
1

Braz J Med Biol Res : Ahead Print

CHOP chemotherapy for diffuse large B-cell lymphomaBrazilian Journal of Medical and Biological Research : Ahead Print
ISSN 0100-879X

Results of CHOP chemotherapy for
diffuse large B-cell lymphoma

Departamento de Hematologia, Hospital das Clínicas,
Universidade de São Paulo, São Paulo, SP, Brasil

A.E. Hallack Neto,
J. Pereira, B. Beitler,

D.A.F. Chamone,
P.D. Llacer, F.L. Dulley,

M.C.M.A. Macedo
and A. Chaoubah

Abstract

Patients with diffuse large B-cell lymphoma treated in a University
Hospital were studied from 1990 to 2001. Two treatment regimens
were used: ProMACE-CytaBOM and then, from November 1996 on,
the CHOP regimen. Complete remission (CR), disease-free survival
(DFS), and overall survival (OS) rates were determined. Primary
refractory patients and relapsed patients were also assessed. A total of
111 patients under 60 years of age were assessed and ranked according
to the international prognostic index adjusted to age. Twenty (18%) of
them were classified as low risk, 40 (36%) as intermediate risk, 33
(29.7%) as high intermediate risk, and 18 (16.3%) as high risk. Over
a five-year period, OS and DFS rates were 71 and 59%, respectively,
for all patients. For the same time period, OS and DFS rates were 72.8
and 61.3%, respectively, for 77 patients treated with CHOP chemo-
therapy and 71.3 and 60% for patients treated with the ProMACE-
CytaBOM protocol. There was no significant difference in OS or DFS
between the two groups. Eleven of 50 refractory and relapsed patients
were consolidated with high doses of chemotherapy. Three received
allogenic and 8 autologous bone marrow transplantation. For the
latter, CR was 62.5% and mean OS was 41.1 months. The clinical
behavior, CR, DFS, and OS of the present patients were similar to
those reported in the literature. We conclude that both the CHOP and
ProMACE-CytaBOM protocols can be used to treat diffuse large B-
cell lymphoma patients, although the CHOP protocol is preferable
because of its lower cost and lower toxicity.
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Introduction

Non-Hodgkin’s lymphomas comprise a
heterogeneous group of lymphoid tissue can-
cer with different histological subtypes and
clinical features. They represent the fifth
most common type of cancer in Brazil, with

an incidence of 55,000 cases a year and over
26,000 deaths (1). In 1998, the incidence
was 12.2 cases per 100,000 inhabitants in
São Paulo (2), as compared to 8.5 cases per
100,000 inhabitants among people under 65
years of age and 69 cases per 100,000 among
people over 65 in the United States (3). In the
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Western world, the diffuse large B-cell lym-
phoma (DLBCL) subtype is the most com-
mon one (4).

Treatment requires assessing the patient’s
functions and prognostic factors. Curative
treatment for these patients is based on an
anthracyclic antibiotic-containing chemo-
therapy course (5). Overall survival rates for
patients who scored high on the age-ad-
justed international prognostic index (aIPI)
were lower than 30% with conventional treat-
ments. The best therapeutic approach to these
patients has not been established (6).

Based on the hypothesis raised by Goldie
and Coldman (7), according to which an
increase in the number and/or intensity of
chemotherapy doses would elicit a better
response, several intensive protocols have
been designed and tested. However, none of
them proved to be superior to the CHOP
regimen, which is still the first choice for the
treatment of DLBCL patients, apart from
experimental protocols (8).

In the group of primary refractory and
relapsed patients previously treated by sal-
vage chemotherapy, 20 to 40% reached com-
plete remission. Nonetheless, if autologous
bone marrow transplantation is not consoli-
dated, overall 5-year survival will be lower
than 10%. If consolidation is used, overall
survival will increase to 46% (9).

In Brazil, studies are needed in order to
find out if the patients’ clinical and biologi-
cal behavior is equivalent to that described
in other geographical areas. If this proves
not to be the case, there should be an adapta-
tion to these new conditions. In the present
study, we assessed complete remission, dis-
ease-free survival, and overall survival rates
for DLBCL patients under 60 years of age
who were treated at the Hematology Depart-
ment of the Hospital das Clínicas, Univer-
sity of São Paulo, over a period of 12 years.
The refractory and relapsed patients were
also assessed regarding the type of salvage
chemotherapy used and the corresponding
responses.

Patients and Methods

Between January 1990 and October 1996,
the DLBCL patients were treated with
ProMACE-CytaBOM (60 mg/m2 prednisona,
25 mg/m2 doxurubicin, 650 mg/m2 cyclo-
phosphamide, 120 mg/m2 etoposide, 300 mg/
m2 cytarabina, 5 units/m2 bleomycin, 1.4 mg/
m2 vincristine, and 120 mg/m2 methotrex-
ate) chemotherapy. From November 1996 to
December 2001 they underwent the CHOP
(750 mg/m2 cyclophosphamide, 50 mg/m2

doxorubicin (Adriamycin), 1.4 mg/m2 vin-
cristine, and 500 mg prednisone) regimen.
The histology of the patients was reviewed
for inclusion in the present analysis.

The aIPI was determined for all patients
(N = 111), who were divided into four groups:
low (N = 20), low intermediate (N = 40),
high intermediate (N = 33), and high risk (N
= 18). In order to compare complete remis-
sion, overall survival, and disease-free sur-
vival rates according to the aIPI among the
four groups, the groups were rearranged into
two groups, mainly due to the small number
in each. Low and low intermediate aIPI pa-
tients were assigned to the low risk-adapted
group (N = 60) and high intermediate and
high aIPI patients were assigned to the high
risk-adapted group (N = 51).

Patients were submitted to 4 to 8 treat-
ment cycles according to their clinical clas-
sification. Patients in stage I or II or in the
bulky stage (tumor size over 7 cm or cardio-
thoracic index over 1/3) who achieved com-
plete remission also received a course of
involved field radiation (3600 cCy). Patients
who presented lymphoma in their facial bones
or other bones, in the testes, and Waldeyer’s
ring also underwent radiation. Patients with
lymphoma in their testes, ovaries, and para-
vertebral region received 4 intrathecal cycles
of 12 mg methotrexate and 2 mg dexameth-
asone as prophylaxis against relapse in the
central nervous system.

The refractory and relapsed patients re-
ceived different salvage chemotherapy treat-



3

Braz J Med Biol Res : Ahead Print 

CHOP chemotherapy for diffuse large B-cell lymphoma

ments. Eight of them were consolidated with
autologous bone marrow transplantation and
three with allogenic transplantation.

Confirmed complete remission was de-
fined by the lack of all lymphoma-related
signs and symptoms over a period of at least
4 weeks. The criteria for partial remission
were a lesion reduction of 50% or over by
adding up the results of the two major per-
pendicular values of the measurable lesions,
lack of development of pre-existing lesions,
appearance of new lesions, and clinical dete-
rioration. Complete mass reduction and per-
sistence of bone marrow infiltration were
also considered to be partial remission. Any
response lower than partial remission was
classified as refractory disease. Develop-
ment of residual lesions of 25% or more and
the appearance of new lesions implied re-
lapse (10).

All patients underwent a diagnostic work-
up consisting of tumor biopsy; history-tak-
ing; biometric tests; complete blood count;
liver and kidney evaluation; serum lactate
dehydrogenase (LDH) and ß-2 microglobu-
lin measurements; serum protein electro-
phoresis; HBV, HCV, HIV, HTLV I and II,
syphilis, and South American trypanosomi-
asis serologies; electrocardiogram; echocar-
diogram; chest radiography; bilateral bone
marrow biopsy; lumbar puncture, and neck,
chest, abdomen, and pelvis computed to-
mography. Patients whose Waldeyer’s ring
had been affected underwent endoscopy and
those whose facial bones were affected un-
derwent brain and face computed tomogra-
phy. The Ann Arbor criteria were used for
re-classification (11), first after the fourth
cycle and then at the end of treatment. The
criteria were then applied every 3 months
during the first 2 years and every 6 months
thereafter.

The Student t-test, Fisher exact test, and
chi-square test, where appropriate, were used
for statistical analysis of the data. Overall
survival and disease-free survival rates were
analyzed by the Kaplan-Meyer method. The

survival curves for the two groups were
compared by the log-rank test.

Overall survival was determined consid-
ering the period from the beginning of treat-
ment to patient death, loss to follow-up, or
last assessment. Disease-free survival rates
were only analyzed for patients with com-
plete remission considering the period from
remission to progression, relapse, or death
from any cause. The patients were censored
on the day of last observation, or transplan-
tation. For multiple analysis, the Cox regres-
sion model was applied to the variables that
showed an impact on overall survival curves
in univariate analysis. Data were analyzed
using the Statistical Software Package for
the Social Sciences (SPSS version 10.0 for
Windows; SPSS Inc., Chicago, IL, USA).

Results

Of the 111 patients studied, 77 received
the CHOP regimen and 34 the ProMACE-
CytaBOM regimen. We only studied pa-
tients under 60 years of age (mean: 38.7
years) in order to avoid interference by age-
related limitations. Accordingly, lower in-
tensity-dosed regimens were used for the
population over 60 years old.

The two groups were similar, except for a
larger number of high LDH cases in the
CHOP group (Table 1). Eighty-one (73%) of
111 patients obtained complete remission
(95% CI: 64.7; 81.3), with overall survival
of more than 60 months (mean: 88 months)
(95% CI: 78.4; 97.8), and a disease-free
survival rate of 59% over 60 months (mean:
93.3 months; 95% CI: 73.9; 112.8).

The complete remission rate for patients
ranked I or II was 83.1%, overall survival
rate over 60 months was 84.2% (mean: 101.3
months; 95% CI: 90.8; 111.8), and disease-
free survival rate over 60 months was 74.8%
(mean: 74.7 months; 95% CI: 62.6; 86.8).
Complete remission rate for the 52 patients
staged III or IV was 61.5%, and overall
survival and disease-free survival rates over
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60 months were 55.1 and 37.1%, respectively.
Mean overall survival was 73.4 months

(95% CI: 57.7; 89.1), and mean disease-free
survival was 65.7 months (95% CI: 39.57;
91.88; Figure 1A and B). The complete re-
mission, overall survival, and disease-free
survival rates for patients staged I or II were
significantly higher than those for patients in
stages III and IV (P = 0.011, 0.0124, and
0.0004).

Sixty patients were ranked as low risk-
adapted, 20 at low risk and 40 at low inter-
mediate risk. Fifty-one patients were ranked
as high risk-adapted, 33 at high intermediate
risk and 18 at high risk (Table 1). In the low
risk-adapted group, complete remission rate
was 78.3%, overall survival rate over 60
months was 84.3% (mean: 101.87 months;
95% CI: 91.7; 112.1), and disease-free sur-
vival rate over 60 months was 68.12% (mean:

69.6 months; 95% CI: 56.7; 82.5). In the
high risk-adapted group, complete remis-
sion rate was 66.7%, overall survival rate
was 54.8% over 60 months (mean: 67.8
months; 95% CI: 53.1; 82.5), and disease-
free survival rate over 60 months was 46.6%
(mean: 79.6 months; 95% CI: 53.5; 105.7),
with statistical significance for overall sur-
vival and disease-free survival (P = 0.002
and 0.02).

Overall survival over 60 months for pa-
tients who achieved complete remission was
79.7% (mean: 97.6 months; 95% CI: 87.9;
107.4), and was higher than the one for
refractory patients (P < 0.0001). Twenty-
four (22%) of 111 patients were primary
refractory patients and 26 (23%) were early
relapsed patients. Twenty-nine of these
(58%) presented high intermediate to high
risk levels.

When multivariate analysis was per-
formed, the factors that influenced overall
survival were aIPI, which was found to be
the independent predicting factor (P = 0.009)
with a relative risk of 3.2 (95% CI: 1.33;
7.75), and primary therapeutic response (P <
0.0001) with a relative risk of 4.61 (95% CI:
2.07; 10.3).

There was no statistically significant dif-
ference in the complete remission rates be-
tween patients treated with the CHOP
(68.8%) or the ProMACE-CytaBOM (82.4%;
P = 0.139) regimens. Overall survival over
60 months was 72.8% in the CHOP group
(mean: 65.8 months; 95% CI: 57.8; 73.7)
and 71% (mean: 89 months) in the
ProMACE-CytaBOM group (95% CI: 79.4;
122.1; P = 0.85; Figure 1C).

Also, there was no statistically signifi-
cant difference in the disease-free survival
rates between the CHOP group and the
ProMACE-CytaBOM group. Disease-free
survival over 60 months was 61.3% for pa-
tients treated with the CHOP protocol (mean:
101 months; 95% CI: 79.7; 122.1) and 60%
(mean: 66.6 months) for patients treated with
ProMACE-CytaBOM chemotherapy (95%

Table 1. Characteristics of patients with diffuse large B-cell lymphoma treated with
CHOP or ProMACE-CytaBOM.

CHOP ProMACE-CytaBOM Total

Age (years) 39.87 ± 12.31     36.06 ± 12.03 -
Sex

F  35 (45.5%) 18 (52.9%)   53 (47.7%)
M  42 (54.5%) 16 (47.1%)   58 (52.3%)

Total number of patients  77 (100%) 34 (100%) 111 (100%)
B symptoms  46 (59.7%) 25 (73.5%)   71 (64%)
Extranodal  31 (40.3%) 17 (50%)   48 (43.2%)
BM+  11 (14.3%)   3 (8.8%)   14 (12.6%)
Bulky  44 (57.1%) 17 (50%)   61 (55%)
High LDH  52 (67.5%) 15 (44.1%)*   67 (60.4%)
Ann Arbor stage

I and II  41 (53.2%) 18 (52.9%)   59 (53.2%)
III and IV  36 (46.8%) 16 (47.1%)   52 (46.8%)

aIPI
Low  41 (53.2%) 19 (55.9%)   60 (54.1%)
High  36 (46.8%) 15 (44.1%)   51 (45.9%)

Data are reported as means ± SD or as number of patients and percent in parenthe-
ses. CHOP = 750 mg/m2 cyclophosphamide, 50 mg/m2 doxorubicin (Adriamycin), 1.4
mg/m2 vincristine, and 500 mg prednisone; ProMACE-CytaBOM = 60 mg/m2 pred-
nisone, 25 mg/m2 doxurubicin, 650 mg/m2 cyclophosphamide, 120 mg/m2 etoposide,
300 mg/m2 cytarabina, 5 units/m2 bleomycin, 1.4 mg/m2 vincristine, 120 mg/m2 meth-
otrexate; B symptoms = fever >38ºC, night sweats, weight loss >10%; Extranodal =
involvement of one or more distant extranodal organs; BM+ = bone marrow involve-
ment; Bulky = mass >7 cm in diameter; LDH = lactate dehydrogenase; aIPI = age-
adjusted international prognostic index.
*P = 0.020 compared to CHOP (chi-square test).
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Figure 1. Overall survival (panels A,C,E) and disease-
free survival (panels B,D) of diffuse large B-cell lym-
phoma patients according to disease stage (panels
A,B), treatment (panels C,D), and response to salvage
therapy (panel E). CR = complete remission. For
ProMACE-CytaBOM and CHOP explanations, see leg-
end to Table 1.
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CI: 50.4; 82.7; P = 0.85; Figure 1D).
For the patients who received salvage

chemotherapy without bone marrow trans-
plantation, the complete remission rate was
23.7%. However, the patients who responded
to the salvage chemotherapy and those who
were chemoresistant and received bone mar-
row transplantation both presented a com-
plete remission rate of 54.5% and overall
survival rate over 60 months of 22.7% (mean:
31.3 months; 95% CI: 6.1; 56.5). Complete
remission occurred in 62.5% of patients who
received autologous bone marrow transplan-
tation, with an overall survival rate of 33.3%
over 60 months (mean: 41.1 months; 95%
CI: 7.8; 74.5).

We observed a trend towards higher lev-
els of complete remission in patients submit-
ted to consolidation with bone marrow trans-
plantation compared to the group that only
received salvage chemotherapy. The overall
survival rate over 40 months was 63% for
the patients who achieved complete remis-
sion (mean: 69.5 months) (95% CI: 44.9;
94.0) and 28.1% (mean: of 16.2 months) for
the patients who did not reach complete
remission (95% CI: 9.6; 22.9; P = 0.03;
Figure 1E).

Discussion

Biological breakthroughs in our knowl-
edge of malignancies have opened new thera-
peutic perspectives in oncology. This fact,
coupled with the emotional burden associ-
ated with the diagnosis of a malignant dis-
ease, can lead to the replacement of tradi-
tional treatments with other options not yet
validated, often involving greater toxicity
and costs, in spite of the lack of any demon-
strable efficacy. Therapeutic decisions should
be increasingly based on clinical studies
whose populations have features that mimic
as closely as possible those presented by the
patient in question. However, treatment of
malignancies in developing countries is based
on studies of populations whose socioeco-

nomic features are different from those of
populations from developed countries (12).

Based on Goldie and Coldman’s (7) hy-
pothesis, several researchers started using
more aggressive protocols. Starting in 1980,
several drug combinations appeared, with
the addition of other drugs like VePesid
(VP-16) and methotrexate, or with increased
doses and/or reduced cycle intervals. The
separate evaluation of these regimens, espe-
cially third-generation ones (MACOP-B,
ProMACE-CytaBOM, COP-BLAM IV,
LNH-84), has proved their superiority over
the CHOP protocol (13,14). However, a ran-
domized multi-center study comparing the
ProMACE-CytaBOM (prednisone, cyclo-
phosphamide, doxorubicin hydrochloride,
etoposide, cytarabine, bleomycin, vincris-
tine, and methotrexate), the MACOP-B, and
the m-BACOD regimens with the CHOP did
not show any statistically significant differ-
ence regarding complete remission, overall
survival, and disease-free survival. There
was a trend towards higher toxicity in the
groups treated with second- or third-genera-
tion regimens (8). Later, a study comparing
the CHOP and the ProMACE-CytaBOM did
not demonstrate any benefits in using the
latter (14). Therefore, the CHOP protocol is
still the first choice for the treatment of
DLBCL patients.

In our cases, as well as in the literature,
we did not observe any statistically signifi-
cant difference in complete remission, over-
all survival, or disease-free survival rates
between the CHOP and the ProMACE-
CytaBOM regimens (P = 0.139) (8,14). How-
ever, there was still a trend towards higher
complete remission rates in the group re-
ceiving the ProMACE-CytaBOM protocol,
probably explained by the larger number of
high LDH patients in the group treated with
CHOP. However, these results should be
analyzed with caution since ours was a non-
randomized study with a limited number of
patients treated over a long period of time.
All the ProMACE-CytaBOM patients were
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treated in the early years (1990-1996) and
supportive care might have changed over
subsequent years.

Unlike the data in the study that defined
IPI, more than 50% of our cases showed
early stages at diagnosis, probably due to the
exclusion of patients over 60 years of age.
This contributed to a larger portion of pa-
tients at low aIPI risk and their complete
remission, overall survival and disease-free
survival rates.

As there was no difference in overall
survival and disease-free survival among
the patients with low intermediate or low
aIPI risk and among the high intermediate
and high aIPI risk, it was possible to rear-
range the patients into a low risk-adapted
group and a high risk-adapted group (15).
The patients in the low risk-adapted group
presented statistically higher overall survival
and disease-free survival rates than those in
the high risk-adapted group. The variable
with a major impact on overall survival was
complete remission after the first treatment
(P < 0.0001). Forty-seven (58%) of the 81
patients who achieved complete remission
belonged to the low risk-adapted group and
these factors were independently predictive
of overall survival in multivariate analysis.

The patients with unfavorable aIPI, ad-
vanced stage of disease (stages III and IV),
or tumor size of more than 10 cm (“bulky”)
achieve about 60% complete remission, al-
though 50% relapse, and only one third of
the patients with disseminated disease are
cured (16,17). These results are similar to
those reported here since the high risk-adapt-
ed complete remission rate was 66.7%, over-
all survival rate was 54.8% (mean of 67.8
months; 95% CI: 53.1; 82.5) and disease-
free survival rate over 60 months was 46.6%
(mean: 79.6 months; 95% CI: 53.5; 105.7),
with statistical significance for overall sur-
vival and disease-free survival.

We believe that the use of a protocol
different from the CHOP to treat DLBCL
patients is only justified for patients in ex-

perimental protocols. The CHOP protocol
has efficacy similar to that of third-genera-
tion protocols for the treatment of DLBCL
patients and is less toxic, requires a shorter
hospital stay and, therefore, is of lower cost.
Recent results have shown benefits in the
association of the CHOP protocol and anti-
CD20 monoclonal antibodies (rituximab)
(18,19), but the use of these drugs makes the
treatment of DLBCL patients rather more
expensive, with the public health system of
developing countries having difficulty in
implementing such protocols.

Of the patients refractory to chemotherapy
and patients with early relapse, only 20 to
40% achieve complete remission with sal-
vage chemotherapy and less than 10% will
be alive in 5 years (20-22). Survival rates
rise to 46% when the patients who respond
to salvage chemotherapy are consolidated
with transplantation (23).

In the cases reported here, refractory and
relapsed patients were either given different
salvage chemotherapy followed or not by
consolidation with bone marrow transplan-
tation. According to the literature, the com-
plete remission rate for patients who did not
undergo a transplantation was 23.7% and
overall survival rate was 8% over 5 years
(21,22). Nonetheless, in the present study,
the patients consolidated with bone marrow
transplantation achieved a complete remis-
sion rate of 54.5%, with an overall survival
rate of 22.7% over 5 years and a mean
survival of 31.3 months. By excluding those
receiving allogenic transplantation, the com-
plete remission rate rose to 62.5% and mean
survival was 41.1 months. A recent study
has demonstrated that the overall survival
rate was 34% over 4 years (24). Similarly, in
our series this rate was 33.3%.

Both the CHOP and the ProMACE-
CytaBOM protocols can be used to treat our
DLBCL patients. Nevertheless, due to lower
costs and toxicity, we should use the CHOP
protocol. Because of their low-survival rate,
patients with high risk for aIPI should be
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approached in a different way in experimen-
tal regimens, such as consolidation with au-

tologous bone marrow transplantation in their
first complete remission.
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