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Purpose: This trial evaluated the efficacy, toxicity, and
praciiity of a new intensive chemotherapy regimen in a
multicenter setting of university and community hospitals.

Patients and Methods: We tested a hybrid protocol of
two non-cross-resistant regimens, cyclophosphamide,
epirubicin, vincristine, and prednisolone (CEOP) and ifos-
famide, etoposide (VP- 16), methotrexate, and dexametha-
sone (IMVP-Dexa) given every fourth week, three to six
times according to response, in patients with untreated in-
termediate- and high-grade non-Hodgkin's lymphoma. Ten
Austrian centers entered 81 patients onto this multicenter
trial. Eleven patients were excluded. The median age was
55 years. Twenty-six of 70 patients had stage III or IV dis-
ease. The distribution among international risk categories
low, intermediate-low, intermediate-high, and high was
20%, 34%, 23%, and 23%, respectively.

Results: Of 70 eligible patients, 56 (80%) had a com-
plete remission and seven (10%) a partial remission. After
a median observation time of 36 months, the esti-

ANTHRACYCLINE-containing regimens have been
shown to induce complete remissions in 50% to

84% of advanced high-grade non-Hodgkin's lymphomas,
depending on patient selection and stage of disease.
Thirty-five percent to 70% of those patients remain in
remission for more than 2 years.' Patients who fail to
achieve a complete remission with first-line chemother-
apy have little chance to enter durable remission or be
cured.2 Thus, achieving a complete remission with the
first-line treatment is the most important goal in the treat-
ment of aggressive non-Hodgkin's lymphomas. Cyclo-
phosphamide, doxorubicin, vincristine, and prednisolone
(CHOP) with or without bleomycin continues to be the
most common first-line protocol in the treatment of high-
grade non-Hodgkin's lymphomas. CHOP can result in
complete remissions in as many as 73% of patients.3

Other investigators found a much lower remission rate of
51% with the same regimen. 4 Relapses after achieving a
complete remission with CHOP are considerably fre-
quent; in the first year, 20% to 40% of patients in com-
plete remission eventually relapse.5 Five-year survival
rates with CHOP are between 42% and 48.5%.3,4 For
patients who fail to achieve a durable remission with
CHOP, ifosfamide, methotrexate, and etoposide (VP-16)
(IMVP-16) is an effective salvage regimen.6 To improve
our results with CHOP chemotherapy and to test a more
intensive approach in the treatment of high-malignant
non-Hodgkin's lymphomas, we combined the CHOP and
IMVP-16 regimen to a hybrid chemotherapy regimen
consisting of cyclophosphamide, epirubicin, vincristine,

mated time to relapse and overall survival rates are 67%
and 72%, respectively. Age and Karnofsky index were the
only independent risk factors for survival. Toxicity was pri-
marily hematologic, with a median granulocyte nadir of
0.56 x 10'/L. Sixty-seven percent of patients had infec-
tions; 25.7% were severe World Health Organization
(WHO) grade III or IV. There were three treatment-related
deaths.

Conclusion: CEOP-IMVP-Dexa chemotherapy is safe
and feasible on a groupwide basis even when used in com-
munity hospitals. Neutropenic infections are the major com-
plications. A 72% 3-year survival rate in patients with inter-
mediate- and high-grade non-Hodgkin's lymphoma
warrants further studies. These data are the basis for a
randomized trial to compare cyclophosphamide, doxorubi-
cin, vincristine, and prednisolone (CHOP) with CEOP/IMVP-
Dexa.
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and prednisolone (CEOP) and ifosfamide, VP-16, metho-
trexate, and dexamethasone (IMVP-Dexa). We undertook
this study to evaluate the feasibility, safety, and efficacy
of this new regimen.

PATIENTS AND METHODS

We designed this study as a multicenter trial in the setting of
teaching and community hospitals. Patients between 16 and 75 years
of age with histologic-proven, untreated high-grade non-Hodgkin's
lymphomas and measurable disease were included after informed
consent. Histologic diagnosis was made according the Kiel classifi-
cation 7 and centrally reviewed by one of the authors (T.R., Depart-
ment of Hematopathology, University of Vienna, Austria). Exclusion
criteria were cardiac ejection fraction less than 55%, life expectancy
less than 8 weeks, Karnofsky performance status less than 30%, and
severe organ failure (neutropenia < 2.0 X 109

/L, thrombocytopenia
< 100 x 109I/L, AST or ALT > 100 U/L, bilirubin level > 2.5 mg/
dL, cholinesterase level > 30% than normal value) if not lymphoma-
induced.

Ten centers entered 81 patients between October 1988 and March
1991. Eleven patients were deemed ineligible, mainly because of
histology other than high-grade lymphoma at review (Table 1). Table

From the Arbeitsgemeinschaft Medikamentijse Tumortherapie,
Austria.

Submitted June 3, 1994; accepted July 31, 1995.
Presented in part at the Thirtieth Annual Meeting of the American

Society of Clinical Oncology, Dallas, TX, May 14-17, 1994.
Address reprint requests to M.A. Fridrik, MD, First Department of

Medicine, A6Kh-Linz, Krankenhausstrasse 9, A-4020 Linz, Austria.
@ 1996 by American Society of Clinical Oncology.
0732-183X/96/1401-0032$3.00/0

Journal of Clinical Oncology, Vol 14, No 1 (January), 1996: pp 227-232 227

Copyright © 1996 by the American Society of Clinical Oncology. All rights reserved. 
193.171.77.1. 

Information downloaded from jco.ascopubs.org and provided by Medizinisch-Biologische Fachbibliothek on July 14, 2008 from



228

Table 1. Patient Characteristics

No. Entered

Eligible/excluded
Exclusion criteria

Wrong histology at review

Pretreatment

Severe protocol violation

Second cancer

Missing data

Male/female

Age, years

Median

Range

Karnofsky score (%)

Median

Range

Stage 1/11
No.

Stage III/IV
No.

%

B symptoms

No.

Human immunodeficiency virus-positive

No.

International risk category (%)

Low

Intermediate-low

Intermediate-high

High

81

70/11

6
2

1

1

1

37/33

55

19-72

90

50-100

11/23
48.6

10/26

51.4

29

41.5

2

3

20
34

23

23

2 lists histologic subgroups. Table 1 lists clinical characteristics of
the 70 eligible patients and the distribution of patients within risk
groups according to the International Prognostic Factors Project.8

Staging

Staging consisted of physical examination, chest x-ray, computed
tomography of chest and abdomen, abdominal ultrasound, and bilat-

Table 2. Histology

Patients

Histology Kiel Classification Working Formulation No. %

B-cell 63 90.0
Centroblastic Diffuse, large-cell* 38 54.2
Immunoblastic Large-cell, immunoblastict 8 11.4
Unclassified Large-cell, immunoblastic 6 8.6
Lymphoblastic Lymphoblastic 4 5.7
Large-cell with sclerosis Large-cell, immunoblastic 3 4.3
Burkitt Small noncleaved 2 2.9
Large-cell anaplastic Ki-I 2 2.9
T cell 7 10.0
Pleomorphic median large-cell Large-cell, immunoblastic, 3 4.3

polymorphous
Lymphoblastic Lymphoblastic 2 2.9
Large-cell anaplastic Ki-1 2 2.9

*Includes 4 cases diagnosed as diffuse large cleaved cell.
"tlncludes 1 case of immunoblastic, plasmacytoid.
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eral bone marrow biopsy. Computed tomography of the brain and
cytologic CSF examination were performed if symptoms indicated
lymphoma involvement, lymphoblastic histology, or diffuse bone
marrow involvement. We used the staging criteria of the Ann Arbor
Conference. 9

Chemotherapy

Chemotherapy consisted of CEOP and IMVP-Dexa (Table 3). We
repeated cycles were every twenty-eighth day. We gave two addi-
tional cycles after a complete remission was achieved. Patients with
a residual mass in one site, despite complete remission of all other
lymphomas, received involved-field irradiation. Patients were
deemed treatment failures if they did not enter a partial remission
after two cycles or if they achieved a partial remission, but no
complete remission after two additional cycles, with the exception
of residual mass on one site. According to these rules, responding
patients received at least three and a maximum of six cycles.

Dose Reductions

If granulocyte counts were between 0.999 and 0.2 x 109/L, we
reduced the dose of epirubicin, cyclophosphamide, ifosfamide, and
VP-16 to 50%. If granulocyte counts decreased to less than 0.2 x
10'/L, we withheld therapy for 1 week, with the exception of vincris-
tine and bleomycin, which were reduced to 50%. No dose reductions
were allowed for thrombocytopenia. In case of severe infection or
bleeding during bone marrow suppression, we stopped therapy until
the patient recovered and reduced doses of epirubicin, cyclophospha-
mide, ifosfamide, and VP-16 to 80% in all following cycles. We
reduced vincristine to 50% in case of polyneuropathy World Health
Organization (WHO) grade II and replaced it with bleomycin if
polyneuropathy increased despite dose reduction. In patients with a
creatinine clearance between 100 and 60 mL/min, methotrexate was
reduced to 75%. If the creatinine clearance was less than 60 mL/
min, we replaced methotrexate by bleomycin. When mucositis oc-
curred that compromised oral intake for several days, we withheld
treatment until the patient recovered and reduced methotrexate to
50% for the following courses.

Response

Complete response required normalization of all abnormal pre-
treatment physical findings and radiologic and computed tomo-
graphic scan abnormalities for at least 4 weeks. If abnormalities
persisted, the investigator performed a biopsy, fine-needle aspirate,
or total-body gallium tomographic scan at his decision. The patient

Table 3. Chemotherapy Regimen

Cyclophosphamide 750 mg/m2 IV in 30 minutes d
Epirubicin 70 mg/m2 IV in 2 hours d 1
Vincristine 1.4 mg/m2 IV push d 1 + 8
Prednisolone 100 mg/m2 PO d 1-5
Ifosfamide 2,000 mg/m 2  IV in 30 minutes d 15-17
Mesna 400 mg/m2 IV push at O, 4, and d 15-17

8 hours after
ifosfamide

VP-16 100 mg/m2 IV in 2 hours d 15-17
Dexamethasone 40 mg/m 2  PO d 15-19
Methotrexate 800 mg/m2 IV in 4 hours d 22
Calcium folate 15 mg/m 2  PO every 6 hours d 23-25

Abbreviations: IV, intravenous; PO, oral; d, day.
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50 60 70

Fig 1. Overall survival (70 patients, 21 events).

was judged in to be in complete remission if these investigations
were negative. Any abnormal serum enzyme level related to initial
disease had to be returned to normal. In case of initially involved
bone marrow, a bilateral bone marrow biopsy was performed and
had to be free of disease.

Biostatistics

All eligible patients were included in the analysis. Survival esti-
mates and univariate analysis of prognostic factors were obtained
by the Kaplan-Meier method." Prognostic factor relationships were
determined using Cox's proportional hazards model." Time to re-
lapse (TTR) and time to treatment failure (TTF) was defined as by
Dixon et al. 2 Briefly, survival includes all eligible patients and
counts all deaths as events; TTF was defined as time from registration
until relapse, progression, toxic death, withdrawal, or date last known
to be alive, excluding deaths from unrelated causes; TTR was defined
as time from registration until relapse or date last known to be alive,
including only complete responses and counting only relapses as
events.

RESULTS

Of 70 eligible patients, 52 (74%) had a complete remis-
sion after chemotherapy. Eleven patients entered a partial
remission. Four of them had residual disease in one site
despite a complete remission in the other sites involved
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Fig 2. TTR (56 patients, 19 events).

Table 4. Results According to Stage

Stage

I-IV I/II III/IV

Variable No. % No. % No. % P

CR 56/70 80 31/34 91 25/36 69 .0250
3-year survival 72 85 60 .0411
3-year TTF 56 73 40 .0170
3-year TTR 67 77 54 .0741

Abbreviation: CR, complete remission.

and entered complete remission after involved-field radio-
therapy, for a complete remission rate of 80%. One patient
had no change and only four patients had progressive
disease while under treatment. Two patients were not
assessable for response because of early death within 2
weeks of treatment start. After a median observation pe-
riod of 36 months, the estimated overall survival and TTR
rates are 72% and 67% at 3 years, respectively (Figs 1 and
2). Table 4 lists remission rate, estimated 3-year survival,
TTR, and TTF for early and advanced stages.

Hematologic toxicity was the most important side ef-
fect: 43% of patients had granulocyte nadirs s 0.5 x
109/L, with two having levels less than 0.1 x 109/L at
least once during therapy. The median granulocyte nadir
was 0.56 x 109/L. Infections occurred in 67% of study
patients. The duration of infection was 1 to 28 days (me-
dian, 5). Eighteen patients had infection WHO grade III
or IV. Three patients died of neutropenic infections. Table
5 lists WHO grade III or IV toxicities.

Table 6 lists analysis of risk factors. Age greater than
60 years, Karnofsky index s 80% and stage III or IV
disease were adverse factors for survival found by the
log-rank test. A multivariate analysis of these risk factors
proved age and Karnofsky index to be independent ad-
verse factors for survival (Table 6).

Dose-intensity was calculated as total dose given, divided
by body-surface area and total time of treatment. Only 19%
of patients received more than 80% of the planned dose-
intensity. The median delivered dose-intensity was 66.3% of
the planned dose (Table 7). The projected survival rates were

Table 5. Toxicity

WHO Grade III-IV

Toxicity No. (Ill/IV) %

Hair loss 60/0 85.7
Infection 14/4 25.7
Constipation 3/2 7.2
Stomatitis 5/0 7.1
Polyneuropathy 4/0 5.7

Diarrhea 1/2 4.3
Nausea/vomiting 3/0 4.3
Phlebitis 2/0 2.9
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Table 6. Risk Factor Analysis

Univariate Multivariate
Risk Factor (Log-rank test) (Cox model)

Age > 60 years .0002 .0006

Karnofsky score > 80% .0174 .0177

Stage III/IV .0411 .1849

Extranodal > 1 .4421 .7049

LDH > 250 U .2236 .5088

B symptoms .7788 .3652
Histology not centroblastic .2139 .2982
Bulk extranodal .1848 .7721
Bulk nodal .7486 .6466

Abbreviation: LDH, lactate dehydrogenase.

84% and 72% for patients who received more than 80% and
- 80% of the projected dose, respectively. This difference

was not statistically significant.

DISCUSSION

In this trial, we tested the combination based on CHOP
and IMVP-16 as first-line therapy for aggressive non-
Hodgkin's lymphomas. In the CHOP regimen, we re-
placed doxorubicin by epirubicin, because of the lower
cardiotoxicity of epirubicin.t3 Anthracyclines are the most
active single agents in the treatment of aggressive non-
Hodgkin's lymphoma.14 In line with the doxorubicin dose
of 50 mg/m2 in the original CHOP regimen, we increased
the dose of epirubicin to 70 mg/m2. At the time IMVP-
16 was first described, mesna was not available in the
United States. Based on previous studies, the dosage of
ifosfamide could be increased from 5 g/m2 to 6 g/m 2,
since mesna uroprotection was used. Methotrexate was
increased from the 60 mg/m 2 used in the original IMVP-
16 regimen to 800 mg/m2. These two regimens were
linked to a new hybrid regimen with weekly administra-
tion of cytotoxic drugs. This was possible by alternating
bone marrow-suppressive drugs on days 1 and 15 with a
less myelotoxic substance on days 8 and 22 (Table 3).

Table 7. Median Dose-Intensity

Agent % of Intended Dose-intensity

Cyclophosphamide 71.3

Epirubicin 71.0

Vincristine 58.7
Prednisolone 73.0

Ifosfamide 63.6
VP-16 65.4

Methotrexate 68.0
Dexamethasone 72.9

All drugs 66.3

NOTE. Median dose-intensity calculated for each individual patient: de-

livered dose in percent of planned dose (planned dose = mg/m
2 

body-
surface area x 28 days; delivered dose = applied mg/m2 body-surface
area x length of treatment in days).

The other principle of the regimen was to administer
doses as high as possible. We used strict dose-reduction
guidelines similar to those reported by Klimo and Con-
nors"5 in their methotrexate, doxorubicin, cyclophospha-
mide, vincristine, prednisone, and bleomycin (MACOP-
B) regimen. Because of the alternating application of
myelotoxic and less myelotoxic substances, patients were
already beyond the neutrophil nadir when the next myelo-
toxic substances were given. With this regimen, we con-
sidered the model of tumor resistance reported by Goldie
et al,16 which recommends the use of non-cross-resistant
drugs early in the treatment period to overcome resistant
cells in rapidly growing tumors.

End points of this study were to evaluate the efficacy,
toxicity, and feasibility of this intensive regimen. We
achieved a complete remission rate of 80% and a pro-
jected overall survival rate of 72% after a median obser-
vation time of 36 months. Considering the median age of
the patients was 55 years and the multicenter design,
these results are encouraging. However, after a median
observation time of 36 months, some relapses and deaths
will still be observed and a longer follow-up time is man-
datory. These results can be compared with those
achieved using MACOP-B1 5 ; prednisone, doxorubicin,
cyclophosphamide, etoposide, cytarabine, bleomycin,
vincristine, and methotrexate (ProMACE-CytaBOM)'7 ;
the LNH-84 regimen' 8; low-dose methotrexate, bleomy-
cin, doxorubicin, cyclophosphamide, vincristine, and dexa-
amethasone (m-BACOD); or high-dose methotrexate
(M)-BACOD.' 9 These studies had different inclusion and
exclusion criteria and were single-center trials, so they
are not completely comparable.

A large randomized trial of the Southwestern Oncology
Group (SWOG) recently failed to show that third-genera-
tion regimens are better than CHOP chemotherapy for
aggressive non-Hodgkin's lymphomas.20 The results
achieved with CHOP, ProMACE-CytaBOM, m-BACOD,
and MACOP-B in this study were discouraging. It cannot
be excluded that a selection bias is responsible for the
better results by our group. However, the most important
risk factor, median age, was not different from the SWOG
study. The SWOG study included bulky stage II, stage
III, and stage IV, while in our study all stages with mea-
surable disease were eligible. The estimated survival rate
of our stage III or IV patients was 60%, while CHOP-
treated patients from the SWOG study had a 54% survival
rate after 3 years. Another argument for the validity of
our study is the similar distribution of patients compared
with the International Prognostic Factors Project,8 in
which most patients were treated with CHOP and had
stage III or IV disease. In the report by Shipp,8 35% of
patient were low, 27% intermediate-low, 22% intermedi-
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Table 8. Results Compared With the International
Prognostic Factors Project

8

CR (%) 2-Year Survival (%)

International Risk Shipp Shipp
Category Data' CEOP/IMVP Data' CEOP/IMVP

Low 87 93 84 93

Intermediate-low 67 92 66 79

Intermediate-high 55 50 54 56
High 44 81 34 60

ate-high, and 16% high risk. Although all stages were

included in our study, the distribution of risk factors is

comparable to the original Shipp data (Table 1). The

complete remission rates and the estimated 2-year sur-

vival of our regimen were better in all four risk categories

compared with the International Prognostic Factors Proj-

ect8 (Table 8). Only a randomized study currently started

by our group, will be able to prove a superiority of our

regimen compared with CHOP.

Another concern is over treatment of patients with

stage I or II disease. The median number of treatment

courses of these patients was three, which resulted in a

median treatment time of 12 weeks. This is substantially

shorter than three CHOP cycles plus involved- or ex-

tended-field radiation.

Toxicity was primarily hematologic. In relationship to
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the treatment results, these toxicities were acceptable. In
a currently closed randomized study, we evaluated the
influence of recombinant-methyl human granulocyte col-
ony-stimulating factor (r-MetHuG-CSF) on neutropenic
infections with this treatment schedule.

Although two departments from universities entered
patients, the majority of the patients in this study were
treated in community hospitals. There were no problems
with the administration of the protocol and dose reduction
due to absolute values of granulocytes. However, only
19% of patients received a dose-intensity that was greater
than 80% of the scheduled dose (Table 7). As the vast
majority of reductions were due to neutropenia less than
0.2 x 109 /L or infection, we hope to increase the dose-
intensity with r-MetHuG-CSF in our current study.

In a multivariate analysis of risk factors, we found that
age greater than 60 years and a Karnofsky index < 80%
independently impaired survival (Table 6).

In conclusion, this report shows that the administration
of CEOP/IMVP-Dexa is safe, even in a multicenter trial.
The main toxicity is neutropenic infection. The complete
remission rate of 80% and the 3-year survival rate of 72%
suggests an improvement of patient outcome in aggres-
sive non-Hodgkin's lymphoma. We are currently testing
this in a randomized trial comparing CEOP/IMVP-Dexa
versus CHOP.

APPENDIX

The following centers participated in this study: Department of Oncology, LKH-Salzburg, Salzburg, Austria; 1st Department of Medicine,
AKH-Linz, Linz, Austria; 2nd Department of Medicine, Hospital Bh-Schwestern, Linz, Austria; 1st Department of Medicine, University of
Vienna, Vienna, Austria; 1st Department of Medicine, University of Graz, Graz, Austria; 3rd Department of Medicine, LKH-Graz, Graz,
Austria; 1st Department of Medicine, LKH-Klagenfurt, Klagenfurt, Austria; 2nd Department of Medicine, LKH-V6klabruck, V6klabruck,
Austria; 2nd Department of Medicine, LKH-Steyr, Steyr, Austria; 3rd Department of Medicine, KFJ Hospital Vienna, Vienna, Austria;
Department of Hematopathology, University of Vienna, Vienna, Austria; and Department of Biostatistics, University of Innsbruck, Innsbruck,
Austria.
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