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Abstract The anti-CD20 antibody rituximab improves the
results of first-line therapy in aggressive non-Hodgkin’s
lymphoma (NHL) of B cell lineage. The purpose of this
retrospective study was to evaluate its efficacy and toxicity in
combination with the doxorubicine, methylprednisolone,
high-dose cytarabine, cisplatin (ASHAP) protocol, an estab-
lished treatment regimen for relapsed or refractory aggressive
NHL. After a median of four cycles, 9 of 20 patients treated
achieved a complete remission and 6 a partial remission,
resulting in a total response rate of 75%. Remissions were not
only seen in patients with relapsed lymphomas but also in
patients with primary refractory or transformed indolent
lymphomas. The outcome in cases with an international
prognostic index score ≥2 was poor. Five of 15 responders
received consolidating high-dose therapy with autologous
stem cell transplantation. All of them are in ongoing
remission. The main toxicity was myelosuppression, with
neutropenias or thrombocytopenias of World Health Organi-
zation (WHO) grades III or IV developing in more than 90%
of the cycles. There was one therapy-related death due to
neutropenic sepsis. Non-hematologic toxicity was generally
mild. At the time of analysis, six patients have died. After a
median observation time of 17.5 months, the 2-year overall
survival rate is 62%. ASHAP plus rituximab is an active and
well-tolerated salvage protocol for patients with relapsed or
refractory aggressive NHL, which compares favourably with
other immuno-chemotherapy regimens, especially in patients
with primary refractory or transformed indolent lymphomas.
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Introduction

Using modern treatment strategies, long-term remissions
are achieved in a large fraction of patients with aggressive
non-Hodgkin’s lymphomas (NHL). However, there is a
significant proportion of patients (30–50%) who either fail
to attain complete remission or suffer relapse of their
disease. High-dose chemotherapy with stem cell transplan-
tation has become the standard treatment for relapsed or
refractory aggressive NHL, but no salvage therapy is
accepted as the standard regimen before transplantation
[1–4].

The doxorubicine, methylprednisolone, high-dose cytar-
abine, cisplatin (ASHAP) regimen, which consists of
doxorubicin (=adriamycine, ‘A’), methylprednisolone
(=solumedrol, ‘S’), high-dose cytarabine (‘Ara-C’, ‘HA’),
and cisplatin (‘P’), is an effective dose-intensive regimen
with mild extramedullary toxicity capable of mobilizing
peripheral blood progenitor cells. Recently, we reported the
treatment results of this regimen, which compared favour-
ably with those of other established protocols for relapsed
or refractory aggressive NHL [5]. The overall response rate
of ASHAP in patients with relapsed or refractory aggressive
NHL is approximately 70%, with a complete remission rate
of 40–50%. However, similar to other salvage regimens,
the ASHAP protocol appears inadequate for the treatment
of most patients with primary refractory or transformed
indolent lymphomas [5–8].

The addition of rituximab, a chimeric anti-CD20
monoclonal antibody, to the cyclophosphamid–doxorubi-
cin–vincristine–prednisone (CHOP) regimen significantly
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improved the remission rate and survival in patients with
untreated aggressive B cell lymphoma [9]. In patients with
aggressive lymphoma relapsing after or refractory to
chemotherapy, single-agent rituximab yielded an objective
response rate of 30–35% [10–12].

The objective of this retrospective study was to
investigate the effectiveness of rituximab in conjunction
with the ASHAP protocol (R-ASHAP) in patients with
relapsed or refractory aggressive B cell NHL.

Materials and methods

Between June 2002 and December 2004, 20 patients with
relapsed or refractory aggressive NHL were treated with a
recently reported variant of the ASHAP regimen consisting of
doxorubicin (10mg/m2/day), cisplatin (25mg/m2/day, both by
continuous intravenous [IV] infusion via a central venous
catheter, days 1 to 4), cytarabine (2 g/m2 IV over 2 h after
completion of doxorubicin and cisplatin, day 5), and
methylprednisolone (500 mg/day IV over 15 min, days 1 to
5) [5, 6]. Rituximab (375 mg/m2) was infused according to
standard prescribing guidelines on day 1 of each cycle after
administration of oral paracetamol and i.v. diphenhydramine.

Therapy was repeated on day 21, provided that the
leukocyte and platelet counts had recovered to more than
3.0/nl and 100/nl, respectively.

Response was evaluated after two to three cycles of
therapy. Complete response was defined as complete
disappearance of all measurable or evaluable disease, as
assessed by physical examination and radiographic studies.
Partial response was defined as ≥50% but <100%
improvement. In patients with complete or partial remis-
sion, subsequent therapy was scheduled according to the
patient’s age and risk profile as defined by the International
Prognostic Index (IPI). In patients with stable or progres-
sive disease, alternative types of treatment were initiated.

Overall survival and progression-free survival were
measured from the time of diagnosis of relapse until death
or disease progression. Survival curves were generated
using the method of Kaplan and Meier and compared using
the log-rank test. The effect of pre-treatment variables on
therapy response was assessed using Fisher’s exact test and
the Mann–Whitney U test. The results were analysed using
SPSS for Windows® 11.0 (SPSS, Chicago, IL, USA).

Results

Patient characteristics and treatment details

Twenty patients, ten men and ten women, with a median
age of 63 years (range 39–72) were treated with a

median of four cycles (range 1–6) of the R-ASHAP
regimen. Four patients had primary refractory disease, 13
had first, and three had second relapse after achieving
complete remission.

All patients were intensively pre-treated. Thirteen
patients had received one, four patients two and three
patients more than two lines of chemotherapy. All patients
had received anthracyclines, and three had been pre-treated
with rituximab (Table 1).

Four to eight cycles of the CHOP regimen were
performed in a total of 14 patients, whereas six to eight
cycles of the CHOEP regimen were administered in five
patients. Only in one patient the total dose of doxorubicin
had to be reduced. This patient suffered from an initial
mediastinal diffuse large B cell lymphoma and had
undergone eight cycles of the CHOEP regimen with
consecutive mediastinal radiation. Because of present
reduction in the ejection fraction to 45%, we cancelled
doxorubicin in the last three cycles of R-ASHAP from a
total of six cycles. In all other cases, doxorubicin-related
cardiac toxicity was not observed.

Table 1 Patient characteristics and pre-treatment details

Parameter No. of patients Percent
of patients

Total number of patients 20
Male 10 50
Female 10 50
Age
≤65 years 14 70
>65 years 6 30
Histology
Diffuse large B cell lymphoma 9 45
Follicular lymphoma grade 3 9 45
Mantle cell lymphoma 2 10
Transformed indolent lymphoma 8 40
Diffuse large B cell lymphoma 4 20
Follicular lymphoma grade 3 4 20

Disease status
Primary refractory 4 20
First relapse 13 65
Second relapse 3 15
Prior therapy
One regimen 13 65
Two regimens 4 20
>Two regimens 3 15
Rituximab 3 15
Anthracycline 20 100
Cisplatin 1 5
Cytarabine 1 5
High-dose chemotherapy with
ASCT*

3 15

Radiotherapy 10 50

*ASCT autologous stem cell transplantation
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Eleven patients presented with Ann Arbor stage III or IV,
six with an elevated lactate dehydrogenase activity, and
seven with an IPI score ≥2 (Table 2).

All in all, 83 cycles of R-ASHAP were administered. One
patient received only 1 cycle because of death due to
lymphoma progression. Of the remaining 19 patients, 1
completed two cycles, 3 completed three cycles, 9 completed
four cycles, 1 completed five cycles, and 5 completed six
cycles. The doses of doxorubicin, cisplatin, or cytarabine had
to be reduced in a total of 21 cycles because of prolonged
neutropenia or elevated liver enzymes during the preceding
cycle.

Three patients received granulocyte colony stimulating
factor (G-CSF) to shorten the period of neutropenia, and in
seven, G-CSF was used for stem cell mobilization.

Response to R-ASHAP and long-term outcome

Nine patients (45%) achieved a complete remission and six
(30%) a partial remission. Two patients had stable disease,
and three progressed. Of the four patients with primary
refractory lymphoma, two achieved a partial response, and
two had stable disease. Of the eight patients with trans-
formed indolent lymphoma, two demonstrated a complete
response (25%), five a partial response (62.5%), and one
developed a progressive disease (12.5%).

Of the three patients who had received rituximab during
their previous therapies, one achieved a partial remission,
one showed stable disease, and one progressed after
treatment with R-ASHAP.

After a median follow-up of 17.5 months, the median
survival and progression-free survival times have not been
reached (Figs. 1 and 2). The actuarial 2-year overall
survival and progression-free survival is 62% and 63%,
respectively. Thirteen patients (65%) are in ongoing
remission. Six patients (30%) have died, four of progres-
sion of lymphoma (two with primary refractory disease and
two with transformed indolent lymphoma), one of therapy-
related neutropenic sepsis, and one of a bleeding stomach
ulcer unrelated to lymphoma or therapy.

Subsequent therapy

In the 15 responding patients, therapy after completion of
the R-ASHAP protocol varied according to pre-treatment,
disease stage at relapse, age, comorbidity, and availability
of autologous or allogeneic blood stem cells.

One patient below the age of 60 with a low risk profile (IPI
score of 0), and three patients above the age of 60 (all with an
IPI score ≥1) received involved-field radiotherapy for
consolidation of remission. One patient with an acoustic
neurinoma requiring urgent surgery received two cycles of the
DexaBEAMprotocol after remission induction by R-ASHAP.

Peripheral blood stem cell mobilization was successful
in five of seven patients treated with G-CSF after the
second cycle of R-ASHAP. In these patients, complete or
partial remissions were consolidated with high-dose che-
motherapy according to the BEAM regimen followed by
stem cell transplantation. After a median observation time
of 18 months, all five patients are in ongoing remission.

In three patients, autologous transplantation was not
envisaged because they had already undergone this proce-
dure before. One of these patients achieved a partial

Table 2 Characteristics of lymphomas

Parameter No.
of patients

Percent
of patients

Ann Arbor stage
I 1 5
II 8 40
III 5 25
IV 6 30
Number of extranodal sites
1 4 17
>1 0 0
Lactate dehydrogenase activity
Within normal range 14 70
Above normal range 6 30
International Prognostic Index
Score
0 1 5
1 12 60
2 6 30
3 1 5
Number of R-ASHAP cycles received
1 1 5
2 1 5
3 3 15
4 9 50
5 1 5
6 5 20
Radiation 4 20 Fig. 1 Progression-free survival of 20 patients treated with R-ASHAP

in comparison to 24 patients receiving ASHAP without rituximab
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remission, which was consolidated by allogeneic transplan-
tation. The others achieved complete remissions, which
were left unconsolidated.

Two patients received no further treatment after remission
induction by R-ASHAP because of failure to harvest adequate
numbers of blood stem cells or patient’s choice, respectively.

Prognostic factors

The prognostic value of the parameters listed in Tables 1
and 2 was analysed using the Kaplan–Meier method. An
IPI score ≥2 was correlated with poor overall survival (p=
0.049). By contrast, elevated lactate dehydrogenase activ-
ities or refractoriness to first-line therapy were not
correlated with poor survival (p=0.35 and p=0.25, respec-
tively). Patients with transformed indolent lymphomas
fared equally well as patients with de novo aggressive
lymphomas (p=0.62). Other parameters like age, extra-
nodal manifestations or prior radiotherapy showed no
impact on the effectiveness of R-ASHAP.

Toxicity

The major toxicity was myelosuppression (Table 3). Grade
III or IV neutropenia was observed in 18 patients (90%).
Six of them (30%) developed infections that required
hospitalization (4 patients) or were life-threatening (2
patients). One patient died of therapy-related neutropenic
sepsis and pneumonia. Except for one, all patients received
red blood cell or platelet transfusions for grade III or IV
anemia (40 and 10%, respectively) or thrombocytopenia
(50 and 45%, respectively).

Non-hematological side effects like nausea, diarrhea, and
nephrotoxicity, all grade III, or elevation of liver enzymes
were observed in one patient each (5%).

One patient with leukemic mantle cell lymphoma
developed an allergic reaction to rituximab (5%) with

hypotonia, throat discomfort, and headache, despite pro-
phylactic medication of paracetamol, diphenhydramine, and
methylprednisolone, which resolved within hours after
further addition of antihistamines and steroids.

Comparison of the R-ASHAP regimen with the historical
ASHAP regimen

Table 4 compares the treatment results of the R-ASHAP
protocol and the original ASHAP regimen without ritux-
imab reported by us previously [5]. Although statistically
significant differences were not observed in any of the
parameters listed, a trend was observed towards an
improved outcome in patients with primary refractory or
transformed indolent lymphomas when rituximab was
added to the treatment schedule. Also, the proportion of
patients surviving without disease progression for 2 years
tended to be higher in the R-ASHAP as compared to the
ASHAP group.

Table 3 Toxicities observed in 20 patients receiving a total of 83
treatment cycles of the R-ASHAP protocol

World Health Organization scale

Toxicity 1 2 3 4

Neutropenia 0 2 (10%) 5 (25%) 13 (65%)
Thrombocytopenia 0 1 (5%) 10 (50%) 9 (45%)
Anemia 1 (5%) 9 (45%) 8 (40%) 2 (10%)
Infections 0 6 (30%) 4 (20%) 2 (10%)
Nausea 5 (25%) 8 (40%) 1 (5%) 0
Diarrhea 3 (15%) 1 (5%) 1 (5%) 0
Nephrotoxicity 2 (10%) 5 (25%) 1 (5%) 0
Allergic reactions 0 0 0 1 (5%)

Table 4 Response to rituximab plus ASHAP vs ASHAP alone in
patients with relapsed or refractory aggressive non-Hodgkin’s lymphomas

Rates Rituximab+
ASHAP (%)

ASHAP
(historical
controls; %)

p
value

Overall response 75 67 0.74
Primary refractory 50 25 0.55
Relapsed 81 88 1.0
Transformed 88 33 0.09
Complete remission 45 50 0.77
IPI* 0/1 85 82 1.0
IPI* ≥2 57 54 1.0
2-Year survival 62 60 0.77
2-Year progression-
free survival

63 49 0.45

*IPI International Prognostic Index

Fig. 2 Overall survival of 20 patients treated with R-ASHAP in
comparison to 24 patients receiving ASHAP without rituximab
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Discussion

The value of multi-agent chemotherapy in the treatment of
patients with aggressive NHL who have relapsed after an
anthracycline-containing induction regimen is well estab-
lished [4, 12]. However, the treatment remains problematic,
with the majority of patients showing incomplete or only
temporary response. The monoclonal antibody rituximab
alone induces responses in approximately 30–35% of
patients with relapsed or primary refractory aggressive B
cell lymphomas [10–12].

The response rate in our group of patients was
comparable to that of other rituximab-containing salvage
chemotherapy regimens for patients with relapsed or
refractory aggressive lymphomas, such as immuno-chemo-
therapy with the rituximab plus ifosfamide, carboplatin,
etoposide (R-ICE), rituximab plus dexamethasone, high-
dose cytarabine, cisplatin (R-DHAP), or rituximab plus
etoposide, methylprednisolone, high-dose cytarabine, cis-
platin (R-ESHAP) regimen with overall response rates
between 54 and 93% (Table 5). No significant differences
were observed between the treatment results reported
previously of the original ASHAP protocol (without
rituximab) and the R-ASHAP regimen presented here.
The selection of patients, however, was not identical in
these studies. In comparison to our previous series, the
present cohort of patients displayed more adverse character-
istics, with a higher proportion of patients with transformed

indolent lymphoma (40% vs 25%), a lower proportion of
stage I patients (5% vs 21%), and a higher proportion of
patients relapsing after high-dose therapy with autologous
transplantation (15% vs 0%). In spite of these adverse
features, the group of patients treated with ASHAP plus
rituximab demonstrated a trend towards a higher response
rate and a prolonged progression-free survival. This was
particularly noticeable in patients who are characterized by
a particularly poor prognosis, with primary refractory or
transformed indolent lymphomas (overall response 50 or
88% for R-ASHAP vs 25 or 33% for ASHAP). It appears
possible that these differences would become more con-
vincing with a larger number of patients studied in each
group.

The major toxicity observed in our study was myelo-
suppression. About 90% of the patients developed grade III
or IV neutropenia or thrombocytopenia after treatment with
R-ASHAP. One therapy-related death was observed due to
neutropenic sepsis. This patient suffered from leukemic
mantle cell lymphoma and had been treated with four
different lines of therapy before receiving R-ASHAP. He
was also the only one to show a grade IV allergic reaction
to the infusion of rituximab. Comparing the toxicity of R-
ASHAP with that of ASHAP alone [5], more infections and
more impairment of renal function were observed among
the patients receiving rituximab. ASHAP alone caused
grade II–IV infections in 33% of the patients, whereas, with
the R-ASHAP protocol, such infections were seen in 60%

Table 5 Response rates of
rituximab-containing salvage
chemotherapy protocols for re-
lapsed or refractory aggressive
B cell non-Hodgkin's
lymphomas

ICE ifosfamide, carboplatin,
etoposide; ESHAP etoposide,
methylprednisolone, high-dose
cytarabine, cisplatin; DHAP
dexamethasone, high-dose
cytarabine, cisplatin; DHAOX
dexamethasone, high-dose
cytarabine, oxaliplatin; ASHAP
doxorubicine, methylpredniso-
lone, high-dose cytarabine,
cisplatin; GEM gemcitabine;
GEMOX gemcitabine,
oxaliplatin.
*In this study, 9 of 54 patients
received rituximab as their
first-line therapy

Regimen No. of
patients

CR
(%)

PR
(%)

OR
(%)

Rituximab alone
Coiffier et al. 1998 [10] 54* 9 22 31
Tobinai et al. 2004 [11] 57 26 11 37
Rothe et al. 2004 [12] 21 5 33 38
Rituximab plus etoposide and cisplatin-based regimens
R-ICE
Kewalramani et al. 2004 [13] 36 53 25 78
Rituximab plus platin high-dose cytarabine-based
regimens

R-ESHAP
Venugopal et al. 2004 [14] 14 50 14 64
Hicks et al. 2004 [15] 14 29 64 93
R-DHAP
Mey et al. 2004 [16] 61 29 25 54
R-DHAOX
Rupolo et al. 2004 [17] 33 27 43 70
R-ASHAP 20 45 30 75
Present study
Rituximab plus pyrimidine analogue-based regimens
R-GEM
Wenger et al. 2005 [18] 6 33 33 66
R-GEMOX
El Gnaoui et al. 2004 [19] 31 45 39 84
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(30% WHO grade II and 30% WHO grade III or IV). A
deterioration of renal function occurred in 40% of patients
receiving R-ASHAP as compared to 4% in patients treated
with ASHAP. Nephrotoxicity, however, may have been
unrelated to rituximab because the median number of
chemotherapy cycles administered was considerably higher
in patients treated with R-ASHAP as compared to patients
treated with ASHAP (4, 0 vs 2, 8 cycles). Therefore, the
group of patients receiving R-ASHAP had a higher
exposure to the nephrotoxic agent cisplatin than the group
treated with ASHAP alone.

In summary, ASHAP plus rituximab is a well-tolerated
regimen in extensively pre-treated patients with relapsed or
refractory NHLs. The protocol led to complete or partial
remissions in 75% of all patients. Side effects were similar
to those seen with the ASHAP protocol alone, although
addition of rituximab may confer an increased risk of
infections. Particularly promising results were obtained in
patients who are generally characterized by a dire progno-
sis, with primary refractory or transformed indolent
lymphomas.

However, the role of rituximab in salvage therapy
regimens must be determined in future studies, as rituximab
in combination with chemotherapy will be administered in
first-line therapy.
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