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Abstract

Background: Moxetumomab pasudotox is a recombinant CD22-targeting immunotoxin. Here, we present the long-
term follow-up analysis of the pivotal, multicenter, open-label trial (NCT01829711) of moxetumomab pasudotox in
patients with relapsed/refractory (R/R) hairy cell leukemia (HCL).

Methods: Eligible patients had received > 2 prior systemic therapies, including > 2 purine nucleoside analogs (PNAs),
or> 1 PNA followed by rituximab or a BRAF inhibitor. Patients received 40 ug/kg moxetumomab pasudotox intrave-
nously on Days 1, 3, and 5 of each 28-day cycle for up to six cycles. Disease response and minimal residual disease
(MRD) status were determined by blinded independent central review. The primary endpoint was durable complete
response (CR), defined as achieving CR with hematologic remission (HR, blood counts for CR) lasting > 180 days.

Results: Eighty adult patients were treated with moxetumomab pasudotox and 63% completed six cycles. Patients
had received a median of three lines of prior systemic therapy; 49% were PNA-refractory, and 38% were unfit for PNA
retreatment. At a median follow-up of 24.6 months, the durable CR rate (CR with HR > 180 days) was 36% (29 patients;
95% confidence interval: 26-48%); CR with HR > 360 days was 33%, and overall CR was 41%. Twenty-seven complete
responders (82%) were MRD-negative (34% of all patients). CR lasting > 60 months was 61%, and the median progres-
sion-free survival without the loss of HR was 71.7 months. Hemolytic uremic and capillary leak syndromes were each
reported in < 10% of patients, and < 5% had grade 3-4 events; these events were generally reversible. No treatment-
related deaths were reported.
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Conclusions: Moxetumomab pasudotox resulted in a high rate of durable responses and MRD negativity in heavily
pre-treated patients with HCL, with a manageable safety profile. Thus, it represents a new and viable treatment option
for patients with R/R HCL, who currently lack adequate therapy.

Trial registration: ClinicalTrials.gov identifier: NCT01829711; first submitted: April 9, 2013. https://clinicaltrials.gov/ct2/
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Background

Hairy cell leukemia (HCL) is a rare mature B-cell malig-
nancy with high CD22 expression [1]. The mainstay of
therapy and recommended first-line treatment is a purine
nucleoside analog (PNA) such as pentostatin or cladrib-
ine [2—4]. Although the majority of patients achieve long-
term remission with PNAs, eventual disease relapse and
diminishing clinical outcomes in later lines exemplify an
important unmet need for therapies in relapsed/refrac-
tory (R/R) HCL [4-7]. Novel targeted therapies such as
rituximab (anti-CD20 monoclonal antibody), ibruti-
nib (Bruton tyrosine kinase inhibitor), and vemurafenib
(BRAF inhibitor) have demonstrated some efficacy in
pre-treated patients but have not yet been rigorously
evaluated in robust studies with long-term follow-up, nor
approved for HCL treatment [8—-20].

Notably, the current treatment options are frequently
associated with safety and tolerability concerns. PNA
therapy is immunosuppressive and thus associated with
opportunistic infections and second malignancies in
already vulnerable patients [2, 4, 5, 21]. Cladribine, in
particular, is not recommended in those with an active
infection, and patients must be closely monitored for
symptoms of infection [2]. Rituximab can also lead to
severe infections, along with thrombocytopenia, and
vemurafenib is associated with cutaneous conditions
including photosensitivity and skin papillomas [8, 9, 11,
13, 15].

One growing area of interest with relevance to the
treatment of HCL is the concept of minimal residual
disease (MRD), defined as the detection of tumor cells
below the sensitivity level of conventional cytomorphol-
ogy using techniques such as cytogenetics, flow cytom-
etry, PCR, and high-throughput sequencing [22, 23].
MRD is widely used as a measure of tumor burden for
other hematologic malignancies, serving as a significant
prognostic factor for both acute lymphoblastic leukemia
and chronic myeloid leukemia and informing treatment
decisions [22, 24, 25]. In HCL, the implications of MRD
remain unclear; some studies report that MRD positivity
after PNA therapy is predictive for disease relapse, sug-
gesting that MRD eradication may improve clinical out-
comes [26, 27]. Current treatments, including targeted

therapies, are unable to completely eradicate MRD in all
patients with R/R HCL [8-19].

In September 2018, moxetumomab pasudotox (CAT-
8015), a first-in-class recombinant CD22-directed cyto-
toxin [28], was approved for the treatment of adult
patients with R/R HCL in the USA. The pivotal mul-
ticenter, open-label, single-arm trial (NCT01829711)
evaluated the efficacy, safety, immunogenicity, and phar-
macokinetics of moxetumomab monotherapy in patients
with R/R HCL who had previously received > 2 systemic
therapies, including>1 PNA. To date, this is the larg-
est study in heavily pre-treated HCL (N=280). It was the
first study to evaluate the efficacy and safety of a third-
line treatment with long-term follow-up and to report
durable complete response (CR) as a primary endpoint.
Moreover, it was also one of few studies to prospectively
assess MRD status after therapy in HCL.

At a median follow-up of 16.7 months (range: 2.1-
48.8 months), the primary analysis showed a durable CR
rate of 30% (24 patients), CR rate of 41% (33 patients),
and MRD negativity in 82% (27 patients) of complete
responders. Furthermore, moxetumomab pasudotox
demonstrated acceptable safety and manageable toler-
ability [29]. In this report, we present the final analy-
sis describing the long-term follow-up of efficacy and
safety of moxetumomab pasudotox in patients with R/R
HCL, with a median follow-up of 24.6 months (range:
1.2-71.7 months).

Methods

Study design and patient eligibility

This multicenter, open-label, single-arm study enrolled
patients from 32 centers across 14 countries. Adults
(aged > 18 years) with histologically confirmed HCL or
variant HCL and an indication for therapy were eligible
for this study. An indication for therapy was defined as
one or more of the following: neutrophils < 1.0 x 10%/uL,
platelets < 100 x 10%/uL, hemoglobin<10 g/dL, or symp-
tomatic splenomegaly. Patients must have been treated
with a minimum of two systemic therapies, including two
courses of a PNA, or one course of a PNA followed by
rituximab or a BRAF inhibitor. Patients must not have
had prior treatment with moxetumomab pasudotox and
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were required to have an Eastern Cooperative Oncology
Group (ECOG) performance status<2. Patients with
impaired renal or hepatic function, active second malig-
nancies requiring treatment, and uncontrolled intercur-
rent illnesses such as an ongoing or active infection were
excluded. Detailed inclusion and exclusion criteria can be
found in the study protocol.

Study treatment

Moxetumomab pasudotox was administered at a dose
of 40 pg/kg by intravenous (i.v.) infusion over 30 min on
Days 1, 3, and 5 of a 28-day cycle for up to six cycles, or
until documentation of MRD-negative CR, disease pro-
gression, initiation of an alternate therapy, or unaccepta-
ble toxicity.

If during treatment and prior to completion of 6 cycles
of therapy, blood counts were consistent with CR for at
least 4 weeks, an interim disease assessment could have
been performed at the discretion of the investigator. If
a CR without MRD was documented, treatment was
discontinued.

Patients were given prophylactic treatments for renal
insufficiency (fluids and aspirin), arterial thrombo-
sis (low-dose aspirin), and hypersensitivity reactions
(hydroxyzine, acetaminophen, and ranitidine). Details
can be found in the study protocol. Patients were encour-
aged to drink at least 3 L of fluid per day on Days 0-8 of
the treatment cycle.

Adequate pneumocystis carinii pneumonia prophy-
laxis was provided for patients receiving corticoster-
oids>10 mg of prednisone daily or equivalent, CD4
lymphocyte count<0.2 x 103/uL, or at the discretion
of the investigator. Viral prophylaxis was provided
for patients receiving chronic corticosteroids or with
lymphopenia.

Study endpoints

The primary endpoint was the durable CR rate, defined as
CR with hematologic remission (HR) lasting>180 days;
it was calculated as the ratio of the number of patients
achieving durable CR over the total number of patients
treated. CR was determined by blinded independent
central review (BICR) and local investigators based on
pathology (no evidence of leukemic cells in both the
peripheral blood and bone marrow by routine hema-
toxylin and eosin [H&E] staining), radiography with CT
or MRI (no hepatomegaly, splenomegaly, or lymphad-
enopathy) and HR (neutrophils> 1.5 x 10%/uL, plate-
lets > 100 x 103/uL, and hemoglobin > 11.0 g/dL, without
transfusions or growth factors for >4 weeks). Resolu-
tion of splenomegaly required a maximum spleen diam-
eter of <17 cm or >25% shorter than at baseline. Relapse
was defined as the loss of any criteria needed for best
response, including asymptomatic reappearance of hairy
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cells in the bone marrow by H&E staining. Additional
details can be found in the study protocol.

The secondary endpoints included CR rate, objective
response (OR) rate, time to and duration of CR and OR,
MRD, progression-free survival (PES) rates, safety/toler-
ability, immunogenicity, and pharmacokinetics.

MRD was locally assessed during treatment using
quantitative flow cytometric analysis of peripheral blood
samples or bone marrow aspirate, according to the insti-
tution’s protocols, and by immunohistochemistry (IHC)
on the bone marrow biopsy tissue. Local study sites
received instructions on sample collection and submis-
sion for analysis. Samples for peripheral blood were col-
lected at screening, prior to Cycles 3 and 5 only, at the
end of treatment, at 181 days after end of treatment, 12
and 18 months after end of treatment, and yearly there-
after. Bone marrow aspirate was collected at screening, at
the end of treatment for all patients, and 181 days after
end of treatment for patients in PR or CR. Local MRD
status was then confirmed by BICR evaluation of H&E
staining and IHC on the bone marrow biopsy tissue.
IHC involved staining for the presence of phenotypical
B-cell (CD20) and HCL (CD79a, annexin Al, DBA .44,
and PAX-5) antigens. MRD negativity was defined as
the absence of HCL phenotype cells in the bone marrow
biopsy by IHC and in the bone marrow aspirate/blood by
flow cytometry.

Safety was evaluated from enrollment until 30 days
after the last moxetumomab pasudotox dose was admin-
istered. The evaluation included adverse events (AEs),
serious AEs (SAEs), vital signs, electrocardiograms, phys-
ical examinations, and clinically meaningful changes in
laboratory tests. The National Cancer Institute Common
Terminology Criteria v4.03 were used for grading, and
the Medical Dictionary for Regulatory Activities v20.0
was used for coding AEs.

Statistical analysis

The intent-to-treat (ITT) population, including all
patients who received moxetumomab pasudotox, was
used to evaluate efficacy, whereas the safety population,
including all patients who received>1 dose of mox-
etumomab pasudotox, was used to evaluate safety. Both
populations included the same 80 patients.

The sample size was based on the historical CR rate
of rituximab against relapsed HCL requiring treat-
ment of <13% [11] and the target durable CR for mox-
etumomab pasudotox of >28%. Using the exact binomial
test, it was estimated that a sample size of 77 patients
would provide 90% power to detect a difference between
13 and 28% durable CR rates, with a two-sided signifi-
cance level of 0.05. The 95% confidence interval (CI) for
durable CR was estimated using the exact probability
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method (Clopper—Pearson exact interval); if the lower
bound of the 95% CI was above 13%, the durable CR
rate was deemed significantly higher than the historical
control. The Kaplan—Meier method was used to esti-
mate the duration of CR, OR, and PES. In these analy-
ses, patients alive with no documented relapse prior to
data cutoff, dropout, or initiation of an alternate therapy,
were censored on the last date of disease or hematologic
assessment.

Results

Patients

Eighty patients were enrolled and treated with moxetu-
momab pasudotox (Table 1); the first patient received the
first dose of moxetumomab pasudotox on May 2, 2013,
and the last patient received the last dose on May 30,
2016 (data cutoff on April 29, 2019). Patients had received
a median of three lines of prior systemic therapy. Thirty-
nine (49%) patients had PNA-refractory disease, and 30
(38%) patients were unfit for PNA re-treatment (Table 1).
Among these 30 patients, 20 patients had grade 4 neu-
tropenia at baseline and 19 patients had a significant
ongoing infection in their medical history (i.e., cellulitis,
diverticulitis, hepatitis B virus, herpes zoster, sinusitis,
and wound infection) and/or experienced a grade>3
infection (i.e., pneumonia and sepsis) or febrile neutro-
penia during screening. In all cases, the infections were
adequately controlled by the start of treatment.

Fifty patients (63%) completed six cycles of treatment,
and 37 patients (46%) completed the study phase, defined
as being followed up to Day 181 after the last treatment
(irrespective of whether or not they completed treat-
ment). Of the 30 patients (38%) that did not complete six
cycles of treatment, 12 had a CR with MRD negativity;
12 discontinued due to AEs; two had disease progression;
one died as a result of septic shock that was unrelated
to treatment; and three discontinued for other reasons
(Additional file 1: Figure S1).

Overall, 43 patients (54%) discontinued the study:
Three (4%) withdrew consent, two (3%) were lost to fol-
low up, four (5%) died, and 34 (43%) discontinued for
other reasons, mainly due to disease progression or
because they started an alternative anti-cancer therapy
(Additional file 1: Figure S1). All deaths were considered
unrelated to study treatment.

Efficacy

Disease responses, as assessed by BICR and the inves-
tigators for the ITT population, are presented in
Table 2. At a median follow-up of 24.6 months (range:
1.2-71.7 months), the durable CR rate (CR with
HR >180 days) was 36% (29 patients; 95% CI, 26—48%).
This surpassed the target rate of 28% and was significantly
higher than the historical control (lower bound of 95%
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Table 1 Patient demographics and baseline characteristics

6.2)

Baseline neutrophil count, x 103/uL, median (range) 0.81

Characteristic Value (N=80)
Median age, years (range) 60.0 (34-84)
Sex, n (%)
Male 63 (79)
Female 17 (21)
Race
White, n (%) 72 (90)
Black, n (%) 1(1)
Asian, n (%) (1)
Other 3(4)
Information missing 3(4)
Ethnicity
Hispanic or Latino 5(6)
Not Hispanic or Latino 67 (84)
Not stated 2(3)
Unknown 6(8)
Variant HCL, n (%) 3(4)
Splenectomy, n (%) 5(6)
Number of prior systemic therapies, median (range) 3(-11)
>3 prior lines, n (%) 39 (49)
Baseline hemoglobin, g/dL, median (range) 1(65-16.3)
(©.1
Baseline platelet count, x 10/pL, median (range) 68.0 (6.0-350.0)
Prior cancer therapy, n (%)
PNA 80 (100)
Rituximab 60 (75)
BRAF inhibitor 14 (18)
Interferon-a 20 (25)
Other 8(10)
Unfit for PNA re-treatment, n (%) 30 (38)
At risk of infection® 20 (25)
Active infection® 19 (24)
Patients refractory to PNA,S n (%) 39 (49)
PNA monotherapy? 29 (36)
PNA 4 rituximab® 15(19)

HCL hairy cell leukemia, OR overall response, PNA purine nucleoside analog
2 Patients whose baseline absolute neutrophil count was <0.5 x 103/uL

b patients whose medical history included a serious infection or febrile
neutropenia marked as ‘ongoing’ or ending after the first dose of moxetumomab

¢ Patients whose HCL was refractory to any line of PNA. Note: A patient was
counted as having HCL refractory to PNA monotherapy and/or PNA + rituximab

d patients who did not achieve an OR or who achieved an OR lasting < 1 year
€ Patients who did not achieve an OR or who achieved an OR lasting < 2 years

CI>13%). Moreover, the CR rate with HR > 360 days was
33% (26 patients; 95% CI 22—44%). Thirty-three patients
had CR, 8 of whom of had a spleen size>13 cm (range:
13.2-16.1 cm); all 8 of these patients remained in HR at
180 days, and 7 of them remained in HR at 360 days.
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Table 2 Moxetumomab pasudotox was associated with a high response rate and MRD negativity among complete responders

Parameter

Value (N=380), ITT population

Blinded independent central review Investigator assessment

Durable CR [primary endpoint], n (%)
95% (I
CR with HR> 360 days, n (%)
95% CI°
Best overall response
CR, n (%)
95% CI°
CRand MRD-, n (%)°
95% ClI?
CRand MRD+, n (%)°
959% ClI°
PR, n (%)
Objective response rate [CR or PR], n (%)
95% ClI°?
Median duration of response, months (range)
Median duration of CR, months (range)

29 (36) 39 (49)

26,48 37,60

26 (33) 36 (45)

22,44 34,57

33(41) 42(53)

30,53 41,64

27 (34) 26 (33)

24,45 22,44

6(8) 6(8)

3,16 3,16

27 (34) 21 (26)

60 (75) 63 (79)

64, 84 68,87

66.7 (0410 66.7) 42.1(0.0+1069.0)
62.8(0.1410 62.8) 56.6 (0.0+10 69.0)

CR was defined as clearing of the bone marrow of hairy cells (determined by routine hematoxylin and eosin stain), radiologic resolution of pre-existing
lymphadenopathy and/or organomegaly, and HR. PR was defined as > 50% decrease or normalization (< 500/mm?3) in peripheral blood lymphocyte count, reduction
of pre-existing lymphadenopathy and/or organomegaly, and HR or 50% improvement in neutrophils, platelets, and hemoglobin over baseline (without transfusions

or growth factors for at least 4 weeks)

Cl confidence interval, CR complete response, HR hematologic remission, IHC immunohistochemistry, ITT intent-to-treat, MRD minimal residual disease, PR partial

response

2 Two-sided Cl was calculated using the exact probability method based on the binomial distribution. ®Determined by IHC

In the majority of cases (51 out of 80 patients, 64%),
response assessments were concordant between BICR
and local settings. Among the 33 BICR-categorized CRs,
29 were also investigator-categorized CRs, including
28 durable CRs; among the 42 investigator-categorized
CRs, 13 were not reported as CR by BICR. The discrep-
ancies were due to differences in assessment of bone
marrow involvement, technical challenges (e.g., unavail-
able/unevaluable H&E slides), and incomplete disease
assessments by local investigators. Some level of variabil-
ity is to be expected with low levels of disease (e.g., 1-2%
involvement).

Based on BICR, 60 patients (75%; 95% CI, 64—84%) had
an OR, of which 33 (41%; 95% CI, 30-53%) had a CR; both
the median CR duration and median HR duration from
the onset of CR were 62.8 months (Fig. 1a, b). Landmark
rates of CR at 6, 12, 18, 24, 36, 48, and 60 months were
94%, 77%, 74%, 70%, 61%, 61%, and 61%, respectively. The
median OR duration was 66.7 months, and the median
HR duration from the onset of HR was 45.8 months
(Fig. 1c). Finally, median PFS was 41.5 months if a pro-
gression event was considered as the loss of any CR crite-
ria; median PFS was longer (71.7 months) if a progression
event had to be accompanied by loss of HR (Fig. 1d).

Notably, the median estimates for the duration of
response (e.g., CR and HR) were only reached at the last
event, when a single patient was at risk. For this reason, the
landmark analyses provide a more robust measure of treat-
ment efficacy than the median estimates. Nevertheless,
these analyses should be interpreted with caution owing to
the small number of patients at the later time points.

Overall, 27 (82%) of the 33 patients with a CR also
demonstrated MRD negativity (BICR), representing 34%
of all patients. Both the median duration of CR (62.8 vs
12.0 months; Fig. 2) and median duration of HR from
CR (62.9 [95% CI: NE] vs 12.0 months [95% CI 5.88-NR
months]) were longer in MRD-negative patients than in
MRD-positive patients.

Safety

For the primary analysis, safety data were collected up to
30 days after the last dose of moxetumomab pasudotox was
administered. SAEs were followed until resolution or death.
All patients had completed at least 6 months of post-treat-
ment follow-up by the date of the primary analysis cutoff.
Therefore, limited safety data were collected after this date
(no new information on SAEs), and safety results in this
long-term follow-up analysis remain largely unchanged [29].
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a Duration of CR from the onset of CR

40 pg/kg

No. of events

Median (months) (95% CI)
LR at 6 months

LR at 12 months

LR at 18 months

LR at 24 months

LR at 36 months

LR at 48 months

LR at 60 months

n=33
11

62.8 (35.7, 62.8)
94% (77%, 98%)
77% (58%, 88%)
74% (54%, 86%)
70% (50%, 83%)
61% (37%, 79%)
61% (37%, 79%)
61% (37%, 79%)
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o
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No. atrisk 33
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b Duration of HR from the onset of CR

40 ug/kg

No. of events

Median (months) (95% CI)
LR at 12 months

LR at 24 months

LR at 60 months

T T T T
30 36 42 48

Time (months)

1 7 6 5

n=33
7

62.8
90%
83%
74%

35.7, 62.8)
72%, 97%)
63%, 92%)
48%, 89%)
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Fig. 1 Moxetumomab pasudotox provided durable responses in heavily pre-treated patients. As assessed by BICR in the ITT population, Kaplan—
Meier plots of a duration of CR and b duration of HR, in patients with CR, ¢ duration of HR in all patients with HR, and d PFS. HR is defined as
hemoglobin > 11.0 g/dL, absolute neutrophil count> 1.5 x 10*/uL, and platelet count > 100 x 10*/uL, without receiving transfusions or growth
factors within the preceding 4 weeks of assessment. BICR blinded independent central review, C/ confidence interval, CR complete response,

HR hematologic remission, ITT intent-to-treat population, LR landmark rate, NE not evaluable, NR not reported, OR objective response, PFS

progression-free survival

T T T T
6 12 18 24

29 25 23 21

| | | |
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Time (months)
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C Duration of HR from the onset of HR

100 —
80 40 pg/kg n=64
No. of events 28
9 Median (months) (95% Cl) 45.8 (26.5, NR)
=t
kel
3 60 —
£
o
© t t =+
Q
2 40
o
®
£
(0]
T
20
0 T T T T T T T T T T T T
0 6 12 18 24 30 36 42 48 54 60 66 72
Time (months)
No. at risk
64 58 46 40 35 31 16 10 7 6 1 1 0
d PFS from the start of moxetumomab pasudotox treatment
100 40 uglkg N=80
No. of events — 26 — 30
Median (months) 71.7 months 41.5 months
(95% CI) (35.8, NR) (29.5, NR)
80 —
9
2 60
= T ™ T Lml T
(2]
Q f +— H—
o
S 40
®
o
(=)
Q
a 20 -
—— PFS without loss of HR
—— PFS
0 T T T T T T T T T T T T
0 6 12 18 24 30 36 42 48 54 60 66 72
Time (months)
No. at risk
80 67 51 46 38 34 17 1 7 6 2 1 0
80 67 49 43 35 31 15 10 6 6 2 1 0

Fig. 1 continued
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100 MRD positive  MRD negative
No. of events 4 7
Median (months) (95% CI) 12.0 (4.0, NE) 62.8 (35.7, 62.8)

_ 80+

2\0-/ L L H L

G) L] L] L]
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o 60

a
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g
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o
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o
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No. at risk Time (months)
MRD positive 6 3 2 1 1
MRD negative 27 26 20 19 17 1" 7 6 5 4 1

Fig. 2 MRD negativity was associated with durable CR. Kaplan—-Meier plot for the patients with a complete response in the ITT population, as
assessed by BICR (n=33). The starting point of the observation was from the onset of CR and MRD testing. BICR blinded independent central
review, C/ confidence interval, CR complete response, ITT intent-to-treat, MRD minimal residual disease, NE not evaluable

Overall, 79 subjects (99%) experienced at least one
AE, of which the most common were peripheral edema
(39%), nausea (35%), and fatigue (34%) (Additional file 2:
Table S1). The most commonly occurring grade 3-4
events were decreased lymphocyte count in 16 patients
(20%), anemia in 8 patients (10%), and asymptomatic
hypophosphatemia in 8 patients (10%). AEs not reported
as related to study treatment led to study discontinuation
in 4 patients (5%): glioblastoma, grade 5 pneumonia, grade
1 memory impairment, and grade 4 sepsis syndrome. Sec-
ondary malignancies were not a safety issue in this study.
There was one report of glioblastoma and multiple mye-
loma each, and six cases of non-melanoma skin cancers (1
basal cell carcinoma, 2 lipomas, 2 seborrheic keratoses, and
1 squamous cell carcinoma), but these were not reported
as related to moxetumomab pasudotox treatment.

The most frequent treatment-related AEs were nausea
(22 patients, 28%), peripheral edema (21 patients, 26%),
headache (17 patients, 21%), and pyrexia (16 patients,
20%) (Table 3). Treatment-related grade 3—4 AEs were
reported in 24 patients (30%) and treatment-related
SAEs in 14 (18%). Overall, treatment-related AEs led to
study drug discontinuation in 8 patients (10%): hemo-
lytic uremic syndrome (HUS; 4 patients, 5%), capillary
leak syndrome (CLS; 2 patients, 3%), and increased blood
creatinine (2 patients, 3%). Notably, HUS and CLS events
were generally reversible.

Table 3 Summary of treatment-related AEs®

Treatment-related Grade 3-4
AEs of all grades  treatment-
related AEs

Patients, n (%) Patients, n (%)

Nausea 22 (28) 2(3)
Edema peripheral 21 (26) 0

Headache 17 (21) 0

Pyrexia 16 (20) 1(1)
Capillary leak syndrome 7 (9) 2(3)
Hemolytic uremic syndrome 6(8) 4(5)
Lymphocyte count decreased 6 (8) 6 (8)
Anemia 5(6) 2(3)
Platelet count decreased 5(6) 2(3)
Hypertension 4 (5) 2(3)
Acute kidney injury 2(3) 2(3)
Neutropenia 2(3) 2(3)
White blood cell count decreased 2 (3) 2(3)

AE adverse event

@ Adverse events of any grade with an incidence of at least 20%, as well as events
of grade 3 or 4 with an incidence of at least 3%

Key laboratory findings are reported in Additional
file 3: Table S2. All serum creatinine laboratory val-
ues stayed within normal limits up to 12 months
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post-treatment, and there was no decline in renal func-
tion over time ( Additional file 4: Figure S2). With a
median follow-up of 24.6 months, four deaths were
reported: two due to HCL progression and two due to
an AE (1 each of pneumonia and septic shock). The fatal
pneumonia was reported in a 79-year-old female 30 days
after the last administration of study medication. Given
the long delay between this event and the last adminis-
tration of study medication, the event was considered not
to be related to moxetumomab pasudotox by the inves-
tigator. The septic shock was reported in a 70-year-old
male, known to have grade 3 neutropenia at baseline.
One hundred and twenty-nine days after starting study
medication, this patient was hospitalized for septic shock
due to Staphylococcus and died 4 days later. In light of the
baseline neutropenia and the 4 months of therapy with
infectious complications, this event was considered not
to be related to moxetumomab pasudotox by the investi-
gator. Therefore, overall no deaths were considered to be
related to moxetumomab pasudotox administration.

Discussion

HCL is a rare malignancy, accounting for approximately
2% of all leukemias. Thus, there is a lack of rigorous and
prospective studies evaluating therapies, particularly in
the relapsed/refractory setting [30, 31]. To date, this is the
largest prospective study to evaluate therapy in the third
line and beyond for HCL, demonstrating an unprec-
edented duration of CR (>5 years), high OR rate (75%),
and long-lasting PFS (median of 41.5 months) in heavily
pre-treated patients. Consistent with the primary analy-
sis, the durable CR rate was significantly higher than the
CR rate of 13% in the largest rituximab trial, which was
used as a historical control for this study [11, 29]. Nota-
bly, this is also the first trial to both establish and meet
the primary endpoint of durable CR (with HR > 180 days)
in heavily pre-treated patients, setting an important
standard for assessing the clinical benefit of therapies in
future trials.

Unfortunately, studies with long-term follow-up for
other late-line HCL treatments are scarce. The major-
ity of rituximab studies have included <10 patients with
heavily pre-treated disease and a follow-up of less than
3 years [9, 10, 12, 20]. Hence, the efficacy of rituximab
monotherapy has not been well established in this setting
(> 2 prior therapies). Perhaps the strongest previous data
come from small Phase 2 studies of vemurafenib, ibruti-
nib (including variant HCL), and vemurafenib plus rituxi-
mab in patients who had received a median of >3 prior
therapies [8, 17, 19]. These studies have demonstrated
CRs lasting around 2 years, but the largest included only
27 evaluable patients. By contrast, the current study esti-
mated that the probability of CRs lasting at least 5 years

Page 9 of 11

is>60% in patients treated with moxetumomab pasudo-
tox. This finding is promising but should be interpreted
with caution owing to the limited number of patients at
later time points.

The proportion of patients who achieved a durable CR
rate with moxetumomab pasudotox in the long-term
follow-up analysis, as determined by BICR, was approx-
imately 20% higher than in the primary analysis (29
patients, 36% vs 24 patients, 30%) [29]. This difference
was due to some patients having a follow-up of < 180 days
at the date of the primary analysis cutoff.

Beyond the conventional efficacy and safety endpoints
evaluated, this pivotal study also examined MRD sta-
tus (using bone marrow IHC) and its influence on out-
comes. Published data suggest that MRD is not routinely
assessed in clinical trials, and the few trials that have eval-
uated MRD status after therapy included a limited num-
ber of patients and follow-up [1, 2, 8-19]. For example,
preliminary results from a Phase 2 study of vemurafenib
plus rituximab demonstrate encouraging MRD-negativ-
ity rates (63% at approximately 30 months) but in only 27
patients [19]. In contrast, none of the patients in an Ital-
ian study of vemurafenib monotherapy were reported as
MRD-negative [8].

This study of moxetumomab pasudotox is the larg-
est trial to prospectively evaluate MRD with long-term
follow-up and found a clear association between nega-
tive MRD status and durable remission. The majority
of complete responders demonstrated MRD negativity
(27 patients, 82%) with moxetumomab pasudotox. Both
the median duration of CR and duration of HR from
CR were approximately fivefold longer in MRD-nega-
tive (62.8 months and 62.9 months, respectively) versus
MRD-positive patients (12.0 months and 12.0 months,
respectively) treated with moxetumomab pasudotox,
highlighting the potential clinical relevance of prospec-
tive MRD assessments. This long duration of HR from CR
in MRD-negative patients is an important finding, given
that the reappearance of cytopenias is of greater clini-
cal relevance than the reappearance of leukemic cells.
Indeed, median PFS was longer if progression occurred
without the loss of HR (71.7 months vs 41.5 months).

In this long-term follow-up, moxetumomab pasudo-
tox treatment continued to demonstrate the manageable
safety profile and acceptable tolerability reported in the
primary analysis. Relative to PNAs, this safety profile is
largely favorable as moxetumomab pasudotox results in
less myelotoxicity and immunosuppression and thus does
not increase susceptibility to infection [2, 29, 30]. Nota-
bly, this study did not evaluate moxetumomab pasudotox
in patients with significant comorbidities such as com-
promised organ function, nor those with active or ongo-
ing infections; all cases of intercurrent infection were
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adequately controlled by the start of treatment. Thus,
careful patient assessment and selection will be necessary
prior to treatment with moxetumomab pasudotox.

Infrequently, HUS and CLS can occur with moxetu-
momab pasudotox treatment and proactive monitoring
of patients for the relevant symptoms is important. How-
ever, these conditions are both manageable and reversible
with best supportive care. Current prevention strategies
for HUS include oral hydration and i.v. fluid supplemen-
tation (0.5—-1 L) before and after each dose, and the oral
use of dexamethasone in those with nausea or pyrexia.
Serum creatinine levels remained within the normal
range 1 year after treatment, and there was no decline in
renal function with moxetumomab pasudotox treatment
over time.

Conclusions

Although a larger randomized, controlled trial would ide-
ally be required to confirm the positive effects of mox-
etumomab pasudotox reported in this open-label trial,
patient numbers in this rare condition are small and
there are limited treatment options available. Based on
the primary analysis [29], which demonstrated promising
efficacy and acceptable safety data, moxetumomab pasu-
dotox became the first therapy to receive FDA approval
for R/R HCL in September 2018. Here, we show that
moxetumomab pasudotox provides an unprecedented
rate of deep and durable CR with a manageable safety
profile in R/R disease. Moreover, the majority of patients
with CR also demonstrate MRD negativity and thus may
benefit from improved long-term clinical outcomes. The
results of this trial represent an important step forward
for patients with R/R HCL, providing a clinically mean-
ingful option following initial treatment with a PNA.
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