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Inotuzumab ozogamicin (CMC-544), an antibody-targeted chemo-
therapeutic agent composed of an anti-CD22 antibody conjugated
to calicheamicin, a potent cytotoxic antibiotic, specifically targets
the CD22 antigen present in >90% of B-lymphoid malignancies,
rendering it useful for treating patients with B-cell non-Hodgkin
lymphoma (B-NHL). This phase I study evaluated the safety,
tolerability, efficacy, and pharmacokinetics of inotuzumab
ozogamicin in Japanese patients. Eligible patients had relapsed or
refractory CD22-positive B-NHL without major organ dysfunction.
Inotuzumab ozogamicin was administered intravenously once
every 28 days (dose escalation: 1.3 and 1.8 mg/m2). All 13
patients had follicular lymphoma, were previously treated with
‡1 rituximab-alone or rituximab-containing chemotherapy, and
were enrolled into two dose cohorts (1.3 mg/m2, three patients;
1.8 mg/m2, 10 patients). No patient had dose-limiting toxicities,
and the maximum tolerated dose, previously determined in
non-Japanese patients (1.8 mg/m2), was confirmed. Drug-related
adverse events (AEs) included thrombocytopenia (100%), leuko-
penia (92%), lymphopenia (85%), neutropenia (85%), elevated
AST (85%), anorexia (85%), and nausea (77%). Grade 3 ⁄ 4
drug-related AEs in ‡15% patients were thrombocytopenia
(54%), lymphopenia (31%), neutropenia (31%), and leukopenia
(15%). The AUC and Cmax of inotuzumab ozogamicin increased
dose-dependently with pharmacokinetic profiles similar to non-
Japanese. Seven patients had complete response (CR, 54%)
including unconfirmed CR, four patients had partial response
(31%), and two patients had stable disease (15%). The overall
response rate was 85% (11/13). Inotuzumab ozogamicin was well
tolerated at doses up to 1.8 mg/m2 and showed preliminary
evidence of activity in relapsed or refractory follicular lymphoma
pretreated with rituximab-containing therapy, warranting further
investigations. This trial was registered in ClinicalTrials.gov
(NCT00717925). (Cancer Sci 2010; 101: 1840–1845)

T he successful use of monoclonal antibodies (mAbs) in the
treatment of human diseases has been growing steadily

in the past decade. Rituximab, a human-mouse chimeric
anti-CD20, unconjugated antibody, was approved in 1997 in
the USA as the first mAb for antilymphoma therapy. It is
now most commonly used in combination with chemotherapy
for first and subsequent lines of therapy in B-cell non-
Hodgkin lymphoma (B-NHL), such as diffuse large B-cell
lymphoma (DLBCL) and follicular lymphoma (FL).(1–6)

However, a subgroup of patients does not respond, and early
relapses occur in patients with initial response, thus indicating
rituximab resistance. This indicates a clear unmet need to
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explore alternative antibodies non-cross resistant to rituximab
as a therapy for B-NHL. One alternative is inotuzumab
ozogamicin (CMC-544), an antibody-targeted chemotherapy
agent that specifically targets CD22. Inotuzumab ozogamicin
is composed of a recombinant engineered humanized IgG4
anti-CD22 antibody G544 conjugated to calicheamicin, a
potent cytotoxic antibiotic derivative.(7)

CD22 is a potential therapeutic target for B-NHL because it
is expressed in >90% of B-NHL cells.(8) In addition, CD22 is
expressed in mature B cells, but not in their precursor or mem-
ory B cells, which may potentially minimize the adverse effect
of CD22-targeted treatment on long-term immune function.
Moreover, when antibodies bind to the CD22 antigen, the anti-
gen is internalized, that is it is not shed into the extracellular
environment.(9)

Both inotuzumab ozogamicin and unconjugated calicheami-
cin showed potent cytotoxic activity in vitro against CD22-posi-
tive B cells in preclinical studies.(7) In addition, the
unconjugated form of inotuzumab ozogamicin, G544, did not
demonstrate any antitumor activity in preclinical studies.(7) Ino-
tuzumab ozogamicin inhibited the growth and the establishment
of B-cell lymphomas and induced the regression of large B-cell
lymphomas in mouse xenograft models.(7) Furthermore, in pre-
clinical models of disseminated B-NHL in which rituximab was
ineffective, treatment with inotuzumab ozogamicin lead to a
significant tumor regression and an improvement in survival.(10)

This potent cytotoxic activity in preclinical murine models of
B-cell lymphomas in which rituximab had failed as a therapeutic
agent(11) establishes support for the clinical investigation of
inotuzumab ozogamicin for the treatment of CD22-positive
B-NHL.

A phase I dose escalation study was previously conducted in
the USA and the European Union in patients with relapsed
or refractory B-NHL (both FL and DLBCL).(12) In this study,
intravenous administration of the drug demonstrated clinical
activity in patients with relapsed or refractory B-NHL with clini-
cally manageable thrombocytopenia as the main toxicity. The
maximum tolerated dose (MTD) in this non-Japanese patient
population was determined to be 1.8 mg ⁄ m2 once every
4 weeks.

The objectives of the present study were to assess the safety,
toleralility, efficacy, and pharmacokinetics of inotuzumab
ozogamicin in Japanese patients with relapsed or refractory
B-NHL who had received prior treatment with rituximab.
doi: 10.1111/j.1349-7006.2010.01601.x
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Materials and Methods

Study design. The present trial was an open-label multi-
center phase I study in which inotuzumab ozogamicin was
administered intravenously (IV) as a single agent to patients
with CD22-positive B-NHL once every 28 days (±2 days, 1
cycle) for at least four doses provided that the drug was well
tolerated with no evidence of progressive disease (PD). The pro-
tocol was approved by the Institutional Review Board of each
participating institution, and it conformed to the provisions of
the Declaration of Helsinki in 1995 (as revised in Tokyo, 2004).
All the patients gave written informed consent.

Patients. Patients were eligible for enrollment if they had a
diagnosis of CD22-positive B-NHL, according to the World
Health Organization (WHO) classification, version 3.(13)

Patients were included if they had progressed after at least one
prior chemotherapy regimen for indolent B-NHL, or after one or
two chemotherapy regiments, which included anthracyline or
anthraquinone for aggressive B-NHL. Other inclusion criteria
were age ‡20 and <75 years, a performance status of one or bet-
ter on the Eastern Cooperative Oncology Group Scale, life
expectancy ‡12 weeks, an absolute neutrophil count (ANC)
‡1.5 · 109 ⁄ L and platelet count ‡100 · 109 ⁄ L, serum creatinine
£1.5 · upper limit of normal (ULN), urine protein-to-creatinine
ratio of £0.2, total bilirubin £1.5 · ULN, aspartate aminotrans-
ferase (AST) and alanine aminotransferase (ALT) £2.5 · ULN,
and at least one measurable lesion ‡1.5 cm in at least one
dimension by computer tomography (CT) at inclusion, in an
area of no prior radiation therapy, or clear progression in an area
that had been previously irradiated.

Dose escalation and toxicity criteria. Dose escalation deci-
sions were based on the toxicities observed in the first 28 days
after the administration of the first dose. Patients (three and 10
patients per cohort) could receive more than the four planned
doses of inotuzumab ozogamicin if they experienced at least sta-
ble disease and tolerated treatment. The starting dose was
1.3 mg ⁄ m2 administered IV once every 28 days, and dose esca-
lation was performed up to the MTD of 1.8 mg ⁄ m2 administered
IV once every 28 days. Both the starting dose and the MTD
were based on information from a previous clinical trial.(12) The
dose escalation in subsequent cohorts was based on the toxicity
assessed in the first 28 days after the first dose. Dose escalation
continued until three or more patients in a cohort experienced a
dose-limiting toxicity (DLT).

A DLT was defined as any of the following that were at least
possibly related to inotuzumab ozogamicin during the first
28 days after the first dose: any grade 3 or 4 (National Cancer
Institute Common Terminology Criteria for Adverse Events [NCI
CTC], version 3.0) nonhematologic toxicity (except grade 3 alo-
pecia, nausea, or vomiting unless the patient was receiving opti-
mal medical therapy); febrile neutropenia (grade 4 ANC ‡3-day
duration and temperature ‡38.0�C); grade 4 ANC ‡7-day dura-
tion; grade 4 thrombocytopenia ‡3-day duration, or any bleeding
episode requiring platelet transfusion; or delayed recovery (to
grade 1 or baseline, except alopecia or grade 2 nausea or vomiting
unless the patient was receiving optimal medical therapy) from a
toxicity related to inotuzumab ozogamicin that delayed the initia-
tion of the next dose by more than 3 weeks. Patients who experi-
enced a DLT had the subsequent doses of inotuzumab
ozogamicin reduced by one dose level, the maximum allowed
dose reduction per patient. Patients who experienced toxicities
other than DLTs could receive additional doses of inotuzumab
ozogamicin at the same dose if they met the following criteria:
recoveries to £grade 1 (nonhematologic), or baseline toxicity
except alopecia; ANC ‡1.5 · 109 ⁄ L; platelet count ‡75 · 109 ⁄ L;
serum creatinine £1.5 · ULN, and urine protein-to-creatinine
ratio of £0.2. The maximum number of doses of inotuzumab ozo-
gamicin was 8 for 1.3 mg ⁄ m2 and 7 for 1.8 mg ⁄ m2.
Ogura et al.
Pharmacokinetics. Timed blood samples for pharmacokinetic
analysis were collected for cycles 1–3 at 0 (pre-dose), 1, 4
(cycles 1 and 3 only), 24, 48, 120, 168, 216, 336, and 504 h rela-
tive to the start of infusion for each dosing period and at pre-
dose only for cycle 4. If the patient received four doses, then the
sample had to be drawn before cycle 5. The serum concentra-
tions of inotuzumab ozogamicin and total calicheamicin were
determined using a validated enzyme-linked immunosorbent
assay.

The noncompartmental pharmacokinetic parameters of ino-
tuzumab ozogamicin and total calicheamicin were estimated
using the WinNonlin (version 4.1) program. The parameters
which were determined included the following: end-of-infusion
peak concentration (Cmax), area under the concentration-time
curve (AUC), clearance (CL), apparent steady-state volume of
distribution (Vss), and the terminal-phase elimination half-life
(t1 ⁄ 2).

Safety. An AE was considered to be treatment emergent if its
onset occurred between the first and the last dose, plus a lag of
28 days provided the following criteria were met: (i) the AE
was not present before the start of the first dose and did not
occur in the patient as a chronic condition; (ii) the AE was pres-
ent before the start of the first dose or was part of the patient’s
medical history, but the severity or frequency increased after the
start of the first dose.

Efficacy. Patients were evaluable for efficacy if they received
‡2 doses of inotuzumab ozogamicin, had a baseline tumor CT
scan and had undergone at least one tumor assessment for
response after baseline assessment. In addition, patients with
documented PD prior to receiving two doses of inotuzumab ozo-
gamicin were considered evaluable for efficacy. Tumor response
was assessed according to the International Workshop Response
Criteria for Non-Hodgkin Lymphoma.(14) The overall response
rate (ORR) was defined as the percentage of patients meeting
the criteria for complete response (CR), unconfirmed complete
response (CRu), or partial response (PR). Stable disease (SD)
was measured from the start of the treatment until the criteria
for PD were met, taking as the reference the smallest measure-
ments recorded since the initiation of treatment.

Statistical analysis. The sample size for this study was deter-
mined by clinical rather than statistical considerations. The
probabilities of detecting at least one AE of grade ‡3 with six
patients receiving inotuzumab ozogamicin were 0.469, 0.822,
and 0.984 when the true rates were 0.10, 0.25, and 0.50, respec-
tively. The probabilities of detecting at least one such event in
10 patients receiving treatment were 0.651, 0.944, and 0.999,
respectively.

With cohort sizes of three to six patients, if the true underly-
ing rates of DLT were 0.1, 0.2, 0.3, 0.4, and 0.5, there would be
a 0.985, 0.905, 0.754, 0.558, and 0.359 chance, respectively, of
escalating to the next full dose. The ORR was estimated using
an exact confidence interval (CI) approach.

Results

Patients. From March 2007 to July 2008, a total of 13
patients were enrolled in the study; three patients enrolled in the
1.3 mg ⁄ m2 dose cohort and 10 patients in the 1.8 mg ⁄ m2 dose
cohort. The summary of demographic and other baseline charac-
teristics for all patients is presented in Table 1. There were
seven males and six females, all with a median age of 49 years
(range, 43–72 years). All 13 patients had FL. The median num-
ber of prior treatment regimens was 1 (range, 1–13). All 13
patients had previous rituximab treatment (monotherapy or in
combination with chemotherapy). Patients were categorized in
low (38.5%), intermediate (42%), and high (15%) risk groups
according to Follicular Lymphoma International Prognostic
Index (FLIPI).(15)
Cancer Sci | August 2010 | vol. 101 | no. 8 | 1841
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Table 1. Demographic and baseline characteristics, safety population

Characteristics

Inotuzumab ozogamicin treatment

1.3 mg ⁄ m2

(n = 3)

1.8 mg ⁄ m2

(n = 10)

Total

(n = 13)

Median age, years (range) 57 (51–66) 48 (43–72) 49 (43–72)

Sex, n (%)

Female 2 (67) 4 (40) 6 (46)

Male 1 (33) 6 (60) 7 (54)

ECOG performance status, n (%)

0 3 (100) 10 (100) 13 (100)

Primary diagnosis, n (%)

Follicular lymphoma 3 (100) 10 (100) 13 (100)

FLIPI risk groups, n (%)

Low 2 (67) 3 (30) 5 (39)

Intermediate 1 (33) 5 (50) 6 (46)

High 0 2 (20) 2 (15)

Number of prior chemo- ⁄ immunotherapy regimens, n (%)

1 2 (67) 6 (60) 8 (62)

2 0 0 0

3 0 1 (10) 1 (8)

‡4 1 (33) 3 (30) 4 (31)

ECOG, Eastern Cooperative Oncology Group; FLIPI, Follicular
Lymphoma International Prognostic Index.

Table 2. Inotuzumab ozogamicin-related adverse events, (a) all

grades in ‡4 patients (b) grades ‡3

Adverse event, n (%)

Inotuzumab ozogamicin treatment

1.3 mg ⁄ m2

(n = 3)

1.8 mg ⁄ m2

(n = 10)

Total

(n = 13)

(a) all grades in ‡4 patients

Thrombocytopenia 3 (100) 10 (100) 13 (100)

Leukopenia 3 (100) 9 (90) 12 (92)

Lymphopenia 3 (100) 8 (80) 11 (85)

Neutropenia 3 (100) 8 (80) 11 (85)

Aspartate aminotransferase

increased

3 (100) 8 (80) 11 (85)

Anorexia 3 (100) 8 (80) 11 (85)

Nausea 3 (100) 7 (70) 10 (77)

Blood fibrinogen increased 2 (67) 7 (70) 9 (69)

Alanine aminotransferase

increased

1 (33) 6 (60) 7 (54)

Blood alkaline phosphatase

increased

1 (33) 6 (60) 7 (54)

Hemoglobin decreased 1 (33) 6 (60) 7 (54)

Malaise 3 (100) 3 (30) 6 (46)

Blood bilirubin increased 2 (67) 4 (40) 6 (46)

Headache 2 (67) 4 (40) 6 (46)

Constipation 1 (33) 4 (40) 5 (39)

Influenza 1 (33) 4 (40) 5 (39)

Blood lactate dehydrogenase

increased

2 (67) 3 (30) 5 (39)

Fibrin D dimer increased 0 5 (50) 5 (39)

Hyperglycemia 1 (33) 4 (40) 5 (39)

Stomach discomfort 1 (33) 3 (30) 4 (31)

Fatigue 0 4 (40) 4 (31)

Hypercholesterolemia 1 (33) 3 (30) 4 (31)

Hypokalemia 2 (67) 2 (20) 4 (31)

Somnolence 2 (67) 2 (20) 4 (31)

Epistaxis 0 4 (40) 4 (31)

Rash 1 (33) 3 (30) 4 (31)

(b) grades ‡3

Thrombocytopenia 2 (67) 5 (50) 7 (54)

Lymphopenia 0 4 (40) 4 (31)

Neutropenia 1 (33) 3 (30) 4 (31)

Leukopenia 0 2 (20) 2 (15)

Blood bilirubin increased 1 (33) 0 1 (8)

Hypokalemia 1 (33) 0 1 (8)

Table 3. Number (%) of patients reporting adverse events leading

to dose delays, safety population

Parameter, n (%)

Inotuzumab ozogamicin treatment

1.3 mg ⁄ m2

(n = 3)

1.8 mg ⁄ m2

(n = 10)

Total

(n = 13)

No. of patients with dose delays

No dose delays 2 (67) 7 (70) 9 (69)

One or more dose delays 1 (33) 3 (30) 4 (31)

No. of dose delays per patient*

One 1 (100) 3 (100) 4 (31)

Any adverse event leading to

dose delay†

1 (33) 3 (30) 4 (31)

Neutropenia 1 (33) 2 (20) 3 (23)

Thrombocytopenia 1 (33) 1 (10) 2 (15)

*Percentages are based on number of patients with ‡1 inotuzumab
ozogamicin dose delay in each treatment group. †Totals at a higher
level are not necessarily the sum of those at the lower levels since a
patient was able to report two or more different adverse events
within the higher level category.
Safety. In dose escalation, no patients had DLTs, and the
MTD previously determined in non-Japanese patients
(1.8 mg ⁄ m2) was confirmed for Japanese patients in this study.
The most common drug-related AEs were thrombocytopenia
(100% patients); leukopenia (92%); neutropenia, elevated AST,
anorexia, and lymphopenia (85%, each); elevated blood fibrino-
gen (69%); nausea (77%); elevated ALT, elevated alkaline phos-
phatase, and decreased hemoglobin (54%, each); malaise,
elevated blood bilirubin, and headache (46%, each; Table 2(a)).

A summary of drug-related grade 3 or higher AEs is shown in
Table 2(b). At least one drug-related grade ‡3 AEs was reported
in nine of the 13 (69%) patients. Drug-related grade ‡3 AEs
were thrombocytopenia (7 patients, 54%), lymphopenia and
neutropenia (4, 31% each), leukopenia (2, 15%), and elevated
blood bilirubin and hypokalemia (1, 8% each). Although neither
lymphopenia nor leukopenia was reported for the 1.3 mg ⁄ m2

cohort, the overall incidence of drug-related grade ‡3 AEs was
comparable between the two cohorts. There were no patients
who died during the study.

A total of four patients experienced dose delays, one (33%)
patient in the 1.3 mg ⁄ m2 cohort and three (30%) patients in the
1.8 mg ⁄ m2 cohort (Table 3). Each had one delay. The AEs lead-
ing to dose delays were neutropenia (3 patients, 23%) and
thrombocytopenia (2, 15%). Two (20%) patients in the
1.8 mg ⁄ m2 cohort had one dose reduction (Table 4). Adverse
events (AEs) leading to the dose reduction were thrombocytope-
nia and pleural effusion (1 patient, 8% each). There were no
dose reductions in the 1.3 mg ⁄ m2 cohort.

Seven patients discontinued treatment due to AEs: one patient
because of grade 2 rash, one patient because of grade 2 urticaria,
and five patients because of AEs that required treatment delays
of >3 weeks (two patients with prolonged thrombocytopenia,
one patient with prolonged thrombocytopenia and neutropenia,
one patient with neutropenia and elevated alkaline phosphatase,
and one patient with prolonged neutropenia and elevated total
bilirubin).

Pharmacokinetics. Pharmacokinetic data after the first dosing
were obtained for all 13 patients. The two patients who received
1.8 mg ⁄ m2 inotuzumab ozogamicin and had a dose reduction
after cycle 1 were excluded from pharmacokinetic assessments
for cycle 2 and thereafter. The mean ± SD serum concentrations
of inotuzumab ozogamicin and total calicheamicin versus time
1842 doi: 10.1111/j.1349-7006.2010.01601.x
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Table 4. Number (%) of patients reporting adverse events leading

to dose reduction, safety population

Parameter, n (%)

Inotuzumab ozogamicin

treatment

1.3 mg ⁄ m2

(n = 3)

1.8 mg ⁄ m2

(n = 10)

Total

(n = 13)

No. of patients with dose reductions

No dose reductions 3 (100) 8 (80) 11 (85)

One or more dose reductions 0 2 (20) 2 (15)

No. of dose reductions per patient*

One 0 2 (100) 2 (15)

Any adverse event leading to dose

reduction†

0 2 (20) 2 (15)

Thrombocytopenia 0 1 (10) 1 (8)

Pleural effusion 0 1 (10) 1 (8)

*Percentages are based on number of patients with ‡1 dose reduction
in each treatment group. †Totals at a higher level are not necessarily
the sum of those at the lower levels since a patient was able to report
two or more different adverse events within the higher level
category.

Fig. 1. Mean (SD) serum concentrations of inotuzumab ozogamicin
after 1.8 mg ⁄ m2 infusion of inotuzumab ozogamicin once every
4 weeks. Closed circle, cycle 1 (day 1, n = 10); open circle, cycle 2 (day
29, n = 8); closed triangle, cycle 3 (day 57, n = 5).

Fig. 2. Mean (SD) serum concentrations of total calicheamicin after
1.8 mg ⁄ m2 infusion of inotuzumab ozogamicin once every 4 weeks.
Closed circle, cycle 1 (day 1, n = 10); open circle, cycle 2 (day 29,
n = 8); closed triangle, cycle 3 (day 57, n = 5).
for patients who received 1.8 mg ⁄ m2 are shown in Figures 1
and 2, respectively. The peak concentration of inotuzumab ozo-
gamicin was generally observed at or shortly after the termina-
tion of infusion with moderate intersubject variability. The peak
total calicheamicin concentrations were observed typically
within 4 h after the start of inotuzumab ozogamicin infusion
with small intersubject variability.

The mean pharmacokinetic parameters for inotuzumab ozo-
gamicin and total calicheamicin are shown in Tables 5 and 6,
respectively. The AUC of inotuzumab ozogamicin tended to
increase with increased dose and period. The t1 ⁄ 2 was prolonged
with repeated treatment cycles. These were reflected by substan-
tial decreases in clearances.

The mean total calicheamicin Cmax appeared to increase with
dose. The AUC of total calicheamicin increased with increased
dose and period. No antibodies to inotuzumab ozogamicin were
detectable in patients’ serum during the course of the study. The
pharmacokinetics data indicate that the disposition of ino-
tuzumab ozogamicin and total calicheamicin following IV treat-
ment was nonlinear with dose or number of doses.

Efficacy. The best tumor response is presented in Table 7.
Antitumor activity was observed at both dose levels. In the
1.3 mg ⁄ m2 cohort, two out of three patients had CR, and one
patient had CRu for an ORR of 100% (95% CI, 29–100%). In
the 1.8 mg ⁄ m2 cohort, one out of 10 patients had CR, three
patients had CRu, and four patients had PR for an ORR of 80%
(95% CI, 44–98%).
Table 5. Serum pharmacokinetic parameters of inotuzumab ozogamicin

Dose (Once ⁄ 4 weeks)
Treatment

Day (n)

Number

of cycles

Cmax (ng ⁄ mL)

(%)

1.3 mg ⁄ m2 1 (3) 1 463 (8)

29 (3) 2 610 (17)

57 (3) 3 524 (18)

1.8 mg ⁄ m2 1 (10) 1 657 (41)

29 (8) 2 727 (27)

57 (5) 3 763 (20)

Data are expressed as mean, and percent coefficient of variance is express
CL, clearance; Cmax, peak concentration; NC, not calculated; t1 ⁄ 2, terminal-
distribution.

Ogura et al.
Discussion

To improve the clinical outcome of patients with B-NHL who
were pretreated with rituximab or rituximab-containing regi-
mens, a number of new agents including antibodies, small mole-
t1 ⁄ 2 (h)

(%)

AUC (ng h ⁄ mL)

(%)

CL (L ⁄ h)

(%)
Vss (L) (%)

NC NC NC NC

29.7 (30) 24166 (29) 0.08 (32) 3.27 (11)

43.6 (18) 31642 (21) 0.06 (22) 3.79 (12)

13.0 (30) 14266 (32) 0.24 (40) 4.06 (21)

35.8 (43) 34518 (46) 0.11 (54) 4.40 (20)

44.0 (32) 39677 (41) 0.09 (56) 4.89 (19)

ed in parentheses. AUC, total area under the concentration-time curve;
phase elimination half-life (0.693 ⁄ kz); Vss, steady-state volume of

Cancer Sci | August 2010 | vol. 101 | no. 8 | 1843
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Table 6. Serum pharmacokinetic parameters of total calicheamicin

Dose (Once ⁄ 4 weeks)
Treatment

Day (n)

Number

of cycles

Cmax (ng ⁄ mL)

(%)

t1 ⁄ 2 (h)

(%)

AUC (ng h ⁄ mL)

(%)

CL (L ⁄ h)

(%)
Vss (L) (%)

1.3 mg ⁄ m2 1 (3) 1 44.6 (17) 17.0 (39) 987 (44) 2.35 (58) 49.44 (13)

29 (3) 2 52.4 (22) 150.6 (45) 5754 (40) 0.38 (48) 62.86 (30)

57 (3) 3 56.6 (26) 216.3 (55) 8060 (37) 0.27 (43) 60.17 (25)

1.8 mg ⁄ m2 1 (10) 1 59.0 (31) 49.6 (77) 2329 (51) 1.61 (54) 72.3 (28)

29 (8) 2 59.4 (15) 162.4 (34) 7100 (48) 0.54 (62) 89.18 (41)

57 (5) 3 78.2 (15) 172.7 (48) 9225 (32) 0.37 (44) 68.37 (26)

Data are expressed as mean, and percent coefficient of variance is expressed in parentheses. AUC, total area under the concentration-time curve;
CL, clearance; Cmax, peak concentration; NC, not calculated; t1 ⁄ 2, terminal-phase elimination half-life (0.693 ⁄ kz); Vss, steady-state volume of
distribution.

Table 7. The best tumor response during treatment: number (%) of

patients in efficacy population

Best tumor response

Inotuzumab ozogamicin treatment

1.3 mg ⁄ m2

(n = 3)

1.8 mg ⁄ m2

(n = 10)

Total

(n = 13)

CR, CRu 3 (100) 4 (40) 7 (54)

PR 0 4 (40) 4 (31)

OR 3 (100) 8 (80) 11 (85)

SD 0 2 (20) 2 (15)

CR, complete response; CRu, unconfirmed complete response; OR,
overall response (CR + CRu + PR); PR, partial response; SD, stable
disease.
cule, targeted agents, and chemotherapeutic drugs have been
developed. However, new treatment modalities with improved
toxicity profiles and better responses are needed. Inotuzumab
ozogamicin (CMC-544), an antibody-targeted chemotherapy
agent, has demonstrated an acceptable toxicity profile and high
activity against relapsed or refractory patients with FL who were
pretreated with rituximab or rituximab-containing treatment.

In a recent phase I, multicenter, open-label, dose escalation
study of inotuzumab ozogamicin administered IV as a single
agent in the USA and the European Union, inotuzumab ozogam-
icin was found to be reasonably well-tolerated with the MTD of
1.8 mg ⁄ m2 administered every 4 weeks and with the major tox-
icity of grade 3 or greater thrombocytopenia, which was man-
ageable with careful monitoring and platelet transfusion.
Response rates of 69% in patients with FL and 33% in patients
with DLBCL in the expanded cohort of this trial were
observed.(12)

In the present phase I dose escalation study in Japanese
patients with relapsed or refractory FL, who were pretreated with
rituximab, the MTD of inotuzumab ozogamicin was determined
to be 1.8 mg ⁄ m2 administered once every 28 days, a value that
was the same as that observed for non-Japanese patients.

Most common inotuzumab ozogamicin related adverse events
were thrombocytopenia, leukopenia, lymphopenia, neutropenia,
elevated AST, anorexia, and nausea, a finding that was very sim-
ilar to the non-Japanese study. Adverse events (AEs) leading to
dose delays were neutropenia and thrombocytopenia.

The pharmacokinetic profiles of inotuzumab ozogamicin and
total calicheamicin indicated that disposition was non-linear and
was associated with increases in drug exposure with increasing
dose or number of doses. The pharmacokinetic profiles of ino-
tuzumab ozogamicin and total calicheamicin in Japanese
patients were similar to the values for non-Japanese patients.
The study population was very limited, thus no definite conclu-
sion can be made for Japanese patients. However, nonlinearities
in drug disposition are known for antibodies(16) and had been
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observed previously for gemtuzumab ozogamicin.(17) Saturable
binding with target antigen is thought to influence antibody
disposition, potentially leading to nonlinear distribution and
elimination.

Potent antitumor activity for inotuzumab ozogamicin was
observed at both the 1.3 and 1.8 mg ⁄ m2 dose levels. In the
1.3 mg ⁄ m2 cohort, all three patients had CR or CRu for an
ORR of 100%. In the 1.8 mg ⁄ m2 cohort, one out of 10
patients had CR, three patients had CRu, and four patients
had PR for an ORR of 80%. Although the number of
patients was limited, our preliminary ORR was greater in
comparison to other reported antibody-based agents in the
treatment of patients with FL and prior exposure to ritux-
imab-containing regimens. For example, in a recent phase
I ⁄ II study, veltuzumab, a humanized second-generation anti-
CD20 monoclonal antibody, was reported to have an ORR of
44%.(18) In another phase I ⁄ II, single-agent, dose escalation
study, galiximab, an anti-CD80 antibody, demonstrated an
ORR of only 11%.(19) Fludarabine phosphate, one of the
most effective drugs in the treatment of indolent B-NHL, had
an ORR of 65%, when administered as a single agent.(20)

The FLIPI scores in this study were good predictors of favor-
able outcome. Of the five patients who had low scores (low risk)
two demonstrated CR, two had CRu, and one had PR. Of the six
patients who had intermediate scores, one had CR, two had
CRu, one had PR, and two had SD. The two patients with high
FLIPI scores demonstrated only PR.

In conclusion, the results from this phase I study suggest that
inotuzumab ozogamicin is safe, well tolerated, and shows prom-
ising efficacy in Japanese patients with relapsed or refractory FL
pretreated with rituximab-containing therapy. In addition, phar-
macokinetics and efficacy in this study are comparable with
those in preceding studies in non-Japanese patients. These
results therefore warrant further investigation of inotuzumab
ozogamicin in relapsed or refractory B-NHL.
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