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A B S T R A C T

Background

Follicular lymphoma (FL) is the most common indolent and second most common Non-Hodgkin`s lymphoma (NHL) in the Western
world. Standard treatment usually includes rituximab and chemotherapy. High-dose therapy (HDT) followed by autologous stem cell
transplantation (ASCT) is an option for patients in advanced stages or for second-line therapy, leading to improved progression-free survival
(PFS) rates. However, the impact of HDT and ASCT remains unclear, as there are hints of an increased risk of second cancers.

Objectives

We performed a systematic review with meta-analysis of randomised controlled trials (RCTs) comparing HDT plus ASCT with chemotherapy
or immuno-chemotherapy in patients with FL with respect to overall survival (OS), PFS, treatment-related mortality (TRM), adverse events
and secondary malignancies.

Search methods

We searched CENTRAL, MEDLINE, and EMBASE as well as conference proceedings from January 1985 to September 2011 for RCTs. Two
review authors independently screened search results.

Selection criteria

Randomised controlled trials comparing chemotherapy or immuno-chemotherapy with HDT followed by ASCT in adults with previously
untreated or relapsed FL.

Data collection and analysis

We used hazard ratios (HR) as eJect measures used for OS and PFS as well as relative risks for response rates. Two review authors
independently extracted data and assessed the quality of trials.

Main results

Our search strategies led to 3046 potentially relevant references. Of these, five RCTs involving 1093 patients were included; four trials in
previously untreated patients and one trial in relapsed patients. Overall, the quality of the five trials is judged to be moderate. All trials were
reported as randomised and judged to be open-label studies, because usually trials evaluating stem cell transplantation are not blinded.

High-dose therapy with autologous stem cell transplantation versus chemotherapy or immuno-chemotherapy for follicular lymphoma in
adults (Review)

Copyright © 2012 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

1

mailto:markus.schaaf@gmail.com
https://doi.org/10.1002%2F14651858.CD007678.pub2


Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

Due to the small number of studies in each analysis (four or less), the quantification of heterogeneity was not reliable and not evaluated
in further detail. A potential source of bias are uncertainties in the HR calculation. For OS, the HR had to be calculated for three trials from
survival curves, for PFS for two trials.

We found a statistically significant increased PFS in previously untreated FL patients in the HDT + ASCT arm (HR = 0.42 (95% confidence
interval (CI) 0.33 to 0.54; P < 0.00001). However, this eJect is not transferred into a statistically significant OS advantage (HR = 0.97; 95% 0.76
to 1.24; P = 0.81). The subgroup of trials adding rituximab to both intervention arms (one trial) confirms these results and the trial had to
be stopped early aRer an interim analysis due to a statistically significant PFS advantage in the HDT + ASCT arm (PFS: HR = 0.36; 95% CI 0.23
to 0.55; OS: HR = 0.88; 95% CI 0.40 to 1.92). In the four trials in previously untreated patients there are no statistically significant diJerences
between HDT + ASCT and the control-arm in terms of TRM (RR = 1.28; 95% CI 0.25 to 6.61; P = 0.77), secondary acute myeloid leukaemia/
myelodysplastic syndromes (RR = 2.87; 95% CI 0.7 to 11.75; P = 0.14) or solid cancers (RR = 1.20; 95% CI 0.25 to 5.77; P = 0.82). Adverse
events were rarely reported and were observed more frequently in patients undergoing HDT + ASCT (mostly infections and haematological
toxicity).

For patients with relapsed FL, there is some evidence (one trial, N = 70) that HDT + ASCT is advantageous in terms of PFS and OS (PFS: HR
= 0.30; 95% CI 0.15 to 0.61; OS: HR = 0.40; 95% CI 0.18 to 0.89). For this trial, no results were reported for TRM, adverse events or secondary
cancers.

Authors' conclusions

In summary, the currently available evidence suggests a strong PFS benefit for HDT + ASCT compared with chemotherapy or immuno-
chemotherapy in previously untreated patients with FL. No statistically significant diJerences in terms of OS, TRM and secondary cancers
were detected. These eJects are confirmed in a subgroup analysis (one trial) adding rituximab to both treatment arms. Further trials
evaluating this approach are needed to determine this eJect more precisely in the era of rituximab. Moreover, longer follow-up data are
necessary to find out whether the PFS advantage will translate into an OS advantage in previously untreated patients with FL.

There is evidence that HDT + ASCT is advantageous in patients with relapsed FL.

P L A I N   L A N G U A G E   S U M M A R Y

Treatment of follicular lymphoma

Follicular lymphoma is a malignancy of the lymphatic system and a common type of non-Hodgkin lymphoma. Follicular lymphoma arises
from B-cells, mainly aJects older adults and because of its slow growth it is called an indolent lymphoma. Follicular lymphoma grows
unnoticed for a long time and is recognised by lymph node enlargement, fever, weight loss, sweating or fatigue.  It is called follicular
lymphoma because aJected lymph nodes show rounded structures called "follicles". Using computer tomography scans, bone marrow
biopsy and blood tests, follicular lymphoma is classified into the early Ann Arbor stages I and II or the advanced Ann Arbor stages III or
IV, which are diagnosed in the majority of patients. Prognosis and therapy are related to the extent of the disease at initial diagnosis. The
small number of patients in stages I or II may be cured by radiotherapy. In advanced stages III or IV, patients are regarded as incurable.
Chemotherapy plus the monoclonal antibody rituximab is considered as current treatment strategy for symptomatic patients in advanced
stages. Positive eJects of high-dose therapy with transplantation of patients' own stem cells (autologous) are known for patients in
advanced stages, especially for the endpoint progression-free survival. However, this treatment option could have comparatively more
treatment-related late side eJects than chemotherapy, including secondary malignancies.

With this assumption, we assessed the role of high-dose therapy followed by autologous stem cell transplantation in the treatment of
follicular lymphoma in adults. We included five trials with 1093 patients in the main analyses. As a result, the meta-analyses for previously
untreated patients (four trials) show no statistical significant diJerences in terms of survival, treatment-related mortality or secondary
malignancies between the patients treated with high-dose therapy followed by autologous stem cell transplantation and those treated
with chemotherapy only. However, progression-free survival (tumour control), was significantly improved by the high-dose chemotherapy
and stem cell transplantation. Adverse events are more common in patients treated with high-dose therapy followed by autologous stem
cell transplantation.

There is an advantage of the high-dose chemotherapy and stem cell transplantation for patients with a relapse of the disease, both in
survival and in tumour control (one trial). No data on adverse events are reported in this trial.

High-dose therapy with autologous stem cell transplantation versus chemotherapy or immuno-chemotherapy for follicular lymphoma in
adults (Review)
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S U M M A R Y   O F   F I N D I N G S

 

Summary of findings for the main comparison.

High-dose chemotherapy plus ASCT versus chemotherapy for adult previously untreated patients with follicular lymphoma

Patient or population: Adult patients with follicular lymphoma

Intervention: High-dose chemotherapy plus ASCT

Comparison: Chemotherapy

Illustrative comparative risks* (95% CI)

Assumed risk Corresponding risk

Outcomes

Control High-dose chemotherapy
plus ASCT

Relative effect 
(95% CI)

No of Partici-
pants 
(studies)

Quality of the
evidence 
(GRADE)

Comments

Moderate risk population 2Overall sur-
vival

Follow-up: me-
dian 5 years

200 per 1000 195 per 1000 
(125 to 235)

HR 0.97 
(0.76 to 1.22)

701 
(3 studies)

⊕⊕⊕⊝ 

moderate 1
 

Study population

12 per 1000 16 per 1000 
(3 to 82)

Moderate risk population

Treatment-re-
lated mortality

11 per 1000 14 per 1000 
(3 to 73)

RR 1.28 
(0.25 to 6.61)

941 
(4 studies)

⊕⊕⊕⊝ 

moderate3
 

Low risk population

560 per 1000 297 per 1000 
(237 to 538)

High risk population

Progres-
sion-free sur-
vival 
Follow-up:
mean 5 years

880 per 1000 598 per 1000 
(503 to 682)

HR 0.42 
(0.33 to 0.54)

540 
(3 studies)

⊕⊕⊕⊝ 

moderate4
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Study population

11 per 1000 32 per 1000 
(8 to 132)

Medium risk population

Secondary ma-
lignancies

AML/MDS

14 per 1000 40 per 1000 
(10 to 164)

RR 2.87 
(0.7 to 11.75)

1023 
(4 studies)

⊕⊕⊝⊝ 

low1,3

As all trials had a median observation
time of less than 10 years, long-term
information on secondary malignan-
cies cannot be expected.

Study population

37 per 1000 44 per 1000 
(9 to 211)

Medium risk population

Secondary ma-
lignancies

Solid cancer

46 per 1000 55 per 1000 
(11 to 265)

RR 1.2 
(0.25 to 5.77)

701 
(3 studies)

⊕⊕⊝⊝ 

low1,3

As all trials had a median observation
time of less than 10 years, long-term
information on secondary malignan-
cies cannot be expected.

Adverse events see comment Not estimable 527 
(3 studies)

⊕⊝⊝⊝ 

very low 1,2
Acute adverse effects were seldom re-
ported and differ across the three re-
porting studies. They are higher in the
HDT + ASCT arm (haematological, non-
haematological, infection, see Table 1)

*The basis for the assumed risk (e.g. the median control group risk across studies) is provided in footnotes. The corresponding risk (and its 95% confidence interval) is
based on the assumed risk in the comparison group and the relative effect of the intervention (and its 95% CI). 
CI: Confidence interval; RR: Risk Ratio; HR: Hazard Ratio

GRADE Working Group grades of evidence 
High quality: Further research is very unlikely to change our confidence in the estimate of effect. 
Moderate quality: Further research is likely to have an important impact on our confidence in the estimate of effect and may change the estimate. 
Low quality: Further research is very likely to have an important impact on our confidence in the estimate of effect and is likely to change the estimate. 
Very low quality: We are very uncertain about the estimate.

1 There might be some heterogeneity between trials.
2 The risk for the low risk population (of patients with follicular lymphoma) was taken from the trial with the highest rates of survival at 5 years (GELF94 trial). The high risk rate
is approximately the risk in the CUP-trial, for relapsed patients.
3 No precise estimation of eJect, large confidence interval.
4 Outcome assessors not blinded. This could cause bias.
5Two of the three trials reporting adverse events report a few adverse events only
6 Two of five trials did not report any adverse event
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B A C K G R O U N D

Description of the condition

Follicular lymphoma (FL) is the most common indolent and second
most common Non-Hodgkin`s lymphoma (NHL) in the Western
world, accounting for > 20% of the approximately 56,000 new cases
of NHL in the U.S. yearly (Armitage 1998; Fisher 2004; Jemal 2005;
Higgins 2011a). In contrast to other kinds of cancer, the incidence
and mortality of this B-cell malignancy rises continuously and has
doubled in the last three decades, especially in the U.S. and Europe
(Anderson 1998; Groves 2000; Clarke 2002 ; Muller 2005).

The World Health Organization (WHO) divides FL into three major
grades based on the number of centroblasts per high-power field
(Harris 1999). WHO Grade 1, 2 and 3a correspond to indolent
lymphomas. However, the subdivided grade 3b is strictly speaking
an aggressive disease and more closely related to diJuse large B-
cell lymphoma, the most common highly malignant lymphoma (Ott
2002). Prognosis and therapy of FL are dependent on the respective
Ann Arbor stages. Less than 20 % of patients, situated in Ann Arbor
I / II, are treated by curative radiotherapy, applied as extended or
involved field irradiation (Hiddemann 2006; Lau 2006; Schulz 2007;
Brown 2009). All remaining patients diagnosed at advanced-stage
disease are regarded as incurable (Andreadis 2005; Foster 2009).
In up to 25% to 35% of patients, FL transforms to a high-grade
lymphoma with a poor prognosis because of resistance to therapy
(Horning 2000). In advanced-stage, FL relapses in shorter intervals,
so that concerned patients die aRer a median survival time of 8 to
10 years because of progressive disease (Horning 1984; Gallagher
1986; Egger 1997; Moher 1999).

Up to 95% of the patients with FL show the translocation
t(14;18), which leads to an over-expression of the BCL-2 protein
(Korsmeyer 1992). This protein, which has an inhibitory eJect
on apoptosis (programmed cell death), is a diagnostic help
in the diJerentiation between malignant and reactive follicles
(Symmans 1995; Diaz-Alderete 2008). To improve overall survival
(OS), diJerent patterns of chemotherapy were prescribed, but
these early applied therapies compared with the 'wait and watch'
strategy in advanced-stage did not show advantage concerning
OS. That is why only symptomatic patients or those with a high
tumour burden are treated (Ardeshna 2003). The natural history
of FL includes a high initial rate of response to chemotherapy and
radiotherapy. In the past, conventional chemotherapy regimens
consisting of single and multiple drug alkylating agent-based
therapies were used in primary treatment for patients with
advanced-stage FL. Despite various chemotherapy combinations
in the last decade, no improvement of OS was achieved (Oliansky
2010). Compared with diJerent patterns of chemotherapy such
as alkylating agent-based or anthracycline-containing regimens,
which did not exceed a median response duration of 1.5 to 3 years
despite a response rate of 60% to 70%, Rohatiner et al showed,
that chemotherapy combined with interferon α were superior with
regard to prolonged OS (Brandt 2001; Reiser 2002; Rohatiner 2005).
The status of interferon as maintenance therapy for patients with
FL remains unclear, although a progression-free survival (PFS)
advantage is reported in a systematic review (Baldo 2010). In the
review, interferon was associated with significant toxicities that
may have an impact on a patient's quality of life.

In the last few years, progress in the therapy of FL has been recorded
(Herold 2007). Monoclonal antibodies, especially rituximab, have

shown a proven activity in the therapy of FL and NHL, in salvage
therapy as well as in therapy for relapsed FL (Schulz 2007; Vidal
2009).

Description of the intervention

In spite of initially high response rates, FL is usually not curable
so that all patients will suJer a relapse (Buske 2007). Non-
myeloablative allogeneic stem cell transplantation is a potentially
curative treatment option, but long-term eJectiveness and toxicity
of this strategy are unknown, although there are early promising
results in a non-randomised trial (Khouri 2008). Another potentially
curative therapy is high-dose therapy (HDT) with autologous stem
cell transplantation (ASCT) (Buske 2005). This regimen has been
compared with conventional regimens of chemotherapy, primarily
in relapsed FL, later on in first remission. Although randomised
trials show promising results concerning prolongation of response
duration and relapse rate for patients in first remission as well
as relapsed patients, there is still disagreement regarding OS and
potential disadvantages due to toxicity and an increased rate of
secondary malignancies (Colombat 2001; Forstpointner 2004; Lenz
2004; Lenz 2004a; Deconinck 2005; Hiddemann 2005; Marcus 2005;
Hiddemann 2006; Sebban 2006; Van Oers 2006; Weigert 2006; Buske
2007; Herold 2007; Sacchi 2007).

How the intervention might work

Myeloablative doses of chemotherapy or irradiation permits the
application of higher doses of anti-cancer therapy and provides
potentially better tumour control. On the other hand, this therapy
leads to various adverse events, including damage to the bone
marrow and decreased production of leucocytes (white blood
cells), thrombocytes (platelets) and erythrocytes (red blood cells).
To restore the bone marrow's ability to produce blood cells, the
patient receives stem cells from his own body, called autologous
stem cell transplantation. These cells are mobilised and collected
in advance, frozen and stored and returned to the patient aRer HDT.

Why it is important to do this review

At this stage, no systematic review or meta-analysis of ASCT in FL
patients are available. Because of the uncertainties of HDT followed
by ASCT mentioned above, we undertook this review. We aimed
to obtain more evidence regarding the clinical benefit (OS, PFS)
and the therapy-related risks (treatment related mortality (TRM),
adverse events), by systematically analysing the reliability and
validity of the data and by considering only RCTs for our review.

O B J E C T I V E S

To compare the eJectiveness of HDT with ASCT to chemotherapy
or immuno-chemotherapy in patients with newly diagnosed or
relapsed FL.

M E T H O D S

Criteria for considering studies for this review

Types of studies

Any published (including Internet publication) or unpublished RCTs
(including cluster randomised trials) were eligible for inclusion in
the review. We did not apply time or language restrictions.

High-dose therapy with autologous stem cell transplantation versus chemotherapy or immuno-chemotherapy for follicular lymphoma in
adults (Review)
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Types of participants

Adult male and female patients (≥ 18 years of age) with a confirmed
diagnosis of FL.

Types of interventions

The main intervention was HDT with ASCT compared with
chemotherapy and immuno-chemotherapy. We considered any
chemotherapeutic and immunochemotherapeutic regimen for
comparison.

Types of outcome measures

Primary outcomes

• Overall survival (OS) was evaluated as the primary eJicacy
endpoint

Secondary outcomes

• Progression-free survival (PFS)

• Response rate (RR)

• Qualitiy of life (Qol)

• Treatment-related mortality (TRM)

• Adverse events

• Secondary malignancies

Search methods for identification of studies

Electronic searches

We adopted search strategies from those suggested in Chapter Six
of the Cochrane Handbook for Systematic Reviews of Interventions
(Lefebvre 2011). To reduce language bias we did not apply language
restriction.

The search covered major medical databases from 1985 to
September 2011:

• the Cochrane Central Register of Controlled Trials (CENTRAL),
see Appendix 1 and Appendix 2;

• MEDLINE, for search strategy see Appendix 3 and

• EMBASE, see Appendix 4.

We searched conference proceedings of annual meetings of the
following societies not included in CENTRAL for abstracts:

• ASH (American Society of Hematology) 2007 to 2010

• ASCO (American Society of Clinical Oncology) 2007 to 2010

• EBMT (European Group for Bone and Marrow Transplantation)
2007 to 2010.

We searched the database of ongoing trials: Metaregister of
controlled trials:

• www.controlled-trials.com/mrct/

• www.eortc.be/

• www.ctc.usyd.edu.au/

• www.trialscentral.org/index.html 

Searching other resources

We handsearched references.

• References of all identified trials, relevant review articles and
current treatment guidelines

Data collection and analysis

Selection of studies

Two review authors (MS, NS) screened the titles and abstracts of
studies identified from the above sources. At the first screening,
we discarded studies that were clearly ineligible. If this could not
be done satisfactorily based on title and abstract, we obtained the
full text version and discussed eligibility. The aim was to be overly
inclusive rather than to risk losing relevant studies. We assessed
selected studies using an eligibility form to determine whether
they met the inclusion criteria; we resolved any disagreement
by discussion. If necessary, we sought further information from
the authors where articles contained insuJicient data to make
a decision about eligibility. The eligibility form contained the
following questions.

1. Is the study described as randomised?

2. Is the diagnosis of FL histologically confirmed?

3. Were the participants in the experimental group treated by HDT
and ASCT?

4. Were the participants in the control group treated by
chemotherapy or immunochemotherapy?

Data extraction and management

Two review authors (MS, NS) independently extracted data
concerning details of study population, intervention and outcomes
using a standardised data extraction form. This form included the
following terms.

• General information: author, title, source, publication date,
country, language, duplicate publications.

• Quality assessments: sequence generation, allocation
concealment, blinding (participants, personnel, outcome
assessors), incomplete outcome data, selective outcome
reporting, other sources of bias.

• Study characteristics: trial design, aims, setting and dates,
source of participants, inclusion/exclusion criteria, treatment
allocation, comparability of groups, subgroup analysis,
statistical methods, power calculations, treatment cross-overs,
compliance with assigned treatment, length of follow-up, time
point of randomisation (upfront, aRer induction).

• Participant characteristics: age, gender, ethnicity, number of
participants recruited / allocated / evaluated, participants lost to
follow-up, additional diagnoses, percentage actually receiving
transplant; prognostic factors

• Interventions: setting, type of (multi-agent) chemotherapy
(intensity of induction and conditioning regimen, number of
cycles, with or without radiation), stem cell source (bone
marrow or peripheral blood); transplantation with or without
growth factor support, transplant details, infection prophylaxis,
type of maintenance treatment, type of salvage treatment.

• Outcomes: OS, PFS, relapse rate, TRM, adverse events, QoL.

Where possible, we sought missing data from the authors.
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Assessment of risk of bias in included studies

Two review authors (MS, NS) evaluated independently all included
trials using a list of selected quality criteria according to the
recommendations in Chapter Eight of the Cochrane Handbook
for Systematic Reviews of Interventions for the following criteria
(Higgins 2011).

• Sequence generation.

• Allocation concealment.

• Blinding (participants, personnel, outcome assessors).

• Incomplete outcome data.

• Selective outcome reporting.

• Other sources of bias.

The review authors judged each criteria, based on a three-point
scale ("Yes" (low risk of bias), "No" (high risk of bias), "Unclear") and
a summary description. We resolved disagreement by consensus.
The review authors were not blinded to names of authors,
institutions, journals, or the outcomes of the trials.

Measures of treatment e;ect

For binary outcomes, we calculated risk ratios (RR) with 95%
confidence intervals (CI) for each trial. We planned to calculate
continuous outcomes as mean diJerence (MD), but no continuous
data were included. For time-to-event outcomes we extracted the
hazard ratio (HR) from published data according to Parmar 1998
and Tierney 2007.

Dealing with missing data

We planned to follow the general recommendations for dealing
with missing data in Cochrane reviews (Higgins 2011b):

• Whenever possible, we contacted the original investigators to
request missing data.

• We would have clearly stated the assumptions of any methods
used to cope with missing data (e.g. imputation of missing
data and accounting for the fact that these were imputed with
uncertainty).

Assessment of heterogeneity

Because of the small number of studies in each analysis (two),
the quantification of heterogeneity was not reliable. In meta-
analyses with more trials, we would have assessed heterogeneity of
treatment eJects between trials using a Chi2 test with a significance
level at P < 0.1. In that case, we would have used the I2 statistic to
quantify possible heterogeneity (I2 > 30% moderate heterogeneity,
I2 > 75% considerable heterogeneity) (Deeks 2011). We explored
potential causes of heterogeneity by sensitivity and subgroup
analyses where possible.

Assessment of reporting biases

We would have explored potential publication bias in meta-
analyses with at least 10 trials by generating a funnel plot and

statistically testing by means of a linear regression test. We would
have considered a P value < 0.1 as significant for this test (Sterne
2011).

Data synthesis

We performed analyses according to the recommendations of
chapter nine of the Cochrane Handbook for Systematic Reviews of
Interventions (Deeks 2011). We used aggregated data for analysis.
For statistical analysis, we entered data into the Cochrane statistical
package Review Manager 5 (Review Manager (RevMan)). One review
author (MS) entered data into the soRware and a second review
author (NS) checked it for accuracy. We performed meta-analyses
using a random-eJects model (for example, the generic inverse
variance method for survival data outcomes and Mantel-Haenszel
method for dichotomous data outcomes). We used the random-
eJects model in terms of sensitivity analyses.

Subgroup analysis and investigation of heterogeneity

We assessed heterogeneity of treatment eJects between trials by
using a CHI2 test with a significance level at P < 0.1. The I2 statistic
was used to quantify possible heterogeneity. Wwe performed
subgroup analyses on the following characteristics.

• Patients treated as front line, refractory or relapse with these
treatments.

Subgroup analyses by age, sex or gender were not possible due
to the limited amount of data available. Because of the same
type of stem cell source in all trials, we did not perform subgroup
analysis for this factor. Due to diJerences of type and intensity
of preparative regimen in each trial, we also excluded subgroup
analysis in this regard. Subgroup analysis of prognostic factors was
leR out because they were not reported in any one of the included
trials.

Sensitivity analysis

• Quality components, including full text publications/abstracts,
preliminary results versus mature results.

• Fixed-eJect modelling versus random-eJects modelling.

R E S U L T S

Description of studies

Results of the search

Our literature search produced 3046 potentially relevant references
related to treatment of patients with FL. Of these, we excluded
2987 at the initial stage of screening because they did not fulfil
our predefined inclusion criteria. The remaining 59 publications
were retrieved as full text publications or abstract publications for
detailed evaluation. Of these 59 publications, 40 were excluded and
finally five trials (19 publications) with 1093 patients were formally
included in the main analyses of this review. The overall number
of trials screened, identified, selected, excluded and included was
documented with reasons according to PRISMA flow diagram (see
Figure 1) (Moher 2009).
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Figure 1.   PRISMA flow diagram
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Figure 1.   (Continued)

 
Included studies

The characteristics of included trials are also summarised in
Characteristics of included studies.

We included five trials (CUP trial; GELA/GELF-94; GITMO/IIL; GLSG;
GOELAMS 064) in the review; four trials in previously untreated
patients (GELA/GELF-94; GITMO/IIL; GLSG; GOELAMS 064) and one
trial in patients with relapsed FL (CUP trial). The earliest trial
recruited in the time period between 1993 and 1997 and the
latest between 2000 and 2005. We extracted the data from full text
publications for all trials.

Design

Of the five included trials, four trials were two-armed RCTs and one
trial was a three-armed RCT (CUP trial). The CUP trial randomised
patients to chemotherapy only, unpurged stem cells and purged
stem cells. We evaluated the two arms (purged and unpurged)
together in this review. Of the five multi-centre trials, three
were national (GITMO/IIL; GLSG; GOELAMS 064) and two were
international (CUP trial; GELA/GELF-94). The control arm consisted
in one trial of chemotherapy only (CUP trial) and in three trials
of chemotherapy plus interferon (GELA/GELF-94; GLSG; GOELAMS
064). In one trial, the chemotherapy arm was supplemented by the
monoclonal antibody rituximab (GITMO/IIL).

Sample size

The smallest trial (CUP trial) randomised 89 patients (70 analysed)
and the largest trial 401 patients (GELA/GELF-94).

Location

The included trials came from a range of research groups from
diJerent countries. The trials were conducted in the following
countries: one trial in Germany (GLSG); one trial in France and
Belgium (GELA/GELF-94), one trial in diJerent centres of European
countries (CUP trial); one trial in France (GOELAMS 064) and one
trial in Italy (GITMO/IIL).

Participants

A total of 1.105 male and female patients with histologically
proven FL were randomised. For the majority of the patients,
histopathologic diagnosis was made according to the Working-
Formulation criteria of the National Cancer Institute and reviewed
according to the REAL classification. One thousand and ninety-
three of the randomised patients were evaluated.

Interventions

Patients from included trials were treated either with HDT + ASCT
or chemotherapy/immunochemotherapy.

The HDT consisted of CHOP cyclophosphamide and total body
irradiation (TBI) in the CUP trial; cyclophosphamide, high-
dose doxorubicin, prednisone, and vincristine (VCAP), ifosamide,
methotrexate, and VP-16 (IMVP-16) and TBI in the GOELAMS 064
trial; and dexamethasone, cBCNU, melphalan, etoposide, and
cytarabine (Dexa-BEAM), cyclophosphamide and TBI in the GLSG
trial. In the GELA/GELF-94 trial, the HDT arm included TBI, CHOP,
cyclophosphamide and etoposide. TBI was not scheduled for the
intervention arm of the GITMO/IIL trial. Patients randomised to
this arm were treated with doxorubicin, vincristine, and prednisone
(APO), Ara-C, cisplatin, and dexamethasone (DHAP), etoposide,
cyclophosphamide, mitoxantrone, melphalan and rituximab.

The chemotherapy regimens of the control arms were as follows:
cyclophosphamide, doxorubicin, vincristine, and prednisone
(CHOP) in two trials (CUP trial; GITMO/IIL); cyclophosphamide,
doxorubicin, teniposide, and prednisolone (CHVP) for two trials
(GELA/GELF-94; GOELAMS 064); and mitoxantrone, chlorambucil,
and prednisone (MCP) or CHOP in one trial (GLSG). In three trials,
interferon α was given in addition to the therapy of the control-arm
(GELA/GELF-94; GLSG; GOELAMS 064). In one trial (GITMO/IIL), the
chemotherapy arm was supplemented by the monoclonal antibody
rituximab. In one trial (CUP trial), the control arm included only
chemotherapy.

In all five trials the type of stem cell source was the harvest of
peripheral blood stem cells (PBSC).

Outcomes

Primary outcome measure

Overall survival was analysed in four trials (CUP trial; GELA/
GELF-94; GITMO/IIL; GOELAMS 064). The median follow-up time for
OS was as follows: 51 months for the GELA/GELF-94 trial; 69 months
for the CUP trial; 108 months for the GOELAMS 064 trial and 51
months for the GITMO/IIL trial. In one trial, OSoverall-survival was
not reported (GLSG).

Secondary outcome measures

Four trials reported PFS (CUP trial; GITMO/IIL; GLSG; GOELAMS
064). Response rate was analysed in three trials (GELA/GELF-94;
GITMO/IIL; GOELAMS 064). Four trials mentioned treatment-related
mortality and secondary malignancies (GELA/GELF-94; GITMO/
IIL; GLSG; GOELAMS 064). Three trials evaluated adverse events
(GITMO/IIL; GLSG; GOELAMS 064) and no trial mentioned quality of
life.

Three trials additionally reported event-free survival (EFS) (GELA/
GELF-94; GITMO/IIL;GOELAMS 064); this endpoint was not analysed
in this systematic review. EFS was calculated as the time period
form the random assignment to induction failure (stable disease
at the end of treatment or progression during treatment), death
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irrespective of the cause, progression aRer partial response (PR),
relapse aRer complete response (CR), or last follow-up. Compared
to that, PFS is defined from the end of successful induction therapy
until documented progression or death and not directly estimable
from EFS.

Funding

Roche supported in part the GITMO/IIL trial, providing rituximab
for all the patients. The GOELAMS 064 trial was partly supported
by grants from the French Ministry of Health (Paris, France)
and Schering-Plough. Schering-Plough also supported the GELA/
GELF-94 trial.

Conflict of interest

In one trial, the authors indicated no potential conflict of interest
(CUP trial). In all other trials, conflict of interests was not
mentioned.

Excluded studies

For information on excluded trials see Characteristics of excluded
studies, where reasons for the exclusion are listed.

We excluded a total of 40 articles aRer detailed evaluation of full text
publications. The main reasons for exclusion were:

• 13 articles: non-randomised comparisons or reviews;

• 2 articles: not CT versus HDT + ASCT;

• 21 articles: no patients with FL;

• 4 articles: no separated results reported for patients with FL and
no reply from the authors for further details.

Risk of bias in included studies

Overall the quality of included trials is moderate. For more details
see 'Risk of bias' tables of the included trials in the tables
of Characteristics of included studies. The 'Risk of bias' graph
illustrates the proportion of studies with each of the judgements
"low risk", "high risk" or "unclear risk" of bias for each entry in the
tool (see Figure 2). The 'Risk of bias' summary figure presents all of
the judgements in a cross-tabulation of study by entry (see Figure
3).

 

Figure 2.   Risk of bias graph: review authors' judgements about each risk of bias item presented as percentages
across all included studies.
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Figure 3.   Risk of bias summary: review authors' judgements about each risk of bias item for each included study.

 
Allocation

Treatment allocation of patients was carried out centrally for all
trials. In the GITMO/IIL trial, a centralised computer generated
a simple randomisation sequence. In the GELA/GELF-94 trial,
treatment allocation of patients was assigned by the study co-
ordinating centre. In the CUP trial, random assignment using the
method of minimization was performed at the Medical Research
Council Clinical Trials Unit in London by telephone or fax.

In all included trials, sequence generation was judged to be
adequate.

Blinding

No trial reported information about blinding of patients and
physicians. We judged "high risk of bias" for the question of blinding
of patients and physicians, because usually trials evaluating the
eJect of stem cell transplantation are not blinded, leading to a
potential high risk of bias. We judged four of five trials as "unclear"
for the question of blinding of the outcome assessors, as this
topic was not reported (GELA/GELF-94; GITMO/IIL; GLSG; GOELAMS
064). One trial reported information about blinding of the outcome
assessors and was judged as "low risk of bias" (CUP trial).
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Incomplete outcome data

According to the intention-to-treat principle most trials (CUP trial;
GELA/GELF-94; GITMO/IIL; GOELAMS 064) included all randomised
patients in the analysis. In the GLSG trial, 55 of the 307 randomised
patients were not analysed because they did not receive the
assigned therapy. This question was judged as "low risk of bias" for
all five included trials.

Selective reporting

Two study protocols for the five included trials were available
(GITMO/IIL; GOELAMS 064). In both trials, the same outcomes
as indicated in the study protocol were reported in the full text
publications. Therefore we judged risk of these two trials as low.

Other potential sources of bias

In the CUP trial, the protocol was amended in March 1996 to enable
centres that felt uncomfortable treating relapsed patients without
HDT and ASCT to provide this regimen to all patients. ARer March
1996, patients were randomised to purged versus unpurged stem
cells only.

The GITMO/IIL trial was stopped early aRer a planned interim
analysis, indicating a significant EFS advantage in patients treated
with HDT + ASCT and rituximab compared with CHOP and
rituximab. The risk of bias for the premature closure is judged as
"unclear".

In the GLSG trial, the risk of bias is judged as "unclear", due to the
fact that in July 1998 all patients received CHOP instead of MCP or

CHOP. This protocol amendment is based on the publication of a
randomised comparison of CHOP with MCP showing that MCP was
associated with a significant impairment of haematopoietic stem
cell mobilisation.

A potential source of bias are uncertainties in the HR calculation.
In three trials the HRs for OS (GELA/GELF-94; GITMO/IIL; GOELAMS
064) and in two for PFS (GITMO/IIL; GOELAMS 064) had to be based
on the survival curves. In all cases, constant censoring was assumed
as described by Tierney 2007.

E;ects of interventions

See: Summary of findings for the main comparison

Primary outcome: Overall survival (OS)

Except for the GLSG trial, all trials reported outcomes for OS (four
trials, 771 patients).

The meta-analysis of trials evaluating previously untreated patients
with FL included 701 patients in three trials. This analysis did not
show a statistically significant diJerence between patients treated
with HDT + ASCT compared with chemotherapy only (HR = 0.97;
95% confidence interval (CI) 0.76 to 1.24; P = 0.81) (Figure 4). The
subgroup analysis for the rituximab-containing regimen confirms
this finding (HR = 0.88; 95% CI 0.40 to 1.92; P = 0.75). However,
only one trial was included in this analysis (GITMO/IIL) and the test
for diJerences across subgroups for this analysis is not statistically
significant (P = 0.88).

 

Figure 4.   Forest plot of comparison: 1 Overall survival, outcome: 1.1 Stage of disease.

 
The trial evaluating relapsed patients, the CUP trial is the only trial
with a statistically significant benefit for patients in the HDT + ASCT
arm (HR = 0.40; 95% CI 0.18 to 0.89; P = 0.002). However, with only
70 patients, it is a small trial (Figure 4).

2.Secondary Outcomes

Progression-free survival (PFS)

Four trials with a total of 610 patients reported PFS (CUP trial;
GITMO/IIL; GLSG; GOELAMS 064).

The meta-analysis in trials with previously untreated patients with
FL showed statistically significant improved PFS (HR = 0.42; 95%
CI 0.33 to 0.54; P < 0.00001) (three trials, N = 540) (GITMO/IIL;
GLSG; GOELAMS 064) (Figure 5). The subgroup analysis for trials
adding rituximab in both arms (one trial, GITMO/IIL) confirms this
result (HR = 0.36; 95% CI 0.23 to 0.55; P < 0.00001). Again, there is
no statistically significant interaction between subgroups, with or
without rituximab (P = 0.53).
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Figure 5.   Forest plot of comparison: 2 Progression-free survival, outcome: 2.1 Stage of disease.

 
The analysis of the trial randomising patients with relapsed FL (N
= 70) showed an statistically significant improvement of PFS (HR =
0.30 (95% CI 0.15 to 0.61; P = 0.0009) (CUP trial) (Figure 5).

Response Rate (RR)

Overall response rate (ORR)

The meta-analysis included a total of 701 patients from three trials,
all in previously untreated patients (GELA/GELF-94; GITMO/IIL;

GOELAMS 064). No evidence of a statistically significant diJerence
between the HDT + ASCT group and the chemotherapy group
was found (RR = 1.13; 95% CI 0.96 to 1.34). There is a hint for
heterogeneity between trials visible in the forest plot (Figure 6).

 

Figure 6.   Forest plot of comparison: 3 Overall response rate, outcome: 3.1 All trials (previously untreated patients).

 
The only trial (GITMO/IIL) adding rituximab in both arms showed
a statistically significant advantage for the HDT + ASCT arm (RR =
1.29, 95% CI 1.08 to 1.54; P = 0.006), however, the test for diJerences
between subgroups is not statistically significant (P = 0.14).

Complete response (CR)

Two trials with 535 patients reported CR (GELA/GELF-94; GITMO/
IIL). No evidence for diJerence between both arms was found (RR:
1.11, 95% CI 0.64 to 1.92; P = 0.71).

A subgroup analysis was performed for the GITMO/IIL trial,
evaluating additional rituximab in both arms. In this trial, CR was
statistically significantly improved in the HDT + ASCT-arm (RR =
1.37, 95% CI, 1.11 to 1.70; P = 0.003), but the test for interaction
between subgroups is not statistically significant (P = 0.06).

Treatment-related mortality (TRM)

Four trials comprising 941 previously untreated patients reported
data of TRM and were meta-analysed (GELA/GELF-94; GITMO/IIL;

GLSG; GOELAMS 064). Treatment-related mortality was balanced
for both arms and did not show statistically significant diJerences
between both arms (RR = 1.28; 95% CI 0.25 to 6.61; P = 0.77).
The same is true for the subgroup analysis including additional
rituximab (RR = 1.46; 95% CI 0.25 to 8.44; P = 0.68) and no
statistically significant diJerence across subgroups was found (P
= 0.83). However, only one trial (GITMO/IIL) was included in the
rituximab-subgroup.

Secondary malignancies (SM)

Four trials in previously untreated patients gave details on the
development of secondary malignancies, AML (acute myeloid
leukaemia) and MDS (myelodysplastic syndrome) as well as on
the development of solid cancer (GELA/GELF-94; GITMO/IIL; GLSG;
GOELAMS 064). The occurrence of MDS/AML was reported in
four trials including 1023 patients. With a median follow-up time
between 44 and 108 months, there is no statistically significant
diJerence in development of MDS or AML for the compared two
interventions (RR = 2.87, 95% CI 0.70, 11.75; P = 0.14), however, the
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trend is in favour of the control arm consisting of chemotherapy
only (Figure 7).
 

Figure 7.   Forest plot of comparison: 4 Secondary Malignancies, outcome: 4.1 AML/MDS.

 
Three trials reported data to the development of solid cancers
(GELA/GELF-94; GITMO/IIL; GOELAMS 064) with a follow-up time
between 51 and 108 months. The meta-analysis did not show
statistical significant diJerences between the two arms (RR= 1.20;
95% CI 0.25, 5.77; P = 0.82).

ARer a median follow-up time of 51 months, the two subgroup
analyses with the trial including additional rituximab did not show
statistical significant diJerences between the arms, neither for the
occurrence for AML/MDS (RR = 4.85; 95% CI 0.58 to 40.44; P = 0.14)
nor solid cancer (RR = 0.32; 95% CI 0.03 to 3.03; P = 0.32) (GITMO/
IIL). Both test for diJerences across subgroups were not statistically
significant (P = 0.67; P = 0.24).

Adverse Events

All adverse events reported in the trials are presented in Table 1.

Three trials reported on some adverse events (GITMO/IIL; GLSG;
GOELAMS 064), two trials did not report on any adverse event
(CUP trial; GELA/GELF-94). As expected, more adverse events
were observed in the HDT + ASCT arm, especially haematological
toxicities. The GLSG trial, in particular, shows a high rate
of haematological toxicities such as anaemia, leucocytopenia,
granulocytopenia and thrombocytopenia in the HDT + ASCT
arm. All three trials describe the higher occurrence of non-
haematological toxicities as well as acute infections in the HDT +
ASCT arm.

Quality of life

None of the trials reported quality of life.

D I S C U S S I O N

Summary of main results

The following findings emerge from this meta-analysis.

1. Based on currently available research results, HDT followed
by ASCT does not lead to an overall survival advantage in
comparison with chemotherapy or immuno-chemotherapy in
patients with previously untreated FL. We found a statistically
significant advantage for relapsed patients in the HDT + ASCT
arm, but this was evaluated in one trial only.

2. High-dose therapy and ASCT shows a statistically significant
improvement of PFS compared with the chemotherapy or
immuno-chemotherapy, both in previously untreated patients
as well as in relapsed patients. This huge eJect also is seen in the
trial adding rituximab in both treatment arms.

3. No statistically significant diJerences were shown between HDT
+ ASCT and the control intervention in terms of TRM, secondary
AML/MDS or solid cancers, or overall or complete response
rates. These outcomes were reported for previously untreated
patients only.

4. Adverse events were observed more frequently in the HDT +
ASCT arm. Again, these outcomes were reported for previously
untreated patients only.

5. None of the trials reported quality of life.

One reason why the statistically significant PFS did not translate
into an OS advantage could be the clinical course of FL. Patients
with similar OS may nevertheless have diJering lengths of
time without symptoms, time to progression or requirement
for treatment, depending both on initial treatment and disease
characteristics. Follicular lymphoma is an indolent disease,
oRen relapsing aRer successful first-line treatment in shorter
intervals and requiring salvage therapy. These additional treatment
approaches could influence the outcome OS more than the first-
line treatment patients received. Especialy nowadays, in the era
of rituximab, salvage therapy is becoming more eJective. The
influence of salvage therapy is visible in the GITMO/IIL trial: 70%
of patients who relapsed aRer CHOP-R underwent salvage therapy
with rituximab and HDT + ASCT, leading to a complete response rate
of 85% and 81% OS at three years. Except for the GITMO/IIL trial,
all the included studies started before rituximab was introduced,
therefore, most patients will have received rituximab at the time of
relapse.

There are no statistically significant diJerences in terms of
secondary malignancies, especially the appearance of AML/MDS or
solid cancers. None of the individual trials included in the meta-
analysis described a statistically significant increase of either AML/
MDS or solid cancers. Thus, secondary malignancies are probably
not the reason for the missing OS benefit. However, long-term
adverse eJects such as secondary malignancies are important aRer
HDT + ASCT and can occur later than the reported observation
times of the discussed trials.
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Overall completeness and applicability of evidence

Five trials, published in nineteen abstracts and full-texts, compared
the use of HDT therapy followed by ASCT chemotherapy or
immuno-chemotherapy for FL in adults. Because of the clinical
homogeneity of the included trials, we pooled their outcomes
in one meta-analysis. Apart from the exception of quality of life,
which was not reported in any trial, the included trials reported
our previously specified protocol outcomes. The randomised trials
were heterogeneous in terms of usage of TBI in myeloablative
regimen, chemotherapies, interferon and rituximab dosages. The
low number of included studies made it diJicult to explore the
potential impact of these diJerences in subgroup analyses and to
evaluate potential heterogeneity in detail.

Only one of the five trials evaluated the impact of HDT followed
by ASCT in patients with relapsed FL. Although the results of this
trial are statistically significant in terms of overall and progression-
free survival, the small number of patients evaluated may have
overestimated the eJects.

Only three of the five included trials reported adverse events, with
more haematological and non-haematological events in the group
receiving HDT + ASCT. The non-publication of adverse events in two
trials could have introduced bias.

Quality of life was not reported in any of the trials.

Two trials included patients with FL grade 3b (GITMO/IIL; GOELAMS
064), usually treated as aggressive lymphoma. The inclusion of
these patients may have biased the results.

Quality of the evidence

The main analysis according to the inclusion criteria of our
protocol included five RCTs with 1093 patients with FL. The
overall quality of the five included trials was moderate. The
trials were conducted between 1993 and 2005. All the included
trials were reported as randomised and as open-label studies.
None of the included trials reported allocation concealment. The
open-label design and unclear allocation concealment could lead
to selection, performance or detection biases. In terms of the
treatment schedule, the protocol of two trials was amended,
indicating a potential risk of reporting bias. In one trial, all
patients having received CHOP instead of MCP or CHOP since July
1998. This protocol amendment is based on the publication of a
randomised comparison of CHOP with MCP showing that MCP was
associated with a significant impairment of haematopoietic stem
cell mobilisation. The other protocol was amended in March 1996
to enable centres that felt uncomfortable treating relapsed patients
without HDT + ASCT to provide this therapy to all patients. The
premature closure of one trial aRer a planned interim analysis,
indicating a significant EFS advantage in patients treated with HDT
+ ASCT therapy and rituximab compared with CHOP plus rituximab
arm could have introduced bias.

A potential source of bias are uncertainties in the HR calculation. In
three trials the HRs for OS and in two for PFS were calculated from
survival curves with a constant censoring as described by Tierney
2007.

The studies included in this review oJered a variety of
chemotherapy regimens, such as CHOP, CHVP, APO, DHAP, MCP
and VCAP. The low number of included studies made it diJicult

to explore these regimens in detail in subgroup analyses and to
interpret potential underlying heterogeneity.

Potential biases in the review process

We tried to avoid bias by doing all relevant processes in duplicate.
We are not aware of any obvious flaws in our review process.

Agreements and disagreements with other studies or
reviews

To our knowledge, this comprehensive evaluation is the first meta-
analysis focusing on patients with FL that compares HDT followed
by ASCT with chemotherapy or immuno-chemotherapy.

Therapeutic options for treatment of patients with FL have been
investigated in three other Cochrane reviews (Vidal 2009; Schulz
2007; Baldo 2010). The review of Baldo et al. (Baldo 2010)
determined the eJects of interferon (IFN) in the maintenance
therapy of FL. With a total of 1563 patients in eight trials, the
review showed that addition of IFN as maintenance therapy for
FL improves PFS in contrast to OS. Seven randomised controlled
trials involving 1943 patients with FL, mantle cell lymphoma, or
other indolent lymphomas were meta-analysed in the systematic
review of Schulz et al. (Schulz 2007), comparing chemotherapy plus
rituximab with chemotherapy alone. Schulz could demonstrate
that rituximab given in addition to chemotherapy, statistically
significantly improves overall survival, overall response rate,
complete response rate, and disease control compared with
chemotherapy alone. On the subject of maintenance treatment
with rituximab in FL patients, Vidal et al. (Vidal 2009) published a
Cochrane review with comparable results. The review includes five
trials with 1056 adult FL patients. The analysis of OS included
895 patients in four trials. Patients treated with rituximab as
maintenance therapy had a significantly better OS compared with
observation alone (HR = 0.53; 95% CI 0.38 to 0.73).

Greb et al. (Greb 2011) investigated the benefit of HDT with
ASCT in first-line treatment for patients with aggressive NHL. The
meta-analysis included 15 randomised controlled trials with 3079
patients and showed that despite higher CR rates, there is no
benefit for HDT with ASCT as a first-linr treatment in patients
with aggressive NHL. Thus this review has results in line with our
analysis.

A U T H O R S '   C O N C L U S I O N S

Implications for practice

There is currently no evidence that HDT followed by ASCT improves
OS in newly diagnosed patients with FL. However, the increase of
PFS is statistically significant and led to a huge eJect favouring
the HDT + ASCT arm, even in the trial adding rituximab in both
intervention arms. We demonstrated no statistically significant
diJerences in terms of treatment related mortality, secondary AML/
MDS or solid cancers, however, acute adverse events are observed
more frequently in the HDT + ASCT arm, especially haematological
toxicities and infections. None of the trials evaluated quality of life.

For patients with relapsed FL, there is evidence (one trial, N =
70) that the addition of HDT followed by ASCT is advantageous
regarding overall survival and progression-free survival.
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Implications for research

Randomised controlled trials with longer follow-up periods and
rituximab-containing chemotherapy in both arms are needed to
determine the potential eJect of HDT in the era of rituximab and to
evaluate whether the seen PFS-benefit will translate into a survival
advantage.
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Characteristics of included studies [ordered by study ID]

 

Methods • Randomised controlled trial with three arms: chemotherapy arm, unpurged HDT + ASCT arm and
purged HDT + ASCT arm.

• Conducted by the Univerity Hospital Maastricht, 140 patients from 36 centres in 11 countries in Europe
and Australia were registered.

• Recruitment period from August 1993 to April 1997.

• 89 patients were randomly assigned.

• 70 patients were randomised 1:1:1; 24 patients in chemotherapy arm; 22 patients in unpurged HDT
+ ASCT arm and 24 patients in purged HDT + ASCT arm. The remaining 19 patients were randomly as-
signed with a 1:1 ratio between HDT with or without purging only, because the protocol was amended
in March 1996 to enable centres that felt uncomfortable treating relapsed patients without HDT and
transplantation.

• 51 patients not evaluated due to death (4), persistent marrow infiltration (4), refusal (6), no response
or progressive disease (28), CNS involvement (2), histologic pathology (2) and unknown reasons (5).

• Baseline patient characteristics described.

• Median follow-up time: 69 months.

Participants • Inclusion criteria: Patients with relapsed or progressive follicular NHL, aged between 15 and 65 years,
with a WHO performance status of 0, 1 or 2.
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• Exclusion criteria: Patients were excluded if they had previous radiotherapy (precluding TBI) or bone

marrow harvest, CNS localisation; cumulative doxorubicin dose of more than 300 mg/m2; prior ma-
lignancies with the exception of those originating in the skin (non-melanoma) or cervical carcinoma
stage 1; cardiopulmonary, neurological, liver (liver enzymes more than 3x the upper limit of normal)
or renal / creatinine > 150 µmol/L) dysfunction; evidence of histologically proven transformation; or
HIV positivity.

• No. of relapses: in purged HDT + ASCT arm 57% (1 relapse), 38% (2 relapses), 5% (3 relapses); in un-
purged HDT + ASCT arm 75% (1 relapse), 20% (2 relapses), 5% (other); in chemotherapy arm 76% (1
relapse), 19% (2 relapses), 5% (3 relapses.

• Mean age (range): chemotherapy arm: 47 (30 to 64) years; unpurged HDT + ASCT arm: 47 (30 to 60)
years; purged HDT + ASCT arm: 48 (32 to 63).

• Gender: chemotherapy arm: 12 males (50%), 12 females; unpurged HDT + ASCT arm: 15 males (68%),
7 females; purged HDT arm + ASCT: 10 males (42%), 14 females.

• Similar baseline patients' characteristics in comparison arms.

• Initial investigations: physical examination, WBC and differential, biochemistry, urine analysis, ECG,
chest x-ray, computer tomography scan of the chest and abdomen, bone marrow histology and im-
munophenotyping, and peripheral blood cytology and immunophenotyping.

Interventions • Induction therapy: Following registration, all patients were treated with three cycles of chemother-
apy. CHOP chemotherapy (3-week cycle; cyclophosphamide 750 mg/m2 IV, doxorubicin 50mg/m2 IV
and vincristine 1.4 mg/m2 IV. on day 1; prednisone 100mg orally on days 1 to 5 was the recommended
regimen, but any other suitable regimen was acceptable. Patients who achieved a CR or PR to induc-
tion therapy, had a WHO performance status of 0 to 2, had limited bone marrow infiltration (< 20%)
and gave informed consent were eligible for random assignment .

• Intervention after randomisation:
◦ Chemotherapy arm: These patients had 3 additional cycles of chemotherapy;

◦ Unpurged and purged HDT + ASCT arm: Within 4 weeks after harvesting, the patients had to be
treated with cyclophosphamide 60 mg/kg on 2 days, in combination with fractionated or unfrac-
tionated TBI. Cryopreserved stem cells were thawed and infused by the IV route within 20 to 40
minutes.

• Supportive treatment: With regard to post-chemotherapy treatment with radiotherapy, areas of prior
bulky disease (> 5 cm) as assessed at time of entry in the trial, and/or areas that still showed residual
masses 2 months after transplantation or after the completion of the chemotherapy could be irradi-
ated, if this was considered feasible.

Outcomes • Primary end point: PFS

• Secondary end point: OS

Notes Data included for the patients randomly assigned between the three planned arms, before protocol
amendment

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Randomised controlled phase III trial

Allocation concealment
(selection bias)

Low risk "Random assignment, using the method of minimization, was performed at
the MRC CTU in London by telephone or fax"

Blinding (performance
bias and detection bias) 
patients

High risk Usually trials evaluating stem cell transplantation are not blinded

Blinding (performance
bias and detection bias) 

High risk Usually trials evaluating stem cell transplantation are not blinded
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physicians

Blinding (performance
bias and detection bias) 
assessors

Low risk Assessors: "during the trial the investigators were blinded to the results". This
is judged not to be a source of bias for OS and PFS

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk ITT analysis

Selective reporting (re-
porting bias)

Unclear risk No protocol available

Other bias Unclear risk The protocol was amended in March 1996 to enable centres, that felt uncom-
fortable treating relapsed patients without HDT and transplantation.

CUP trial  (Continued)

 
 

Methods • Randomised controlled trial with two arms: chemotherapy arm and HDT + ASCT arm.

• Conducted by the Groupe d`Etude des Lymphomes de L`Adulte (GELA), 402 patients from 71 centres
in France and Belgium were enrolled.

• Recruitment period from July 1994 to March 2001.

• 402 patients were enrolled, 401 patients were included in the final analysis and randomised 1:1, 209 in
the CHVP-I arm and 192 in the CHOP-HDT arm; one patient was found to have a benign disease on revi-
sion and was rapidly withdrawn from the study.Staging: The extent of the disease was determined by
a standardised evaluation including computed tomography of the chest, abdomen, and pelvis; bone
marrow biopsy; bone marrow aspiration with complete blood counts; LDH level; and 2-microglobulin
assay. PS was graded with the ECOG scale. A panel of 5 haemato-pathologists conducted a central
pathology review.

• Baseline patient characteristics described.

• Median follow-up time: 51 months.

• ITT analysis.

Participants • Inclusion criteria: Patients had to be younger than 61years with untreated FL at bulky stage II disease
or stage III or IV and require therapy because of high tumour burden. High tumour burden was defined
by at least one of the following parameters using GELF criteria: systemic symptoms (> 10% weight
loss, temperature > 38°C for more than 5 days, abundant night sweats); PS greater than 1 according to
the ECOG scale; elevated LDH level; ß2-microglobulin level greater than 25.5 nM/L (3 µg/mL); a single
lymph node larger than 7 cm; marked splenomegaly; organ failure; pleural effusion or ascites; orbital
or epidural involvement; blood infiltration or cytopenia.

• Exclusion criteria: Previous treatment for lymphoma; diagnosis more than 3 months before; blood
creatinine level above 150 µM; history of another cancer except in situ breast cancer or uterine cancer;
contraindication to doxorubicin, interferon or intensive therapy; positive serologic test for the HIV; or
histologic transformation into a more aggressive lymphoma

• Mean age: chemotherapy arm: 49 years; HDT + ASCT arm: 49 years.

• Gender: chemotherapy arm: 114 males (55%), 95 females; HDT + ASCT: 107 males (56%), 85 females.

• Disease Stage, No. (%): CT-arm: stage II 16 (8), stage III 26 (13), stage IV 160 (79); HDT + ASCT arm: stage
II 11 (6), stage III 23 (12), stage IV 153 (82); Data were missing for 12 patients

• FLIPI score, No.(%): chemotherapy arm: low risk 63 (32), intermediate risk 67 (34), high risk 69 (34);
HDT + ASCT arm: low risk 55 (30), intermediate risk 79 (43), high risk 51 (27); data were missing for 17
patients.

• Similar baseline patients' characteristics in comparison arms.

Interventions • Conventional chemotherapy arm:

GELA/GELF-94 
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◦ Patients received 6-monthly courses of CHVP, with cyclophosphamide 600 mg/m2, doxorubicin 25

mg/m2, and teniposide 60 mg/m2 on day 1 and prednisolone 40 mg/m2 on days 1 to 5. Interferon
alpha was given s.c. at a dosage of 5 Mio units (MU) 3 times a week. Patients then achieving a CR
or PR received 6 courses of CHVP plus interferon every 2 months for 1 year. In the event of haema-
tologic toxicity, the next chemotherapy cycle was postponed for 1 week and the dose of interferon
was decreased to 3 MU. In the event of chronic grade 3 or 4 interferon-related toxicity, the dose of
interferon was reduced to 3 MU. If grade 4 toxicity occurred despite this decreased dosage, inter-
feron was stopped and chemotherapy was continued as scheduled.

• HDT + ASCT arm:
◦ 4 cycles of CHOP every 3 weeks, with cyclophosphamide 750 mg/m2, doxorubicin 50 mg/m2, and

vincristine 1.4 mg/m2 (max. 2mg) on day 1 and prednisolone 40mg/m2 on days 1 to 5. Two weeks

after the 4th course of CHOP, the response was assessed and patients with stable or progressive
disease were considered to be non-responders and were treated according to the individual cen-
tre's policy. Responding patients (CR or PR) received a single course of cyclophosphamide 4500

mg/m2, etoposide 450 mg/m2 in 3 infusions, and G-CSF 300 µg from days 4 to 12 followed by PBSC

harvest. PBSCs were harvested until 4x108 mononuclear cells/kg were obtained. HDT was instated
4 weeks later and compromised cyclophosphamide 60 mg/kg/d, mesna 60mg/kg/d, and etoposide

150mg/m2 from day -6 to -5. Split TBI was then performed delivering 10 Gy in 5 fractions from day
-3 to -1 followed by PBSC reinfusion on day 0. A change in the dose or a delay between 2 courses of
CHOP was not recommended except in the case of grade 3 or 4 haematologic toxicity.

• Important treatment information: As the marketing of teniposide was stopped during this study, it

was replaced by etoposide 100mg/m2 on day 1.

Outcomes • Primary objective: EFS

• Secondary objectives: OS, RR, secondary malignancies, PFS

Notes  

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk "randomised study"

Allocation concealment
(selection bias)

Low risk "After stratification according to Center, eligible patients were assigned by the
study coordinating Center"

Blinding (performance
bias and detection bias) 
patients

High risk Usually trials evaluating stem cell transplantation are not blinded

Blinding (performance
bias and detection bias) 
physicians

High risk Usually trials evaluating stem cell transplantation are not blinded

Blinding (performance
bias and detection bias) 
assessors

Unclear risk No information about blinding of the assessors.

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk According to the ITT principle

Selective reporting (re-
porting bias)

Unclear risk For primary outcome, event-free survival was chosen. It is unclear why event-
free survival was chosen and not overall survival. No protocol is available.
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Other bias Low risk no indication for other sources of bias

GELA/GELF-94  (Continued)

 
 

Methods • Randomised controlled trial with two arms: chemotherapy arm and HDT + ASCT arm.

• Conducted by the Gruppo Italiano Trapianto di Midollo Osseo (GITMO), Intergruppo Italiano Linfomi
(IIL), 136 patients from 30 centres in Italy were enrolled.

• Recruitment period from March 2000 to May 2005.

• 136 Patients were randomised 1:1; 68 to control arm and 68 to HDT-arm.

• 134 Patients were evaluated; 66 patients in the CHOP-arm and 68 patients in the HDT-arm. Two CHOP-
Patients were not included in the analysis; One patient withdrew consent before treatment start and
one patient lacked a documented aaIPI score of 2 or greater.

• Baseline patient characteristics described.

• Median follow-up time: 51 months.

• ITT analysis

Participants • Inclusion criteria: Patients aged 18 to 60 were eligible if they had Ann Arbor stage III or IV FL, according
to REAL/WHO lymphoma classification (grades 1, 2, and 3, patients with grade 3b were not excluded).
Eligible patients had no history of cancer and were chemotherapy-or extended field radiotherapy-
free. Absence of concurrent heart, kidney, lung, or liver disease was required plus HIV and hepatitis C
negativity. HBV positive patients without active viral replication were eligible under lamivudine pro-
phylaxis.

• Exclusion criteria: not reported

• aaIPI 2 or more, No. (%): CHOP-arm: 61 (92); HDT + ASCT-arm: 59 (87)

• FLIPI 3 or more, No. (%): CHOP-arm: 34 (51); HDT + ASCT-arm: 44 (65)

• Mean age (range): CHOP-arm: 51 (22 to 59) years; HDT + ASCT-arm: 51 (25 to 59).

• Gender: CHOP-arm: 40 males (61%), 26 females; HDT + ASCT-arm: 38 males (56%), 30 females.

• Similar baseline patients' characteristics in comparison arms.

Interventions • Conventional chemotherapy arm:
◦ 6 courses of CHOP (cyclophosphamide/ doxorubicin/ vincristine, prednisone) supplemented by an

identical number of rituximab courses (4 x 375 mg/m2)

• HDT+ ASCT arm:
◦ Phase 1 (intensive debulking): 2 complete, full-dose APO (doxorubicin, vincristine, prednisone)

courses, totaling four 75 mg/m2 doxorubicin administrations. Patients not achieving CR received
2 additional DHAP (Ara-C, cisplatin, dexamethasone) courses.

◦ Phase 2 (High-dose chemotherapy): HD phase consisted of 2g/m2 etoposide (VP16) followed by a
chemotherapy-free interval of 40 days for optimal PBSC mobilization. During this phase, patients

received 2 rituximab courses (375mg/m2). Then, 7g/m2 cyclophosphamide (Cy) was delivered. In

vivo purging was performed by delivering 2 rituximab doses (375mg/m2) on the day after Cy, and
on the first day the pat had a white blood cell count greater than 1000/µL. HD courses were sup-

ported with G-CSF (5µg/kg/day). A minimum of 5 x 106 CD34+ cells/kg was required for autologous

transplantation with PBSCs only (plus at least 3 x 106 CD34+ cells/kg or a bone marrow harvest as
backup). Patients failing to meet this minimum did not undergo autografting.

◦ Phase 3 (autografting): The autografting conditioning regimen consisted of mitoxantrone (60 mg/

m2) on day -5 and melphalan (180 mg/m2) on day -2.

◦ Duration of treatment (days, cycles): A single APO-course consisted of doxorubicin (75 mg/m2) on

days 1 and 22, vincristine (1.2mg/m2) on days 1 and 15, and prednisolone (50 mg/m2) on days 1

and 22. The DHAP course consisted of cisplatin (100 mg/m2) on day 1, Ara-C (4 g/m2) on day 2, and
dexamethasone (40 mg) on days 1 to 4.

• Radiotherapy: Radiotherapy (30 to 36 Gy) was planned in both treatment arms on bulky sites or on
residual masses approximately 2 months after the end of treatment.

• Important treatment information:

GITMO/IIL 
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◦ CHOP-arm in case of CHOP-R failure, most centres (90%) agreed to treat patients with R-HDS (cross-
over). Only patients with the following characteristics were not considered eligible for cross-over:
(1) localized, limited relapse, (2) relapses requiring a specific treatment such as CNS or testis, (3)
the presence of severe co-morbidities, (4) age older than 60 years at the time of starting R-HDS
and (5) patient refusal. Patients with histologic shiRs at relapse were not excluded from cross-over
and were included in analysis. When delivered at relapse, the R-HDS schedule was identical with
the exception that no APO courses were delivered in order to avoid excessive cardiac toxicity in
patients already treated with CHOP. Thus, these patients started their R-HDS schedule from 2 DHAP
courses.

◦ HDT-arm: in case of R-HDS failure, the salvage treatment was free.

• Supportive treatment: In both treatment arms, patients in PR or who remained PCR received 2 final
rituximab courses at the end of the program.

Outcomes • Primary endpoint: EFS

• Secondary endpoints: OS, RR, PFS, DFS, molecular outcome

Notes • Supported in part by Roche

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Prospective multi-centre randomised trial

Allocation concealment
(selection bias)

Low risk "A centralized computer generated a simple randomisation sequence."

Blinding (performance
bias and detection bias) 
patients

High risk Usually trials evaluating stem cell transplantation are not blinded

Blinding (performance
bias and detection bias) 
physicians

High risk Usually trials evaluating stem cell transplantation are not blinded

Blinding (performance
bias and detection bias) 
assessors

Unclear risk No information about blinding of the assessors.

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk ITT basis

Selective reporting (re-
porting bias)

Low risk Protocol available at www.controlled-trials.com/mrct/trial/printfriend-
ly/399237

Other bias Unclear risk Trial stopped early

"A sample size of 246 patients (123 per arm) over 5 years was required to de-
tect a 20% absolute increase (from 35% to 55%) in 3-year EFS with an error
of .05 and a error of .20, with a median follow-up of 3 years. A single interim
analysis was planned, including the 120 patients who completed the treat-
ment before March 24, 2005. R-HDS showed a significant EFS improvement
(29% absolute increase) compared to CHOP-R. This result led the steering
committee to stop enrolment on May 30."

GITMO/IIL  (Continued)
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Methods • Randomised controlled trial with two arms: chemotherapy arm and HDT + ASCT arm.

• Conducted by the German Low-Grade Lymphoma Study Group (GLGSG), 332 FL patients from 130 cen-
tres in Germany were enrolled.

• Recruitment period from July 1996 to September 2000.

• 332 were enrolled, 25 patients were not randomised (13 refused IFN α, 8 refused HDT + ASCT, 4 aged
over 60); 307 Patients were randomised 1:1; 154 to IFN arm and 153 to HDT + ASCT arm

• 240 Patients were evaluated; 126 patients in the IFN-arm and 114 patients in the HDT + ASCT arm.

• 67 Patients were excluded from analysis;
◦ 28 patients were not analysed in IFN arm: 20 did not receive assigned therapy, 1 patient had an Ann
Arbor stage I or II, 3 abort of induction in remission; 1 radiation in remission.

◦ 39 patients were not analysed in HDT + ASCT arm: 35 did not receive assigned therapy; 4 abort of
induction in remission.

• Baseline patient characteristics described.

• Staging: clinical examination, complete blood count, serum biochemistry profile, chest radiography,
abdominal ultrasound, computed tomography of the neck, chest, and abdomen, and bone marrow
biopsy. Staging was performed before therapy, after every second cycle of induction therapy, and
before and after ASCT.

• Median follow-up time: 50 months

• ITT analysis

Participants • Inclusion criteria: Untreated patients between 18 to 59 years of age with advanced Ann Arbor stage
III and IV follicular lymphoma, mantle cell lymphoma, or lymphoplasmacytic lymphoma according to
the current WHO classification. For this meta-analysis patients with FL were evaluated. Patients had
to be in need of therapy as defined by one of the following: B symptoms, hematopoetic insufficiency
progressive disease as defined by 50% progression in the past 6 months, or bulky disease

• Exclusion criteria: Patients with the potential for curative radiation therapy and those with poor per-
formance status (ECOG performance status greater than 2). Patients with seriously impaired cardiac,
pulmonary, hepatic or renal function (creatinine > 2 mg/dL).

• Stage IV: IFN-arm 93 (73.8%), HDT + ASCT arm 85 (74.6%)

• FLIPI-Score: IFN-arm: low risk 74 (62.2%), low-intermediate risk 34 (28.6%), high-intermediate risk 11
(9.2%); HDT + ASCT arm: low risk 53 (54.1%), low-intermediate risk 38 (38.8), high-intermediate risk
7 (7.1%)

• Mean age (range): IFN: 49.1 (26 to 59) years; HDT + ASCT arm: 49.1 (29 to 59).

• Gender: chemotherapy: 56 males (44.4%), 70 females; HDT + ASCT arm: 62 males (54.4%), 52 females.

• Similar baseline patients' characteristics in comparison arms.

Interventions • Initially, patients were randomly assigned for cytoreductive therapy with CHOP (cyclophosphamide

750 mg/m2 i.v., day 1; doxorubicin 50 mg/m2 i.v., day 1; vincristine 1.4 mg/m2 [maximum, 2 mg] i.v., day

1; and prednisone 100 mg/m2 orally, days 1 to 5) or with MCP (mitoxantrone 8 mg/m2 i.v., days 1 to 2;

chlorambucil 3 x 3 mg/m2 orally , days1 to 5; and prednisone 25 mg/m2 orally, days 1 to 5). Beginning
in July 1998, all patients received CHOP because a randomised comparison of CHOP with MCP showed
that MCP was associated with a significant impairment of hematopoietic stem cell mobilization. After
2 cycles of therapy, patients were randomly assigned to myeloablative radiochemotherapy followed
by ASCT or to IFN-maintenance after the completion of induction therapy. Patients achieving CR after
4 cycles of initial cytoreductive chemotherapy immediately proceeded to consolidation therapy. All
other patients received 6 cycles of induction therapy. Patients who had progressive disease during
induction therapy or who did not achieve at least partial remission after the completion of induction
therapy were removed from the study.

• Intervention after randomisation:

• IFN-arm: 2 additional courses of conventional chemotherapy to balance the mobilization scheme

(Dexa-BEAM). Subsequently, alpha-interferon was applied at a dose of 5 x 106 units s.c. 3 times
weekly until progression.

• HDT + ASCT arm: Dexa-BEAM (dexamethasone 3 x 8 mg orally , days 1 to 10;cBCNU 60 mg/m2 i.v.,
day 2; melphalan 20 mg/m2 i.v., day 3; etoposide 75 mg/m2 i.v., days 4-7; cytarabine 2 100 mg/
m2 i.v., days 4-7; and G-CSF initiated on day 11). Peripheral stem cells were harvested and subse-

GLSG 
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quently cryopreserved without any purging procedure. At least 2.0 106/kg body weight CD34 cells
(and 2.0 106/kg body weight CD34 cells as back-up) were required for ASCT. Myeloablative thera-
py was performed within 2 months of mobilization and consisted of a combined TBI (12 Gy; TBI
was fractionated into 6 applications of 2 Gy on days 6 to 4; pulmonary dosage was limited to 8Gy)
and cyclophosphamide (60 mg/kg body weight i.v., days 3 and 2) regimen. Previously harvested
peripheral blood stem cells were re infused on day 0. G-CSF was initiated on day

Outcomes • Primary trial endpoint was defined as PFS after the completion of induction therapy.

• Secondary outcomes: Response to therapy, OS, toxicity

Notes Treatment information: Beginning in July 1998, all patients received CHOP instead of MCP or CHOP be-
cause a randomised comparison of CHOP with MCP showed that MCP was associated with a significant
impairment of hematopoietic stem cell mobilization.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Prospective randomised trial

Allocation concealment
(selection bias)

Low risk "Randomization was carried out centrally."

Blinding (performance
bias and detection bias) 
patients

High risk Usually trials evaluating stem cell transplantation are not blinded

Blinding (performance
bias and detection bias) 
physicians

High risk Usually trials evaluating stem cell transplantation are not blinded

Blinding (performance
bias and detection bias) 
assessors

Unclear risk No information about blinding of the assessors.

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk ITT analysis (patients excluded from analysis who did not receive assigned
therapy : 55 of 307 patients)

Selective reporting (re-
porting bias)

Unclear risk No protocol is available.

Other bias Unclear risk "Beginning in July 1998, all patients received CHOP because a randomised
comparison of CHOP with MCP showed that MCP was associated with a signifi-
cant impairment of hematopoietic stem cell mobilization."

GLSG  (Continued)

 
 

Methods • Randomised controlled trial with two arms: chemotherapy arm and HDT + ASCT arm.

• Conducted by the Groupe Ouest-Est des Leuce´amies et des Autres Maladies du Sang (GOELAMS), 172
patients from 25 centres in France were enrolled.

• Recruitment period from April 1994 to May 2001.

• Of the 172 Patients, 166 were randomised 1:1; 80 to arm and CHVP 86 to HDT + ASCT-arm; 6 patients
were not randomised: 4 after the pathology review, 1 by an investigator’s decision, and 1 who declined
to undergo randomisation.

GOELAMS 064 
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• Baseline patient characteristics described.

• Staging:a full review of the medical history, physical examination, routine laboratory tests and bone
marrow biopsy was performed at diagnosis, as well as evaluations for abdominal and thoracic involve-
ment by computed tomography imaging and/or ultrasonography.

• Median follow-up time: 108 months.

• ITT analysis.

Participants • Inclusion criteria: Patients 18 to 60 years old with previously untreated histologically proven follicular
lymphoma, classified according to the Working-Formulation criteria of the National Cancer Institute
and reviewed according to the REAL classification. Ann Arbor stage of II to IV and a high tumour bur-
den defined according to the GELF criteria. Patients with grade 3b FL were included. Measurable dis-
ease, the absence of underlying organ dysfunction precluding the use of anthracycline or high-dose
chemotherapy, and the absence of human immunodeficiency virus infection were also required.

• Exclusion criteria: Patients with transformed lymphoma were excluded.

• Histology: CHVP arm: Grade 1: 40, Grade 2: 38 Grade 3: 2; HDT + ASCT arm: Grade 1: 28, Grade 2: 50,
Grade 3: 8

• FLIPI-Score: CHVP-arm: low risk 23, intermediate risk 31, high risk 26; HDT + ASCT arm: low risk 26,
intermediate risk 40, high risk 20

• Mean age (range):CHVP-arm: 50 (29-61) years; HDT + ASCT arm: 51 (32 to 60).

• Gender: CHVP-arm: 47 males, 33 females; HDT + ASCT arm: 38 males, 48 females.

• Similar baseline patient's characteristics in comparison arms

Interventions • Conventional chemotherapy arm:
◦ CHVP regimen, consisted of cyclophosphamide (600 mg/m2), doxorubicin (25 mg/m2), and teni-
poside (60 mg/m2), all administered i.v. on day 1, and prednisone (40mg/m2) p.o. on days 1 to 5.
Treatment consisted of a 6 course induction phase administered monthly, followed, for responders
and patients presenting a stable disease, by a maintenance phase that consisted of 1 cycle every

2 month for 1 year. Concomitant s.c. interferon α-2b was administered at 5x106 3 times a week for
18 months.

• HDT+ ASCT arm:
◦ VCAP (cyclophosphamide, high-dose doxorubicin, prednisone, and vincristine) regimen as first-line
therapy combining vincristine (3 mg/m2) on day 1, cyclophosphamide (1500 mg/m2) on day 2, dox-
orubicin (80 mg/m2) on day 2, and prednisone (50 mg/m2) on day 1 to 5, every three weeks. Pa-
tients in CR, VGPR, or PR after the second or third VCAP cycle continued on to stem-cell harvesting
and received, before transplantation, one course of IMVP16 (ifosamide, methotrexate, and VP-16),
which combined ifosamide (1.5 g/m2) and VP-16 (100 mg/m2) on days 1 through 3, and methotrex-
ate (30 mg/m2) on days 1 to 10. Patients with less than PR after the VCAP cycles received, as salvage
therapy, 2 to 3 courses of DHAP (dexamethasone, high-dose cytarabine, and cisplatin) combining
cisplatine (100 mg/m2) on day 1, cytarabine (4 g/m2) on day 2, and dexamethasone (40 mg/m2) on
days 1 through 4. If at least a PR was obtained after DHAP, stem cells were harvested or patients
were considered as failures. Conditioning regimen started 4 to 6 weeks after the IMVP 16 or the
last DHAP cycle in responding patients and included cyclophosphamide (60 mg/kg body weight)
infused on each of 2 consecutive days after TBI, administered in fractionated doses (200 cGy) twice
daily on 3 consecutive days in all pat. Stem cells were re-infused within 48 hours of the completion
of the conditioning regimen.

◦ Radiotherapy: TBI, administered in fractionated doses (200 cGy) twice daily on 3 consecutive days
in all pat.( on day -6 to -4).

• Important treatment information: If the graR did not contain at least 1x104 granulocyte-macrophage

colony-forming units (CFU-GMs) for marrow and more than 2x104 for peripheral blood stem cells, the
procedure was considered to have failed, patients were not given transplants, and patients then re-
ceived treatment according to the local investigators decision.

Outcomes This study was designed by the GOELAMS Lymphoma Committee with the aim of detecting a 25% ab-
solute difference in EFS at 3 years Secondary end points were the response rate at the end of treat-
ment, the OS rate, and the incidence of adverse effects.

• Primary outcome: EFS

GOELAMS 064  (Continued)
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• Secondary outcomes: OS, RR, adverse events, secondary malignancies

Notes  

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk "a randomised multicenter study"

Allocation concealment
(selection bias)

Low risk "Randomization was carried out centrally, and was stratified according to
each center."

Blinding (performance
bias and detection bias) 
patients

High risk Usually trials evaluating stem cell transplantation are not blinded

Blinding (performance
bias and detection bias) 
physicians

High risk Usually trials evaluating stem cell transplantation are not blinded

Blinding (performance
bias and detection bias) 
assessors

Unclear risk No information about blinding of the assessors.

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk ITT analysis

Selective reporting (re-
porting bias)

Low risk Protocol available at www.controlled-trials.com/mrct/trial/printfriend-
ly/450205

Other bias Low risk Tthe trial seems free of other bias

GOELAMS 064  (Continued)

aaPI: age-adjusted International Prognostic Index; ASCT: stem cell transplantation; CHOP: cyclophosphamide, doxorubicin, vincristine,
and prednisone; CHVP: cyclophosphamide, doxorubicin, teniposide, and prednisolone; CNS: central nevous system; CR: complete
response; Cy: cyclophosphamide; DFS: Disease-free survival; ECOG: Eastern Cooperative Oncology Group; EFS: event-free survival;
FL: follicular lymphoma; G-CSF: Granulocyte colony-stimulating factor; HBV: hepatitis B virus; HDT: high-dose therapy; HIV: Human
immunodeficiency virus; IFN: interferon; ITT: intention-to-treat; LDH: i.v. intravenous; Lactate dehydrogenase; NHL: non-Hodgkin`s
lymphoma; OS: overall survival; PBSC: peripheral blood stem cells; PFS: progression-free survival; p.o.: orally; PR: partial response; PS:
performance status; RR: response rate; s.c.: subcutaneous; TBI: total body irradiation; WHO: World Health Organization.
 

Characteristics of excluded studies [ordered by study ID]

 

Study Reason for exclusion

Baldissera 2006 Patients with aggressive high-risk NHL, and not FL, were randomised.

Brice 2000 Not a randomised controlled trial. Patients were analysed retrospectively.

Cao 2001 Not a randomised controlled trial. Patients were analysed retrospectively.

De Souza 2003 Patients with aggressive high-risk NHL, and not FL, were randomised

De Souza 2004 Patients with aggressive high-risk NHL, and not FL, were randomised
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Study Reason for exclusion

Gianni 1997 Patients with diffuse large-cell lymphoma, and not FL, were randomised.

Guglielmi 1993 Patients with aggressive NHL, and not FL, were randomised.

Hagenbeek 1991 Patients with aggressive NHL, and not FL were randomised.

Haioun 1993 Patients with aggressive NHL, and not FL, were randomised.

Haioun 1994 Patients with aggressive high-risk NHL, and not FL, were randomised.

Haioun 1997 Patients with aggressive NHL, and not FL, were randomised.

Intragumtornchai 2000 Patients with aggressive NHL, and not FL, were randomised.

Intragumtornchai 2006 Patients with aggressive NHL, and not FL, were randomised.

Kaiser 2002 Patients with aggressive NHL, and not FL, were randomised.

Kluin-Nelemans 2001 Patients with aggressive NHL, and not FL, were randomised.

Leppa 2006 Patients with FL were randomised to rituximab maintenance treatment or to observation.

Marin 2001 No randomised controlled trial.

Martelli 1996 Patients with aggressive NHL, and not FL, were randomised.

Martelli 1999 Patients with aggressive NHL, and not FL, were randomised.

Martelli 2003 Not a randomised controlled trial.

Martinez 1995 Not a randomised controlled trial.

McBride 1996 Not a randomised controlled trial.

Metzner 2002 Not a randomised controlled trial.

Moser 2005 Patients with aggressive NHL were analysed.

Mounier 2000 Patients with aggressive NHL, and not FL, were randomised.

Olivieri 2005 Patients with aggressive NHL, and not FL, were randomised

Pettengell 1996 No randomised controlled trial. Patients with FL not mentioned separately.

Philip 1991 Patients with FL not mentioned separately.

Philip 1995 Patients with FL not mentioned separately.

Philip 1995a Patients with FL not mentioned separately.

Proctor 2003 Patients with aggressive NHL, and not FL, were randomised.

Rabinowe 1990 All randomised patients were treated with autologous bone marrow transplantation.

Rohatiner 1991 Not a randomised controlled trial.
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Study Reason for exclusion

Rohatiner 1994 Not a randomised controlled trial.

Rohatiner 1994a Not a randomised controlled trial.

Santini 1991 Not a randomised controlled trial.

Santini 1997 Patients with follicular lymphoma not mentioned separately.

Santini 1998 Patients with aggressive NHL, and not follicular lymphoma, were randomised.

Sonnen 1998 Not a randomised controlled trial.

Sweetenham 2001 Patients with lymphoblastic lymphoma, and not FL, were randomised.

Winter 2005 Not a randomised controlled trial.

FL: follicular lymphoma; NHL: non-Hodgkin`s lymphoma.
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Comparison 1.   Overall survival

Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

1 Stage of disease 4   Hazard Ratio (Random, 95%
CI)

Subtotals only

1.1 Untreated patients 3 701 Hazard Ratio (Random, 95%
CI)

0.97 [0.76, 1.24]

1.2 Relapsed patients 1 70 Hazard Ratio (Random, 95%
CI)

0.40 [0.18, 0.89]

2 Rituximab-containing regimen
(previously untreated patients)

3 701 Hazard Ratio (Random, 95%
CI)

0.97 [0.76, 1.24]

2.1 Rituximab in both arms 1 134 Hazard Ratio (Random, 95%
CI)

0.88 [0.40, 1.92]

2.2 No rituximab in both arms 2 567 Hazard Ratio (Random, 95%
CI)

0.98 [0.75, 1.28]

 
 

Analysis 1.1.   Comparison 1 Overall survival, Outcome 1 Stage of disease.

Study or subgroup Experi-
mental

Control log[Hazard
Ratio]

Hazard Ratio Weight Hazard Ratio

  N N (SE) IV, Random, 95% CI   IV, Random, 95% CI

1.1.1 Untreated patients  

Favours experimental 1000.01 100.1 1 Favours control
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Study or subgroup Experi-
mental

Control log[Hazard
Ratio]

Hazard Ratio Weight Hazard Ratio

  N N (SE) IV, Random, 95% CI   IV, Random, 95% CI

GELA/GELF-94 209 192 -0.1 (0.19) 44.93% 0.86[0.59,1.25]

GITMO/IIL 68 66 -0.1 (0.4) 10.14% 0.88[0.4,1.92]

GOELAMS 064 86 80 0.1 (0.19) 44.93% 1.12[0.77,1.62]

Subtotal (95% CI)       100% 0.97[0.76,1.24]

Heterogeneity: Tau2=0; Chi2=1, df=2(P=0.61); I2=0%  

Test for overall effect: Z=0.24(P=0.81)  

   

1.1.2 Relapsed patients  

CUP trial 46 24 -0.9 (0.41) 100% 0.4[0.18,0.89]

Subtotal (95% CI)       100% 0.4[0.18,0.89]

Heterogeneity: Tau2=0; Chi2=0, df=0(P<0.0001); I2=100%  

Test for overall effect: Z=2.24(P=0.02)  

Test for subgroup differences: Chi2=4.29, df=1 (P=0.04), I2=76.67%  

Favours experimental 1000.01 100.1 1 Favours control

 
 

Analysis 1.2.   Comparison 1 Overall survival, Outcome 2
Rituximab-containing regimen (previously untreated patients).

Study or subgroup ASCT Control log[Hazard
Ratio]

Hazard Ratio Weight Hazard Ratio

  N N (SE) IV, Random, 95% CI   IV, Random, 95% CI

1.2.1 Rituximab in both arms  

GITMO/IIL 68 66 -0.1 (0.4) 10.14% 0.88[0.4,1.92]

Subtotal (95% CI)       10.14% 0.88[0.4,1.92]

Heterogeneity: Not applicable  

Test for overall effect: Z=0.33(P=0.75)  

   

1.2.2 No rituximab in both arms  

GELA/GELF-94 209 192 -0.1 (0.19) 44.93% 0.86[0.59,1.25]

GOELAMS 064 86 80 0.1 (0.19) 44.93% 1.12[0.77,1.62]

Subtotal (95% CI)       89.86% 0.98[0.75,1.28]

Heterogeneity: Tau2=0; Chi2=0.94, df=1(P=0.33); I2=0%  

Test for overall effect: Z=0.15(P=0.88)  

   

Total (95% CI)       100% 0.97[0.76,1.24]

Heterogeneity: Tau2=0; Chi2=1, df=2(P=0.61); I2=0%  

Test for overall effect: Z=0.24(P=0.81)  

Test for subgroup differences: Chi2=0.07, df=1 (P=0.79), I2=0%  

Favours experimental 1000.01 100.1 1 Favours control

 
 

Comparison 2.   Progression-free survival

Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

1 Stage of disease 4   Hazard Ratio (Random, 95%
CI)

Subtotals only
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Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

1.1 Untreated patients 3 540 Hazard Ratio (Random, 95%
CI)

0.42 [0.33, 0.54]

1.2 Relapsed patients 1 70 Hazard Ratio (Random, 95%
CI)

0.30 [0.15, 0.61]

2 Rituximab-containing regimen
(previously untreated patients)

3 540 Hazard Ratio (Random, 95%
CI)

0.42 [0.33, 0.54]

2.1 Rituximab in both arms 1 134 Hazard Ratio (Random, 95%
CI)

0.36 [0.23, 0.55]

2.2 No rituximab in both arms 2 406 Hazard Ratio (Random, 95%
CI)

0.46 [0.33, 0.63]

 
 

Analysis 2.1.   Comparison 2 Progression-free survival, Outcome 1 Stage of disease.

Study or subgroup Experi-
mental

Control log[Hazard
Ratio]

Hazard Ratio Weight Hazard Ratio

  N N (SE) IV, Random, 95% CI   IV, Random, 95% CI

2.1.1 Untreated patients  

GITMO/IIL 68 66 -1 (0.22) 32.28% 0.36[0.23,0.55]

GLSG 114 126 -0.9 (0.22) 32.28% 0.39[0.25,0.6]

GOELAMS 064 86 80 -0.6 (0.21) 35.43% 0.54[0.36,0.81]

Subtotal (95% CI)       100% 0.42[0.33,0.54]

Heterogeneity: Tau2=0; Chi2=2, df=2(P=0.37); I2=0.06%  

Test for overall effect: Z=6.84(P<0.0001)  

   

2.1.2 Relapsed patients  

CUP trial 46 24 -1.2 (0.36) 100% 0.3[0.15,0.61]

Subtotal (95% CI)       100% 0.3[0.15,0.61]

Heterogeneity: Not applicable  

Test for overall effect: Z=3.33(P=0)  

Test for subgroup differences: Chi2=0.82, df=1 (P=0.37), I2=0%  

Favours experimental 1000.01 100.1 1 Favours control

 
 

Analysis 2.2.   Comparison 2 Progression-free survival, Outcome
2 Rituximab-containing regimen (previously untreated patients).

Study or subgroup ASCT Control log[Hazard
Ratio]

Hazard Ratio Weight Hazard Ratio

  N N (SE) IV, Random, 95% CI   IV, Random, 95% CI

2.2.1 Rituximab in both arms  

GITMO/IIL 68 66 -1 (0.22) 32.28% 0.36[0.23,0.55]

Subtotal (95% CI)       32.28% 0.36[0.23,0.55]

Heterogeneity: Not applicable  

Test for overall effect: Z=4.64(P<0.0001)  

Favours experimental 1000.01 100.1 1 Favours control
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Study or subgroup ASCT Control log[Hazard
Ratio]

Hazard Ratio Weight Hazard Ratio

  N N (SE) IV, Random, 95% CI   IV, Random, 95% CI

   

2.2.2 No rituximab in both arms  

GLSG 114 126 -0.9 (0.22) 32.28% 0.39[0.25,0.6]

GOELAMS 064 86 80 -0.6 (0.21) 35.43% 0.54[0.36,0.81]

Subtotal (95% CI)       67.72% 0.46[0.33,0.63]

Heterogeneity: Tau2=0.01; Chi2=1.18, df=1(P=0.28); I2=15.06%  

Test for overall effect: Z=4.72(P<0.0001)  

   

Total (95% CI)       100% 0.42[0.33,0.54]

Heterogeneity: Tau2=0; Chi2=2, df=2(P=0.37); I2=0.06%  

Test for overall effect: Z=6.84(P<0.0001)  

Test for subgroup differences: Chi2=0.77, df=1 (P=0.38), I2=0%  

Favours experimental 1000.01 100.1 1 Favours control

 
 

Comparison 3.   Overall response rate

Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

1 All trials (previously untreated pa-
tients)

3 701 Risk Ratio (M-H, Random,
95% CI)

1.13 [0.96, 1.34]

2 Rituximab-containing regimen (pre-
viously untreated patients)

3 701 Risk Ratio (M-H, Random,
95% CI)

1.13 [0.96, 1.34]

2.1 Rituximab in both arms 1 134 Risk Ratio (M-H, Random,
95% CI)

1.29 [1.08, 1.54]

2.2 No rituximab in both arms 2 567 Risk Ratio (M-H, Random,
95% CI)

1.07 [0.90, 1.27]

 
 

Analysis 3.1.   Comparison 3 Overall response rate, Outcome 1 All trials (previously untreated patients).

Study or subgroup Experimental Control Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

GOELAMS 064 70/86 55/80 30.34% 1.18[0.99,1.42]

GITMO/IIL 61/68 46/66 30.42% 1.29[1.08,1.54]

GELA/GELF-94 150/192 165/209 39.24% 0.99[0.89,1.1]

   

Total (95% CI) 346 355 100% 1.13[0.96,1.34]

Total events: 281 (Experimental), 266 (Control)  

Heterogeneity: Tau2=0.02; Chi2=7.54, df=2(P=0.02); I2=73.47%  

Test for overall effect: Z=1.43(P=0.15)  

Favours controll group 1000.01 100.1 1 Favours ASCT group
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Analysis 3.2.   Comparison 3 Overall response rate, Outcome 2
Rituximab-containing regimen (previously untreated patients).

Study or subgroup ASCT Control Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

3.2.1 Rituximab in both arms  

GITMO/IIL 61/68 46/66 30.42% 1.29[1.08,1.54]

Subtotal (95% CI) 68 66 30.42% 1.29[1.08,1.54]

Total events: 61 (ASCT), 46 (Control)  

Heterogeneity: Not applicable  

Test for overall effect: Z=2.77(P=0.01)  

   

3.2.2 No rituximab in both arms  

GELA/GELF-94 150/192 165/209 39.24% 0.99[0.89,1.1]

GOELAMS 064 70/86 55/80 30.34% 1.18[0.99,1.42]

Subtotal (95% CI) 278 289 69.58% 1.07[0.9,1.27]

Total events: 220 (ASCT), 220 (Control)  

Heterogeneity: Tau2=0.01; Chi2=2.92, df=1(P=0.09); I2=65.8%  

Test for overall effect: Z=0.72(P=0.47)  

   

Total (95% CI) 346 355 100% 1.13[0.96,1.34]

Total events: 281 (ASCT), 266 (Control)  

Heterogeneity: Tau2=0.02; Chi2=7.54, df=2(P=0.02); I2=73.47%  

Test for overall effect: Z=1.43(P=0.15)  

Test for subgroup differences: Chi2=2.21, df=1 (P=0.14), I2=54.72%  

Favours controll group 1000.01 100.1 1 Favours ASCT group

 
 

Comparison 4.   Complete response rate

Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

1 All trials (previously untreated pa-
tients)

2 535 Risk Ratio (M-H, Random,
95% CI)

1.11 [0.64, 1.92]

2 Rituximab-containing regimen (pre-
viously untreated patients)

2 535 Risk Ratio (M-H, Random,
95% CI)

1.11 [0.64, 1.92]

2.1 Rituximab in both arms 1 134 Risk Ratio (M-H, Random,
95% CI)

1.37 [1.11, 1.70]

2.2 No rituximab in both arms 1 401 Risk Ratio (M-H, Random,
95% CI)

0.84 [0.53, 1.33]

 
 

Analysis 4.1.   Comparison 4 Complete response rate, Outcome 1 All trials (previously untreated patients).

Study or subgroup Experimental Control Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

GELA/GELF-94 27/192 35/209 43.09% 0.84[0.53,1.33]

GITMO/IIL 58/68 41/66 56.91% 1.37[1.11,1.7]

Favours control group 1000.01 100.1 1 Favours ASCT group
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Study or subgroup Experimental Control Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

   

Total (95% CI) 260 275 100% 1.11[0.64,1.92]

Total events: 85 (Experimental), 76 (Control)  

Heterogeneity: Tau2=0.12; Chi2=4.71, df=1(P=0.03); I2=78.76%  

Test for overall effect: Z=0.38(P=0.71)  

Favours control group 1000.01 100.1 1 Favours ASCT group

 
 

Analysis 4.2.   Comparison 4 Complete response rate, Outcome 2
Rituximab-containing regimen (previously untreated patients).

Study or subgroup ASCT Control Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

4.2.1 Rituximab in both arms  

GITMO/IIL 58/68 41/66 56.91% 1.37[1.11,1.7]

Subtotal (95% CI) 68 66 56.91% 1.37[1.11,1.7]

Total events: 58 (ASCT), 41 (Control)  

Heterogeneity: Not applicable  

Test for overall effect: Z=2.92(P=0)  

   

4.2.2 No rituximab in both arms  

GELA/GELF-94 27/192 35/209 43.09% 0.84[0.53,1.33]

Subtotal (95% CI) 192 209 43.09% 0.84[0.53,1.33]

Total events: 27 (ASCT), 35 (Control)  

Heterogeneity: Not applicable  

Test for overall effect: Z=0.74(P=0.46)  

   

Total (95% CI) 260 275 100% 1.11[0.64,1.92]

Total events: 85 (ASCT), 76 (Control)  

Heterogeneity: Tau2=0.12; Chi2=4.71, df=1(P=0.03); I2=78.76%  

Test for overall effect: Z=0.38(P=0.71)  

Test for subgroup differences: Chi2=3.59, df=1 (P=0.06), I2=72.13%  

Favours control group 1000.01 100.1 1 Favours ASCT group

 
 

Comparison 5.   Treatment-related mortality

Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

1 All trials (previously untreated pa-
tients)

4 941 Risk Ratio (M-H, Random,
95% CI)

1.28 [0.25, 6.61]

2 Rituximab-containing regimen (pre-
viously untreated patients)

4 941 Risk Ratio (M-H, Random,
95% CI)

1.28 [0.25, 6.61]

2.1 Rituximab in both arms 1 134 Risk Ratio (M-H, Random,
95% CI)

1.46 [0.25, 8.44]
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Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

2.2 No rituximab in both arms 3 807 Risk Ratio (M-H, Random,
95% CI)

0.97 [0.04, 26.11]

 
 

Analysis 5.1.   Comparison 5 Treatment-related mortality, Outcome 1 All trials (previously untreated patients).

Study or subgroup Experimental Control Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

GELA/GELF-94 0/192 3/209 22.64% 0.16[0.01,2.99]

GITMO/IIL 3/68 2/66 43.21% 1.46[0.25,8.44]

GLSG 4/114 1/126 34.15% 4.42[0.5,38.98]

GOELAMS 064 0/86 0/80   Not estimable

   

Total (95% CI) 460 481 100% 1.28[0.25,6.61]

Total events: 7 (Experimental), 6 (Control)  

Heterogeneity: Tau2=0.82; Chi2=3.25, df=2(P=0.2); I2=38.52%  

Test for overall effect: Z=0.3(P=0.77)  

Favours ASCT 1000.01 100.1 1 Favours control

 
 

Analysis 5.2.   Comparison 5 Treatment-related mortality, Outcome
2 Rituximab-containing regimen (previously untreated patients).

Study or subgroup Experimental Control Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

5.2.1 Rituximab in both arms  

GITMO/IIL 3/68 2/66 43.21% 1.46[0.25,8.44]

Subtotal (95% CI) 68 66 43.21% 1.46[0.25,8.44]

Total events: 3 (Experimental), 2 (Control)  

Heterogeneity: Not applicable  

Test for overall effect: Z=0.42(P=0.68)  

   

5.2.2 No rituximab in both arms  

GELA/GELF-94 0/192 3/209 22.64% 0.16[0.01,2.99]

GLSG 4/114 1/126 34.15% 4.42[0.5,38.98]

GOELAMS 064 0/86 0/80   Not estimable

Subtotal (95% CI) 392 415 56.79% 0.97[0.04,26.11]

Total events: 4 (Experimental), 4 (Control)  

Heterogeneity: Tau2=3.95; Chi2=3.25, df=1(P=0.07); I2=69.26%  

Test for overall effect: Z=0.02(P=0.98)  

   

Total (95% CI) 460 481 100% 1.28[0.25,6.61]

Total events: 7 (Experimental), 6 (Control)  

Heterogeneity: Tau2=0.82; Chi2=3.25, df=2(P=0.2); I2=38.52%  

Test for overall effect: Z=0.3(P=0.77)  

Test for subgroup differences: Chi2=0.05, df=1 (P=0.83), I2=0%  

Favours ASCT 100000.0001 100.1 1 Favours control
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Comparison 6.   Secondary malignancies (previously untreated patients)

Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

1 AML/MDS 4 1023 Risk Ratio (M-H, Random, 95% CI) 2.87 [0.70, 11.75]

2 AML/MDS/ rituximab-con-
taining regimen

4 1023 Risk Ratio (M-H, Random, 95% CI) 2.87 [0.70, 11.75]

2.1 Rituximab in both arms 1 134 Risk Ratio (M-H, Random, 95% CI) 4.85 [0.58, 40.44]

2.2 No rituximab in both arms 3 889 Risk Ratio (M-H, Random, 95% CI) 2.61 [0.38, 17.93]

3 Solid cancer 3 701 Risk Ratio (M-H, Random, 95% CI) 1.20 [0.25, 5.77]

4 Solid cancer/ ritux-
imab-containing regimen

3 701 Risk Ratio (M-H, Random, 95% CI) 1.20 [0.25, 5.77]

4.1 Rituximab in both arms 1 134 Risk Ratio (M-H, Random, 95% CI) 0.32 [0.03, 3.03]

4.2 No rituximab in both arms 2 567 Risk Ratio (M-H, Random, 95% CI) 2.44 [0.20, 29.93]

 
 

Analysis 6.1.   Comparison 6 Secondary malignancies (previously untreated patients), Outcome 1 AML/MDS.

Study or subgroup Experimental Control Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

GELA/GELF-94 2/192 4/209 32.15% 0.54[0.1,2.94]

GITMO/IIL 5/68 1/66 25.36% 4.85[0.58,40.44]

GLSG 4/142 0/180 16.79% 11.39[0.62,209.85]

GOELAMS 064 6/86 1/80 25.71% 5.58[0.69,45.35]

   

Total (95% CI) 488 535 100% 2.87[0.7,11.75]

Total events: 17 (Experimental), 6 (Control)  

Heterogeneity: Tau2=0.87; Chi2=5.2, df=3(P=0.16); I2=42.29%  

Test for overall effect: Z=1.47(P=0.14)  

Favours experimental 1000.01 100.1 1 Favours control

 
 

Analysis 6.2.   Comparison 6 Secondary malignancies (previously
untreated patients), Outcome 2 AML/MDS/ rituximab-containing regimen.

Study or subgroup Experimental Control Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

6.2.1 Rituximab in both arms  

GITMO/IIL 5/68 1/66 25.36% 4.85[0.58,40.44]

Subtotal (95% CI) 68 66 25.36% 4.85[0.58,40.44]

Total events: 5 (Experimental), 1 (Control)  

Heterogeneity: Not applicable  

Test for overall effect: Z=1.46(P=0.14)  

Favours ASCT 1000.01 100.1 1 Favours control
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Study or subgroup Experimental Control Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

   

6.2.2 No rituximab in both arms  

GELA/GELF-94 2/192 4/209 32.15% 0.54[0.1,2.94]

GLSG 4/142 0/180 16.79% 11.39[0.62,209.85]

GOELAMS 064 6/86 1/80 25.71% 5.58[0.69,45.35]

Subtotal (95% CI) 420 469 74.64% 2.61[0.38,17.93]

Total events: 12 (Experimental), 5 (Control)  

Heterogeneity: Tau2=1.66; Chi2=4.71, df=2(P=0.09); I2=57.54%  

Test for overall effect: Z=0.97(P=0.33)  

   

Total (95% CI) 488 535 100% 2.87[0.7,11.75]

Total events: 17 (Experimental), 6 (Control)  

Heterogeneity: Tau2=0.87; Chi2=5.2, df=3(P=0.16); I2=42.29%  

Test for overall effect: Z=1.47(P=0.14)  

Test for subgroup differences: Chi2=0.18, df=1 (P=0.67), I2=0%  

Favours ASCT 1000.01 100.1 1 Favours control

 
 

Analysis 6.3.   Comparison 6 Secondary malignancies (previously untreated patients), Outcome 3 Solid cancer.

Study or subgroup Experimental Control Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

GELA/GELF-94 9/192 10/209 52.22% 0.98[0.41,2.36]

GITMO/IIL 1/68 3/66 27.49% 0.32[0.03,3.03]

GOELAMS 064 6/86 0/80 20.29% 12.1[0.69,211.45]

   

Total (95% CI) 346 355 100% 1.2[0.25,5.77]

Total events: 16 (Experimental), 13 (Control)  

Heterogeneity: Tau2=1.02; Chi2=4.15, df=2(P=0.13); I2=51.78%  

Test for overall effect: Z=0.23(P=0.82)  

Favours experimental 1000.01 100.1 1 Favours control

 
 

Analysis 6.4.   Comparison 6 Secondary malignancies (previously untreated
patients), Outcome 4 Solid cancer/ rituximab-containing regimen.

Study or subgroup Experimental Control Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

6.4.1 Rituximab in both arms  

GITMO/IIL 1/68 3/66 27.49% 0.32[0.03,3.03]

Subtotal (95% CI) 68 66 27.49% 0.32[0.03,3.03]

Total events: 1 (Experimental), 3 (Control)  

Heterogeneity: Not applicable  

Test for overall effect: Z=0.99(P=0.32)  

   

6.4.2 No rituximab in both arms  

GELA/GELF-94 9/192 10/209 52.22% 0.98[0.41,2.36]

GOELAMS 064 6/86 0/80 20.29% 12.1[0.69,211.45]

Subtotal (95% CI) 278 289 72.51% 2.44[0.2,29.93]

Favours experimental 1000.01 100.1 1 Favours control
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Study or subgroup Experimental Control Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

Total events: 15 (Experimental), 10 (Control)  

Heterogeneity: Tau2=2.37; Chi2=3.03, df=1(P=0.08); I2=67%  

Test for overall effect: Z=0.7(P=0.48)  

   

Total (95% CI) 346 355 100% 1.2[0.25,5.77]

Total events: 16 (Experimental), 13 (Control)  

Heterogeneity: Tau2=1.02; Chi2=4.15, df=2(P=0.13); I2=51.78%  

Test for overall effect: Z=0.23(P=0.82)  

Test for subgroup differences: Chi2=1.39, df=1 (P=0.24), I2=28.12%  

Favours experimental 1000.01 100.1 1 Favours control

 

 

A D D I T I O N A L   T A B L E S
 

  CUP trial GLGSG trial GITMO/IIL GOELAMS GELA/GELF 94

Number of pa-
tients evaluated

ASCT arm: 46

CT arm: 24

ASCT arm: 105

CT arm: 122

ASCT arm: 68

CT arm: 66

ASCT arm: 86

CT arm: 80

ASCT arm:
209

CT arm: 192

Anemia N.R. ASCT arm: 44.8%

CT arm: 0.8%

N.R. N.R. N.R.

Leucocytopenia N.R. ASCT arm: 96.2%

CT arm: 51.3%

N.R. N.R. N.R.

Granulocytope-
nia

N.R. ASCT arm: 90.5%

CT arm: 37.8%

N.R. N.R. N.R.

Thrombocy-
topenia

N.R. ASCT arm: 96.2%

CT arm: 4.2%

N.R. N.R. N.R.

Mucositis N.R. ASCT arm: 53.3%

CT arm: 0

N.R. N.R. N.R.

Infections N.R. ASCT arm: 23.1%

CT arm: 1.7%

ASCT arm:
13.2%

CT arm: 6.1%

ASCT arm: 17.4%

CT arm: N.R.

N.R.

Nausea N.R. ASCT arm: 32.4%

CT arm: 1.7%

N.R. N.R. N.R.

diarrhoea N.R. ASCT arm: 13.5%

CT arm: 1.7%

N.R. N.R. N.R.

Table 1.   Adverse Events 
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pulmonary N.R. ASCT arm: 4.8%

CT arm: 0.9%

N.R. ASCT arm: 2.3% in-
terstitial pneumoni-
tis

CT arm: N.R.

N.R.

liver N.R. ASCT arm: 3.8%

CT arm: 0.9%

N.R. N.R. N.R.

Renal N.R. ASCT arm: 1%

CT arm: 0

N.R. ASCT arm: 1.2%
haemorrhagic cysti-
tis

CT arm: N.R.

N.R.

muscle/bone
pain

N.R. ASCT arm: 2.1%

CT arm: 11%

N.R. N.R. N.R.

Depression N.R. ASCT arm: 1.1%

CT arm: 4.9%

N.R. N.R. N.R.

Extrahemato-
logical toxicities

N.R. mentioned above ASCT arm:
38.2%

CT arm: 10.6%

mentioned above N.R.

Table 1.   Adverse Events  (Continued)

 

 

A P P E N D I C E S

Appendix 1. CENTRAL search strategy to November 2010

#1 MeSH descriptor Lymphoma, Follicular explode all trees

#2 (follicul* NEAR/2 lymph*)

#3 (nodular* NEAR/2 lymph*)

#4 ((small* OR large*) NEAR/4 follicul* )

#5 ((small* OR large*) NEAR/4 lymph*)

#6 ((low-grad* OR low grad*) NEAR/ lymph*)

#7 ((low-grad* OR low grad*) AND lymph*)

#8 (centro blast* OR zentroblast*)

#9 (follic* NEAR/2 (center* OR centro*) NEAR/ lymph*)

#10 (brill-symmer* OR brill symmer*)

#11 MeSH descriptor Lymphoma, B-Cell, this term only

#12 (indolent* NEAR/2 lymph*)

#13 MeSH descriptor Lymphoma, Non-Hodgkin explode all trees

#14 (non-hodgkin* OR nonhodgkin* OR non hodgkin*)
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#15 (diJus* NEAR/ lymphom*)

#16 (lymphati* sacrom* OR lymphosarcom*)

#17 MeSH descriptor Hematologic Neoplasms explode all trees

#18 (hemato* NEAR/ (malign* OR neoplas*))

#19 (haemato* NEAR/ (malign* OR neoplas*))

#20 (#1 OR #2 OR #3 OR #4 OR #5 OR #6 OR #7 OR #8 OR #9 OR #10 OR #11 OR #12 OR #13 OR #14 OR #15 OR #16) delete

#21 (#17 OR #18 OR #19)

#22 MeSH descriptor Transplantation, Autologous explode all trees

#23 (autolog* NEAR/4 (transplant* OR graR*))

#24 (asct)

#25 (autograR* OR auto-graR*)

#26 (autotransplant* OR auto-transplant*)

#27 (#22 OR #23 OR #24 OR #25 OR #26)

#28 MeSH descriptor Transplantation Conditioning explode all trees

#29 (myeloablativ*)

#30 (#28 OR #29)

#31 (#20 AND ( #27 OR #30 )) 351 (295 hits in CENTRAL)

Appendix 2. CENTRAL search strategy from November 2010 to September 2011

#1 MeSH descriptor Lymphoma, Follicular explode all trees

#2 (follicul* NEAR/2 lymph*)

#3 (nodular* NEAR/2 lymph*)

#4 ((small* OR large*) NEAR/4 follicul* )

#5 ((small* OR large*) NEAR/4 lymph*)

#6 ((low-grad* OR low grad*) NEAR/ lymph*)

#7 ((low-grad* OR low grad*) AND lymph*)

#8 (centro blast* OR zentroblast*)

#9 (follic* NEAR/2 (center* OR centro*) NEAR/ lymph*)

#10 (brill-symmer* OR brill symmer*)

#11 MeSH descriptor Lymphoma, B-Cell, this term only

#12 (indolent* NEAR/2 lymph*)

#13 MeSH descriptor Lymphoma, Non-Hodgkin explode all trees

#14 (non-hodgkin* OR nonhodgkin* OR non hodgkin*)

#15 (diJus* NEAR/ lymphom*)

#16 (lymphati* sacrom* OR lymphosarcom*)

#17 (#1 OR #2 OR #3 OR #4 OR #5 OR #6 OR #7 OR #8 OR #9 OR #10 OR #11 OR #12 OR #13 OR #14 OR #15 OR #16)
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#18 MeSH descriptor Transplantation, Autologous explode all trees

#19 (autolog* NEAR/4 (transplant* OR graR*))

#20 (asct)

#21 (autograR* OR auto-graR*)

#22 (autotransplant* OR auto-transplant*)

#23 (#18 OR #19 OR #20 OR #21 OR #22)

#24 MeSH descriptor Transplantation Conditioning explode all trees

#25 (myeloablativ*)

#26 (#24 OR #25)

#27 (#17 AND ( #23 OR #26 ))

#28 (#27), from 2011 to 2011

Appendix 3. MEDLINE search strategy

1. Lymphoma, Follicular/

2. (follicul$ adj2 lymph$).tw,kf,ot.

3. (nodular$ adj2 lymph$).tw,kf,ot.

4. ((small$ or large$) adj4 (follicul$ adj2 lymph$)).tw,kf,ot.

5. ((low-grad$ or low grad$) adj lymph$).tw,kf,ot.

6. ((centro blast$ or zentroblast$) adj (centrocyst$ or zentrozyt$) adj lymph$).tw,kf,ot.

7. (follic$ adj2 (center$ or centro$) adj lymph$).tw,kf,ot.

8. (brill-symmer$ or brill symmer$).tw,kf,ot.

9. *Lymphoma, B-Cell/

10. (indolent$ adj2 lymph$).tw,kf,ot.

11. exp Lymphoma, Non-Hodgkin/

12. (non-hodgkin$ or nonhodgkin$ or non hodgkin$).tw,kf,ot.

13. (diJus$ adj lymphom$).tw,kf,ot.

14. (lymphati$ sacrom$ or lymphosarcom$).tw,kf,ot.

15. or/1-14

16. exp Transplantation, Autologous/

17. (autolog$ adj4 (transplant$ or graR$)).tw,kf,ot.

18. asct.tw.

19. (autograR$ or auto-graR$).tw,kf,ot.

20. (autotransplant$ or auto-transplant$).tw,kf,ot.

21. or/16-20

22. Transplantation Conditioning/

23. myeloablativ$.tw,kf,ot.
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24. or/22-23

25. 21 or 24

26. randomized controlled trial.pt.

27. controlled clinical trial.pt.

28. randomized controlled trial/

29. random allocation/

30. double blind method/

31. single blind method/

32. or/26-31

33. (ANIMALS not HUMANS).sh.

34. 32 not 33

35. clinical trial.pt.

36. exp clinical trial/

37. (clin$ adj25 trial$).ti,ab.

38. ((singl$ or doubl$ or trebl$ or tripl$) adj25 (blind$ or mask$)).ti,ab.

39. placebos/

40. placebo$.ti,ab.

41. random$.ti,ab.

42. research design/

43. or/35-42

44. 43 not 33

45. 44 not 34

46. comparative study/

47. exp evaluation studies/

48. follow up studies/

49. prospective studies/

50. (control$ or prospectiv$ or volunteer$).ti,ab.

51. or/46-50

52. 51 not 33

53. 52 not (34 or 45)

54. 34 or 45 or 53

55. randomized controlled trial.pt.

56. controlled clinical trial.pt.

57. randomized.ab.

58. drug therapy.fs.
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59. randomly.ab.

60. trial.ab.

61. groups.ab.

62. or/55-61

63. humans.sh.

64. 62 and 63

65. 15 and (21 or 24)

66. 65 and 54 (1212)

67. 65 and 64

68. 66 not 67

69. 67 not 66 (405)

70. 66 or 69 (1617)

(51)

Appendix 4. EMBASE search strategy

1 FOLLICULAR LYMPHOMA/ (3145)

2 (follicul$ adj2 lymph$).tw. (3134)

3 (nodular$ adj2 lymph$).tw. (767)

4 ((small$ or large$) adj4 (follicul$ adj2 lymph$)).tw. (308)

5 ((low-grad$ or low grad$) adj lymph$).tw. (914)

6 ((centro blast$ or zentroblast$) adj (centrocyst$ or zentrozyt$) adj lymph$).tw. (0)

7 (follic$ adj2 (center$ or centro$) adj lymph$).tw. (154)

8 (brill-symmer$ or brill symmer$).tw. (12)

9 *B CELL LYMPHOMA/ (6685)

10 (indolent$ adj2 lymph$).tw. (500)

11 exp NONHODGKIN LYMPHOMA/ (53565)

12 (non-hodgkin$ or nonhodgkin$ or non hodgkin$).tw. (20573)

13 (diJus$ adj lymphom$).tw. (254)

14 (lymphati$ sacrom$ or lymphosarcom$).tw. (850)

15 or/1-14 (58499)

16 exp AUTOTRANSPLANTATION/ (5600)

17 (autolog$ adj4 (transplant$ or graR$)).tw. (12201)

18 asct.tw. (743)

19 (autograR$ or auto-graR$).tw. (6980)

20 (autotransplant$ or auto-transplant$).tw. (3189)

21 or/16-20 (23169)
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22 MYELOABLATIVE CONDITIONING/ (696)

23 myeloablativ$.tw. (2264)

24 or/22-23 (2625)

25 21 or 24 (25151)

26 Clinical trial/ (505625)

27 Randomized controlled trial/ (158767)

28 RANDOMIZATION/ (25683)

29 SINGLE BLIND PROCEDURE/ (7603)

30 DOUBLE BLIND PROCEDURE/ (69545)

31 CROSSOVER PROCEDURE/ (20372)

32 PLACEBO/ (114333)

33 Randomi?ed controlled trial$.tw. (29147)

34 RCT.tw. (2297)

35 Random allocation.tw. (615)

36 Randomly allocated.tw. (9739)

37 Allocated randomly.tw. (1324)

38 (allocated adj2 random).tw. (553)

39 Single blind$.tw. (7178)

40 Double blind$.tw. (82249)

41 ((treble or triple) adj blind$).tw. (130)

42 Placebo$.tw. (105757)

43 PROSPECTIVE STUDY/ (75226)

44 or/26-43 (665188)

45 Case study/ (5522)

46 Case report.tw. (112827)

47 Abstract report/ or letter/ (469789)

48 or/45-47 (586070)

49 44 not 48 (642100)

50 animal/ (18243)

51 human/ (6155100)

52 50 not 51 (14469)

53 49 not 52 (642004)

54 15 and 25 and 53 (648)
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