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Original Article

Efficacy of Inotuzumab Ozogamicin in Patients With
Philadelphia Chromosome-Positive Relapsed/Refractory Acute
Lymphoblastic Leukemia

Wendy Stock, MD"; Giovanni Martinelli, MD%; Matthias Stelljes, MD%; Daniel J. DeAngelo, MD, PhD* Nicola Gékbuget, MD%;
Anjali S. Advani, MD®; Susan O’Brien, MD’; Michaela Liedtke, MD®; Akil A. Merchant, MD?; Ryan D. Cassaday, MD 1o,
Tao Wang, PhD"; Hui Zhang, PhD'%; Erik Vandendries, MD, PhD'; Elias Jabbour, MD 3. David I. Marks, MD, PhD'%;

and Hagop M. Kantarjian, MD &/ 13

BACKGROUND: Patients with relapsed/refractory (R/R) Philadelphia chromosome-positive (Ph+) acute lymphoblastic leukemia (ALL)
have a poor prognosis and limited treatment options. METHODS: The efficacy of inotuzumab ozogamicin (InO), a humanized anti-CD22
monoclonal antibody conjugated to the cytotoxic antibiotic calicheamicin, was evaluated in R/R ALL patients in the phase 1/2 study
1010 (NCT01363297) and open-label, randomized, phase 3 study 1022 (INO-VATE; NCT01564784). This analysis focused specifically on
Ph+ R/R ALL patients. In study 1022, Ph+ patients were randomly assigned 1:1 to InO (n = 22) or standard intensive chemotherapy (SC)
(n = 27) and 16 Ph+ patients in study 1010 received InO. RESULTS: In study 1022, rates of complete remission/complete remission with
incomplete hematologic recovery (CR/CRIi) and minimal residual disease (MRD) negativity (patients achieving CR/CRi) were higher with
InO (CR/CRI = 73%; MRD = 81%) versus SC (CR/CRi = 56%; MRD = 33%). The corresponding rates in study 1010 were 56% (CR/CRi) and
100% (MRD). The hematopoietic stem cell transplantation (HSCT) rate in study 1022 was 41% versus 19% for InO versus SC; howevetr,
there was no benefit in overall survival (median OS: 8.7 vs 8.4 months; hazard ratio, 117 [95% CI, 0.64-2.14]). The probability of being
event-free (progression-free survival) at 12 months was greater with InO versus SC (20.1% vs 4.8%). CONCLUSION: Given the substantial
improvement in responses and rates of HSCT, InO is an important treatment option for patients with R/R Ph+ ALL. Future studies need to
consider better characterization of disease characteristics, more sensitive MRD measurements, MRD-directed therapy before HSCT, and
potentially combination therapies, including tyrosine kinase inhibitors. Cancer 2021;127:905-913. © 2020 The Authors. Cancer published
by Wiley Periodicals LLC on behalf of American Cancer Society This is an open access article under the terms of the Creative Commons
Attribution-NonCommercial-NoDerivs License, which permits use and distribution in any medium, provided the original work is properly
cited, the use is non-commercial and no modifications or adaptations are made.

KEYWORDS: acute lymphoblastic leukemia, efficacy, hematopoietic stem cell transplantation, inotuzumab ozogamicin, Philadelphia
chromosome.

INTRODUCTION
The Philadelphia chromosome (Ph) is the most common cytogenetic abnormality (15%-30%) in adult patients with
acute lymphoblastic leukemia (ALL)."” The incidence of Ph-positive (Ph+) ALL increases with age and may be as high
as 40% to 50% for patients aged >60 years.* Historically, patients with Ph+ ALL have had poorer prognoses, with
higher rates of relapse and worse long-term survival, compared with patients who have Ph-negative (Ph—) ALL. The
introduction of tyrosine kinase inhibitors (TKIs) as a treatment for patients with Ph+ ALL substantially improved their
outcomes.”® Thus, TKIs in combination with corticosteroids and/or chemotherapy are currently the standard of care for
patients with Ph+ ALL.

Despite the improved outcomes with the use of TKIs, patients with Ph+ ALL are still at high risk of relapse,
especially those with suboptimal molecular responses and those who do not receive an allogeneic hematopoietic stem
cell transplantation (HSCT) following first complete remission (CR).” Outcomes are also poor with single-agent
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TKIs for the treatment of relapsed or refractory (R/R)
ALL, and there are limited data available for combining
TKIs with other agents in the relapsed setting. Relapse
following treatment with first- or second-generation
TKIs is often associated with mutations in the ABL-
kinase domain, particularly at threonine 315, which
is often mutated to an isoleucine (T315I).® Ponatinib,
a third-generation TKI, is currently one of the few
treatment options that has shown activity in Ph4+ ALL
with a 73151 mutation.’ Thus, effective treatments are
needed for patients with R/R Ph+ ALL.

A number of studies have demonstrated the efficacy
of inotuzumab ozogamicin (InO) in R/R ALL, with the
achievement of high rates of minimal residual disease
(MRD)-negative remissions and the ability to proceed
to potentially curative allogeneic HSCT.""" Given the
observed efficacy of InO in patients with R/R ALL and
its potential ability to target Ph+ ALL regardless of ABL-
kinase mutational status, we analyzed the efficacy of InO
in these patients. The presence of Ph+ patients in both
study 1022 (INO-VATE)" and the phase 1/2 study
1010"2 allowed us to conduct a retrospective analysis to
assess the efficacy of InO in patients with R/R Ph+ ALL.
Our objective was to compare efficacy outcomes (CR/
CR with incomplete hematologic recovery [CRi], MRD,
overall survival [OS], and progression-free survival [PES])
among Ph+ patients with R/R ALL treated with InO ver-
sus standard intensive chemotherapy (SC) and to describe
the rate of access to HSCT following InO therapy as a
potentially curative strategy for patients with advanced
disease. We were particularly interested in the ability of
InO to induce MRD negativity in patients with R/R Ph+
ALL compared with SC. Increasing the rate of MRD neg-
ativity, which would enable more patients to proceed to
HSCT, would constitute a significant advance for this pa-
tient population, given their poor prognoses and limited
treatment options.

MATERIALS AND METHODS

Study Design

The study design, patient population, and treatment
arms for the 1010 and 1022 studies were published previ-
ously.'*" Protocols were conducted in accordance with
the Declaration of Helsinki and International Council
for Harmonisation Guidelines for Good Clinical
Practice and was approved by Institutional Review
Boards at each participating institution. Participants
provided written informed consent before initiation of
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study-related activities. Patients with R/R ALL received
InO in both studies. Study 1010 (NCT01363297)
was a phase 1 InO dose-finding/phase 2 study.'* Study
1022 (NCT01564784) was an open-label, randomized,
phase 3 trial (INO-VATE) comparing InO with sc.?
It is important to note that neither study 1022 nor
study 1010 were designed to assess the efficacy of InO
specifically in patients with Ph+ ALL. In both stud-
ies, only a minority of patients had Ph+ ALL, and in
study 1022, patients were not stratified by Ph+ status.
Patients in both study arms were not permitted to re-
ceive TKIs concurrent with study treatment but could
be given TKIs after study treatment. Assessment of Ph+
status is described in the Supporting Information.

This analysis is based on the final study database of
INO-VATE (last-patient/last-visit date, January 4, 2017)
and study 1010 (last-patient/last-visit date, January 15,
2016).

Study 1010

Adules with R/R CD22+ ALL, including Ph+ patients
for whom standard TKI treatment had failed, received
InO. Phase 1 focused on dose escalation to determine the
recommended phase 2 dose (RP2D), followed by a dose
expansion phase at the RP2D. In phase 2, the InO start-
ing dose was 0.8 mg/m” on day 1 followed by 0.5 mg/m”
on days 8 and 15 of each 21-day cycle.

Study 10227

Adules with R/R CD22+ ALL in first or second salvage
treatment were randomly assigned 1:1 to receive InO or
SC. InO was delivered intravenously at a starting dose
of 1.8 mg/m”. Patients received 0.8 mg/m” InO on day
1 and 0.5 mg/m” on days 8 and 15 of a 21- to 28-day
cycle for up to 6 cycles. Patients achieving CR/CRi were
dose-reduced to 1.5 mg/m*/cycle. SC treatment was the
investigator’s choice of chemotherapy, consisting of either
FLAG (fludarabine, cytarabine [Ara-C], and granulocyte
colony—stimulating factor), Ara-C plus mitoxantrone, or

high-dose Ara-C.

Outcomes

Details of the primary efficacy and safety endpoints
have been described.'>!® For the current analysis, ef-
ficacy outcomes CR/CRi, MRD negativity, OS, and
PFS were analyzed in all Ph+ patients treated with InO
or SC based on final data from each study. Outcomes
based on whether patients had proceeded to HSCT

were also examined.
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RESULTS

Patients

In all, 5 and 6 patients (InO and SC, respectively) in
study 1022 had Ph+ confirmed only by medical history;
all other patients were confirmed by local laboratory re-
sults and/or fluorescence in situ hybridization analysis
performed at a central laboratory. A total of 22 Ph+ pa-
tients in study 1022 were randomly assigned to InO and
27 to SC (22 received SC) (Fig. 1). In study 1010, 16
Ph+ patients received InO during phase 1 dose escalation
(n =4), phase 1 dose expansion (n = 3), and phase 2 dose
expansion (n = 9) (Fig. 1).

In study 1022, the proportion of Ph+ patients
with CD22 expression <90% of ALL blasts was sim-
ilar to that observed for the entire study population
(36% vs 26%, respectively). Moreover, in study 1022,
wherein the CD22 density was measured, the median
CD22 density on leukemic blasts of Ph+ patients (n =
20 vs 24, InO vs SC) was similar to that of patients with
normal (diploid) karyotype (3262.0 vs 3586.5), where
density is expressed as molecules of equivalent soluble
fluorochrome.

Ph+ patients in both studies had similar median
white blood cell (WBC) counts at baseline compared with
the entire study population. In study 1022, the median
WBC counts (range) were 5.2 (0.8-19.5), 4.1 (0.0-47.4),
4.6 (0.6-42.2), and 4.0 (0.1-68.8) 10*/mm? for Ph+ InO
recipients, all InO recipients, Ph+ SC recipients, and all
SC recipients, respectively. The median WBC counts
(range) for study 1010 were 4.07 (0.7-67.2) 10*/mm? for
Ph+ patients and 4.40 (0.5-67.2) 10°/mm?’ for the entire
study population.

At the time of entry into study 1022, nearly all pa-
tients with Ph+ ALL in the InO versus SC groups had
received 1 (n = 12/22 [55%] vs 12/27 [44%]) or 2 (n
= 9/22 [41%] vs 15/27 [56%]) prior lines of treatment
(Supporting Table 1). At study entry, most patients
(>85%) in each group had received treatment with at
least 1 second-generation (most commonly dasatinib) or
third-generation TKI. Four of 22 (18.2%) patients in the
InO group and 8 of 27 (29.6%) patients in the SC group
had received prior ponatinib; approximately one-third
of patients in each group (n = 7/22 [32%] vs n = 9/27
[33%]) had previously undergone HSCT.

At the time of study entry, patients in study 1010
were generally more heavily pretreated than patients
in study 1022. Almost all patients in study 1010 (n
= 15/16 [94%]) had received >2 salvage treatments
(Supporting Table 1). Per protocol, all patients with
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Study 1022 (INO-VATE)
Phase 3 trial (NCT01564784)
Aug 2012-Jan 2017
N=164

Patients (n=65)

Patients with Ph+ R/R ALL
enrolled in either study and
treated with InO or SC
« Study 1022: 49 patients
(n=22 InO and 27 SC)
« Study 1010: 16 InO patients

Study 1010
Phase 1/2 trial (NCT01363297)
Aug 2011-Jan 2016
N=72

Figure 1. Patient population. Abbreviations: ALL, acute
lymphoblastic leukemia; InO, inotuzumab ozogamicin; Ph+,
Philadelphia chromosome-positive; R/R, relapsed/refractory;
SC, standard chemotherapy.

Ph+ ALL were previously treated with TKIs; how-
ever, 1 patient with a variant Ph+ translocation was
not reported to have received TKIs previously. Half of
the patients (n = 8/16) in study 1010 had previously
undergone HSCT. Although the majority of patients
(>70%) in both arms of study 1022 exhibited a com-
plete response to the most recent prior induction ther-
apy (Supporting Table 1), the proportion of patients
exhibiting a previous complete response in study 1010
was lower (44%).

Efficacy

In study 1022, the proportion of patients achieving CR/
CRi was higher in the InO group (n = 16/22 [73%]) com-
pared with the SC group (n = 15/27 [56%]) (rate differ-
ence 17.2 [95% CI, —=13.0 to 47.4]; P=.1075) (Table 1).
A similar trend was observed for patients achieving CR in
the InO group (n = 10/22 [46%]) versus the SC group (n
= 8/27 [30%)]) (rate difference 15.8 [95% CI, —15.1 to
46.7]; P =.1265). In study 1010, CR/CRi and CR were
achieved by 56% (n = 9/16) and 25% (4/16) of InO-
treated patients, respectively. The rate of MRD negativity
among patients who achieved CR/CRi in study 1022 was
higher (2 = .009) in the InO group (n = 13/16 [81%)])
versus SC (n = 5/15 [33%]) (Table 1). All 9 respond-
ing patients who achieved CR/CRi in study 1010 also
achieved MRD negativity (100%) (Table 1), which was
similar to the MRD rate for the InO group in study 1022
(81%).

In study 1022, OS for Ph+ patients was similar be-
tween the InO and SC treatment arms, with a median OS
of 8.7 and 8.4 months, respectively (hazard ratio [HR],
1.17 [95% CI, 0.64-2.14]; P = .6912) (Table 1, Fig. 2).

907



Original Article

TABLE 1. Efficacy Endpoints

Study 1022 Study 1010
Efficacy Endpoints InO (n =22) SC (n=27) P InO (n=16)
CR/CRi, n (% [95% ClI]) 16 (72.7 [49.8-89.3)) 15 (55.6 [35.3-74.5)) 1075 9 (56.3 [29.9-80.3])
CR, n (% [95% CI]) 10 (45.5 [24.4-67.8]) 8 (29.6 [13.8-50.2)) 1265 4 (25.0)
CRi, n (% [95% ClI)) 6 (27.3 [10.7-50.2]) 7 (25.9 [11.1-46.3)) 4577 5(31.3)
MRD negativity, n (% [95% CI])? 13 (81.3 [54.4-96.0]) 5 (33.3 [11.8-61.6]) .009 9(100.0
[66.4-100.0))
oS
Median, mo (95% Cl) 8.7 (3.6-14.1) 8.4 (5.0-14.3) 7.4 (4.3-11.3)
HR (95% Cl) 1.17 (0.64-2.14) 6912 —
PFS
Median, mo (95% Cl) 3.9 (2.1-9.2) 3.1 (1.1-6.2) 4.4 (1.8-5.9)
HR (95% ClI) 0.65 (0.34-1.25) .0963 -

Abbreviations: CR/CRi, complete remission/complete remission with incomplete hematologic recovery; HR, hazard ratio; InO, inotuzumab ozogamicin; MRD,

minimal residual disease; OS, overall survival; PFS, progression-free survival;

SC, standard chemotherapy.

#Percentage of patients who achieved CR/CRi (16 InO patients and 15 SC patients in study 1022 and 9 patients in study 1010).

A
e 100 ++++ Censored
° n Events, n mOS (95% Cl), mo
2 80 InO 22 21 8.7 (3.6-14.1)
= —— 8C 27 21 8.4 (5.0-14.3)
ﬁ 60 Unstratified HR 1.167 (97.5% Cl, 0.583-2.336)
5 P=.6912
T 40
s
< 20
2
A [
(] 0
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Time (months)
No. at risk
InO 22 13 10 6 5 3 1 1 1 0
SC 27 18 10 7 4 4 2 1 1 0
B
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S n Events, n mOS (95% CI), mo
> 80 Ino 16 13 7.4 (4.3-11.3)
E
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<
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S
" 0
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No. at risk
InO 16 15 9 6 4 3 3 3 3 0

Figure 2. Kaplan-Meier plot of overall survival among Philadelphia chromosome-positive patients with acute lymphoblastic

leukemia in (A) study 1022 and (B) study 1010. Abbreviations:
survival; SC, standard chemotherapy.

HR, hazard ratio; InO, inotuzumab ozogamicin; mOS, median overall

Similarly, in study 1010, the median OS was 7.4 months
for Ph+ patients treated with InO. In study 1022, the
median PFS was 3.9 months versus 3.1 months for InO

versus SC (HR, 0.65 [95% CI, 0.34-1.25]; P = .0963)
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(Table 1, Fig. 3). For PES, the probability of being alive
and event-free at 12 months in study 1022 was higher
for InO versus SC (20.1% vs 4.8%). In study 1010, the
median PFS was 4.4 months.
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Figure 3. Kaplan-Meier plot of progression-free survival

among Philadelphia chromosome-positive patients with acute

lymphoblastic leukemia in (A) study 1022 and (B) study 1010. Abbreviations: HR, hazard ratio; InO, inotuzumab ozogamicin; mPFS,

median progression-free survival; SC, standard chemotherapy.

TABLE 2. Efficacy Endpoints Stratified According to Whether Ph+ Patients Received Follow-up HSCT

Study 1022

Study 1010

+ Follow-up HSCT

No Follow-up HSCT

+ Follow-up HSCT No Follow-up HSCT

InO (n = 9) SC (n = 5) INO(n=13)  SC(n=22) IO (n = 3) InO (n = 13)
PFS, mo, median 9.2 (1.3-NE) 6.5 (2.2-NE) 2.4 (0.6-6.3) 2.4 (1.0-6.2) 5.4 (4.3-NE) 3.5 (1.7-5.9)
(95% Cl)
0S, mo, median 16.5 (4.7-43.6) 16.4 (11.6-30.6) 4.4(1.1-8.0) 6.9 (4.1-9.1) 11.3 (4.3-NE) 7.4 (3.5-11.3)
(95% Cl)

Abbreviations: HSCT, hematopoietic stem cell transplantation; InO, inotuzumab ozogamicin; NE, not evaluable; OS, overall survival; PFS, progression-free survival;

Ph+, Philadelphia chromosome—-positive; SC, standard chemotherapy.

Following treatmentin study 1022, 41% (n=9/22)
of patients in the InO group and 19% (n = 5/27) in
the SC group proceeded to HSCT. In study 1010, 19%
(n = 3/16) of InO recipients proceeded to HSCT. The
median time from CR/CRi to HSCT in study 1022 was
74 days versus 143 days for InO versus SC. In study
1010, the median time from CR/CRi to HSCT was
98 days.

Cancer  March 15, 2021

The median PFS appeared to be longer for patients
who proceeded to HSCT versus patients who did not,
which was observed in both the InO (9.2 vs 2.4 months)
and SC (6.5 vs 2.4 months) arms in study 1022 (Table 2).
Of note, for InO-treated patients, PFS was similar for
both Ph+ and Ph— patients who proceeded to HSCT
(HR, 0.96 [95% CI, 0.41-2.24]; P = .4577). OS ap-
peared to be longer for InO (median, 16.5 vs 4.4 months)
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and SC (median, 16.4 vs 6.9 months) recipients who pro-
ceeded to HSCT compared with those who did not. The
same trends were observed for InO recipients in study
1010 (Table 2).

InO and SC recipients had a similar duration of re-
mission (DOR), with a median duration of 5.8 vs 4.0
months (HR, 0.56 [95% CI, 0.25-1.24]; P = .073)
(Supporting Table 2). The majority of patients in each
group had relapse as events for DOR following achieve-
ment of CR/CRi (InO, 76.9% [n = 10/13]; SC, 69.2%
[n = 9/13]). A posttransplantation survival analysis was
performed on the small number of Ph+ patients who
proceeded to follow-up HSCT. InO recipients from both
studies were pooled (n = 12) and compared with SC in
study 1022 (n = 4). The median duration of posttrans-
plantation survival was 12.1 months (95% CI, 2.9-40.7)
for InO and 20.1 months (95% CI, 1.0-25.0) for SC
(HR, 1.21 [97.5% CI, 0.27-5.43]; P = .612).

Safety

The most common nonhematologic grade 3-5 adverse
events among Ph+ patients in the InO groups were mul-
tiorgan abnormalities (41%) in study 1022 and gastro-
intestinal disorders (31%) in study 1010 (Supporting
Table 3). The incidence of increased grade >3 gamma-
glutamyltransferase among InO recipients in study 1022
(27.3%) was higher than for SC recipients (no incidents
reported) and for study 1010 (6.3%). The incidence of
grade >3 increased alanine aminotransferase and grade
>3 aspartate aminotransferase, respectively, was low
across the InO (4.5% and 0%) and SC (4.5% and 0%)
groups in study 1022 and in study 1010 (0% and 6.3%).
Two Ph+ patients in the InO group in each study (9% in
study 1022 and 13% in study 1010) had veno-occlusive
liver disease (VOD). Both cases of VOD in study 1022
were post HSCT, constituting 22.2% (n = 2/9) of all pa-
tients who proceeded to HSCT while in study 1010, 1
case of VOD (33.3%; 1/3 patients) occurred post HSCT;
none of these patients had undergone HSCT before study
treatment. One fatal event of post-HSCT VOD was re-
corded. Among patients in the SC group in study 1022,
infection (59%) was the most common grade 3-5 nonhe-
matologic event.

Follow-up Therapy After Study 1022

The proportion of patients who received induction
therapy after treatment with InO or SC (follow-up
induction therapy) due to R/R disecase was similar
for both the InO (40.9%) and SC (48.1%) groups in
study 1022 (Supporting Table 4). However, compared
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with the SC group, a smaller proportion of patients in
the InO group received TKI as part of their follow-up
induction therapy (33.3% vs 13.6%), with more pa-
tients in the InO arm receiving chemotherapy (40.9%
vs 29.6%). Similarly, the proportion of patients who
received TKI as follow-up maintenance therapy after re-
mission was smaller in the InO group (9.1%) compared
with the SC group (22.2%).

DISCUSSION

CR/CRi was achieved by a substantial proportion of
Ph+ patients with R/R Ph4+ ALL treated with InO.
The remission rate of patients achieving CR/CRi varied
by study (73% of Ph+ InO recipients in study 1022
and 56% of Ph+ patients in study 1010), which likely
reflects the different study populations (eg, patients in
study 1010 were more heavily pretreated than those in
study 1022). The proportion of InO-treated Ph+ pa-
tients who achieved MRD negativity in study 1022 was
81% (n = 13/16), compared with 33% (n = 5/15) of
SC-treated patients. These results compare favorably
with rates achieved with other therapies used to treat
R/R Ph+ ALL, such as blinatumomab (a bispecific
T cell engager). Martinelli et al' reported the results
of an open-label phase 2 study that examined the ef-
ficacy of blinatumomab in patients with R/R Ph+ ALL
wherein 36% (n = 16/45) of patients who received
blinatumomab achieved CR/CR with partial hemato-
logic recovery (CR/CRh), with a rate of MRD nega-
tivity of 88% (n = 14/16) in patients achieving CR/
CRh. In study 1022, around twice as many patients
in the InO group (n = 9 [41%]) proceeded to HSCT
after treatment compared with the SC group (n =5
[19%]). In the Martinelli et al study, the proportion
of blinatumomab-treated patients who proceeded to
HSCT was lower than that observed with InO in the
current study."* Of the 45 patients in the intent-to-treat
population, 7 patients (16%) could proceed to HSCT
after blinatumomab treatment; however, these results
should be interpreted in the context of the small size
of the study.

Despite the higher rates of CR/CRi, MRD nega-
tivity, and subsequent HSCT observed for InO com-
pared with SC in study 1022, median OS was similar
between groups (8.7 vs 8.4 months). The lack of a
meaningful difference in patient survival between InO-
and SC-treated patients may be due to several factors,
including the use of follow-up therapies after study
treatment, which can confound OS results. Compared
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with the InO group, a larger proportion of the SC
group received TKIs as induction (13.6% vs 33.3%)
or maintenance (9.1% vs 22.2%) therapy after study
treatment. Of these, the majority of patients in the InO
group received second-generation TKIs (dasatinib and
nilotinib), whereas more than half of the patients in the
SC group received the third-generation TKI ponatinib.
The greater use of follow-up TKIs—particularly ponati-
nib—in the SC group may have led to better outcomes
for patients in this group, contributing to the lack of
difference seen in PES and OS between the InO and SC
arms of study 1022. The limited sample size may also
have prevented smaller differences between the 2 arms
from being observed.

Although a large proportion of InO-treated patients
achieved CR/CRi and MRD negativity, DOR remained
relatively short and relapse from CR/CRi was the most
common reason for the short DOR (Supporting Table 2).
This result indicates that Ph+ ALL is generally resistant
to monotherapy and points to the existence of continued
leukemia below the threshold of sensitivity for MRD neg-
ativity by flow cytometry. The presence of residual disease
may also have contributed to the similar survival rates be-
tween InO and SC recipients, while other factors, such as
the higher rate of TKI use following SC (compared with
InO), may also have contributed to the similar durability
of response.

Differences in the prevalence of certain disease
characteristics between the InO and SC groups may
also have had an impact on survival rates. An increased
prevalence of central nervous system disease, a specific
transcript type (p190 vs p210), or JKAROS mutations
in 1 treatment group may confer worse treatment out-
comes and affect survival rates. However, neither tran-
script type nor mutational status were analyzed in these
studies. The demographic and baseline characteristics
of patients in study 1022 also suggest that Ph+ patients
in the InO group were at higher risk (independent of
Ph+ status) compared with the overall study popula-
tion. Among InO-treated patients, those who were
Ph+ (versus the overall population) were older (mean
age, 54.4 vs 45.9 years), more likely to be in salvage 2
(proportion in salvage 2, 40.9% vs 31.1%), and had a
shorter duration of CR to first induction therapy (me-
dian, 9.4 vs 11.4 months).

In addition to efficacy and safety, the cost-effectiveness
of InO is another important consideration for clinicians.
Pfizer recently submitted clinical- and cost-effectiveness evi-
dence for InO to the National Institute of Health and Care
Excellence (NICE) in the United Kingdom.15 Following a
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review by an independent evidence review group and con-
sideration by the NICE Appraisal Committee, the final
incremental cost-effectiveness ratio was between £33,749
and £37,497 per quality-adjusted life-years gained com-
pared with SC."> Based on this result, the appraisal com-
mittee recommended InO as a treatment option for R/R
CD22-positive B cell precursor ALL in adults and also
recommended that padents with Ph+ ALL should have
received at least 1 TKI. Notably, the NICE appraisal did
not include blinatumomab as a comparator. In a recent US
study supported by Amgen, the authors concluded that the
cost-effectiveness for blinatumomab compared with InO in
R/R B cell precursor ALL patients with 1 or no prior salvage
therapy ranged from $4006 to $20,737 per quality-adjusted
life-years gained.'®

A strength of our study is that the analyses were
performed in a difficult-to-treat population with few
treatment options, for whom more research and clinical
advances are clearly needed. The current analysis also in-
corporated long-term follow-up data from study 1022.
The limitations of this study included the small number
of patients analyzed, the lack of detailed biological data
(transcript and mutation type, as well as cytogenetic and
expression data) for patients at progression, and the post
hoc analysis. Furthermore, the heterogeneity of prior
therapy received by patients is a consideration: although
most patients received TKIs and chemotherapy, a smaller
proportion received TKIs and steroids. Lastly, randomiza-
tion between InO and SC in study 1022 was not stratified
according to Ph status.

These results highlight the need for further studies
to better understand the disease characteristics that in-
fluence treatment outcome in Ph+ ALL patients and to
prospectively evaluate additional therapeutic strategies
for patients achieving remission after InO treatment,
particularly those who do not proceed to subsequent
HSCT. Prior to treatment, factors such as the presence
of central nervous system disease, TKI use, BCR-ABLI
isoform, transcript levels, and ABL-kinase mutation sta-
tus and other cooccurring mutations should be carefully
characterized. Ph+ ALL patients may also benefit from
more sensitive measures of MRD negativity to con-
firm depth of response before transplantation. Given
that outcomes for patients with R/R Ph+ ALL are very
poor, and there are few treatment options available, it is
critical to tailor treatments for maximum efficacy. We
suggest that TKIs may be used as maintenance therapy
after InO treatment and after HSCT. The choice of TKI
employed should be determined by pretransplantation
resistance mutations.

N
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TKIs used in combination with InO may also be
worth studying in future trials as a means of enhanc-
ing response rates and durability. A recent study in pa-
tients with R/R ALL or chronic myelogenous leukemia
in lymphoid blast phase reported that the combination
of InO and bosutinib was well tolerated, with demon-
strable clinical activity.'” In a recently published case
report, a patient with Ph+ ALL who had relapsed after
a second HSCT was able to achieve long-term molecu-
lar remission after treatment with InO and ponatinib.'®
Blinatumomab may also be a useful treatment option
following InO, given the efficacy of blinatumomab in
eradicating MRD. Further optimization of InO treat-
ment to improve posttransplantation outcomes (in-
cluding OS and PES) is clearly needed in this patient
population.

Given that HSCT remains the best curative treat-
ment for patients with R/R ALL, the value of InO in in-
creasing the rate of MRD negativity and the proportion
of Ph+ patients who can proceed to HSCT to >40%
should not be underestimated. Patients in the current
study who were able to proceed to HSCT appeared to
have improved outcomes compared with those who did
not undergo transplantation (Table 2).

As previously reported for the full study popu-

12,1 . . .
3 treatment with InO was associated with

lations,
manageable toxicities, with cytopenias and liver-related
toxicities among the most common adverse events. In this
high-risk population, the proportion of Ph+ InO recipi-
ents (9%) who developed grade >3 VOD in study 1022
was similar to that of the entire cohort of InO recipients
(9%); however, this observation should be treated with
caution given the small number of Ph+ patients in this
study.

In conclusion, an unmet clinical need currently
exists for patients with R/R Ph+ ALL, who have poor
prognoses. The population in these studies primar-
ily represented patients already exposed to second- or
third-generation TKIs and therefore had few treatment
options available. The results confirm that InO is an
important treatment option for achieving subsequent
remission in patients with R/R Ph+ ALL, with poten-
tially beneficial clinical effects in patients with resistant
and difficult-to-treat disease in whom prior TKIs have
failed. InO recipients in study 1022 had higher rates
of CR/CRi, MRD negativity, and subsequent HSCT
than SC recipients; consistent results were also observed
in the more heavily pretreated population of study
1010. Yet, this did not translate to prolonged PES or
OS; these findings may have been impacted by lower
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utilization of maintenance TKI therapy among InO
recipients compared with SC recipients. Future stud-
ies should evaluate the impact of more sensitive MRD
measurements, MRD-directed therapy prior to HSCT,
and the potential combined or sequential use of tar-
geted therapies with both novel and existing targeted
TKIs or other therapeutic approaches'”*” under devel-
opment for patients with ALL.
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