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Abstract: Monoclonal antibodies are likely to make a considerable contribution in the treatment 

of acute lymphoblastic leukemia (ALL). High expression of CD22 antigen is found on the 

surface of leukemia cells in ALL. Inotuzumab ozogamicin, a CD22 monoclonal antibody 

conjugated to calicheamicin, which has shown efficacy in patients with lymphomas, has also 

shown encouraging activity in relapsed or refractory ALL with a high morphologic and molecular 

response rate. This article summarizes the current approaches to treating ALL with inotuzumab 

ozogamicin, based on available data from the literature.

Keywords: monoclonal antibody, inotuzumab ozogamicin, CMC-544, acute lymphoblastic 
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Introduction
While the prognosis of childhood acute lymphoblastic leukemia (ALL) has improved 

significantly over the past decades with 80%–90% of children cured, the prognosis 

for adults with ALL remains poor. Despite modern adult ALL regimens introducing 

pediatric inspired or even unmodified pediatric schedules and genetic dissection of the 

disease, almost half of younger adults will relapse after their initial treatment,1,2 and 

only about 10% of relapsing patients are alive at 5 years.3–5 At the time of relapse, the 

only curative treatment is allogeneic stem cell transplantation (SCT).5 However, most 

patients will require reinduction therapy prior to SCT. Currently, no standard regimen 

for reinduction exists. Most salvage regimens incorporate drugs that are used in the 

initial treatment and complete remission (CR) rates have generally been disappointing. 

Novel therapeutic strategies are therefore needed.

Recently, individualized and targeted therapies have been proposed.6 The best 

strategy intends to deliver a cytotoxic agent to the malignant cells. The concept of 

monoclonal antibody (MoAb) targeted chemotherapy has been explored extensively 

with significant preclinical successes.7 Antibody targeted chemotherapy enables 

a cytotoxic agent to be delivered specifically to leukemic cells by conjugating the 

cytotoxic agent with a MoAb that binds to a tumor-associated antigen. This strategy 

theoretically minimizes exposure of normal tissues to the cytotoxic agent, and results 

in a significantly improved therapeutic index.

CD22 antigen, a 135 kDa type I transmembrane sialoglycoprotein, is considered 

to be an ideal target for conjugate delivery because of its expression profile as well as 

its intracellular trafficking. It is expressed specifically on cells of B lymphoid lineage, 

including malignant cells of B cell origin. It is observed during B cell development at 
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low levels in the cytoplasm of pro- and pre-B cells, and on 

the cell surface of mature cells with IgM and IgD positivity.8 

The function of CD22 is not entirely clear, but it is thought 

to be involved in the regulation of B cell functions, such as 

cellular adhesion and B cell homing, and may play a role in B 

cell activation.9 CD22 is expressed in up to 100% of mature 

B cell ALL and in 93% to 96% of cases of B cell precursor 

ALL.10,11 It is not expressed on hematopoietic stem cells 

or any other cells of hematopoietic or nonhematopoietic 

lineages. The expression profile suggests that CD22 may be 

an attractive target in the treatment of B cell malignancies. 

Another feature supporting CD22 as an appropriate thera-

peutic target is that it is internalized upon ligand binding.12,13 

Then CD22 delivers a costimulatory signal in normal B cells 

and proapoptotic signals in neoplastic B cells.

This has led to the development of a variety of antibodies 

to CD22 that act against different epitopes.14 Among them, 

CMC-544, generically known as inotuzumab ozogamicin 

(Pfizer Oncology, New York, NY, USA), has recently been 

investigated for front line therapy of relapsed or refractory 

adult ALL.15 Inotuzumab ozogamicin is a humanized antibody 

targeted intravenous chemotherapy agent composed of a CD22 

targeted antibody linked to calicheamicin, a potent cytotoxic 

antitumor antibiotic. Calicheamicin is significantly more 

potent than conventional cytotoxic chemotherapeutic agents 

of the same class and causes cell death by inducing double 

strand DNA breaks. Mylotarg (gemtuzumab ozogamicin) was 

the first immunoconjugate of calicheamicin introduced to 

the clinic. Inotuzumab ozogamicin is expected to have activity 

in all B cell malignancies that express CD22.

Molecular structure  
of inotuzumab ozogamicin
Inotuzumab ozogamicin (CMC-544) is a humanized MoAb 

(type IgG4) that recognizes the CD22 antigen. It is conjugated 

with a calicheamicin moiety, an enediyne antibiotic and 

toxic natural product derived from the soil microorganism 

Micromonospora echinospora (Figure 1).16 Calicheamicin 

induces cell death in its target cells by interaction with 

double helical DNA in the minor groove causing site specific 

double stranded DNA cleavage at very low concentrations.17 

In vitro, calicheamicins generate diradical species after 

binding with DNA. This diradical 1,4-dehydrobenzene 

abstracts hydrogen atoms from the sugar backbone of DNA, 

which results in strand scission.18 The humanized MoAb 

was generated by grafting the complementary determining 

region of the murine MoAb M5/44 into a human germ line 

acceptor framework. Then the variant humanized IgG4 

MoAb, G5/44 (selected because of the higher internaliza-

tion capacity upon stimulation), was selected and covalently 

linked to N-acetyl-g-calicheamicin dimethyl hydrazide 

(CalichDMH) via the acid labile 4-(4′-acetylphenoxy) 

butanoic acid linker, yielding CMC-544 or inotuzumab 

ozogamicin.19–22 Inotuzumab ozogamicin binds to the minor 

DNA groove and causes double strand DNA breaks in a 

relatively sequence specific and thiol dependent manner, 
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Figure 1 Structure of inotuzumab ozogamicin.
Notes: Inotuzumab ozogamicin is an antibody-drug conjugate that consists of a humanized monoclonal antibody inotuzumab linked to a cytotoxic agent from the class of 
calicheamicins.
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resulting in cell apoptosis. Inotuzumab ozogamicin is 

similar to gemtuzumab ozogamicin (CMC-676), except that 

these two conjugates recognize distinct molecular targets. 

Inotuzumab ozogamicin binds CD22 with subnanomolar 

affinity and is rapidly internalized, delivering the conjugated 

calicheamicin intracellularly. The internalization allows for 

the intracellular hydrolysis of the acetyl butyrate linker and 

the intracellular release of calicheamicin.19 CalichDMH is 

a derivative of g-calicheamicin and is significantly more 

potent than cytotoxic chemotherapeutic agents used in cancer 

therapy. The conjugation to calicheamicin does not impact 

binding to CD22. The CD22 mediated targeted intracellular 

delivery of calicheamicin causes cellular arrest in the G2/M 

phase, followed by cell death (Figure 2).

Preclinical studies with  
inotuzumab ozogamicin in ALL
Results in vitro with cell lines  
and in vivo in animal models
Inotuzumab ozogamicin has shown a potent dose dependent 

cytotoxicity in vitro and in vivo animal tumor models. It has 

been studied extensively in preclinical models of human B cell 

lymphoma. Both inotuzumab ozogamicin and unconjugated 

calicheamicin demonstrated potent cytotoxic activity against 

CD22 positive B cell lines.19 In vitro, inotuzumab ozogamicin 

has high affinity against CD22 positive ALL cell lines.23 It 

inhibited in vitro growth of ALL cell lines more potently than 

Ramos B lymphoma cells. It was also demonstrated that pri-

mary ALL cells were more sensitive to the cytotoxic effects of 

calicheamicin than primary acute myeloid leukemia (AML) 

cells or normal bone marrow cells.24 Administration to nude 

mice with established subcutaneous xenografts of REH ALL 

cells caused dose dependent inhibition of xenograft growth 

producing complete tumor regression and cures in tumor 

bearing mice.25 When REH cells were injected intravenously 

with vehicle (phosphate buffered saline) and allowed to dis-

seminate systemically, mice developed hind limb paralysis 

that was effectively prevented by treatment with inotuzumab 

ozogamicin.25 Efficacy on ALL cell lines was confirmed on 

pediatric B cell precursor ALL cells in vitro.26 Inotuzumab 

ozogamicin induced dose- and time-dependent cell death 

in various ALL cell lines, with IC
50

 values (defined as the 

concentration resulting in 50% survival) ranging from 0.15 

to 4.9 ng/mL.26

Mechanisms of action and cell killing
After binding to CD22 at the cell surface, internalization 

of the inotuzumab ozogamicin/CD22 receptor complex 

takes place. This is followed by fusion of the inotuzumab 

ozogamicin-containing endosome with a lysosome, resulting 

in a lower internal pH of the vesicle, subsequent degradation 

of the acid labile linker between G5/44 and calicheami-

cin, and release of calicheamicin. Severe DNA damage 

(frequently leading to G2/M cell cycle arrest) was observed 

at concentrations of 100 ng/mL or higher.26 Saturation was 

dependent on inotuzumab ozogamicin concentration, but not 

on CD22 cell surface expression. Efficient cell death could 

already be observed at low CD22 saturation levels, indicating 

that, in contrast to previous results with gemtuzumab ozo-

gamicin, no prolonged and maximal saturation is required.26 

In cell lines, continuous exposure to inotuzumab ozogamicin 

was more effective than pulse exposure, suggesting that a 

continuous loop of internalization and renewed expression of 

CD22 contributes to the efficacy of inotuzumab ozogamicin, 

especially in cells with low CD22 expression.26 Inotuzumab 

ozogamicin also induced dose dependent cell kill in the 

majority of primary B cell precursor ALL cells. The efficacy 

was highly dependent on calicheamicin sensitivity and the 

CD22/inotuzumab ozogamicin internalization capacity of B 

cell precursor ALL, but hardly on basal and renewed CD22 

expression. Although CD22 expression is required for ino-

tuzumab ozogamicin activity, efficacy was not dependent on 

cell surface CD22 expression levels. Inotuzumab ozogamicin 

induced cell death was completely mediated via calicheami-

cin-induced apoptosis and not by CD22 signaling.23,26 Even 

low CD22 expression levels can result in high intracellular 

calicheamicin levels.26 This is in contrast to gemtuzumab 

ozogamicin, where CD33 signaling contributed to gemtu-

zumab ozogamicin induced cell death.24 Given the CD22 

Calicheamicin binds
to DNA

Leukemic cell

Nucleus

Internalization

CD22
Inotuzumab
ozogamicin

Figure 2 Mechanisms of action of inotuzumab ozogamicin.
Notes: The antibody–antigen complex is rapidly internalized (because of its 
subnanomolar binding affinity) upon binding to CD22. Then, calicheamicin is released 
inside the leukemic cell, where it binds to the minor DNA groove, inducing double 
stranded DNA breaks. DNA breaks are followed by apoptosis of the malignant cell.
Abbreviation: DNA, deoxyribonucleic acid.
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independent uptake of inotuzumab ozogamicin, evaluation 

of the efficacy of this MoAb would be interesting in CD22 

negative ALL patients.

Mechanisms of resistance
The heterogeneity in response to calicheamicin in ALL cells 

may be explained by differences in intrinsic calicheamicin 

sensitivity, which is dependent on the level of DNA acces-

sibility, DNA repair capacity, or functionality of the apoptotic 

machinery of the target cells. In the absence of the conjugated 

CalichDMH, G5/44, the targeted MoAb in inotuzumab ozo-

gamicin is ineffective in vivo as an antitumor agent in various 

preclinical models.19,27 The effects of inotuzumab ozogami-

cin may be affected by P-glycoprotein (P-gp), a membrane 

glycoprotein that actively pumps cytotoxic agents out of 

cells and decreases their intracellular concentration. Using 

newly established MDR1 DNA transduced Daudi and Raji 

sublines, it was demonstrated that inotuzumab ozogamicin 

had no effect on the P-gp expressing sublines when compared 

with the parental cell lines, even though the former expressed 

sufficient levels of CD22.28 Multidrug resistant modifiers 

recovered the cytotoxic effect of inotuzumab ozogamicin in 

P-gp expressing sublines.

Combination with rituximab
Inotuzumab ozogamicin is regarded as an antibody targeted 

chemotherapy agent rather than an immunotherapeutic agent 

like rituximab, a chimeric human IgG1 antibody targeted 

to another B lymphoid lineage specific molecule, CD20. 

In vitro, the combination of inotuzumab ozogamicin and 

rituximab demonstrated an increased cytotoxic effect in 

B cell malignancies cells, supporting the rationale for the 

combined use of these two drugs.29,30 Activity was enhanced 

up to four times with the combination, as compared with ino-

tuzumab ozogamicin alone, suggesting synergistic activity.30 

In a murine xenograft model with Ramos cells, the combi-

nation was superior in suppressing tumor proliferation and 

prolonging survival, as compared with the single agents.20 

In vitro analyses ascribed functions such as antibody depen-

dent cytotoxicity and complement dependent cytotoxicity to 

rituximab but not to inotuzumab ozogamicin, suggesting 

that the activity of inotuzumab ozogamicin is mediated 

through alternative effector functions that complement the 

mechanisms of rituximab induced activity.20 Increased 

rituximab induced cytotoxicity following prior exposure 

to inotuzumab ozogamicin coincided with downregulation 

of CD22 and CD55 molecules (both of which are closely 

related to resistance to rituximab),31 but preserved the level 

of CD20.29 In addition, inotuzumab ozogamicin was effective 

against human B cell lymphomas in murine models in which 

rituximab had failed as a therapeutic.30 However, in the ini-

tial clinical trials, the addition of rituximab in nine patients 

with CD20 positive ALL and no response after two cycles 

of inotuzumab ozogamicin did not offer any significant 

additional benefit.15

Inotuzumab ozogamicin clinical 
experience in B cell lineage ALL
The clinical experience using inotuzumab ozogamicin in 

patients with B cell non-Hodgkin’s lymphoma has been 

previously extensively reviewed.32,33 The encouraging results 

observed with inotuzumab ozogamicin in this pathology have 

led to investigations into inotuzumab ozogamicin therapy in 

other B cell lineage diseases, including ALL. Most of the 

published experiences with inotuzumab ozogamicin in ALL 

come from studies initiated at the MD Anderson Cancer 

Center in Houston (Texas, USA).34

Inotuzumab ozogamicin as single agent in 
the treatment of relapsed/refractory ALL
In a first report, inotuzumab ozogamicin appears as one of the 

single most active single agent tested in refractory or relapsed 

B cell lineage ALL.15 Forty-nine patients with refractory or 

relapsed B cell lineage ALL, aged from 6 to 80 years (median, 

36 years), received inotuzumab ozogamicin at 1.8 mg/m2 

intravenously over 1 hour every 3 weeks, the maximum 

tolerated dose determined in B cell lymphoma. All patients 

expressed high levels of CD22 positivity in ≥50% leukemic 

cells, and for 20 patients ≥90% in leukemic cells. Overall, 

a response (complete marrow response, complete marrow 

response without platelet recovery, and complete marrow 

response with incomplete recovery of peripheral blood cell 

counts) was observed in 57% of cases (66% in second line 

therapy, 48% in third line therapy, and 40% in further lines 

of therapy). Patients with Philadelphia chromosome positive 

ALL and translocation (4;11) were less likely to respond than 

patients with other karyotypes. Three out of the seven patients 

with Philadelphia chromosome positive ALL achieved mor-

phologic and cytogenetic complete responses. The lowest 

BCR-ABL transcript levels were 0.09%, 0.01%, and 0.07%, 

respectively. The median number of treatment courses was 

two (range, 1–5 courses) and the median time between 

courses was 3 weeks (range, 3–6 weeks). Eighty-two percent 

of patients received two courses or more and 47% received 

three or more. Nine (18%) patients received rituximab with 

their third treatment course, of whom only one showed 
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a response (after the fourth course). The median overall 

survival was 5.1 months. Median survival for responders was 

7.9 months. Eighty-nine percent of responders with initial 

chromosomal abnormalities achieved a complete cytogenetic 

response. A negative minimal residual disease (MRD) status 

was observed in 63% of morphologic responders. Fever and 

mild hypotension occurred in most patients on days 1–2 and 

resolved with support. Fever was severe (grade 3–4) in 31% 

of these cases and hypotension was observed in 2% of cases. 

Liver function abnormalities were noted in 25% of cases, but 

were severe in only half of those cases with periportal fibrosis 

observed in liver biopsies in two patients.

After the initial report using an every 3- to 4-week sched-

ule, the schedule was modified to give inotuzumab ozogami-

cin weekly at 0.8 mg/m2 on day 1 followed by 0.5 mg/m2 on 

days 8 and 15 every 3 to 4 weeks, based on higher in vitro effi-

cacy with more frequent exposure.34 Forty-one patients were 

studied. Eight patients (20%) achieved complete response, 

13 patients (32%) achieved bone marrow complete response 

with incomplete recovery of platelets, and 3 patients (7%) 

achieved bone marrow complete response with incomplete 

recovery. There were no differences regarding MRD negative 

achievement according to whether patients received weekly 

or single dose inotuzumab ozogamicin. Higher inotuzumab 

ozogamicin peak levels were observed with the single dose 

schedule, but peak levels did not correlate with response 

rates. The weekly dosing schedule was associated with less 

hepatic toxicity as compared with the single dose schedule 

given every 3 to 4 weeks. Fever and hypotension within 

48 hours of drug administration were also observed less fre-

quently on the weekly dosing schedule. The median survival 

was 5 months with the single dose schedule and 7.3 months 

with the weekly schedule (Table 1).

The encouraging clinical activity of single agent inotu-

zumab ozogamicin in a relapsed/refractory ALL population 

was confirmed in another recent study.35 Preliminary efficacy 

results appeared to be dynamically related to inotuzumab 

ozogamicin exposure, cytogenetics, and circulating blasts. 

In this dose escalation trial, inotuzumab ozogamicin was 

administered on days 1, 8, and 15 over a 28 day cycle (up to six 

cycles). Total doses per cycle ranged from 1.2  mg/m2 to 

2 mg/m2. Overall, 79% of patients achieved a complete 

response (46% of complete remission and 33% of bone mar-

row complete response with incomplete recovery of blood cell 

count). Ninety-five percent of them were shown to be MRD 

negative. Median time to hematologic response was 28 days 

(range, 20–78 days). The recommended Phase II dose was 

determined to be 1.8 mg/m2/cycle based on safety and efficacy 

results. The tolerable safety profile, primarily characterized 

by hematologic, gastrointestinal, and hepatic side effects, was 

consistent with that of prior reports. Fifty percent of patients 

underwent follow-up transplant after inotuzumab ozogamicin 

treatment. Among them, three patients died from sepsis. No 

events of veno-occlusive disease (VOD) were reported.

Feasibility of subsequent allogeneic SCT
After relapse, allogeneic SCT currently provides the most 

effective approach for inducing long term disease control.3,5,36 

The overall survival rate was 16%–23% for those who 

received allogeneic SCT, compared with 0%–4% for those 

who received chemotherapy alone.3,36 Because many patients 

have had previous exposure to chemotherapy drugs used 

for salvage chemotherapy and have experienced toxicity 

resulting from dose intense therapy, antibody therapy with a 

nonoverlapping toxicity and a different mechanism of action 

from drugs used in front line therapy can represent an ideal 

Table 1 Characteristics and outcomes of relapsed/refractory 
acute lymphoblastic leukemia patients treated with inotuzumab 
ozogamicin used as a single agent

Characteristics Single dose 
schedule 
49 patients

Weekly 
schedule 
41 patients

Overall 
90 patients

ECOG PS 
 � 0–1 

$2

 
44 (90%)* 
5 (10%)

 
37 (90%) 
4 (10%)

 
81 (90%) 
9 (10%)

Salvage status 
 � First salvage 

Second salvage 
Further salvage

 
13 (27%) 
24 (49%) 
12 (24%)

 
16 (39%) 
10 (24%) 
15 (37%)

 
29 (32%) 
34 (38%) 
27 (30%)

Karyotype 
 � Diploid 

T(9;22) 
T(4;11) 
Other

 
12 (24%) 
7 (14%) 
5 (10%) 
25 (51%)

 
9 (22%) 
8 (20%) 
3 (7%) 
21 (51%)

 
21 (23%) 
15 (17%) 
8 (9%) 
46 (51%)

CD22 positivity 
 � .90% 

70%–89% 
50%–69%

 
28 (57%) 
14 (29%) 
7 (14%)

 
31 (76%) 
8 (20%) 
2 (5%)

 
59 (66%) 
22 (24%) 
9 (10%)

Response to therapy 
 � CR 

CRp 
CRi 
PR 
Resistant 
Death within 4 weeks

 
9 (18%) 
14 (29%) 
5 (10%) 
0 
19 (39%) 
2 (4%)

 
8 (20%) 
13 (32%) 
3 (7%) 
0 
15 (37%) 
2 (5%)

 
17 (19%) 
27 (30%) 
8 (9%) 
0 
34 (38%) 
4 (4%)

Notes: *n (%). Adapted with permission from John Wiley & Sons, Inc. Kantarjian H, 
Thomas D, Jorgensen J, et al. Results of inotuzumab ozogamicin, a CD22 monoclonal 
antibody, in refractory and relapsed acute lymphocytic leukemia. Cancer. 2013;119: 
2728–2736. © 2013 American Cancer Society.34

Abbreviations: CR, complete response; CRi, bone marrow complete response with 
incomplete recovery; CRp, bone marrow complete response with incomplete recovery 
of platelets; ECOG PS, Eastern Cooperative Oncology Group performance  status; 
PR, partial response.
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therapy in the relapsed situation. The high response rate 

observed with inotuzumab ozogamicin used as a single agent 

enabled subsequent allogeneic SCT in a large number of 

patients (45%),15,37 of which a high percentage were MRD 

negative at the time of the transplant. The median time from 

the end of inotuzumab ozogamicin therapy to allogeneic 

SCT was 5 weeks (range, 2–14 weeks).37 Regarding toxicity 

of the transplant procedure, transient liver enzyme eleva-

tions was noted in most of the patients. Similar findings 

were noted after therapy with gemtuzumab ozogamicin, an 

anti-CD33 calicheamicin conjugate, which was previously 

approved for treatment of relapsed/refractory acute myeloid 

leukemia.16 However, liver function abnormalities have also 

been observed in the nontransplant setting.37 Antibody drug 

conjugates that employ calicheamicin have been associated 

with VOD.16 This toxicity is especially worrisome since the 

goal of treatment after CR achievement is to proceed to 

allogeneic SCT. After inotuzumab ozogamicin administra-

tion, some patients developed VOD: one case among the 

14 patients who underwent allogeneic SCT after weekly 

inotuzumab ozogamicin and five cases among the 22 trans-

planted patients after single dose inotuzumab ozogamicin.34 

The incidence of VOD was higher than that typically noted 

for allogeneic SCT in ALL. This was associated with the 

number of lines of prior therapy (more toxicity in patients 

with three to five lines prior SCT), and more intensive trans-

plant conditioning regimens (busulfan–clofarabine–thiotepa 

or fludarabine–melphalan–thiotepa). Transplant preparative 

regimens that minimize liver toxicity should therefore be 

preferred after inotuzumab ozogamicin therapy. The interval 

between inotuzumab ozogamicin administration and the start 

of SCT conditioning regimen did not appear to influence the 

risk of VOD developing.37 There does not appear to be a cor-

relation between inotuzumab ozogamicin administration and 

the risk for graft versus host disease developing.

Inotuzumab ozogamicin compared  
to chemotherapy in patients with  
relapsed/refractory ALL
The outcome of the 90 patients with relapsed or refractory 

ALL treated with inotuzumab ozogamicin used as a single 

agent34 was compared to that of historical controls consisting 

in 292 ALL patients with the same leukemia status treated with 

chemotherapy alone between 1990 and 2008 in the same insti-

tution.38 Outcomes after single agent inotuzumab ozogamicin 

were better than those after treatment with chemotherapy alone. 

In first salvage, complete response was significantly better 

with inotuzumab ozogamicin (66% versus 40%; P=0.007). It 

was similar for patients in second salvage (44% versus 16%; 

P,0.001), third salvage (46% versus 19%; P=0.03), and fourth 

salvage (27% versus 9%; P=0.01).38 Overall survival was also 

better after inotuzumab ozogamicin.

Experience with inotuzumab ozogamicin 
in pediatric patients with relapsed ALL
Inotuzumab ozogamicin was evaluated in pediatric patients 

with multiply relapsed ALL.39 Five children with relapsed/

refractory CD22 positive B cell lineage ALL were treated with 

inotuzumab ozogamicin initially administered at 1.3 mg/m2 

every 3 weeks. Then the dose was increased to 1.8 mg/m2 

every 3 weeks. Subsequently, a weekly schedule was given 

as 0.8 mg/m2 on day 1 followed by 0.5 mg/m2 on days 8 and 

15. One patient achieved complete response and two patients 

obtained bone marrow complete response with incomplete 

recovery of platelets. The last two patients had no response 

to the drug. Inotuzumab ozogamicin was relatively well 

tolerated. Three pediatric patients proceeded to transplant 

following inotuzumab ozogamicin therapy. One developed 

VOD following unrelated donor transplantation. This episode 

of VOD resolved after treatment with defibrotide.

Combination of inotuzumab ozogamicin 
with chemotherapy in patients with ALL
Eleven patients, aged 60 years or older with newly diagnosed 

B cell lineage ALL, were treated with a combination of low 

intensity hyper-CVAD (Cyclophosphamide, Vincristine, Adri-

amycin, Dexamethasone) chemotherapy (cyclophosphamide 

and dexamethasone at 50% dose reduction, no anthracycline, 

methotrexate at 75% dose reduction, and cytarabine at 0.5 g/m2 

for four doses), rituximab, intrathecal therapy, and inotuzumab 

ozogamicin (on day 3 of each cycle) for four cycles.40 The first 

six patients received inotuzumab ozogamicin at 1.3 mg/m2 

for cycle one followed by 1.3 mg/m2 for subsequent cycles, 

while the others received 1.8 mg/m2 for cycle one followed by 

1.3 mg/m2 for subsequent cycles.40 Ten patients (91%) achieved 

morphological complete remission and flow cytometric MRD 

negative status. Six month disease free and overall survival 

were both 90%. No dose limiting toxicity was observed.

Conclusion
First trials using inotuzumab ozogamicine in the treatment 

of B cell lineage ALL have shown impressive response rates 

in the relapsed/refractory setting and appear promising in 

improving outcomes. A weekly dose schedule appeared to be 

equally effective (59% versus 57% of response rate) and less 

toxic than a single dose schedule every 3 weeks.34 The ability 
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to achieve MRD negative responses has also been particularly 

impressive. Although high response rates were observed, 

studies with single agent inotuzumab ozogamicin showed that 

responses were not durable and that median survival was mod-

est. However, results compared favorably to those observed in 

historic controls regarding relapsed/refractory ALL patients 

treated by chemotherapy.41,42 Thus, MoAb potentially offers 

highly active modalities to obtain better response than those 

observed after chemotherapy, but with less toxicity. Older 

patients with ALL have a poor outcome.43–47 This is primarily 

due to the characteristics of ALL in this age population and to 

a poor tolerance of intensive chemotherapy which results in 

ineffective delivery of treatments. Combination of inotuzumab 

ozogamicin with low intensity chemotherapy has recently 

shown encouraging results in elderly patients with ALL.40 

These first results appeared to be better than those obtained 

with chemotherapy alone and may become a new standard 

of care for the treatment of elderly patients with ALL. Future 

studies in the newly diagnosed setting and/or in combination 

with chemotherapy are awaited to evaluate whether the quality 

of response rates can also be improved in younger adults. Due 

to the encouraging response rate in adults, inotuzumab ozo-

gamicin also appeared to be an attractive option for pediatric 

patients with relapsed ALL not responding to conventional 

chemotherapy. Although the maximum tolerated dose for 

pediatric patients was not explored, the drug appeared to be 

well tolerated using doses known to be safe in adults.39

Studies with inotuzumab ozogamicin in the treatment of 

ALL are currently ongoing. Results of two major studies are 

awaited: a larger Phase I trial to evaluate pharmacokinetics, 

levels of MRD, and response is ongoing (B1931010 trial), 

and a Phase III pivotal trial of inotuzumab ozogamicin versus 

investigator’s choice of chemotherapy in adult patients with 

relapsed or refractory CD22 positive ALL which is still in 

progress (B1931022 trial).

Overall, the current review indicates that inotuzumab ozo-

gamicin is effective to treat relapsed or refractory ALL. When 

optimum dose and scheduling is defined, inotuzumab could 

probably find a place in front line therapy. Its efficacy should 

also be compared with the promising recent results obtained 

with MoAb directed against CD20 and CD19 antigens.

Disclosure
The author reports no conflict of interest in this work.
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