA exposure, which may increase
VENCLEXTA toxicities, including the risk of TLS. Adjust VENCLEXTA
dosage and closely monitor patients for signs of VENCLEXTA toxicities.
Resume the VENCLEXTA dosage that was used prior to concomitant use
of a P-gp inhibitor or a strong or moderate CYP3A inhibitor 2 to 3 days
after discontinuation of the inhibitor.

e Patients should avoid grapefruit products, Seville oranges, and starfruit
during treatment as they contain inhibitors of CYP3A.

* Avoid concomitant use of strong or moderate CYP3A inducers.

* Avoid concomitant use of VENCLEXTA with a P-gp substrate. If
concomitant use is unavoidable, separate dosing of the P-gp substrate
at least 6 hours before VENCLEXTA.

* Monitor international normalized ratio (INR) closely in patients
receiving warfarin.

VENCLEXTA® is a registered trademark of AbbVie Inc.
GAZYVA® is a registered trademark of Genentech, Inc.

US-VENC-200072/June 2020  Printed in USA

Lactation

® Advise nursing women to discontinue breastfeeding during treatment
with VENCLEXTA.

Females and Males of Reproductive Potential

* Advise females of reEroductive potential to use effective contraception
during treatment with VENCLEXTA and for at least 30 days after the
last dose.

* Based on findings in animals, male fertility may be compromised by
treatment with VENCLEXTA.

Hepatic Impairment

* Reduce the dose of VENCLEXTA for patients with severe hepatic
impairment (Child-Pugh C); monitor these patients more closely for
signs of toxicity. No dose adjustment is recommended for patients with
mild (Child-Pugh A) or moderate (Child-Pugh B) hepatic impairment.

Please see Brief Summary of full Prescribing Information
on the following pages.

References: 1. VENCLEXTA Prescribing Information. 2. Data on file, AbbVie Inc.
ABVRRTI69785. 3. Fischer K, Al-Sawaf O, Bahlo J, et al. Venetoclax and obinutuzumab
in patients with CLL and coexisting conditions. N Engl J Med. 2019,380(23):2225-2236
(suppl appendix). 4. Data on file, AbbVie Inc. ABVRRTI69608. 5. Fischer K, Al-Sawaf
O, Bahlo J, et al. Venetoclax and obinutuzumab in patients with CLL and coexisting
conditions. N Engl J Med. 2019;380(23):2225-2236.

@ VENCLEXTA

venetoclax tablets 1omg, somg, 100mg
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VENGLEXTA® (venetoclax tablets)

PROFESSIONAL BRIEF SUMMARY
CONSULT PACKAGE INSERT FOR FULL PRESCRIBING INFORMATION

INDICATIONS AND USAGE

Chronic Lymphocytic Leukemia/Small Lymphocytic Lymphoma
VENCLEXTA is indicated for the treatment of adult patients with chronic
lymphocytic leukemia (CLL) or small lymphocytic lymphoma (SLL).

Acute Myeloid Leukemia

VENCLEXTA is indicated in combination with azacitidine, or decitabine, or
low-dose cytarabine for the treatment of newly-diagnosed acute myeloid
leukemia (AML) in adults who are age 75 years or older, or who have
comorbidities that preclude use of intensive induction chemotherapy.
This indication is approved under accelerated approval based on response
rates. Continued approval for this indication may be contingent upon
verification and description of clinical benefit in confirmatory trials.
CONTRAINDICATIONS

Concomitant use of VENCLEXTA with strong CYP3A inhibitors at initiation
and during the ramp-up phase is contraindicated in patients with
CLL/SLL due to the potential for increased risk of tumor lysis syndrome
[see Drug Interactions].

WARNINGS AND PRECAUTIONS

Tumor Lysis Syndrome

Tumor lysis syndrome (TLS), including fatal events and renal failure
requiring dialysis, has occurred in patients with high tumor burden when
treated with VENCLEXTA [see Adverse Reactions].

In patients with CLL who followed the current (5 week) dose ramp-up

and the TLS prophylaxis and monitoring measures, the rate of TLS

was 2% in the VENCLEXTA CLL monotherapy studies. The rate of TLS
remained consistent with VENCLEXTA in combination with obinutuzumab
or rituximab. With a 2 to 3 week dose ramp-up and higher starting dose
in patients with CLL/SLL, the TLS rate was 13% and included deaths and
renal failure [see Adverse Reactions].

VENCLEXTA can cause rapid reduction in tumor and thus poses a risk

for TLS at initiation and during the ramp-up phase. Changes in blood
chemistries consistent with TLS that require prompt management can
occur as early as 6 to 8 hours following the first dose of VENCLEXTA and
at each dose increase.

The risk of TLS is a continuum based on multiple factors, including tumor
burden and comorbidities. Reduced renal function further increases the
risk. Patients should be assessed for risk and should receive appropriate
prophylaxis for TLS, including hydration and anti-hyperuricemics. Monitor
blood chemistries and manage abnormalities promptly. Interrupt dosing if
needed. Employ more intensive measures (intravenous hydration, frequent
monitoring, hospitalization) as overall risk increases [see Use in Specific
Populations].

Concomitant use of VENCLEXTA with P-gp inhibitors or strong or moderate
CYP3A inhibitors increases venetoclax exposure, may increase the risk of
TLS at initiation and during ramp-up phase and requires VENCLEXTA dose
adjustment [see Drug Interactions].

Neutropenia

In patients with CLL, Grade 3 or 4 neutropenia developed in 63% to 64%
of patients and Grade 4 neutropenia developed in 31% to 33% of patients
treated with VENCLEXTA in combination and monotherapy studies (see
Tables 2, 4, 6). Febrile neutropenia occurred in 4% to 6% of patients
treated with VENCLEXTA in combination and monotherapy studies [see
Adverse Reactions].

In patients with AML, baseline neutrophil counts worsened in 97% to
10()% of patients treated with VENCLEXTA in combination with azacitidine
or decitabine or low-dose cy Neutropenia can recur with
subsequent cycles of 1herapy

Monitor complete blood counts ghout the period. Interrupt
dosing or reduce dose for severe neutropenia. Consider supportive
measures including antimicrobials for signs of infection and use of growth
factors (e.g., G-CSF).

Infections

Fatal and serious infections such as pneumonia and sepsis have occurred
in patients treated with VENCLEXTA [see Adverse Reactions]. Monitor
patients closely for signs and symptoms of infection and treat promptly.
Withhold VENCLEXTA for Grade 3 and higher infection.

Immunization

Do not administer live attenuated vaccines prior to, during, or after
treatment with VENCLEXTA until B-cell recovery occurs. The safety

and efficacy of immunization with live attenuated vaccines during or
following VENCLEXTA therapy have not been studied. Advise patients that
vaccinations may be less effective.

Embryo-Fetal Toxicity

Based on its mechanism of action and findings in animals, VENCLEXTA
may cause embryo-fetal harm when administered to a pregnant woman.
In an embryo-fetal study conducted in mice, administration of venetoclax
to pregnant animals at exposures equuvalent to that observed in panems at

compared with rates of clinical trials of another drug and may not reflect
the rates observed in practice.

Chronic Lymphocytic Leukemia/Small Lymphocytic Lymphoma

CLL14

The safety of VENCLEXTA in combination with obinutuzumab (VEN+G)
versus obinutuzumab in combination with chlorambucil (GCIb) was
evaluated in a randomized, open-label, actively controlled trial in patients
with previously untreated CLL.

Patients randomized to the VEN+G arm were treated with VENCLEXTA
and obinutuzumab in combination for six cycles, then with VENCLEXTA as
monotherapy for an additional six cycles. Patients initiated the first dose
of the 5-week ramp-up for VENCLEXTA on Day 22 of Cycle 1 and once
completed, continued VENCLEXTA 400 mg once daily for a total of 12
cycles. The trial required a total Cumulative lliness Rating Scale (CIRS)

>6 or CLer <70 mL/min, hepatic transaminases and total bilirubin

<2 times upper limit of normal, and excluded patients with any individual
organ/system impairment score of 4 by CIRS except eye, ear, nose, and
throat organ system.

Atotal of 426 patients were treated (212 with VEN+G, 214 with GClb). The
median duration of exposure to VENCLEXTA was 10.5 months (range: 0 to
13.5 months). The median number of cycles was 6 for obinutuzumab and
12 for chlorambucil.

In the VEN+G arm, fatal adverse reactions that occurred in the absence
of disease progression and with onset within 28 days of the last study
treatment were reported in 2% (4/212) of patients, most often from
infection. Serious adverse reactions were reported in 49% of patients in
the VEN+G arm, most often due to febrile neutropenia and pneumonia
(5% each).

In the VEN+G arm, adverse reactions led to i

16% of patients, dose reduction in 21%, and dose interruption in 74% |n
the VEN+G arm, neutropenia led to dose interruption of VENCLEXTA in 41%
of patients, reduction in 13%, and discontinuation in 2%.

Grade 4 laboratory abnormalities developing in >2% of patients treated
with VEN+G include neutropenia (32%) leukopenia and lymphopenia

(10%), (8%), (8%), hyperuncemua (7%),
blood creatinine increased (3/n), ypi (3%), and h

%).
MURANO

The safety of VENCLEXTA in combination with rituximab (VEN+R) versus
bendamustine in combination with rituximab (B+R), was evaluated in an
open-label randomized study, in patients with CLL who had received at
least one prior therapy.

Patients randomized to VEN+R completed the scheduled ramp-up

(5 weeks) and received VENCLEXTA 400 mg once daily in combination
with rituximab for 6 cycles followed by single agent VENCLEXTA for a total
of 24 months after ramp-up. Patients randomized to B+R received 6 cycles
(28 days per cycle) for a total of 6 months.

At the time of analysis, the median duration of exposure was 22 months in
the VEN+R arm compared with 6 months in the B+R arm.

In the VEN+R arm, fatal adverse reactions that occurred in the absence of
disease progression and within 30 days of the last VENCLEXTA treatment
and/or 90 days of last rituximab were reported in 2% (4/194) of patients.
Serious adverse reactions were reported in 46% of patients in the VEN+R
arm, with most frequent (>5%) being pneumonia (9%).

In the VEN+R arm, adverse reactions led to treatment discontinuation in
16% of patients, dose reduction in 15%, and dose interruption in 71%.

In the B+R arm, adverse reactions led to treatment discontinuation in
10% of patients, dose reduction in 15%, and dose interruption in 40%.

In the VEN+R arm, neutropenia led to dose interruption of VENCLEXTA in
46% of patients and discontinuation in 3%, and thrombocytopenia led to
discontinuation in 3% of patients.

Table 3 presents adverse reactions identified in the MURANO trial.

Table 3. Common (>10%) Adverse Reactions in Patients Treated

with VEN+R

Table 1 and Table 2 present adverse reactions and laboratory
abnormalities identified in the CLL14 trial, respectively. The most common VENCLEXTA +
(>15%) adverse reactions observed with VEN+G were neutropenia, Rituximab
diarrhea, fatigue, nausea, anemia, and upper respiratory tract infection. ) Followed by Single _
Table 1. Common (210%) Adverse Reactions in Patients Treated Adverse Reaction by vERSRn Bendamustire +
i m
with VEN+G oay Systel (N=194) (N=188)
VENCLEXTA + Obinutuzumab + Al Grades | Grade >3 | All Grades | Grade >3
. Obinutuzumab Chlorambucil (%) (%) (%) (%)
Adverse Reaction by (N=212) (N=214)
Body System BI lymphati disord
et All Grades | Grade >3 | All Grades | Grade >3 ood and ‘ymp alic system disorders
% % % % Neutropenia® 65 62 50 44
Blood and lymphatic system disorders Anemia® 16 " 23 14
Neutropenia® 60 56 62 52 Gastrointestinal disorders
Anemia® 17 8 20 7 Diarrhea 40 3 17 1
Gastrointestinal disorders Nausea 21 1 34 1
Diarrhea 28 4 15 1 Constipation 14 <1 21 0
Nausea 19 0 22 1 Infections and infestations
Constipation 13 0 9 0 Upper respiratory
- .p fract infection? 39 2 2 2
Vomiting 10 1 8 1 T -~
ower respirato
General disorders and administration site conditions ract infec?iluna " 18 2 10 2
Fatigue? [ 2 [ 2 | &8 | 1 Preumonia® 10 7 14 10
Infections and infestations General disorders and administration site conditions
Upper respiratory igue? 22 2 26 1
tract infection® | 7 ! | 7 | ! Faligue - - | | | <
- " “Includes multiple adverse reaction terms.
#ncludes multiple adverse reaction terms.

Other clinically important adverse reactions (all Grades) reported in <10%
of patients treated with VEN+G are presented below:

Blood and lymphatic system disorders: febrile neutropenia (6%)
Infection and infestations (all include multiple adverse reaction terms):
pneumonia (9%), urinary tract infection (6%), sepsis (4%)

Metabolism and nutrition disorder: tumor lysis syndrome (1%)

During treatment with single agent VENCLEXTA after completion of VEN+G
combination treatment, the most common all grade adverse reaction
(>10% patients) reported was neutropenia (26%). The most common
grade >3 adverse reactions (>2% patients) were neutropenia (23%), and
anemia (2%).

Table 2. New or Worsening Clinically Important Laboratory
Abnormalities Occurring at >10% in Patients Treated with VEN+G

a dose of 400 mg daily resulted in post-implantation loss and d
fetal weight. There are no adequate and well-controlled studies in
pregnant women using VENCLEXTA. Advise females of reproductive
potential to avoid pregnancy during treatment. If VENCLEXTA is used
during pregnancy or if the patient becomes pregnant while taking
VENCLEXTA, the patient should be apprised of the potential hazard to the
fetus [see Use in Specific Populations].

Increased Mortality in Patients with Multiple Myeloma when
VENCLEXTA is Added to Bortezomib and Dexamethasone

In a randomized trial (BELLINI; NCT02755597) in patients with relapsed

or refractory multiple myeloma, the addition of VENCLEXTA to bortezomib
plus dexamethasone, a use for which VENCLEXTA is not indicated, resulted
in increased mortality. Treatment of patients with multiple myeloma with
VENCLEXTA in combination with bortezomib plus dexamethasone is not
recommended outside of controlled clinical trials.

ADVERSE REACTIONS

Other clinically important adverse reactions (all grades) reported in <10%
of patients treated with VEN+R are presented below:

Blood and lymphatic system disorders: febrile neutropenia (4%)
Gastrointestinal disorders: vomiting (8%)

Infections and infestations: sepsis (<1%)

M ism and nutrition di tumor lysis sy (3%)

During treatment with single agent VENCLEXTA after completion of VEN+R
combination treatment, the most common all grade adverse reactions
(>10% patients) reported were upper respiratory tract infection (21%),
diarrhea (19%), neutropenia (16%), and lower respiratory tract infections
(11%). The most common Grade 3 or 4 adverse reactions (>2% patients)
were neutropenia (12%) and anemia (3%).

Table 4 describes common treatment-emergent laboratory abi
identified in the MURANO triaI

lities

The following clinically significant adverse reactions are di
greater detail in other sections of the labeling:

o Tumor Lysis Syndrome [see Warnings and Precautions]
 Neutropenia [see Warnings and Precautions]

o Infections [see Warnings and Precautions]

Clinical Trials Experience

Because clinical trials are conducted under widely variable conditions,
adverse event rates observed in clinical trials of a drug cannot be directly

VENCLEXTA + Obinutuzumab + Table 4. New or W i Import y
Obinutuzumab Chlorambucil Abnormalities Occurring at >10% (AII Grades) |n Patients Treated
L (N=212) (N=214) with VEN+R
Abrormality Al | Grade3 | Al | Grade3 VENCLEXTA + Bendamustine +
Grades ord Grades ord Rituximab Rituximab
(%) (%) (%) (%) (N =194) (N =188)
Hematology proie 8 Al [ Grade3 | Al | Grade3
Leukopenia 90 46 89 “ Grades® or4 Grades® or4
Lymphopenia 87 57 87 51 () (%) (%) (%)
Neutropenia 83 63 79 56 Hematology
Thrombocytopenia 68 28 71 26 Leukopenia 89 46 81 35
Anemia 53 15 46 11 Lymphopenia 87 56 79 55
din Chemistry _ Neutropenia 86 64 84 59
mggedaggzaﬂnme 80 6 74 2 Alnemi.:a . 50 12 63 15
Hypocalcemia 67 9 58 4 Thr T ) 15 60 2
Hyperkalemia 4 4 35 3 J
Hyperuricemia 38 38 38 38 Blood creatinine 7 <1 78 1
ancludes laboratory abnormalities that were new or worsening, or with "
worsening from baseline unknown. Hypocalcemia 62 5 51 2




Table 6. New or Worsening Laboratory Abnormalities with VENCLEXTA

Serious adverse reactions were reported in 85% of patients. The most

V%’:ﬂ;&ﬁ‘l\: Benr;ii?:;?l:‘gge * Monotherapy (>40% All Grades or >10% Grade 3 or 4) frequent serious adverse reactions (>5%) were febrile neutropenia, sepsis
- - ing fungal), ing fungal), diarrhea, fatigue,
L y W= 114) (= 1?) VENCLEXTA cellulitis, and localized infection.
Abnormality Al rade3 | Al rade 3 Laborato I (N =352) One (8%) fatal adverse drug reaction of bacteremia occurred within 30
ool Il - ol I " Y i Grates Grade3ord | | daysof starting treatment.
o o (%) (%) Discontinuations due to adverse reactions occurred in 38% of patients. The
Hyperuricemia 36 36 33 33 Hematology most frequent adverse reaction leading to drug discontinuation (25%) was
Hyperkalemia 24 3 19 2 Leukopeni 89 42 (excll_Jdmg fungal).
— - - eukopenia Dosage i ptions due to adverse reactions occurred in 62% of patients.
*Includes laboratory abnormalities that were new or worsening, or with Neutropenia 87 63 The most frequent adverse reactions leading to dose interruption (>5%)
worsening from baseline unknown. 1 - 74 10 were febrile penia, penia, and fungal).
- Dosage due to adverse reactions occurred in 15% of patients.
Evﬁr?slé’\‘li%olrs;?ﬁ:bnormalltles (dss%v;zl)oplng in >2% o(f&a}:nts treated Anemia n 2% The most frequent adverse reaction leading to dose reduction (=5%) was
(6%), thr ia (6 7) ia (4%), N (2%), Thrombocytopenia 64 Kil neutropenia.
vp i (5%{ and hyper ac ia (2%). Chemistry Adv%rse reactions reported in patients with newly-diagnosed AML using
Monotherapy Studies (M13-982, M14-032, and M12-175) Hypocalcemla &7 m ¥1E¥all_IEX7TA in combination with azacitidine or decitabine are presented
The safety of single agent VENCLEXTA at the 400 mg daily m . " .
dose following a dose ramp-up schedule is based on pooled data from e Liale bl 67 i Ig;’{!e é Ihdvggse ?:a"’.""'t‘s R_e‘;')lomcli- !I'.1 23'0:1“ (A{L(Vgﬂgﬂz% A
three single-arm trials (M 13-982, M14-032, and M12-175). In the pooled Hyperkalemia 59 5 Eomgin’a"ﬁ:n-w)“‘,’l Aaiding or Decitache - n
dataset, consisting of 352 patients with previously treated CLL or SLL, the AST increased 53 3
median age was 66 years (range: 28 to 85 years), 93% were white, and —— VENCLEXTA in VENCLEXTA in
68% were male. The median number of prior therapies was 3 (range: 0 to Hypoalbuminemia 49 2 cﬂmbﬁ,amn \,:,“h CDmhi[imlion ,,I,“h
15). The median duration of treatment with VENCLEXTA at the time of data Hypophosphatemia 45 1 Azacitidine Decitahine
analysis was 14.5 months (range: 0 to 50 months). Fifty-two percent of m tremi m ) Adverse Reaction by (N=67) (N=13)
patients received VENCLEXTA for more than 60 weeks. yponatremia Body System = =
Fatal adverse reactions that occurred in the absence of disease “Includes laboratory abnormalities that were new or worsening, or
progression and within 30 days of venetoclax treatment were reported in worsening from baseline unknown. Al ((inzdes Grazg; 28 Al ((inzdes Gra(g,ne) 23

2% of patients in the VENCLEXTA monotherapy studies, most commonly
(2 patients) from septic shock. Serious adverse reactions were reported
in 52% of patients, with the most frequent (>5%) being pneumonia (9%),

Important Adverse Reactions
Tumor Lysis Syndrome

Blood and lymphatic system disorders

febrile neutropenia (5%), and sepsis (5%). Tumor lysis syndrome is an important identified risk when initiating Thrombocytopenia® 49 45 54 54
Adverse reactions led to treatment discontinuation in 9% of patients, CLEXTA. Neutropenia® ) ) 3 33
dose reduction in 13%, and dose interruption in 36%. The most frequent CLL14 - -
adverse reactions leading to drug discontinuation were thrombocytopenia | The incidence of TLS was 1% (3/212) in patients treated with VEN+G Febrile neutropenia 36 36 69 69
and autoimmune hemolytic anemia. The most frequent adverse reaction [see Warnings and Precautions]. All three events of TLS resolved and did Anemia? 30 30 15 15
(>5%) leading to dose reductions or interruptions was neutropenia (8%). not lead to wi from the study. Obi was - - -
Adverse reactions identified in these trials of single-agent VENCLEXTA are | delayed in two cases in response to the TLS events. Gastrointestinal disorders
presented in Table 5. . . MURANO Nausea 58 1 46 0
Table 5. Adverse Reactions Reported in >10% (All Grades) or >5% In the open-label randomized phase 3 study, the incidence of TLS was Diarthea 54 3 38 3
(Grade >3) of Patients with Previously Treated CLL/SLL (VENCLEXTA 3% (6/194) in patients treated with VEN-+R. After 77/389 patients were —
Monotherapy) enrolled in the study, the protocol was amended to incorporate the current Constipation 49 3 62 0
TLS prophylaxis and monitoring measures. All events of TLS occurred iting®
VENCLEXTA during the VENCLEXTA ramp-up period and were resolved within two days. Vomiting 40 0 3 0
Adverse Reaction by Body (N = 352) All six patients completed the ramp-up and reached the recommended Abdominal pain? 22 4 46 0
System daily dose of 400 mg of VENCLEXTA. No clinical TLS was observed in " PEPEPETE— =
Al ((inzdes Gra(‘% 23 patients who followed the current 5-week ramp-up schedule and TLS General disorders and administration site conditions
- - is and monitoring measures. Rates of laboratory abnormalities Peripheral edema® 46 1 31 0
Blood and lymphatic system disorders relevant to TLS for patients treated with VEN+R are presented in Table 4. Fatiue® ) 7 52 5
Neutropenia? 50 45 Monotherapy Studies (M13-982 and M14-032 g_
e = S In 168 patients with CLL treated according to recommendations, the Pyrexia 21 3 31 0
rate of TLS was 2%. All events either met laboratory TLS criteria Cachexia 0 0 8 8
Thrombocytopenia? 29 20 (Iaboratory abnormalities that met >2 of the following within 24 hours -
— of each ofher: potassium >6 mmol/L, uric acid >476 umol/L, calcium Multiple organ 6 6 0 0
Lymphopenia’ I 7 <1.75 mmol/L, or phosphorus >1.5 mmol/L); or were reported as TLS dysfunction syndrome
Febrile neutropenia 6 6 events. The events occurred in patients who had a lymph node(s) 5 cm i P i
© nevTopen andjor ALC 25 x 1097L. Al events resolved within 5 days. No TLS with Infections and infestations
Gastrointestinal disorders clinical consequences such as acute renal failure, cardiac arrhythmias or Pneumonia (excluding 27 25 % 31
Diarrhea 43 3 sudden death and/or seizures was observed in these patients. Al patients fungal)*
had CLcr >50 mL/min. Laboratory abnormalities relevant to TLS were Sepsis (excludin
Nausea 42 1 hyperkalemia (17% al Grades, 1% Grade >3), hyperphosphatemia (14% all | | o ) 9 13 13 4 4
‘Abdominal pain® 18 3 Grades, 2% Grade >3), hypocalcemia (16% all Grades, 2% Grade >3), and 9
— hyperuricemia (10% all Grades, <1% Grade >3). Urinary tract infection 16 6 23 0
Vomiting 16 ! In the initial Phase 1 dose-finding trials, which had shorter (2-3 week) it
" : o o Cellulitis 6 0 15 8
Constipation 16 <1 ramp-up phase and higher starting doses, the incidence of TLS was 13% —
T m ] (10/77; 5 laboratory TLS, 5 clinical TLS), including 2 fatal events and Localized infection 0 0 8 8
ucositis < 3events of acute renal fallure 1 requiring dlaly5|s After this experience, P n
General disorders and administration site conditions TLS risk assessment, dosing regimen, TLS p and Musculoskeletal and connectiv tissue dsorders
d were revised. Back pain 15 0 31 0
Fatigue® 32 4 Acute Myeloid Leukemia Myalgia® 10 0 31 0
Edema® 22 2 The safety of VENCLEXTA (400 mg daily dose) in combination with N disord
oo T8 " azacitidine (n=67) or decitabine (n=13) and VENCLEXTA (600 mg daily ervous system disorders
yrexia < dose) in combination with low-dose cytarabine (n= 61) is based on two Dizziness? [ T 1 ] 4% [ o
Infections and infestations non-randomized trials of patients with newly-diagnosed AML. The median - - -
- duration of exposure for patients taking VENCLEXTA in combination with Skin and subcutaneous tissue disorders
Upper respiratory tract 36 1 azacitidine and decitabing was 6.5 months (range: 0.1 to 31.9 months) and | [~ Ragh® [% | 1 [ a1 | o
infection 8.4 months (range: 0.5 to 22.3 months), respectively. The median duration - . —
Pneumonia® 14 8 of exposure for patients taking VENCLEXTA in combination with low dose Respiratory, thoracic and mediastinal disorders
- ine was 3.9 months (range: 0.2 to 29.2 months). Cough? 25 0 38 0
Lower respiraory ract 1 2 VENCLEXTA in Combination with Azacitidine or Decitabine o m 5 ; 0
__ Azacitiding ypoxia : S
Musculoskeletal and connective tissue disorders The most common adverse reactions (>30%) of any grade were nausea, Oropharyngeal pain 9 0 31 0
Musculoskeletal pain® 29 2 diarrhea, cnnstlpatlon neutropenia, thrombocytopenia, hemorrhage, Vascular disorders
ihal 2 7 | edema, vomiting, fatigue, febrile neutropenia, rash, and anemia. ~
raigia < Serious adverse reactions were reported in 75% of patients. The most Hemorrhage 46 7 46 0
Nervous system disorders frequent serious adverse reactions (>5%) were febrile neutropenia, Hypotension? 21 6 31 0
Headach I 7 luding fungal), sepsis ing fungal), respiratory failure, -
eadache < and multiple organ dysfunction syndrome. Hypertension 12 7 15 8
Dizziness? 14 0 The incidence of fatal adverse drug reactions was 1.5“? within 30 days of Adverse reactions graded using NCI Common Terminology Criteria for
Respiratory, thoracic, and mediastinal disorders st.amngltreat.ment No reaction had an incidence of ;2 %. . ‘:\dverse Events version4.0.
. Discontinuations due to adverse reactions occurred in 21% of patients. Includes multiple adverse reaction terms.
Cough 22 0 The most frequent adverse reactions leading to drug discontinuation (>2%) N —
Dyspnea® 13 1 were febrile neutropenia and pneumonia (excluding fungal). tTabIte 8 dtetshcr{bes common laboratory a}bnor?aht:gs reported throughout
” - " Dosage interruptions due to adverse reactions occurred in 61% of patients. realment (hat were New or worsening from baseine.
Skin and subcutaneous tissue disorders The most frequent adverse reactions leading to dose interruption (25%)
Rashe 18 <1 were neutropenia, febrile neutropenia, and pneumonia (excluding fungal).
- - - - Dosage reductions due to adverse reactions occurred in 12% of patients.
Adverse reactions graded using NCI Common Terminology Criteria for The most frequent adverse reaction leading to dose reduction (>5%) was
Adverse Events version 4.0. neutropenia
“ncludes multiple adverse reaction terms. ropenta.
Decitabine

Table 6 describes common laboratory abnormalities reported throughout
treatment that were new or worsening from baseline. The most common
(>5%) Grade 4 laboratory abnormalities observed with VENCLEXTA
monntherapy were hematologic laboratory abnormalities, including

(33%), leukopenia (11%), thrombocytopenia (15%), and
Iymphopenla (9%).

The most common adverse reactions (>30%) of any grade were febrile
neutropenia, constipation, fatigue, thrombocytopenia, abdominal pain,
dizziness, hemorrhage, nausea, pneumonia (excluding fungal) Sepsis
(excludlng fungal), cough, dlarrhea penia, back pain,

myalgia, oropharyngeal pain, penpheral edema, pyrexua and rash.




Table 8. New or Worsening Laboratory Abnormalities with VENCLEXTA
Reported in >40% (All Grades) or >10% (Grade 3 or 4) of Patients

with AML Treated with VENCLEXTA in Combination with Azacitidine
or Decitabine

Table 10 describes common laboratory abnormalities reported throughout
treatment that were new or worsening from baseline.

Table 10. New or Worsening Laboratory Abnormalities with
VENCLEXTA Reported in >40% (All Grades) or >10% (Grade 3 or 4)

Lactation

Risk Summary
There are no data on the presence of VENCLEXTA in human milk, the
effects of VENCLEXTA on the breastfed child, or the effects of VENCLEXTA

VENCLEXTA in Combination with Low-Dose Cytarabine

The most common adverse reactions (>30%) of any grade were nausea,
thrombocytopenia, hemorrhage, febrile neutropenia, neutropenia, diarrhea,
fatigue, constipation, and dyspnea.

Serious adverse reactions were reported in 95% of patients. The most
frequent serious adverse reactions (>5%) were febrile neutropenia, sepsis
(excluding fungal), hemorrhage, pneumonia (excluding fungal), and
device-related infection.

The incidence of fatal adverse drug reactions was 4.9% within 30 days of
starting treatment with no reaction having an incidence of >2%.
Discontinuations due to adverse reactions occurred in 33% of patients.
The most frequent adverse reactions leading to drug discontinuation (>2%)
were hemorrhage and sepsis (excluding fungal).

Dosage interruptions due to adverse reactions occurred in 52% of patients.
The most frequent adverse reactions leading to dose interruption (>5%)
were ytopenia, penia, and febrile peni:

Dosage reductions due to adverse reactions occurred in 8% of patients.
The most frequent adverse reaction leading to dose reduction (>2%) was
thrombocytopenia.

Adverse reactions reported in patients with newly-diagnosed AML
receiving VENCLEXTA in combination with low-dose cytarabine are
presented in Table 9.

Table 9. Adverse Reactions Reported in >30% (All Grades) or

>5% (Grade >3) of Patients with AML Treated with VENCLEXTA in
Combination with Low-Dose Cytarabine

Tumor Lysis Syndrome

Tumor lysis syndrome is an important risk when initiating treatment in
patients with AML. The incidence of TLS was 3% (2/61) with VENCLEXTA
in combination with low-dose cytarabine with implementation of dose
ramp-up schedule in addition to standard prophylaxis and monitoring
measures. All events were laboratory TLS, and all patients were able to
reach the target dose.

DRUG INTERACTIONS

Effects of Other Drugs on VENCLEXTA

Strong or Moderate CYP3A Inhibitors or P-gp Inhibitors

Concomitant use with a strong or moderate CYP3A inhibitor or a P-gp
inhibitor increases venetoclax Cy,, and AUC;y, which may increase
VENCLEXTA toxicities, including the risk of TLS [see Warnings and
Precautions].

Concomitant use with a strong CYP3A inhibitor at initiation and during
the ramp-up phase in patients with CLL/SLL is contraindicated [see
Contraindications].

In patients with CLL/SLL taking a steady daily dosage (after ramp-up
phase), consider alternative medications or adjust VENCLEXTA dosage and
closely monitor for signs of VENCLEXTA toxicities.

In patients with AML, adjust VENCLEXTA dosage and closely monitor for
signs of VENCLEXTA toxicities.

Resume the VENCLEXTA dosage that was used prior to itant use

" - of Patients with AML Treated with VENCLEXTA in Combination with i i i i ini
VENCLEXTA in VENCLEXTA in 4 on milk production. Venetoclax was present in the milk when administered
Combination with | Combination with | | LoW-Dose Cytarabine to lactating rats (see Data).
Azacitidine Decitabine VENCLEXTA Because many drugs are excreted in human milk and because the
Laboratory (N=67) (N=13) (N=61) potential for serious adverse reactions in a breastfed child from
Abnormality L y Abnormality - VENCLEXTA is unknown, advise nursing women to discontinue
Al Grade 3 All Grade 3 All Grades® | Grade 3 or 4° breastfeeding during treatment with VENCLEXTA.
Grades® | or4® | Grades® | or4° (%) (%) Data
(%) (%) (%) (%) Anim
Hematology Animal Data
Hematology T peni 100 % Venetoclax was administered (single dose; 150 mg/kg oral) to lactating
Neutropenia 100 100 100 100 Neutroneni % % rats 8 to 10 days parturition. Venetoclax in milk was 1.6 times lower than
- eutropenia in plasma. Parent drug (venetoclax) represented the majority of the total
Leukopenia 100 98 100 100 Leukopenia % % drug-related material in milk, with trace levels of three metabolites.
Thrombocytopenia 91 78 83 83 Lymphopenia 93 66 Females and Males of Reproductive Potential
- - VENCLEXTA may cause fetal harm [see Warnings and Precautions and Use
Lymphopenia 88 73 100 92 Aner.nla 61 59 in Specific Populations].
Anemia 57 57 69 69 Chemistry Pregnancy Testing
Chemistry Hyperglycemia 8 8 Conduct pregnancy testing in females of reproductive potential before
Hypergiycemia 75 M 69 0 Hypocalcemia 79 16 initiation of_VENCLEXTA [see Use in Specific Populations].
- m : 52 1 Contraception
Hypocalcemia 58 7 85 0 —— Advise females of reproductive potential to use effective contraception
Hypoalbuminemia | 52 1 3 8 Hyperbilirubinemia 57 3 during treatment with VENCLEXTA and for at least 30 days after the last
- Hypoalbuminemia 59 5 dose [see Use in Specific Populations].
Hypokalermz‘i 49 7 46 0 I - % 2 Infertity - ) -
Hyponatremia 49 4 38 0 Hypophosphatemia 51 21 Based on f\IIL]i%ITn\?E ’\IIIE Lag)l(r%zils, male fertility may be compromised by
Hypophosphatemia 46 15 23 8 m - m 0 T -
Hyperbilirubinemi 45 9 46 15 = Pediatric Use
yperTiniinea Blood creatining increased 46 3 Safety and have not been 1in pediatric patients.
Hypomagnesemia 21 0 54 8 Blood bicarbonate decreased 41 0 Juvenile Animal Toxicity Data
“Includes laboratory abnormalities that were new or worsening, or “Includes laboratory abnormalities that were new or worsening, or In a juvenile toxicology study, mice were administered venetoclax at 10,
worsening from baseline unknown. worsening from baseline unknown. 30, or 100 mg/kg/day by oral gavage from 7 to 60 days of age. Clinical

signs of toxicity included decreased activity, dehydration, skin pallor, and
hunched posture at >30 mg/kg/day. In addition, mortality and body weight
effects occurred at 100 mg/kg/day. Other venetoclax-related effects

were ible decreases in lymp at >10 mg/kg/day; a dose of
10 mg/kg/day is approximately 0.06 times the clinical dose of 400 mg on
amg/m? basis for a 20 kg child.

Geriatric Use

Chronic Lymphocytic Leukemia/Small Lymphocytic Lymphoma

0f the 352 patients with previously treated CLL/SLL evaluated for safety
from 3 open-label trials of VENCLEXTA monotherapy, 57% (201/352) were
>65 years of age and 18% (62/352) were >75 years of age.

No clinically meaningful differences in safety and effectiveness were
observed between older and younger patients in the combination and
monotherapy studies.

Acute Myeloid Leukemia

0f the 67 patients treated with VENCLEXTA in combination with azacitidine
in the clinical trial, 96% were >65 years of age and 50% were > 75 years
of age. Of the 13 patients treated with VENCLEXTA in combination with
decitabine in the clinical trial, 100% were >65 years of age and 26%
were > 75 years of age. Of the 61 patients treated with VENCLEXTA in
combination with low-dose cy ine, 97% were >65 years of age and
66% were >75 years of age.

The efficacy and safety data presented in the Adverse Reactions and
CIinich Studies sections were obtained from these patients [see Adverse

with a strong or moderate CYP3A inhibitor or a P-gp inhibitor 2 to 3 days
after discontinuation of the inhibitor.

VENCLEXTA Avoid grapefruit products, Seville oranges, and starfruit during treatment
(N=61) with VENCLEXTA, as they contain inhibitors of CYP3A.
Adverse Reaction by Body System Strong or Moderate CYP3A Inducers
All G;:des Grade >3 Concomitant use with a strong CYP3A inducer decreases venetoclax Cug
(%) o and AUC;,, which may decrease VENCLEXTA efficacy. Avoid concomitant
Blood and lymphatic system disorders use of VENCLEXTA with strong CYP3A inducers or moderate CYP3A
Thrombocytopenia® 59 59 inducers.
P Effect of VENCLEXTA on Other Drugs
Neutropenia® 46 46 Warfarin
Febrile neutropenia 46 44 Concomitant use of VENCLEXTA increases warfarin C,q, and AUC;y;, which
Anemiad % % may increase the risk of bleeding. Closely monitor international normalized
nemia ratio (INR) in patients using warfarin concomitantly with VENCLEXTA.
Gastrointestinal disorders P-gp Substrates
Nausea 64 2 Concomitant use of VENCLEXTA increases G, and AUCiy of P-gp
- which may increase toxicities of these substrates. Avoid
Diarrhea 44 3 concomitant use of VENCLEXTA with a P-gp substrate. If a concomitant
it use is unavoidable, separate dosing of the P-gp substrate at least 6 hours
Constipation 33 0 before VENCLEXTA.
General disorders and administration site conditions USE IN SPECIFIC POPULATIONS
Fatigue? 44 10 Pregnancy
Infections and infestations Risk Summary
Sensist 20 ) There are no available data on VENCLEXTA use in pregnant women to
€psis inform a drug-associated risk of major birth defects and miscarriage.
Pneumonia? 18 16 Based on toxicity observed in mice, VENCLEXTA may cause fetal harm
- - " when administered to pregnant women. In mice, venetoclax was fetotoxic
Device related infection 13 1 at exposures 1.2 times the human clinical exposure based on AUC at a
Urinary tract infection 8 7 EgLnﬁ)nad}J;i Sof 400 mg daily. Advise pregnant women of the potential
Metabolic and nutritional disorders The esti ground risk of major birth defects and miscarriage for
Decreased appetite? | 28 | 7 the indicated population is unknown. All pregnancies have a background
- - risk of birth defect, loss, or other adverse outcomes. The background risk
Respiratory disorders in the U.S. general population of major birth defects is 2% to 4% and of
Dyspnea? | 31 | 3 miscarriage is 15% to 20% of clinically recognized pregnancies.
" Data
Vascul; rder: -
ascular dlsua ders Animal data
Hemorrhage 4 15 In embryo-fetal development studies, venetoclax was administered to
Hypotension? 2 7 pregnant mice and rabbits during the period of organogenesis. In mice,
" was iated with increased post-implantation loss and
Hypertension 15 8 fetal body weight at 150 mg/kg/day (materal exposures
Adverse reactions graded using NCI Common Terminology Criteria for approximately 1.2 times the human AUC exposure at a dose of 400 mg
Adverse Events vergsion 40. 9 & daily). No teratogenicity was observed in either the mouse or the rabbit.
4Includes multiple adverse reaction terms.

R . eare icient patient numbers to show differences in
safety and effectiveness between geriatric and younger patients.

Renal Impairment

Due to the increased risk of TLS, patients with reduced renal function
(CLer <80 mL/min, calculated by Cockeroft-Gault formula) require more
intensive prophylaxis and monitoring to reduce the risk of TLS when
initiating treatment with VENCLEXTA [see Warnings and Precautions].

No dose adjustment is recommended for patients with mild or moderate
renal impairment (CLcr > 30 mL/min. A recommended dose has not been
determined for patients with severe renal impairment (CLcr < 30 mL/min)
or patients on dialysis.

Hepatic Impairment

No dose adjustment is recommended for patients with mild (Child-Pugh A)
or moderate (Child-Pugh B) hepatic impairment.

Reduce the dose of VENCLEXTA for patients with severe hepatic
impairment (Child-Pugh C); monitor these patients more closely for signs
of toxicity.

OVERDOSAGE

There is no specific antidote for VENCLEXTA. For patients who experience
overdose, closely monitor and provide appropriate supportive treatment;
during ramp-up phase interrupt VENCLEXTA and monitor carefully for signs
and symptoms of TLS along with other toxicities. Based on venetoclax
large volume of distribution and extensive protein binding, dialysis is
unlikely to result in significant removal of venetoclax.
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EDITORS’ NOTE

Rare cancers, though individually rare by definition, impose a tremendous burden on adult
and pediatric patient populations, especially when considering hematological cancers. In this
Rare Diseases Report: Cancers, we bring you the latest information on new and ongoing developments
in the treatment of some of these cancers through interviews with frontline researchers in the field.

We hope you enjoy the issue.

— Jennifer Smith,
Editor, Oncology Practice

— Mark S. Lesney,
Managing Editor, Hematology News

A NOTE FROM NORD
Entering a new era in rare cancer treatment

|n last year’s version of Rare Diseases: Cancers, we wrote about rallying public
awareness of rare cancers through the first-ever “Rare Cancer Day” organized
by the National Organization for Rare Disorders (NORD) and the NORD Rare
Cancer Coalition. The coalition is an alliance of organizations representing specific
rare cancer communities.

Rare Cancer Day was very successful and has now become an annual event
(on September 30 each year) to promote awareness of rare cancers and support
Jim Palma for clinicians, researchers, patients, and caregivers.

For Rare Cancer Day 2020, NORD and the Rare Cancer Coalition featured the potential
value of genomic testing in helping patients find targeted therapies and personalized
treatment options. Through social media and online educational resources, Rare
Cancer Day has reached millions of people and raised critical awareness of the need
for greater research funding, effective treatments, access to diagnostic testing, and
services for patients and families coping with the feelings of fear and isolation that
often accompany a rare cancer diagnosis.

John Hopper

In addition to awareness activities, the Rare Cancer Coalition is also committed to
developing educational resources for medical professionals, patients, and caregivers.
For instance, we are currently making final preparations for a rare cancer track at the
2020 NORD Rare Diseases and Orphan Products Breakthrough Summit.

The NORD Summit is the largest annual multistakeholder event for the rare disease community, and the
rare cancer track draws together participants from government (primarily the National Institutes of Health
and the Food and Drug Administration), patient organizations, industry, and academia.

This year, we will focus on two topics of particular timeliness in rare oncology: increasing application of
patient-reported data and the current status and future directions of precision oncology.

The members of the Rare Cancer Coalition also work collaboratively for capacity-building and sharing of
knowledge and resources. Our goal is for each member of the coalition to provide the best possible service
to its particular rare cancer community. We also work with NORD on various initiatives such as webinars,
CME resources, patient registries and natural history studies, and regional patient/family conferences.

We welcome new members, and we encourage anyone involved in a rare cancer advocacy or awareness
organization to contact us to learn about opportunities to join the coalition to promote and support rare
cancer research, awareness, and education.

—Jim Palma

Executive Director,
TargetCancer Foundation

Rare Cancer Coalition Co-Chair

—John Hopper

President,

The Fibrolamellar Cancer Foundation
Rare Cancer Coalition Co-Chair
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RARE DISEASES REPORT:

Survey reveals special impact of COVID-19 on
patients with rare disorders

BY NEIL OSTERWEIL

It seems naive now, but in the early days of the COVID-19
crisis, there was a debate among public health experts and
media about whether to label it an “epidemic,” which affects
only people within a specific population, community, or region,
ora “pandemic,” an epidemic that spans continents and spreads
rapidly throughout the world.

Today, all reasonable doubts about the virulence
and transmissibility of SARS-CoV-2, the virus that causes
COVID-19, have been erased, along with the lives of more than
202,000 people in the United States and more than 1 million
people worldwide as of this writing.

Among the myriad pernicious effects of the COVID-19
pandemic — social disruptions, financial chaos, the politicization
of public health measures — the effects on health care have been
especially severe, and perhaps nowhere more challenging than
for patients with rare cancers and the clinicians who care for them.

The National Organization for Rare Disorders (NORD) has
documented the barriers to care caused by the pandemic as well
as the unique concerns of patients with rare diseases in a NORD
Rare Insights report.!

NORD had previously published survey results revealing
that people with rare diseases and their families suffered major
disruption in their care and well-being in the early days of
the pandemic.

The current report details the results of a second survey con-
ducted in June 2020, including responses from 833 people, pri-
marily patients with rare diseases but also their family members
and advocates.

“These unprecedented times have upset the balance of a
health care system that already did not work in favor of most
people with rare diseases,” the report says. “Patients and fami-
lies typically face an uphill battle trying to find a diagnosis;
often encounter a lack of treatment options; experience the
hope and precariousness of participating in research or clini-
cal trials; and travel extensively to be seen by disease-specific
experts — all in the hope of gaining some relief or chance at
improved well-being.”

In addition to finding that 92% of patients with rare dis-
eases are still adversely affected by the pandemic, the report’s
authors found that:

e More than three-quarters of respondents (79%) reported

canceled medical appointments.

e About one-third (32%) said they had challenges access-
ing medical care and treatment.

e Fourteen percent reported difficulties getting access to
medical supplies, and two-thirds of those respondents (68%)
said they had trouble acquiring personal protective equip-
ment (PPE), which is especially important for patients with
immune disorders and those who are taking immunosuppres-
sant therapies.

e More than a third of respondents (37%) said their house-
holds had been affected by a lack of income, and 27% reported
job losses. Among those who lost jobs, 9% also lost health
insurance.

Care delayed, cure denied
For patients with cancer — especially those with rare malignan-
cies, who have few therapeutic options — the stakes are high.
“We're seeing patients who apparently had curable dis-
ease, and they put off surgery, or the centers put off surgery —
I don’t know whether to blame the center or the fear of
COVID - and now their disease is no longer curable,” said
Razelle Kurzrock, MD, distinguished professor of medicine
at the University of California, San Diego, and director of the
center for personalized cancer therapy and rare tumor clinic at
Moores Cancer Center.

Dr. Kurzrock and Dr. O’Neill have no relevant disclosures.
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“I have three patients like that. Now, one could argue
that they have underlying aggressive disease and maybe they
wouldn’t have been cured in the first place,” she said. “But I
would argue that we don’t know that, and it’s a pretty devastat-
ing consequence.”

Many patients with cancer are still reluctant to seek care at
a hospital, and in the early days of the pandemic, hospitals in
COVID-19 epicenters were canceling or rescheduling “nones-
sential” surgery.

“They said that they were still doing all the essential surger-
ies, but to me, all cancer surgery is essential,” Dr. Kurzrock said.

Also early on, patients with metastatic disease were delay-
ing vital scans.

“We've seen patients who were scanned in January and then
didn’t get scanned again until June. These patients really need to
be scanned every 2 months or 3 months, but definitely not only
every 6 months,” she said.

Many patients may have difficulties assessing the relative
risks from COVID-19 compared with the risks for delaying che-
motherapy or other life-extending therapy, Dr. Kurzrock said.

Coast-to-coast declines

In Boston, an early epicenter of the pandemic, Allison F. O’Neill,
MD, clinical director of the solid tumor center at the Dana-
Farber Cancer Institute and assistant professor of pediatrics at
Harvard Medical School, Boston, and colleagues saw a more than
50% decline in new-patient visits during the height of the surge,
as they noted in a recent commentary in the journal Pediatric
Blood & Cancer.2

“Certainly, our numbers were down substantially at the peak
of the COVID-19 shutdown. We have since seen a rebound in the
number of cases and patients that have come to our institute as
the city and the state have opened up gradually,” Dr. O’Neill said
in an interview.

The majority of pediatric patient diagnoses and referrals to
Dana-Farber come from primary care pediatricians and family
physicians in the community, she noted.

The drop-off in visits during the height of the pandemic
appears to have been caused by “a unique overlay of families
being somewhat reluctant to go to their primary care pediatri-
cians, primary care pediatricians not holding standard hours, and
then ultimately there being fewer patients to present to tertiary
care centers for their oncologic care,” she said.

Clinical trials on hold

For many patients with rare aggressive malignancies, an experi-
mental therapy may be the last, best hope, but many poten-
tially practice-changing trials were put on hold at the height of
the pandemic.

RARE DISEASES REPORT:

“I had several patients call me on the weekend, just terrified
because they could no longer go on the clinical trial that they had
been hoping for,” Dr. Kurzrock said.

Although many centers said essential trials would continue
during the pandemic, the definition of essential is fuzzy at best.

“There are a lot of new drugs out there, and we don’t
know whether they are better or worse, and those would be
considered nonessential trials. But for individual patients,
especially a patient with a rare tumor who doesn’t have many
options, if there’s an exciting new drug, even if we don’t have
proof that drug works, that can be very important to them,”
Dr. Kurzrock said.

At Dana-Farber, however, pediatric clinical trials remained
open and continued to enroll patients during the pandemic,
Dr. O’Neill said.

“I think what patients and families are feeling most is the
inability to travel, because sometimes rare cancers require referral
to a large center, and everyone is reluctant to travel, and so access
to trials, even if they're open, may be impacted,” she said.

Not just phoning it in

At least one side effect of the COVID-19 pandemic has been ben-
eficial. One of the biggest changes has been in patient visits, both
Dr. Kurzrock and Dr. O’Neill said.

“Patients may come to the clinic from San Diego, from
anywhere in the country, and sometimes from anywhere in the
world, and I would say that certainly patients who were coming
from outside San Diego are now being seen by telehealth visits
rather than an in-person visit,” Dr. Kurzrock said.

Many patients who live near her center and could get there
without too much trouble also ask for telehealth visits, which rep-
resents a major change in practice, she said.

But she adds that there are both negative and positive aspects
to the shift toward telehealth.

“Telehealth seems to have sprung up spontaneously. The
university got it up and running in just a few days. It’s not running
perfectly, to be frank, but it’s pretty good considering how fast it
was put in place,” Dr. Kurzrock said.

Although she prefers in-person visits, telehealth or tele-
medicine “with a few tweaks” can be a positive change, because
it allows geographically remote patients to have the benefits of
visits and consultations with experts who can have in-depth dis-
cussions, review scans, and provide advice about how to stay well
and stay safe.

Dr. Kurzrock emphasized that a face-to-face visit on a smart
phone won't cut it. Telemedicine visits should be performed with
both parties having devices with reasonably large screens and
stable and secure conferencing software, as well as digital access
to vital signs for the clinician.
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Dr. O'Neill agreed that, in the absence of in-person visits,
telemedicine has made a substantial difference.

“It will never replace a physical exam,” she emphasized,
but she also pointed out that oncologists can obtain patient
records remotely, share them with the tumor board, and con-
nect with families to have detailed discussions regarding first-
line therapies, obtaining second opinions, and other vital
aspects of cancer care.

“We've noticed such a substantial increase in our telemedi-
cine visits that if you look at the decrease in in-person visits,
they’re more than accounted for by the increase in telemedicine
visits, so, overall, our visits are actually up,” she said.

Dr. O'Neill pointed to one drawback of telemedicine not
often mentioned in media reports: namely, that clinicians are
not licensed in all states, leading to questions about liability,
insurance coverage for remote visits, and other potential legal
and logistical roadblocks.

The NORD report notes that “telemedicine has emerged
as a bright spot for many people with rare diseases as a way to
safely and confidently access medical care without risking expo-
sure to COVID-19.”

The report shows a clear rise in the uptake and accep-
tance of telemedicine, with the proportion of respondents who
reported being offered telemedicine visits at 83%, up from 59%
in April 2020. Of those respondents who had medical appoint-
ments canceled because of the pandemic, 85% were offered a
telemedicine alternative, compared with 65% in April.

Acceptance of telemedicine was also high, with 88%
of those who said they had been offered a telemedicine visit
agreeing to it, and 92% reporting their telemedicine visits as
positive experiences.

The report goes on to add, however, that the use of tele-
medicine has declined since its peak in mid-April 2020.

“NORD has and will continue to advocate for people with
rare diseases to have the best possible options and access to
medical care,” the report states.

PPE and medications

Even before the COVID-19 pandemic, nearly half of all respon-
dents to the NORD survey regularly used PPE to help them man-
age infection risks associated with their diseases, and about one
in five of these respondents said they required PPE continually.
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In addition, many respondents reported widespread lack of
precautions by others they came in contact with, such as failure
or refusal to wear face masks or to follow common and well-
understood social distancing guidelines.

“Most people in my area refuse to wear masks. I wish they
would so that I would feel more comfortable in venturing out,”
one respondent wrote.

Equally troubling for many was the difficulty in getting
access to medications. Some drugs commonly used in cancer

Telemedicine has emerged as a bright spot
for many people with rare diseases as a way
to safely and confidently access medical
care without risking exposure to COVID-19.

care, such as dexamethasone, were reported to be in short
supply. Some patients reported delays in receiving oral medi-
cations via mail in concert with the widely reported disrup-
tions in the U.S. Postal Service linked to budget cutbacks.

More questions than answers
The NORD report also documents
that patients with rare diseases and their caregivers live
with, such as unknowns about the effects of COVID-19 on
people with rare diseases, whether children at high risk can
safely return to school, the efficacy and safety of potential
vaccines, and conflicting information on health protocols
and resources.

To help people with rare diseases, NORD has created
a COVID-19 resource center, available at rarediseases.org
/covid-19, which offers links for on-demand videos and
webinars, information and tools for advocacy, disease-specific

the uncertainties

resources for patients, and links to other sources of informa-
tion that may be helpful for patients and caregivers.
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New agents boost survival — and complexity —
In chronic lymphocytic leukemia

Combination therapies now in clinical trials offer even more potential for dramatic improvement.

BY RANDY DOTINGA

Not too long ago, chemoimmunotherapy was the main treat-
ment for chronic lymphocytic leukemia, and it often worked —
for a while at least. But the cancer often returned after the first
round, and the effectiveness of the treatment weakened. Now,
not even a decade into CLL’s targeted-therapy revolution, a
long list of new drugs — with more on the way — is transforming
extended survival from a possibility into a probability. Combi-
nation therapies now in clinical trials offer even more potential
for dramatic improvement.

“From 2014 onward we’ve had one or two agents approved
per year,” said hematologic oncologist Anthony Mato, MD,
MSCE, director of the chronic lymphocytic leukemia program
at Memorial Sloan Kettering Cancer Center in New York. As
a result of the flood of new therapies, “most of our patients do
live long lives and go on to have issues with their other medical
problems that are unrelated to CLL.”

The challenge for physicians is to juggle the results of
various crucial tests and navigate the targeted-treatment land-
scape, which is complicated by various side-effect profiles,
high cost, drug resistance, and other factors. Choosing a drug
— or a combination of drugs — is a complex decision. “While
the great news is that lots of these new agents are actively
working in historically poor-risk patients, most of the clinical
trials that have led to approval have not compared them to
each other,” said Dr. Mato.

Still, CLL is “turning into a chronic disease, like diabetes or
hypertension, with daily oral therapies,” said Alexey Danilov,
MD, PhD, of City of Hope in Duarte, Calif. “We manage it just
like we do with elevated blood pressure or acid reflux disease.”

Staging crucial

As in the past, the treatment process starts with disease stag-
ing based on guidelines from the International Workshop on
CLL. There’s also a predictive tool, the CLL International
Prognostic Index (CLL-IPI), but hematologic oncologist

Catherine C. Coombs, MD, assistant professor of medicine at
the University of North Carolina at Chapel Hill, said it should
be used with caution because it underestimates patient survival.
“The prognosis overall [now] is quite excellent compared to
what the older prognosis models may suggest,” she said, add-
ing that the statistics need to be updated to take novel agents
into account.

A 2020 analysis in Clinical Lymphoma, Myeloma &
Leukemia also questioned the value of predictive indexes (PIs)
like CLL-IPI that aim to offer insight into time to first treatment
in early-stage CLL: “[A]lthough all these PIs improve clinical
staging and help physicians in routine clinical practice, it will be
necessary to harmonize larger cohorts of patients to define the

7”1

best PI for treatment decision-making in the real world.

Genetic testing key
Before therapy begins, testing for prognostic markers is crucial,
physicians said. According to a 2020 CLL treatment review in
the New England Journal of Medicine, written by hematologic
oncologist Jan A. Burger, MD, PhD, of the University of Texas
MD Anderson Cancer Center, “prognostic markers include cyto-
genetic abnormalities such as del(13q), del(17p), trisomy 12,
and del(11q), as well as the mutation status of immunoglobu-
lin heavy-chain variable (IGHV) genes of the B-cell receptor.
Patients with one or more high-risk markers —del(17p), del(11q),
or unmutated IGHV — characteristically have a shorter time to
initial treatment and shorter remissions after chemotherapy-
based treatment than patients with the following markers for
low-risk CLL: del(13q), trisomy 12, or mutated IGHV.”?
However, “current clinical practice is not keeping pace
with recommendations and guidelines for prognostic marker
testing and subsequent selection of appropriate therapy,” wrote
Dr. Mato and colleagues in a 2020 study in Clinical Lymphoma,
Myeloma & Leukemia. (Dr. Mato led the study).?* “Even with
the approval of novel agents and updated guidelines, low rates
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DTRM, Loxo, Sunesis, Celgene, and Verastem. Dr. Davids discloses honoraria and institutional research funding from AbbVie, Adaptive Biotechnol-
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of prognostic biomarker testing may lead to suboptimal therapy
choices for patients with unknown risk status.”

Dr. Mato’s 2020 study, of 840 patients with CLL, found low
levels of fluorescence in situ hybridization, TP53 mutation, and
IGHV mutation testing (31%, 11%, and 11%, respectively). And
about a third of patients identified as high risk, with del(17p) or
TP53 mutation, received chemoimmunotherapy. Guidelines do
not recommend the treatment in that population.

City of Hope’s Dr. Danilov said the rarity of CLL, com-
pared with other kinds of cancer like lung, colon, and breast,
may explain why recommended genetic tests aren’t ordered
more often. Whatever the case, “genetics should always be
investigated before treatment,” he said. “Testing should be
100% so we know what we're dealing with.”

Chemotherapy fades in popularity

About a third of patients with CLL are asymptomatic and may
never need therapy, according to the review in the New England
Journal of Medicine.? Among chemotherapy options, a combi-
nation of the chemotherapy agents fludarabine (Fludara) and
cyclophosphamide (Cytoxan) plus antibody immunotherapy
via rituximab (Rituxan) has been”the most effective treatment,”
according to a 2020 review in Current Oncology Reports.* The
therapy is known by the initials of the drugs — FCR.

However, newer targeted-therapy options have greatly
reduced the popularity of FCR, and research continues to sup-
port alternatives to the treatment. In 2020, the FDA allowed ibru-
tinib (Imbruvica), a Bruton’s tyrosine kinase (BTK) inhibitor, to be
combined with rituximab for a chemotherapy-free frontline treat-
ment of CLL. The FDA based its decision on an ECOG-ACRIN
randomized, controlled, open-label, phase 3 E1912 trial of 529
patients. Progression-free survival (PFS) at 3 years was higher
for patients who took ibrutinib and rituximab compared with
those who took the FCR combination (89% vs. 73% at 3 years,
HR = 0.35 for progression or death; 95% CI, 0.22-0.56; P < .001).
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Opverall survival was also higher in the ibrutinib-rituximab group
(99% vs. 92%, HR = 0.17 for death; 95% ClI, 0.05-0.54; P < .001).°

Reflecting the value of genetic testing in providing insight
into the most effective treatments, the study found a wide
gap in progression-free survival in patients without the IGHV
mutation: Those who took ibrutinib-rituximab fared better than
the chemoimmunotherapy group (91% vs. 63% at 3 years; HR
for progression or death = .26; 95% CI, 0.14-0.50).

There’s still a place for FCR in CLL treatment, Dr. Coombs
said, but it’s limited given its toxicity. The National Compre-
hensive Cancer Network’s 2019 guidelines on CLL for patients
note that if “you are younger and healthy enough, fludarabine-
based chemoimmunotherapy may be received. Fludarabine is a
purine analog, which can cause serious infections.”

Dr. Coombs said she usually doesn’t consider FCR as a
treatment option “except for a small subset of patients with
mutated IGHV who are relatively young and fit.”®

Ibrutinib: ‘Preferred option as first-line therapy’
Targeted therapy is highly recommended for patients at higher
risk, and there are many options. “There’s not a clear winner.
It's a matter of having several great options for patients,” said
Dr. Mato. He urges physicians to consider their own comfort
level in using specific agents along with clinical data and patient
characteristics such as comorbidities.

Ibrutinib, the BTK inhibitor, has become a favorite in
recent years, gaining wide support as a frontline treatment. The
2020 review in Current Oncology Reports supports ibrutinib
(Imbruvica) as “the preferred option as first-line therapy in
old and young patients,” although it notes that the necessity
for ongoing therapy can spur resistance.* The NCCN also lists
ibrutinib as the “preferred” first-line treatment regardless for
the “young and fairly healthy” and, regardless of presence of
del(17p) and TP53 mutation, the “older or sick.”

Dr. Danilov cautioned that BTK inhibitors can cause side
effects that are different than those commonly seen from
chemotherapy agents. “There are some cardiovascular effects
such as elevated blood pressure, and early on, there is a risk
of bleeding and rash.”

The 2020 CLL treatment review in the New England Journal
of Medicine noted that atrial fibrillation is more likely in patients
treated with ibrutinib, but “most patients with atrial fibrillation
received medical management, including anticoagulant therapy,
and did not need to permanently discontinue ibrutinib.”?

Combination therapy on the rise

In addition to its combination with rituximab, ibrutinib has

been approved by the FDA in combination with other drugs
continued on page 14
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continued from page 12

in CLL, including venetoclax (Venclexta), an inhibitor of B-cell
lymphoma 2 protein. For a 2019 phase 2 study in the New
England Journal of Medicine, researchers treated 80 patients,
92% with unmutated IGHV, TP53 mutation, or del(11q). “After
12 cycles of combined treatment, 88% of the patients had com-
plete remission or complete remission with incomplete count
recovery, and 61% had remission with undetectable minimal
residual disease,” the researchers reported. At 1 year, progres-
sion-free and overall survival were 98% (95% CI, 94-100) and
99% (95% ClI, 96-100), respectively.”

In 2020, a phase 2 study presented at the virtual annual
congress of the European Hematology Association linked the
ibrutinib-venetoclax combination treatment to deep molecular
remissions in both bone marrow and peripheral blood.?

However, “we don’t really know if giving both of
those drugs together is better than giving just one of them,”
Dr. Coombs said. “There are a number of cooperative group
trials comparing ibrutinib-containing regimens to ibrutinib
with venetoclax.”

She also noted the CLL14 phase 3 study, whose results
were published in the New England Journal of Medicine in
2019. Researchers assigned 432 patients to venetoclax-obinu-
tuzumab (Gazyva) or chlorambucil (Leukeran)-obinutuzumab.
At 24 months, the venetoclax-obinutuzumab group had higher
PFS at 88% (95% CI, 83.7-92.6) versus 64% (95% CI, 57.4-70.8).°

“The benefit of that regimen in contrast to a BTK inhibitor
regimen is that it’s time-limited,” Dr. Coombs said. “A signifi-
cant proportion of patients will achieve negative MRD [mini-
mal residual disease] status, so that is a very attractive option
for patients who want a time-limited regimen.” She cautioned,
however, that the study focused on an older population (median
age = 72), and researchers are trying to understand venetoclax-
obinutuzumab’s effects in a younger population.

As for side effects with venetoclax, Dr. Danilov said it can
cause tumor lysis because it kills cells so quickly. As a result, he
said, frequent blood tests are necessary.

Acalabrutinib, a second-generation BTK
inhibitor

Acalabrutinib (Calquence), a second-generation BTK inhibitor
approved by the FDA in 2019, has emerged as an alternative
to ibrutinib. “Based on the data, it seems to be comparable to
ibrutinib, and there are suggestions that it may have a better
side-effect profile,” said Dana-Farber Cancer Institute hema-
tologic oncologist Matthew S. Davids, MD, MMSc, an associ-
ate professor of medicine at Harvard Medical School, Boston.
“That being said, we have longer-term data with ibrutinib and
with high-risk patients.”
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The phase 3 ASCEND and ELEVATE-TN trials, of aca-
labrutinib monotherapy and acalabrutinib/obinutuzumab,
respectively, “demonstrated acalabrutinib’s improved efficacy
and tolerability” compared with standard treatments, wrote
Dr. Mato and a colleague in a review."

“While it is tempting to speculate that acalabrutinib has
similar efficacy to ibrutinib with a favorable side-effect profile,
we note that no head-to-head comparative data between aca-
labrutinib and ibrutinib are available at this time,” the research-
ers caution. As they note, multiple clinical trials are testing
various combinations of acalabrutinib, including combos with
venetoclax and obinutuzumab. One active trial, ELEVATE-RR,
is pitting acalabrutinib against ibrutinib in high-risk patients
who’ve undergone previous treatment. “Since the study is not
powered to show superiority of either agent and toxicity is a
secondary endpoint, it may not fully address these data gaps
regarding differences in efficacy and safety between these two
agents,” Dr. Mato and his colleague note.

A three-drug combo tested

There’s a recent twist to the acalabrutinib story: In the ELE-
VATE-TN trial, “there is a signal for improved progression-free
survival” when obinutuzumab is added, Dr. Coombs said. PFS
was 90% in the acalabrutinib-obinutuzumab group and 82% in
the acalabrutinib group.

“But the significance ends up being pretty modest,”
Dr. Coombs said. “Most practitioners aren’t adding obinutu-
zumab because it does add some toxicity, including neutropenia
being the big one.”

As researchers continue to test two-drug combinations, the
results of a phase 2 trial of a three-drug combination in high-risk
patients have been released. At the 2020 virtual annual congress
of the European Hematology Association, researchers noted
promising results in the CLL2-GIVe trial of ibrutinib, venetoclax,
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and obinutuzumab. The treatment-naive study tracked 41
patients with del(17p) and/or TP53 mutation. The complete
response rate at final restaging was 59%, although the rate of
higher-grade infections —20% — sparked concern. In an interview
with Hematology News, Dr. Danilov cautioned that “the question
becomes whether using these all at the same time, versus sequen-
tial strategies — using one drug and then after that, at relapse,
another — is better, and obviously this trial doesn’t address that.”

Other options: PI3K inhibitors, stem cells, CAR T
Other treatments for CLL are gaining attention: PI3K inhibi-
tors, including idelalisib (Zydelig), are yet another class of
CLL drugs. Because of autoimmune side effects, idelalisib “is
not the first-choice kinase inhibitor for CLL therapy, but it is
a valuable alternative for patients in whom BTK inhibitors are
associated with unacceptable side effects,” reported the 2020
treatment review in the New England Journal of Medicine.
Duvelisib (Copiktra) is another available PI3K inhibitor.

Dana-Farber Cancer Institute’s Dr. Davids said the PI3K
inhibitors tend to be third-line therapies, often after chemo-
therapy or BTK inhibitors and then venetoclax. “They’re very
active drugs, but they have side effects that need more active
management, such as liver inflammation, diarrhea that can
become severe, and infections.”

The review also recommends that “allogeneic hematopoi-
etic stem-cell transplantation should be considered in selected
younger patients with high-risk disease — those with del(17p),
TP53 mutations, or both and a complex karyotype — especially
if they have previously received chemoimmunotherapy and
subsequently had a relapse.”

Research has found that chimeric antigen receptor
(CART) therapy, a cellular immunotherapy strategy, produces
“deep remissions — and possibly cures — in some patients with
heavily pretreated, high-risk, relapsed, and refractory disease,”
write the authors of a 2019 report in American Journal of
Hematology."! “Unfortunately,” they added, “most clinical tri-
als of CAR T cells in CLL report complete responses only in
the minority of patients, although recent studies have begun to
elucidate the factors most predictive of response.”

The authors of the 2020 CLL treatment review in
Current Oncology Reports also offered cautious hope about
CAR T: “Small studies of anti-CD19 CAR-T cells in patients
who relapsed on BTK inhibitors have shown response rates
of over 70% and a survival rate of 100%, although only after 6
months of follow-up. Further larger trials are required, but we
can be cautiously optimistic; this may provide a safer alternative
to transplantation in patients who fail small molecule therapy.”

Meanwhile, a poster presented at the 2020 Transplantation
and Cellular Therapy Meetings tracked 28 patients with CLL in
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a clinical trial of CART. The study found that overall survival after
CAR T was “significantly shorter” in patients who had earlier
failed both ibrutinib and venetoclax compared with others. “This
finding supports referring high-risk CLL [patients] for CAR T
treatment after progression on [ibrutinib] and while still respon-
sive to [venetoclax].” And, they added, allogeneic hematopoietic
stem-cell transplantation “seems to provide a higher chance of
survival” in patients who progressed after CART."

Dr. Davids cautioned that CAR T hasn’t been as effective
in CLL as in other conditions such as diffuse large B-cell lym-
phoma. Still, he said, “I think it will have a role in CLL.”

Where do clinical trials fit in?

What's next for research? According to Dr. Davids, clini-
cal trials are offering promising news about umbralisib, a
new PI3K inhibitor that may be better tolerated than the
existing ones, and LOXO-305 and ARQ 531, a pair of third-
generation BTK inhibitors.

Physicians who treat CLL highly recommend clinical tri-
als. The studies generally don’t force patients to take placebos,
and most trials pay for treatment, which can be expensive,
said Memorial Sloan Kettering’s Dr. Mato.

He added that clinical trials allow researchers to develop
better treatments. “There’s certainly tremendous room for
improvement since there are still many unsolved problems in
CLL such as intolerance and resistance to targeted agents,” he
said. “The ultimate goal is to have very long-term control and
to develop later lines of therapy for when the current treat-
ment was no longer working. The current generation of clini-
cal trials helps us to answer those questions in addition to the
trials that are comparing targeted agents to one another to
address the question about what should come first or which
is the better agent.”
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Targeted therapies may alter the landscape

of MCL treatment

BY JIM KLING

Mantle cell lymphoma is a relatively rare disease, making up
5%-10% of non-Hodgkin lymphoma, and some treatment strat-
egiesarestill up for debate. Recentadvancesin therapy, including
Bruton’s tyrosine kinase inhibitors that first gained FDA
approval in 2014, have improved outcomes, but the disease is
still considered incurable.

The comparative rarity and heterogeneous clinical presen-
tation of mantle cell lymphoma (MCL) have posed challenges
to clinicians. But new targeted therapies, sometimes combined
with chemotherapy or existing targeted therapies, are shaking
up both first-line and second-line therapies for MCL. In par-
ticular, the July U.S. Food and Drug Administration approval
of CAR T-cell therapy for MCL represents a new therapeutic
opportunity for patients who have relapsed following Bruton’s
tyrosine kinase (BTK) inhibitors.

Classical MCL grows from B cells that express SOX11 and
are genetically unstable, leading to acquisition of additional
mutations and development of more aggressive disease. Some
patients experience stable disease, even without chemotherapy,
and this appears to be attributable to greater genetic stability.
However, such patients can still acquire mutations that lead to
aggressive disease.

Clinicians often defer additional treatment in asymptom-
atic cases with a low tumor burden, no nodal involvement, and
genetic stability. When patients require treatment, they gen-
erally receive rituximab plus a cytarabine-based chemother-
apy regimen, although there are milder regimens for patients
unfit for intense chemotherapy. Rituximab binds CD20, found
primarily on mature B cells and more than 90% of B-cell non-
Hodgkin lymphomas, and this inhibition promotes cell lysis.

Younger, fitter patients are treated with rituximab with
a high-dose cytarabine-based chemotherapy backbone, fol-
lowed by an autologous stem cell transplant and maintenance
with rituximab.

Treatments not optimal

Although these first-line strategies have achieved successes,
there is plenty of room for improvement. For one thing, upfront
stem cell transplants are expensive and arduous, and not
everyone is certain of their benefit. One study' showed a

progression-free survival benefit but no improvement in overall
survival in young transplantation-eligible patients with MCL.

“We are trying to answer the question, ‘do all patients
need consolidative stem cell transplants?” We're trying to
see if an MRD [minimal residual disease]-driven approach
could be taken,” said Narendranath Epperla, MD, assis-
tant professor of hematology at the Ohio State University
Comprehensive Cancer Center, Columbus.

Such a strategy could involve induction chemotherapy
and, in patients who achieve a complete response, MRD
testing using immunoglobulin high-throughput sequencing
to detect circulating tumor DNA would help guide the next
step. The Eastern Cooperative Oncology Group (ECOG 4151)
is conducting a trial where patients who achieve MRD nega-
tivity would be randomized to either rituximab maintenance
therapy or autologous stem cell transplant followed by

“We are trying to answer the question,
‘do all patients need consolidative stem
cell transplants?’ We're trying to see if

an MRD [minimal residual disease]-driven
approach could be taken.”

maintenance rituximab (NCT03267433). “The idea behind
the study is to see if we can safely avoid autologous stem cell
transplant in those who achieve MRD negativity without com-
promising efficacy, given the toxicity and resource utilization
associated with transplantation. However, we need to await
the results of the ECOG 4151 before abandoning the autolo-
gous transplantation,” said Dr. Epperla.

Clinical trials ongoing

Additionally, many clinical trials are ongoing examining novel
therapies in the frontline setting, in combination with either
other novel agents or with chemotherapy. Candidates include
BTK inhibitors with a novel mode of action, chemotherapy

Dr. Epperla reports relationships with Pharmacyclics and Verastem.
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combined with BTK inhibitors or B-cell lymphoma-2 (BCL-2)
inhibitors, anti-CD20 monoclonal antibodies combined with
BTK inhibitors or BCL-2 inhibitors, BTK inhibitors combined
with immunomodulators, and others. Those trials will no doubt
guide future frontline therapy, “but for the time being the para-
digm is still rituximab, cytarabine-based chemotherapy until we
have readouts on these clinical trials in the frontline setting,”
said Dr. Epperla.

Another area of study is combining BTK inhibitors with
either chemotherapy or other novel agents in both the relapsed/
refractory and frontline settings. Treatment with intensive
induction therapy in the frontline setting is also a matter of
debate, with some suggesting that it may be unnecessary.
“Studies using novel agents in the frontline setting will help
answer that in the coming years,” said Dr. Epperla.

After relapse or progression on first-line therapy, BTK
inhibitors are generally the treatment of choice. In a pooled
analysis of 370 MCL patients, BTK inhibitors provided the most
benefit when used in the second-line setting.? “Based on that
data, it is important to use BTK inhibitors in the first relapse to
maximize the outcomes,” said Dr. Epperla.

Choosing an inhibitor

There are three FDA-approved BTK inhibitors, and the choice
for Dr. Epperla depends on patient comorbidities. “If they have
underlying cardiac issues, I usually choose one of the new BTK
inhibitors such as acalabrutinib or zanubrutinib,” he said.

Other therapies on the horizon include novel BTK inhibi-
tors such as LOXO-305 and ARQ 531 being developed by
LOXO Oncology and ArQule, respectively. LOXO-305 binds to
BTK noncovalently, unlike ibrutinib, acalabrutinib, and zanu-
brutinib, which all act by covalent binding. This property gives
LOXO-305 higher affinity and selectivity for BTK in addition
to inhibition of the C481S mutation. ARQ 531 is a reversible
multikinase inhibitor of not only BTK but the Src, Syk, and
Fyn kinases. Multifaceted upstream kinase inhibition in the
B-cell receptor pathway may enhance efficacy over downstream
inhibition of BTK alone.

“Mechanistically they seem to be superior [to the existing
BTK inhibitors], in that they may be able to overcome the resis-
tance commonly mediated by BTK inhibitors, but I'll be interested
to see how the data pans out in the clinical trials,” said Dr. Epperla.

New options

A couple of recent studies in the relapsed/refractory setting have
provided some tantalizing new hope for patients. In particular,
CAR T-cell therapy received FDA approval for the treatment of
refractory MCL in July. Kite Pharma developed the regimen,
called KTE-X19. CAR-T cell regimens are also FDA approved
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for large B-cell lymphoma, diffuse large B-cell lymphoma,
primary mediastinal B-cell lymphoma, high-grade B-cell lym-
phoma, and transformed follicular lymphoma.

This spring in the New England Journal of Medicine,
researchers published encouraging results of an anti-CD19 CAR
T-cell therapy in patients with relapsed/refractory MCL, who
had progressed after treatment with BTK inhibitors.> This treat-
ment had already shown efficacy in relapsed/refractory aggres-
sive B-cell lymphoma. The technology overcomes a limitation in
some patients who have a high proportion of leukemic blasts in
the peripheral blood and relatively few T cells available for har-
vest: It removes CD19-expressing malignant cells in leukemia
and MCL patients, thus reducing cells that could activate and
inhibit anti-CD19 CART cells during the manufacturing process.

In the open-label, multicenter phase 2 ZUMA-2 trial, 74
patients underwent leukapheresis. All patients had previously
been treated with BTK inhibitors and either were refractory
(62%), had a progression after an initial response (26%), or
were otherwise unable to be treated with BTK inhibitors. Man-
ufacture was successful for 96% of cases, and 92% of patients
received treatment. After undergoing conditioning chemother-
apy with fludarabine and cyclophosphamide, patients received
a single infusion of KTE-X19.

A total of 60 patients had at least 7 months of follow-up,
with an objective response rate of 93% (95% CI, 84%-98%),
while the complete response rate was 67% (95% CI, 53%-78%).
Among the overall group of 74 patients, 85% had an objective
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Micrograph of mantle cell lymphoma of the terminal ileum.
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response and 59% had a complete response. Subgroup analy-
ses showed no significant differences in response rate, includ-
ing among patients with high-risk features. The median time
to initial response was 1 month (range, 0.8-3.1), with a median
time to complete response of 3 months (range, 0.9-9.3).

The study showed that 42 patients had an initial partial
response or stable disease. Of these, 57% went on to a complete
response at 2.2 months (range, 1.8-8.3 months). At the cutoff
date, with a median follow-up of 12.3 months, 17 patients con-
tinued to experience a response.

Promising results

The researchers assessed minimal residual disease in 29
patients. At week 4, 24 of 29 (83%) had no detectable resid-
ual disease. Of 19 patients with available data at 6 months,
15 patients (79%) were still negative. Overall, 57% of patients
who had achieved a response were still in remission at the
data cutoff point of around 30 months, including 78%
who achieved a complete response. The 12-month estimated
progression-free survival (PFS) was 61%, and overall survival
was 83%. PFS at six months was similar in patients with and
without prognostic features, such as pleomorphic morpho-
logic characteristics, TP53 mutation, or a Ki-67 proliferation
index of 50% or higher. Overall survival at the time of analysis
was 76%.

A grade 3 or higher adverse event was experienced by 99%
of patients; 94% had cytopenia, and 91% experienced cytokine
release syndrome (15% grade 3 or higher), though none died
of it; 63% of patients had neurologic events (31% grade 3 or
higher). Of the 24% of patients who died, 21% succumbed to
progressive disease.*

The data was impressive, especially considering that
patients were high risk, with previous exposure to BTK
inhibitors. “It further adds to the credence that CAR T seems
to be really effective in this patient population. These are
early days. I want to see how the data pans out in the long
term, but for now I'm definitely impressed by the CAR T
data,” said Dr. Epperla.

If BTK inhibitors fail to slow the disease, Dr. Epperla thinks
CAR T-cell therapy should be the next choice. “If people prog-
ress on BTK inhibitors, their outcome is not great. That’s why
they go on to either clinical trials or CAR T, because none of
the studies has shown superior outcomes once they progress on
BTK inhibitors,” said Dr. Epperla.

Other options on the horizon

Still, CAR T-cell therapy isn’t the only development. Targeted
agents have also provided new hope in MCL treatment. One
such class of agents includes mammalian target of rapamycin
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Mantle cell ymphoma cells.

(mTOR) inhibitors, which have been studied in a wide range
of solid and hematologic tumors.> mTOR is a master switch
that controls protein translation, part of the PI3K/AKT/mTOR
pathway. When activated, mTOR boosts messenger RNA
translation of growth proteins such as cyclin D1, c-MYC, and
hypoxia-inducible factor 1 alpha. mTOR activation increases
cellular proliferation and inhibits autophagy, which is
the recycling or degradation of cellular material. It also reg-
ulates production of oncogenes that have been implicated
in lymphomagenesis.

Application of mTOR inhibitors to lymphoma was driven
by overexpression of cyclin D1, and the mTOR inhibitor tem-
sirolimus has shown efficacy in relapsing/refractory MCL.¢ But
single-agent treatment rarely achieves complete or long-term
remissions. Addition of rituximab to temsirolimus has been
studied in relapsed/refractory MCL, with 59% overall and 19%
complete remission rates. Temsirolimus has also shown prom-
ise combined with cytotoxic therapy.

Looking to triplet therapy

To examine the efficacy of triplet therapy, including temsiro-
limus, rituximab, and bendamustine, researchers at German
institutions conducted a phase 1/2 clinical trial with 39 patients,
including 29 with MCL and 10 with follicular lymphoma (FL).®
A total of 15 patients were included in the phase 1 portion (11
with MCL). Patients had undergone a median of two prior regi-
mens, and all had previously received rituximab.

Nine patients had previously received bendamustine.
Thirty-five percent had achieved at least a partial response to
their most recent therapy, while 60% were refractory; 41% had
progressive disease.

In the phase 1 study, patients received 25, 50, or 75 mg
temsirolimus. The phase 2 study included 27 patients, all of
whom received the 75 mg dose, and 65% of planned cycles
were completed. Of 37 evaluable patients, 89% of MCL and
90% of FL patients had an objective response.



Opverall, 38% achieved complete remission, including 44 %
of MCL and 20% of FL patients. Eleven percent of patients
overall had stable disease.

“Ifthe rate of [stable disease] is added to [complete response
and partial response], it would result in a clinical benefit rate of
100%,” the researchers wrote. They later added: “Keeping in
mind that [the regimen] was intended to be a short-duration
treatment (only four cycles were given), these response rates are
encouraging. Considering that 60% of the study population had
not responded to their individual last treatment line, this under-
lines that the combination is able to overcome drug resistance
in a substantial proportion of patients.”

A total of 26 of 28 patients experienced a response after
the second cycle (two complete). After a median follow-up of
2.7 years, the median progression-free survival overall was 1.5
years for MCL patients (95% CI, 0.84-3.55) and 1.82 years for
FL patients (95% CI, 0.64 to unknown). Neither group reached
median overall survival, but 3-year survival was 56% for MCL
and 58% for FL.

Among 39 patients who received the study treatment,
adverse events included leukopenia (72%), thrombocytopenia
(64%), neutropenia (51%), lymphopenia (41%), and anemia
(28%). Grade 3/4 hematologic adverse events overall included
leukopenia (56%), neutropenia (46%), lymphopenia (41%),
and thrombocytopenia (36%). Three patients needed one or
more platelet transfusions, and 12 used granulocyte colony-
stimulating factor.

Nonhematologic treatment emergent adverse events
included fatigue (64%), nausea (56%), mucositis (49%), diar-
rhea and rash (38%), pyrexia (36%), constipation (33%), and
cough (31%). Grade 3/4 nonhematologic adverse events
included hyperglycemia (10%) and angioedema (5%). Twenty-
three percent had grade 3/4 infectious complications.

The results offer another option for MCL management.
“I like the limited duration therapy because we're pushing
for time-limited, MRD-based approaches in the lymphoma
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community where patients are not on these novel agents for-
ever, not only to limit toxicities but also to limit the financial
burden,” said Dr. Epperla.

He also noted that the combination seemed well tolerated,
and the study had a high response rate. One drawback to the
trial is that it did not include patients treated with BTK inhibi-
tors, likely because the trial was initiated before BTK inhibitors
were approved. “[For BTK relapsers,] would the response still
be that high? That’s an unanswered question,” said Dr. Epperla.

Looking to bispecifics

Also in the relapsed/refractory setting, Dr. Epperla is keeping
an eye on bispecific antibodies. These agents bind to both CD3
and CD20. They have shown promising results in relapsed/
refractory B-cell non-Hodgkin lymphoma. Researchers at the
American Society of Hematology showed an overall response
rate of 37% in relapsed/refractory aggressive B-cell non-
Hodgkin lymphoma with activity noted in those who relapsed
following CAR T-cell therapy.”

MCL-specific response rates were not reported, but “I'm
very excited to see how bispecifics get incorporated into the
treatment paradigm when you have such a plethora of agents
to choose from, including novel agents, monoclonal antibodies,
and antibody-drug conjugates. Although it is an exciting time
to be a lymphoma physician, the job is not done until we find a
cure for these patients,” said Dr. Epperla.
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Will CAR T push beyond lymphoma?

There’s no guarantee

BY M. ALEXANDER OTTO

Scores of companies and academic research labs across the
globe are working on chimeric antigen receptor T-cell therapies.
Billions of dollars have been invested, and the CAR T-cell therapy
market is projected to be worth more than $7 billion by 2028.

More than 600 CAR T-cell therapy trials are active world-
wide, and the Food and Drug Administration is processing more
than 900 investigational new drug applications of cell and gene
therapies, including for hematologic malignancies and solid
tumors, according to a presentation at the American Society of
Clinical Oncology annual meeting.

The massive influx of brain power and capital is driven by
the success of the three CAR T products already on the U.S. mar-
ket: axicabtagene ciloleucel (Yescarta) for relapsed or refractory
large B-cell lymphoma; tisagenlecleucel (Kymriah) for relapsed
or refractory large B-cell lymphoma and B-cell precursor acute
lymphoblastic leukemia in patients up to 25 years old; and brexu-
cabtagene autoleucel (Tecartus) for relapsed or refractory mantle
cell lymphoma. Trials report durable, years-long remissions in up
to 40% of patients who had exhausted other medical options and
generally weren’t expected to live past 12 months.

The common denominator for the three U.S. products is
that T cells are drawn from the patient and sent to a company-
accredited lab. Once there, a retroviral or lentiviral vector is used
to introduce DNA into the cells so that they express a chime-
ric receptor against the CD19 antigen expressed on the targeted
cancer cells. The T cells are then sent back to the clinic and infused
into the patient, where they go to work against their cancer.

What's gotten industry and academia so excited is the proof
of concept that immune cells can be reprogrammed to attack,
conceivably, anything that goes wrong in the body. With CRISPR
gene editing and other recent advances, the technology is already
in place to engineer immune cells to do whatever is needed.
Approval is expected soon for a multiple myeloma treatment, and
work is ongoing for other blood cancers and solid tumors, as well
as life-threatening infections, rheumatoid arthritis, multiple scle-
rosis, diabetes, organ transplant rejection, and other problems.

Right now, “you can pick up the phone and call a com-
pany and say ‘please synthesize this piece of DNA.” You get it

in 4 weeks. You put it into a vector”
and see what happens, said Stephen
Gottschalk, MD, chair of the depart-
ment of bone marrow transplantation
& cellular therapy at St. Jude Chil-
dren’s Research Hospital, Memphis,
and a pioneer in the field who is now
applying CAR T technology to pediat-
ric sarcomas.

The search is on to find the key or,
more likely, the combinations of keys
that open the door to larger possibilities.
Dr. Gottschalk is optimistic but also cautious because he remem-
bers the imatinib mesylate (Gleevec) story. Like CAR T therapy,
Gleevec was hailed as a breakthrough in the popular press — and
set off a similar firestorm of research and investment — when it was
approved for chronic myeloid leukemia (CML) in 2001.

It was a breakthrough for CML, but “everyone thought
we just have to make a few more small molecule inhibitors and
[we'll] cure cancer;” it didn’t work out that way. “In the end,
Gleevec showed us that when all the stars are aligned, it can work.
I think the Gleevec of CAR T-cell therapy is the CD19 CAR,”
Dr. Gottschalk said.

Even so, although a breakthrough for solid tumors won’t
“happen overnight, can it happen within the next decade? For
sure,” he said.

“This is a very rapidly evolving field. You see all of the
brain power and investment exploring how to create the right
immune response for a whole bunch of different settings.
People are well aware of what needs to be done next” to make
it happen, said Michel Sadelain, MD, PhD, director of the
center for cell engineering at the Memorial Sloan Kettering
Cancer Institute, New York, and also a pioneer in the field now
working on using CAR T with immune checkpoint inhibitors
and radiation, among other projects.

Work is also afoot on how to handle the logistics of manufac-
turing cells and covering costs that approach $500,000 per patient.
“Off-the-shelf” CAR Ts made from donor cells look promising.

Dr. Stephen
Gottschalk

Dr. Gottschalk has patent applications in the fields of T-cell and/or gene therapy for cancer and a research collaboration with TESSA
Therapeutics. He is a member of Immatics’ Data and Safety Monitoring Board, and an advisor to Tidal. Dr. Sadelain has collaborative
research agreements to develop new CAR therapies with Takeda, Fate, and Atara.
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A chess game against solid tumors
Solid tumors are a prime focus of research. Investigators are
swinging for a home run, but it hasn’t happened yet.

There have been scores of reports at ASCO and other meet-
ings of CAR Ts for brain, ovarian, lung, gastrointestinal, and other
cancers, but the studies have been generally small with only mod-
est benefits in a few patients.

The reason is because there are “major roadblocks” to over-
come for solid tumors, Dr. Gottschalk said.

The biggest problem is finding the right antigen to target.
The idea is to find one that’s expressed only on solid tumors
to avoid “on-target, off-tumor” toxicity. Nothing to date has
emerged to rival the specificity of CD19 for lymphomas. The
only healthy cells that express it are B cells; they, too, are wiped
out during therapy, but that’s manageable with immunoglobu-
lin replacement.

Researchers like Dr. Gottschalk don’t know if specific anti-
gens will ever be found for solid tumors, so many are trying
other approaches. One is to go after antigens expressed prefer-
entially on solid tumors, with low frequency in healthy tissues.
Another is to look for constellations of antigens that may indi-
vidually be expressed on healthy tissues but appear together
only on tumor cells. “That is where I think probably the solution
is; we design a CAR T which only gets fully activated if it sees”
the right pattern, he said.

Another problem is that solid tumors have a hostile micro-
environment that shuts off immune cell activity; a lot of research
now is on engineering T cells that can best these tumor adapta-
tions. With CRISPR, for instance, “you can insert a second gene
to express a cytokine that makes a cold tumor hot” or otherwise
overcome the immunosuppressive microenvironment. Also,
“you can try to edit genes in T cells so that they are hyperactive,”
or even invisible to the tumor’s defenses, Dr. Gottschalk said.

Another research tactic is to kill cells that support the tumor,
including tumor-associated fibroblasts and tumor vascula-
ture. CAR Ts also need help finding solid tumors. It's easy with
blood cancer because they migrate to the bone marrow; for solid
tumors, researchers are engineering in homing receptors to help
CARTs zero in.

CARs are also being introduced into other immune cell
types, particularly natural killer (NK) cells. University of Texas
MD Anderson Cancer Center, Houston, recently reported
complete remissions in 4 lymphoma and 3 chronic lympho-
cytic leukemia patients, out of a total of 11 subjects, with NK
anti-CD19 CAR cells.! NK cells are quicker and better killers
than T cells, but they don’t persist long. “You might in the end
have to infuse a combination of cells,” where NK cells do a lot
of the initial debulking as the CAR T cells ramp up to take care
of the rest, Dr. Gottschalk said.
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There are no guarantees that any of it will work, but with the
current pace of research, “I think solid tumors are within reach.
I am optimistic that in the next 5 years, we are going to see some
really provocative trials,” said Sloan Kettering’s Dr. Sadelain.

Not a breakthrough if not used
Despite the advances, there were various reports at the ASCO
meeting that many people eligible for current CAR T treatments
aren’t getting them.

Part of the problem is clinical. Among other hurdles, the
logistics of collecting the cells and manufacturing them into

Although “anti-CD19 CAR T cells are truly
transformational therapy in chemotherapy”
for refractory large B-cell ymphoma and
B-cell acute lymphoblastic leukemia, and
“nhopefully soon, multiple myeloma,” only up
to 40% of patients have durable remission.

CAR Ts can take weeks, and the process is expensive. Success-
fully doing so from patients heavily pretreated with lympho-
depleting therapies is challenging, as is ensuring that the final
product isn’t contaminated with their own malignant cells.

The problems have led to efforts to manufacture off-the-
shelf CAR T cells from healthy donors. With CRISPR and other
techniques, it's now possible to edit out the immunogenic com-
ponents of donor cells and eliminate the risk of graft-versus-
host reactions, the main concern. “We have this in an ongoing
clinical trial right now with no data just yet,” but the approach “is
showing exciting activity early on,” said Jeremy Abramson, MD,
director of the Jon and JoAnn Hagler Center for Lymphoma at
Massachusetts General Hospital, Boston, at the ASCO meeting.

Allogenic cells would also eliminate the need to manu-
facture fresh cells from each patient, reducing both the time to
treatment and costs, another hurdle to widespread access.

Right now, one-time treatment with CAR T cells is in
the neighborhood of $400,000 for the cells themselves; with
apheresis, clinical care to manage infusion complications, and
other issues, the price tag approaches $500,000 per infusion.
Currently, Medicare reimburses hospital cases at the same rate
as bone marrow transplants, which are considerably below that
mark, plus a temporary new technology add-on payment set to
expire at the end of the year.

The Centers for Medicare & Medicaid Services, how-
ever, recently proposed a new hospital payment category for
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CAR T therapy that could close most of the gap, a new
Medicare Severity Diagnostic Related Group for CAR T
that “will provide a predictable payment rate for hospitals
administering the therapy. This is another example of CMS’s
commitment to ensuring that beneficiaries have access to
the latest medical innovation,” the agency said in its
announcement.’

“Inadequate reimbursement can significantly limit the
ability of rare disease patients to access these innovative
treatments, as providers are unlikely to offer care and treat-
ments for which they will not be sufficiently compensated. ...
We encourage CMS to finalize this proposal,” the National
Organization for Rare Disorders said in a response letter.?

Improving on already remarkable results
Meanwhile, work is ongoing to improve outcomes with prod-
ucts already on the market. Although “anti-CD19 CAR T cells
are truly transformational therapy in chemotherapy” for refrac-
tory large B-cell lymphoma and B-cell acute lymphoblastic
leukemia (ALL), and “hopefully soon, multiple myeloma,” only
up to 40% of patients have durable remission. “Not everybody
is cured. We still have work to do,” Dr. Abramson said.

“I think we get there by targeting mechanisms of resistance
to CAR T-cell therapy; that includes” antigen escape, mean-
ing loss of the CD19 antigen after the cells are infused; poor
proliferation or persistence of CAR T cells in heavily pretreated
patients; and other problems.

Two major avenues of research address the issues: combin-
ing T-cell therapy with existing treatments and further genetic
engineering to improve CAR T-cell activation, expansion, per-
sistence, and antitumor efficacy.

One problem is that PD-1 and other immune checkpoints
are induced on CAR T cells after infusion.

Dr. Abramson recalled a 42-year-old man who, after failing
conventional therapy for mediastinal large B-cell lymphoma,
responded to tisagenlecleucel, but his remission lasted only
3 months. A second round of CAR T cells had no effect, sug-
gesting immune escape.

“We treated the patient with pembrolizumab,” a PD-1
immune checkpoint inhibitor. He went into a complete remis-
sion in 2 months and remains in complete remission more than
2 years later.

What happened is that the pembrolizumab “triggered a
dramatic, robust re-expansion of the CAR T cells, coinciding
with the patient’s reentering complete remission, highlighting
that CAR T-cell therapies are not a one-time treatment, but
rather a platform, a cellular therapy, a living drug that can be
manipulated with ongoing interventions ... to enhance their
antitumor efficacy,” Dr. Abramson said.
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It doesn’t always work. “In fact, in early studies right
now, the majority [of patients] have not had [such] robust
responses,” but the story illustrates that improving CAR T
outcomes is possible “and warrants exploration going for-
ward,” he said.

A reprieve from transplant?

There’s also research into how CD19 CAR T therapy fits in with
current treatments, including replacing bone marrow trans-
plants in lymphoma.

“Right now, we are refining the patient population [where]
that would be possible,” Dr. Gottschalk said.

A study was announced at the ASCO meeting to test
whether tisagenlecleucel can enable children and young
adults with B-cell precursor ALL and persistent residual dis-
ease after two cycles of frontline, high-risk chemotherapy to
avoid transplant altogether.

Although “CAR T cells are not without toxicities ... with
the most prominent acute toxicities being [cytokine release syn-
drome] and neurotoxicity, prior trials have shown that the rates
of severe toxicities are much lower in patients with” residual
disease, said Shannon Maude, MD, PhD, from the Children’s
Hospital of Philadelphia, at ASCO.

A collaboration of the Children’s Oncology Group and
several European centers, the study has as a primary objective
to determine 5-year disease-free survival.

Patients undergo leukapheresis at the time of screening,
after consolidation, or in the next phase of chemotherapy, or
earlier at the end of induction if they have high-level mea-
surable residual disease. They continue with standard ther-
apy and receive high-dose methotrexate and interim main-
tenance while cells are being manufactured. After infusion,
patients receive no further planned therapy and are followed
for residual disease and persistence of CAR T cells, as well as
for toxicity.*

“The trial will define CAR T’s role in frontline therapy,
as well as begin to answer the question of whether we can
eliminate transplant for some children and young adults with
B[-cell] ALL,” Dr. Maude said.

“Time will show what works. The possibilities are very
extensive,” Dr. Sadelain said.
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