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EXPERT REVIEW: Dr Olalekan Oluwole

BESPONSA® (inotuzumab ozogamicin) for the 
treatment of relapsed/refractory acute 
lymphoblastic leukemia

Introduction

In 2020 it is estimated that there will be 6150 new diagnoses of ALL and 1520 deaths among 
adults and children with ALL in the United States. Although pediatric ALL has cure rates >80%, 
outcomes for adult patients remain poor, with only 30% to 50% of patients having disease-free 
survival (DFS) lasting 3 years or longer. With standard chemotherapy (SC) regimens, complete 
remission (CR) rates in adults with ALL range from 80% to 90%; however, almost half of all 
patients will ultimately relapse, and CR rates for first-salvage therapy with SC range from 31% 
to 44%. Relapsed or refractory (R/R) disease therefore remains a therapeutic challenge, with 
response and survival rates decreasing with each subsequent line of therapy.1-4 

Overview of the use of inotuzumab ozogamicin (InO) in adults with R/R ALL

In 2017, InO was approved by the US Food and Drug Administration for the treatment of adults 
with R/R B-cell precursor (BCP) ALL. The randomized Phase 3 INO-VATE ALL study, which 
led to the approval of InO, assessed the safety and efficacy of single-agent InO versus SC in 
326 adults with R/R B-cell ALL. The primary endpoints were CR or complete remission with 
incomplete hematologic recovery (CRi) and overall survival (OS). Higher rates of CR/CRi (80.7% 
vs 29.3%) and minimal residual disease (MRD) negativity (78.4% vs 28.1%) were achieved with 
InO versus SC. InO also resulted in more patients (48%) proceeding to hematopoietic stem cell 
transplant (HSCT) versus SC (22%), a key treatment goal in R/R ALL.2,5,6

Pfizer developed this manuscript in conjunction with Dr Oluwole. The discussion of the patient cases as well as 
the background section and the conclusion reflect the opinion of Dr Oluwole.
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SELECTED SAFETY INFORMATION
WARNING: HEPATOTOXICITY, INCLUDING HEPATIC VENO-OCCLUSIVE DISEASE (VOD) (ALSO KNOWN AS 
SINUSOIDAL OBSTRUCTION SYNDROME) and INCREASED RISK OF POST–HEMATOPOIETIC STEM CELL 
TRANSPLANT (HSCT) NON-RELAPSE MORTALITY (NRM):
• Hepatotoxicity, including fatal and life-threatening VOD, occurred in patients who received BESPONSA. The 

risk of VOD was greater in patients who underwent HSCT after BESPONSA treatment. The use of HSCT 
conditioning regimens containing 2 alkylating agents and last total bilirubin ≥ upper limit of normal (ULN) 
before HSCT were significantly associated with an increased risk of VOD

• Other risk factors for VOD in patients treated with BESPONSA included ongoing or prior liver disease, prior 
HSCT, increased age, later salvage lines, and a greater number of BESPONSA treatment cycles 

• Elevation of liver tests may require dosing interruption, dose reduction, or permanent discontinuation of 
BESPONSA. Permanently discontinue treatment if VOD occurs. If severe VOD occurs, treat according to 
standard medical practice

• There was a higher post-HSCT non-relapse mortality rate in patients receiving BESPONSA, resulting in a 
higher Day 100 post-HSCT mortality rate
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PART 1: BACKGROUND
Developing a treatment plan
A constellation of clinical factors and various treatment 
modalities inform the development of a treatment plan for 
an individual patient with R/R ALL.

Factors such as age, clinical history, and prior HSCT status 
play a key role, as well as disease-related factors such as 
disease burden, karyotype, and duration of first remission 
(DoR) (see Table 1). It is important in informing goals of 
therapy and subsequent treatment to establish whether 
the patient is HSCT-eligible because HSCT is currently the 
only curative option available to patients with R/R ALL.7 

In all patients, achieving MRD-negative CR is an important 
goal of therapy. The patient’s risk of treatment-related 
adverse events (AEs) must also be considered. Following 
initial treatment, the timing of relapse can be predictive of 
outcomes, with early (versus late) relapse being 
associated with poorer response rates, ability to proceed 
to HSCT, and OS. Additionally, the patient’s disease burden 
may also impact treatment selection, and this is a crucial 
area of focus for the patients in our practice.2,4,7 

Overview of InO for adults with R/R ALL
InO is a CD22 antibody conjugated to calicheamicin,  
a cytotoxic agent that is internalized by the cell. The cell-
surface glycoprotein CD22 is an important therapeutic 
target in ALL. It is a highly specific B-lineage surface 
antigen that is present in >90% of patients with B-cell ALL 
but is not expressed on hematopoietic stem cells or 
T-cells.2,5,8

As shown in Figure 1 below, the safety and efficacy of InO 
were evaluated in INO-VATE ALL, a randomized (1:1), open-
label, international, multicenter study in patients with R/R 
ALL. Patients were stratified at randomization based on 
duration of first remission (<12 months or ≥12 months), 
salvage treatment (salvage 1 or 2), and patient’s age at 
randomization (<55 or ≥55 years).2,5

InO induces a higher rate of CR/CRi and MRD negativity 
compared with standard chemotherapy. In my practice, I 
use InO in patients I am planning to take to HSCT. 
Additionally, I consider InO in patients with both early and 
late relapse.2,5,6

InO in clinical practice
Based on my experience with InO, here I provide my 
perspective on patient selection, management, and 
treatment goals in further detail. After reviewing the data for 
InO, I’ll also provide you with 2 case studies where I would 
consider the use of InO.

SELECTED SAFETY INFORMATION
Hepatotoxicity, Including Hepatic VOD: Hepatotoxicity, including fatal and life-threatening VOD, occurred in 
23/164 patients (14%) during or following treatment with BESPONSA or following subsequent HSCT. VOD was reported 
up to 56 days after the last dose during treatment or follow-up without an intervening HSCT. The median time from 
HSCT to onset of VOD was 15 days.

Patients with prior VOD or serious ongoing liver disease are at an increased risk of worsening liver disease, including 
development of VOD, following treatment with BESPONSA. Monitor closely for signs and symptoms of VOD; these 
may include elevations in total bilirubin, hepatomegaly (which may be painful), rapid weight gain, and ascites. For 
patients proceeding to HSCT, the recommended duration of treatment with BESPONSA is 2 cycles. A third cycle may 
be considered for patients who do not achieve a CR or CRi and MRD-negativity after 2 cycles. Monitor liver tests closely 
during the first month post HSCT, then less frequently thereafter, according to standard medical practice. 

Grade 3/4 increases in aspartate aminotransferase, alanine aminotransferase, and total bilirubin occurred in 7/160 (4%), 
7/161 (4%), and 8/161 (5%) patients, respectively.

326 patients 
aged ≥18 years 
with Ph– or Ph+

R/R ALL Standard chemotherapy (n=162)
Investigator’s choice of:
• FLAG (102/162), Ara-C + MXN (38/162), 
   or HiDAC (22/162)
• Up to 4 cycles

Stratifications:
• Duration of first remission
   (≥12 vs <12 months)
• Second vs first salvage
• Aged ≥55 years vs <55 years

Randomized 1:1

Single-agent InO (n=164)
• 1.8 mg/m2 per cycle in fractionated doses*
• 1.5 mg/m2 per cycle in fractionated doses,* 
   once patient achieves CR/CRi   
• Up to 6 cycles

Figure 1. Phase 3 INO-VATE ALL study design2,5,6

Ara-C + MXN=cytarabine + mitoxantrone; BM=bone marrow; FLAG=fludarabine, cytarabine, and granulocyte colony-stimulating factor; HiDAC=high-dose cytarabine; 
Ph–=Philadelphia chromosome–negative; Ph+=Philadelphia chromosome–positive.

* 1.8 mg/m2 was fractionated as 0.8 mg/m2, 0.5 mg/m2, and 0.5 mg/m2 on Days 1, 8, and 15, respectively. 1.5 mg/m2 was fractionated as 0.5 mg/m2 on Days 1, 8, and 15.

Table 1. Factors influencing treatment selection  
in R/R ALL5,7

Patient-related Disease-related
• Age
• Clinical history
• Prior HSCT status
• Comorbidities
• Risk of known AEs

• Disease burden/blast count
•  Immunophenotypic/ 

cytogenetic subtype
• Duration of first remission
•  Presence of central nervous 

system (CNS) disease
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Table 2. Baseline characteristics5,6

PART 2: THE INO-VATE ALL 
CLINICAL TRIAL
Patients’ baseline characteristics were similar in the InO 
and SC arms of INO-VATE ALL. Notably, 67.7% of patients 
were in first salvage (as shown in Table 2). This is important 
because we know that patients who achieve CR after first 
salvage have longer OS than those who do not.5,6

Achieving remission with InO
InO demonstrated a significantly higher rate of CR/CRi 
versus SC in the first 218 patients randomized (as shown in 
Figure 2).2,5

CR/CRi rates were evaluated across a range of patient 
subgroups. These data are presented in Table 3. InO 
induced remissions across different patient groups, 
including long or short duration of first complete 
remission (DoCR1), salvage status, and high or low BM 
blast counts. It’s important to note that these subgroup 
analyses were exploratory, and the small patient numbers 
limit interpretation of the data. They are provided for 
informational purposes only.2,5 

InO (n=164) SC (n=162) Total (N=326)
Age

Median (range)
<55 years, n (%)
≥55 years, n (%)

46.5 (18-78)
104 (63.4)
60 (36.6)

47.5 (18-79)
103 (63.6)
59 (36.4)

47.0 (18-79)
207 (63.5)
119 (36.5)

ECOG performance status, n (%)

0
1
2

62 (37.8)
81 (49.4)
21 (12.8)

61 (37.7)
80 (49.4)
20 (12.3)

123 (37.7)
161 (49.4)
41 (12.6)

Baseline bone marrow blasts, n (%)

<50%
≥50%

53 (32.3)
109 (66.5)

48 (29.6)
113 (69.8)

101 (31.0)
222 (68.1)

Salvage status, n (%)

First salvage
Second salvage

111 (67.7)
51 (31.1)

104 (64.2)
57 (35.2)

215 (66.0)
108 (33.1)

Prior HSCT, n (%)
Yes 29 (17.7) 31 (19.1) 60 (18.4)

Baseline cytogenetics, n (%)

Normal
Ph+
t(4;11)
Complex
Other

46 (28.0)
22 (13.4)
6 (3.7)
27 (16.5)
43 (26.2)

42 (25.9)
28 (17.3)
7 (4.3)
22 (13.6)
41 (25.3)

88 (27.0)
50 (15.3)
13 (4.0)
49 (15.0)
84 (25.8)

Duration of first remission, n (%)

<12 months
≥12 months

98 (59.8)
66 (40.2)

108 (66.7)
54 (33.3)

206 (63.2)
120 (36.8)

SELECTED SAFETY INFORMATION
Increased Risk of Post-HSCT Non-Relapse Mortality (NRM): There was a higher post-HSCT NRM rate in patients receiving 
BESPONSA, resulting in a higher Day 100 post-HSCT mortality rate. The rate of post-HSCT NRM was 31/79 (39%) with 
BESPONSA and 8/35 (23%) with investigator’s choice of chemotherapy. In the BESPONSA arm, the most common causes 
of post-HSCT NRM included VOD and infections. Monitor closely for toxicities post HSCT, including signs and symptoms of 
infection and VOD.

Myelosuppression: Myelosuppression, and severe, life-threatening, and fatal complications of myelosuppression, including 
hemorrhagic events and infections, have occurred with BESPONSA. Thrombocytopenia and neutropenia were reported in 
83/164 patients (51%) and 81/164 patients (49%), respectively. Febrile neutropenia was reported in 43/164 patients (26%).

Monitor complete blood counts prior to each dose of BESPONSA and monitor for signs and symptoms of infection, 
bleeding/hemorrhage, or other effects of myelosuppression during treatment and provide appropriate management. As 
appropriate, administer prophylactic anti-infectives during and after treatment with BESPONSA. Dose interruption, dose 
reduction, or permanent discontinuation may be required.

ECOG=Eastern Cooperative Oncology Group.
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SELECTED SAFETY INFORMATION
Infusion-Related Reactions: Infusion-related reactions (all Grade 2) were reported in 4/164 patients (2%). Premedicate with 
a corticosteroid, antipyretic, and antihistamine prior to dosing. Monitor patients closely during and for at least 1 hour after the 
end of the infusion for the potential onset of infusion-related reactions including symptoms such as fever, chills, rash, or 
breathing problems. Interrupt the infusion and institute appropriate medical management if an infusion-related reaction 
occurs. Depending on the severity, consider discontinuation of the infusion or administration of steroids and antihistamines. 
For severe or life-threatening infusion reactions, permanently discontinue BESPONSA.

QT Interval Prolongation: Increases in QT interval corrected for heart rate using Fridericia’s formula of ≥60 msec from 
baseline were measured in 4/162 patients (3%). Administer BESPONSA with caution in patients who have a history of or 
predisposition to QTc prolongation, who are taking medicinal products that are known to prolong QT interval, and in patients 
with electrolyte disturbances. Obtain electrocardiograms and electrolytes prior to treatment and after initiation of any drug 
known to prolong QTc, and periodically monitor as clinically indicated during treatment.

Figure 2. CR/CRi and MRD negativity rates2,5,6

Figure 4. MRD-negative CR/CRi rates6

Figure 3. Timing of cumulative MRD  
negativity in patients achieving  
MRD-negative CR/CRi (n=92)6
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These subgroup analyses were exploratory and not powered to detect statistical significance. Small patient numbers and 
lack of multiplicity adjustments can be a limitation of these analyses. No conclusion about efficacy can be drawn from 
these data. 

BMB=bone marrow blasts.
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SELECTED SAFETY INFORMATION
Embryo-Fetal Toxicity: BESPONSA can cause embryo-fetal harm. Apprise pregnant women of the potential risk to the 
fetus. Advise males and females of reproductive potential to use effective contraception during BESPONSA treatment and 
for at least 5 and 8 months after the last dose, respectively. Advise women to contact their healthcare provider if they 
become pregnant or if pregnancy is suspected during treatment with BESPONSA.

Adverse Reactions: The most common (≥20%) adverse reactions observed with BESPONSA were thrombocytopenia, 
neutropenia, infection, anemia, leukopenia, fatigue, hemorrhage, pyrexia, nausea, headache, febrile neutropenia, 
transaminases increased, abdominal pain, gamma-glutamyltransferase increased, and hyperbilirubinemia. The most common 
(≥2%) serious adverse reactions were infection, febrile neutropenia, hemorrhage, abdominal pain, pyrexia, VOD, and fatigue.

Nursing Mothers: Advise women against breastfeeding while receiving BESPONSA and for 2 months after the last dose.
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76.5 (50.1, 93.2)
81.5 (72.1, 88.9)

29.4 (21.0, 38.8)

23.9 (14.6, 35.5)
39.5 (24.0, 56.6)

28.8 (18.8, 40.6)
30.6 (16.3, 48.1)
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51.6 (37.4, 65.9)

Patients (n) CR/CRi, % (95% CI)

Between-group 
di�erence, % (97.5% CI)SCInO SCInO

All patients
Duration of first remission*
<12 months
≥12 months

Salvage treatment phase*
First
Second

Age*
<55 years
≥55 years

Peripheral blasts
0
>0 to 1000
>1000

Bone marrow blasts
<50%
≥50%

CD22 expression
<90%
≥90%

Karyotype
Normal
Ph+  
t(4;11)+
Other abnormalities

Previous HSCT
Yes
No

Subgroup

Achieving MRD negativity with InO 
MRD status is becoming established as an important 
prognostic indicator in R/R ALL. A recent post hoc 
analysis of 164 patients treated with InO in the INO-VATE 
ALL trial reported that patients who achieved MRD 
negativity had a longer median OS than patients who were 
MRD positive (14.1 months vs 7.2 months, respectively). 
The NCCN recommends the elimination of MRD prior to 
transplant, where possible. In the INO-VATE ALL trial, MRD 
was a secondary endpoint analyzed among responders in 
the first 218 patients randomized.2,7,9,10 

The rate of MRD negativity among responding patients  
was higher for patients receiving InO than for those on  
SC (Figure 2). As seen in Figure 3, 45.7% (n=42/92) of 
MRD-negative responses with InO occurred in Cycle 1,  
41.3% (n=38/92) in Cycle 2, and 13.0% (n=12/92) in Cycle 3 
and beyond based on an analysis of 326 patients in the 
intent-to-treat (ITT) population.2,5,6

MRD negativity was also analyzed in selected subgroups 
in a post hoc analysis among the full ITT population 
(Figure 4). It is important to note that these subgroup 
analyses were exploratory, and the small patient numbers 
within these subgroups limit the interpretability of the 
point estimates.6

CI=confidence interval; NCCN=National Comprehensive Cancer Network.
*Prespecified stratification factor.

Table 3. CR/CRi rates across stratified patient subgroups in INO-VATE ALL study2,5

These subgroup analyses were exploratory and not powered to detect statistical significance. Small patient numbers and 
lack of multiplicity adjustments can be a limitation of these analyses. No conclusion about efficacy in subgroups can be 
drawn from these data. 
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SELECTED SAFETY INFORMATION
WARNING: HEPATOTOXICITY, INCLUDING HEPATIC VENO-OCCLUSIVE DISEASE (VOD) (ALSO KNOWN AS SINUSOIDAL 
OBSTRUCTION SYNDROME) and INCREASED RISK OF POST–HEMATOPOIETIC STEM CELL TRANSPLANT (HSCT) NON-
RELAPSE MORTALITY (NRM):
•  Hepatotoxicity, including fatal and life-threatening VOD, occurred in patients who received BESPONSA. The risk of 

VOD was greater in patients who underwent HSCT after BESPONSA treatment. The use of HSCT conditioning regimens 
containing 2 alkylating agents and last total bilirubin ≥ upper limit of normal (ULN) before HSCT were significantly 
associated with an increased risk of VOD

•  Other risk factors for VOD in patients treated with BESPONSA included ongoing or prior liver disease, prior HSCT, 
increased age, later salvage lines, and a greater number of BESPONSA treatment cycles

•  Elevation of liver tests may require dosing interruption, dose reduction, or permanent discontinuation of BESPONSA. 
Permanently discontinue treatment if VOD occurs. If severe VOD occurs, treat according to standard medical practice

•  There was a higher post-HSCT non-relapse mortality rate in patients receiving BESPONSA, resulting in a higher Day 100 
post-HSCT mortality rate 

Figure 5. Overall survival5,6

The analysis of OS did not meet a prespecified boundary for statistical significance of P=0.0104.
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HR=hazard ratio.
*1-sided P value using log-rank test.

Variable tested Patients (n) Odds ratio (95% CI) 

Alkylator conditioning (dual, single) 11, 51 8.61 (1.52-48.86)

Last bilirubin prior to follow-up HSCT (≥ULN, <ULN) 11, 51 15.31 (1.95-120.21)

Last AST or ALT prior to follow-up HSCT (>1.5 × ULN, ≤1.5 × ULN) 11, 51 0.027 (0.001-0.833)

History of liver disease or hepatitis (yes, no) 15, 47 5.13 (0.91-29.06)

Prior HSCT (yes, no) 10, 52 6.02 (1.17-31.00)

Last bilirubin prior to conditioning regimen (≥ULN, <ULN) 12, 50 7.08 (1.56-32.06)

Age (≥55 years, <55 years) 11, 51 4.08 (0.82-20.37)

A multivariate analysis from the January 4, 2017, cutoff.
ALT=alanine aminotransferase; AST=aspartate aminotransferase; ULN=upper limit of normal; VOD=veno-occlusive disease.

Table 4. Multivariate analysis of VOD risk factors in the INO-VATE ALL study6
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Hepatotoxicity, Including Hepatic VOD: Hepatotoxicity, including fatal and life-threatening VOD, occurred in 23/164 patients 
(14%) during or following treatment with BESPONSA or following subsequent HSCT. VOD was reported up to 56 days after 
the last dose during treatment or follow-up without an intervening HSCT. The median time from HSCT to onset of VOD was 
15 days. 

Patients with prior VOD or serious ongoing liver disease are at an increased risk of worsening liver disease, including 
development of VOD, following treatment with BESPONSA. Monitor closely for signs and symptoms of VOD; these may 
include elevations in total bilirubin, hepatomegaly (which may be painful), rapid weight gain, and ascites. For patients 
proceeding to HSCT, the recommended duration of treatment with BESPONSA is 2 cycles. A third cycle may be considered 
for patients who do not achieve a CR or CRi and MRD-negativity after 2 cycles. Monitor liver tests closely during the first 
month post HSCT, then less frequently thereafter, according to standard medical practice. 

Grade 3/4 increases in aspartate aminotransferase, alanine aminotransferase, and total bilirubin occurred in 7/160 (4%), 7/161 
(4%), and 8/161 (5%) patients, respectively.

SELECTED SAFETY INFORMATION

Proceeding to HSCT and OS 
In INO-VATE ALL, the overall rates of HSCT were more 
than doubled with InO (48.2%, n=79/164) versus SC (21.6%, 
n=35/162). Additionally, 43.3% (n=71/164) of InO-treated 
patients proceeded directly to HSCT after InO treatment 
without the use of additional induction therapies, 
compared with 11.1% (n=18/162) of patients in the SC arm.5,6

InO demonstrated a median OS of 7.7 months versus 6.2 
months with SC (Figure 5) and a 25% relative reduction in 
the risk of death. However, the primary analysis of median 
OS did not meet a prespecified boundary for statistical 
significance of P=0.0104.5,6

For patients receiving InO, the clinical factors predictive 
of improved OS in INO-VATE ALL were achieving CR/CRi, 
achieving MRD negativity, DoR (as a continuous variable), 
follow-up HSCT, baseline platelet count ≥100 × 109/L, and 
baseline hemoglobin ≥10 g/dL. For patients receiving SC, 
these factors were prior HSCT, follow-up HSCT, baseline 
platelet count ≥100 × 109/L, and age ≥55 years.11 

Safety profile 
Safety was reported for a total of 307 patients, including 
164 patients receiving InO and 143 patients receiving SC. 
The most common (≥2% of patients) serious adverse 
reactions (ARs) were infection, febrile neutropenia, 
hemorrhage, abdominal pain, pyrexia, VOD/sinusoidal 
obstruction syndrome (SOS), and fatigue.5,6

The most common (≥2%) ARs that led to discontinuation 
were infection, thrombocytopenia, hyperbilirubinemia, 
transaminases increased, and hemorrhage.5

InO has a Boxed Warning for hepatotoxicity, including 
hepatic VOD and increased risk of post-HSCT non-relapse 
mortality (NRM).5

VOD
In the INO-VATE ALL trial, for patients who proceeded to 
a subsequent HSCT, VOD was reported in 18/79 patients 
treated with InO (23%), and among all 164 patients 
treated with InO, VOD was reported in 5 patients (3%) 
treated during study therapy or in follow-up without an 
intervening HSCT. The incidence of VOD globally can be 
seen in Table 5.5

VOD risk factors are a key consideration when a patient 
is a candidate for HSCT. A third cycle of InO may be 
considered for patients who do not achieve CR/CRi 
and MRD negativity after 2 cycles. The use of HSCT 
conditioning regimens containing 2 alkylating agents and 
last total bilirubin ≥ upper limit of normal (ULN) before 
HSCT were significantly associated with an increased risk 
of VOD. See further study analysis of VOD risk factors 
in Table 4. It’s important to note that these subgroup 
analyses were exploratory, and the small number of 
patients in these subgroups limits the interpretation of 
point estimates.2,5,12

Patients should be closely monitored for elevated bilirubin 
in liver function tests, prior to and following each dose 
of InO and particularly during the first month post HSCT, 
and for clinical signs and symptoms of VOD, such as rapid 
weight gain, ascites, and hepatomegaly (which may be 
painful).5

Table 5. Regional VOD incidence by location6

United States Rest of world

Incidence of VOD in all patients 6.7% (n=5/75) 20.2% (n=18/89)

Incidence of VOD in post-HSCT patients 8.8% (n=3/34) 34.1% (n=15/44)
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Increased Risk of Post-HSCT Non-Relapse Mortality (NRM): There was a higher post-HSCT NRM rate in patients receiving 
BESPONSA, resulting in a higher Day 100 post-HSCT mortality rate. The rate of post-HSCT NRM was 31/79 (39%) with 
BESPONSA and 8/35 (23%) with investigator’s choice of chemotherapy. In the BESPONSA arm, the most common causes 
of post-HSCT NRM included VOD and infections. Monitor closely for toxicities post HSCT, including signs and symptoms of 
infection and VOD. 

Myelosuppression: Myelosuppression, and severe, life-threatening, and fatal complications of myelosuppression, including 
hemorrhagic events and infections, have occurred with BESPONSA. Thrombocytopenia and neutropenia were reported in 
83/164 patients (51%) and 81/164 patients (49%), respectively. Febrile neutropenia was reported in 43/164 patients (26%).

Monitor complete blood counts prior to each dose of BESPONSA and monitor for signs and symptoms of infection, 
bleeding/hemorrhage, or other effects of myelosuppression during treatment and provide appropriate management. As 
appropriate, administer prophylactic anti-infectives during and after treatment with BESPONSA. Dose interruption, dose 
reduction, or permanent discontinuation may be required. 

Post-HSCT NRM 
VOD and infections were the most common causes of post-
HSCT NRM with InO. Five of the 18 VOD events that occurred 
post HSCT were fatal, and among patients with ongoing VOD 
at time of death, 2 died due to infection, and 1 died due to 
multiple organ failure and infection. Post-HSCT NRM was 
higher with InO (39%, n=31/79) than with SC (23%, n=8/35), 
resulting in higher Day 100 mortality.5

Pooled analyses of post-HSCT outcomes
The objectives of these analyses were to assess post-HSCT 
outcomes with InO versus SC in this setting, including any 
drug-related toxicity, and to identify predictors for these 
outcomes. The analyses and their findings are described 
below in more detail. For more information on transplant 
outcomes and risks, please review the publication by 
Marks et al.12

Pooled analyses highlights of post-HSCT outcomes after InO
Outcomes of allogeneic stem cell transplantation after inotuzumab ozogamicin treatment for relapsed 
or refractory acute lymphoblastic leukemia

Marks DI, Kebriaei P, Stelljes M, et al. Biol Blood Marrow Transplant. 2019;25:1720–1729. 

Study description:
HSCT outcomes were assessed in a pooled analysis of INO-VATE ALL, a global, randomized, Phase 3 clinical trial, and a 
separate Phase 1/2 trial, Study 1010. Study 1010, a multicenter, single-arm study of 72 patients undergoing ≥1 salvage 
therapies, was designed to evaluate the safety, pharmacokinetics, and preliminary efficacy of a weekly dosing regimen 
of InO, while also establishing a recommended Phase 2 dose. Time-to-event outcomes included post-HSCT non-relapse 
mortality, post-HSCT relapse, post-HSCT PFS, and post-HSCT OS. For the pooled analysis, the study population 
consisted of all patients from the 2 studies who proceeded to HSCT (n=101 for InO, n=31 for SC). 

Objectives:
• Assess post-HSCT clinical outcomes after InO or SC treatment in the salvage setting 
• Identify potential predictors of post-HSCT outcomes 
• Describe any unique drug-related toxicity potentially exacerbated by subsequent transplant (such as VOD) 

Study limitations:
HSCT-eligible and HSCT-ineligible patients represent 2 distinct prognostic groups, each with differences that may 
impact post-transplant outcomes. Any comparison of OS from time of salvage must also consider the higher proportion 
of patients able to proceed to HSCT in the InO group, along with the poor prognosis of patients not eligible for post-
salvage transplantation. Any differences observed between patients treated with InO versus SC in this post hoc analysis 
must be interpreted with caution given the post hoc nature of this subgroup analysis and modest sample size. 

Key outcomes:
• These data show an apparent clinical benefit when patients without prior HSCT were treated with InO and  

proceeded directly to first transplant after achieving remission

• In addition, consistent with previous observations and expert clinical recommendations, a priority for InO 
treatment should be to minimize the risk of hepatotoxicity by:

– Limiting the exposure to the minimum number of cycles needed to achieve best response
– Avoiding use of dual alkylators
– Closely monitoring patients

• Factors identified as being significantly associated with improved post-HSCT survival were achieving MRD 
negativity, younger age, no previous HSCT, low baseline lactate dehydrogenase (<970 IU/L), low pretransplant 
bilirubin (<ULN), and no use of thiotepa as conditioning for HSCT 

SELECTED SAFETY INFORMATION

PFS=progression-free survival.
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Infusion-Related Reactions: Infusion-related reactions (all Grade 2) were reported in 4/164 patients (2%). Premedicate with 
a corticosteroid, antipyretic, and antihistamine prior to dosing. Monitor patients closely during and for at least 1 hour after 
the end of the infusion for the potential onset of infusion-related reactions including symptoms such as fever, chills, rash, 
or breathing problems. Interrupt the infusion and institute appropriate medical management if an infusion-related reaction 
occurs. Depending on the severity, consider discontinuation of the infusion or administration of steroids and antihistamines. 
For severe or life-threatening infusion reactions, permanently discontinue BESPONSA.

QT Interval Prolongation: Increases in QT interval corrected for heart rate using Fridericia’s formula of ≥60 msec from 
baseline were measured in 4/162 patients (3%). Administer BESPONSA with caution in patients who have a history of or 
predisposition to QTc prolongation, who are taking medicinal products that are known to prolong QT interval, and in patients 
with electrolyte disturbances. Obtain electrocardiograms and electrolytes prior to treatment and after initiation of any drug 
known to prolong QTc, and periodically monitor as clinically indicated during treatment.

SELECTED SAFETY INFORMATION

PART 3: PATIENT CASES 
The clinical data reviewed here demonstrate the efficacy of 
InO in R/R ALL across patients with a range of characteristics, 
and illustrate the importance of appropriate patient selection 
to optimize outcomes.

Presented here are 2 patient cases for which I would consider 
use of InO as an appropriate treatment option, including a 
clinical rationale for my treatment selection. 

Case 1: Transplant-eligible patient with 
a long duration first remission and high 
disease burden at first relapse
Helen, a 40-year-old mother and landscape architect, 
presents with 2 weeks of night sweats, fever, and myalgia. 
She was found to have relapsed ALL. 

Helen: initial diagnosis

Age 40

Diagnosis CD19+, CD22+, CD20-, and 
Philadelphia-chromosome 
negative B-cell ALL

Previous therapy Hyper-CVAD induction,  
POMP maintenance

ECOG PS 1

White blood cell count 2.3 x 103/mm3

Hemoglobin 7.9 g/dL

Hematocrit 26%

Platelets <1 x 109/L

Blast count 95%

Karyotype Normal

Hyper-CVAD=hyperfractionated cyclophosphamide, vincristine, 
doxorubicin hydrochloride, and dexamethasone; POMP=6-
mercaptopurine, vincristine, methotrexate, and prednisone.

Initial diagnosis
Her original diagnosis of ALL dates back 3 years earlier. 
Helen was assessed and presented with an ECOG 
performance score of 1. Her complete blood count (CBC) 
revealed low white blood cell (WBC) count of 2.3 x 103/mm3 
and a BM biopsy confirmed a diagnosis of CD19+, CD22+, 
CD20-, and Ph- B-cell ALL. No further mutations were 
discovered through next-generation sequencing.  

First-line treatment
Induction regimen, including either hyperfractionated 
cyclophosphamide, vincristine, doxorubicin hydrochloride, 
and dexamethasone (hyper-CVAD), or high-dose 
methotrexate/cytarabine followed by 6-mercaptopurine, 
vincristine, methotrexate, and prednisone (POMP) as 
maintenance. During the induction phase, Helen experienced 
infectious complications that were successfully treated with 
antibiotics. She achieved MRD-negative CR, completed 
maintenance therapy, and remained on routine surveillance 

with clinic visits and blood testing every 3 months under the 
care of a community oncologist.

Presentation at first relapse 
Twenty-five months later, a CBC, BM biopsy, and flow 
cytometry revealed pancytopenia, BM hypercellularity, and 
90% blasts. These were very similar to her initial presentation, 
indicating relapse. CNS prophylaxis was provided.

Treatment plan 
Given her age (40), relatively low ECOG score (1), normal organ 
function (especially liver and kidney), and disease characteristics, 
it was determined that Helen was an appropriate candidate 
for HSCT. In order to achieve MRD-negative remission, several 
treatment options were considered, including multiagent 
chemotherapy, InO, tisagenlecleucel, and blinatumomab. I chose 
InO because it provides a high probability of achieving  
MRD-negative CR, and because it can be administered in the 
outpatient setting, which provides convenience for Helen.5,13-15

What is your approach to managing 
patients receiving InO who you are 
planning to take to HSCT? 
In my practice, I give 1 cycle of InO and measure the marrow 
response. If they are in MRD-negative CR, I will give a second 
cycle while transplant is being arranged. All HSCT patients 
receiving InO also receive ursodiol as a preventative measure 
and defibrotide if VOD is suspected. Furthermore, in my 
discussions with my transplant colleagues, they choose a 
preparatory regimen that uses only 1 rather than 2 alkylating 
agents. If a patient has a prior history of hepatic disease or 
compensated liver function with LFT elevations, particularly 
those with baseline thrombocytopenia and marrow 
hypocellularity, I consider other options.

What is the relevance of MRD negativity in 
transplant-eligible adults with R/R ALL? 
The NCCN recommends the elimination of MRD prior to 
transplant, where possible.7

This treatment goal was achieved by more patients receiving 
InO versus SC in INO-VATE ALL, with 45.7% of MRD-negative 
responses occurring in Cycle 1, and 41.3% of responses 
occurring in Cycle 2. In a subgroup analysis, patients like 
Helen who were prescribed InO, were in their first salvage, 
and had a DoR ≥12 months had higher rates of MRD-negative 
CR/CRi than the SC subgroups. Additionally, 48% of patients 
in the InO arm proceeded to transplant at any time after 
study treatment, compared with 22% in the SC arm.2,5,6,12

How does the duration of first remission 
affect treatment selection for R/R ALL? 
Duration of response to first-line treatment is correlated 
with survival outcomes after subsequent therapy for  
R/R ALL. In a post hoc analysis from 4 PETHEMA (Spanish 
Hematology Treatment Program) trials,* patients with DoR 
>2 years (n=49) had a 2-year survival rate of 36%, 
compared with 17% in patients who relapsed within 1-2 
years (n=61).2,16

*PETHEMA ALL89, ALL93HR, ALL96SR, and ALL03HR.
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Embryo-Fetal Toxicity: BESPONSA can cause embryo-fetal harm. Apprise pregnant women of the potential risk to the fetus. 
Advise males and females of reproductive potential to use effective contraception during BESPONSA treatment and for at 
least 5 and 8 months after the last dose, respectively. Advise women to contact their healthcare provider if they become 
pregnant or if pregnancy is suspected during treatment with BESPONSA. 

Adverse Reactions: The most common (≥20%) adverse reactions observed with BESPONSA were thrombocytopenia, 
neutropenia, infection, anemia, leukopenia, fatigue, hemorrhage, pyrexia, nausea, headache, febrile neutropenia, 
transaminases increased, abdominal pain, gamma-glutamyltransferase increased, and hyperbilirubinemia. The most common 
(≥2%) serious adverse reactions were infection, febrile neutropenia, hemorrhage, abdominal pain, pyrexia, VOD, and fatigue. 

Nursing Mothers: Advise women against breastfeeding while receiving BESPONSA and for 2 months after the last dose.

In INO-VATE ALL, most patients had a DoR <12 months 
(63.2%). Among patients with a short (<12 months) and long 
(≥12 months) duration of first remission, CR/CRi rates were 
higher with InO versus SC (77.5% versus 23.9%, respectively, 
for duration of remission <12 months; 86.8% versus 39.5%, 
respectively, for duration of remission ≥12 months).2,5

What is the relevance of a high disease 
burden at baseline in R/R ALL, and what 
special considerations should be given to 
the treatment of these patients? 
Adults with R/R ALL and high disease burden at baseline 
have poor survival outcomes and lower probability of 
response to some treatments, as well as higher rates of 
treatment-associated AEs, compared with patients with 
low-baseline disease burden. The risk of cytokine release 
syndrome should be taken into consideration when 
selecting appropriate treatments.5,13-15

In the INO-VATE ALL study, 68.1% of patients had high tumor 
burden and were able to achieve MRD-negative remissions. 
The remission rate in patients with high tumor burden (≥50 BM 
blasts at baseline) was 77.9% with InO versus 24.4% with SC.2,6

Case 2: Transplant-ineligible patient  
in first relapse 
Howard, 67, had recently retired from a career in finance. 
His recent medical history included a myocardial infarction 
at 63, type 1 diabetes, and hypertension. Recently, he 
suffered unusually severe fatigue, frequent nosebleeds, 
and shortness of breath. 

Howard: initial diagnosis

Age 67

Diagnosis CD22+, CD19+ Philadelphia- 
chromosome-negative  
B-cell ALL

Previous therapy Idarubicin, dexamethasone, 
vincristine, cyclophosphamide, 
and cytarabine

ECOG PS 1

White blood cell count 3.7 x 103/mm3

Hemoglobin 7.2 g/dL

Hematocrit 23%

Platelets 14 x 109

Blast count 65%

Karyotype Complex (3 or more 
chromosomal aberrations)

Initial diagnosis
A CBC and a subsequent BM biopsy led to a diagnosis of 
CD22+, CD19+ Ph– B-cell ALL. The patient was also found 
to have a complex karyotype. The results of the patient’s liver 
function tests all fell within normal limits, and he had no history 
of liver disease and no prior HSCT. 

First-line treatment
Howard experienced moderate cytopenia within the induction 
phase. Given his age and comorbidities, I decided to treat him 
using idarubicin, dexamethasone, and vincristine, followed by 
consolidation therapy.

Presentation at first relapse 
The patient achieved an MRD-negative CR following 
induction, but subsequently relapsed after a short remission 
lasting only 6 months, while receiving consolidation therapy. 
A bone marrow biopsy revealed 65% blasts. CNS prophylaxis 
was provided; no CNS disease was reported.

Treatment plan
Given his performance status, medical history (myocardial 
infarction), and adverse disease features, including complex 
karyotype, I would not recommend HSCT for Howard. Since 
he was not recommended for HSCT, I needed to treat him 
with something that would help him achieve an MRD-
negative remission. Several treatment options were 
considered, including multiagent chemotherapy, InO, and 
blinatumomab. I would choose InO for this patient based on 
the probability of achieving MRD-negative CR and because 
I could give it in the outpatient setting.

What are your considerations for treatment 
selection in patients with R/R ALL who are 
not eligible for HSCT? 
For patients who are HSCT-ineligible, I primarily consider 
both the treatment’s efficacy and the patient’s quality of life. 
Other patient factors, including psychosocial issues, may also 
be considered when developing a treatment plan. Access to 
the treatment center can be a challenge for some patients, 
and some are managed day-to-day either in the outpatient 
setting or at community oncology centers. The method of 
administration may also affect treatment choice.

Why is InO a potentially useful treatment 
option for patients not proceeding to HSCT? 
Treatment choices are varied for patients who are ineligible 
for transplant. Immunotherapies such as inotuzumab 
ozogamicin, tisagenlecleucel, and blinatumomab represent 
available options for these patients. Among patients in the 
INO-VATE ALL study, approximately half did not proceed 
to HSCT. Achieving CR/CRi and MRD negativity remain 
important goals of treatment for these patients. In patients 
not proceeding to HSCT, up to 6 cycles of InO may be given. 
InO induced more MRD-negative remissions (78.4% [69/88 
patients] vs 28.1% with SC [9/32 patients]), with 45.7% of 
MRD responses occurring in Cycle 1 and 41.3% of responses 
occurring in Cycle 2. Additionally, for patients not proceeding 
to HSCT, InO offers the convenience of outpatient 1-hour 
administration by IV infusion. The risk of VOD was also 
greater in patients who underwent HSCT after InO.5,6,13-15

Conclusion 
InO is an effective treatment for adults with R/R ALL, 
providing significantly higher remission rates than SC.  
In conjunction with personalized treatment plans and  
AE management, InO can aid in the achievement of 
MRD-negative CR/CRi in both transplant-ineligible 
patients and those who will proceed to HSCT.2,4

SELECTED SAFETY INFORMATION

http://labeling.pfizer.com/ShowLabeling.aspx?id=9503


11

WARNING: HEPATOTOXICITY, INCLUDING HEPATIC VENO-OCCLUSIVE DISEASE (VOD) (ALSO KNOWN AS SINUSOIDAL 
OBSTRUCTION SYNDROME) and INCREASED RISK OF POST–HEMATOPOIETIC STEM CELL TRANSPLANT (HSCT) NON-
RELAPSE MORTALITY (NRM):
•  Hepatotoxicity, including fatal and life-threatening VOD, occurred in patients who received BESPONSA. The risk of 

VOD was greater in patients who underwent HSCT after BESPONSA treatment. The use of HSCT conditioning regimens 
containing 2 alkylating agents and last total bilirubin ≥ upper limit of normal (ULN) before HSCT were significantly 
associated with an increased risk of VOD

•  Other risk factors for VOD in patients treated with BESPONSA included ongoing or prior liver disease, prior HSCT, 
increased age, later salvage lines, and a greater number of BESPONSA treatment cycles

•  Elevation of liver tests may require dosing interruption, dose reduction, or permanent discontinuation of BESPONSA. 
Permanently discontinue treatment if VOD occurs. If severe VOD occurs, treat according to standard medical practice

•  There was a higher post-HSCT non-relapse mortality rate in patients receiving BESPONSA, resulting in a higher Day 100 
post-HSCT mortality rate 

Hepatotoxicity, Including Hepatic VOD: Hepatotoxicity, including fatal and life-threatening VOD, occurred in 23/164 patients 
(14%) during or following treatment with BESPONSA or following subsequent HSCT. VOD was reported up to 56 days after 
the last dose during treatment or follow-up without an intervening HSCT. The median time from HSCT to onset of VOD was 
15 days. 

Patients with prior VOD or serious ongoing liver disease are at an increased risk of worsening liver disease, including 
development of VOD, following treatment with BESPONSA. Monitor closely for signs and symptoms of VOD; these may 
include elevations in total bilirubin, hepatomegaly (which may be painful), rapid weight gain, and ascites. For patients 
proceeding to HSCT, the recommended duration of treatment with BESPONSA is 2 cycles. A third cycle may be considered 
for patients who do not achieve a CR or CRi and MRD-negativity after 2 cycles. Monitor liver tests closely during the first 
month post HSCT, then less frequently thereafter, according to standard medical practice. 

Grade 3/4 increases in aspartate aminotransferase, alanine aminotransferase, and total bilirubin occurred in 7/160 (4%), 7/161 
(4%), and 8/161 (5%) patients, respectively.

Increased Risk of Post-HSCT Non-Relapse Mortality (NRM): There was a higher post-HSCT NRM rate in patients receiving 
BESPONSA, resulting in a higher Day 100 post-HSCT mortality rate. The rate of post-HSCT NRM was 31/79 (39%) with 
BESPONSA and 8/35 (23%) with investigator’s choice of chemotherapy. In the BESPONSA arm, the most common causes 
of post-HSCT NRM included VOD and infections. Monitor closely for toxicities post HSCT, including signs and symptoms of 
infection and VOD. 

Myelosuppression: Myelosuppression, and severe, life-threatening, and fatal complications of myelosuppression, including 
hemorrhagic events and infections, have occurred with BESPONSA. Thrombocytopenia and neutropenia were reported in 
83/164 patients (51%) and 81/164 patients (49%), respectively. Febrile neutropenia was reported in 43/164 patients (26%).

Monitor complete blood counts prior to each dose of BESPONSA and monitor for signs and symptoms of infection, 
bleeding/hemorrhage, or other effects of myelosuppression during treatment and provide appropriate management. As 
appropriate, administer prophylactic anti-infectives during and after treatment with BESPONSA. Dose interruption, dose 
reduction, or permanent discontinuation may be required. 

Infusion-Related Reactions: Infusion-related reactions (all Grade 2) were reported in 4/164 patients (2%). Premedicate with 
a corticosteroid, antipyretic, and antihistamine prior to dosing. Monitor patients closely during and for at least 1 hour after 
the end of the infusion for the potential onset of infusion-related reactions including symptoms such as fever, chills, rash, 
or breathing problems. Interrupt the infusion and institute appropriate medical management if an infusion-related reaction 
occurs. Depending on the severity, consider discontinuation of the infusion or administration of steroids and antihistamines. 
For severe or life-threatening infusion reactions, permanently discontinue BESPONSA.

QT Interval Prolongation: Increases in QT interval corrected for heart rate using Fridericia’s formula of ≥60 msec from 
baseline were measured in 4/162 patients (3%). Administer BESPONSA with caution in patients who have a history of or 
predisposition to QTc prolongation, who are taking medicinal products that are known to prolong QT interval, and in patients 
with electrolyte disturbances. Obtain electrocardiograms and electrolytes prior to treatment and after initiation of any drug 
known to prolong QTc, and periodically monitor as clinically indicated during treatment.

Embryo-Fetal Toxicity: BESPONSA can cause embryo-fetal harm. Apprise pregnant women of the potential risk to the fetus. 
Advise males and females of reproductive potential to use effective contraception during BESPONSA treatment and for at 
least 5 and 8 months after the last dose, respectively. Advise women to contact their healthcare provider if they become 
pregnant or if pregnancy is suspected during treatment with BESPONSA. 

Adverse Reactions: The most common (≥20%) adverse reactions observed with BESPONSA were thrombocytopenia, 
neutropenia, infection, anemia, leukopenia, fatigue, hemorrhage, pyrexia, nausea, headache, febrile neutropenia, 
transaminases increased, abdominal pain, gamma-glutamyltransferase increased, and hyperbilirubinemia. The most common 
(≥2%) serious adverse reactions were infection, febrile neutropenia, hemorrhage, abdominal pain, pyrexia, VOD, and fatigue. 

Nursing Mothers: Advise women against breastfeeding while receiving BESPONSA and for 2 months after the last dose.

INDICATION
BESPONSA® (inotuzumab ozogamicin) is indicated for the treatment of adults with relapsed or refractory B-cell precursor 
acute lymphoblastic leukemia (ALL).

IMPORTANT SAFETY INFORMATION
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