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Abstract
The aim of this study was to learn the toxicity and efficacy of adding 4 doses of rituximab to a
standard platinum-based salvage regimen for relapsed CD20+ B-cell non-Hodgkin lymphoma.
Patients were treated with rituximab 375 mg/m2 days 1,8,15, 22 (cycle 1 only); cisplatin 100 mg/
m2 over 24 h on day 3, cytosine arabinoside 2 g/m2 IV every 12 h × two doses on day 4,
dexamethasone 40 mg PO/IV days 3–6, and G-CSF days 5–14. The ORR was 82% (47/57) with
33% (19/57) complete remissions and 49% (28/57) partial remissions. The duration of response
(DR) for the 47 responders was 10.5 months (95% CI: 5.3–16.8). The median time to progression
(TTP) was 10.3 months (95% CI: 5.3–14.0), the median event-free survival (EFS) was 5.3 months
(95% CI: 3.9–11.0), and the median overall survival was 30.5 months (95% CI: 17.8–60.6). We
conclude that rituximab can be safely added to standard DHAP.
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Introduction
Patients with newly diagnosed large cell B-cell non-Hodgkin lymphoma (NHL) typically are
treated with rituximab, cyclophosphamide, doxorubicin, vincristine and prednisone (R-
CHOP). With this program, approximately 60% of patients are cured [1 – 4] leaving 40% of
patients that will eventually require additional therapy. For patients under the age of 75
years who are otherwise in good health, the standard of care is to provide high-dose therapy
with autologous stem cell transplant (SCT) [5] for patients with chemotherapy sensitive
relapsed disease or patients with chemotherapy sensitive disease who achieve less than a
complete response to initial therapy. The efficacy of autologous SCT is greater when
performed after a first relapse rather than after multiple relapses [6].

The most common salvage regimens in current use are cisplatin, cytosine arabinoside and
dexamethasone (DHAP) or ifosfamide, carboplatin and etoposide (ICE) [7 – 12]. Although
these regimens are effective in inducing an anti-tumour response, there are still
approximately 35% of patients that are refractory and few patients are cured with DHAP or
ICE unless they are able to proceed to SCT. Patients with relapsed large cell NHL have a
37% ORR when treated with single-agent rituximab [13]. This activity of rituximab, the lack
of myelosuppression and the need to improve salvage therapy for patients with relapsed
NHL provided the rationale to study the toxicity and efficacy of adding a course of
rituximab to the DHAP regimen. Improving the ORR with rituximab-based salvage
regimens could potentially increase the number of patients eligible for SCT and reduce the
number of regimens required to demonstrate sensitive disease.

Patients and methods
Patient eligibility

Eligible patients were those with relapsed or refractory CD20+ B-cell NHL suitable for
treatment with a platinum-based regimen. A tumour biopsy to document relapse was
required ≤ 6 weeks of enrolment. Patients had measurable disease (at least one lesion ≥ 1.5 ×
1.5 cm), ECOG performance status 0–2, absolute neutrophil count (ANC) ≥ 1500, platelet
count ≥ 75,000, total bilirubin ≤ 2mg/dL and a creatinine ≤ 1.5 the upper normal limit
(UNL) of the laboratory. Patients with known HIV infection, other active malignancies or
involvement of the central nervous system with NHL were ineligible. All patients underwent
computed tomography (CT) scans of the chest, abdomen and pelvis; and a bone marrow
exam pre-treatment; PET scans were not required. All patients provided written informed
consent and the trial was approved by the Institutional Review Board at each individual
study site.

Study design
The treatment regimen was rituximab 375mg/m2 IV days 1, 8, 15 and 22; dexamethasone 40
mg PO/IV days 3–6; cisplatin 100 mg/m2 IV by continuous infusion for 24 h on day 3;
cytosine arabinoside 2000 mg/m2 every 12 h × two doses on day 4; and granulocyte (G-
CSF) or granulocyte macrophage colony stimulating factor (GM-CSF) subcutaneously days
5–14. A cycle was 21 days and patients received 2 cycles of treatment, with rituximab
administered fully in cycle one and only on day 1 of cycle 2 for a total of 4 doses. Cycle 2
was administered at full dose if the ANC was ≥1500, platelet count ≥75,000 and the
creatinine was <2 × UNL. If these criteria were not met, the treatment was delayed up to 2
weeks and then the cisplatin and cytosine arabinoside were reduced by 50%.

Response was assessed using the International Working Group criteria [14]. After cycle 1,
patients were restaged with CT and those without progression received cycle two and were
again restaged. After completing 2 cycles of treatment and going off study, responders (CR
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and PR) could proceed to SCT or further treatment at physician and patient discretion.
Patients were followed for time to progression (TTP), event-free survival (EFS) and overall
survival (OS).

Statistical methods
This study was a one-stage phase II trial with an interim analysis based on a Simon optimal
design [15]. A success was defined as an objective status of CR/CRu or a PR within the first
two cycles of R-DHAP. The hypothesis was that adding a course of rituximab to the
standard DHAP regimen would improve the ORR to at least 75%. The study had 95%
power, with a 5% Type I error rate, to detect an effective treatment if the true success rate
was at least 75% versus the null hypothesis that it was at most 50%. A patient was
considered evaluable for response if they were eligible and received any treatment. A
minimum of 17 and a maximum of 50 patients were required to evaluate the decision
criteria. At least 10 of the first 17 evaluable patients needed to have a success as defined
above at the interim analysis to warrant continuation of accrual. At the final analysis, at least
31 successes in the first 50 evaluable patients were necessary for R-DHAP to be considered
a promising treatment in this patient population. Assuming that the number of responses was
binomially distributed, 95% confidence intervals for the true response rate were calculated
according to the approach of Duffy and Santner [16].

OS, TTP and EFS were evaluated for all patients as well as stratified by transplant status in
responders. OS time was defined as the number of days from registration date to the date of
death or last follow-up. Time to progression is the number of days from registration to
disease progression, or last follow-up. Patients who had not progressed and went on to
receive other chemotherapy or SCT after R-DHAP were censored at the date subsequent
treatment was initiated. Patients dying without formal assessment of disease progression
were considered to have had disease progression at the time of death unless there was
documented evidence that no progression had occurred before death. EFS was defined as the
number of days from registration to disease progression, initiation of chemotherapy other
than RDHAP, or death. Since the intent was that patients would go to SCT after R-DHAP,
SCT was not considered an event and patients who had not progressed at the time of SCT
were censored on the date of SCT. Duration of response (DR) was defined as the number of
days from the first date of a documented response (CR, PR, CRu) to the date of progression.
If patients received some other treatment regimen without actually having tumour
progression they were censored on the date subsequent treatment was initiated. Patients who
did not receive additional treatment or SCT were censored on the date of their last
evaluation. The distributions of time-to-event endpoints were estimated using the Kaplan–
Meier method [17]. For the purposes of classification, diffuse large cell, follicular grade III,
mantle cell and high-grade Burkitt NHL were considered aggressive NHL and small
lymphocytic lymphoma, follicular grades I and II, and marginal zone NHL were considered
indolent NHL.

Results
Baseline characteristics

Fifty-eight patients were enrolled in this Phase II study between October 29, 2000 and June
20, 2003 (Table I). One patient was declared ineligible because the tumour was CD20
negative. Five eligible patients could not be assigned an exact disease type on central
pathology review and no additional slides were available. The pathologists at the sites that
enrolled these patients read the tissue as indolent NHL in four of the cases and aggressive
(large cell) in the other case.
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Clinical responses
All 57 eligible patients received one cycle of treatment; 84% (48/57) of patients received
cycle two (Table II). Forty-seven patients (82%, 95% CI: 71%–91%) had a tumour response
with 33% (19/57) CR/CRu and 49% (28/57) PR. When the analysis was restricted to the 38
patients with aggressive NHL, the ORR was 82% (95% CI: 66%–92%) with 42% CR/CRu
and 40% PR. Thirty-six (77%) of the 47 patients who responded achieved the response after
only one cycle; the other 11 patients required 2 cycles of R-DHAP. Nine patients
experienced progression during treatment – three during cycle one and six on cycle two
(including 3 of the patients who responded on cycle one). The response rates were similar
between groups for patients who did not receive prior rituximab (82%) and patients who did
receive prior rituximab (84%). Patients who had not received prior rituximab were more
likely to have a CR/CRu (39% vs. 21%; p = not significant).

Patients with chemosensitive disease were allowed (but not mandated) to proceed to SCT
after R-DHAP (Table III). Of the 57 eligible patients, 26% (15/57) proceeded to SCT after
R-DHAP; two additional patients eventually received a SCT after additional salvage
therapy.

Survival outcomes
The median TTP for all eligible patients was 10.3 months (95% CI: 5.3–14.0), the median
EFS was 5.3 months (95% CI: 3.9–11.0), and the median OS was 30.5 months (95% CI:
17.8–60.6) (Figure 1). The median DR for the 47 responders was 10.5 months (95% CI: 5.3–
16.8). As of March 2007, 37% (21/57) patients were alive and 21% (12/57) were
progression-free. The median follow-up time for living patients was 54 months (range, 43–
63). Eight of the 17 patients (47%) who received a SCT remain alive, with a median follow-
up of 56 months.

After receiving R-DHAP, 70% (40/57) of patients did not proceed to SCT (Figure 2). The
median TTP, EFS and OS for these patients were 10.3 months (95% CI: 4.7–14.0), 4.4
months (95% CI: 2.9–10.3) and 27.9 months (95% CI: 15.4–52.5), respectively. Of these 40
patients, 31 were responders to RDHAP (Table III). The median DR, TTP, EFS and OS for
these patients who achieved a response were 10.5 months (95% CI: 4.7–16.8), 12.1 months
(95% CI: 5.8–18.4), 5.8 months (95% CI: 4.1–13.3) and 30.5 months (95% CI: 15.9-not
reached), respectively.

For the 15 patients who achieved a response to RDHAP and proceeded directly to SCT, the
median OS was not reached (95% CI: 29.2-not reached). The 3-year survival rate was 60%
(95% CI: 40–91%). The median DR, TTP and EFS could not be determined since all
patients were censored at time of SCT.

Toxicity and tolerability
The majority of patients received two cycles of RDHAP (84%, 48/57) and 79%, (45/57)
completed cycle 2 per protocol. Three patients did not complete cycle 2 as planned due to
adverse reactions (1), disease progression (1) and death on study (1). Nine additional
patients went off study after cycle 1 due to: adverse reactions (6), refusal (1), alternate
treatment (1) and other medical problems (1). Eighteen patients (32%) experienced a total of
19 dose delays. Eleven delays were due to haematologic adverse events and eight delays
were due to other reasons. Of the 48 patients who received two cycles of DHAP, only three
patients experienced a dose reduction on cycle two.

A toxicity was defined as an adverse event at least possibly related to treatment (possibly,
probably, or definitely related). Thirteen patients had a maximum of grade 3 toxicity, 42
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patients had a maximum of grade 4 and 1 patient had grade 5. For non-haematologic
toxicities, 27 patients had a maximum of grade 3, six patients had a maximum of grade 4
and 1 patient had a grade 5. The grade 5 toxicity was death due to septicemia related to
pancytopenia, which resulted from an accidental overdose of cytosine arabinoside. A second
death from a cardiac arrhythmia was considered unrelated to treatment.

Commonly observed grade 3 or 4 toxicities (Table IV) were thrombocytopenia (91%) and
neutropenia (79%). Febrile neutropenia occurred in 23% of patients and in 12% (13/105) of
treatment cycles. Five events of nephrotoxicity occurred in 7% (4/57) of patients – four
patients had grade 3 creatinine and one patient had renal failure grade 4. The patient with the
overdose of cytosine arabinoside experienced a grade 3 and a grade 4 nephrotoxicity and
died on study during cycle 2.

Discussion
The treatment of relapsed DLBCL is problematic because even though salvage regimens can
be effective, they are often intensive, hospital-based and usually not curative by themselves.
The reduction in morbidity and mortality with autologous SCT has enabled patients who are
less than 75 years old who respond to salvage therapy to undergo SCT. A retrospective
study has demonstrated that patients with aggressive NHL have a superior OS post-SCT if
they received rituximab pre-SCT [18]. The goal of this phase II study was to improve the
DHAP regimen by administering the rituximab concomitantly with the DHAP.

This trial demonstrated an ORR to RDHAP of 82% – slightly higher than the study goal of
75% and higher than the response rates found by others using traditional DHAP. Velasquez
et al. [10] reported an ORR of 58% with 31% CR in 90 patients (median age, 55 years) with
relapsed NHL. The largest trial to date of DHAP accrued 204 patients and found an ORR of
59% (120/204) with a 25% (51/204) CR rate [12]. It was limited to patients who were less
than 60 years of age and most (87%) were in their first relapse. Oliveri et al. [8] modified
the DHAP regimen for outpatient use and reported a ORR of 80% with 30% CR in 79
patients with relapsed NHL. This ORR is the highest reported for DHAP but the study group
was young with a median age of only 49 years and the ORR varied by disease type. The
ORR was 93% (29/31) with 35% (11/31) CR for low grade compared to 68% (20/28) with
28% CR for the high grade NHL. Josting et al. [19] treated 57 patients with two cycles of
DHAP as part of a high-dose sequential pre-SCT strategy and reported a ORR of 72% with
9% CR. The median age was 43 years, substantially younger than the patients in our study.

Other groups have combined rituximab with DHAP. A recent study reported a 92% CR rate
in 24 patients with previously untreated mantle cell NHL with RDHAP [20]. Mey et al. [21]
performed a trial of RDHAP that focused only on patients with relapsed aggressive NHL
and patients could not have received prior rituximab. The RDHAP regimen differed from
this trial in that the rituximab was given d1 of each of a planned four cycles. The cisplatin
was given over 4 days and there were dose reductions in the first cycle and for patients over
age 60. They found an ORR of 63% with 32% of patients attaining a CR/CRu. The authors
then reported separately an analysis of the results from 23 patients from the RDHAP trial
with a matched control group of 23 patients treated with DHAP alone [9]. The ORR was
74% in both groups with a CR rate of 44% for RDHAP compared to 35% for DHAP. Other
salvage regimens produce similar response rates [22]. Etoposide, methylprednisolone,
cytosine arabinoside and cisplatin (ESHAP) produced an ORR of 67% with 37% CR in 122
patients with a variety of NHL disease types [23]. The miniBEAM regimen includes a lower
dose of cytosine arabinoside and no platinum analogues. It has been extensively tested prior
to SCT and produced a 37% ORR [24].
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More recently the ICE regimen has come into common use as a salvage regimen. Moskowitz
et al. [11] administered three cycles of the ICE regimen to 163 transplant-eligible patients
and reported an ORR of 66% (108/163) with a 24% (39/163) rate of CR. This group has
recently reported the results of a phase II study that added rituximab to ICE (RICE) in 34
patients [25]. They administered four doses of rituximab with three cycles of ICE and
demonstrated an ORR of 78% with 53% CR. The ORR is similar to the results of RDHAP
(82%) but the CR rate of 53% is substantially higher than the 33% found for RDHAP and
the 27% found for ICE [25,26]. The RICE trial was different than this study of RDHAP in
that it restricted eligibility to relapsed DLBCL, the patients received three cycles of RICE
compared to two RDHAP, it was single-institution whereas RDHAP was cooperative group,
and the median age was substantially younger at 45 years compared with 63 years for
RDHAP.

RDHAP, like other intensive salvage programs has substantial toxicity and is not curative.
Febrile neutropenia occurred in 23% of cases (12% of treatment cycles) which is similar to
the 10% with DHAP [19] and higher than the 7.5% of cycles of RICE [25]. The evidence to
date from the RICE and RDHAP phase II trials is that it is safe to add rituximab to these
salvage regimens. In order to determine the relative merits of RICE and RDHAP a phase III
trial is being conducted [27]. While this randomized trial is accruing, it will be important to
explore methods to improve these salvage regimens by performing phase I/II trials that add
agents with new mechanisms of action that have shown single-agent activity in relapsed
DLBCL. In the meantime, in the non-protocol situation RDHAP and RICE are both
acceptable salvage regimens.

Although the ORR to RDHAP in this trial was high, only 15 of the responders proceeded
directly to SCT. This finding was unexpected since one of the eligibility criteria of the trial
was that the patient be a candidate for a platinum-based salvage regimen. Patients who can
endure programs like DHAP and have a tumour response are usually eligible for (and will
tolerate) an autologous SCT. Since SCT was not a part of this study, we can only speculate
on the low rate of SCT. The trial was conducted in the cooperative group setting rather than
solely at a referral centre; therefore, this may reflect the actual overall use of SCT for NHL
in the United States. The toxicity of the salvage regimens can also discourage some patients
from proceeding to SCT. Finally, this trial was not limited to aggressive NHL and SCT is
not considered the standard of care for indolent NHL.
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Figure 1.
OS of all 57 eligible patients.

WITZIG et al. Page 9

Leuk Lymphoma. Author manuscript; available in PMC 2014 January 29.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 2.
Time to progression (A) and event free survival (B) of the 40 patients treated with RDHAP
that did not proceed to transplant.
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Table I

Patient characteristics of the 57 eligible patients.

Characteristic N (%)⋆

Age, years

 Median (Range) 63 (45, 83)

Male sex 38 (67%)

Bulky disease 19 (33%)

Tumor stage at study entry

 1 4 (7%)

 2 11 (19%)

 3 11 (19%)

 4 31 (54%)

Elevated baseline lactate dehydrogenase 21 (37%)

Performance status

 0 29 (51%)

 1 24 (42%)

 2 4 (7%)

Previous radiation therapy

 Yes 13 (23%)

Previous rituximab

 Yes 19 (33%)

Number of prior chemotherapies

 Mean 2.2

 Median (min, max) 2 (1, 7)

Number of extranodal sites

 2 or more 11 (19%)

B Symptoms

 Yes 11 (19%)

IPI Score

 0 4 (7%)

 1 14 (25%)

 2 20 (35%)

 3 16 (28%)

 4 3 (5%)

Disease types

 Small lymphocytic 3 (5%)

 Mantle cell 4 (7%)

 Follicular 12 (21%)⋆⋆

 Diffuse large cell 31 (54%)

 Nodal marginal zone 1 (2%)

 High grade, Burkitt-like 1 (2%)

 Unclassifiable
† 5 (9%)
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⋆
Unless otherwise noted.

⋆⋆
2 grade 1, 8 grade 2, and 2 grade 3.

†
Unclassifiable on central pathology review; however, the local pathologist reading was indolent NHL in four of the cases and aggressive (large

cell) in one case.
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Table II

Maximal response to R-DHAP by disease type.

Overall response rate (%) Complete remission rate (%) Partial remission rate (%)

All patients (n=57) 82 33 49

Aggressive (n=38) 82 42 40

Indolent (n=14) 86 14 71

Unclassifiable (n=5) 80 20 60
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Table III

Patient characteristics of responders by transplant status.

Characteristic Responders who received a transplant directly
after RDHAP (n=15)

Responders who did not receive a transplant
(n=31)

Age, years

 Mean±S.D. 60.5±9.8 65.4±9.0

 Median (Min, Max) 61 (45, 75) 64 (48, 83)

Bulky Disease 5 (33%) 9 (29%)

Number of prior chemotherapies

 Mean 2.1 2.4

 Median (Min, Max) 2 (1, 5) 2 (1, 7)

IPI Score

 0 1 (7%) 2 (6%)

 1 4 (27%) 10 (32%)

 2 6 (40%) 7 (23%)

 3 4 (27%) 10 (32%)

 4 0 (0%) 2 (6%)

Disease type

 Small lymphocytic 0 (0%) 3 (10%)

 Mantle Cell 2 (13%) 2 (6%)

 Follicular 1 (7%) 9 (29%)

 Diffuse large cell 9 (60%) 14 (45%)

 Nodal Marginal Zone 0 (0%) 1 (3%)

 High Grade, Burkitt-like 0 (0%) 1 (3%)

 Unclassifiable 3 (20%) 1 (3%)
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Table IV

Grade 3+ toxicity (adverse events considered at least possibly related to R-DHAP) was observed in 98%
(56/57) of patients.

Toxicity type Grade 3 (%) Grade 4 (%) Grade 5 (%)

General

 Fatigue 6 (11) 1 (2)

Hematological

 Anemia 12 (21) 1 (2)

 Neutropenia 6 (11) 39 (68)

 Thrombocytopenia 30 (53) 22 (39)

Infection

 Infection without neutropenia 1 (2)

 Infection with neutropenia 2 (4) 1 (2)

 Febrile neutropenia 12 (21) 1 (2)

Gastrointestinal

 Anorexia 3 (5)

 Nausea 10 (18)

 Vomiting 6 (11) 1 (2)

 Diarrhea 3 (5) 1 (2)

Metabolic

 Hypokalemia 13 (23)

 Hypomagnesemia 1 (2) 1 (2)

 Creatinine 4 (7)

 Renal failure 2 (4)

Maximum overall toxicity grade 13 (23) 42 (25) 1 (2)

Maximal overall toxicity grade refers to the number of patients that had the respective grade toxicity across all toxicity types.
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