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Figure 1. IM directly inhibits CSR in activated B cells through down-regulation of AID. (A) IgG1 expression levels in spleen cells cultured in conditioning medium
containing 12.5 pg/mL LPS and 7.5 ng/mL IL-4 with 0, 1, 2.5, 5, 7.5, and 10pM IM for 72 hours were 15.8%, 12.5%, 8.8%, 7.6%, 5.8%, and 2.9% of unireated controls,
respectively. Reduction of igG1 expression was induced by IM dose-dependently. (B) Real-time RT-PCR in spleen cells cultured in conditioning medium containing I1L-4 and
LPS for 72 hours indicated that expression of AID was decreased by IM dose-dependently. Significant differences were found between 0.and 1M or 10uM IM. *P < .05. The
y-axis represents AID mRNA levels relative to the no-IM control. The Jevels of AID mRNA at each IM concentration were calculated relative to the internal control (GAPDH);
n = 6. (C) The level of the germline transcript of IgG1 in spleen cells cultured in conditioning medium containing IL.-4 and LPS for 72 hours was not decreased in contrast to AID
mRNA expression levels, which were decreased by IM in a dose-dependent manner. Significant differences were found between 0, 1, and 10uM IM. *P < .05. The y-axis
represents expression levels of the IgG1 germline transcript relative to the no-IM control in the same manner as that in panel B; n = 4. (D) IgA expression levels in CH12F3-2A
cells cultured in conditioning medium containing 7.5 wg/mL IL-4, 0.3 ng/mL TGF-B1, and 40% CD40 ligand with Q, 5, 10, and 20pM IM for 72 hours were reduced in an
IM dose-dependent manner. (E) Cell proliferation, division, and apoptosis in spleen cells cultured in conditioning medium containing IL-4 and LPS for 72 hours were
investigated using BrdU, annexin V, and CFSE assays. The BrdU incorporation rate of 10pM IM was 45.9%, whereas that of 0pM IM was 58.1%. Cell fluorescence of 10uM IM
using the CFSE assay was shifted, but that of 1uM IM was not shifted to the right compared with that of 0uM IM. Annexin V analysis of 10iM IM was 39.9%, whereas that of
O0pM IM was 35.1%. These results indicate that IM affects cell proliferation but not apoptosis. (F) Immunchistochemical analysis of spleens from mice that were administered
SRBC with or without IM. Serial sections of spleens were prepared from nonimmunized (i,iv,vii,x), SRBC-immunized (il,vviii,xi), or SRBC-immunized + IM (50 mgrkg;
T, vi,ix,xil) animals, (i-vi) H&E staining. (vii-xii) Immunohistochemical analysis of AID. Low-power fields are shown in panels i to iil and vil to ix. High-power fields are shown in
subpanels iv to vi and x to xii. Individual germinal centers from SRBC-immunized IM (+) mice were significantly smaller than those from SREC-immunized IM (—) mice and
were cormparable with those from nonimmunized mice. AID expression, which was induced in germinal center-activated B cells, was barely detectable in spleens of IM-treated
mice but was strongly positive in those of nontreated mice. Moreover, IM significantly suppressed AlD expression, even in the residual germinal centers. (G) Real-time RT-PCR
analysis of AID and FACS analysis of IgG1 expression of spleen cells harvested from SRBC-immunized mice with or without 50 mg/kg IM. The top panel shows relative
normalized AID mRNA expression, and the bottom panel shows surface IgG1 expression of total splenocytes. A significant difference was found between SRBC (+) and SRBC
(+) IM 50 mg/kg (+) for both AID and IgG1. *P < .05. The y-axis represents the relative ratio of the relative expression level of AID mRNA (top panel) and the percentage of
surface IgG1 expression of total splenocytes (bottom panel). Normalized values obtained for SRBC (+) IM 50 mg/kg (+) were derived from SRBC (+);n = 2.

showed that AID, but not the germline transcript, was respon-  proliferation but down-regulates AID (Figure 1B,E). In addition,
sible for inhibition of CSR by IM. BrdU, CFSE, and annexin V. 5-fluorouracil decreased proliferation but did not down-regulate
analysis revealed that IM affected proliferation but not apopto-  AID (supplemental Figure 1), suggesting that proliferation is not
sis (Figure IE). Importantly, 1uM of IM did not decrease necessarily coupled with expression of AID. Therefore, it is
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Figure 2. Down-regulation of AID mediated by E2A, Pax5, E2{7, and E2{8 is responsible for CSR impairment’by M. (A) Ectopic expression of AID completely rescued
reduction of IgG1 expression caused by IM. Spleen cells were cultured in IL-4 and LPS conditioning medium with or without IM. After 24 hours of prestimulation culture, cells
were transduced with retrovirus encoding AID-eGFP or retrovirus encoding eGFP only (control), After a further 48 hours, IgG1 expression was analyzed (bottom panel).
A mononuclear cell fraction based on forward scattet/side scatter profiles was gated and sequentially subdivided into an eGFP-positive fraction. This eGFP-positive fraction
was anaiyzed. Ectopic AID expression with 10pM IM increased IgG1 expression from 13.0% to 25.1% versus 20.8% without IM. The BrdU assay revealed that DNA
synthesis decreased in the 10,M M culturing condition. Although the BrdU assay was similar with or without ectopic expression of AID, IgG1 expression was completely
rescued by ectopic expression of AID. (B) Average of the IgG1 expression rescue rate among 4 rescue experiments. IgG1 expression of AID(+) IM at 10uM was
completely rescued by ectopic expression of AID. (C) Schema illustrating transcriptional binding sites in the Aicda gene promoter region, focusing particularly on region
2 in the first intron. PAX5 and E2A activate the Aicda promoter, whereas E2{7 and E2f8 have silencing effects. (D) The expression levels of 4 transcriptional factors
(PAXS5, E2A, E2f7, and E2f8) in spleen cells cultured in conditioning medium containing IL-4 and LPS for 72 hours were determined by real-time RT-PCR. All were
reduced by IM. E2A expression was most markedly reduced.”P < .05. The y-axis represents mRNA levels of the PAX5, E2A, E2{7, and E2f8 relative to the no-IM
control. Levels of each transcriptional factor mRNA were calculated relative to the internal control (GAPDHY); n = 2. (E) Protein expression and DNA-binding activity of
E2A in spleen cells cultured in conditioning medium containing IL-4 and LPS for 72 hours, The E2A gene encodes 2 transcription factors: E12 and E47. Western blot
analysis revealed that expression of E47 in splenocytes cultured in conditioning medium containing LPS and IL-4 was down-regulated by IM to a barely detectable level.
DNA affinity precipitation analysis of the same cell extracts using biotinylated E-box probe and its mutant revealed that E-box binding activity of E47 in the extracts was
similarly reduced by IM.

possible to differentiate the effect of IM on proliferation and
AID expression.

To further confirm that CSR is impaired by IM through
down-regulation of AID in vivo, immunohistochemical analysis
was performed on splenic tissues from nonimmunized and sheep
red blood cells-immunized C57BL/6 mice with or without IM
treatment (Figure 1F). The individual germinal centers from

SRBC-immunized IM (+) mice were significantly smaller than
those from SRBC-immunized IM (—) mice and comparable with
those from nonimmunized mice (Figure 1F). As expected from
these findings, AID expression, which is induced in germinal
center-activated B cells, was barely detectable in the spleens of
IM-treated mice but was strongly positive in those of nontreated
mice. In addition, IM significantly suppressed AID expression,
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even in the residual germinal centers. Expression of AID was
confirmed by real-time RT-PCR analysis. The results of IgG1
expression did not conflict with these results (Figure 1G). Compat-
ible with the results obtained by in vitro stimulation of spleen cells,
IM down-regulated expression of IgG1 as well as AID. Although
enlargement of germinal center formation has been reported in AID
knockout mice,! it is assumed that the immunomodulatory effects
of ™M on B cells, T cells, and dendritic cells®’ resulted in
impairment of germinal center formation in our system. -

Furthermore, we investigated whether ectopic expression of
ATID could rescue inhibition of CSR by IM. IgG1 expression in
spleen cells decreased with IM treatment, whereas ectopic expres-
sion of AID completely rescued impairment of CSR under the
condition that cell proliferation was suppressed by IM (Figure
2A-B). The results indicated that impairment of CSR by IM was at
least in part the result of down-regulation of AID.

Finally, we examined the mechanism of down-regulation of
AID by IM. Recently, Tran et al reported that Aicda regulation
involved derepression by several layers of positive regulatory
elements in addition to the 5'-promoter region.>!> Promoter region
2 in the first intron contains the functional binding elements for the
ubiquitous silencers c-Myb and E2f and for the B cell-specific
activators Pax5 and E2A (Figure 2C).513 Surprisingly, all of these
transcription factors were. down-regulated by IM. Among them,
expression of E2A was most markedly reduced (to 1 of 500) by IM
(Figure 2D). We further found that levels of E2A protein as well as
E-box binding activity were markedly reduced by IM (Figure 2E),
suggesting that down-regulation of E2A by IM causes significant
suppression of AID.

For the first time, our findings elucidate a mechanism of
hypogammaglobulinemia caused by IM, which has been observed
frequently in IM-treated chronic myeloid leukemia patients.®? Its
adverse effects as well as the immunomodulatory functions of each
drug and their underlying mechanisms must be examined in more
extensive studies.

AID was previously reported to be induced by BCR-ABL1 in
Phl* pre B-ALL cell lines and inhibited by IM through ID2
up-regulation. Interestingly, neither PAXS nor E2A showed changes
in expression.!* In the present study using normal mature B cells,
PAXS5 and E2A levels were significantly decreased by IM, whereas
ID2 was not increased (data not shown). PDGFR" and c-kit,16
kinases that are also inhibited by IM, were not expressed in mature
B cells. Together, these results could be induced by the off-target
multikinase inhibitory effects of IM. The results of microarray
analysis (supplemental Table 1; supplemental Figures 2-3) are
consistent with this hypothesis. All microarray data are available
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for viewing on the Gene Expression Omnibus under accession
number GSE35559.

Inappropriate expression of AID affects many diseases, such
as malignancy and autoimmune diseases.!”»!® It probably also
affects allergic disorders because AID is also essential to CSR
from IgM to IgE, deregulation of which is an important
causative factor of allergic disorders. The results of the present
study suggest that IM, which has been used safely for several
decades in clinical settings, can be used for various diseases
involving AID. Indeed, dramatic resolution by IM has been
reported in several cases of rheumatoid arthritis or asthma
complicated with chronic myeloid leukemia.}9:20

In conclusion, suppression of AID by IM is responsible for CSR
impairment, leading to the frequent adverse effects of IM. IM may
also be clinically useful as an AID suppressor.
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Inotuzumab ozogamicin (CMC-544), a humanized anti-CD22 anti-
body conjugated to the potent cytotoxic antibiotic calicheamicin,
targets the CD22 antigen expressed on the majority of B-cell
non-Hodgkin lymphomas. This phase 1 study assessed the tolera-
bility, safety, pharmacokinetics, and preliminary efficacy of
inotuzumab ozogamicin administered intravenously in combination
with rituximab in Japanese patients with relapsed or refractory
B-cell non-Hodgkin lymphoma. Ten patients were administered
rituximab 375 mg/m? followed by inotuzumab ozogamicin at the
maximum tolerated dose (1.8 mg/m?). Treatment was repeated
every 28 days up to eight cycles, or until occurrence of disease
progression or intolerable toxicity. The safety profile was similar
to that of inotuzumab ozogamicin monotherapy, with hemato-
logic adverse events occurring most frequently. The most com-
mon grade three or higher adverse events were thrombocytopenia
(70%), neutropenia (50%), leukopenia (30%), and lymphopenia
(30%). The overall response rate was 80% (8/10; 95% Cl,
44-98%). Drug exposure increased with successive doses, similar
to the pharmacokinetic profiles observed in previous phase |
monotherapy studies. Efficacy results suggested promising anti-
tumor activity, and the overall findings support the continued
clinical development of this therapeutic regimen in patients
with relapsed or refractory B-cell non-Hodgkin lymphoma. This
trial was registered at www.ClinicalTrials.gov as NCT00724971.
(Cancer Sci 2012; 103: 933-938)

C D22, a B-cell antigen expressed on >90% of B-lymphoid
malignancies, ! represents an attractive therapeutic target
for treatment of B-cell non-Hodgkin lymphoma (NHL). CD22
is not routinely shed into' the extracellular environment;
rather, CD22 is rapidly internalized upon binding with a ligand
or antibody, allowing efficient delivery of targeted cytotoxic
agents.®) Inotuzumab ozogamicin (CMC-544) is a targeted
. chemotherapy agent composed of a humanized anti-CD22 anti-
body conjugated to calicheamicin, a potent cytotoxic antibiotic.
In vitro, inotuzumab ozogamicin has demonstrated enhanced
cytotoxic activity compared with untargeted uptake of caliche-
amicin.® Additionally, CD22 is expressed primarily on mature
B-lymphocytes, with limited expression on lymphocyte precur-
sor cells and no expression on memory B cells; therefore, min-
imal impact of inotuzumab ozogamicin on long-term immune
function is expected.
Inotuzumab ozogamicin demonstrated promising cytotoxic
“activity both as a single agent and in combination with ritux-
imab in xenograft models and in vitro studies.®* Rituximab,
an anti-CD20 monoclonal antibody, is indicated for single-
~agent use or in combindtion with chemotherapy for treatment

doi: 10.1111/].1348-7006.2012.02241.x
© 2012 Japanese Cancer Association

of low-grade or follicular, CD20-positive, B-cell NHL, and in
combination with chemotherapy for treatment of diffuse large
B-cell, CD20-positive NHL.®" Although rituximab has been
effectively used in combination with chemotherapy for indo- -
lent and aggressive B-cell NHLs, some patients are not respon-
sive, while those who do respond often experience 1‘elapse.(7)
Mechanisms of rituximab resistance may include downregula-
tion of CD20 and increased expression of complement
inhibitory proteins.® Newer monoclonal antibodies that
target B-cell antigens other than CD20 may be effective in
rituximab-resistant B-cell NHL or work in synergistic fashion
with rituximab to improve B-cell NHL treatment efficacy.’
As both CD22 and CD20 are expressed in most patients
with B-cell NHL,""” inotuzumab ozogamicin and rituximab
combination therapy in B-cell NHL may enhance the therapeutic
advantage of each agent.

Clinical activity was observed with inotuzumab ozogamicin
monotherapy at the maximum tolerated dose (MTD) of
1.8 mg/m® iv. every 28 days.®!" Results of inotuzumab
ozogamicin at the MTD in combination with rituximab in
non-Japanese patients with relapsed or refractory B-cell NHL
has shown promising efficacy with a safety profile similar to
that reported for inotuzumab ozogamicin alone.’® The current
study assessed the tolerability and initial safety profile of ino-
tuzumab ozogamicin plus rituximab in Japanese patients with
relapsed or refractory B-cell NHL. Secondary objectives
included evaluating the. pharmacokinetics and preliminary effi-
cacy of this drug combination.

Materials and Methods

Patients. Eligible patients were aged 20-74 years, with a
diagnosis of CD20- and CD22-positive B-cell NHL according
to the World Health Organization classification.*® The disease
must have progressed after one or two prior therapies, and
prior treatment must have included one or more doses of ritux-
imab therapy (monotherapy or combined with chemotherapy).
Maintenance therapy with rituximab was considered part of
the preceding induction regimen, and patients could not be
refractory to rituximab (i.e. progressive disease [PD] under
treatment or <6 months of protocol therapy initiation). Other
inclusion criteria included an Eastern Cooperative Oncology
Group (ECOG) Performance Status <1; life expectancy

"To whom correspondence should be addressed.
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>12 weeks; adequate organ function (absolute neutrophil
count [ANC] >15 x 10°/L and platelet count >100 x 10%
L; serum creatinine < 1.5 x upper limit of normal [ULN] and
urine protein to creatinine ratio of <0.2; total bilirubin
< 1.5 x ULN, aspartate aminotransferase [AST] and alanine
aminotransferase [ALT] <2.5 x ULN); and >1 measurable
lesion >1.5 x 1.5 cm by computed tomography (CT) scan.
Patients " who had received radioimmunotherapy or prior treat-
ment with anti-CD22 antibodies were excluded. Prior alloge-
neic hematopoietic stem cell transplant was not allowed, and
patients with prior autologous transplant were eligible if it
occurred >6 months before the first study dose. No chemother-
apy, anti-lymphoma immunosuppressive therapy, growth fac-
tors (except erythropoietin), or investigational agents <28 days
before the first study dose (<6 weeks for nitrosoureas or mito-
mycin C) was allowed.

The study was conducted in accordance with the Declaration
of Helsinki. All patients provided written informed consent,
and the protocol was approved by institutional review board at
each site. This trial was registered at www.ClinicalTrials.gov
(Identifier: NCT00724971).

Study design. This phase I, open-label, single-arm study
evaluated the tolerability, safety, pharmacokinetics, and preli-
minary efficacy’ of inotuzumab ozogamicin administered i.v.
with rituximab to Japanese patients with B-cell NHL. Screen-
ing procedures were performed within 21 days of study ftreat-
ment initiation and included: medical history and physical
examination; ECOG Performance Status; CD20/CD22 immu-
nophenotyping of the B-cell lymphoma; electrocardiogram
(ECG) and echocardiogram; complete chemistry panel; com-
plete blood count (CBC) with differential; chest radiograph;
CT scans of the chest, abdomen, and pelvis; clinical disease
and tumor site assessments; bone marrow aspiration and/or
biopsy; urinalysis; and testing for serum antibodies to ino-
tuzumab ozogamicin and rituximab.

A fixed standard dose of rituximab 375 mg/m® was adminis-
tered i.v. on day 1 of a 28-day (2 2 days) cycle followed by
inotuzumab ozogamicin 1.8 mg/m~ i.v. on day 2 of the cycle.
Treatment ‘was repeated for up to eight cycles or until the
occurrence of PD, intolerable tomc:ty, or patient refusal.
Patients were followed for a minimum period of 1 year from
the first dosing to assess progression-free survival (PFS). Six
patients were to be enrolled in the first cohort; if two or fewer
patients experienced a dose-limiting toxicity (DLT) within
28 days after the first dose, the dose and administration sche-
dule would be considered reasonable and an additional four
patients would be enrolled in an expanded cohort (10 patients
total). If more than two of six patients experienced a DLT in
the first 28 days, the tolerablhty of lower doses of inotuzumab
ozogamicin (e.g. 1.3 mg/m®) would be explored.

A DLT was defined as any of the following that were at
least possibly related to study treatment: any grade 3/4 nonhe-
matologic toxicity (except grade 3 nausea or vomiting, unless
the patient had received optimal supportive therapy); febrile
neutropenia (grade 4 ANC and temperature > 38.0°C); grade
4 ANC >7 days duration; grade 4 thrombocytopenia
>3 days duration or grade 3/4 thrombocytopenia associated
with bleeding tendency requiring platelet transfusion; and
delayed recovery (to grade <1 or baseline, except alopecia)
from toxicity related to the study drug that delayed initiation
of the next dose by > 2 weeks.

Safety assessment. All patients who received one or more
doses of inofuzumab ozogamicin or rituximab were included
in the safety analysis (safety population). Safety was monitored
through physical examinations, interim history, and laboratory
tests. Interim physical examinations, including liver and spleen
assessments, occurred every cycle before treatment administra-
tion if deemed necessary. Vital signs were measured on each
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day of inotuzumab ozogamicin administration. Complete
chemistry panel and CBC with differential were assessed
weekly during the first four cycles and biweekly during the last
four cycles. Complete spot urinalysis was performed on day 1
of every other cycle beginning with cycle 2. ECG and chest
radiograph were conducted at treatment completion. Adverse
events (AEs) were graded using the National Cancer Institute
Common Terminology Criteria for Adverse Events, version
3.0. Patients were monitored for AEs for 28-42 days after the
last dose of inotuzumab ozogamicin, regardless of causality,
and patients with evidence of treatment-related AEs at the end
of treatment visit were followed until the AEs resolved or
were determined to be irreversible.

Efficacy evaluation. Efficacy analyses were based on the
intention-to-treat (ITT) and evaluable populations. The ITT
population included all patients who were enrolled into the
intended dose scheme, and the evaluable population included
all patients who received two or more cycles of the study
treatment, had a baseline tumor CT scan, and had undergone
one or more post-baseline tumor assessments. Tumor
responses were evaluated by investigator’s assessment accord-
ing to the International Response Criteria for NHL.“* Overall
response rate (ORR) was defined as the proportion of patients
achieving complete response (CR), unconfirmed complete

- response {CRu), or partial response (PR). Duration of overall

response was defined as the interval between first CR, CRu, or
PR, until relapse or PD. PFS was defined as the interval
between the first study dose and relapse, PD, or death, censored
at the last tumor evaluation date. PFS rate at 1 year, defined as
the proportion of patients without an event (relapse, PD, or
death), was used as an early determination of PES. Overall
survival (OS) was defined as the interval between the first study
dose and death, censored at the last date known alive.

Tumor responses were determined from CT scans, clinical
information (e.g. liver and spleen size), “B-symptoms” (e.g.
fever, night sweats, and weight loss), laboratory assessments
(e.g. bone marrow biopsies), and biochemical markers of dis-
ease activity (e.g. lactate dehydrogenase). Tumor sites and

. clinical disease measurements were assessed: approximately

every 8 weeks during treatment (or earlier with clinical evi-
dence of tumor response), at the end of treatment visit, and
approximately every 12 weeks during follow-up visits. If clini-
cally indicated, CT scans were performed earlier than sched-
uled, and a confirmatory assessment was performed within
4 weeks of a documented tumor response. Tumor assessments
continued until PD or death occurred, or subsequent anti-lym-
phoma treatment was administered.

Pharmacokinetic analyses. Serum concentrations of ino-
tuzumab ozogamicin, total calicheamicin, and free (unconju-
gated) cahcheamlcm were determined using a validated
ELISA.Y? The quantitation ranges for inotuzumab ozogami-
cin, total calicheamicin, and free calicheamicin were 52.2—
1400, 5-100, and 1.25-150 ng/mL, respectively. Timed blood
samples for pharmacokinetic analyses were collected from
cycles 1 to 3, at 0 (pre-dose), 1 (before the end of 1nfu310n), ,
48, 144, 192, 312, 480, and 648 h relative to the start of ino-
tuzumab ozogamicin infusion; sample collection for pharmaco-
kinetics was not collected beyond cycle 3. Pharmacokinetic
parameters of inotuzumab ozogamicin and total calicheamicin
were estimated by a non-compartmental method using Win-
Nonlin, version 5.1 (Pharsight, Mountain View, CA, USA).
Validated ELISAs were used for the detection of antibodies to
inotuzumab ozogamicin and rituximab. The pharmacokinetic
profile of rituximab was not evaluated.

Statistics. The safety and antitumor activity of inotuzumab
ozogamicin plus rituximab were evaluated on an exploratory
basis and summarized using descriptive statistics. Clopper-Pear-
son methodology was used to estimate the confidence interval
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(CI) for the ORR, and Kaplan-Meier methodology was used to
analyze the duration of overall response, PES, and OS.

Results

Patients. Ten patients (five males, five females) were
enrolled; patient characteristics are summarized in Table 1.
Clinical stages at screening were IIIA in five patients, IVA in
three patients, and JA and ITA in one patient each. Five patients
had experienced one prior lymphoma regimen and five patients
had two prior regimens (including two patients who had single-
agent rituximab as the second regimen); two patients had prior
radiotherapy. All 10 patients received one or more cycles of
both inotuzumab ozogamicin and rituximab, with a median
number of four cycles (range, 1-8 cycles), and were included in
the safety and ITT populations. Eight patients were included in
the evaluable population for efficacy analyses, as two patients
did not complete two or more cycles of the study treatment.

Safety. In the initial cohort of six patients, two patients
experienced DLTs (grade 4 thrombocytopenia persisting
>3 days and grade 3 increased AST). Since two or fewer
patients experienced DLTs during the first cycle, an additional
four patients were enrolled at the same dose level (motuzumab
ozogamicin 1.8 mg/m and rituximab 375 mg/m®). Three of
the four patients in the expanded cohort experienced DLTs
(grade 4 thrombocytopenia persisting >3 days).

Of the four patients who experienced thrombocytopenia
qualifying as a DLT, the patient in the initial cohort had grade
4 thrombocytopenia persisting for 5 days that required a subse-
quent dose reduction; the patient experienced persistent grade
1-3 thrombocytopenia thereafter but continued treatment until
cycle 7. Two patients in the expansion cohort experienced grade
4 thrombocytopenia persisting for 4 days and 5 days; both
experienced recovery after discontinuing treatment after cycle
1 due to neutropenia. The remaining patient experienced grade
4 thrombocytopenia persisting for 3 days that required platelet
transfusion and subsequent dose reduction; this patient experi-
enced persistent grade 1-3 thrombocytopenia thereafter but
remained on therapy until cycle 5. Although an additional
three patients experienced grade >3 thrombocytopenia during
the study, no dose delays, dose reductions, platelet transfusions,
or treatment discontinuations due to thrombocytopenia were
required. In addition, no grade > 3 bleeding events were reported.

All 10 patients experienced one or more treatment-emergent
AE, and nine patients experienced grade three or higher treat-

Table 1. Patient characteristics

Inotuzumab ozogamicin
1.8 mg/m? + rituximab
375 mg/m? (N = 10)

Characteristic

60.5 (46-74)
5 (50)

Median age (range), years

Male sex, n (%)

ECOG Performance Status, n (%)
0 10 (100)

Histologic subtype, n (%)

Follicular lymphoma 6 (60)
Mantle cell lymphoma 2 (20)
Diffuse large B-cell lymphoma 1 (10)
Mucosa-associated lymphoid 1(10)
tissue lymphoma
Stage HIA/IVA disease 8 (80)
No. prior anti-lymphoma regimens, n (%)
1 5 (50)
2 5 (50)
Prior radiotherapy, n (%) 2 (20)

ECOG, Eastern Cooperative Oncology Group.
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ment-emergent AEs (Table 2). The most commonly reported
grade >3 treatment-emergent AEs were hematologic abnor-
malities; other grade >3 events included hypophosphatemia
(n = 2) and increased AST (n = 1; Table 3). Neutropenia led
to dose delays in two patients. ABs leading to dose reductions
(to inotuzumab ozogamicin 1.3 mg/m?) included thrombocyto-
penia (n = 2) and increased AST (n =1). Five patients had
AEs (neutropenia [n = 3] and hyperbilirubinemia [n = 2]) that
did not recover to grade <1 within 21 days of the scheduled
dosing day and were discontinued from treatment. No serious
AEs or deaths occurred during the study. )

Efficacy. Bight of 10 patients were followed for more than
52 weeks; one patient with mantle cell lymphoma progressed
during the study, and one patient with diffuse large B-cell lym-
phoma discontinued due to lack of efficacy. OS at 1 year
(52 weeks) was 100%, as no deaths were observed during the
study. In the ITT population, the ORR was 80% (95% CI, 44—
98%; Table 4). In the eight evaluable patients who received

Table 2. Summary of adverse events, safety population

Inotuzumab ozogamicin
1.8 mg/m? + rituximab
375 mg/m? (N = 10)

Event, n (%)

Any TEAE 10 (100)
Grade >3 TEAE 9 (90)
AE leading to dose delays 2 (20)
AE leading to dose reduction 3 (30)
AE leading to treatment discontinuation 5 (50)
Serious AE 0
Death within 28 days from last dose 0

AE, adverse event; TEAE, treatment-emergent adverse event.

Table 3. Treatment-emergent adverse events in >30% of patients
(all grades) and all grade 3/4 treatment-emergent adverse events,
safety population

Inotuzumab ozogamicin
1.8 mg/m? + rituximab

Event, n (%) 375 mg/m? (N = 10)

All grades Grade 3/4
Thrombocytopenia 10 (100) 7 (70)
Increased AST 9 (90) 1(10)
Leukopenia 8 (80) 3(30)
Nausea 8 (80) 0
Increased ALT 8 (80) 0
Neutropenia 7 (70) 5 (50)
Lymphopenia 6 (60) 3 (30)
Increased LDH 6 (60) o]
Fatigue 5 (50) 0
Increased alkaline phosphatase 5 (50) 0
Decreased appetite 5 (50) 0
Hyperbilirubinemia 4 (40) 0
Headache 4 (40) 0
Decreased hemoglobin 3 (30) 0
increased GGT 3 (30) 0
Nasopharyngitis 3 (30) 0
Pyrexia 3(30) 0
Stomatitis 3 (30) 0
Hypophosphatemia 2 (20) 2 (20)

Adverse events (AEs) were graded using the National Cancer Institute
Common Terminology Criteria for Adverse Events, version 3.0
(Bethesda, MD, USA). Patients were monitored for AEs for 28~42 days
after the last dose of inotuzumab ozogamicin. ALT, alanine amino-
transferase; AST, aspartate aminotransferase; GGT, gamma-glutamyl-
transferase; LDH, lactate dehydrogenase.
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two or more cycles of study treatment and had one or more
post-baseline tumor assessment, ORR was 88% (95% CI, 47—
>99%). The duration of response ranged from 346 to 540 days;
median duration of response could not be estimated, as no
relapse or PD was observed among responders. In the ITT
population, the best overall responses (from the start of treat-
ment until PD) were CR in six patients, CRu and PR in one
patient each, and stable disease (SD) in two patients. In the
evaluable population, CR was achieved in six patients and
CRu and SD were achieved in one patient each. Median PFS
and OS could not be estimated because the number of events
observed was limited during the study. The PES rate at 1 year
was 89% (95% CI, 43-98%) in the ITT population and 88%
(95% Cl, 39-98%} in the evaluable population.
Pharmacokinetics. Pharmacokinetic data were collected from
all 10 patients. Three patients who received AE-related dose
reductions of inotuzumab ozogamicin after cycle 1 and 2
patients who discontinued treatment after cycle 1 were
excluded from pharmacokinetic analyses for cycles 2 and 3.

Two patients who discontinued treatment after cycle 2 were '

also excluded from analyses for cycle 3. Drug exposure for
inotuzumab ozogamicin and total calicheamicin (peak observed
concentration [Cpax] and area under the concentration-time
curve [AUC)) increased with the number of doses, coinciding
with a prolonged terminal half-life (t;,) and a .commensurate
decrease in apparent clearance (Table 5). The Cp,y of ino-
tuzumab ozogamicin was typically observed at termination or
shortly after completion of infusion. The C,,.x of total caliche-
amicin was usually observed within 4 h after the initiation of
inotuzumab ozogamicin. Mean concentrations and: standard
deviations of inotuzumab ozogamicin and total calicheamicin
in serum over time are shown in Figure 1. Concentrations of

Table 4. Best averall response, intention-to-treat population

free calicheamicin were much lower than other analytes, and
pharmacokinetic parameters could not be calculated. No anti-
bodies to inotuzumab ozogamicin or rituximab were detected
during the course of the study.

Discussion

This is the first full paper to report on clinical results of ino-
tuzumab ozogamicin therapy in combination with rituximab.
The different modes of action between inotuzumab ozogamicin
and rituximab may potentially provide synergistic cytotoxicity
when used in combination against B-cell NHL. Upon internali-
zation of CD22-bound inotuzumab ozogamicin, calicheamicin
diffuses into the nucleus and causes cell death.®) By contrast,
CD20-bound rituximab does not undergo constitutive endocy-
tosis, but rather induces cytotoxic mechanisms that occur at
the cell surface: complement-dependent cytotoxicity and auti-
body-dependent cell mediated cytotoxicity.” 15 Thus, in addi-
tion to targeting different antigens, inotuzumab ozogamicin
and rituximab use non-overlapping and perhaps complementary
mechanisms of action.

The safety profile of this dmg combination was similar to
that observed with inotuzumab ozogamicin alone; %" this is
consistent with the fact that safety profiles of rituximab and
chemotherapy versus chemotherapy alone are similar.'® The
major treatment-related AEs in a phase I study of Japanese
patients with follicular lymphoma pretreated with rituximab
and administered inotuzumab ozogamicin monotherapy at the
MTD of 1.8 mg/m® were thrombocytopenia, leukopenia, lymlp-
hopenia, neutropenia, increased AST, anorexia, and nausea.tV
A similar toxicity profile was observed during a phase I study
of non-Japanese patients with B-cell NHL (predominately

MCL (n = 2)

Best overall response, n (%) FL (n = 6) DLBCL (n = 1) MALT (n = 1) Total (N = 10)

Overall response 6 (100) 0 1 (50) 1 (100) 8 (80)
Complete response (confirmed) 5 (83) 0 0 1 (100) 6 (60)
Complete response (unconfirmed) 0 0 1 (50) 0 1 (10)
Partial response 1(17) 0 0 0 1 (10)

Stable disease 0 1 (100) 1 (50) 0 2 (20)

Tumor responses were determined by the investigator according to the International Response Criteria for Non-Hodgkin Lymphoma. Tumor
assessments occurred approximately every eight weeks during treatment (or sooner), at the end of treatment visit, and every 12 weeks during
follow-up visits. Overall response included complete confirmed, complete unconfirmed and partial response. DLBCL, diffuse large B-cell
lymphoma; FL, follicular lymphoma; MALT, mucosa-associated lymphoid tissue; MCL, mantle cell lymphoma.

Table 5. Pharmacckinetic parameterst of inotuzumab ozogamicin and total calicheamicin

Treatment period (day) Crnax (Ng/mL) t1p (h) AUG (ng-h/mL) AUC (ng-h/mL) CL (Wh) Vs (L)
. Inotuzumab ozogamicin
Cycle 1 (day 1/2) 559 (24%) 18.8 (6%) 12 300 (51%) 22 300 (13%) 0.120 (15%) 2.33 (3%)
(n = 10) (=2 (n = 10) (h=2) (n=2 (h=2)
Cycle 2 (day 29/30) 822 (19%) 29.1 (75%) 27 000 (28%) 34 800 (35%) 0.078 (25%) 2.26 (77%)
(n =75) n=2) (n=5) (n=2) (n=2) (n=2)
Cycle 3 (day 57/58) 958 (7%) 51.7 (40%) 50 100 (13%) 54 800 (13%) 0.050 (2%) 3.02 (41%)
(n=3) (n=3) (n=3) (n=3) (n=3) (n=23)
Total calicheamicin
Cycle 1 (day 1/2) 67.7 (22%) 61.2 (57%) 2850 (49%) 4060 (27%) 0.746 (28%) 47.6 (24%)
(n = 10) (n=7) (n = 10) (n=7) (n=7) (n=7)
Cycle 2 (day 29/30) 80.2 (14%) 96.4 (32%) 6490 (35%) 7360 (33%) 0.424 (31%) 45.6 (15%)
(n="5) (n=5) (n="5) (n=5) {(n=5) (n'=5)
Cycle 3 (day 57/58) 96.6 (3%) 167.9 (43%) 10 700 (44%) 11 600 (35%) 0.249 (28%) 47.8 (14%)
(n=3) (n=3) (n=3) (n=3) (n=3) (n=3)

tData are shown as mean values at the time points indicated (CV%); the numbers of patients evaluable for each parameter or time point are
also provided. AUC, area under the concentration-time curve evaluated to infinity (cycle 1) or dosing interval (672 h; cycles 2 and 3); AUGy, area
under the concentration-time curve evaluated to the last measurable observation; CL, apparent clearance; Cpayx, peak observed concentration;
CV, coefficient of variation; t;,, terminal half-life; Vi, apparent steady-state volume of distribution.
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Fig. 1. Mean concentrations of inotuzumab ozogamicin (a) and total

calicheamicin (b) in serum after i.v. treatment with inotuzumab ozogam-
icin 1.8 mg/m? and rituximab 375 mg/m?, 28-day cycle. Error bars denote
standard deviations. Cycle 1 (=0=); cycle 2 (=g=); cycle 3 (==).

follicular lymphoma or diffuse large B-cell lymphoma) treated
with inotuzumab ozogamicin 1.8 mg/m>."? The most common
toxicities in the current study included thrombocytopenia, leu-
kopenia, nausea, and elevated liver function tests. Five of 10
patients had AEs that met the criteria for DLTs. However,
these events were all transient laboratory abnormalities without
other associated clinical sequelae. Therefore, the independent
data monitoring committee considered inotuzumab ozogamicin
at 1.8 mg/m”> plus rituximab to be tolerable and safe and
recommended continued clinical development with careful
attention for thrombocytopenia in subsequent studies.

Patients in this study had relatively few prior treatments
(one to two regimens), but included three patients with aggres-
sive lymphoma diagnoses: two with mantle cell lymphoma and
one with diffuse large B-cell lymphoma. In efficacy analyses,
most patients achieved CR/CRu (7/10) or PR (1/10) and
remained progression-free at 52 weeks. The clinical response
in this study compares favorably to responses observed with
inotuzumab ozogamicin or rituximab monotherapy. In previous
phase I studies of patients with B-cell NHL administered ino-
tuzumab ozogamicin monotherapy at the MTD, the ORRs were
39%19 and 80%,"" while rituximab monotherapy in patients
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Abstract

Background: The flow cytometric analysis of surface immu-
noglobulin light chains (sIgL) is used as a simple method for
evaluating monoclonal B-cell proliferation. However, the
sIgl. expression, K or A, is occasionally undetectable in cases
with B-cell non-Hodgkin lymphomas (B-NHL). The purpose
of this study was to investigate the clinical and pathological
characteristics of these B-NHL cases.
Methods: We retrospectively analyzed 50 cases with previ-
ously untreated sIgl-negative B-NHL. All of these cases had
been diagnosed at Tokai University Hospital between January
2001 and February 2011. Their medical charts were reviewed.
Results: These cases had several clinical features: diffuse
large B-cell lymphoma (DLBCL) (72%), a high serum lactate
dehydrogenase level (66%), clinical stage III and IV (68%),
and complex karyotypes (58%). Seven out of eight evaluated
patients (87%) did not express cytoplasmic Igl, and the DNA
rearrangement pattern of Igl. showed diversity in 10 analyzed
patients. The 5-year event-free survival of all the sIgl-neg-
ative B-NHL cases was significantly better with rituximab-
containing chemotherapies in comparison to the regimens
without it (57.9% vs. 17.9%, p=0.0207), although there was
no statistical significance when the DLBCL cases were ana-
lyzed (56.6% vs. 22.2%, p=0.1530).
_Conclusions: These findings suggest that slgL-negative
B-NHL cases predominantly developed DLBCL in advanced
disease, but were heterogeneous at the molecular level.
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Introduction

B-cell non-Hodgkin lymphomas (B-NHL) characteristically
have a unilateral expression of a surface immunoglobulin
light chain (sIgL), x or A, reflecting the monoclonal prolife-
ration of malignant B-cells. Because the antibodies against
immunoglobulin light chains work in flow cytometric analy-
ses, and often fail in immunohistochemical analyses, the flow
cytometric analysis of sIgL is used as a rapid and simple tech-
nology to confirm a diagnosis of B-NHL (1). However, the
expression of sIgl is occasionally undetectable including the
cases with chronic lymphocytic leukemia/small lymphocytic
lymphoma (CLL/SLL) and mediastinal diffuse large B-cell
lymphoma (mediastinal DLBCL) (2, 3), and it is sometimes
difficult to discriminate these B-NHL cases from reactive dis-
eases, even after the histopathological examination. A delayed
diagnosis may lead to a delay in treatment, thus leading to
unfavorable results. :

Such cases comprise 3.4%-12.2% of all B-NHL cases,
of which 30% -50% of cases have diffuse large B-cell lym-
phoma (DLBCL) (4-7). Because DLBCL is more com-
mon in Japan than in Western populations (8), Japanese
physicians confront this problem more frequently. In addi-
tion, the predominance of sIgl-negative B-NHL in cases
with DLBCL led us to hypothesize that sIgl-negative
lymphoma may include a pathological or clinical entity
reflecting a specific developmental stage of B-cells during
lymphomagenesis.

In this study, we investigated the molecular-pathological
features of sIgl-negative B-NHL in our institute including
the clinical manifestations, DNA rearrangement of immuno-
globulin genes, and the therapeutic prognosis, particularly the
response to rituximab.

Materials and methods

The records of patients who underwent a flow cytometric analysis
at Tokai University Hospital between January 2001 and March 2011
were reviewed. All B-NHL cases diagnosed histopathologically be-
fore any specific therapies were selected. The cases with CLL/SLL
and mediastinal DLBCL were excluded. Thereafter, the clinical,
laboratory and pathological information of these cases were retro-
spectively analyzed using their medical charts.
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The expression of cellular surface markers on the B-NHL cells
was evaluated by flow cytometry with a standard protocol using
FACSCalibur (BD, Franklin Lakes, NJ, USA). The monoclonal an-
tibodies for flow cytometry were CD3, CD10, CD19, CD20, CD22,
CD25, CD30, CD38, HLA-DR, x and A (BD Pharmingen, San
Diego, CA, USA). The slgL expression in the lymphoid cells from
the FSC/SSC gate was evaluated in two-dimensional (2D) dot plots
using a FITC-conjugated anti-k antibody and a PE-conjugated anti-A
antibody. If the lymphoma cells were limited in the morphological
evaluation, the CD20-expressing cells selected by a Cy5-conjugated
anti-CD20 antibody (BD Pharmingen) were applied for the analysis.
The sIgl.-negative B-NHL cases were extracted, according to the cri-
teria in which a negative expression of sIgL was defined as <15%
¥~ and <10% A-type sIgL, respectively (5).

An immunohistochemical analysis with formalin-fixed, paraffin-
embedded sections was performed using an avidin-biotin-peroxidase
complex method. The monoclonal antibodies for immunohistochem-
istry were CD3, CD10, p53 (Leica Microsystems, Milton Keynes,
UK), CD20, BCL-2 (Dakopatts, Glostrup, Denmark), BCL-6, IRF-4
for MUM1 (Santa Cruz Biotechnology, Santa Cruz, CA, USA). The
presence of EBV small RNA in formalin-fixed paraffin-embedded
sections was detected using in situ hybridization with a digoxigenin-
labeled Epstein-Barr virus (EBV)-encoded small RNA 1(EBER1)
antisense probe (9). Based on the immunohistochemical results, the

. cases were sub-classified into either Germinal Center B-Cell like
(GCB) or non-GCB DLBCL, according to the criteria described by
Hans et al. (10).

The genomic DNA rearrangement of immunoglobulin heavy and
light chains (IgH and IgL, respectively) was evaluated by a Southern
blot analysis using frozen tumor sections or cell pellets at a conumner-
cial laboratory (SRL, Inc., Tokyo, Japan).

The Kaplan-Meier method was used to estimate the overall sur-
vival (OS) and event-free survival (EES). Log-rank p-values were
used for descriptive comparisons of the survival outcomes among the
subgroups of patients and treatments.

This retrospective single-center study was approved by the
Institutional Review Board of Tokai University Hospital.

Results

Fifty sIgl.-negative B-NHL cases were extracted from the
456 B-NHL cases analyzed by a flow cytometric analysis
(11.0%). There were no cases with either an HIV infection
or who were post-transplantation. Most of the sIgl-negative
B-NHL (42 cases, 84%) were found using suspended cells
from the involved lymph node, spleen and tumor, followed by
bone marrow (5 cases, 10%), peripheral blood (1 case, 2%),
pleural effusion (1 case, 2%) and ascites (1 case, 2%).

The majority of sIgL-negative B-NHL cases had diffuse
large B-cell lymphoma (DLBCL) (72%) followed by follicu-
lar lymphoma (FL) (20%), marginal zone B-cell lymphoma
(MZBCL)/mucosa-associated lymphoid tissue (MALT) lym-
phoma (6%) and lymphoplasmic lymphoma (LPL) (2%)
(Table 1). Among the analyzed DLBCL cases, the frequen-
cies of the germinal center B-cell-like subgroup (GCB) and
non-GCB were 28% and 72%, respectively.

All of the sIgl-negative B-NHL cases were character-
ized with regard to age (older than 60 years; 72%), gender
(female:male; 1.8:1), an elevated serum lactate dehydroge-
nase (LDH) level (66%), and clinical stage (CS III plus IV;

68%). DLBCL cases had similar clinical features as described
above: older than 60 (72%), female-dominant (female:male;
1.8:1), an elevated serum LDH level (79%) and advanced
clinical stage (CS III plus IV; 73%). The DLBCL cases were
at 2 high IPI risk, in comparison to all B-NHL cases (46%
vs. 37%). However, FL cases had a normal serum LDH level -
(70%) and a lower clinical stage (CS I plus I} 60%), thus
50% of them was classified as having low FLIPI risk.

A chromosomal analysis in the 24 evaluated slgL-
negative B-NHL cases showed that 14 cases (58%) had a
complex karyotype, in contrast to five cases (21%) with a
normal karyotype (Tables 1 and 2). In DLBCL patients, two
out of 15 cases (13%) had t(3;14)(q27;932), which has been
reported to induce aberrant expression of BCL6. Four cases
(27%) had hyperploidy, but five cases (33%) had a normal
karyotype. In the FL patients, six out of seven cases (86%)
had t(14;18)(q32;q21), which is characteristic for this type
of NHL. None of the FL patients had a normal karyotype.

Flow cytometric immunophenotyping (FCI) revealed that
CD19, CD20, CD22, CD38 and HLA-DR were commonly
expressed in slgl-negative B-NHL cells. CD10 was fre-
quently expressed in FL. Sixteen percent of DLBCL cases
expressed CDS5, and 29% expressed CD10, which was consis-
tent with previous studies (11, 12). Seven out of eight (87%)
analyzed cases did not express cytoplasmic IgL.

An immunohistochemical analysis of the tumor con-
firmed the FCI findings. BCL-2 and BCL-6 were commonly
detected, whereas few cases were positive for p53 or EBV.
The frequency of CD5 and CD10 expression in DLBCL was
7% and 13%, respectively. -

The immunoglobulin DNA rearrangement was analyzed in
10 cases (Table 3). IgH rearrangement was found in all the
nine evaluated cases. Regarding Igl. ¥ and A, all four rear-
rangement patterns were evenly detected.

The 5-year overall and event-free survivals (OS and EFS)
were 58.8% and 36.1% in all cases: 46.0% and 36.8% in
DLBCL and 100% and 56.0% in FL, respectively (Figure 1A
and B). The 5-year EFS of the cases treated with rituximab-
combined regimens was higher than those treated without
Jituximab (57.6% vs. 17.9%, p=0.0207; Figure 1C). The
FL cases also showed a significant difference, according to
the treatment (80.0% for 5-year EFS in a rituximab-treated
group, p=0.0495, Figure 1D). Although the addition of ritux-
imab also tended to improve the prognosis of DLBCL, the
improvement was not statistically significant (56.6% vs.
22.2% for 5-year EFS, p=0.1530, Figure 1E).

Discussicn

Our study showed that 72% of sIgl-negative B-NHL cases
had DLBCL. The high frequency, approximately 1.5 times
higher than that in Western populations, is supposed to reflect
the high frequency of DLBCL in B-NHL cases in Japan (8).
These DLBCL cases had characteristic clinical features,
when compared to previous DLBCL studies (11-13), with an
advanced clinical stage, higher IPI, high serum LDH level
and complex karyotypes. We also found female-dominancy
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Table1 Patient characteristics.

Characteristics Number of cases, %

All cases DLBCL FL

Diagnosis n=30 - -~
DLBCL 36 (72) - -

FL 10 (20) - -
MZBCL/MALT 3(6) - -
LPL 1@ - -

GCB or non-GCB in DLBCL - n=18 -

GCB - 5(28) -
Non-GCB - 13 (72) -

Age n=50 n=36 n=10
Distribution, years 31-93 (median: 65) 31-93 (median: 67) 40-86 (median: 63)
<60 14 (28) 10 (28) 4 (40)
>60 36 (72) 26 (72) 6 (60)

Sex n=50 n=36 n=10
Male 18 (36) 13.(36) 330)
Female 32 (64) 23 (64) 7 (70)

Serum level of lactate dehydrogenase n=47 n=33 n=10
Normal 16 (34) 721 7 (70)
Elevated 31 (66) 26 (79) 3(30)

Clinical stage n=46 n=33 n=10
I 7 (15) 3(9) 4 (40)

11 8(17) 6 (18) 2 (20)
il 11 (24) 8 (24) 2 (20)
v 20 (44) 16 (49) 2 (20)

International Prognostic Index (IPT) n=46 n=33 . -

Low 13 (28) 8 (24) -
Low-intermediate 10 (22) 4(12) -
High-intermediate 6 (13) 6 (18)

High 17 (37) 15 (46) -

Follicular Lymphoma International Prognostic Index (FLIPI) - -~ n=10
Low - - 5(50)
Intermediate - - 2 (20)
High - - 330)

Chromosomal analysis n=24 n=15 n=7
t(14;18)(q32;q21) 8(33) 2(13) 6 (86)
t(3;14)(q27;q32) 2(8) 2(13) 0(0)
1(8;14)(q24;432) L&) 1(7) 0(0)
Complex 14 (58) 9(67) 5(7)
Hyperploidy 4 (17) 427) 0(0)
Normal karyotype 5(21) 5(33) 0 (0)

Flow cytometry Positive cases/analyzed cases, %

CD19 46/49 (94) 32/35 (91) 10/10 (100)
CD10 17749 (35) 10/35 (29) 7/10 (70)
CD20 46/49 (94) 29/34 (85) 10/10 (100)
CD22 41/44 (93) 28/31 (90) 10/10 (100)
CD23 13/45 (29) 4/32 (13) 8/10 (80)
HILA-DR 42/43 (98) 29/30 (97) 10/10 (100)
CD38 42/42 (100) 29/29 (100) 10/10 (100)
CD5 6/45 (13) 5/32 (16) 1/10 (10)
CD25 8/43 (19) 7/30 (23) 0/10 (0)
CD30 6/43 (14) 5130 (17) 1/10 (10)
Surface ¥ 0/50 (0) 0/36 (0) 0/10 (0)
Surface A 0/50 (0) 0/36 (0) 0/10 (0)
Cytoplasmic ¥ 1/8 (13) 0/5 (0) 1/3 (33)
Cytoplasmic A 0/8 (0) 0/5 (0) 0/3 (0)

Immunohistochemistry Positive cases/analyzed cases, %

CDIO 9/35 (26) 3/24 (13) 6/8 (75)
CD20 41/44 (93) 26/28 (93) 7/7 (100)
CD5 2/38 (5) 2127 (7) 0/7 (0)
BCL-2 32/37 (86) 22/27 (81) 8/8 (100)
BCL-6 18/26 (69) 11/17 (65) 7/7 (100)
MUM-1 14/26 (54) 12/17 (71) 217 (29)
p53 3/22 (14) 3/20 (15) 0/2 (0)
EBV 1/19 (5) 1/15(7) 0/3(0)

DLBCL, diffuse large B-cell lymphoma; FL, follicular lymphoma grade 1-3a; FLIPI, Follicular Lymphoma International Prognostic Index; LPL,
lymphoplasmic lymphoma; MALT, mucosa-associated lymphoid tissue lymphoma; MZBCL, marginal zone B-cell lymphoma; —, not determined,
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Table 2 Karyotypic analysis in each sIgl-negative B NHL.

Diagnosis  Age  Sex  Specimen®  Karyotype

DLBCL 49 F LN 46,XX [3]

DLBCL 57 F BM 46,XX [20]

DLBCL 59 F LN 47,XX,t(3;14)(q27;932), del(15)(q25),de1(18)(q21) ~20,+mar2 [5]/48 ~X,X,+7,add(14)(q32),
del(18)(g21),+mar2 [1]

DLBCL 59 F BM 46,XX [20]

DLBCL 60 M Tumor 80-84<4n>XY,+X,-Y,add(1)(g21),add(1)(g23),-5,del(6)(q15),~7,~7,2add(9)(p24),+10,
add(11)(q13),-13,-14,add(14)(q32),+15, add(15)(p12),-16,~17,add(18)(p11.3),-21,~-21,
+mard-5,dms {20]

DLBCL 62 M LN 46,XY,del(10)(q24),del(13)(q12q22),t(14;18)(q32;921) [4]/46,XY [16]

DLBCL 63 F BM 47,XX,del(1)(q23) +del (1)(pl1),t(8;14)(q24;32),-13,1(14;18)(q32;q21),del(15)(ql 1q14) ~22,
+mar2 [17]/46,XX [3]

DLBCL 63 F BM 78<3n>,X,—X%3,~1x2,~4,-5,del(6)(q21)x2,-7x2,~8,-9x2,~11x2,~12,-13,-14,add(14)(g32),
7del(15)(q21),~22,+5mar [6)/46,XX [14]

DLBCL 64 F LN 45,X,~X,del(6)(q12),t(18;21)(g21;q22) [51/46,XX [3]

DLBCL 67 F LN 46,XX [20]

DLBCL 68 M PB 46,XY [11]

DLBCL 68 F LN 46,X,~Xt(3;14)(q27;q32),del(8)(ql 1q13),del(10)(p12),~13,add (21)(q22),+mar2 [20]

DLBCL 72 M. LN 46,X,~Y,del(1)(p11),del(1)(q23),add (2)(p25),add(2)(g21),der(3)add(3)(p21)add (3)(g21),
+4,del(4)(q31.1)%2,-5,~8,del(8)(p21),~13,add (14) (p11.2),add (15) (p11.2),-19,-20,
add(21)(q22),+5mar [14}/92<4n>,idemx2 [31/46,XY [3]

DLBCL 81 M LN 89<4n> XY +X,+Y,+del(1)(p22),+del(1)(p22),del (2)(q31),-2,add (3)(p26),+add (3)(q21),~4,
~4,-5,-5~5,+del(6)(q21),+del (6)(g21), del(7)(q32),del(7)(g32), —8,~8,+9,+9,+9, add(10)(p15),
+add(10)(p15),+11,+12,+13,+14,-15,-15,~16,-16,-16,~17,~17,-19 [9}/46,XY [11] ..

DLBCL 93 M Tumor 46,XY,der(2)t(2;12)(p21;q13) [20]

FL 40 F LN 46,XX,del(6)(q21),del(10)(g22),t(14;18)(q32;921) [2]

FL 54 M LN 46,XY,add(2)(p25)+7-13,t(14,18)(q32:q21) [8)/46,idem —8 der(l?)t(l 17)(q21;925),
+mar,1dim [7]/46,XY [5]

FL 58 F SP 46,X,-X,del(10)(q24),+16 [14]/46,XX [6]

FL 63 F LN 46,XX,add(3)(q21),~4,der(8)t(4;8)(q12;p23),t(14;18)(q32;q21),del(15)(q24),
+der(18)t(14;18) [8]/46,idem,+7,-13 [91/46,XX [3] ’

FL 64 M LN 46,XY,t(14;18)(q32;q21) [101/46,XY [10]

FL - 75 F LN 46,XX,del(10)(q24),t(14;18)(g32;q21) [17]

FL 36 M LN 52-53,XY,+X,+9,+12,7inv(13)(q12q34),t(14;18)(g32;921),+add(14)(q32),add (17)(q25),
+mar2-3 [71/53,XY,+X.,ins(7;7)(q22;7), +add(8)(q21.2),+9,+12,%nv(13)(q12q34),
t(14;18)(q32;921) +add(14)(q32),add (17)(q25) ,+mar [4]/46,XY [3]

MZBCL 74 F Tumor 46,XX,del(6)(q21q23),t(12;18)(q22;q21) [20]

LPL 61 F LN 46,XX,add(6)(p22),t(14;22)(g32;q11) [20]

*The involvement of lymphoma cells in the specimen used for the karyotype analysis was confirmed using tissue specimens or smears. BM,
bone marrow; DLBCL, diffuse large B-cell lymphoma; FL, follicular lymphoma; LN, lymph node; LPL, lymphoplasmic lymphoma; MZBCL,
marginal zone B-cell lymphoma; PB, peripheral blood; PE, pleural effusion; SP, spleen.

Table 3 Rearrangement of immunoglobulin DNA,

Diagnosis Sex Age Southern blot analysis
IgH Iglx IgLA

DLBCL F 62 R R NR
DLBCL F 69 R R NR
DLBCL F 72 R R NR
DLBCL F 63 R NR R
FL F 75 R NR R
DLBCL M 71 R R R
DLBCL M 93 R R R
DLBCL M 70 NT NR NR
FL F 49 R NR NR
MZBCL F 74 R NR NR

DLBCL, diffuse large B-cell lymphoma; FL, follicular lymphoma;
MZBCL, marginal zone B-cell lymphoma; NR, not rearranged; NT,
not tested; R, rearranged.

in sIgl-negative B-NHL and DLBCL,; however, the previous
studies reported male-dominancy in DLBCL in cases both
with or without sIgL expression (11-13).

Most of the analyzed cases were negative for cytoplasmic
IgL expression, suggesting that the rearranged IgL. proteins
are not produced in slgl-negative B-NHL. DNA analysis
of tumor samples from this study showed the diversity of
IgL rearrangement in sIgl-negative B-NHL. During B-cell
development, IgH DNA is rearranged prior to the rear-
rangement of Igl. x DNA, followed by that of Igl. A DNA
after segmental deletion through x deleting elements (xde).
Therefore, slgl-negative B-NHL with the unilateral DNA
rearrangement of IgL ¥ or Igl A was typical B-NHL, but
with unstable or untranslated IgL.. However, the cases with-
out IgL rearrangement or with both types of IgL rearrange-
ment were difficult to explain. All of the DNA samples
were extracted from the exact tumors that were utilized for
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Figure 1 Prognosis of patients with suface immunoglobulin light chain (sIgL)-negative B-cell non-Hodgkin lymphoma (B-NHL) shown By

Kaplan-Meier curves.

(A) Overall survival (OS) and (B) event free survival (EFS) of cases with sIgL-negative B-NHL. DLBCL, diffuse large B-cell lymphoma; FL,
follicular lymphoma; *, these p-values are calculated based on comparisons of OS or EFS between DLBCL and FL. (C) EFS of sIgL-negative
B-NHL with or without rituximab-containing regimens. (D) EFS of sIgl.-negative FL with or without rituximab-containing regimens. (E) EFS
of slgl-negative DLBCL with or without rituximab-containing regimens.

the histological and immunohistochemical evaluation by
hematopathologists. In addition, a karyotype analysis using
the exact tumors revealed that monoclonal chromosomal
abnormalities were detected in the two evaluable cases of
the unexplained cases (one case without Igl rearrangement
and the other with it). These facts convinced us that the DNA
samples were actually derived from the lesion involved with
the lymphoma. The possible explanations were as follows;
the former might be due to deletion of rearranged Igl. DNA
by unknown causes, and the latter might be due to the pres-
ence of two different clones or to rearrangement of both
subtypes of IgL. by altered functions of kde in one clone.
Our overall findings suggested that sIgl-negative B-NHL
cells were heterogeneous at the molecular level, and that
this could occur as a result of different causes similar to
the generation of slgl-positive B-NHL. The frequencies of
CD3, CD10 and GCB in sIgl-negative DLBCL in this study,

which were comparable to those in the literature, supported
this notion (11, 12).

The proliferation of slgl.-negative B-cells was previously
recognized in HIV-related benign follicular hyperplasia and
lymphoma (7, 14), thus suggesting that T-cell immunodefi-
ciency may be a cause of slgl.-negative B-NHL in Western
populations. In Eastern countries, the EB virus (EBV) is rec-
ognized as a causal virus for B- and NK/T-lymphomas (15,
16). However, only a case of the sIgl.-negative B-NHL were
EBV positive in this study, thus suggesting that EBV is not
involved in tumorigenesis of sIgl-negative NHL.

The prognosis was comparable to the previously reported
data about sIgl-negative DLBCL cases (13). The pres-
ent study also showed that rituximab-containing regimens
improved the 5-year EFS in all sIgl -negative B-NHL and FL
patients, but not in DLBCL patients. However, these findings
were not based on the comparison between sIgl.-negative and
positive cases in the same patient cohort. Further studies are
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therefore required to evaluate the difference in the efficacy of
rituximab between these cases.

In conclusion, our findings suggest that sIgl-negative
B-NHL cases predominantly develop DLBCL with diversity
in their Igl. DNA rearrangement pattern. This is the first report
which has systematically evaluated the DNA rearrangement
of immunoglobulins in sIgl-negative B-NHL. Most of these
cases usually had advanced stage disease, but the adminis-
tration of chemotherapeutic regimens with rituximab may
improve their prognosis.
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Abstract Long-term use of the thrombopoietin mimetic
romiplostim was examined in Japanese patients with
chronic immune thrombocytopenic purpura (ITP) in this
open-label extension. The starting dose of romiplostim was
the previous trial dose or 3 pg/kg/week, which was titrated
up to 10 pg/kg/week to maintain platelet counts between
50 and 200 x 10°/L. As of April 2010, 44 patients had
enrolled; 71 % women, median age 55.5 years, with five
patients discontinuing romiplostim due to patient request
(2), administrative decision (2), or not achieving study-
defined platelet response (1). Median treatment duration
was 100 weeks; median average weekly dose was 3.8 pg/kg.
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Twenty-eight patients (64 %) self-injected romiplostim.
The most frequent adverse events were nasopharyngitis and
headache. Nine patients (20 %) had a total of 14 serious
adverse events (0.31/100 patient-weeks); of these, only oral
hemorrhage was considered treatment related. Fifty hem-
orrhagic adverse events were reported in 20 patients
(46 %) (1.12/100 patient-weeks). Ninety-six percent of
patients had a platelet response (doubling of baseline

platelet count and platelet count >50 x 10°/L). Of the 25

patients receiving concurrent ITP therapy at baseline, all
reduced or discontinued the therapy. Eight patients (18 %)
received rescue medications. Administration of up to
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3.5 years of romiplostim increased platelet counts and was
well tolerated in Japanese patients with chronic ITP.

Keywords Immune thrombocytopenic purpura (ITP) -

Romiplostim - Thrombopoietin receptor agonists -
Thrombopoietin mimetic

Introduction

Immune thrombocytopenic purpura (ITP) is an autoim-

mune disorder characterized by isolated thrombocytopenia
(ie., no other hematologic abnormality) with platelet
counts below 100 x 10°/L, due to both increased platelet
destruction and a relatively low level of platelet production
[1-5]. Incidence of ITP in Japan is 2.16/100,000/year, with
approximately 70 % of cases occurring in patients older
than 50 years [6, 7). Treatment is typically not recom-
mended for patients with platelet counts >50 % 109/L [2,
8, 9]. When treatment is necessary, options include corti-
costeroids and other immunosuppressive agents, splenec-
tomy, and immunoglobulins [8, 9]. However, a significant
proportion of ITP patients either will not respond to or will
not have a sustained platélet response with these agents,
many of which are accompanied by significant side effects
[8, 15, 16]. For those ITP patients who have active Heli-
cobacter pylori infection, H. pylori eradication therapy
appears to improve thrombocytopenia in some [6, 10~14].

While, traditionally, options such as those listed above
aim to limit platelet destruction, a new class of agents
addresses the now understood relative deficiency in platelet
production. Romiplostim, a thrombopoietin (TPO) mimetic
with no structural overlap with TPO, increases platelet
production by a mechanism similar to that of endogenous
TPO {5, 17, 18). Romiplostim, which has been shown to be
effective for the treatment of chronic ITP with good tol-
erability, has been approved in many countries for the
treatment of chronic ITP in adult patients with an insuffi-
cient response to previous treatments [19]. Specifically,
romiplostim (Nplate®) is indicated in the United States for
the treatment of thrombocytopenia in patients with chronic
ITP who have had an insufficient response to corticoste-
roids, immunoglobulins, or splenectomy {20]. Romiplostim
should be used only in patients with ITP whose degree of
thrombocytopenia and clinical condition increases the risk
for bleeding, but not to normalize platelet counts [20]. In
Europe, romiplostim is indicated for the treatment of
splenectomized adult chronic ITP patients who are refrac-
tory to other treatments and may be considered as second-
line treatment for adult non-splenectomized ITP patients
for whom surgery is contraindicated [21]. As of January 21,
2011, the Japanese regulatory agency, the Ministry of

Health, Labour, and Welfare, approved romiplostim (brand
name Romiplate®) for the treatment of thrombocytopenia
in adult chronic ITP in patients who have had an inade-
quate response to or are intolerant of other therapies for
ITP [22]. Romiplostim should be used only in those
patients with ITP whose degree of thrombocytopenid and
clinical condition increase the risk for bleeding [22].

Disease presentation, pharmacokinetics, pharmacody-
namics, and safety may be affected by ethnic background
[23, 24]. Therefore, the use of romiplostim in Japanese
patients with ITP was assessed in clinical studies in Japa-
nese patients with ITP. Similar to early phase studies in
other populations, romiplostim was found to be well tol-
erated and effective at increasing platelet counts in a dose- .
dependent manner with good tolerability in Japanese
patients with ITP [25-27). Likewise, romiplostim signifi-
cantly increased and maintained platelet counts and was
well tolerated in a phase 3 study of 34 Japanese patients
with ITP, with similar dosing to that seen in non-Asian
patients [27, 28]. However, there are few reports of the
long-term safety and efficacy of romiplostim in clinical
trials.. We describe here the results of patients from the
phase 2 and phase 3 studies who then:continued into an
open-label extension study for up to 3.5‘years of romi-
plostim treatment.

Materials and methods
Study design

This was an open-label extension study designed to assess
the safety and efficacy of long-term romiplostim dosing in
thrombocytopenic Japanese patients with ITP (Fig. 1). If
patients entered the extension study within 12 weeks of
receiving the last romiplostim dose in the previous study
and had shown an increase in platelet counts >20 x 10°/L
from baseline at least once during the 13-week treatment
period of the original trial (excluding 4 weeks after rescue
medication), they were treated with romiplostim at the
same weekly dose last received in the previous study.
Otherwise, patients were treated with romiplostim at a
starting dose of 3 pg/kg. Romiplostim was administered by
subcutaneous (SC) injection once per week. Dose adjust-
ment based on platelet counts was permitted throughout the
treatment period to allow patients to maintain platelet
counts in the target range of 50-200 x 10°/L, up to a
maximum permitted dose of 10 pg/kg. Patients who
achieved a stable dose of romiplostim for at least 3 con-
secutive weeks were allowed to self-inject romiplostim
away from the clinic. The study began in October 2006 and
is ongoing.
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- *Starting at same weekly dose (last dose)
received in prior study or 3 ug/kg

Adjusting based on platelet count for 2
maximum dose of 10 ug'kg

*Reduce or discontinue concurrent [TP
therapies when piatelet counts > 50x10%L

Fig. 1 Study design. This was an open-label extension study of long-
term romiplostim dosing in thrombocytopenic Japanese patients with
1TP

Eligibility

Patients who had completed any previous romiplostim ITP
study in Japan (a phase 2 open-label study and a phase 3
randomized study) were eligible to screen for this study.
Additionally, patients were required to provide written
informed consent before any study-specific procedures
were performed and must have had a platelet count at
screening of <50 x 10°/L. Patients were excluded from
the study if they had any significant change in medical
history since completion of the previous romiplostim ITP
study, including bone marrow stem cell disorders or new
active malignancies; tested positive for neutralizing anti-
bodies to romiplostim in the previous romiplostim ITP
study; were receiving any treatment for ITP except oral
corticosteroids, azathioprine, and/or danazol administered
at a constant dose and schedule for at least 4 weeks prior to
the screening visit; were pregnant, breastfeeding, or of
reproductive potential and not using adequate contracep-
tion; had a known severe drug hypersensitivity; or were
unlikely to comply with-the protocol.

Study endpoints

The primary endpoint of this study was to determine the
safety of romiplostim as a long-term treatment in throm-
bocytopenic Japanese patients with ITP, as measured by
the incidence of adverse events, including clinically sig-
nificant changes in laboratory values. Additional endpoints
included incidence of anti-romiplostim antibody formation,
incidence of platelet response (doubling of the baseline
platelet count at study entry of the previous study and
platelet counts >50 x 10°/L), and proportion of patients
able to reduce or discontinue their concurrent ITP therapies
(for patients who were receiving oral corticosteroids at a
constant dose and schedule at the screening visit). Anti-
romiplostim antibodies were assayed at week 1, every
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12 weeks during the study and at end of study. Specifically,
two validated assays were used: a Biacore- 3000 (Biacore
Intemational, AB, Uppsala, Sweden) immunoassay and a
cell-based bioassay to detect neutralizing or inhibitory
effects in vitro [29-31]. If a sample was positive in both
assays, a subject was defined as positive for neutralizing
antibodies. Throughout the study, investigators could per-
form a bone marrow biopsy when deemed medically
appropriate.

Statistics

The statistical analyses in this open-label extension study
were descriptive in nature. Categorical endpoints were
summarized by the number and percentage of patients in
each category. Continuous endpoints were summarized by
number in an eligible subset (1), mean, standard deviation,
median, Q1 (25th percentile), Q3 (75th percentile), and
minimum and maximum values.

Results
Patient characteristics, disposition, and exposure

As of April 2010, 44 patients who bad previously com-
pleted either a phase 2 or phase 3 study in Japan [25, 27]
enrolled in this open-label extension study. These patients
had baseline characteristics of 71 % women, median age
55.5 years (ranging from 25 to 81 years), and median (Q1,
Q3) platelet count of 16.5 (6.0, 23.0) x 10°/L (Table 1).
Past treatments included corticosteroids (98 %), IVIg
(57 %), H. pylori eradication (48 %), splenectomy (39 %),
azathioprine (25 %), danazol (23 %), cyclophosphamide
(11 %), vincristine/vinblastine (7 %), and ritaximab (7 %).
Two patients had a past medical history of hepatitis B virus
(HBV), three of hepatitis C virus (HCV), and one of HBV
and HCV. As of this data cutoff, 5 patients (11 %) dis-
continued romiplostim due to patient request (2, after 85
and 183 days of treatment, respectively), administrative
decision secondary to platelet counts >200 x 10%/L (2,
after 281 and 583 days of treatment, respectively) and
platelet counts <20 x 10°/L after 4 weeks of dosing with
10 pg/kg (1, after 247 days of treatment). The patients who
discontinued romiplostim completed an end of study visit
3 weeks after the last administration of romiplostim. All
patients received at least one dose of romiplostim, with the
mean (SD) treatment duration being 102 (47) weeks
(ranging from 12 to 184 weeks) and the mean (SD) average
weekly dose being 4.3 (2.7) pg/kg (ranging from 0 to
10 pg/kg). The overall mean weekly dose increase around
week 150 corresponds to when the study population con-
sisted of patients from the phase 2 study only (i.e., none
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Table 1. Baseline characteristics

Phase 2 Phase 3 Total
(N =11) (N =33) (N = 44)
Age (years)
Mean &+ SD 555+£9.8 54.7 £ 13.9 549 + 129
Median (min, 62.0 (32, 63) 54.0 (25, 81) 55.5 (25, 81)
max)
Sex, n (%)
Female 7 (63.6) 24 (72.7) 31 (70.5)
Male 4 (36.4) 9 (27.3) 13 (29.5)
Baseline platelet count (x 10°/L)*
Mean + SD 11.5 £+ 10.1 177 £ 85 16.1 492
Median (min, 5.5 (3, 3D 19.5 (3, 32) 16.5 (3, 32)
max)

Platelet count prior to the treatment of this study (><109/L)b
Mean + SD 10.7 £ 8.6 163 £ 11.9 149 + 11.3

Median (min, 6.0 (3, 25) 11.0 (3, 53) 11.0 (3, 53)
max)

¢ Baseline platelet count in this study was baseline platelet count
obtained in the previous study

® Platelet count of week 1 or pre-treatment platelet count closest to
the first dose of romiplostim in this study if platelet count of week 1
was missing

Mean (SD) dose (Mg/ka)

o= 4 40 29 23 9 9 9 8
0 20 40 60 80 100 120 140 160 180
Study Week

Fig. 2 Mean dose over time. Mean doses for all of the patients, as
well as for those who were originally from the phase 2 trial or the
phase 3 trial prior to entering the extension, are shown

from the phase 3 study) (Fig. 2). The patients in the phase 2
study had received higher doses throughout this extension.
Twenty-eight patients (64 %) received romiplostim by self-
injection, beginning after a median (Q1, Q3) of 21 (8.5,
29.0) weeks on study and continuing self-injection for a
median (Q1, Q3) duration of 60.0 (28.5, 87.5) weeks. The
median (Q1, Q3) percent of weeks these patients were self-
injecting was 65 % (42, 81 %). Twelve of these 28 patients
(43 %) discontinued self-injection.

Safety

All patients reported at least 1 adverse event after begin-
ning treatment with romiplostim, with 27 patients (61 %)
reporting adverse events that were considered by the
investigator to be related to the treatment with romiplostim
(Table 2). The most frequent adverse events were naso-
pharyngitis (2.1/100 patient-weeks), headache (0.7/100
patient-weeks), back pain (0.3/100 patient-weeks), contu-
sion (0.3/100 patient-weeks), and malaise (0.3/100 patient-
weeks). All nasopharyngitis cases were considered by
investigators to not be related to romiplostim, and they
were generally mild common upper respiratory tract
infections; 6 cases (of 101) were rated as moderate in
severity. The most frequently reported treatment-related
adverse events were headache (0.52/100 patient-weeks),
back pain (0.13/100 patient-weeks), malaise (0.13/100
patient-weeks), and vertigo (0.09/100 patient-weeks).
Nine patients (20 %) reported serious adverse events
(duration-adjusted rate of 0.31/100 patient-weeks), with
one serious adverse event, mouth hemorrhage, considered
by the investigator to be related to the treatment with
romiplostim. Other reported serious adverse events
included one event each of hemorrhagic anemia, throm-
bocytopenia, appendicitis, grand mal convulsion, transient
ischemic attack, epistaxis, intracranial aneurysm, lumbar
spinal stenosis, allergic transfusion reaction, melena,
mouth hemorrhage, subcutaneous hematoma, wound, and
spinal compression fracture (Table 3). The event of mouth
hemorrhage occurred 17 months after initiation of romi-
plostim in this study. Platelet counts in this patient during
romiplostim treatment fluctuated greatly, and thus the
dose was frequently adjusted. During one of the times of
low platelet counts, the mouth hemorrhage occurred, thus
the investigator indicated that there was a reasonable
possibility that the hemorrhage was due to romiplostim.
As the investigator judged the romiplostim as being
effective, treatment with romiplostim was continued. The
event of transient ischemic attack occurred 59 days after
initiation of romiplostim in this study. The patient had a
history of paroxysmal atrial fibrillation, hyperlipidemia,
and hyperbilirubinemia. Three days prior to the event, the
platelet count was 206 x 10°/L. The patient went to the
emergency room, where the platelet count was measured
at 135 x 10°/L. He was not hospitalized, returned home,
and the event resolved the next day. Platelet count 4 days
after the event was 70 x 10°L. As the investigator
judged that the event was caused by transient cerebral
hypoperfusion and cerebrovascular spasm, it was consid-
ered to not be due to romiplostim, and romiplostim
treatment continued. Each of these serious adverse events
occurred at a rate of 0.02/100 patient-weeks. There were

@ Springer



