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Abstract: Despite improved rates of remission and cure in newly diagnosed adult acute 

lymphoblastic leukemia (ALL), the prognosis for patients with relapsed or refractory disease 

remains poor and the 5-year overall survival rate after relapse is under 10%. A recent paradigm 

shift has focused on the promise of targeted immunotherapy rather than standard chemotherapy, 

as ALL blast cells express a variety of antigens, and monoclonal antibodies may be developed to 

identify and destroy the leukemic cells. Inotuzumab ozogamicin is a CD22 monoclonal antibody 

conjugated to the cytotoxic antibiotic calicheamicin. CD22 expression is detected on leukemic 

blasts in over 90% of patients with ALL. Based on promising results from preclinical studies, 

inotuzumab ozogamicin was tested in Phase 1/2 and Phase 3 clinical trials and it demonstrated 

improved complete remission rates, progression-free survival and overall survival in relapsed 

or refractory adult ALL compared to standard therapy. Ongoing studies are evaluating the value 

of inotuzumab ozogamicin when given in combination with chemotherapy as part of upfront 

treatment. This review discusses the drug’s biochemical properties and mechanism of action, 

preclinical research outcomes, clinical trial results, adverse events and toxicities, drug approval 

and ongoing investigations.

Keywords: acute lymphoblastic leukemia, relapsed/refractory, inotuzumab ozogamicin, mono-
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Introduction
The foundation of current treatment for adults with acute lymphoblastic leukemia 

(ALL) is intensive, multi-agent chemotherapy, followed by either consolidation 

and prolonged maintenance chemotherapy or risk-adapted allogeneic hematopoietic 

stem cell transplantation (HCT) in first remission. The application of intensified 

chemotherapy regimens from pediatrics has improved outcomes for the younger adult 

population. A majority of adults with newly diagnosed B-cell ALL (B-ALL) achieve 

complete remission (CR),1 and long-term disease free survival rates are now 30%–40% 

with standard adult ALL protocols and 50%–60% with pediatric approaches.2–6 How-

ever, most patients with CR will ultimately relapse, and the 5-year overall survival 

(OS) rate after relapse is a disappointing 7%.3 In addition, a subset of patients do not 

respond to initial chemotherapy and are considered to have refractory ALL.7 HCT is 

the only potentially curative treatment for patients with relapsed or refractory ALL. 

However, standard salvage chemotherapy regimens are associated with low response 

rates and often significant toxicity, limiting the ability of many adults with relapsed 

or refractory ALL to proceed to HCT.
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Given the poor outcomes of patients with relapsed and 

refractory ALL, recent research efforts have turned to immuno-

therapy approaches that directly target antigens on ALL cells. 

These agents offer novel mechanisms of action in addition to 

a side effect profile distinct from chemotherapy. Blast cells 

in ALL express a variety of specific antigens such as CD19, 

CD20, CD22, CD33 and CD52, and monoclonal antibodies 

(MoAbs) are now being used to target these antigens. For 

instance, one of the most widely used MoAbs is rituximab, an 

anti-CD20 antibody, which has been shown to improve sur-

vival in newly diagnosed CD20-positive B-ALL when used in 

combination with chemotherapy.8 In addition to naked antibod-

ies such as rituximab, MoAb strategies include bispecific T-cell 

engagers or antibody–drug conjugates or immunoconjugates; 

several novel MoAbs – including ofatumumab, obinutuzumab, 

epratuzumab, denintuzumab mafodotin and moxetumomab 

pasudotox – are currently under investigation in both preclini-

cal and clinical trials to assess safety and efficacy.9–11

Inotuzumab ozogamicin is an MoAb directed against 

CD22 and linked to a cytoxic agent from the class of 

calicheamicins. In 2017, as a result of the positive Phase 3 

clinical trial comparing inotuzumab ozogamicin to standard 

chemotherapy, the drug (under the trade name Besponsa) 

was approved by the European Commission and the US 

Food and Drug Administration (FDA) for the treatment of 

adults with relapsed or refractory CD22-positive B-ALL.12,13 

Inotuzumab ozogamicin currently remains under investiga-

tion in ongoing trials designed to assess its efficacy as part of 

various combination therapies, as well as in pediatric ALL. 

In this manuscript, we will review inotuzumab ozogamicin’s 

mechanism of action and pharmacokinetics, describe the 

results of preclinical research and clinical trials, and discuss 

ongoing and future investigations incorporating this agent.

Mechanism of action and 
pharmacokinetic properties
Inotuzumab consists of a humanized IgG4 MoAb against 

CD22, while ozogamicin derives from calicheamicins, a class 

of potent antitumor antibiotics that target DNA in the minor 

groove and induce strand scission. The CD22 receptor is a 

highly suitable therapeutic target, as it is expressed on most 

B-cell malignancies such as B-cell ALL, chronic lymphocytic 

leukemia, non-Hodgkin lymphoma (NHL) and hairy cell 

leukemia, but not in normal tissues, including hematopoietic 

stem cells and hematopoietic precursors of B lymphocytes.14 

While the function of the transmembrane sialoglycoprotein 

CD22 is not completely clear, it is thought to regulate B-cell 

migration, B-lymphocyte survival, signal transduction, B-cell 

homing and cellular adhesion.15

After the antibody portion of the compound binds 

to CD22 receptors on the surface of leukemic cells, the 

entire inotuzumab–calicheamicin conjugate enters the cell 

(Figure 1). Upon internalization, the antibody–drug conjugate 

is transported through endosomes and lysosomes where the 

Figure 1 Depiction of inotuzumab ozogamicin’s mechanism of action in tumor cells.
Abbreviation: ALL, acute lymphoblastic leukemia.
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acidic environment hydrolyzes inotuzumab from the inac-

tive ozogamicin. The latter component is then activated by 

intracellular glutathione and travels to the nucleus, where it 

induces cell cycle arrest and apoptosis, or cell death. Impor-

tantly, the effects of ozogamicin do not depend on cell cycle 

progression, meaning the molecule can induce apoptosis even 

in rapidly dividing cells.16–18 Another biochemical advantage 

is that compared to other B-lymphoid lineage surface anti-

gens, CD22 is a better internalizing molecule.16,19

The pharmacokinetic properties of inotuzumab ozogami-

cin were analyzed in initial Phase 1 studies. In a Phase 1 trial 

in B-cell NHL, the pharmacokinetics of the drug demonstrated 

nonlinear disposition; there was increased drug exposure with 

either higher doses or increased number of doses of the drug. 

The mean end of infusion peak concentrations (C
max

) for 1.8 

mg/m2 once every 4 weeks and 2.4 mg/m2 once every 3 weeks 

could not be distinguished. No antibodies to the drug were 

detectable, except for one participant with a low baseline 

response.20 In another Phase 1 study of ten patients, drug 

exposure for inotuzumab ozogamicin and total calicheamicin 

(C
max

 and area under the concentration–time curve) increased 

with the number of doses. The C
max

 of inotuzumab ozogamicin 

was typically observed at termination or shortly after the 

infusion ended, while the C
max

 of total calicheamicin was 

typically observed within 4 hours after starting inotuzumab 

ozogamicin. No antibodies to inotuzumab ozogamicin were 

detected during this study, either.21

Preclinical investigation
Much of the initial preclinical work with inotuzumab ozo-

gamicin was done in relation to lymphoma. In mice, inotu-

zumab ozogamicin was effective against CD22 lymphoma 

xenografts, causing near-complete regression of both a Burkitt 

lymphoma cell line and an NHL cell line. In vitro studies 

demonstrated superiority compared to standard CHOP che-

motherapy (consisting of cyclophosphamide, doxorubicin, 

vincristine and prednisolone) for the Burkitt lymphoma cell 

line.18,22 In additional studies, inotuzumab ozogamicin resulted 

in sustained regression in relapsed/refractory B-cell lymphoma 

xenografts previously treated with CHOP or CVP (consisting 

of cyclophosphamide, vincristine and prednisolone).23

As inotuzumab ozogamicin showed promising antitumor 

activity in preclinical NHL xenografts, it was explored both 

in vitro and in vivo in B-cell ALL models. In one in vitro 

study, inotuzumab ozogamicin demonstrated dose-dependent 

cellular destruction in a majority of cells derived from pedi-

atric primary B-cell precursor ALL.24 Of note, the suscepti-

bility of ALL cell lines to apoptosis induced by inotuzumab 

ozogamicin was found to be higher compared to NHL cell 

lines. In an in vivo investigation using B-cell ALL xenografts 

growing subcutaneously or as disseminated tumors, inotu-

zumab ozogamicin induced complete tumor regression and 

long-term survival of treated mice, while mice not treated 

with inotuzumab ozogamicin had disseminated disease by 

day 77 with an average survival of 5 days.25

The preclinical models have additionally shown that 

the combination of inotuzumab and ozogamicin has higher 

cytotoxic effects than ozogamicin alone, with an apparent 

dose-dependent response. In preclinical models of ALL and 

NHL, inotuzumab ozogamicin was 39 times more potent than 

unconjugated calicheamicin.16,19 Taken together, the results of 

these preclinical studies provided the basis for the development 

of inotuzumab ozogamicin as a potential therapeutic approach 

for patients with relapsed or refractory B-cell ALL.

Clinical trials
The first Phase 1 trial of inotuzumab ozogamicin was con-

ducted in patients with relapsed or refractory CD22+ B-cell 

NHL. In this multicenter, open-label study, 79 patients 

received inotuzumab ozogamicin intravenously as a 1-hour 

infusion every 3–4 weeks. In the dose escalation part of the 

study, the maximum-tolerated dose (MTD) was determined 

to be 1.8 mg/m2, as at 2.4 mg/m2, two patients had dose-

limiting toxicities (grade 4 thrombocytopenia and grade 4 

neutropenia). In Part 2, an expanded cohort received treat-

ment at the MTD to determine preliminary efficacy, and the 

objective response rate at the end of treatment was 39% for 

the 79 enrolled patients, 68% for all patients with follicular 

NHL treated at the MTD and 15% for all patients with dif-

fuse large B-cell lymphoma treated at the MTD. The median 

progression-free survival (PFS) was 317 days (95% CI: 

112–575 days). The main adverse event was thrombocy-

topenia (90%), followed by asthenia (67%), nausea (51%) 

and neutropenia (51%). While all cases of thrombocytopenia 

were considered clinically manageable (no major hemor-

rhages occurred, and the effect was reversible), the side effect 

prompted discontinuation of treatment in 24% of participants. 

Overall, the study concluded that inotuzumab ozogamicin 

demonstrated efficacy against CD22+ B-cell NHL with 

reversible thrombocytopenia as the main toxicity.20

Based on the promising preclinical data and early clinical 

results observed in NHL, several Phase 2 studies were 

performed to assess the safety and efficacy of inotuzumab 

ozogamicin in patients with relapsed or refractory CD22+ 

B-cell ALL (see Table 1 for a summary of key clinical trials 

using inotuzumab ozogamicin in relapsed or refractory adult 

B-cell ALL). A Phase 2 trial conducted at MD Anderson 

Cancer Center demonstrated that inotuzumab ozogamicin 
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administered as monotherapy was highly active and safe in 

this patient population. In this study, 49 patients were treated 

with a single dose of inotuzumab ozogamicin of 1.3–1.8 

mg/m2 every 3–4 weeks, with subsequent doses given depend-

ing on the response and count recovery.26 In an attempt to 

reduce toxicity and maximize efficacy, the dosing schedule 

for a second cohort of 41 patients was changed to weekly 

infusions of inotuzumab ozogamicin dosed at 0.8 mg/m2 on 

day 1 and 0.5 mg/m2 on days 8 and 15 given every 3–4 weeks. 

Combining the two cohorts, the overall patient population 

consisted of 90 patients with a median age of 39.5 years and 

included six children. Most patients received multiple prior 

regimens, including 11% who had undergone allogeneic 

HCT. CD22 positivity was at least 50% in all patients. In the 

combined cohort, an overall response rate (ORR) of 58% 

was observed. Nineteen percent achieved complete response 

(CR), 30% showed CR without platelet recovery and 9% 

showed marrow CR with incomplete blood count recovery 

(CRi). Results were similar when inotuzumab ozogamicin 

was administered as a single dose either on a monthly (57% 

ORR) or a weekly basis (59% ORR). However, weekly dosing 

was better tolerated with lower rates of infusion-related fever, 

hypotension and hepatotoxicity. Median OS for the entire 

cohort was 6.2 months (1-year survival rate, 20%).27

An additional Phase 1/2 trial evaluated weekly dosing 

of inotuzumab ozogamicin for CD22-positive relapsed/

refractory B-cell ALL.28 In Phase 1 of this multisite trial, 

dose escalation determined the recommended Phase 2 dose 

to be 1.8 mg/m2 per cycle (0.8 mg/m2 on day 1, 0.5 mg/m2 on 

days 8 and 15), with reduction to 1.6 mg/m2 per cycle after 

CR or CRi. Seventy-two adult patients with a median age 

of 45 years were treated, including 22% with Philadelphia 

chromosome-positive (Ph+) ALL. All patients had received at 

least one prior salvage regimen, and 32% had undergone prior 

allogeneic HCT. In the overall population, 68% of participants 

achieved CR/CRi. Median PFS was 3.9 months, and median 

OS was 7.4 months (95% CI: 5.7–9.2). Minimal residual 

disease (MRD) negativity was achieved in 84% of responding 

patients, with MRD-negative responses associated with higher 

drug exposure. The most common treatment-emergent adverse 

events were thrombocytopenia (36%) and neutropenia (28%) 

and the most common serious treatment-emergent adverse 

event was febrile neutropenia (22%). Four patients expe-

rienced veno-occlusive disease/sinusoidal obstruction syn-

drome (VOD/SOS): two occurred during or shortly after study 

treatment without transplant, while the other two occurred 

post-study transplant. One patient died of VOD/SOS.

The sentinel INO-VATE trial was the first Phase 3 study 

to prove inotuzumab ozogamicin’s superior efficacy com-

pared to standard chemotherapy for adults with relapsed or 

refractory B-cell ALL, prompting its approval by national 

and international advisory groups. In this international, open-

label trial, adults with relapsed or refractory CD22-positive 

B-ALL were randomized to receive either inotuzumab 

ozogamicin or standard treatment with intensive chemo-

therapy consisting of either FLAG (fludarabine, cytosine 

arabinoside and granulocyte-colony stimulating factor) or 

high-dose cytosine arabinoside, or mitoxantrone and cytosine 

arabinoside.29 Inotuzumab ozogamicin was administered 

weekly at a dose of 0.8 mg/m2 on day 1 followed by 0.5 mg/m2 

on days 8 and 15 repeated every 3–4 weeks. In patients who 

achieved CR/CRi, the subsequent dose on day 1 was reduced 

to 0.5 mg/m2. Patients who achieved CR could undergo HCT 

as per investigator’s discretion.

Three hundred and twenty-six patients were enrolled, and 

analysis was based on intention to treat of the first 218 (109 

in each group). No cross-over between the inotuzumab ozo-

gamicin and standard treatment groups was permitted. The 

majority of patients in both arms of the study had received 

only one prior therapy, and the first remission duration was 

short (,12 months) in 57% of inotuzumab patients and 65% 

of chemotherapy patients. Prior allogeneic HCT had been 

performed in 16% and 20% of patients, respectively, in the 

inotuzumab ozogamicin and chemotherapy groups. CR rates 

were significantly higher in the inotuzumab ozogamicin 

group (80.7% vs 29.4% in the standard therapy group, 

P,0.001), independent of age, first remission duration and 

salvage status. Among those with CR, significantly more 

Table 1 Clinical trials of inotuzumab ozogamicin in relapsed or refractory adult B-cell ALL

Phase Study 
identifier

Number of 
patients

Dosing CR/CRi (%) Overall survival 
(median in 
months)

3 NCT01564784 109 1.8 mg/m2 per cycle (0.8 mg/m2 on day 1, 0.5 mg/m2 on days 8 and 15) 80.7 7.7
1/2 NCT01363297 72 1.8 mg/m2 per cycle (0.8 mg/m2 on day 1, 0.5 mg/m2 on days 8 and 15) 68 7.4
2 NCT01134575 49 1.8 mg/m2 per cycle 58 6.2
2 NCT01371630 59 1.8 mg/m2 in cycle 1, 1.3 mg/m2 in subsequent cycles 59 11

Abbreviations: ALL, acute lymphoblastic leukemia; CR, complete remission; CRi, complete remission with incomplete blood count recovery.
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patients in the inotuzumab ozogamicin arm demonstrated 

MRD negativity (78.4% vs 28.1%, P,0.001). In addition, 

both PFS and OS were longer with inotuzumab ozogamicin: 

PFS was 5 vs 1.8 months (P,0.001); median OS was 1 month 

longer (7.7 vs 6.7 months, hazard ratio: 0.77). More patients 

in the inotuzumab ozogamicin group were able to proceed to 

post-study allogeneic HCT compared to the standard treat-

ment group (41% vs 11%, P,0.001).

A recently published subgroup analysis compared the 

efficacy and safety of inotuzumab ozogamicin in younger 

(aged ,55 years) and older patients enrolled in the INO-

VATE study. Remission rates, median duration of remis-

sion and PFS were comparable, but median OS was slightly 

shorter for patients aged $55 years (5.6 vs 8.6 months, hazard 

ratio: 0.61). While there was no difference in discontinuation 

rate of drugs and adverse events were generally the same in 

both age groups, VOD/SOS was more commonly observed 

after HCT in older patients (41% vs 17%).30

Based on the promising results of single-agent studies, 

inotuzumab ozogamicin has also been evaluated in combi-

nation with chemotherapy. In a Phase 2 study conducted at 

MD Anderson, 59 patients with relapsed/refractory CD22+ 

ALL received mini-hyper-CVD (cyclophosphamide and 

dexamethasone at 50% dose reduction, no anthracycline, 

methotrexate at 75% dose reduction and cytarabine at 

0.5 mg/m2 for four doses) and inotuzumab ozogamicin on 

day 3 of each cycle. The initial dose of inotuzumab ozogami-

cin was 1.8 mg/m2 in cycle 1 and 1.3 mg/m2 in subsequent 

cycles, but after observation of VOD/SOS, these doses were 

modified to 1.3 and 1 mg/m2, respectively. Rituximab was 

also given once per cycle to patients with CD20+ leukemia 

blasts. The ORR was 78%, and 59% of patients achieved a 

CR with an MRD negativity rate of 87% in responders. The 

median relapse-free survival and OS were 8 and 11 months, 

respectively. Survival outcomes were superior for patients 

who received inotuzumab ozogamicin as the first salvage 

vs second or later salvage (median OS 17 vs 6 months). 

Of note, 26 patients (44%) were able to proceed to HCT, 

supporting the role of inotuzumab ozogamicin as bridging 

therapy. The most commonly observed $grade 3 adverse 

events were thrombocytopenia (81%), infections (73%) and 

hyperbilirubinemia (14%). VOD/SOS was reported in nine 

patients (15%).31

Of note, Phase 3 trial results for the molecule’s efficacy 

in treating NHL have not been as promising. A Phase 3 

trial was conducted after Phase 1/2 trials demonstrated 

manageable safety and potential efficacy of inotuzumab 

ozogamicin as either monotherapy20,32 or in combination 

with rituximab.33,34 In 2013, the Phase 3 open-label, two-

arm investigation compared inotuzumab ozogamicin to 

investigator’s choice of bendamustine plus rituximab or 

gemcitabine plus rituximab for relapsed or refractory B-cell 

NHL.35 The trial was terminated early, as during interim 

evaluation, an independent Data Monitoring Committee 

concluded the trial would not meet its objective of show-

ing improved OS. Similar toxicities were observed as in 

the ALL trial: specifically, two patients developed grade 3 

VOD/SOS during inotuzumab ozogamicin treatment and 

one additional patient developed VOD/SOS 13 months after 

receiving inotuzumab ozogamicin and subsequent therapies 

including allogeneic HCT. No VOD/SOS events occurred 

in the control group.

Toxicities and adverse events
Based on the Phase 3 INO-VATE trial, inotuzumab ozo-

gamicin was well tolerated overall with the exception of 

increased risk of VOD/SOS, discussed in more detail below. 

Overall, 86% of patients in the inotuzumab ozogamicin 

group had treatment-related adverse events, compared with 

91% in the standard therapy group (no significant difference 

overall). The most common hematologic adverse events 

were cytopenias: neutropenia (36% compared to 38% with 

standard therapy), thrombocytopenia (29% vs 48%), anemia 

(18 vs 38%) and leukopenia (17 vs 26%). The most com-

mon non-hematological toxicities were febrile neutropenia 

(16 vs 43% with standard therapy), nausea (15 vs 34%) and 

pyrexia (11 vs 25%).19 Dose reduction due to adverse events 

was prompted in 2% of inotuzumab ozogamicin recipients 

(vs 1% of standard therapy patients). Drug discontinuation 

due to adverse events occurred in 9% of inotuzumab ozo-

gamicin recipients (vs 5% in the standard group).36 Results 

were similar in the Phase 1/2 trial, in which cytopenias were 

the most common adverse events (thrombocytopenia at 36% 

and neutropenia at 28%).28

Notable differences in the INO-VATE trial between the 

treatment and control groups were cases of VOD/SOS, which 

were reported for up to 2 years after treatment. VOD/SOS 

occurred in 15 patients (11%) who received inotuzumab 

ozogamicin, compared to one patient (1%) who received stan-

dard therapy. Of the inotuzumab ozogamicin recipients who 

underwent HCT after the trial, ten patients (21%) developed 

VOD/SOS after transplantation (compared to one patient, or 

5%, of the standard therapy recipients).29

Classically associated with HCT, hepatic VOD/SOS is 

characterized by hepatomegaly, right upper quadrant pain, 

weight gain and ascites. The disorder is thought to be caused 
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by injury to the hepatic venous endothelium, as well as to 

the development of a prothrombotic state as a result of liver 

injury and coagulation factor disruption. Patients with severe 

VOD/SOS may develop multi-organ failure with resultant 

high risk of mortality.37 Risk factors for HCT-associated 

VOD/SOS include underlying liver disease, exposure to 

certain hepatotoxic medications or chemotherapeutic agents 

prior to HCT and the receipt of myeloablative HCT condi-

tioning agents such as high-dose busulfan. VOD/SOS is a 

clinical diagnosis; the modified Seattle38 and Boston criteria39 

are used to aid clinicians with the diagnosis. Historically, 

the management of VOD/SOS in the HCT setting has been 

largely supportive care, with focus on maintaining euvolemia, 

minimizing exposure to hepatotoxic agents, pain control and 

ascites management. Defibrotide, a pharmacological agent 

derived from porcine intestinal mucosal DNA, was recently 

approved by the US FDA for the treatment of HCT-associated 

VOD/SOS that is associated with additional kidney or lung 

abnormalities. Although the exact mechanism by which defi-

brotide treats VOD/SOS is not entirely clear, efficacy is likely 

linked to the purported anti-inflammatory and antithrombotic 

properties associated with defibrotide.40–42

Based on the available clinical trial data, VOD/SOS asso-

ciated with inotuzumab is of greatest concern among those 

patients proceeding to HCT. Recently, an expert opinion 

panel was convened to develop consensus guidelines regard-

ing inotuzumab and VOD/SOS risk.43 In general, and in 

keeping with the US FDA drug label for inotuzumab, expert 

recommendations include: limiting inotuzumab administra-

tion to two cycles in patients in whom allogeneic HCT is 

planned, avoiding HCT conditioning regimens containing 

two alkylating agents or thiotepa and avoiding concomitant 

hepatotoxic drugs whenever possible. Inotuzumab also comes 

with a Black Box warning contraindicating its use in patients 

with prior confirmed severe or serious ongoing VOD/SOS 

or with serious ongoing liver disease.12 The effectiveness of 

defibrotide to treat VOD/SOS developing following HCT 

in patients treated with pre-HCT inotuzumab has not been 

specifically reported.

Ongoing investigations and future 
directions
Inotuzumab ozogamicin is currently being investigated in 

multiple ongoing clinical trials evaluating its use as either 

monotherapy or as part of combination therapy in the upfront 

or relapsed/refractory setting. The Children’s Oncology 

Group is conducting a study of inotuzumab ozogamicin in 

children and younger adults with relapsed/refractory B-cell 

ALL (NCT02981628). Inotuzumab ozogamicin is also being 

further studied in combination with chemotherapy in the 

front-line setting. The US Adult Intergroup is conducting 

a prospective study (A041501) evaluating the addition of 

inotuzumab ozogamicin to a pediatric-inspired chemotherapy 

backbone for patients aged 16–40 years with newly diagnosed 

CD22+ B-cell ALL (NCT03150693). Inotuzumab is also 

being evaluated as maintenance therapy following allogeneic 

HCT in a small Phase 1/2 study (NCT03104491).

In addition to inotuzumab ozogamicin, other immuno-

therapeutic approaches have proven successful in relapsed/

refractory ALL. Blinatumomab, a bispecific MoAb that 

directs CD3+ T cells to CD19+ leukemic blasts has also 

recently been approved for relapsed or refractory B-cell ALL. 

The agent is administered as a 24-hour infusion typically 

given over 4 weeks, and hospitalization is required when the 

infusion is initiated. In contrast, inotuzumab ozogamicin is 

administered as a 1-hour infusion and can be given in the 

outpatient setting. Blinatumomab also carries a unique set 

of risks. In the Phase 3 trial of 267 patients who received 

blinatumomab, 61.8% experienced a serious adverse event 

(the most common being neutropenia and infection, similar 

to inotuzumab), but 13 patients (4.9%) experienced cytokine 

release syndrome (distinct from inotuzumab).44 Of note, when 

comparing the blinatumomab trial to the inotuzumab trial, 

medial survival was similar in both, and long-term disease 

control was not observed with either agent without HCT.

Beyond MoAbs, the other promising option for relapsed or 

refractory ALL is chimeric antigen receptor T cell (CAR-T) 

therapy, though this currently comes with a unique set of 

challenges. A CAR-T agent, tisagenlecleucel, was approved 

by the US FDA in August 2017 for pediatric patients aged 

25 years or younger with relapsed or refractory B-cell ALL. 

For adults, a Phase 1 trial of 53 patients with relapsed B-ALL 

showed that a different CAR-T, 19-28z, resulted in a CR rate 

of 83% and a median survival of 12.9 months. However, 14 

patients (26%) developed severe cytokine release syndrome 

and 44% developed grade 2 or above neurotoxic effects.45 In 

addition to side effects, cost remains a limiting factor, with 

tisagenlecleucel carrying a price tag of $475,000.46 This 

compares to ~$168,000 for the duration of treatment with 

inotuzumab ozogamicin prior to purchaser discounts.47

Conclusion
Inotuzumab ozogamicin, a CD22 MoAb drug conjugate, 

has demonstrated overall safety and efficacy for adults with 
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relapsed and refractory B-ALL based on preclinical studies 

and Phase 1, 2 and 3 clinical trials. Inotuzumab ozogamicin 

has been shown to improve CR rates, PFS and OS in relapsed 

or refractory adult B-cell ALL relative to standard treatment. 

While the most common adverse events are cytopenias and 

infections, the drug is associated with an increased risk of 

VOD/SOS. Based on promising results, the drug is now 

approved in the US and many countries in Europe, and 

ongoing investigations are exploring its role as either mono-

therapy or as part of combination therapy for various patient 

populations with B-cell ALL.
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