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Remission induction therapy containing rituximab markedly
improved the outcome of untreated mature B cell lymphoma
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Non-Hodgkin lymphoma (NHL) is one of the leading causes
of cancer death, and its incidence is increasing. The majority of
NHL has a B cell phenotype. Almost all B cell lymphomas

First published online 20 October 2008

1 british journal of haematology

Summary

Many controlled clinical trials have proven that rituximab improves the
clinical outcome of patients with mature B cell lymphoma. This study was
conducted to assess the contribution of rituximab in the actua! clinical
practice. Patients with newly diagnosed mature B cell lymphoma treated at 20
National Hospital Organization hospitals from January 2000 to December
2004 were consecutively registered, Rituximab was approved in September
2002 for indolent B cell lymphoma and in September 2003 for aggressive B
cell lymphoma in Japan. The patients were divided into two groups
depending on whether they received induction therapy containing rituximab.
The endpoint was to evaluate the rituximab benefit based on 2-year
progression-free survival (PFS) and 2-year overall survival {OS). A total 1126
patients received chemotherapies. Of these, 762 were diagnosed as diffuse
large B cell lymphoma (DLBCL) and 215 as follicular lymphoma (FL). PFS
and OS were markedly improved in the rituximab group compared with the
non-rituximab group in patients with DLBCL (both P < 0-001) and in
patients with FL (P < 0-001 and P = 0-003 respectively). Rituximab, when
used for remission induction therapy, significantly improved the clinical
outcome of the mature B cell lymphoma patient in actual clinical practice.

Keywords: rituximab follicular lymphoma, diffuse large B cell lymphoma,
clinical practice.

express CD 20 antigen on the celi surface. Rituximab, a
chimeric anti-CD20 monoclonal antibody, was developed and
is now widely used to treat B cell lymphoma. Many dinical
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studies have established the effect of rituximab against B cell
lymphoma (MacLaughlin et al, 1998; Czuczman et al, 1999,
2004; Coiffier et al, 2002; Forstpointner et al, 2004; Hidde-
mann et al, 2005; Lenz et al, 2005; Marcus et al, 2005; Rivas-
Vera et al, 2005; Habermann et al, 2006; van Oers et al, 2006;
Pfreundschuh ef al, 2006, 2008; Herold et al, 2007). The
toxicity of rituximab has been generally graded as 1 or 2, and it
occurs with the first infusion (MacLaughlin et al, 1998); the
safety of rituximab when combined with chemotherapy has
been shown to be similar to that of chemotherapy alone.
Randomized phase III studies have proven the survival benefits
of the addition of rituximab to multi-agent chemotherapy for
patients with untreated follicular lymphoma (FL) (Hiddemann
et al, 2005; Herold et al, 2007) and those with untreated
diffuse large B cell lymphoma (DLBCL) (Coiffier et al, 2002;
Pfreundschuh et al, 2006, 2008;). A systematic review also
showed the clinical impact of rituximab for low-grade B cell
lymphoma (Schulz et al, 2007). These data demonstrated that
rituximab has an indisputable benefit for patients with
untreated and relapsed/refractory B cell lymphoma who were
enrolled in well controlled clinical studies. One population-
based retrospective analysis by the British Columbia Cancer
Registry assessed the effect of rituximab in combination with
cyclophosphamide, doxorubicin, vincristine, prednisone
(CHOP) for DLBCL and demonstrated improvement in
treatment outcome {Sehn et al, 2005). This survey revealed
that rituximab contributed to the management of DLBCL in
clinical practice. However, the cases studied were restricted to
those with DLBCL who received CHOP (with/without ritux-
imab) with curative intent. Therefore, no study has reported
the clinical benefit of rituximab in patients with B cell
lymphoma in actual clinical practice. To address this point, a
retrospective survey comparing patients with B cell lymphoma
treated with and without rituximab was conducted. The results
showed remarkable improvement in the survival of patients
with FL and those with DLBCL, which account for the
majority of mature B cell lymphoma patients, by the addition
of rituximab in actual clinical practice.

Patients and methods

This was a retrospective cohort study that examined the clinical
outcome of all untreated patients with B cell lymphoma who
visited the haematological department of 20 hospitals belonging
to the National Hospital Organization (NHO), a major, nation-
wide hospital group in Japan, from January 2000 to December
2004. This research group was founded for the purpose of
creating and generalizing clinical evidence in the haematological
field by NHO and is called the Clinical Hematology Group of
NHO (CHG-NHO). In Japan, rituximab was approved by the
Ministry of Health and Labour for the treatment of low-grade B
cell lymphoma in September 2002 and for the treatment of
aggressive B cell lymphoma in September 2003. The patients
with B cell lymphomas were divided into two groups (the
rituximab group and the non-rituximab group) based on

© 2008 The Authors
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whether they had received induction therapy containing
rituximab in order to determine the benefit of rituximab as
part of first remission induction therapy. This study received
approval by the responsible ethics committee.

Patients

The patients included in this study were older than 15 years
and were newly diagnosed as having mature B cell lymphoma
with CD 20 expression by pathological or cytological exam-
ination during the period of the study. The pathological
diagnosis of each institution was used. Both limited and
advanced stage patients based on the Ann-Arbor dassification
were included (Carbone et al, 1971). Patients were excluded if
they were human immunodeficiency virus (HIV)-positive or
had central nervous system involvement at the time of
presentation. All patients fitting the above criteria were serially
enrolled. Final statistical analysis was performed for patients
who received systemic chemotherapy, whether or not the
intention was curative,

Clinical characteristics of the patients included in this
survey

All patients’ pathological diagnoses were done based on the
WHO dlassification. Age, Eastern Cooperative Oncology Group
(ECOG) performance status (PS), lactate dehydrogenase
(LDH) levels, clinical staging (Ann-Arbor classification),
number of extra-nodal lesions (0, 1 vs. 22) were also collected
and used to calculate the International Prognostic Index (IPI)
(The International Non-Hodgkin’s Lymphoma Prognostic
Factors Project, 1993) and the revised IPI (R-IPI; Sehn et al,
2007). The primary remission induction therapy regimen of all
enrolled patents was determined. Usage of rituximab was the
focus of this investigation. The kinds of chemotherapy were
divided into two groups: those containing anthracyclin and
those not containing anthracyclin.

A complete response to treatment was defined as the
disappearance of all clinical evidence of disease. Progression-
free survival (PFS) was defined as the interval from the
diagnosis to the first recurrence of disease (progression or
relapse), death from any cause, or the date of the last follow-up
in patients who had no relapse. Overall survival (OS) was
defined as the interval from diagnosis to death from any cause.
Systemic therapy was initiated promptly after diagnosis for
almost all of the patients (usually within 1 month).

Statistical analysis

The patients’ clinical characteristics and treatment outcomes
were compared between patient groups who received systemic
chemotherapy with and without rituximab for first induction
therapy. The primary endpoint of this study was to confirm the
benefit of rituximab for patients with B cell lymphoma when
used in remission induction by evaluating the 2-year PES and

Journal Compilation © 2008 Blackwell Publishing Ltd, British Journal of Haematology, 143, 672-680 673

-305 -



H. Nagai et af

2-year OS. PFS and OS were assessed using the Kaplan-Meier
method, and the groups were compared using the log-rank
test. A multivariate Cox regression analysis was performed to
assess the effects of treatment and the various baseline
prognostic factors on PFS and OS. The heterogeneity of
treatment effect on the survival outcomes was also examined
across the different risk groups based on the R-IPL. The
patients with B cell lymphoma were analysed according to
pathological diagnosis; therefore, the variables for patients with
DLBCL and those with FL were also assessed separately. The
analysis is based on follow-up until January 2007. The
prognostic variables were compared between the groups using
the Mann-Whitney U-test for continuous variables and the
chi-squared test for categorical variables. All P values are two-
tailed. Statistical analysis was performed using staTa 8.1
(StataCorp. LP, College Station, TX, USA) and Review
Manager (REvMAN; version 5.0. Copenhagen Denmark: The
Nordic Cochrane Centre, The Cochrane Collaboration, 2008).
P values < 0-05 were considered significant.

Results

All B cell lymphoma patients

A total of 1229 patients with newly diagnosed mature B cell
lymphoma were enrolled in the study. Of these, 1126 patients
(91'6%) received systemic chemotherapies. Patients given
rituximab alone for induction were also included. Patients
who received systemic therapies were the subject of this
analysis, so that patients given radiation alone or eradication
of Helicobacter pylori alone for induction were excluded. The
pathological classifications are listed in Table I. The breakdown

Table 1. Pathological subtype of patients (n = 1126).

Rituximab  Non-rituximab  Total

Histology at group group (n = 1126)

diagnosis (n = 348) (n=778) %

DLBCL 184 578 762 (67°7)

Burkitt lymphoma 1 17 18 (1:6)

Follicular lymphoma 1311 104 215 (19°1)

Small lymphocytic 1 9 10 (09)
lymphoma

Lymphoplasmacytic 5 8 13 (1-2)
lymphoma

Splenic marginal zone 0 3 3(03)
lymhoma

MALT-lymphoma 14 20 34 (30)

Nodal marginal zone 9 0 9 (0-8)
B cell lymphoma

Mantle cell lymphoma 18 26 44 (39)

Others 5 13 18 (07)

DLBCL, diffuse large B-cell lymphoma; MALT-lymphoma, extranodal
marginal zone B-cell lymphoma of mucosa-associated lymphoid tissue.

of the pathological dlassification was significantly different
between the groups with and without rituximab for induction
therapy (Table I). The ratio of patients with FL was higher in
the rituximab group. This was caused by the different approval
dates of rituximab for indolent B cell lymphoma and aggressive
B cell lymphoma. Therefore, direct comparison of the clinical
outcomes between these two groups was not considered
appropriate, and the analyses were performed separately for
each pathological group. Overall, 762 (67-7%) of these patients
were diagnosed as having DLBCL, and 215 (19-1%) were
diagnosed with FL. Thus, 86:8% (977/1126) of the patients were
classified as having DLBCL or FL, so that these two diseases
represented the majority of mature B cell lymphoma.

DLBCL

A total of 762 DLBCL patients were enrolled. Of these, 184
patients received rituximab as part of the first-line treatment in
combination with chemotherapy (rituximab group), and 578
patients were treated by chemotherapy alone (non-rituximab
group). This difference in patient number was caused by the
date of rituximab approval (September 2003 for aggressive B
cell lymphoma) and the time period of the study (from
January 2000 to December 2004). After approval, almost all
DLBCL patients were treated with rituximab, but rituximab
was available for only 1 year and 4 months of the 5-year study
period. The patients’ characteristics are listed in Table II. The
ratio of cases receiving anthracyclin containing regimens in
each group was not significantly different (rituximab group,
183/184; non-rituximab group, 560/578; P = 0:057). The
prognostic variables (IPI and IPI subgroup) were not different
between the rituximab group and the non-rituximab group
(Table II). The median follow-up time for living patients was
22 months for the non-rituximab group (range, 1-50 months)
and 22 months for the rituximab group (range, 1-84 months).
PFS was markedly improved in the rituximab group compared
with the non-rituximab group [hazard ratio (HR), 0-58; 95%
confidence interval (CI), 0-44-077; P < 0-001, Fig 1]. The
2-year estimated PFS was 64-4% (95% CI, 56-41-71-3%) in the
rituximab group and 48:7% (95% CI, 44:4-52:9%) in the non-
rituximab group. OS was also improved in the rituximab
group compared with the non-rituximab group (HR, 0-52;
95% CI, 0:37-0-73; P < 0:001, Fig 1). The 2-year estimated OS
was 78:0% (95% CI, 70-5-83-7%) in the rituximab group and
617% (95% CI, 5742-657%) in the non-rituximab group.
Looking only at the patients who received an anthracyclin-
containing regimen (CHOP or a CHOP-like regimen), the PFS
and OS were compared between the rituximab group and the
non-rituximab group in each R-IPI risk group. R-IPI is the
revised prognostic model for DLBCL in patients receiving
R-CHOP; it identifies three distinct prognostic groups (very
good, good and poor). Among DLBCL patients receiving an
anthracyclin-containing regimen, the ratio of these risk groups
in the rituximab group and the non-rituximab group was not
significantly different (Table II). For the R-IPI very good risk
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Table 1. Characteristics of DLBCL patients (n = 762}.

Rituximab Non-rituximab

group group
Characteristic {n = 184) {n = 578) p

Age (years), median (range) 67 (20-96) 68 (16-95; 0-947%
Gender male/female 100/84 3001278 0-563%
PS at diagnosis

0 58 182 0-309%
H 74 195
2 26 100
3 22 75
4 4 26
LDH > normal 101 346 0233t
Extranodal site > 1 42 130 6-925%
Clinical stage
I 30 92 6797*
I 60 176
m 32 118
v 62 192
1P1
i 66 174 G141
LI 41 138
HI 37 115
H 40 151
Receiving 183 560 00577
anthracyclin-containing
regimen
R-IPI
Very good 26 60 0-251%
Good 80 244
Poor 77 256

PS, ECOG performance status; LDH, lactate dehydrogenase; IPI,
International Prognostic Index (L, low; L1, low-intermediate; HI, high-
intermediate; H, high); R-IPI, Revised International Prognostic Index.
*Mann-Whitney U-test.

1Chi-squared test.

group, the PES and OS of the rituximab group were not
statistically different from those of the non-rituximab group
(HR, 1-38; 95% CI, 0-40-472; P = 0-61, HR, 1-89; 95% CI,
0-42-8-49; P = 040 respectively) (Fig 2). However, for the
R-1PI higher risk groups (good and poor), PFS was signifi-
cantly improved by the addition of rituximab (HR, 0-58; 95%
CI, 035-0-96; P = 0-035, HR, 054; 95% CI, 038-076;
P < 0001 respectively) (Figs 3 and 4). OS was also improved
in the R-IPI poor risk group (HR, 048; 95% CI, 0-32-0-72;
P < 0-001), and an improvement in the R-IPI good risk group
was also noted, but it was not statistically significant (HR, 0-52;
959 CI, 0-26-1-05; P = 0-069). We also performed a forest plot
to explore the heterogeneity between these subgroups. There
was no evidence of substantial heterogeneity in the relative
treatment effect on PFS and OS between different risk groups
based on the R-IPI (The P value for heterogeneity was 0-35 and
023 respectively) (Fig 5). These results suggest that rituximab
improved the clinical outcome of all DLBCL patients.
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Fig 1. Progression-free survival (A} and overall survival (B) of 762
DLBCL patients, The rituximab group received rituximab in addition
to systemic chemotherapy as first remission induction. The non-rit-
wdmab group received systemic chemotherapy alone as first remission
induction.

Follicular lymphoma

A total of 215 FL patients were enrolled. Of these, 111 patients
were in the rituximab group, and the other 104 were in the non-
rituximab group. The patient number in each group was almost
equal because of the date of rituximab approval (September
2002 for indolent B cell lymphoma) and the time period of the
study (from January 2000 to December 2004). After approval,
almost all FL cases were treated with rituximab, so that
rituximab was available for 2 years and 4 months of the 5-year
study period. The patients’ characteristics are listed in Table IIL.
The ratio of cases receiving an anthracyclin-containing regimen
in each group was not significantly different (rituximab group,
104/111; non-rituximab group, 91/104; P = 0-159). Only three
(age, LDH level, Ann-Arbor clinical stage) of the five
prognostic variables that make up the FLIPI could be
evaluated. These variables were not different between the
rituximab group and the non-rituximab group (Table II). The
medizn follow-up time for living patients was 37 months for
the non-rituximab group (range, 1-72 month) and 41 months
for the rituximab group (range, 1-80 months). PFS was
markedly improved in the rituximab group compared with the
non-rituximab group (HR, 0-45; 95% ClI, 0-30-0-69; P < 0-001,
Fig 6). The 2-year estimated PFS was 77-6% (95% CI, 68:1-
845%) in the rituximab group and 563% (95% CI,
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Fig 2. Progression-free survival (A) and overall survival (B) of 86
DLBCL patients (R-IPI very good risk). The rituximab group received
rituximab in addition to systemic chemotherapy as first remission
induction. The non-rituximab group received systemic chemotherapy
alone as first remission induction.

45:9-65:5%) in the non-rituximab group. OS was also
improved in the rituximab group compared with the non-
rituximab group (HR, 035; 95% CI, 0:17-072; P = 0-003,
Fig 5). The 2-year estimated OS was 94:3% (95% CIL, 87-8—
97-4%) in the rituximab group and 81:7% (95% CI, 72-5-
88'0%) in the non-rituximab group.

A multivariate analysis was performed to assess the effect of
rituximab on clinical outcome after controlling for prognostic
variables. After controlling for the prognostic variables
included in R-IPI and IPI itself, rituximab remained an
independent prognostic predictor of both PFS (risk ratio, 0-56;
95% CI, 0:43-0-74; P < 0-001) and OS (risk ratio, 0-50; 95%
CI, 036-0-70; P < 0-001) in DLBCL. In FL, rituximab was also
an independent prognostic predictor of both PFS (risk ratio,
0-49; 95% CI, 0-32-0-74; P = 0-001) and OS (risk ratio, 0-44;
95% CI, 0:21-0-92; P = 0-028) after adjustment for prognostic
variables (age, LDH level and clinical stage).

Discussion

This retrospective survey showed that the addition of ritux-
imab significantly improved PFS and OS in patients with FL
and DLBCL when used as part of first remission induction
therapy. This survey was carried out among 20 hospitals
belonging to CHG-NHQ. The dinical data of all patients
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Fig 3. Progression-free survival (A) and overall survival (B) of 324
DLBCL patients {R-IPI good risk). The rituximab group received rit-
uximab in addition to systemic chemotherapy as first remission
induction. The non-rituximab group received systemic chemotherapy
alone as first remission induction.

diagnosed with NHL during this study were accumulated, and
the PFS and OS of B cell lymphoma patients receiving systemic
chemotherapies with and without rituximab were analysed.
Rituximab was approved in September 2002 for indolent B cell
lymphoma and in September 2003 for aggressive B cell
lymphoma in Japan. The period of this survey was from
January 2000 to December 2004 (5 years); therefore, differ-
ences in clinical outcomes could be compared between the
rituximab group and the non-rituximab group. NHL patients
were enrolled without regard to the chemotherapeutic regi-
men. During the study period, 1229 mature B cell lymphoma
patients were newly diagnosed, and 1126 (92%) received
systemic chemotherapy. Of the 1126 patients, 977 were
diagnosed with DLBCL or FL, so that these cases accounted
for 86:8% of the 1126 cases of mature B cell lymphoma
receiving systemic chemotherapy. Thus, the dinical outcomes
of these subjects reflect those of almost the entire mature B cell
lymphoma population in clinical practice.

So far, many clinical studies have shown the benefits of
rituximab in the treatment of B cell lymphoma. In 1999, a
single arm phase II study of a combination of rituximab and
CHOP for untreated indolent B cell lymphoma was reported
(Czuczman et al, 1999). The response rate was 95% (38 of 40),
and long-term remissions were observed (Czuczman et al,
2004). Several randomized phase III studies have demonstrated
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Rituximab Benefit in B Cell Lymphoma

the advantages of the addition of rituximab to chemotherapy,
both in previously untreated patients, as well as in relapsed/
refractory indolent B cell lymphoma patients {Forstpointner
et al, 2004; Hiddemann efal, 2005; Lenz et al, 2005;
Marcus et al, 2005; Rivas-Vera et al, 2005; van Oers ef 4l
2006; Herold et al, 2007; Schulz et al, 2007). The German
Low-Grade Lymphoma Study Group (GLSG) conducted =
phase III study comparing CHOP combined with rituximab
to CHOP alone, and they showed significant improvements
in remission rates, PFS and OS in the combination group
(Hiddemann et al, 2005). Other studies also showed that
chemotherapy with rituximab provided a better PES than
chemotherapy alone. Recently, the Cochrane Hematological
Malignancies Group performed a comprehensive systematic
review and meta-analysis to compare the efficacy of chemo-
therapy with rituximab to the identical chemotherapy alone
in patients with indolent B cell lymphoma or mantle cell
Iymphoma (Schulz et al, 2007). This analysis induded seven
well-controlled, randomized studies comparing rituximab—
chemotherapy combination therapy with chemotherapy alone,
and indicated that the rituximab-chemotherapy combination
provided superior OS to chemotherapy alone.

For DLBCL, many phase I studies have proven the benefits
of the addition of rituximab to chemotherapy. The Groupe
&’Etude des Lymphomes de P Adulte study showed superiority
of CHOP and rituximab to CHOP alone in elderly, advanced,
previously untreated, DLBCL patients with respect to PFS and
OS (Coiffier er al, 2002). The advantage of rituximab in

PFS Hazard ratio Hazard ratio

R-IPl 95% C! 95% ClI

Poor 0-54 {0-38, 0-76) :

Good 0-58 [0-35, 0-96] ——

Very good 1-38 {0-40, 4.72] :

Total (95% Ci) 0-58 [0-43, 0-78]
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Total (95% CI}  0-56 [0-34, 0-93] e
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Fig 5. Disease control for DLBCL in each R-IPI risk group receiving rituximab with chemotherapy (R-chemo) or chemotherapy alone. Disease
control is shown as the hazard ratio {HR) for a disease event {progression or death), Solid squares represent risk estimates for the each R-IPI risk
group. The size of squares represents the weight assigned to each R-IPI risk group and is proportional to inverse variance of the estimate. Horizontal
lines indicate 95% confidence intervais {Cls). The diamond indicates the 95% Cls for the overall HR. Values less than 10 indicate HRs that favour
R-chemo.
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Table II1. Characteristics of follicular lymphoma patients {n = 215}
Rituximab Non-rituximab
group group
Characteristics (n=111) {n =104) P
Age (years), median 56 (26-83) 57 (23-91) 0-497%
{range)
Gender male/female 49/62 48/56 07671
P§ at diagnosis
0 60 53 0-395”
1 38 31
2 8 13
3 4 6
4 1 i
LDH > normal 42 47 02741
Clinical stage
1 4 7 0-065%
I 28 15
1 41 32
W 38 50
Receiving 104 91 0-159%

anthracyclin-containing
regimen

PS, ECOG performance status; LDH, lactate dehydrogenase.
*Mann~Whitney U-test.
+Chi-squared test.

combination with a CHOP-like regimen for the younger
DLBCL population was indicated by the intergroup cooper-
ative study (MInT study) {Pfreundschuh et al, 2006). There-
fore, the clinical merits of the use of rituximab in the induction
treatment of mature B cell lymphoma have now been
established by these well controlled, phase III studies, but the
actual benefits of rituximab benefits in clinical practice have
not been addressed. Prospective clinical trials for treatment
have critical inclusion and exclusion criteria, and patients with
poor PS or organ dysfunction are usually excluded. One
population-based retrospective analysis, by the British Colum-
bia Cancer Registry, assessed the effect of rituximab in
combination with CHOP for DLBCL and demonstrated
improvement in treatment outcome in clinical practice (Sehn
et al, 2005). However, this study was limited to patients who
were treated with curative intent. The present study serially
enrolled all patients with mature B cell lymphoma who were
newly diagnosed, and all patients receiving systemic chemo-
therapy, whether or not the intent was curative, were included
in the analysis to evaluate the effect of rituximab. This
approach reflects the actual state of management of mature B
cell lymphoma patients in clinical practice.

In DLBCL, PFS and OS were better in the rituximab group
than in the non-rituximab group. When DLBCL was classified
by R-IP], the benefit of rituximab was statistically identified in
the good and poor risk group but not in the very good risk
group. The favourable effect of rituximab seemed to be
restricted in higher risk patients, but the significant heteroge-
neity between these subgroups was not identified by the forest
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Fig 6. Progression-free survival {A) and overall survival {B) of 215
follicular lymphoma patients. The rituximab group received rituximab
in addition te systemic chermnotherapy as first remission induction. The
non-rituximab group received systemic chemotherapy alone as first
remission induction.

plot (Fig 5). This finding might be a result of small patient
numbers in the very good risk group. To clarify whether
rituximab contributes to the clinical outcomes of the very good
risk group or not, more cases need to be analysed.

In conclusion, this reirospective analysis showed that the use
of rituximab for remission induction therapy significantly
improved OS and PFS in patients with FL or DLBCL, who
constitute the majority of mature B cell lymphoma patients.
This study was planned to elucidate the state of NHL
management in dinical practice and found that rituximab
appeared to dramatically improve clinical outcomes in patients
with mature B cell lymphoma.
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Fluorine-18-Fluorodeoxyglucose Positron Emission
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Advanced-Stage Hodgkin’s Lymphoma and Diffuse Large
B-Cell Lymphoma: A Systematic Review
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Takashi Nihashi, and Hirokazu Nagai

A B 8 T R A C T
Purpose

To systematically review the prognostic accuracy of fluorine-18-fluorodecxygiucose positron
emission tomography (FDG-PET) for interim response assessment of patients with untreated
advanced-stage Hodgkin's lymphoma {HL} or diffuse largs B-cell iymphoma (DLECL).
Methods
MEDLINE, EMBASE, SCOPUS, and Biologic Abstracts were searched for relevant studiss. Two
assessors independently reviewed studies for inclusion and extracted data. Relevant unpublished
data were requested from the investigators if unavailable from publications. A meta-analysis of the
prognostic accuracy was performed.

Results

Thirteen studies involving 360 advanced-stage HL patients and 311 DLBCL patients met our
eonber 18, 2008 pub inclusion criteria. Advanced-stage HL studies included few unfavorable-risk patients. DLBCL
ahesd of priot 81 WWWLCO.0G OF studies were heterogensous. FDG-PET had an overall sensitivity of 0.81 (95% Cl, 0.72 tc 0.89) and
Narch 8. 2008, a specificity of 0.97 (95% Cl, 0.94 1o 0.99) for advanced-stage HL, and a sens! itivity of 0.78 {95%
Cl, 0.64 10 0.87) and a spscificity of 0.87 (95% Cl, 0.75 o 0.93) for DLBCL. Meta-regression and
subgroup analyses did not identify factors that affect prognostic accuracy.

Sunmnted Jaraaty 7, 200 ted

na

of Mealth, Labor, and Welifarg, Conclusion

For low- to intermediate-risk advanced-stage HL, FDG-PET performed after a few cycles of
standard chemotherapy seems to be a reliable prognostic test to identify poor responders,
warranting prospective studies to assess PET-based treatment strategies. For DLBCL, no reliable
conclusions can be drawn due to heterogeneity. Interim PET remains an unproven test for routine
ciinical practice. Its use should be reserved for research settings where treatment regimens and
imaging conditions are standardized.

J Clin Oncol 27. ® 2008 by American Society of Clinical Oncology

ment {ailure. Therefore, better identification of poor
responders to first-line therapy is important to ad-

Malignant lymphoma is the fifth most commonly
diagnosed cancer in the United States.! With ad-
vances in treatments, Hodgkin’s lymphoma (HL)
and diffuse large B-cell lymphoma (DLBCL) are
potentially curable lymphomas.™ However, chal-
lenges runain uspeciaﬂy in the treatment for high-
risk patients, ™ since more than half of these patients
do not achieve long-term survival with currently
available standard first-line chemotherapy. A
possible treatment involves intensive and toxic
polychemotherapy for advanced-stage HL® or first-
line high-dose chemotherapy with stem-cell support
for DLBCL,’ depending on individual risk of treat-

Information downloaded from jco.ascopubs.org and prowded by NAGOYA MEDICAL CENTER on March 11

125.200.178.12,
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vance risk-adapted treatment strategies.
Fluorine-18-fluorodeoxyglucose positron emiis-
sion tomography (FDG-PET) is a functional im-
aging test that has become widely used in the
management of both HL and non-Hodgkin's lym-
phoma (NHL). ¥ Studies that assessed FDG-PET as 2
prognostic tool performed during chematherapy
have reported the ability to predict poor outcomes.”
However, the studies used different design, conduct,
and reposting, making interpretation of the resalts
difficult. In particular, inclusion of heterogencous
populations with different categories of disease
(eg, limited-stage v advanced-stage HL or DLBCL

© 2009 by Americen Sosiety of i
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v other aggressive NHLs) clearly affects the clinical applicability of

the study results because each category has different clinical pro-
files {eg, treatment strategies, response, and prognosis). In this
systematic review, we assessed the prognostic accuracy of FDG-PET
performed during first-line therapy to predict disease progression or
relapse in patients with advanced-stage HL and DLBCL, paying par-
ticular attention to the clinical applicability of the reported results.

Data Sources and Searches

We searched Ovid MEDLINE and EMBASE from 1966 through July
2006,” and PubMed from August 2006 through July 2007 without language
restricdion. The search strategy can be found in online-only Appendix Table
Al. This search was augmented by searches of SCOPUS and Biologic Ab-
stracts. We also examined the reference lists of eligible studies, review articles,
and textbooks.

Study Selection

Two reviewers (T.T., H.N.} screened abstracts and determined eligibility.
Full-text articles were reviewed when abstracts did not provide sufficient
information for determination. We included studies that evaluated FDG-PET
performed between the firstand the fourth cycle of first-line chemotherapy for
patients with advanced-stage HL or DLBCL. We included both prospective
and retrospective studies, and we considered clinical follow-up with or with-
out pathologic confirmation to be a reference standard. We included studies
that evaluated at least 10 patients and included at least five patients who
p"omxssed during chemotherapy or relapsed through clinical follow-up. We

ccepted studies in which patients received high-dose chemotherapy fol-
lowed by autologous ster cell transplantation as long as it was adminis-
tered as a part of primary therapy or consolidation therapy after standard
induction chemotherapy. We excluded abstracts, editorials, comments, letters,
and review articles. We excluded studies that enrolied patients with HIV-
associated or post-transplant lymphoprofiferative disorders.

Many studies did not meet all the inclusion criteria, but did 'mrti'a]ly
include a relevant patient population. For these studies, we contacted the
authors for relevant individual patient or subgroup data. When there was
no response after 4 weeks, another correspondence was sent. When there

2 & 2008 by American So

sty of Ciircal Oncology

was no response after the third communication attempt, we considered the
request rejected.

Data Extraction and Quality Assessment

Two independent, board-certified hematologists {T.T., H.N.) abstracted
relevant data. We extracted patients’ demographic and clinical characteristics
including the International Prognostic Scores (IPS) for advanced-stage HL or
the International Prognostic Indexes (IPI} for DLBCL,” therapeutic interven-
tions, interim PET results, and final clinical outcomes. We subdivided the
treatment failures into three categories based on the relative timing to the
completion of first-line therapy: during therapy, after | year from diagnosis or
the start of therapy, and in between. When the timing of completion of
fArst-line therapy was unclear, we arbitrarily considered the treatment period
to be 6 months. We also extracted the number of cases in remission but
censored from follow-up within 1 year from the start of therapy (early
censoring). One nuclear medicine specialist {T.N.) evaluated the technical
specification and quality of PET procedures using recommended guidelines.'
Reviewers were not blinded to the name of the journal. Inconsistencies be-
tween reviewers were either clarified by the authors or resolved by consensus.

To evaluate the quality, applicability, and reporting of the studies, we
used QUADAS, a recently proposed tool to assess the quality of studies of
diagnostic accuracy included in a systematic review.'! Details on how we
scored each item can be found in online-only Appendix Table A2. We assessed
only published data and did not use unpublished data because the latter was
not available from all the studies.

Data Synthesis and Statistical Analysis
For each study, we constructed a 2 X 2 contingency table consisting of
true positive (TP}, false positive (FP), false negative (FN}, and true negative
'}, where all patmnts were categorized according to whether they were PET
positive or negative, and whether they experienced treatiment failure, In the
main analysis, we employed the entire clinical follow-up as the reference
standard. In sensitivity analysis, we categorized patients using shorter clinical
follow-up as the alternative reference standard to focus on very early treatment
failures {only during therapy or << 6 months}, or early treatment failures (<< 12
months). We counted patients in remission during the specified follow-up
period as no treatment failure even if they eventually experienced treatment
failure thereafter. We counted early censorings as no treatment failure in the
main analysis. In sensitivity analysis to explore a worst-case scenario, carly
censorings were excluded from the analysis, and then counted as FP if they
had negative PET results and were lost to follow-up early without treatment
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Table 1. Studies Aeview {continued;
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homa; NR, not reported; PET, positron emission tomography; R, *

stient population.

faiture. Three studies reported intermediate PET results as minimal residual
uptake (MRU).""™"* We considered this category negative scan in the main
analysis because this was how investigators analyzed the resuits. In sensitivity
analyses, MRU results were excluded from analysis, considered positive, con-
sidered positive in the case of treatment failure and negative in the case of

continuing remission (best-case scenario}}, and considered negative in the case

of treatment failure and positive in the case of continuing remission {(worst-
case scenario.

We calculated sensitivity, specificity, and likelihood ratios (LRs) for each
study. For the estimation of 95% CI, we used the binominal Wilson method
for sensitivity and specificity, and normal approximation for LRs. Then we
combined sammary statistics, 95% confidence regions of summary sensitivity
and specificity, and summary receiver operating characteristic (ROC) curves
by the hierarchicel SROC method,'” which takes into account both within-
s and between-studies variation. We fitied the model by using maximum
celihood estimation implemented in the GLLAMM algorithin'® in STATA

{version 9.2; Stata Corp, College Station, TX),and dcpxctnd thesummary ROC

curves and confidence rcbmm for summuary sensitivity and specificity.”” We
estimated the Q* statistic,’® the point on the curve where sensitivity equals
specificity, as global measures for the summary ROC.

To explore heterogeneity, we performed subgroup analyses by visua
assessment of ROC plots and univariate meta-regression analyses. In the
meta-regression, we incorporated study design or clinical characteristics as
covariates into the bivariate model using Meta-Analyst (Tufts Medical Center,
Boston, MA). Our preplanned analyses included characteristics of study de-
sign {prospective v retrospective), whether studies included more than 16
patients with treatment failure, rates of treatment failure, adoption of com-
bined FDG-PET and computed tomography (FDG-PET/CT), the mean num-

wivw.fco.org

ber of chemotherapy cycles before PET, timing of PET scan after the
administration of cheniotherapy, percentage of high or high-intermediate risk
for DLBCL, and percentage of rituximab (R} use for DLBCL. We also per-
formed posthoc analyses on the use of high-dose chemotherapy. Two-sided P
values lower than .05 were considered to be statistically significant.

Search Results

Online-only Appendix Figure Al summarizes the search results.
We retrieved 23 full reports for further review and contacted nine
authors for additional data. We excluded three studies that presented
the same participants as previous reports,'" ™" three studies that did
not provide information to calculate prognostlc Acauecy, > two
studies that adopted nondedicated PET scanner,”** one study with
fewer than 10 relevant participants,™ one study with fewer than five
patients who progressed or relapsed,” and one study that evaluated
patients during salvage therapy.®® One study™ presented updated
results combining previous reports from two independent groups*°
together with 106 newly evaluated patients from both groups. In this
report, we included only the added subpopulation as an independent
study. Three studies reported FDG-PET results at completion of
second cycle and fourth cycle of chemotherapy.'®'**! We abstracted
data only on the second cycle in these studies. One study evaluated
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