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A B S T R A C T

Purpose
To determine the tolerability and serum concentration of epratuzumab, a humanized monoclonal
antibody targeting CD22, administered alone and in combination with reinduction chemotherapy in
children with relapsed acute lymphoblastic leukemia (ALL), and to preliminarily assess tumor
targeting and efficacy.

Patients and Methods
Therapy consisted of a single-agent phase (epratuzumab 360 mg/m2/dose intravenously twice
weekly � four doses), followed by four weekly doses of epratuzumab in combination with
standard reinduction chemotherapy. Morphologic and minimal residual disease (MRD) responses
were determined at the end of this 6-week period. Serum concentrations of epratuzumab were
determined before and 30 minutes after infusions, and CD22 targeting efficiency was determined
by quantifying changes in CD22 expression after epratuzumab administration.

Results
Fifteen patients (12 fully assessable for toxicity) with first or later CD22-positive ALL marrow
relapse enrolled on the feasibility portion of this study from December 2005 to June 2006. Two
dose-limiting toxicities occurred: one grade 4 seizure of unclear etiology and one asymptomatic
grade 3 ALT elevation. In all but one patient, surface CD22 was not detected by flow cytometry
on peripheral blood leukemic blasts within 24 hours of drug administration, indicating effective
targeting of leukemic cells by epratuzumab. Nine patients achieved a complete remission after
chemoimmunotherapy, seven of whom were MRD negative.

Conclusion
Treatment with epratuzumab plus standard reinduction chemotherapy is feasible and acceptably
tolerated in children with relapsed CD22-positive ALL. CD22 targeting was efficient, and the
majority of patients achieved favorable early responses.

J Clin Oncol 26:3756-3762. © 2008 by American Society of Clinical Oncology

INTRODUCTION

Although 80% of children with newly diagnosed
acute lymphoblastic leukemia (ALL) are cured of
their disease, outcome is poor when the disease re-
curs. No greater than one third of children with
relapsed ALL survive, independent of salvage regi-
men and prior therapy.1 The ability to successfully
induce a second complete remission (CR2) is also
limited compared with the more than 98% CR rate
observed at initial diagnosis,2-4 and most patients
who do achieve CR continue to have evidence of
minimal residual disease (MRD) at the end of remis-
sion induction, a harbinger of early disease re-
lapse.5,6 These data highlight the need to improve
therapy for children with relapsed ALL, including

developing more effective reinduction regimens that
can minimize early disease burden.

CD22, a B-cell surface antigen, is highly ex-
pressed in more than 90% of cases of childhood
B-precursor ALL (unpublished data). Epratu-
zumab, an investigational humanized monoclonal
antibody, binds to the third extracellular domain of
CD22. After binding, the receptor/antigen complex
is rapidly internalized.7,8 In contrast to rituximab,
which is directly cytotoxic to B cells, epratuzumab
appears to modulate B-cell activation and signaling.
In in vitro studies, mechanisms of action include
antibody-dependent cellular cytotoxicity, CD22
phosphorylation, and proliferation inhibition with
cross linking.9 Epratuzumab has been evaluated in
adult patients with indolent and aggressive B-cell
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non-Hodgkin’s lymphoma,10-14 and more recently has been used to
treat adults with autoimmune diseases. 15-17 Favorable responses have
been observed, with 43% overall response rates to single-agent epratu-
zumab therapy (360 mg/m2/dose) in patients with recurrent follicu-
lar lymphoma.11

One of the Children’s Oncology Group’s (COG’s) strategies to
evaluate novel antileukemia drugs efficiently is to assess the impact of
the new agent, when administered as a component of a multidrug
reinduction regimen, on early end points, such as remission reinduc-
tion rates and MRD burden. The primary objectives of this study were
to establish the feasibility and to preliminarily assess the antitumor
activity of epratuzumab administered as a single agent and in conjunc-
tion with chemotherapy in children with relapsed ALL. Epratuzumab
was selected for study because of high CD22 expression levels in
B-precursor ALL, a mechanism of action distinct from cytotoxic
agents, and a toxicity profile that could allow for combining it with
dose-intensive chemotherapy. The response to epratuzumab in adult
patients with non-Hodgkin’s lymphoma, and the prior success of
chemoimmunotherapeutic approaches in other adult hematopoietic
tumors,18 further supported this approach for childhood ALL.

PATIENTS AND METHODS

Patients and Eligibility

Patients 2 to 21 years of age with first or later ALL marrow relapse (M3
marrow) occurring at any time after initial diagnosis, with or without ex-
tramedullary disease, were eligible provided that their blasts expressed CD22
(� 25%). Additional eligibility requirements included a Karnofsky score of at
least 50, or a Lansky score of at least 50, adequate organ function, and an initial
WBC of no more than 50,000/�L. Although patients were required to have
recovered from the acute toxic effects of prior therapy, there was no waiting
period for study entry for children who experienced relapse while receiving
standard ALL maintenance chemotherapy. Institutional review boards at par-
ticipating institutions approved the study. Informed consent was obtained
from patients age 18 years and older or from parents/legal guardians of chil-
dren younger than 18 years, with child assent when appropriate, according to
individual institutional policies.

Dosage and Drug Administration

Epratuzumab was supplied by Immunomedics Inc (Morris Plains, NJ) as
a sterile liquid formulation, which was diluted with normal saline to a final
concentration of 1 mg/mL. After premedication with acetaminophen and
diphenhydramine, epratuzumab was administered as a slow intravenous in-
fusion starting at a rate of 0.5 mg/kg/h, with gradual incremental increases in
the rate to a maximum rate of 400 mg/h, as tolerated. Corticosteroids or
meperidine could be administered for infusion reactions, but were not other-
wise administered as routine premedication.

Trial Design

Patients received four doses of epratuzumab, 360 mg/m2/dose IV, twice
weekly during the 14-day reduction phase, followed by four weekly doses,
360 mg/m2/dose, administered with block 1 chemotherapy (Table 1). After
block 1, patients received blocks 2 and 3 of a standard reinduction chem-
otherapy regimen. The trial was initially designed to explore higher epratu-
zumab dose levels, but to expedite drug development, the trial was
amended to only evaluate the adult phase II dose of 360 mg/m2/dose. Any
patient who developed a WBC greater than 100,000/�L or symptoms of
hyperleukocytosis during the 14-day reduction phase proceeded directly to
block 1 chemoimmunotherapy.

Toxicities were graded according to the National Cancer Institute’s
Common Toxicity Criteria (version 3.0). Dose-limiting nonhematologic tox-
icity was defined as any grade 3 or 4 adverse event attributable to epratuzumab
with the specific exclusion of grade 3 nausea or vomiting, grade 3 hepatic

transaminase (AST and/or ALT) elevation returning to grade 1 before the next
treatment course, grade 3 fever or infection, and alopecia. Dose-limiting he-
matologic toxicity was defined as absence of peripheral blood count recovery
(absolute neutrophil count � 500/�L and platelet count � 20,000/�L) within
6 weeks of starting block 1 chemotherapy, in those patients who achieved
remission, as documented by marrow aplasia, not marrow infiltration.

Response to epratuzumab alone was determined by conventional bone
marrow aspirate morphology at the end of the 14-day reduction phase. Re-
gardless of the response, patients went on to receive epratuzumab plus chem-
otherapy during block 1. At the end of block 1 (day 36), response was again
assessed by conventional marrow morphology, and in addition, marrow MRD
was measured by flow-cytometry at the COG Reference Laboratory at Johns
Hopkins University (Baltimore, MD), as previously described.19

Criteria for Assessment of Response

Complete remission (CR) was defined as attainment of M1 bone
marrow (� 5% blasts) with no evidence of circulating blasts or extramed-
ullary disease and with recovery of peripheral counts (absolute neutrophil
count � 1000/�L and platelet count � 100,000/�L). Partial remission (PR)
was defined as complete disappearance of circulating blasts and achievement
of M2 marrow status (� 5% to � 25% blast cells and adequate cellularity).
Partial-remission cytolytic (PRCL) was defined as complete disappearance of
circulating blasts and achievement of at least 50% reduction from baseline in
bone marrow blast count. Progressive disease (PD) during the reduction phase
was defined as an increase in the WBC to greater than 100,000/�L, or the
development of symptoms attributable to a rapidly rising absolute blast count.
In blocks 1 to 3 of reinduction therapy, it was defined as an increase of at least
25% in the absolute number of circulating leukemic cells, development of
extramedullary disease, or other laboratory or clinical evidence of PD. Patients
not fulfilling criteria for CR, PR, PRCL, or PD were considered to have stable
disease (SD). Detectable MRD at any level was designated positive. Designa-
tion as MRD negative implied a sensitivity of 1/10,000 cells.

Table 1. Study Drug Dosing

Study Phase Dosing

Reduction phase
Epratuzumab 360 mg/m2 Days �14, �10, �6, and �2

(protocol amendment)
IT therapy� Day �14, (Days �10 and �6, if CNS

positive)
Block 1

Epratuzumab 360 mg/m2 Days 8, 15, 22, and 29
Vincristine 1.5 mg/m2 Days 1, 8, 15, and 22
Prednisone 40 mg/m2/d Days 1-29
PEG-asparaginase 2,500 U/m2 Days 2, 9, 16, and 23
Doxorubicin 60 mg/m2 Day 1
Dexrazoxane 600 mg/m2 Day 1
IT therapy Days 15 and 29 (Days 1 and 15, if

CNS positive)
Block 2

Cyclophosphamide 440 mg/m2 Days 1-5
Etoposide 100 mg/m2 Days 1-5
Methotrexate 5 g/m2 Day 22
IT therapy Days 1 and 22

Block 3
Cytarabine 3 g/m2 q 12 h Days 1, 2, 8, and 9
L-asparaginase 6,000 U/m2 Days 2 and 9 (at hour 42 after

cytarabine)

Abbreviations: IT, intrathecally; PEG, pegylated.
�IT cytarabine on day �14 of the reduction phase followed by methotrexate

alone for all subsequent doses in patients who were CNS negative, and
methotrexate, hydrocortisone, and cytarabine (ITT) for those who were CNS
positive. All doses of IT medications were based on age.
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Serum Concentration Studies

Participation in the pharmacokinetic portion of the study was optional
for patients in accordance with previously published guidelines.20 Blood sam-
ples (2 mL) were collected before and 30 minutes after epratuzumab infusions
on days �14 and �2, before infusions on days �10 and �6, and at the end of
the reduction phase. Epratuzumab concentrations were determined by
enzyme-linked immunosorbent assay at Immunomedics Inc.

Flow Cytometry Assessment of CD22 Targeting

Peripheral-blood samples were obtained pretherapy, and on days �13,
�6 and 0 of the reduction phase for determination of CD22 expression by flow
cytometry. Samples were stained with the four-color combination CD10-
fluorescein isothiocyanate/CD22-phycoerythrin (PE)/CD45-peridinin chlo-
rophyll protein/CD19-allophycocyanin along with two different anti-CD22
monoclonal antibodies: SHCL-1 (BD Biosciences [BDB], San Jose, CA) and
RFB4 (Caltag, Burlingame, CA). These antibodies bind to different epitopes
on the extracellular portion of the CD22 molecule. The RFB4 antibody and
epratuzumab competitively bind to the third extracellular domain of CD22, so
in the presence of epratuzumab, RFB4 binding is blocked,21 whereas SHCL-1
binds to a non–cross-blocking epitope.22 Antibodies other than RFB4 were
obtained from BDB. Samples were analyzed on a FACSCalibur flow cytometer
using Cell-Quest software (BDB). Leukemic blasts were gated using a combi-
nation of CD45, CD19 and CD10, and fluorescence expression of both
SHCL-1 and RFB4 were determined and quantified using Quantibrite soft-
ware (BDB). Briefly, standard beads with known numbers of PE molecules
bound were analyzed under the same conditions used for the experiments, and
the geometric mean channel of the beads plotted to obtain a standard curve.
Channel values of experimental samples, corrected for nonspecific back-
ground fluorescence, were then converted to PE molecules bound using this
standard curve. Binding of CD22 (either RFB4 or SHCL-1) after epratuzumab
administration was expressed as a percentage of pretreatment values.

RESULTS

From February 2005 to June 2006, 18 patients were enrolled onto the
study. The first three patients were treated with epratuzumab, 360
mg/m2 weekly for two doses, before a study amendment to change
epratuzumab dosing to twice weekly during the reduction phase.
These first three patients are not included in the current analysis and
did not experience toxicities that differed from the subsequent 15
patients. Among the 15 patients comprising this report, 12 were fully
assessable for toxicity, with a median age of 10 years (range, 3 to 18
years) Two patients did not complete block 1 because of infection
not attributed to epratuzumab, and one patient was removed by
investigator choice during the reduction phase before receiving
protocol-defined epratuzumab doses. Eleven patients were in first
(n � 7 early, � 36 months; n � 4 late, � 36 months from initial
diagnosis)23 relapse, and four patients were in second or later marrow
relapse (Table 2).

Toxicity

Overall, epratuzumab was tolerated with acceptable toxicity dur-
ing the reduction phase and block 1. Grade 1 or 2 infusion reactions,
characterized by rigors, fever, and nausea, were observed in 10 of 15
patients during the reduction phase. Reactions occurred with the
initial infusion only, and resolved after the infusion was temporarily
stopped and additional medications (corticosteroids and/or meperi-
dine) were administered. All patients were then able to resume and
complete the initial infusions and did not experience subsequent re-
actions. Two patients experienced dose-limiting toxicities. One pa-
tient had a grade 4 seizure at the end of block 1; the etiology of the

seizure was unclear and the patient subsequently developed progres-
sive disease. A second patient experienced a grade 3 ALT elevation that
failed to return to grade 1 before the time the block 2 therapy was
scheduled to begin. Two patients died as a result of infections while
receiving protocol therapy; one patient entered onto the study with a
second relapse and a prior period of prolonged neutropenia, and the
other child with a first early relapse of infant ALL. The status of their
underlying leukemia at the time of death is unknown.

Response

Response to epratuzumab alone was assessed at the completion
of the reduction phase. Eleven patients had SD, one patient had a
PRCL response, and three had PD (Table 3). Median absolute blast
counts decreased from 384/�L (range, 0 to 9400/�L) at study entry to
17/�L (range, 0 to 55,088/�L) at the end of the 2-week reduction
phase. Only one patient showed a rise in absolute blast count to more
than 50,000/�L during the reduction phase.

Response to chemoimmunotherapy was determined at the end
of block 1 (Table 3). Two patients died as a result of infections during
block 1, and one patient was removed from protocol during the
reduction phase at the discretion of the treating physician because of a
rising WBC count. Nine patients achieved a complete remission. Re-
mission was achieved in two of four patients with second or greater
marrow relapse, three of seven patients with early marrow relapse and
all four patients with late marrow relapse. Seven of the nine patients
achieving a morphologic CR had no detectable MRD at the end of
block 1. One additional patient who was MRD positive at the end of
block 1 became MRD negative at the end of block 2.

Serum Concentrations of Epratuzumab

Serum epratuzumab concentrations increased with the initial
twice-weekly dosing, with median values of 72 �g/mL (range, 36 to 97

Table 2. Patient Characteristics

Characteristics Number of Patients (n � 15)

Sex
Male 8
Female 7

Age, years
Median 10
Range 3-18

Presenting WBC, per �L
Median 3,950
Range 100-10,300

Presenting absolute blast count, per �L
Median 384
Range 0-9,400

Site/Timing of relapse
First relapse 11

Early isolated marrow 7
Late isolated marrow 1
Late marrow � CNS 2
Late marrow � testicular 1

Second or greater relapse 4
Isolated marrow 2
Marrow � CNS 2

NOTE. Early relapse, relapse occurring � 36 months from initial diagnosis;
late relapse, relapse occurring � 36 months from initial diagnosis.
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�g/mL), 146 �g/mL (range, 64 to 171 �g/mL), and 163 �g/mL (range,
79 to 222 �g/mL) �g/mL determined by enzyme-linked immunosor-
bent assay in a subgroup of seven patients with samples obtained
before their second, third, and fourth doses on days �10, �6 and
�2, respectively.

CD22 Targeting

The efficiency of CD22 targeting was determined by quantita-
tively assessing changes in CD22 expression after epratuzumab
administration in 11 patients. Levels of CD22 expression on blood
blasts at baseline varied over approximately two logs. Irrespective
of baseline antigen levels, 10 of 11 patients who opted to participate
in these studies showed at least 98% reduction of RFB4 binding 24
hours after the initial dose of epratuzumab, and the other (#15)
showed 95% reduction (Table 4). Persistent targeting of epratu-
zumab was observed throughout the reduction phase, as evidenced
by complete abrogation of RFB4 binding in all but two patients
(#4 and #8) that showed incomplete (approximately 85%) block-
ing of RFB4 at day 0. Data from a representative patient are shown
in Figure 1.

After treatment with epratuzumab, there was a significant differ-
ence between binding of the non–cross-reacting antibody SHCL-1
and that seen with RFB4. In all but one patient, and at all time points,
levels of SHCL1 were lower than what was observed in the pretreat-
ment sample, but the levels of residual binding varied greatly both
among patients and at different time points. The lowest level of resid-
ual binding seen with any sample was 9% (ie, 91% inhibition) and the
highest 70%. These results suggest partial loss of CD22/epratuzumab
complex from the cell surface. The remaining patient showed no
decrement in levels of baseline binding, suggesting no change in the
CD22/epratuzumab complex after drug administration. At day �6
and day 0, but not day �13, the magnitude of the SHCL-1 decrement

was correlated with pretreatment levels of CD22, with blasts with the
highest levels showing the greatest loss of SHCL-1 binding (data
not shown).

DISCUSSION

Despite improvements in outcome for children with newly diag-
nosed ALL, the treatment of relapsed disease remains a significant
challenge.1,2,4,24-26 Epratuzumab is the first new agent to be evalu-
ated in combination with a three-block cytotoxic reinduction reg-
imen for marrow relapse that was originally studied in 127 children
in the COG AALL01P2 trial.27 Overall, epratuzumab administra-
tion was tolerated with acceptable toxicity in children with relapsed
ALL, both as a single agent and when combined with chemother-
apy. The most frequent single-agent toxicities observed were grade
1 or 2 infusion reactions that resolved with supportive medications
and prolongation of the infusion; reactions did not recur with
subsequent doses. The toxicity profile is similar to that observed in
adults.11-14 Given the high-risk population, the two deaths second-
ary to infection observed on the current study were not unex-
pected. In our prior AALL01P2 study limited to children with first
marrow relapse,27 the toxic death rate with block 1 chemotherapy
alone was 4%, with a 40% incidence of febrile neutropenia and a
19% incidence of documented infections.

Although efficacy was not a primary objective of this feasibility
study, the preliminary outcome of patients enrolled, including the
early regression in MRD, an important prognostic indicator at the
time of relapse,5,6 was encouraging. Historical remission reinduc-
tion rates for early, late, and second or greater marrow relapse are

Table 3. Response to Protocol Therapy

Patient No. Disease Characteristics

Single-Agent Epratuzumab (reduction phase)

Epratuzumab � Block 1
Chemotherapy

Absolute Blast Count
(per �L) Marrow Blast (%)

Pre Post Pre Post Response Response MRD

1 1st early M 440 34 57 11 SD ND� ND�

2 1st late M � CNS 328 0 94 84 SD CR Negative
3 2nd M � CNS 9400 � 300 90 95 SD ND� ND�

4 1st early M 2016 0 71 34 PRCL CR Negative
5 2nd M � CNS 384 66 85 37 SD CR Negative
6 2nd M � 100 0 90 96 SD SD Positive
7 2nd M 0 0 84 73 SD CR Negative
8 1st late M � T 544 300 91 90 SD CR Positive
9 1st early M 1863 ND† 83 ND† PD ND† ND†
10 1st early M 0 0 70 89 SD CR Negative
11 1st early M 0 55,088 81 88 PD PD Positive
12 1st early M 130 34,875 39 ND‡ PD PR Positive
13 1st late M 1442 0 90 86 SD CR Negative
14 1st late M � CNS 2000 1000 98 82 SD CR Negative
15 1st early M 0 0 65 34 SD CR Positive

Disease characteristics: M, marrow; T, testicular; CR, complete remission; PR, partial response; PRCL, partial remission cytolytic; SD, stable disease; PD,
progressive disease; ND, not done.

�Death during block 1.
†Patient removed from study after one dose of epratuzumab.
‡Patient did not complete reduction phase because of PD.
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approximately 70%, 95%, and 40%, respectively, despite heteroge-
neity in the reinduction regimens.2,3,26,28-34 The majority of pa-
tients enrolled onto this study had higher risk relapses, which
included seven early and four second or greater relapses. At the end
of block 1 chemoimmunotherapy, nine patients achieved CR. The

responses compared favorably with those observed with the three-
block chemotherapy platform alone, in which the CR2 rates at the
end of block 1 for early and late first marrow relapse were 68% �
6% and 96% � 3%, respectively, and among those in CR2, MRD
more than 0.01% was detected at the end of block 1 in 75% � 7%

Table 4. Binding of Anti-CD22 Antibodies RFB-4 and SHCL-1 to Leukemic Cells

No. of PE Molecules Bound at Study Entry % of Pretreatment Levels

Patient No.

Pretreatment
RFB4 SHCL1

RFB4 SHCL1 Day �13 Day �6 Day 0 Day �13 Day �6 Day 0

1 19,596 27,225 2.4 1.4 0.3 15.9 9.0 16.7
2 3,071 4,274 1.3 0.8 0.7 29.3 27.5 39.1
3 10,313 13,342 1.9 0.8 0.6 19.1 14.6 16.1
4 227 398 0 0 15.9 19.3 70.4 46.7
5 3,779 5,158 0.1 0.9 0 13.3 11.9 30.7
6 296 438 1.7 0 1.4 51.4 32.9 25.8
7 6,677 8,408 0.3 0.1 0 22.1 19.1 26.2
8 5,850 7,181 NT 0 14.1 NT 17.5 22.3
9 1,673 3,117 1.1 2 NT 38.2 22.7 NT
10 9,953 13,650 0.1 1.9 0.1 42.7 15.2 29.4
11 836 1,125 NT 1.8 2 NT 100 100
12 2,109 3,229 NT 0.7 1.3 NT 21.9 26.7
13 5,892 7,922 0.1 0.2 0 32.5 20.7 21.8
14 NT NT NT NT NT NT NT NT
15 6,011 9,207 5.3 NT NT 12.5 NT NT

Median 4,814 6,170 1.1 0.8 0.65 22.1 21.3 26.7

Abbreviations: PE, phycoerythrin; NT, not tested, samples not submitted.
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Fig 1. Changes in CD22 antibody expression after administration of epratuzumab. Four-color flow cytometry was performed, and CD22 binding quantified on gated
leukemic blasts as described in Patients and Methods. Pretreatment expression of (A) RFB4 and (B) SHCL-1 in patient 9. Expression of (C) RFB4 and (D) SHCL-1 24
hours after administration of epratuzumab to the same patient. PE, phycoerythrin.
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of those with early relapses versus 51% � 8% of those with late
relapses.27 In this study, seven of nine patients achieving CR had no
detectable MRD at the end of block 1.

Similar to its performance in adult studies,35 epratuzumab con-
centration increased steadily with each administered dose during the
reduction phase. During the reduction phase of this study, we also had
the opportunity to assess the binding efficiency of CD22. With the use
of the RFB4 antibody, which competitively binds to the same extracel-
lular domain of CD22 as epratuzumab,21 we found essentially com-
plete saturation of CD22 by epratuzumab in the vast majority of
patients. This pattern of effective targeting was sustained in the major-
ity of patients throughout the reduction phase. The use of the alternate
SHCL-1 antibody, which binds to a different epitope of CD22, allowed
us to analyze the fate of the CD22/epratuzumab complex. Some resid-
ual CD22 expression was seen after epratuzumab administration,
although it was greatly reduced from baseline levels. Although we
cannot exclude the possibility that this reflects shedding of CD22
bound by epratuzumab from the cell surface, it appears more likely
that this reduction is a result of partial internalization of the CD22/
epratuzumab complex, which has been demonstrated in vitro in prior
studies.8 The degree of internalization correlated to some degree with
baseline levels of CD22 antigen expression, with those patients with
low levels showing relatively poor internalization. Of interest, the one
patient who showed no change in the level of SHCL-1 binding from
baseline (and thus no internalization) had progressive disease during
the reduction phase.

In conclusion, this initial experience with epratuzumab in chil-
dren with relapsed CD22-positive ALL has demonstrated that this
chemoimmunotherapy combination has an acceptable toxicity pro-
file. CD22 was efficiently targeted over time in the majority of patients,
and preliminary evidence of efficacy was observed. The favorable rate
of MRD after administration of chemotherapy with epratuzumab
suggests that the antibody may enhance response to cytotoxic chem-
otherapy. Thus, the phase II portion of this study is currently under-
way to determine whether remission reinduction rates and MRD
responses at the end of block 1 with chemoimmunotherapy are supe-
rior to those achieved with the chemotherapy platform alone.
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