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Background and Objectives. A salvage program includ-
ing infusional high-dose ifosfamide plus etoposide
(IFOVM) was evaluated in patients with refractory or
relapsed aggressive non-Hodgkin’s lymphoma.

Design and Methods. Forty-six patients were included.
IFOVM consisted of ifosfamide (10 g/m2 as a 72-hour
continuous infusion), etoposide (900 mg/m2) and
methylprednisolone; responding patients underwent two
cycles of DHAP and subsequently an autologous periph-
eral blood stem cell transplantation (APBSCT) with BEAM
as the conditioning regimen.

Results. All but one patient showed tumor regression fol-
lowing IFOVM. Myelosuppression was brief but 26
patients developed neutropenic fever. All but two patients
proceeded to DHAP. Overall response rate to
IFOVM/DHAP was 59% (29% CR and 30% PR). Refrac-
tory patients had a significantly lower response rate than
relapsed patients (39% vs. 85% p=0.002). All refracto-
ry patients with intermediate-high or high IPI progressed
during IFOVM/DHAP. Twenty-seven patients proceeded to
APBSCT. Two-year overall survival of patients with low or
low-intermediate IPI was 47% [95% CI 25-69%], which
was significantly better than that obtained in patients
with intermediate-high or high IPI (11% [95% CI 0-22%]
p=0.0001).

Interpretation and Conclusions. This sequential regimen
of IFOVM, followed by DHAP and consolidated with BEAM
is active in relapsed or refractory patients with low or
low-intermediate IPI aggressive lymphoma. However, it
has little activity in those patients with intermediate or
high IPI, especially in refractory lymphomas.
©2002, Ferrata Storti Foundation
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Most patients with aggressive non-Hodgk-
in’s lymphoma who fail to respond to
their first-line anthracycline-containing

chemotherapy or who relapse from complete
remission have a poor prognosis.1-3 Many salvage
regimens have been developed over the last two
decades. These combinations have demonstrated
activity against lymphoma but with varying effec-
tiveness and no definite improvement in survival.1–7

Ifosfamide-based regimens have been used in var-
ious dosages and in combination with other
agents,8,11 frequently etoposide,11-24 in patients with
relapsed or refractory aggressive lymphoma. These
regimens have induced response rates that have
ranged from 35% to 79%, but durable remissions
are infrequent. High-dose therapy (HDT) followed
by autologous stem-cell transplantation (ASCT)
has been demonstrated to improve the long-term
outcome of patients with relapsed aggressive lym-
phoma, especially in chemosensitive relapses.25-28

The objective of this study was to investigate
the efficacy and toxicity of a salvage regimen
including high-dose infusional ifosfamide plus
high-dose fractionated etoposide and methyl-
prednisolone (IFOVM), followed by DHAP chemo-
therapy and subsequent HDT with BEAM condi-
tioning and autologous peripheral blood stem cell
transplantation (APBSCT) for patients with refrac-
tory or relapsed aggressive lymphoma.

Design and Methods

Patients and staging
From November 1996 to August 2001, 46 con-

secutive patients with relapsed or refractory
aggressive lymphoma were entered into the study
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at 5 hospitals from the Grup per l’Estudi de Limfomes
de Catalunya i Balears (GELCAB). Patients between
16 and 65 years were eligible and all gave signed
informed consent. Patients had either relapsed or
refractory lymphoma of the following histologies
according to the REAL/WHO classification:29,30 dif-
fuse large B-cell lymphoma or peripheral T-cell lym-
phoma. Patients with transformed B-cell lymphoma
were also eligible but not those with mantle-cell
lymphoma. All patients had initially been treated
with an anthracycline-containing regimen as front-
line treatment: 36 patients (78%) with CHOP, 6
(13%) with high-dose CHOP/ESHAP and 4 (9%) with
other regimens. Patients were required to have a
performance status of < 3 on the ECOG scale, with
a life expectancy of > 3 months, an absolute neu-
trophil count > 1.5×109/L, a platelet count > 100
×109/L, and serum creatinine and serum bilirubin
levels lower than twice the upper-normal values.
Patients were excluded if they had CNS involvement,
human immunodeficiency virus infection, active
infection, a history of serious cardiac or lung disease,
or a formal contraindication to HDT followed by
ASCT. All patients underwent restaging procedures
which included computed tomography scans and
bone marrow biopsy. Gallium scans were optional.
The preliminary results of this trial have been pre-
viously reported.31

Chemotherapy
IFOVM induction salvage chemotherapy consist-

ed of ifosfamide (10 g/m2 as a 72-hour continuous
intravenous infusion on days 1-3), etoposide (150
mg/m2 every 12 hours as a 2-hour i.v. infusion on
days 1 to 3), mesnum (20% of the total dose of ifos-
famide 30 minutes before its infusion, 60% during
the infusion of ifosfamide and 20% during the 12
hours after its completion) and methylprednisolone
(60 mg/m2 on days 1 to 5). Glycosylated granulocyte
colony-stimulating factor (G-CSF) at a dose of 5
µg/kg daily was started on day 6 until granulocyte
recovery and prophylaxis with oral quinolones was
recommended. Seven days after full hematologic
recovery, one or two cycles of the modified DHAP
regimen4 (dexamethasone 40 mg days 1-4, cisplatin
50 mg/m2 by continuous infusion on days 1 and 2,
and cytarabine 2 g/m2 every 12 hours as a 2-hour
infusion on days 3 and 4) were given as consolida-
tion chemotherapy. Harvesting of peripheral blood
stem cells (PBSC) was planned after either IFOVM or
DHAP, both primed with G-CSF at a dose of 5 µg/kg
daily. A total number of CD34+ cells higher than
2×106/kg was recommended. Patients who achieved

complete remission (CR) or partial remission (PR)
proceeded to APBSCT with a modified BEAM32 pro-
tocol: carmustine 300 mg/m2 i.v. over 1 h on day -
6, etoposide 200 mg/m2 i.v. over 2 h on day -5, -4,
-3, and -2, cytarabine 200 mg/m2 i.v. over 2 h every
12 h on day -5, -4, -3, and -2 and melphalan 140
mg/m2 i.v. over 1 h on day -1. Patients received an
infusion of PBSC on day 0. Isolation procedures, pro-
phylactic antibiotic therapy and blood component
management have been described elsewhere.28

Colony-stimulating factors were not routinely used.
Toxicity was assessed according to WHO criteria.

Study definitions
Refractory patients were those who failed to

attain CR or PR with front-line therapy, patients
with acquired refractory disease were those who
attained CR or PR with front-line therapy but
relapsed within 6 months, and relapsed patients
were considered to be those who attained a CR
lasting at least 6 months.33 Response evaluation
was determined according to the guidelines recent-
ly proposed by an international workshop.34 Over-
all survival (OS) was defined as the time from the
day of study entry until death from any cause or
last date known to be alive. Event-free survival
(EFS) was defined as the time from the day of study
entry until relapse, death from any cause or last
date known to be alive.

Statistical methods
Factors associated with response to IFOVM were

analyzed and compared using the χ2 test or Fish-
er´s exact test. Actuarial curves of EFS and OS were
obtained according to the Kaplan-Meier method35

and comparison between curves was performed
using the log-rank test.36 Factors examined for their
correlation with response to IFOVM/DHAP and on
outcome were: age (≤60 vs >60 years), sex, phe-
notype (B vs T), disease status at study entry
(relapsed vs refractory), ECOG (0,1 vs ≥ 2), B-symp-
toms (present vs absent), LDH (≤1 vs >1 normal
value), β2-microglobulin (≤1 vs >1 normal value),
number of extranodal sites (<2 vs ≥ 2), stage (I-II
vs III-IV) and international prognostic index (IPI)37

(<3 vs ≥ 3). Variables found to be associated with
response (CR and PR) to IFOVM/DHAP in univariate
analysis were examined in multivariate analysis
with logistic regression. Variables associated with
survival in univariate analysis were entered into a
multivariate analysis that was performed accord-
ing to the Cox model of multiple regression.38 All p-
values are two-sided and statistical significance
was defined as a p <0.05.

High-dose infusional ifosfamide for refractory or relapsed aggressive lymphoma



Results

Patients
The patients’ characteristics at study entry are

summarized in Table 1. The median age at pro-
gression was 46 years (range, 19-65). Twenty-three
patients were male and 23 female. Disease status
at study entry was as follows: relapsed lymphoma
in 20 patients (44%), acquired refractory lym-
phoma in 8 (17%) and primary refractory lym-
phoma in 18 (39%). Thirty-three patients (72%)
had been treated with one regimen of first-line
anthracycline-containing chemotherapy, 12 (26%)
with two types and one (2%) with three different
regimens. At study entry, thirty patients (65%) had
low/low-intermediate IPI and 14 (30%) intermedi-
ate-high/high IPI.

Response and toxicity to IFOVM/DHAP
All but one patient showed dramatic tumor

regression following the first cycle of IFOVM. No
clinical differences were noted between relapsed or
refractory patients. Treatment was well-tolerated
and all patients were evaluable for toxicity. The
main toxicity was myelosuppression with neu-
tropenia (<0.5×109/L) lasting for a median of 5
(range, 2-10) days and thrombocytopenia (< 20
×109/L) for a median of 4 (range, 0-32) days. Twen-
ty-six patients (57%) developed neutropenic fever
with 6 uncomplicated bacteremias and two
patients had urinary tract infection. All patients
recovered successfully. Non-hematologic toxicity
according to the WHO scale was modest. Four
patients had grade 3 toxicity of pulmonary or
hepatic origin and two patients grade 2 neurolog-
ic toxicity, with full recovery in all cases. Alopecia
occurred in all patients. All but two patients were
consolidated with DHAP. One patient who showed
rapid progression after IFOVM was withdrawn from
the study and one patient received two cycles of
IFOVM. The other 44 patients received DHAP (in 9
cases only one cycle, in 31 two cycles and in 4 three
cycles). Hematologic toxicity was milder than with
IFOVM, as were the infectious complications. Sev-
en patients developed neutropenic fever, 6 uncom-
plicated bacteremias and one septic shock.

Following IFOVM and DHAP, 13 patients achieved
CR (28% [95% CI 15-41%]) and 14 PR (30% [95%
CI 17-43%]) for a total response rate of 59% [95%
CI 32-60%]). Tumor progression during DHAP was
noted in 18 patients. Patients with relapsed lym-
phoma had a significantly better overall response
rate (85% [95% CI 70-100%]) than those with
refractory disease (39% [95% CI 20-58%])
(p=0.002) (Table 2). Overall response was not sig-

nificantly different between patients with primary
(33% [95% CI 11-55%]) versus acquired refracto-
ry disease (50% [95% CI 15-85%]). Compared to
refractory patients, those with relapsed lymphoma
had a relative risk of response to IFOVM/DHAP of
9.1 [95% CI 2.1-39]. Univariate analysis identified
as favorable factors at study entry predicting
response: male sex, relapsed disease, absence of B
symptoms, ECOG 0-1, normal LDH and low/low-
intermediate IPI (Table 3). In the multivariate
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Table 1. Patients’ characteristics at study entry prior to
IFOVM.

N (%)

Stage
I-II 16 (35)
III-IV 30 (65)

B symptoms
Absent 30 (65)
Present 16 (35)

LDH 
≤ 1 n. v. 20 (44)
> 1 n. v. 25 (54)
Not done 1 (2)

β2-microglobulin
≤ 1 n. v. 29 (63)
> 1 n. v. 12 (26)
Not done 5 (11)

Performance status
0-1 31 (67)
2-4 14 (30)
Not known 1 (2)

IPI
0-2 30 (65)
3-5 14 (30)
Not available 2 (5)

Histology 
DLBCL 36 (78)
PTCL 9 (20)
Transformed follicular 1 (2)

No. of prior chemotherapies
1 33 (72)
2 12 (26)
≥ 3 1 (2)

Type of chemotherapy
CHOP 36 (78)
MegaCHOP/ESHAP 6 (13)
MACOP-B 1 (2)
Others 3 (7)

Previous response to therapy
Primary refractory 18 (39)
Acquired refractory 8 (17)
Relapsed 20 (44)

IFOVM: ifosfamide, etoposide, methylprednisolone; n. v.: normal value;
IPI: international prognostic index; CHOP: cyclophosphamide, vincristine,
doxorubicin, prednisone; Mega-CHOP: high-dose cyclophosphamide, vincristine,
doxorubicin, prednisone; ESHAP: etoposide, cisplatin, cytarabine,
methylprednisolone; MACOP-B: methothrexate, adriamycin, cyclophosphamide,
vincristine, prednisone, bleomycin; DLBCL: diffuse large B-cell lymphoma;
PTCL: peripheral T-cell lymphoma.



analysis, relapsed disease at study entry and
absence of B symptoms were factors associated
with a significantly higher probability of response
to IFOVM/DHAP (p=0.01 and p=0.036, respective-
ly). Of note, all refractory patients with intermedi-
ate-high or high IPI progressed during
IFOVM/DHAP. On the contrary, all relapsed patients
with low or low-intermediate IPI responded. Over-
all response rate to IFOVM/DHAP in refractory
patients with low or low-intermediate IPI and in
relapsed patients with intermediate-high or high
IPI were 56% [95% CI 32-80%] and 50% [95% CI
10-90%], respectively.

In 8 patients no attempt was made to collect
PBSC. In the remaining 38 cases PBSC were col-
lected after IFOVM in 16 patients and after DHAP
in 22. In the former group the median number of
CD34+ cells harvested was 9.2×106/kg (range, 1.2-
30) with a median of 1.4 aphereses (range, 1-2)
(only one apheresis in 75% of cases), while in the
DHAP group a median of 8×106/kg CD34+ cells
(range, 2.2-27.5) were harvested with 1 to 3
aphereses (median 2; one apheresis in 27%, two in
55% and three in 18% of cases).

High-dose therapy
Twenty-seven patients proceeded to high-dose

BEAM followed by APBSCT (12 in CR, 13 in PR and
2 with progressive disease). Time from study entry
to transplant was 3.6 months (range, 1-7). Toxici-
ty of HDT was mainly due to myelosuppression, but
two cases of transplant-related mortality were reg-
istered: one patient in CR suffered sudden death on
day +5 and one with progressive lymphoma had
fatal refractory septic shock. The other patient with
progressive disease did not respond to BEAM. Of
the 13 patients autografted in PR, six patients
achieved CR, 4 maintained their status of PR and
three progressed shortly after transplant. All evalu-
able patients conditioned in CR maintained this

status at 3 months. Therefore, in an intent-to-treat
basis, overall response to IFOVM/DHAP/BEAM was
46% [95% CI 32-60%], with 37% [95% CI 23-
51%] CR and 9% [95% CI 1-17%] PR.

Survival
With a median follow-up after transplant of 12

months (range, 3-56), 3 additional patients pro-
gressed (2 died rapidly and 1 is alive after allogene-
ic transplantation with reduced intensity condi-
tioning), 1 died in PR due to neurologic complica-
tions and 17 are still in CR. The two-year OS and EFS
were 36% [95% CI 22-50%] and 34% [95% CI 20-
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Table 2. Response to IFOVM/DHAP and to IFOVM/DHAP/
ASCT according to disease status at study entry.

Response to IFOVM/DHAP Response to IFOVM/DHAP/ASCT
CR OR CR OR

All patients (n=46) 13 (28%) 27 (59%) 17 (37%) 21 (46%)
Refractory (n=26) 3 (12%) 10 (39%)* 7 (27%) 9 (35%)
Relapsed (n=20) 10 (50%) 17 (85%)* 10 (50%) 12 (60%)

IFOVM: ifosfamide, etoposide, methylprednisolone; DHAP: dexamethasone,
cytarabine, cisplatin; CR: complete remission; OR: overall response;
*p=0.002 in Fisher’s exact test.

Table 3. Univariate analysis of factors prognostic of
response to IFOVM/DHAP and survival.

Factor Response p RR (95% CI) Survival p RR 
(%) (months) (95% CI)

Sex
Male 72 − − 19 − −

Female 43 0.05 3.4 (1.0-11.7) 6 0.05 2.2 (1-4.6)

Age
≤ 60 63 − − 12 − −

> 60 38 NS − 4 NS −

Stage
I-II 69 − − 19 − −

III-IV 53 NS − 5 NS −

B symptoms NR − −

Absent 73 − − − − −

Present 31 0.008 6.1 (1.6-22.9) 4 0.01 2.6 (1.2-5.6)

LDH 
≤ 1 n. v. 75 − − 19 − −

> 1 n. v. 44 0.04 3.8 (1.1-13.8) 5 NS −

β2-microglobulin
≤ 1 n. v. 62 − − 8 − −

> 1 n. v. 42 NS − 5 NS −

PS-ECOG
0-1 74 − − 19 − −

2-4 29 0.006 7.2 (1.8-29.5) 3 0.0005 3.7 (1.7-8.2)

Histology 
DLBCL 61 − − 11 − −

PTCL 50 NS − 5 NS −

IPI 19 − −

0-2 77 − − − − −

3-5 21 0.001 12 (2.6-55.7) 3 0.0001 5.2 (2.3-11.9)

Status study entry 
Relapsed 85 − − 19 − −

Refractory 39 0.002 9.1 (2.1-39) 5 0.05 2.1 (1-4.7)

N. v.: normal value; NR: not reached; NS: not significant; PS: performance status;
DLBCL: diffuse large B-cell lymphoma; PTCL: peripheral T-cell lymphoma;
IPI: international prognostic index.
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48%], respectively. Univariate analysis identified
favorable factors at study entry predicting survival:
male sex, relapsed disease, absence of B symptoms,
ECOG 0-1, low/low-intermediate IPI, response to
IFOVM/DHAP (Table 3). According to the Cox mod-
el, the probability of OS was significantly better in
the group of patients who responded to
IFOVM/DHAP (relative risk 21.4 [95% CI 4.3-106.1]
p=0.0002). If we exclude in multivariate analysis
response to IFOVM/DHAP, relapsed patients at study
entry had a higher probability of OS than those with
refractory lymphoma (RR 3.2 [95% CI 1.3-7.6] p
=0.01). A second predictive factor for OS in multi-
variate analysis was IPI (RR 6.8 [95% CI 2.5-18.9]
p=0.0002).

Two-year OS and EFS of patients with relapsed
disease were 44% [95% CI 22-66%] and 39%
[95% CI 18-60%], respectively, which were signif-
icantly better than in those with refractory disease
(both 29% [95% CI 12-46%]). Figure 1 shows the
survival curves according to disease status and IPI
at study entry. In this series, two-year OS of
low/low-intermediate IPI patients with relapsed
disease (60% [95% CI 31-89%]) was better than
that in refractory lymphoma (53% [95% CI 20-
86%]), and was significantly better than that
obtained in intermediate-high/high IPI with either
relapsed or refractory lymphoma (29% [95% CI 0-
58%] and 13% [95% CI 0-30%], respectively)
(p=0.016 and p=0.0005, respectively).

Discussion
During the last two decades, several salvage reg-

imens for relapsed or refractory aggressive lym-
phoma have been developed. Most of these regi-
mens are either cytarabine/platinum-based4-7 or
ifosfamide-based.7-24 Used alone, ifosfamide has
been reported to induce clinical remission in 29-
47% of patients with relapsed or refractory aggres-
sive lymphoma, but durations of responses have
been only 6-8 weeks.8,9 Various combinations of
ifosfamide with other agents have obtained
response rates between 36% and 70% (8-37% CR).
Based on these data, we combined high-dose infu-
sional ifosfamide and high-dose etoposide as an
induction regimen in patients with relapsed or
refractory aggressive lymphoma, trying to obtain a
higher number of responses that would allow more
patients to reach HDT, since the poor outcome of
those patients with relapsed or refractory aggres-
sive lymphoma who do not receive HDT with ASCT
is well known.25-28,39-44

IFOVM represents a considerable dose escalation
of ifosfamide and etoposide with respect to previ-

ously reported regimens and the entire treatment
sequence is relatively short, a fact that represents
an increase in the dose-intensity. In the present
trial, the IFOVM/DHAP combination induced
responses in 85% of our patients with relapsed
aggressive lymphoma, including 50% CR. Even
patients treated with high-dose CHOP/ESHAP as
front-line therapy and those who had received
more than one regimen responded to IFOVM. In a
recent study,24 van Besien used high-dose infu-
sional ifosfamide combined with either etoposide
or mitoxantrone for recurrent aggressive lym-
phoma obtaining an overall response rate of 79%
(41% CR). Although a formal comparison cannot be
made, our response rate in the group of relapsed
patients is similar to that reported by van Besien
and seems to be slightly more favorable than those
reported in series using a variety of different regi-
mens.4-6,11,17,22 Although the vast majority of
patients with primary refractory aggressive lym-
phoma do not respond to salvage therapy, in our
study IFOVM/DHAP achieved a response rate of
39% (9% CR) in this group of patients. Similarly,
Cortelazzo44 reported a response rate of 34% using
a high-dose sequential regimen in a population of
patients similar to those in our series and exclud-
ed from other studies, such as the PARMA trial. Of
note, a substantial number of primary refractory
patients, including cases with bone marrow infil-
tration and histologic transformation, responded
to our salvage program, which allowed them to
reach the planned APBSCT with chemosensitive

A. Salar et al.

Figure 1. Overall survival at 2 years according to disease
status and International Prognostic Index at study entry: a)
relapsed low/low-intermediate IPI, 11 patients; b) refrac-
tory low/low-intermediate IPI, 9 patients; c) relapsed inter-
mediate-high/high IPI, 9 patients; d) refractory intermedi-
ate-high/high IPI, 15 patients.



disease. It is likely that as a result of this the sur-
vival of these patients is eventually improved.

Factors predictive of response to IFOVM/DHAP
were disease status at study entry, B-symptoms
and IPI. The current trial showed that all patients
with relapsed aggressive lymphoma and low or
low-intermediate IPI responded. On the contrary,
no patient with refractory intermediate-high or
high IPI had a clinical response and all progressed
within a short time. In this group of patients
IFOVM/DHAP appears to have little activity, and
such patients should receive alternative investiga-
tional therapies. The response rate of patients with
either intermediate-high/high IPI relapsed aggres-
sive lymphoma or low/low-intermediate IPI refrac-
tory lymphoma were 50% and 56%, respectively.
Recently, a combination of rituximab (anti-CD20)
with CHOP has been reported to increase the
response rate in elderly patients with de novo
aggressive lymphoma.45 It could be speculated,
therefore, that the addition of rituximab to
IFOVM/DHAP would significantly increase the pro-
portion of responding patients.

IFOVM was well-tolerated and the toxicity was
primarily hematologic. Myelosuppression was pro-
found, but relatively brief. Despite the use of
antibiotic prophylaxis and G-CSF support, neu-
tropenic fever and uncomplicated bacteremias fre-
quently occurred. However, no life-threatening
complications or deaths were reported. Stem cell
progenitors were collected from peripheral blood
after IFOVM or DHAP. Both regimens showed high
mobilization efficiency. Responding patients pro-
ceeded to high-dose BEAM with APBSCT. Several
studies of ASCT in patients with aggressive lym-
phoma have shown that the strongest prognostic
factor for outcome is the status of the disease pri-
or to transplantation.25-28,39-44 In our series, all but
two patients were autografted in chemosensitive
disease or complete remission. The predicted OS of
these patients was 64% at 2 years, which is simi-
lar to that reported by other groups.26-28,39-44

Several variables have been found to be prog-
nostic factors for survival in this study. Of these
clinical features, IPI at study entry was the most
important prognostic factor. Recent reports sug-
gest that IPI at diagnosis and at progression iden-
tify patients with a different outcome following
transplantation.46 Of note, disease status at study
entry was associated with a lower relative risk for
survival than IPI. A recently reported series using
high-dose ifosfamide concluded that no major sur-
vival benefit derived from the use of the more
intensive ifosfamide regimen compared to

MINE/ESHAP followed by BEAC.24 In our series, the
predicted OS at 2 years in relapsed patients with
low or low-intermediate IPI was 60% (95% CI 31-
89%) which is similar to that reported in the PAR-
MA trial. However, the OS at 2 years of 53% (95%
CI 20-86%) in primary refractory aggressive lym-
phoma with low or low-intermediate IPI seems
promising and slightly superior to the best available
results in this category of patients.44,47-48 These fig-
ures suggest that our sequential regimen produces
prolonged survival in a substantial proportion of
patients. Unfortunately, our results regarding
refractory patients with intermediate or interme-
diate-high IPI are poor and demonstrate that this
regimen is ineffective in this group of patients.

In summary, the data in this study indicate that
IFOVM is well tolerated and allows adequate PBSC
mobilization. This sequential salvage treatment
consisting of IFOVM followed by DHAP and con-
solidation with BEAM and ASCT is active in
relapsed or refractory patients with low or low-
intermediate IPI aggressive lymphoma. However, it
has little activity in those patients with intermedi-
ate or high IPI, especially in refractory lymphomas
and, in consequence, alternative approaches are
needed in such patients.

Contributions and Acknowledgments
AS and RM contributed to the conception and

design of the study, and carried out the analysis and
interpretation of the results. AS, RM, GP, JMR, ALG,
RG, LE and AA were involved in the clinical man-
agement of the patients. JS and EM critically cor-
rected the manuscript. AS: responsible for the writ-
ing of the manuscript: AS, RM; responsibles for the
Tables and Figures.

Disclosures
Conflict of interest: none.
Redundant publications: yes, ≤ 50%. The result of

a pilot phase of this study appeared in Haemato-
logica  2000; 85:217-9 as a paper by Salar A, Mar-
tino R, Altés A, Sureda A, Brunet S, Sierra J. High-
dose ifosfamide and etoposide plus methylpred-
nisolone for refractory or relapsed aggressive non-
Hodgkin’s lymphoma.

References

1. Armitage JO. Treatment of non-Hodgkin's lymphoma. N
Engl J Med 1993; 328:1023-30.

2. Aisenberg AC. Coherent view of non-Hodgkin’s lymphoma.
J Clin Oncol 1995; 13:2656-75.

3. Vose JM. Current approaches to the management of non-
Hodgkin's lymphoma. Semin Oncol 1998; 25:483-91.

4. Velasquez WS, Cabanillas F, Salvador P, McLaughlin P,
Fridrik M, Tucker S, et al. Effective salvage therapy for lym-
phoma with cisplatin in combination with high-dose Ara-

1033

haematologica vol. 87(10):october 2002

High-dose infusional ifosfamide for refractory or relapsed aggressive lymphoma



1034

haematologica vol. 87(10):october 2002

C and dexamethasone (DHAP). Blood 1988; 71:117-22.
5. Velasquez WS, McLaughlin P, Tucker S, Hagemeister FB,

Swan F, Rodriguez MA, et al. ESHAP-an effective chemo-
therapy regimen in refractory and relapsing lymphoma: a
4-year follow-up study. J Clin Oncol 1994; 12:1169-76.

6. Gutierrez M, Chabner BA, Pearson D, Steinberg SM, Jaffe
ES, Cheson BD, et al. Role of a doxorubicin-containing
regimen in relapsed and resistant lymphomas: an 8-year
follow-up study of EPOCH. J Clin Oncol 2000; 18:3633-42.

7. Rodriguez MA, Cabanillas FC, Velasquez W, Hagemeister
FB, McLaughlin P, Swan F, et al. Results of a salvage treat-
ment program for relapsing lymphoma: MINE consolidat-
ed with ESHAP. J Clin Oncol 1995; 13:1734-41.

8. Rodriguez V, McCredie KB, Keating MJ, Valdivieso M,
Bodey GP, Freireich EJ. Isophosphamide therapy for hema-
tologic malignancies in patients refractory to prior treat-
ment. Cancer Treat Rep 1978; 62:493-7.

9. Case DC, Anderson J, Ervin TJ, Gottlieb A. Phase II trial of
ifosfamide and mesna in previously treated patients with
non-Hodgkin’s lymphoma: Cancer and Leukemia Group B
Study 8552. Med Pediatr Oncol 1988; 16:182-6.

10. Hagemeister FB. The role of ifosfamide in the treatment of
lymphomas. Leuk Lymphoma 1999; 34:433-41.

11. King K, Younes A. Ifosfamide- and paclitaxel-based treat-
ment of relapsed and refractory lymphoma. Semin Oncol
2000; 27:14-22.

12. Cabanillas FC, Hagemeister FB, Bodey GP, Freireich EJ.
IMPV-16: an effective regimen for patients with lym-
phoma who have relapsed after initial combination che-
motherapy. Blood 1982; 60:693-7.

13. Doorduijn JK, Spruit P, van Der Holt B, van't Veer M, Budel
L, Lowenberg B, et al. Etoposide, mitoxantrone and pred-
nisone: a salvage regimen with low toxicity for refractory
or relapsed non-Hodgkin's lymphoma. Haematologica
2000; 85:814-9.

14. Hickish T, Roldan A, Cunningham D, Mansi J, Ashley S,
Nicolson V, et al. EPIC: an effective low toxicity regimen
for relapsing lymphoma. Br J Cancer 1993; 68:599-604.

15. Goss P, Shepherd F, Scott JG, Baker M, Sutton D, Sutcliffe
S. DICE (dexamethasone, ifosfamide, cisplatin, etoposide)
as salvage therapy in non-Hodgkin’s lymphoma. Leuk Lym-
phoma 1994; 18:123-9.

16. Rodriguez MA, Cabanillas FC, Hagemeister FB, McLaugh-
lin P, Romaguera JE, Swan F, et al. A phase II trial of mes-
na/ifosfamide, mitoxantrone and etoposide for refractory
lymphomas. Ann Oncol 1995; 6:609-11.

17. Stamatoullas A, Fruchart C, Bastit D, Boulet D, Moncon-
dult M, Piguet H, et al. Ifosfamide, etoposide, cytarabine,
and methotrexate as salvage chemotherapy in relapsed or
refractory aggressive non-Hodgkin's lymphoma. Cancer
1996; 77:2302-7.

18. Baars JW, Holtkamp MJ, Nooyen WJ, Walll EV, Te Velde A,
Dalesio O, et al. Mobilisation of blood progenitor cells with
ifosfamide and etoposide (VP-16) in combination with
recombinant human G-CSF (Filgrastim) in patients with
malignant lymphomas or solid tumours. Anticancer Res
1996; 16:3089-95.

19. Haim N, Ben Shadar M, Faraggi D, Tsuri-Etzioni, Leviov M,
Epelbaum R. Dexamethasone, etoposide, ifosfamide, and
cisplatin as second-line therapy in patients with aggres-
sive non-Hodgkin’s lymphoma. Cancer 1997; 80:1989-96.

20. Moskowitz CH, Bertino JR, Glassman JR, Hedrick EE, Hunte
S, Coady-Lyons N, et al. Ifosfamide, carboplatin, and
etoposide: a highly effective cytoreduction and peripher-
al-blood progenitor-cell mobilization regimen for trans-
plant-eligible patients with non-Hodgkin's lymphoma. J
Clin Oncol 1999; 17:3776-85.

21. Mayer J, Koristek Z, Vasova I, Vorlicek J, Vodvarka P. Ifos-
famide and etoposide-based chemotherapy as salvage and
mobilizing regimens for poor prognosis lymphoma. Bone
Marrow Transplant 1999; 23:413-9.

22. Zinzani PL, Tani M, Molinari AL, Stefoni V, Zuffa E, Alinari

L, et al. Ifosfamide, epirubicin and etoposide regimen as
salvage and mobilizing therapy for relapsed/refractory
lymphoma patients. Haematologica 2002; 87:816-21.

23. McBride NC, Ward MC, Mills MJ, Eden AG, Hughes A,
Cavenagh JD, et al. EPIC as an effective, low toxicity sal-
vage therapy for patients with poor risk lymphoma prior
to BEAM high dose chemotherapy and peripheral blood
progenitor cell transplantation. Leuk Lymphoma 1999;
35:339-45.

24. van Besien K, Rodriguez A, Tomany S, Younes A, Donato M,
Sarris A, et al. Phase II study of a high-dose ifosfamide-
based chemotherapy regimen with growth factor rescue in
recurrent aggressive NHL. High response rates and limit-
ed toxicity, but limited impact on long-term survival. Bone
Marrow Transplant 2001; 27:397-404.

25. Bosly A, Coiffier B, Gisselbrecht C, Tilly H, Auzanneau G,
Andrien F, et al. Bone marrow transplantation prolongs
survival after relapse in aggressive-lymphoma patients
treated with the LNH-84 regimen. J Clin Oncol 1992;
10:1615-23.

26. Philip T, Guglielmi C, Hagenbeek A, Somers R, Van der Lelie
H, Bron D, et al. Autologous bone marrow transplantation
as compared with salvage chemotherapy in relapses of
chemotherapy-sensitive non-Hodgkin's lymphoma. N Engl
J Med 1995; 333:1540-5.

27. Meehan KR, Pritchard RS, Leichter JW, Littenberg B, Welch
HG. Autologous bone marrow transplantation versus
chemotherapy in relapsed non-Hodgkin´s lymphoma: esti-
mates of long-term survival from the recent literature. Am
J Hematol 1995; 50:116-26.

28. Salar A, Sierra J, Gandarillas M, Caballero MD, Marin J,
Lahuerta JJ, et al. Autologous stem cell transplantation
for clinically aggressive non-Hodgkin's lymphoma: the role
of preparative regimens. Bone Marrow Transplant 2001;
27:405-12.

29. Harris NL, Jaffe ES, Stein H, Banks PM, Chan JK, Cleary M,
et al. A revised European-American classification of lym-
phoid neoplasms: a proposal from the International Lym-
phoma Study Group. Blood 1994; 84:1361-92.

30. Harris NL, Jaffe ES, Diebold J, Flandrin G, Muller-Hermelink
HK, Vardiman J, et al. The World Health Organization clas-
sification of neoplastic diseases of the hematopoietic and
lymphoid tissues. Report of the Clinical Advisory Commit-
tee meeting, Airlie House, Virginia, November, 1997. Ann
Oncol 1999; 10:1419-32.

31. Salar A, Martino R, Altés A, Sureda A, Brunet S, Sierra J.
High-dose ifosfamide and etoposide plus methylpred-
nisolone for refractory or relapsed aggessive non-Hodgk-
in’s lymphoma. Haematologica  2000; 85:217-9.

32. Gaspard MH, Maraninchi D, Stoppa AM, Gastaut JA,
Michel G, Tubiana N, et al. Intensive chemotherapy with
high doses of BCNU, etoposide, cytosine arabinoside, and
melphalan (BEAM) followed by autologous bone marrow
transplantation: toxicity and antitumor activity in 26
patients with poor-risk malignancies. Cancer Chemother
Pharmacol 1988; 22:256-62.

33. Cabanillas F. The battle against refractory lymphomas:
guerrilla warfare and star wars? Cancer Invest 1990;
8:107-9.

34. Cheson BD, Horning SJ, Coiffier B, Shipp MA, Fisher RI,
Connors JM, et al. Report of an international workshop to
standardize response criteria for non-Hodgkin's lym-
phomas. NCI Sponsored International Working Group. J
Clin Oncol 1999; 17:1244.

35. Kaplan EL, Meier P. Nonparametric estimation from
incomplete observations. J Am Stat Assoc 1958; 53:457-
81.

36. Peto R, Peto J. Asymptotically efficient rank invariant test
procedures. J R Stat Soc (A) 1972; 135:185-206.

37. Anonymous. A predictive model for aggressive non-Hodgk-
in's lymphoma. The International Non-Hodgkin's Lym-
phoma Prognostic Factors Project. N Engl J Med 1993;

A. Salar et al.



1035

haematologica vol. 87(10):october 2002

329:987-94.
38. Cox DR. Regression models and life tables. J R Stat Soc (B)

1972; 34:187-202.
39. Appelbaum FR, Sullivan KM, Buckner CD, Clift RA, Deeg HJ,

Fefer A, et al. Treatment of malignant lymphoma in 100
patients with chemotherapy, total body irradiation, and
marrow transplantation. J Clin Oncol 1987; 5:1340-7.

40. Mills W, Chopra R, McMillan A, Pearce R, Linch DC, Gold-
stone AH. BEAM chemotherapy and autologous bone mar-
row transplantation for patients with relapsed or refrac-
tory non-Hodgkin's lymphoma. J Clin Oncol 1995; 13:588-
95.

41. Vose JM, Anderson JR, Kessinger A, Bierman PJ, Coccia P,
Reed EC, et al. High-dose chemotherapy and autologous
hematopoietic stem-cell transplantation for aggressive
non-Hodgkin's lymphoma. J Clin Oncol 1993; 11:1846-
51.

42. Prince HM, Imrie K, Crump M, Stewart AK, Girouard C, Col-
will R, et al. The role of intensive therapy and autologous
blood and marrow transplantation for chemotherapy-sen-
sitive relapsed and primary refractory non-Hodgkin's lym-
phoma: identification of major prognostic groups. Br J
Haematol 1996; 92:880-9.

43. Lee SM, Ryder WD, Clemons MJ, Morgenstern GR, Chang
J, Scarffe JH, et al. Treatment outcome and prognostic fac-
tors for relapse after high-dose chemotherapy and periph-
eral blood stem cell rescue for patients with poor risk high
grade non-Hodgkin's lymphoma. Bone Marrow Transplant
1999; 24:271-7.

44. Cortelazzo S, Rambaldi A, Rossi A, Oldani E, Ghielmini M,
Benedetti F, et al. Intensification of salvage treatment with
high-dose sequential chemotherapy improves the outcome
of patients with refractory or relapsed aggressive non-
Hodgkin's lymphoma. Br J Haematol 2001; 114:333-41.

45. Coiffier B, Lepage E, Briere J, Herbrecht R, Tilly H, Bouab-
dallah R, et al. CHOP chemotherapy plus rituximab com-
pared with CHOP alone in elderly patients with diffuse
large-B-cell lymphoma. N Engl J Med 2002; 346:235-42.

46. Blay J, Gomez F, Sebban C, Bachelot T, Biron P, Guglielmi
C, et al. The International Prognostic Index correlates to
survival in patients with aggressive lymphoma in relapse:
analysis of the PARMA trial. Parma Group. Blood 1998;
92:3562-8.

47. Stiff PJ, Dahlberg S, Forman SJ, McCall AR, Horning SJ,
Nademanee AP, et al. Autologous bone marrow trans-

plantation for patients with relapsed or refractory diffuse
aggressive non-Hodgkin's lymphoma: value of augment-
ed preparative regimens-a Southwest Oncology Group tri-
al. J Clin Oncol 1998; 16:48-55.

48. Kewalramani T, Zelenetz AD, Hedrick EE, Donnelly GB,
Hunte S, Priovolos AC, et al. High-dose chemoradiothera-
py and autologous stem cell transplantation for patients
with primary refractory aggressive non-Hodgkin lym-
phoma: an intention-to-treat analysis. Blood 2000; 96:
2399-404.

High-dose infusional ifosfamide for refractory or relapsed aggressive lymphoma

PEER REVIEW OUTCOMES

Manuscript processing
This manuscript was peer-reviewed by two external ref-
erees and by Professor Mario Cazzola, Editor-in-Chief.
The final decision to accept this paper for publication
was taken jointly by Professor Cazzola and the Editors.
Manuscript received May 7, 2002; accepted August 5,
2002.

What is already known on this topic
Most patients with aggressive non-Hodgkin's lymphoma
who fail to respond to their first-line anthracycline-con-
taining chemotherapy or who relapse from complete
remission have a poor prognosis.

What this study adds
This sequential salvage regimen may induce complete
response in a portion of patients with low or low-inter-
mediate International Prognostic Index (IPI).

Potential implications for clinical practice
Patients with refractory or relapsed aggressive non-
Hodgkin's lymphoma and intermediate or high IPI are
very unlikely to benefit from this salvage regimen, where-
as a portion of those with low or low-intermediate IPI
may achieve complete remission.
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