Table 1. Baseline characteristics of patients who received LY2469298
2 2

Characteristic 10?’1";93/)”‘ 37?:;97/)"‘ All (n = 10)

Median age at study entry 72 (50-75) 60 (39-67) 60 (39-75)

(range) (years) '

Sex, n; male/female 2/1 3/4 5/5

Clinical stage at study entry, n; 1/2/0/0 0/2/1/4 1/4/1/4

17001V

FLIP! risk group, n; 2/1/0 2/1/4 4/2/4

low/intermediate/high

Bone marrow involvement, n; 3/0 3/4 6/4

negative/paositive

Bulky disease, n; 3/0 5/2 8/2

0 to <6 cm/26 cm

Number of prior regimens, n; 0/3/0 0/4/3 0/7/3

0/1-2/23

Prior rituximab (R), n; 0/0/3 0/2/5 0/2/8

none/R alone/R-chemo

Refractory to rituximabt, n; 1/2 2/5 3/7

yes/no

FcyRllla genotype, n; 1/2/0 2/4/1 3/6/1

FE/FV/WW

tLatest outcome of rituximab-containing regimen was partial
response, stable disease or progressive disease. For complete response,
patients relapsed <6 months after the last rituximab infusion.

F, phenylalanine; FL, follicular lymphoma; FLIPI, follicular lymphoma
international prognostic index; n, number of patients; V, valine.

previously treated with chemotherapy and/or rituximab (but not
progressing within 120 days following the last infusion of ritux-
imab). Patients must have provided written informed consent for
the study and for genetic testing for the polymorphism of the
FcyRITIA gene before enrolment. FcyRIIIA genotyping was per-
formed by Cogenics Inc. Morrisville, NC, USA) using polymer-
ase chain reaction followed by allele-specific restriction enzyme
digestion. DNA isolated from peripheral blood was used for the
genotyping. Eligible patients were required to have the follow-
ing: at least one measurable lesion 21.5 c¢m in the longest diam-
eter (confirmed by computed tomography [CT] scanning);

Eastern Cooperative Oncology Group performance status of 0 or
1; absolute neutrophxl count (ANC) >1500/mm?; platelet count
>75 000/mm?; hemoglobin >8 g/dL; serum creatinine <1. 5 %
upper limit of normal (ULN); total bilirubin <1.5 x ULN;
alkaline phosphatase <1.5 x ULN; and alanine transaminase
<1.5 x ULN.

Patients were not eligible if they had the following: evidence
of hepatitis B or C virus infection; clinically significant transfor-
mation to diffuse large B-cell lymphoma; known allergy to anti-
body therapy or any of the study drug components; active
concurrent malignancy; significant cardiac complications (e.g.
New York Heart Association Congestive Heart Failure class IIT
or higher); positive test for serum cardiac troponin; active infec-
tion; a history of blood transfusion or erythropoietin treatment
within 10 days prior to enrolment; a history of growth factor
administration within 28 days prior to enrolment; or were posi-
tive for human immunodeficiency virus (HIV-1) infection.
Patients were required to discontinue all anti-lymphoma treat-
ments at least 30 days prior to study enrolment

Study design and treatment. This open-label, multicenter,
non-randomized, dose-escalation, phase I study was designed to
investigate the safety and tolerability of weekly doses of
L'Y2469298 in patients with relapsed or refractory CD20-posi-
tive FL. The study was conducted between October 2008 and
December 2009 at two institutions (National Cancer Center Hos-
pital, Tokyo and Nagoya Daini Red Cross Hospital, Nagoya,
Japan). This study was approved by the institutional review
boards of the two institutions and conducted in accordance with
the ethical principles of the Declaration of Helsinki.

1.Y2469298 was admlmstered intravenously, at a dose of
either 100 or 375 mc/rn four times at weekly intervals.
LY2469298, supplied in a OIass vial containing 1 mL at a con-
centration of 20 mg/mL, was diluted in normal saline to a final
concentration of 1 mg/mL and given through a 0.22-pm in-line
filter. The first infusion of L'Y2469298 was administered slowly
at a rate of <25 mg/h and increased by up to 50 mg/h every
30 min. Subsequent infusions could be administered at an initial
rate of up to 100 mg/h with increments every 30 min until the
300 mg/h rate was reached. All patients were premedicated with
antipyretic analgesic (e.g. acetaminophen) and anti-histamine
(e.g. diphenhydramine) given 30 min before the infusion.

Table 2. Most commont and all grade 3 or 4 drug-related adverse events

100 mg/m? 375 mg/m?
Adverse eventsf Total
Any grade Grade 1-2 Grade 3 Grade 4 Any grade Grade 1-2 Grade 3 Grade 4
Hematological
Lymphopenia 3 1 2 0 7 2 3 2 10
Leukopenia 1 1 0 o] 6 6 (o] 0 7
Neutropenia 1 1 0 o] 4 2 1 1 5
Thrombocytopenia 0 0 0 0 2 2 0 0 2
Non-hematological
Pyrexia 1 1 0 0 7 7 0 0 8
Chills 2 2 0 0 5 5 0 0 7
Headache 1 1 0 0 2 2 0 0 3
Oropharyngeal discomfort 0 0 0 0 3 3 0 0 3
Epigastric discomfort 0 0 0 0 2 2 0 0 2
Fatigue 0 0 0 0 2 2 0 0 2
Respiratory tract infection 1 1 0 0 1 1 0 0 2
Increased LDH 0 0 0 0 2 2 0 0 2
Increased CRP 0 0 0 0 2 2 0 0 2
Rash 0 0 0 0 2 2 0 0 2

+Treatment-related adverse events reported in 220% of patients are listed. $All events that were possibly related to LY2469298 were reported.

CRP, C-reactive protein; LDH, lactic dehydrogenase.
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Table 3. Number of patients developing infusion-related toxicities

100 mg/m? 375 mg/m?

Infusion

1st 2nd 3rd 4th 1st 2nd 3rd 4th
No. patients infused 3 3 3 3 7 6 6 6
Grade 11 1 0 0 0 4 1 0 1
Grade 2t 2 0 0 0 3 0 0 0
Grade 3t 0 0 0 0 0 0 0 0
Grade 4t 0 0 0 0 0 0 o] 0
Total 3 0 0 0 7 1 0 1
TCommon Terminology Criteria for Adverse Events Version 3.0.
Table 4. Best overall response by FcyRIlIA-158 genotype
FcyRIIIA-158 100 mg/m? 375 mg/m?
Genotype FF VF w FF VF w
No. patients 1 2 0 2 4 1
CR 0 1 0 0 1 1
CRu 0 0 0 0 1 0
PR 0 0 0 1 0 0
SD 1 1 0 1 1 0
PD 0 0 0 0 1 0

CR, complete response; CRu, complete response unconfirmed;
PR, partial response; SD, stable disease; PD, progressive disease.

Infusion-related reactions were monitored continuously between
the start of the infusion and 60 min after the infusion was com-
pleted. Infusions were to be slowed or suspended for any clini-
cally significant infusion-related reaction.

The treatment plan was to enroll at least three patients at the
100 mg/m* dose level, and up to six patients at this level if one
patient experienced a dose—hmltmg toxicity (DLT), before esca-
lating to the higher dose level. If no more than one of six
patients experienced a DLT at 100 mg/m?, the dose was to be
escalated to 375 mg/m? which was established as the recom-
mended Ighase I dose in a phase I study conducted in the United
States.*” The protocol treatment was to be discontinued for a
patient if any of the following occurred: disease progression;
appearance of DLT; unacceptable toxicity; withdrawal of
informed consent; serious deviation of study compliance; loss to
follow up; or investigator’s discretion.

Study evaluation. Safety and toxicity were evaluated by
monitoring laboratory assessments and the incidence, severity
and type of adverse events (AE). All AE were graded by the
National Cancer Institute Common Terminology Criteria for
Adverse Events (NCI CTCAE) version 3.0. Patients were moni-
tored for DLT from the initial infusion to 2 weeks after the last
infusion (5 weeks). The DLT was defined as any grade 3 or
greater drug-related AE, with the following modifications: grade
3 hematological toxicity was defined as an ANC nadir of 2500
to <1000/mm?, or a decrease in platelet count or hemoglobin of
50-74% from the lower limit of normal or the baseline value,
whichever was less; cardiac toxicity of grade 3 or greater that
occurred during the DLT evaluation period. The following were
defined a priori as not DLT: grade 3 infusion reactions (e.g.
fever, rigors, bronchospasm, urticaria and hypotension) that
were transient and resolved without sequelae; grade 3 tumor
lysis syndrome that was transient and resolved without sequelae.
An enzyme-linked immunosorbent assay (ELISA) was used to
detect the level of human anti-human antibody (HACA) to
LY2469298 in serum sampled before the first infusion and
5 weeks after the last infusion (performed by Millipore Corpora-
tion, St Charles, MO, USA).
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Response assessment. Response assessments after treatment
with LY2469298 were performed 9 and 21 weeks after the last
infusion. The efficacy of LY2469298 was evaluated according
to the International Workshop Response Criteria for Non- Hodg-
kin Lymphomas.®*® Objective responses included complete
response (CR), unconfirmed CR (CRu) and partial response
(PR). Baseline evaluation included disease-related symptoms (B
symptoms), radiographic examination using CT and bone mar-
row biopsy.

B-lymphocyte monitoring and pharmacokinetic (PK) analysis.
B-lymphocytes were monitored using FACS analysis (per-
formed by Mitsubishi Chemical Medience Corporation, Tokyo,
Japan) using an anti-CD19 monoclonal antibody conjugated to a
fluorescent probe. Samples for both the PK and CD19 analyses
were obtained before each infusion; 1 and 3-5 days after the
first infusion; 1 and 3-5 days, 2, 5, 9 and 21 weeks after the last
infusion; and at withdrawal from the study. Serum levels of
LY2469298 were determined using an enzyme-linked immuno-
sorbent assay (performed by the Charles River Laboratories
Preclinical Services Montreal Inc, Senneville, QC, Canada).

Pharmacokinetic parameter estimates for LY2469298 were
calculated by standard noncompartmental methods of analysis
using WinNonLin Professional Version 5.0.1 (Pharsight, Cary,
NC, USA). Noncompartmental parameters, such as the maxi-
mum concentration (Cy,,y). the elimination half-life (¢, ,,), area
under the concentration—time curve (AUC), apparent clearance
(CL), apparent volume of distribution (V,), and mean residence
time (MRT) of LY2469298 were reported following the fourth
dose administration. The C,,,, was taken from the observed
data. The apparent terminal rate constant (\,) was calculated
from the regression of log concentration versus time over the
terminal log-linear portion of the concentration—time profile.
Ty, was calculated as In2/),. The AUC were calculated using
the log-linear trapezoidal rule. Following the fourth dose,
AUC_ 155 was calculated from 0 h post-dose to the last sampling
point, and AUC,.; was calculated from 0 to 168 h post-dose.
The CL was calculated as Dose/AUC,._,, V, was calculated as
Dose/(h, x AUCy..) and MRT was calculated as (AUMC_, +
1[AUCy... — AUCy..])/AUC,., — infusion duration/2, where
AUMC is the area under the moment curve.

Results

Patients. Ten Japanese patients with CD20-positive FL were
enrolled in the present study (Table 1). Most patients had both
clinical stage II or IV FL at study entry, and most of the
advanced—stacre patlents (clinical stage III or IV) were enrolled
in the 375 mb/m cohort. The medxan age of the ten enrolled
patients was 60 years. All patients had 1ecewed one or more
prior treatments of rituximab alone or rituximab-containing che-
motherapy, and three of these were judged to be refractory to rit-
uximab. The median number of prior regimens was two (range,
1-9). The Follicular Lymphoma International Prognostic Index
(FLIPD)?? identified four patients at low risk, two at intermedi-
ate risk and four at high risk. Among the ten enrolled patients,
only one patient had FcyRIIIA-158VV alleles; the remaining
nine patients were F-carriers (six with FcyRIIIA-158VF alleles
and three with FcyRIITA-158FF alleles). Six of the F-carriers
(four with FcyRIIIA-158VF alleles and two with FcyRIIIA-
158FF alleles) and one FcyRITIA-158VV patlcnt were enr olled
in the 375 mg/m? cohort. All three patients in the 100 mg/m*
cohort were F-carriers (two with FceyRIIIA-158VF alleles and
one with FcyRIITA-158FF alleles).

Safety. Nine patients completed all four infusions and were
evaluable for DLT. One patient was suspended from study
treatment after the first infusion and did not continue because
the study was suspended to resolve an issue with preparation of
the study drug. The patient had no significant safety problems

doi: 10.1111/].1349-7006.2010.01809.x
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Fig. 1. Time course of the cell counts of CD19-
positive B-lymphocytes in each patient. (A) The
100 mg/m? LY2469298 cohort. (B) The 375 mg/m?
LY2469298 cohort. Study days = the number of days
on the study starting with the first infusion.
Observation days = the number of days after the
last infusion. Scr, Screening.
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Table 5. Pharmacokinetic parameters of LY2469298 after the last infusion

Parameter
FeyRINA-158 Best overall
AUCq., AUCq.11ast AUGo... Crnax Genotype response
B0 ghm)  @eh/mD  Ggh/ml gy MO0 GOV a P
100 mg/m?
Patient 1 613 20300 106000 131000 157.55 987 0.00732 6.47 FF SD
Patient 2 313 16400 50600 52600 105.45 452 0.0100 4.52 VF CR
Patient 3 199 12400 37200 37400 121.53 413 0.0108 3.09 VF SD
Meant 337 16100 58400 63600 126 569 0.00924 4.49
CV (%)t 62 25 58 72 21 51 21 38
375 mg/m?
Patient 4 195 35100 88200 88700 389.47 329 0.0216 6.08 VF SD
Patient 5 133 52400 138000 138000 400.56 352 0.00989 1.90 VF CRu
Patient 6 451 57000 224000 249000 552.11 641 0.0101 6.55 w CR
Patient 7 28.8 9760 9950 9950 190.23 45.2 0.0665 2.76 FF SD
Patient 8 130 52100 111000 111000 446.37 268 0.0112 2.10 VF PD
Patient 9 499 49700 171000 192000 351.65 560 0.0125 9.02 VF CR
Meantt 238 48600 139000 146000 423 407 0.0125 4.28
CV (%)t 73 19 37 43 17 38 33 81

tGeometric mean and CV%. +Excluding data from patients 7 (outlier) and 10 (early discontinuation of treatment). AUCq_, area under the
concentration versus time curve during one dose interval; AUCq.yas, area under the concentration versus time curve from time zero to time t,
where t is the last time point with a measurable concentration; AUCy..., area under the concentration versus time curve extrapolated to infinity;
CL, total body clearance; Cmax, maximum serum concentration; CV, coefficient of variation; MRT, mean residence time; t;,,, terminal elimination
half-life; V, volume of distribution; CR, complete response; CRu, complete response unconfirmed; PR, partial response; SD, stable disease; PD,
progressive disease.
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and was excluded from DLT evaluation. No DLT were
observed between the first infusion and 2 weeks after the last
infusion.

Treatment-related AE were observed in all ten patients treated
with at least one dose of LY2469298. Most of the AE were
grade 1 or 2, and the most common AE were hematological
(lymphopenia, leukopenia, neutropenia) or infusion-related (pyr-
exia, chills) (Table 2). The only encountered AE of grade 3 or
greater were lymphopenia and neutropenia; neither of the
patients with neutropenia required treatment with granulocyte
colony-stimulating factor. There were no deaths, serious AE or
discontinuations due to AE.

Infusion-related toxicities were observed in all patients; all of
these were grade 2 or less, with the majority limited to the first
infusion (Table 3). Most infusion-related toxicities were similar
to those previously reported after rituximab treatment,®*>"
except for increased heart rate and somnolence, both of which
were mild and manageable. In four patients (two in each cohort)
the infusion rate was adjusted due to infusion-related toxicities.
HAHA was not detected in the serum samples from all patients
before and up to the 5 weeks after the last infusion.

Responses. Across both cohorts, objective responses were
observed in the followmg five of ten patients: three pauentq (one
in the 100 mg/m? cohort; two in the 375 mg/m? cohort)
achieved CR; one patient (375 mg/m? cohort) achieved CRu;
and one patient (375 mb/m cohort) achieved PR (Table 4).
Responses were obselved at both dose levels: four of seven
patients at 375 mg/m* and one of three at 100 mg/m>. The
patient with homozy ous FcyRIIIA-158VV alleles achleved CR
after receiving 375 mg/m”. Among the F-carriers, four of nine
patients achleved objective responses (three of six patients in
the 375 mg/m? cohort). Among the heterozygous F-carriers, an
objective response was observed in three of six patients (two CR
and one CRu). Among the homozygous F-carriers, an objective
response was observed in one of three patients (PR).

There was a quick and sustained reduction in the number of
CD19+ B-lymphocytes in the peripheral blood following the
first infusion, which began to recover during the 21-week obser-
vation period (Fig. 1).

Pharmacokinetics (PK). All ten patients were included in the
PK analysis except patient 7 (dosed at 375 mg/m?). The rate of
LY2469298 disappearance from serum in this patient was very
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fast and characterized by a very short elimination half-life. In
the remaining nine patients, 1. Y2469298 was detected in serum
until 12 weeks after the last infusion. Observed individual and
mean PK parameters for LY2469298 in serum after the last infu-
sion are summarized in Table 5. Individual PK profiles are
shown in Figure 2. The area under the concentration versus time
curve (AUC) and maximum observed drug concentration (Cp,ax)
increased with the dose. The mean terminal elimination half-
lives (f;,,) of the antibody in the 100 and 375 mg/m> cohorts
were 337 h (199-613) and 238 h (130-499), respectively. Other
PK parameters were also similar between the two dose levels
and were characterized by a moderate to high interpatient vari-
ability. No relationship between response and PK parameters
was found.

Discussion

The primary aim of the present study was to investigate the
safety and tolerability of LY2469298 administered in four
weekly doses of 100 or 375 mg/m” to Japanese patients with
CD20-positive FL. who had received rituximab alone or ritux-
imab-containing regimens. One patient with homozygous
FcyRITIA-158VV alleles, six with heterozygous FcyRIIIA-158VF
alleles, and three with homozygous FcyRIIIA-158FF alleles
were enrolled. Even though the sample number was small, the
frequency of each polymorphism was within the range of previ-
ous reports.¢

The safety profile of LY2469298 in Japanese patients was
similar to that observed in a previous phase I study in non-Japa-
nese patients.?" The administration of LY2469298 was well
tolerated at the higher dose of 375 mg/m” in all patients
enrolled. No DLT were observed and the most frequent AE were
hematological or infusion related, and all observed AE were

managcable Based on these results, a weekly dose of
375 mg/m> was recommended for further studies of
LY2469298.

Among the three patients who achieved CR, two had hetero-
zygous FcyRIITA-158VF alleles and one had homozygous
FcyRIIIA-158VV alleles. It is noteworthy that one patient with
heterozygous FcyRIIIA-158VF alleles, who had received eight
prior regimens, achieved CRu. Regarding the single patient who
discontinued the study treatment after the first infusion, a PR
was observed at day 148. As hypothesized, CD19-positive
peripheral blood B-lymphocytes were depleted in all patients
examined. )

The PK parameters for LY2469298 when administered to Jap-
anese patients were not remarkably different from those
observed in a phase I study of LY2469298 in the United
States®" or those described in the literature for rituximab in
Japanese patients.?®? For example, LY2469298 was elimi-
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Although bendamustine plus rituximab has demonstrated efficacy
in indolent B cell non-Hodgkin's lymphoma (B-NHL), data for this
combination in aggressive B-NHL are extremely limited. The pres-
ent dose-escalation study evaluated the safety, efficacy, and phar-
macokinetics of bendamustine hydrochloride in combination with
rituximab in patients with relapsed/refractory, CD20-positive,
aggressive B-NHL. Patients received rituximab 375 mg/m?, i.v., on
Day 1 and bendamustine at either 90 (Cohort 1) or 120 mg/m?
(Cohort 2), i.v., on Days 2 and 3 of a 21-day cycle. The primary end-
point was the proportion of patients experiencing dose-limiting
toxicity (DLT). Secondary endpoints were adverse events (AE), the
overall response rate (ORR), and pharmacokinetic parameters. Nine
patients received rituximab plus bendamustine: three in Cohort 1
and six in Cohort 2. Histologies included diffuse large B cell lym-
phoma (n = 5), mantle cell lymphoma (n = 2), and transformed
lymphoma (n = 2). No DLT was observed at either dose level.
Grade 3/4 hematologic AE included lymphocytopenia, leukocy-
topenia, and neutropenia (n = 9 each; 100%), and thrombocytope-
nia (n = 2; 22%). No Grade 3/4 gastrointestinal AE were reported.
The ORR was 33% (one partial response) in Cohort 1 and 100%
(five complete and one partial response) in Cohort 2. The maxi-
mum drug concentration and area under the blood concentration—
time curve for bendamustine increased dose dependently, with
time to maximum blood concentration = 1.0 h in both cohorts;
these pharmacokinetic data were similar to those reported previ-
ously for single-agent bendamustine in patients with indolent
B-NHL. In conclusion, bendamustine 120 mg/m? plus rituximab
375 mg/m? was feasible and generally well tolerated, with promis-
ing efficacy in relapsed or refractory aggressive B-NHL. (Cancer Sci
2011; 102: 1687-1692)

B endamustine is a benzimidazole nitrogen mustard com-
pound with structural similarities to alkylating agents and
purine analogs. It has been shown to act as a bifunctional alkyla-
tor, forming both inter- and intrastrand DNA cross-links, which
produce DNA damage that is more extensive and more durable
than that caused by cyclophosphamide or bis-chloronitrosourea
(BCNU; carmustine) but similar to that of melphalan.(])

Bendamustine has a unique mechanism of action. In a study
of 60 human tumor cell lines, bendamustine showed a pattern of
antitumor activity that was distinct from other alkylating com-
pounds tested.® Unlike other alkylators, bendamustine was able
to induce cell death through both apoptosis and mitotic catastro-
phe.” Additional in vitro studies have shown a lack of cross-
resistance between bendamustine and other chemotherapeutic
agents, including other alkylators.("
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Bendamustine demonstrates clinical activity against a variety
of human cancers, including non-Hodgkin’s Ilymphoma
(NHL).®'" The efficacy of bendamustine (120 mg/m?) in
indolent B cell NHL (B-NHL) was shown in a US multicenter,
single-arm study of 100 patients with rituximab-refractory dis-
ease, which resulted in an overall response rate (ORR) of 75%
(17% complete responses [CR]) and a median duration of
response of 9.2 months."? We also evaluated the efficacy and
safety of bendamustine in Phase I and Phase II studies in Japa-
nese patients with relapsed or refractory indolent B-NHL and
mantle cell lymphoma (MCL) and reported ORR of 8§9% (8/9)
and 91% (63/69), respectively.®"'? In those two studies, objec-
tive responses were observed for all patients with MCL
(n =12).%'9

Two Phase II studies have demonstrated the efficacy of
single-agent bendamustine in small numbers of patients with
relapsed or refractory aggressive NHL. One study reported
responses in eight of 18 (44%) patients with diffuse large B cell
lymphoma (DLBCL; n = 12) or other aggressive lymphomas,
including 10 patients who were refractory to prior chemothera-
pies.” The second study reported responses in 10 of 15 patients
(67%) with rituximab-refractory, transformed B-NHL, with a
median response duration of 2.3 months.'"

Rituximab is a monoclonal antibody that binds specifically to
surface CD20 on human B lymphocytes, leading to B cell deple-
tion. In vitro combination therapy with rituximab and benda-
mustine induces apoptosis in CD20-positive follicular
lymphoma and NHL cell lines and enhances the antitumor activ-
ity of rituximab."® The efficacy and tolerability of the benda-
mustine-rituximab combination has been demonstrated in two
Phase II studies of patients with relapsed/refractory indolent
B-NHL. In the first (German) study, 57 of 63 patients (90%)
achieved an objective response, including CR in 60% of
patients, and the median progression-free survival was
24 months.® In the second (US) study in 67 patients with
relapsed and refractory MCL and low-grade NHL, an ORR of
92% was reported, including CR in 55% of patients."* In
patients with MCL, the ORR ranged from 75% (50% CR)® to
92% (59% CR)."'®

The combination of cyclophosphamide, doxorubicin, vincris-
tine, prednisone, and rituximab (R-CHOP) is the standard of
care in newly diagnosed, aggressive B-NHL, including

5To whom correspondence should be addressed. E-mail: mi-ogura@naa.att.ne.jp
6Parts of this work have been presented at the 46th Annual Meeting of the
American Society of Clinical Oncology, 2010.
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Cancer Sci | September 2011 | vol. 102 | no.9 | 1687-1692

-122 -



DLBCL."">'® Because bendamustine does not demonstrate
cross-resistance with these drugs, it was hypothesized that the
combination of bendamustine and rituximab would be effective
in previously treated, aggressive B-NHL.

The primary objectives of the present study were to: (i) evalu-
ate the safety of bendamustine in patients with relapsed or
refractory aggressive B-NHL when administered via i.v. infu-
sion for 2 consecutive days in combination with rituximab; and
(11) determine a bendamustine dose for subsequent Phase 11 stud-
ies. The secondary objectives of the present study were to inves-
tigate the antitumor effects of bendamustine plus rituximab and
to describe the pharmacokinetic profile of unchanged bendamus-
tine.

Materials and Methods

Trial design and endpoints. A multicenter, open-label, dose-
escalation study was conducted between December 2008 and
February 2010. The study was performed in compliance with
the Declaration of Helsinki and the Good Clinical Practice Min-
isterial Ordinance and Guidelines for Clinical Evaluation of
Anti-Tumor Drugs, and was approved by the institutional review
board at each participating institution. All patients provided
written informed consent prior to participating in the study.

The primary endpoint was the number of patients who experi-
enced dose-limiting toxicity (DLT), defined as any adverse
event (AE) reported during the first treatment cycle that had a

_possible causal relationship with the study drugs and met any of
the following crltcua (1) Grade 4 neutropenia (neutrophil
count <500 cells/mm ) with a fever of 38°C or hl%her for more
than 1 week; (ii) platelet count <10 000 cells/mm” or a hemor-
rhagic tendency requiring platelet transfusion; (iii) other Grade
4 hematologic toxicity, excluding decreased lymphocytes and
changes in the leukocyte differential count; and (iv) other Grade
23 non-hematologic toxicity. Secondary endpoints included the
frequency of AE, the ORR, the CR rate, and pharmacokinetic
parameters.

Patient eligibility. Patients 20-75 years of age with measur-
able, histopathologically confirmed, CD20-positive, aggressive
B-NHL (DLBCL, MCL, transformed lymphoma, or Grade 3 fol-
licular lymphoma) were eligible for inclusion in the study if they
had failed to achieve a CR or had relapsed after achieving a CR
or partial response (PR) with one to two prior chemotherapies or
antibody therapies. Patients were required to have an Eastern
Cooperative Oncology Group performance status of 0-1, a life
expectancy =3 months, and functional major organs (defined as
neutrophils 21500 cells/mm3 platelets 2100 OOO cells/mm?,
alanine aminotransferase [ALT] and aspartate aminotransferase
[AST] <2.5-fold the upper limit of normal [XULN], total biliru-
bin and serum creatinine <1.5 x ULN, arterial oxygen partial
pressure 265 mmHg, and no abnormal electrocardiogram find-
ings requiring treatment).

Patients were excluded from the study for any of the follow-
ing reasons: cancer treatment within the 3 weeks prior to the
study; primary central nervous system lymphoma; serious active
infection; serious hepatic, renal, cardiac, gastrointestinal, or pul-
monary disorders; positive status for hepatitis B surface antigen,
hepatitis C virus antibody, or human immunodeficiency virus
antibody; other active cancer or a history of another malignancy
in the preceding 5 years (except for basal cell carcinoma of the
skin, squamous cell carcinoma, and carcinoma in situ of the cer-
vix); autoimmune hemolytic anemia; serious hemorrhagic ten-
dency; pregnancy or lactation; or unwillingness to use birth
control. Patients were also excluded if they had ever received
bendamustine or radioimmunotherapy; had received a cytokine
preparation or blood transfusion within 2 weeks prior to screen-
ing, or an investigational drug within 3 months of enrollment;
displayed symptoms of allergy or intolerance to rituximab,
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bendamustine, or analogous drugs, or premedications; or were
receiving sulfamethoxazole~trimethoprim combination therapy
or acyclovir to prevent opportunistic infections.

Treatment and dose escalation. Each 21-day treatment cycle
consisted of rituximab (375 mg/m 1. V) administered on Day 1
and bendamustine (90 or 120 mg/m?, i.v.; Cohorts 1 and 2,
respectively) administered over 60 mm on Days 2 and 3, fo]~
lowed by an 18-day observation period. Patients received a
maximum of six cycles. For safety reasons, hospitalization was
required during the first cycle.

Three patients were to be enrolled in Cohort 1. If any DLT
were observed in one or two patients, an additional three
patients were enrolled into this cohort. If a DLT was observed in
none of three or in two or fewer of six patients in Cohort 1,
enrollment in Cohort 2 was initiated. An independent safety and
data monitoring committee reviewed the data recorded from
Cohort 1 following completion of the first cycle and provided
guidance regarding advancement to Cohort 2. In Cohort 2,
enrollment was suspended when the third patient was enrolled.
Following confirmation of two or fewer DLT in the first cycle,
three additional patients were enrolled in this cohort.

Rationale for doses and treatment schedule. The regimens
used in the present study were based on the efficacy and safety
results of previous studies in atlents with indolent B- NHL and
MCL®%' and transformed " or aggressive B-NHL.”

Supportive therapy. During each cycle, oral acetaminophen
(400 mg) and chlorpheniramine maleate (2 mg) were adminis-
tered prior to rituximab to prevent or alleviate infusion reac-
tions. In addition, dexamethasone (20 mg, 1iv.) was
administered before bendamustine or rituximab (Days 1-3), fol-
lowed by oral dexamethasone (10 mg) once daily on Days 4 and
5 of each cycle. Granisetron hydrochloride (3 mg) was adminis-
tered i.v. once daily before bendamustine administration (Days
2 and 3) and followed by oral granisetron (2 mg) once daily on
Days 4 and 5 of each cycle. Hydration and/or alkalization were
recommended for patients at risk of tumor lysis syndrome. Gran-
ulocyte colony-stimulating factor was allowed during the first
treatment cycle for patients with confirmed Grade 3 or greater
neutropenia, and on Day 4 or later of Cycles 2—-6. Opportunistic
infection prophylaxis with oral sulfamethoxazole~trimethoprim
and oral acyclovir 200 mg daily was allowed in Cycles 2—6.

Criteria for study withdrawal. Patient participation in
the study was discontinued for any of the following reasons:
failure to meet criteria for proceeding to the next treatment
cycle (defined as _ neutrophils 21000 cells/mm?®, plate-
lets 275 000 cells/mm?®, ALT and AST <5 x ULN, fotal bili-
rubin <2.0 mg/dL, serum creatinine <2.0 mc/dL, and no
persistent Grade = 3 AE except leukocytopenia or lymphocy-
topenia) within 36 days after the start of the last treatment cycle;
withdrawal of patient consent; deviation from the study proto-
col; inability to receive study drug due to AE or disease progres-
sion; death; loss to follow-up; study termination; pregnancy; or
other reasons at the discretion of the investigator.

Safety and efficacy assessment. Physical examination and
laboratory testing were conducted on study drug administration
days and weekly during the observation period. Any AE
observed were graded accordmg to Common Terminology Cri-
teria for Adverse Events version 3.0.'” Computed tomography
(CT) and positron emission tomography (PET) scans were per-
formed at the time of screening, third cycle, last cycle, and dis-
continuation. Tumor response was assessed based on CT/PET
data by the investigator as well as by an extramural central
review committee. Patients’ best responses were categorized as
CR, PR, stable disease, or progressive disease according to the
Revised Response Criteria for Malignant Lymphoma.'®

Pharmacokinetic analysis. Blood samples were collected on
Day 2 of the first cycle prior to the start of the infusion, 30 min
after the start of the infusion, at completion of the infusion, and
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then 30 min and 1 and 2 h thereafter. Plasma concentrations of
bendamustine were measured by high-performance liquid chro-
matography tandem mass spectrometry. The maximum drug
concentration (Cpay), time to maximum blood concentration
(tmax), area under the blood concentration—time curve (AUC),
and half-life (#,,) of unchanged bendamustine were calculated by
non-compartmental analysis (Model 2) using WinNonlin version
5.0.1 software (Pharsight, Mountain View, CA, USA). ,

Statistical analysis. Baseline patient and disease characteris-
tics were summarized using descriptive statistics. The incidence

' Patients who provided consent (N = 11) !

Excluded (n = 2)

] Patients enrolled (n = 9) ]

| |

Cohort 1 (n=3) Cohort 2 (n = 6)
90 mg/m? per day 120 mg/m? per day

Full analysis set
(n=9)

Cohort 1 (n = 2)
Patient 1—1 excluded for

Cohort 2 (n=5)

Per-protocol set Patient 2-4 excluded

(n=7) deviation from inclusion for protocol deviation
criteria
Fig. 1.

Patient disposition in the study arms.

Table 1. Baseline characteristics of patients with aggressive B cell
non-Hodgkin’s lymphoma treated with bendamustine plus rituximab

Prior

Patient Disease
Histol +
istology treatment

IPI risk
no. staget risk group

Dose level 1: 90 mg/m?, i.v., bendamustine plus 375 mg/m? i.v.,
rituximab

1-1 DLBCL i High-intermediate R-CHOP x 8
CHASER x 2
1-2 DLBCL v Low-intermediate R-CHOP x 8
CHASE x 2
1-3 DLBCL | Low-intermediate R-CHOP x 6

Dose level 2: 120 mg/m?, i.v., bendamustine plus 375 mg/m?, i.v.,
rituximab

21 DLBCL I Low R-CHOP x 8

2-2 DLBCL | Low R-CHOP x 8

2-3 TL 1 Low-intermediate R-CHOP x 3

R-CMOPP x 8

2-4 MCL 1 Low R-CHOP x 6

2-5 TL i Low-intermediate R-CHOP x 8
R-Fx3

2-6 MCL v Low-intermediate = R-HyperCVAD/
MA x 4

+World Health Organization classification.”"® +Ann Arbor
classification.?® CHASE, cyclophosphamide, cytarabine, etoposide, and
dexamethasone; CHASER, cyclophosphamide, cytarabine, etoposide,
dexamethasone, and rituximab; DLBCL, diffuse large B cell lymphoma;
IPI, International Prognostic Index; MCL, mantle cell lymphoma;
R-CHOP, rituximab plus cyclophosphamide, doxorubicin, vincristine,
and prednisone; R-CMOPP, rituximab plus cyclophosphamide,
vincristine, procarbazine, and prednisone; R-F, rituximab plus
fludarabine; R-HyperCVAD/MA, rituximab plus fractionated
cyclophosphamide, vincristine, doxorubicin, dexamethasone,
alternating with methotrexate and cytarabine; TL, transformed
lymphoma.
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of DLT and 90% confidence intervals were calculated based on
binomial probability for each treatment group. Summary statis-
tics were calculated for hematologic toxicities and non-hemato-
logic toxicities. The ORR was calculated as the proportion of
patients who achieved a CR or PR.

Results

Patient disposition and baseline characteristics. Nine patients
were enrolled at four study centers: three received bendamustine
at 90 mg/m” (Cohort 1) and six received bendamustine at
120 mg/m? (Cohort 2). These patients constituted the full analy-
sis set (FAS; Fig. 1). There were two protocol violations. One
patient in Cohort 1 (Patient 1-1) deviated from the inclusion cri-
teria: this patient was enrolled based on a clinical diagnosis of
DLBCL, but upon rebiopsy after completion of study treatment,
the patient was found to have adenocarcinoma. One patient in
Cohort 2 (Patient 2-4) did not meet the criteria to begin the next
treatment cycle: this patient had persistent Grade 3 hypokalemia
after Cycle 3, but proceeded to start the fourth cycle. Treatment
in this patient was discontinued during the fourth cycle. These
two patients were excluded from the per-protocol set.

The median age of enrolled patients was 65 years (range 56—
74 years); five patients were male and four were female. Base-
line characteristics are presented in Table 1. Disease histologies
included DLBCL, MCL, and transformed lymphoma. Eight
patients (89%) had received prior treatment with R-CHOP and
all patients had received prior rituximab.

safety. Safety analyses were conducted on the FAS. A total
of 38 treatment cycles was administered (10 in Cohort 1 and 28
in Cohort 2); all patients completed three or more treatment

Table 2. Dose-limiting toxicity and Grade 3/4 toxicity associated
with bendamustine plus rituximab in patients with aggressive B cell
non-Hodgkin’s lymphoma

No. events
90 mg/m? 120 mg/m?
bendamustine bendamustine
(n=3) (n=6)
DLT (Cycle 11)
Grade 4 neutropeniat 0 0
Platelets <10 000 cells/mm3s 0 0
Other Grade 4 hematologic 0 0
toxicityq
Grade >3 non-hematologic 0 0
toxicity
Grade 3/4 events in all cycles

Lymphocytopenia, Grade 4 3 6
Leukocytopenia, Grade 3/4 3/0 5/1
Neutropenia, Grade 3/4 2/1 3/3
Decrease in CD4, Grade 3/4 2/1 2/3
Thrombocytopenia, Grade 3 0 2
Febrile neutropenia, Grade 3 1 0
Decreased IgA, Grade 3 1 0
Decreased lgG, Grade 3 1 0
Increased LDH, Grade 3 1 0
Hypokalemia, Grade 3 0 1
Hyperuricemia, Grade 3 4] 1
Lower back pain, Grade 3 0 1

tDose-limiting toxicity (DLT) was assessed during Cycle 1 only. +Grade
4 neutropenia lasting >1 week and accompanied by fever (38°C or
higher). §Grade 4 thrombocytopenia or hemorrhage requiring platelet
transfusion. §Any other Grade 4 hematologic toxicity excluding
lymphocytopenia and differential white blood cell count (%). LDH,
lactate dehydrogenase.
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cycles and two patients (both in Cohort 2) completed six cycles.
All patients experienced at least one delay of treatment to allow
for recovery from _AE (most commonly neutrophil
counts <1000 cells/mm?), in compliance with the protocol. In
Cohort 1, the median cycle duration was 22 days (range 21—
28 days) for Cycle 1, 21 days (range 21-35) for Cycle 2, and
28 days for Cycle 3 (n = 1). In Cohort 2, the median cycle dura-
tion was 21 days (range 21-28 days) for Cycles 1, 2, and 4, and
28 days (range 21-41 days) for Cycles 3 and 5.

Although all nine patients experienced AE, bendamustine was
generally well tolerated. No DLT was observed with either dose
of bendamustine (Table 2). No deaths were reported. Grade 3/4
hematologic AE included lymphocytopenia, leukocytopenia,
neutropenia (nine of nine patients each), and thrombocytopenia
(two of nine patients). No Grade 3/4 gastrointestinal events or
fatigue were reported.

One case of Grade 1 oral candidiasis was recorded in Cohort
2. Incidences of nausea and vomiting were low with granisetron
and dexamethasone prophylaxis (in Cohort 1, one case of Grade
2 nausea; in Cohort 2, three cases of Grade 1 nausea and one
case of Grade 1 vomiting). Two serious AE were reported in a
65-year-old male patient with MCL in Cohort 2, consisting of
Grade 1 fatigue and Grade 2 fever without neutropenia. These
events were thought to be caused by incidental infection and

Table 3. Treatment response according to bendamustine dose and
histology in patients (N=9; full analysis set) treated with
bendamustine plus rituximab for aggressive B cell non-Hodgkin's
lymphoma

Dose Hictol Best responset (n) ORR  CR
istolo

(mg/m?) YN ® m oo e B

90 DLBCL 3 0 1 1+ 1 33 0

120 DLBCL 2 2 0 0 0 100 100

MCL 2 2 0 0 0 100 100

TL 2 1 1 0 0 100 50

Cohort total 6 5 1 0 0 100 83

All patients 9 5 2 1 1 78 56

tAs determined by an extramural central review committee. ¥This
patient was determined to be pathologically ineligible after
completing the study. Among the eight patients with pathologically
eligible disease, the overall response rate (ORR) and complete
response (CR) rate were 88% and 63%, respectively. DLBCL, diffuse
large B cell lymphoma; MCL, mantle cell lymphoma; PD, progressive
disease; PR, partial response; SD, stable disease; TL, transformed
lymphoma.

were considered serious because the patient required hospitaliza-
tion for iv. hydration and antibiotic therapy. Both events
resolved with treatment and were considered by the investigator
to be unrelated to the study drugs.

Efficacy. Efficacy analyses were conducted on the FAS. The
ORR, as determined by central review, were 33% and 100% in
Cohorts 1 and 2, respectively (Table 3). A CR was achieved in
five patients in Cohort 2 (two DLBCL, two MCL, one trans-
formed lymphoma) and a PR was achieved in one patient with
DLBCL in Cohort 1 and in one patient with transformed lym-
phoma in Cohort 2. Of the four patients with pathologically con-
firmed de novo DLBCL, 3 (75%) achieved an objective
response, including two CR and one PR.

Pharmacokinetics. Pharmacokinetic analyses were conducted
on the FAS (Table 4). Plasma levels of bendamustine peaked
upon completion of infusion (¢, = 1 h; Fig. 2). The Cp,, and
AUC increased in a dose-dependent manner. Unchanged benda-
mustine was rapidly eliminated from the circulation, and the
mean elimination f,, was similar in Cohorts 1 and 2 (0.36 and
0.32 h, respectively).

Discussion

The present study is the first clinical trial to evaluate the combi-
nation of bendamustine and rituximab in patients with
relapsed/refractory aggressive B-NHL including DLBCL. Our
results support the safety and tolerability of both bendamustine
doses tested in combination with rituximab. All nine patients
experienced AE; however, no DLT was observed and the two
serious AE (Grade 1 fatigue and Grade 2 fever without neutro-
penia) were considered unrelated to study treatment.

Our earlier Phase I dose-escalation and pharmacokinetic
study® of bendamustine monotherapy using the same doses (90
and 120 mg/m®) in refractory/relapsed indolent B-NHL and
MCL also did not identify a maximum tolerated dose. Based on
the findings from this earlier Phase I study and other studies,®~
12 the 120 mg/m” dose of bendamustine was selected for fur-
ther evaluation in Phase II trials. A multicenter Phase I study
using this dose of bendamustine showed that it was effective
with an acceptable safety profile.'”

The safety and tolerability of bendamustine plus rituximab
observed in the present study were consistent with observations
reported in larger Phase II trials evaluating this drug combina-
tion in patients with MCL and indolent B-NHL.®'* Most com-
mon non-hematologic AE were gastrointestinal in nature and
were generally mild in both cohorts. The use of granisetron and
dexamethasone minimized the incidence of nausea and vomiting
in the present study.

Table 4. Pharmacokinetic parameters of unchanged bendamustine in patients treated with bendamustine plus rituximab for aggressive B cell

non-Hodgkin’s lymphoma

Bendamustine dose N Patient no. Response Crnax (Hg/mL) trnax () ty, (h) AUC (ug h/ml)
90 mg/m2 3 1-1 sD 49 1.0 0.42 5.9

1-2 PD 4.1 1.0 0.32 4.9

1-3 PR 2.4 1.0 0.33 2.8
Mean + SD 3.8+13 10 0.36 = 0.06 45+ 1.6
120 mg/m? 6 2-1 CR 4.8 1.0 0.34 5.7

2-2 CR 7.8 1.0 0.29 8.5

2-3 PR 5.7 1.0 0.39 7.6

2-4 CR 6.2 1.0 0.26 6.5

2-5 CR 3.9 1.0 0.42 4.4

2-6 CR 4.1 1.0 0.23 4.2
Mean + SD 54+15 1+0 0.32 = 0.07 6.1+ 1.7

AUC, area under the curve; B-NHL, B cell non-Hodgkin lymphoma; C.x, maximum concentration; CR, complete response; PD, progressive
disease; PR, partial response; SD, stable disease; fmax time to maximum concentration; ty,, half-life.
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Fig. 2. Mean (+SD) plasma bendamustine concentrations following
administration of either 90 (O) or 120 mg/m? (®) bendamustine
(n =3 and 6, respectively) to patients with aggressive B cell non-
Hodgkin’s lymphoma. Each iv. infusion was administered over 1 h.
Peak plasma concentrations were 3.8 = 1.3 pg/mlL following infusion
of 90 mg/m? bendamustine and 5.4 + 1.5 ug/mL following infusion
of 120 mg/m? bendamustine. Concentrations <0.0005 pg/mL were
recorded as 0 pg/mL.

The pharmacokinetic profile of unchanged bendamustine was
comparable to that reported previously in Japanese patients with
indolent B-NHL and MCL.® In that study, 120 mg/m” benda-
mustine produced a mean Cp,, of 8.6 £ 4.5 pg/ml, compared
with a mean value of 5.4 = 1.5 pg/mL in the present study. In
both studies, there was considerable variation in C,,,, between
patients; although mean C,,,x values differed slightly, the ranges
observed overlapped. Furthermore, the pharmacokinetic profile
observed in Japanese patients is similar to that reported for
patients in studies conducted in Europe and the US, suggesting
little or no effect of ethnicity on the pharmacokinetics of benda-
mustine. !>

In an in vitro study in lymphoma cell lines, the ICs, of benda-
mustine was identified as 20 pM or 7.2 pg/mL.*> In the pres-
ent clinical study, the maximum plasma concentration ranged
from 54% to 108% of this inhibitory concentration in Cohort 2;
the observed ORR of 100% in this group suggests that such
plasma concentrations are associated with antitumor activity in
combination with rituximab.

Although no definitive conclusions can be drawn from the
findings of the present study owing to the limitations of a small
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sample size and a variety of histologic subtypes, the preliminary
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elicited objective responses in both cohorts, with 100% of
patients responding at the higher (120 mg/m?) dose level. In
addition, a CR was observed in 83% of patients and occurred
across all disease histologies included.

Among patients with pathologically confirmed de novo
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patients who have received prior rituximab, among whom
response rates are approximately 50%.?” Furthermore, patients
>65 years or those with major organ dysfunction are considered
ineligible for ASCT and no standard of care exists for these
patients. Among the five patients with de nove DLBCL enrolled
in the present study, four were considered ineligible for and one
declined ASCT. The response rate observed with bendamustine
plus rituximab in these patients supports continued investigation
of this combination therapy in this patient group.

Bendamustine plus rituximab appeared safe and well tolerated
at both dose levels evaluated. Furthermore, although no conclu-
sions can be drawn about efficacy, this combination demon-
strated preliminary activity warranting further exploration in
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evaluated (i.e. 120 mg/m* bendamustine plus 375 mg/m? ritux-
imab) appears feasible in this patient population and should be
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results of the present study, a multicenter, international Phase IT
study of bendamustine plus rituximab in patients with relapsed
or refractory DLBCL is currently underway (clinicaltrials.gov
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Abstract

Objectives: Primary breast lymphoma (PBL) is rare, and its clinical behavior and standard initial treatment
are not yet established. Methods: We retrospectively analyzed the clinicopathological features and treat-
ment outcomes of 14 patients with primary breast diffuse large B-cell lymphoma. Results: There were
nine patients with stage IE and five with stage IIE disease. The median largest tumor diameter was
4.5 cm, and five patients had bulky disease >5 cm. The complete response rate was 94%. However, the
5-year progression-free survival rate was 52% with a median follow-up of 5.2 years. Patients with bulky
disease had an unfavorable prognosis. All five patients with bulky disease progressed or relapsed. Of the
four patients that recurred in the central nervous system (CNS), three had bulky disease although some
received rituximab. There were no CNS recurrences in the three patients who received CNS prophylaxis.
All eight patients who responded to radiotherapy (RT) did not have recurrences in the ipsilateral breast,
although one patient with bulky disease relapsed in the adjacent regional lymph nodes within the RT field
despite immunochemotherapy. Conclusions: Patients with bulky disease had a poorer prognosis and
recurred frequently in the CNS. CNS prophylaxis might yield better outcomes, but a larger, prospective trial
is needed to elucidate the optimal initial treatment of PBL in the rituximab era.
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Primary breast lymphoma (PBL) is a rare subtype of
non-Hodgkin’ lymphoma (NHL), comprising <1% of
all NHLs (1-3) and approximately 2% of extranodal
presentations (1, 3-6). In addition, <1% of all breast
malignancies are lymphomas (2-4, 7). Diffuse large B-cell
lymphoma (DLBCL) is the most common histologic sub-
type of PBL, accounting for 40-80% of cases (4, 6).
Cyclophosphamide, doxorubicin, vincristine, and predni-
sone (CHOP) chemotherapy are considered the standard
regimen for DLBCL. Recently, the addition of the
anti-CD20 antibody rituximab to the CHOP regimen has
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improved the outcome of patients with B-cell lymphoma
(8-10).

There are many retrospective series (2, 3, 5, 11-18) but
only two small prospective clinical trials (19, 20) which
have reported the clinicopathological features of PBL.
Most studies recommend a chemotherapy regimen con-
taining anthracycline followed by radiotherapy (RT) (12—
14). The 5-year survival rate in the recent larger series
ranges from 61% (11) to 73% (12) with anthracycline-
containing regimens with or without RT. Some series
have suggested that PBL has a poorer prognosis than

© 2011 John Wiley & Sons A/S
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aggressive NHLs with mainly nodal involvement; more-
over, PBL tends to recur predominantly in extranodal
sites, with especially significant risk in both the ipsilateral
and contralateral breast and in the central nervous sys-
tem (CNS) with a recurrence rate ranging from 7% to
29% (5, 11, 13, 16, 17, 19, 21, 22). However, other series
have reported that the prognosis and incidence of CNS
involvement of PBL were similar to those of aggressive
nodal NHLs of the same stage (12, 18, 20). Thus, the
clinical course and pathological features of PBL, and
what constitutes the optimal initial treatment, remain to
be elucidated. Therefore, we conducted a retrospective,
single-institution study to analyze the clinicopathological

features, treatment efficacy, and prognostic factors in

patients with PBL.

Patients and methods

Patients

Data on 20 patients with PBL who were treated at the
National Cancer Center Hospital from January 1999 to
December 2008 were analyzed retrospectively. Patients
with recurrent lymphoma in the breast and those initially
presenting with systemic disease including breast involve-
ment were excluded according to the definition previ-
ously reported (). Patients were considered to have
bulky disease if the largest tumor was >5 cm in diame-
ter. The study protocol was approved by the institutional
review board of the National Cancer Center Hospital,
Tokyo, Japan.

Staging

The initial staging in all patients included history and
physical examination, blood tests, computed tomography
(CT) of the neck, chest, abdomen, and pelvis, bone mar-
row aspiration, and upper gastrointestinal endoscopy.
Patients were staged according to the Ann Arbor classifi-
cation system (23). Staging of extranodal NHLs within
bilateral paired organs remains controversial, but in this
study, patients with bilateral presentation were catego-
rized as stage 1E. Evaluation of the CNS at diagnosis by
CT, magnetic resonance imaging (MRI), or lumbar
puncture with cerebrospinal fluid analysis was performed
only if clinically indicated. The International Prognostic
Index (IPT) (24) was used to assess prognosis.

Treatment

Patients received 3 or 4 courses of CHOP with or with-
out RT, whereas patients with bulky disease received 6
or more courses of CHOP. RT was scheduled before the
commencement of chemotherapy because the disease was

© 2011 John Wiley & Sons A/S
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local, and the radiation field included the involved breast
and the regional lymph nodes (the axillary and the supr-
aclavicular region). Rituximab has been available for
DLBCL through the Japanese National Health Insurance
system since September 2003, and patients also received
rituximab since then. CNS prophylaxis, consisting of
intrathecal methotrexate (IT-MTX, four doses of 15 mg
each), was administered at the treating physician’s discre-
tion.

Statistical analysis

Response was assessed after completion of the initial
therapy according to the response criteria for NHLs (25).
Overall survival (OS) was calculated from the date of
diagnosis to the date of last follow-up or death from any
cause. Progression-free survival (PFS) was calculated
from the date of diagnosis to the date of disease progres-
sion, death from any cause, or last follow-up. OS and
PFS were estimated by the Kaplan—-Meier method (26).
The following variables were analyzed for prognostic sig-
nificance for OS and PFS: Ann Arbor clinical stage
(stage IE vs. stage IIE), the largest tumor size (<5 cm vs.
>5 cm), and age (<60 vs. 260). Because the proportion
of patients with elevated lactate dehydrogenase (LDH)
levels (2 of 14 patients) or the patients classified as the
low-intermediate or high-risk group according to the IPI
(1 each of 14 patients) was very low (Table 1), these vari-
ables were not analyzed. The log-rank test was used to
compare survival curves. A P value <0.05 for a
two-sided test was considered statistically significant. All
statistical analyses were performed using Dr spss 1
software, release 11.0.1J (SPSS Japan, Tokyo, Japan).

Results

Patient characteristics

Using the World Health Organization (WHO) classifica-
tion, 4th edition (27), there were 17 patients with
DLBCL, two patients with follicular lymphoma, one
patient with mucosa-associated lymphoid tissue (MALT)
lymphoma, and no patients with T/NK-cell lymphoma.
Because the proportion of the patients with primary
breast low-grade B-cell NHLs was very low (15%, 3/20),
the patient population in this study was limited to the
DLBCL patients. As three patients were excluded
because of Stage IV disease, 14 DLBCL patients were
analyzed in this study.

The diagnosis of PBL was established with a core nee-
dle biopsy in eight patients, excisional biopsy in four
patients, and mastectomy with regional lymph node
resection in two patients. Patient characteristics are sum-
marized in Table . There were nine patients with stage
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Table 1 Patient characteristics

Fukuhara et al.

Table 2 Initial treatment

No. (%) No. (%)
Age Treatment Chemotherapy only 3(21)
Median 57.5 years Surgery + Chemotherapy 2 (14)
Range 24-69 years Chemotherapy + RT 9 (64)
<60 years 10 (71) Surgery Mastectomy + axillary dissection 2
260 years 4 (29) Chemotherapy ~ CMF regimen 1
Gender CHQOP regimen 13
Male 0 (0) No. of cycles  2-4 3
Female 14 (100) 6 6
Primary site of lymphoma 8 4
Unilateral breast 12 (86) With Rituximab 3-8 7 (50)
Bilateral breast 2 (14) With IT-MTX 4 3(21)
Tumor size' RT
<5cm 9 (64) Field Involved breast + regional LNs 9 (64)
>5cm 5(36) Dose (breast) Median (Range) 40 (40-486)
Nodal involvement Dose (regional) 30 (30-32)
None 9 (64)
Axillary only 4 (29) CMF, cyclophosphamide, methotrexate, and fluorouracil; CHOP, cyclo-
Supraclavicular + axillary 1(7) phosphamide, doxerubicin, vincristine, and prednisone; RT, radiother-
ECOG Performance Status apy; IT-MTX, intrathecal administration of methotrexate; LNs, lymph
0 13 (93) nodes.
1 (7
LDH
glc;:/r:f; g % fgz RT. to the involvejd bregst was admi.nistered in nine
Ann Arbor stage patients (8 of 9 patients with stage IE disease and 1 of 4
IE 9 (64) with stage IIE disease) with total doses ranging between
IE 5 (36) 40 and 46 Gray (Gy) and to the regional lymph nodes
B symptoms (the axillary and the supraclavicular regions) with total
Absent 13(93)  doses ranging between 30 and 32 Gy. Intrathecal CNS
IPIPr esent 1O prophylaxis was given in three patients.
Low 12 (86)
Low-intermediate 1(7) Outcomes
High 1(7)

ECOG PS, Eastern Cooperative Oncology Group Performance status;
LDH, lactate dehydrogenase; IPI, International Prognostic Index.
"For bilateral cases, the diameter of the larger tumor is indicated.

IE and five with stage IIE disease. The median age of all
14 female patients was 57.5 years (range 24-69 years).
There were two patients who presented with bilateral
breast involvement at diagnosis. The median diameter of
the largest tumor was 4.5 cm, with five patients exhibit-
ing bulky disease. Regional nodal involvement was
observed in 36% of the patients.

Treatment

Table 2 shows the initial treatment regimens. There was
one patient who had undergone mastectomy and a regi-
men of cyclophosphamide, methotrexate, and fluoroura-
cil under the clinical diagnosis of breast cancer but was
later histopathologically diagnosed as having DLBCL.
The remaining 13 patients received CHOP with or with-
out RT. Rituximab was administered in seven patients.
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After the initial treatment, 13 patients (93%) showed a
complete response (CR) and one patient (7%) showed a
partial response (PR). With a median follow-up period
of 5.2 years, the estimated OS and PFS rates at 5 years
were 76% and 52%, respectively (Fig. 1). The median
PFS and OS were not reached at the time of analysis.

Prognostic factors

The presence of bulky disease adversely affected both
rates of OS and PFS (Fig. 2A and B, respectively). The
Ann Arbor stage and age were not predictive of either
OS or PFS (data not shown).

Relapse or progression

The details of patients with relapse or progression are
shown in Table 3. Among the 13 patients who achieved
CR after the initial treatment, six patients (43%)
relapsed. Patient 3 achieved PR but progressed within
3 months of completion of initial therapy. In total, 7 of
the 14 patients relapsed or progressed.

©® 2011 John Wiley & Sons A/S
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All five patients with bulky disease relapsed or pro-
gressed, whereas only 2 of 9 patients with tumors <5 cm
experienced relapse. Of the two patients with bilateral

Overall survival and progression—free survival
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Figure 1 Overall and progression-free survival for all 14 patients.
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breast involvement, one patient relapsed. The median
interval between the completion of the initial therapy
and relapse was 12 months. Relapse occurred more than
2 years after the completion of the initial therapy in two
patients, occurring in the axillary lymph nodes and the
CNS, respectively (Patients 5 and 6).

CNS involvement and CNS prophylaxis

There were four patients (29%) who had recurrence in
the CNS, including three mortalities because of progres-
sive disease. The CNS was the first site of relapse or pro-
gression in three patients (21%); it was the third relapse
site in the remaining patient. Two patients had CNS
relapse within 3 months after the initial therapy, and the
other two patients had CNS relapse more than 3 years
after the initial therapy. Half of the patients had paren-
chymal brain metastases, and half had leptomeningeal
involvement. In the five patients with bulky disease, 3
(60%) had CNS relapses. In patients with disease <
5 cm, one patient had (11%) progression into the CNS
as the third relapse site (Patient 1 in Table 3). There were
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Figure 2 Overall (A} and progression-free survival (B) by tumor size.
Table 3 Details of relapse or progression
Interval
Response  to relapse First site of
Patient Tumor Initial to initial or progression  relapse or Subsequent site(s) of relapse or
No. Stage size (cm) treatment treatment  (months)? progression progression Outcome
1 | <5 CHOP — RT CR 12 Hypodermis Hypodermis, CNS (parenchyma)  Alive
2 | <5 CHOP — RT CR 18 Cervical LNs, BM Multiple LNs Alive
3 | >5 CHOP — RT PR 3 Initial breast - Dead
4 | >5 R-CHOP - RT CR 3 CNS (parenchyma) - Dead
5 | >5 R-CHOP - RT CR 44 Axillary LNs - Alive
6 I >5 CHOP — RT CR 40 CNS (leptomeninges) - Dead
7 X >5 R-CHOP CR 2 CNS (leptomeninges)  Rectum, adrenal grand Dead

CHOP, cyclophosphamide, doxorubicin, vincristine, and prednisone; R, rituximab; RT, radiotherapy; CR, complete response; PR, partial response;
PD, progressive disease; CNS, central nervous system; LNs, lymph nodes; BM, bone marrow.

'Bilateral breast.
2Interval to relapse or progression after the completion of therapy.

© 2011 John Wiley & Sons A/S

-131 - 437



Bulky disease in primary breast lymphoma

no CNS recurrences in the three patients who received
CNS prophylaxis. However, 4 of 11 patients (36%) who
had not received CNS prophylaxis had CNS involve-
ment.

Relapse/Progression in the breast site and IF-RT

There was one progression in the ipsilateral breast. The
progression occurred in the initial breast site after PR
induced by the initial treatment. Radiotherapy was
administered after chemotherapy in nine patients. Within
the RT field, there was 1 progression after PR in the ini-
tially involved breast and 1 recurrence after CR in the
axillary lymph nodes in 30 Gy irradiated region 3.7 years
after the completion of RT (Patients 3 and 5 in Table 3);
both patients had bulky disease. In the remaining seven
patients who received RT, no relapses occurred within
the RT field or in the contralateral breast. On the other
hand, none of the eight patients who had not received
RT relapsed in the ipsilateral breast.

Immunochemotherapy

All the seven patients who received rituximab showed
CR, among them three relapses occurred: 2 in the CNS
and 1 in the axillary lymph nodes within the RT field.
All three patients with bulky disease who received ritux-
imab relapsed. On the other hand, all four patients with
<5 cm bulk who received rituximab maintained a CR.
Addition of rituximab to chemotherapy did not have any
prognostic significance on either OS or PFS (data not
shown).

Discussion

Some studies have suggested that PBL portends a poorer
prognosis than aggressive nodal NHL, with a 5-year
survival rate ranging from 61% to 73% in recent larger
series (11, 12). In the present study, the estimated S-year
OS and PFS rates were 69% and 36%, respectively. Our
results were similar to those previously reported (11, 12).
Furthermore, most patients (13/14 patients, 93%) had a
CR, although seven patients (50%) relapsed. The median
interval between the completion of the initial therapy
and relapse was 12 months, with two patients relapsing
more than 2 years later. A high proportion of relapses
despite the high CR rate might contribute to poor prog-
nosis in PBL patients. Therefore, improvement in risk
stratification of patients and tailoring initial treatment
regimens to such may lead to better outcomes in PBL by
reducing the rate of relapse.

We found that if the maximum tumor diameter at
diagnosis was above 5 cm, there was a negative prognos-
tic impact on OS and PFS. It is noteworthy that all of
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the patients with bulky disease relapsed or progressed.
Patients with bulky disease comprised 3 of the 4 patients
with CNS involvement and one patient with ipsilateral
breast progression. Prognostic factors such as age (7,
28), IPI (2, 18, 21), PS (11, 21, 29), stage (2, 7, 13, 21),
LDH (21, 29), tumor size (2, 18, 30), and the number of
extranodal sites (11) have been shown to predict out-
comes in patients with PBL.

We observed four CNS relapses in 14 patients. The
higher incidence of CNS involvement (4/14 patients,
29%) in our study when compared to previous studies
(5, 11-13, 16-22) may reflect bias because of the small
sample size. Some retrospective studies have reported a
high incidence (ranging from 12% to 39%) of CNS
relapse in patients with DLBCL of the breast (5, 13, 17,
19, 21, 22). In contrast, The International Extranodal
Lymphoma Study Group (IELSG) and Stanford Univer-
sity reported only 5% and 3% rates of CNS relapse,
respectively (12, 29); however, 38% of the patients in the
latter study were diagnosed as having low-grade B-cell
lymphomas. Therefore, they suggested that CNS prophy-
laxis did not appear to be routinely indicated (12, 29).
However, the risk of CNS relapse and the efficacy of
CNS prophylaxis have not yet been clearly defined.
Although the eligibility criteria of our study was limited
to patients with localized disease, our study showed a rel-
atively high incidence of CNS relapse (4/14 patients,
29%), which was similar to as that in the previous
report; that is 30% of patients with early stage PBL (22).
In DLBCL patients, the high levels of LDH and the
high-risk group according to the IPI were the predictors
for CNS involvement (31). However, these populations
were very small in our study. On the other hand, when
viewed in the tumor diameter, there was a higher risk of
CNS relapse in patients with bulky disease (> 5 cm) (3/5
patients, 60%), whereas only 1 of the 9 patients with
<5 cm disease had CNS involvement, and as the third
site of relapse. Therefore, this may imply that tumor size
is an important risk factor for CNS involvement. Addi-
tionally, the higher rate of CNS relapse (4/11 patients,
36%) in patients who did not receive CNS prophylaxis,
in contrast to no CNS relapses in patients who did
receive CNS prophylaxis, suggests that CNS prophylaxis
is beneficial although the number of patients was small.

In our study, two patients had CNS relapse within
3 months after the initial therapy. We cannot deny the
possibility of initial CNS involvement at the time of
diagnosis because the patients who were analyzed in the
current study had not undergone the examination of the
cerebrospinal fluid before the treatment was instituted.
On the contrary, the other two patients had CNS relapse
more than 3 years after the initial therapy. There is
another possibility that CNS relapse after durable CR
resulted from a secondary CNS lymphoma because the
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recent analysis of the complementarity-determining
region 3 of the immunoglobulin heavy chain revealed
that the lymphoma clone in CNS was different from that
of the original breast lymphoma in one patient (32).

Although a high relapse rate in the ipsilateral breast
has been reported in a number of retrospective studies
(13, 21), the IELSG study showed that the rate of ipsilat-
eral progression was substantially reduced by the use of
RT, which might have contributed to an improvement in
outcomes in patients with localized high-grade PBL (12).
In our study, among the nine patients who received RT,
there was one progression and one relapse observed
within the RT field. The patient who progressed had
only a PR after the initial course of chemotherapy fol-
lowed by radiotherapy, and the tumor that relapsed in
the axilla was in 30 Gy irradiated region. The remaining
seven patients had no relapses within the RT field. In
addition, patients who either progressed or relapsed
within the RT field had bulky disease. Although a high
rate of relapse in the contralateral breast has been previ-
ously reported (5, 12, 17, 22), there were no instances of
contralateral breast relapse in this study.

Finally, rituximab plus CHOP (R-CHOP) has become
the standard chemotherapy regimen for DLBCL. The
studies that analyzed outcomes in PBL showed that there
was no improvement even when rituximab was added to
CHOP (18, 20). In the present study, we administered
R-CHOP to seven patients. All the patients with bulky
disease treated with rituximab relapsed, but their coun-
terparts with tumors <5 cm did not. This might suggest
that the patients with bulky disease have a poorer prog-
nosis even in the rituximab era. Additionally, 2 of the 7
patients (29%) treated with rituximab experienced CNS
relapse. These results may indicate that CNS prophylaxis
reduces the probability of relapse and improves out-
comes in the rituximab era.

In conclusion, our study delineated the clinicopatho-
logic features of primary DLBCL of the breast. Most
patients achieved a CR, although they relapsed at a high
rate with some patients experiencing late relapses. Patients
with bulky disease demonstrated a poor prognosis. A high
rate of CNS relapses in patients with PBL suggests that
CNS prophylaxis might yield better outcomes, especially
in patients with bulky tumors >5 cm. However, given the
small number of patients in this study, a larger scale, pro-
spective trial is needed to elucidate the optimal treatment
strategy for PBL, especially in the rituximab era.
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Central nervous system (CNS) events, including CNS relapse and
progression to CNS, are known to be serious complications in the
clinical course of patients with lymphoma. This study aimed to
evaluate the risk of CNS events in patients with diffuse large B-cell
lymphoma in the rituximab era. We performed a retrospective
survey of Japanese patients diagnosed with diffuse large B-cell
lymphoma who underwent primary therapy with R-CHOP chemo-
immunotherapy between September 2003 and December 2006.
Patients who had received any prophylactic CNS treatment were
excluded. Clinical data from 1221 patients were collected from 47
institutions. The median age of patients was 64 years (range,
15-91 years). We noted 82 CNS events (6.7%) and the cumulative
5-year probability of CNS events was 8.4%. Patients with a CNS
event demonstrated significantly worse overall survival
(P < 0.001). The 2-year overall survival rate after a CNS event was
27.1%. In a multivariate analysis, involvement of breast (relative
risk [RR] 10.5), adrenal gland (RR 4.6) and bone (RR 2.0) were iden-
tified as independent risk factors for CNS events. We conclude that
patients with these risk factors, in addition to patients with testic-
ular involvement in whom CNS prophylaxis has been already justi-
fied, are at high risk for CNS events in the rituximab era. The
efficacy and manner of CNS prophylaxis in patients for each
involvement site should be evaluated further. (Cancer Sci 2012;
103: 245-251)

T he central nervous system (CNS) is thought to be a sanctu-
ary for lymphoma cells from systemic chemoimmunothera-
py, such as rituximab (R) plus CHOP (cyclophosphamide
[CPA], doxorubicin [adriamycin, ADR], vincristine [VCR] and
prednisolone [PSL]), because standard doses of these drugs do
not adequately penetrate the CNS. Occurrence of a CNS event,
defined as CNS relapse during systemic complete remission or
CNS progression during concurrent systemic active lymphoma,
is associated with extremely poor prognosis, with median sur-
vival of <6 months.”'® Many studies concerning CNS prophy-
laxis have been conducted; however, the efficacy of such
prophylaxis in preventing CNS events is controversial.®"’~'?
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The discrepancies between reports might be due to the differ-
ences in the various subtypes of lymphoma histology and the
variability of treatment of CNS prophylaxis.”'*™'® In addition, R
has had a substantial impact on outcomes in patients with dif-
fuse large B-cell lymphoma (DLBCL)."" It is thus necessary to
re-evaluate the risk of CNS events in the R era.

The present study comprises a multicenter retrospective analy-
sis of patients with uniform DLBCL histology who have
undergone uniform treatment with R-CHOP, widely accepted as
the standard therapy in the R era. Patients who received any
CNS prophylactic treatment, such as intrathecal chemotherapy,
intraveneous high-dose methotrexate or whole brain irradiation,
were excluded to evaluate the natural risk of CNS events
in R-CHOP therapy. This study also took particular note of the
evaluation of various extranodal involvement sites at presentation.

Materials and Methods

Patients, diagnosis, treatment and inclusion/exclusion
criteria. In October 2009, the Bay-area Lymphoma Information
Network (Bay-LINK) in Japan, a cooperative study group con-
sisting of the Cancer Institute of the Japanese Foundation for
Cancer Research and the Yokohama City University Hematol-
ogy Group, performed a mail and e-mail survey about CNS
involvement in patients with DLBCL. By June 2010, all clinical
data had been collected by Bay-LINK.

All patients had been diagnosed with de novo DLBCL and
had undergone primary therapy between September 2003 and
December 2006. R was approved for the treatment of CD20-
positive aggressive B-cell lymphoma in Japan in September
2003 by the Ministry of Health, Labour and Welfare. Patients
with distinct forms of DLBCL, such as intravascular lymphoma,
primary effusion lymphoma and primary mediastinal large B-
cell lymphoma, were excluded from the study. Primary CNS
lymphoma and intraocular lymphoma were also excluded in this
study. Pathological diagnosis was made by the pathologists in

25To whom correspondence should be addressed.
E-mail: cavalier@ch-yamate.dlenet.com

Cancer Sci | February 2012 | vol. 103 | no.2 | 245-251

-135 -



