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BACKGROUND. Patients with aggressive lymphoma and high-risk features at the

time of diagnosis are reported to have a poor prognosis with standard therapy.

Attempts to improve the results achieved with the combination of cyclophospha-

mide, doxorubicin, vincristine, and prednisone (CHOP) using second-generation

or third-generation chemotherapy have failed. In the current study, the authors

increased the doses and dose intensity of drugs used for the conventional first-line

therapy of aggressive lymphoma and designed a Phase II randomized trial that

compared four and six courses of dose-escalated CHOP plus etoposide (mega-

CHOEP) supported by the transplantation of peripheral blood stem cells.

METHODS. Eighty-four patients age � 60 years with aggressive lymphoma and

elevated lactate dehydrogenase (LDH) levels were randomized to receive either 4

(Arm A) or 6 (Arm B) courses of cyclophosphamide, doxorubicin, vincristine,

etoposide, and prednisone (megaCHOEP). The last three treatment courses were

supported by autologous peripheral blood stem cell transplantation. Although the
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total doses of cyclophosphamide and etoposide were comparable, the dose inten-

sity during the first 3 treatment courses was planned to be 2.8-fold and 2.0-fold

higher, respectively, for patients in Arm A.

RESULTS. Thirty-seven patients in Arm A (90.2%) but only 18 patients in Arm B

(69.2%) were able to complete therapy (P � 0.048). The complete response rate was

65.8% in Arm A and 50.0% in Arm B; the disease recurrence rates were 18.5% versus

61.5% (P � 0.011). Freedom from treatment failure at 2 years was 52.5% (95%

confidence interval [95% CI], 36.9 – 68.2%) in Arm A and 23.1% (95% CI, 6.9 –39.3%)

in Arm B (P � 0.02). The overall survival rate was 70% (95% CI, 54.9 – 85.0%) in Arm

A and 46.2% (95% CI, 27.0 – 65.3%) in Arm B (P � 0.037).

CONCLUSIONS. The results of the current study demonstrate that dose intensity, in

particular early dose intensity, significantly influences disease control with high-

dose therapy (HDT) and autologous stem cell transplantation. These results also

may explain the failure of HDT with low early dose intensity to improve the results

obtained with conventional chemotherapy. Cancer 2006;106:136 – 45.

© 2005 American Cancer Society.
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Patients with aggressive lymphoma and high-risk
features at the time of diagnosis have a poor

prognosis with standard therapy. According to the
International Prognostic Index (IPI), only 26% of
patients belonging to the high-risk and 43% belong-
ing to the high intermediate-risk group survive 5
years after diagnosis.1 Attempts to improve the re-
sults achieved with cyclophosphamide, doxorubi-
cin, vincristine, and prednisone (CHOP) using sec-
ond-generation or third-generation chemotherapy
have failed.2 In younger patients, the role of high-
dose chemotherapy (HDT) followed by autologous
hematopoietic stem cell transplantation (ASCT) as
part of first-line therapy has been investigated.3–9

Unfortunately, the majority of prospective trials
failed to demonstrate a benefit of HDT/ASCT. We
theorized that two major problems contributed to
the inconclusive results: 1)up to 40% of patients
randomized to HDT/ASCT did not receive it, mostly
because of early disease progression; and 2) in many
instances, the cumulative doses and dose intensities
of HDT programs were not higher but occasionally
were lower than those of conventional treatment.
We chose to increase the doses and dose intensity of
the drugs used for the conventional first-line ther-
apy of aggressive lymphoma and designed a Phase II
randomized trial that compared treatment with four
courses with treatment with six courses of dose-esca-
lated CHOP plus etoposide (megaCHOEP) supported
by peripheral blood stem cell (PBSC) transplantation.
Although the total doses of cyclophosphamide and
etoposide given were identical, patients randomized
to the four-course megaCHOEP program were to re-

ceive significantly higher dose intensities, in particular
during the first weeks of therapy.

MATERIALS AND METHODS
Study Design and Eligibility Criteria
The current study was a prospective, randomized,
Phase II, multicenter trial designed to evaluate the
feasibility, safety, and efficacy of repeated courses of
megaCHOEP facilitated by PBSC transplantation. The
study protocol was approved by local ethics commit-
tees and informed consent was obtained from pa-
tients. Between September 1999 and May 2001, 84
patients were enrolled. Eligible patients were required
to have a primary diagnosis of aggressive lymphoma
according to the Revised European–American Lym-
phoma (REAL) classification, translated into the World
Health Organization (WHO) classification and con-
firmed by an expert hematopathologist; have Stage II
to Stage IV disease; be ages 18 – 60 years; and have a
lactate dehydrogenase (LDH) level above normal. Pa-
tients with lymphoblastic or Burkitt lymphoma, cen-
tral nervous system (CNS) involvement, bone marrow
infiltration � 25%, known positivity for the human
immunodeficiency virus, or major organ dysfunction
were excluded from the study.

Staging
Patients were staged according to the Ann Arbor cri-
teria. Individual histories, physical examinations, and
blood tests were taken from all patients. We also re-
quired a bone marrow biopsy as well as thoracic and
abdominal computed tomography scans; further im-
aging procedures were performed as needed.
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Chemotherapy
The megaCHOEP protocol was comprised of either
four (Arm A) or six courses (Arm B) of cyclophospha-
mide, doxorubicin, vincristine, etoposide, and pred-
nisone (Fig. 1). In Arm A, the first course of mega-
CHOEP was comprised of cyclophosphamide at a dose
of 750 mg/m2 administered on Days 1 and 2, doxoru-
bicin at a dose of 35 mg/m2 administered on Days 1
and 2, vincristine at a dose of 2 mg administered on
Day 1, etoposide at a dose of 100 mg/m2 administered
every 12 hours on Days 1–3, and prednisone at a dose
of 100 mg administered on Days 1–5. The 2nd, 3rd,
and 4th course of therapy were identical: cyclophos-
phamide at a dose of 3000 mg/m2 on Days 1 and 2,
doxorubicin at a dose of 35 mg/m2 on Days 1 and 2,
vincristine at a dose of 2 mg on Day 1, etoposide at a
dose of 185 mg/m2 administered every 12 hours on
Days 1– 4, and prednisone at a dose of 100 mg admin-
istered on Days 1–5. Patients randomized to Arm B
received moderately increased doses of cytotoxic
agents during treatment Courses 1–3: cyclosphospha-
mide at a dose of 800 mg/m2 on Days 1 and 2, doxo-
rubicin at a dose of 35 mg/m2 on Days 1 and 2,
vincristine at a dose of 2 mg on Day 1, etoposide at a
dose of 100 mg/m2 every 12 hours on Days 1–3, and
prednisone at a dose of 100 mg on Days 1–5. Doses of
cyclophosphamide (2250 mg/m2 on Days 1 and 2) and
etoposide (160 mg/m2 every 12 hrs on Days 1–3) were
escalated in Courses 4 – 6; the doses of doxorubicin,
vincristine, and prednisone remained unchanged. For
both treatment arms, the next course of chemother-
apy was to begin on Day 21 if hematologic recovery
had occurred and nonhematologic toxicities from the
previous course had resolved.

PBSC Collection and Transplantation
Patients randomized to Arm A received filgrastim (at a
dose of 5 �g/kg twice daily) from Day 6 after the first
course of therapy until the last time leukapheresis was
performed. Greater than 2 � 106 CD34-positive
cells/kg were harvested, cryopreserved, and reinfused
after treatment Course 2. After Course 2 and, (if fewer
than 4 � 106 CD34-positive cells/kg body weight had
been harvested,) also after Course 3, PBSC were col-
lected to support hematopoietic recovery after treat-
ment Courses 3 and 4, respectively. Patients random-
ized to Arm B underwent treatment with filgrastim
and the collection of PBSC after treatment Course 3.
Further collections were planned after Course 4 and, if
necessary, after Course 5. Transplantation of collec-
tion products was planned after Courses 4, 5, and 6.

Supportive Care
Prophylaxis of pneumocystis carinii pneumonia with
cotrimoxazole was mandatory; in patients whose se-
rology was positive for the herpes simplex virus, the
prophylactic administration of acyclovir was recom-
mended. Other supportive care was given as per local
practice.

Assessment of Hematologic and Extramedullary
Toxicities
Organ toxicities were evaluated according to the cri-
teria of Bearman et al.10; infections were classified
using WHO criteria. Patients were to receive the next
course of megaCHOEP if they had reached a platelet
count � 80/nL, had cleared active infections, and had
organ toxicities of Grade 0; liver toxicity could be
either Grade 0 or 1.

FIGURE 1. Study design. All doses

are shown as total doses per cycle

in mg/m2 with the exception of vin-

cristine (VCR) and prednisone (PRD),

which are shown in mg. CY: cyclo-

phosphamide; ADR: doxorubicin;

ETO: etoposide; PBSC: peripheral

blood stem cell transplantation.
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Response Evaluation and Follow-Up
Response was assessed 3 months after the cessation of
therapy. Patients in whom all pathologic lesions had
disappeared and in whom laboratory abnormalities
related to lymphoma had normalized for at least 2
months were scored as achieving a complete response
(CR). Patients with lesions representing residual
masses after therapy but with no indication of active
disease were classified as having an unconfirmed CR
(CRu). A partial response (PR) was defined as a � 50%
regression at all tumor sites. All other patients were
deemed treatment failures. Follow-up visits were
scheduled every 3 months for the first 2 years and
every 6 months thereafter.

Total Dose, Dose Intensity, and Duration of Therapy
The total doses of drugs to be administered in Arms A
and B of the study are given in Table 1. Dose intensi-
ties of doxorubicin, vincristine, and prednisone were
calculated to be identical in both arms. The planned
dose intensity of cyclophosphamide was 1625 mg/m2/
week in Arm A and 1100 mg/m2/week in Arm B; the
dose intensity of etoposide was 420 mg/m2/week in
Arm A and 289 mg/m2/week in Arm B.11 The duration
of therapy was calculated as the time interval between
the first day of the first course and Day 21 after the last
course of chemotherapy.

Statistical Analyses
The primary endpoint of the study was the feasibility
of the megaCHOEP program as measured by the per-
centage of patients able to receive all therapy. Sixty
patients stratified by gender and Eastern Cooperative
Oncology Group (ECOG) performance status (� 2 vs.
� 2) were planned to be enrolled; 1:1 randomization
was performed using the minimization method.12

Case report forms were solicited by the statistical
study center after the completion of every single
course of therapy. When the Steering Committee of
the DSHNHL was informed that disease progression
frequently had occurred in patients treated on Arm B,
the accrual of additional patients was stopped and
patient enrollment continued on Arm A only. By the
time the analysis of early treatment failures was com-
plete, 26 patients had been treated on Arm B and 41
patients had received treatment according to Arm A.
To describe the number of CD34-positive cells and
hematologic recovery times, we used boxplots with
the upper and lower limits describing 25% and 75%
percentiles, respectively. Dose intensities, both
planned and received, were calculated according to an
algorithm proposed by Hryniuk and Goodyear.11 The
median total doses, dose intensities, and early dose
intensities (Cycles 1–3) were calculated for every pa-
tient. Efficacy was measured by calculating the CR

TABLE 1
Total Dose, Early Total Dose, Dose Intensity, and Early Dose Intensity of MegaCHOEP Treatment Arms A and B

Cyclophosphamide
(mg/m2)

Doxorubicin
(mg/m2) Vincristine (mg) Etoposide (mg/m2) Prednisone (mg)

Arm A Arm B Arm A Arm B Arm A Arm B Arm A Arm B Arm A Arm B

Total dose Planned dose 19,500 19,800 280 420 8 12 5040 5200 2000 3000
Received dose (median

% of planned)
99 95 100 94 100 92 98 89 100 100

Early total dose Planned dose (Days
1–63)

13,500 4800 210 210 6 6 3560 1800 1500 1500

Received dose (median
% of planned)

100 100 100 100 100 100 98 96 100 100

Early total dose/
total dose (% )
(received doses
are given)

70 25 75 53 75 55 71 37 75 50

Dose intensity Planned dose/week 1625 1100 23.3 23.3 0.67 0.67 420 289 167 167
Received dose

intensity (median %
of planned)

79 79 82 84 78 82 76 79 84 88

Early dose
intensity

Planned dose/week
(Days 1–63)

1500 533 23.3 23.3 0.67 0.67 396 200 167 167

Received dose
intensity (median %
of planned)

75 87 79 87 73 90 74 85 80 90

MegaCHOEP: dose-escalated cyclophosphamde, doxorubicin, vincristine, and prednisone plus etoposide.
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rate, the time to disease progression or recurrence, the
time to treatment failure, and overall survival. Death
due to any cause as well as disease progression or
recurrence was defined as treatment failure. Time to
disease progression or recurrence, freedom from
treatment failure, and overall survival were measured
from the time of the initiation of therapy to the re-
spective event. Survival data were estimated according
to the method of Kaplan and Meier. The estimators at
2 years are given with the 95% confidence intervals
(95% CI). Differences in patient characteristics and
toxicities were tested for significance using the chi-
square test and, if required, by the Fisher exact test.
Differences in the numbers of CD34-positive cells col-
lected or infused were tested with the Mann–Whitney
U test. Univariate analysis of treatment effects was
performed using the log-rank test. Multivariate anal-
ysis was performed with the Cox proportional hazards
model. All tests for significance were at the 5% signif-
icance level and were not adjusted for multiple com-
parisons. All eligible patients were included in the
analysis.

RESULTS
Patients
Seventeen patients enrolled in the current study were
not eligible; 4 patients had a diagnosis other than
aggressive lymphoma; 4 patients had a history of in-
dolent non-Hodgkin lymphoma (NHL); 2 patients had
Burkitt lymphoma; 2 patients withdrew their consent;
and 1 patient each had bone marrow involvement of
� 25%, a LDH level � the upper limit of normal,
hepatitis C infection, age � 18 years, or poor docu-
mentation. Forty-one eligible patients were treated on
Arm A and 26 patients were treated on Arm B. Thirty-
nine patients on Arm A had their diagnosis confirmed
by central review. Twenty-three patients had diffuse
large B-cell lymphoma (56%), 6 patients had medias-
tinal B-cell lymphoma, 6 patients had other types of
aggressive lymphoma or further subtyping was impos-
sible due to technical problems (n � 2 patients), and 4
patients had T-cell lymphoma. Twenty-five patients
randomized to Arm B had their diagnosis confirmed
by external review. Fourteen of these patients (56%)
had diffuse large B-cell lymphoma, and 4 patients had
other types of aggressive lymphoma. T-cell lymphoma
was diagnosed in seven patients (P � 0.09, if com-
pared with Arm A). Further patient characteristics are
given in Table 2. There were no significant differences
noted between patients randomized to Arm A or Arm
B except for the percentage of patients with bulky
disease and the involvement of more than one extran-
odal site.

Collection and Transplantation of Hematopoietic Stem
Cells
In Arm A, only 1.32 � 106 CD34-positive cells/kg
were collected from 1 patient after Course 1; after
Course 2, 5.71 � 106 cells/kg were harvested and the
patient received all treatment. Thirty-eight patients
received a median of 8.4 � 106 CD34-positive
cells/kg after Course 2 (range, 1.3– 69.2 � 106 CD34-
positive cells/kg); 35 patients received 3.5 � 106

CD34-positive cells/kg (range, 1.6 –21.9 � 106 CD34-
positive cells/kg) and 3.4 � 106 CD34-positive
cells/kg (range, 0.6 –22.0 � 106 CD34-positive cells/
kg) after Courses 3 and 4, respectively. Mobilization
failures were not observed, although the number of
PBSC infused became lower (Fig. 2) and the number
of leukaphereses needed to collect � 2 � 106 CD34-
positive cells/kg increased with time. In Arm B, we
failed to collect � 2 � 106 CD34-positive cells after
Courses 4 and 5 in 1 patient each and could not
proceed as per protocol. The other patients were
transplanted with a median of 3.7 � 106 CD34-
positive cells/kg (range, 1.8 –11.5 � 106 CD34-posi-
tive cells/kg), 3.4 � 106 CD34-positive cells/kg
(range, 1.4 –16.0 � 106 CD34-positive cells/kg), and
3.5 � 106 CD34-positive cells/kg (range, 2.0 –16.0
� 106 CD34-positive cells/kg) after the 4th, 5th, and
6th course of therapy, respectively. Therefore, har-
vesting PBSC late (after Courses 3 and 4) resulted in
the collection of significantly fewer stem cells (Fig.
2) compared with harvesting after Courses 1 and 2,
and 2 patients (8%) failed to mobilize adequate
numbers of PBSC. All patients who actually under-
went transplantation engrafted.

TABLE 2
Patient Characteristics

Arm A Arm B P value

No. 41 26
Female gender, % 54 39 0.225
Median age in yrs 45.0 49.5 0.648
LDH � ULN, % 100 100 –
Ann Arbor Stage III/IV disease, % 73 85 0.273
ECOG performance status 2–4, % 42 23 0.122
IPI of 1, % 20 15 0.471
IPI of 2, % 46 62
IPI of 3, % 34 23
B symptoms, % 61 46 0.234
Extranodal disease, % 61 56 0.690
Extranodal sites � 1, % 44 19 0.038
Bulky disease, % 76 50 0.031

LDH: lactate dehydrogenase; ULN: upper limit of normal; ECOG: Eastern Cooperative Oncology Group;

IPI: International Prognostic Index.
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Hematologic Recovery, Time Intervals between Treatment
Courses, and Duration of Treatment
In Arm A, a leukocyte count � 1/nL was reached after
a median of 13 days, 15 days, 15 days, and 16 days; and
a platelet count � 80/nL was achieved at a median of
15 days, 16 days, 19 days, and 21 days after the 1st,
2nd, 3rd, and 4th treatment courses, respectively. The
median time intervals between Courses 1 and 2,
Courses 2 and 3, and Courses 3 and 4 were 22 days, 28
days, and 30 days, respectively (Fig. 3). This added up
to a median treatment duration of 99 days, which was
15 days (18%) longer than planned. In Arm B, a leu-
kocyte count � 1/nL was reached after a median of 13
days, 13 days, 14 days, 16 days, 16 days, and 16 days;
and a platelet count � 80/nL was reached after a
median of 15 days, 15 days, 16 days, 20 days, 21 days,
and 28 days after treatment Courses 1– 6, respectively
(Fig. 3). The median time intervals between treatment
courses were 22 days, 22 days, 24 days, 27 days, and 29
days, respectively, for a median treatment duration of
142 days, which was 16 days (13%) longer than
planned.

Nonhematologic Toxicities
The major toxicities observed in both treatment arms
were mucositis, gastrointestinal symptoms, and infec-
tions. Grade 4 toxicity (infectious) were reported to
have occurred in 1.9% of all treatment courses within
Arm A; no Grade 4 toxicity was observed in Arm B.
Grade 3 toxicities were reported to have occurred in
10.3% and 2.9% (stomatitis), 3.2% and 0% (gastroin-
testinal), and 5.8% and 7.9% (infections) of all treat-
ment courses in Arms A and B, respectively. Signifi-
cantly more toxic events were observed in those
patients treated on Arm A with regard to stomatitis (P
� 0.001) and liver toxicity (P � 0.032); CNS toxicity
was found to be of a higher grade (P � 0.007).

Doses and Dose Intensities Received
The total doses of drugs and the respective dose in-
tensities are listed in Table 1. There were only small
differences noted between the planned doses and the
doses actually received for any drug administered. The
received dose intensities varied between 76.2– 88.0%,
with no significant differences noted between treat-

FIGURE 2. Peripheral blood stem

cells (CD34-positive cells) reinfused

after treatment Courses 2–4 (in Arm

A) or treatment Courses 4–6 (Arm

B) of the dose-escalated cyclophos-

phamide, doxorubicin, vincristine,

prednisone plus etoposide regimen

(megaCHOEP). Boxplots indicate the

median, the 25% and 75% percen-

tiles, and the ranges of the CD34-

positive cells infused.

FIGURE 3. Boxplots indicating the

leukocyte (“white blood cell” [WBC])

(open bars) and platelet (Plt) (striped

bars) recovery after individual treat-

ment courses as well as the time to

next treatment (solid bars). Compar-

ison is between treatment Arms A

and B.
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ment arms. The dose intensities for cyclophospha-
mide and etoposide were significantly higher in Arm A
compared with Arm B. The most striking differences
were noted during the first three treatment courses.
Early total doses of cyclophosphamide and etoposide
were 2.8-fold higher and 2.0-fold higher, respectively,
in Arm A compared with Arm B. The early dose inten-
sity of cyclophosphamide in Arm A was 2.42-fold and
the early dose intensity of etoposide was 1.73-fold
higher than in Arm B. Patients randomized to Arm A
received 70.2% of all cyclophosphamide doses and
71.2% of all etoposide doses with treatment Courses
1–3 whereas patients in Arm B received only 25.2% of
all cyclophosphamide doses and 37.4% of all etopo-
side doses during the same time period.

Treatment Outcome
In Arm A of the megaCHOEP regimen, 37 patients
(90.2%) received all planned therapy. Four patients
(9.8%) withdrew from treatment prematurely after
Courses 1, 2 (n � 2 patients), or 3 because of toxic
events (pneumonia, adult respiratory distress syn-
drome, and ileus) or protocol violation. Twenty-seven
patients (65.9%) achieved a CR, 4 patients (9.8%)
achieved a PR, and 9 patients (22.0%) progressed 2.7–
5.6 months after the initiation of therapy. In Arm B, 18
patients (69.2%) completed all therapy. Eight patients
stopped treatment after Courses 1, 3, 4 (two patients),
or 5 (four patients) because of progressive disease
(four patients), toxicity (two patients), or failure to
mobilize adequate numbers of PBSC (two patients).
Thirteen patients (50%) achieved a CR, 4 patients
(15.4%) achieved a PR, and 8 patients (30.8%) pro-
gressed 1.4 – 6.8 months after the initiation of treat-
ment. The overall survival rate of patients with disease
progression or recurrence at 2 years was 47.5% (95%
CI, 31.8 – 63.1%) in Arm A and 74.0% (95% CI, 56.8 –
91.2%) in Arm B of the study (P � 0.036) (Fig. 4). With
a median follow-up of 29 months and 38 months,
respectively, for patients in Arm A and Arm B, 13 of 41
patients (31.7%) in Arm A and 16 of 26 patients (61.5%)
in Arm B had died. The cause of death was lymphoma
in all but three cases. Two patients randomized to Arm
A and Arm B, respectively, died of treatment-related
toxicity. A third patient died 31 months after diagnosis
with a myelodysplastic syndrome; he also had previ-
ously developed disease recurrence with immunoblas-
tic lymphoma and received additional therapy. At 2
years, the overall survival rate in Arm A (70.0%; 95%
CI, 54.9 – 85.0%) was significantly better (P � 0.037)
than that in Arm B (46.2%; 95% CI, 27.0 – 65.3%)
(Fig. 5).

Prognostic Factors
The results of a multivariate analysis including risk
factors of the age-adjusted IPI are presented in Table
3. In addition to poor ECOG performance status,
which increased the risk for treatment failure 2.4-fold
(P � 0.014), only treatment with 6 rather than 4
courses of the megaCHOEP regimen was found to
significantly increase the risk of treatment failure (rel-
ative risk [RR] of 2.6; P � 0.007) or death (RR of 2.4; P
� 0.028). When we adjusted the model for the age-
adjusted IPI, the number of treatment courses re-
mained highly significant for time to treatment failure
(RR of 2.4; 95% CI, 1.2– 4.7 [P � 0.009]) and overall
survival (RR of 2.2; 95% CI, 1.0 – 4.7 [P � 0.044]).

FIGURE 5. Overall survival of patients treated on Arm A or Arm B of the

dose-escalated cyclophosphamide, doxorubicin, vincristine, prednisone plus

etoposide regimen (megaCHOEP).

FIGURE 4. Time to disease progression or disease recurrence for patients

treated on Arm A or Arm B of the dose-escalated cyclophosphamide, doxoru-

bicin, vincristine, prednisone plus etoposide regimen (megaCHOEP).
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DISCUSSION
Because the results of standard CHOP or equivalent
regimens in younger patients with poor prognosis ag-
gressive lymphoma are far from satisfactory,2 and the
majority of randomized studies exploring the efficacy
of HDT/ASCT were unable to demonstrate significant
improvements over conventional treatment,3,5– 8 we
designed an alternative concept characterized by the
early and repeated administration of a combination of
dose-escalated drugs frequently used for the first-line
therapy of aggressive lymphoma. Because in previous
trials up to 40% of patients randomized to HDT did
not receive it (mostly because of early disease progres-
sion), our first goal was to increase the doses and dose
intensity from the initiation of therapy, hoping that
more patients would be able to benefit from HDT.
Indeed, in Arm A of the megaCHOEP regimen, greater
than 90% of patients were able to receive all treat-
ment. In contrast, only 69% of patients in Arm B
completed all therapy and, most strikingly, the vast
majority of patients treated on Arm B developed dis-
ease progression while receiving therapy or disease
recurrence shortly thereafter. The percentage of pa-
tients with disease progression or early recurrence was
significantly lower in Arm A. In both study arms, no
cases of disease recurrence occurred beyond 20
months.

Second, with the repeated administration of esca-
lated doses of cyclophosphamide and etoposide, we
intended to further increase the total dose and dose
intensity compared with other high-dose regimens
used before ASCT. The total doses of cyclophospha-
mide and etoposide given with the megaCHOEP reg-
imen amount to 19,500 mg/m2 or 19,800 mg/m2 (Arms
A/B) and 5040 mg/m2 or 5200 mg/m2 (Arms A/B),
respectively, compared with 5800 – 6000 mg/m2 of cy-
clophosphamide and 800 –2000 mg/m2 of etoposide
used with the combination of carmustine, etoposide,
cytarabine, cyclophosphamide, and mesna (BEAC);
carmustine, etoposide, cytarabine, and melphalan
(BEAM); or cyclophosphamide, carmustine, and eto-

poside (CBV).4,8,13 Of course, it remains difficult to
compare the doses and antilymphoma effects of the
megaCHOEP regimen with those of other regimens
because neither the doses of the drugs administered
with megaCHOEP can be compared directly with
those of the carmustine or cytarabine used in the
BEAM or BEAC regimens, nor is it possible to judge
what the contribution of individual drugs to the over-
all antitumor effect may be. Compared with conven-
tional CHOEP-21, which we used in recent studies for
young, low-risk patients14 and elderly patients,15 the
doses of cyclophosphamide and etoposide adminis-
tered with the megaCHOEP therapy Arm A were 4.3-
fold (cyclophosphamide) and 2.8-fold higher, respec-
tively, and the respective dose intensities were 6.5-fold
and 4.2-fold higher, respectively. Such substantial in-
creases in dose and dose intensity were possible only
with repeated stem cell support. We confirmed that
collection of numbers of stem cells sufficient to allow
for three sequential transplants is possible in patients
undergoing aggressive antilymphoma therapy.16 How-
ever, late collections after the third course of therapy
were compromised by lower yields of CD34-positive
cells and a low (8%), albeit clinically significant, num-
ber of mobilization failures.

We randomized patients between two strategies
to increase the doses and dose intensity because we
wanted to determine whether it would be preferable to
administer high doses and dose intensity very early
but also for a relatively short period of time (Arm A) or
if a sequential strategy would be superior starting with
a period of moderate dose escalation for the first three
treatment courses followed by three more courses of
escalated megaCHOEP necessitating the transplanta-
tion of hematopoietic stem cells. The answer to our
question was surprisingly clear. The six-course variant
of megaCHOEP led to disease progression or early
recurrence in significantly more patients than the
four-course program; overall survival was also found
to differ significantly in favor of the latter group. We
consider this proof that in poor prognosis patients
with aggressive lymphoma, in whom the fraction of
dividing tumor cells can be as high as 90%,17 it is not
only the total dose or dose intensity but also the early
administration of the highest possible doses of cyto-
toxic agents that make the difference. Early doses and
dose intensities for cyclophosphamide and etoposide
as given with Arm B were only 33–50% of that given
with Arm A (Table 1). The importance of the early
administration of high doses and dose intensities is
highlighted also by the results of the French Groupe
d’Etude des Lymphomes de l’Adulte (GELA) LNH93-3
trial, which to our knowledge is the only study to date
to report inferior results of HDT compared with con-

TABLE 3
Prognostic Factors for FFTF in Patients Treated with MegaCHOEP

Factor RR 95% CI P value

4 cycles vs. 6 cycles 2.6 (1.3–5.1) 0.007
LDH � twice the ULN vs. � twice the ULN 0.9 (0.5–1.9) 0.864
Ann Arbor Stage I/II vs. Stage III/IV disease 2.6 (0.9–7.5) 0.082
ECOG performance status 0/1 vs. � 1 2.4 (1.2–4.9) 0.014

FFTF: freedom from treatment failure; MegaCHOEP: dose-escalated cyclophosphamde, doxorubicin,

vincristine, and prednisone plus etoposide; RR: relative risk; 95% CI: 95% confidence interval; ULN:

upper limit of normal; ECOG: Eastern Cooperative Oncology Group.
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ventional therapy.6 Gisselbrecht et al. explained that
their findings resulted from an inadequate dose inten-
sity for the experimental treatment arm during the
first 2 months of the trial and we agree.6 In a recent
meta-analysis, Strehl et al. came to similar conclu-
sions when they stated that early treatment delays
may be detrimental and an advantage for HDT over
conventional chemotherapy can be expected only if
the dropout rate for patients on the HDT arm is less
than 25%.18 In keeping with these postulates, to our
knowledge the only study to date that randomized
high-intermediate and high-risk patients at the time of
diagnosis and demonstrated a benefit for HDT was the
one by Gianni et al.,19 which used a rapid sequence of
single drugs administered at very high doses early in
the study.

In the recently published studies comparing
CHO(E)P given at 3-week versus 2-week intervals, we
demonstrated that shortening of the time intervals
between treatment courses as another means to in-
crease dose intensity or dose density was feasible and
significantly improved outcome in the elderly.15 How-
ever, shortening of the time intervals between courses
of megaCHOEP to less than 21 days was not possible
because of persistent nonhematologic toxicity and the
reduced performance status of patients early after
treatment courses.

The role of rituximab, which has been reported to
improve the outcome of younger patients with low-
risk, aggressive NHL20 as well as elderly patients,21

must also be considered in young, high-risk patients.
Although the DSHNHL currently is performing a pro-
spective, randomized study comparing megaCHOEP
plus rituximab with CHOEP-14 plus rituximab, no
data are available at the present time to demonstrate
a significant role for rituximab in young, high-risk
patients treated with conventional chemotherapy or
HDT. Therefore, determining the optimal administra-
tion of cytotoxic drugs remains important in the near
future. In the current study, we demonstrated that
very high doses and dose intensities can be adminis-
tered safely to young, high-risk patients and optimal
efficacy can be achieved only if the dose intensity is
escalated early during treatment and remains high
throughout therapy.
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