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Abstract

Background: Treating B-non-Hodgkin lymphoma (NHL) in lower-income countries is
challenging because of imprecise diagnosis, the increased risk of fatal toxicity associated with
advanced disease at presentation, and limited supportive care.

Procedure: Central American patients with newly diagnosed stage I or 11 B-NHL received a
modified BFM regimen including a prephase (prednisone, cyclophosphamide) followed by A/B/A
courses (A: cytarabine, dexamethasone, etoposide, ifosfamide, methotrexate, and intrathecal
therapy; B: cyclophosphamide, dexamethasone, doxorubicin, methotrexate, and intrathecal
therapy). Those with stage I11 or IV NHL received additional courses (B/A/B), intensified for stage
IV disease by additional vincristine and methotrexate doses. Patients in poor condition received a
second prephase treatment before their chemotherapy courses.
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Results: Between March 2004 and June 2016, of 405 patients with B-NHL, 386 (109 females)
were eligible for treatment. Immunohistochemistry was performed in 177 cases (47.4%) and
characterized the disease as mature B-cell lymphoma. Stage distribution was as follows: I/11, 31
(8.1%); 111, 252 (65.3%); 1V, 93 (24.1%); 10 (2.6%) not available. The 3-year overall survival was
70% for the whole group (86% for stages I/11, 75% for stage 111, 58% for stage 1V). Events
included death during induction (34 patients, 8.8%), relapse/progression (46, 11.9%), death in
remission (9, 2.3%), second malignancy (1, 0.26%), and death of unknown cause (1, 0.26%).
Twenty-three (6%) patients abandoned or refused therapy.

Conclusions: Approximately 70% of children with B-NHL from Central America experienced
long-term, disease-free survival with a modified BFM schedule. Toxic death and relapse/resistant
disease were the main reasons for treatment failure.
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INTRODUCTION

The prognosis of childhood mature B-cell malignant neoplasms has improved dramatically
in high-income countries,! and more than 90% of patients are now expected to survive.
Intensive chemotherapy including rituximab, detailed supportive care, and well-designed
clinical trials account for this success.: However, the prognosis of this disease in settings
with limited resources continues to be poorer, with disease-free survival rates being in the
range of 60% to 70%.2-5 Although intense chemotherapy is critical for high survival rates,
such treatment may not be feasible in limited-resource settings because of limitations in
supportive care, poor patient performance status, and advanced disease at presentation, all of
which are associated with high toxicity and mortality rates, primarily due to tumor lysis
syndrome and bacterial or fungal infections during the early treatment period.6: 7

The clinical and biologic features and outcomes of mature B-cell neoplasms are not uniform
worldwide.8-10 For example, the survival rates for endemic Burkitt lymphoma are
substantially lower than those for sporadic Burkitt lymphoma.1: 12 The reasons for these
differences are unknown, but they are probably related to access to optimal care rather than
to the disease biology. No studies have yet addressed these issues.13 Most of the drugs used
to treat non-Hodgkin lymphoma (NHL) are available in low- to middle-income countries
(LMICs). However, because of deficient supportive care in these countries, it is a common
practice to reduce the dose intensity of protocols used by cooperative groups in high-income
countries.2~4 14, 15 Even with such dose reductions, there are still many treatment-related
deaths in LMICs.3: 7 14 There is only sparse information available on the outcomes of
patients with Burkitt lymphoma in countries® such as those in Central America that have
invested resources to improve supportive care and collaborate in establishing uniform
treatment and supportive care guidelines. Previous experience with unmodified treatment
regimens in our region showed unacceptable toxicity.1” For the past 20 years, pediatric
oncologists from Guatemala, El Salvador, Honduras, Nicaragua, Costa Rica, Panama, the
Dominican Republic, and Haiti (as members of AHOPCA, the Asociacidn de Hemato-
Oncologia Pediatrica de Centro América) have been working collaboratively to standardize
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treatment regimens across multiple institutions to improve therapy for children with cancer.
18,19 Here we report the results of a retrospective review of multi-site experience with a
common treatment strategy adapted from the Berlin-Frankfurt-Munster (BFM) protocol for
children with a clinico-pathologic diagnosis of B-NHL, as used by institutions in six Central
American countries.

2. METHODS

2.1 Patients

This study included all patients aged up to 18 years with newly diagnosed, previously
untreated B-NHL treated between March 2004 and June 2016. Patients with a history of
previous therapy or malignant neoplasms, HIV infection, or congenital immunodeficiencies
were not included in the analysis. Data were obtained from six institutions (in Tegucigalpa
and San Pedro de Sula in Honduras, Guatemala City in Guatemala, San Salvador in El
Salvador, Managua in Nicaragua, and Santo Domingo in the Dominican Republic). In all
cases, the extent of disease was evaluated by computed tomography of clinically affected
sites, bone marrow aspiration, and lumbar puncture before treatment. Serum lactate
dehydrogenase levels were not mandatory for patient stratification and were not consistently
obtained. The St. Jude—-Murphy system was used for staging.2° The histopathologic
diagnosis of B-NHL was performed by the local pathologist, using hematoxylin-eosin—
stained slides. When available, immunohistochemical analysis was performed. All cases
were classified histopathologically by the local pathologist but this classification was not
used for calculating survival results. In some cases, the diagnosis was established by flow
cytometric analysis of cells from the bone marrow or from peritoneal or pleural effusions.
When the local pathologist was uncertain of the diagnosis, tumor samples were submitted to
St. Jude Children’s Research Hospital for pathology consultation. A specifically designed
case report form was created at the Pediatric Oncology Networked Database
(Wwww.POND4KIDS.org), and all data were uploaded to this database prospectively by a
data manager at each center upon diagnosis and analyzed yearly by the first author for
consistency. A final analysis was performed for this report in March 2018.

2.2 Treatment

The treatment used was based on the Berlin-Frankfurt-Miinster (BFM) 90 strategy,?!
adapted to local supportive care resources (Table 1). The treatment plan according to the
disease stage is shown in Table 2. The patient stratification and the order of treatment
courses are shown in Supplemental Figure S1, and the composition of the central nervous
system (CNS) chemotherapy regimen is shown in Supplemental Table S1.

Imaging studies and bone marrow aspirates and/or lumbar punctures (when performed
initially) were repeated after two cycles to assess the response to therapy. Patients with stage
I11 disease with incomplete response after the first two cycles of chemotherapy (the A and B
courses) received four more courses consisting of AA, BB, AA, and BB. No second-look
surgery was scheduled.
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All patients received uniform supportive care, including hyperhydration and allopurinal;
however, rasburicase was not regularly available. Patients with suspected or documented
infections, extensive abdominal surgery, or unresolved renal insufficiency or electrolyte
disturbances at the time of completion of the prephase received a second prephase treatment
before their chemotherapy courses.

Chemotherapy courses were scheduled every 3 weeks if hematopoietic reconstitution (ANC
> 1000/mm3 and platelet count > 100,000/mm3) was attained. Methotrexate plasma level
measurements were not available. Patients with initial CNS involvement received an
intensified schedule of intrathecal therapy consisting of two applications during the prephase
followed by four weekly applications during the first chemotherapy block. There was no
change in CNS-directed therapy in the remaining courses.

Weekly online meetings were held via the St. Jude Cure4Kids website (www.Cure4kids.org)
to discuss the management of newly diagnosed cases and complications arising during
treatment.

This study was performed under the tenets of the Declaration of Helsinki, and written
informed consent for general treatment was obtained from the parents or guardians of the
patients. The study was approved by the institutional review board at the coordinating center,
the Hospital Escuela-Universitario in Tegucigalpa, Honduras

2.3 Statistical analysis

Event-free survival (EFS) was calculated from the time of diagnosis until death from any
cause, relapse, abandonment, or second malignancy and was censored at the date of last
follow-up for patients with no adverse event. The EFS was calculated using the Kaplan-
Meier method, and the difference between groups was estimated by the log-rank test. Early
deaths were defined as those occurring during the prephase; deaths in induction as those
occurring after the beginning of the first induction course but before remission was
evaluated; and deaths in complete remission as those attributed to causes other than the
primary tumor while the patient’s disease was in complete remission. Abandonment was
defined as absence from scheduled visits during therapy for at least 4 weeks. Follow-up was
updated as of September 1, 2017.

3. RESULTS

A clinico-pathologic diagnosis of B-non-Hodgkin lymphoma was made in 405 patients from
six centers in five countries during the study period, and 386 patients (277 males and 109
females) were eligible for inclusion. Reasons for exclusion included previous treatment (11
patients), HIV infection (five patients), and a change in the diagnosis after review (three
patients). Of the evaluable patients, 95 were from Honduras (46 from Tegucigalpa and 49
from San Pedro Sula), 90 from EIl Salvador, 76 from Guatemala, 70 from Nicaragua, and 55
from the Dominican Republic.

The diagnosis of B-NHL was established clinically and from tissue biopsy in 373 cases, of
which 177 (47.4%) were further characterized as mature B-cell lymphoma by
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immunohistochemical analysis (Supplemental Table S2). In 13 cases, the diagnosis was
established by cytomorphologic examination of the bone marrow or body fluids and was
confirmed by flow cytometry. Thirty-two cases were submitted for pathology review at St.
Jude Children’s Research Hospital. Of these, three were not confirmed as B-NHL and were
excluded from further analysis. The pathologic diagnosis was consistent with Burkitt
lymphoma in 319 cases (82.6%) and with diffuse B large-cell lymphoma in 24 (6.2%).
Thirty cases (7.7%) were reported to be consistent with B-cell lymphoma by the local
pathologist.

Thirty-one patients had stage | or Il disease, 252 had stage 111 disease, and 93 had stage 1V
B-ALL (53 with bone marrow involvement, 23 with CNS involvement, and 17 with
combined bone marrow and CNS involvement). Ten patients arrived at the hospital in very
poor clinical condition and died before staging could be completed; they were included in
the general EFS analysis but were excluded from the analysis by stage. The primary tumor
sites included the abdomen in 263 patients (68.1%), the peripheral lymph nodes in 77
patients (19.9%), and extranodal sites in 26 patients (6.7%). The extranodal sites included
the mandible in 14 patients (3.6%). Eleven patients (2.9%) were considered to have primary
bone marrow involvement (B-ALL), and seven had mediastinal primary tumors (1.8%). In
two cases (0.5%), the primary site could not be determined because the patients died before
imaging studies could be obtained. The lactate dehydrogenase level obtained at diagnosis
immediately before starting therapy was available in 263 cases, having a median value of
685 UI/L (range, 111 UI/L to 11,425 UI/L) (Table 3).

Eighty-nine patients (23.1%) received a second prephase treatment before the first
chemotherapy block. In this group, the interval between the initial prephase treatment and
the first block (n=82) was 19 days (range, 5-73 days), which was comparable to that for
patients receiving a single prephase treatment (20 days; range, 5-39 days). The median time
between chemotherapy blocks was 25 days (range, 14-98 days). Twenty-two patients with
stage 11 disease received intensified therapy because of an incomplete response after
induction.

With a median follow-up of 49 months (range, 2-150 months), the 3-year probability of EFS
was 70% (95% ClI, 65%—74%) for the whole group (Figure 1A), 83% (95% ClI, 65%-91%)
for patients with stage | or 1l disease, 75% (95% ClI, 69%-81%) for patients with stage I11
disease, and 55% (95% ClI, 44%-64%) for patients with stage IV B-ALL (Figure 1B). For
patients with stage 111 disease, the EFS of patients experiencing complete remission (n =
208; 84% EFS [95% ClI, 79%-88%]) was significantly higher (£=0.0001) than that of
patients with a residual mass who underwent treatment intensification (n = 89; 50% EFS
[95% CI, 32%—-68%]) (Figure 1C). The pEFS at 3 years of patients who had
immunohistochemistry confirmation of mature B-cell lymphoma was 0.77 (95% CI, 0.7-
0.82) versus 0.69 (95% CI, 0.62-0.75) for those in whom no immunohistochemistry
confirmation was performed (P=0.09).

Adverse events included early deaths in 13 patients (3.3%): 11 of metabolic complications
and two of infectious complications. Twenty-one patients (5.4%) died during induction from
infectious complications (n = 18), metabolic complications (n = 2), or surgical complications
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(n=1). Twenty-two patients (5.7%) experienced relapse (at the primary site in 13 patients, in
the bone marrow in one patient, in the combined CNS and bone marrow in one patient, in
the CNS alone in five patients, and in the testicles in two patients). The median time from
diagnosis to relapse was 7.4 months (range, 2-29 months). Only one of the patients who
experienced relapse remains alive, having been in second complete remission for 155
months. Twenty-four patients (6.2%) never experienced complete remission, and they died
of progressive disease. Of these 24 patients, 13 received a second prephase treatment and
one received a third prephase treatment. In one case, complications from abdominal surgery
resulted in long delays in chemotherapy, and in another case, hepatic toxicity precluded
chemotherapy administration. Nine patients (2.3%) died while in complete remission. Of
these, eight died of septicemia during neutropenia and one of cardiogenic shock of unknown
etiology. One child presented a disseminated lymphaoblastic lymphoma 44 months after the
diagnosis of the primary Burkitt lymphoma, and this was interpreted as a secondary
lymphoma. One patient died at home of an unknown cause. Twenty-three patients
abandoned or refused therapy (6%) during treatment and were considered to have died. The
types of event according to disease stage are shown in Table 4.

4. DISCUSSION

This collaborative study among institutions in several low-income countries has
demonstrated that an effective reduced-intensity regimen for treating mature B-cell
lymphoma is feasible. More than 70% of the children included in the study experienced
EFS, which, given that only one case having an event could be salvaged, is equivalent to
overall survival. Our findings support the concept that reduced-intensity chemotherapy
regimens for mature B-cell lymphomas can be successfully implemented in low-resource
settings? 3 and are associated with disease-free survival in two-thirds of patients. Even in
settings where minimal supportive care is available, such as Equatorial Africa, low-intensity
therapy is still feasible and effective for up to 40% of cases,® although the difficulty of long-
term follow-up remains unresolved.

Our overall results are substantially inferior to those achieved in high-income countries,
where the use of more intensive chemotherapy approaches in conjunction with improved
supportive care has been associated with survival rates of 95% in children with mature B-
cell malignant neoplasms.! Further improving survival in the remaining 30% of children
with mature B-cell lymphoma in our region will be challenging. In these settings, patients
commonly present with advanced disease, and supportive care is suboptimal and variable
among participating institutions. Even within the same institution, competing needs during a
health crisis can affect the ability to deliver routine care. Thus, simply increasing the
treatment intensity for all patients might result in unacceptable toxic mortality rates at those
institutions that have inadequate infrastructure or are vulnerable to intermittent competing
health-associated demands. This is consistent with reports showing that in low-income
settings, increasing the intensity of chemotherapy regimens was associated with high toxic
mortality rates that counterbalanced the improved antitumor effects.12 22 Similarly, reports
from referral institutions in upper middle-income countries such as Brazil, Argentina, and
Venezuela, showed that the rates of toxic death there were still higher than those associated
with the protocols from large cooperative groups in high-income countries, despite the
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patients being treated in institutions with better infrastructure than is found in lower-income
settings.2 3 23 In this regard, the remission-induction mortality rates varied from 4.3% to
12.2% among the centers participating in our study.

The impact of adapting a uniform collaborative treatment regimen for participating
institutions in countries or continents with substantial inequalities has yet to be addressed.
4,24,25 Aq g first step, we suggest evaluating the conditions at each center and then tailoring
the regimen intensity accordingly. Moreover, monitoring the results of the ongoing treatment
for all patients enables treatment adaptations in real time. For example, a feasibility study
conducted in Honduras revealed that an unmodified LMB89-based regimen was associated
with unacceptable toxicity with a 45% toxic death rate in a small cohort.1” Based on this
experience, treatment guidelines were adapted to the local resources? 23 and evaluated every
week through online case discussions that included the primary physicians and one or two
NHL experts via the St. Jude Cure4Kids website. This enabled the identification of diverse
medical and sociocultural circumstances and prompt intervention to address them.26

Despite these efforts, the 8.7% death rate in remission in our study is much higher than the
rate of 1.4% reported by the BFM 95 protocol investigators2” and the rates in upper middle-
income countries, which range from 1.8% to 4%.2 3. 23 Because 90% of the patients
included in our study cohort had stage 111 or IV B-ALL, compared to 66% of the patients
treated on the BFM 95 protocol,2” our patients were at a higher risk of early complications
or relapse. In fact, in our series, 10 patients died before any therapy was initiated because of
their poor clinical condition at presentation. A further 5.4% died during induction
chemotherapy. Because of the high tumor burden, tumor lysis, organ dysfunction, and
infection complications in these patients, many of them could not begin the first
chemotherapy block soon after the first prephase treatment. The median time from initiation
of the first prephase treatment to the first block was 20 days, and there were no significant
differences between those receiving a single prephase cycle and those receiving two cycles.
In the original BFM protocol, the first block of intensive chemotherapy is scheduled
immediately after the completion of the prephase. However, in this series, it was usually
delayed because of concerns about infections and hematopoietic toxicity in a setting with
high death rates during induction. Hence, the low early dose intensity may have allowed the
expansion of resistant clones, which would partly explain why relatively more patients did
not attain complete remission and experienced progression while undergoing chemotherapy.
In our study, 6.2% of the patients had resistant or progressive disease, compared to 2.2% of
those treated on the original BFM 95 protocol.2”

Granulocyte colony-stimulating factor (G-CSF) was not used systematically in our cohort.
Although a meta-analysis showed that its use in patients with chemotherapy-induced
neutropenia had no effect on overall mortality, these data were mostly obtained from patient
series in developed countries, where the toxic mortality rates are already low,28 and a
different impact might be seen in settings like ours, with higher mortality rates during
neutropenia. Administering G-CSF might also reduce the interval between cycles, thereby
allowing higher-intensity early doses, and its use is under consideration by our group. Other
strategies to reduce the intensity of therapy may have influenced the outcomes in our
patients. The dose of methotrexate in courses AA and BB was reduced from 5 g/m? via 24-
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hour infusion, as in the original BFM protocol, to 1-3 g/m? via 3-hour infusion. We have not
used the original “CC” BFM block, containing high-dose cytarabine, steroids, and etoposide,
because of its higher hematopoietic and oro-intestinal toxicity. The BFM 95 protocol23
showed that shortening the duration of methotrexate infusion resulted in less toxicity, albeit
accompanied by less activity in patients with advanced disease, than was seen with the 24-
hour infusion.% 27: 29 A reasonable option for enhancing the anti-lymphoma effect would be
to add rituximab to the induction regimen.3° This approach could avoid the need to increase
the dose intensity of drugs with multi-organ toxicity. A prospective study in Russian
children showed that using rituximab in early therapy of mature B-cell neoplasms resulted in
a 5% induction death rate and an overall survival of 82%.31 However, the relatively high cost
of rituximab may restrict its use in limited-resource settings.

Abandonment of therapy has been a major determinant of outcome in many countries with
limited resources, but it was relatively uncommon in our study patients, occurring in only
6% of cases. Central American countries have made efforts to understand the causes of
abandonment and to intervene to prevent it.32 Because the treatment is relatively short and
mature B-cell lymphoma has a high probability of cure, proving support to enable parents to
adhere to the treatment schedule is effective in reducing abandonment.

There were limitations in the pathologic diagnosis of our cases. In a relatively high
proportion of them, the diagnosis was based on hematoxylin-eosin staining, and other types
of small blue cell tumors might have been included. However, among 30 of 194 cases in
which the local pathologist was uncertain of the diagnosis and no immunohistochemical
analysis was available, 27 cases were confirmed to be mature B-cell lymphoma. Moreover,
the relapse pattern in our patients is comparable to that typically reported for mature B-cell
lymphomas.33 However, in one case interpreted provisionally as a secondary lymphoma, a
late relapse could not be ruled out molecularly. Finally, patients with limited-stage disease
had very good outcomes, as reported with most series.2 14. 15,23

5. CONCLUSION

Seventy percent of children with B-NHL from poor areas of Central American countries
experienced long-term, disease-free survival when treated with a modified BFM-based
protocol for mature B-cell lymphoma. Modifications of the chemotherapy dose, the use of
surrogate markers for risk assignment, and avoidance of regimens with higher-dose
cytarabine and etoposide were implemented to complement the available supportive care
capabilities of each collaborating institution. Actions to improve toxic death rates, especially
during the induction period, and improved anti-lymphoma treatments based on better
immunohistologic or molecular characterization would have the greatest impact in terms of
improving results in our setting.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Abbreviation key:

AHOPCA Association of Pediatric Hematology-Oncology of Central America
BFM Berlin-Frankfurt-Miinster

CNS Central nervous system

EFS Event-free survival

G-CSF Granulocyte colony-stimulating factor

NHL Non-Hodgkin lymphoma

oS Overall survival
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(A) Probability of 3-year event-free survival (EFS) for the 386 patients with NHL. (B)
Probability of 3-year EFS according to disease stage. (C) Probability of 3-year EFS for 208
patients with stage 111 disease based on the evidence of residual disease after induction.
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Summary of modifications in this guideline as compared to the original NHL BFM 90 protocol

Treatment component

NHL BFM 90

This study

Methotrexate dose in blocks AA
and BB

5 g/m? in a 24-hour infusion

1-3 g/m? in a 3-hour infusion

Leucovorin rescue

30 mg/m? (hour 42 after the start of methotrexate)
15 mg/m? (hours 48 and 54 after the start of
methotrexate)

Additional doses as per

plasma methotrexate levels

15 mg/m?2/dose starting at 24 hours after the
start of methotrexate)
No plasma methotrexate levels

Dose of ifosfamide in blocks A and
AA

800 mg/m?2/day on days 1 to 5

400 mg/m?/day on days 1 to 5

Proposed interval between
chemotherapy blocks

14 days

21 days

Treatment of stage IV (CNS
positive)

Intraventricular chemotherapy

Intrathecal chemotherapy

Treatment of patients with
incomplete response after induction

Blocks CC, AA, and BB
Second-look surgery if
persistent mass

No block CC was given.

Methotrexate dose was increased to 3 g/m? in
further blocks AA and BB

No second-look surgery if persistent mass

Patient stratification

Stage, primary site location, and LDH levels

Stage

Second prephase in critical cases

No

Used for suspected or documented infections,
unresolved renal and electrolyte disorders

Autologous stem cell rescue

For patients with persistent disease activity after CC
block

Not available
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TABLE 3

Selected clinical features of patients

Features

386 patients

Median age (range)

6.9 years (2 to 17 years)

Biopsy plus immunohistochemistry
Cytology plus flow cytometry

Sex 109 (28.2%)
Female 277 (71.8%)
Male

Stage 31 (8%)
1m 252 (65.3%)
11 93 (24.1%)
v 53

Bone marrow 23
Central nervous system 17
Combined 10 (2.6%)
Unknown

Primary site 263 (68.1%)
Abdomen 77 (19.9%)
Peripheral lymph nodes 14 (3.6%)
Mandible 12 (3.1%)
Other extranodal 11 (2.9%)
Bone marrow (B-ALL) 7 (1.8%)
Mediastinum 2 (0.5%)
Unknown

Diagnostic method 196 (50.8%)
Biopsy 177 (45.85%)

13 (3.36%)

Histology 319 (82.6%)
Burkitt Lymphoma 24 (6.2%)
Large cell lymphoma 30 (7.7%)
Non-specified 13 (3.5%)
Not applicable

LDH (1U/L) 97 (25.1%)
<500 166 (43%)
=500 123 (31.9%)
Not available
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TABLE 4
Description of adverse events according to stage
Total Stagell Stagelll Stage IV/B- Unknown
_ N=5 (%) | N=61(%) ALL N=7 (%)
N=114 (%) N=41 (%)

Early death 13 (11) 0 4(7) 5(12) 4 (57)
Death in Induction 21(18) 2 (40) 11 (18) 7(17) 1(14)
Relapse 22 (19) 1(20) 9 (15) 12 (29) 0
Progressive disease 24 (21) 0 10 (16) 14 (34) 0
Death in complete remission 9(8) 1 (20) 8 (13) 0 0
Abandonment or treatment refusal 23 (20) 1(20) 18 (30) 2 (5) 2 (29)
Other 2(2) 0 Secon’(\jlgaéizg)nancy Death of unknown cause N=1 (2) 0
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