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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

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 actual 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 = 0003 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 cell 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 e al, 1998; Czuczman ef al, 1999,
2004; Coiffier et al, 2002; Forstpointner et al, 2004; Hidde-
mann et al, 2005; Lenz ef al, 2005; Marcus ef al, 2005; Rivas-
Vera et al, 2005; Habermann et al, 2006; van Oers er al, 2006
Pfreundschuh er al, 2006, 2008; Herold et al. 2007). The
voxicity of rituximab has been generally graded as 1 or 2, and it
occurs with the first infusion (Maclaughlin er al. 1998); the
safety of rituximab when combined with chemotherapy has
been shown to be similar to that of chemotherapy alone.
Randomized phase 11l 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 er al, 2007) and those with untreated
diffuse large B cell lymphoma (DLBCL) (Coiffier er aly, 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 dinical 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 er 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

pective 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 accoum for the
majority of mature B cell lymphoma patients, by the addition
of rituximab in actual dinical 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 (NHQ), 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

Ritwamab Benefit in B Cell Lymphoma

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 er al, 1971). Patients were excluded if
they were human immunodeficiency virus (HIV)-positive or
had central nervous system involvement a1 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 classification. Age, Eastern Cooperative Oncology Group
(ECOG) performance status (PS), lactate dehydrogenase
(LDH) levels, dinical staging (Ann-Arbor classification),
number of extra-nodal lesions (0, 1 vs. 22) were also collected
and used to calculate the International Prognostic Index (IPT)
(The International Non-Hodgkin's Lymphoma Prognostic
Factors Project, 1993) and the revised IP1 (R-1P; 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 dinical 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 (0S) was
defined as the interval from diagnosis to death from any cause.
Systemic therapy was initiated promptly afier diagnosis for
almost all of the patients (usually within 1 month).

Statistical analysis

The patients’ dinical characteristics and treatment outcomes
were compared between | 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 PFS and
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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 stava 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
(916%) received sy ic ch herapies. 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 I. Pathological subtype of patients (n = 1126},

Rituximab  Non-rituximab  Total
Histology at group group (n=1126)
diagnosis (n=23M8) (n=778) %
DLBCL 184 578 762 (67°7)
Burkitt lymphoma 1 17 18 (1:6)
Follicular lymphoma 1 104 215 (191)
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 3420
Nodal marginal zone ] 0 9 (0rg)
B cell ymphoma
Mantle cell lymphoma 18 26 44 (39)
Others 5 13 18 (0°7)
DLBCL, diffuse large B-cell lympt MALT-lympl extranodal

marginal zone B-cell lymphoma of mucosa-associated lymphoid tssue.

of the pathological classification 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 (191%) 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 | year and 4 months of the 5-year study
period. The patients’ characteristics are listed in Table 1. 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 (IP] and IPI subgroup) were not different
between the rituximab group and the non-rituximab group
(Table I1). 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, 052;
959 CI, 0:37-0-73; P < 0-001, Fig 1), The 2-year estimated OS5
was 78:0% (95% Cl, 70-5-837%) in the rituximab group and
61'7% (95% CI, 5742-657%) in the non-rituximab group,
Looking only at the patients who received an anthracydin-
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 I1). For the R-1PI very good risk
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Table I Chanctenstics of DLBCL panients (n = 762).

Rituximab  Non-rtuximab
group group
Characteristic (m = 184) (m=578) P
Age (years), median (range) 67 (20-96) 68 (16-95) 0947
Gender male/female 100/84 300:278 0563t
PS st diagnosis
0 58 182 0-309*
1 74 195
2 % 100
3 n 75
4 4 26
LDH > normal 101 M6 o233t
Extranodal site > | 42 130 0-925¢
Clinical stage
1 30 92 o
n 60 176
m 2 118
v 62 192
F1
L 66 174 or141*
u 41 138
HI 7 115
H 40 151
Receiving 183 560 0057t
anthracyclin-containing
regimen
R-TP1
Very good 26 60 251"
Good B0 244
Poar 77 56

PS, ECOG performance sarux; LDH, lactate dehydrogenase [P,
International Prognostic Index (L, low; LI, low-intermediate; HI, high-
intermediate; H, high); R-IP1, Revised International Prognostic Index.
*Mann-Whitney U-test

TChi-squared test.

group, the PFS 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 = 061, HR, 1-89; 95% CI,
0-42-849; P = 040 respectively) (Fig 2). However, for the
R-IPT higher risk groups (good and poor), PFS was signifi-
cantly improved by the addition of rituximab (HR, 0-58; 95%
CIL 0:35-0-96, P = 0035, HR 054; 95% CI, 0:38-076
P < 0-001 respectively) (Figs 3 and 4). OS was also improved
in the R-IPI poor risk group (HR, 0-48; 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;
95% CI, 0-26-105; P = (-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-1PI (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 pati The rituximab group received rituximab in addition
to ic ch herapy as first induction. The non-rit-

m:'ubmmd systemic chematherapy 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 cel lymph ) 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 ITL.
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 [11), The
median 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% CI, 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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L

alone as first remission induction.

459-655%) in the non-rituximab group. OS was also
improved in the rituximab group compared with the non-
rituximab group (HR, 035 95% Cl, 0-17-0:72; P = 0-003,
Fig 5). The 2-year estimated OS was 94:3% (95% CI, 87-8—
97-4%) in the rituximab group and 817% (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—074; P < 0-001) and OS (risk ratio, 0-50; 95%
Cl, 0-36-0-70; 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, 0-21-092; 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-NHO. The clinical data of all patients

duction. The non-ri yuup received lytt:rm: 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 dinical 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 lymph 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 I1II studies have demonstrated
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(A)g . the advantages of the addition of rituximab to chemotherapy,
i b both in previously untreated patients, as well as in relapsed/
el refractory indolent B cell lymphoma patients (Forstpointner
&

\ et al, 2004; Hiddemann efal, 2005; Lenz ef al, 2005;
: Marcus f al, 2005; Rivas-Vera et al, 2005; van Oers et al,

ES- ey, b o 2006; Herold et al, 2007; Schulz et al, 2007). The German
i — Low-Grade Lymphoma Study Group (GLSG) conducted =

8. via Sy phase 111 study comparing CHOP combined with rituximab
Log-rank P < 0-001 Non-rikodmab group to CHOP alone, and they showed significant improvements

g.‘ in remission rates, PFS and OS in the combination group
[ 1 2 N T o 7 [ (Hiddemann er al, 2005). Other studies also showed that
chemotherapy with rituximab provided a better PFS than

B)g . N chemotherapy alone. Recently, the Cochrane Hematological
1 Malignancies Group performed a comprehensive systematic
et E review and meta-analysis to compare the efficacy of chemo-
L3 I T therapy with rituximab to the identical chemotherapy alone

| in patients with indolent B cell lymphoma or mantle cell
1 " =1 lymphoma (Schulz ef al, 2007). This analysis induded seven
| reen LN well-controlled, randomized studies comparing rituximab—

4 Tup chemotherapy combination therapy with chemotherapy alone,
| Log-rank P < 0-001 HOTH Dl o and indicated that the rituximab—chemotherapy combination

1 provided superior OS to chemotherapy alone.
(]

000

Rl 2 3 4 ey SE [ For DLBCL, many phase 11 studies have proven the benefits

of the addition of rituximab to chemotherapy. The Groupe

Fig 4. Progression-free survival (A) and overall survival (B) of 333 d'Etude des Lymphomes de I'Adulte study showed superiority
DLBCL patients (R-IPI poor risk). The rituximab group W‘N m of CHOP and rituximab to CHOP alone in elderly, advanced,
m‘h in addman to mtum: chemotherapy as first ly untreated, DLBCL patients with respect to PFS and

ducti Thtnnn imab group received systemic chemotherapy F ; A ;
D nean Rrsk fon lnductm OS (Coiffier et al, 2002). The advantage of rituximab in

Pre Hazard ratio Hazard ratio

R-P1 95% CI ﬁd

Poor 0-54 [D-38, 0.76]

Good 0-58 [0-35, 0-96] ==

Very good 1-38 [0-40, 4-72] I

Total (95% CI)  0-58 [0-43, 0.78) Q

Heterogenslty:  F=0-35 o1 02 o5 1 2 5 10

Favours R-Chemo Favours dumihempy

o Hazard ratio Hazard ratio

R-PI 95% Ci 95% Cl

Poor 0-48 [0-32, 0:72]

Good 0-52 [0-26, 1-:05) ——

Very good 1.89 [0-42, 8-49) -t

Total (85% CI) 056 [0-34, 0-93] 5

Heterogonelty:  P=0-23 0102 056 1 2 5 10

Favours R-Chemo Favours chemotherapy

Fig 5. Disease control for DLBCL in each R-IPI risk group receiving rituximab with chemotherapy (R-chemo) or chemotherapy alone. Disesse
contral is shown as the hazard ratio (HR) for a disease event (progression or death), Solid squares represent risk estimates for the each R-IP1 risk
group. The size of sq P the weight assigned to each R-IPT risk group and is proportional to inverse variance of the estimate. Horizontal
lines indicate 95% confidence intervals (Cls). The diamond indicates the 95% Cis for the overall HR. Vialues less than 10 indicate HRs that favour
R-chemo.
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Table M. Characteristics of follicular lymphoma patients {n = 215).

Rituximah Non-rituximah
group group
Characteristics (n=111) (n=104) P
Age (years), median 56 (26-83) 57 (23-91) 0497
(range)
Gender male/female 49/62 48/56 0767
PS at diagnosis
L] 60 53 r395*
1 38 .|
2 8 13
3 4 6
4 1 1
LDH > normal 42 47 0274
Clinical stage
I 4 7 0ro65*
i 2% 15
m 41 32
v 38 50
Recerving 104 91 01591
anthracydin-containing
regmen

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 Il studies, but the
actual benefits of rituximab benefits in clinical practice have
not been addressed. Prospective clinical trials for treatment
have critical inclusion and exdusion 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 dassified
by R-IPI, 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

s

8 1 2z 3§ 1 & & 71 @
Year

Fig 6. Progression-free survival (A) and overall survival (B) of 215
follicular lymphoma patients. The rituximab group received rituximab
in addition to sy ic b herapy as first ission 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 retrospective 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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Purpose

To systematically review the prognostic accuracy of fluorine-18-fluorodeoxyglucose positron
emission tomography (FDG-PET) for interim response assessment of patients with untreated
advanced-stage Hodgkin's lymphoma (HL) or diffuse largs B-cell lymphema (DLBCL).

Methods
MEDLINE, EMBASE, SCOPUS, and Biologic Abstracts were searched for relevant studies, Two
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Information downloaded from jco.ascopubs.org and provided
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ors independently reviewed studies for inclusion and extracted data. Relevant unpublished
data were reguested from the investigators if unavailable from publications. A meta-analysis of the
prognostic accuracy was performed.

Results

Thirtesn studies involving 360 advanced-stage HL patisnts and 311 DLBCL patients met our
inclusion criteria. Advanced-stage HL studies included few unfavorable-risk patients. DLBCL
studies were heterogeneous. FDG-PET had an overall sensitivity of 0.81 (95% Cl, 0.72 to 0.89) and
& specificity of 0.97 (95% CI, 0.94 to 0.99) for advanced-stage HL, and a sensitivity of 0.78 (95%
Cl, 0.64 1o 0.87) and a specificity of 0.87 (95% Cl, 0.75 to 0.93) for DLBCL. Meta-regression and
subgroup analyses did not identify factors that affect prognostic accuracy.

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
clinical practice. Its use should be reserved for research settings whare treatment regimens and
imaging conditions are standardized.
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it ment failure. Therefore, better identification of poor
w4 L g

responders to first-line therapy 1s 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 remain especially 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-

125.200.179.12.

vance risk-adapted treatment strategies.

Fluorine- 18-fluorodeoxyghicose positron enis-
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 a
prognostic toul performed during chemotherapy
have reported the ability to predict poor outcomes.”
However, the studies used different design, conduct,
and reporting, making interpretation of the results
difficult. In particular, inclusion of heterogeneous
populations with different categories of disease
(eg, limited-stage v advanced-stage HL or DLBCL
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Table 1, Studies of PET for Interim Response Assassment of Malignant Lymphoma Included in the Systematic Review
F X
ﬁ'ﬁwﬁ?’ Fretherapy Scen
Study Nao. of Invoived Start of Follow-Up to Confirm DG
Study Year Country Design Institutions Patiod Median  Range Avidity (%1

Agvencad-stage HL + DLBCL

Kostakoglu et 8™ 2006 USA Retrospective Start of therspy 21 347 100
Advanced-stage HL

Friedberg a1 8™ 2004 USA Prospective 3 Pre-therapy PET 241 10-32 100

Hutchings et a®” 2005 UK Retrospective 1 Diagnosis of ymphoma 40t B-125 100

Gallamini et aP 2006 fhaly Prospective " Disgnosis of lymphoma 2 248 100

Hutchings ot a!'? 2008 Denmark Prospective 3 Diegnosis of lyrmphoma ol 640 100

Zinzan| at al'* 2006 italy Prospective 1 NR 18 1227 100

Gallamini et al*® 2007 ltaly + Denmark Prospective 14 Diagnosis of lymphoma 26t 482 100
DLBCL

Spaspen a1 s 2002 Beigum Prospective 1 End of therapy 3611 1861 a7t

Haioun et af®! 2005 France Prospective 4 Study enrolimant 241 L] 100

Mikhaes! et al'? 2005 UK . Retrospective 1 Diagnosis of ymphoma 241 NR 100

Fruchan et &™ 2006 France Prospectrve 1 St of therapy 19 236 100

Quereliou ot a™® 2006 France Retrospactive 1 Start of therapy 1619 228 o0

Ng et a™ 2007 Australs R ¥ 1 Start of therapy 28 281 Partial

(connnued on following pagel

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
restriction. 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 studics. review articles,
and textbooks.

Study Selection

Two reviewers (T.T., H.N. ) screened abstracts and determined eligibiliry.
Full-text articles were reviewed when abstracts did not provide sufficient
mformation 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

gressed during chemotherapy or relapsed through clinical follow-up. We
nccq:m:d studies in which patients received high-dose chemotherapy fol-
lowed by autologous stem cell u‘anspiamauon as Inng as it was adminis-
tered as a part of primary therapy or ¢ ion after dard
induction chemotherapy. We excluded abstracts, tduurwls.cwumm letters,
and review articles. We excluded studies that enrolled patients with HIV-
associated or post-transplant lymphoproliferative disorders.

Many studies did not meet all the inclusion criteria, but did partially
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 92008 oy Amancan Society of Clinical Oncology
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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 Prognastic Indexes (IPI) for DLBCL,® therapeutic interven-
tions, interim PET results, and final dinical 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
first-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 rec ded guidelines.'®
Reviewers were not blinded to the name of the journal. Inconsistencies be-
Tween reviewers were either clarified by the authors or resalved 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
('TN), where all patients were categorized according to whether they were PET
positive or negative, and whether they exp ed nt failure, In the
main analysis, we employed the entire du:.ka.'l follow-up as the reference
standard. In sensitivity analysis, we categorized patients using shorter clinical
follow-up as the al ive reference standard to focus on very early treatment
failures (only during therapy or < 6 months), or early treatment failures (< 12
maonths), 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, early
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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Tabls 1. Stugies of PET for Intenm Response A

wont of Malignant Lymphoma Inciuded in the Systemanc Review (continued

No. of Chematherapy Durevon Between Woman ,.,:2,',,
Cycies Esfore PET Chemaotherapy and No. of Torsl
Study Scar PET Scan daysl Participants” No % Nadian Range
Advenced-stage HL + DLBCL
Kostskogiu et 8™ 818 for HL, 15- 344 3t 48 4821 87
221 tor DLBCL
Agvenced-stage =L
Friedoerg et ai™ ag NR 22 NRT 38 NR1 1860
Hutchings et al™” 2eed 8186 Fi:] 4zt 48 A 15713
Gallamini gt 2™ 2 1 108 57 53 ne 1478
Hutchings a1 ai'® 2 815 48 281 k. 36 1874
Zmzani st 8"t 2 NR 40 2 53 R 1348
Gallarnind ot ai™® 2 NR 1088 N 49 an 14.79
DLBCL
Speepan at af™ Jorar 141t or 212 a7 18t 2 401 3
Haioun st a®' 2 13.1411 or 20213 :<] aut ® &3t 17.78
Mikhassl a1 8’ 2063 NR 57 58t 46 651 2084
Fruchan et ai* 23 1211 o 182 * 13t 13 61 2477
Quereliou at o™ 2,3, or 4182 16214 2 NRt 33 NART 17-76
Ng et a®® 2,3, or 48§ 12-3411 or 18212 a4 21 48 60 2783

Abt FDG. # ACVEP, d E h

advancad-stags HL or DLBCL petients were inciuded in this systematic review

#For triweekly cycle chematheraoy leg, (R-ICHOPL.
§inciuding 10 advanced-stage HL patients and 24 DLBCL petiens
igl

6-cycle regimens, and the fourth cycle for B-cycie regimens).
#Only patients not included in the previous reports' " were left
=«Only patients m long-tarm remission.
t1For b-waekly cycle chemotherapy leg, (RHACVBP]
$$Eieven patients underwent PET at the end of the fourth cycle.
§&Eiaven patients underwant PET at the end of the fourth cycle

glucose; blsamycin, p
mmc\sm prednisone; DUBCL, dffuse large B-cell ymphoma; ML, mdubdn s Wm NF, not reported; PET, positron emunnwaw R rituximab
“Only
tData shstracted trom total participants of original repor. not exciusively for relevent patient population

qPatients underwent PET at the midpoint of the whole chematherapy cycles (the end of the secand cycle for 4-cycle chemaotherapy regimens, the third cycle for

; CHOP, cyciop

failure. 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 results, 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 appraximation for LRs. Then we
combined summary statistics, 95% confid jons of summary sensitivity
and specificity, and summary receiver operating characteristic (ROC) curves
by the hierarchical SROC method.'* which takes into account both within-
study and between-studies varistion. We fitted the model by using maximum
likelihood estimation implemented in the GLLAMM algorithm'® in STATA
(version 9.2; Stata Corp, College Station, TX), mdhnnd:hemmmykoc
curves and confidence regions for summary 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 visual
assessment of ROC plots and univariate mete-regression analyses. In the
meta-regression, we incorporated study design or dinical characteristics as
covariates into the bivariate model using Meta-Analyst (Tufs Medical Center,
Boston, MA). Qur preplanned analyses included characteristics of study de-
sign (prospective v retrospective), whether studies included more than 10
patients with treatment failure, rates of treatment failure, adoption of com-
bined FDG-PET and computed tomography ( FDG-PET/CT), the mean num-

Information downloaded from jco.ascopubs.
e g end 125.200.1

ber of chemotherapy cycles before PET, timing of PET scan after the
administration of chemotherapy, 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 A1 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
ﬂwempunmpmunpremmwpom"‘mﬁ:mmtdmﬂwdnd

not provide information to calculate prognostic accuracy,”™* two
studies that adopted nondedicated PEI‘mn:r“""tmesmdywnh
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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Table 2. Patient Characteristics of Studies of Positron Emission Tomography for Intenm Response Assessment of Malignant Lymphoma

No. of Use of
Participants Staging Betore Standard Prognostic Ruximab
Study Year Included Clinical Staging® Therapy [No.} Scares (No.) Therapy %)
Advanced-stage Inclusion critena International Prognostic
HL of advanced- Scores
suge
Friedoerg 2004 22 IB-IVB, any stage NR ABVD x 6 or MOPP/ABVD x —
at al™ with bulky 6 = radwitherapy
disease
Hu‘[chm?s 2005 B lIB-IVB, any s1age NR ABVD x 6 10 8 = radictherapy —
et at? with bulky
disease
Gallamini 2006 108 IIB-IVB, A with 0O pts: 28, 1 pt. 34, 2 ABVD x 6 or COPP/EBV/CAD x -
at al* adverse prs: 28, 3 prs: 10. 4 6 * radiotharapy
prognostic pts 3. =5pts 4
factorst
Hu‘tch-ngs 2008 45 ne-ve Medan 3 pts ABVD x 6 to 8 or comparable -
etal’ anthracycling-containing
regimen = radiotherapy
Kostakogiu 2008 10 -V, any stage Oms:3,1pt 2,2pts:  ABVD x 6 —
et a™? with bulky 4,4ps 1
diseasel
Zinzani 2006 40 IIB-ivB NR ABVD x 6 —
etal "4
Gallarmini 2007 106 IB-IVB, 1A with O pts: 38,1 pt. 70, 2 ABVD x 6, ABVD-ike regimern = —
et al?® adverse pts: 87, I pis: 42, 4 6, or COPP/EBV/CAD * 6 =
prognosnc pts: 13, = 5 pts; radiotherapy
factorst 10§
DLBCL International Prognaostic
Indexas
Spaepen 2002 a7 1A 1, A 18, L: 26, L. 22, M-k 17, CHOP » 8, biweekly CHOP = 6, 0
et ™ I8 &, A H 17§ CHVmMPBY x B, or
14, 1B 2, COPR/COPADMICYM x 6Bjf
IVA. 14,
IvVB: 208
Haioun et a” 2005 B3 141 8, N1y L 14, L1 23, H; 30, (RICHOP x B, R-ACVBP x 4Y, or a5
828 H: 238 ACVBP x 4 or ACE « 4
Mikhgeel 2005 57 121,014, 1. NR IR-JICHOP % & or PMItCEBO x 16
etal'? 8 V13 6"
Fruchan 2006 35 -1 13, Y L3, L2 Hior H |R-}CHOP x 8 or (R-IACVBP x 74
et al*® 78 168 att
Kostakogiu 2006 24 21 L-16, L1 8 R-CHOP x 610 8B 100
et al® 10, IV 1
Quersliou 2006 2% Fa n2ima L8 L5 HIBH IR-JCHOP x B, R-COP x 6, or 90
et o IV: 15§ 5% IR-ICEEP x 444
Ng et a™® 2007 44 116, 19, 1 L1727, L9 H 12, H (RICHOP or CHOPike regimen » a0
5.V 14 .NA'S 610 8, (R-Hyper-CVAD x 8, o
brweekly (R-) CHOP x & =
radiotherapy§§
Abbreviations ABVD, doxorubicin, bleomycin, vinblastine, dacatbazine, ACE, doxorubicin, cycioph amide. etop . ACVBP, doxorubicin, cyclophosphamide,
vindesine, Dieomycin, prednisone. pts, patients, CAD, lomustine, doxorubicin, vindesine; CEEP, hosphamide, epirubicin, vindesine, prednisone, CHOP,

cyclophosphamide, doxorubicin, vinctistine, prednisone, CHVMPBY, cyclophosphamide, doxorubicin, teniposide, prednisone, bleomycin, wincnstineg, COP,
cyclophosphamide, vincristine, prednisone, COPADM, cyclophosphamide, vincristine, prednisolone, doxorubicin, high-dose methotrexate; COPP, cyclophospha-

mide, vincristine, procarbazine, predrnisone, CVAD, cyclophospharmde, vingnstine, doxorutwcin, dexame , CYM, oyt . high-dose methatiexate, DLBCL
diffuse Iarge B-cell lymphoma: EBV, epirubicin, bleomycin, vinblasting; H, hugh nsk; H-l, high-intermediate risk, HL. Hodgknns Iwnnmg L. low nsk; LI
low-intermediate nisk; MOPP, nitrogen mustard, wncristine, procaroazing, prednizone; NR, not reported, PMACEBO, cycloph e, A

prednisolone, vincristing, bleomyein, R, rituximab
According to the Ann Arbor staging system
1> 3 nodal cites, subdiaphragmatic involvement, bulky disease, erythrocyte sedimentation rate > 40 mm/hour
1Selected post hoc because of no nformanon on B symptoms
§Abstracted from total participants of original report, not exciusively for reievant patient population

ISome underwant high-dase chem py followed by autclogous sterm-cell tantation as consolidation therapy
flAll received an esght-cycle brweekly consolidanon therapy consisting high-dose methotrexate, etoposide, tostamide, and cytarabine atter the ACVBP remmen
#AIl underwent high-dose ch h followed by i s stem-call transplantation with or without rtuximab maintenance tharapy

“*A pormion of patents (n = 16) with Ilmﬂ.ed-slagu disease undgrwgnl 2 1o 4 cycles of (RCHOP tollowed by involved leld radiaton therapy instead of full course
{R-ICHOP
1 1 Patents with one age-adjusted international prognostic risk factor recerved an eight-cycle consolidation therapy. and patients with two or three tactors underwent
hign-dose chematherapy followed by au!olngous stem«ca'l transplantation
$1All underwent high-dose cher [} d by log! stem-cell ransplantation
§8A portion of patents n = 13} with Iumuaﬂ-staga diseasas undenwent 2 10 4 cycles at (R-ICHOP or similar regimens tollowad by involved fisld radiation therapy
instead of full-cycle chemotherapy
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PET at varied timing ranging from the first to fifth cycle.*® We con-
tacted the investigators for individual patient data, and excluded one
patient who underwent PET at the fifth cycle. We found one study'
through hand searching of the reference lists. As a result, we included
13 studies: eight studies'™ ' ******** that met all eligibility criteria and
five studies'™""*** with unpublished data available through contact-
ing the authors (Table 1), 1%

Study Characteristics

Thirteen included studies had 360 advanced-stage HL patients
and 311 DLBCL patients (Table 1). Eight reports were prospective
single- or multi-institutional studies enrolling aduits or adolescents.
Only one study evaluated both adults and children.** Most of the
patients in the HL studies underwent PET after receiving two cycles of
first-line chemotherapy, while the number of cycles before the PET
scan varied in DLBCL studies, In three DLBCL studies, 25% to 52% of
included patients underwent PET after the fourth cycle.***** One
study evaluated PET after one cycle.*” In general, participants under-
went PET during the second week of intended chemotherapy cycle for
biweekly chemotherapies (eg, doxorubicin, bleomycin, vinblastine,
dacarbazine [ABVD] or (R-) doxorubicin, cyclophosphamide, vin-
desine, bleomycin, prednisone [ACVBP]) and during the third week
for triweekly regimens (eg, (R-) cyclophosphamide, doxorubicin, vin-
cristine, prednisone [CHOP]). Four studies performed CT for a por-
tion of patients at the same timing as interim PET but they did not
perform direct comparison between the two tests, 3303038

For advanced-stage HL studies, fewer than 10% of included pa-
tients had unfavorable risk by standard prognostic tool (IPS > 3
points; Table 2). Progression or relapse rates were between 20% and
30% except for one study of 50%.™ All studies adopted currently

Interim FOG-PET for Advanced-Stage HL and DLBCL

available standard first-line chemotherapy: six to eight cycles of ABVD
or comparable regimens with or without radiotherapy. For DLBCL
studies, the percentage of patients with unfavorable prognosis (high-
intermediate to high risk by IP1) ranged from 0% to 59%, with pro-
gression or relapse rates of 27% to 47%. Full course (R-) CHOP and
(R-) ACVBP were the two most widely adopted regimens. Two studies
employed abbreviated course of (R-) CHOP or comparable regimens
followed by involved-field radiation for patients with limited-stage
disease.'™* No patients received rituximab in one study.’ In four
studies, some patients received consolidation auto-transplant after
induction chemotherapy.*'-**

Concerning imaging techniques and technologies, included
studies generally followed guidelines by the Society of Nuclear Medi-
cine (Table 3). One study exclusively adopted combined PET/CT
scanner.™ In five studies, some patients underwent combined
PET/CT while the others were evaluated with stand-alone dedicated
PET scanner.'***%*2% Al but one study™ adopted attenuation cor-
rection for image reconstruction.

In general, multiple experienced nuclear medicine physicians
interpreted PET results with pretherapy baseline scan as reference. All
studies adopted qualitative positive and negative diagnostic criteria
with various definitions (online-only Appendix Table A3). Only
two studies clearly reported the referential backgrounds to define
positive lesion. Five studies defined MRU criterion,'*"****? which
was eventually reported as negative in three studies.'*'*** No study
reported between-observer variability.

Quality Assessment of Published Studies
Only two studies'*** reported all items of the QUADAS tool
(online-only Appendix Table A4). Reporting was especially limited in

Table 3. Technical Specification ot PET for Intenm Resp ) 1 of Makg Lymphoma
Procedure
Praparation Image
Measurement of Type of PET Time of Scan After  Attenustion  Reconstruction Administered
Study Year Blood Glucose Scanner Injection iminutes)  Conection Method Activity (MBa)
Advanced-stage HL + DLBCL
Kostakoglu et i 2008 Yes PET-CT or dedicated 60 Yes OSEM 370444
Advanced-stage HL
Friedberg et al™ 2004 Yes Dedicated 50 Yes OSEM 370
Hutehings a1 al” 2006 Yes Dethcated ] Yes NR 350
Gallamini et ai™® 2006 Yes PET-CT or dedicated &0 Yes OSEM or RAMLA 37070, 259/70, 2
Hutchings et al™ 2006 NR PET-CT or dedicated 45-80 Yes OSEM 400
Zinzani et o' 2006 NA Dedicated 70-90 Yas NR Bt
Gallamini g1 gi™® 2007 Yes PET-CT or dedicated &0 Yes OSEM or RAMLA 370470, 259/70, 2
DLBCL
Spaspen e at™ 2002 Yes Dedicated 80 No OSEM 370-555
Haioun et at* 2005 Yes Dedicated 60 Yes DSEM 21
Mikhaeel et al'* 2005 NRA Dedicated 60 Yes NR 350
Fruchart et at™® 2006 NR Dedicated 60 Yes OSEM 251
Cuereliou et al™ 2006 Yes PETCT 73 =154 Yes OSEM 50-7.61
Ng et ai™® 2007 Yes PET-CT or dedicatad 80-70 Yes 0SEM 81
abbreviations: CT, computed tomography. DLBCL, ditfuze large B-cell ymphoma; HL, Hodgkin's lymphoma; NR, not reported; OSEM, orderad supsets expectation
maxmization, PET, positron erission tomography; RAMLA, row-action maximum likelihood aigonthm; SUV, standard uptake value
“Three hundred seventy MBa/70 kg at the centers that used a GE scanner, 259 MBa/70 kg at the centers that used a Philips scanner, and 2 MBag/body weght
kg at the centers that used a C-PET scanner
tAdministred activity was reported as the amount per body weight MBg/kg, eg, 360 MBg was administered 1o a 60 kg patient for 6 MBg/kg)
tMeaan = standard dewviation
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