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A B S T R A C T

The German Hodgkin Study Group developed the escalated BEACOPP (bleomycin, etopo-

side, doxorubicin, cyclophosphamide, vincristine, procarbazine, and prednisone) protocol

as a treatment strategy for advanced-stage Hodgkin’s lymphoma. In Brazil, as well as in

other countries, procarbazine has been replaced with dacarbazine due to the limited avail-

ability of procarbazine. The Hematology Center at Irmandade da Santa Casa de Miseric�ordia

in S~ao Paulo adopted and modified the escalated BEACOPP protocol, substituting predni-

sone with dexamethasone and incorporating two different doses of dacarbazine:

375mg/m2/day on Day 8 or the original dose of 250mg/m2/day on Days 2 and 3. This adjust-

ment wasmade in response to the anticipated toxicity profile. This study aimed to compare

the two different doses in the protocols (375mg/m2/cycle versus 500mg/m2/cycle) adminis-

tered to patients with advanced Hodgkin’s lymphoma in similar periods. This retrospective

study analyzed the data of 31 patients at a single center in Brazil from 2019 to 2021. Seven-

teen of the 31 patients received 500mg/m2/cycle (500 Group), while 14 received 375mg/m2/

cycle (375 Group). At the end of the protocol, 71% of the patients in the 375 Group and 76%

in the 500 Group achieved complete remission. On analyzing the number of cycles that

patients presented with febrile neutropenia, the 500 Group had three times more events

(17.9%) than the 375 Group (6.09% - p-value = 0.04). In the 500 Group, 47.1% needed to

change the protocol to ABVD (doxorubicin hydrochloride, bleomycin sulfate, vinblastine

sulfate, and dacarbazine) due to toxicity. In this limited cohort from a single public center

in Brazil, the use of 375mg/m2 of dacarbazine per cycle of the modified escalated BEACOPP
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protocol emerged as a safer strategy, maintaining treatment efficacy without compromis-

ing response in patients with advanced Hodgkin’s lymphoma.

� 2024 Associação Brasileira de Hematologia, Hemoterapia e Terapia Celular. Published by

Elsevier España, S.L.U. This is an open access article under the CC BY license

(http://creativecommons.org/licenses/by/4.0/).

Introduction

Hodgkin’s lymphoma (HL) is a hematologic neoplasm charac-

terized by the presence of Reed-Sternberg cells within an

inflammatory context of lymphoid tissues.1,2 HL accounts for

over 12% of all lymphomas and is more commonly observed

in individuals with two distinct age-related peaks: one

between 20 and 30 years and the other ≥50 years old. It has a

higher incidence in men and is more prevalent among indi-

viduals of Caucasian descent.1,3

The treatment of HL involves different strategies according

to staging: early stage with favorable prognostic features (Ann

Arbor Stage I), early stage with poor prognostic features (Stage

II), and advanced stage disease (Stage III or IV).1,2 Generally,

patients with advanced-stage disease undergo an extended

course of chemotherapy without mandatory radiotherapy.3

The International Prognostic Score (IPS) is used to assess the

prognosis of patients with HL. Generally, HL exhibits a favor-

able progression, with a survival rate of 85% or higher even

though many patients with high-risk IPS (score of 3 or more)

often fail to achieve the expected outcomes due to treatment-

related toxicities and the aggressive nature of the lymphoma.1,4

To improve the outcomes of patients with advanced-stage

disease, the BEACOPP (bleomycin, etoposide, doxorubicin,

cyclophosphamide, vincristine, procarbazine, and predni-

sone) protocol was introduced in 1992 by the German Hodgkin

Study Group. This treatment protocol aimed at increasing the

dose intensity and decreasing treatment duration compared

to the ABVD (doxorubicin hydrochloride, bleomycin sulfate,

vinblastine sulfate, and dacarbazine) protocol by substituting

etoposide with vinblastine and procarbazine.5

The effectiveness of the BEACOPP protocol was demon-

strated in the HD9 Trial published in 2003. This trial compared

BEACOPP, escalated BEACOPP, and COPP-ABV (COPP - Cyclo-

phosphamide, Oncovin, Procarbazine and Prednisone; ABV -

doxorubicin hydrochloride, bleomycin sulfate, and vinblas-

tine sulfate). Despite being associated with significant toxic-

ity, including thrombocytopenia (70%), leukopenia (90%), and

infection (22%), BEACOPP has exhibited higher survival rates

and less refractoriness.5

The German protocol involves the use of procarbazine, an

alkylating agent not widely available in many countries, mak-

ing its prescription challenging. In light of the EuroNet-PHL-

C1 trial results, procarbazine was replaced with dacarbazine

to maintain the COPP regimen and reduce toxicity. Conse-

quently, other countries, such as Brazil, have adopted this

modified protocol known as the escalated BEACODD (eBEA-

CODD) protocol, which involves substituting prednisone with

dexamethasone.5,6

In the Irmandade de Santa Casa Institution of S~ao Paulo,

the eBEACODD regimen was predominantly administered

with 375mg/m2 of dacarbazine on Day 8 (modified eBEA-

CODD), instead of 250mg/m2 on Days 2 and 3 (total: 500mg/m2)

as in the original trial. This dose reduction was prompted by

reports of previous studies indicating elevated toxicity and poor

tolerance to treatments with high doses of dacarbazine.

Thus, the present study retrospectively compared the effi-

cacy and toxicity between two groups of patients from a sin-

gle center in Brazil with advanced HL and IPS greater than or

equal to 3. These groups were subjected to treatment with the

eBEACODD regimen, with one group receiving 375mg/m2/

cycle (375 Group) and the other receiving 500mg/m2/cycle

(500 Group) of dacarbazine.

Methods

Study design and study population

This observational, retrospective, analytical, and descriptive

study was conducted by evaluating the medical records of

patients diagnosed with HL undergoing follow-up at a special-

ized oncological center in Brazil between 2019 and 2021, who

were treated with the eBEACODD protocol. The patients were

divided into two groups according to the dacarbazine doses

used in the treatment protocol: one group was treated with

250mg/m2/day on Days 2 and 3 (total of 500mg/m2/cycle) and

the other group was treated with 375mg/m2/cycle on Day 8.

The exclusion criterion was non-compliance with the treat-

ment protocol.

Statistical analysis

Thirty-one eligible patients were included in the study. The

variables evaluated were sex, age, staging, number of cycles

performed with each dacarbazine dose, and the number of

episodes of febrile neutropenia in each cycle by group.

Descriptive analysis of qualitative variables was performed

using absolute and relative frequencies in addition to means,

standard deviation, medians, minimum, and maximum val-

ues. Chi-square and Fisher’s exact tests were employed to

evaluate other variables. The significance level adopted was

5%. Statistical analyses were performed using IBM Statistical

Package for Social Sciences (SPSS) software version 25.

Results

Thirty-one patients were analyzed and divided into two

groups: 17 in the 500 Group and 14 in the 375 Group. The base-

line characteristics of the study population are presented in

Table 1. Sixteen (51.6%) patients were men and 15 (48.4%)

were women. Approximately 54.8% of the patients had
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advanced-stage disease (stage III and IV), while 51.6% had an

IPS of ≥3. The median age was 30 years and the median num-

ber of nodal sites was 3.

The 375 and 500 Groups had similar patient distributions,

with variations in initial symptoms such as weight loss and

C-reactive protein (CRP) levels. In the 375 Group, 85.7% did not

report weight loss at the time of diagnosis, while 52.9% of the

500 Group reported weight loss. In terms of CRP results, the

500 Group had a median of 16mg/dL, while the 375 Group

had a median of 2mg/dL. The median total white blood cell

counts were 10,600/mL in the 500 Group and 10,750/mL in the

375 Group, with similar lymphocyte counts (total median:

1240/mL).

Table 2 presents the variables related to the treatment

used, adverse effects such as related toxicities, and the neces-

sity for de-escalation to the ABVD regimen, in addition to the

response to treatment. Eight (25.8%) patients required de-

escalation to ABVD due to toxicity, all of whom belong to the

500 Group.

Complete response (CR) rates were comparable between

the two groups, with 76.5% in the 500 Group and 71.4% in the

375 Group, as were the rates of disease progression or relapse,

maintaining values of 11.8% and 14.3%, respectively.

A similar number of patients in both groups received the

diagnosis of febrile neutropenia during treatment. However,

when the percentages of patients hospitalized owing to this

condition and the number of cases per cycle for each group

were analyzed, an indication of increased toxicity was noted

in the 500 Group, with 47.1% of the patients requiring

hospitalization and 78 patients with febrile neutropenia

receiving 14 cycles (17.9%).

In the statistical analysis, when the groups were com-

pared, only the albumin levels and weight loss were statisti-

cally significant (p-value = 0.046 and 0.057, respectively). In

terms of outcomes, only the number of patients who under-

went ABVD de-escalation was significant (p-value = 0.003).

Discussion

HL has established treatments supported by clinical trials and

real-life studies, depending on its initial staging. However, in

underdeveloped countries, such as Brazil, where access to all

available treatments is not universally free, options become

limited, especially within public services.7

In the context of advanced-stage HL, the optimal protocol

in the public service remains under debate. The treatment

would ideally combine greater effectiveness with minimal

toxicity, but such a treatment has not yet been established.7,8

The BEACOPP protocol is one of the latest treatment regi-

mens recognized as the gold standard for HL. It is acknowl-

edged for its high toxicity compared with ABVD, but is

associated with a lower incidence of refractoriness and

relapse in advanced-stage diseases.8−10

As previously mentioned, the BEACOPP protocol is applica-

ble in Brazil and other countries without access to procarba-

zine while maintaining its effectiveness. However,

modifications were necessary, such as substituting

Table 1 – Baseline characteristics of the study population.

All patients
n = 31

500mg/m2

n = 17
375mg/m2

n = 14
p-value

Age (years) - n (range) 30 (14−47) 30 (16−47) 29.5 (14−41) 0.468

Gender - n (%) 0.843

Male 16 (51.6) 8 (47.1) 8 (57.1)

Female 15 (48.4) 9 (52.9) 6 (42.9)

Albumin (g/dL) - n (range) 3.0 (2−4) 3.0 (2−4) 2.0 (2−4) 0.046

Ann Arbor - n (%) >0.99

Stages I-III 14 (45.2) 8 (47.1) 6 (42.9)

Stage IV 17 (54.8) 9 (52.9) 8 (57.1)

Leukocytes (/mL x 103) - n (range) 10.6 (3.9−41.8) 10.6 (5.6−41.8) 10.75 (3.9−41.8) 0.811

Monocytes (/mL x 103) - n (range) 1.24 (0.386−7.6) 1.63 (0.574−7.6) 0.84 (0.386−4.0) 0.230

Lymphocytes (/mL£ 103) - n (range) 1.59 (0.014−7.6) 1.54 (0.014−7.6) 1.88 (0.318−2.5) >0.99

IPS score - n (%) >0.99

<3 15 (48.4) 8 (47.1) 7 (50.0)

≥3 16 (51.6) 9 (52.9) 7 (50.0)

B symptoms - n (%) 0.344

Absent 5 (16.1) 4 (23.5) 1 (7.1)

Present 26 (83.9) 13 (76.5) 13 (92.9)

Fever (>38 °C) - n (%) >0.99

No 16 (51.6) 9 (52.9) 7 (50.0)

Yes 15 (48.4) 8 (47.1) 7 (50.0)

Weight loss (>10%) - n (%) 0.057

No 20 (64.5) 8 (47.1) 12 (85.7)

Yes 11 (35.5) 9 (52.9) 2 (14.3)

Night sweats - n (%) >0.99

No 20 (64.5) 11 (64.7) 9 (64.3)

Yes 11 (35.5) 6 (35.3) 5 (35.7)

Nodal sites 4 (1−4) 3 (1−4) 4 (2−4) 0.769

C-reactive protein (mg/dL) - n (range) 8.5 (1−95) 16 (1−95) 2 (1−19) 0.064
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procarbazine with dacarbazine. Notably, no studies have been

conducted on the BEACODD protocol in Brazil to date.8,11

This retrospective study involved a retrospective assess-

ment of themodified eBEACODD protocol, utilizing two differ-

ent doses of dacarbazine. This protocol aimed at evaluating

the toxicity of the treatment and exploring the potential of

employing a lower dacarbazine dose while maintaining com-

parable efficacy in terms of response.

Initially, at Santa Casa de S~ao Paulo, the treatment was

administered at a dose of 375mg/m2/cycle due to a history of

elevated toxicity associated with other treatments. However,

upon the publication of the BEACODD study recommending a

dose of 500mg/m2/cycle, the decision was made to align with

the original protocol.

A noticeable escalation in adverse effects emerged when

the higher dose was used, such as febrile neutropenia,

increased hospitalization requirements, and the necessity to

de-escalate to the ABVD regimen. Thus, the present study

was conducted to corroborate the institution’s apprehensions

regarding treatment toxicity and ascertain whether reducing

the dacarbazine dose resulted in any compromise of efficacy.

Despite the retrospective nature of this study and the lim-

ited sample size, the findings indicate that 8 of the 17 partici-

pants in the 500 Group required treatment de-escalation, due

to febrile neutropenia. One participant in this Group required

admittance to the intensive care unit. Notably, the 375 Group

managed to maintain the same response rate at the end of

treatment. The observed toxicity may be due to an impaired

bone marrow caused by the disease or chemotherapy

toxicity.

Conclusion

The administration of a dacarbazine dose of 500mg/m2

resulted in increased toxicity, as evidenced by the higher inci-

dence of treatment-related febrile neutropenia and the need

for de-escalation due to toxicity only in patients receiving this

higher dose. By contrast, a dose of 375mg/m2 demonstrated

the potential to sustain the effectiveness of the original proto-

col with reduced toxicity. Therefore, a study with a larger

number of patients is necessary to better understand the con-

sequences of reducing the dacarbazine dose in the treatment

of HL.
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