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Defucosylated Anti-CCR4 Monoclonal Antibody
(KW-0761) for Relapsed Adult T-Cell Leukemia-Lymphoma:
A Multicenter Phase II Study

Takashi Ishida, Tatsuro Joh, Naokuni Uike, Kazuhito Yamamoto, Atae Utsunomiya, Shinichiro Yoshida,
Yoshio Saburi, Toshihiro Miyamoto, Shigeki Takemoto, Hitoshi Suzushima, Kunihiro Tsukasaki,

Kisato Nosaka, Hiroshi Fujiwara, Kenji Ishitsuka, Hiroshi Inagaki, Michinori Ogura, Shiro Akinaga,
Masao Tomonaga, Kensei Tobinai, and Ryuzo Ueda

Purpose

AdSIt T-cell leukemia-lymphoma (ATL) is usually resistant to conventional chemotherapies, and
there are few other treatment options. Because CC chemokine receptor 4 (CCR4) is expressed on
tumor cells from most patients with ATL, KW-0761, a humanized anti-CCR4 monoclonal antibody,
which markedly enhances antibody-dependent cellular cytotoxicity, was evaluated in the treat-
ment of patients with relapsed ATL.

Patients and Methods

A multicenter phase Il study of KW-0761 for patients with relapsed, aggressive CCR4-positive ATL
was conducted to evaluate efficacy, pharmacokinetic profile, and safety. The primary end point
was overall response rate, and secondary end points included progression-free and overall survival
from the first dose of KW-0761. Patients received intravenous infusions of KW-0761 once per
week for 8 weeks at a dose of 1.0 mg/kg.

Results

Of 28 patients enrolled onto the study, 27 received at least one infusion of KW-0761. Objective
responses were noted in 13 of 26 evaluable patients, including eight complete responses, with an
overall response rate of 50% (95% Cl, 30% to 70%). Median progression-free and overall survival
were 5.2 and 13.7 months, respectively. The mean half-life period after the eighth infusion was
422 = 147 hours (= standard deviation). The most common adverse events were infusion
reactions (89%) and skin rashes (63%), which were manageable and reversible in all cases.

Conclusion

KW-0761 demonstrated clinically meaningful antitumor activity in patients with relapsed ATL, with
an acceptable toxicity profile. Further investigation of KW-0761 for treatment of ATL and other
T-cell neoplasms is warranted.

J Clin Oncol 30:837-842. © 2012 by American Society of Clinical Oncology

poside, carboplatin, and prednisone), resulted in
median progression-free (PFS) and overall sur-

Adult T-cell leukemia-lymphoma (ATL) is an ag-
gressive peripheral T-cell neoplasm caused by hu-
man T-cell lymphotropic virus type I. The disease
is resistant to conventional chemotherapeutic
agents, and there currently exist limited treatment
options; thus, it has a poor prognosis.'™ A recent
phase TII trial for previously untreated patients
with aggressive ATL (acute, lymphoma, or unfa-
vorable chronic type) age 33 to 69 years demon-
strated that a dose-intensified multidrug regimen,
VCAP-AMP-VECP (vincristine, cyclophospha-
mide, doxorubicin, and prednisone; doxorubicin,
ranimustine, and prednisone; and vindesine, eto-

-59.

vival (OS) of 7.0 and 12.7 months, respectively.®
This remains unsatisfactory compared with re-
sponses in other hematologic malignancies. Allo-
geneic hematopoietic stem-cell transplantation
has evolved into a potential approach to treating
patients with ATL over the last decade. However,
only a small fraction of patients with ATL have the
opportunity to benefit from transplantation, such
as those who are younger, have achieved sufficient
disease control, and have an appropriate stem-cell
source.®” Therefore, the development of alterna-
tive treatment strategies for patients with ATL is
an urgent issue.

© 2012 by American Society of Clinical Oncology ~ 837
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Because CC chemokine receptor 4 (CCR4) is expressed on
tumor cells from most patients with ATL,*® we postulated that it
might represent a novel molecular target for immunotherapy.
Accordingly, KW-0761, a next-generation humanized anti-CCR4
immunoglobulin G1 (IgG1) monoclonal antibody (mAb) with a
defucosylated Fc region, which markedly enhances antibody-
dependent cellular cytotoxicity (ADCC), was developed.'®!! We
demonstrated that robust ADCC by the defucosylated anti-CCR4
mAb against primary tumor cells from patients with ATL mediated
by autologous effector cells was triggered both in vitro and in a
humanized mouse model in vivo."'"*? These promising preclinical
results prompted us to conduct a phase I clinical trial of KW-0761
for patients with relapsed CCR4-positive peripheral T-cell lym-
phoma (PTCL), including ATL. This study demonstrated good
tolerability, predictable pharmacokinetics, and preliminary evi-
dence of potent antitumor activity and resulted in a recommended
dose of 1.0 mg/kg for subsequent clinical trials.'* Herein, we report
the results of a multicenter phase II study designed to assess the
efficacy, pharmacokinetic profile, and safety of KW-0761 mono-
therapy in patients with relapsed CCR4-positive aggressive ATL.

Patients
Patients 20 years of age or older with CCR4-positive aggressive ATL

(acute, lymphoma, or unfavorable chronic type)’* who had relapsed after at

least one prior chemotherapy regimen were eligible. The unfavorable chronic
type of ATL was defined by the presence of at least one of the following three
factors: low serum albumin, high lactate dehydrogenase, or high blood urea
nitrogen concentration.” CCR4 expression was determined by immunohisto-
chemistry or flow cytometry using a mouse anti-CCR4 mAb (KM2160)>**
and confirmed by a central review committee. All patients were required to
have an Eastern Cooperative Oncology Group performance status of 0 to 2.
Eligibility criteria also included the following laboratory values: absolute neu-
trophil count = 1500/uL, platelet count = 50,000/uL, hemoglobin = 8.0
g/dL, AST = 2.5 X the upper limit of the normal range (UNL), ALT [lteuq]
2.5 X UNL, total bilirubin = 1.5 X UNL, serum creatinine =< 1.5 X UNL,
corrected serum calcium = 11.0 mg/dL, and arterial partial oxygen pressure
= 65 mmHg or arterial blood oxygen saturation = 93%. Patients were ex-
cluded if they had an active infection, a history of organ transplantation, active
concurrent cancers, CNS involvement, a bulky mass requiring emergent ra-
diotherapy, or seropositivity for hepatitis B virus antigen, hepatitis C virus
antibody, or HIV antibody.

Study Design

This study was a multicenter, single-arm, phase II trial. Objectives of the
study were to evaluate the efficacy, pharmacokinetic profile, and safety of
KW-0761 monotherapy. Patients received intravenous infusions of KW-0761
once per week for 8 weeks at a dose of 1.0 mg/kg.'* Oral antihistamine and
acetaminophen were administered before each KW-0761 infusion to prevent
infusion reactions. The primary end point was overall response rate (ORR),
and secondary end points included the best response by disease site, PFS, and
OS. Objective responses were assessed after the fourth and eighth infusions of
KW-0761 by an independent efficacy assessment committee according to the
modified response criteria for ATL.* It was estimated that 25 patients would be
required to detect a lower limit of the 95% CI exceeding the 5% threshold of
ORR based on the assumptions that the minimum required ORR for a new
drug for relapsed, aggressive ATL s 5%, with an expected ORR for KW-0761
0f 30%"* with 90% power. Adverse events (AEs) were graded according to the
National Cancer Institute Common Terminology Criteria for AEs, version 3.0.
The presence of human anti-KW-0761 antibodies in the patients’ plasma was
examined using enzyme-linked immunosorbent assay. Blood samples col-

838 © 2012 by American Society of Clinical Oncology

lected at times strictly in accordance with the protocol were employed for the
pharmacokinetic analysis. Samples were obtained from patients who had
received at least one dose of KW-0761 up to all eight doses. When any event
resulted in an alteration in the infusion protocol, only those samples taken
before the alteration were used for the analysis. The following parameters were
calculated for plasma KW-0761: maximum drug concentration and trough
drug concentration of each KW-0761 administration, area under the blood
concentration time curve from 0 to 7 days after the first and eighth doses, and
half-life period (t, ,) after the eighth dose. As an additional research parameter,
we investigated blood T-cell subset distribution during and after KW-0761
treatment and compared these values with those of 10 healthy donors as
controls (five men, five women; median age, 45 years; range, 41 to 57 years).

Statistical Analysis

Survival estimates were calculated using the Kaplan-Meier method. PFS
was defined as the time from the first dose of KW-0761 to progression, relapse,
or death resulting from any cause, whichever occurred first. OS was measured
from the day of the first dose to death resulting from any cause. Regarding
T-cell subset analysis, differences between the patients’ values before KW-0761
treatment and those of the controls were examined using the Mann-Whitney
U-test. Differences between KW-0761 pretreatment values and those at each
time point after KW-0761 treatment were examined using the Wilcoxon
signed-rank test. All analyses were performed with SPSS Statistics 17.0 (SPSS,
Chicago, IL). In this study, P < .05 was considered significant.

Study Oversight

The study was sponsored by Kyowa Hakko Kirin Company (Tokyo,
Japan). The academic investigators and the sponsor were jointly responsible
for the study design. The protocol was approved by the institutional review
board at each participating site, and all patients and controls provided written
informed consent before enrollment according to the Declaration of Helsinki.

Patients

Of the 28 patients enrolled onto the study, 27 (12 men, 15
women) received at least one infusion of KW-0761. One patient was
withdrawn for aggravation of the general condition before the admin-
istration of KW-0761. Demographics and clinical characteristics of the
27 patients are summarized in Table 1. Median age was 64 years
(range, 49 to 83). The disease subtypes included 14 acute, six lym-
phoma, and seven unfavorable chronic type ATL. Of these 27 patients,
14 (52%) completed the schedule of eight planned infusions. Of the
remaining 13 patients, 11 (41%) discontinued treatment because of
disease progression, one (4%} because of skin rash, and another (4%)
because of concurrent colon cancer, for which this patient was ex-
cluded from the efficacy evaluation.

Efficacy of KW-0761

Of 26 patients evaluable for efficacy, objective responses were
noted in 13 patients (ORR, 50%; 95% CI, 30% to 70%), including
eight complete responses (CRs). Responses according to disease site
were 100% (13 of 13; all CRs) for blood, 63% (five of eight) for skin,
and 25% (three of 12) for nodal and extranodal lesions. Responses
according to disease subtype were 43% (six of 14) for acute, 33% (two
of six) for lymphoma, and 83% (five of six) for unfavorable chronic
type ATL. Responses according to number of prior chemotherapy
regimens were 48% (10 of 21) in those who had one prior regimen and
60% (three of five) for those who had two or three prior regimens.
Median PFS and OS were 5.2 and 13.7 months, respectively (Figs
1A, 1B).
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Table 1. Patient Demographics and Clinical Characteristics (n = 27)*
Characteristic No. %
Age, years
Median 64
Range 49-83
= 65 13 48
Sex
Male 12 44
Female 15 56
ECOG performance statust
0 15 56
1 7 26
2 5 19
Disease subtype
Acute 14 52
Lymphoma 6 22
Chronic 7 26
Prior chemotherapy regimens, No.
1 22 82
2 ) 3 11
3 2 7
Abbreviation: ECOG, Eastern Cooperative Oncology Group.
*Of 28 patients enrolled, 27 received at least one infusion of KW-0761.
TECOG performance status scores range from O (normal activity) to 5
(death), with higher scores indicating more severe disability.

Pharmacokinetics

KW-0761 plasma concentrations over eight infusions, once per
week, at 1.0 mg/kg are shown in Figure 2. Mean maximum drug
concentration and trough drug concentration (= standard deviation)
of the eighth infusion were 42.9 * 14.2 pg/mL and 33.6 = 10.6
pg/mlL, respectively. Mean area under the blood concentration time
curve from 0 to 7 days after the eighth infusion was 6,297 = 1,812
u1g X hours/mL. The mean t,,, after the eighth infusion was 422 +
147 hours.

AEs

Table 2 lists AEs that occurred in at least 15% of patients or at
grades 3 to 4, which were determined as possibly, probably, or defi-
nitely KW-0761 related. The most common nonhematologic AE was
an infusion reaction (89%). In addition, 80% or more of the following
recorded AFEs occurred along with an infusion reaction: fever, chills,
tachycardia, hypertension, nausea, and hypoxemia (Table 2). These
events occurred primarily at the first infusion, becoming less frequent
with subsequent treatments. The infusion reactions and component
events were transient, and all patients recovered, although some
needed systemic steroids. Skin rashes were observed as another fre-
quent nonhematologic AE (639%), mostly occurring after the fourth or
subsequent infusions. Of the 14 patients who developed grade 2 or
higher skin rashes, objective responses were noted in 13 patients
(93%), including eight CRs. On the other hand, of the 12 patients who
developed no or grade 1 skin rashes, no objective responses were
observed. A typical clinical course of the rash is depicted in Appendix
Figures A1A and A1B (online only). The skin rash observed in this
patient appeared after the seventh infusion, and the corresponding
skin biopsy revealed mild perivascular CD8-positive cells dominating
an inflammatory reaction, with an absence of ATL cells. The skin rash
recovered on application of topical steroid. Of the 17 patients who

www.jco.org
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Fig 1. Kaplan-Meier curves of estimated {A) progression-free survival (PFS;
median, 5.2 months) and (B) overall survival (OS; median, 13.7 months).

developed skin rashes, one developed Stevens-Johnson syndrome,
which was determined as possibly KW-0761 related, although that
patient also received trimethoprim/sulfamethoxazole, fluconazole,
and acyclovir for prevention of infection according to the protocol.
This patient stopped those preventive agents and was treated with
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Fig 2. Pharmacokinetics of KW-0761. Mean KW-0761 plasma concentrations
during and after 1.0 mg/kg KW-0761 infusions once per week for 8 weeks. Bar
indicates upper limit of standard deviation.
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Table 2. Adverse Events (n = 27)"

Infusion Reaction

Grade (No. of Related
patients) All Grades (No. of patients)
No. of All
Adverse Event 1 2 3 4 Patients % Grades = Grade 2
Nonhematologic .

Infusion reaction 122 1.0 24 89
Fever 200200 22 82 18 2
Rash 395 0 17 63 1 0
Chills 14 200 16 59 16 2
ALT 542 0 11 41
AST 3 520 10 37
Tachycardia 9. 00 0O 933 9 0
Hypertension 6.20 0 8 30 8 1
Albuminemia 71050 8 30
ALP 4200 S 22
Weight gain § 00 0 =5 19
Nausea 4100 5 19 5 1
Hyponatremia 500 0 5 19
Hypoxemia 0 23 .0 5 19 4 4
Hypotension 2200 4 15 3 1
Pruritus 0310 4 15
yGTP 013 0 4 15
Hypophosphatemia 0 40 0 4 15
Hyperuricemia 4000 4 15
Hypercalcemia 1101 3 11
Hypokalemia 102 073 11
Erythema multiformet 00 1 0 1 4
Hyperglycemia 0.0 1.0 1 4
Tumor lysis syndrome 0 010 1 4

Metabolic/laboratory, ;
-~ b2

otherf 4.7 30 14
Hematologic
Lymphopenia8 o 69 11 26 96
Leukocytopenia 3 78 0 18 67
Thrombocytopenia 7 23 2 14 52
Neutropenia 5 45 0 14 52
Hemoglobin 4 31 0 8 30

Abbreviations: ALP, alkaline phosphatase; BUN, blood urea nitrogen; CRP,
C-reactive protein; GTP, glutamyl transpeptidase.

*Of 28 pstients enrolled, 27 received at least one infusion of KW-0761.
Listed are adverse events determined as possibly, probably, or definitely
KW-0761 related that occurred in at least 15% of patients or were of grade 3
1o 4 severity.

TOne patient diagnosed as having Stevens-Johnson syndrome.

$Other metabolic and laboratory test abnormalities included hypoproteine-
mia, BUN elevation, CRP, glycosuria, hypochloremia, and hyperammoniemia.

§Lymphopenia included decrease of abnormal lymphocytes.

systemic steroids, but improvement required the passage of 4 months.
Lymphopenia, including a decrease in the number of ATL cells, oc-
curred in 26 (96%) of the 27 patients. Grades 3 to 4 thrombocytopenia
was observed in five patients (19%) but was not associated with bleed-
ing, and grade 3 neutropenia also occurred in five patients but did not
lead to a febrile episode. The latter two hematologic AEs improved in
all patients. None of the patients developed detectable anti-KW-
0761 antibody.

T-Cell Subset Analysis

The numbers of circulating blood CD4+ CCR4+, CD4+
CD25+ FOXP3+, CD4+ CCR4—, and CD4— CD8+ cells from

840 © 2012 by American Society of Clinical Oncology

KW-0761-treated patients and those from the 10 controls are pre-
sented as box and whisker plots in each graph (Appendix Figs A2A to
A2D, online only). The numbers of CD4+ CCR4+ and CD4+
CD25+ FOXP3+ cells in patients with ATL before treatment were
significantly higher than those in the controls but were significantly
reduced after the first KW-0761 infusion. The reduction lasted for at
least 4 months after the eighth infusion (Appendix Figs A2A, A2B;
online only). The numbers of CD4+ CCR4—, and CD4— CD8+ cells
in patients with untreated ATL were significantly lower than those in
the controls. KW-0761 treatment led to a transient further reduction
of those cells; however, recovery took place by the fifth infusion (Ap-
pendix Figs A2C, A2D; online only).

In the present multicenter phase II study, KW-0761 monotherapy
demonstrated significant responses in patients with relapsed ATL with
an acceptable toxicity profile. An ORR of 50% and median PFS and
OS values of 5.2 and 13.7 months, respectively, were observed. Because
the lower limit for an ORR with a 95% CI was 30%, this study met the
primary end point. These results suggest an improvement over what
has been achieved with other agents in relapsed ATL."® Cladribine was
associated with an ORR of 7% (one of 15 patients),’® and irinotecan
hydrochloride treatment had an ORR of 38% (five of 13 patients) with
amedian duration of response of 31 days.'” Antiviral therapy consist-
ing of a combination of zidovudine and interferon, which has been
proposed as a standard first-line therapy in leukemic subtypes of
ATL,'® was initially reported as having a median OS of 3.0 months in
19 patients with acute or lymphoma type ATL." In addition, White et
al*® reported three objective responses lasting longer than 1 month
with zidovudine plus interferon in 18 patients with ATL, of whom 15
had received prior therapy. Those observations collectively suggest
that KW-0761 may offer an advantage over or provide an additional
therapeutic option to the currently available therapy for relapsed ATL,
although there were no direct comparisons.

On examining the results of ATL treatment according to disease
site, disease in blood seemed to be more sensitive to KW-0761 than at
other disease sites. Currently, we are unable to fully explain this differ-
ence; however, factors such as the KW-0761 delivery or the amount of
ADCC effector cells such as natural killer (NK) cells and monocytes/
macrophages in each disease site may be important.

Pharmacokinetic analyses demonstrated that the t,,, after the
eighth administration of KW-0761 was nearly the same as that of
circulating endogenous human IgG1, indicating good stability of this
antibody in vivo. In addition, no anti-KW-0761 antibody was de-
tected, suggesting that the antigenicity of this novel defucosylated
mAb is not likely to be a problem clinically, consistent with findings in
our preceding phase I study.*

The infusion reactions observed in the present study may also
provide novel insights into problems associated with antibody ther-
apy. It is generally recognized that complement plays a major role in
infusion reactions,” but this mechanism cannot apply to KW-0761,
because the agent is unable to mediate complement-dependent cyto-
toxicity.!! Therefore, the infusion reactions observed here may have a
different mechanism compared with those of other antibody thera-
pies, such as rituximab. KW-0761 has a defucosylated Fc region, which
markedly enhances ADCC because of increased binding affinity to the
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Fcy receptor on effector cells. Defucosylated IgG1 is a more potent
activator of NK cells than nondefucosylated IgG1 during ADCC.>* We
surmise that the infusion reactions to KW-0761 were mainly induced
by cytokines and related cytotoxic molecules released from highly
activated NK cells.

The present study demonstrated that compared with the levelsin
the controls, KW-0761 led to a significant and lasting decrease in the
number of CD4+ CCR4+ but not CD4+ CCR4— or CD4— CD8+
cells in patients with ATL. Consistent with the fact that CCR4 is
expressed not only on T-helper type 2 cells but also on regulatory T
(Treg) cells,”>* KW-0761 treatment also resulted in a significant and
lasting decrease in CD4+ CD25+ FOXP3+ cells, including both ATL
cells and endogenous non-ATL Treg cells.”” "> Reduction or suppres-
sion of Treg cells is expected to be a potentially promising strategy for
boosting antitumor immunity in patients with cancer, as-observed in
studies with ipilimumab,’* although ipilimumab and KW-0761
have different targets; the former suppresses Treg cell function, and
the latter decreases their number. Hence, KW-0761 could also lead to
activation of antitumor immunity, which might also contribute to its
potent anti-ATL response. Because ipilimumab causes immune-
related AEs such as diarrhea and colitis, we were especially vigilant in
monitoring for this type of AE. Because CCR4 contributes to lympho-
cyte skin-specific homing,>* it was not surprising that skin rashes,
which could be an immune-related AE, were frequently observed in
the present KW-0761 study. Skin rashes, including the most severe
case of Stevens-Johnson syndrome, the causal association of which
with concomitant medications other than KW-0761 could not be
excluded, proved to be manageable, and patients improved in all cases,
although some needed systemic or topical steroid treatment. The
observed better responses to KW-0761 in patients with grade 2 or
higher skin rashes were highly impressive. However, the underlying
mechanisms for this finding are not clear; thus, further detailed inves-
tigation is warranted. All of the 14 patients who developed grade 2 or
higher skin rashes received five or more KW-0761 infusions according
to the protocol, whereas only three of the 12 patients who developed
no or grade 1 skin rashes received five or more KW-0761 infusions.
This suggests the possibility that skin rashes were associated with the
number of KW-0761 infusions. The Cochran-Mantel-Haenszel test
stratified by the number of KW-0761 infusions (= four v = five)
indicated a significant association between clinical response and skin
rashes (no or grade 1 v grades 2 to 4; P = .009). However, the sample
size is insufficient to draw such a conclusion.

Following on a phase I1T study (JCOG9801 [Japan Clinical On-
cology Group 9801]) for untreated aggressive ATL,> the present
promising results for KW-0761 monotherapy prompted us to
conduct a subsequent randomized trial of VCAP-AMP-VECP chem-
otherapy with or without KW-0761 for previously untreated ATL
(Clinicaltrials.gov: NCT01173887). CCR4 is also expressed on tumor
cells from a subgroup of PTCL other than ATL, which also has an
unfavorable prognosis.>*>*® Thus, we are currently conducting a
phase II study of KW-0761 monotherapy for relapsed CCR4-positive
PTCL (Clinicaltrials.gov:NCT01192984). In addition, Duvic et al*’
recently reported a phase I/II study of KW-0761 for refractory cutane-
ous T-cell lymphoma. They found that KW-0761 was well tolerated at
doses of 0.1 to 1.0 mg/kg, and a promising ORR of 39% (15 of 38
patients) was achieved, although expression of CCR4 on lymphoma
cells was not included as one of the eligibility criteria (Clinicaltrials-
.gov: NCT00888927). Furthermore, clinical trials of KW-0761 for

WWW.jco.org

patients with Hodgkin’s lymphoma may be worth trying, because it
has been reported that Hodgkin’s lymphoma tumor cells produce
CCR4 ligand molecules, and migratory CCR4-expressing Treg cells
prevent a host immune attack on tumor cells, thereby creating an
immunologically favorable environment for the tumor cells.*®

Although this phase II study offers a novel promising treatment
option (KW-0761) for patients with relapsed ATL, some limitations
should be discussed. First, the present phase II study was relatively
small, with consequent limitations on drawing definitive conclusions
about the efficacy and safety profile of KW-0761. Second, patients re-
ceived different prior systemic chemotherapy regimens, which could af-
fect the results of the present study. Finally, the enrolled patients all had
aggressive ATL, but three clinical subtypes (acute, lymphoma, and
unfavorable chronic type) were included. Although there may be no
significant differences in susceptibility to conventional chemothera-
pies between these subtypes, the heterogeneity of the enrolled patients
might have affected the results.

In conclusion, this multicenter phase II study demonstrated that
KW-0761 monotherapy showed clinically meaningful antitumor ac-
tivity in patients with relapsed ATL, with an acceptable toxicity profile.
Further investigation of KW-0761 for ATL and other T-cell neoplasms
is warranted on the basis of the present results.
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Abstract Primary gastric diffuse large B cell lymphoma
(PG-DLBCL) is common subtype of extranodal non-
Hodgkin lymphoma. The optimal treatment strategy for
PG-DLBCL in the rituximab era still remains unknown.
To evaluate clinical outcomes of PG-DLBCL in the
rituximab era, we conducted a retrospective, multicenter
analysis of 95 patients with PG-DLBCL. In 58 patients
with localized disease, 3-year progression-free survival
(PFS) and overall survival (OS) were 91% and 91% for
patients with six cycles of rituximab plus CHOP (R-
CHOP) and 92% and 95% for patients with three to
four cycles of R-CHOP plus radiotherapy (Log-rank
test, P=0.595 and P=0.278, respectively). In 37 patients
with advanced disease, 3-year PFS and 3-year OS were
43% and 64% for patients with R-CHOP chemotherapy
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with or without radiotherapy. On multivariate analysis,
advanced stage and eclevated serum LDH levels were
independent predictors of survival in patients with PG-
DLBCL. One patient with localized disease relapsed in
lymph node, and eight patients with advanced discase
relapsed in lymph node (n=3), stomach (n=2), central
nervous system (CNS; n=2), and duodenum (n=1).
Intriguingly, CNS relapse developed within 6 months after
initial series of treatment (4.9 and 5.8 months, respective-
ly), and stomach relapse developed in later phase (27.2
and 32.9 months, respectively). Clinical outcomes of PG-
DLBCL were extremely favorable for localized-stage
patients in the rituximab era, although these might be
poor for advanced-stage patients even in the rituximab era.
Further prospective analyses are warranted.
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Introduction

Primary gastric diffuse large B cell lymphoma (PG-
DLBCL) is the most common histologic type of
extranodal non-Hodgkin lymphoma [1]. Regarding initial
treatment for this condition, various modalities have long
been used, including surgery, chemotherapy, and radio-
therapy, either alone or in combination [2]. In a randomized
controlled trial in patients with localized-stage PG-DLBCL,
chemotherapy alone had a 90% cure rate, and 10-year overall
survival was equivalent to that of surgery plus chemotherapy
[3] while, in a subsequent prospective study in patients with
localized-stage PG-DLBCL, chemotherapy followed by ra-
diotherapy was shown to be highly effective [4]. These resuits
lead to the replacement of surgical resection with more
stomach-preserving therapy and chemotherapy followed by
radiotherapy is commonly used treatment in localized disease.
Nevertheless, it remains unclear whether optimal treatment is
provided by chemotherapy alone or chemotherapy followed
by radiotherapy [5].

With regard to advanced-stage PG-DLBCL, a prospec-
tive study by the Groupe d’Etude des Lymphomes de
U’Adult (GELA) showed that gastrointestinal lymphomas
behaved similarly to nodal lymphomas in patients treated
with chemotherapy alone [6]. Since the appearance of this
study, patients with advanced-stage PG-DLBCL have been
mainly treated with chemotherapy alone because of the
effectiveness and feasibility [1, 7].

The advent of rituximab, a chimeric anti-CD20
monoclonal antibody, has changed clinical treatment for
DLBCL. A number of randomized clinical trials, con-
ducted mainly for advanced-stage DLBCL, have shown
that the addition of rituximab to cyclophosphamide,
doxorubicin, vincristine, and prednisolone (CHOP) che-
motherapy provides superior survival to CHOP chemo-
therapy alone [8, 9], and this combination has achieved
consensus as the standard treatment especially in patients
with advanced-stage DLBCL.

In PG-DLBCL, prospective analyses have been reported
mainly in patients with localized disease treated with
rituximab plus CHOP (R-CHOP) chemotherapy [10, 11].
However, the role of R-CHOP chemotherapy followed by
radiotherapy in localized disease has not yet been evaluated.
On the other hand, in advanced disease, there has been no
detailed data in patients treated with R-CHOP chemotherapy
even retrospective series. Here, we retrospectively analyzed a
cohort of 95 patients with localized- and advanced-stage PG-
DLBCL receiving R-CHOP chemotherapy with or without
radiotherapy.

@ Springer

Methods
Patients

We conducted a retrospective analysis of 95 patients
who were newly diagnosed with PG-DLBCL from
January 1995 to January 2009 at Nagoya University
Hospital and seven associated hospitals. PG-DLBCL
was diagnosed if lesions were predominantly in the
stomach when the expansion of disease is checked in
full body at initial diagnosis [12]. Clinical stage was
evaluated according to the Lugano staging system for
gastrointestinal non-Hodgkin’s lymphoma [13], in which
stages I and II1 are categorized as localized disease, and
112, IIE, and IV as advanced disease [13]. All patients
received staging investigations, including physical exam-
ination, laboratory data analysis, computed tomography
(CT) of the chest and abdomen, gallium scintigraphy, or
fluorine-18-fluorodeoxyglucose positron emission tomog-
raphy, bone marrow aspiration/biopsy, and gastrofiber-
scopy (GF) with biopsy. Evaluation of central nervous
system (CNS) involvement was by either or both comput-
ed tomography/magnetic resonance imaging and lumber
puncture with cerebrospinal fluid analysis where indicat-
ed. The following clinical and laboratory data were
available at the time of diagnosis: age; sex; performance
status (PS); presence of B symptoms, bulky mass, bone
marrow involvement, and CNS involvement; serum lactate
dehydrogenase (LDH) level; clinical stage; and number of
extranodal sites. For this study, International Prognostic
Index (IPI) scores were determined, and the patients were
categorized into low- (score 0-2) or high-risk groups
(score 3-5) [14]. This study was approved by the
institutional review board at each participating hospital
and complied with all provisions of the Declaration of
Helsinki.

Pathological studies

Histological sections were reviewed, and diagnosis was
confirmed as DLBCL according to the fourth edition of the
World Health Organization Classification of Tumors of
Hematopoictic and Lymphoid Tissues [15]. The review was
performed by two pathologists (S.N. and T.T.) at the
Department of Pathology and Clinical Laboratories,
Nagoya University Hospital. Immunohistochemical stain-
ing and scoring for CD10, BCL-6, and MUM-1/IRF4 were
performed on formalin-fixed paraffin-embedded tissues
from patients diagnosed with PG-DLBCL and scored as
positive if 30% or more of tumor cells were labeled [16].
The patients were then assigned as germinal center B cell-
like (GCB) phenotype or non-GCB phenotype using the
algorithm of Hans et al. [16].
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Treatment

Analysis was restricted to patients who received CHOP
chemotherapy (CHOP or CHOP-like regimen) plus ritux-
imab (R-CHOP) or R-CHOP chemotherapy followed by
radiotherapy as initial therapy. Rituximab dosage for all
patients was 375 mg/m’. Therapeutic strategies were
determined by the attending physician in each hospital.
Regarding localized-stage PG-DLBCL, selection of R-
CHOP chemotherapy alone, or R-CHOP chemotherapy
followed by radiotherapy was not decided in advance of
diagnosis.

Response to treatment

Complete response (CR) was defined as the disappearance
of all clinical evidence of disease, negative gastric biopsy,
and recovery of all laboratory and radiological abnormal-
ities related to the disease. Partial response (PR) was
indicated by a decrease of more than 50% in the sum of the
products of the maximum perpendicular diameters of each
measurable lesion. Progressive disease (PD) was indicated
by at least a 25% increase in the size of any preexisting
lesions or by the appearance of any new lesions during or
after therapy. Stable discase was neither PR nor PD.
Relapse disease (RD) was the appearance of any new
lesion in patients who had achieved CR. Overall survival
(OS) was defined as the time from initial diagnosis to the
date of death from any cause or of last follow-up. PFS was
defined as the duration from initial diagnosis to the date of
progression, relapse, death from any cause, or last follow-
up, whichever occurred first.

Gastrointestinal-specific toxicities

Gastrointestinal-specific toxicities such as gastric hemor-
rhage, gastric perforation, and gastric obstruction during
initial treatment were evaluated. Gastric hemorrhage was
defined as symptoms of melena or hematemesis and the
presence of hemorrhage confirmed by GF; gastric obstruc-
tion as symptoms of vomiting, eating difficulty, and the
presence of stenosis confirmed by GF; and gastric
perforation as the presence of free air around the stomach
in the abdominal cavity on CT.

Statistical analysis

Patient characteristics between treatment groups were
compared with Fisher’s exact test and median age with
the Mann—-Whitney U test. OS and PFS were assessed by
the Kaplan—-Meier method and compared between groups
by the log-rank test. The impact of independent prognostic
factors on OS was evaluated by univariate and multivariate

analyses using a Cox proportional hazards model. Variable
factors were as follows: sex; age; performance status;
presence of B symptoms, bulky mass, and bone marrow
involvement; expression of' the GCB phenotype; number of
extranodal sites; serum LDH level; addition of rituximab;
and addition of radiotherapy. All P values were based on
two-sided tests and P values less than 0.05 were considered
significant. All statistical analyses were performed using
the Statistical Software Package for the Social Sciences
(SPSS version 11.0 for Windows; SPSS Inc., Chicago, IL).

Results
Patient characteristics

Patient characteristics are shown in Table 1. Of the 95
patients analyzed in this study, 50 were male and 45 were
female with a median age of 68 years (range, 32-86 years).
The proportion of GCB phenotype was lower compared
with that of non-GCB type (42% and 58%, respectively).
Seven variables showed a significant difference between
localized- and advanced-stage groups, namely PS, number
of extranodal sites, serum LDH level, IPI risk group, bulky
mass, and radiotherapy. Frequent extranodal involvements
other than the stomach were liver in four patients, spleen
duodenum, and bone marrow in three patients and bone in
two patients. Helicobacter pylori infection was found in 27
of 49 patients (55%) who could be examined for H. pylori
status in PG-DLBCL. Eleven of 27 patients (41%) with H.
pylori-positive PG-DLBCL received eradication therapy
before or after initial chemotherapy. In 95 patients diag-
nosed with PG-DLBCL, eight patients (8%) had DLBCL
with marginal-zone lymphoma of mucosa-associated lym-
phoid tissue (MALT) component. H. pylori status was
recognized in four of six patients (67%) with DLBCL in the
presence of MALT component and not examined in two
patients. In eight patients of DLBCL with MALT compo-
nent, all patients were classified into non-GCB phenotype
on the immunochistochemical staining.

Treatment

Of the 58 patients with localized disease, 35 patients (60%)
received a median of three courses (range, three to four) of
R-CHOP chemotherapy followed by radiotherapy, while the
remaining 23 (40%) received a median of six courses
(range, two to eight) of R-CHOP chemotherapy without
radiotherapy. Of the 37 patients with advanced disease, 35
patients (95%) received R-CHOP chemotherapy alone and
CHOP (n=35) or CHOP-like regimen (n=2) combined
with rituximab. Two patients (5%) received three cycles of
R-CHOP chemotherapy combined with radiotherapy.
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Table 1 Patient characteristics

Total (N=95) Localized stage Advanced stage P value®
(n=58) (n=37)
Variable N (%) n (%) n (%)
Age
Median age 68 68 67 0.722
Range 32-86 32-84 35-86
Sex
Male 50 (52) 30 (51) 20 (54) 0.824
Female 45 (48) 28 (49) 17 (46)
Performance status
0-1 89 (94) 57 (98) 31 (84) 0.013
24 6 (6) 1Q2) 6 (16)
Lugano stage
1 33 (35) 33 (57) -
I 25 (26) 25 (43) -
m 10 (11) - 10 27)
IIE 4 &) - 411
v 23 (24) - 23 (62)
Extranodal sites
Fewer than 2 (stomach only) 81 (85) 58 (100) 23 (62) <0.0001
2 or more 14 (15) 0 14 (38)
Serum LDH level
Elevated 29 (31) 9 (15) 20 (54) 0.0002
IPI score
<3 75 (79) 57 (98) 18 (49) <0.0001
>3 20 (21) 12 19 (51)
B symptom present 19 (20) 10 (17) 9 (24) 0.438
Bulky mass present 9(9) 1(2) 8 (22) 0.002
Bone marrow involvement 33) 0 3(8) 0.056
Treatment
Six cycles of R-CHOP 58 (61) 23 (39) 35 (95) <0.0001
Three to four cycles of R-CHOP 37 (39) 35 61 2(5)
+Radiotherapy
ASCT
Abbreviations: LDH lactate de- Yes 1) 0 13) 0.389
hydrogenase, ASCT autologous
stem cell transplantation, GCB No 94 99) 58 36 07)
germinal center B cell-like Hans' algorism
*P values are for the compari- GCB phenotype 40 (42) 22 37) 18 (49) 0.302
son of localized- and advanced- Non-GCB phenotype 45 (58) 36 (63) 19 (51)

stage group

Efficacy
Localized-stage patient

Of the 58 patients with localized disease, 51 patients (88%)
and seven patients (12%) achieved CR and PR. No patient
developed PD. With a median follow-up for surviving
patients of 34.5 months (range, 4.9-89.3 months), 3-year
PFS and OS were 93%. With regard to radiotherapy, CR
rate in the localized disease was 83% and 91% in six cycles

@ Springer

of R-CHOP and in three to four cycles of R-CHOP plus
radiotherapy, respectively. 3-Year PFS and OS were 91%
and 91% in patients with six cycles of R-CHOP and 92%
and 95% in those with three to four cycles of R-CHOP plus
radiotherapy (Log-rank test, P=0.595 and P=0.278, respec-
tively; Fig. 1a, b). Twenty-two patients (38%) were
classified as the GCB phenotype and 36 (62%) as the
non-GCB phenotype. No significant difference in 3-year
OS was seen between the GCB and non-GCB phenotypes
(92% vs 96%; P=0.886).
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Fig. 1 a Progression-free and b overall survival of 58 patients
receiving six cycles of R-CHOP (n=23) and three to four cycles of R-
CHOP plus radiotherapy (n=35) in localized disease

Advanced-stage patient

Of the 37 patients with advanced disease, 29 (78%) and two
(5%) achieved CR and PR. Four patients (11%) developed
PD. With a median follow-up for the surviving patients of
30.2 months (range, 8.2—67.5 months), 3-year PFS and OS
were 43% and 64%, respectively (Fig. 2a, b). Eighteen
patients (49%) were classified as the GCB phenotype and
19 (51%) as the non-GCB phenotype. No significant
difference in 3-year OS was seen between the GCB and
non-GCB phenotypes (58% vs 71%; P=0.303).

Toxicity

Surgical events such as gastric hemorrhage, gastric perfo-
ration, and gastric obstruction are shown in Table 2. Gastric
perforation was not identified in any patient. Gastric
hemorrhage occurred in one patient (1%) in the localized
stage and two (5%) in the advanced stage, and gastric
obstruction in two patients (3%) in the localized stage and
four (5%) in the advanced stage. The frequency of gastric

Overall Survival (years)

Fig. 2 a Progression-free and b overall survival of 37 patients
receiving R-CHOP chemotherapy with or without radiotherapy in
advanced disease

hemorrhage and gastric obstruction between the localized
and advanced stage did not significantly differ (P=0.558
and P=0.999, respectively).

Relapsed disease
Localized-stage patient

Among the 51 patients achieving CR after initial treatment,
only one patient (2%) developed RD in lymph node with
10.4 months of interval between initial diagnosis and
relapse (Table 3).

Advanced-stage patient

Among 29 patients achieving CR, eight patients (28%)
developed RD. Sites of relapse were lymph node (n=3),
stomach (n=2), CNS (n=2), and duodenum (n=1). Median
interval between initial diagnosis and relapse was
7.8 months (range, 4.9-32.9 months). In patients with RD
in the CNS or stomach, median interval between initial
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Table 2 The frequency of gastric perforation, hemorrhage, and obstruction

Variable Localized stage (n=58) Advanced stage (n=37)
Six cycles of Three to four cycles of Total  Six cycles of Three to four cycles of Total, P value
R-CHOP (n=23) R-CHOP+radiation (n=35) R-CHOP (n=35) R-CHOP+radiation (n=2) N (%)
Hemorrhage 0 1 1(1) 2 0 2(5 0.558
Perforation 0 0 0 0 0 0
Obstruction 1 2 (3) 2 0 25 0.999

diagnosis and relapse was 5.4 and 30.0 months, respective-
ly (Table 3). Of the two patients relapsed in stomach, one
was H. pylori-positive DLBCL with MALT component and
achieved CR with six cycles of R-CHOP chemotherapy.
Eradication therapy was not performed before or after
chemotherapy. MALT lymphoma occurred in the same
lesion of the stomach 27 months later. After eradication
therapy, the relapsed lesion disappeared. The other who was
H. pylori-negative DLBCL relapsed with DLBCL in
different lesion of the stomach 32 months later.

Prognostic factors

All patients with localized and advanced disease were
analyzed together. In univariate analysis, seven factors were
associated with shorter survival, namely poor performance
status, involvement of two or more extranodal sites,
advanced stage, elevated serum LDH level, presence of
bulky mass, presence of B symptoms, and presence of bone
marrow involvement. The other three factors, namely sex,
age, and expression of the GCB phenotype were not
predictive of survival on univariate analysis. In addition,
the GCB phenotype was not predictive of survival in both
patients with localized and advanced group. Multivariate
analysis identified advanced stage (hazard ratio (HR),
4.807; 95% confidence interval (CI), 1.075-21.739; P=

Table 3 Site of relapse in patients with a CR after initial therapy

0.039) and elevated serum LDH level as independent
predictors of survival (HR, 4.901; 95% CI, 1.035-23.255;
P=0.045; Table 4).

Discuassion

We found that the clinical outcomes in patients with
localized-stage PG-DLBCL were extremely favorable in
the both groups treated with three cycles of R-CHOP plus
radiotherapy and six cycles of R-CHOP, and those tended to
be similar. Furthermore, the clinical outcome in patients
with advanced-stage PG-DLBCL treated with R-CHOP
chemotherapy might be poor. Although retrospective, these
findings might be informative in patients with PG-DLBCL
in the rituximab era.

In this study, patients with localized-stage PG-
DLBCL treated with six cycles of R-CHOP had a CR
rate of 83% and 3-year OS of 91%. There have been
two reported studies that have prospectively evaluated
PG-DLBCL mainly in localized-stage using R-CHOP
chemotherapy alone as follows: Wohrer et al. reported a
CR rate of 87% (13 of 15 patients) in patients treated
with six cycles of R-CHOP [10]. Aviles et al. showed 5-
year OS of 95% in 42 patients treated with six cycles of R-
CHOP [11]. Although current study was retrospective, our

Case no. Age/sex Stage

Lugano LDH IPIscore Extranodal involvement Therapy

Course Site of Time to relapse

(excluding stomach) relapse (months)
1 52/F Localized 1 294 1 R-CHOP+Rad 3 Cervical LN 11.1
2 57M Advanced 112 461 1 R-CHOP 8 CNS 5.8
3 53/M Advanced TIE 220 0 Duodenum R-CHOP 8 Duodenum 8.0
4 v Advanced IV 398 3 R-CHOP 6 CNS 4.9
5 5TM Advanced IV 237 2 Spleen, liver R-CHOP 7 Mediastinal LN 6.2
6 35M Advanced TV 209 1 R-CHOP 6 Stomach 272
7 73/F Advanced IV 188 2 R-CHOP 8 Stomach 329
8 67/M Advanced IV 390 3 R-CHOP 8 Paraorta LN 7.6
9 69/F Advanced TV 434 4 Pancreas R-CHOP 8 Paraorta LN 20.7

CNS central nervous system
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Table 4 Univariate and multivariate analysis for OS in patients with PG-DLBCL

Variable

Subgroup

Univariate analysis
Hazard ratio [95% CI]

Sex

Age

Performance status
Extranodal site
Lugano stage
Serum LDH level
Bulky mass

B symptom

Bone marrow involvement

GCB phenotype

Female vs. male

<60 vs. >60

0-1 vs. 24

One vs. two or 'more
Localized vs. advanced
Normal vs. high

No vs. yes

No vs. yes

No vs. yes

GCB vs. non-GCB

1.129 [0.420-3.039]
2.096 [0.596-7.352]
5.917 [1.893-18.518]
3.846 [1.386-10.638]
8.064 [2.298-28.571]
6.535 [2.267-18.867]
3.533 [1.137-10.989]
3.300 [1.125-8.849]
6.250 [1.385-27.777]
1.293 [0.470-3.558]

389
Multivariate analysis

P value Hazard ratio [95% CI] P value
0.885 3.636 [0.952-13.888] 0.058
0.248 3.194 [0.605-16.949] 0.171
0.002 2.028 [0.458-8.928] 0.351
0.009 1.381 [0.104~7.209] 0.660
0.001 4.807 [1.075-21.739] 0.039
0.0005 4.901 [1.035-23.255] 0.045
0.029 1.054 [0.252-4.418] 0.942
0.018 2.906 [0.822-10.309] 0.097
0.017 1.738 [0.224-13.484] 0.596
0.618 1.769 [0.469-6.666] 0.398

CI confidence interval

result was comparable with previous prospective data in
localized-stage PG-DLBCL.

Our analysis of all patients treated with rituximab-
containing regimen showed that three to four cycles of
R-CHOP plus radiotherapy tended to be similar to six
cycles of R-CHOP in terms of PFS and OS. These
results suggested that the optimal treatment strategy for
localized-stage PG-DLBCL in the rituximab era, in other
words, the relative merit of three cycles of R-CHOP
followed by involved field radiation versus six cycles of
R-CHOP thus remains uncertain. Our results support the
use of six cycles of R-CHOP without involved field
radiation as an important treatment option for localized-
stage PG-DLBCL in the rituximab era.

With regard to advanced-stage PG-DLBCL, our study
showed that 3-year OS was 64% with half proportion of high-
risk group (IPI score >3). However, compared with previous
study in patients with DLBCL treated with R-CHOP
chemotherapy, 3-year OS was similar to patients with DLBCL
in high-risk group [14]. In fact, 7 of 12 patients who
developed PD or RD died within 1 year after PD or RD
despite the use of salvage therapies, and five of eight patients
who developed RD did not achieve CR despite salvage
therapies. Considering this poor survival for advanced
disease, another therapeutic strategy should be developed.
In our case, one patient who received autologous stem cell
transplantaion (ASCT) in the initial treatment survived
without relapse at the end of the study. ASCT in the initial
treatment might be worthy of evaluation as a treatment
option for advanced patients especially with elevated LDH
level as a poor prognostic factor.

We found two notable remarks in the site of relapse.
First, relapse in the stomach was frequent, and H. pylori
eradication therapy should be performed even if CR was
obtained, especially in patients with DLBCL with MALT
component. Second, CNS relapse was frequent when time

to relapse was short (median, 5.4 months). Given previous
findings that early relapse in the CNS within 6 months of
initial therapy might have been due to subclinical CNS
involvement at the time of diagnosis, however, this finding
requires careful interpretation [17]. Of the two patients
experiencing CNS relapse in the present study, neither of
patients had undergone CNS evaluation at initial diagnosis,
and the possibility of subclinical CNS involvement at the
time of initial diagnosis could not be excluded.

Massive hemorrhage, gastric obstruction, or gastric
perforations in patients with PG-DLBCL are surgical events
related to chemotherapy and radiotherapy. In previous
studies, the rate of these complications with chemotherapy
with or without rituximab was 12% to 25% [18, 19]. In our
study, however, the rate of surgical events was 7% with no
gastric perforation, suggesting that the frequency of surgical
complications was not high in the rituximab era.

Several limitations of our study warrant mention. First,
this retrospective study might have been influenced by
unrecognized bias. Second, the number of treatment
courses was not standardized and thus treatment intensity
varied. This variation in our present study, which was also
present in previous clinical trials for localized DLBCL [9,
20], might have lead to the underestimation of effects.

In conclusion, we found the clinical outcome in patients
with localized-stage PG-DLBCL treated with three cycles
of R-CHOP plus radiotherapy tended to be similar to six
cycles of R-CHOP with an extremely favorable effect.
Furthermore, the clinical outcome in patients with
advanced-stage PG-DLBCL might be poor even in the
rituximab era. Further prospective analyses are warranted.
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Abstract FDG-PET scan plays an important role in
response assessment in diffuse large B cell lymphoma
(DLBCL). In this study, we evaluated the prognostic value
of maximum standard uptake (SUVmax) on pretreatment
PET scan in DLBCL. Among 169 patients with DLBCL
newly diagnosed and treated with R-CHOP between 2003
and 2008, 110 patients who had undergone pretreatment
PET scan in single institute using an identical protocol
were reviewed and analyzed. SUVmax at the predominant
lesion on PET scan and other patient characteristics were
evaluated for their association with complete response
(CR) rate, overall survival (OS) and progression-free sur-
vival (PFS). The median SUVmax was 18.1 (2.0-36.4).
There was no significant association between high SUV
and other characteristics with the exception of PS > 2 and
Ki-67. Multivariate analysis revealed the independent
association between high SUVmax and lower CR rate. The
3-year PFS rates in patients with SUV < 30 and those with
SUV > 30 were 78 and 51%, respectively (p = 0.06). The
3-year OS rates were 86 and 71%, respectively (p = 0.03).
Multivariate analysis revealed that high SUVmax is a
significant poor prognostic factor for both PFS and OS,
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independent of IPI. We showed the important prognostic
value of pretreatment SUVmax of PET scan in DLBCL.

Keywords Diffuse large B cell lymphoma -
FDG-PET - Standard uptake value - Prognostic factor

1 Introduction

A large proportion of patients diagnosed with diffuse large
B cell lymphoma (DLBCL) are cured with initial treatment
with combination chemotherapy. The management of
refractory and recurrent disease, however, remains chal-
lenging. One strategy to improve outcome is to select
patients with poor prognostic features and to provide novel
or more intensive treatment. Particularly, appropriate
staging evaluation as well as precise response assessment is
essential for determining optimal treatment modalities in
patients with DLBCL, where 18F-fluorodeoxyglucose
positron emission tomography (FDG-PET) scan now has a
major role.

FDG-PET measures the amount of metabolic activity at
a site in the body using the gamma ray signals given off by
the injected FDG. In DLBCL, the role of FDG-PET has
been established best in response assessment after treat-
ment, and has been incorporated in the revised Interna-
tional Workshop Criteria (TIWG) [1, 2]. In addition,
extensive studies have evaluated the value of early
response assessment with FDG-PET during the course of
chemotherapy in an attempt to identify the patient popu-
lation with poor prognosis, and potentially to change
treatment strategies in these patients [3]. FDG-PET is
commonly performed also before treatment to identify the
area of DLBCL involvement, but the actual role of pre-
treatment FDG-PET remains unclear [4, 5].
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Abnormal FDG uptake is measured by standard uptake
value (SUV), and represented by mean, or more com-
monly, the maximum SUV (SUVmax), correlates with the
cellular metabolism, which can be influenced by the cell
cycle speed to some degree. In fact, several reports sug-
gested the association between aggressiveness of lym-
phoma and SUV [6, 7].

The prognostic value of maximum SUV (SUVmax) at
diagnosis has been evaluated in solid tumors, and these
studies suggest that high SUVmax is associated with poor
prognosis in esophageal cancer, head and neck cancer, and
non-small cell lung cancer [8-12]. In addition, a small
study of gastric lymphoma suggested a potential prognostic
value of SUVmax on pretreatment FDG-PET [13]. And
also, several recent studies of interim FDG-PET in DLBCL
suggested a prognostic value of SUV-based assessment
during the course of chemotherapy [14, 15]. In the present
study, we retrospectively evaluated the prognostic value of
SUVmax at the predominant lesion on pretreatment FDG-
PET in 132 patients with DLBCL.

2 Materials and methods
2.1 Patients

We reviewed medical records of 169 patients with DLBCL
newly diagnosed and treated with R-CHOP-based therapy
at Aichi Cancer Center Hospital between April 2003 and
December 2008. We selected 2003 as the genesis of study
population because it is the year when R-CHOP became
the standard of therapy for DLBCL and PET scan became a
part of routine staging evaluation. Staging evaluation for
newly diagnosed patients consisted of physical examina-
tion, systemic CT scan, FDG-PET scan, bone marrow
aspiration and biopsy, upper gastrointestinal endoscopy.
Pretreatment PET scan was not available in 37 patients for
various reasons (e.g. steroid was given for symptom pal-
liation before PET scan), and 22 patients underwent PET
scan in other institution. Thus, a total of 110 patients were
analyzed in this study. Multiple pretreatment patient
characteristics were collected along with the SUVmax on
PET (Table 1). Bulky disease was defined by the size
greater than 7 cm. International Prognostic Index (IPI) was
scored from 0 to 5 by age >60, stage 3/4, performance
status (PS) >2, serum lactate dehydrogenase level (LDH)
higher than upper limit of normal range and number of
extranodal involvement >2. IPI risk groups were defined
by score of 0-2 and 3-5, which correspond to low/low
intermediate and high/high intermediate by classical IPI
risk group [16], or very good/good and poor by revised IPI
risk group, respectively [17]. DLBCL subtypes by immu-
nophenotype [i.e. germinal center B cell type (GCB) and

non-GCB] were defined as previously described [18].
These pretreatment characteristics, including SUVmax
were evaluated for their association with CR rate, overall
survival (OS) and progression-free survival (PES, time
from diagnosis to disease progression, relapse, or death of
any cause). This study has been approved by the Institu-
tional Review Board of the Aichi Cancer Center.

2.2 FDG-PET and SUVmax

All FDG-PET scans were performed by Discovery LS (GE
Medical Systems, Waukesha, WI) with identical protocol.
Patients were fasted for at least 6 h prior to the visit to
the imaging center. A low-dose CT scan (120-140 kV,
100 mA) was first performed for attenuation correction and
precise anatomic localization on PET scan. Patients
received intravenous injection of 4.0 MBg/kg of 18FDG.
After the injection, patients sit at rest until PET scan. The
blood glucose level before injection was not routinely
collected. The image of PET scan was acquired in 60 min
following an intravenous injection from the level of the
skull base to the upper thigh. The acquisition duration of
emission images was 3-min per bed position. PET image
acquisition was performed with 2D method and the image
reconstruction was done with ordered subset expectation
maximization method [19]. The PET images were inter-
preted by physicians, who were trained in nuclear medi-
cine, and were unaware of the results of other imaging
studies.

The SUVmax was collected from the predominant
lesion, and was calculated based on the attenuation-
corrected images, the amount of injected 18F-FDG, and the
body weight (SUV = [decay corrected activity (kBq)/
tissue volume (ml)]/[injected FDG activity (kBq)/body
weight (g)]).

2.3 Statistical analysis

Fisher’s exact tests were used for the descriptive statistical
analyses on categorical data. OS and PFS were calculated
using Kaplan-Meier method, and were compared between
two groups by log-rank test. Logistic regression models
were used to evaluate the association between multiple
characteristics and complete response (CR). Patient char-
acteristics were analyzed for their association with OS and
PFS using Cox proportional hazard models. In these
models, characteristics with p < 0.10 in the univariate
analyses were included in the multivariate analyses, and a
backward elimination with a p cutoff of 0.05 was used. In
the final models of the multivariate analyses, any parameter
could be put back into the model if the final p < 0.05. In
the multivariate analyses, IPI was incorporated in the
model, but not each of the IPI determinants, unless IPI was

@ Springer

-74 -



504

D. Chihara et al.

Table 1 Patient characteristics

Table 1 continued

Parameters SUVmax SUVmax P Parameters SUVmax SUVmax P
<30 (V) =30 (V) <30 (V) =30 (V)
All 94 16 Bcel-2
Age (years) Positive 56 9 1.00
<60 38 6 0.13 Negative 29 5
>60 56 10 Ki-67
Sex Median (range)% 70 (20-100) 90 (90-90) 0.08
Male 49 12 0.11 Initial treatment
Female 45 4 R-CHOP + RT 43 5 0.41
Stage R-CHOP 51 11
172 58 0.27 ASCT
3/4 36 As a primary treatment 5 2 0.66
PS In salvage settings 4 0
01 84 10 0.01 No transplant 85 14
>2 10 6 Complete response rate 79% 44% p < 0.01
LDH 3 years PFS rate 78% 51% p = 0.06
Normal 54 8 0.60 3 years OS rate 86% 1% p = 0.03
High 40 8 Median follow-up time of survival patients: 35.4 months
Number of extranodal involvement Numbers may not add up to total patients for some characteristics
0/1 74 15 0.30 because of unavailable information
>2 20 1 SUV standard uptake value, PS Eastern Cooperative Oncology Group
Bone marrow involvement Performance Status, LDH serum lactate dehydrogenase level, B
050 o e of o one of e oy vk v
Present 6 ] International Prognostic Index, sIL2R serum soluble interleukin-2
B symptoms receptor level, RT radiotherapy, ASCT autologous stem cell trans-
Absent 81 12 0.27 plant, PFS progression-free survival time, OS overall survival time,
Present 13 4 LLN lower limit of normal range
Bulky disease (>7 cm)
Absent 67 1 1.00 not found to be a significant parameter in the univariate
Present 27 5 analysis. All computatiqns were performed in STATA
IPT risk group version 9.0 (College Station, TX).
Low 48 5 0.46
Low intermediate 18 5
High intermediate 18 4 3 Results
High . 10 2 3.1 Patient characteristics
Serum albumin
Lower than LLN 2 022 Pretreatment characteristics of 110 patients with DLBCL
Normal n 10 are summarized in Table 1. The rationale for using cut-off
SIL2R (U/mL) value of 30 for SUVmax in this table is described later in the
<1,000 48 ! 0.7 next subsection. The median age was 64 (range 21-86).
21,000 46 9 None had human immunodeficiency virus (HIV-I/I)
Absolute lymphocyte count infection. Patients with diabetes mellitus were included in
<1.0 x 10°L 40 7 1.00 the stmdy, but none had uncontrolled diabetes or was
210 x 10°L 33 9 receiving insulin treatment. All patients received R-CHOP
f2-microgloburin (mg/L) as the initial therapy. As a general rule, patients with limited
<2 41 5 0.73 stage contiguous disease were treated with three cycles of
22 25 4 R-CHOP followed by radiotherapy, and those with
Immunophenotype advanced stage disease, limited stage non-contiguous dis-
GCB 28 5 1.00 ease were treated with eight cycles of R-CHOP, and radio-
Non-GCB 40 7 therapy was considered in patients with responding residual
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